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Abstract The prognosis for ovarian metastasis of gastric
cancer is poor. There is no currently available treatment for
this disease. The purpose of this study was to evaluate the
efficacy and safety of hyperthermic intraperitoneal chemo-
therapy (HIPEC) after cytoreductive surgery (CRS) in fe-
male gastric cancer patients with metachronous ovarian
metastasis. From January 2000 to December 2010, 62
patients developed ovarian metastasis after undergoing gas-
trectomy with D2 lymphadenectomy. Thirty-two patients
underwent CRS plus HIPEC, and 30 patients underwent
CRS alone. The median age of all 62 patients was 44 years
(range 19–71 years). Metastatic carcinoma involving bilat-
eral ovaries was observed in 50 patients (80.6 %). The
median survival time in the CRS+HIPEC group was
15.5 months (95 % confidence interval [CI] 12.1–
18.9 months) but was only 10.4 months (95 % CI 8.5–
12.2 months) in the CRS group (P00.018). Among the 32
patients with pelvic peritoneal metastasis, a stratified analy-
sis revealed that the median survival period for the 15
patients treated with CRS+HIPEC was significantly higher

than that for the patients treated with CRS alone (P00.046).
Among the 30 patients who suffered from ovarian metasta-
sis alone, the median survival times were similar in both
groups (P00.141). A multivariate analysis revealed that
CRS+HIPEC and a low Peritoneal Cancer Index (PCI) were
independent predictors for improved survival. In conclu-
sion, our study indicates that employing the HIPEC proce-
dure after CRS could improve the survival time of patients
with ovarian metastasis with few complications; however,
we do not recommend HIPEC treatment for ovarian metas-
tasis alone.
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Introduction

Gastric cancer is the fourth most common cancer in the
world and is the leading cause of cancer-related deaths in
China [1]. In China, gastric cancer is usually diagnosed at an
advanced stage. The quality of treatment for patients with
gastric cancer has improved dramatically in the past decade
to include techniques such as gastrectomy with D2 lympha-
denectomy, neoadjuvant chemotherapy regimens, and new
targeted drugs. However, many patients are diagnosed at
advanced stages with synchronous or metachronous metas-
tases in the peritoneum, ovary, and liver [2, 3]. The progno-
sis of these patients is extremely poor even after surgery and
chemotherapy.
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Particularly among women, cancers of the gastrointesti-
nal tract are most likely to give rise to ovarian metastases
(Krukenberg's tumors); ovarian metastasis is common and is
one of the most important causes of treatment failure. It was
originally thought that the cancer cells drifted across the
abdomen to the ovaries, but there is now evidence that these
cells can also be transported in the blood or lymph [4]. It has
been reported in previous studies that only surgery could
improve the prognosis of these patients [5–7]. Other schol-
ars have suggested that young female patients with gastric
cancer who have multiple regional lymph node metastases
should be treated with prophylactic oophorectomy [8, 9].
However, this opinion has not been widely accepted because
no large, prospective, randomized clinical studies have been
conducted.

In our hospital, we performed cytoreductive surgery
(CRS) combined with hyperthermic intraperitoneal chemo-
therapy (HIPEC) in patients with metachronous ovarian
metastasis. The goal of this study was to evaluate the safety
and the survival benefit of CRS plus HIPEC for gastric
cancer patients with metachronous ovarian metastasis.

Patients and methods

Patients

From January 2000 to December 2010, 62 patients devel-
oped ovarian metastasis after undergoing gastrectomy with
D2 lymphadenectomy at the Department of Gastrointestinal
Surgery at Beijing Cancer Hospital in Beijing, China. All
cases were retrospectively reviewed. All the patients with
gastric cancer had a pathological diagnosis before surgery
and no clinical or radiological evidence of distant metasta-
sis. Among this group, 32 suffered simultaneously from
pelvic peritoneal dissemination. Of these 62 patients, 32
were treated with CRS and HIPEC, whereas the other 30
were treated with CRS alone. Because HIPEC is an explor-
atory therapy with uncertain consequences, the patients
either accepted or refused treatment with CRS plus HIPEC,
based on patients individual situations after consultation.

Surgery and HIPEC

Each patient underwent CRS, which included the resection
of the ovarian metastasis, peritonectomy for simultaneous
pelvic peritoneal metastasis (n032), and unilateral salpingo-
oophorectomy (n012) or bilateral salpingo-oophorectomy
(n050), based on their clinical diagnosis and according to
the procedure developed by Sugarbaker. After peritonec-
tomy, the resection status of the patients was scored using
the Peritoneal Cancer Index (PCI), as described by Jacquet
and Sugarbaker [10]. The PCI quantitatively determines the

distribution and implant size of the cancer throughout 13
abdominopelvic regions, of which four refer to the small
bowel (regions 9 and 10 define the upper and lower portions
of the jejunum, and regions 11 and 12 define the upper and
lower portions of the ileum). Each of these regions was
assigned a score from 0 to 3 based on the size and extent
of the tumor implants. The sum of each region's numerical
score yielded the PCI total score, which varied from 1 to 39.
After surgery, 32 patients underwent HIPEC.

HIPEC was performed after resection using three
drainage tubes that were placed in the abdominal cavity.
Approximately 3–4 L of heated 5 % glucose containing
oxaliplatin was circulated for 60 min (460 mg/m2). The
abdomen was gently rocked to distribute the drug evenly
throughout the abdominal cavity. One outflow tube for
perfusion was placed in Douglas's pouch, and the other
tube was placed in the pelvis. The inflow tube was
placed subphrenically. The heated perfusion solution
was infused into the peritoneal cavity at a rate of 500–
800 mL/min through the inflow tube, which was intro-
duced by an automatic hyperthermia perfusion device
(RHL-2000B, Madain Medical Devices Co., Ltd., Jilin,
China). The temperature of the perfusate in the inflow
tube and outflow tube was monitored in real time. The
temperature of the perfusion solution in the peritoneal
space was maintained at 43.0±0.5 °C. The inflow and
outflow temperature curves were stored in the device.
After the HIPEC procedures were completed, as much
fluid as possible was removed from the abdominal cavity.

Statistical analysis

Clinical follow-up was performed by calling the patients and
by accessing outpatient records. The median follow-up pe-
riod was 11 months (2.8–28.2 months). The overall survival
was defined as the period between the date of surgery and
either the date of the last follow-up or the date of death. A
death due to ovarian metastasis was considered to be an
endpoint event. Patients who were still alive at the time of
the last follow-up, who died of other causes, or with whom
we lost contact were excluded from the study.

All the statistical analyses were performed using the
Statistical Package for the Social Sciences (SPSS) software
(version 18.0; SPSS Inc., Chicago, IL, USA). The demo-
graphic and clinical characteristics of the patients in both
groups were compared using a two-tailed Student's t test for
the continuous variables and a chi-square test for the dis-
crete variables. Overall survival curves were estimated using
the Kaplan–Meier method. The differences in survival be-
tween the two groups were assessed using a log-rank test.
Additionally, the Cox proportional hazards regression model
was used in a stepwise fashion to perform a multivariate
analysis of the clinical factors to determine an overall model
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of independent predictors of OS. For all the analyses, the
significance level was specified as P<0.05.

Results

Patient characteristics

All the patients underwent CRS treatment, and HIPEC proce-
dures were performed on 32 patients (51.6 %). The median
age of all 62 patients at the time of treatment was 44 years
(range 19–71 years). Metastasis involving both ovaries was
observed in 50 patients (80.6 %). The operation revealed
metastatic deposits on the pelvic peritoneum in 32 patients;
subsequently, 15 patients underwent HIPEC (Table 1).
The clinicopathological characteristics of primary gastric
cancer are listed in Table 2. The tumor location, differ-
entiation, depth of invasion, status of lymph node me-
tastases, and TNM (tumor, lymph node, and metastasis)
stage were similar between the two groups.

Surgical results

All the cases of ovarian metastasis and pelvic peritoneal
metastasis of gastric cancer were confirmed by pathology.
In the present study, we found pelvic peritoneal metastases
that simultaneously occurred in 32 patients. Of these 32
patients, we defined PCI<16 (n014) as a low PCI and
PCI≥16 (n018) as a high PCI after CRS for the quantitative
evaluation of the cytoreductive status.

Adverse effects of HIPEC

No patients died from surgery-related complications. Fur-
thermore, there were no significant differences between the
HIPEC and non-HIPEC groups in the incidence of grades III
and IV toxicities (P00.56). No hepatic or renal dysfunction
or hematological toxicities were found in the HIPEC group;
three patients exhibited severe vomiting but recovered fol-
lowing antiemetic treatment within 3 days after HIPEC. All

the patients suffered from varying degrees of abdominal
pain, but their pain was adequately controlled by
medication.

Survival and follow-up

As displayed in Fig. 1, the CRS+HIPEC group experienced
a significantly longer survival time than did the CRS-alone
group. The median survival time in the CRS+HIPEC group
was 15.5 months (95 % CI 12.1–18.9 months), compared
with 10.4 months (95 % CI 8.5–12.2 months) in the group
that was treated with CRS alone (P00.018). A further
stratified analysis revealed that the median survival period
of the 15 patients with pelvic peritoneal dissemination who
underwent CRS+HIPEC was significantly higher than that
of the patients who were treated with CRS only (10.1 vs.
7.4 months, P00.046, Fig. 2). Among the 30 patients who
suffered from ovarian metastasis alone, the median survival
time was similar between those patients treated with CRS+

Table 1 Clinical features of Krukenberg tumor in resection+HIPEC
and resection alone group

Resection+HIPEC
n032

Resection alone
n030

P

Median age (years) 44 42.5 0.661

Peritoneal dissemination 15 (46.9 %) 17 (56.7 %) 0.441

Ovarian metastasis 0.992

Right 26 (81.3 %) 24 (80.0 %)

Left 3 (9.4 %) 3 (10.0 %)

Both 3 (9.4 %) 3 (10.0 %)

Table 2 Clinicopathological findings of primary gastric cancer

Variables Resection+HIPEC Resection alone P value
n032 n030

Tumor location 0.892

Upper 10 (31.3) 9 (30)

Middle 7 (21.9) 9 (30)

Lower 12 (37.5) 10 (33.3)

Total 3 (9.4) 2 (6.7)

Depth of invation 0.509

T1 0 2 (6.7)

T2 3 (9.4) 2 (6.7)

T3 6 (18.8) 5 (16.7)

T4 23 (71.9) 21 (70)

N stage 0.920

N0 13 (40.6) 13 (43.3)

N1 8 (25.0) 7 (23.3)

N2 5 (15.6) 6 (20.0)

N3 6 (18.8) 4 (13.3)

TNM stage 0.806

І 1 (3.1) 2 (6.7)

II 14 (43.8) 13 (43.3)

III 17 (53.1) 15 (50.0)

IV

Vascular invasion 0.572

Negative 17 (53.1) 14 (46.7)

Positive 10 (31.3) 13 (43.3)

Not recorded 5 (15.6) 3 (10.0)

Differentiation 0.887

Well 7 (21.9) 8 (26.7)

Moderately+poorly 18 (56.2) 17 (56.6)

Other types 7 (21.9) 5 (16.7)
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HIPEC and those patients treated with CRS alone
(21.9 months with 95 % CI 18.9–24.9 months vs.
18.8 months with 95 % CI 14.1–23.4 months, respectively)
(P00.141). The prognostic value of PCI after CRS on
survival was also demonstrated; the median survival times
of the patients with low PCIs and high PCIs after CRS were

10.4 months (95 % CI 9–11.9 months) and 7.4 months
(95 % CI 5.2–9.6 months), respectively (P00.002, Fig. 3).

Multivariate analysis using the Cox regression model
identified HIPEC and a low PCI as the major independent
predictors for improved survival, whereas the menstrual
status, chemotherapy cycles, and tumor size were not inde-
pendent survival factors (Table 3). Compared with CRS
alone, CRS+HIPEC was approximately three times more
likely to improve survival (hazard ratio02.996; 95 % CI
1.245–7.208).

Discussion

Krukenberg's tumor was first reported in 1896 by Freidrich
Ernst Krukenberg [11]. The World Health Organization
(WHO) established the diagnostic standard in 1973 as fol-
lows: (1) the presence of a tumor in the ovary, (2) evidence
of intracellular mucin secretions in the form of signet cells,
and (3) diffuse infiltration of stroma yielding a sarcomalike
appearance, which is the diagnostic standard that has been
applied until recently [12]. According to this definition,
Krukenberg's tumor can originate in various organs, such
as the breast, esophagus, stomach, colorectal tissue, gall-
bladder, pancreas, small intestine, appendix, and lung. No-
tably, the stomach is the most common primary source [13].
Previous studies revealed that the frequency of ovarian
metastasis varies from 2.7 % to 6.7 % among female
patients who have undergone gastrectomy [5, 9, 14]. The
present study indicates that retrograde lymphatic spread is

Fig. 1 Treatment outcome of OS in the CRS+HIPEC and the CRS-
alone groups. The median survival time in the CRS+HIPEC group was
15.5 months, compared with 10.4 months in the CRS-alone group.
There was a significant difference in survival between the groups
(P00.018)

Fig. 2 Treatment outcome of OS in the patients with ovarian metas-
tasis and peritoneal dissemination. The median survival period of the
patients who received HIPEC plus CRS was significantly higher than
that of those patients who received CRS alone (10.1 vs. 7.4 months,
P00.046)

Fig. 3 The median survival times of the patients with low PCIs (n014)
and high PCIs (n018) after CRS were 10.4 months (95 % CI 9–
11.9 months) and 7.4 months (95 % CI 5.2–9.6 months), respectively
(P00.002)
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the most likely route of metastasis of gastric carcinoma to
the ovaries; other theories include implantation and hema-
togenous metastasis [4].

The prognosis of patients with ovarian metastasis is uni-
formly poor. Cheong et al. [5] reported the median survival
time as 17 months among 33 patients with ovarian metasta-
sis who underwent resection, which was significantly longer
than the median survival time in the nonresection group (P<
0.001). Jiang et al. [6] reviewed a series of 54 patients with
cancers that metastasized to the ovary. The estimated 5-year
survival rate was 12.1 %; the median survival time among
patients with microscopic residual disease after metastasec-
tomy was 29.6 months, compared with 10 months among
those patients with visible residual disease (P<0.01). The
treatment of ovarian metastasis of gastric cancer remains
frustrating. Many physicians have considered surgery to be
the main treatment of ovarian metastases from gastric cancer
[5–7].

In the present study, we retrospectively analyzed the
outcomes of 62 patients with ovarian metastasis. Our results
demonstrated that the patients treated with CRS+HIPEC
exhibited significantly longer survival times than did those
patients who were treated with CRS alone. The median
survival time of the patients treated with CRS+HIPEC
was 15.5 months (95 % CI 12.1–18.9 months), compared
with 10.4 months (95 % CI 8.5–12.2 months) for the
patients treated with CRS alone (P00.018). These findings
indicate that HIPEC could improve the survival of patients
with ovarian metastasis.

Currently, there is no standard treatment for ovarian
metastasis when it presents with peritoneal metastases from
gastric cancer. Although the prognosis is very poor, the use
of CRS in combination with HIPEC is gaining popularity
[15–17]. Dr. Fujimoto first reported this method in 1988
[18] after the technique was applied in 15 patients with
peritoneal seeding, five of whom also presented with ovar-
ian metastasis. These patients were treated surgically

followed by an intraperitoneal hyperthermic perfusion with
mitomycin C and misonidazole. The mean survival time was
7.2±4.6 months, with an acceptable rate of adverse events.

Li et al. [19] reported that gastric cancer patients with
single peritoneal disseminations who underwent CRS plus
HIPEC had significantly longer survival times than did their
counterparts who were treated with resection alone. A mul-
tivariate analysis revealed that HIPEC was an independent
prognostic factor. The multivariate survival analysis in the
present study also suggested that HIPEC and a low PCI
could improve survival times. Yang et al. [20] reported on
68 peritoneal carcinomatosis (PC) patients who were ran-
domized to treatment with CRS alone (n034) or CRS+
HIPEC (n034) as well as cisplatin and mitomycin C. The
median survival times were 6.5 months and 11.0 months,
respectively (P00.046). In the present study, we identified
32 patients who were diagnosed with Krukenberg's tumor in
combination with pelvic peritoneal dissemination. The me-
dian survival time of these 32 patients was 9.4 months. We
attempted to use the HIPEC with oxaliplatin method to
improve the survival times of these patients. Oxaliplatin is
a third-generation platinum anticancer drug that has demon-
strated a wide spectrum of antitumor activities. At present,
several phase II or III trials have confirmed the activity of
oxaliplatin in various combinations with 5-FU/S-1/capecita-
bine and/or leucovorin in advanced or metastatic gastric
cancer [21–24]. Fifteen patients underwent CRS plus
HIPEC; among these patients, the median survival time
was 10.1 months, which was significantly higher than the
rates observed among those treated with CRS alone
(7.4 months, P00.046). These results were similar to the
data reported by Glehen et al. [25, 26] (OS 9.2 months).

There is a synergistic effect between hyperthermia and
chemotherapeutic drugs [27]. First, heat is more toxic to
cancerous tissue than to normal tissue. Second, hyperther-
mia increases the penetration of chemotherapeutic drugs
into tissues. Finally, and perhaps most importantly, heat
increases the cytotoxicity of certain chemotherapeutic
agents. The most interesting finding from the present study
suggests that the survival difference between the patients
treated with CRS alone and the patients treated with CRS
plus HIPEC was significant among the patients with syn-
chronous peritoneal dissemination (P00.046). Furthermore,
in our research, we found that 30 patients had ovarian
metastasis without evidence of other distant metastases; of
these, 13 patients who underwent surgery in combination
with HIPEC exhibited survival times that were not signifi-
cantly different than the survival times yielded from surgery
alone (median OS 21.9 months vs. 18.8 months, P00.141).
This result may be related to the method of spread of the
gastric cancer to the ovary. Recently, retrograde lymphatic
spread has been reported to be a likely route for metastasis.
Cancer cells block the lymphatic uplink path and are

Table 3 Multivariate survival analysis for gastric cancer patients with
peritoneal metastasis

Variables Hazard ratio 95 %CI P value

Menstrual status

Pre. vs. pro. 0.913 0.272–3.071 0.884

Tumor size

≤5 cm vs.>5 cm 0.463 0.163–1.316 0.149

Chemotherapy cycles

>3 vs. ≤3 0.357 0.095–1.339 0.127

PCI

High vs. low 3.235 1.366–7.662 0.008

HIPEC

No vs. yes 2.996 1.245–7.208 0.014
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transferred to the paraaortic and pelvic lymph nodes along
the lymphatic reflux. The ovary is an organ with a rich
network of lymphatic vessels. Kakushima [28] reported that
eight patients with early-stage gastric cancer developed
ovarian metastasis. Because the height of the gastric mucosa
is significantly reduced in patients with early-stage gastric
cancer and because the gastric mucosa and submucosa con-
tain a rich lymphatic plexus, the lymphatic capillaries may
be located near the surface epithelium. Consequently, cancer
cells in the mucosa could easily infiltrate the lymphatic
vessels and thus lead to ovarian metastasis. Therefore,
HIPEC may not be an effective treatment for active ovarian
metastases from gastric cancer.

In agreement with other studies [29], our results confirmed
that the patients with PCI<16 after CRS could achieve better
prognoses. Therefore, according to the principles of individual
treatment, patients with complete or nearly complete CRS can
be considered for treatment with HIPEC.

A previous study has revealed potential complications of
HIPEC in combination with CRS. These adverse effects
include anastomotic leakage, hepatic or renal dysfunction,
hematological toxicity, fever, intestinal obstruction, bleed-
ing, deep vein thrombosis, chemical peritonitis, vomiting,
and abdominal abscess [30]. There were no significant dif-
ferences in severe surgical complications between the
HIPEC and non-HIPEC groups (P00.56). In the HIPEC
group, there were no grades III and IV hematological, he-
patic, and renal toxicities. Our results suggest that HIPEC
with oxaliplatin is safe for patients undergoing CRS.

The present study demonstrated that the HIPEC procedure,
when performed after CRS, could potentially improve the
survival times of patients with ovarian metastasis, yielding only
minor complications, especially among patients with synchro-
nous peritoneal dissemination. This study had certain limita-
tions because it was a retrospective analysis involving relatively
few cases. Nonetheless, the results of this research were en-
couraging although no definitive conclusion was reached re-
garding the therapeutic activity of this locoregional treatment.
In the absence of effective systemic agents, the therapeutic
potential of CRS plus HIPEC should be further explored using
a large number of prospective, randomized clinical trials.
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