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  Purpose: The aim of study was to evaluate the use-
fulness of serum HER2 as a therapeutic response indica-
tor in patients with HER2 positive metastatic breast 
cancer (MBC). 
  Materials and Methods: The levels of serum HER2 and 
CA15.3 were assayed in 148 serial serum samples from 
50 HER2 positive MBC patients at both the baseline and 
follow-ups. The changes in the levels of serum HER2 and
CA15.3 in relation to the tumor responses to the various 
chemotherapy regimens were monitored. 
  Results: The levels of serum HER2 and CA15.3 were 
elevated in 82% and 62%  of tissue HER2 positive pati-
ents, respectively, prior to therapies, with the changes 

in both tumor markers showing statistical significance in 
relation to the tumor responses (p＜0.01) in patients with 
elevated baseline serum markers. 
  Conclusion: The level of serum HER2 could be a  
valuable response indicator, not only for trastuzumab con-
taining therapy, but also for other common MBC chemo-
therapeutic agents. Also, as it is more frequently elevated, 
the serum level of HER2 may also be a more useful tumor
marker than CA15.3 in HER2 positive MBC. (Cancer Res 
Treat. 2006;38:35-39)
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INTRODUCTION

  The HER2 (c-erbB-2/neu) proto-oncogene has received much 
attention in recent years, especially since the availability of the 
anti-HER2 targeted monoclonal antibody, trastuzumab (Herce-
ptin), for the treatment of advanced breast cancer (1,2). The 
HER2 gene encodes a 185-kDa glycoprotein growth factor 
receptor consisting of three domains, including the extracellular, 
transmembrane and intracellular domains (3). The extracellular 
ligand binding domain of HER2 is known to undergo prote-
olytic cleavage from the full-length protein, with its subsequent 
release into the circulation of patients with breast cancer (4～6). 
The level of serum HER2 is elevated in about 20～40% of 
patients with overall metastatic breast cancer, with this increa-
sed HER2 level being associated with a worse prognosis and 
resistance to hormone therapy or alkylating chemotherapy (7～
12). Although the role of serum HER2 as a marker for the 
prognosis and prediction of response has been investigated in 
several studies, the clinical utility of serum HER2 for monito-

ring the response to various chemotherapeutic agents, other than 
trastuzumab containing therapies, requires further studies. The-
refore, we selected patients with HER2 positive (immunohisto-
chemistry (IHC) 3+ or fluorescence in situ hybridization (FISH) 
+) metastatic breast cancer, who had undergone chemotherapy 
with various agents, including trastuzumab, as well as various 
other chemotherapeutic agents, with the aim of evaluating the 
usefulness of serum HER2 for monitoring the responses to the 
treatment. We serially measured the level of serum HER2 at 
the baseline and during follow-ups, and correlated these levels 
with the clinical tumor responses to investigate how accurately 
fluctuations of the serial serum HER2 levels reflected the actual 
clinical response status to various therapies in HER2 positive 
metastatic breast cancer patients. We concurrently measured the 
level of serum CA15.3, a commonly used tumor marker for as-
sessing the tumor responses in metastatic breast cancer patients 
in clinical practice, to compare the accuracy of the level of 
serum HER2 for reflecting tumor responsiveness. 

MATERIALS AND METHODS

    1) Patients

  A total of 148 serial serum samples, with a median of 3 
(range, 2～6) samples per patient were obtained for analysis 
from 50 patients prior to treatments and during follow-ups. The 
average period from the initial sampling to the evaluation of 
the first tumor response was 12 weeks (range: 5～30 weeks). 
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Table 1. Clinical characteristics of 50 metastatic breast cancer 
patients

Clinical characteristics No. of patients %

Age, years   

 Median 46  

 Range 25～70  

Her2/neu status   

 IHC* 3+ 39 78

 IHC* 2+ and FISH† + 11 22

Menopausal status   

 Pre 31 62

 Post‡ 19 38

No. of sites of disease  

 Median  2  

 Range  1～5  

Sites of metastasis   

 Lung 35 70

 Liver‡ 29 58

 Lymph node§ 29 58

 Bone 18 36

 Skin  5 10

 Brain  3 6

Organ involvement   

 Single organ 11 22

 Multiple organ 39 88

Hormone receptor status   

 ER-positive PR-positive 14 28

 ER-positive PR-negative  9 18

 ER-negative PR-negative 27 54

*immunohistochemistry, †fluorescence in situ hybridization. Statis-
tically significant association between ‡CA15.3 or §serum HER2 
with the category of characteristic (p<0.05).

All patients had IHC 3+ or FISH positive metastatic breast 
cancer with measurable lesions. The following clinical charac-
teristics were evaluated in relationship with these markers: age, 
estrogen and progesterone receptor status, site and number of 
metastases, as well as therapeutic regimens consisting of tras-
tuzumab based therapy and other forms of chemotherapy. 

    2) Serum preparation

  Blood was drawn into serum separating tubes and then 
centrifuged at 2,000 g for 10 minutes at the room temperature. 
Aliquots of serum were then placed in polypropylene tubes and 
stored at -20oC. 

    3) Tumor response

  The tumor response was assessed using appropriate measure-
ments or by radiological evaluation of the CT or MRI. Com-
plete response (CR) required the complete disappearance of all 
disease for at least 4 weeks. Partial response (PR) was defined 
as a ≥50% decrease in the sum of the products of two diame-
ters of all measurable lesions and stabilization of all non-mea-
surable lesions maintained for a minimum of at least 4 weeks. 
Stable disease (SD) consisted of a ＜50% decrease in the sum 
of the products of two diameters of all measurable lesions. 
Progressive disease (PD) was defined as a ＞25% increase in 
the sum of the products of two diameters of one or more 
measurable tumors, or an unequivocal increase of new lesions. 
At the same time the tumor responsiveness to therapy was 
assessed, the levels of serum HER2 and CA15.3 were also 
measured. The median interval from the baseline to the 
evaluation of the first tumor response was 12 weeks (range 5～
30 weeks). The tumor responsiveness to therapy and serum 
HER2 and CA 15-3 were simultaneously assessed and mea-
sured, respectively. The median interval from the baseline to 
the evaluation of tumor response was 9 weeks (range, 3～24 
weeks). 

    4) Serum HER2 and CA15.3 assays

  To determine the normal cutoff values of the level of serum 
HER2 in Korean women, samples were collected from 93 
healthy volunteers. The informed consent was obtained from all 
those participating in the present study. The levels of serum 
HER2 and CA15.3 were measured using the ADVIA Centaur 
immunoassay system (Bayer Diagnostics, Tarrytown, NY). This 
assay employs sandwich immunoassay technology, with direct 
chemiluminescence for optimal assay performance. All samples 
were analyzed without knowledge of the clinical outcome of 
an individual patient. 

    5) Statistical methods

  The SPSS software was used for all statistical analyses. To 
evaluate an association of clinical variables with the baseline 
levels of serum HER2 and CA15.3, we performed χ2 testing. 
The association between serum HER2 and CA15.3, estimated 
using a correlation analysis, and the difference of tumor respo-
nse rate according to pretreatment serum HER2 or CA15.3 
levels were evaluated using the Pearson χ2 test. 
  To confirm differences between the pretreatment and follow- 
up tumor marker levels for each therapeutic response, the 
Wilcoxon signed rank test was used. For patients having eleva-

ted baseline levels of serum HER2 or CA15.3, we simultaneo-
usly calculated the delta percent change {(Level of follow-up 
-Level of baseline)/Level of baseline} for evaluation of the use-
fulness of serum tumor markers with respect to the therapeutic 
response and the clinical efficacy. The difference in the delta 
percent change between subgroups with a different tumor res-
ponse was evaluated using the Kruskal- Wallis test. 

RESULTS

  The median age of the patients was 46 years (range: 25～70). 
The clinical characteristics of the patients are described in 
Table 1. The median age of the healthy volunteers used to de-
termine the serum HER2 cutoff levels was 34 years (range: 21 
～66). While the data derived from the 93 volunteers showed 
a mean +2SD of 10.2μg/L for serum HER2, the manufactu-
rer's recommendation for the cutoff level for serum HER2, 15
μg/L, was used. The serum CA15.3 cutoff level was 38 kilo 
units/L (kU/L). 
  The baseline levels of serum HER2 prior to therapy ranged 
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Table 2. Therapeutic regimens and tumor responses

Treatment Patients number (%) 
Tumor response

CR* PR
† SD‡ PD§

Trastuzumab based therapy 32 (64) 2 10 14 6

Other chemotherapy 18 (36) 0 4 10 4

*complete remission, 
†partial response, ‡stable disease, §progressive disease.

Fig. 1. Delta percent change in the serum levels of HER2 (A) and CA15.3 (B) in relation to the clinical efficacy. *complete remission, 
†partial response, ‡stable disease, §progressive disease.

from 8.8 to 2589.6μg/L (median, 38.0μg/L), with 41 HER2 
positive metastatic breast cancer patients (82%) having elevated 
serum HER2 levels in their tissues. The CA15.3 levels were 
elevated in 31 patients (62%), ranging from 3.5 to 2817.4 kU/L 
(median, 54.9 kU/L). Twenty-six patients (52%) showed eleva-
tion of both markers, and 4 (8%) had no elevation of either 
tumor marker.
  There was no significant association between the level of 
serum HER2 and the clinical variables, with the exception of 
lymph node metastasis. The levels of serum HER2 (mean±SD; 
115±41) of those patients with lymph node metastasis was 
significantly lower than for those without (mean±SD; 399±
142) (p＜0.05). The CA15.3 levels showed positive correlations 
with estrogen receptor positivity and liver metastasis (p＜0.05). 
A weak correlation was also observed between the serum 
HER2 and CA15.3 concentrations (correlation coefficient 0.29, 
p＜0.05). 
  The treatment regimens used were trastuzumab (18%), trastu-
zumab/taxane (28%), trastuzumab/vinorelbine (18%), anthracy-
cline-containing regimen (14%), capecitabine (16%), gemci-
tabine (4%) and letrozole (2%). The tumor responses according 
to the therapeutic regimens are shown in Table 2. The pretrea-
tment levels of serum HER2 and CA15.3 had no influence on 
the clinical response to the therapeutic regimen, and there was 
a statistically significant correlation between the pretreatment 
and follow-up levels of serum HER2 in patients with a tumor 
response (CR and PR) or PD (p＜0.05). However, the CA15.3 
level only showed a statistically significant change in patients 
with PD (p＜0.05). The delta percent change was estimated at 

the time the tumor response was evaluated (Fig. 1). The delta 
percent changes in the levels of serum HER2 and CA15.3 in 
patients with either CR or PR were greater than -37 and -31%, 
respectively. In patients with PD, increases were observed in 
both tumor markers, with the exception of one patient who 
showed a decreased CA15.3 level; the mean delta percent 
changes were +94 and +56% for the levels of serum HER2 
and CA15.3, respectively. However, the range of the delta per-
cent changes in the levels of either the serum HER2 or CA15.3 
in patients with PD did not discriminate between SD and PD 
due to the wide and overlapping ranges for PD, from 3 to 216% 
for serum HER2, and from -29 to 164% for CA15.3; for SD 
the ranges were from -90 to 238% and from -87 to 21% 
for serum HER2 and CA15.3 levels, respectively. However, a 
statistically significant differences were observed between the 
delta percent changes of levels of serum HER2 or CA15.3 and 
the responses (p＜0.01), which were consistent irrespective of 
the therapeutic regimen. 

DISCUSSION

  Monitoring of the therapeutic response in patients with meta-
static breast cancer is often difficult due to the lack of measur-
able lesions, such as in cases with bone metastasis or isolated 
pleural-based disease. Therefore, a reliable serum tumor marker 
able to reflect the clinical response of patients with metastatic 
breast cancer would be beneficial and useful. In previous stu-
dies, elevation of the CA15.3 level ranged from 50 to 90% in 
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metastatic breast cancer, which was dependent on the anato-
mical sites of metastases, with the role of the CA15.3 level 
emphasized for monitoring the treatment of metastatic breast 
cancer. However, the positive rate of the level of serum HER2 
elevation in patients with metastatic breast cancer has generally 
been lower than that of CA15.3, which has been reported in 
about 20～40% of cases (13,14). The baseline level of serum 
HER2 was elevated in 82% of the cases with HER2 positive 
metastatic breast cancer in this study, as the level of serum 
HER2 has a significant correlation with the expression of 
HER2 in tumor tissue (9,15). In a previous study, the utility 
of serum and tissue HER2 for the early diagnosis of recurrence 
was assessed in only a few breast cancer patients, but the serum 
HER2 sensitivity was reported to be significantly higher in 
patients overexpressing HER2 in their tissues (8/10, 80%) than 
in those without overexpression (1/30, 3.3%) (p=0.0001), which 
was comparable to the 82% (41/50) positivity found in our 
study (16). Fifteen patients (30%) in our study had elevated 
serum HER2 levels, but without serum CA15.3 elevation at the 
baseline. This particular group may derive the most benefit 
from serial HER2 level monitoring for tumor responses, especi-
ally in cases without measurable lesions, such as for either bone 
or pleural fluid only diseases. Moreover, the longitudinal varia-
tions of the levels of serum HER2 were concordant with the 
clinical tumor responses to the anticancer therapy, regardless of 
the regimen. Cheung et al studied 30 metastatic breast cancer 
patients, who received docetaxel-based and anthracycline ther-
apy, and observed sequential changes in the level of serum 
HER2 completely paralleled the initial response in less than 9 
patients with positive tissue staining, as in our study (17). This 
study encompassed commonly used chemotherapeutic drugs 
used in the treatment of breast cancer, such as anthracycline con-
taining regimens, capecitabine and gemcitabine, while most of 
the serum HER2 studies in the literature focused on the use 
of trastuzumab containing therapies. 
  No common guidelines on to how to assess the curves of 
variations in serum tumor markers have been found with re-
spect to the clinical response. When tumor markers are applied, 
with the only the criterion of either an elevation or non-eleva-
tion during the follow-up, as executed by some investigators, 
the changing trends in the tumor marker may not be quanti-
tatively reflected (18～20). Hence, we used the delta percent 
change to evaluate the quantitative correlation of either the 
level of serum HER2 or CA15.3 with the tumor response 
during follow-up. While a 10% change in the level of the tumor 
marker from that of the baseline has been regarded as a 
significant elevation or decline in a previous study (21), those 
patients with a SD in the present study often had a change of 
greater than 10% in their level of serum HER2 or CA15.3. 
While all responders showed normalization or undetectable 
serum HER2 levels in a previous study (18), in our study not 
all the responders achieved serum HER2 normalization, but had 
decreases in the levels of serum HER2 and CA15.3 greater than 
37 and 31%, respectively. Therefore, a sufficient decrease in 
the level of a tumor marker may implicate a tumor response, 
even when the level does not decrease below the cutoff levels 
on follow-up. Likewise, a sufficient rise in the level of a of 
tumor marker from the nadir or plateau level on follow-up may 
be indicative of tumor progression, even if this rise is still 

below the baseline level of the tumor marker, as is often seen 
with conventional tumor markers. 
  The correlation of several clinical parameters, including 
visceral metastases, such as lung and liver metastasis, with an 
increased level of serum HER2, has been reported (22,23). 
However, our data showed no such correlation, with the excep-
tion of lymph node metastasis. In patients with lymph node 
metastasis, the level of serum HER2 showed a significantly 
lower level than in patients without lymph node involvement 
(p＜0.05), which was most likely attributable to the low tumor 
volumes in those patients with positive lymph nodes. 
  It has been suggested that patients with a high pretreatment 
level of serum HER2 show significantly lower response rates 
to certain chemotherapy or hormone therapy than those without 
increased marker concentrations. Whether an increased baseline 
level of serum HER2 is predictive of a response to trastuzu-
mab-based therapy remains controversial (1,9,10,25). In our 
study, the pretreatment baseline level of serum HER2 did not 
appear predictive of clinical responses to any particular thera-
peutic regimen, as the low baseline level may merely reflect 
a low tumor volume in the tissue of our HER2 positive po-
pulation. 

CONCLUSIONS

  The level of serum HER2 appears to be a useful tumor 
marker for monitoring HER2 positive metastatic breast cancer, 
irrespective of the therapeutic regimen, with respect to the high 
rate of serum HER2 level elevation as well as the good concor-
dance rate of tumor responses in HER2 positive metastatic 
breast cancer tissue. Moreover, the level of serum HER2 ap-
pears to be a better tumor marker than that of the serum 
CA15.3 level for HER2 positive metastatic breast cancer, main-
ly due to its level of elevation in these patients. A close follow- 
up on the serial level of serum HER2, especially in cases without 
a measurable disease, may prevent the prolonged administration 
of ineffective therapies, which would consequently help initiate 
successive lines of therapy in HER2 positive metastatic breast 
cancer. 
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