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Using a prospectively acquired database of 290 patients with advanced gastric adenocarcinoma, the prognostic 
significance of serum levels of carcinoembryonic antigen (CEA) (237 patients), alphafeto protein (AFP) (164 
patients), P-human chorionic gonadotrophin (PHCG) (165 patients), CA19-9 (64 patients) and CA125 (104 
patients) and tissue staining for C-erb B-2 (160 patients) and PHCG (160 patients) was investigated. Serum was 
taken prior to WIuorouracil(5FU)-based chemotherapy and immunohistochemistry was performed on diagnostic 
specimens. In the univariate analysis, tumour markers of poor prognosis were CEA Z= 5 pg/l (P = 0.01; median 
survival (MS) 42 versus 35 weeks), serum PHCG 2 4 U/l (P = 0.02; MS 42 versus 25 weeks), CA125 b 35 U/ml 
(P = 0.03; MS 43 versus 31 weeks) and CA125 b 350 U/ml (P = 0.001; MS 42 versus 17 weeks). Other significant 
factors were poor performance status, the presence of metastases and poorly differentiated tumour histology. 
Tumours markers of poor prognosis in the multivariate analysis were serum RHCG 2 4 IU/l [hazard ratio (HR) 
1.7; 95% confidence interval (CI) 2J3-1.11 and CA125 Z= 350 U/ml (HR 2.2; CI 4.2-1.2). There was a degree of 
subgroup variability in this model but, in general, other factors correlating with a poor survival were poor 
performance status, metastases and poorly differentiated tumour histology. This is the largest prognostic study 
of each tumour marker in advanced disease and demonstrates that serum RHCG and CA125 in gastric cancer 
prior to chemotherapy do convey an independent poor prognosis which may reflect not just tumour burden but 
aggressive biology. 
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INTRODUCTION 
THE MEASUREMENT of tumour markers is of proven benefit in 
a number of different cancers. However, in gastrointestinal 
malignancy, despite the weight of research, they are not generally 
useful in diagnosis or screening due to their low sensitivity and 
specificity. Their role in predicting prognosis and response to 
treatment is less well defined. Gastric cancer is the fifth most 
common cancer in both sexes and the fourth most common 
cancer cause of death [ 1, 21. This tumour in the advanced setting 
is generally considered incurable but the role of palliative 
chemotherapy and radiotherapy is becoming more accepted. 
Tumour markers could be very valuable in identifying patients 
with a better prognosis and/or chance of treatment response and 
hence targeting palliative treatment more effectively. 
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Carcinoembryonic antigen (CEA) has been the most evaluated 

tumour marker in gastric cancer. However, its value in the 
prognosis of advanced gastric cancer is much less clear. A 
number of other serum markers has been shown to be elevated 
in this cancer and their roles established in other tumours; 
alphafetoprotein (AFP) and B-human chorionic gonadotrophin 

(BHCG) in germ cell tumours, AFP in hepatoma, BHCG in 

choriocarcinoma, CA125 in ovarian cancer and possibly CA19-9 
in pancreatic tumours. However, their roles in gastric cancer 
have yet to be clearly evaluated. In addition, the imrnunohisto- 
chemical markers C-erbB-2 and BHCG have been reported as 
correlating with a poor prognosis [3-81 in gastric cancer. The 
aims of this study were to analyse seven different tumour 

markers to determine their role as prognostic markers and in 
predicting tumour responsiveness to chemotherapy in advanced 
gastric carcinoma. 
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MATERIALS AND METHODS 
Patient selection 

Patients were identified for this study using a prospectively 
acquired database and the study period was from February 1990 
to March 1994. All the patients had either inoperable locally 
advanced or metastatic biopsy-proven adenocarcinoma of the 
stomach or gastro-oesophageal junction. Locally advanced dis- 
ease was defined as inoperable primary tumour or partially 
resected primary without evidence of distant metastases. There 
were 290 patients with gastric cancer identified as suitable. 

Chemotherapy 
In most patients, the chemotherapy given was first-line chemo- 

therapy. S-Fluorouracil (SFU)-based chemotherapy was given 
to all patients and the most common regimens used were ECF: 
epirubicin (50 mg/m* 21-day cycle), cisplatin (60 mg/m2 21-day 
cycle), continuous infusional 5FU (200 mg/m*) and FAMTX: 
SFU (1500 mg/m* day l), methotrexate (1500 mg/m2 day l), 
doxorubicin (30 mg/m* day 15 28-day cycle). 

Response evaluation 
Tumour site and size was evaluated before treatment using 

computed tomography (CT) scans and endoscopy. Response to 
chemotherapy was assessed similarly. A complete response (CR) 
was defined as disappearance of all bidimensional measurable 
disease, a partial response (PR) was delined as at least a 50% 
reduction in measurable disease, progressive disease (PD) was 
defined as an increase of 25% of measurable disease and stable 
disease (SD) was a state between partial response and progressive 
disease. An overall response is represented by the addition of 
CR and PR. Response to chemotherapy was not evaluable in 21 
patients. 

Serum and immunohistochemical markers 
Serum was taken for tumour markers prior to treatment with 

differing numbers of patients in each tumour marker group. 
The patient pretreatment characteristics for each group were 
consequently analysed separately. CEA, AFP, BHCG, CA125 
and CA19-9 serum levels were measured using a commercially 
available solid-phase enzyme immunoassay (Cobas kit from 
Roche, London, U.K.). The cut-off values were 5 kg/l for CEA, 
10 IUiml for AFP, 4 IU/ml for BHCG, 35 U/ml for CA125 
and 37 U/ml for CA19-9. Immunohistochemical studies were 
performed on 164 gastric biopsies taken prior to treatment. 
An indirect alkaline phosphatase technique was used and this 
involved 3-p,rn cut sections of formalinfixed paraffin wax- 
embedded tissue which was then dewaxed in histoclear and 
rehydrated in alcohol. This was treated in 20% acetic acid for 5 
min to destroy endogenous alkaline phosphate and then washed 
in phosphate-buffered solution (PBS) at pH 7.4. The sections 
were then incubated with either 1:500 dilution of the antibody 
against C-erbB-2 protein (in-house product) or a I:2000 dilution 
of the antibody against BHCG (Dako, U.K.) for 1.5 h at room 
temperature. After washing in PBS, the sections were then 
incubated with the secondary antibody, a-rat immunoglobulin 
(Serotec) diluted to 1: 100 for the C-erbB-2 stain or o-rabbit 
immunoglobulin (Dako) at 1:50 dilution for the BHCG stain for 
1.5 h at room temperature. Following further washing, the 
sections were incubated with the substrate solution for 1 h 
at room temperature and then the nuclei counterstained and 
mounted routinely. Sites of immunocytochemistry activity 
showed red against the blue nuclei counterstain. Positive control 
sections from a breast cancer for C-erbB-2 and normal placental 

tissue for BHCG were included with each batch. A positive stain 
for BHCG was defined as cells with staining in either cytoplasm 
or membrane or both but for a C-erbB-2 positive result, the stain 
had to include the membrane as this is reported to be correlated 
to C-ERB B-Z gene amplification [9]. 

Statistical methods 
Statistical analysis was performed in March 1994. The corre- 

lation between tumour marker and pretreatment characteristics/ 
response to chemotherapy was analysed using the x2 test. 
Survival curves were drawn using the Kaplan-Meier method 
and analysed by the log rank test. Multivariate analysis was 
performed on pretreatment prognostic factors using the pro- 
portional hazards model. Results were considered significant if 
the P value was less than 0.05. 

RESULTS 
Carcirwembtyonic antigen 

Pretreatment serum CEA levels were measured in 82% of the 
patients (n = 237). Serum CEA levels were elevated in 119 
patients (50%) with a range of 247783 yg/l. Elevated CEA 
levels correlated with liver metastasis and metastasis in general 
(as opposed to locally advanced disease), but there was no 
correlation with sex, performance status or histology differen- 
tiation (Table 1). Sixty-nine per cent of patients with liver 
metastases had an elevated CEA. The univariate analysis demon- 
strated a worse survival in the group with elevated CEA at a cut- 
off of 5 kg/ml (P = 0.01; median survival 42 versus 35 weeks) 
but at the higher cut-off of 50 kg/l, there was no significant 
difference in survival (Table 2). Multivariate analysis indicated 
that CEA was not an independent prognostic factor but the 
presence of liver metastasis (hazard ratio, HR 2.0), performance 
status 3 or 4 (HR 1.8) and poorly differentiated tumour histology 
(HR 1.6) were all poor prognostic factors in the model. 

Alphafetoprotein 
Serum AFP levels were measured in 57% of the patients (n = 

164). AFP was raised in 25 patients (15%) with a range of 
2-20667 IUlml. A raised AFP correlated with the presence of 
liver metastases and metastases in general. Tumours with a 
poorly differentiated histology were less likely to secrete AFP 
(Table 1). An elevated AFP was not significant in both univariate 
and multivariate analysis for survival and the most important 
prognostic factor in the model were performance status 3 or 4 
(HR 3.1) and the presence of metastases (HR 1.9) (Table 2). 

PHuman chorionic gonadotrophin 
Serum BHCG levels were measured in 57% of the patients (n 

= 165). BHCG was raised in 34 patients (21%) with a range of 
2-571 IUIl. An elevated serum BHCG correlated with liver 
metastases and poor performance status (Table 1). In the 
univariate analysis, an elevated BHCG at the lower cut-off value 
of 4IUIl correlated with poorer survival (P = 0.02, median 
survival 42 versus 25 weeks) but at the higher cut-off value of 40 
IU/l, there was no correlation with survival. Multivariate analysis 
confirmed that the independent prognostic importance of an 
elevated BHCG at this lower cut-off rate [HR 1.7; 95% confi- 
dence interval (CI) 2.1-1.81 but not at the higher cut-off value. 
Other factors which were important in the model were the 
presence of metastases (HR 1.8), poor performance status 3-4 
(HR 2.9) and poorly differentiated tumour histology (HR 1.6) 
(Table 2). 85 patients had both serum BHCG and BHCG 
histochemistry performed but there was no correlation between 
these results. 
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Table 1. Pretreatment and response characteristics 

Pretreatment 
characteristics 

CA 125 3 CA 19-9 5 BHCG C-erbB-2 
CEA > 5 &I AFP 3 10 W/l pHCG 3 4 IU/l 35 u/ml 37 u/n-II + ve stain + ve stain 

(n = 237) (n = 164) (n = 165) (n = 104) (n = 64) (n = 160) (n = 160) 

Total number 119(50%) 25(15%) 
Males 94 18 
Performance status > 2 12 3 
Poorly differentiated 59 7” 
Tumour histology 
Liver metastases 603 16t 
Krukenberg metastases - - 

All metastases 85* 22* 
Chemotherapy response 59 12 

34(21%) 57(55%/o) 35(55%) 22( 14%) 12(8%) 
21 34 26 18 10 
4* 5* 1 3 3 
13 32 15 14 5 

19t 25t 19* 12 6 
- 5 - - - 

26 46* 27$ 14 9 
14 20* 12 15 9 

‘P < 0.05; tP < 0,005; $I’ < 0.0005. Statistical analysis using the x2 test correlating pretreatment characteristics with the elevated tumour marker 
group and the normal tumour marker group. Numbers in parentheses are the percentage of the total. 

Table 2. Univariate and multivariate analysis of pretreatment prognostic factors in advanced gastric cancer 

Pretreatment characteristics CEA AFl’ pHCG CA125 CA19-9 pHCG stain C-erbB-2 

Marker elevation 
Marker elevation x 10 
Sex distribution 
Performance status > 2 
Poorly differentiated tumour 
Histology 
Liver metastases 
All metastases 

0.01 ns 0.02* 0.03 ns ns ns 
ns ns ns 0.001* ns ns ns 

0?02* oY2t 0?2t 
ns ns ns ns 
nst ns 

0.005* ns ns* ns ns 0fb”1* 0Y&* 

0.0001* 0.01 0.01 0.003 ns 0.008* 0.008* 
0.009 0.02* 0.02’ 0.005* ns ns ns 

*Hazard ratio (HR) > 1.5 < 2.5, tHR > 2.5 < 3.5. Multivariate analysis of pretreatment characteristics with the results expressed as ns, non- 
significant. 

CA125 
Serum CA125 levels were measured in 36% of patients (n = 

104). Serum CA125 was raised in 57 patients (55%) with a range 
of 20-3266 U/ml. A raised CA125 was correlated with a poorer 
performance status, liver metastases and metastases in general 
but not the presence of Krukenberg metastases (Table 1). In the 
univariate analysis, an elevated CA125 at a cut-off of 35 U/ml (P 
= 0.03, median survival 43 versus 31 weeks) and at a higher cut- 
off 350 U/ml (P = 0.001, median survival 42 versus 17 weeks) 
were both indicators of poor prognosis. However, on multivari- 
ate analysis only a CA125 above the higher cut-off value was 
significant for prognosis (HR 2.2; CI 1.2-4.2). Other more 
important prognostic factors in this model were metastases (HR 
2.5) and a poor performance status (HR 3.7) (Table 2). 

CA 19-9 
Serum CA19-9 levels were measured in 22% of the patients (n 

= 64). Serum CA19-9 levels were raised in 35 patients (55%) 
with a range of O-51425 U/ml. An elevated CA19-9 was corre- 
lated with the presence of metastases both in the liver and 
generally (Table 1). In the univariate and multivariate analysis, 
CA19-9 was not a significant prognostic factor (Table 2). 

/3HCG immurwhistochemistty 
Staining for PHCG was performed on samples from 55% 

of patients (n = 160). Twenty-two specimens (14%) stained 
positively for PHCG and this did not correlate with any of 

the pretreatment characteristics (Table 1). On univariate and 
multivariate analysis there was no correlation with survival. 
Important prognostic factors in the multivariate model were 
liver metastases (HR 1.7) and poorly differentiated tumour 
histology (HR 1.5) (Table 2). 

C-erbB-2 immunohistochemistry 
Membrane staining for C-erbB-2 was performed in 55% of the 

patients (n = 160). Positive staining was found in 12 patients 
(8%) and it did not correlate with any of the pretreatment 
characteristics (Table 1). C-erbB-2 staining was not a significant 
prognostic factor on the univariate or multivariate analysis. 
Important prognostic factors in the multivariate analysis were 
liver metastases (HR 1.7) and poorly differentiated tumour 
histology (HR 1.5) (Table 2). 

Prediction of chemotherapeutic response 
228 patients received ECF chemotherapy with a response 

rate of 60% and the remaining patients received a range of 
chemotherapy regimens with a response rate of 25%. In gastric 
cancer, CEA, AFP, PHCG and CA19-9 and both immunohisto- 
chemical stains did not predict respcnse to chemotherapy, but 
an elevated CA125 correlated with a reduced response rate (P = 
0.04) (Table 1). 

DISCUSSION 
CEA is the most studied tumour marker in gastrointestinal 

malignancies. It is a highly glycosylated cell surface glycoprotein 
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and may be expressed at increased levels in a variety of cancers 
and benign conditions. The half-life of CEA has not been 
determined. The liver is probably the major site of metabolism 
[lo]. Following complete resection in colorectal cancer, the 
National Institutes of Health consensus conference stated that 
levels should return to normal in 6 weeks [ 1 l] but it has been 
reported to occasionally take 3 months [ 121. This explains why 
raised levels are seen in benign liver disease and patients with 
liver metastases very commonly have an elevated CEA. This was 
confirmed by our findings that 69% of patients with liver 
metastases had an elevated CEA and that there was a high 
correlation between the two. 

Evidence that CEA is elevated in gastric cancer has been 
available for a number years yet relatively little information has 
been published. An elevated CEA has been reported in 31-67% 
of patients with gastric cancer [ 13-181 and we confirm this with 
our lindings of 50%. This value is less than in colorectal cancer 
probably because of the higher incidence of poorly differentiated 
tumours. Previous studies have concentrated on the value of 
CEA as a diagnostic or screening marker but have demonstrated 
low sensitivity and specificity. However, one study reported the 
value of postoperative CEA monitoring to facilitate the detection 
of recurrences in patients after gastrectomy [19]. Our results 
demonstrated that although statistically significant in the univar- 
iate analysis, CEA was not important in the multivariate model. 
Hence CEA does not have a prognostic role in advanced gastric 
cancer. AFP, like CEA, is an oncofetal antigen and is produced 
in the fetal liver, yolk sac and gastrointestinal tract. It is the 
major serum protein of the fetus and has a half life of 3.5-6 days. 
In adults there is a physiological elevation during pregnancy and 
moderate elevations (up to 500 III/l) are found in up to 25% 
patients with benign liver diseases [20] and it has been hypoth- 
esised that AFP is synthesised during hepatic regeneration [21]. 
The role of AFP as a tumour marker for diagnosis and monitoring 
in malignant hepatoma and germ cell tumours is well established. 

Fifteen per cent of our gastric cancer patients had an elevated 
AFP and 4 patients had values over 1000 IU/l, which compares 
with a previously reported range of 3.9-18% [22-251. A raised 
AFP was highly correlated with liver metastasis and this has 
been reported previously [25]. An elevated AFP did not correlate 
with survival on both univariate and multivariate analysis and 
thus is not a useful prognostic marker in gastric cancer. 

HCG is a glycoprotein hormone consisting of two subunits, (Y 
and p. Serum pHGC is secreted by syncytiotrophoblasts of the 
placenta and by neoplastic cells in tumours of trophoblastic 
origin where it is a valuable tumour marker. Elevated serum 
PHCG levels have been demonstrated in various nontrophoblas- 
tic neoplasms and BHCG-immunoreactive cells have been ident- 
ified in the tissues of these neoplasms. 

We found an elevated serum PHCG in 21% of patients 
compared to previous reports of 16-23% [26-291. Positive tissue 
staining for PHCG was found in 14% in this study with a 
previous reported range of 7-53% [3-5,30-321. This discrepancy 
between reports is probably due to variations in staining and 
reporting techniques. Our results show no correlation between 
serum and immunohistochemical staining suggesting that the 
biopsied tumour is not responsible for raised serum levels. It has 
been reported that an elevated serum BHCG or tissue-staining 
positivity tended to be associated with poorer survival [3-51 
although this was in the setting of relapse following surgery 
rather than in advanced disease. Our findings confirm that an 
elevated serum BHCG is a prognostic marker of poor survival on 
univariate and multivariate analysis (HR 1.7) at the lower cut- 

off value but not at the higher value. However, pHCG tissue 
staining did not correlate with survival and has no prognostic 
signiticance which is in accordance with one previous study of 
92 cases [30]. 

CA125 is an antigenic determinant expressed by epithelial 
ovarian carcinomas that can be detected by a monoclonal anti- 
body. An elevated CA125 is detectable in 80-90% of patients 
with ovarian cancer and the true half-life has been estimated to 
be 4.8 days [33]. In ovarian cancer, CA125 correlates well with 
tumour staging and disease monitoring but has a low specificity 
with elevations in breast and gastrointestinal malignancies. An 
elevated CA125 has been reported in 3455% cases [ 17, 34, 351 
in gastric cancer and our result of 55% falls within that range. 
The role of CA125 as a prognostic factor has not previously been 
reported and our findings indicate that an elevated CA125 at 
both the higher and lower cut-off values is a poor prognostic 
factor on univariate analysis but only the higher cut-off is 
significant on multivariate analysis. These results may just reflect 
a higher tumour burden but significance in the multivariate 
analysis, which contains indicators of tumour burden, suggests 
more aggressive tumour biology. Therefore, serum CA125 is 
probably a useful prognostic marker in gastric cancer. 

The tumour marker CA19-9 is an oncofetal antigen and was 
developed by raising a monoclonal antibody against a human 
colorectal cancer line. An elevated serum CA19-9 has been found 
in a number of gastrointestinal malignancies and also in breast 
cancer. However, only in pancreatic cancer has the sensitivity 
and specificity been found to be better than CEA [36]. In gastric 
cancer, an elevated serum CA19-9 has been reported in 2870% 
[ 18, 35-381 and our result of 55% is within this reported range. 
The prognostic significance of CA19-9 in gastric cancer has not 
previously been reported. Our results showed that both liver 
metastases and metastases in general were correlated with an 
elevated CA19-9, but on univariate and multivariate analysis 
there was no survival difference. Consequently, our recommen- 
dations would be that CA19-9 should not be used as a marker of 
prognostic significance in gastric cancer. 

The C-ERBB-2 gene is localised on chromosome 17 at q21 
and encodes a 185 kDa cell surface glycoprotein. In breast 
cancer, amplification of the C-ERBB-2 oncogene (detected by 
DNA hybridisation analysis) and enhanced expression of 
C-erbB-2 protein (detected by immunohistochemistry) have 
been shown to be associated with poor prognosis independent of 
TNM factors and clinical stage [9, 39-421. In gastric cancer, 
C-erbB-2 protein overexpression has been reported in 814% of 
cases [6-S, 43, 441, which included only membrane-positive 
staining which correlates with C-ERBB-2 gene amplification in 
gastric cancer [6]. Our results of 8% staining correlate well with 
these results of previous publications. It has been reported that 
there is a lower instance of C-erbB-2 positivity in the poorly 
differentiated histology type [7, 431. There are conflicting 
reports about the correlation between C-erbB-2 positivity and 
survival. There are three papers reporting overexpression of 
C-erbB-2 protein as an adverse prognostic factor [6-81, one 
paper in which C-erbB-2-positive tumours had a better prognosis 
[43] and another paper which concluded that C-erbB-2 protein 
expression was not a useful prognostic indicator [44]. Our results 
indicate that immunohistochemical staining of C-erbB-2 protein 
expression is not a useful prognostic indicator in gastric cancer. 

Although heterogeneous chemotherapy regimens were used, 
the majority received one regimen, ECF. However, any degree 
of heterogeneity may cloud the precision of the correlation. 
The correlation between pretreatment tumour markers and 
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subsequent responses to chemotherapy has not been reported in 
gastric cancer. Our results demonstrated a correlation with 
CA125 (P = 0.04) only, but this result would need further 
confirmation. 

In advanced gastric cancer, an elevated CA125 (2 350 U/ml 
only) and PHCG (a 4 IU/I only) were significant prognostic 
factors of poor prognosis on both univariate and multivariate 
analysis. Prognostic factors other than tumour markers on 
multivariate analysis were poor performance status and the 
presence of metastatic disease. This study also confirms that 
serum levels of CEA, AFP and CA19-9, and tissue staining for 
C-erbB-2 and PHCG have no prognostic role in advanced gastric 
cancer. Unfortunately, none of the prognostic markers were able 
to predict convincingly for chemosensitivity. The identification 
of these tumour markers as independent prognostic factors may 
allow for patient stratification to appropriate treatment regimens 
and they raise the possibility that they reflect the tumour biology 
and not just the tumour burden. 
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