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ABSTRACT

Background. Current national guidelines do not include

hyperthermic intraperitoneal chemoperfusion (HIPEC) as

treatment for gastric cancer, and there are no completed

clinical trials of cytoreduction, gastrectomy, and HIPEC

from the US.

Methods. Patients with gastric adenocarcinoma and posi-

tive peritoneal cytology or carcinomatosis who had

completed systemic chemotherapy and laparoscopic

HIPEC underwent cytoreduction, gastrectomy, and HIPEC

with 30 mg mitomycin C and 200 mg cisplatin. The pri-

mary endpoint was overall survival (OS), with a secondary

endpoint of postoperative complications (NCT02891447).

Results. We enrolled 20 patients from September 2016 to

March 2019. Six patients had positive cytology only and 14

had carcinomatosis. All patients were treated with systemic

chemotherapy with a median of eight cycles (range 5–11

cycles) and at least one laparoscopic HIPEC. The median

peritoneal carcinomatosis index at cytoreduction/gastrec-

tomy/HIPEC was 2 (range 0–13). After surgery, the 90-day

morbidity and mortality rates were 70% and 0%, respec-

tively. Median length of hospital stay was 13 days (range

7–23 days); median follow-up was 33.5 months; median

OS from the date of diagnosis of metastatic disease was

24.2 months; and median OS from the date of cytoreduc-

tion, gastrectomy, and HIPEC was 16.1 months. 1-, 2-, and

3-year OS rates from the diagnosis of metastatic disease

were 90%, 50%, and 28%, respectively.

Conclusions. Survival rates for patients with gastric ade-

nocarcinoma and peritoneal disease treated with

cytoreduction, gastrectomy, and HIPEC are encouraging;

our early results are similar to those of recent prospective

registry studies. Multi-institutional and cooperative group

trials should be supported to confirm survival and safety

outcomes.

Patients with gastric cancer and peritoneal metastases

are reported to have median survival rates of

6–15 months.1 Current National Comprehensive Cancer

Network Guidelines recommend systemic chemotherapy

only or best supportive care.2 Chemotherapy has been

shown to improve survival in patients with peritoneal dis-

ease, but only at a median of 4 months.3

This work was presented at the American Society of Clinical

Oncology Gastrointestinal Cancers Symposium, 23 January 2020; the

Society of Surgical Oncology Advanced Cancer Therapies

Conference, 17 February 2020; and the Society of Surgical Oncology

International Conference on Surgical Cancer Care, 18 August 2020.

� Society of Surgical Oncology 2020

First Received: 3 February 2020;

Published Online: 17 June 2020

B. Badgwell, MD, MS

e-mail: bbadgwell@mdanderson.org

Ann Surg Oncol (2021) 28:258–264

https://doi.org/10.1245/s10434-020-08739-5

http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-020-08739-5&amp;domain=pdf
https://doi.org/10.1245/s10434-020-08739-5


Peritoneal disease is clearly an important target for

improving survival in metastatic gastric cancer. First, the

peritoneum is the most common site of metastases when stage

IV disease is identified at diagnosis.4 Second, carcinomatosis

or positive cytology is identified in over 30% of patients with

potentially resectable disease, based on imaging, who

undergo staging laparoscopy.5 Third, peritoneal disease is

identified in 11% of patients who progress during preopera-

tive therapy.6 Fourth, the peritoneum is the most common site

of recurrence after potentially curable resection.7

Hyperthermic intraperitoneal perfusion with

chemotherapy (HIPEC), in combination with cytoreduc-

tion, is a treatment modality considered standard of care for

some tumors metastatic to the peritoneum. However, there

are only a few clinical trials of cytoreduction and HIPEC in

gastric cancer, and no completed clinical trials from the

US.8,9 Therefore, the purpose of this clinical trial is to

determine the overall survival and safety of cytoreduction,

gastrectomy, and hyperthermic intraperitoneal chemother-

apy with mitomycin C and cisplatin in patients with stage

IV gastric cancer limited to the peritoneum.

METHODS

Patients

This phase II, single-arm trial (ClinicalTrials.gov iden-

tifier: NCT02891447) was conducted at MD Anderson

Cancer Center between September 2016 and March 2019.

Patients who were aged 18 years or older, with gastric or

gastroesophageal adenocarcinoma diagnosed as stage IV

based on histologic confirmation of positive peritoneal

cytology or carcinomatosis, were eligible. Inclusion criteria

included completion of systemic chemotherapy, with type

and duration at the discretion of the treating medical

oncologist. Patients were also required to undergo diag-

nostic laparoscopy with laparoscopic HIPEC prior to

enrollment. Patients with distant metastases other than

peritoneal or ovarian location were not included in this

study. Additional inclusion criteria included Eastern

Cooperative Oncology Group performance status B 2,

leukocyte count C 3000/lL, absolute neutrophil count

C 1500/lL, platelet count C 60,000/lL, serum crea-

tinine B 1.5 mg/dL, and aspartate transaminase and

alanine transaminase levels B 5 times the institutional

upper limit of normal.

Treatment Design

The design of this single-center, investigator-initiated

phase II trial is shown in Fig. 1. The type and duration of

systemic chemotherapy was left to the discretion of the

treating medical oncologist. Patients may have also

received treatment with chemoradiation therapy. Duration

and frequency of preoperative laparoscopic HIPEC proce-

dures was left to the discretion of the treating surgical

oncologist. A minimum of 4 weeks between laparoscopic

HIPEC and cytoreduction, gastrectomy, and HIPEC was

required. All participants provided written informed con-

sent prior to surgery. The study was approved by the MD

Anderson Institutional Review Board.

Cytoreduction, Gastrectomy, Hyperthermic

Intraperitoneal Chemoperfusion

Cytoreduction of any suspicious lesions was performed,

and subtotal or total gastrectomy was performed according

to standard surgical principles. Once the cytoreduction and

gastrectomy portion of the procedure were concluded,

inflow and outflow catheters were placed. Crystalloid per-

fusate was circulated using an extracorporeal circulation

device at a flow rate of 700–1500 mL/min. Once the heated

perfusion was established per standard of care, mitomycin

30 mg and cisplatin 200 mg were instilled. A loading dose

and 12-h continuous infusion of sodium thiosulfate was

administered to limit the systemic toxicity of cisplatin. A

loading dose of 7.5 g/m2 of sodium thiosulfate was diluted

in 20 mL/kg of 0.9% normal saline up to 500 mL. The total

loading dose was not to exceed 12.5 g. A maintenance

infusion of sodium thiosulfate 25.56 g/m2 was then deliv-

ered by continuous infusion pump over approximately 12 h

as per standard of care, until the infusion was complete.

The target inflow temperature was 41–42 �C, with a target

outflow of 39–40 �C. The perfusion was performed for

60 min and all perfusate was removed. Physical manipu-

lation of the abdomen was maintained for 60 min to ensure

even distribution of the perfusate. Postoperative hydration

included maintenance intravenous fluids, and urine output

was maintained and monitored as per standard of care.

Endpoints and Statistical Methods

The primary endpoint was OS, measured from the time

of diagnosis of metastatic peritoneal disease. Secondary

FIG. 1 Trial design. HIPEC
hyperthermic intraperitoneal

chemoperfusion
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endpoints included OS from the date of cytoreduction,

gastrectomy, and HIPEC, as well as complications. The

probabilities of OS were estimated using the Kaplan–Meier

method.10 The study was designed to improve OS from 11

to 15 months with the experimental therapy. A Bayesian

interim futility monitoring rule was implemented such that

the trial would be stopped early if, at any time during the

study, there was a\ 2% chance that OS was improved by

at least 4 months. Death within 30 days was also moni-

tored for early stopping of the trial. A recent series of

patients undergoing this procedure reported a postoperative

mortality rate of 5%.11 The stopping boundaries for the

trial were if C 2/10 or 3/20 patients died within 30 days

from surgery. Ninety-day complications were also recorded

and graded according to the Clavien–Dindo classification

system.12 All statistical analyses were performed using

Splus software (TIBCO Software Inc., Palo Alto, CA,

USA).

RESULTS

Patient Characteristics and Treatments

Twenty patients were treated on the trial (see Table 1

for a summary of the baseline characteristics). The median

age was 58 years (range 20–75) and six patients were aged

65 years or older. Most tumors were poorly differentiated

(85%) with signet ring cell histology (65%). Tumor loca-

tion was cardia/body in 3 patients, antrum in 6 patients, and

overlapping or total involvement in 11 patients. Linitis

plastica was identified in 35% of patients. Peritoneal car-

cinomatosis was present in 70% of patients, while 30% of

patients had positive cytology only. Seventeen patients

received 5-fluorouracil and oxaliplatin (one with trastuzu-

mab), while three patients received triplet therapy

(doxorubicin/cisplatin/5-fluorouracil, epirubicin/oxali-

platin/xeloda, and docetaxel/carboplatin/5-fluorouracil).

Two patients received second-line therapy prior to enroll-

ment (ramicurimab/paclitaxel and 5-fluorouracil/

irinotecan). Most patients (75%) were treated with 8–10

cycles of chemotherapy. Fifteen patients had a single

laparoscopic HIPEC and five patients had two laparoscopic

HIPECs prior to enrollment. Nine patients underwent total

gastrectomy and 11 patients underwent subtotal gastrec-

tomy. The median peritoneal carcinomatosis index at

cytoreduction, gastrectomy, and HIPEC was 2 (range

0–13). Resection of other organs, beyond peritoneal

cytoreduction, was required in nine patients, which inclu-

ded transverse colon in one patient, transverse mesocolon

in three patients, partial or complete splenectomy in two

patients, and bilateral salpingoophorectomy in four patients

(once in combination with transverse mesocolon). Chest

tube placement was performed in two patients at the time

of surgery.

Surgical Pathology, Outcomes, and Complications

American Joint Commission on Cancer T-stage classi-

fication included ypT1b (n = 2), ypT2 (n = 1), ypT3

(n = 6), and ypT4 (n = 11).13 N-stage classification inclu-

ded ypN0 (n = 6), ypN1 (n = 6), ypN2 (n = 2), and ypN3

(n = 6). The median number of examined nodes was 31.

An R1 margin was present in three patients.

The median length of stay for patients undergoing sur-

gery was 13 days (range 7–23), with readmission occurring

in 50% of patients. Twenty-two surgical complications

occurred in 14 patients (70%), and seven grade III/IV

complications occurred in five patients (25%), with one

patient experiencing three grade III complications repre-

senting multiple separate percutaneous drainage

procedures. Four patients who had undergone subtotal

gastrectomy experienced grade III/IV complications, while

only one total gastrectomy patient experienced a grade III

complication. Fifteen grade I/II complications occurred in

10 patients (50%), with three patients experiencing two

grade II complications and one patient experiencing three

grade II complications. All complications within 90 days,

graded according to an accepted classification system, are

outlined in Table 2. Isolated grade I complications were

infrequent and included a single patient with severe nausea

requiring antiemetic treatment. Grade II complications

were the most common and included pulmonary

embolization (n = 1), acute kidney injury requiring medi-

cal management (n = 1), cellulitis requiring antibiotics

(n = 1), gastrointestinal leakage controlled with a drain

placed at initial operation (n = 2), clostridium difficile

infection (n = 2), inability to tolerate tube feeds requiring

total parenteral nutrition (n = 4), and blood transfusion

(n = 3). There were six grade III complications of anas-

tomotic leakage or symptomatic abdominal fluid collection

requiring a percutaneous drain. One patient had a grade IV

complication with abdominal compartment syndrome and

multi-organ system failure, also requiring reoperation.

There were no grade V complications (mortality) within

90 days of surgery.

Overall Survival

The median follow-up duration was 33.5 months (95%

confidence interval [CI] 30.3 months–not estimable); the

median OS from the date of diagnosis of metastatic disease

was 22.1 months; median OS from the date of first

laparoscopic HIPEC was 17.4 months; and median OS

from the date of cytoreduction, gastrectomy, and HIPEC

was 16.1 months. 1-, 2, and 3-year OS rates from the
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diagnosis of metastatic disease were 90%, 50%, and 28%,

respectively (Fig. 2), and 1-, 2-, and 3-year OS rates from

the date of cytoreduction, gastrectomy, and HIPEC were

60%, 25%, and 25%, respectively (Fig. 3). The peritoneum

was identified as the most common site of recurrence in 10

patients, with distant lymph nodes (n = 1), brain (n = 1),

liver (n = 1), lung (n = 1), and undocumented (n = 2)

accounting for the remaining sites. There are currently four

patients alive without evidence of disease, at a range of

32–49 months after diagnosis of metastatic disease: three

patients with positive cytology who converted to negative,

and one patient with carcinomatosis that macroscopically

resolved after systemic chemotherapy.

DISCUSSION

In this single-arm, phase II trial, we enrolled patients

with gastric adenocarcinoma metastatic to the peritoneum

who had completed systemic chemotherapy and at least

one laparoscopic HIPEC. This selective and multidisci-

plinary approach to the investigation of HIPEC in

metastatic gastric cancer resulted in OS rates that were

favorable when compared with reports of outcomes for

patients with carcinomatosis or positive cytology.1

There are multiple clinical trials and cohort studies

supporting the investigation of HIPEC in gastric adeno-

carcinoma. Initial work from Japan and China evaluated

TABLE 1 Demographic and

clinical characteristics of the

trial cohort (N = 20)

Variable No. of patients (%)

Age, years [median (range)] 58 (20–75)

Age group, years

\ 50 6 (30)

50–59 5 (25)

60–69 5 (25)

C 70 4 (20)

Male sex 13 (65)

Tumor histologic grade

Moderately differentiated 3 (15)

Poorly differentiated 17 (85)

Signet ring cell histology 13 (65)

Primary tumor location 3 (15)

Proximal (cardia/body)

Distal (antrum) 6 (30)

Overlapping/total involvement 11 (55)

Linitis plastica 7 (35)

Peritoneal disease

Positive peritoneal cytology only 6 (30)

Peritoneal carcinomatosis 14 (70)

Systemic chemotherapy cycles administered prior to resection

\ 8 4 (20)

8–10 15 (75)

[ 10 1 (5)

Peritoneal carcinomatosis index at LS HIPEC

0 12 (60)

1–2 4 (20)

C 3 4 (20)

Peritoneal carcinomatosis index at resection

0 8 (40)

1–2 7 (35)

C 3 5 (25)

Total gastrectomy 9 (45)

Resection of other organs 9 (45)

Data are expressed as n (%) unless otherwise specified

HIPEC hyperthermic intraperitoneal chemoperfusion
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HIPEC as adjuvant treatment for patients at high risk of

peritoneal disease. These studies have been compiled

multiple times in reviews that document a significant

improvement in OS with adjuvant HIPEC; 14–17 however,

these studies are now approximately 20 years old and

adjuvant HIPEC is not a standard of care in these or other

countries. Currently in Japan, most research is focused on

non-heated intraperitoneal paclitaxel for stage IV disease,

in combination with systemic therapy.18 The role of adju-

vant HIPEC in Western populations will be best addressed

by the ongoing GASTRICHIP trial.19

There are multiple retrospective cohort studies that

demonstrate promising survival rates in select patients

treated with HIPEC with established carcinomatosis.20 A

recent French registry retrospective report of prospective

data, the CYTOCHIP study, compared patients undergoing

cytoreduction and gastrectomy alone with patients under-

going cytoreduction, gastrectomy, and HIPEC.11 The

patients in this study who received HIPEC had improved

median OS rates compared with cytoreduction alone and,

most notably, a 5-year OS rate of 20%. The authors

acknowledge the highly selective nature of the 25-year

study, with, on average, less than one patient treated per

center per year.11 Ongoing randomized clinical trials that

will continue to evaluate the benefit of HIPEC include the

GASTRIPEC trial, comparing gastrectomy and cytore-

duction with gastrectomy, cytoreduction, and HIPEC in

patients who have completed systemic chemotherapy.21

Although this study was terminated early due to low

accrual, which is partly attributed to the high progressive

disease rate during the preoperative systemic chemother-

apy phase, it should provide some comparative data in the

context of a randomized controlled trial. The PERISCOPE

II trial is a recently activated randomized trial that will

compare cytoreduction, gastrectomy, and HIPEC with

standard of care systemic chemotherapy, addressing the

most prominent question in the role of HIPEC in patients

with gastric cancer and peritoneal disease.22

The current trial is the culmination of a peritoneal pro-

gram reflecting our concerns over the risks associated with

combining gastrectomy, cytoreduction, and HIPEC. Our

initial investigation in HIPEC was a phase II trial of

repeated laparoscopic HIPEC without cytoreduction or

gastrectomy, after completion of systemic chemotherapy,

to attempt to clear the peritoneum of disease.23 Only in the

setting of no visible carcinomatosis and negative peritoneal

washings were patients offered gastrectomy alone, without
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FIG. 2 Kaplan–Meier estimate

for overall survival from

diagnosis of stage IV disease

TABLE 2 Length of stay, readmission, and complications within

90 days (N = 20)

Variable No. of patients

(%)

Length of stay, days [median (range)] 13 (7–23)

Readmission 10 (50)

Surgical complications, per patient 14 (70)

Surgical complications, all (graded according to the

Clavien–Dindo classification system)

Grade I 1

Grade II 14

Grade III 6

Grade IV 1

Grade V 0

Data are expressed as n (%) unless otherwise specified
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HIPEC. This trial demonstrated promising survival rates

and low morbidity, but many patients had persistent peri-

toneal disease that did not respond to this approach.

The results reported here represent a more aggressive

approach of combining cytoreduction, gastrectomy, and

HIPEC, and appear to improve upon our previous phase II

trial of repeated laparoscopic HIPEC. However, the

importance of systemic chemotherapy is clearly evident in

that all long-term survivors had had an excellent response

with either conversion of cytology or macroscopic resolu-

tion of carcinomatosis. Surgery, and HIPEC, in the setting

of peritoneal disease should always be approached in a

multidisciplinary fashion, and appears to work best as an

adjuvant procedure after maximal effect of chemother-

apy.24 These findings also provide equipoise for future

studies with a comparative arm including either resection

alone or standard of care systemic therapy. As long-term

survivors are identified after extended chemotherapy with

locoregional treatment of either chemoradiotherapy or

surgery without HIPEC, multi-institutional randomized

trials will be critically important in determining a causative

effect between HIPEC and OS.25,26 There is also increasing

evidence that combination intraperitoneal and systemic

paclitaxel may convert peritoneal disease to an unde-

tectable level, perhaps then allowing for more effective

surgical interventions.18,27,28 These studies, primarily from

Japan, have provided the rationale for a current phase I trial

of intraperitoneal paclitaxel at our institution

(NCT04220827).29

The strength of this trial is that it provides further evi-

dence regarding the safety outcomes related to

cytoreduction, gastrectomy, and HIPEC, while supporting

the feasibility of a cooperative group trial. National Sur-

gical Quality Improvement Program data reporting 30-day

complications of gastrectomy for cancer note a serious

morbidity rate of 24%, mortality rate of 4%, and reopera-

tion rate of 8%, which is similar to our 90-day grade III/IV

complication rate of 25% without mortality.30 There are

several limitations that require discussion, most promi-

nently the selection bias of accruing patients after the

completion of systemic therapy. We did not define the

systemic therapy administered prior to enrollment, as

patients are often started on chemotherapy prior to referral.

Our institutional preference is treatment with 5-fluorouracil

and oxaliplatin for eight cycles. The small sample size and

lack of correlative studies also prevent us from identifying

predictors of response to HIPEC, other than stressing the

importance of a response to chemotherapy. Future work

will benefit greatly from translational studies identifying

biomarkers of response and the most beneficial

chemotherapeutic agents.

CONCLUSION

Survival rates for patients with gastric adenocarcinoma

and peritoneal disease treated with cytoreduction, gastrec-

tomy, and HIPEC are encouraging; our early results are

similar to those of recent prospective registry studies.

There are ongoing efforts within the cooperative group

system to develop randomized trials to confirm survival

and safety outcomes, which should be supported.
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