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Measurements of c-erbB-2 protein were done in sera of 20 normal women, 22 benign 
breast disease patients and in respectively 43 and 51 samples from primary breast cancer patients 
obtained prior to and after surgical interventions. Mean value of serum c-erbB-2 in non-malignant 
women was insignificantly different from the value in the breast cancer group. Positivity rate of 
serum c-erbB-2 in the cancer group was 13.8 per cent. Increasing postoperative serum c-erbB-2 
concentrations were in good association with severity, progressiveness and relapse of breast 
cancer independently of other variables such as age, menopausal status, tumor size, axillary node 
invasion, ER or PR status. Pretreatment serum c-erbB-2 positivity was inversely correlated to 
ER status but relation to other prognostic parameters of breast cancer was not found. Agreement 
between c-erbB-2 measured in serum by enzymeirnmunoassay and in tissue by immunohisto­
chemical assay was also found. 

Our data confirmed that in primary breast cancer patients, monitoring of circulating 
c-erbB-2 protein levels after operation are useful for detecting the recurrence and/or metastasis 
of the disease especially in ER positive breast cancer. Pretreatment serum c-erbB-2 concentrations 
do not have benefit for early diagnosis of the tumor. 
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Alterations of proto-oncogenes contribute 
to the pathogenesis of cancer. A proto-oncogene in 
human breast cancer, c-erbB-2, has been intensively 
studied. It is located on chromosome 17 q 21 and 
encodes a 185-kD transmembrane glycoprotein 
similar to that of the epidermal growth factor 
receptorO). The extracellular domain of c-erbB-2 
can be shed by proteolytic clevage from cancer cells 
in cultures that overexpress p 185 c-erbB-2(2,3). C­
erbB-2 protein can be detected in human serum with 
breast cancer(3-6) and several investigations indi­
cate that c-erbB-2 may be a useful prognostic serum 
marker in primary breast cancer0-12). This study 
aimed to evaluate the prognostic significance of 
serum c-erbB-2 in Thai women with primary breast 
cancer. 

PATIENTS AND METHOD 
Patients 

Sera form 94 patients with primary breast 
cancer were investigated. Forty three blood samples 
were drawn before giving any kind of treatment and 
51 samples were obtained after surgical treatment. 
Most of the patients in the latter group had already 
received different therapeutic regimens (e.g. hor­
mone therapy, chemotherapy and/or radiotherapy). 
Blood from 20 healthy women and 22 patients with 
benign breast disease was also obtained. Centrifu­
gation of blood was done immediately after drawing 
and the sera were stored at -70°C until the mea­
surement of c-erbB-2 was performed. 

Estrogen and progesterone receptor status 
was determined in tumor tissue using enzymi­
mmunoassay (Abbott Laboratory) and control-pore 
glass bead ligand binding assay respectively. Cutoff 
level of ER was 15 fmol/mg protein and for PR was 
I 0 fmol/mg protein. Median follow-up time of 
breast cancer patients was 49.5 months (range : 
7-123 months). For the diagnosis of metastasis, cli­
nical examinations were performed every 3-6 
months and chest X-ray, liver scans or ultrasono­
graphy and bone scans were done every 6-12 
months. 

C-erbB-2 measurement 
Determination of serum c-erbB-2 was done 

using enzymimmunoassay kits kindly donated by 
Nichirei Corporation, Japan. The assay was based 
on the two step sandwich technique using two 
mouse monoclonal anti c-erbB-2 antibodies. First 
antibody which was immobilized on the polystyrene 

bead reacted with c-erbB-2 in the serum sample. 
After 2 h incubation at room temperature, unreacted 
c-erbB-2 was removed by washing, then, another 
enzyme-conjugated mouse monoclonal antibody 
was added to bind with c-erbB-2 first-antibody 
complex coated on the bead. Unreacted enzyme­
conjugated second antibody was removed by 
washing after 2 h incubation at room temperature 
and enzyme reaction was started by adding chro­
mogenic substate. The absorbance of developed 
color which was correlated with c-erbB-2 concen­
tration in sample was measured after 30 min reac­
tion at room temperature and calculation of c-erbB-
2 concentration was performed by comparison with 
standards. As proposed in the protocol, the inter-and 
intra-assay reproducibility was 8.7 to 9.7 per cent 
and 2.15 to 6.7 per cent respectively. The sensitivity 
of the assay was 0.5 ng/ml and a tentative cutoff 
value at 5.4 ng/ml was recommended in the kit. 
Thirty three breast cancer tissues from 94 patients 
were also measured for tissue c-erbB-2 expression 
by immunohistochemical technique. 

Statistics 
C-erbB-2 concentrations and other des­

criptive data were presented in mean ± SEM. The 
relationship between c-erbB-2 serum concentrations 
and other clinico-pathological variables were eva­
luated by non-parametric comparison. The serum 
positivity rate was compared to various nominal 
variables by Chi square· test and the odds ratios for 
relapse i.e. recurrence and/or metastasis were 
calculated. Logistic regression was used to analyzed 
the predictive value of serum c-erbB-2 when other 
prognostic variables of breast cancer were adjusted. 
Statistical analysis was performed by statview-PC 
program except the logistic regression which was 
done by SPSS-PC program and significance was 
set at p value less than 0.05. 

RESULTS 
Mean age of the women in the apparently 

healthy group and benign breast disease (BBDJ 
group was 31.25 ± 0.86 and 35.09 ± 2.42 years res­
pectively. Patients with primary breast cancer had 
a mean age 50.13 ± 1.12 years. Mean concentration 
and per cent positivity at 5.4 ng/ml cutoff value of 
serum c-erbB-2 in each studied group is tabulated 
in Table 1. Mean serum c-erbB-2 level in non­
malignant group (normal + BBD) was 2.15 ± 0.58 
ng/ml which did not significantly differ from value 
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Table 1. Serum c-erbB-2 levels and positivity rate in each group of subjects. 

N Mean (SE) 

Non-malignant group 42 2.15 (058) 
Normal 20 2.22 (0.87) 
Benign breast disease 22 2.09 (0.79) 

Malignant breast tumor 94 8.59 (3.19) 

(a) Normal vs benign breast disease 
(b) Malignant vs non-malignant groups 

8.59 ± 3.19 ng/ml in malignant breast tumors. Dis­
tribution of c-erbB-2 in sera of non-malignant and 
malignant subjects is shown in Fig. l. Positivity rate 
of c-erbB-2 among the three groups was also not 
different. 

Various clinico-pathological variables 
were used for comparison of c-erbB-2 concentra­
tions and positivity as shown in Table 2. Mean level 
of c-erbB-2 in the pretreatment group of breast 
cancer patients was higher than the value in post­
operative patients but positivity was not different 
between the two groups. Progressive increase of 
postoperative c-erbB-2 concentrations and posi­
tivity rate followed the advance of disease as seen 
in different stages of breast cancer with the highest 
value in stage 4 or metastatic breast cancer was 
detected. (Fig. 2) In addition, statistically higher 

Serum NrbB-2 (ngtml) 
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Fig. I. Serum c-erbB-2 concentrations in malig­
nant breast tumor and non-malignant (nor­
mal + benign breast disease) group. 
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Fig. 2. Postoperative serum c-erbB-2 concentra­
tions in different stages of breast cancer. 
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Fig. 3. Bar chart of c-erbB-2 levels in preoperative 
and postoperative serum samples obtained 
from breast cancer patients with and with­
out relapse. 
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Table 2. Concentrations and positivity of serum c-erbB-2 in relation to clinico-pathological characteristics 
of breast cancer patients. 

Obtained-blood samples 
Pre-treatment 
Post -operation 

*Tumor stage 
l 
2 
3 
4 

*Cancer progresiveness 
< 3 lymph node invasion 
> 3 lymph node invasion 
Distant metastasis 

*Relapse 
No 
Yes 

*Post-operative values only 

Mean (SE) 

10.04 (5.11) 
7.37 (4.04) 

3.28 (2 89) 
1.35 (0.91) 
0.84 (0.38) 

31.59 (19.31) 

1.04 (0.41) 
2.28 ( 1.75) 

31.59 (19.31) 

1.56 (0.77) 
24.36 (15 15) 

P value 

0.01 

0.01 

0.01 

0.02 

'7c Positive 

11.6 
15.7 

33.3 
3.2 
() 

600 

4.5 

6.3 
60.0 

5.3 
46.2 

Chi square P value 

0 57 

0.0002 

0.0003 

0.0005 

Table 3. Relationship between c-erbB-2 positivity rate in serum or tissue with estrogen receptor status 
in breast cancer patients. 

Serum c-erbB-2(%) Tissue c-erbB-2 
expression(% ) 

ER 

N 

Positive 
Negative 

Chi square p value 

Pre-treatment 
Positive Negative 

0 
23.5 

40 
0.01 

100 
76.5 

mean concentration and per cent positivity of post­
operative serum c-erbB-2 in relapse patients com­
pared to non-relapse cases was detected. (Table 2 
and Fig. 3) Significant relationship of elevated 
c-erbB-2 protein concentrations with age, meno­
pausal status, tumor diameter, axillary node invasion, 
ER and PR status was observed neither in pretreat­
ment nor in postoperative serum samples of breast 
cancer patients. 

Reverse relationship between ER and tis­
sue c-erbB-2 status as well as between ER status 
and pretreatment serum c-erbB-2 concentrations 
was demonstrated (Table 3) but postoperative serum 
c-erbB-2 levels were not related to ER status. Table 
4 shows the incidence of relapse breast cancer in 
relation to ER and serum c-erbB-2 status. Highest 
incidence of relapse was seen in patients having 

Post-operation 
Positive Negative 

18.2 
9.1 

22 
0.53 

81.8 
90.9 

Positive Negative 

25.0 
69.2 

33 
0.01 

75.0 
30.R 

positive findings for both ER and c-erbB-2 though 
significance was not achieved. 

Good agreement of c-erbB-2 expression in 
33 breast cancer tissues with pre-operative status 
of serum c-erbB-2 protein was found in patients 
having elevated serum c-erbB-2 values (Table 5 ). 
However, the discordance between tissue and serum 
c-erbB-2 in patients with negative serum c-erbB-2 
was approximately 36 per cent. The odds ratios of 
recurrence and/or metastasis of breast cancer were 
calculated. (Table 6) With the limited cases of 
relapse (16/94) in our data, elevated serum c-erbB-2 
was the only factor that significantly increased the 
risk of recurrence and/or metastasis in primary 
breast cancer. For other variables, the odds ratio of 
I was included in their ranges which made their 
relationship with relapse of the disease to be insig-



890 S. CHEARSKUL et al 

Table 4. Incidence of relapse breast cancer in rela­
tion to ER and serum c-erbB-2 status. 

ER 

Negative 
Negative 
Positive 
Positive 

C-erbB-2 

Negative 
Positive 
Negative 
Positive 

Chi square p value> 0.05, N = 62 

% Relapse cases 

8.7 (2/23) 
0 (0/5) 
9.4 (3/32) 

50 (1/2) 

J Med Assoc Thai August 2000 

Table 5. Relationship between pretreatment serum 
c-erbB-2 and tissue c-erbB-2 in breast 
cancer patients. 

Tissue c-erbB-2(%) Positive 
Negative 

Chi square p value= 0.03. N = 33 

Serum c-erbB-2 ( '7r) 

Positive 

100 
() 

Negative 

36.7 
63.3 

Table 6. Odds ratios for predicting occurrence of relapse in primary breast cancer. 

Variable 

Age ~50 y 
> 50y 

Tumor diameter 
~20 mm 
>20mm 

Lymph node invasion 
no 
yes 

(b) Tissue c-erbB-2 
negative 
positive 

Serum c-erbB-2 
negative 
positive 

(b)ER negative 
positive 

(b) PR negative 
positive 

(a) Taken as reference category 

Relapse/total cases (%) 

8/44 (18.2) 
8/49 (16.3) 

l/17 (59) 
10/67 (14.9) 

4/35 (11.4) 
6/46 (13.0) 

3/19 (15.8) 
0/14 (0) 

10/81 (12.3) 
6/13 (46.2) 
2/28 (71) 
4/34 (11.8) 
5/49 (10.2) 
!Ill (91) 

Odds ratio (95% Cl) 

J(a) 

0.9 (OJ-2.6) 

J(a) 

2.8 (0.3-23.6) 

J(a) 

1.2 (0.3-4 5) 

J(a) 

0 

J(a) 

6.1 (I 7-21.8) 
J(a) 

1.7 (0.3-1 0.2) 
J(a) 

0.9 (0.1-8.4) 

P value 

0.34 

0 R3 

0.90 

0.005 

0.54 

O'll 

(b) Results may not be applicable due to the small number of relapse cases. 

nificant. However, when other variables were 
adjusted, the significance of serum c-erbB-2 for 
independently predicting relapse of breast cancer 
disappeared. 

DISCUSSION 
Serum c-erbB-2 levels and positivity rate 

were not different among normal women, BBD and 
breast cancer patient groups. The levels of c-erbB-2 
in serum drawn before surgery was significantly 
higher than in serum obtained after surgery. Thus, 
data analysis was separately done according to 
time of blood taken. By using the value above 5.4 
ng/ml for indicating the positivity of c-erbB-2 in 
serum, Thai women with primary breast cancer had 

13.8 per cent positivity rate of serum c-erbB-2. This 
agrees with the positivity value 8.6-15 per cent pre­
viously reported in other nationalities( 4,7,8, I 0, 12). 
Age and menopausal status had no int1uence on 
c-erbB-2 protein concentrations in our patients as 
reported before01,13,14). Neither tumor size nor 
axillary lymph node invasion was associated with 
serum c-erbB-2 positivity which was similar to 
findings in several studiesO 0, II, 14-16) but not 
others02). 

It was suggested that the primary tumor is 
a major source of c-erbB-2 protein, so that signifi­
cance of circulating c-erbB-2 levels in assessing 
the extent of the spread of cancer should be per­
formed in blood samples obtained after the removal 
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of primary breast cancer03). Postoperative levels 
and positivity rate of serum c-erbB-2 in the present 
study were significantly different among breast 
cancer stages as well as between relapse and non­
relapse patients. Stage 4 breast cancer patients in 
this study had the highest mean level and per cent 
positivity (60%) of serum c-erbB-2 compared to the 
other three earlier stages. Previous literature reported 
a range of 21-49 per cent positivity in stage 4 
patients( 4, 12, 14, 15-20). Pretreatment serum c-erbB-2 
showed no relationship with tumor stages or any 
parameters indicating the advance of the disease. 
Most authors, including us agreed that serum 
c-erbB-2 protein was useful as an indicator of post­
operative follow-up for tumor aggressiveness but 
not as a diagnostic marker of primary breast cancer 
(3,5, 14,17,21). However, significance of serum c­
erbB-2 for selecting the early stage patients with a 
worse prognosis in terms of shorter disease free 
interval and survival outcome was also reported 
(1 0, 18,20). In addition, elevated pretreatment 
c-erbB-2 in serum of ER positive metastatic breast 
cancer patients was shown to be associated with 
low probability of benefit from various types of 
hormone therapy01, 13,22). Thus, it was recom­
mended to add positive preoperative serum c-erbB-2 
as one parameter in the decision for high-dose 
chemotherapy in locoregional advanced breast 
cancer patients01 ,22). 

In this study, ER and PR status did not 
significantly relate to postoperative serum c-erbB-2 
status. Contradictory, reverse association between 
ER and pretreatment serum c-erbB-2 as well as 
tissue c-erbB-2 expression was obtained. Our results 
are in agreement with some authors( 10, 11) but not 
with others who found no relationship between 
steroid receptors and serum c-erbB-2 protein02,15). 
Among very limited cases of relapse in our study, 
50 per cent of patients with relapse had positive ER 
and c-erbB-2 protein while about 9 per cent of 
relapse cases occurred in patients having positive 
ER but negative c-erbB-2 protein. Though the sig­
nificance was not achieved, this may support a pre­
vious suggestion that in ER positive breast cancer, 
elevated serum c-erbB-2 protein was associated 
with a higher risk of relapse01). 

Positive association between serum and 
tissue c-erbB-2 was shown in our study as in most 

previous reportsO, 10, 12, 16, 17) but not by some 
authors05). However, some discordance bet ween 
serum and tissue c-erbB-2 expression was also 
shown by other groups of investigators( 15,18) in­
cluding us. About 36 per cent of our patients with 
negative pretreatment serum c-erbB-2 protein had 
positive tissue c-erbB-2 expression. This may be 
related to the difference in sensitivity of the mea­
suring methods or that the serum component repre­
sents an alternatively spliced variant lacking the 
membrane domain( 15). Insignificant relationship 
between positive tissue c-erbB-2 expression and 
relapse rate was observed. 

Positive serum c-erbB-2 seems to be the 
only significant prognostic indicator for relapse of 
breast cancer from our limited data with an odds 
ratio of 6.1 (range 1.7-21.8) in comparison to 
patients with negative serum c-erbB-2 levels. 
although, the significance disappeared when other 
prognostic variables were adjusted. This should be 
confirmed using a larger group of patients and 
longer follow-up time. Also, our results may sup­
port an earlier suggestion that monitoring of post­
operative serum c-erbB-2 protein offers important 
value for detecting advanced breast cancer no 
matter if the tissue c-erbB-2 is present or absent 
(5, 15, 16). Previous reports from two groups of 
investigators revealed that elevated serum c-erbB-2 
concentrations could predict the appearance of 
recurrence or metastasis within 3-9 months(8.16 ). 

In conclusion, c-erbB-2 measurement in 
serum of breast cancer patients after surgical treat­
ment provides a good indicator of progressiveness 
and relapse of the disease independently of other 
prognostic factors such as tumor size or axillary 
node invasion. An ER positive tumors with elevated 
serum c-erbB-2 levels showed a higher incidence of 
relapse than tumors with low circulating c-erbB-2 
levels. Monitoring of postoperative serum c-erbB-2 
should be a useful tool for early detection of relapse 
in ER positive breast cancer. 
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