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Abstract

Background The long-term outcomes of laparoscopic gastrectomy (LG) versus open gastrectomy (OG) for gastric cancer (GC)
remain obscure, especially for advanced cancer and disease affecting the upper stomach and in older patients. This study aimed to
comprehensively assess the long-term efficacy of LG for GC using a large prospective database.

Methods Totally, 1877 consecutive patients (1186 receiving LG and 691 OG) operated in 2004—2016 were analyzed,
with a median follow-up of 63 months. Association of LG versus OG with disease-specific survival (DSS) and disease-
free survival (DFS) overall and in various subgroups were investigated using multivariable Cox regression. Propensity
score matching (PSM) was performed for sensitivity analysis.

Results Before PSM, overall, there was no significant association of LG versus OG with survival after multivariable adjustment;
however, in subgroup analyses, LG was associated with superior DSS in patients aged > 70 years and those with upper GC. No
significant associations regarding DFS were observed overall or in stratifications. PSM analyses revealed that LG was associated
with better DSS also in patients aged > 70 years (hazard ratio (HR)=0.33, 95% confidence interval (CI)=0.15-0.72) and in
those with upper GC (HR =0.51, 95% CI=0.29-0.91), and with better DFS in those with upper GC (HR = 0.60, 95% CI=0.37—
0.99). Multivariable analysis showed that age, hepatitis B, performance status, tumor histology, stage, and vascular invasion were
significantly associated with post-LG survival. LG-specific nomograms were then constructed with concordance indexes of
0.814 (DSS) and 0.809 (DFS) and excellent calibration.

Conclusions In this large institutional analysis, while LG for GC was associated with DSS and DFS similar to those for
OG overall, non-inferior LG-associated survival especially DSS was observed in some subgroups rarely investigated in
prospective or randomized settings. There could still be biases even after PSM due to confounders not accounted for in
this observational study. However, these findings offer novel hypotheses for further validation.

Keywords Gastric cancer - Laparoscopic gastrectomy - Open gastrectomy - Long-term outcomes - Propensity score matching -
Nomogram
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laparoscopic approach has been recommended for cTNM
stage I cancer, while many other indications for LG re-
main investigational. Meta-analyses'""'? have supported
that for EGC located in the distal stomach, postoperative
recovery is favored in patients treated with LG compared
to conventional open gastrectomy (OQG). Following the
KLASS'*'* and JCOG0703 studies'> showing the non-
inferiority in safety of LG compared to OG concerning
morbidity and mortality for EGC, the Chinese
Laparoscopic Gastrointestinal Surgery Study (CLASS)
group led by the Nanfang Hospital (NFH) recently pub-
lished the short-term results of a large multicenter ran-
domized controlled trial (RCT)'® comparing laparoscopic
versus open D2 distal gastrectomy for advanced GC
(AGC), revealing that LG with D2 lymphadenectomy
could be safely performed for AGC by experienced
surgeons.

Limited high-quality evidence on LG-associated long-
term survival is available, especially for specific sub-
groups. Results of pivotal phase III studies on EGC con-
ducted in Japan (JCOG0912'") and Korea (KLASS01'?)
are awaited. As for more advanced cancer, there is cur-
rently no evidence to recommend a laparoscopic approach
since RCTs investigating long-term oncologic and surviv-
al outcomes are currently ongoing (JLSSG0901,'®
KLASS02," and CLASS01'®). For distal GC, an Italian
single-center RCT?° reported that the outcomes from LG
were not inferior to those from OG. Still, especially for
cases with inferior patient and/or tumor characteristics,
the uncertain long-term results preclude the advancement
and widespread utilization of LG in GC management and
the conduction of RCTs, due to lack of support from large
prospective data. The application of D2 LG remains con-
tentious especially in the elderly and for cancers with
unfavorable stage or tricky location. Furthermore, long-
term survival-associated factors in LG-managed patients
remain largely elusive since it is difficult to have a rele-
vant cohort large enough for adequate analysis. Before
LG could become a universally applicable surgery for
most GC patients, it is important to analyze the long-
term outcomes using large high-quality data, and the role
of observational study is untapped?'.

Before and during the CLASSO!l trial, data on
laparoscopically or openly operated patients in the
NFH have been prospectively registered since 2004.
This comprehensive investigation aimed to assess the
long-term outcomes of LG versus OG for GC overall
and in specific subgroups according to age, performance
status, tumor location, stage, and gastrectomy type, by
analyzing the long-term follow-up data of a large pro-
spective cohort. We further conducted in-depth analyses
of survival-associated factors in the increasing GC pa-
tients undergoing LG.

@ Springer

Methods
Patients

A prospective GC database including information on
both LG and OG derived from electronic medical records
has been maintained in the NFH since 2004. Data mon-
itoring was performed by a specific medical recorder
with relevant work experience for ~10 years. The re-
corded variables covered demographic, clinical, patho-
logic, surgical, and long-term follow-up data of all con-
secutive patients undergoing gastrectomy for GC. The
resection approach (LG or OG) and reconstruction
methods were standard following guidelines.”

Patients eligible for analysis herein had biopsy-
proven gastric carcinoma with microscopic confirmation
resected via D2 gastrectomy with clear margin of the
primary site, and were operated by surgeons having per-
formed >50 gastrectomies. The endoscopic ultrasonog-
raphy (EUS) was not used as part of the preoperative
staging in our study. D2 lymphadenectomy followed the
Japanese GC treatment guidelines®. Exclusion criteria
included previous gastrectomy, endoscopic gastric sur-
gery, and other upper abdominal surgery (excluding
cholecystectomy), non-resectional surgery, emergency
surgery, simultaneous surgery for other diseases, and
preoperational anticancer therapy which is not a routine
in China. Patients having other cancer within the past
5 years and with incomplete follow-up data were also
excluded. This study was approved by the Ethics
Committee of the NFH, and informed consent was ob-
tained from all participants.

Cancer stage was determined or recoded according to
the AJCC/UICC TNM staging system (seventh version).>?
Tumor location was categorized as the upper, middle, or
lower third of the stomach, and lateral invasion included
involvement of small and large curvature, and anterior
and posterior wall. Performance status was quantified
using Eastern Cooperative Oncology Group (ECOG)
score. Complications were stratified according to the
Clavien-Dindo classification®®. Disease-specific survival
(DSS) was defined as the interval between surgery and
GC-related death or end of follow-up. Disease-free sur-
vival (DFS) was the period spanning the time from sur-
gery to cancer recurrence, which was diagnosed from
clinical, radiologic, and/or endoscopic examination, death,
or end of follow-up.

The follow-up schedule and indication for adjuvant treat-
ment followed the guidelines®. Fluorouracil-based regimens
with/without platinum were applied, and follow-ups were
scheduled at three-month intervals for the first 2 years, at 6-
month intervals for the next 3 years, and then annually until
patient death. The follow-up program consisted of physical
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examination, laboratory tests, endoscopy, ultrasonography,
and computed tomography.

Statistics

Data analyses were performed using R 3.4.1 (https:/
www.r-project.org/). Age was categorized into groups
of <50, 50-59, 60-69, and >70 years. To control
confounding by different indications for a specific
surgical approach between arms, we performed both
unmatched and matched analyses. In case-matched anal-
ysis aiming to balance high-dimensional observed covar-
iates, propensity score matching (PSM) was applied
using the Matchlt package with calipers of 0.1 of the
standard deviation of the propensity score. Matching
factors included year of diagnosis, sex, age, body mass
index (BMI), surgical histories, comorbidities, infec-
tions, performance status, tumor location, lateral inva-
sion, stages, size, lesion number, histology, and grade.
The X7, 1, or Fisher’s exact test was used for intergroup
comparisons where appropriate. Determinants for LG
versus OG application were evaluated using multivari-
able logistic regression. DSS and DFS were computed
using the Kaplan-Meier method.

Associations of LG versus OG with survival overall
and in stratifications by age group, performance status,
tumor location, pTNM stage, and gastrectomy type were
computed and survival-associated factors were evaluated
using multivariable Cox proportional hazards (PH) re-
gression adjusting for year of diagnosis, sex, age, co-
morbidities, hepatitis B, performance status, tumor loca-
tion, differentiation, histology, pT, pN, and pM stages,
size, vascular and neural invasion, gastrectomy type,
blood loss, adverse event grade, and intervals between
surgery and flatus, activity, and food intake. The adjust-
ed factors were based on multivariable backward selec-
tion. The PH and linearity assumptions in continuous
variables were examined using restricted cubic splines®.
Continuous variables were transformed to adequate
forms for fitting the assumptions as appropriate. For
categorical variables, log-log survival plots were used
for identifying the PH assumption, and all variables
were fitted to the assumption. Results were considered
statistically significant at two-sided P <0.05.

Nomogram Construction and Validation

The survival and rms packages were used. Variables
were selected using the backward stepwise selection
method in the Cox regression model. Based on the pre-
dictive models with the identified prognostic factors,
nomograms were constructed for predicting 3- and 5-
year DSS and DFS. Nomogram validation consisted of

discrimination and calibration. Discrimination was eval-
uated using Harrell’s concordance index (C-index).>®
Generally, a C-index value >0.75 is considered to rep-
resent relatively good discrimination. Calibration was
performed by comparing the means of predicted survival
with those of actual observed survival estimated by the
Kaplan-Meier method. The nomogram was then
validated.

Results
Patient and Surgery Characteristics

Together, 2119 patients (1353 receiving LG and 766
OG) operated between January 2004 and September
2016 were prospectively registered. After excluding
167 patients in the LG group and 75 in the OG group,
finally, 1877 patients (LG, 1186; OG, 691) were ana-
lyzed (Fig. S1). DSS and DFS could be both assessed
for these patients. Before PSM (Table 1), male propor-
tions were 67 and 68% in the LG and OG groups,
respectively. Mean age was 56 years in the LG group
and 55 years in the OG group, and most operated pa-
tients were 50-59 years (LG, 31%; OG, 33%). BMI
was comparable between the two groups (mean, 22.0
vs. 21.5 kg/m?). Laparoscopically operated patients
overall had poorer performance statuses than openly op-
erated ones. Patients receiving LG had smaller tumors
(mean size, 4.2 vs. 4.5 cm) and lighter invasion depth
compared to those receiving OG. pTNM stage IA, IB,
1A, 1IB, IIIA, IIIB, IIIC, and IV tumors were identified
in 15%, 5%, 6%, 13%, 11%, 11%, 21%, and 18% of
patients in the LG group and in 9%, 6%, 4%, 16%,
10%, 16%, 17%, and 22% of patients in the OG group.
No significant differences regarding tumor location, dif-
ferentiation, histology, and lesion number, and metasta-
tic lymph node were observed between the two groups.
Median follow-up was 61 and 64 months for LG and
OG, respectively. Balance of variables between groups
markedly improved after PSM.

Surgical and perioperative parameters are shown in
Table S1. Distal, total, and proximal gastrectomies were
performed in 54%, 32%, and 3% of patients in the LG
group, and in 62%, 21%, and 13% in the OG group.
Multivisceral resection was performed in 8% and 10%
of patients in the laparoscopic and open groups, respec-
tively. Clavien-Dindo Grade I, II, and III+ morbidities
occurred in 14%, 6%, and 3% of patients receiving LG
and in 9%, 2%, and 5% of patients undergoing OG.
Perioperative death occurred in 3 (0.3%) and 0 (0.0%)
of patients receiving LG and OG, respectively.
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Table2  Association of laparoscopic versus open gastrectomy with disease-specific and disease-free survival for gastric cancer using multivariable Cox
regression
Variable n Disease-specific survival Disease-free survival
Before PSM'  After PSM  Before PSM After PSM Before PSM After PSM
HR?>  95% CI HR  95% CI HR  95% CI HR  95% CI
Lower Upper Lower Upper Lower Upper Lower Upper
Overall 1877 1382 0.932 0.758 1.144 0962 0.771 1200 0.994 0.831 1.188 0.996 0.821 1.208
Age group
<50 years 541 421 0.833 0.561 1.238 0969 0.624 1.506 0985 0.706 1.374 0.956 0.653 1.397
50-59 years 593 446 1.037 0.688 1.563 1.131 0.741 1.726 0945 0.669 1.336 1.006 0.696 1.455
6069 years 525 376 1.194 0.801 1.779 1203 0.772 1.875 1274 0892 1.819 1.383 0932 2.052
>70 years 218 139 0.411 0217 0.781 0.326 0.147 0.724 0.625 0350 1.116 0.505 0.249 1.025
ECOG score
0 1257 1097 1.067 0.821 1388 1.073 0.819 1405 1.117 0.893 1397 1.081 0.857 1.363
>1 583 285 0.764 0.547 1.067 0.694 0458 1.051 0.837 0.618 1.133 0.790 0.539 1.158
Tumor location
Upper stomach 429 305 0.500 0299 0.836 0.514 0291 0908 0.660 0.423 1.028 0.602 0.367 0.989
Middle stomach 494 384 1.031 0.694 1.531 1.012 0.650 1.576 1.014 0.724 1421 0.980 0.669 1.435
Lower stomach 947 693 1.096 0.796 1510 1.094 0.784 1.528 1.181 0.897 1.555 1.185 0.887 1.584
pTNM stage
I 352 241 0328 0.064 1.679 0.285 0.039 2.102 0.636 0.293 1.382 0.657 0.268 1.608
I 358 255 0966 0478 1.949 0985 0.450 2.158 1.023 0.585 1.786 0.879 0.481 1.604
I 801 599 1.154 0.861 1.548 1.232 0.898 1.689 1.183 0915 1.529 1.195 0902 1.584
v? 366 287 0.646 0.446 0935 0.683 0459 1.017 - - - - - -
Metastatic lymph node
0 715 504 0.658 0388 1.115 0.518 0.293 0917 0.853 0.566 1284 0.779 0.505 1.203
1-2 291 209 0.863 0474 1569 1.009 0.552 1.845 0.858 0.529 1391 0.860 0.516 1.433
3-6 357 302 0.807 0.490 1330 0.854 0.511 1427 02855 0.562 1302 0.841 0.544 1.300
>7 514 368 1.144 0.842 1553 1219 0871 1.706 1.189 0.898 1.573 1.207 0.882 1.651
Gastrectomy
Distal gastrectomy 1072 808 1.195 0.884 1.616 1237 0900 1.700 1.187 0919 1.534 1.196 0909 1.574
Total gastrectomy 527 367 0.696 0470 1.030 0.738 0.484 1.127 0.869 0.616 1.228 0.830 0.570 1.209
Proximal gastrectomy 121 109 0958 0326 2.814 1.282 0367 4.480 0.785 0.335 1.837 0.863 0.322 2311

! Propensity scores were computed based on sex, age, body mass index, surgical histories, comorbidities of hypertension, cardio-cerebro-pulmonary
disease, and diabetes, infection of hepatitis B and syphilis, performance status, tumor location, lateral invasion, stage, size, lesion number, histology, and

grade

2 Hazard ratios were computed using multivariable Cox regression adjusting for year of diagnosis, sex, age, comorbidities, hepatitis B infection,
performance status, tumor location, differentiation, histology, pT, pN, and pM stages, size, vascular and neural invasion, gastrectomy type, blood loss,
adverse event grade, and interval between surgery and flatus, activity, and food intake. In each subgroup, the corresponding stratification factor was
omitted from the model. Hazard ratios shown in italics are statistically significant

PSM, propensity score matching; HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group

Overall, larger tumors were less often laparoscopically
managed (odds ratio=0.99, 95% confidence interval
(CI)=0.99-0.99), while the choice between laparoscopic
and open approaches was not significantly associated
with the other clinicopathologic factors (Table S2).

@ Springer

Long-Term Survival of Patients Undergoing LG Versus

0G

Before PSM, overall, both DSS and DFS were comparable
between the LG and OG groups after multivariable adjustment
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(Table 2). In stratification analyses according to age group,
performance status, tumor location, pTNM stage, and gastrec-
tomy type, while survival was similar between arms in most
subgroups, interestingly, LG was associated with better DSS
among patients >70 years (hazard ratio (HR)=0.41, 95%
CI=0.22-0.78), those with upper GC (HR =0.50, 95%
CI=0.30-0.84), and those with metastatic disease (HR =
0.65, 95% CI=0.45-0.94). DFS was similar between arms
in all subgroups.

After PSM, LG remained associated with superior DSS with-
in patients >70 years (HR =0.33, 95% CI=0.15-0.72) and
those with proximal GC (HR =0.51, 95% CI=0.29-0.91); for
metastatic disease, however, the association became insignifi-
cant. Notably, LG was significantly associated with better DFS
for upper GC after case-matching (HR =0.60, 95% CI=0.37-
0.99). All the other associations remained insignificant.

Unadjusted Survival of Patients Undergoing LG

Within laparoscopically operated patients (Fig. 1; Table S3), the
median DSS was 75 months, and the 3- and 5-year DSS rates
were 63% and 52%, respectively. The median DFS was
42 months, and the 3- and 5-year rates were 55% and 38%,
respectively. Five-year DSS rates decreased dramatically with
more advanced pTNM stage (I, 93%; 11, 77%; 111, 45%; 1V,
14%). Interestingly, the rates increased with more distal tumor
location (upper, 45%; middle, 50%; lower, 57%). Similar pat-
terns were observed for 5-year DFS, which decreased with ad-
vancing stage (I, 85%; 11, 69%; 111, 36%), and increased with
more distal location (upper, 36%; middle, 41%; lower, 49%).

Using multivariable regression (Table 3), older age (HR =
1.01), positive hepatitis B (HR = 1.86), poorer performance
status (e.g., HREcoG score=2 vs. 1 = 1.53), more advanced pT
(e.g., HRyrap vs. 1 =6.83), pN (e.g., HRy13 v 0=2.49), and
pM (HR =2.12) stages, and vascular invasion (HR =1.47)
were associated with inferior DSS, and hepatitis B (HR =
1.54), poorer performance status (e.g2., HRgcog score>2 vs.
1 = 1.43), more advanced pT (e.g., HRpyrup vs. 1 =4.14), pN
(e.g., HRyr3 vs 0=2.30), and pM (HR =2.14) stages, and
vascular invasion (HR =1.47) were associated with poorer
DFS. The association strengths were mostly stronger for
DSS than for DFS. Notably, mucinous adenocarcinoma was
associated with both better DSS (HR = 0.62) and DFS (HR =
0.64).

Prognostic Nomogram for LG

The constructed nomogram (Fig. 2) can assign survival prob-
ability by adding up the scores identified on the points scale
for each variable. The total scores projected to the bottom
scales indicate the probability of 3- and 5-year survival. C-
indexes were 0.814 (95% CI, 0.793-0.835) for DSS and 0.809
(95% CI, 0.788-0.830) for DFS, which were superior to the

seventh edition of TNM staging (DSS 0.769, 95% CI, 0.748—
0.790, P=0.004; DFS 0.751, 95% CI, 0.732-0.770, P =
0.001). For calibration, the actual survival corresponded
closely with the predicted survival. When applying the nomo-
gram to the OG group, C-indexes markedly dropped (DSS
0.759, 95% CI, 0.735-0.783; DFS 0.744, 95% CI, 0.722—
0.766).

Discussion

Controversy persists regarding the application of LG in GC
management especially for patients with more advanced dis-
ease and more complex situations (e.g., old age and junction
cancer) which are more surgically challenging, due to the
paucity of concrete valid evidence with sufficient power
supporting its long-term oncologic and survival benefits. By
investigating a homogeneous population of consecutive unse-
lected patients and covering wide subgroups by age group,
performance status, tumor location, stage, and gastrectomy
type, this comprehensive analysis of the large prospective
NFH database showed that LG was associated with survival
non-inferior to OG for GC overall and in extensive stratifica-
tions. Better LG-associated survival (especially DSS) was ob-
served in patients > 70 years, with upper GC, or with metasta-
tic disease. The findings raise novel hypotheses that minimal-
ly invasive approach potentially performs non-inferiorly than
traditional open surgery regarding long-term results for pa-
tients with inferior, vulnerable, or challenging conditions
who are rarely investigated in prospective or randomized stud-
ies. They potentially point to novel indications for LG that
warrant randomized validation.

We revealed that overall both DSS and DFS were sim-
ilar between the laparoscopic and open groups, and fur-
ther addressed locally advanced and metastatic GCs be-
yond early disease. Both LG-Associated DSS and DFS
were non-inferior in all stage-specific subgroups.
Although LG has gained popularity in the management
of EGC in Asia,14’15’27’28 its role in the treatment of
AGC remains debated. The feasibility, safety, and periop-
erative benefits of the laparoscopic technique in select
patients with AGC have been demonstrated by the
CLASSO01 study'®. The long-term outcomes of laparo-
scopic surgery for AGC remain yet to be defined with
limited small studies®”>* reporting relevant experience
for highly selective patients. A large retrospective
Korean study®’ showed that LG was non-inferior to OG
for surgically manageable GC concerning long-term over-
all survival in different stage groups, even in patients with
AGC, which is consistent with our findings. Notably, in
the Korean study®’ 89% of patients underwent distal gas-
trectomy in the laparoscopic group. Only 16% of these
patients had AGC, and only 56% of them underwent >
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<« Fig. 1 Cancer-specific and disease-free survival in overall laparoscopic
and open gastrectomy (a and b), and in laparoscopic gastrectomy
according to age (b and f), tumor location (¢ and g), and TNM stage (d
and h). The left panel shows cancer-specific survival, and the right panel
disease-free survival

D2 lymphadenectomy. In our study, percentages of pTlI
disease and distal gastrectomy in the LG group were 14%
and 54%, respectively, allowing outcomes in the other
subgroups to be addressed more powerfully.

While metastatic GC is often regarded resection-
contraindicative®®, many metastatic diseases are detected only

Table 3  Association of disease-specific and disease-free survival with demographic and clinicopathologic factors for laparoscopically resected gastric

cancer using multivariable Cox regression

Variable Disease-specific survival Disease-free survival
HR' 95% CI HR 95% CI
Lower Upper Lower Upper

Year of diagnosis (as continuous) 0.962 0.902 1.026 1.088 1.024 1.156
Sex (female v male) 1.073 0.863 1.333 1.052 0.875 1.266
Age (as continuous) 1.010 1.001 1.019 1.006 0.998 1.014
Cardio-cerebro-pulmonary disease (yes v no) 1.745 0.800 3.806 1.782 0.898 3.536
Diabetes (yes v no) 0.687 0.399 1.184 0.834 0.548 1.268
Hepatitis B (+2 v-) 1.860 1.239 2.792 1.543 1.052 2.264
ECOG score (0 as reference)

1 1.293 1.013 1.650 1.071 0.867 1.323
>2 1.528 1.097 2.128 1425 1.074 1.890
Tumor location (upper stomach as reference)

Middle stomach 1.121 0.847 1.486 1.082 0.851 1.375
Lower stomach 0.981 0.704 1.368 1.065 0.801 1.415
Differentiation (well-differentiated as reference)

Moderately differentiated 1.038 0.590 1.826 0.997 0.649 1.532
Poorly differentiated/undifferentiated 1.276 0.734 2218 1.170 0.767 1.786
Histology (adenocarcinoma (NOS) as reference)

Tubular adenocarcinoma 0.773 0.487 1.228 0.926 0.652 1.316
Signet ring cell carcinoma 0.933 0.707 1.232 0.955 0.755 1.207
Mucinous adenocarcinoma 0.618 0.430 0.888 0.635 0.468 0.860
Papillary adenocarcinoma 0.792 0.192 3.279 0.398 0.097 1.635
pT (1 as reference)

2 1.253 0.491 3.194 0.900 0.472 1.719
3 3.508 1.553 7.924 2.273 1.281 4.033
4a 4.120 2.048 8.289 2.717 1.705 4.327
4b 6.832 3.310 14.102 4.139 2.514 6.815
pN (0 as reference)

1 1.004 0.700 1.440 1.074 0.804 1.435
2 1.721 1.237 2.396 1.620 1.232 2.130
3 2.494 1.890 3.289 2.303 1.818 2919
pM (1 v 0) 2.121 1.629 2.762 2.143 1.702 2.698
Tumor size (as continuous) 0.998 0.994 1.003 1.000 0.996 1.003
Vascular invasion (yes v no) 1.469 1.056 2.045 1.467 1.112 1.935
Neural invasion (yes v no) 1.263 0.901 1.771 1.099 0.827 1.461
Gastrectomy (partial gastrectomy as reference)

Total gastrectomy 1.092 0.786 1.519 1.271 0.959 1.683
Other 3.312 2213 4.955 3.020 2.114 4315
Blood loss during surgery (mL; as continuous) 1.000 1.000 1.001 1.001 1.000 1.001
Clavien-Dindo classification of adverse events (no adverse event as reference)

Grade I 0.912 0.648 1.284 0.878 0.660 1.168
Grade II or greater 1.117 0.778 1.604 1.169 0.863 1.584
Days from surgery to flatus (as continuous) 1.048 0.983 1.118 1.050 0.992 1.110
Days from surgery to activity (as continuous) 1.055 0.993 1.122 1.052 0.998 1.108
Days from surgery to soft food intake (as continuous) 1.010 0.974 1.048 1.000 0.969 1.031

! Hazard ratios were computed using multivariable Cox regression adjusting for year of diagnosis, sex, age, comorbidities, performance status, tumor
location, differentiation, histology, pT, pN, and pM stages, size, vascular and neural invasion, gastrectomy type, blood loss, adverse event grade, and
interval between surgery and flatus, activity, and food intake. Hazard ratios shown in italics are statistically significant

2 Defined as HBsAg+, HBcAb+, and HBeAg/Ab+

HR, hazard ratio; CI, confidence interval; NOS, not otherwise specified
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during or after operation®>. There are also some technically
resectable metastatic diseases.” Patients with metastatic dis-
ease are generally more vulnerable with more disturbed im-
munity and inflammatory statuses. Notably, distant metastasis
is significantly associated with worse survival. While metasta-
tic cancer patients undergoing LG had 5-year DSS of 14% in
our center, this does not justify resection on patients with
metastatic disease. The appropriateness of resection of meta-
static disease could only be determined by prospective ran-
domized controlled trials.

While recently researches on LG are becoming more active
for elderly patients,*®>” they are often neglected in prospec-
tive or randomized studies, and are generally considered at
higher risk when facing major surgeries, because of the de-
creased body functional reserve and more comorbidities. The
application of LG for elderly GC patients has been investigat-
ed recently, but the investigations were mostly retrospective
assessments of a particular procedure with recognized selec-
tion bias.***° It has been suggested that LG could be safely
performed for older patients.***” We herein further showed
that for patients > 70 years, LG was associated with better
DSS compared to OG, while DFS was comparable between
arms. However, it should be noted that sample size in this
subgroup was relatively small. Systemic stress and inflamma-
tory response caused by OG contribute to overall higher risks

in the elderly'®. Laparoscopic surgery was associated with
attenuated stress responses and improved preservation of im-
mune function.*' Elderly patients might benefit from the less-
er trauma accompanying laparoscopic surgery. An experimen-
tal finding*? reported that less surgical trauma associated with
the use of laparoscopic techniques reduces tumor recurrence.
However, the potential impact of carbon dioxide pneumoperi-
toneum on circulatory and respiratory dynamics warrants fur-
ther investigation.

Interestingly, we observed that for the management of up-
per GC, LG was associated with both better DSS and DFS
after case-matching. Proximal GC might be more biologically
aggressive™. Surgical management of junction or cardiac can-
cers could be more challenging if adequate proximal margin
and lymphadenectomy were to be assured. Total gastrectomy
is preferred for upper GC treatment; however, no prospective
trial has been reported regarding the corresponding laparo-
scopic approach. There remain some technical issues for anas-
tomosis after laparoscopic total gastrectomy.'*** Still, the rel-
atively small subgroup size could increase the possibility of
chance findings.

To our knowledge, our nomograms were the first LG-
specific ones developed based on a large prospective cohort
of patients undergoing D2 gastrectomy. Tumor size was ex-
cluded herein after backward selection, which is consistent
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with a previous nomogram for D2 open gastrectomy™. Using
the nomograms with significant clinicopathologic variables
including age, hepatitis B infection, performance status, gas-
trectomy type, tumor histology, and vascular invasion, indi-
vidual patient survival could be significantly more precisely
and accurately predicted compared to the TNM classification.
We believe that the LG-specific nomograms can be useful in
this era when D2 gastrectomy is more widely accepted world-
wide. Notably, the nomograms were not applicable for openly
operated patients, highlighting the importance of developing
such LG-specific nomograms in this laparoscopic era. For
generalized use of the nomograms by other institutions or in
other regions, it is important to externally validate the nomo-
gram and to minimize the effect of differences in surgical
strategy. While hepatitis B was included in the nomogram as
a prognostic factor, this does not impact the generalizability of
the nomogram since in areas with low HBV infection rates it
would only be needed to select the “No” category for this
variable.

Our study was majorly limited by its observational retro-
spective nature which was associated with various biases
(e.g., those caused by the fact that larger tumors were less
often laparoscopically managed), and was potentially con-
founded by factors not registered (e.g., patient preference
and socioeconomic status). The results of this study might
not be applicable to GC patients treated in Western countries
due to the differences in patient population, surgical exper-
tise, and non-surgical treatment. It is an institutional study
from a high-volume specialized national tertiary hospital,
and included patients might be selected, potentially limiting
the generalizability of the findings. Importantly, BMI of
22 kg/m? could hardly be seen in the West. The EUS was
not used as part of the preoperative staging in our study,
which further limits the comparison of our findings with
the results of the western series. The differences in patient
population and treatment principles limit the use of the no-
mogram in western populations. While potentially more ac-
curate staging and meticulous histopathologic evaluation of
surgical specimens and improved surgical skills and tech-
niques over time might introduce bias to the analyses, diag-
nosis time was matched and adjusted for to account for the
temporal shifts. Significances in some subgroups might be
limited by the relative paucity. Observed differences could
be attributed to selection bias. To overcome the potential
asymmetric distribution of patient and/or tumor character-
istics and resection extent between groups caused by differ-
ent indications for selection, we performed PSM*® adjusting
for important confounding factors. We extensively identi-
fied and included preoperative factors related to the selec-
tion of treatment approaches. After careful data cleaning,
patients receiving OG were matched with those undergoing
LG at a 1:1 ratio. Notably, even after PSM, there still
remained some variables which were significantly different

between groups (e.g., hepatitis and ECOG status), although
the comparability markedly increased. We further applied
extensive stratifications and multivariable adjustment.
Moreover, genetic or molecular information was not
available.

Despite the limitations, this work is a well-designed com-
prehensive investigation focusing on long-term outcomes
with adequate power to offer novel hypotheses regarding ap-
plication of LG with D2 lymphadenectomy in various sub-
groups, most of which have not been adequately addressed
previously. It is the first to show the comparable long-term
results for laparoscopic versus open procedures using large
prospective cohorts including nearly 2000 patients over a
12-year period, and to suggest non-inferior survival associated
with LG in patients with inferior characteristics, providing
solid background data for potential future RCTs. All data were
collected uniformly, and cases were matched for ~20 factors
potentially associated with surgical procedure selection, to
offer reliable conclusions to the extent possible by an obser-
vational study.

Surprisingly, in subgroups with significant associations,
DSS appeared to be more profoundly impacted by surgical
approaches than DFS. This might suggest that the laparoscop-
ic and open surgeries mostly performed equally in oncologic
clearance, but that the smaller LG-associated trauma might
contribute to disease-specific survival benefits especially in
vulnerable populations. Further investigations into reasons
for the differences observed between the associations of treat-
ment with DSS and with DFS are warranted. Although indi-
cation for LG in GC is currently limited to patients with early-
stage diseases of the distal stomach, we envision that our
results might serve as preliminary evidence for RCTs validat-
ing the efficacy of LG for patients with AGC and those with
other unfavorable conditions.

In conclusion, for GC management LG was associated with
long-term outcomes non-inferior to those of OG overall and in
various subgroups by age group, performance status, tumor
stage and location, and gastrectomy type using the PSM meth-
od, in a large prospective cohort from a high-volume special-
ized Eastern GC center. There could still be biases even after
PSM due to confounders not accounted for in this observa-
tional study. The findings should be validated by well-
designed RCTs. Nomograms predicting long-term DSS and
DFS after laparoscopic D2 gastrectomy for GC were then
developed and internally validated. For the generalized use
of the nomograms, validation by external cohorts is
encouraged.

Acknowledgments We are grateful to the documenters in Nanfang
Hospital for data collection, and to members of the Chinese
Laparoscopic Gastrointestinal Surgery Study Group, the Chinese
Gastric Cancer Association, the Chinese Society of Laparo-Endoscopic
Surgery, and the Chinese Society of Gastrointestinal Surgery for support.

@ Springer



1360

J Gastrointest Surg (2019) 23:1349-1361

Author Contributions Lei Huang had full access to all the data in the
study and takes responsibility for the integrity of the data and the accuracy
of the data analysis.

Conception and design: Lei Huang, Tuan-Jie Li, Guo-Xin Li

Collection and assembly of data: All authors

Analysis and interpretation of data: Lei Huang, Tuan-Jie Li, Guo-Xin
Li

Drafting of manuscript: Lei Huang

Critical revision of manuscript: Tuan-Jie Li, Guo-Xin Li

All authors reviewed and approved the manuscript for publication.

Funding This work was supported by grants from State’s Key Project of
Research and Development Plan (2017YFC0108300 and
2017YFC0108301), National Natural Science Foundation of China
(81672446), Guangdong Provincial Science and Technology Key
Project (2014A020215014), Research Fund of Public Welfare in the
Health Industry, the National Health and Family Planning Commission
of China (201402015), the Southern Medical University Clinical
Research Start-Up Project (LC2016ZD003), Guangzhou Science and
Technology Project (201400000004-5), the Key Clinical Specialty
Discipline Construction Program ([2011]170), and President Funding of
Nanfang Hospital (2016B010). The funders had no role in study design,
in the collection, analysis, or interpretation of data, or in the writing of the
report.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no competing
interests.

References

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A.
Global cancer statistics, 2012. CA: a cancer journal for clinicians.
2015;65(2):87-108. https://doi.org/10.3322/caac.21262.

2. Ajani JA, D'Amico TA, Almhanna K, Bentrem DJ, Chao J, Das P
et al. Gastric Cancer, Version 3.2016, NCCN Clinical Practice
Guidelines in Oncology. J Natl Compr Canc Netw. 2016;14(10):
1286-312.

3. Japanese Gastric Cancer A. Japanese gastric cancer treatment
guidelines 2014 (ver. 4). Gastric Cancer. 2017;20(1):1-19. https://
doi.org/10.1007/s10120-016-0622-4.

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. Annals of on-
cology : official journal of the European Society for Medical
Oncology / ESMO. 2016;27(suppl 5):v38-v49. https://doi.org/10.
1093/annonc/mdw350.

5. Bonjer HJ, Deijen CL, Abis GA, Cuesta MA, van der Pas MH, de
Lange-de Klerk ES et al. A randomized trial of laparoscopic versus
open surgery for rectal cancer. N Engl J Med. 2015;372(14):1324—
32. https://doi.org/10.1056/NEJMoa1414882.

6. de Rooij T, van Hilst J, Topal B, Bosscha K, Brinkman DJ,
Gerhards MF et al. Outcomes of a Multicenter Training Program
in Laparoscopic Pancreatoduodenectomy (LAELAPS-2). Ann
Surg. 2017. https://doi.org/10.1097/SLA.0000000000002563.

7. Kelly KJ, Selby L, Chou JF, Dukleska K, Capanu M, Coit DG et al.
Laparoscopic Versus Open Gastrectomy for Gastric
Adenocarcinoma in the West: A Case-Control Study. Ann Surg
Oncol. 2015;22(11):3590—6. https://doi.org/10.1245/s10434-015-
4381-y.

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Strong VE. Defining the role of laparoscopic gastrectomy for gas-
tric cancer. J Clin Oncol. 2014;32(7):613—4. https://doi.org/10.
1200/JC0.2013.52.9479.

Li HJ, Huang L, Li TJ, Su J, Peng LR, Liu W. Short-Term
Outcomes of Single-Incision Versus Conventional Laparoscopic
Surgery for Colorectal Diseases: Meta-Analysis of Randomized
and Prospective Evidence. J Gastrointest Surg. 2017;21(11):
1931-45. https://doi.org/10.1007/s11605-017-3520-0.

Xu AM, Huang L, Li TJ. Single-incision versus three-port laparo-
scopic appendectomy for acute appendicitis: systematic review and
meta-analysis of randomized controlled trials. Surg Endosc.
2015;29(4):822-43. https://doi.org/10.1007/s00464-014-3735-z.
Vinuela EF, Gonen M, Brennan MF, Coit DG, Strong VE.
Laparoscopic versus open distal gastrectomy for gastric cancer: a
meta-analysis of randomized controlled trials and high-quality
nonrandomized studies. Ann Surg. 2012;255(3):446-56. https:/
doi.org/10.1097/SLA.0b013e31824682f4.

Zeng YK, Yang ZL, Peng JS, Lin HS, Cai L. Laparoscopy-assisted
versus open distal gastrectomy for early gastric cancer: evidence
from randomized and nonrandomized clinical trials. Ann Surg.
2012;256(1):39-52. https://doi.org/10.1097/SLA.
0b013e3182583¢2e.

Kim W, Kim HH, Han SU, Kim MC, Hyung WJ, Ryu SW et al.
Decreased Morbidity of Laparoscopic Distal Gastrectomy
Compared With Open Distal Gastrectomy for Stage I Gastric
Cancer: Short-term Outcomes From a Multicenter Randomized
Controlled Trial (KLASS-01). Ann Surg. 2016;263(1):28-35.
https://doi.org/10.1097/SLA.0000000000001346.

Kim HH, Hyung WJ, Cho GS, Kim MC, Han SU, Kim W et al.
Morbidity and mortality of laparoscopic gastrectomy versus open
gastrectomy for gastric cancer: an interim report—a phase I1I mul-
ticenter, prospective, randomized Trial (KLASS Trial). Ann Surg.
2010;251(3):417-20. https://doi.org/10.1097/SLA.
0b013e3181cc8fob.

Katai H, Sasako M, Fukuda H, Nakamura K, Hiki N, Saka M et al.
Safety and feasibility of laparoscopy-assisted distal gastrectomy
with suprapancreatic nodal dissection for clinical stage I gastric
cancer: a multicenter phase II trial (JCOG 0703). Gastric cancer :
official journal of the International Gastric Cancer Association and
the Japanese Gastric Cancer Association. 2010;13(4):238—-44.
https://doi.org/10.1007/s10120-010-0565-0.

Hu Y, Huang C, Sun Y, Su X, Cao H, Hu J et al. Morbidity and
Mortality of Laparoscopic Versus Open D2 Distal Gastrectomy for
Advanced Gastric Cancer: A Randomized Controlled Trial. J Clin
Oncol. 2016;34(12):1350-7. https://doi.org/10.1200/JCO.2015.63.
7215.

Nakamura K, Katai H, Mizusawa J, Yoshikawa T, Ando M,
Terashima M et al. A phase III study of laparoscopy-assisted versus
open distal gastrectomy with nodal dissection for clinical stage IA/
IB gastric Cancer (JCOGO0912). Japanese journal of clinical oncol-
ogy. 2013;43(3):324-7. https://doi.org/10.1093/jjco/hys220.

Inaki N, Etoh T, Ohyama T, Uchiyama K, Katada N, Koeda K et al.
A Multi-institutional, Prospective, Phase Il 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. https://doi.org/10.1007/
$00268-015-3160-z.

Hur H, Lee HY, Lee HJ, Kim MC, Hyung WJ, Park YK et al.
Efficacy of laparoscopic subtotal gastrectomy with D2 lymphade-
nectomy for locally advanced gastric cancer: the protocol of the
KLASS-02 multicenter randomized controlled clinical trial. BMC
Cancer. 2015;15:355. https://doi.org/10.1186/s12885-015-1365-z.
Huscher CG, Mingoli A, Sgarzini G, Sansonetti A, Di Paola M,
Recher A et al. Laparoscopic versus open subtotal gastrectomy for
distal gastric cancer: five-year results of a randomized prospective
trial. Ann Surg. 2005;241(2):232-7.


https://doi.org/10.3322/caac.21262
https://doi.org/10.1007/s10120-016-0622-4
https://doi.org/10.1007/s10120-016-0622-4
https://doi.org/10.1093/annonc/mdw350
https://doi.org/10.1093/annonc/mdw350
https://doi.org/10.1056/NEJMoa1414882
https://doi.org/10.1097/SLA.0000000000002563
https://doi.org/10.1245/s10434-015-4381-y
https://doi.org/10.1245/s10434-015-4381-y
https://doi.org/10.1200/JCO.2013.52.9479
https://doi.org/10.1200/JCO.2013.52.9479
https://doi.org/10.1007/s11605-017-3520-0
https://doi.org/10.1007/s00464-014-3735-z
https://doi.org/10.1097/SLA.0b013e31824682f4
https://doi.org/10.1097/SLA.0b013e31824682f4
https://doi.org/10.1097/SLA.0b013e3182583e2e
https://doi.org/10.1097/SLA.0b013e3182583e2e
https://doi.org/10.1097/SLA.0000000000001346
https://doi.org/10.1097/SLA.0b013e3181cc8f6b
https://doi.org/10.1097/SLA.0b013e3181cc8f6b
https://doi.org/10.1007/s10120-010-0565-0
https://doi.org/10.1200/JCO.2015.63.7215
https://doi.org/10.1200/JCO.2015.63.7215
https://doi.org/10.1093/jjco/hys220
https://doi.org/10.1007/s00268-015-3160-z
https://doi.org/10.1007/s00268-015-3160-z
https://doi.org/10.1186/s12885-015-1365-z

J Gastrointest Surg (2019) 23:1349-1361

1361

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Visvanathan K, Levit LA, Raghavan D, Hudis CA, Wong S, Dueck
A et al. Untapped Potential of Observational Research to Inform
Clinical Decision Making: American Society of Clinical Oncology
Research Statement. Journal of clinical oncology : official journal
of the American Society of Clinical Oncology. 2017;35(16):1845—
54. https://doi.org/10.1200/JC0O.2017.72.6414.

Worhunsky DJ, Ma Y, Zak Y, Poultsides GA, Norton JA, Rhoads
KF et al. Compliance with gastric cancer guidelines is associated
with improved outcomes. J Natl Compr Canc Netw. 2015;13(3):
319-25.

Washington K. 7th edition of the AJCC cancer staging manual:
stomach. Ann Surg Oncol. 2010;17(12):3077-9. https://doi.org/
10.1245/s10434-010-1362-z.

Dindo D, Demartines N, Clavien PA. Classification of surgical
complications: a new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann Surg. 2004;240(2):
205-13.

Hess KR. Assessing time-by-covariate interactions in proportional
hazards regression models using cubic spline functions. Stat Med.
1994;13(10):1045-62.

Harrell FE, Jr., Lee KL, Mark DB. Multivariable prognostic
models: issues in developing models, evaluating assumptions and
adequacy, and measuring and reducing errors. Stat Med.
1996;15(4):361-87. https://doi.org/10.1002/(SICI)1097-
0258(19960229)15:4<361::AID-SIM168>3.0.CO;2-4.

Kim HH, Han SU, Kim MC, Hyung WJ, Kim W, Lee HJ et al.
Long-term results of laparoscopic gastrectomy for gastric cancer: a
large-scale case-control and case-matched Korean multicenter
study. J Clin Oncol. 2014;32(7):627-33. https://doi.org/10.1200/
JCO.2013.48.8551.

Kitano S, Shiraishi N, Fujii K, Yasuda K, Inomata M, Adachi Y. A
randomized controlled trial comparing open vs laparoscopy-
assisted distal gastrectomy for the treatment of early gastric cancer:
an interim report. Surgery. 2002;131(1 Suppl):S306-11.

Uyama I, Sugioka A, Fujita J, Komori Y, Matsui H, Hasumi A.
Laparoscopic total gastrectomy with distal pancreatosplenectomy
and D2 lymphadenectomy for advanced gastric cancer. Gastric can-
cer : official journal of the International Gastric Cancer Association
and the Japanese Gastric Cancer Association. 1999;2(4):230-4.
https://doi.org/10.1007/s101209900041.

Lee J, Kim W. Long-term outcomes after laparoscopy-assisted gas-
trectomy for advanced gastric cancer: analysis of consecutive 106
experiences. Journal of surgical oncology. 2009;100(8):693-8.
https://doi.org/10.1002/js0.21400.

Huang JL, Wei HB, Zheng ZH, Wei B, Chen TF, Huang Y et al.
Laparoscopy-assisted D2 radical distal gastrectomy for advanced
gastric cancer. Digestive surgery. 2010;27(4):291-6. https://doi.
org/10.1159/000281818.

Li GX, Zhang C, Yu J, Wang YN, Hu YF. A new order of D2
lymphadenectomy in laparoscopic gastrectomy for cancer: live
anatomy-based dissection. Minim Invasive Ther Allied Technol.
2010;19(6):355-63. https://doi.org/10.3109/13645706.2010.
527775.

Goh PM, Khan AZ, So JB, Lomanto D, Cheah WK, Muthiah R
et al. Early experience with laparoscopic radical gastrectomy for
advanced gastric cancer. Surgical laparoscopy, endoscopy & percu-
taneous techniques. 2001;11(2):83-7.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Fujitani K, Yang HK, Mizusawa J, Kim YW, Terashima M, Han SU
et al. Gastrectomy plus chemotherapy versus chemotherapy alone
for advanced gastric cancer with a single non-curable factor
(REGATTA): a phase 3, randomised controlled trial. Lancet
Oncol. 2016;17(3):309—-18. https://doi.org/10.1016/S1470-
2045(15)00553-7.

Kodera Y, Fujitani K, Fukushima N, Ito S, Muro K, Ohashi N et al.
Surgical resection of hepatic metastasis from gastric cancer: a re-
view and new recommendation in the Japanese gastric cancer treat-
ment guidelines. Gastric Cancer. 2014;17(2):206—12. https://doi.
0rg/10.1007/s10120-013-0299-x.

Cho GS, Kim W, Kim HH, Ryu SW, Kim MC, Ryu SY. Multicentre
study of the safety of laparoscopic subtotal gastrectomy for gastric
cancer in the elderly. Br J Surg. 2009;96(12):1437—42. https://doi.
org/10.1002/bjs.6777.

Fujisaki M, Shinohara T, Hanyu N, Kawano S, Tanaka Y, Watanabe
A et al. Laparoscopic gastrectomy for gastric cancer in the elderly
patients. Surg Endosc. 2016;30(4):1380-7. https://doi.org/10.1007/
s00464-015-4340-5.

Kim MG, Kim HS, Kim BS, Kwon SJ. The impact of old age on
surgical outcomes of totally laparoscopic gastrectomy for gastric
cancer. Surg Endosc. 2013;27(11):3990-7. https://doi.org/10.
1007/s00464-013-3073-6.

Suzuki S, Nakamura T, Imanishi T, Kanaji S, Yamamoto M,
Kanemitsu K et al. Carbon dioxide pneumoperitoneum led to no
severe morbidities for the elderly during laparoscopic-assisted dis-
tal gastrectomy. Ann Surg Oncol. 2015;22(5):1548-54. https://doi.
org/10.1245/s10434-014-4182-8.

Mohri Y, Yasuda H, Ohi M, Tanaka K, Saigusa S, Okigami M et al.
Short- and long-term outcomes of laparoscopic gastrectomy in el-
derly patients with gastric cancer. Surg Endosc. 2015;29(6):1627—
35. https://doi.org/10.1007/s00464-014-3856-4.

Veenhof AA, Vlug MS, van der Pas MH, Sietses C, van der Peet
DL, de Lange-de Klerk ES et al. Surgical stress response and post-
operative immune function after laparoscopy or open surgery with
fast track or standard perioperative care: a randomized trial. Ann
Surg. 2012;255(2):216-21. https://doi.org/10.1097/SLA.
0b013e31824336¢2.

Bouvy ND, Marquet RL, Jeekel J, Bonjer HJ. Laparoscopic surgery
is associated with less tumour growth stimulation than conventional
surgery: an experimental study. Br J Surg. 1997;84(3):358-61.
Huang L, Xu AM. Adenocarcinoma of esophagogastric junction:
controversial classification, surgical management, and
clinicopathology. Chin J Cancer Res. 2014;26(3):226-30. https://
doi.org/10.3978/j.iss1.1000-9604.2014.06.14.

Lee JH, Nam BH, Ryu KW, Ryu SY, Park YK, Kim S et al.
Comparison of outcomes after laparoscopy-assisted and open total
gastrectomy for early gastric cancer. The British journal of surgery.
2015;102(12):1500-5. https://doi.org/10.1002/bjs.9902.

Han DS, Suh YS, Kong SH, Lee HJ, Choi Y, Aikou S et al.
Nomogram predicting long-term survival after d2 gastrectomy for
gastric cancer. J Clin Oncol. 2012;30(31):3834-40. https://doi.org/
10.1200/JC0O.2012.41.8343.

D’Agostino RB, Jr. Propensity score methods for bias reduction in
the comparison of a treatment to a non-randomized control group.
Statistics in medicine. 1998;17(19):2265-81.

@ Springer


https://doi.org/10.1200/JCO.2017.72.6414
https://doi.org/10.1245/s10434-010-1362-z
https://doi.org/10.1245/s10434-010-1362-z
https://doi.org/10.1002/(SICI)1097-0258(19960229)15:4<361::AID-SIM168>3.0.CO;2-4
https://doi.org/10.1002/(SICI)1097-0258(19960229)15:4<361::AID-SIM168>3.0.CO;2-4
https://doi.org/10.1200/JCO.2013.48.8551
https://doi.org/10.1200/JCO.2013.48.8551
https://doi.org/10.1007/s101209900041
https://doi.org/10.1002/jso.21400
https://doi.org/10.1159/000281818
https://doi.org/10.1159/000281818
https://doi.org/10.3109/13645706.2010.527775
https://doi.org/10.3109/13645706.2010.527775
https://doi.org/10.1016/S1470-2045(15)00553-7
https://doi.org/10.1016/S1470-2045(15)00553-7
https://doi.org/10.1007/s10120-013-0299-x
https://doi.org/10.1007/s10120-013-0299-x
https://doi.org/10.1002/bjs.6777
https://doi.org/10.1002/bjs.6777
https://doi.org/10.1007/s00464-015-4340-5
https://doi.org/10.1007/s00464-015-4340-5
https://doi.org/10.1007/s00464-013-3073-6
https://doi.org/10.1007/s00464-013-3073-6
https://doi.org/10.1245/s10434-014-4182-8
https://doi.org/10.1245/s10434-014-4182-8
https://doi.org/10.1007/s00464-014-3856-4
https://doi.org/10.1097/SLA.0b013e31824336e2
https://doi.org/10.1097/SLA.0b013e31824336e2
https://doi.org/10.3978/j.issn.1000-9604.2014.06.14
https://doi.org/10.3978/j.issn.1000-9604.2014.06.14
https://doi.org/10.1002/bjs.9902
https://doi.org/10.1200/JCO.2012.41.8343
https://doi.org/10.1200/JCO.2012.41.8343

	Long-Term Outcomes in Laparoscopic D2 Gastrectomy for Gastric Cancer: a Large Comprehensive Study Proposing Novel Hypotheses
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Patients
	Statistics
	Nomogram Construction and Validation

	Results
	Patient and Surgery Characteristics
	Long-Term Survival of Patients Undergoing LG Versus OG
	Unadjusted Survival of Patients Undergoing LG
	Prognostic Nomogram for LG

	Discussion
	References


