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Background: Krukenberg tumor (KT) of gastric origin has a poor prognosis. The present study of 
KTs are mainly case reports and clinical analysis with few samples. Therefore, it is urgent to explore the 
clinicopathologic characteristics of KTs through large sample studies. To improve the understanding of the 
clinical diagnosis and treatment of KT, this paper retrospectively analyzed 10 years of gastric cancer (GC) 
database data, including clinicopathological and prognostic features, aiming to provide a clinical reference 
for the diagnosis and treatment of the tumor.
Methods: The clinicopathological characteristics, treatments, and survival data were collected and analyzed 
from 130 patients with KTs of GC. Clinicopathological data included clinical manifestations, laboratory 
findings, imaging reports, pathology and immunohistochemistry (IHC) reports. We collected treatment 
regimens information on whether they had undergone surgery and chemotherapy and performed survival 
follow-up. Univariate and multivariate analysis were used to investigate the risk factors of KTs with gastric 
origin.
Results: The median age of the patients was 41 years. A total of 63.1% of patients had synchronous 
ovarian metastasis, 70.8% had bilateral ovarian metastasis, 68.5% had peritoneum metastasis, and 98.5% 
had pathologically poorly differentiated adenocarcinoma. The positive rate of human epidermal growth 
factor receptor 2 (HER-2) was 1.8%. The follow-up rate was 90.8%, and the median overall survival 
(mOS) of ovarian metastasis was 13.0 months. Univariate analysis showed statistically significant prognostic 
factors including menstrual status, size of the gastric lesions and ovarian metastases, number of lymph node 
metastasis, interval to ovarian metastasis, resection of gastric lesions, peritoneal metastasis, oophorectomy, 
chemotherapy after ovarian metastases, two-drug regimen chemotherapy, albumin, serum cancer antigen 
125 (CA-125) levels, platelet count, D-dimer, fibrinogen, and high pretreatment platelet-to-lymphocyte 
ratio (PLR) and systemic immune-inflammation index (SII). Fibrinogen [hazard ration (HR) =0.483; 95% 
confidence interval (CI): 0.300–0.777; P=0.003], size of ovarian metastasis (HR =1.808; 95% CI: 1.178–2.776; 
P=0.007), chemotherapy after ovarian metastasis (HR =0.195; 95% CI: 0.101–0.379; P=0.000), peritoneal 
metastasis (HR =2.742; 95% CI: 1.606–4.682; P=0.000) and oophorectomy (HR =1.720; 95% CI: 1.066–
2.778; P=0.026) were independent prognostic factors.
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Introduction

Gastric cancer (GC) is a common malignant tumor of the 
digestive system. According to Global Cancer Statistics 
2020, the incidence and mortality rate rank fifth and fourth, 
respectively, among global malignancies, with 43.9% and 
48.6% occurring in China (1). Metastasis is the main feature 
of GC development and the main cause of death (2-4), and 
female GC patients, especially young women, are prone to 
ovarian metastasis (5). The German pathologist Friedrich 
Krukenberg first reported GC with ovarian metastasis 
in 1896, naming the tumor after himself: Krukenberg 
tumor (KT) (6). KT is a secondary ovarian tumor which 
stems from a wide range of sources, such as the stomach, 
colon and rectum, breast, oesophagus, gallbladder, and 
appendix, but GC is the most common origin (7,8). Ovarian 
metastasis occurs in approximately 5–10% with female GC 
and has also been reported in 33–41% of autopsies (9). 
KT has mostly been reported in case reports (10-13), with 
an overall survival (OS) of less than 1 year. As described 
in case reports and clinical analysis, the main pathological 
type of KT is signet ring cell carcinoma. Ovarian metastatic 
surgery in some patients can improve the prognosis. Tumor 
markers may be related to the prognosis. However, due 
to the limited samples, the clinicopathological features 
and prognostic factors of KTs from GC are still uncertain. 
Young women, in particular, are asymptomatic until the 
cancer is quite advanced, which seriously affects the quality 
of life and survival time. The optimal management of 
the disease is not fully understood (14), and there are no 
adequate prognostic factors and treatment guidelines for 
patients diagnosed with KT of gastric origin.

We have established a database of GC covering 130 
patients with KTs of GC. The clinicopathological features 
included age, tumor location, tumor markers, mismatch 
repair (MMR), human epidermal growth factor receptor 
2 (HER-2) status, estrogen receptor (ER)/progesterone 
receptor (RP), P53 etc. We use univariate and multivariate 

analysis to explore the prognostic predictors of GC ovarian 
metastasis in order to improve knowledge of the clinical 
diagnosis and treatment, this study retrospectively analyzed 
the clinical and pathological data and investigated the 
clinicopathological and prognostic features of KTs. We 
presented the following article in accordance with the 
STROBE reporting checklist (available at https://jgo.
amegroups.com/article/view/10.21037/jgo-22-464/rc).

Methods

Patient information and data

This was a retrospective study of KTs derived from gastric 
origin. Data from 130 patients with GC combined with 
ovarian metastasis from January 2011 to September 2021 
were collected from Ren Ji Hospital, Shanghai Jiao Tong 
University School of Medicine. The diagnosis of GC was 
confirmed by gastroscopy or pathology of surgical specimen, 
and KT of gastric origin was confirmed by imaging or 
pathology. It had been reported that the clinicopathological 
features of patients, such as demographics, some laboratory 
indicators, treatment data, and pathological features, were 
related to the prognosis of patients with GC. Although 
some risk factors had been reported in the literature, the 
clinicopathological features of KTs from GC were still 
largely uncertain. So the clinical data collection of patients 
in this study included the basic information of patients, 
such as age, menstrual status, clinical manifestations; 
characteristics of primary GC and ovarian metastases; 
treatment-related information, including surgery and 
chemotherapy regimen; peripheral blood-related indicators 
such as serum albumin, hemoglobin, tumor markers, etc., 
which we would introduce in detail afterwards. Univariate 
and multivariate analysis were performed on clinical factors 
that may affect ovarian metastasis from GC. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The study was approved by Ethics 

Conclusions: GC patients with KTs have some unique clinical features. Hypercoagulable states, peritoneal 
metastasis, and untimely chemotherapy and oophorectomy might be a worse predictor for KTs derived from 
gastric origin.
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Committee of Ren Ji Hospital (No. KY2021-183-B). 
Individual consent for this retrospective analysis was waived.

Pathology sections were reviewed by a pathologist 
applying the 2019 WHO classification of tumors of the 
digestive system (15). Immunohistochemical criteria for 
HER-2, P53, ER, PR, MLH1, PMS2, MSH2, MSH6 were 
determined through optical microscopy, and positive cells 
were counted in five randomly selected fields of view in 
each section by light microscopy. Positive cells ≤10% were 
scored as 0, 11–50% were considered as 1, 51–75% as 2, and 
>75% as 3. The intensity was graded as follows: 0 points (no 
staining), 1 point (light-brown staining), 2 points (brown 
staining), and 3 points (dark-brown staining). The final 
score was obtained by summing the percentage of positive 
cells and their intensity: 1–2 were classified as “1+”, 3–4 as 
“2+”, and “5–6” as “3+” (16). The tumor-node-metastasis 
(TNM) staging of initially diagnosed GC was evaluated 
in accordance with the TNM classification of cancer, 8th 
edition, of the American Joint Committee on Cancer  
(AJCC) (17).

Clinicopathological data included clinical manifestations, 
laboratory findings, imaging reports, pathology and 
immunohistochemistry (IHC) reports, and treatment 
characteristics (Table 1). Ovarian metastasis was defined 
as synchronous if detected within 6 months of the initial 
diagnosis of GC and metachronous if detected more than 
6 months after the diagnosis. Baseline data were collected 
before treatment commenced. Patients with infection, 
cirrhosis, autoimmune disease, hematologic disorders, 
courses of steroid or aspirin use, or other conditions 
that could confound coagulation, the neutrophil count, 
lymphocyte count, or platelet count were excluded. The 
pretreatment neutrophil-to-lymphocyte ratio (NLR), 
platelet-to-lymphocyte ratio (PLR), and systemic immune-
inflammation index (SII) values were calculated according 
to the following formulas: SII = neutrophil cell count  
(×109/L) × platelet cell count (×109/L)/lymphocyte  
count (×109/L).

Receiver operating characteristic (ROC) curves were 
generated to set thresholds for NLR, PLR, and SII, 
while the categorical variable was 1-year survival (≥12 vs.  
<12 months). According to the literature, the median OS of 
patients with stage IV GC is less than 12 months (18), and 
because only five patients in our study had a follow-up of 
less than 12 months, the choice of 12 months was feasible. 
Patients were divided into high and low- groups according 
to the cut-off values of NLR, PLR, and SII. The normal 
ranges of these indicators are as follows: carcinoembryonic 

a n t i g e n  ( C E A ;  0 – 5  µ g / L ) ,  c a n c e r  a n t i g e n  1 2 5  
(CA-125; 0–35 U/mL), CA-199 (0–35 U/mL), CA-
724 (0–6.9 U/mL), D-dimer (0–0.5 µg/mL), and f 
ibrinogen (2–4 g/L).

Follow-up

Patients were followed up through outpatient follow-up 
visits, medical record reviews, and telephone call backs, and 
the follow-up period was from January 2011 to December 
2021. The OS time was defined as the interval between the 
diagnosis of KT to death or the last follow-up.

Statistical analysis

Statistical analysis was performed using SPSS 26.0 software. 
Clinical data of GC patients with metastatic ovarian were 
collected and reviewed retrospectively. Descriptive statistics 
were used to describe the clinicopathological characteristics. 
OS was estimated using the Kaplan-Meier method, the log-
rank test was used to compare the survival rates between 
groups. Significant variables in the univariate analysis were 
entered into multivariate analysis using the Cox regression 
model. The 95% confidence interval (CI) of the hazard 
ration (HR) for significant effects were also reported. When 
the two-tailed P value <0.05 was considered as a statistically 
significant difference.

Results

Clinicopathological characteristics of KT

The clinicopathologic characteristics of KT are listed 
in Table 1, and representative imaging data are shown in 
Figure 1. Of all patients, 89 (68.5%) were premenopausal, 
90 (69.2%) had GC metastasis at the time of initial 
diagnosis, and 82 patients (63.1%) had synchronous ovarian 
metastases. The most common initial clinical symptoms 
were digestive symptoms (62.3%, n=81), followed by 
ovarian metastasis symptoms (13.1%, n=17), and 9.2% 
(n=12) of patients had both types of symptoms. The median 
age at KT diagnosis was 41 (range, 23–73) years, with a mean 
age of 45.59 years. The mean interval between ovarian 
metastasis and primary GC was 12 (range, 0–132) months,  
while 56.9% of patients had gastric tumors located in 
the gastric body and 70.8% (n=92) had bilateral ovarian 
metastases. The most predominant site of extraovarian 
metastasis was the peritoneum (68.5%, n=89).
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Table 1 Basic clinicopathological characteristics of KTs

Characteristics N (%)

Age (years) (n=130)

≤40 53 (40.8)

>40 77 (59.2)

Transfer mode (n=130)

Synchronous 82 (63.1)

Metachronous 48 (36.9)

Interval time (months) (n=130)

≤6 82 (63.1)

>6, ≤12 9 (6.9)

>12 39 (30.0)

Menstrual status (n=130)

Pre-menopausal 89 (68.5)

Post-menopausal 41 (31.5)

Peritoneal metastasis (n=130)

Yes 89 (68.5)

No 41 (31.5)

First symptoms (n=130)

Digestive symptoms 81 (62.3)

Ovarian metastasis symptoms 17 (13.1)

Both 12 (9.2)

Other 20 (15.4)

MMR detection (n=40)

pMMR 39 (97.5)

dMMR 1 (2.5)

Pathology of gastric (n=130)

Poorly differentiated adenocarcinoma 60 (46.2)

Signet ring cell carcinoma 30 (23.1)

Mixed adenocarcinoma 38 (29.2)

Other 2 (1.5)

HER-2 of gastric (n=111)

Negative 109 (98.2)

Positive 2 (1.8)

Table 1 (continued)

Table 1 (continued)

Characteristics N (%)

Tumor location (n=130)

Cardiac and fundus 10 (7.7)

Gastric body 74 (56.9)

Gastric antrum 30 (23.1)

More than two locations 16 (12.3)

Grade (n=130)

Well differentiated 1 (0.8)

Moderately differentiated 0 (0.0)

Poorly differentiated 128 (98.5)

Unknow 1 (0.8)

ER/PR of gastric (n=11)

0 10 (91.0)

3+ 1 (9.0)

ER/PR of ovarian (n=46)

0 40 (87.0)

1+–3+ 6 (13.0)

P53 testing (n=64)

0 18 (28.1)

1+ 28 (43.8)

2+ 8 (12.5)

3+ 10 (15.6)

Ovarian metastases (n=130)

Unilateral 38 (29.2)

Bilateral 92 (70.8)

Pathology of ovarian (n=88)

Poorly differentiated adenocarcinoma 43 (48.9)

Signet ring cell carcinoma 22 (25.0)

Mixed adenocarcinoma 20 (22.7)

Other 3 (3.4)

HER-2 of ovarian (n=43)

Negative 43 (100.0)

Positive 0 (0.0)

KTs, Krukenberg tumors; MMR, mismatch repair; pMMR, 
proficient MMR; dMMR, deficient MMR; HER-2, human 
epidermal growth factor receptor 2; ER, estrogen receptor; PR, 
progesterone receptor.
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Histopathological findings showed that primary GC 
was predominantly poorly differentiated (98.5%, 128/130), 
of which 23.1% were signet ring cell carcinoma, 46.2% 
were poorly differentiated adenocarcinoma, and 29.2% 
were mixed adenocarcinoma (poorly differentiated 
adenocarcinoma with signet ring cell carcinoma). Among 
the pathological types of ovarian metastases, 25.0% were 
signet ring cell carcinoma, 48.9% were poorly differentiated 
adenocarcinoma, and 22.7% were mixed adenocarcinoma. 
For IHC, seven patients underwent Epstein-Barr virus 
(EBV) detection and all were negative. A total of 40 
patients underwent MMR, of which only one showed 
deficient MMR (dMMR) [MLH1(−), PMS2(−), MSH2(+), 
MSH6(+)] and the rest had proficient MMR (pMMR). 
HER-2 testing was performed on 111 patients, of which 
only two were positive by IHC 3+ or 2+ combined with 
FISH amplification, and the HER-2 positive rate was 1.8%. 
Forty-three cases of ovarian metastases were negative for 
HER-2. Eleven patients had ER/RP detection of primary 
gastric lesions, of which only one was ER/PR positive  
(IHC, 3+).

Treatment and survival analysis

A total of 67.7% of patients (n=88) underwent resection of 
the primary tumors, of which 59 underwent radical surgery 
and 29 underwent palliative surgery. A total of 64.6% of 
patients (n=84) underwent oophorectomy for metastatic 
tumors. Overall, 85.4% of patients (n=111) received 
chemotherapy for ovarian metastases, including patients 
after resection of metastases and those who did not have 
surgery. The chemotherapy regimen included fluorouracil, 
oxaliplatin/cisplatin, and docetaxel for 1 to 10 cycles.

The follow-up duration ranged from 3 to 62 months. A 
total of 118 patients (90.8%, 118/130) completed follow-up, 
and the 12 patients lost to follow-up were not included in 
the survival analysis. Univariate analysis of survival is shown 
in Table 2. Among all 118 patients, the median OS from the 
diagnosis of KT was 13.0 (95% CI: 10.59–15.41; range, 
1–62.0) months, and there were 94 deaths.

The optimal cut-off values for NLR, PLR, and SII 
were defined based on the ROC curves. The areas under 
the curve (AUCs) for NLR, PLR, and SII were 0.608 

A B C D

E F G

Figure 1 A 43-year-old woman with a KT underwent oophorectomy. (A) PET/CT images showed localized gastric wall thickening at the 
greater curvature of the gastric body (SUVmax =2.7) and [(B) right 11.7×11.2 cm and (C) left 8.5×9.0 cm] irregular mixed cystic and solid 
masses in bilateral ovaries (SUVmax =9.1). (D) Gastric endoscopy showed ulcerative erosion foci at the greater curvature of the gastric body. 
(E) Gross specimens of KTs. Photomicrograph (H&E staining, ×20) showed gastric low differentiated adenocarcinoma with signet ring cell 
carcinoma (F) and ovarian metastasis adenocarcinoma (G). KT, Krukenberg tumor; PET, positron emission tomography; CT, computed 
tomography; SUVmax, maximum standardized uptake value; H&E, hematoxylin and eosin.
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Table 2 Univariate analysis of prognosis in patients with KTs

Characteristics N OS P 

Baseline characteristics

Age (n=118) 0.478

>40 years 70 15

≤40 years 48 12

Pathological type (n=116) 0.425

Poorly differentiated 
adenocarcinoma

54 13

Signet ring cell carcinoma 26 8

Mixed adenocarcinoma 36 16

T stage (n=81) 0.140

T2–3 29 21

T4 52 13

Nerve invasion (n=74) 0.154

No 37 18

Yes 37 15

Size of gastric foci (n=79) 0.031*

≥5 cm 48 12

<5 cm 31 17

Ki-67 (n=90) 0.312

≥50% 45 15

<50% 45 15

P53 (n=57) 0.967

0–1+ 39 15

2+–3+ 18 16

Menstrual status (n=118) 0.034*

Pre-menopausal 81 15

Post-menopausal 37 9

TNM stage (n=118) 0.414

II 6 21

III 32 15

IV 80 12

M stage (n=118) 0.193

0 38 15

1 80 10

Table 2 (continued)

Table 2 (continued)

Characteristics N OS P 

Vascular invasion (n=74) 0.565

No 34 13

Yes 40 17

Number of lymph node metastases 
(n=66)

0.016*

>6 46 12

≤6 20 21

Tumour location (n=118) 0.855

Cardiac and fundus 10 11

Gastric body 64 12

Gastric antrum 29 15

≥ Two locations 15 14

Characteristics of metastases

Transfer mode (n=118) 0.287

Synchronous 73 12

Metachronous 45 15

Metastatic site (n=118) 0.923

Unilateral 35 12

Bilateral 83 13

Peritoneal metastasis (n=118) 0.000*

Yes 79 10

No 39 25

Interval time (n=45) 0.025*

>6 months, ≤12 months 9 6

>12 months 36 15

Size of ovarian (n=112) 0.013*

>5 cm 84 16

≤5 cm 28 10

Treatment characteristics

Gastrectomy (n=118) 0.000*

Yes 79 16

No 39 8

Chemotherapy (n=118) 0.000*

Yes 103 15

No 15 5

Table 2 (continued)
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Table 2 (continued)

Characteristics N OS P 

Oophorectomy (n=118) 0.000*

Yes 75 16

No 43 8

Chemotherapy drugs (n=103) 0.049*

Two drugs 66 16

≥ Three drugs 37 14

Peripheral blood index

Hemoglobin (n=118) 0.35

>100 g/L 78 14

≤100 g/L 40 12

CEA (n=115) 0.511

>5 µg/L 34 11

≤5 µg/L 81 15

CA-199 (n=115) 0.499

>35 U/mL 47 14

≤35 U/mL 68 12

Platelet count (n=118) 0.008*

>300×109/L 28 10

≤300×109/L 90 14

D-dimer (n=82) 0.003*

>0.5 µg/mL 51 9 

≤0.5 µg/mL 31 16 

Fibrinogen (n=113) 0.000*

>4 g/L 27 8

≤4 g/L 86 15

Pretreatment PLR (n=118) 0.009*

>172.8 63 10

≤172.8 55 16

Albumin (n=118) 0.006*

>35 g/L 103 14

≤35 g/L 15 6

CA-125 (n=109) 0.000*

>35 U/mL 66 10

≤35 U/mL 43 21

Table 2 (continued)

Table 2 (continued)

Characteristics N OS P 

CA-724 (n=85) 0.751

>6.9 U/mL 47 11

≤6.9 U/mL 38 12

Pretreatment NLR (n=118) 0.311

>2.9 51 10

≤2.9 67 15

Pretreatment SII (n=118) 0.013*

>449.9 80 11

≤449.9 38 21

*, P<0.05. KTs, Krukenberg tumors; TNM, tumor-node-
metastasis; CEA, carcinoembryonic antigen; CA, cancer 
antigen; PLR, platelet-to-lymphocyte ratio; NLR, neutrophil-to-
lymphocyte ratio; SII, systemic immune-inflammation index; 
OS, overall survival.

(P=0.049; 95% CI: 0.503–0.712), 0.658 (P=0.004; 95% CI: 
0.557–0.758), and 0.619 (P=0.03; 95% CI: 0.516–0.722), 
respectively. The optimal cut-offs for NLR, PLR, and 
SII were 2.9 (sensitivity 56.9%; specificity 66.1%), 172.8 
(sensitivity 70.6%; specificity 58.1%), and 449.9 (sensitivity 
82.4%; specificity 41.9%), respectively (Figure 2A-2C).

By analyzing survival for these different indices, we found 
OS was significantly prolonged for pre-treatment NLR ≤2.9 
compared to NLR >2.9 (median survival, 15 vs. 10 months), 
but did not reach statistical significance (P=0.311, Figure 2D). 
PLR >172.8 and SII >449.9 were associated with poor 
OS (all P<0.05; Figure 2E,2F), while albumin >35 g/L, 
CA-125 ≤35 U/mL, platelet count ≤300×109/L, D-dimer  
≤0.5 µg/mL, and fibrinogen ≤4 g/L were associated with 
better survival (all P<0.05). There was no difference in 
survival according to hemoglobin, CEA, CA-199, CA-724, 
or pretreatment NLR (all P>0.05).

The median OS was 16 (95% CI: 14.10–17.90) vs. 8 
(95% CI: 6.01–9.98) months in the oophorectomy group 
and no oophorectomy group (P=0.000), respectively, and 15 
(95% CI: 13.03–16.97) vs. 5 (95% CI: 1.43–8.58) months 
in patients receiving chemotherapy vs. no chemotherapy 
(P=0.000). Platinum, docetaxel and fluoropyrimidine-
based regimens were the main drug treatment options, 
and of the 103 patients who received chemotherapy, those 
who underwent a two-drug regimen had a better OS 
than those who received the three-drug regimen (16 vs.  
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Figure 2 ROC curve analysis to find the optimal cut-off points for NLR (A), PLR (B), and SII (C), and Kaplan-Meier survival curves for 
patients with KTs based on NLR (D), PLR (E), and SII (F). NLR, neutrophil-to-lymphocyte ratio; AUC, area under the curve; PLR, 
platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index; OS, overall survival; ROC, receiver operating characteristic; KTs, 
Krukenberg tumors.

Table 3 Multivariate analysis of prognosis in patients with KTs

Variables B SE Wald df P HR 95% CI

Oophorectomy 0.543 0.244 4.927 1 0.026 1.720 1.066–2.778

Size of ovarian metastasis 0.592 0.219 7.334 1 0.007 1.808 1.178–2.776

Fibrinogen −0.728 0.242 9.007 1 0.003 0.483 0.300–0.777

Peritoneal metastasis 1.009 0.273 13.662 1 0.000 2.742 1.606–4.682

Chemotherapy after ovarian 
metastasis

−1.634 0.339 23.267 1 0.000 0.195 0.101–0.379

KTs, Krukenberg tumors; SE, standard error; df, degrees of freedom; HR, hazard ratio; CI, confidence interval.

14 months, P=0.049). Survival was higher in patients with 
a primary gastric tumor less than 5 cm (17 vs. 12 months, 
P=0.031), an ovarian tumor larger than 5 cm (16 vs.  
10 months, P=0.013), no peritoneal metastasis (25 vs.  
10 months, P=0.000), resection of primary gastric lesion (16 
vs. 8 months, P=0.000), premenopausal (15 vs. 9 months, 
P=0.034), fewer than six lymph node metastases (21 vs.  
12 months, P=0.016), and interval to ovarian metastasis 

longer than 12 months (15 vs. 6 months, P=0.025). 
Ovariectomy rates were significantly higher in patients 
with ovarian metastases >5 cm in size than in those size 
≤5 cm (70.2% vs. 42.9%, P=0.009). Tumor location, age, 
histopathological type, nerve invasion, vascular invasion, 
TNM stage at initial diagnosis, metastatic site and Ki-67 
and P53 had no significant relationship with survival.

In multivariate analysis, fibrinogen, size of ovarian 
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metastatic tumor, chemotherapy after ovarian metastasis, 
oophorectomy, and the presence of peritoneal metastasis 
were independent predictors of OS (Table 3, Figure 3). It is 
worth mentioning that one patient with resected ovarian 
metastasis and gastric primary tumor survived without 
recurrence at 5 years of follow-up.

Discussion

The incidence of KT varies considerably according 
to different studies. It usually occurs with bilateral 
involvement, and as reported in our article, in women 
15–20 years younger than the typical age at which primary 
ovarian cancer occurs (19,20). This may be related to 
the more active ovarian function and abundant ovarian 
blood supply in premenopausal women which provides a 
favourable internal environment for tumor cell metastasis 
and growth, and where the pathological types in young GC 
patients are mostly poorly differentiated adenocarcinoma 
and signet ring cell carcinoma (21). Despite great progress 
in the diagnosis and treatment of GC in recent years, the 
median OS is only 13.8 months, even in HER-2-positive 
GC patients treated with chemotherapy combined with 
trastuzumab-targeted therapy (22). The pathological types 
of KT are mostly poorly differentiated adenocarcinoma 

and signet ring cell carcinoma, which are mainly HER-
2 negative, and in our study, the positive rate of HER-2 
with KT-GC was only 1.8%, much lower than the 16.6% 
reported in the TOGA study. There is no suitable targeted 
therapy for KT, and because of its poor prognosis, there 
is an urgent need to find effective predictors of treatment 
efficacy, intervene early, and seek effective treatments.

Serum tumor markers are the focus of clinical attention, 
and previous laboratory reports on KT are nonspecific. 
Some scholars have found the detection of preoperative CA-
125 testing helps in the diagnosis and treatment monitoring 
of KT and it has been reported that elevated CEA was 
associated with a poor prognosis compared with CA-199 
and CA-125 (23-25). In our study, OS was significantly 
shorter in patients with elevated CA-125 compared to CEA 
and CA-199 than in patients with normal CA-125 (10 vs. 
21 months). In view of the different results reported by 
various studies, the exact role of serum tumor markers in 
the diagnosis and prognosis of KT needs to be confirmed 
by large-scale studies.

In addition, inflammation, abnormal coagulation, and 
nutritional status play important roles in the occurrence 
and development of tumors (26-29), and neutrophils, 
platelets, and lymphocytes also contribute to tumor cell 
invasion into the peripheral blood, where they can survive 

Figure 3 Kaplan-Meier survival curves for patients with KTs based on fibrinogen (A), resection of ovarian metastasis (B), chemotherapy (C), 
size of ovarian metastasis (D), and peritoneal metastasis (E), all P<0.05. OS, overall survival; KTs, Krukenberg tumors.

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0

C
um

ul
at

iv
e 

su
rv

iv
al

C
um

ul
at

iv
e 

su
rv

iv
al

C
um

ul
at

iv
e 

su
rv

iv
al

C
um

ul
at

iv
e 

su
rv

iv
al

>4 g/L
≤4 g/L
>4 g/L-censored
≤4 g/L-censored

>5 cm
≤5 cm
>5 cm-censored
≤5 cm-censored

Yes
No
Yes-censored
No-censored

No
Yes
No-censored
Yes-censored

Fibrinogen Resection of ovarian metastasis

Peritoneal metastasisSize of ovarian metastasis

0 20 40 60

0 20 40 60 0 20 40 60

0 20 40 60
OS, months

OS, months OS, months

OS, months

A

D E

B
1.0

0.8

0.6

0.4

0.2

0.0

C
um

ul
at

iv
e 

su
rv

iv
al

No
Yes
No-censored
Yes-censored

Chemotherapy

0 20 40 60
OS, months

C



Journal of Gastrointestinal Oncology, Vol 13, No 3 June 2022 1031

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2022;13(3):1022-1034 | https://dx.doi.org/10.21037/jgo-22-464

and reseed in distant organs. Several prognostic scores 
based on inflammation and nutrition have been developed 
to predict survival and recurrence of cancer, such as NLR, 
PLR, and SII (30-32). SII is an integrated indicator based 
on peripheral lymphocyte, neutrophil, and platelet counts, 
and may better reflect the balance of host inflammatory and 
immune status. Shi et al. reported that compared with other 
systemic inflammatory indices, SII was a reliable index for 
predicting postoperative survival of GC (33), while Gu  
et al. reported a higher PLR (34), and Zhang et al. reported 
an elevated NLR and PLR were also reliable (35). Wu et al. 
found GC patients with high fibrinogen and low albumin 
had a poor prognosis, and that FAR was an independent 
prognostic factor for recurrence after radical resection in 
GC patients (36). However, the utility of these indices for 
KT-GC has not been reported. By Univariate analysis, 
our study showed that hypoalbuminemia, high PLR and 
SII, elevated platelet count, D-dimer, and fibrinogen were 
associated with a poor prognosis in KTs of GC origin. 
This hints that malnutrition and hypercoagulability 
play an important role in the development of the tumor. 
However, in the multivariate analysis, only fibrinogen 
was an independent prognostic factor. Fibrinogen is an 
extracellular matrix protein involved in the formation of 
blood clots and in tumor angiogenesis and metastasis (37), 
indicating attention should be paid to the coagulation status 
of KT patients in clinical practice. Previous studies have 
found multiple combined tests can be an effective predictor 
of survival in GC patients (38). For example, Hirahara  
et al. reported that combining NLR and PLR could predict 
the chemotherapy response and prognosis in patients with 
advanced GC (39), and Arigami et al. found that combining 
fibrinogen and NLR could be used as a prognostic  
marker (40). However, a combination method in KT 
requires more in-depth research in the future. More studies 
should also be conducted to address the potential prognostic 
value of NLR, PLR, and SII in KT.

We also explored the impact of ovarian metastasis and its 
corresponding treatment on the survival of patients, and the 
results showed that in patients with metachronous ovarian 
metastasis, the survival impact of metastasis occurred at 
intervals of more than 1 year. The prognosis was good for 
patients with GC resection, ovarian metastasis resection, 
and chemotherapy, especially for those who underwent a 
two-drug regimen chemotherapy. Our findings are the same 
as most reports (41,42), such as Yan et al., who reported that 
metastasectomy combined with chemotherapy in patients 

with synchronous ovarian metastases of GC could have a 
survival benefit (43). Cho et al. found that metastasectomy, 
signet-ring cell pathology, and peritoneal carcinomatosis 
were prognostic factors for survival (44).

Interestingly, we found that contrary to our conventional 
understanding, patients with ovarian metastases larger 
than 5 cm had a better prognosis, which may be related 
to the higher rate of oophorectomy in patients with large 
metastatic lesions. Ovarian metastasis can lead to local 
pelvic compression symptoms, such as dysuria or difficulties 
with defecation, abdominal/pelvic effusion, and pain, which 
can seriously affect the quality of life of patients. Therefore, 
active ovarian metastasis resection is beneficial to prolong 
survival and improve the quality of life of these patients. In 
particular, we found a two-drug chemotherapy regimen was 
superior to three-drug therapy in our study, which may be 
related to the high burden of ovarian metastases and poor 
patient status, and is consistent with some previous studies 
(45,46). Current National Comprehensive Cancer Network 
(NCCN) and Chinese Society of Clinical Oncology (CSCO) 
guidelines also recommend dual drugs as the first choice 
for patients with KT-GC, and three-drug for patients with 
better physical condition. However, the sample size of this 
study was limited, and the results need to be validated by 
large-scale clinical trials.

Conclusions

Fibrinogen, size of ovarian metastasis tumor, chemotherapy 
after ovarian metastasis, peritoneal metastasis, and 
oophorectomy are independent prognostic factors for KT-
GC patients. Attention should be paid to the coagulation 
function, inflammatory system, and nutritional status 
of KT patients to correct hypercoagulable states and 
hypoalbuminemia as soon as possible, as well as to whether 
the patient has peritoneal metastasis. Once diagnosed, 
chemotherapy should be actively administered, and the 
two-drug regimen may be better. Prospective randomized 
trials are required to determine the optimal treatment 
strategy for KT, and in-depth mechanistic research should 
be performed.
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