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Abstract: Backgrounds and purpose: Robotic surgery has been applied in gastric carcinoma over a decade. Although
a series of studies were performed to investigate the short-term outcomes of robot-assisted gastrectomy, few pa-
pers were in view of long-term outcomes. The current study was aimed to explore the oncological outcomes of ro-
botic gastrectomy for gastric cancer patients. Methods: A total of 606 gastric cancer patients who underwent robot-
assisted gastrectomy during March 2010 through March 2017, were enrolled in this research. The clinicopathologic
characteristics, surgical procedures along with follow-up information and prognostic factors were recorded in detail.
The disease-free survival and overall survival rates were tested by Kaplan-Meier analysis. Results: All the patients
underwent the robotic surgery including 15 proximal gastrectomies, 403 distal gastrectomies, 169 total gastrecto-
mies and 19 remnant gastrectomies. Fifiy-six (9.24%) patients were lost in the follow-up process (3-87 months, a
media of 42 months). There were 119 recurrences observed, including 55 local recurrences, 51 peritoneal metasta-
sis and 13 distant metastasis. The 3-year disease-free survival and overall survival were 73.60% and 74.24%, while
the 5-year disease-free survivorship and overall survival rates were 68.73% and 69.33%. The 5-year overall survival
rates grouped based on TNM stage were 96.58% for IA, 88.16% for IB, 87.03% for IIA, 80.62% fo 1I1B, 58.50% for llIA,
48.62% for IlIB, 45.32% for IlIC and 17.03% for IV. Conclusion: Robot-assisted gastrectomy is a valuable procedure
for gastric cancer patients. Beside its feasibility and safety, it reveals an acceptable long-term clinical outcome.
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Introduction high magnification, effective tremble filtering,

and three flexible wristed instruments [5], this

The minimal invasive surgery (MIS) has been in
use to treat malignant tumor since last three
decades. Since the first laparoscopic-assisted
gastrectomy (LAG) in 1994 [1], endoscopic sur-
gery invades for gastric cancer treatment, the
remarkable superiority compared to its open
counterparts has been reported previously [2,
3]. However, in terms basis of several limita-
tions such as hand trembling, inadequate flexi-
bility and two-dimensional planar imaging sup-
pressed its further development, particularly
for some operations needed precise manipula-
tion [4].

To overcome the drawbacks of LAG, a novel
method of robot system appeared that was rec-
ommended for gastric cancer surgery these
years. Entailing a three-dimensional vision with

robot has access to provide a more accurate
radical gastrectomy. This seems reasonable to
achieve a positive surgical and oncological out-
comes in gastric cancer patients, especially at
terminal stages.

Recent accumulating evidence had identified
the short-term outcomes of robotic-assisted
gastrectomy (RAG) for gastric cancer [6, 7]. The
significantly decreased blood loss and the larg-
er number of retrieved lymph nodes (LNs) from
a more thoroughly lymphadenectomy compared
to LAG, indicated an appreciable effect in tumor
cure [8]. On the contrary, the extended opera-
tion time was also observed in few studies [9].
By using similar data from reported postopera-
tive recovery information, RAG was regarded as
a safe and feasible approach for partial and
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Figure 1. The placement and size for each trocar in
RAG.

total gastrectomy. While the surgical outcomes
assessed by previous researchers, few publica-
tions were focused on the long-term outcomes
of RAG, the results remained uncertain and
controversial. In order to clarify the issue, our
monocenter reported the 7-year experience to
investigate the oncological outcomes for RAG
in gastric carcinoma.

Materials and methods
Patients characteristics

This retrospective study enrolled 606 patients
who underwent RAG in our single minimal inva-
sive center of Department of General Surgery &
Center of Minimally Invasive Gastrointestinal
Surgery, Southwest Hospital, Third Military
Medical University, Chongging, China, from
March 2010 to March 2017. The study consist-
ed of 15 proximal gastrectomy (PG), 403 distal
gastrectomies (DG), 169 total gastrectomies
(TG) and the other 19 remnant gastrectomy.

The patients combined with other primary
cancer, synchronous malignant tumor in other
organs or tissues, hepatic or renal failure and
severe cardiovascular or respiratory diseases
were excluded. Additionally, the patients who
received pre-operative adjuvant radiotherapy
or chemotherapy, and who underwent an emer-
gency surgery because of obstruction, massive
bleeding, ulcer erforation or other fatal compli-
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cations also did not accord with our inclusion
criteria.

Prior to operation, all the involved cases were
diagnosed through gastrointestinal barium
meal, gastrofiberscope examinations and then
confirmed by histopathological studies. Then
the pre-operative tests of routine chest X-ray,
abdominal ultrasound, and upper abdominal
CT examination were performed to estimate
whether there was metastasis happened in
other organs or tissues. At last, each case was
performed with D1, D1+, D2, D2+ lymphade-
nectomy or palliative gastrectomy according to
the Gastric Cancer Treatment Guidelines [10].
The postoperative intravenous chemotherapy
consisted of routinely administered capecitab-
ine and oxaliplatin, assisted by the oral medi-
cations of Cinobufacin and Tegafur Gimeracil
Oteracil Potassium Capsule. The follow-up stu-
dy period was 3 to 87 months with a median of
42,

Operational procedures

The operations were carried out under an
induction of general plus epidural anesthesia
involved in an endotracheal intubation with the
selected patients positioned in the supine posi-
tion with legs apart. Furthermore, a gastric tube
and a catheter were also placed. The locations
for each trocar in RAG was following the proce-
dure reported earlier [11] (Figure 1). According
to the Japanese Gastric Cancer Treatment
Guidelines and the Japanese Classification of
Gastric Carcinoma [12], all the operations were
conducted by several experienced endoscopic
surgeons. Concrete surgical procedures were
also recorded in details by our published litera-
ture [11, 13, 14].

In brief, based on the TNM stages and tumor
location, subtotal or total gastrectomy with D1,
D1+, D2, D2+ LNs dissection or palliative gas-
trectomy using Billroth-I, Billroth-1l, esophago-
gastric anastomosis or Roux-en-Y reconstruc-
tion were carried out for each case. The patient
characteristics and surgical performance col-
lected, tabulated and gone through the statisti-
cal analysis. The observation indices for subse-
quent studies of oncological outcomes include
postoperative morbidity and the follow-up find-
ings such as the incidence number of morbidi-
ties, recurrence rate, information of survival,
death, and loss to follow-up, the overall and
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Table 1. Patients characteristics and surgical outcomes

. N Percentage
Variables (number=606) (%) )
Age (year) 56.79+10.50
Gender

Male 445 73.43
Female 161 26.57
BMI 22.21+2.94
Tumor location
Upper third 103 16.99
Middle third 263 43.4
Lower third 221 36.48
Remnant 19 3.13
TNM stage
IA 99 16.34
B 65 10.73
IA 32 5.28
1153 119 19.63
1A 75 12.38
1B 70 11.55
e 115 18.98
I\ 31 5.11
Histologic grade
Well differentiated 18 2.97
Moderately differentiated 149 24.59
Poorly differentiated 390 64.36
Undifferentiated 0 0
Others 49 8.08
Past abdominal surgery
Yes 47 7.76
No 559 92.24
Type of resection
Proximal gastrectomy 15 2.47
Total gastrectomy 169 27.89
Distal gastrectomy 403 66.5
Remnant gastrectomy 19 3.14
Extent of lymph node dissection
D1 2 0.33
D1+ 2 0.33
D2 532 87.79
D2+ 39 6.43
Palliative 31 5.12
Reconstruction
Esophagogastrostomy 15 2.47
Billroth | 5 0.82
Billroth 1l 382 63.04
Billroth II+Braun 11 1.82
Roux-en-Y 193 31.85
Estimated blood loss (ml) 190.49+164.11

Operating time (min)
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279.02+69.23

stratified prognosis from
the survival analyses.

Statistical analysis

Data were expressed as the
mean + standard deviation.
The univariate and multivar-
iate analyses were applied
to explore the risk factors
associated with survival fol-
lowing RAG for the patients.
Two-sided statistical tests
were considered statistical-
ly significant (P<0.05). The
cumulative survival time
was calculated by using
Kaplan-Meier method. All
statistical analyses were
performed by using SPSS
19.0 software package for
Windows (SPSS, Inc., Chi-
cago, IL).

Results
Backgrounds of patients

The clinicopathology char-
acteristics were summa-
rized in Table 1. With 445
males and 161 females, all
the cases receiving RAG
had a mean age of 56.79+
10.50 years, an average
Body Mass Index (BMI) was
22.21+2.94 kg/m?. Tumors
from 103 patients located
in the upper third of the
stomach, 263 in the middle
third, 221 in the lower third
and the remaining 19 in
the remnant stomach. On
the basis of the 7" patho-
logic classification for gas-
tric carcinoma from Interna-
tional Union Against Cancer
(UICC), postoperative path-
ological results indicated
the number of individuals
with different TNM stage
(1A, 1B, A, 1B, A, 1B, NIC
and V) were 99, 65, 32,
119, 75, 70, 115, 31, res-
pectively. Forty-seven pati-
ents underwent a history of
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gical procedures revealed

Number of retrieved lymph nodes 33.09+12.18
Conversion to open laparotomy 41 6.76 a mean blood loss as
) ) 190.49+164.11 ml and a
Resection margin .
Proximal 4.78+1.39 mean number of retrieved
roxima e LNs of 33.09+12.18. There
D|§t§| 6.4413.58 were 41 patients undergone
Mobidity 67 11.06 conversions to open lapa-
Postoperative pneumonia 27 4.45 rotomy due to different rea-
Liquefaction of incision fat 2 0.33 sons and the rate was
Anastomosis leakage 5 0.82 6.76%, and the relative data
Intro-abdominal infection 8 1.32 were presented in Table 1.
Duodenal stump leakage 5 0.83 . .
. . ) Postoperative morbidity
Esophagus-jejunum anastomosis site stenosis 2 0.33 .
and mortality
Septic shock 2 0.33
Incision infection 4 0.66 A total of 67 postoperative
Intraperitoneal hemorrhage 6 0.99 complications were obser-
Anastomotic stenosis 4 0.66 ved in this retrospective
Intra-abdominal abscess 2 0.33 cohort, with an incidence
Anastomotic bleeding 2 0.33 rate of 11.06%. Additional-
Mortality 4 0.66 ly, the mortality rate was

Table 2. Follow-up results of the patients
underwent RAG

Cases  Percentage

(n=606) (%)

Total 606 100
Survival 482 79.53
Death 124 20.46
Gastric cancer-related 116 19.14
Other factors 8 1.32
Loss to follow-up 56 9.24
Recurrence 119 19.64
Local recurrence 55 9.76
Peritoneal metastasis 51 8.42
Distant metastasis 13 2.15

abdominal surgery and each of which had an
effective recovery.

Operative outcomes

Surgical results indicated that for the patients
were 2 of them underwent a D1 LN dissection,
2 into D1+ LN dissection, 532 into a D2 LN dis-
section, 39 into D2+ LN dissection, and the
rest 31 cases diagnosed at stage IV received
palliative operations as a makeshift. There
were 602 RO resections but no R2 resection.
Only 4 R1 resections were observed in current
study based on fanal pathology examinations,
including 3 positive proximal margins and 1
positive distal margin. Furthermore, these sur-
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0.66% (4 of 606 cases), 3
patients were presented wi-
th a duodenal stump leakage after a Billroch-II
procedure, and then underwent reoperations of
exploratory laparotomy. The other patient suf-
fered from an anastomosis leakage, who also
received a second surgical procedure to recon-
struct the anastomosis. Regretfully, all of them
died from a postoperative multiple organ fail-
ures within a month time.

Follow-up

During follow-up, results 56 patients were lost
during this period of 3 to 87 months and
the follow-up rate was 90.76% (Table 2). Within
the long-term postoperative observation, 119
recurrences of gastric cancer were found, con-
sisting of 55 with local recurrences, 51 with
peritoneal metastasis and 13 with distant
metastasis, indicating a recurrence rate of
19.64%. For the endpoint events, 482 cases
were survived but 124 were dead out of which
116 were by the recurrences and 8 from other
unknown factors.

Prognostic factors and survival

According to the findings from univariate analy-
sis to explore the potential prognostic factors
(Table 3), significant discrepancies of overall
survival were observed in these indexes of
age (P=0.001), BMI (P<0.001), TMN stage (P<
0.001), type of resection (P<0.001), extent of
LN dissection (P<0.001) and estimated blood
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Table 3. Prognosic factors for overall survival of the
patients tested by univariate and multivariate analy-

yses were subgrouped based on the TNM
stage, we found that the 5-year OS for
each stage were |A (96.58%), IB (88.16%),

A (87.03%), IIB (80.62%), IlIA (58.50%),
1B (48.62%), llIC (45.32%) and IV (17.03%)

ses
Factors Univariate  Multivariate
P-value P-value

Age 0.001 0.003
Sex 0.412
BMI <0.001 0.009
TNM stage <0.001 <0.001
Retrieved lymph nodes 0.315
Type of resection <0.001 0.140
Extent of lymph node dissection <0.001 0.101
Past abdominal surgery 0.132
Estimated blood loss (ml) <0.001 0.535
Operation time 0.081
Resection margin

Proximal 0.894

Distal 0.724

(Table 4; Figure 2A-H). Moreover, as the
subgroup were classified by some other
clinical data to further explore the progno-
sis, significant data was recorded in the
analyses according to age (P=0.0008,
Figure 3A), type of resection (P<0.0001,
Figure 3B) and BMI (P=0.00148, Figure
30).

Discussion

It is well established that robot surgery
was widely regarded as a novel therapeu-
tic strategy for gastric cancer patients in
recent years [15, 16]. At higher magnifica-

Table 4. The data of DFS/0S and the OS of tumor

subgroups based on TNM stage

tion clearer images eliminated tremor and
the flexible artificial endowrist, the robot
allows a more precise procedure over
laparoscopic or conditional open surgery

in radical gastrectomy, which became a

great constituent of MIS and offset the

Survival

1y 3y 5y

DFS/0S (%) DFS (%) 89.56 73.60 68.73
0S (%) 89.56 74.24 69.33

0S (%) based on TNM stage IA 96.58 96.58 96.58
B 100 91.84 88.16

IIA 92.46 87.03 87.03

1153 92.75 82.74 80.62

1A 91.15 73.12 585

1B 84.97 66.49 48.62

Inc 84.04 52.87 45.32

\Y 58.95 25.54 17.03

deficiencies from the laparoscopic-assist-
ed counterparts.

Since Hashizume et al. firstly reported the
RAG in 2003 [17], a number of investiga-
tions and meta-analyses were performed
to evaluate the clinical efficacy of this
novel surgical approach [18-20]. In addi-
tion, the comparable data focused on
postoperative recovery such as time to
first liquid diet, time to first ground activity

loss (P<0.001). However, there were no signifi-
cant differences for sex, retrieved LNs, the past
abdominal surgery, operation time and resec-
tion margins. Subsequently, multivariate analy-
sis showed that the significantly different re-
sults existing in age (P=0.003), BMI (P=0.009)
and TMN stage (P<0.001) (Table 3). This strong
evidence trend to testify these three indexes as
independent prognostic factors.

In regard to the survival analysis, our Kaplan-
Meier curves indicated a 73.60% and 68.73%
for 3-year disease-free survival (DFS) rate and
5-year DFS rate, respectively. Similarly, 3-year
overall survival (OS) was 74.24% and the 5-year
0OS was 69.33% (Table 4). When stratified anal-
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and postoperative hospital stay, were also
published recently to identify the effective
short-outcomes provided by RAG. However, lit-
erature seldom reported long-term outcomes-
related studies. Although a west center has
offered its primary work in regard to the onco-
logical results of RAG in gastric cancer patients
[21], the enrolled number of cases seems a lit-
tle small. The debates on long-term outcomes
by RAG continuously existed. With a large-scale
sample size in the present study, we would fur-
ther explore the long-term outcomes of RAG for
gastric cancer treatment.

This report showed the mean number of
retrieved LNs was 33.09, along with the results
of the previous robotic, laparoscopic and open
gastrectomy [6, 22] indicating an adequate LNs

Am J Transl Res 2018;10(10):3233-3242
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Figure 2. Cumulative 5-year overall survival conducted by Kaplan-Meier analysis. A. Stage | patients. B. Stage IB patients. C. Stage IIA patients. D. Stage IIB patients.
E. Stage IlIA patients. F. Stage IlIB patients. G. Stage IlIC patients. H. Stage IV patients.
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dissection of radical lymphadenectomy. The
total postoperative morbidity rate was 11.06%,
although in line with the related but compara-
tive reports mentioned morbidity rate was
between 5.2% and 11.58% [23-25]. Meanwhile,
itis less (15.9%) than the incidence of LAG and
the rate of 12.2% in the RAG-related studies
[21, 26]. In view of the local complications, a
Japanese research group conducted a retro-
spective cohort study that displayed systemati-
cal results for LAG, which were approximately
comparable to morbidity rate of 0.33% in both
of anastomotic bleeding and anastomotic ste-
nosis, 0.66% in wound infection, and 1.15% in
intro-abdominal infection. But our 0.82% inci-
dence for anastomosis leakage was significant-
ly lower as reported by the Japanese group pro-
vided an association rate of 2.5% [27]. For the
systemic complications, 4.45% rate for pneu-
monia was reported herein, however, no pulmo-
nary embolism and edema were observed,
which might benefit from the postoperative
early mobilization according to the enhanced
recovery following surgery (ERAS). Moreover,
focused on the decreased morbidity rates, we
suggested that with a long period of training
and practice, professional and experienced
surgeons were reasonable to contribute to pre-
venting the occurrence of postoperative trou-
bles especially serious complications.
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About 124 deaths were observed in our study
during the follow-up period, the death rate
(20.46%) can be comparable to previous stud-
ies [26, 28], while 56 patients were lost in the
follow up process, 119 recurrences existed in
the cohort and the majors were indicated to
be local recurrence (9.76%) and peritoneal
metastasis (8.42%), but not distant metastasis
(2.15%). Despite the similar recurrence rate
to the previously reported data [26, 29], RAG
may reveal enough restriction against distant
metastasis for gastric cancer. For the purpose
to determine the prognosis factors that im-
paired survival, we applied univariate and mul-
tivariate analyses to find the age, BMI and TNM
stages as the independent prognosis factors
for gastric cancer patients who underwent the
radical RAG. As the TNM stage was confirmed
to be involved in the prognosis, the effect of
age was considered of controversial. Here we
suggested that this finding might due to a more
fragile host-defense condition in elderly gastric
cancer patients. The rest factor of BMI made us
believed that excellent nutritional status might
necessary for malignancy patients to bear sur-
gical procedures and adjuvant chemothera-
pies. However, a poor physical condition possi-
bly had an adverse effect on postoperative
recovery.

Am J Transl Res 2018;10(10):3233-3242
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While following the survival analysis results in
the current study, it was observed that both the
3-year DFS and OS survival rate were similar to
previous reports [11] but slightly lower than the
data from the Japanese group [30]. Considering
the potential of the work, it was supposed that
with rigorous screening for gastric cancer, the
proportion of early-stage patients must be larg-
er in Japan as strong evidences to provide a
better prognosis. Whereas some investigations
showed comparable data both for 5-year DFS
and OS in LAG [22, 31], better results were
highlighted by a South Korean group [32], which
might because that the group consisted of doz-
ens of stage-IV patients enrolled in our study
had decreased overall survival. The stratified
analysis clarified by the TMN stage, but we
failed to find any remarkable discrepancies for
stage | and Il patients herein and several previ-
ous reports for postoperative survival [33-35].
However, our 5-year OS in the stage Il was
appropriately higher than some other series
for gastrectomy, particularly in the IlIC stage
patients [36, 37]. It is being suggested that due
to the precise surgical procedures conducted
by the robot system, the D2 or D2+ lymphade-
nectomy with a low positive resection margin
rate was reasonably realistic, and the results
indicated various advantages from RAG mainly
helpful for the treatment of advanced gastric
cancer. Furthermore, results for BMI and age
based on the Kaplan-Meier analysis were in
line with the former multivariate analysis
reports. During the long follow-up period, 56
cases were lost so that we were not able to
achieve their accurate survival status, this
unavoidable limitation should be noticed in
future studies.

Conclusion

In conclusion, to discuss the long-term out-
comes of RAG for gastric cancer patients, we
conducted this large-scale retrospective study.
The interesting results including postoperative
morbidity rate, the recurrence, and the 5-year
DFS and OS, were to be acceptable considering
the data recorded by previous studies on LAG
or traditional open gastrectomy. Moreover, its
potential benefit for stage Il gastric carcinoma
observed in the present oncological outcomes
may recommend RAG as a novel and important
approach for advanced gastric cancer therapy.
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