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Abstract

Background Minimally invasive resection for upper gastrointestinal tumors has been associated with favorable results. However,
the role of laparoscopic surgery (LS) in the multimodal treatment of patients with advanced adenocarcinoma of the stomach or
gastroesophageal junction needs further investigation.

Methods Clinicopathological data of patients who underwent gastrectomy between 2005 and 2017 were assessed. Outcomes of
patients undergoing LS were compared with those of patients treated with a conventional open resection (OR) using a 1:1
propensity score matching analysis.

Results Curative resection for adenocarcinoma of the stomach or gastroesophageal junction was performed in 417 patients during
the study period. Beginning in June 2014, the majority of patients underwent LS (n = 72) and they were matched with 72 patients
who were treated with an OR. The majority of patients treated with LS (89%) had advanced cancer (UICC stages II and III) and
82% of them received neoadjuvant chemotherapy. LS was significantly associated with a higher number of harvested lymph
nodes (26 (9-62) vs. 21 (4-46), P =.007), a lower 90-day major complication rate (13 vs. 26%, P =.035), and a lower length of
hospital stay (14 vs. 16 days, P =.001). After a median follow-up time of 32 months, 1-year overall survival rate was higher after
LS than after OR (93 vs. 74%, P =.126); however, results did not reach statistical significance.

Conclusion LS for adenocarcinoma of the stomach or gastroesophageal junction is feasible and significantly reduces major
postoperative morbidity resulting in a reduced length of hospital stay. Therefore, LS should be preferably considered for the
curative treatment of patients with these malignancies.
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Introduction

Multimodal treatment including radical resection with extended
lymphadenectomy and perioperative chemotherapy provides
patients with advanced adenocarcinoma of the stomach or gas-
54 Andreas Andreou troesophageal junction the highest chance for long-term surviv-
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of upper gastrointestinal (GI) cancer,> and gained importance
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reported in patients with stage I gastric cancer who underwent
laparoscopic gastric resection.”® Over time, patients with
more advanced tumor burden have also benefited from mini-
mally invasive surgery with similar postoperative morbidity
and mortality rates compared to conventional open
procedures.’

LS for gastric cancer has been also increasingly implement-
ed in western countries.®’ However, studies on this topic have
been more often conducted in Asian countries including pa-
tients with different characteristics than in Europe or North
America.'® For example, patients with gastric cancer in west-
ern countries were shown to be older and more obese than in
Asia, and therefore, results from clinical trials cannot be gen-
erally transferred without question. In fact, evidence on the
advantages of minimally invasive surgery for western patients
with gastric cancer is scarce and data based on randomized
studies are very limited.®*!!

Modern statistical methods have been currently introduced to
compare different surgical techniques. In this regard, propensity
score matched analysis offers a possibility to reduce the impact of
treatment selection bias in retrospective studies. To date, propen-
sity score matching for patients with gastric cancer has only been
used in three studies comparing the outcomes of LS with those of
conventional open resection (OR).31213

Moreover, while previous analyses mainly focused on the
technical feasibility and safety of laparoscopic resection for gas-
tric cance:r,14’15 data on long-term outcomes are lacking.
Therefore, the objective of this study was to evaluate and com-
pare postoperative and long-term outcomes of patients with ad-
enocarcinoma of the stomach or gastroesophageal junction un-
dergoing LS with those of patients who underwent OR.

Materials and Methods
Patient Inclusion Criteria

After authorization by the Institutional Review Board (EA4/052/
14), clinicopathological data of 417 patients who underwent re-
section for adenocarcinoma of the stomach or gastroesophageal
junction between 2005 and 2017 at the Department of Surgery,
Campus Charité Mitte and Campus Virchow Klinikum, Charité
Universititsmedizin Berlin were collected. Only patients who
were eligible for curative intended surgery defined as safe remov-
al of all radiologically and endoscopically evident disease were
included in this study. Exclusion criteria included stage IV dis-
ease and palliative treatment intent.

Preoperative Assessment
All patients underwent standard preoperative evaluation in-

cluding medical history, physical examination, laboratory pa-
rameter analysis, imaging studies, and anesthesia evaluation.

Esophagogastroduodenoscopy with multiple biopsies and
endosonography was performed for diagnosing and staging
gastric cancer and cancer of the gastroesophageal junction.
Cross-sectional imaging such as computer tomography with
triphasic contrast agent protocol or magnetic resonance imag-
ing was used to determine the location and extent of tumor
burden as well as the presence of lymph node or distant me-
tastases. If necessary, fluorodeoxyglucose positron emission
tomography and diagnostic laparoscopy were carried out to
rule out metastatic disease and to define resectability in bor-
derline cases. All cases were presented in a multidisciplinary
tumor board, including upper GI surgeons, gastroenterolo-
gists, specialized radiologists, medical oncologists, and pa-
thologists, which recommended an individualized treatment
strategy. This included perioperative chemotherapy and resec-
tion for the adenocarcinoma of the stomach or gastroesopha-
geal junction. In accordance with national guidelines, indica-
tions for preoperative chemotherapy included T category of 3
or higher and/or positive N category.'® Patients received che-
motherapy according to the ECF (epirubicin, cisplatin,
fluorouracil)!” or FLOT (fluorouracil, leucovorine,
oxaliplatin, docetaxel) regimen.'® Patients who were adminis-
tered 4 cycles of preoperative chemotherapy were recom-
mended to complete the course of systemic therapy by receiv-
ing 4 cycles of postoperative chemotherapy. This recommen-
dation was defined as “return to intended oncologic therapy”
and was dependent on the tumor stage and patient condition.

Surgical Procedure

Since 2014, minimally invasive surgery has been preferably
performed for the resection of adenocarcinoma of the stomach
or gastroesophageal junction.

In case of OR, the abdominal cavity has been accessed via
median laparotomy reaching from the xiphoid to approximate-
ly 2 cm below the umbilicus (approximately 35 cm). IfLS was
performed, the patient was positioned in a supine position
with spread legs. An Alexis HandPort system (Applied
Medical, Rancho Santa Margarita, CA) was placed in the left
middle abdomen via a 7 cm incision. After insertion of a
12 mm trocar, pneumoperitoneum was established and the
abdominal cavity was carefully examined to rule out any pre-
viously unrecognized peritoneal or other distant metastases.
Additional 12 mm trocars were placed in the right upper ab-
domen and at the umbilicus. Two 5 mm trocars were inserted
epigastrically and under the left rib cage.

Transhiatal extended gastrectomy, total gastrectomy with
intraabdominal esophagojejunostomy, or subtotal gastrectomy
with intraabdominal gastrojejunostomy was performed depen-
dent on the location of the tumor and the histological subtype.

During LS, resected specimens were retrieved via the hand
port. Two-field lymphadenectomy (D2) was routinely per-
formed in all cases. Following resection, GI continuity was
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restored applying Roux-en-Y reconstruction as previously
described.'>*° The anastomosis after open total gastrectomy
was performed using purse-string suture for 25 mm circular
stapled anastomosis. In the laparoscopic setting, the anasto-
mosis was established via 25 mm circular anastomosis per-
formed in double stapling technique using the OrVil system
(Medtronic, Dublin, Ireland).

Integrity of the anastomosis was verified by air leak testing
during intraoperative endoscopy. Before closing the abdomi-
nal cavity, a nasogastric tube and perianastomotic drain were
placed in all patients.

Postoperative Management

After resection, all patients were admitted to a specialized
intensive care unit where they were closely monitored for
postoperative complications including bleeding, anastomotic
leak, intraabdominal or wound infections, pneumonia, and
organ failure. Postoperative surgical feeding tubes in form of
percutaneous endoscopic jejunostomies have not been rou-
tinely used in our department. Traditionally, GI decompres-
sion via nasogastric tube and nil per os diet was routinely
maintained for 5 days. If an oral radiologic contrast agent
examination (RCE) on the fifth postoperative day (POD) ex-
cluded anastomotic leak, the nasogastric tube was removed
and oral diet was started.?’ However, in the current era of
minimally invasive surgery and modern perioperative proto-
cols of enhanced recovery after surgery (ERAS), nasogastric
tubes are removed on the first POD. Early return to oral intake
as well as early mobilization is pursued.?' Anastomotic leak
was diagnosed upon clinical signs of infection or remarkable
discharge through the perianastomotic drains using computed
tomography, endoscopy, or oral contrast agent study.?’
Perianastomotic drains were removed if discharge was unre-
markable and less than 500 cc per day.

Any complication within 90 days after surgical procedure
defined postoperative morbidity. Postoperative complications
were graded according to the classification of Clavien and
Dindo.**** Postoperative mortality was defined by any death
within 30 and 90 days after resection.

Histological Evaluation

All resected specimens were routinely histologically evaluat-
ed to confirm the diagnosis of adenocarcinoma of the stomach
or gastroesophageal junction, to define the tumor category
according to the TNM classification and to examine resection
margins with regard to the presence of tumor cells. R0 resec-
tion was defined if surgical margins were microscopically
negative for malignant cells.**

@ Springer

Statistical Analysis

Patients were stratified according to the type of surgical proce-
dure and propensity score analysis was performed to match pa-
tients who underwent LS with patients treated with OR. This
allowed for significant reduction of differences in baseline char-
acteristics between the two patient cohorts, thus minimizing the
impact of treatment-related selection bias. A 1:1 propensity score
matching using a logistic regression model with a match toler-
ance of 0.1 was performed including the following matching
parameters: patient age, sex, American Society of
Anesthesiologists (ASA) status, Union for International Cancer
Control (UICC) tumor stage, extent of resection, and the admin-
istration of preoperative chemotherapy.

Quantitative and qualitative variables were expressed as
medians (range), means (range), and frequencies. The chi-
square or Fisher’s exact test, and the Mann-Whitney U test
were used to compare categorical and continuous variables, as
appropriate. Overall survival (OS) rates were calculated from
the date of resection to the date of death or last follow-up using
the Kaplan-Meier method and were compared between the
two technique-related patient groups using log-rank tests.

P values < .05 were considered statistically significant. For
statistical analysis, SPSS software package, version 23, by
IBM (Armonk, NY) was used.

Results
Patient Characteristics

During the study period, 417 patients underwent resection for
adenocarcinoma of the stomach or gastroesophageal junction.
Since June 2014, LS has been predominantly performed (n =
72) and this cohort was matched with 72 patients who
underwent OR. After matching, baseline characteristics did
not significantly differ between the two groups, as shown in
Table 1. The proportion of male gender was comparable be-
tween the groups of patients undergoing OR and LS, respec-
tively (25 vs. 31%, P = .457). Median age at time of resection
was 65 and 68 years in the OR and LS group, respectively
(P =.151). Interestingly, body mass index was significantly
higher in the LS group than in the OR group (27 vs. 25 kg/m?,
P =.037). Physical status according to ASA was comparable
between the groups and comorbidities such as diabetes, car-
diovascular disease, pulmonary disease, and renal insufficien-
cy, did not significantly differ between the groups except for
liver cirrhosis which was more prevalent in patients undergo-
ing LS (10 vs. 1%, P =.029). Postoperative C-reactive protein
levels were comparable between the groups (145 vs. 158 mg/
dL, P =.334) and the majority of patients received preopera-
tive chemotherapy in both groups (OR 82% vs. LS 85%,
P =.655). Moreover, preoperative chemotherapy regimens
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Table 1 Comparison of clinicopathologic characteristics of 144 patients who underwent resection for adenocarcinoma of the stomach or
gastroesophageal junction according to the surgical technique (open vs. laparoscopic procedure) after propensity score matching

Characteristics Open resection Laparoscopic P*
(N=172) surgery (N =72)

Male sex, n (%) 18 (25) 22 (31) 457
Median age at resection (range), years 65 (33-89) 68 (31-86) 151
Age > 65 years, n (%) 38 (53) 41 (57) 615
Median BMI (range) 25 (16-39) 27 (20-36) .037
Resection type, n (%) 593

Transhiatal extended gastrectomy 19 (26) 17 (24)

Total gastrectomy 46 (64) 44 (61)

Subtotal gastrectomy 7 (10) 22 (15)
Diabetes, n (%) 13 (18) 17 (24) 412
Cardiovascular disease, n (%) 42 (58) 44 (61) 734
Pulmonary disease, n (%) 10 (14) 9(13) .806
Liver cirrhosis, #n (%) 1(1) 7 (10) .029
Renal insufficiency, n (%) 2(3) 2(3) 1.00
ASA physical status, n (%) .610

I 2(3) 4(5)

I 33 (46) 30 (42)

il 36 (50) 35(49)

v (1) 3(4)
Preoperative chemotherapy, n (%) 61 (85) 59 (82) .655
Median duration of resection (range), min 264 (143-415) 345 (129-756) <.0001
T category, n (%) 211

T1 4 (6) 4(6)

T2 8 (11) 12 (16)

T3 48 (66) 36 (50)

T4 12 (17) 20 (28)
N category, n (%) .001

NO 23 (32) 13 (18)

N1 11 (15) 33 (46)

N2 20 (28) 15 21)

N3 18 (25) 11 (15)
Median number of lymph nodes removed (range) 21 (4-46) 26 (9-62) .007
UICC stage, n (%) 958

I 7 (10) 8 (11)

I 28 (39) 27 (38)

I 37 (51) 37(51)
Lymphangiosis carcinomatosa, n (%) 30 (42) 21 (29) 117
Venous invasion, 7 (%) 10 (14) 6 (8) 289
Tumor grading (G), n (%) 798

Gl 1(1) 1(1)

G2 32 (45) 36 (50)

G3 39 (54) 35(49)
Positive resection margins (R1), n (%) 7 (10) 2(3) .085
Anastomotic leak, n (%) 4(5.6) 2(2.8) 404
Median highest postoperative CRP (range), mg/dL 145 (30-352) 148 (63-341) 334
Median duration of hospital stay (range), days 16 (10-83) 14 (6-133) .001
Return to intended oncologic treatment, % 81 82 .876
Postoperative morbidity, 1 (%) 26 (36.1) 19 (26.4) 208
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Table 1 (continued)

Characteristics Open resection Laparoscopic p*
(N=172) surgery (N =72)

Major postoperative morbidity, 7 (%) 19 (26.4) 9 (12.5) .035

30-day mortality, n (%) 1(14) 2(2.8) .560

90-day mortality, n (%) 5(6.9) 3(4.2) 467

Readmission rate, n (%) 3(4.2) 2(2.8) .649

BMI, body mass index; UICC, Union for International Cancer Control; ASA, American Society of Anesthesiologists; CRP, C-reactive protein

*Comparison of patients undergoing open resection vs. laparoscopic surgery

(ECF or FLOT) did not differ between the groups. The pro-
portion of patients undergoing transhiatal extended gastrecto-
my, total gastrectomy, and subtotal gastrectomy was also com-
parable between the patient cohorts (P =.593). Median dura-
tion of resection was significantly longer in the LS group than
in the OR group (345 vs. 264 min, P <.0001).

While T category was comparable between all patients
(P =.211), N category did significantly differ between the
groups (P =.001), as shown in Table 1. However, the UICC
stage was comparable (P =.958) between the two groups. The
proportion of patients with lymphatic (42 vs. 29%, P =.117)
and venous tumor invasion (14 vs. 8%, P =.289) was also
similar between the two groups. Histopathologic evaluation
of tumor grading revealed no differences when comparing
the two techniques (P =.798). Interestingly, LS was signifi-
cantly associated with a higher median number of harvested
lymph nodes (26 (9-62) vs. 21 (4-46), P =.007). Resection
margins were more frequently positive for malignant cells
(R1) among patients undergoing OR compared to patients
undergoing LS; however, differences did not reach statistical
significance (10 vs. 3%, P =.085). Administration of

postoperative chemotherapy was comparable between the
groups (81 vs. 82%, P =.876).

Postoperative Outcomes and Overall Survival

While the overall postoperative morbidity rate was not differ-
ent between the groups (OR 26% vs. LS 19%, P =.208), the
major postoperative complication rate was lower in the LS
than in the OR group (9 vs. 19%, P =.035). Anastomotic leak
was found in four patients after OR and in two patients after
LS (P =.404). Median duration of hospital stay was shorter
for patients who underwent LS than for patients treated with
OR (14 vs. 16 days, P =.001). Postoperative 30- and 90-day
mortality rates did not significantly differ between the OR and
LS group (1.4 vs. 2.8%, P =.560, and 6.9 vs. 4.2%, P = .467,
respectively).

After a median follow-up of 32 months, 1-year OS rates
were higher in the LS group (93%) than in the OR group
(74%), although this difference failed to reach statistical sig-
nificance (Fig. 1, P =.126).

Fig. 1 Comparison of overall 1.0~ Laparoscopic gastrectomy, n = 72, 1-y OS 93%
survival of 144 patients who L
underwent resection for ol
adenocarcinoma of the stomach 1'1_
or gastroesophageal junction 0.8 =3
according to the surgical L ) =
technique (open vs. laparoscopic Thebem
procedure) after propensity score — bty
matching _g 0.6+ T -
S - o
7 e
T
§ 0.4 Open gastrectomy, n =72, 1-y OS 74%
30
0.21
P=0.126
00 T T T
0 12 24 36
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Discussion

This study examined postoperative and long-term outcomes
of patients who underwent OR or LS for adenocarcinoma of
the stomach or gastroesophageal junction in a propensity score
matching analysis. We found that LS was significantly asso-
ciated with a lower 90-day major complication rate and a
lower length of hospital stay. Additionally, OS rates were
comparable between the two techniques.

Resection is currently considered as the mainstay of
curative-indented treatment for patients with gastric and
esophageal cancer”>*° and has been performed with low post-
operative morbidity and mortality.*?” Resection combined
with perioperative chemotherapy or chemoradiation within
the framework of multimodal treatment strategies'’*® has
achieved 5-year OS rates up to 59%."°

Since minimally invasive surgery for upper GI tumors has
been introduced,2 the feasibility, safety, and oncologic value of
this approach have been evaluated.®**>° In a Korean random-
ized study, 1416 patients with stage I gastric cancer were ran-
domly assigned to receive either open or laparoscopic distal
gastrectomy.” The authors found lower morbidity rates, includ-
ing lower wound infections and intraabdominal complications
after laparoscopic distal gastrectomy compared to open distal
gastrectomy. In contrast, our cohort included patients with all
tumor stages but mostly patients with advanced gastric cancer
(T3 and T4), which more accurately represents a western gastric
cancer patient population. Patients with more advanced gastric
cancer were included in another randomized controlled trial con-
ducted by Hu et al. including 1056 patients who underwent
either laparoscopic or open gastrectomy with D2 lymphadenec-
tomy. The authors found similar postoperative morbidity and
mortality rates in both groups.” Importantly, this cohort differed
from ours regarding BMI and patient age, which were both lower
than in our study. Additionally, a higher rate of patients with
well-differentiated tumors (G1) was included in this study in
comparison to our study, indicating that tumor biology may dif-
fer between the two studies as well.” Therefore, comparisons
between our results and those from Asian centers should be very
carefully made.

In a current multicentric study from the Netherlands using pro-
pensity score matching analysis, 442 patients who underwent min-
imally invasive resection for gastric cancer were compared to 442
patients who underwent open gastrectomy. Brenkman et al.
showed that both surgical techniques resulted in similar rates of
postoperative morbidity (37 vs.40%, P=.489) and mortality (6 vs.
4%, P = 214).% The patient cohort analyzed by the authors was
comparable to ours concerning age, BMI, disease stage, and co-
morbidities. However, preoperative chemotherapy was less fre-
quently administered than in our patients, which may have signif-
icantly influenced the postoperative and long-term outcomes.

In our study, we indicated that postoperative morbidity
rates were similar after LS and OR (26.4 vs. 36.1%,

P =.208). However, major postoperative morbidity was lower
after LS than after OR (12.5 vs. 26.4%, P = .035) underlining
the advantages of the minimally invasive approach over the
conventional open procedure. Additionally, 30- and 90-day
mortality did not differ between the two techniques.

A major concern when performing LS is the risk for anas-
tomotic leak, due to the more technically challenging
procedure.>® In our study, LS was not associated with a higher
rate of anastomotic leaks compared to OR (2.8 vs. 5.6%,
P =.404). This finding may also have a positive impact on
the oncologic outcomes following LS, since anastomotic leak
has been significantly associated with diminished long-term
survival in patients undergoing resection for gastric and
esophageal cancer in a previous study from our institution.'

While statistically not significant, we reported higher rates of
anastomotic leak after OR (5.6%) than after LS (2.8%,
P =.404). Moreover, the incidence of positive resection mar-
gins (R1) tended to be higher in the open resection group than
in the minimally invasive resection group (10 vs. 3%, P =.085).
Part of the patients in the OR cohort have been treated in an
older era when centralized cancer surgery and ERAS principles
were not fully established. Currently, the fact that resections are
performed by only two specialized upper GI surgeons in our
center may have contributed to reduced R1 rates and lower
complication rates including anastomotic leaks following lapa-
roscopic resection. In addition, R1 resection rates have been
reduced due to standardized and routinely performed intraoper-
ative frozen sections of the resected specimen allowing for fur-
ther margin resection. The lower R1 rate among patients under-
going LS (3 vs. 10%, P =.085) may emphasize the advantage
of this technique in enabling curative treatment.

Resection of regional lymph nodes is an important prognostic
factor for patients with upper GI tumors (D2).*” In our study, LS
was significantly associated with a higher number of harvested
lymph nodes (26 (9—-62) vs. 21 (4-46), P =.007). In contrast,
previous studies showed that the number of retrieved lymph
nodes was significantly lower during laparoscopic-assisted distal
gastrectomies in comparison to open gastrectomies (40.5 +15.3
vs43.7+15.7, P< .001).5 Whereas, other studies found compa-
rable lymph node yields between laparoscopic and open
gastrectomy.®” Of note, the median number of lymph nodes
harvested during laparoscopic gastrectomies increased from 12
t0 20 (P <.001) over a time period of 4 years as shown in a recent
study by Brenkman et al.” Our results underline the radicalness
and oncologic value of the minimally invasive compared to open
approach in upper GI cancer surgery.

In our study, OS was not significantly different between
patients treated with LS and those treated with OR, even
though 1-year OS was higher after LS than after OR (93 vs.
78%, P =.126). Previous studies have also shown comparable
long-term results between the two techniques.” However, in
the current era of multimodal treatment strategies, patients
treated with LS may return earlier to intended oncologic
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treatments and thus benefit more from modern chemotherapy
regimens resulting in improved long-term survivals.

LS was associated with a significantly shorter postopera-
tive hospital stay than OR in our study (14 vs. 16 days,
P <.001) and this finding was in accordance with results from
previous studies.® However, other groups have reported lower
durations of hospital stay.”* Patients in our cohort generally
remained in hospital after surgery until mobilization and grad-
ual reintroduction to solid oral intake was completed, since
this cannot be reliably provided by our national outpatient
health care system. However, the longer duration of hospital
stay in our cohort has contributed to a lower readmission rate
due to postoperative complications compared to other studies
with shorter length of hospital stay.>®*' Readmission rates
after discharge in our study were 4.2 and 2.8% in the open
and laparoscopic resection group, respectively (P = .649).

Traditionally, our postoperative protocol for patients under-
going surgery for gastric cancer suggested a 5-day period of
postoperative fasting. On POD 5, the integrity of the anasto-
mosis was tested via a routine oral RCE. If anastomotic leak
was excluded, oral diet was started. Recently, we have shown
that routinely performed RCE was not helpful to detect anas-
tomotic leak as this happens mostly before or after POD 5.°
Additionally, ERAS protocols have currently proposed an ear-
ly return to oral intake.*? However, the utilization of LS in the
multimodal treatment of patients with gastric cancer repre-
sents only one feature of the ERAS concept and extended
implementation of the ERAS protocols including items such
as preoperative diet optimization, opioid-sparing analgesia,
and balanced fluid economy is needed in order to achieve
more significant reduction of postoperative complication rates
and length of hospital stay.*> We have been gradually adapting
our perioperative patient care in accordance with the ERAS
guidelines®"** and therefore expect a significant reduction of
the length of hospital stay after gastrectomy in the near future.

Similarly, patients who underwent colorectal,45
pancreatic,*® or liver surgery procedures*’*® were also able
to benefit from the implementation of ERAS programs in
regard to postoperative outcomes. In the case of colorectal
cancer, improved 5-year survival rates have also been associ-
ated to ERAS.* Therefore, the establishment of ERAS prin-
ciples in minimally invasive surgery for upper GI tumors is
expected to improve both postoperative and long-term results.

Moreover, the use of LS for the treatment of upper GI
tumors may further improve short-term outcomes such as re-
duce intraoperative blood loss, the need for postoperative an-
algesia, the time to first flatus and first oral intake, and support
earlier mobilization.’® Altogether, these factors may contrib-
ute to an improved and shortened recovery for patients after
LS compared to OR.

The rate of postoperative chemotherapy after surgery was
similar between the open and laparoscopic group with 81 and
82%, respectively (P =.876), as indicated by the term “return

@ Springer

to intended oncologic treatment”. For each patient, the course
of individual multimodal treatment including chemotherapy
and surgery was recommended by a multidisciplinary team
of surgeons, radiologists, and gastroenterologists in a preop-
eratively held consensus-finding conference. The aim to re-
turn to the intended oncologic treatment means to continue the
perioperative chemotherapy after surgery if this is allowed by
the patient’s condition. Currently, we could not show a benefit
for LS in this regard. However, LS is only one of the aspects
within the framework of the ERAS concept and therefore
further reduction of postoperative complications due to the
full implementation of ERAS protocol may enable more pa-
tients to receive postoperative chemotherapy in the future.

Additional relevant but often under-recognized points are pa-
tient satisfaction and quality of life after surgery. Kim et al. eval-
uated questionnaires of 164 patients with early gastric cancer
who underwent laparoscopic or open gastrectomy. After
3 months follow-up, patients following LS expressed higher
quality of life. Specifically, symptom scales were significantly
higher in patients after LS in regard to fatigue, pain, gastroesoph-
ageal reflux, body image, and global health.>' These data suggest
that LS may have also psychological benefits in addition to im-
proved postoperative morbidity. Strikingly, the differences in
quality of life aligned in a long-term follow-up. After 5 years,
no significant differences in health-related quality of life were
found between the two techniques.>

Additionally, LS is associated with higher healthcare-
related costs, most likely due to higher costs for specialized
instruments.”® However, shorter hospital stays and reduced
postoperative morbidity may compensate the cost-
effectiveness of LS.

Our study also has some limitations. Firstly, the cohort ex-
amined in this analysis remains rather small with 72 patients in
each treatment group and patients were included from a single
institution. Thus, conclusions should be drawn with caution.
Furthermore, our study was retrospective; however, using pro-
pensity score matching, we aimed to overcome the treatment-
related selection bias for LS and provide a meaningful com-
parison of surgical techniques.”**> Despite propensity score
matching, there may still be unknown confounders influencing
our study results. For example, the implementation of LS in the
treatment of patients with GI cancer is associated with a pos-
sible learning curve.*®*>® Nevertheless, as propensity score
matching has only been used in a few studies so far,'*'? the
additional data given by us confirm the previously reported
benefits of LS for gastric cancer in a western population. To
date, the German guidelines for the treatment of gastric cancer
provide only a soft recommendation for the implementation of
laparoscopic techniques.'® In our center, the transition from
open to laparoscopic resection has been successfully complet-
ed and thus we can provide solid evidence which suggest that
patients with gastric cancer should be primarily evaluated for
minimally invasive surgery.
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Conclusion

LS for adenocarcinoma of the stomach or gastroesophageal
junction is feasible and safe and is significantly associated
with reduced major postoperative morbidity and reduced
length of hospital stay. Our data indicate the advantages of
LS over OR and therefore LS should be favorized when eval-
uating patients with cancer of the stomach or gastroesophageal
junction for curative resection.
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