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Abstract. Brain metastases usually present late during the 
course of breast cancer and are associated with an unfavor-
able prognosis. It was previously demonstrated that the status 
of estrogen receptor  (ER), progesterone receptor  (PR) and 
human epidermal growth factor receptor type 2 (HER2) may 
be altered in the time window between the emergence of the 
primary breast tumor and the development of metastases. The 
aim of this study was to compare the expression of ER, PR 
and HER2 in pathology samples of primary breast cancer 
and brain metastases in order to evaluate whether previously 
administered therapy was able to modify this status and deter-
mine whether biomarker alterations affect prognosis after the 
development of brain metastases. Data were collected from 
62 patients who were initially diagnosed with breast cancer 
that had metastasized to the brain. The ER, PR and HER2 
status of the samples from the primary tumors and the brain 
metastases was determined. Differences in the immunohisto-
chemical profiles of ER, PR or HER2 between the primary 
tumors and the brain metastases in 17 patients (29.3%) were 
identified. The patients with HER2‑positive brain metastases 
who received trastuzumab had no leptomeningeal metastases 
and exhibited a longer survival time after brain metastases 
compared to the HER2‑positive patients who did not receive 

trastuzumab and the patients with HER2‑negative brain 
metastases (P=0.0005). Our results suggested that the patients 
treated with trastuzumab following surgery and radiotherapy 
for brain metastases exhibited a better prognosis. Thus, the 
HER2 status in brain metastases requires re‑evaluation and 
extended trastuzumab therapy is recommended after brain 
metastases.

Introduction

Brain metastases, including leptomeningeal metastases 
(LMM), usually present late during the course of breast 
cancer and are associated with an unfavorable prognosis. 
Several previous studies demonstrated that the status of 
estrogen receptor (ER), progesterone receptor (PR) and human 
epidermal growth factor receptor type 2 (HER2) is altered at 
a certain point between the emergence of the primary breast 
tumor and the development of metastases (1‑5). The mecha-
nism of this discordance in ER, PR and HER2 status between 
primary tumors and metastases has not been fully elucidated. 
It was previously reported that the majority of the tumors 
that do initially respond to targeted therapies may eventually 
develop acquired resistance (6). Other possible mechanisms 
are a genetic drift occurring during tumor progression (7) 
or intratumoral heterogeneity, wherein the clone with the 
more aggressive phenotype initiates the micrometastatic 
process  (8,9). The number of available pathoanatomical 
studies on the brain‑metastasizing type of breast cancer that 
evaluated the extent to which the hormone and HER2 receptor 
discordance between paired pathology samples of primary 
and metastatic breast cancer specimens affect the prognosis is 
limited (1‑5). Furthermore, few studies reported the biological 
marker alterations between primary tumors and brain metas-
tases (5,10,11). Post‑operative adjuvant treatment decisions are 
commonly based on the expression of ER, PR and HER2 of 
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primary tumors. Moreover, treatment decisions for recurrent 
brain tumor cases are generally based on the ER and HER2 
status of the primary tumors. Trastuzumab is a humanized 
monoclonal antibody directed against the HER2̸neu oncop-
rotein and has the ability to inhibit tumor growth in breast 
cancer patients overexpressing HER2  (12). However, the 
pharmacokinetics and effect of trastuzumab on the brain after 
brain metastases have not been determined. The aim of this 
study was to compare the expression of ER, PR and HER2 in 
pathology samples from primary tumors and brain metastases 
in order to evaluate whether the previous therapy was able 
to modify this status and to determine whether biomarker 
alterations affect prognosis after brain metastases. We also 
investigated the effect of trastuzumab therapy after brain 
metastases.

Materials and methods

Patients and tissue samples. Data were collected from 
62 patients who were initially diagnosed with breast cancer 
and underwent surgical removal of brain metastases between 
2000 and 2012 at the Osaka Medical Center for Cancer and 
Cardiovascular Diseases and the National Cancer Center 
Hospital, Japan. These patients had received treatment for 
primary breast cancer between 1983 and 2011 and undergone 
surgery for primary breast cancer and brain metastases. 
Tumor samples were collected from the primary resected 
breast cancer and metastatic brain lesions. However, not all 
the primary tumor samples acquired during operation at other 
hospitals were obtained. We only evaluated specimens consid-
ered sufficient for ER, PR and HER2 status estimation.

The ER, PR and HER2 status was determined in the 
samples from the primary and metastatic lesions. The first 
brain metastatic‑free survival time was defined as the time 
from the first surgery for the primary tumor to the first detec-
tion of brain metastasis on magnetic resonance imaging (MRI). 
The second brain metastatic‑free survival time was defined as 
the time from the first surgery for brain lesions to the second 
occurrence of brain metastases on MRI or patient death from 
any cause. LMM was diagnosed by radiological findings or 
the cytological evaluation of cerebrospinal fluid obtained by 
lumbar puncture. Detailed information on the 62 patients is 
provided in Table I.

This study was approved by the Institutional Review Board 
of each center.

Histopathological analysis. Surgical specimens were fixed 
in 10% formalin and embedded in paraffin. Hematoxylin and 
eosin‑stained specimens were examined in order to deter-
mine the histological tumor type. Multiple serial sections 
were subjected to immunohistochemical analysis to assess 
local staining. Furthermore, tissue sections were subjected to 
15 min of microwave heating to activate antigens in a retrieval 
solution consisting of 0.1  mol/l  sodium citrate  (pH  6.0), 
followed by immunostaining of the specimens with the 
streptavidin‑biotin‑peroxidase complex method (Vectastain; 
Vector Laboratories, Burlingame, CA, USA). Human mono-
clonal antibodies were used against ER (clone 1D5; Dako, 
Carpinteria, CA, USA) or PR (clone PgR636; Dako) with the 
streptavidin‑biotin method and were considered positive if 

≥10% of the nuclei in the invasive component of the tumor 
were stained (13,14). The HER2̸neu status, as assessed using 
the HercepTest assay (Dako), was scored by the pathologists at 
each center on a scale of 0 to 3+, according to the Dako scoring 
system. HER2̸neu positivity was defined as HER2̸neu 3+ or 
HER2̸neu 2+ and fluorescence in situ hybridization positivity.

Statistical analysis. Metastatic‑free survival and overall 
survival (OS) times were calculated with the Kaplan‑Meier 
method and differences between groups were compared using 

Table I. Characteristics of patients with brain metastases from 
breast cancer.

Characteristics	 Patient no.	 Years	 %

Gender
  Female	 59		  95.2
  Male	 3		  4.8
Age at onset
  Median		  45.5
  Range		  31-76
Age at first
brain metastases
  Median		  51
  Range		  35-79
RPA classification
  Class 1	 14		  22.6
  Class 2	 40		  64.5
  Class 3	 8		  12.9
Radiotherapy
  WBRT	 34		  54.8
  WBRT + LBRT	 3		  4.8
  WBRT + SRS	 13		  21.0
  LBRT	 9		  14.5
  LBRT + SRS	 1		  1.6
  None	 2		  3.2
Second BM
  Local and distant	 26		  41.9
  LMM	 10		  16.1
  No second recurrence	 22 		  35.5
  Unknown	 4		  6.5
Median overall		  6.5
survival
Median survival time
after BM		  1.1
Median first		  4.0
BM‑free survival
Median second brain		  0.6
BM‑free survival

RPA, recursive partitioning analysis; WBRT, whole‑brain radiotherapy; 
LBRT, local brain radiotherapy; SRS, stereotactic radiosurgery; LMM, 
leptomeningeal metastases; BM, brain metastases.
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the log‑rank test (JMP software version 8; SAS Institute Inc., 
Cary, NC, USA).

Results

Metastatic‑free survival and OS time. The 62 patients under-
went resections of the first brain metastases. The median age 
at the first brain metastasis was 51 years. Thirty‑four patients 
received whole‑brain radiotherapy (WBRT). Three patients 
received WBRT and local brain radiotherapy (LBRT) and 
13 patients received WBRT and stereotactic radiosurgery 
(SRS). Nine patients received LBRT and one received LBRT 
plus SRS. Two patients were observed without radiotherapy 
following surgical resection of the first brain metastases 
(Table I). Five of the nine patients who only received LBRT 
developed a second brain recurrence negative for LMM 
whereas the remaining four patients did not develop second 
brain metastases.

The median first and second brain metastatic‑free survival 
times, the survival time after brain metastases and the OS time 
from the initial diagnosis of breast cancer for the 62 breast 
cancer patients were 4.0, 0.6, 1.1 and 6.5  years, respec-
tively (Table I). The 5‑year OS rate from surgical resection 
of brain metastases was 11.1%. Patients with recursive parti-
tioning analysis (RPA) (15) class I and II had a more favorable 
OS compared to class III patients, although RPA classes did 
not significantly differ in survival time after brain metastases 
(Fig. 1, P=0.16).

Alteration of ER, PR and HER2 status in primary tumor 
and brain metastases. The alterations in the ER and HER2 
status in primary tumors and brain metastases are presented 
in Table II. The positive rate of immunohistochemical profiles 
of ER, PR and HER2 in the primary tumors were 11.7% (7/60), 
8.6%  (5/58) and 41.4%  (24/58), respectively. The positive 
rates of immunohistochemical profiles of ER, PR and HER2 
in brain metastases were 16.1%  (10/62), 11.3%  (7/62) and 
43.5% (27/62), respectively. The rates of immunohistochem-
ical alteration of ER, PR and HER2 and triple‑negative status 
between primary and brain metastases were 21.7% (13/60), 
10.3% (6/58), 12.1% (7/58) and 13.8% (8/58), respectively. The 
immunohistochemical profiles for ER, PR and HER2 differed 
between the primary tumors and the brain metastases in 
17 patients (29.3%; 17/58, Table III). The discordance rates in 
the 17 patients were 76.5% for ER, 35.3% for PR and 41.2% for 

HER2 (Table III). All the patients with ER or PR alterations 
(positive‑negative or negative‑positive) had received hormone 
therapy prior to the development of brain metastases. Two of 
three patients with HER2 alteration (positive‑negative) had 
received trastuzumab therapy prior to the development of 
brain metastases. A HER2‑positive status was maintained in 
88.9% (16/18) of the patients who had received trastuzumab 
prior to the development of brain metastases. All the patients 
with negative‑positive alteration in HER2 had received 
hormone therapy but not trastuzumab prior to the development 
of brain metastases (Table III). One of five patients (20.0%) 
with triple‑negative breast cancer (TNBC) did not exhibit any 
status alterations in the brain metastases and had received 
chemotherapy prior to the development of brain metastases.

Clinical outcome with trastuzumab therapy after brain metas‑
tases. Trastuzumab was administered to 18 of 24 patients 
who had HER2‑positive primary tumors prior to brain 
metastases and to 10 of these 24 patients after brain metas-
tases. Two patients were started on trastuzumab after brain 
metastases.

The median first brain metastatic‑free survival time of 
patients with a positive HER2 status in the primary tumors 
with (n=18) and without trastuzumab (n=6) was 4.2 and 

Table II. Alterations in ER and HER2 status in primary tumor and brain metastases.

			   Brain metastases ER/HER2 status
Primary breast cancer		 ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ER/HER2 status	 (+/+)	 (+/-)	 (-/+)	 (-/-)

(+/+)	 0 (0%)	 0 (0%)	 2 (3.4%)	 0 (0%)
(+/-)	 0 (0%)	 2 (3.4%)	 0 (0%)	 3 (5.2%)
(-/+)	 1 (1.7%)	 1 (1.7%)	 18 (31.0%)	 2 (3.4%)
(-/-)	 3 (5.2%)	 3 (5.2%)	 1 (1.7%)	 22 (37.9%)

ER, estrogen receptor; HER2, human epidermal growth factor receptor type 2.

Figure 1. Overall survival from brain metastases by recursive partitioning 
analysis (RPA) classification. Kaplan‑Meier survival curves according to 
RPA classification after brain metastases.
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5.3 years, respectively, whereas that of patients with negative 
HER2 status (n=34) was 4.0 years. The HER2 status in primary 
tumors with trastuzumab therapy prior to brain metastases did 
not correlate with the first brain metastatic‑free survival time. 
The second brain metastatic‑free survival time of patients with 
positive HER2 status in brain lesions with (n=12) and without 
trastuzumab (n=15) was 7.0 and 5.6  months, respectively 
(P=0.057), whereas that of patients with negative HER2 status 
(n=35) was 8.0 months (Fig. 2A). The median OS from the 
first brain metastasis in patients with positive HER2 status 

with and without trastuzumab was 3.2 and 0.7 years, respec-
tively (P=0.0005, Fig. 2B, Table  IV). The HER2 status in 
brain metastases with trastuzumab therapy after brain metas-
tases did not correlate with the second brain metastatic‑free 
survival time. Compared to HER2‑positive patients who did 
not receive trastuzumab and those with HER2‑negative brain 
metastases, the patients who had HER2‑positive brain metas-
tases and received trastuzumab tended to have longer second 
brain metastatic‑free survival times (P=0.057) and exhibited 
significantly longer survival times after brain metastases 

Table III. Discordance cases of immunohistochemical profiles between primary tumors and brain metastases.

								        Hormone	 Trastuzumab
	 HER2		  ER		  PR		  Chemotherapy	 therapy	 therapy
Case	 -----------------------------------	 -----------------------------------	 -----------------------------------	 prior to	 prior to	 prior to
no.	 Primary	 BM	 Primary	 BM	 Primary	 BM	 BM	 BM	 BM

  1	 -	 -	 -	 +	 -	 -	 -	 +	 -
  2	 -	 -	 -	 +	 -	 -	 -	 +	 -
  3	 -	 -	 -	 +	 -	 +	 -	 +	 -
  4	 -	 +	 -	 -	 -	 -	 +	 +	 -
  5	 -	 +	 -	 +	 -	 -	 -	 +	 -
  6	 -	 +	 -	 +	 -	 +	 -	 +	 -
  7	 -	 +	 -	 +	 -	 +	 -	 +	 -
  8	 -	 -	 +	 +	 -	 +	 +	 +	 -
  9	 -	 -	 +	 -	 +	 -	 -	 +	 -
10	 -	 -	 +	 -	 +	 +	 -	 +	 -
11	 -	 -	 +	 -	 +	 +	 -	 +	 -
12	 +	 -	 -	 -	 -	 -	 +	 -	 -
13	 +	 -	 -	 -	 -	 -	 +	 -	 +
14	 +	 -	 -	 +	 -	 -	 -	 +	 +
15	 +	 +	 -	 +	 -	 -	 -	 +	 -
16	 +	 +	 +	 -	 -	 -	 +	 +	 +
17	 +	 +	 +	 -	 +	 -	 +	 +	 -

HER2, human epidermal growth factor receptor type 2; ER, estrogen receptor; PR, progesterone receptor; BM, brain metastases.

Figure 2. (A) Second brain metastatic‑free survival time according to HER2 status and trastuzumab therapy after brain metastases. (B) Overall survival from 
brain metastases by HER2 status and trastuzumab therapy after brain metastases.

  A   B
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(P=0.0005) (Fig. 2A and B, Table IV). Patient characteristics, 
including age at brain metastasis and proportion of RPA 
classes, were not different in the HER2‑positive group with 
or without trastuzumab (Table IV). The ER, PR and HER2 
status of brain metastatic lesions exhibited no correlation with 
survival time after brain metastases. There was no difference 
in survival time after brain metastases between TNBC and 
HER2‑positive patients.

Trastuzumab therapy and postoperative LMM. The incidence 
of LMM after surgery for brain metastases was 27% (4/15) 
in patients with HER2‑positive central nervous system (CNS) 
samples who did not receive trastuzumab and 17% (6/35) in 
patients with HER2‑negative CNS samples. All the patients with 
LMM exhibited neuronal death. Of five patients with recurrent 
brain metastases who did not receive trastuzumab, four patients 
(80%) developed LMM within 6  months after surgery for 
brain metastases. However, none of the 12 patients who were 
administered trastuzumab after surgery presented with LMM. 
Thus, trastuzumab therapy after brain metastases decreased the 
incidence of postoperative LMM (Chi‑square test, P=0.053).

Discussion

Breast cancer is the second most common cause of brain 
metastases. Brain metastases occur in 14‑20% of breast cancer 
patients and usually occur late in the progression of metastatic 
disease (16). The results of the present study have demonstrated 
that, among patients with HER2‑positive brain metastases, 
those who received trastuzumab had longer survival times 
following surgery for brain metastases, compared to those 
without trastuzumab treatment.

The prolongation of the OS time in HER2‑positive breast 
cancer patients with trastuzumab may be attributed to the 
decrease in LMM and neuronal death and the effects of trastu-
zumab on the control of systemic metastases (17‑21). A positive 
HER2 status in primary breast cancer was considered a risk 
factor for the development of brain metastases (22). Although 
trastuzumab does not cross the blood‑brain barrier (BBB) and 
has no direct activity on brain metastases, previous studies 
reported a survival benefit with trastuzumab in HER2‑positive 
patients with brain metastases, who had a significantly longer 
survival compared to that of HER2‑negative patients (17‑21), 
which was consistent with our findings. Trastuzumab therapy 
prior to brain metastases did not correlate with the first brain 
metastatic‑free survival time in our study, since trastuzumab 
therapy was not associated with an increased incidence of 
brain metastases (23,24). The patients with HER2‑positive 
brain metastases who received trastuzumab exhibited 
longer OS after brain metastases compared to the patients 
with HER2‑positive brain metastases without trastuzumab 
treatment in our study. The development of LMM was a 
rare manifestation encountered in 5‑8.1% of patients with 
HER2‑positive primary tumors (17,20). None of the patients 
who received trastuzumab therapy after surgery for brain 
metastases presented with LMM in our study. Of note, radio-
therapy with doses of 20‑30 Gy with a fraction size of 2 Gy 
was reported to increase the permeability of the BBB and 
may enhance the effect of chemotherapy (25). Thus, surgery 
followed by WBRT may disrupt the BBB and facilitate the 
delivery of trastuzumab to the brain in HER2‑positive patients.

Hormone receptor and HER2 status are important predic-
tive markers in breast cancer. ER negativity was associated 
with an increased risk of brain metastases (26‑28) and HER2 

Table IV. Characteristics and survival time according to HER2 status and trastuzumab therapy after brain metastases.

	 Positive HER2	 Positive HER2
Characteristics	 with trastuzumab	 without trastuzumab	 Negative HER2

Patient no.	 12	 15	 35
Median age at first brain metastasis,	 47 (35-67)	 54 (39-64)	 53 (35-79)
years (range)
RPA class 1/2/3	 0/10/2	 4/9/2	 10/21/4
ER-brain metastases +/-	 0/12	 4/11	 6/29
PR-brain metastases +/-	 1/11	 2/13	 4/31
Any 2nd brain metastases including LMM	 8 (67%)	 7 (47%)	 21 (60%)
  (within 6 months after surgery)	 3 (25%)	 5 (33%)	 8 (23%)
  (within 12 months after surgery)	 6 (50%)	 7 (47%)	 17 (49%)
LMM	 0 (0%)	 4 (27%)	 6 (17%)
  (within 6 months after surgery)	 0 (0%)	 4 (27%)	 4 (11%)
2nd brain metastatic‑free survival time,	 0.6 (0.2-3.3)	 0.5 (0.1-0.6)	 0.7 (0.5-0.9)
years (95% CI)
Survival time after brain metastases,	 3.2 (0.4-3.9)	 0.7 (0.3-1.1 )	 1.3 (0.9-1.8)
years (95% CI)

HER2, human epidermal growth factor receptor type 2; RPA, recursive partitioning analysis; ER, estrogen receptor; PR, progesterone receptor; 
LMM, leptomeningeal metastases; CI, confidence interval.
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amplification/overexpression was shown to be a prognostic and 
predictive factor for the development of brain metastases (29). 
Approximately two‑thirds of early breast cancer patients were 
found to be ER‑positive (30) and the HER2‑positivity rate in 
early breast cancer was reported to be ~15% by a previous 
study (31). In our study, the ER and HER2‑positivity rate in 
primary tumors was lower (11.7%) and higher (41.4%), respec-
tively, compared to those reported by previous studies on 
primary breast tumors.

Several previous studies demonstrated that the discor-
dance in biomarker expression between primary tumors and 
metastases and the alteration of hormone receptor and HER2 
status is affected by adjuvant chemotherapy associated with 
hormone therapy and may affect the prognosis (1‑5,32,33). The 
alterations were possibly attributed to a genetic drift or clonal 
selection during tumor progression (7) or to the presence of 
intratumoral heterogeneity in ER, PR and HER2 status (8,9). 
In previous studies that investigated primary breast cancer and 
distant metastases, the locoregional recurrence or lymph node 
metastasis, including brain metastasis, exhibited discordance 
rates of 0‑37.5% (34‑40). In our study, the immunohisto-
chemical profiles for ER, PR and HER2 differed between 
the primary tumors and the brain metastases in 29.3% of the 
patients. Prior hormone therapy or chemotherapy exerted an 
effect on this discordance phenomenon (1‑5,32,33). All the 
patients with ER or PR alterations (positive‑negative and 
negative‑positive) had received hormone therapy prior to the 
development of brain metastases. Negative‑positive alterations 
were observed in 15.1% of ER‑negative, 7.5% of PR‑negative 
and 11.8% of HER2‑negative primary tumors in our study. 
The HER2 status was highly maintained and the concordance 
rate between primary tumors and systemic metastases was 
shown to be 97% by a previous study (41). We demonstrated 
that 89% of HER2‑positive patients treated with trastuzumab 
prior to the development of brain metastases maintained 
a positive status in brain metastases. The possibility of the 
discordance rate in HER2 expression between primary and 
metastatic tumors was less frequent compared to ER or 
PR (10,11,34-40,42); however, the possibility of intratumoral 
heterogeneity must be considered, with re‑evaluation of the 
HER2 status in brain metastases for further systemic treat-
ment after brain metastases. New HER2‑targeted drugs, such 
as lapatinib, are able to cross the BBB and thereby control 
brain metastases and other systemic breast cancer metastases 
more effectively (43).

In conclusion, 11.8% of HER2‑negative patients with 
primary breast cancers had positive HER2 status alterations 
in the brain metastases. Patients treated with trastuzumab 
after surgery for brain metastases and radiotherapy exhibited 
a better prognosis. Thus, the HER2 status in brain metastases 
requires re‑evaluation and the administration of trastuzumab 
or lapatinib in HER2‑positive patients should be considered 
even after brain metastases.
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