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Conclusions  Pretreatment serum CA125 is a useful prog-
nostic biomarker in patients with unresectable advanced or 
recurrent gastric cancer. Evaluating a panel of serum tumor 
biomarkers is a useful diagnostic tool as elevated values 
might be associated with poor survival.
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Prognosis · Chemotherapy

Introduction

Gastric cancer is the third most commonly diagnosed cancer 
worldwide and one of the leading causes of cancer-related 
deaths [1]. Gastrectomy with regional lymphadenectomy 
is the most effective treatment for advanced gastric cancer, 
when curative resection is possible; however, the develop-
ment of minimally invasive surgery with precise evalua-
tion of the postoperative complications is also important to 
achieve satisfactory outcomes [2, 3]. For patients with recur-
rent, metastatic, or advanced gastric cancer, chemotherapy 
can prolong survival and improve quality of life compared 
to providing only even the best supportive care.

Serum tumor markers are blood-based biomarkers used to 
diagnose disease, predict survival rates, and monitor recur-
rence following surgery for malignant cancer [4, 5]. Car-
cino-embryonic antigen (CEA) is a glycoprotein that belongs 
to the immunoglobulin superfamily and was originally 
described by Gold and Freedman in 1965 [6]. Carbohydrate 
antigen 19-9 (CA19-9) is a carbohydrate tumor-associated 
antigen, initially isolated from a human colorectal cancer 
cell line by Koprowski et al. [7]. Carbohydrate antigen 125 
(CA125) is a sensitive tumor marker for ovarian cancer, as 
reported by Bast et al. [8]. Although tumor markers, such as 
CEA, CA19-9, and CA125, are used widely for patients with 
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gastric cancer, their specificity and sensitivity to identify 
gastric cancer patients with short survival times are poor. 
Furthermore, information about any association between 
tumor marker values and patient prognosis is limited and 
the usefulness of measuring these tumor markers in a clini-
cal setting remains controversial [4, 9, 10].

In this study, we examined the proportions of elevated 
pretreatment serum biomarker values in patients with unre-
sectable advanced or recurrent gastric cancer, evaluated 
clinicopathological differences, and correlated these three 
biomarkers with patient prognosis.

Patients and methods

Patients

We reviewed retrospectively patients with unresectable 
advanced or recurrent gastric cancer who were treated with 
systemic chemotherapy. Patients with unresectable advanced 
or recurrent gastric cancer, who were treated with chemo-
therapy at Kochi Medical School during the period between 
January, 2007 and December, 2015, were identified from 
a medical information database. Gastric cancer diagnoses 
were made based on the findings of esophagogastroduoden-
oscopy, biopsy specimen analysis, computed tomography, 
magnetic resonance imaging, ultrasonography of the abdo-
men, and positron emission tomography. We reviewed the 
clinicopathological features of these patients, including 
age, gender, disease status, tumor histology, and metastatic 
sites. The histological type of each tumor was categorized as 
intestinal (well differentiated, moderately differentiated, and 
papillary adenocarcinoma) or diffuse (poorly differentiated, 
mucinous adenocarcinoma, and signet ring cell carcinoma), 
according to the Lauren classification [11].

Measurement of tumor markers and survival analysis

The serum levels of CEA, CA19-9, and CA125 were meas-
ured in 245 patients with advanced gastric adenocarcinoma, 
using a commercially available immunoradiometric assay 
kit, prior to any treatment. The recommended normal upper 
limits of serum tumor markers were as follows: 3.4 ng/mL 
for CEA, 37 U/mL for CA19-9, and 35 U/mL for CA125. A 
result was considered positive when the marker serum value 
was higher than the upper limit for this marker in serum 
from healthy patients. Positive combined detection for the 
three tumor markers was defined as one or more tumor mark-
ers having values above the upper limit found in the serum 
of healthy patients.

The survival curves of patients were examined following 
treatment. The overall survival time was defined as the inter-
val between the date of chemotherapy initiation and the date 

of death or last contact. Surviving patients were censored at 
the last follow-up date.

Statistical analysis

We tested the serum biomarker differences for significance, 
using the Mann–Whitney U test for continuous variables and 
Pearson’s Chi square test for categorical variables. We used 
the Kaplan–Meier method to generate cumulative survival 
rates and compared them using the log-rank test to evalu-
ate significant differences. A multivariate Cox proportional 
hazards regression analysis was used to identify factors inde-
pendently associated with survival. The hazard ratio (HR) 
and 95% confidence interval (CI) within each subgroup were 
summarized for the subgroup analysis of overall survival. 
When the various factors were considered in a multivariate 
analysis, all were dichotomized according to the univariate 
analysis. Statistical analyses were performed using SPSS 
for Windows, version 13.0 (SPSS Inc, Chicago, IL, USA).

Results

Patient characteristics

We identified 245 patients with unresectable advanced or 
recurrent gastric cancer, comprising 159 men and 86 women, 
with a median age of 69 years (range 19–89 years). The clear 
majority of patients were treated using S-1, an oral fluoro-
pyrimidine, plus cisplatin, administered as in recent large-
scale randomized controlled trials [12, 13], while 15 patients 
received concomitant trastuzumab with chemotherapy con-
sisting of capecitabine plus cisplatin as in the ToGA trial 
that validated the additive effects of trastuzumab for HER2-
positive tumors [14]. Subsequently, 163 patients were shifted 
to second-line chemotherapy using taxanes and irinotecan 
after the evidence of disease progression. The median sur-
vival time for the total study cohort was 11.5 months (range 
1.3–74.1 months), and the overall 1-, 3-, and 5-year survival 
rates after therapy were 48.2, 16.0, and 0.4%, respectively. 
At the time of the analysis, the median observation period 
in our hospital was 8.1 months.

Diagnostic value of tumor markers

In the 245 patients with unresectable advanced or recur-
rent gastric cancer, the median values of the tumor markers 
were as follows: 4.0 ng/mL for CEA (range 0–12917 ng/
mL), 21.8 U/mL for CA19-9 (range 0–4899 U/mL), and 
18.8 U/mL for CA125 (range 0–7070 U/mL). The over-
all positive rates for each tumor marker were as follows: 
57.6% (141/245) for CEA, 38.4% (94/245) for CA19-9, and 
34.3% (84/245) for CA125; the sensitivity of these three 
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biomarkers in combination was 73.1% (179/245). Positivity 
for CEA was significantly higher than positivity for CA19-9 
or CA125 (P = 0.008 and P = 0.002). The rates of positivity 
for CA125 combined with other tumor markers were as fol-
lows: 17.1% (42/245) for CA125 and CEA, 13.1% (32/245) 
for CA125 and CA19-9, 9.8% (24/245) for all tumor marker, 
64.5% (158/245) for CA125 or CEA, 69.8% (171/245) for 
CA125 or CA19-9, and 73.1% (179/245) for CA125, CEA 
or CA19-9.

Table 1 summarizes the results of serum tumor marker 
values for the different categories of clinicopathological 
variables in patients with advanced gastric cancer. The rate 
of positivity for CEA was significantly higher in patients 
with intestinal-type gastric carcinoma than in those with 
diffuse-type (72.4 vs. 49.4%, P < 0.001). On the other hand, 
the rate of positivity for CA125 was significantly higher in 
patients with the diffuse-type of gastric cancer than in those 
with the intestinal-type (40.1 vs. 23.9%, P = 0.010). With 
regard to the site of metastasis, there were significant dif-
ferences in the rates of positivity for CEA and the combined 
marker group. Eleven patients had multiple metastatic sites 
and the median CA19-9 level was significantly higher in 
the patients with multiple metastatic sites than those with 
a solitary metastatic site (45.9 vs. 21.3 U/mL, P < 0.001). 
There were no significant differences in the rates of positiv-
ity for each tumor marker between patient subgroups based 
on age, gender, and disease status.

Relationship between the value of tumor markers 
and patient survival

Although there was a tendency for a negative relationship 
between the tumor marker values and patient survival time, 
no significant association existed between serum values and 
survival times (Supplemental data). A significantly positive 
correlation was identified between serum values for CEA 
and CA125 (r = 0.339, P < 0.001), but there were no sig-
nificant correlations between values for CEA and CA19-9 
or CA19-9 and CA125.

Association of tumor markers and survival

The median survival time for the CEA-positive group 
was 11.4 months, which was slightly less than that for the 
CEA-normal range group, although the difference was not 
significant (12.3 months, P = 0.424; Fig. 1). Similarly the 
median survival time for the CA19-9-positive group was 
also slightly shorter (9.6 months) than that of the CA19-
9-normal range group, although again the difference was 
not significant (12.6 months, P = 0.157; Fig. 2). The median 
survival time for the CA125 positive group was 4.5 months, 
which was significantly shorter than that of the CA125-nor-
mal range group (18.3 months, P < 0.001; Fig. 3). When the 

median survival time based on the results of CA125 levels 
was compared by stratification according to the metastatic 
sites, peritoneal metastasis was the strongest significant 
factor associated with worse survival (3.4 vs. 18.5 months, 
P < 0.001).

The median survival times were significantly shorter for 
patients with positive combined tumor markers prior to treat-
ment than for those with values in the normal range (10.7 vs. 
15.7 months, P = 0.037; Fig. 4). The median survival times 
were also significantly shorter for patients with positive val-
ues for all tumor markers prior to treatment than for those 
with positive values for one or two tumor markers (3.5 vs. 
14.6 months, P < 0.001; Fig. 5). The median survival time 
of the patients with multiple metastatic sites was shorter than 
that of those with solitary metastatic site, even though the 
differences did not reach significance (6.7 vs. 11.6 months, 
P = 0.068).

Univariate analysis of the prognostic factors among the 
subgroups identified by each predictive factor identified the 
following as significantly associated with a poor outcome: 
diffuse-type histology and CA125 ≥ 35 U/mL. Multivari-
ate analysis revealed a high CA125 value to be indepen-
dently associated with poor survival (HR 3.941; 95% CI 
2.544–6.106; P < 0.001) (Table 2). Histologic type had no 
significant influence on the survival rate.

Discussion

We found that patients with unresectable advanced or recur-
rent gastric cancer who received chemotherapy and who had 
serum CA125 values above the reference interval for healthy 
people were at higher risk of dying. Additionally, increased 
values of all the tested serum tumor markers; namely, CEA, 
CA19-9, and CA125, were a significant prognostic indicator 
of survival for these patients. Thus, while the prognosis for 
unresectable advanced or recurrent gastric cancer patients 
is largely affected by performance status and tumor charac-
teristics, including depth of invasion and lymph node metas-
tasis [12–15], evaluating a panel of tumor markers might 
also be a useful predictor of the risk of mortality for these 
patients.

Although CA125 was originally considered as a specific 
biological marker for ovarian cancer, it might also play 
an important role in diagnosing different types of cancer, 
including gastric, colorectal, and pancreatic carcinoma 
[16–18]. In the present study, the rate of CA125 positivity 
was 34.3% in gastric cancer patients, which was lower than 
that of CEA and CA19-9; however, the median survival time 
of the CA125-positive patients was significantly shorter than 
that of the CA125-normal range group patients. Kim et al. 
[18] demonstrated an increased serum CA125 value as an 
independent prognostic risk factor with a hazard ratio of 
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2.431 for the recurrence of gastric cancer in 679 patients 
who had undergone resection believed to have been curative. 
In our study, positive values of CA125 were significantly 
more likely in diffuse-type than intestinal-type gastric car-
cinoma, despite relatively fewer cases of positive CA125 
values. Furthermore, peritoneal metastasis was the strong-
est significant factor associated with worse survival for the 
patients with positive CA125 values according to strati-
fied analysis of the metastatic sites. In patients who have 

undergone what was believed to be curative surgery, CA125 
positivity may reflect peritoneal dissemination [16, 18, 19].

Wang and colleagues reported that preoperative serum 
CA125 was an independent prognostic factor for patients 
with gastric cancer who underwent gastrectomy [20]. The 
results of the present study showed that a high CA125 value 
was an independent factor associated with poor prognosis 
for patients with unresectable advanced or recurrent gastric 
cancer. Thus, CA125 might be an important biomarker for 

Fig. 1   Kaplan–Meier estimates of survival time for patients with 
unresectable and recurrent gastric cancer and carcino-embryonic anti-
gen (CEA)-negative serum values (n = 104, solid line) or CEA-posi-
tive values (n = 141, dotted line). There was no significant difference 
in survival times between the groups (P = 0.424; stratified log-rank 
test)

Fig. 2   Kaplan–Meier estimates of overall survival for patients with 
unresectable and recurrent gastric cancer and carbohydrate antigen 
19-9 (CA19-9)-negative serum values (n = 151, solid line) or CA19-
9-positive values (n = 94, dotted line). There was no significant dif-
ference in survival times between the groups (P  =  0.157; stratified 
log-rank test)

Fig. 3   Kaplan–Meier estimates of the survival time of patients with 
unresectable and recurrent gastric cancer and carbohydrate antigen 
125 (CA125)-negative serum values (n = 66, solid line) or CA125-
positive values (n = 179, dotted line). There was a significant differ-
ence in survival times between the groups (P < 0.001; stratified log-
rank test)

Fig. 4   Kaplan–Meier estimates of survival times for patients with 
unresectable and recurrent gastric cancer and negative values for all 
tumor markers (n  =  66, solid line) or positive combined detection 
of any tumor markers group (n = 179, dotted line). There was a sig-
nificant difference in survival times between the groups (P = 0.037; 
stratified log-rank test)
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evaluating patient outcomes and predicting prognosis more 
precisely, not only for patients who have undergone curative 
surgery for gastric cancer, but also for patients with unre-
sectable advanced or recurrent gastric cancer who have been 
treated with systemic chemotherapy, particularly if it is used 
with other tumor markers.

CEA is one of the most commonly used biomarkers in 
clinical practice, both for monitoring patients with gastro-
intestinal malignancies and for predicting recurrence [9, 17, 
21]. Previous studies indicate that pretreatment serum CEA 
values are associated with an adverse prognosis for gastroin-
testinal cancer [5, 22, 23]. A meta-analysis reported by Deng 
et al. [24] demonstrated that elevated pretreatment serum 
CEA values were an independent predictor of poor prognosis 
for patients with gastric cancer. In the present study, there 
were significantly more patients with a positive CEA value 
than with a positive CA19-9 or CA125 value. The median 
survival time of the CEA-positive patients was also slightly 
shorter than that of the CEA-normal range patients, although 
the difference did not reach significance.

Our study found that patients with intestinal types gastric 
carcinomas were significantly more likely to have a positive 
CEA value than those with diffuse-type gastric carcinomas, 

and that this trend was significantly more likely in patients 
with hematogeneous metastasis than in those with peritoneal 
or lymph node metastasis. Similarly, several reports have 
documented that elevated CEA values were significantly 
associated with histologically diagnosed intestinal-type 
tumors [17, 25], while one study reported an association 
with diffuse-types tumors [26]. Ikeda et al. also reported 
that an elevated CEA level was an independent risk fac-
tor for liver metastases in 68 patients with stage IV gastric 
cancers [27].

CA19-9 is a widely used biochemical marker for diagnos-
tic and prognostic purposes in patients with digestive system 
tumors, especially pancreatic cancer, and has a reported sen-
sitivity and specificity of around 80% [28]. However, high 
levels of CA 19-9 can be caused by benign obstructive jaun-
dice or cholangitis. A multivariate analysis of 663 patients 
with gastric cancer who underwent surgery by Kodera et al. 
[29] indicated that serum CA19-9 was a better prognostic 
factor than CEA, although with a reported sensitivity of only 
16.0%. In the current study, there were no significant differ-
ences in median survival time between the CA19-9-positive 
and -negative patient groups. Moreover, as there was no sig-
nificant correlation between the value of each of the tumor 
markers and survival, it cannot be concluded that patients 
with higher values of tumor markers were more likely to 
have a higher tumor burden and reduced chances of survival. 
This disparity in study findings could be due to differences 
in patient characteristics such as whether resection was cura-
tive, whether metastatic disease was present, or different 
sample sizes among studies.

We recognize the following limitations of the present 
study. First, it was a retrospective study, so results may 
be affected by errors and biases inherent in such a design. 
Second, it consisted of patients from a single institution, 
possibly leading to patient selection bias. Further stud-
ies with adequate statistical power and a larger number of 
patient subgroups are needed to establish the reliability and 
accuracy of tumor markers in assessing patient prognosis 
of advanced gastric cancer. Despite this, the current study 
showed positive rates for CEA, CA19-9, and CA125 of 57.6, 
38.4, and 34.3%, respectively; similar to those of previous 
investigations where overall positive rates of tumor mark-
ers in patients with gastric cancer were 16–68% for CEA, 
14–68% for CA19-9, and 23–65% for CA125 [4, 16, 17, 30].

In conclusion, while few effective biomarkers have pre-
viously been used in clinical practice to investigate and 
manage patients with gastric cancer [21, 31, 32], this study 
found that measuring pretreatment CA125 might be a use-
ful biomarker for predicting the prognosis of patients with 
unresectable advanced or recurrent gastric cancer who 
have received chemotherapy. Furthermore, the combined 
measurement of the tumor markers, CEA, CA19-9, and 
CA125, might be useful to improve the management of these 

Fig. 5   Kaplan–Meier estimates of survival times for patients with 
unresectable and recurrent gastric cancer and one or two positive 
tumor markers (n  =  155, solid line) or all positive tumor markers 
(n  =  24, dotted line). There was a significant difference in survival 
times between the groups (P < 0.001; stratified log-rank test)

Table 2   Clinical characteristics and survival of patients with unre-
sectable advanced gastric cancer using multivariate survival analysis

Variable Hazard ratio 95% confidence interval P value

Histologic type 
(intestinal/dif-
fuse)

1.377 0.866–2.140 0.155

CA125 (< 35/≥ 35) 3.941 2.544–6.106 < 0.001
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patients. Further studies, including prospective studies, are 
required to confirm and better understand the prognostic 
value of these biomarkers in clinical practice.
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