
ORIGINAL ARTICLE – PERITONEAL SURFACE MALIGNANCY

Combined Prophylactic Hyperthermic Intraperitoneal
Chemotherapy and Intraoperative Radiotherapy for Localized
Gastroesophageal Junction and Gastric Cancer: A Comparative
Nonrandomized Study

Shouki Bazarbashi, MBBS1 , Ahmed Badran, MD1,2, Ahmed Mostafa Gad, MD1,2,

Ali Aljubran, MD1, Ahmed Alzahrani, MD1, Aisha Alshibani, MD1, Reem Alrakaf, MD3,

Tusneem Elhassan, BS4, Abdullah Alsuhaibani, MD5, and Mahmoud A. Elshenawy, MD1,6

1Medical Oncology, Oncology Center, King Faisal Specialist Hospital and Research Centre, Riyadh, Saudi Arabia;
2Clinical Oncology and Nuclear Medicine Department, Faculty of Medicine, Ain Shams University, Cairo, Egypt;
3Surgical Oncology, Oncology Center, King Faisal Specialist Hospital and Research Centre, Riyadh, Saudi Arabia;
4Oncology Centre, King Faisal Specialist Hospital and Research Centre, Riyadh, Saudi Arabia; 5Radiation Oncology,

Oncology Center, King Faisal Specialist Hospital and Research Centre, Riyadh, Saudi Arabia; 6Clinical Oncology and

Nuclear Medicine Department, Faculty of Medicine, Menoufia University, Shebin El Kom, Egypt

ABSTRACT

Background. The peritoneum frequently is the only

recurrence site after radical resection of gastric cancer.

Data suggest that hyperthermic intraperitoneal

chemotherapy (HIPEC) and intraoperative radiotherapy

(IORT) reduce peritoneal recurrence and possibly improve

survival for patients with resected gastric and serosal

involvement. This study aimed to evaluate the efficacy of

combining prophylactic HIPEC and IORT after radical

resection of localized gastric cancer.

Methods. In this retrospective study, the medical records

of adult patients with histologically proven gastric/gas-

troesophageal adenocarcinoma who underwent radical

resection with curative intent were evaluated for recurrence

and survival according to whether they received prophy-

lactic HIPEC and IORT.

Results. The eligibility criteria were met by 58 patients,

33 of whom underwent prophylactic HIPEC and IORT

after radical surgery. Overall, 91% the HIPEC/IORT group

and 72% of the surgery-only group had BpT3 disease. The

median follow-up period was 26.6 months for the HIPEC/

IORT group and 50.6 months for the surgery group.

Locoregional recurrence occurred for six patients (18.1%)

in the HIPEC/IORT group and five patients (20%) in the

surgery-only group, with peritoneal metastasis (PM)

occurring in respectively three (9%) and six (24%) patients.

The median recurrence-free survival (RFS) duration was

23.2 months (95% confidence interval [CI] 6.5–39.9

months) for the HIPEC/IORT group versus 24.8 months

(95% CI 0.0–51.1 months) for the surgery-only group (p =

0.88), and the corresponding 5-year overall survival (OS)

estimates were 69% and 58%.

Conclusion. Prophylactic HIPEC and IORT after radical

surgery for localized gastric or gastroesophageal cancer did

not improve RFS or OS for an unselected group of patients

at risk for peritoneal recurrence.

Gastric cancer (GC) is one leading cause of cancer-re-

lated mortality worldwide.1 Approximately 55% of patients

present with locoregional disease, which usually is treated

by surgical resection ± neoadjuvant and/or adjuvant

chemotherapy.2 Despite this, more than 50% of these

patients relapse and die of GC.3

Peritoneal carcinomatosis (PC) represents 40–50% of

the cases of treatment failure after perioperative systemic

chemotherapy and radical surgery among patients with

localized GC.4,5 Furthermore, findings have shown PC to
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be a poor prognostic feature for patients with metastatic

GC.6 The median overall survival (OS) is reported to be 4.6

months for GC patients with peritoneal metastases alone

and 3.3 months for those with other organ metastasis.7

The pathogenesis of PC after curative surgery for GC

might be explained by the ‘‘tumor cell entrapment

hypothesis’’ suggested by Sugarbaker et al.,8 which pro-

poses that intraperitoneal free cancer cells (IFCCs) adhere

to the raw surgical area within minutes through fibrin

entrapment. This is assisted by cytokine release as part of

the wound-healing mechanism. The hypoxic environment

renders the trapped cancer cells relatively immune to the

effects of systemic chemotherapy. Intraperitoneal

chemotherapy is therefore intended to clear these free

cancer cells that persist after curative resection.9,10 Both

hyperthermia and intraperitoneal chemotherapy have syn-

ergistic cytotoxic effects on IFCCs.11

The role of prophylactic hyerthermic intraperitoneal

chemotherapy (HIPEC) for high-risk localized GC is con-

troversial. Both retrospective and small-sample prospective

studies suggest that survival is improved and peritoneal

recurrence is decreased with prophylactic HIPEC for

localized GC patients who have high-risk features for

peritoneal recurrence.12–14

The role of radiation therapy in managing GC is not well

defined. Several trials have failed to show improvements in

survival by adding external beam radiotherapy to the

perioperative treatment.15,16

On the other hand, intraoperative radiotherapy (IORT)

has led to a reduction in local recurrence for patients who

have advanced locoregional disease, with no apparent OS

benefit.17,18

In our study, we analyzed the impact of combining

prophylactic HIPEC with IORT, performed as part of

standard treatment, and compared the results with those of

patients who underwent surgical resection alone.

PATIENTS AND METHODS

This retrospective study reviewed the medical records of

patients with a confirmed diagnosis of gastric or gastroe-

sophageal junction adenocarcinoma managed at a tertiary

care institution. The inclusion criteria specified adult

patients 18 years of age or older, localized disease at pre-

sentation, laparotomy performed for definitive surgery, no

evidence of peritoneal or other metastasis intraoperatively,

and surgical resection with curative intent. Pre- or post-

operative chemotherapy was allowed.

Staging evaluations were performed using computed

tomography (CT) of the chest, abdomen, and pelvis as well

as positron emission tomography (PET). No endoscopic

ultrasound was performed for staging.

The patients were divided into two groups: those who

underwent curative gastrectomy only (surgery-only group)

and those who underwent curative gastrectomy with pro-

phylactic HIPEC and IORT (HIPEC/IORT group). All the

treatments were considered standard at that time and per-

formed by different operating surgeons.

The data collected included age, sex, clinical stage,

pathologic stage, histologic subtype, human epidermal

growth factor receptor 2 (HER2)/neu overexpression,

margin, and use of pre- and postoperative chemotherapy.

The surgical procedure was either total or subtotal

gastrectomy with D2 lymphadenectomy. In addition,

patients treated with the HIPEC procedure underwent

additional total peritonectomy.

The chemotherapy agents used for the HIPEC procedure

were mitomycin C and cisplatin, or melphalan. The perfusate

was heated. Thermal probes continuously monitored the

intraperitoneal temperature in the abdominopelvic cavity to

ensure that the temperature remained at 41–42.2 �C.

At the end of the HIPEC procedure, the abdominopelvic

cavity was lavaged with copious volumes of normal saline.

The HIPEC drains were removed intraoperatively, and

Jackson–Pratt drains were inserted as indicated. The

median operative time was 270 min (range 240–360 min).

The IORT procedure was performed using the Mobetron

self-shielded electron beam linear accelerator machine

(IntraOp Medical Corporation; Sunnyvale, CA, USA). The

patients underwent IORT before undergoing anastomosis

and after lymphadenectomy. The dose given was 10–12

Gray (Gy) for negative resection margins (R0), 12–15 Gy

for microscopic positive resection margins (R1), and 15–20

Gy for macroscopic/gross residual tumors (R2). Unaffected

organs were shielded by lead bars to reduce radiation

exposure. The indications, dose, and technique for IORT

were decided case by case after review by the surgeon,

radiation oncologist, clinical pharmacist, and medical

oncologist according to the aforementioned criteria.

The patient characteristics are summarized as frequen-

cies with percentages for categorical variables and as

medians with interquartile ranges for continuous variables.

Overall survival was defined as the time to death from any

cause. The patients alive at the last follow-up visit were

censored. Recurrence-free survival (RFS) was defined as

the time to disease recurrence or death. The patients alive

and free of recurrence at the last follow-up visit were

censored.

The probabilities of OS and RFS were summarized

using a Kaplan–Meier estimator, with variance calculated

using the Greenwood formula. Survival curves were com-

pared using the log-rank test. A p value lower than 0.05

was considered significant. Statistical analysis was per-

formed using RStudio, version 1.4.1717 2009–2021

(Rstudio, PBC, Boston, MA).
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This study was approved by the hospital research ethics

committee (approval no. RAC 2181165). In addition, the

research ethics committee granted a waiver for patient

consent given the study’s retrospective nature.

RESULTS

From January 2009 to the end of 2018, 58 patients met

the inclusion criteria. Of the 58 patients, 25 underwent

gastrectomy without HIPEC/IORT, and 33 underwent

gastrectomy followed by prophylactic HIPEC and IORT.

The patient characteristics are summarized in Table 1.

Interestingly, the median age for the surgery-only group

was significantly younger than for the HIPEC/IORT group

(54 vs. 64 years; p = 0.02).

The number of patients with diffuse and intestinal sub-

types of disease was significantly lower in the surgery-only

group than in the HIPEC/IORT group (12% and 20% vs.

33.3% and 39.4%; p \ 0.001). Additionally, HER2/neo

was overexpressed in 8% of the surgery-only group and

18% of the HIPEC/IORT group (p\ 0.001). The median

number of preoperative chemotherapy cycles was higher in

the HIPEC/IORT group than in the surgery-only group (5

vs. 3; p = 0.006).

All the patients in the surgery-only group received

neoadjuvant chemotherapy (20 received EOX, 4 received

FOLFOX, and 1 received docetaxel). One patient in the

HIPEC/IORT group did not receive neoadjuvant

chemotherapy. Two patients received concurrent

chemoradiotherapy with paclitaxel and carboplatin

(CROSS protocol), and the other preoperative chemother-

apy regimens were as follows: 12 EOX, 12 FOLFOX, 3

XELOX, and 3 FLOT regimens. The adjuvant therapies in

the surgery-only group were as follows: 11 EOX, 1 FOL-

FOX/XELOX, and 1 capecitabine. In the HIPEC/IORT

group, six patients received EOX, eight patients received

FOLFOX/XELOX, and two patients received FLOT.

In the HIPEC/IORT group, 3 patients underwent

subtotal gastrectomy, and 30 patients underwent total

gastrectomy, whereas in the surgery-only group, 6 patients

underwent subtotal and 19 patients underwent total gas-

trectomy. All the patients in the HIPEC/IORT group

underwent D2 lymphadenectomy compared with only 13

patients in the surgery-only group.

The surgical complications in the surgery-only group

included wound infection in one patient, infected abdom-

inal collection in two patients, central line infection in one

patient, intestinal obstruction secondary to adhesions in one

patient, iatrogenic splenic injury and postoperative bleed-

ing in one patient, and postoperative sepsis and death in

one patient. The complications in the HIPEC/IORT group

included an infected abdominal collection in one patient,

an infected abdominal collection in one patient, myocardial

infarction in one patient, deep vein thrombosis in one

patient, and leakage in one patient.

The median follow-up duration was 50.6 months (95%

confidence interval [CI] 42.2–58.9 months) for the surgery-

only group and 26.6 months (95% CI 13.1–40.0 months)

for the HIPEC/IORT group. Locoregional recurrence

occurred for five patients (20%) in the surgery-only group,

and six (18.1%) patients in the HIPEC/IORT group. Peri-

toneal carcinomatosis occurred for six patients (24%) in the

surgery-only group and three patients (9%) in the HIPEC/

IORT group.

The median RFS duration was 24.8 months (95% CI

0.0–51.1 months) for the surgery-only group and 23.2

months (95% CI 6.5–39.9 months) for the HIPEC/IORT

group (p = 0.88). The 5-year OS estimate was 58% for the

surgery-only group and 69% for the HIPEC/IORT group

(p = 0.77; Figs. 1, 2).

The RFS duration for the subgroup with pathologic T4

disease/node positivity was 10.6 months (95% CI 0.0–32.3

months) for the surgery-only group and 22.2 months (95%

CI 14.8–29.6 months) for the HIPEC/IORT group (p =

0.826). The study end point for OS was not reached in

either group for the subgroup that had high-risk features

(T4/node-positive disease), with no significant difference

between the groups (p = 0.614).

The univariate analysis of age, sex, and clinical and

pathologic node status as factors affecting OS is summa-

rized in Table 2. Only pathologic nodal status was found to

have a significant effect on survival (p = 0.001).

DISCUSSION

To our knowledge, this is the first study to examine the

benefit of combining prophylactic HIPEC and IORT for the

management of localized GC. Prophylactic HIPEC for

localized GC has been studied extensively. Free cancer

cells have been demonstrated in the peritoneal lavage of

14–27% of patients undergoing gastrectomy.19

The most common risk factors for peritoneal metastasis

are serosal involvement and regional lymph node metas-

tasis.19,20 It is believed that cells exfoliate from the

lymphatic vessels during the lymphadenectomy procedure.

The peritoneum is the most common site of recurrence

after radical gastric surgery,21 with an incidence of

approximately 40–50%.5,22 Once developed, PC has a poor

prognosis, with an average median survival duration of 3–4

months.7

Several studies have demonstrated that prophylactic

HIPEC after gastrectomy reduces the incidence of peri-

toneal recurrence. Most of these studies have come from

the Asian-Pacific region and have been either randomized
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TABLE 1 Patient

characteristics
Characteristics Surgery only

(n = 25)

n (%)

HIPEC/IORT

(n = 33)

n (%)

p value

Age (years) 0.02

Median

Range

54

23–85

64

27–85

Sex 0.14

Male

Female

16 (64)

9 (36)

27 (81.1)

6 (18.1)

Clinical T stage 0.2

BT3

T4

Tx

19 (76)

4 (16)

2 (8)

29(88)

4 (12)

0

Clinical N stage 0.6

N?

N0

Nx

16 (64)

9 (36)

0

20 (60.6)

12 (36.4)

1 (3)

Tumor location 0.7

Body

Diffuse (linitus plastica)

Distal

Proximal/GEJ

6 (24)

1 (4)

8 (32)

10 (40)

9 (27.3)

0

10 (30.3)

14 (42.4)

Pathologic subtype \ 0.001

Diffuse

Intestinal

Mixed

Unclassified

3 (12)

5 (20)

0

17 (68)

11 (33.3)

13 (39.4)

2 (6.1)

7 (21.2)

Signet ring 9 (36) 12 (36.4) 0.98

HER2/neu \ 0.001

Positive

Negative/unknown

2 (8)

23 (92)

6 (18)

27 (82)

Preop chemotherapy 25 (100) 32 (97) 0.38

Median no. of preop chemotherapy cycles 3 5 0.006

Median time from chemotherapy to surgery (months) 3.35 4.5 0.1

Pathologic T stage 0.1

BpT3

pT4

pTx

18 (72)

5 (20)

2 (8)

30 (91)

3 (9)

0

Pathologic N stage 0.2

pN0

pN?

11 (44)

14 (56)

20 (60.6)

13 (39.4)

Positive margins 2 (8) 5 (15.2) 0.19

Median no. of dissected LNs 19 15 0.6

Median no of positive nodes 1 0 0.3

Adjuvant chemotherapy 13 (52) 16 (48.5) 0.8

Median no of adjuvant chemotherapy cycles: n (IQR) 3 (2–3)

Min (1–4)

3 (3–6)

Min (2–8)

0.01

HIPEC hyperthermic intraperitoneal chemotherapy, IORT intraoperative radiotherapy, GEJ gastroe-

sophageal Junction, HER2 human epidermal growth factor receptor 2, LN lymph node, Preop preoperative,

IQR interquartile range
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or nonrandomized comparative studies. Feingold et al.23

reported a systematic review of prophylactic HIPEC for

patients with localized GC. Unfortunately, they excluded

studies in which perioperative systemic chemotherapy was

given, which currently is a standard procedure. The review

identified 17 studies with 2029 patients. However, the

studies were inappropriately performed, with up to 31% of

some studies having patients with stage 4 disease. Addi-

tionally, 250 of the 1083 patients receiving prophylactic

intraperitoneal chemotherapy received the treatment in the

postoperative setting. A subgroup analysis of 10 random-

ized controlled studies reporting 5-year OS rates showed a

significant difference in mortality between the intraperi-

toneal chemotherapy arm and the surgery-alone arm of the

analysis (odds ratio [OR 0.65; 95% CI 0.52–0.81; p \
0.005).

A more recent meta-analysis of 22 trials involving 2097

patients was reported by Zhuang et al.24 Of these 22 trials,

12 were randomized. This meta-analysis included patients

who received postoperative chemotherapy and excluded

patients with peritoneal metastasis. The meta-analysis

showed better 1-, 3- and 5-year OS rates in the HIPEC

group than in the control group, with respective odds ratios

of 5.10, 2.07, and 1.96.

A recent randomized phase 2 study of prophylactic

HIPEC for a small, unselected group of 50 patients did not

show benefits for the prophylactic HIPEC group compared

with the control group. The HIPEC group had a 3-year

relapse-free survival rate of 84.8% compared with 88% for

the control group (p = 0.986).24 Notably, all the patients

received adjuvant chemotherapy. In a multivariate analysis,

pathologic T stage was the only independent risk factor for

relapse-free survival (p = 0.012; hazard ratio [HR] 5.071).
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FIG. 1 Recurrence-free survival (RFS) for localized gastric cancer

(GC) patients treated with surgery only versus additional

hyperthermic intraperitoneal chemotherapy (HIPEC) and

intraoperative radiotherapy (IORT)
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FIG. 2 Overall survival (OS) for localized gastric cancer (GC)

patients treated with surgery only versus additional hyperthermic

intraperitoneal chemotherapy (HIPEC) and intraoperative

radiotherapy (IORT)

TABLE 2 Univariate analysis of overall survival (OS) by prognostic

subgroup

Variable Comparator Univariate analysis

Mean 95% CI p Value

Age (years) 0.734

\65 50.4 41.4–59.5

C65 48.0 60.2–35.9

Sex 0.799

Female 42.6 30.4–54.9

Male 52.3 43.0–61.5

Clinical nodal status 0.145

N0 47.9 40.4–55.4

N? 47.2 36.2–58.2

Pathologic nodal status 0.001

N0 55.6 49.4–61.8

N? 37.9 26.0–49.7

Signet ring histology 0.765

Yes 52.6 39.7–65.6

No 44.5 36.4–52.5

CI confidence interval
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The data on IORT are less solid. The reason behind local

therapy lies in the fact that 50–90% of patients with

localized disease experience locoregional recurrence after

curative resection.25,26 Additionally, despite the efficacy of

concurrent postoperative chemoradiotherapy demonstrated

in the Intergroup 0116 trial, 19% of the patients in the

investigational arm experienced local recurrence, and 65%

experienced regional recurrence.27

A recent meta-analysis of patients with resectable gas-

tric and esophageal cancers who received IORT (570

patients in the IORT group and 1011 in the control group)

showed no significant difference in OS between the two

groups (HR 0.91; 95% CI 0.73–1.13; p = 0.38).18 However,

the patients with stage 2 or 3 cancer exhibited favorable

effects, with improved locoregional control.

Another meta-analysis published in 2014 included eight

studies that examined the benefit of IORT for

resectable GC.17 In the four studies that included OS, the

addition of IORT had no significant impact on OS. The

pooled HR was 0.97 (95% CI 0.75–1.26; Z = 0.21; p =

0.837). In contrast, three studies reported subgroups of

patients with stage 3 disease and showed a significantly

improved OS with IORT (HR 0.60; 95% CI 0.40–0.89; Z =

2.53; p = 0.011).

To our knowledge, no other study has combined pro-

phylactic HIPEC and IORT. The patient characteristics in

our study were slightly unbalanced, with more favorable

numbers for the HIPEC/IORT group (more intestinal his-

tology [39.4% vs. 20%], a lower rate of pathologic T4

primary tumors [9% vs. 20%], and less lymph node

involvement [39.4% vs. 56%]). On the other hand, the

median age was in favor of the surgery-only group (54 vs.

64 years). The two groups showed no difference in OS or

RFS, likely due to the unselected patient population, with

only 9% of the HIPEC group having T4 disease and 39.4%

having lymph node involvement. Interestingly, only three

patients (9%) in the HIPEC/IORT group had peritoneal

recurrence, and only six patients (18%) had locoregional

recurrence. Locoregional recurrence occurred for five

patients (20%) in the surgery-only group, similar to the

HIPEC/IORT group. However, the peritoneal recurrence

rate was slightly higher, with six patients experiencing

peritoneal metastasis (24%).

Our subgroup analysis with pathologically confirmed T4

disease or node positivity (38 patients) confirmed our

hypothesis. The RFS duration more than doubled in the

HIPEC/IORT group compared with the surgery-only group

(median of 22.2 months in the HIPEC/IORT group vs 10.6

months in the surgery-only group). However, this differ-

ence was not significant due to the small number of

patients. No difference in OS was found. These data sup-

port the lack of benefits with prophylactic HIPEC and

IORT in an unselected group of patients. The univariate

analysis in our study showed that pathologic nodal status

was the only prognostic factor of significance for survival.

Our study had several limitations. The greatest limita-

tions were the small sample size, the study’s retrospective

nature, and the nonrandomized comparison. In addition, the

inclusion of all different stages of disease in the HIPEC/

IORT group also limited observation of a difference

between the two groups.

CONCLUSION

Our study showed that the addition of prophylactic

HIPEC combined with IORT after curative resection of GC

for an unselected group of patients did not improve RFS or

OS. The benefits of combining both methods may be

observed with better patient selection, including those with

high-risk features for local and peritoneal recurrence.

Further studies are required.
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