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Prognostic factors of intraperitoneal chemotherapy
for peritoneal carcinomatosis of gastric cancer:
A retrospective study from a single center
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Abstract. Peritoneal carcinomatosis (PC) of gastric origin
is currently recognized as a terminal disease with a poor
prognosis. Advancements in novel therapeutic approaches,
including intraperitoneal chemotherapy (IPC), have recently
been made and it is believed that this may have contributed
to the improved survival observed in patients with PC. The
present study aimed to investigate overall survival (OS)
and the associated prognostic factors in patients with PC of
gastric origin who underwent IPC. A total of 57 patients were
studied, with a median age of 51 years. The median follow-up
time was 12.4 months. PC was diagnosed in all patients with
gastric cancer. The median survival time of all patients
was 10.1 months, whilst the OS rate at 1, 2 and 3 years was
observed to be 46, 19 and 12%, respectively. Symptomatic
ascites and a signet ring cell (SRC) histopathological type
were demonstrated to signify a poor prognosis. Complete
resection of all gross disease (CCR-0) and an increased
number of cycles of systemic chemotherapy were indepen-
dent factors that were observed to correlate with increased
OS. The most common morbidities of grade 3/4 adverse
effects were bone marrow suppression, nausea or vomiting,
and diarrhea. In conclusion, IPC is an important treatment
option for patients with PC that has originated from gastric
cancer. Symptomatic ascites and SRC adenocarcinoma
serve as negative clinicopathological prognostic factors,
whilst CCR-0 and increased systemic chemotherapy cycles
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(=4 cycles) may prove to be an important therapeutic option
for PC patients.

Introduction

Gastric cancer is a prevalent disease, with the incidence rate
being the fourth highest, and the mortality rate being the second
highest, amongst all types of human cancer (1). The prognosis
of advanced gastric cancer remains poor, with median survival
time currently calculated at 7.9 months (2). The presence of
peritoneal carcinomatosis (PC) is a poor prognostic factor
in patients already suffering from advanced gastric cancer,
functioning as a primary cause of mortality in nearly half of
all patients (3). Until recently, no standardized effective treat-
ment for PC originating from gastric origin had previously
existed. Surgery alone has been demonstrated to provide no
substantial benefit for prognosis, with a median survival time
of 1 month (4). Therefore, surgery alone is not typically recom-
mended as a treatment for patients with PC. Furthermore,
systemic chemotherapy has also been proven to be ineffective
against PC, with a median survival time of 6 months when
used alone (5). Due to the effect of the peritoneal-blood
barrier, when cytotoxic or biological agents are administered
systemically, the concentration of such agents in the peritoneal
cavity is less than one-third to one-fourth of the concentration
observed in the blood and thus, numerous patients presenting
with PC do not respond to systemic chemotherapy (6).
Intraperitoneal administration can deliver a higher
concentration of cytotoxic or biological agents to the peri-
toneal cavity, [up to several fold higher compared with
intravenous administration (7)], and can deliver them directly
to the tumor site, therefore decreasing harmful systemic
exposure. IPC is accepted as a standard treatment for gyneco-
logical tumors, resulting in marked improvements in patient
survival (8). The efficacy of IPC in PC of gastric origin
has not yet been fully understood, due to the rapid devel-
opment of the disease and the short patient survival times.
However, IPC has been considered as a potential therapy for
PC (1,9), with studies demonstrating a median survival time
of 6.1-11.5 months after IPC treatment in patients with PC
originating from gastric cancer (3,10-12). Despite this, the
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median overall survival (OS) time of patients receiving IPC
treatment varies, indicating that there may be confounding
factors also affecting survival. Certain studies have reported
favorable outcomes for patients who underwent a complete
resection, including an improved physical status and the
absence of ascites (11,13,14). The present study reviewed the
use of IPC in treating PC originating from gastric cancer,
and aimed to identify any factors correlating with the effect
of IPC.

Materials and methods

Study population. Patients with PC originating from gastric
cancer received IPC treatment between June 2007 and
October 2012, at the Cancer Center, West China Hospital
of Sichuan University (Chengdu, China). All patients were
confirmed to have synchronous peritoneal metastasis of gastric
cancer upon histopathological analysis of surgery or biopsy
specimens, or by analysis of the ascites cytology at first diag-
nosis. Criteria for eligible patients were as follows: Patients
=18 years of age, who presented with an adenocarcinoma of
gastric origin [including signet ring cell (SRC) type] and who
demonstrated no visceral metastasis (except ovarian metas-
tasis). Patients had received at least one cycle of intraperitoneal
chemotherapy and demonstrated an Eastern Cooperative
Oncology Group (ECOG) score of 0-2 (15). Patients were
excluded if they had a previous history of malignant disease
or if they had previously received palliative chemotherapy.
Patients were also excluded if they demonstrated the occur-
rence of peritonitis, intestinal obstruction, intestinal perforation
or uncontrolled infection prior to treatment.

Data collection. Data regarding age, gender, ascites, ECOG
performance status (PS) score, sites of primary disease, tumor
differentiation, tumor markers [carcinoembryonic antigen
(CEA), carbohydrate antigen 19-9 (CA19-9) and carbohydrate
antigen 72-4 (CA72-4)] and stage of disease were collected.
Symptomatic ascites was defined as a volume of =500 ml iden-
tified during surgery or as estimated by computed tomography
scan. Data regarding surgery and IPC were also collected.
According to the surgical records, those who did not receive
cytoreductive surgery were classified as the non-surgery group.
Patients who had undergone complete resection of primary
gastric lesions and cytoreductive surgery of PC were classi-
fied as the surgery group. Within the surgery group, complete
resection surgery (CCR-0) indicated no remains of macro-
scopic residual cancer, whilst incomplete resection surgery
(CCR-1) indicated residual nodules of PC. OS was calculated
from the initial date of surgery, or first IPC, to mortality or the
last recorded date of follow-up.

Statistics analysis. Kaplan-Meier methods were used to esti-
mate the survival distributions stratified by pertinent clinical
and histopathological variables. The log-rank test was used
to perform univariate analysis of prognostic factors. Cox's
proportional hazards regression model was used to perform
multivariate analysis of prognostic predictors. P<0.05 was
considered to indicate a statistically significant difference.
SPSS software, version 17 (SPSS Inc., Chicago, IL, USA) was
used for all analyses.
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Results

Patients and clinical data. A total of 57 patients presenting
with advanced gastric cancer achieved the inclusion criteria,
with a median age of 51 years. The median follow-up time
was 12.4 months (range, 1-56 months). A total of 3 patients
received IPC treatment alone, whilst 54 patients received
IPC treatment alongside systemic chemotherapy. A total of
32 patients underwent cytoreductive surgery, with 11 achieving
a CCR-0 resection and 21 achieving a CCR-1 resection. The
other 25 non-surgery patients received either IPC alone or
combined with systemic chemotherapy. Poorly-differentiated
tumors were demonstrated to be common (~60%), whilst
SRC adenocarcinoma accounted for 70.2% of all patients
(40 patients). The median number of cycles of IPC adminis-
tered was 3 (range, 1-6), whilst the median number of cycles
of systemic chemotherapy administered was 5 (range, 1-27). A
total of 20 patients (35.1%) presented with symptomatic ascites
at initial diagnosis (Table I).

OS. The median survival time for all 57 patients was calcu-
lated as 10.1 months [95% confidence interval (CI), 6.8-13.5;
Fig. 1]. The OS rates at 1,2 and 3 years were 46, 19 and 12%,
respectively. In total, 4 of the 57 patients are currently alive
without recurrence and had a median follow-up time of
33 months when the study finished. A total of 7 patients were
lost to follow-up, whilst 5 patients survived for more than
3 years; all of these patients presented with no symptomatic
ascites and received on average 12.6 cycles of systemic
chemotherapy. Furthermore, 4 of these patients underwent
a CCR-0 resection and only 1 demonstrated SRC adenocar-
cinoma.

Factors correlating with OS in univariate analysis. A
log-rank test was conducted to investigate the possible prog-
nostic factors of OS. A total of 16 factors were analyzed,
consisting of gender, primary disease site, ECOG PS score,
symptomatic ascites, elevated tumor markers (CEA, CA19-9
and CA72-4), status of resection, histological subtype
of adenocarcinoma, cycles of systemic chemotherapy,
systemic chemotherapy containing oxaliplatin, fluorouracil
or paclitaxel, cycles of IPC and IPC procedure containing
cisplatin or 5-fluorouracil. Factors that favored an increased
rate of survival (Table II) included an ECOG PS score of
0-1 [P=0.02; hazard ratio (HR), 1.91; 95% CI, 1.09-3.35],
no symptomatic ascites at primary diagnosis (P=0.005;
HR, 2.86; 95% CI, 1.60-5.10), complete resection of all gross
disease (P=0.001; HR, 2.74; 95% CI, 1.79-4.22), non-schis-
tosomal rectal cancer (nSRC) adenocarcinoma (P=0.037;
HR, 1.96; 95% CI, 1.03-3.72), =4 cycles of systemic
chemotherapy (P=0.001; HR, 1.67; 95% CI, 0.15-0.48) and
systemic chemotherapy containing oxaliplatin (P=0.01;
HR, 2.70; 95% CI, 1.43-5.09) and fluorouracil (P=0.006;
HR, 2.24; 95% CI, 1.24-4.06). Systemic chemotherapy
containing paclitaxel (P=0.07; HR, 1.70; 95% CI, 0.96-3.00)
was demonstrated to be numerically, but not statistically
different. Gender, primary disease site, elevated tumor
markers (CEA, CA19-9 and CA72-4), cycles of IPC and IPC
procedure containing cisplatin or 5-fluorouracil were not
significantly associated with OS.
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Table I. Patient characteristics.
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Characteristics Value
Total patients, n (%) 57 (100.0)
Gender ratio (male:female), n 29:28
Median age (range), years 52.1 (21-80)
Tumor differentiation, n (%)

High 0(0.0)

Moderate 6 (10.5)

Poor 34 (59.7)

Not reported 17 (29.8)

Type of adenocarcinoma, n (%)
nSRC 17 (29.8)
SRC 40 (70.2)
Symptomatic ascites, n (%)
Yes 20 (35.1)
No 37 (64.9)
Performance status (ECOG), n (%)

0 2(3.5)

1 31 (54.4)

2 24 (42.1)

Location of primary tumor, n (%)

Corpus 26 (45.6)

Atrium 19 (33.3)

Fundus 10 (17.6)

Unknown 2(@3.5)

Status of surgery, n (%)

Resected (surgery) 32 (56.1)
CCR-0 11 (19.3)
CCR-1 21 (36.8)

Undissected (non-surgery) 25(43.9)

Systemic chemotherapy, n (%)

Paclitaxel-containing 31 (544)

Oxaliplatin-containing 42 (73.7)

Fluorouracil-containing 37 (64.9)

IPC agents, n (%)
Cisplatin-containing 43 (754)
5-Fluorouracil-containing 29 (50.9)

Systemic chemotherapy and IPC agents percentages do not equal
100% as certain patients received more than one treatment. SRC,
signet ring cell; nSRC, non-SRC; ECOG, Eastern Cooperative
Oncology Group IPC; intraperitoneal chemotherapy.

Factors correlating with OS on multivariate analysis. A multi-
variate Cox regression was conducted to determine independent
predictors of OS. Only four factors were demonstrated to be
statistically different. Patients with no symptomatic ascites at
surgery or primary diagnosis experienced a median OS time
of 14.9+1.9 months compared with 4.2+2.4 months for patients
who did present with symptomatic ascites (P=0.003; HR, 3.89;
95% CI, 1.58-9.64). The median OS time was 14.9+1.3 months
for patients who underwent surgery, and 6.3+2.3 months
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Figure 1. OS of all 57 patients, with a median OS time of 10.1 months. The
OS rate at 1, 2 and 3 years was 46, 19 and 12%, respectively. OS, overall
survival.

for those who did not undergo surgery (P=0.010; HR, 3.49;
95% CI, 1.34-9.04). For patients with a CCR-0 resection,
the median survival time was 32.5 months in comparison to
13.8+1.3 months for those with a CCR-1 resection. Patients
with nSRC adenocarcinoma experienced a median OS time
of 17.9+5.6 months, which was longer than the 9.8+0.6 months
observed in patients with SRC adenocarcinoma (P=0.024;
HR, 2.94, 95% ClI, 1.15-7.47). Those individuals who received
=4 cycles of systemic chemotherapy experienced a median
OS time of 17.9+3.6 months, while patients who had received
<4 cycles of systemic chemotherapy only experienced a
median OS time of 5.6x1.4 months (P=0.001; HR, 0.13;
95% CI, 0.06-0.32) (Table III and Fig. 2).

Adverse effects. The grade 3 to 4 treatment-related adverse
effects morbidity rate was 22.8% (13 patients). Severe bone
marrow suppression was noted in 8 patients (14.3%), severe
nausea and vomiting in 3 patients (5.3%), and severe diarrhea
in 2 patients (3.5%). Obstruction of the digestive tract was
observed in 5 patients (8.8%) and all instances were consid-
ered as progression of the disease rather than as the adverse
effects of IPC. Puncture-associated complaints were primarily
mild distention and abdominal pain. Peri-operative mortality
(mortality during the 3 months after surgery) in the patients
who underwent surgery was 3.1% (1 patient), with this patient
succumbing 87 days after surgery.

Discussion

PC originating from gastric cancer is a prevalent disease, which
occurs in 5-20% of patients being assessed for potentially cura-
tive resection and accounts for more than half of the mortalities
in those patients (11,16). Patients presenting with PC have a
relatively short survival time, yet there is not a standard treat-
ment for the disease (12,17). Currently, PC that originates from
gastric cancer is typically treated with the use of palliative
systemic chemotherapy only, however, the literature regarding
the efficacy of this treatment when used alone is limited, with
a recorded median OS time of only 6 months (5). In the present
study, patients undergoing systematic chemotherapy, including
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Table II. Survival by univariate analysis.

MEN et al: PROGNOSTIC FACTORS OF IPC FOR PC OF GASTRIC CANCER

Years, n (%)

Median survival Hazard
Characteristics n time, months 0.5 1 2 3 ratio 95% CI  P-value
PS score 191 1.09-335 0.02
0-1 33 12423 28 (84.8) 16(48.5) 10(30.3) 4(12.1)
2 24 92428 14(583) 1041.7) 142 142
Resection status 274 1.79-422 0.001
Surgery 32 149+1.3 29 (90.6) 22(68.8) 11(34.3) 5(15.6)
CCR-0 11 324+109 11 (1000) 9(81.8) 6(54.5) 4364)
CCR-1 21 13.8+1.3 18(85.7) 13(619) 5(23.8) 1(4.76)
Non-surgery 25 6323 13 (52.0) 4(160) 0.0 0.0
Symptomatic ascites 286 1.60-5.10 0.005
Yes 20 42424 10 (50.0) 3(150) 1(3.0) 000
No 37 149+1.9 32(86.5) 23(62.2) 10(27.0) 5(13.5)
Type of adenocarcinoma 196 1.03-3.772 0.037
SRC 40 9.8+0.6 29(72.5) 17(425) 5(125) 1(2.5)
nSRC 17 17.9+£5.6 13 (76.5) 9(529) 6(353) 4(235)
Systemic chemotherapy
Oxaliplatin-containing 270 143-509 001
Yes 42 12.8+1.8 35(83.3) 23(548) 11(262) 5(11.9)
No 15 5.6+1.5 7(46.7) 4(26.7) 0(0.0) 0.0
Fluorouracil-containing 224 124406 0.006
Yes 37 12.8+2.2 28 (75.7) 19(514) 10(27.0) 5(13.5)
No 20 8.3+39 11(55.0) 73500 1.0 0.0
Cycles of systemic
chemotherapy 1.67 0.15-048 0.001
>4 29 17.9+3.6 29 (100.0) 20 (69.0) 10(34.5) 4(13.8)
<4 28 5.6t14 13 (46.4) 6(1214) 136) 136

Survival data categorized by clinicopathological factors identified as statistically significant in a log-rank test. P-values are based on the data
from the log-rank test. CI, confidence interval; SRC, signet ring cell; nSRC, non-SRC.

Table III. Independent predictive clinicopathologic factors in Cox's regression.

95% CI
Parameters Hazard ratio Lower Upper P-value
Symptomatic ascites (yes vs. no) 3.89 1.58 9.64 0.003
Status of resection (CCR-1 vs. CCR-0) 349 1.34 9.04 0.010
Type of adenocarcinoma (SRC vs. nSRC) 2.94 1.15 747 0.024
Cycles of systemic chemotherapy (=4 vs. <4) 0.13 0.06 0.32 0.001

CI, confidence interval; CCR-0, complete resection surgery; CCR-1, incomplete resection surgery; SRC, signet ring cell. nSRC, non-SRC.

a proportion of patients who did not receive surgery (43.9%),
demonstrated a median OS time of 10.1 months. Although
certain studies have reported longer survival times, metachro-
nism PC was also included in those studies, possibly skewing
the results (18,19); however, in the current study, all patients
presented with PC at primary diagnosis or during surgery.

Considering this, the median OS time of 10.1 months established
in the present study was a relatively long survival time when
compared with published data from other studies investigating
patients with PC originating from gastric cancer.

In the present study, SRC adenocarcinoma was confirmed
as an independent factor associated with a reduced OS time in
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Figure 2. Survival curves are illustrated for patients with different clinicopathological factors. (A) Survival of patients who presented with symptomatic ascites
(volume =500 ml) or without symptomatic ascites at surgery or primary diagnosis. (B) Survival of patients who underwent CCR-0 and CCR-1, or those without
surgery (non-surgery). (C) Survival of patients with nSRC or SRC. (D) Survival of patients who received >4 or <4 cycles of systemic chemotherapy. CCR-0,
complete resection surgery; CCR-1, incomplete resection surgery; SRC, signet ring cell adenocarcinoma; nSRC, non-SRC.

PC patients who had been treated with IPC. Similar results have
been demonstrated in tumors with gynecological and colorectal
origins (20,21). In the present study, the median OS time was
18.3 months for patients with nSRC adenocarcinoma compared
with 9.8 months for patients with SRC. SRC adenocarcinoma
was present in 70.2% of all patients in the current study, whilst
only accounting for 10.2-15.6% of all gastric cancer cases
globally (22,23). This could be explained by the idea that SRC
adenocarcinoma metastasizes earlier during development,
therefore causing PC to arise more frequently than nSRC adeno-
carcinoma. SRC adenocarcinoma of the stomach is associated
with an improved prognosis when compared with nSRC adeno-
carcinoma in early gastric cancer, however, it is associated with
a poor prognosis in comparison to nSRC adenocarcinoma at an
advanced disease stage (22,24). A further reason for the poor
prognosis associated with SRC may be that SRC adenocarci-
noma appears to be more resistant to currently used cytotoxic or
biological agents, with more frequent drug resistance-associated
gene mutations observed in SRC adenocarcinoma (25,26).

In the present study, resection status was one of the most
significant prognostic factors for survival (P<0.001) as deter-
mined by multivariate analysis. The median OS time was
observed as 14.9+1.3 months for patients who underwent surgery,
and 6.3+2.3 months for those who did not undergo surgery

(P=0.010). Similar results were reported by Scaringi et al (3),
with a median survival time of 6.6 months in patients with PC
originating from gastric cancer who had been treated by cyto-
reductive surgery and hyperthermia IPC. Glehen ez al (11) also
reported a median survival time of 9.2 months in 159 patients
who had been treated by cytoreductive surgery combined with
perioperative IPC. The effect of IPC treatment on survival when
used alone in patients with PC originating from gastric cancer
has not yet been reported. In the present study, the median
OS time was only 6.3+2.3 months for those with undissected
primary tumors, similar to that observed in patients with PC
who received only systemic chemotherapy (median OS time,
6 months) (5). The synergistic effects of cytoreductive surgery
to remove the macroscopic tumor and of IPC to eradicate micro-
scopic residual diseases are major advantages of this combined
approach. In the surgery group from the current study, the
median OS time for CCR-0 patients (32.4+10.9 months) was
considerably higher than that demonstrated for the CCR-1
patients (13.8+1.3 months). Similar results were reported by
Yonemura et al in a study of 107 patients; the median survival
time after complete cytoreduction was 15.5 months, and
the median survival time following incomplete cytoreduc-
tion was 7.9 months (12). Glehen et al conducted an analysis
of 159 patients from 15 institutions. For patients treated by
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CCR-O0 surgery, the median survival time was 15 months,
compared with 6 or 4 months for CCR-1 or CCR-2 patients,
respectively (11). Even in patients where a CCR-0 cannot be
undertaken, a nearly complete resection or CCR-1 can still
achieve a longer survival time compared with that of patients
with large residual tumor nodules left (10). This implies that
a more radical surgery strategy may be taken into consider-
ation. However, a thorough and precise assessment prior to
surgery should be addressed (27).

Symptomatic ascites is an independent factor associated
with poor survival. In the present study, patients with ascites at
primary diagnosis or surgery experienced a median survival
time of 4.2 months, compared with 14.9 months for patients
without the presence of symptomatic ascites. Numerous
studies have reported a median survival time of 4-33 weeks
for patients presenting with symptomatic ascites (28). This
therefore indicates that ascites should be included in the
regular evaluation prior to cytoreductive surgery in order
to make a fully informed judgment. Symptomatic ascites
often complicates PC and may severely impair quality of
life (29). However, despite the improvement of survival in
those patients being limited, IPC has demonstrated a high
effectiveness in symptom control, with it being reported
that >80% of ascites was controlled following manipula-
tion (30,31). This was observed typically following the use
of conventional treatments, including repeated paracenteses,
diuretics and systemic chemotherapy. However, although
they may initially be successful, these therapeutics strategies
lose their efficacy over time, so cannot be considered as a
long-term fix (29).

Systemic chemotherapy has been regarded as an effective
treatment strategy for patients with gastric cancer undergoing
multidisciplinary treatment. Partial and complete responses
following systemic chemotherapy for PC of gastric origin
have been reported (32,33). In the present study, 54 patients
(94.7%) received systemic chemotherapy. Those who had
the chance to receive =4 cycles of systemic chemotherapy
experienced a median OS time of 17.9+3.6 months. This
was a significant improvement in comparison to patients
who received <4 cycles (5.6+1.4 months) (P=0.001). As
previously mentioned, systemic chemotherapy alone did not
appear to produce a significant improvement in the OS of
gastric cancer patients with PC (5). Regarding the results
of the current study, it is believed that on the basis of local
control of IPC, systemic chemotherapy may be an important
modality for survival benefits. The results of the current
study also indicate that the use of systemic chemotherapy
should not be ceased too early into treatment without the
observation of disease progression or evidence of resistance.
However, regarding the evidence that increased cycles of
systemic chemotherapy may be the consequence of a better
response for chemotherapy, further investigation is required
to confirm its effect.

It should be noted that the present study was conducted
with a small sample size, and the differing regimens of
chemotherapy and IPC agents have made the investigation
difficult. Despite this, to the best of our knowledge, the
current study is the first analysis that evaluates the effect
of IPC on survival in patients with PC originating from
gastric cancer, as well as evaluating the correlation of patient
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characteristics with OS. We believe that the results from the
present study may provide important information that may aid
in clinical practice for patients with PC.

In conclusion, IPC is one of the most important treatments
administered to patients presenting with the peritoneal spread
of gastric cancer. A complete resection of all gross disease,
receiving an increased number of cycles of systemic chemo-
therapy (=4 cycles) and certain clinical pathological factors,
including nSRC adenocarcinoma and no symptomatic ascites,
are all advantageous factors for an extended OS time in PC
patients.
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