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Purpose: There is no consensus regarding whether metastasectomy in gastric cancer

patients with Krukenberg tumors (KTs) is associated with survival benefits. The aim of

this study was to evaluate the treatment of KTs of gastric origin in a large series of patients

and to identify prognostic factors affecting survival.

Patients and Methods: All patients who were diagnosed with gastric cancer and ovarian

metastases in a single medical center between January 2006 and December 2016 were

identified and included. The patients were divided into two groups according to treatment

modality: a metastasectomy group and a nonmetastasectomy group. Clinicopathological

features and overall survival (OS) were compared between the groups.

Results: In total, 182 patients were identified; 94 patients presented with synchronous KTs, and

88 developed metachronous KTs during follow-up. OS was significantly longer in the metasta-

sectomy group than in the nonmetastasectomy group among those with synchronous (14.0

months vs 8.0 months; p = 0.001) and metachronous (14 months vs 8 months; p = 0.018) KTs.

Multivariate analysis indicated that metastasectomy (hazard ratio [HR] 0.537; 95% confidence

interval [CI] 0.344–0.839; p = 0.006), ascites (HR 1.523; 95% CI 1.058–2.193; p = 0.024), linitis

plastica (HR 1.995; 95% CI 1.115–3.571; p = 0.020), and systemic chemotherapy (HR 0.456;

95% CI 0.280–0.742; p = 0.002) were independent predictors of OS.

Conclusion: Metastasectomy combined with systemic chemotherapy should be performed

in gastric cancer patients with synchronous or metachronous KTs. Metastasectomy, systemic

therapy, linitis plastica, and ascites are prognostic factors for OS. Further prospective

randomized studies are needed.

Keywords: gastric cancer, ovarian metastasis, Krukenberg tumor, ovarian metastasectomy,

survival benefit

Introduction
Gastric cancer is the fourth most common cancer worldwide and the second leading

cause of cancer-related death.1,2 Although surgery remains the gold standard

therapy for this disease, locoregional relapse or distant metastasis occurs in

a majority of patients after curative resection.3 Moreover, many patients are diag-

nosed at advanced stages with synchronous or metachronous metastases in the

peritoneum, ovary, and liver.4 Despite multimodal therapy and improvement in

systemic therapy, the outcomes of these patients remain extremely poor.5

A Krukenberg tumor (KT) is a malignancy that has metastasized to the ovaries,

and its prognosis is dismal.6,7 Gastric cancer is the leading primary origin of KT,8
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and ovarian metastasis is one of the most important causes

of treatment failure in gastric cancers among female

patients.7,9 Unfortunately, no optimal treatment strategies

or guidelines for patients diagnosed with KTs of gastric

origin have been clearly established. Moreover, only a few

studies have assessed the value of metastasectomy for KTs

of gastric origin, and the survival benefit of ovarian metas-

tasectomy remains controversial. Indeed, some studies

have shown that resection of metastatic tumors can pro-

long survival,9–12 whereas others have found that aggres-

sive surgical therapy offers no benefit.13,14

Therefore, we conducted this study to investigate the

survival benefit of ovarian metastasectomy for gastric

patients with synchronous or metachronous KTs derived

from gastric cancer and to identify prognostic factors

affecting survival.

Materials and Methods
All patients who were diagnosed with gastric cancer and

ovarian metastases at the Cancer Hospital of the Chinese

Academy of Medical Sciences between January 2006 and

December 2016 were enrolled in the study.

Clinicopathological features and treatment records were

reviewed in detail. The diagnosis of KT was based on

the pathological evaluation of metastasectomy specimens

or computed tomography (CT) or ultrasonography find-

ings. All patients with gastric cancer received

a pathological diagnosis. The cancer had been staged

according to the American Joint Committee on Cancer

(AJCC) tumor node metastasis (TNM) system. All study

procedures were approved by the Institutional Review

Board of our hospital. The datasets in the current study

are available from the corresponding author on reasonable

request.

Clinicopathological variables included age (≥45 or <45

years), menopausal status (premenopausal or postmenopau-

sal), primary tumor location, size of the ovarian metastasis,

ovarian involvement (unilateral or bilateral), pathology

reports, other types of metastasis, extent of the disease,

ascites (presence or absence) before or during resection of

the ovarian metastasis and systemic chemotherapy.

Synchronous KT was defined as the initial presentation of

ovarian metastasis; metachronous KT was defined as detec-

tion of KTs upon relapse or disease progression after radical

gastrectomy. Ascites was determined by CT or ultrasonogra-

phy before ovarian metastasectomy or was found during the

operation. At the completion of metastasectomy, the residual

disease state of each patient was recorded according to the

presence or absence of gross residual disease, which was

classified as negative resection margins (R0), microscopic

tumor infiltration (R1), and macroscopic residual tumor (R2).

Chemotherapy was administered in all synchronous KT

patients who did not undergo metastasectomy and 14

metachronous KT patients who did not undergo metasta-

sectomy (82.4%). 49 synchronous KT patients and 48

metachronous KT patients who underwent metastasectomy

received chemotherapy, while 8 patients with synchronous

KT and 23 patients with metachronous KT who underwent

metastasectomy did not receive chemotherapy due to poor

performance status after metastasectomy or toxicity con-

cerns. The majority of the patients received 2- or 3-drug

combinations, usually for 4–8 cycles. The main che-

motherapeutic drugs included cisplatin, carboplatin, oxali-

platin, taxane, irinotecan and 5-fluorouracil.

To compare overall survival (OS), patients were divided

into two groups according to the treatment modality they

received: a metastasectomy group and a nonmetastasectomy

group. For patients with synchronous KTs, OS was defined

as the time from the date of the pathologic diagnosis of

gastric cancer to the date of death or last follow-up. For

patients with metachronous KTs, OS was defined as the time

from the date of KT diagnosis by imaging to the date of

death or the last follow-up. Evaluation of patient survival

was performed by follow-up contact via telephone calls and

using outpatient records. Patients were followed up until

death or December 31, 2018.

Statistical Analyses
A chi-square test or Fisher’s exact test was applied to com-

pare clinicopathologic data. Comparisons of continuous

variables were performed using the t test. Cumulative survi-

val rates were obtained using the Kaplan–Meier method and

compared using the log rank test to evaluate statistically

significant differences. Cox proportional hazards regression

analysis was employed to evaluate factors affecting OS. A p

value < 0.05 was considered significant. The statistical ana-

lysis was performed with SPSS for Windows version 22.0.

Results
Patient Clinicopathological

Characteristics
A total of 94 patients with synchronous KTs were included

in this study; 57 (60.6%) and 37 (39.4%) patients did and

did not undergo metastasectomy for KTs, respectively. The

clinical characteristics of the synchronous KT patients are
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Table 1 Clinical Characteristics of 94 Patients with Synchronous Krukenberg Tumors

Variable Metastasectomy n=57 (%) Nonmetastasectomy n=37 (%) p value

Age 0.598

≥45 17 (29.8) 13 (35.1)

<45 40 (70.2) 24 (64.9)

Year of diagnosis 0.262

2006–2008 14 (24.6) 5 (13.5)

2009–2012 22 (38.6) 20 (54.1)

2013–2016 21 (36.8) 12 (32.4)

Menstrual status 0.095

Premenopausal 39 (68.4) 31 (83.8)

Postmenopausal 18 (31.6) 6 (16.2)

Tumor location

Upper 1/3 6 (10.5) 4 (10.8) 1.000

Middle 1/3 19 (33.3) 12 (32.4)

Lower 1/3 22 (38.6) 14 (37.8)

Whole stomach 10 (17.5) 7 (18.9)

Linitis plastica 1.000

Yes 6 (10.5) 4 (10.8)

No 51 (89.5) 33 (89.2)

Signet-ring cells 0.773

Yes 31 (54.4) 19 (51.4)

No 26 (45.6) 18 (48.6)

Laterality 0.185

Bilateral 48 (84.2) 27 (73.0)

Unilateral 9 (15.8) 10 (27.0)

Tumor size (cm) 8.7±4.5 6.2±3.0 0.031

Pathologic differentiation 0.943

Differentiated 8 (14.0) 5 (13.5)

Undifferentiated 49 (86.0) 32 (86.5)

Other types of metastasis 37 (64.9) 31 (83.8) 0.046

Peritoneum 37 (64.9) 28 (75.7) 0.270

Liver 0 3

Supraclavicular lymph nodes 0 6

Bone 1 2

Lung 2 2

Other 0 2

Ascites 0.089

Yes 30 (52.6) 26 (70.3)

No 27 (47.4) 11 (29.7)

Gastrectomy <0.001

Yes 28 (49.1) 0 (0)

No 29 (50.9) 37 (100)

Distal gastrectomy 17 -

Proximal gastrectomy 3 -

Total gastrectomy 8 -

Systemic chemotherapy 0.020

Yes 49 (86.0) 37 (100)

No 8 (14.0) 0 (0)
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listed in Table 1. Patients who underwent metastasectomy

had significantly larger KTs (8.7±4.5 vs 6.2±3.0 cm,

p=0.031) and fewer metastases outside the ovaries

(64.9% vs 83.8%, p=0.046) and were less likely to receive

systemic chemotherapy (86.0% vs 100%, p=0.02) than

those who did not undergo metastasectomy. In both

groups, there were more premenopausal patients than post-

menopausal patients and more patients aged <45

years. Year of diagnosis, KT laterality, tumor location,

histological type and proportion of linitis plastica and

presence of ascites were not significantly different between

the two groups.

The clinicopathological features of the patients with

metachronous KTs are summarized in Table 2. A total of

71 (80.7%) patients received metastasectomy, whereas 17

(19.3%) patients did not. The clinical characteristics of

both groups were similar.

Treatment Outcome and Prognostic

Factors
The median OS for all patients with synchronous KTs was

12.0 months (95% confidence interval [CI], 9.727 to

14.237 months). The median OS was significantly longer

for the metastasectomy group (14.0 months, 95% CI,

12.109 to 15.891 months) than for the nonmetastasectomy

group (8.0 months, 95% CI, 6.939 to 9.061 months) (p =

0.001, Figure 1). For patients with metachronous KTs, the

median OS was 13.0 months (95% CI 7.958 to 18.042).

Additionally, the median survival time in the metastasect-

omy group was 14.0 months (95% CI, 8.524 to 19.476

months), compared with 8.0 months (95% CI, 4.966 to

11.034 months) in the nonmetastasectomy group (p =

0.018, Figure 2). As shown in Figure 3, the R0 resection

group (n=60) had a significantly longer OS (p < 0.001)

than the R1, R2 resection group (n=68). The median OS

was 19.0 months (95% CI, 12.194 to 25.806) in the R0

resection group and 10.0 months (95% CI, 7.182 to

12.818) in the R1, R2 resection group.

Univariate and multivariate analyses of predictors for

KT patients are presented in Table 3. In the univariate

analysis, metastasectomy, gastrectomy, synchronous dis-

ease, peritoneal carcinomatosis, other types of metastasis,

linitis plastica and ascites were found to be prognostic

factors associated with OS. In the multivariate analysis,

metastasectomy (hazard ratio [HR] 0.537; 95% CI 0.344–

0.839; p = 0.006) and systemic chemotherapy (HR 0.456;

95% CI 0.280–0.742; p = 0.002) were independently and

strongly associated with a better OS. In contrast, the pre-

sence of ascites (HR 1.523; 95% CI 1.058–2.193; p =

0.024) and linitis plastica (HR 1.995; 95% CI 1.115–

3.571; p = 0.020) was associated with reduced OS.

Discussion
Our study demonstrates that metastasectomy significantly

increases the survival of patients with KTs originating

from gastric cancer. OS was significantly longer in the

metastasectomy group than in the nonmetastasectomy

group among patients with synchronous KTs (14.0 months

vs 8.0 months; p = 0.001) as well as those with metachro-

nous KTs (14.0 months vs 8.0 months; p = 0.018).

Metastasectomy, ascites, linitis plastica and systemic ther-

apy were found to be independent predictors of OS.

KT occurs in 0.3–6.7% of patients who undergo sur-

gery for gastric cancer, although the incidence based on

autopsies of gastric cancer patients is much higher

(33–41%).15,16 Previous studies have shown that the prog-

nosis of patients with KT is very poor, with a median

survival ranging from 9 to 11 months.8 In fact, the prog-

nosis of patients with gastric cancer with metastasis to the

ovaries has been reported to be worse than that of patients

with other primary tumors.17 Despite many efforts to

address this issue, there are very few reports regarding

the surgical treatment of ovarian metastasis of gastric

cancer because of its relatively low incidence.

Accordingly, the survival benefit of surgical metastasect-

omy remains controversial. For example, Cho et al

reported that OS was significantly increased in the metas-

tasectomy group relative to the nonmetastasectomy group

among patients with synchronous (18.0 months vs 8.0

months; p < 0.001) and metachronous (19.0 months vs

9.0 months; p=0.002) KTs derived from gastric cancer.9

Additionally, Lu et al found that patients who underwent

metastasectomy had a better OS than patients who did not

undergo metastasectomy (14.1 months vs 8.0 months,

p=0.001).10 In contrast, some studies have reported that

metastasectomy significantly improves OS among patients

with ovarian metastasis from colorectal cancer but not

among those with metastasis from gastric cancer.17 Based

on our results, metastasectomy should be performed in

patients diagnosed with synchronous or metachronous

KTs from gastric cancer, and our recommendation is con-

sistent with that of previous studies.

Although the presence of ascites and linitis plastica have

not been well established as prognostic factors for KT, they

were found to be predictive factors for poor prognosis in our
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Table 2 Clinical Characteristics of 88 Patients with Metachronous Krukenberg Tumors

Variable Metastasectomy n=71 (%) Nonmetastasectomy n=17 (%) p value

Age 0.618

≥45 34 (47.9) 7 (41.2)

<45 37 (52.1) 10 (58.8)

Year of diagnosis 0.552

2006–2008 21 (29.6) 3 (17.6)

2009–2012 26 (36.6) 6 (35.3)

2013–2016 24 (33.8) 8 (47.1)

Menstrual status 0.507

Premenopausal 44 (62.0) 12 (70.6)

Postmenopausal 27 (38.0) 5 (29.4)

Tumor location 0.394

Upper 1/3 12 (16.9) 1 (5.9)

Middle 1/3 12 (16.9) 1 (5.9)

Lower 1/3 42 (59.2) 14 (82.3)

Whole stomach 5 (7.0) 1 (5.9)

Linitis plastica 0.616

Yes 5 (7.0) 2 (11.8)

No 66 (93.0) 15 (88.2)

Signet-ring cells 0.493

Yes 23 (32.4) 7 (41.2)

No 48 (67.6) 10 (58.8)

Laterality 1.000

Bilateral 53 (74.6) 13 (76.5)

Unilateral 18 (25.4) 4 (23.5)

Tumor size 8.9±4.8 7.3±4.2 0.322

Pathologic differentiation 0.066

Differentiated 5 (7.0) 4 (23.5)

Undifferentiated 66 (93.0) 13 (76.5)

Other types of metastasis 33 (46.5) 11 (64.7) 0.233

Peritoneum 33 (46.5) 6 (35.3) 0.404

Liver 1 1

Supraclavicular lymph node 0 1

Bone 2 0

Lung 1 0

Other 1 4

Ascites 0.951

Yes 34 (47.9) 8 (47.1)

No 37 (52.1) 9 (52.9)

Procedure of gastrectomy 0.357

Distal gastrectomy 49 (69.0) 9 (53.0)

Proximal gastrectomy 5 (7.0) 1 (5.9)

Total gastrectomy 17 (24.0) 7 (41.1)

Systemic chemotherapy 0.231

Yes 48 (67.6) 14 (82.4)

No 23 (32.4) 3 (17.6)
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study. According to Peng et al, the OS of patients with ascites

who receivemetastasectomy is similar to that of patients with

metastatic gastric cancer who are treated by chemotherapy.18

Nonetheless, several reports have suggested that the presence

of ascites is associated with poor OS in advanced gastric

cancer.19,20 Ascites in gastric cancer patients may be caused

by tumor invasion of the peritoneum or by malnutrition.18 In

general, the presence of ascites is one of the most common

complications of advanced gastric cancer, resulting in several

symptoms as well as critical complications, such as bowel

obstruction, bile duct obstruction, and hydronephrosis.21

Therefore, KT metastasectomy should be recommended in

patients who do not present ascites. Linitis plastica is

a gastric cancer of a diffuse histotype that is characterized

by a thickening of the stomach wall and deformation of the

stomach, resulting in a leather bottle-like appearance.22

Many studies have demonstrated that the presence of linitis

plastica is independently associated with poor outcomes,23

and our study confirms that linitis plastica is independently

associated with a poor prognosis.

Studies evaluating the role of chemotherapy in the

treatment of KT are scarce, and the role of chemother-

apy remains controversial. Lu et al reported a relatively

better OS resulting from systemic therapy with plati-

num-based chemotherapy after KT metastasectomy.10

In a study by Cho et al, the response rates to chemother-

apy regimens among 111 patients with KTs ranged from

12% to 26%, indicating lower levels of chemotherapy

responsiveness than for other sites of metastasis.9 In our

study, the majority of the patients were able to undergo

systemic chemotherapy, and survival benefits were

observed.

Figure 1 Kaplan–Meier analysis of overall survival in patients with synchronous

Krukenberg tumors who did or did not undergo metastasectomy.

Figure 2 Kaplan–Meier analysis of overall survival in patients with metachronous

Krukenberg tumors who did or did not undergo metastasectomy.

Figure 3 Kaplan–Meier analysis of overall survival in patients who underwent

metastasectomy according to the residual disease state. The residual disease state

of each patient was documented as the presence or absence of gross residual

disease, which was classified as negative resection margins (R0), microscopic

tumor infiltration (R1), and macroscopic residual tumor (R2).
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We defined OS as the interval from the date of diag-

nosis of ovarian metastasis to the last follow-up date or

death. In fact, the difference in OS may have been under-

estimated because in the metachronous group, OS was

determined from the date of KT diagnosis and not from

the date of gastric cancer diagnosis.

This study has several limitations. First, its retrospec-

tive nature may have introduced selection bias, and no data

on the cause of death were available. Second, all patients

analyzed were from a single institution; therefore, the

results may not be generalizable to other settings.

Furthermore, no data regarding quality of life after surgery

were available.

Conclusion
In conclusion, based on our results, metastasectomy com-

bined with systemic therapy should be performed for gastric

cancer patients with synchronous or metachronous KTs.

Furthermore, we found metastasectomy, systemic therapy,

linitis plastica, and ascites to be prognostic factors for OS in

KT patients. Consequently, a prospective study on the use-

fulness of metastasectomy is definitely warranted.

Abbreviations
KT, Krukenberg tumor; OS, Overall survival; CI,

Confidence interval; HR, Hazard ratio.
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Table 3 Univariate and Multivariate Analyses of Overall Survival in 182 Patients

Variable Univariate Multivariate

Hazard Ratio p value Hazard Ratio p value

Age (>45) 0.871 (0.618–1.227) 0.428 – –

Menstrual status 1.071 (0.748–1.534) 0.708 – –

Size of Krukenberg tumor (>10 cm) 0.726 (0.493–1.068) 0.104 – –

Bilateral ovarian metastases 1.064 (0.707–1.601) 0.765 – –

Gastrectomy 0.568 (0.403–0.801) 0.001 0.695 (0.391–1.233) 0.213

Metastasectomy 0.466 (0.319–0.681) 0.000 0.537 (0.344–0.839) 0.006

Synchronous disease 1.402 (0.997–1.971) 0.052 1.030 (0.604–1.758) 0.913

Linitis plastica 1.839 (1.049–3.222) 0.033 1.995 (1.115–3.571) 0.020

Ascites 1.778 (1.262–2.506) 0.001 1.523 (1.058–2.193) 0.024

Peritoneal carcinomatosis 1.423 (1.011–2.003) 0.043 1.012 (0.703–1.481) 0.914

Other types of metastasis 1.785 (1.078–2.956) 0.024 1.289 (0.744–2.233) 0.365

Systemic chemotherapy 0.641 (0.412–0.996) 0.048 0.456 (0.281–0.742) 0.002
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