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Abstract: Cytoreductive surgery with hyperthermic intraperitoneal chemotherapy (CRS-

HIPEC) is an effective treatment in a variety of cancers with peritoneal carcinomatosis (PC), 

especially in pseudomyxoma peritonei for which it is the standard of care. The data for gastric 

cancer are not as conclusive. This review discusses the effect of HIPEC on gastric cancer 

survival, the importance of patient selection, the effect of HIPEC on gastric cancer morbidity, 

translational research on HIPEC, and other recent research on HIPEC in the setting of gastric 

cancer and/or peritoneal metastases. CRS-HIPEC has been shown to be superior to either CRS 

alone or systemic chemotherapy alone in terms of improving survival. CRS-HIPEC seems to 

be the best current treatment for patients with gastric cancer and peritoneal metastases. The 

international community has recommended it as the treatment for this disease. Prudent patient 

selection before CRS-HIPEC is recommended as subgroups of patients have been shown to ben-

efit from the treatment, while others have not. Studies on CRS-HIPEC have shown the procedure 

to have acceptably low rates of morbidity and peri- and postoperative complications as well as 

significant reductions in the incidence of ascites associated with PC. Translational research on 

HIPEC supports its use as prophylaxis for prevention of peritoneal metastasis and demonstrates 

HIPEC to be both effective and safe. Measurement of the tumor marker carcinoembryonic 

antigen has been shown to be an effective indicator of future outcomes in gastric cancer treated 

with CRS-HIPEC. Although the treatment outcomes have improved, even current treatment 

using CRS-HIPEC for gastric cancer with PC the survival rates can be dismal. Thus, the treat-

ment of advanced gastric cancer with PC is an ongoing field of study and future directions of 

the treatment of gastric cancer with PC may include the use of intraperitoneal immunotherapy.
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Introduction
Gastric cancer is the third most common cancer in the world with an estimated 950,000 

new cases yearly.1 While the highest rates of gastric cancer occur in Korea, Mongolia, 

and Japan,1 the American Cancer Society estimates that there will be 28,000 new cases of 

gastric cancer in the USA during 2017.2 While it only represents about 1.5% of cancers 

in the USA, it is anticipated that gastric cancer will result in 11,000 deaths or 2.8% of 

all US cancer deaths.2 Gastric cancer is more common in males by a ratio of 1.65:1 and 

it kills males at a significantly higher rate than females (4.3:1).3 Gastric cancer metas-

tasizes aggressively, with the most common sites of gastric cancer metastases being: 

liver (48%), peritoneum (32%), lung (15%), and bone (12%).3 Metastatic spread to the 

peritoneum carries a particularly poor prognosis: 5-year survival is ~4%.4 Comparatively, 

gastric cancer without peritoneal metastases has an estimated 5-year survival rate of 
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29%.4 Untreated, the median survival for patients suffering 

from gastric cancer with peritoneal dissemination is about 6 

months in patients 44 years old or younger and 3 months in 

patients >75.5 However, recent developments in treatment that 

include pairing cytoreductive surgery (CRS) and hyperthermic 

intraperitoneal chemotherapy (HIPEC) have improved sur-

vival for some patients with peritoneal metastases to 5 years 

or more.6 HIPEC works via a pharmacokinetic advantage; 

chemotherapy infused directly into the peritoneum is largely 

unabsorbed through the peritoneal-plasma membrane and 

remains at a high concentration in the abdomen with relatively 

low concentrations in the peripheral blood. As a result, HIPEC 

increases the direct cytotoxic effect of chemotherapy on 

peritoneal tumors while simultaneously limiting the systemic 

adverse effects.7 The rationale for hyperthermia in peritoneal 

infusion is 3-fold: First, hyperthermia causes microvessel 

embolization and induces ischemic necrosis in tumor tissue; 

Second, hyperthermia directly kills cancer cells in the S and 

M phase of the cell cycle by disturbing cell homeostasis and 

energy metabolism, activating lysosomes, and destroying the 

cytoplasm and nucleus.7 Third, hyperthermia disrupts cell 

membrane proteins and interferes with synthesis of DNA, 

RNA, and proteins.7 Complete CRS and HIPEC is now the 

standard of care for pseudomyxoma peritonei (PMP) and 

malignant peritoneal mesothelioma (MPM), and it is rap-

idly becoming the standard of care for carcinomatosis from 

colorectal cancers. However, the data for gastric cancer are 

not as conclusive and more studies need to be carried out 

before CRS and HIPEC are accepted as a standard treatment 

for gastric cancer.8 This review will concentrate on the cur-

rent treatments for peritoneal metastasis from gastric cancer 

and will only discuss other sites of metastasis if they impact 

peritoneal disease. Specifically, this review will discuss: the 

effect of HIPEC on gastric cancer survival, the importance of 

patient selection, CRS-HIPEC and the standard of care, the 

effect of HIPEC on gastric cancer morbidity, translational 

research on HIPEC, and other recent research on HIPEC in 

the setting of gastric cancer and/or peritoneal metastases.

The effect of HIPEC on gastric 
cancer mortality
There is a significant literature concerning the effect of 

HIPEC and CRS (CRS-HIPEC) on patients with gastric 

cancer. These studies have largely shown CRS-HIPEC to 

increase the overall survival of gastric cancer patients. For 

example, in a meta-analysis, Ni et al,9 showed that the 1-, 3-, 

and 5-year survival of patients with gastric cancer receiving 

CRS-HIPEC were significantly longer than patients who 

received surgery alone. In patients with both HIPEC and 

surgery, the rate of liver, lung, and bone metastases, as well 

as peritoneal metastases recurrence, was also lower.9 A large 

meta-analysis by Zeng et al,10 also showed that treatment 

with HIPEC was an independent prognostic factor that 

increased survival times in patients with gastric cancers. A 

study by Ji et al combined the published clinical trials on 

CRS-HIPEC. They showed that, untreated gastric cancer 

with peritoneal metastases lead to death in <5 months, CRS 

increased survival to 7.9 months and CRS-HIPEC increased 

overall survival to 13.3 months (in cohort studies).11 The 

literature, therefore, supports CRS-HIPEC as a therapy 

for increasing survival in patients with gastric cancer with 

peritoneal metastases. The results of selected studies that 

examined CRS-HIPEC in the setting of gastric cancer with 

peritoneal metastases are provided in Table 1 with weighted 

averages and improvements in patient survival by year shown 

in Tables 2 and 3, respectively.

CRS-HIPEC has been compared with CRS alone and 

shown to improve survival. In a randomized controlled trial 

conducted by Yang et al,12 patients treated with CRS-HIPEC 

had significantly increased median survival times over 

patients treated with CRS alone (11 vs 6.5 months, respec-

tively) with no difference in postoperative morbidity. In a 

large meta-analysis of 20 prospective randomized controlled 

trials between 1987 and 2011, Coccolini et al,13 compared 

surgery with intraperitoneal chemotherapy (IPC), the major-

ity of which was HIPEC, with radical resection without IPC. 

Results showed increased 1-, 2-, and 3-year mortality rates, 

decreased rates of peritoneal recurrence, and decreased 

rates of hematogenous metastasis in the group analogous 

to CRS-HIPEC.13 Likewise, Boerner et al14 showed that the 

combination of HIPEC with CRS doubled patients’ 2-year 

survival rates (35.8% vs 16.9%) compared with traditional 

chemotherapy with gastrectomy. Impressively, this study 

showed that patients treated with CRS-HIPEC have compa-

rable survival to matched patients who do not have peritoneal 

metastases.14 Wu et al15 studied patients with gastric cancer 

who had ovarian and peritoneal metastases and compared 

CRS alone with CRS-HIPEC. They showed improved median 

survival times in the HIPEC group in those with peritoneal 

metastases, but no difference between groups in those with 

ovarian metastases alone, they therefore recommend using 

CRS-HIPEC for gastric cancer with peritoneal metastases, 

but do not recommend it for the use of ovarian metastases 

alone.15

HIPEC has also been compared with systemic chemo-

therapy for peritoneal metastasis and showed increased rates 
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of survival.16–18 A retrospective study by Yuan et al,16 showed 

a 1-year survival rate of 41.7% in patients receiving HIPEC 

and a corresponding 1-year survival of 23.8% for the systemic 

chemotherapy group. Rudloff et al,17 also did a retrospective 

study on patients treated with multimodal therapy (CRS, 

HIPEC, and systemic chemotherapy) vs patients treated with 

systemic chemotherapy alone and showed the median overall 

survival to be 11.3 months in the multimodal treatment group 

compared with 4.3 months in the traditional chemotherapy 

group. Notably, no patients in the chemotherapy-alone group 

lived beyond 11 months, while one patient in the multimodal 

treatment group was still living 4 years after treatment.17 

Zhibing et al,18 retrospectively reviewed 101 patients with 

advanced gastric cancer and separated them into 2 groups: 

49 patients receiving traditional intravenous chemotherapy 

and 52 patients receiving HIPEC. They found an increased 

response rate and efficacy in the HIPEC treatment group, as 

well as a significantly increased disease-free survival time. 

They also reported no statistically significant difference in 

the side effects: both groups tolerated treatment well.18

Combinations of HIPEC and systemic chemotherapy 

have been a topic of interest in recent research, with 

some studies exploring the synergistic effects of the 2 

modes of treatment. Yonemura et al,19 studied 105 gastric 

cancer patients with peritoneal metastases and showed 

that neoadjuvant laparoscopic HIPEC (NLHIPEC) with 

systemic chemotherapy improved the patient’s’ prognosis. 

They measured these outcomes with the peritoneal cancer 

index (PCI). Previous studies have shown that a PCI >12 

was associated with shorter term survival from gastric 

cancer even after CRS.20 Adding NLHIPEC and systemic 

chemotherapy significantly improved the PCI, qualify-

ing patients for CRS, and increased the median survival 

time of gastric cancer patients from 8.6 to 19.2 months. 

Schildberg et al21 conducted a similar study in which 76 

patients with metastatic gastric cancer who were initially 

identified as “unresectable” and subsequently underwent 

palliative chemotherapy were re-evaluated as resectable 

Table 1 Results of selected studies on patients with advanced gastric cancer treated with CRS-HIPEC

Author Publication year Patients 1 year (%) 2 years (%) 3 years (%) 5 years (%) Median (months)

Hall et al35 2004 34 45 16 – – 11.2
Glehen et al20 2010 159 43 18 13 – 9.2
Yang et al42 2010 28 50 43 – – 27.7
Li et al27 2010 128 52.5 – 13.2 5.5 11.8
Yang et al12 2011 68 – – – – 11
Wu et al50 2013 62 – – – – 15.5
Magge et al37 2014 23 50 – 18 – 9.5
Canbay et al23 2014 194 66 32 – 10.7 15.8
Yarema et al25 2014 49 68.8 – – – 12
Saladino et al24 2014 12 – – – – 24
Müller et al43 2014 26 – 38 – – 19
Wu et al60 2015 26 – – – – 28.2
Desantis et al38 2015 14 – – – – 8.1
Tu36 2016 231 83.4 68.5 38.7 – 37
Geng et al28 2016 312 66.7 28.5 – – 17
Yuan et al16 2016 23 41.7 – – – 16.5
Boerner et al14 2016 38 – 35.8 – – 17.2
Wu et al39 2016 30 77.5 32.5 19.8 – 24.2
Chia et al56 2016 81 – – – 18 17.3

Notes: Compilation of the results of various reviewed studies in terms of survival (median and by year). ‘–’ indicates data not included.
Abbreviations: CRS, cytoreductive surgery; HIPEC, hyperthermic intraperitoneal chemotherapy.

Table 2 Weighted averages of patient survival of selected studies 
using CRS-HIPEC treatment for advanced gastric cancer

Average patient survival %/months

Weighted average 1 year CRS-HIPEC survival: 63.73%
Weighted average 2 year CRS-HIPEC survival: 36.94%
Weighted average 3 year CRS-HIPEC survival: 24.00%
Weighted average 5 year CRS-HIPEC survival: 11.16%
Median weighted average CRS-HIPEC survival: 18.43 months

Abbreviations: CRS, cytoreductive surgery; HIPEC, hyperthermic intraperitoneal 
chemotherapy.

Table 3 Weighted average of median survival of patients treated 
with CRS-HIPEC for advanced gastric cancer by year

Average median survival by year Months

2004 11.2 months
2010 11.9 months
2011 11.0 months
2013 15.5 months
2014 15.3 months
2015 21.2 months
2016 23.7 months

Abbreviations: CRS, cytoreductive surgery; HIPEC, hyperthermic intraperitoneal 
chemotherapy.
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and underwent CRS-HIPEC. This group showed significant 

survival advantages compared with palliative care. Some 

of the patients who had been deemed unresectable and 

ultimately received CRS-HIPEC even achieved long-term 

survival.21 Similarly, Wu et al22 examined the survival benefit 

of CRS complete resection with the use of postoperative 

adjuvant systemic chemotherapy and HIPEC. They found 

that combining these treatments after CRS improved overall 

survival and decreased the recurrence rates at 1, 3 and 5 

years with a low rate of chemotherapy-associated toxici-

ties (<10%).22 An interesting new approach to HIPEC was 

studied by Canbay et al.23 This group used bidirectional 

intraperitoneal and systemic induction chemotherapy, 

which combines HIPEC simultaneously with systemic 

chemotherapy, followed by CRS-HIPEC.23 They found 

increased survival rates over CRS-HIPEC alone, especially 

in patients with sensitivity to the chemotherapy.23 Many 

different applications of HIPEC, systemic chemotherapy, 

and CRS have been studied. Despite this body of research, 

and many trials showing positive results, no standard has 

been set for which treatment modality should be preferred.

Multiple studies have shown that in patients with a high 

risk for peritoneal metastasis, adjuvant or prophylactic 

treatment with HIPEC improves outcomes.24–26 Macri et al46 

reported a very low rate of peritoneal occurrences (8.3%) 

with prophylactic HIPEC compared with no treatment (50%) 

in high-risk patients. They attribute this impressive reduction 

in peritoneal metastases to HIPEC’s ability to damage cancer 

cells or micrometastases through the synergistic combina-

tion of heat and chemotherapy.24 Yarema et al,25 similarly 

report that adjuvant HIPEC in gastric cancer  patients with 

a high risk for peritoneal carcinomatosis (PC) had a PC 

rate of 11.1% compared with 73.7% in a control group.25 

This reduction in PC led to a significantly improved patient 

survival rate.25 HIPEC, thus, holds promise as a prophylac-

tic treatment for gastric cancer patients with a high risk of 

developing PC.

Much of the research evaluates the combination of 

HIPEC with CRS as a means of treating advanced gastric 

cancer. In a somewhat different vein, many studies evalu-

ated the benefit of combining HIPEC and gastrectomy in 

different modalities. An early study by Costa et al,26 showed 

that in a small cohort of 10 patients at high risk for PC from 

gastric cancer, multimodal treatment with neoadjuvant sys-

temic chemotherapy followed by HIPEC and gastrectomy 

produced long-term survival in 7 out of the 10 patients. They 

emphasized that larger studies were needed with similar 

methodology before significant conclusions can be reached. 

Li et al conducted a larger study of 128 patients comparing 

a gastric resection group with HIPEC to a non-gastrectomy 

group. They found significantly higher 5-year survival rates, 

prognosis, and overall survival in the HIPECgastrectomy 

group.27 Similarly, Geng et al,28 looked retrospectively at 

over 300 Chinese patients with advanced gastric cancer and 

showed a benefit for combining gastrectomy with HIPEC. 

Patients that received HIPEC and gastrectomy had higher 

median survival rates and higher 1- and 2-year survival 

rates when compared with the other groups in the study. 

Interestingly, in Geng et al’s,28 study population, when 

chemotherapy was not given to the gastrectomy group, 

survival was not statistically changed. In other words, this 

study seems to show a survival benefit to HIPEC in a setting 

where traditional chemotherapy does not significantly alter 

mortality. Work by Graziosi et al,29 also showed benefit with 

gastrectomy combined with HIPEC in a high-risk patient 

population as a means of prophylaxis. They concluded 

that prophylactic HIPEC with gastrectomy is feasible and 

increases survival over surgery alone.29 Research by Coc-

colini et al built on this work by comparing the survival of 

patients treated with prophylactic HIPEC and gastrectomy 

to patients treated with gastrectomy alone. They found an 

association between prophylactic HIPEC and increased 

disease-free survival (DFS) and overall survival (DFS sur-

gery alone 21.6 vs 34.5 months in prophylactic group).30 

A study of 112 surgeries by Kang et al31 compared patients 

treated with gastrectomy alone against patients treated with 

gastrectomy plus HIPEC with impressive results: 5-year 

survival rates of 43.9% in CRS-HIPEC (vs 10.7% in surgery 

alone) and DFS rates of 66% in the CRS-HIPEC group (vs 

28.8% in the surgery-alone group). Importantly, this study 

also showed no difference in the rate of complications 

between the 2 groups.31

Other studies have emphasized the importance of remov-

ing other organs during the cyto-reductive portion of the 

CRS-HIPEC regimen. One study, for example, recommended 

including resection of the round ligament of the liver and 

the gallbladder.32 At the same time, other studies have found 

that CRC-HIPEC has greatest efficacy when fewer organs 

are involved: extreme multivisceral resection was associated 

with higher major morbidity and inferior outcomes.33 It is 

important to note that comparing the survival of those with 

extreme tumor burdens to those with lesser tumor burdens 

may be biased in its approach and produce deceptive data. 

Thus, visceral sparing seems to be important for overall 

survival and quality of life in the gastric cancer patient with 

peritoneal metastasis.
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Importance of patient selection
Many articles emphasize the importance of careful patient 

selection in the use of CRS-HIPEC, showing increased 

survival among certain groups of patients. An early study of 

the effectiveness of CRS-HIPEC for use in primary gastric 

cancer with PC found that resection status after surgery was 

significantly correlated with improved survival.34,35 Spe-

cifically, they found that patients who underwent an R0/R1 

resection had improved survival compared with patients that 

obtained an R2 status post-surgery.36 The authors emphasized 

that careful patient selection is imperative, noting that only 

those who can achieve an R0/R1 status should be candidates 

for CRS-HIPEC. Selection criteria that have been shown to 

improve survival rates include fewer organ involvement/low 

tumor stage23,33,36,37; World Health Organization Performance 

Status,37 previous chemotherapy,10,12,37,38 completeness of 

cytoreduction score,2,12,35–41 and a low PCI.2,17,20,37,40–44 Table 

3 shows the median survival rates of patients from selected 

trials by year. Interestingly, this table seems to demonstrate 

increasing CRS-HIPEC survival over time, a relationship that 

may be linked to improvements in patient selection.

While some patient characteristics have been shown to 

improve the efficacy of CRS-HIPEC, other characteristics 

have not. These include in vitro chemotherapy sensitivity45 

and patient age.20,46,47 For example, a study by Votanopoulos 

et al,48 examined CRS-HIPEC in the elderly (mean age was 73 

years old) and concluded that age alone was not a contraindi-

cation for the procedure. Votanopoulos et al support stringent 

patient selection (including some of the above metrics) and 

noted that using these metrics for patient selection was key 

for prolonged survival.48 Similar conclusions were reached 

in a study by Macrì et al.46 Although some studies have 

shown patient age to be negligible in CRS-HIPEC patient 

selection, patients >60 years of age with tumor stage T3 or 

T4 have been associated with a higher risk of gastric cancer 

PC.47 In other words, in the absence of other known factors 

that affect response to CRS-HIPEC, patient age should not 

be a contraindication to receiving CRS-HIPEC.

CRS-HIPEC and the standard of care
The standard of care for treatment of PMP is CRS-HIPEC.49 

PMP has been shown to have the best response of any cancer 

to this treatment modality and boasts 5-year survival rates 

of 73%.49 Many studies compared different types of primary 

cancer, including ovarian cancer, colon cancer, appendiceal 

tumors, etc. with encouraging results. Desantis et al per-

formed 401 CRS-HIPEC procedures on 356 patients with PC 

from various primary cancers. They found median survivals 

of 47.6 months for PC of ovarian cancer origin, 45.8 months 

in colorectal origin and 64.2 months for PC of peritoneal 

mesothelioma origin.37 Similarly, Votanopoulos et al studied 

CRS-HIPEC outcomes in various primary cancers, all of 

which had PC, in patients >70 years of age. Their results 

showed similar encouraging numbers for various forms of 

PC: median survivals of 31.8 months for appendiceal cancer, 

41.5 months for mesothelioma, 54 months for ovarian cancer 

and 13.2 months for colon cancer.48 Wu et al evaluated the 

combination of HIPEC and CRS in women with Krukenberg 

ovarian tumors that had metastasized to the peritoneum. Their 

analysis shows that HIPEC with surgery improves survival 

by 5 months when compared with CRS alone.49 Importantly, 

this research also showed that surgery with HIPEC did not 

have a significant difference in complication rates when 

compared with surgery alone.49 Given the results of studies 

like these, CRS-HIPEC has become the recommended stan-

dard treatment for a variety of cancers with PC, including 

PMP, MPM, appendiceal mucinous cancer, colorectal PC, 

and ovarian cancer.7

While there is a significant body of evidence support-

ing the use of HIPEC with surgery to improve the mortal-

ity of patients with advanced gastric cancer, some authors 

have noted that larger studies with more data are needed 

to definitively establish these techniques as the standard of 

care.26,29,51,52 Regardless, the evidence is strong enough to 

support CRS with HIPEC as the recommended treatment 

for gastric cancer with peritoneal metastases.7 In fact, in 

2016 China defined this therapy as the standard treatment 

for advanced gastric cancer.7 In addition, new research is 

examining different modes of delivery (adjuvant, neoadju-

vant, prophylactic HIPEC/systemic chemotherapy) and com-

binations of treatments (some of which have been discussed 

previously) to build on the promising results of CRS-HIPEC. 

These agents and approaches may be included in the future 

standard of care. Research is still ongoing to examine the 

effects of systemic chemotherapy in addition to HIPEC on 

gastric cancer survival.20 These include early postoperative 

chemotherapy (EPIC),53,54 and neoadjuvant intraperitoneal 

and systemic chemotherapy (NIPS).55 A number of random-

ized clinical trials are underway to evaluate both EPIC and 

NIPS in gastric cancer with PC. These chemotherapies are 

not without controversy. McConnell et al,53 provided data 

to show that EPIC plus HIPEC in combination increased 

complications to an unacceptable level and suggested that 

HIPEC-only treatment is preferred.

It is important to note that none of the current therapies 

for gastric cancers are strictly curative and that virtually 
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all patients have subsequent recurrence and death.14 Still, 

HIPEC with CRS was found to have an 11% cure rate (no 

evidence of disease at 5 years) in patients that had PC in the 

setting of gastric cancer.56 Considering the high and rapid 

mortality associated with untreated disease gastric cancer 

with PC, CRS-HIPEC seems to be the best treatment cur-

rently available.

The effect of HIPEC on gastric cancer 
morbidity
In gastric cancer with PC, the rates of morbidity following 

CRS-HIPEC have been shown to be independent predic-

tors of patient survival.10–35 These findings underscore the 

clinical value of avoiding significant morbidity in patients 

that have advanced gastric cancer. A particularly valuable 

clinical finding was described by Mizumoto et al,44 when 

they compared patients that received surgery alone with 

patients who received CRS-HIPEC, the CRS-HIPEC group 

had significantly reduced rates of postoperative morbidity.

One study by Tu et al looked at the safety and effective-

ness of CRS-HIPEC. This study found low rates (6.9%) of 

morbidity in response to the combined treatment regimen.35 

Topgül et al,57 found that 8 of the 27 patients (30%) in the 

study treated with CRS-HIPEC experienced perioperative 

morbidity, while one patient had HIPEC-related toxicity 

(3.9%). In a powerful study by Desantis et al,38 356 patients 

underwent 401 consecutive CRS-HIPEC procedures with 

reported morbidity rates of 12.5% and a procedure mortality 

rate of 1%. The study concludes that the 1% mortality rate 

and 12.5% morbidity rate are acceptably low when weighed 

against overall oncologic survival.37 Kang et al,31 compared 

gastrectomy alone against gastrectomy with HIPEC and 

showed that there was no significant difference in the rate of 

complication between the 2 groups. Wu et al,39 examined the 

complications associated with CRS-HIPEC and found that 

15.2% of patients in their study had serious adverse events 

perioperatively with a 1.9% mortality rate. These authors 

also studied combined HIPEC and systemic chemotherapy 

as adjuvant therapy after CRS. They reported chemo toxicity 

morbidity rates (myelosuppression, nausea/vomiting) were 

<10%, an acceptably low rate considering the improved 

survival rates found in the study.22

One concern related to CRS-HIPEC is increased operative 

mortality. The mortality rates, however, have been shown to 

be low: 0% in a study by Yang et al,42 0.9% in another study,35 

and 3.5% in a larger study.43 A 30-day mortality rate of 4.8% 

was found in a systematic review by Gill et al.58 Although 

the numbers vary, the consensus is 2-fold: The mortality risk 

is acceptably low for CRS-HIPEC candidates and careful 

patient selection, as mentioned previously, is key for reducing 

the risk of CRS-HIPEC associated morbidity.

A study by Polanco et al,59 set out to determine the learn-

ing curve for performing the CRS-HIPEC procedure in an 

academic medical center. They found that in order to achieve 

optimal outcomes (equal in terms of morbidity and mortality 

with experienced surgeons), 180 procedures were required to 

achieve the lowest risk of morbidity and greatest reduction 

in peritoneal tumor burden, with 90 procedures required to 

produce equal oncological survival outcomes.59 Sufficient 

training and experience may be a factor that influences the 

morbidity and mortality associated with CRS-HIPEC.

The chemotherapy approach to treatment has been studied 

in terms of timing relative to surgery to determine if there 

were advantages associated with certain regimens. In one 

study, patients with advanced gastric cancer were treated 

with either simultaneous CRS-HIPEC followed by systemic 

chemotherapy or neoadjuvant HIPEC with systemic chemo-

therapy and staged CRS followed by more rounds of systemic 

chemotherapy. While many of the metrics found these treat-

ments to be comparable (no statistical difference), HIPEC 

with chemo and staged CRS showed better patient tolerance 

and compliance with no difference in overall survival.60 Thus, 

while CRS-HIPEC is generally well tolerated, there may be 

ways to make it even more tolerable. One study, conversely, 

by Hultman et al,61 found that overly aggressive combina-

tions of therapy (in this case, several months of neoadjuvant 

chemotherapy followed by CRS-HIPEC plus early postop-

erative IPC) were associated with very high morbidity rates 

(62.5%). The cohort of subjects in this study, however, was 

only 8 patients.61 Larger studies are needed to determine the 

relative efficacy of aggressive CRS-HIPEC regimens.

Differences in outcome based on differences in the CRS 

approach have also been the focus of studies. Berger et al,33 

for example, showed that patients undergoing more extensive 

CRS-HIPEC (>5 organs resected or >3 bowel anastomoses) 

had significantly increased rates of intraoperative blood loss, 

surgery duration, hospital stay, and 30-day morbidity (34% 

vs 17.4%). This finding is similar to one by Magge et al,37 

which showed patients with >2 bowel anastomoses had poorer 

overall survival and disease progression. Another study by 

Franssen et al62 found that PC requiring diaphragmatic strip-

ping or diaphragmatic resection was an independent predic-

tor of 30-day morbidity (29% vs 15%). While Franssen et 

al62 did note increased morbidity in patients who received 

diaphragmatic stripping or resection, there was no differ-

ence in 90-day mortality rates. This finding suggests that the 
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procedure is warranted in selected patients if it allows for 

improved cytoreduction.

A study by Yang et al63 focused primarily on the peri-

operative safety profile of CRS-HIPEC and followed some 

of the biomarkers for morbidity. The most common events 

they recorded were generalized edema and hypoproteinemia. 

Importantly, no patients included in this study had local or 

systemic infections, wound disruption, or other clinically 

important adverse events. Some of the more common intra- 

and postoperative complications that were studied included 

longer duration of surgery,33 intraoperative blood loss, anas-

tomotic leakage, surgical site infections and intra-abdominal 

abscesses,64 re-operation, longer hospital stay, respiratory 

complications, and chemotherapy or HIPEC-related toxicity. 

Overall, many of these studies either support CRS-HIPEC 

for reducing morbidity or find that the morbidity associated 

with CRS-HIPEC is acceptable given the associated increase 

in life expectancy.

HIPEC plays a role in palliating malignant ascites, a 

common and onerous morbidity associated with PC. In a 

retrospective study, Yuan et al16 showed that, when com-

pared with traditional chemotherapy, HIPEC increases both 

survival and improves quality of life. The HIPEC population 

had decreased gastric cancer-related symptoms than those 

receiving chemotherapy alone, particularly the presence of 

malignant ascites was reduced.16 Similarly, in studies by Fac-

chiano et al,65 and Yarema et al,25 they showed that, as well 

as providing survival benefit associated with CRS-HIPEC, 

HIPEC alone caused complete clinical regression of the 

symptoms of malignant ascites in patients with primary 

gastric cancer with PC. Remarkably, evidence for palliation 

of malignant ascites via HIPEC had already been described 

by the late 1990s.66 For many patients with gastric cancer, 

the palliative benefit and reduction in cancer morbidity with 

the use of HIPEC is significant. This question of quality of 

life was also addressed by Tsilimparis et al,64 they found 

that patients undergoing CRS-HIPEC had quality of life 

after surgery similar to what it was preoperatively with most 

measures of quality of life recovering to normal levels within 

6–12 months. They concluded that reduced quality of life was 

not an argument against denying these patients this beneficial 

treatment option.

In summary, while some specific questions remain regard-

ing the safety of CRS-HIPEC, it seems to be reasonably well 

tolerated. Many cancer treatments prolong life at the cost of 

significant morbidity; however, there is evidence that CRS-

HIPEC may provide both morbidity and mortality benefit. 

This question of quality of life was also addressed by Tsil-

imparis et al,64 they found patient quality of life after CRS-

HIPEC to be similar to what it was preoperatively. Moreover, 

most measures of quality of life recovered to normal levels 

within 6–12 months of undergoing CRS-HIPEC. In another 

study, Ji et al11 illustrated this principle by combining the data 

from published clinical trials on CRS-HIPEC. This study 

failed to find any statistically significant adverse effects that 

could be attributed to CRS-HIPEC.11 Thus, beyond being 

well tolerated, CRS-HIPEC may significantly decrease the 

incidence of some side effects, including malignant ascites.

Translational research on HIPEC 
A number of studies have investigated HIPEC using tran-

sitional models. Graziosi et al67 showed that human gastric 

cancer cells that had been injected into mice responded well 

to HIPEC. Specifically, HIPEC reduced both the extent and 

severity of peritoneal dissemination of the cancer cells and 

increased the rates of survival in the HIPEC mouse group. 

On a molecular level, HIPEC was found to modulate the 

expression of genes that were important in the formation of 

peritoneal metastases.67 This work supports the approach of 

using HIPEC as a prophylactic means of preventing perito-

neal metastases.

Some studies have evaluated HIPEC on rabbit models of 

gastric cancer. In one study, HIPEC was shown to increase 

overall survival by 70% in a rabbit model of gastric cancer 

with peritoneal metastases.68 While HIPEC was shown to 

benefit these rabbits significantly, PDOX, a prodrug peptide 

doxorubicin, was shown to further increase survival (beyond 

the benefit of HIPEC) by an additional 40%. This study also 

showed that PDOX and HIPEC had a much more tolerable 

side-effect profile than the doxorubicin treatments.68 Simi-

larly, in another study, Tang et al69 found that CRS-HIPEC 

could increase the survival of their diseased rabbits by 60%. 

Moreover, based on peripheral blood cell counts, liver func-

tion, kidney function, and blood chemistries, the side effects 

were comparable between the control group and the CRS-

HIPEC group. Taken together, these studies demonstrate 

HIPEC to be both effective and relatively safe.

In vitro models of human cells have also been used to 

examine the effectiveness and safety of HIPEC. For example, 

one study analyzed long, non-coding RNA expression in 

human gastric cells. Long, non-coding RNA (LNCRNA) does 

not code for proteins and is thought to be involved in tumori-

genesis.66 LNCRNAs were measured before and after expo-

sure to HIPEC. The study showed that 154 LNCRNAs were 

up-regulated by more than double in response to HIPEC.70 

Simultaneously, 412 LNCRNAs were downregulated by 
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>2-fold. They hypothesize that LNCRNAs may underlie the 

treatment effectiveness of HIPEC. Zhang et al also studied 

the role of specific RNAs in human gastric cancer cells. 

Their work used miRNA microarrays to identify an 8-fold 

increase in miR-218 expression after CRS-HIPEC.71 Notably, 

miR-218 increased the sensitivity of the gastric cancer cells 

to in vitro cisplatin. miR-218. They concluded that miR-218 

shows promise for reversing multidrug resistance in gastric 

cancer lines. These studies give molecular-level rationale 

to explain the efficacy of HIPEC while also highlighting 

molecular targets for future chemotherapeutic agents. The 

chemotherapy given by HIPEC may also have an effect on 

outcomes though there have been few studies done to com-

pare one agent against another. Shetty et al72 showed that in 

MPM, HIPEC treatment with carboplatin resulted in signifi-

cantly better outcomes than with the more traditional agent 

mitomycin C. There is good evidence that the mitomycin C 

metabolizing enzyme NADPH Quinone Oxidoreductase 1 

activity is reduced or absent in about 30%–40% of people 

due to polymorphism (C609T) in the active site.73 While not 

proven to be the cause of the poorer results with mitomycin 

in the MPM patients, the presence of these polymorphisms 

should be taken into consideration when selecting the chemo-

therapy agent for HIPEC treatment of peritoneal metastasis 

from gastric and other concerns.

A number of tumor markers have been investigated in 

gastric cancer to help determine prognosis and the effective-

ness of therapy. The 3 most common markers are carcino-

embryonic antigen (CEA), CA 19-0, and CA 72.4. Of these, 

CEA has received the most attention. CEA is most widely 

used for colon cancer as a prognostic indicator and  media-

tor of hepatic metastasis.74 In gastric cancer, all 3 markers 

have been associated with both stage and survival.75 While 

no prospective trials have been carried out, studies have 

indicated that measurement of serum levels of these mark-

ers in combination, can be used for preoperative staging and 

monitoring the effects of therapy postoperatively and after 

chemotherapy.71 Additionally, Wang et al,76 reported that an 

evaluation of CEA tissue staining showed good correlations 

with serum CEA and prognosis. Jung et al measured CEA 

in both serum and ascites from 119 patients with perito-

neal metastasis. This study showed median CEA levels of 

130.5 ng/mL in ascites with much lower serum CEA levels 

(Median 2.1 ng/mL).76 Patients with low ascites CEA (<5 

ng/mL) had a significantly longer survival (7.4 months) than 

those with higher CEA levels (2.3 months).77 Asao et al78 

examined peritoneal washings from gastric cancer patients 

and determined that CEA could be an important indicator 

of peritoneal dissemination in the absence of visible tumor. 

Ito et al79 also looked at peritoneal washings by detecting 

CEA mRNA as an indicator of the presence of tumor cells 

and came up with similar conclusions. These studies indicate 

that there is a potential role for tumor marker measurements 

in gastric cancer with PC and measurement of CEA in pre 

and post CRS-HIPEC patients may be a significant indicator 

of future outcomes.

A study by Coccolini et al80 evaluated variations in cyto-

kines during CRS-HIPEC in patients with a variety of tumor 

types (including gastric cancer), all of which had peritoneal 

metastases. Cancer, surgery, chemotherapy and hyperthermia 

are stressful factors that induce the systemic inflammatory 

response system that has been best studied in conjunction 

with sepsis and septic shock. Inflammatory markers studied, 

that are commonly measured in this setting, included tumor 

necrosis factor-α (TNF-α), interleukin-6 (IL-6, CA-125, 

and procalcitonin (PCT). Coccolini et al80 showed a steady 

state of TNF-α and CA-125 throughout the procedure and 

sharp, significant increases in PCT and IL-6 during the 

hyperthermic portion of the HIPEC infusion. Changes in 

inflammatory cytokines in response to CRS-HIPEC mimic 

those of septic shock and are probably due to hemodynamic 

and temperature instability from HIPEC infusion and surgery. 

Management of the hemodynamic status and temperature of 

the patient by the anesthesiologist during surgery is crucial 

to the procedure’s success. They proposed that HIPEC could 

be a good experimental model for testing different anesthetic 

approaches to see if they can have a positive effect on the 

inflammatory response to surgery and hyperthermia.

Other recent research on HIPEC in 
the setting of gastric cancer and/or 
peritoneal metastases
Given that gastric cancer with PC has such a poor survival, 

even with promising results from CRS-HIPEC, there has been 

discussion of the potential role for intraperitoneal immuno-

therapy for treating gastric cancer. Currently, Goéré et al81 are 

conducting a Phase II clinical trial on gastric cancer patients 

with PC using an intraperitoneal infusion of catumaxomab 

following CRS with the hopes of showing improved outcomes 

over CRS-HIPEC. Catumaxomab has the ability to bind to 

cells expressing epithelial cell adhesion molecule, which is 

expressed by up to 90% of gastric carcinomas.81 An earlier 

study by Stroehlein et al82 did a small trial of 9 patients 

with PC from different primary cancers (including 6 with 

gastric cancer) to test the use of intraperitoneal infusion of 

trifunctional antibodies. The purpose of the immunotherapy 
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was to redirect cytotoxic CD8+ T lymphocytes to tumor 

cells and induce active tumor immunity. The study showed 

that in 5/9 patients, tumor reactive T lymphocytes increased 

significantly, indicating specific antitumor immunity. They 

concluded that immunotherapy using trifunctional antibodies 

may provide a new option for treatment of PC and should 

be evaluated in ongoing clinical trials. Animal models have 

shown that it is possible to shrink and even eliminate PC using 

intraperitoneal immunotherapy.83 Fu et al compared HIPEC 

with combined HIPEC and intraperitoneal immunotherapy 

with IL-2 to stimulate the immune system. They found that 

intraperitoneal IL-2 immunotherapy significantly increased 

Th1 cytokines to induce tumor killing and increased the 

3-year survival of the patients by 18.1% compared with 

HIPEC alone.84 They also showed that in the HIPEC plus 

immunotherapy group, the recurrence and liver metastasis 

rates were significantly lower and concluded that immuno-

therapy has potential for treatment of PC and prevention of 

recurrence and metastases.84 Very few studies have been done 

in this arena, but there is growing interest in the potential 

for immunotherapy treatments to improve the outcomes 

of patients with gastric cancer or cancers with peritoneal 

metastases.

Conclusion
Gastric cancer continues to be a significant disease in the inter-

national community with poor survival rates and few treatment 

options. Gastric cancer, as well as a variety of other primary 

cancers, often metastasize to the peritoneum. Unfortunately, 

cancer with peritoneal metastases represents a particularly 

grim subset of disease.85 CRS with HIPEC has been shown to 

be an effective treatment regimen in a variety of cancers with 

PC, most especially in PMP for which it is the standard of care. 

The data for gastric cancer, however, are not as conclusive and 

many studies have been done on the morbidity and mortality 

of this procedure. Additionally, variations of the CRS-HIPEC 

regimen have been investigated in an ongoing search for better 

treatment outcomes. Different modes of delivery (adjuvant, 

neoadjuvant, prophylactic HIPEC/systemic chemotherapy) 

and combinations of treatments have been shown to build on 

the promising results of CRS-HIPEC and may be included 

in standards of care in the future.

CRS-HIPEC has been shown to be superior to either 

CRS alone or systemic chemotherapy alone in terms of 

improving survival. Consequently, CRS-HIPEC seems to 

be the best current treatment for patients with gastric cancer 

and peritoneal metastases. For this reason, the international 

community has recommended it as the treatment for this 

disease. Importantly, many studies suggest the use of prudent 

patient selection before CRS-HIPEC as many subgroups of 

patients have been shown to uniquely benefit from the treat-

ment, while others have not. Prudent patient selection will 

allow clinicians to identify those that are most likely to enjoy 

significant mortality benefits from CRS-HIPEC.

Studies on CRS-HIPEC have shown the procedure to have 

acceptably low rates of morbidity and peri- and postopera-

tive complications as well as significant reductions in the 

incidence of malignant ascites associated with PC.

Ongoing translational research on HIPEC supports the 

use of HIPEC as prophylaxis for prevention of peritoneal 

metastasis, and demonstrates HIPEC to be both effective and 

safe in animal models. In addition, measurement of the tumor 

marker CEA has been shown to be an effective indicator of 

future outcomes in gastric cancer treated with CRS-HIPEC. 

Although the treatment outcomes have improved, even with 

current treatment using CRS-HIPEC for gastric cancer 

with PC, the survival rates can be dismal. The treatment of 

advanced gastric cancer with PC is an ongoing field of study 

and further work on neoadjuvant chemotherapy (EPIC and 

NIPS) is needed to supplement HIPEC. Other studies are 

also underway to examine the effectiveness of catumaxumab. 

This drug is given intraperitoneally and shows promise for 

the treatment of malignant ascites.86,87 Future directions for 

the treatment of gastric cancer with PC are likely to include 

the use of intraperitoneal immunotherapy.
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