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Abstract

Purpose.—Although laparoscopic hyperthermic intraperitoneal chemotherapy (LS-HIPEC) has 

been proven safe in patients with gastric adenocarcinoma and carcinomatosis or positive cytology, 

patient selection criteria remain unclear. Thus, we performed a retrospective analysis to identify 

factors associated with improved survival and resection rates.

Methods.—Data for all patients undergoing LS-HIPEC for stage IV gastric adenocarcinoma 

between June 2014 and November 2018 were collected prospectively and analyzed for 

associations with survival and resection using uni- and multivariate logistic regression, Cox 

proportional hazards models, and Kaplan-Meier survival functions.

Results.—Of 70 patients who underwent LS-HIPEC, 43(61%) received 2 drugs (mitomycin C 

and cisplatin), and 27(39%) received 3 drugs (mitomycin C, cisplatin, and paclitaxel). The 2 

groups’ demographic and oncologic differences were not significant, although the 3-drug group 

had a significantly lower rate of radiation therapy use (58% vs 15%;p<0.01). Univariate analysis 

revealed that poor differentiation (Cox hazard ratio[HR], 2.75; 95% confidence interval[CI], 1.34–

5.63;p<0.01), gross carcinomatosis (HR,3.10; 95% CI,1.52–6.30;p=0.03), and ascites (HR,3.43; 

95% CI,1.88–6.26;p<0.01) were associated with shorter median survival. Gastrectomy was 

associated with improved overall survival (HR,0.32; 95% CI,0.15–0.70;p<0.01). The resection 

rate of the 45 patients without ascites (38%) was significantly higher than that of the 25 patients 

with ascites (0%; p<0.01)

Conclusion.—Our findings identify ascites as a significant prognostic factor for gastric cancer 

patients with peritoneal metastases undergoing LS-HIPEC. Our findings can be used to help 

identify patients who are unlikely to proceed to resection after LS-HIPEC and are good candidates 

for novel therapeutic approaches or clinical trials.
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INTRODUCTION

At the time of staging laparoscopy, 4−41% of patients with clinically localized gastric cancer 

are found to have malignant cells on peritoneal cytology or gross peritoneal carcinomatosis1. 

Such findings indicate stage IV disease, which the National Comprehensive Cancer Network 

deems unresectable2. Owing to the unresectability of their disease, gastric cancer patients 

with peritoneal metastasis have a median survival duration of less than 1 year3. Regional 

therapies may offer a pathway to resection, but their role in the treatment of gastric cancer 

and the patients whom they would benefit most remain unclear.

The most studied regional therapy in gastric adenocarcinoma is heated intraperitoneal 

chemotherapy (HIPEC), a well-established modality for treating relatively low-grade 

histologies, such as appendiceal neoplasms, that have spread to the peritoneum. The use 

of HIPEC arose from the realization that the delivery of systemic chemotherapy to peritoneal 

metastases is limited and that the application of heated, high-dose chemotherapy directly to 

the peritoneum after cytoreductive surgery could be more efficacious 4–7. Moreover, there 

has been increased recognition that the peritoneum is a distinct organ and that peritoneal 

metastases, although visually diffuse, can be resected with negative margins. Given the 

success of HIPEC in treating low-grade malignancies, interest in its application to high

grade malignancies, such as gastric cancer, has increased8.

No randomized studies have shown that LS-HIPEC provides a greater benefit than 

systemic chemotherapy in patients with positive cytology and/or carcinomatosis from gastric 

adenocarcinoma. Previous studies have demonstrated that LS-HIPEC, given as part of 

a multidisciplinary approach, is safe for the treatment of select gastric cancer patients 

presenting with positive cytology and/or carcinomatosis and is associated with improved 

survival rates9,10. LS-HIPEC has been performed using several different regimens11. To 

date, most studies of HIPEC have aimed to identify the most effective and safe regimen. 

While these regimens have been shown to be safe with some efficacy, little is known about 

which patients are likely to benefit.

The purpose of this study was to identify factors associated with improved outcomes among 

gastric cancer patients undergoing LS-HIPEC for peritoneal metastasis. Identifying such 

factors will help refine treatment algorithms for these patients; improve the selection of 

patients for LS-HIPEC followed by gastrectomy or for the combination of cytoreduction, 

HIPEC, and gastrectomy. Similarly, this work will identify patients who are unlikely to 

benefit from LS-HIPEC, enabling them to consider other treatment modalities.

PATIENTS AND METHODS

This study was approved by MD Anderson’s Institutional Review Board. The study 

included patients enrolled in either a phase 2 trial of a 2-drug LS-HIPEC protocol 

White et al. Page 2

Ann Surg Oncol. Author manuscript; available in PMC 2021 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(October 2013−May 2016) or a phase 1 trial of a 3-drug LS-HIPEC protocol (January 

2017–March 2018). The study also included patients who underwent LS-HIPEC off

protocol during these periods. These trials’ details including patient selection have been 

reported previously9,12,13. Patients had to be greater than 18 years old with confirmed 

gastric cancer and carcinomatosis or peritoneal cytology. Patients had to have completed 

systemic chemotherapy followed by restaging before enrollment. If no distant disease was 

identified on restaging following systemic chemotherapy, patients were then able to undergo 

diagnostic laparoscopy with LS-HIPEC. Early in our experience of investigating HIPEC for 

patients with gastric cancer, patients would undergo iterative LS HIPEC and only undergo 

gastrectomy if the peritoneal disease was undetectable. Later in our experience, patients 

that had disease amenable to complete resection at the first LS HIPEC would then be 

offered cytoreduction, gastrectomy, and HIPEC. Any patients developing distant solid organ, 

progressive, or who were found to have unresectable disease were referred for further 

systemic treatment options after multidisciplinary discussion. Clinical factors studied here 

were not included in the decision to proceed to gastrectomy. Patient demographic data along 

with tumor characteristics were prospectively collected and follow-up data collected by 

research coordinators per study protocol.

We analyzed demographic differences between the 2- and 3-drug LS-HIPEC groups using 

the Wilcoxon rank-sum test, t-test, or chi-squared test as appropriate. We used Cox 

hazards ratios (HRs) and the Kaplan−Meier method to analyze overall survival. To identify 

factors that were correlated with either resection or survival, we performed univariate and 

multivariate analyses; for both resection and survival, all independent variables showing a 

significant association (p<0.05) in the univariate analysis were included in the multivariate 

analysis. Final models were selected using the Akaike information criterion to compare 

quality between fitted multivariable Cox Proportional Hazards models.

To account for collinearity, we used a tree-based machine learning approach to examine 

the relationship between independent variables and outcomes. This modeling framework 

(recursively partitioned classification trees) is tolerant of collinear variables and also 

provides transparent logic for variable importance with if-then rules to aid clinical decision

making.14,15. All trees were grown without restriction and pruned using the following 

settings: minimal split=1, minimum bucket=5, complexity parameter=0. These criteria were 

selected to decrease the bias-variance ratio and intentionally overfit the models to maximize 

their description of the data. No test or training cohorts were used, and all validation was 

performed in-sample. Tree-based models were assembled using the rpart package (Recursive 

Partitioning and Regression Trees, version 4.1–15) in R version 3.6.1 (R Foundation for 

Statistical Computing, Vienna, Austria).

RESULTS

The study included 70 patients (43 men and 27 women), whose demographic, histologic, 

and treatment characteristics are summarized by LS-HIPEC group in Table 1. The mean age 

for all patients was 54.8 years (standard deviation, 12.8 years). Most patients had poorly 

differentiated malignancies (77%). Most patients had signet-ring cell histology (70%), 

and 18 patients (26%) had linitis plastica; significant treatment differences did not exist 
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between these histologic groups. For all patients, the median number of lines of prior 

systemic chemotherapy was 1 (range, 1–4 lines) and the median number of cycles was 8 

(range, 3–53). Twenty-five patients (36%) had ascites. Fifty-seven patients (81%) had gross 

carcinomatosis; these patients’ median peritoneal cancer index (PCI) score was 3 (range, 

0–32) (Fig. 1). Twenty-two (31%) of the patients with gross carcinomatosis were noted to 

have ascites as well.

Of the 70 patients, 27 (39%) were in the 3-drug trial, and 43 (61%) were in the 2-drug trial. 

The 2 groups’ histologic differences were not statistically significant. However, the radiation 

therapy rate of the 2-drug group (58%) was significantly higher than that of the 3-drug group 

(15%; p<0.01), which reflects treatment trends at our institution.

Of the 70 patients, 17 (24%) were able to proceed to resection of their malignancy; all 

underwent gastrectomy. As expected, the median survival duration of these patients was 

significantly longer than that of patients who did not proceed to resection (Cox hazard 

ratio [HR], 0.37; 95% confidence interval [CI], 0.18–0.76; p<0.01). Four (24%) of patients 

undergoing gastrectomy and CRS had a CC-1 resection while the remaining 13 (76%) were 

cytoreduced to CC-0. Univariate and multivariate analyses revealed that the association 

between ascites and resection was colinear (Table 2). No patient with ascites at the time 

of staging laparoscopy was able to proceed to resection. This included 3 patients without 

carcinomatosis but with ascites and positive cytology. These 3 patients were unable to be 

resected due to development of carcinomatosis despite iterative LS-HIPEC in two patients 

and invasion into the celiac axis precluding resection in a third.

Similar to the multivariate analyses, recursively partitioned classification trees demonstrated 

that for patients with ascites, the probability of undergoing resection was 0.0%. Among 

patients without ascites, those who had carcinomatosis, as well as those who did not have 

carcinomatosis but who had non−signet-ring cell carcinoma, had a <50.0% probability of 

undergoing resection (Fig. 2). Patients without ascites or carcinomatosis, but with signet

ring cell carcinoma had a 60% probability of undergoing surgical resection after LS-HIPEC.

Univariate analysis revealed no significant difference in overall survival between patients 

in the 2-drug group and those in the 3-drug group (Cox HR, 1.61; 95% CI, 0.85–3.03; 

p=0.14). Even after controlling for significant differences in disease and treatment factors, 

including PCI score, the number of prior chemotherapy lines, and radiation therapy; we 

found no significant difference in survival (Cox HR, 0.79; 95% CI, 0.39–1.57; p=0.50). 

Although uncommon, 4 patients who underwent gastrectomy and cytoreduction had a CC-1 

cytoreduction. For these patients, overall survival was not significantly improved from those 

not undergoing cytoreduction (13.6 versus 10.9 months, p=0.81).

The results of the univariate and multivariate analyses for factors associated with 

survival are summarized in Table 3. Univariate analysis revealed that tumor grade, PCI 

score, carcinomatosis, ascites, and resection were significantly associated with survival. 

A multivariate model comprising these factors demonstrated that only PCI score was 

significantly associated with overall survival. The association between survival and PCI 

was linear. However, a PCI score of 1–7 (HR,2.94; 95% CI, 1.26–6.84; p=0.01), carried a 
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lower risk of death than did a PCI score of >7 (HR,13.3; 95% CI, 4.94–36.2; p<0.01) (Fig. 

3,4).

DISCUSSION

We identified clinical factors that are correlated with the outcomes of gastric cancer patients 

undergoing LS-HIPEC for peritoneal metastasis. Most notably, no patients who had ascites 

at the time of staging laparoscopy were able to proceed to gastrectomy. Using these findings 

to narrow the criteria used to select gastric cancer patients for LS-HIPEC could improve 

these patients’ rates of progression to gastrectomy as well as their survival. Similarly, our 

findings could be used to identify patients who are unlikely to proceed to resection and 

might instead benefit from novel systemic therapies and/or enrollment in clinical trials.

We are not the first to report a correlation between ascites and proceeding to resection in 

patients with metastatic gastric cancer. Benizri et al.16 reported that ascites was associated 

with a higher likelihood of incomplete cytoreduction. In the PHOENIX-GC trial, which 

compared intraperitoneal chemotherapy with systemic chemotherapy, ascites was noted as 

an adverse prognostic factor in both arms. The higher rate of ascites in the intraperitoneal 

arm was considered as a factor relating to the trial’17. Given our own finding that ascites 

is associated with decreased survival and proceeding to conversion surgery, a more in-depth 

investigation of this association could help validate this association.

Despite the findings described above, LS-HIPEC still has a potential role in the treatment 

of gastric adenocarcinoma patients with ascites. One previous study showed small groups of 

patients with symptomatic ascites benefited from LS-HIPEC18. This finding underscores the 

importance of defining the purpose and expectations of LS-HIPEC at the outset of treatment. 

For example, LS-HIPEC could be offered to a highly selected group of patients to control 

their symptoms; in contrast, LS-HIPEC was offered to the patients in the present study to 

prolong their survival. Patient and provider expectations need to be clearly defined prior to 

using this approach.

A valid criticism of the use of LS-HIPEC to treat gastric cancer is that the therapy has 

low rates of conversion to negative cytology, enabling relatively few patients to undergo 

resection. Using ascites alone as a contraindication to LS-HIPEC would increase this 

group’s current resection rate from 24.3% to 37.8%. The criteria used to select patients 

for LS-HIPEC could be refined further, but such refinement could affect the generalizability 

of existing treatment algorithms, leading to the exclusion of patients who would benefit from 

resection.

The present study had some limitations. First, although the study included patients enrolled 

in prospective trials, its analyses were retrospective; thus, the study had all the limitations 

inherent to a retrospective analysis. Second, although a single surgeon performed all LS

HIPEC procedures, the patients’ preoperative workup and treatment were not standardized 

prior to referral and subject to temporal treatment trends within the institution. Similarly, the 

number of patients included and their inherent heterogeneity may obscure our identification 

of more nuanced selection criteria. For example, the presence of carcinomatosis was a 
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significant predictor of survival and progression to resection while an individual PCI cutoff 

was unable to be identified. During the study time period additional outcomes data, such 

as the CYTOCHIP study, was published and, in combination with our own increasing 

expertise in performing gastrectomy and HIPEC, allowed us to expand the indications for 

offering LS HIPEC. Further work will be needed among a larger group of patients to further 

refine ideal selection criteria. Finally, among patients with high-volume disease only a few 

elected to proceed to LS-HIPEC. Therefore, the study sample largely comprised patients 

with low-volume disease, whose functional statuses were such that the surgeon believed the 

patients could undergo LS-HIPEC.

In conclusion, the findings of the present study can be used to more accurately identify 

patients with metastatic gastric cancer who will benefit from LS-HIPEC. Given improved 

patient selection, patients who undergo LS-HIPEC should have increased rates of conversion 

to resection, and other treatment algorithms could be considered earlier for patients 

who would not benefit from LS-HIPEC. Currently, our group offers patients with stage 

IV peritoneal disease LS HIPEC with either a two- or three-drug regimen (based on 

NCT02092298 and NCT03330028, respectively) followed by cytoreduction, gastrectomy, 

and HIPEC with a two-drug regimen (NCT02891447) for patients with disease that 

appears amenable to a CC0 resection and following an excellent response to systemic 

therapy. Alternately, and especially in patients that are reluctant to consider cytoreduction, 

gastrectomy, and HIPEC, we offer enrollment into an iterative intraperitoneal Paclitaxel trial 

via an intraperitoneal port NCT04220827. Moving forward, additional studies are needed 

to not only refine patient selection criteria and standard treatment algorithms, but also 

investigate novel diagnostic and therapeutic technologies.
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Synopsis

While LS-HIPEC for stage IV gastric cancer has been shown safe, little is known 

about optimal patient selection. Here we retrospectively examine patients from our 

single institution to identify factors associated with survival and the ability to proceed 

to resection.

White et al. Page 8

Ann Surg Oncol. Author manuscript; available in PMC 2021 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIG. 1. 
Histogram of peritoneal carcinomatosis index scores for all patients (n=70) included in this 

analysis.
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FIG. 2. 
A recursively partitioned classification tree showing probabilities of surgical resection. 

Percentage of patients by partitioning factors listed in final bins.
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FIG. 3. 
Kaplan-Meier survival curves for patients with and without ascites. The median survival 

duration of patients with ascites (9.3 months) was substantially shorter than that of patients 

without ascites (18.2 months), p<0.01.
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FIG. 4. 
Kaplan-Meier survival curves for patients with and without carcinomatosis. The median 

survival durations of patients without gross carcinomatosis (PCI=0), patients with PCI 

scores of 1–7, and patients with PCI scores greater than 7 were 31.4, 14.8, and 5.7 months, 

respectively.
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White et al. Page 13

TABLE 1

Patients’ demographic, histologic, and treatment characteristics by LS-HIPEC regimen

Characteristic Two-drug regimen (n=43) Three-drug regimen (n=27) p

Mean age ± SD, years 54.3 ± 13.2 55.6 ± 12.3 0.70

Female sex 15 (35) 12 (44%) 0.42

Signet-ring cell pathology 27 (63) 22 (81%) 0.10

Poor differentiation 29 (67%) 25 (93) 0.05

Median PCI score 2 6 0.01

Carcinomatosis 32 (74) 25 (93) 0.01

Ascites 14 (33) 11 (41) 0.49

Radiation therapy 25 (58) 4 (15) <0.01

Median no. of lines of prior systemic chemotherapy 1 1 0.03

Readmission 4 (9) 1 (4) 0.37

30 Day Mortality 0 (0) 1 (4) 0.81

Resection 10 (23) 7 (26) 0.80

Note: All data are no. of patients (%) unless otherwise noted.

Abbreviations: SD, standard deviation; PCI, peritoneal cancer index.
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White et al. Page 14

TABLE 2

Results of the univariate and multivariate analyses for factors associated with resection

Univariate analysis Multivariate analysis

Variable HR (95% CI) p HR (95% CI) p

Age 0.01 (−0.04, 0.06) 0.59 - -

Female sex −1.35 (−2.71, 0.01) 0.05 - -

Signet ring pathology −1.35 (−2.50, −0.20) 0.02 −0.84 (−2.26, 0.57) 0.24

Poor differentiation −1.47 (−2.66, 0.28) 0.02 −0.52 (−2.21, 1.17) 0.55

PCI score −0.12 (−0.25, 0.00) 0.06 - -

Carcinomatosis −1.34 (−2.52, −0.17) 0.03 −0.79 (−2.25, 0.67) 0.29

Ascites Colinear - Colinear -

Radiation therapy −0.01 (−1.12, 1.10) 0.98 - -

No. of lines of prior systemic chemotherapy −1.1 (−2.2, 0.11) 0.08 - -

Abbreviations: HR, hazard ratio; CI, confidence interval; PCI, peritoneal cancer index.
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TABLE 3

Results of the univariate and multivariate analyses for factors associated with survival

Univariate analysis Multivariate analysis

Variable Cox HR (95% CI) p Cox HR (95% CI) p

Age 0.99 (0.97–1.02) 0.62 - -

Female sex 1.44 (0.80–2.59) 0.22 - -

Signet-ring cell pathology 1.83 (0.96–3.45) 0.06 - -

Poor differentiation 2.75 (1.34–5.63) 0.01 1.18 (0.447–2.98) 0.73

Median PCI score 1.12 (1.08–1.16) <0.01 1.09 (1.04–1.14) <0.01

Carcinomatosis 3.10 (1.52, 6.30) <0.01 1.74 (0.67, 4.53) 0.26

Ascites 3.43 (1.88–6.26) <0.01 1.50 (0.65–3.46) 0.34

Radiation therapy 0.81 (0.46–1.43) 0.48 - -

No. of lines of prior systemic chemotherapy 0.84 (0.57–1.23) 0.36 - -

Resection 0.37 (0.18–0.76) 0.01 0.63 (0.28–1.42) 0.27

Three-drug regimen 1.61 (0.85–3.03) 0.14 - -

Abbreviations: HR, hazard ratio; CI, confidence interval; PCI, peritoneal cancer index.
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