Journal of
Breast
Cancer

J Breast Cancer 2014 March; 17(1): 33-39http://dx.doi.org/10.4048/jbc.2014.17.1.33

O R I GINAL ARTICLE

Serial Serum HER2 Measurements for the Detection of Breast Cancer
Recurrence in HER2-Positive Patients
June-Hyung Ha, Min-Ki Seong, Eun-Kyu Kim, Jin Kyung Lee1, Hyesil Seol2, Ju Young Lee, Jangmoo Byeon, Yeun-Ju Sohn,
Jae Soo Koh2, In-Chul Park3, Woo Chul Noh, Hyun-Ah Kim
Departments of Surgery, 1Pathology, and 2Laboratory Medicine, Korea Cancer Center Hospital, Korea Institute of Radiological and Medical Sciences, Seoul;
3
Division of Radiation Cancer Research, Korea Institute of Radiological and Medical Sciences, Seoul, Korea

Purpose: The measurement of serum human epidermal growth
factor receptor 2 (HER2) extracellular domain levels is a wellestablished method for evaluating whether a metastatic HER2positive breast cancer patient will respond to HER2-targeted
treatment. However, little is known about the value of serum
HER2 for detecting disease relapse following curative surgical
treatment in breast cancer patients. The purpose of this study
was to evaluate the sensitivity of serum HER2, carcinoembryonic
antigen (CEA), and carcinoma antigen 15-3 (CA 15-3) for the detection of disease recurrence in postoperative breast cancer patients with a primary HER2-positive tumor. Methods: Serial meas
urements were taken of serum HER2, CEA, and CA 15-3 levels
in patients with primary invasive HER2-positive breast cancer
who underwent curative surgical treatment between January
2008 and December 2010. Following treatment, serum HER2
levels were monitored every 6 months using a chemiluminescence immunoassay. Results: Overall, 264 patients were analyzed in this retrospective study. The median follow-up period
was 27.7 months, and 24 patients relapsed during follow-up. The

INTRODUCTION
Human epidermal growth factor receptor 2 (HER2) is overexpressed in approximately 15% to 25% of breast cancers.
Structurally, HER2 is comprised of three parts: a transmembrane domain, an extracellular domain, and an intracellular
tyrosine kinase domain. The extracellular domain may be
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sensitivity of serum HER2, CEA, and CA 15-3 for the detection of
disease recurrence was 37.5%, 25.1%, and 12.5%, respectively.
Sensitivity increased to 45.8% when all three tumor markers
were combined in the analysis. In a subgroup of patients without
liver disease, the sensitivity of serum HER2, CEA, and CA 15-3
was 57.1%, 21.4%, and 14.3%, respectively. Of the 264 patients
in this study, 80 patients had chronic hepatitis, liver cirrhosis, or
abnormal aspartate aminotransferase or alanine aminotransferase levels during the follow-up period. Following the exclusion of
these patients, the sensitivity of serum HER2 for the detection of
disease recurrence increased to 57.1%. Conclusion: Serial serum
HER2 measurement may be useful for the detection of disease
relapse in patients with HER2-positive breast cancer. Abnormal
liver function can result in elevated serum HER2 in the absence
of disease recurrence.

Key Words: Breast neoplasms, Carcinoembryonic antigen, Carcinoma antigen
15-3, Human epidermal growth factor receptor 2, Tumor-associated antigen

cleaved and shed from the surface of the tumor cell by tissue
metalloproteinases at the juxtamembrane region of HER2, at
which point there is a measurable increase in the level of serum HER2 extracellular domain (serum HER2) in the blood
[1]. This increase in serum HER2 is associated with poor prognosis and HER2-targeted treatment resistance in patients with
HER2-positive metastatic breast cancer [2-5]. In 2003, the U.S.
Food and Drug Administration approved the measurement of
serum HER2 by the ADVIA Centaur® immunoassay analyzer
(Siemens Medical Solutions Diagnostics, Tarrytown, USA) as
a specific method for monitoring trastuzumab treatment in
metastatic HER2-positive breast cancer patients.
Despite the obvious clinical value of serum HER2 measurement in monitoring disease status in metastatic patients, the
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clinical utility of serum HER2 measurement for the detection
of disease recurrence in postoperative breast cancer patients
has not yet been established. Since the overexpression of HER2
in primary tumors is associated with a poor prognosis, early
detection of disease recurrence using simple methods, such as
the identification of blood tumor markers, would be extremely
beneficial in clinical practice. The most widely used blood tumor markers for the detection of breast cancer recurrence are
carcinoembryonic antigen (CEA), carcinoma antigen 15-3
(CA 15-3), or a combination of both [6]. However, the routine
use of CA 15-3 or CEA for monitoring disease recurrence in
patients after primary breast cancer treatment is not recommended by the American Society of Clinical Oncology [7].
The application of serum HER2 for the early detection of
breast cancer recurrence has not been extensively investigated,
and it may offer an alternative to the currently available methods. To date, few studies discuss the clinical value of serum
HER2 as a tumor marker for the detection of disease recurrence; most of these studies analyzed serum HER2 levels in
patients with metastatic disease, and only a small number of
patients with HER2-positive disease were evaluated [8,9]. In
theory, serum HER2 levels cannot increase without the exist
ence of a HER2-positive tumor. Therefore, the purpose of this
study was to investigate the validity and importance of the
measurement of serial serum HER2 levels for the detection of
disease recurrence in HER2-positive breast cancer patients
who have undergone curative surgical resection of their primary tumor and are under long-term follow-up care.

METHODS
Study patients
Serial serum HER2 levels were measured in patients with
invasive ductal or lobular HER2-positive breast cancer who
had undergone curative surgical treatment between January
2008 and December 2010. HER2 positivity was detected using
immunohistochemistry (IHC), and HER2 amplification was
measured using fluorescence in situ hybridization (FISH); the
set IHC rating and FISH ratio for defining HER2 positivity
was 3+ and > 2.2, respectively. Other clinicopathological variables such as age at diagnosis, disease stage, hormone receptor
status of the primary tumor, and disease recurrence were obtained from the Korea Cancer Center Hospital Breast Cancer
Database. Tumor stage was classified according to the American Joint Committee on Cancer, 7th edition. During blood
sample collection for serum tumor marker assessment, information on serum aspartate aminotransferase (AST) levels, alanine aminotransferase (ALT) levels, and the history of liver
disease was obtained from a chart review. Disease recurrence,

including locoregional recurrence and distant metastasis, was
confirmed by a biopsy of the metastatic lesion or by imaging
methods (computed tomography, ultrasound, mammography,
magnetic resonance, bone scanning, and/or positron emission
tomography-computed tomography). Serum HER2, CEA,
and CA 15-3 levels were measured at baseline and at the time
of regular outpatient follow-up after surgery. This study was
approved by Korea Cancer Center Hospital Institutional Review Board (K-1308-002-002).
Serum HER2, CEA, and CA 15-3 measurements
The ADVIA Centaur® automated immunoassay analyzer
was used to analyze serum HER2 levels. This automated chemiluminescence immunoassay system measures circulating
levels of the extracellular domain of the HER2 oncoprotein by
using two monoclonal antibodies raised to two distinct epi
topes of serum HER2. Previous studies report a cutoff of 15.2
ng/mL for serum HER2 [10,11]. We validated this cutoff value
in our laboratory, and any serum HER2 level above the cutoff
value was considered to be elevated. Serum CEA and CA 15-3
levels were measured using a Modular Analytics E170 analyzer
(Roche Diagnostics, Naka, Japan), and their cutoff values were
4.6 ng/mL and 25 U/mL, respectively, based on the manu
facturer’s instructions.
Statistical analyses
All statistical analyses were performed using SPSS for Windows version 14.0 (SPSS Inc., Chicago, USA). Receiver operating characteristic (ROC) curves were drawn and the area
under the curve (AUC) was calculated for each marker. The
sensitivity of serum HER2, CEA, and CA 15-3 was calculated
according to a previous study [12]. The association between
serum HER2 and serum AST/ALT levels was assessed using
the Pearson correlation coefficient (r). A p-value of less than
0.05 was considered statistically significant.

RESULTS
Overall, 264 patients were eligible for this study. The mean
age at the time of surgical treatment was 50.9 years, and the
median follow-up period was 27.7 months. Table 1 shows the
characteristics of the study population. Of these 264 patients,
12 showed elevated serum HER2 levels at the time of first diagnosis. After 6 months, and after curative surgical resection
of the primary tumor, the serum HER2 level of all patients was
restored to within normal levels (Figure 1). Four patients who
showed elevated serum HER2 levels at the time of first diagnosis subsequently suffered disease relapse. Of these four patients,
two patients also showed increased serum HER2 levels at the
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Characteristic

No. of patients (%)

Age (yr)
< 50
≥ 50
Tumor size
T1
T2
T3
T4
Tx
Lymph node status
N0
N1
N2
N3
Stage
I
II
III
Unknown
Histologic type
Invasive ductal carcinoma
Invasive lobular carcinoma
Histologic grade
Grade I
Grade II
Grade III
Unknown
Hormone receptor status
ER negative and PR negative
ER positive or PR positive

129 (48.9)
135 (51.1)
150 (56.8)
104 (39.4)
8 (3.0)
1 (0.4)
1 (0.4)
153 (58.0)
71 (26.9)
26 (9.8)
14 (5.3)
108 (40.9)
112 (42.4)
43 (16.3)
1 (0.4)
260 (98.5)
4 (1.5)
24 (9.1)
102 (38.6)
96 (36.4)
42 (15.9)
102 (38.6)
162 (61.4)

25
20
15
10
5
0

Preoperation

6 mo

12 mo

18 mo
(disease relapse)

A

Preoperation

6 mo

12 mo

18 mo
(disease relapse)

B

140
Concentration of serum HER2 (µg/L)

Table 1. Clinicopathologic characteristics

Concentration of serum HER2 (µg/L)
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Figure 2. Changes in serum human epidermal growth factor receptor 2
(HER2) levels in patients with disease recurrence at follow-up. (A) Case I.
A 26 years woman presented lung metastasis at 16 months after curative operation. At the time of disease relapse, elevated serum HER2
was observed. (B) Case II. A 54 year woman showed liver metastasis at
18 months after breast conservative surgery. Elevated serum HER2 level was checked at the time of diagnosis of disease relapse.

ER= estrogen receptor; PR= progesterone receptor.
Concentration of serum HER2 (µg/L)

80
70
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40
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20
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Preoperation

Postoperation (6 mo)

Figure 1. Changes in serum human epidermal growth factor receptor 2
(HER2) levels at baseline and at the 6-month follow-up.

point when disease recurrence was detected. In the patients
with elevated serum HER2 levels at the time of first diagnosis
and without disease recurrence, serum HER2 levels remained
within the normal range over the entire course of follow-up.
Twenty-four patients demonstrated disease recurrence during the follow-up period. Of these patients, four developed lohttp://dx.doi.org/10.4048/jbc.2014.17.1.33

cal or regional recurrence and 20 developed distant metastases. At the time of disease recurrence, the serum HER2 levels
of nine patients were higher than the defined cutoff value
(Figure 2), one of whom suffered local recurrence and one
demonstrated regional recurrence. Distant metastasis was
found in the remaining seven patients. The sensitivity for detecting disease recurrence using serum HER2, CEA, and CA
15-3 levels was 37.5%, 25.0%, and 12.5%, respectively (Table
2). Based on the ROC curve, the AUC of serum HER2 (0.671)
was greater than that of CEA (0.633) and CA 15-3 (0.624)
(Figure 3). After combining all three tumor markers, the sensitivity improved to 45.8%.
Given that serum HER2 levels can be influenced by liver
disease, we reviewed the relationship between abnormal AST
or ALT levels and serum HER2. In some patients, an association was found between serum HER2 levels and the levels of
AST/ALT (Figure 4). We evaluated the relationship between
serum HER2 level and AST/ALT level in 863 samples from the
223 patients with no evidence of metastasis during the postoperative follow-up period. Serum HER2 levels were significantly
http://ejbc.kr

36



June-Hyung Ha, et al.

Table 2. The sensitivity, specificity, and diagnostic accuracy of serum HER2, CEA, and CA 15-3 for detecting disease recurrence
No. of patients
Disease relapse (n= 24)
No. (%)

No evidence of disease (n= 240)
No. (%)

Sensitivity (%)

Specificity (%)

Diagnostic accuracy (%)

9 (37.5)
15 (62.5)

7 (2.9)
233 (97.1)

37.5

97.1

91.7

6 (25.0)
18 (75.0)

1 (0.4)
239 (99.6)

25.0

99.6

92.8

3 (12.5)
21 (87.5)

1 (0.4)
239 (99.6)

12.5

99.6

91.7

11 (45.8)
13 (54.2)

7 (2.9)
233 (97.1)

45.8

97.1

92.4

Serum HER2
Elevated
Normal
CEA
Elevated
Normal
CA 15-3
Elevated
Normal
Serum HER2/CEA/CA 15-3
Elevated
Normal

1.00

0.25

Area under curve
Serum HER2: 0.671
CEA: 0.633
CA 15-3: 0.624

0.00

0.25

0.50

0.75

Serum HER2
CA 15-3
CEA

1.00

Figure 3. Receiver operating characteristic curve for serum human epidermal growth factor receptor 2 (HER2), carcinoembryonic antigen
(CEA), and carcinoma antigen 15-3 (CA 15-3) levels.

associated with AST levels (r= 0.344, p< 0.001) (Figure 5) and
ALT levels (r= 0.254, p< 0.001) measured concurrently. Of the
264 patients, 80 had abnormal AST or ALT levels during the
follow-up, chronic hepatitis, or liver cirrhosis. After excluding
these patients, the sensitivity of serum HER2 for the detection
of disease recurrence increased to 57.1% (Table 3). In the ROC
curve, the AUC of serum HER2 (0.781) was greater than that
of CEA (0.650) and CA 15-3 (0.677) (Figure 6).

DISCUSSION
In this study, the sensitivity and specificity of serum HER2
for detecting disease recurrence in early breast cancer patients
following primary treatment were similar to those achieved
using CEA and CA 15-3. Furthermore, our results indicate
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HER2= human epidermal growth factor receptor 2; CEA= carcinoembryonic antigen; CA 15-3= carcinoma antigen 15-3.

Serum HER2
AST
ALT
B

Figure 4. Changes in serum human epidermal growth factor receptor 2
(HER2), aspartate aminotransferase (AST), and alanine aminotransferase (ALT) levels in patients with elevated serum HER2 levels and no evidence of disease recurrence. (A)Case I. A 47 year patient presented
mild fatty liver during the follow up period. The serum HER2, AST, ALT
level has been changed simultaneously. During the follow up period,
there was no evidence of disease recurrence. (B) Case II. A 45 year patient without any past history of liver disease showed elevated serum
AST/ALT level. The serum HER2 level showed similar movement with
the fluctuation of serum AST/ALT level. There was no evidence of disease relapse during follow up period.
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Table 3. The sensitivity, specificity, and diagnostic accuracy of serum HER2, CEA, and CA 15-3 for detecting disease recurrence after exclusion of
patients with elevated AST or ALT
No. of patients
No evidence of disease (n= 170)
No. (%)

Sensitivity (%)

Specificity (%)

Diagnostic accuracy (%)

8 (57.1)
6 (42.9)

2 (1.2)
168 (98.8)

57.1

98.8

95.7

3 (21.4)
11 (78.6)

1 (0.6)
169 (99.4)

21.4

99.4

93.5

2 (14.3)
12 (85.7)

1 (0.6)
169 (99.4)

14.3

99.4

92.9

8 (57.1)
6 (42.9)

2 (1.2)
168 (98.8)

57.1

98.8

95.7

Disease relapse (n= 14)
No. (%)
Serum HER2
Elevated
Normal
CEA
Elevated
Normal
CA 15-3
Elevated
Normal
Serum HER2/CEA/CA 15-3
Elevated
Normal

HER2= human epidermal growth factor receptor 2; CEA= carcinoembryonic antigen; CA 15-3= carcinoma antigen 15-3; AST= aspartate aminotransferase; ALT= alanine aminotransferase.
20
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Serum HER2 level (ng/mL)
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CA 15-3: 0.677
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p< 0.001
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Figure 5. The relationship between serum human epidermal growth
factor receptor 2 (HER2) and serum aspartate aminotransferase (AST)
(A) and alanine aminotransferase (ALT) (B).
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0.25

0.50

0.75
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1-Specificity

Figure 6. Receiver operating characteristic (ROC) curve for serum human epidermal growth factor receptor 2 (HER2), carcinoembryonic antigen (CEA), and carcinoma antigen 15-3 (CA 15-3) levels in patients
with normal aspartate aminotransferase (AST) or alanine aminotransferase (ALT) levels, chronic hepatitis, or liver cirrhosis.

that serum HER2 levels could be associated with mildly abnormal liver function. To the best of our knowledge, this is the
first study to report that high AST or ALT levels correlate with
falsely-positive serum HER2 levels for the detection of disease
recurrence in breast cancer patients under regular surveillance
following curative surgical treatment.
In 2003, the use of the ADVIA Centaur® immunoassay analyzer to measure serum HER2 was approved by the U.S.
Food and Drug Administration as a step towards the monitoring of trastuzumab treatment in patients with HER2-positive metastatic breast cancer. However, the role of serum
HER2 in the follow-up of breast cancer patients after curative
http://ejbc.kr
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surgical therapy has not been adequately investigated. In this
longitudinal study, patients had undergone curative surgical
resection of their primary HER2-positive breast cancer. We
found that in some patients with recurrence detected at follow-up, the serum HER2 levels were higher than the defined
cutoff value. The sensitivity of HER2 for detecting disease recurrence was 37.5%, but this increased to 45.8% when it was
combined with CEA and CA 15-3.
Of the currently validated surveillance tumor markers for
breast cancer, CEA and CA 15-3 are the most frequently used
and most valuable markers for the diagnosis and monitoring
of recurrence [13]. In the current study, we have shown that
the sensitivity of serum HER2 was greater than that of CEA or
CA 15-3 for detecting breast cancer recurrence. These results
indicate that serum HER2 levels may be a more reliable tumor
marker for evaluating disease recurrence during follow-up for
HER2-positive breast cancer patients after curative surgical
treatment. Few studies have probed the sensitivity of serum
HER2 levels as a primary indication of disease recurrence for
HER2-positive breast cancer and compared it to the sensitivity
of CEA or CA 15-3. Pedersen et al. [14] investigated the sensitivity of CA 15-3, CEA, and HER2 for the early diagnosis of
metastatic breast cancer. They showed that in a subgroup of 27
patients with a HER2-positive primary tumor, the sensitivity of
HER2, CEA, and CA 15-3 were 55.6%, 51.9%, and 37.0%, respectively. Sugano et al. [15] performed a retrospective analysis
of 158 patients during postoperative follow-up and found that
the sensitivity of serum HER2 for detecting relapsed disease
was 84.6% (11/13). Molina et al. [16] performed serial serum
HER2, CEA, and CA 15-3 measurements in a cohort of 250
patients with primary breast cancer and found no evidence of
residual disease after surgery. They also reported that serum
HER2 sensitivity for early diagnosis was 83.3% (10/12). These
studies employed a different cutoff value, and therefore, are not
directly comparable to our study. However, they are in agreement with our results despite the variety of test assay methods
and their small sample sizes. In fact, in all of the above studies,
serum HER2 was found to be the best single tumor marker for
the detection of disease recurrence in patients with HER2-positive primary breast cancer.
There is limited information regarding nonmalignant conditions that could lead to an increase in serum HER2. Molina
et al. [17] investigated the serum HER2 levels in patients with
benign disease. The study included 40 patients with benign
breast diseases, 26 with liver cirrhosis, 14 with renal failure, 16
with benign lung disease, 6 with lupus, 5 with peptic ulcer,
and 4 patients with other benign diseases. Abnormal serum
HER2 levels were found in 38.5% of patients with liver cirrhosis (10/26 patients). Other patients with benign disease did
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not have serum HER2 levels > 15 U/mL. Motoo et al. [18]
evaluated serum HER2 levels in patients with digestive disease. At their cutoff value of 17 U/mL, 63.3% of patients with
liver cirrhosis, 43.2% of those with chronic hepatitis, 42.9% of
those with acute hepatitis, and 42.8% of those with other liver
diseases had HER2 positive serum. The manufacturer’s instructions recommend careful interpretation of these results
in patients with bilirubinemia. However, in our study cohort,
there were no patients with bilirubinemia. Since serum AST
and ALT levels were positively associated with serum HER2
levels, we analyzed the sensitivity of serum HER2 after the exclusion of patients with abnormal AST/ALT levels without
metastasis. The sensitivity of serum HER2 increased to 57.1%
following the exclusion of all patients demonstrating high
AST or ALT, chronic hepatitis, or liver cirrhosis.
This study has certain limitations, one of which is the short
follow-up period. The median follow-up period was 27.7
months, and events occurred in 24 patients (9.1%). Although
the sensitivity of serum HER2 for detecting disease recurrence
in this study was 37.5%, long-term follow-up may be necessary to further evaluate the true value of serum HER2 as a tumor marker in early breast cancer patients. In addition, although there was a significant association between serum
HER2 and serum AST/ALT levels, this finding is difficult to
translate to clinical practice because the increase in AST/ALT
was mild, and there was no accompanying bilirubinemia.
Taken together, these limitations, along with the high cost of
serum HER2 measurement, may restrict the application of serum HER2 measurements for clinical applications.
In conclusion, the measurement of serial serum HER2 levels might be a possible method for the detection of disease recurrence in carefully selected HER2-positive breast cancer patients. Elevated serum HER2 levels should be interpreted
carefully in patients with high serum AST or ALT levels, as
this is associated with a high false positive rate. Although the
results of this study indicate that the exclusion of patients with
high AST levels, high ALT levels, or chronic liver disease
could improve the sensitivity and specificity when measuring
serum HER2 levels, there is only a small increase in the sensitivity and specificity values for CEA and CA 15-3 levels. Physicians should, therefore, take into account that the measurement of CEA and CA 15-3 is not recommended for routine
surveillance of breast cancer patients after primary therapy, as
specified in globally accepted guidelines, including those of
the American Society of Clinical Oncology [7]. However, prospective randomized trials could be helpful to validate the use
of routine surveillance of serum HER2 in HER2-positive
breast cancer patients after primary treatment.
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