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Abstract
Purpose: About 15%—40% of gastric cancer patients have peritoneal metastasis, which leads to poor prognosis.
Hyperthermic intraperitoneal chemotherapy (HIPEC) is considered to be an effective treatment for these patients. This
study evaluated the efficacy and safety of HIPEC in patients with gastric cancer diagnosed from laboratory tests.
Methods: The clinical and pathological data of 63 patients with gastric cancer who underwent HIPEC in 2017–2021
were prospectively recorded. Fifty-five patients underwent cytoreductive surgery + HIPEC, and eight patients received
HIPEC alone. The factors associated with HIPEC safety and efficacy were analyzed. The primary endpoint was overall
survival.
Results: The average patient age was 54.84 years and 68.3% of patients were male. Moreover, 79.4% of patients had
a peritoneal carcinoma index (PCI) score of ≤ 7 and 61.9% had a completeness of cytoreduction score of 0. Because
of peritoneal metastasis, 29 patients (46.03%) were classified as stage IV. Laboratory tests showed no differences in
pre-HIPEC blood test results compared to post-HIPEC results after removing the effects of surgery. HIPEC treatment
did not cause obvious liver or kidney damage. Serum calcium levels decreased significantly after HIPEC (P = 0.0018).
The Karnofsky performance status (KPS) score correlated with the patient’s physical function and improved after
HIPEC (P = 0.0045). In coagulation tests, FDP (P < 0.0001) and D-dimer (P < 0.0001) levels increased significantly and
CA242 (P = 0.0159), CA724 (P < 0.0001), and CEA (P < 0.0014) levels decreased significantly after HIPEC. Completeness
of cytoreduction score was an independent prognostic factor. HIPEC did not show a survival benefit in patients with
gastric cancer (P = 0.5505).
Conclusion: HIPEC is a safe treatment for patients with gastric cancer with peritoneal metastasis based on the
laboratory tests. However, the efficacy of this treatment on gastric-derived peritoneal metastases requires further
confirmation.
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Introduction
According to GLOBOCAN newly released data, there
were 1,089,103 new patients with gastric cancer and
768,793 deaths in 2020 [1]. In China, there are 403,000
new cases of gastric cancer annually. Gastric cancer is the
second most common cancer and the third most common cause of cancer-related death [2]. Peritoneal metastasis from gastric cancer is considered incurable and has
a poor prognosis. Although data in Asian populations are
lacking, according to the results of studies worldwide, the
incidence of peritoneal metastasis in patients with gastric cancer is 15–43% [3]. This indicated that there are at
least 60,000 patients with gastric cancer with peritoneal
metastasis in China.
Hyperthermic intraperitoneal chemotherapy (HIPEC)
is a therapeutic technique that aims to prevent and treat
peritoneal cancer (PC) and malignant ascites by heating
the perfusate containing chemotherapeutic drugs to the
therapeutic temperature and instilling it into the abdominal cavity of patients with tumor for a certain period.
Although HIPEC is frequently used in the treatment of
peritoneal metastases from abdominal malignancies,
such as gastric cancer [4], HIPEC has an irreplaceable
role in patients with malignant ascites. A study in China
showed that HIPEC significantly improved the overall survival (OS) and treatment of malignant ascites in
patients with gastric cancer with initially high peritoneal
carcinoma index (PCI) scores and positive peritoneal lavage fluid with peritoneal metastasis (P < 0.001) [5]. This
result was confirmed by multicenter studies in Spain [6,
7].
The effect of HIPEC on the OS of patients with gastric
cancer remains unknown. Some studies have shown that
HIPEC cannot prolong the OS of patients with gastric
cancer [8]. Diniz et al. performed postoperative HIPEC in
patients with gastric cancer after neoadjuvant treatment.
The results showed that increasing HIPEC treatment did
not improve the OS (P = 0.517) or recurrence-free survival (P = 0.993), while other studies showed that HIPEC
had an advantage in terms of disease-free survival [9].
Reutovich performed HIPEC in patients with gastric
cancer with serous invasion. There were no significant
differences in complications between the two groups
(P = 0.254). HIPEC effectively reduced the occurrence
of metachronous peritoneal metastasis in such patients
(12.8% vs 27.6%, P < 0.001). The 3-year disease-free survival rate increased (47% vs 27%, P = 0.0024) [10]. Similarly, Zhong et al. showed that HIPEC could prolong
the disease-free survival of patients with gastric cancer

(P = 0.031) [11]. Although several studies have shown
that HIPEC did not increase short-term complications,
the laboratory test results varied dramatically after
HIPEC; however, this change was rarely mentioned. The
present study aimed to reveal the safety of HIPEC and
the factors influencing OS based on the laboratory test
results.

Materials and methods
Patients and database

We prospectively recorded the clinical data of patients
with gastric cancer who underwent HIPEC between 2017
and 2021. A total of 63 patients were treated with HIPEC.
Cancer radical resection (CRR) + HIPEC was performed
for patients who have risk factors for peritoneal metastasis but without peritoneal metastases. For patients with
peritoneal metastases who can be operated, they received
cytoreductive surgery (CRS) + HIPEC. For patients with
a large amount of ascites or extensive metastases in the
abdominal cavity at the first diagnosis, they received
conversion therapy + HIPEC. Of these, 55 underwent
CRS or CRR, and 55 patients who did not receive HIPEC
were matched for analysis in a ratio of 1:1 according to
the TNM stage. Only eight of them received conversion
therapy + HIPEC. Thirty-three patients (53%) received
neoadjuvant chemotherapy with SOX regimen (S-1 plus
oxaliplatin). This study was approved by the ethics committee of the National Cancer Center/National Clinical
Research Center for Cancer/Cancer Hospital, Chinese
Academy of Medical Sciences, and Peking Union Medical
College (NCC 14-067-857, June 16, 2014).
Peritoneal carcinoma index (PCI)

Using the Peritoneal Carcinoma Index (PCI) Quantitative
Assessment of PC Involvement [12], Sugarbaker divided
the abdomen into 13 areas, combined with the lesion size
(LS) in each area to add and score, as much as possible,
detect the number of all tumors invading the peritoneum,
and evaluate the degree of PC involvement. In addition to
the peritoneum, areas 0–8 also include cancer nodules on
the corresponding anatomical structures in this area. For
LS scoring, the size of the tumor nodules in each area was
measured after dissociating all adhesions and fully exposing the visceral and parietal peritoneal surfaces of the
abdominal cavity. The LS score ranged from 0 to 3, with
the largest nodule diameter visible to the naked eye as a
representative scoring object. LS-0 indicates that no peritoneal lesions were found, LS-1 indicates lesions ≤ 0.5 cm
in diameter, LS-2 indicates lesions 0.5–5 cm in diameter,
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and LS-3 indicates lesions > 5 cm in diameter or confluent lesions. Complete resection of the primary tumor or
locally recurrent tumors was not required. Tumor nodules fused into sheets or organs were directly classified as
LS-3, even if lamellar fusions were present. The cumulative LS score of each district was the PCI score, and the
total score ranged from 0 to 39. The PCI score was evaluated before CRS.
Completeness of cytoreduction score and KPS

Patients should undergo complete CRS before HIPEC
to maximize the removal of macroscopic tumor lesions,
and HIPEC can better reduce or remove residual small
lesions after CRS. Currently, the completeness of cytoreduction (CC) scoring developed by Sugarbaker is used
internationally to evaluate residual tumor size during surgery [13]. CC-0 indicates no macroscopic tumor
nodules in the entire abdominal and pelvic cavity after
CRS; CC-1 indicates postoperative residual tumor diameter < 0.25 cm; CC-2 indicates residual tumor diameter between 0.25 and 2.5 cm; CC-3 indicates residual
tumor diameter > 2.5 cm or unresectable lesions in
any part of the abdominal and pelvic cavity. Residual
tumors < 0.25 cm in diameter (CC-0 and CC-1) were considered satisfactory CRS. KPS can evaluate the clinical
treatment effect through the improvement of quality of
life and were also performed in this study.
HIPEC

(1) Closed method: Perfusion therapy is performed after
closing the abdominal cavity. (2) Chemotherapy drugs:
Chemotherapy drugs are selected according to the commonly used drugs for intravenous chemotherapy of the
primary tumor, past sensitive drugs or drug sensitivity
test results, or the patient’s past medical history, disease types and drug characteristics, high tumor tissue
penetrability, and molecular weight. Large, low peritoneal absorption rate, synergistic effect with thermal
effect, less peritoneal irritation, and tumor effectiveness.
(3) Dose of chemotherapy drugs: This refers to the system chemotherapy doses. (4) Perfusion temperature:
This was 43 ± 0.1 °C. (5) Perfusion time and frequency:
The perfusion time was 60–90 min, usually 60 min.
When multiple HIPECs were administered, the interval between treatments was 24 h. (6) Perfusate volume:
The effective perfusate was generally 4–6 L, based on the
principle of filling the abdominal cavity and smooth circulation. (7) Perfusion speed: This was 400–600 mL/min.
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Laboratory test

Laboratory results were collected on the day before surgery and from all post-HIPEC records. White blood cell
(WBC), red blood cell (RBC), hemoglobin (HB), and
platelet (PLT) counts were recorded during routine blood
tests. ALT, AST, DBIL, GGT, TBIL, IBIL, urea, and CRE
levels were used to evaluate liver and kidney function.
Electrolyte levels and coagulation status were also analyzed to evaluate the safety. The collection time of preoperative index is the day before operation and the time of
postoperative index collection is after all treatment and
before discharge. The changes of tumor markers before
and after HIPEC treatment can reflect the therapeutic
effect to a certain extent.
Follow‑up

Patient follow-up surveys were conducted by clinical
specialists. All patients were advised to undergo contrast-enhanced thoracic/abdominal/pelvic computed
tomography (CT) and blood tests every 3 months for the
first 2 years and every 6 months thereafter. If the patients
did not return for follow-up examination at the scheduled time, the follow-up team of our hospital contacted
them and recorded the reason. The last follow-up date
was January 15, 2022. Surviving patients were recorded
on the date of their last follow-up.
Statistical analysis

Continuous variables are presented as central tendency
(mean or median) and dispersion (standard deviation
[SD] or interquartile range). For group comparisons of
numeric variables, the Student’s t-test was used when
data were normally distributed and the Mann–Whitney
test for variables in which distribution was not normal.
When categorical predictors were compared between
groups, we used Pearson’s χ2 test or Fisher’s exact test.
Survival analysis included the Kaplan–Meier productlimit estimator for the median OS. The two survival
curves were compared using the log-rank test. The
median follow-up was determined using the reverse
Kaplan–Meier method. Cox regression analysis was performed to obtain crude and adjusted hazard ratios for
both OS and DFS. The significance level for all tests was
reached when the two-tailed P-value was < 0.05. Statistical analyses were performed using the IBM SPSS Statistics (version 26.0) and Prism software (version 9).
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Results
Clinical parameters of patients with gastric cancer who
underwent HIPEC

Our HIPEC cohort consisted of 63 patients with an average age of 54.84 years, and 43 were male (68%). During
surgery, we observed that < 25% of patients had ascites,
with a maximum of 2000 mL ascites. Fifty (80%) patients
had a PCI score ≤ 7 and 39 (62%) had a CC score of 0.
Eleven patients (18%) received a three-drug combination
of intraperitoneal hyperthermic perfusion therapy. The
drug dose was related to the patient’s weight and drug
tolerance (Table 1).
Pathological parameters of patients with gastric cancer
who underwent HIPEC

According to the Borrmann classification, 12 patients
had type I and type II, and 26 patients had type III and
type IV. The World Health Organization pathological
type of the patients was mainly adenocarcinoma, and 24
had signet ring cell carcinoma. Fifty-five patients (87%)
had poorly differentiated components. In the Lauren
classification, 12 (19%) patients were diagnosed with
intestinal type, 21 (33%) had diffuse type, and 11 (18%)
had mixed type. Forty-six (73%) patients had neurological invasion at the time of pathological diagnosis, and
41(65%) patients had vascular invasion. All patients were
immunohistochemically confirmed to not have uncommon pathological type (Table 2).
Laboratory test proves safety of HIPEC in patients
with gastric cancer

Patients were divided into two groups based on whether
they underwent CRS. To exclude the effect of surgery on
HIPEC, we compared the blood test indices between the
two groups, and the results are presented in Additional
file 1: Table S1. The blood test results before and after
HIPEC are shown in Fig. 1. There were no significant
differences in WBC count (P = 0.8441) and PLT count
(P = 0.1474), while, in the CRS group, we observed that
RBC (P < 0.0001) and HB (P < 0.0001) counts decreased
after CRS, while, in the non-CRS cohort, these factors
did not decrease (Fig. 1a). In liver and kidney function
tests, before and after HIPEC, there were no significant
differences in ALT (P = 0.5096), AST (P = 0.1873), GGT
(P = 0.3078), TBIL (P < 0.5526), and urea (P = 0.0513),
while DBIL (P = 0.0034 and P = 0.0469), and IBIL significantly increased (P = 0.0007). KPS scores improved
after HIPEC (P = 0.0045) (Fig. 1c). Na+ (P < 0.0001), Ca2+
(P = 0.0018), and C
 l− (P < 0.0104) levels changed after
HIPEC, and there was no difference in K
 + (P = 0.7281).
Na+ and C
 l− levels were within the normal range, while
Ca2+ levels were lower than normal after treatment,
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Table 1 Clinical paraments of gastric cancer patients underwent
HIPEC
Clinical paraments
Age, year (mean ± SD)
Gender

Male

54.84 ± 12.84
43 (68%)

Female

20 (32%)

BMI, kg/m2 (mean ± SD)

22.52 ± 3.57

Yes

15 (24%)

No

48 (76%)

Ascites

Ascites volume/mL

0–2000

Peritoneal lavage fluid
Positive

11 (17%)

Negative

6 (10%)

NA

46 (73%)

PCI score
≤7
>7

50 (79%)
13 (21%)

Cytoreductive surgery
Yes

55 (87%)

No

8 (13%)

Completeness of cytoreduction score
0

39 (62%)

1

4 (6%)

2

3 (5%)

3

17 (27%)

The Number of HIPEC
One

6 (10%)

Two

8 (13%)

Three

45 (72%)

Four

2 (3%)

Five

1 (2%)

HIPEC administration
Oxaliplatin + Raltitrexed + Lobaplatin

11 (18%)

Lobaplatin

50 (80%)

Oxaliplatin + Raltitrexed

1 (2%)

Oxaliplatin Dose/mg

280–385

Raltitrexed Dose/mg

4–5.5

Lobaplatin Dose/mg

60–350

Neoadjuvant chemotherapy
Yes

33 (53%)

No

29 (47%)

Surgery method
Proximal gastrectomy

2 (3%)

Total gastrectomy

33 (52%)

Distal gastrectomy

20 (32%)

Without gastrectomy

8 (13%)

Laparoscopic surgery
Yes

45 (72%)

No

18 (28%)
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Table 1 (continued)

Table 2 Pathological Paraments of Gastric Cancer Patients
Underwent HIPEC

Clinical paraments
Intraoperative blood loss/mL

222.5 ± 210.83

Pathological paraments
Tumor size, cm
Borrmann classification

which may have caused hypocalcemia (Fig. 1d). In
the coagulation test, FDP (P < 0.0001) and D-dimer
(P < 0.0001) levels were significantly increased in the
resection group (Fig. 1e). The CA242 (P = 0.0159), CA724
(P < 0.0001), and CEA (P < 0.0014) levels significantly
decreased after HIPEC.
Univariate and multivariate analysis of prognostic factors
in patients who underwent HIPEC

Type-I

4 (6%)

Type-II

8 (13%)

Type-III

12 (19%)

Type-IV

14 (22%)

Unknown

25 (40%)

WHO classification
Adenocarcinoma

55 (87%)

Others

7 (11%)

Unknown

1 (2%)

Clinicopathological factors and laboratory test indices of
the patients were included in the prognostic model (Additional file 2: Table S2). Only the PCI (HR = 2.97, 95% CI:
1.21 ~ 7.34) (P = 0.018) and CCS scores (HR = 7.13, 95%
CI: 2.51 ~ 20.25) (P < 0.0001) were prognostic factors in
the univariate analysis. In the multivariate analysis, the
CCS score (HR = 6.11, 95% CI: 1.83 ~ 20.34) (P = 0.003)
was an independent prognostic factor (Fig. 2).

Signet ring cell carcinoma

Survival analysis of patients who underwent HIPEC

Lauren classification

Tumor resection is important in the treatment of
patients. Survival was compared between patients who
underwent CRS and those who did not (Fig. 3a). The
results showed that the survival of patients who underwent CRS was same as that of patients who did not
(P = 0.3249). What’s more, to clarify the role of HIPEC in
patients, the matched comparison results are presented
in Additional file 3: Table S3. The difference in survival
between patients who underwent HIPEC and those who
did not after resection was not significant (P = 0.5505)
(Fig. 3b).
Information on long‑term survival of patients with HIPEC

Six patients had a survival period of > 1000 days as longterm survivors (Additional file 4: Table S4). Figure 4
shows the data of a long-term survivors with positive
peritoneal lavage fluid. Preoperative endoscopy revealed
that the tumor was located in the body of the stomach (Fig. 4a). The tumor size decreased in patients who
received neoadjuvant therapy (Fig. 4b). The patient’s
tumor was completely resected after surgery (Fig. 4c).
The patient’s tumor did not recur during recent CT
examinations (Fig. 4d).

Discussion
Peritoneal metastasis is common in patients with
gastric cancer. Patients with gastric cancer and
peritoneal metastases have poor prognosis. In the

6.18 ± 3.08

Yes

24 (38%)

No

37 (58%)

Unknown

2 (4%)

Differentiation
Poor

43 (68%)

Poor-medium

12 (19%)

Medium

3 (5%)

Unknown

5 (8%)

Intestinal type

12 (19%)

Diffuse type

21 (33%)

Mixed type

11 (18%)

Unknown

19 (30%)

Nerve invasion
Yes

46 (73%)

No

5 (8%)

Unknown

12 (19%)

Vascular invasion
Yes

41 (65%)

No

10 (16%)

Unknown

12 (19%)

T Stage
T3

7 (11%)

T4

29 (47%)

ypT1a

2 (3%)

ypT2

1 (1%)

ypT3

2 (3%)

ypT4

14 (22%)

Unknown

8 (13%)

N Stage
N0

4 (7%)

N1

1 (1%)

N2

11 (13%)

N3

20 (33%)

ypN0

5 (8%)

ypN1

3 (6%)

ypN2

3 (6%)
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Table 2 (continued)
Pathological paraments
ypN3

7 (11%)

Unknown

9 (15%)

M Stage
0

40 (65%)

1

20 (32%)

Unknown

3 (6%)

TNM Stage
Stage I

3 (6%)

Stage II

2 (3%)

Stage III

37 (58%)

Stage IV

19 (30%)

Unknown

2 (3%)

Detected lymph nodes number
Positive lymph nodes number
AFP

36 ± 17.66

11.89 ± 14.99

Positive

0 (0%)

Negative

32 (51%)

Unknown

31 (49%)

GPC3
Positive

2 (3%)

Negative

28 (45%)

Unknown

33 (52%)

SALL4
Positive

5 (8%)

Negative

26 (41%)

Unknown

32 (51%)

Her2
Negative
+

2+

3+

Unknown

29 (46%)
14 (22%)
2 (3%)
1 (2%)
17 (27%)

multidisciplinary treatment of gastric cancer, postoperative adjuvant chemotherapy and radiotherapy have
limited effects on the treatment of peritoneal metastases [14]. Although peritoneal metastasis can be
determined by CT and presence of ascites, it is easy
to ignore smaller peritoneal metastases. Currently, the
only way to determine whether peritoneal metastases
have occurred is to perform laparoscopic exploration
during surgery [15]. HIPEC is not a routine and easily
achievable treatment method because it requires professional equipment and standardized treatment team.
The greatest limitation of our study is the small number of cases. Some of our patients received neoadjuvant
therapy, and staging covers stage I to stage IV, which
increases the complexity in our patients. Peritoneal

lavage cytology is used as a staging factor in patients
with gastric cancer. Patients with positive cytology
before surgery have poor OS (P < 0.0001), and neoadjuvant chemotherapy with positive cytology can turn
into negative cytology, which is correlated with OS
improvement (P < 0.0001) [16]. However, most of our
patients were not tested for peritoneal lavage cytology,
which is a limitation of our study.
As a developing technology, the safety of HIPEC has
been confirmed by many researchers in terms of shortterm postoperative complications [8, 17–21]. Overall,
HIPEC for gastric cancer did not increase the incidence
of complications in patients with gastric cancer. HIPEC
is irreplaceable as a special treatment. A more effective evaluation of HIPEC’s safety under the condition of
strictly mastering the indications is required to widely
increase the use of HIPEC and lay a foundation for clarifying the prognostic correlation of HIPEC as soon as
possible. Based on this, our study mainly determined the
safety of HIPEC based on the hematological examination
status of patients before and after HIPEC.
In our patients, HIPEC may have affected the patients’
electrolyte levels. Our study differs greatly from other
studies. They only focused on short-term postoperative
complications, such as anastomotic leakage and postoperative bleeding. We analyzed the safety of HIPEC from
the perspective of laboratory inspection. The advantage of our study is that we obtained objective indicators of change. WBC levels in our patient before and
after HIPEC were within the normal range, indicating
that HIPEC did not increase the risk of infection. The
decrease in HB and RBC counts in patients is mainly due
to blood loss during surgical resection. The patient’s liver
and kidney functions were almost normal after HIPEC.
Even if IBIL, DBIL, and CRE change, their mean values
are within the normal range, indicating that HIPEC does
not cause liver and kidney injuries. This has also been
observed in other studies [22]. Electrolyte abnormalities are not observed only in our patients who received
HIPEC [23]. Our study demonstrated the need to monitor hypocalcemia in patients.
Overall, HIPEC remains an extremely safe treatment modality from a laboratory perspective. From
the point of view of laboratory examination, after comprehensive treatment of the tumor, the patient’s tumor
marker levels decreased. According to the KPS score,
our patients recovered within a short period after treatment. Although the impact of HIPEC on prognosis was
not observed in our study, HIPEC still plays an irreplaceable role in patients with gastric cancer. A study in China
showed that HIPEC significantly improved the OS and
treatment of malignant ascites in patients with gastric
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Fig. 1 Laboratory tests of patients who underwent HIPEC. 1a WBC; 1b, c RBC; 1d, e: Hb; 1f PLT; 2a, b ALT; 2c AST; 2d GGT; 2e TBIL; 2f, g DBIL; 2 h, i
IBIL; j Urea; k CRE; 3 KPS; 4a Na+; 4b K+; 4c Ca2+; 4d Cl−; 5a, b: FIB; 5c FDP; 5d D-Dimer; 6a CA19-9; 6b CA242; 6c CA724; 6d CEA

cancer with initially higher PCI scores and positive peritoneal lavage fluid with peritoneal metastasis (P < 0.001)
[5]. This was also confirmed by a multicenter study in
Spain [6, 7].
Presently, for indicators related to the prognosis of
patients with gastric cancer treated with HIPEC, international studies mainly reported that the PCI score and
whether to accept CRS are the key factors [24–26]. Ji

et al. believe that postoperative CC score is a prognostic
factor, and the prognosis of patients with CCS-0 is good
[27]. Many studies have shown that the PCI score can be
used as an independent prognostic factor, and patients
with a score < 7 can improve their prognosis after thermal
perfusion [28–30].
Our findings are similar, through Cox regression
analysis of multiple clinicopathological factors. In the
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Fig. 2 Multivariate analysis of prognostic factors in patients who underwent HIPEC

Fig. 3 Survival analysis of patients who underwent HIPEC. a Difference in survival between patients who underwent and did not underwent
surgery. b Difference in survival between patients who received and did not receive HIPEC

univariate analysis, PCI score (P = 0.018) and CCS score
(P < 0.0001) scores were prognostic factors. Multivariate
Cox regression analysis showed that only the CCS score
(P = 0.018) was an independent prognostic factor. This
indicates that, even if there is a certain peritoneal metastasis in patients with gastric cancer, peritoneal metastasis and primary tumor should be resected as much as
possible.
Some patients with gastric cancer with long-term survival were observed in our cohort. Their common feature
was low PCI score (< 7); all patients underwent CRS and
had CC-0. This indicates that, even if the patient finds
that the tumor is already locally advanced, there is still a
possibility of recovery after multidisciplinary treatment.
It is worth noting that patients require periodic follow-up
after treatment. In the dynamic assessment of a medical
team, the medical problems that arise are controlled and
corrected over time. Under such medical care, the OS of
patients is prolonged.

Overall, the use of drugs for the treatment of HIPEC is
still based on empirical medication and needs to be evaluated using specific pharmacological methods [4]. It is hoped
that large, capable treatment centers can conduct prospective randomized controlled clinical trials of multiple
combinations to demonstrate the effectiveness of HIPEC.
Neoadjuvant HIPEC and pressurized intraperitoneal aerosol
chemotherapy as new treatment methods are worthy of further research [31]. New treatment technologies and methods
are widely used, and it is believed that a better judgment of
their effects can be obtained through the sorting and analysis
of clinical data. In this way, it can benefit patients.

Conclusion
HIPEC is a safe treatment for patients with gastric cancer
with peritoneal metastasis based on the laboratory tests.
However, the efficacy of this treatment on gastric-derived
peritoneal metastases requires further confirmation.
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Fig. 4 Representative cases of long-term survivors. a The patient’s tumor was located in the gastric body before treatment. b Patient after
neoadjuvant therapy. c Postoperative condition of patients. d Patient’s recent CT results

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12893-022-01795-6.
Additional file 1: Table S1. Preoperative and postoperative blood test
betweeen CRS/non-CRS Group.
Additional file 2: Table S2. Univariate and multivariate analysis of prognostic factors in patients who underwent HIPEC.
Additional file 3: Table S3. Baseline Characteristics of HIPEC and gastric
cancer patients after 1：1 matched.
Additional file 4: Table S4. Clinical characters of long-time survivors.
Acknowledgements
Thanks to all authors for their contributions to this work.
Author contributions
YW, SD, CS and SW contributed to the manuscript writing. YW, XZ, SD, SW
and MW contributed to data collection. YW and XZ contributed to the data
analysis. BW and LX contributed to pathological analysis. YX, YT, JZ and LY
contributed to the clinical treatment and manuscript modification. All authors
have contributed to the manuscript and approved the submitted version. All
authors read and approved the final manuscript.

Funding
The study was supported by the CAMS Initiative for Innovative Medicine
(2016-I2M-1-007) and Yuncheng Science and Technology Planning project
(SKJJ2020091).
Data availability
The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Declarations
Ethics approval
The ethics committee of the National Cancer Center/Cancer Hospital, Chinese
Academy of Medical Sciences and Peking Union Medical College approved
this study (NCC 14-067-857, 16 June 2014). The study was conformed to the
ethical standards of the World Medical Association Declaration of Helsinki
and all methods were carried out in accordance with relevant guidelines
and regulations. Prior written informed consent was obtained from all study
participants.
Consent to participate
Informed consent was obtained from all individual participants included in
the study.

Wu et al. BMC Surgery

(2022) 22:342

Page 10 of 11

Consent for publication
Not applicable.
Competing interests
The authors have no relevant financial or non-financial interests to disclose.
Author details
1
Department of Pancreatic and Gastric Surgery, National Cancer Center/
National Clinical Research Center for Cancer/Cancer Hospital, Chinese
Academy of Medical Sciences and Peking Union Medical College, Beijing,
China. 2 Department of General Surgery, The Central Hospital of Jia Mu Si
City, Jia Mu Si, Hei Long Jiang, China. 3 Department of General Surgery, Civil
Aviation General Hospital, Beijing, China. 4 Department of Gastrointestinal
Surgery, Yun Cheng Center Hospital, Yuncheng, Shanxi, China. 5 Department
of Abdominal Surgery, Huanxing Cancer Hospital, Beijing, China. 6 Department
of Pathology, National Cancer Center/National Clinical Research Center/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical
College, Beijing, China. 7 Department of Medical Oncology, National Cancer
Center/National Clinical Research Center/Cancer Hospital, Chinese Academy
of Medical Sciences and Peking Union Medical College, Beijing 100021, China.
8
Department of Pancreatic and Gastric Surgery, National Cancer Center/
National Clinical Research Center for Cancer/Hebei Cancer Hospital, Chinese
Academy of Medical Sciences, Langfang 065001, China.
Received: 23 June 2022 Accepted: 12 September 2022

10.
11.

12.

13.
14.

15.
16.
17.

References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray
F. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. Ca Cancer J Clin.
2021;71(3):209–49.
2. Wang S, Zheng R, Zhang S, Zeng H, Chen R, Sun K, Gu X, Wei W, He J. Epidemiological characteristics of gastric cancer in China, 2015. Zhonghua
Liu Xing Bing Xue Za Zhi. 2019;40(12):1517–21.
3. Cortés-Guiral D, Hübner M, Alyami M, Bhatt A, Ceelen W, Glehen O,
Lordick F, Ramsay R, Sgarbura O, Van Der Speeten K. Primary and
metastatic peritoneal surface malignancies. Nat Rev Dis Primers.
2021;7(1):1–23.
4. Lemoine L, Sugarbaker P, Van der Speeten K. Drugs, doses, and durations
of intraperitoneal chemotherapy: standardising HIPEC and EPIC for colorectal, appendiceal, gastric, ovarian peritoneal surface malignancies and
peritoneal mesothelioma. Int J Hyperth. 2017;33(5):582–92.
5. Lee T-Y, Liao G-S, Fan H-L, Hsieh C-B, Chen T-W, Chan D-C. Conversion
surgery for patients with advanced gastric cancer with peritoneal carcinomatosis. J Oncol. 2021. https://doi.org/10.1155/2021/5459432.
6. Manzanedo I, Pereira F, Rihuete Caro C, Pérez-Viejo E, Serrano Á, Gutierrez
Calvo A, Regueira FM, Casado-Adam Á, Cascales-Campos PA, Arteaga X.
Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy
(HIPEC) for gastric cancer with peritoneal carcinomatosis: multicenter
study of Spanish Group of Peritoneal Oncologic Surgery (GECOP). Ann
Surg Oncol. 2019;26(8):2615–21.
7. Marano L, Marrelli D, Sammartino P, Biacchi D, Graziosi L, Marino E,
Coccolini F, Fugazzola P, Valle M, Federici O. Cytoreductive surgery
and hyperthermic intraperitoneal chemotherapy for gastric cancer
with synchronous peritoneal metastases: multicenter study of ‘Italian
Peritoneal Surface Malignancies Oncoteam—SICO.’ Ann Surg Oncol.
2021;28(13):9060–70.
8. Yang X-J, Huang C-Q, Suo T, Mei L-J, Yang G-L, Cheng F-L, Zhou Y-F, Xiong
B, Yonemura Y, Li Y. Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy improves survival of patients with peritoneal
carcinomatosis from gastric cancer: final results of a phase III randomized
clinical trial. Ann Surg Oncol. 2011;18(6):1575–81.
9. Diniz TP, da Costa Jr WL, Fonseca de Jesus VH, Ribeiro HS, Diniz AL, de
Godoy AL, de Farias IC, Torres SM, Felismino TC, Coimbra FJF: Does hipec
improve outcomes in gastric cancer patients treated with perioperative

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

chemotherapy and radical surgery? A propensity‐score matched analysis.
J Surg Oncol 2020, 121(5):823–832
Reutovich MY, Krasko O, Sukonko O. Hyperthermic intraperitoneal
chemotherapy in serosa-invasive gastric cancer patients. Eur J Surg
Oncol. 2019;45(12):2405–11.
Zhong Y, Zhang J, Bai X, Sun Y, Liu H, Ma S, Li Y, Kang W, Ma F, Li W.
Lobaplatin in prophylactic hyperthermic intraperitoneal chemotherapy
for advanced gastric cancer: safety and efficacy profiles. Cancer Management and Research. 2020;12:5141.
Jacquet P, Sugarbaker PH. Clinical research methodologies in diagnosis
and staging of patients with peritoneal carcinomatosis. Peritoneal carcinomatosis: principles of management. Cancer Treat Res. 1996. https://doi.
org/10.1007/978-1-4613-1247-5_23.
Sugarbaker PH. Cytoreductive surgery and perioperative intraperitoneal
chemotherapy as a curative approach to pseudomyxoma peritonei
syndrome. Tumori J. 2001;87(4):3–5.
Wang FH, Zhang XT, Li YF, Tang L, Qu XJ, Ying JE, Zhang J, Sun LY, Lin
RB, Qiu H. The Chinese Society of Clinical Oncology (CSCO): clinical
guidelines for the diagnosis and treatment of gastric cancer, 2021. Cancer
Commun. 2021;41(8):747–95.
Smyth E, Verheij M, Allum W, Cunningham D, Cervantes A, Arnold D.
Gastric cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment
and follow-up. Ann Oncol. 2016;27:v38–49.
Jamel S, Markar SR, Malietzis G, Acharya A, Athanasiou T, Hanna GB. Prognostic significance of peritoneal lavage cytology in staging gastric cancer:
systematic review and meta-analysis. Gastric Cancer. 2018;21(1):10–8.
Bekhor E, Carr J, Hofstedt M, Sullivan B, Solomon D, Leigh N, Bolton N,
Golas B, Sarpel U, Labow D. The safety of iterative cytoreductive surgery
and HIPEC for peritoneal carcinomatosis: a high volume center prospectively maintained database analysis. Ann Surg Oncol. 2020;27(5):1448–55.
Kaaij R, Wassenaar E, Koemans W, Sikorska K, Grootscholten C, Los M,
Huitema A, Schellens J, Veenhof A, Hartemink K. Treatment of PERItoneal
disease in stomach cancer with cytOreductive surgery and hyperthermic intraPEritoneal chemotherapy: PERISCOPE I initial results. J Br Surg.
2020;107(11):1520–8.
Mielko J, Rawicz-Pruszyński K, Skórzewska M, Ciseł B, Pikuła A, Kwietniewska M, Gęca K, Sędłak K, Kurylcio A, Polkowski WP. Conversion surgery with HIPEC for peritoneal oli-gometastatic gastric cancer. Cancers.
2019;11(11):1715.
Horvath P, Yurttas C, Beckert S, Königsrainer A, Königsrainer I. Twelveyear single center experience shows safe implementation of developed
peritoneal surface malignancy treatment protocols for gastrointestinal
and gynecological primary tumors. Cancers. 2021;13(10):2471.
Lei Z, Wang J, Li Z, Li B, Luo J, Wang X, Wang J, Ba M, Tang H, He Q. Hyperthermic intraperitoneal chemotherapy for gastric cancer with peritoneal
metastasis: a multicenter propensity score-matched cohort study. Chin J
Cancer Res. 2020;32(6):794.
Yan K, Wu K, Yan L, Liang L, Yuan Y. Efficacy of postoperative intraperitoneal hyperthermic perfusion chemotherapy with oxaliplatin+
5-Fluorouracil in the treatment of gastric cancer patients with peritoneal
carcinomatosis. J BUON. 2019;24(4):1587–94.
Blum Murphy M, Ikoma N, Wang X, Estrella J, Roy-Chowdhuri S, Das P,
Minsky BD, Song S, Mansfield P, Ajani J. Phase I trial of hyperthermic
intraperitoneal chemoperfusion (HIPEC) with cisplatin, mitomycin, and
paclitaxel in patients with gastric adenocarcinoma and associated carcinomatosis or positive cytology. Ann Surg Oncol. 2020;27(8):2806–11.
Paredes AZ, Guzman-Pruneda FA, Abdel-Misih S, Hays J, Dillhoff ME,
Pawlik TM, Cloyd JM. Perioperative morbidity of gastrectomy during CRSHIPEC: an ACS-NSQIP analysis. J Surg Res. 2019;241:31–9.
Brandl A, Yonemura Y, Glehen O, Sugarbaker P, Rau B. Long term survival
in patients with peritoneal metastasised gastric cancer treated with
cytoreductive surgery and HIPEC: a multi-institutional cohort from PSOGI.
Eur J Surg Oncol. 2021;47(1):172–80.
White MG, Kothari A, Ikoma N, Murphy MB, Song S, Ajani J, Mansfield P,
Badgwell B. Factors associated with resection and survival after laparoscopic HIPEC for peritoneal gastric cancer metastasis. Ann Surg Oncol.
2020;27(13):4963–9.
Ji Z-H, Yu Y, Liu G, Zhang Y-B, An S-L, Li B, Li X-B, Yan G-J, Li Y. Peritoneal cancer index (PCI) based patient selecting strategy for complete
cytoreductive surgery plus hyperthermic intraperitoneal chemotherapy

Wu et al. BMC Surgery

28.

29.

30.

31.

(2022) 22:342

Page 11 of 11

in gastric cancer with peritoneal metastasis: a single-center retrospective
analysis of 125 patients. Eur J Surg Oncol. 2021;47(6):1411–9.
Canbay E, Torun BC, Cosarcan K, Altunal C, Gurbuz B, Bilgic C, Sezgin C,
Kaban KK, Yilmaz S, Yazici Z. Surgery with hyperthermic intraperitoneal
chemotherapy after response to induction chemotherapy in patients
with peritoneal metastasis of gastric cancer. J Gastrointest Oncol.
2021;12(Suppl 1):S47.
Yarema R, Mielko J, Fetsych T, Ohorchak M, Skorzewska M, RawiczPruszyński K, Mashukov A, Maksimovsky V, Jastrzębski T, Polkowski W.
Hyperthermic intraperitoneal chemotherapy (HIPEC) in combined
treatment of locally advanced and intraperitonealy disseminated gastric
cancer: a retrospective cooperative Central-Eastern European study.
Cancer Med. 2019;8(6):2877–85.
Caro CR, Manzanedo I, Pereira F, Carrion-Alvarez L, Serrano Á, Pérez-Viejo
E. Cytoreductive surgery combined with hyperthermic intraperitoneal
chemotherapy (HIPEC) in patients with gastric cancer and peritoneal
carcinomatosis. Eur J Surg Oncol. 2018;44(11):1805–10.
Yonemura Y, Ishibashi H, Hirano M, Mizumoto A, Takeshita K, Noguchi K,
Takao N, Ichinose M, Liu Y, Li Y. Effects of neoadjuvant laparoscopic hyperthermic intraperitoneal chemotherapy and neoadjuvant intraperitoneal/
systemic chemotherapy on peritoneal metastases from gastric cancer.
Ann Surg Oncol. 2017;24(2):478–85.

Publisher’s Note

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

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

