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Abstract
Objective: In this study we have retrospectively evaluated the feasibility and safety of a novel therapeutic
regimen for the management of Advanced Gastric Cancer (AGC) at risk for peritoneal carcinomatosis
(PC) involving neoadjuvant laparoscopic hyperthermic intraperitoneal chemotherapy (NLHIPEC) and
neoadjuvant chemotherapy (NAC).
Methods: From December 2017 to June 2018, 7 AGC patients undergoing NLHIPEC + NAC + Surgery+
Intraoperative HIPEC + adjuvant chemotherapy (AC) were included in the study and observed for
associated complication and morbidity. AGC patients undergoing other neoadjuvant and prophylactic
treatment approaches were retrospectively analyzed and case-matched. Intraoperative and post-operative
events, clinical recovery and morbidity were closely monitored till 1 month after the last cycle of
chemotherapy.
Results: Of a total of 328 AGC patients undergoing curative surgery, 7 other patients undergoing NAC +
HIPEC, 7 patients undergoing surgery + HIPEC and 17 patients undergoing NAC were retrospectively
included. There was no 30-day post-operative mortality recorded in the 4 groups. In total, 14 events were
recorded and 5/14 of the complications were rated as Clavien I; 8/14 patients were classified as Clavien II
and 1/14 patient was recorded as Clavien grade IIIa. There was no grade IIIb-V event. The results suggest
that the proposed treatment regimen is safe and feasible.
Conclusions: This combination of NLHIPEC and NAC in the management of AGC at high risk for
peritoneal involvement is feasible, safe, well-tolerated and worth exploring.

Background
Gastric cancer (GC) is the fourth most common malignancy worldwide [1] but almost half of GC-related
deaths in the world occur in China [2]. However, despite the triggering advances in medical research and
technology, the prognosis of the advanced stages of GC (AGC) remains poor. Where systemic adjuvant
radio-chemotherapy following surgery of curative intent has increased overall survival (OS) rate by 32%
and progression-free survival (PFS) rate by 51% [3], the implementation of chemotherapy prior to surgery
has been reported to decrease mortality by 25% and disease progression by 34% [4]. Nevertheless, the
post-operative metastasis or disease recurrence rates are still relatively high with the peritoneum still
presiding as a common site of treatment failure for AGC [5]: it has been previously reported that at time of
death, 60% of GC patients presented with peritoneal dissemination which caused significant quality of
life impairment from complications such as tense ascites, malignant bowel obstruction, malnutrition and
cachexia [5–6]. Chemotherapy and immunotherapy alone have limited efficacy against peritoneal
carcinomatosis [7–9]. Thus, multimodality strategies including various combinations of systemic
chemotherapy and hyperthermic intraperitoneal chemotherapy (HIPEC) have been studied to improve
survival and prevent morbid complications.
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From the very first report about the role of HIPEC in the prevention of peritoneal dissemination in AGC due
to surgical trauma or disease progression by Koga et al. in 1988, the application of the combination of
regional chemotherapy enhanced with hyperthermia and continuous mechanical erosion of free
peritoneal cancer cells has been vividly advocated over the last few decades [10–12]. Our personal
experience with HIPEC as prophylaxis against secondary peritoneal carcinomatosis (PC) has shown
better survival rate and peritoneal metastasis prevention in cases with intraoperative HIPEC [13–15]. Over
the last few decades, neoadjuvant chemotherapy (NAC) has also gained recognition where NAC before
curative resection has shown the potential benefits of primary tumor down-staging and lymph node
metastasis and occult micro-metastases control in GC patients with better tolerance in the pre-operative
stages [16]. In 2013, a Cochrane single patient data meta-analysis including 14 randomized trials showed
an improvement in overall survival (HR = 0.81, 95%CI: 0.79–0.89, P < 0.0001) with a 5-year survival gain
of 9% with a 1.4 times radical resection rate favoring the NAC arm [17]. With NAC showing promising
survival benefit and favorable surgical radicality, it has been widely accepted in Western countries as
prophylaxis against post-operative recurrence. Along the same line, with HIPEC has also been gaining
more recognition in the intra-operative prophylactic setting, there has been speculation about the
possibility of the efficacy of HIPEC in the neoadjuvant setting as prophylaxis against PC in patients with
AGC at high risks or with occult peritoneal dissemination at the time of diagnosis. With the optimization
of the comprehensive treatment modality for AGC, the option of combining NAC’s tumor down-staging
and HIPEC’s prophylactic against peritoneal dissemination was explored. In a study by Cui et al., the
combination of NAC with HIPEC for the treatment of AGC was well tolerated and exhibited improved
compliance and efficiency with survival benefit [18]. In a study by Coccolini et al., prophylactic HIPEC
associated to NAC increased the DFS and OS in patients with AGC without carcinomatosis [19].
Nevertheless, there have been more reports about the combination of NAC followed by HIPEC improving
the survival rates in ovarian cancer [20–21]. On the other hand, there have been fewer reports about the
efficacy of laparoscopic HIPEC (L-HIPEC): in a report by Yonemura et al., L-HIPEC combined with
intraperitoneal chemotherapy could decrease PCI index before cytoreductive procedures [22]. In another
report by Baslescu el al., they used laparoscopy for the cytoreductive surgery (L-CRS) and L-HIPEC) to
emphasize the advantages of minimal invasive surgery and contributed to improved postoperative
outcomes [23]. Nevertheless, the role of HIPEC in the neoadjuvant setting has not been investigated in
clinical trials.
With the role of HIPEC established as a prophylaxis against PC, we now hypothesize that HIPEC in the
neoadjuvant setting combined with NAC will not only support tumor down-sizing and down-staging, but
will also manage and treat occult peritoneal dissemination since the rate of detection of peritoneal lavage
cytology is relatively low in clinical practice. Therefore, in an attempt for a more comprehensive approach
for the management of AGC, irrespective of positive or negative peritoneal lavage cytology, our research
team proposes the Dragon II regimen which involves neoadjuvant laparoscopic HIPEC (NLHIPEC)
combined with NAC followed by surgery of curative intent with intraoperative HIPEC and then followed by
adjuvant chemotherapy (AC). With an intention to treat, this approach was applied in clinical practice and
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in this study, we have retrospectively investigated the feasibility and safety of the suggested experimental
regimen as compared to already established prophylactic and neoadjuvant approaches approached
carried out in our institution.

Patients And Methods
Between December 2017 and June 2018, 7 AGC patients were screened and subjected to a
comprehensive neoadjuvant treatment regimen involving 1 cycle of NLHIPEC followed by 3 cycles of NAC
followed by surgery of curative intent with intraoperative HIPEC followed by 5 cycles of adjuvant
chemotherapy. After 1 year of follow-up, we retrospectively investigated all the AGC patients undergoing
neoadjuvant and intraoperative prophylactic treatment over the same period of time. The main forms of
neoadjuvant and prophylactic treatment recorded were 3 cycles of NAC followed by surgery with
intraoperative HIPEC then AC; surgery plus intraoperative prophylactic HIPEC and 3 cycles of NAC
followed by surgery and AC. Hence, after conducting thorough patient file review, we separated the cases
into 4 groups: the Experiment group, the NAC + HIPEC group, the Surgery + HIPEC group and the NAC
group.

Ethics approval and consent to participate
This study has been approved by the Ethics Committee of Ruijin Hospital affiliated to Shanghai Jiao
Tong University School of Medicine. All participating subjects will sign the written consent form.
All patients included in the experimental group conformed to the following list of inclusion Criteria:
(1)Aged between 18 and 75 years old; (2) Eastern Cooperative Oncology Group (ECOG) score ≤ 2;(3)
American Society of Anesthesiologists (ASA) grades I-III;(4) Primary GC without prior history of gastric
malignancy; (5) Multiple detector computed tomography (MDCT), Endoscopic Ultrasonography or
Laparoscopic Exploration revealing lesion(s) infiltrating the serosal (T staging T4); (6) Normal Bone
Marrow, Liver, Renal functions conforming to the following standards:(a) Peripheral blood white blood
cells (WBC) count ≥ 3500/mm3, platelet count (PLT) ≥ 100,000/mm3 and hemoglobin count (Hb) ≥
90 g/L;(b) Total bilirubin ≤ 1.5 times the upper limit of normal (ULN); Aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) ≤ 2.5 × ULN; Serum creatinine (SCr) ≤ 50 ml/min.(7) Negative urine
or blood pregnancy test for female subjects of childbearing potential; (8) Expected life expectancy ≥ 3
months; (9) willing to sign inform consent for participation and publication of results.
Grouping and Treatment (see Fig. 1 for Experiment Layout): Insert Figure 1 here.
Arm A (L-HIPEC Group): Laparoscopic Exploration + L-HIPEC + 3 cycles of NAC + standard D2
gastrectomy + intraoperative HIPEC + 3–5 cycles of AC.
Arm B (NAC + HIPEC + Surgery): 3 cycles of NAC + standard D2 gastrectomy + intraoperative HIPEC + 3–5
cycles of AC.
Arm C (Surgery + HIPEC) :Standard D2 Gastrectomy + intraoperative HIPEC + 6–8 cycles of AC.
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Arm D (NAC + Surgery):3 cycles of NAC + standard D2 gastrectomy + 3–5 cycles of AC.
L-HIPEC Procedure The equipment for the laparoscopic and intraoperative procedures is the BR‑TRG‑I
Hyperthermic Perfusion Intraperitoneal Treatment system (Baorui Medical Technology, Co., Ltd.,
Guangzhou, China). The laparoscopic HIPEC technique consists in through 15 mm trocars placing two
inflow catheters in the upper abdominal region and two outflow catheters in the Douglas pouch, each
catheter being connected to the corresponding thermo-probe. Once the randomization is performed and
verified, the L-HIPEC procedure is started, a 43 °C solution of Paclitaxel 80 mg/m2 being introduced into
the peritoneal cavity and re-circulated for 60 minutes at a flow rate controlled between 400–600 ml. The
chemotherapeutic agent is introduced on the two inflow catheters which are placed in the upper
abdominal quadrant, in the proximity of the tumor bed and aspirated on the two outflow catheters which
were placed in the Douglas pouch. The intra-abdominal temperature is monitored during the procedure by
the four thermocouples which are placed at the level of the inflow and respectively of the outflow
catheters, with an intra-abdominal probe maintaining an intraperitoneal temperature of 43 ± 1 °C. In the
meantime, the endo-esophageal temperature level is closely monitored (a value higher than 39 °C
enforcing ending the procedure). After the procedure, the 4 catheters are removed and the trocars
incisions closed.
Neoadjuvant Chemotherapy The NAC regimens for Arms A and B was EOX, consisting of Oxaliplatin,
Epirubicin, Capecitabine/Xeloda. Oxaliplatin 130 mg/m2and Epirubicin 50 mg/m2were administered
intravenously on day 1.Capecitabine / Xeloda was administered orally 1500 mg/m2, twice a day for 14
consecutive days, followed by a 7-day rest period.
Adjuvant Chemotherapy The AC regimen in Arms A, B and C was XELOX, Oxaliplatin
130 mg/m2administered intravenously on day 1 and Capecitabine / Xeloda administered orally
1500 mg/m2, twice a day for 14 consecutive days, followed by a 7-day rest period.
Intraoperative HIPEC After the anastomosis, the open coliseum technique was used, using Paclitaxel at a
dose of 80 mg/m2 dissolved in 3–5 l of normal saline heated to 43 °C, and infused into the abdominal
cavity and re-circulated for 60 minutes at a flow rate controlled between 400–600 ml. After the HIPEC
procedure, the abdomen is closed.
Tumor response and toxicity criteria Tumor response evaluation in Arms B and C was carried out after the
3rd cycle of preoperative NAC by using abdominal MDCT scan according to the Response Evaluation
Criteria for Solid Tumors (RECIST) 1.1[24]. Therapeutic response would be imageologically and clinically
assessed positive in patients with complete remission (CR), partial remission (PR), stable disease (SD) or
with clinical benefit. Patients with progressive disease (PD) would be referred to a panel of
multidisciplinary team for a more comprehensive assessment of the treatment plan. Adverse events were
assessed according to Common Terminology Criteria for Adverse Event (CTCAE) v5.0 [25].
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End-points The primary endpoint was 1 month post the last cycle of chemotherapy. In-hospital
perioperative complications were studied as secondary endpoints. Postoperative complications were
classified based on the therapy-oriented severity grading system (TOSGS) and NCI Common Terminology
Criteria (CTC) for Adverse Events version 4.0. Postoperative morbidity was analyzed according to the
Dindo-Clavien classification for surgical complications [26].
Statistical analysis All data were systematically collected to establish a comprehensive database of
clinical records, surgical and pathology reports, image examination and laboratory reports, and follow-up
records. The data were analyzed by SPSS software for windows, version 19.0 (SPSS Inc., Chicago, IL,
USA). A two-sided P < 0.05 was considered as statistically significant.

Results
1. Clinicopathological Characteristics of the subjects Between December 2017 and June 2018, 7 AGC
patients undergoing L-HIPEC + NAC + Surgery + Intraoperative HIPEC + AC were included in the study.
During the retrospective case control analysis, we screened a total of 328 cases of GC undergoing
gastrectomy of curative intent in our department and after excluding the non-AGC cases, AGC cases
directly undergoing surgery and AGC cases undergoing experimental study for other treatment regimens,
7 AGC patients undergoing NAC followed by surgery of curative intent with intraoperative prophylactic
HIPEC, 7 AGC patients undergoing surgery of curative intent with intraoperative prophylactic HIPEC and
17 AGC patients undergoing NAC followed by surgery of curative intent were retrospectively analyzed (see
Fig. 2 for Flow Diagram).
Insert Figure 2 here.
There were in total 30 male and 8 female patients included in the study. The mean age in each group was
55 years for the L-HIPEC group, 53 years for the NAC + HIPEC group, 63 years for the Surgery + HIPEC
group and 65 years for the NAC + Surgery group. The median KPS was over 80 for all patients. When
analyzing the pathophysiological and biochemical blood parameters of the patients, we set up 2 different
baselines: For patients undergoing neoadjuvant and prophylactic treatment, the first baseline was set at
inclusion of study before any therapeutic intervention (see Table 1) and the second baseline was set at
the time of surgery (Table 2). Basically all the physiological and biochemical blood parameters were wellbalanced at the first baseline. In Table 2 while comparing the pathophysiological and biochemical blood
parameters, we found that the ALT and AST of the different groups were significantly different: Upon
conducting intergroup comparison, we noted that there was no difference in the AST of the experiment
group but the ALT was still different with the 3 groups. However, we noted that the range of the AST from
the experiment group was still within the 1X ULN. There was no significant difference in the histology of
the lesions, the surgical procedure (distal or total gastrectomy) or rate of lymph node metastasis
(Table 3).
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Table 1
Baseline 1 Clinico-pathological Characteristics of the patients undergoing neoadjuvant and prophylactic
treatment regimens
L-HIPEC Group (n =
7)

NAC + HIPEC Group (n
= 7)

NAC Group (n =
17)

P
value

Male (n, %)

6 (86)

6 (86)

13 (77)

0.968

Female (n, %)

1 (14)

1(14)

4 (23)

Mean Age (yrs,
Range)

55 ± 7
(43–66)

53 ± 15
(30–68)

65 ± 8
(47–74)

0.074

KPS (Median)

90

90

90

0.191

BMI (Kg/m2)

24.0 ± 4.5

22.8 ± 2.5

23.3 ± 2.5

0.744

WBC (x109/L)

6.1 ± 1.1

7.4 ± 2.3

5.3 ± 1.5

0.144

N(%)

64.1 ± 4.9

63.5 ± 14.7

56.7 ± 11.6

0.239

Hb (g/L)

132 ± 23

130 ± 30

119 ± 21

0.384

PLT(x109/L)

226 ± 52

268 ± 138

210 ± 89

0.406

ALT (IU/L)

21.6 ± 24.7

21.3 ± 12.2

19.1 ± 12.6

0.505

AST(IU/L)

24.6 ± 13.7

23.0 ± 7.5

24.8 ± 10.3

0.928

GOT(IU/L)

22.3 ± 7.2

31.6 ± 21.9

51.1 ± 8.0

0.539

TB (µmol/L)

13.9 ± 3.6

12.5 ± 8.2

12.5 ± 4.2

0.829

DB(µmol/L)

2.3 ± 0.6

2.3 ± 1.3

2.4 ± 1.6

0.927

SCr(µmol/L)

86.4 ± 12.1

80.1 ± 12.6

71.4 ± 14.5

0.053

Alb (g/L)

39.6 ± 2.4

43.3 ± 12.0

41.9 ± 16.2

0.384

AFP (ng/ml)

4.3 ± 4.4

2.6 ± 1.2

3.1 ± 1.3

0.062

CEA (ng/ml)

149.2 ± 282.4

2.5 ± 1.7

6.2 ± 7.3

0.529

CA125 (U/ml)

16.4 ± 9.9

16.4 ± 11.7

19.1 ± 16.7

0.876

CA199 (U/ml)

234.4 ± 414.3

264.7 ± 563.9

17.8 ± 19.4

0.157
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Table 2
Baseline 2: Clinico-pathological Characteristics of the patients before surgery
L-HIPEC
Group (n = 7)

NAC + HIPEC
Group (n = 7)

Surgery + HIPEC
Group (n = 7)

NAC Group
(n = 17)

P
value

Male (n, %)

6 (86)

6 (86)

5 (71)

13 (77)

0.876

Female (n, %)

1 (14)

1(14)

2 (29)

4 (23)

Mean Age (yrs,
Range)

55 ± 7
(43–66)

53 ± 15
(30–68)

63 ± 5
(54–70)

65 ± 8
(47–74)

0.060

KPS (Median)

90

90

90

90

0.671

BMI (Kg/m2)

25.0 ± 3.0

22.1 ± 2.4

23.7 ± 1.7

23.8 ± 2.7

0.196

WBC (x109/L)

5.0 ± 2.3

4.2 ± 0.5

6.4 ± 1.4

4.9 ± 1.6

0.073

N (%)

37.7 ± 7.3

50.3 ± 8.5

61.9 ± 6.0

50.7 ± 12.9

0.076

Hb (g/L)

129 ± 23

126 ± 19

124 ± 24

115 ± 24

0.476

PLT(x109/L)

158 ± 57

140 ± 40

237 ± 98

179 ± 57

0.212

ALT (IU/L)

43.0 ± 15.8

27.7 ± 13.2

20.3 ± 14.1

23.7 ± 14.4

0.002

AST(IU/L)

46.7 ± 18.0

34.1 ± 16.8

23.0 ± 9.0

28.4 ± 10.0

0.007

GOT(IU/L)

45.4 ± 19.3

36.4 ± 13.7

22.7 ± 18.6

53.7 ± 19.5

0.651

TB (µmol/L)

16.4 ± 6.3

12.5 ± 4.8

13.1 ± 2.7

14.0 ± 4.7

0.465

DB(µmol/L)

2.6 ± 0.8

2.2 ± 0.8

2.5 ± 0.6

2.7 ± 0.9

0.592

SCr(µmol/L)

78.1 ± 14.7

81.7 ± 18.1

75.4 ± 17.6

72.6 ± 12.0

0.558

Alb (g/L)

39.3 ± 4.5

39.3 ± 3.5

38.9 ± 5.0

36.8 ± 4.5

0.444

AFP (ng/ml)

5.0 ± 3.8

3.1 ± 1.5

3.0 ± 1.4

3.2 ± 1.3

0.191

CEA (ng/ml)

6.6 ± 5.9

2.5 ± 1.7

4.4 ± 3.1

4.4 ± 5.2

0.452

CA125 (U/ml)

18.0 ± 5.9

11.1 ± 5.4

12.5 ± 6.6

15.7 ± 14.1

0.593

CA199 (U/ml)

64.6 ± 74.4

42.4 ± 90.8

26.7 ± 30.4

16.0 ± 19.9

0.225
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Table 3
Clinico-pathological Characteristics of the patients after surgery
L-HIPEC
Group (n =

NAC + HIPEC
Group (n = 7)

Surgery + HIPEC
Group (n = 7)

NAC Group
(n = 17)

P
value

9

11

8

9

0.387

Distal Gastrectomy

2

5

3

4

0.157

Total Gastrectomy

5

2

4

13

7)
Duration of Postoperative Stay (days)
Surgery Characteristics

Post-operative Pathological T Staging
pT0

1

0

0

1

pT1

0

0

0

0

pT2

3

0

0

7

pT3

0

1

1

2

pT4

3

6

6

7

0.239

Post-operative Pathological N Staging
pN0

4

1

0

5

pN1

0

0

2

3

pN2

0

2

2

0

pN3

3

4

3

9

0.083

2. L-HIPEC associated morbidity: The laparoscopic HIPEC procedures were eventless and no patients
from the L-HIPEC group presented with fever, abdominal discomfort, gastroparesis, intestinal necrosis,
diarrhea or allergic reactions within the one month of observation.
3. Chemotherapy associated morbidity: When comparing the complete blood count and biochemical
examinations of the patients from the L-HIPEC, NAC + HIPEC and NAC, there was no signs of
hematotoxicity, hepatotoxicity and nephrotoxicity due to chemotherapy. 2 patients from the L-HIPEC
group, 2 from the NAC + HIPEC and 1 from the NAC group complained of loss of appetite and occasional
nausea during the first 2 days of chemotherapy but the symptoms would subside without special
intervention within the 48 h following drug administration (P > 0.05).
4. Overall Morbidity and Mortality: There was no 30-day post-operative mortality recorded in the 4 groups.
However, post-operative events were recorded in 14 of the 38 patients from the 4 groups: 2 in the Surgery
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group (14%), 4 in the NAC group (29%), 2 in the Surgery + HIPEC group (14%) and 6 in the NAC group
(43%). The incidence of the most common types of previously reported complications is shown in
Table 4. Table 5 shows the analysis of the morbidity recorded in each group assessed according to the
Clavien-Dindo classification of surgical complications.
Table 4
Post-operative Morbidity of the small cohort of patients
Event/Complication

L-HIPEC
Group

NAC + HIPEC Group

Surgery + HIPEC Group

NAC + Surgery
Group

Bleeding

0

0

0

0

Gastroparesis

0

1

0

0

Fever

1

0

1

2

Neutropenia

0

0

0

0

Pancytopenia

0

0

0

0

Anastomotic Leak

1

1

0

2

Bowel Obstruction

0

0

0

0

Intestinal Necrosis

0

0

0

0

Renal Dysfunction

0

0

0

0

Liver Dysfunction

0

1

1

0

Bilirubinemia

0

0

0

1

Infection

0

0

0

1

Diarrhea

0

0

0

0

Wound Dehiscence

0

1

0

0

Allergic Reactions

0

0

0

0

Total Events

2

4

2

6

During the post-operative analysis, in the L-HIPEC group, 1 patients from the L-HIPEC group presented
with fever (not exceeding 38.5℃) which normalized without specific intervention and 1 patient presented
with change in drain content 4 days post-op, suggesting anastomotic leak to which bed-side continuous
abdominal double cannula lavage and low negative pressure drainage was applied for 4 days and the
patients made a full-recovery without surgical intervention. In the NAC + HIPEC group, there was 1 case of
abnormal liver function which normalized after hepatoprotective treatment; 1 case gastroparesis which
involved nasogastric intubation followed by gastrointestinal decompression and treatment with
metoclopramide and the patient made a full recovery after 7 days; 1 case of wound dehiscence treatment
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by bedside dressing; and 1 case of anastomotic leak treated by bed-side continuous abdominal double
cannula lavage and low negative pressure drainage followed by CT-guided percutaneous drainage of
abscess under local anesthesia without surgical intervention. In the Surgery + HIPEC group, 1 patient
presented with abnormal liver function the next day of surgery but after intervention with
hepatoprotective treatment, liver function normalized within 48 hours. In the NAC group, there were 2
cases of post-op fever not exceeding 38.5℃ which normalized without specific intervention and 1 case
of abnormal liver function which normalized after hepatoprotective treatment, 1 case of mild
hyperbilirubinemia which resolved after treatment with ademetionine and 1 case of post-operative
pulmonary infection which resolved after intensive course of specific treatment.
According to the Clavien-Dindo classification, 5/14 (36%, 13% of all patients) of the complications were
rated as Clavien I; 8/14 patients (57%, 21% of all patients) were classified as Clavien II and 1/14 patient
(7%, 3% of all patients) was recorded as Clavien grade IIIa complication. No grade IIIb-V event was
recorded during the whole experiment. There was no significant statistical difference found in the
incidence of Grades I, II and IIIa events between the 5 groups (see Table 5).
Table 5
Grading of the Post-operative Morbidity of the small cohort of patients according to Clavien Dindo scale
of complications.
L-HIPEC

NAC + HIPEC

Surgery + HIPEC Group

NAC + Surgery

Group

Group

Grade I

1

1

1

2

Grade II

1

2

1

4

Grade IIIa

0

1

0

0

X2

P Value

Group
2.926
0.403

5. Other Parameters: The completion rate of the proposed treatment regimen (L-HIPEC + NAC + Surgery +
Intraoperative HIPEC + AC) was 86%. 1 patient from the L-HIPEC did not complete the courses of adjuvant
chemotherapy due to death from undetected brain metastasis at baseline. The median post-operative
stay of the 4 groups was 9 days for the L-HIPEC group (7–26 days), 11 days for the NAC + HIPEC group
(7–49 days), 8 days for the Surgery + HIPEC group (7–9 days) and 9 days for the NAC group (7–30 days)
and the difference was not statistically significant (P = 0.384).

Discussion
The aim of this study was to investigate the feasibility of a more comprehensive and relatively aggressive
treatment regimen in the management of locally advanced GC. The efficacy of HIPEC as a prophylaxis
against PC primary to disease progression or secondary to surgical trauma has been investigated and
supported in previous literature [14, 19–22]. The role of chemotherapy in the pre-surgical setting with the
main goals of tumor down-sizing and down-staging has also been thoroughly investigated and
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acclaimed over the past few decades [27–30]. Nevertheless, the peritoneum still presides as a common site
of treatment failure for AGC and even after NAC and surgery of curative intent, 60% of GC patients still
have peritoneal dissemination, further suggesting the therapeutic limitations of chemo-radiotherapy and
immunotherapy against PC. Therefore, the feasibility and efficacy of more comprehensive therapeutic
approaches involving the combination of chemotherapy before and after surgery of curative intent with
regional treatment modalities such as HIPEC have been assessed and investigated. In a study by Cui et
al., when AGC patients were separated into 4 groups (Control, NAC, HIPEC and combined groups), the
median progression-free survival times were 26, 28, 31 and 33 months respectively (χ2, 14.63; P < 0.001),
suggesting that NAC combined with HIPEC for the treatment of AGC is well tolerated and exhibits
improved compliance and efficiency [22]. Therefore, in this study, we aimed at investigating the feasibility
of a comprehensive approach to the treatment of locally advanced GC. The proposed regimen involves
one cycle of L-HIPEC followed by NAC, whereby in case of clinical benefit or good treatment response,
curative surgery plus intraoperative prophylactic HIPEC is recommended followed by standard adjuvant
chemotherapy. With an intention to treat, 7 patients were subjected to treatment regimen with consent.
Simultaneously, the patients were retrospectively case-matched with other patients with similar baseline
staging but undergoing different treatment regimens, namely NAC followed surgery with intraoperative
prophylactic HIPEC, curative surgery with intraoperative prophylactic HIPEC and NAC followed by surgery.
The results of our retrospective study showed that the proposed regimen was well-tolerated as the other
comprehensive treatment options for AGC. The completion rate of the proposed regimen was high with
an acceptable rate of morbidity. The common complications recorded in the different study groups were
instantaneous fever, abnormal liver function, hyperbilirubinemia, wound dehiscence, gastroparesis and
anastomotic leak. The experiment group recorded incidence of 1cases of fever and 1 case of
anastomotic leak which resolved by non-surgical approach. Upon comparison with the other groups, the
incidence of these complications was found to be statistically insignificant.
Several studies have shown that the combination of NAC with HIPEC for the treatment of ovarian cancer
is feasible and reasonably well-tolerated [31–33]: Recently, a phase III clinical trial demonstrated that
performing surgery followed by HIPEC improved survival outcomes among patients who had received
NAC for stage III epithelial ovarian cancer and the combination of HIPEC resulted in a longer recurrencefree survival and OS compared to surgery alone and did not result in higher rates of postoperative
complications. Specific drug toxicity is frequently associated with surgical toxicity in HIPEC but in our
study, Paclitaxel (PTX) did not appear to cause any major toxicity compared to other drugs used in
HIPEC. PTX has a high molecular weight and is highly metabolized by the liver; thus, it is associated with
very low rates of systemic toxicity. Cascales-Campos et al. reported that patients with stage III/IV ovarian
cancer treated with surgery and HIPEC after NAC using PTX had better survival outcomes than those
treated with surgery without HIPEC [21]. In a study by Bae et al., there was significant improvement in
survival for the group treated with HIPEC using paclitaxel or carboplatin; (3-year DFS was 56.3% in the
HIPEC group and 16.7% in the control group) [34].
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With the inclusion of neoadjuvant laparoscopic HIPEC and intraoperative HIPEC as prophylaxis against
peritoneal dissemination or treatment of occult peritoneal dissemination, the risk implications of
preoperative chemotherapy and intra and post-operative complications are relatively high. However,
based on previous literature involving ovarian and GC patients, the combination of HIPEC and NAC has
been well tolerated and has shown to favor survival. Our study has shown that the NLHIPEC combined
with NAC followed by surgery plus intraoperative HIPEC for AGC at risk of peritoneal carcinomatosis is
feasibility and safe. In this study, we have weighed the complication risks of the different regimens in
practice for AGC and we conclude that the different combinations involving HIPEC, NAC and surgery are
all well-tolerated.
Limitations of the study: This study has been presented in the form of a retrospective case-matched case
control study and the number of patients per group is small. The proposed comprehensive regimen is
however assessed as safe and feasible but long-term survival with a larger pool of patients is still
required to assess the efficacy of the proposed regimen and compare its significance with respect to the
other treatment regimens. Nevertheless, it would be more plausible to investigate the plausibility of these
results in a multicentre randomized controlled trial with a larger pool of patients.

Conclusion
The roles of intraoperative HIPEC and NAC have individually been investigated but the combination of
HIPEC with NAC followed by surgery plus intraoperative HIPEC as a more extensive neoadjuvant and
prophylactic approach for ACG has not been investigated before. This combination is worth exploring
since it shows theoretical promise as a prophylaxis against PC before and after gastrectomy. The results
of this study conclude that the proposed comprehensive regimen involving NLHIPEC combined with NAC
followed by Surgery plus intraoperative HIPEC for Advanced Gastric Cancer at risk of Peritoneal
Carcinomatosis is feasible and safe.
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