
Purpose: The receptor status of breast cancer plays a criti-
cal role in clinical practice. During the metastatic process, a 
change in the biological characteristics of the tumor can be 
seen. This study aimed to investigate the hormone receptor 
and HER2 status changes between primary and recurrent 
breast cancers and their effect on survival.

Methods: Eighty-six breast cancer patients with biop-
sy-proven local recurrences or distant metastases during 
the follow-up period were included in the study. Patients 
with metastatic disease at the time of first diagnosis or with 
history of previous neoadjuvant chemotherapy were exclud-
ed.

Results: Forty-three of the 86 patients (50%) had changes 
in at least one of the estrogen receptor (ER), progesterone 
receptor (PR), or HER2. ER, PR and HER2 discordance rates 
were 12.7, 38.3, and 15.1%, respectively, and PR discordance 
was significantly higher (p=0.000). Among all molecular 
subtypes, the triple negative breast cancer (TNBC) subtype 
showed the least change. When the effect of chemotherapy 

on receptor change was analyzed, PR discordance was sig-
nificantly higher in the group who received chemotherapy 
(p=0.029). Analysis of the hormonotherapy effects on recep-
tor discordance revealed results similar to those of chemo-
therapy. Only the PR discordance was significantly greater 
in the group that received hormonotherapy (p=0.000).
None of the three receptor discordances or loss of any recep-
tor were related to survival. Primary tumor TNBC subtype 
and disease-free-interval (DFI) shorter than 5 years were 
found as independent prognostic factors that negatively af-
fected overall survival (OS).

Conclusion: This study showed that during recurrent dis-
ease there was 50% discordance in the expression of ER, 
PR, and HER2. The receptor showing the greatest discor-
dance and influence from the systemic treatment was PR. A 
significant relationship between receptor discordance and 
survival could not be demonstrated in our study.
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Hormone receptor and epidermal growth fac-
tor (EGF) status evaluated by immunohistochem-

istry have become the most important predictive 
markers in breast cancer. In addition to their pre-
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dictive importance, the receptor status of a tumor 
plays a critical role in daily clinical practice. Only 
those patients who express hormone receptors 
benefit from adjuvant tamoxifen or aromatase 
inhibitor treatment [1]. Similarly, the benefit of 
anti-HER2 monoclonal antibody trastuzumab is 
limited to patients with HER2 overexpression or 
amplification [2].

During the metastatic process, a change in the 
biological characteristics of the recurrent tumor 
is possible due to various mechanisms including 
genetic shift during the evolution of metastasis 
[3], intratumoral heterogeneity leading to a more 
aggressive phenotype than the primary tumor, or 
selection of resistant clones following adjuvant 
treatment [4,5]. This phenomenon has highlighted 
the need to define the molecular phenotype of the 
recurrent tumor in order to provide more effective 
treatment options. 

The primary aim of this retrospective study 
was to investigate the hormone receptors’ and 
HER2 status changes between primary and recur-
rent or metastatic tumors. The secondary aim was 
to identify the predictive factors associated with 
the changes in receptor status and to determine 
the prognostic effect of the discordance in the bi-
ological phenotype.

Methods

The study was carried out after the institution-
al review board approved a retrospective analysis of 
1412 patients who received breast cancer treatment 
in Istanbul Florence Nightingale Oncology Center 
between 1994 and 2014. Eighty-six patients who had 
biopsy-proven local recurrences or distant metastases 
during their follow-up were included in the study. Pa-
tients with metastatic disease at the time of first diag-
nosis or with history of previous neoadjuvant chemo-
therapy were excluded. 

 The patient files were retrospectively analyzed. 
The pathology specimens were evaluated by patholo-
gists experienced in breast pathology. ER and PR lev-
els were detected with immunohistochemical methods. 
Immunohistochemically, the antibodies used for ER 
were Novocastra, ER, clone 6F11 (Leica Microsystems, 
Wetzlar, Germany), Neomarkers, ER, clone SP1 (Ther-
mo Scientific, USA), Biocare, cloneER and 6F11(Bio-
care, CA, USA). Antibodies used for PR were Νovocas-
tra, clone PR (Leica Microsystems, Wetzlar, Germany), 
Τhermoscientific, PR (Thermo Scientific, USA), Βiocare, 
PR, clone SP2 (Biocare, CA,USA).

As stated in the ASCO-CAP Guideline recommen-
dations, intranuclear staining greater than 1% was ac-
cepted as ER and PR positivity. Three patients lacked 
HER2 receptor information in their original pathology 

reports. Their tissue blocks could be re-assessed and 
HER2 receptor was immunohistochemically analyzed 
again. HER2 expression was assessed with the antibod-
ies Dako, clone CB11 (Dako, Glostrup, Denmark), Ther-
moscientific, and HER2/c-erbB-2/neu Ab-17 (Thermo 
Scientific, USA). Patients whose HER2 results were ++ 
i.e. equivocal and who did not have in situ hybridiza-
tion (ISH) results in their charts were excluded from 
the study. Data on hormone and HER2 receptor status 
in the primary, recurrent and metastatic tumor, num-
ber of lymph nodes removed and involved, multifocal-
ity-multicentricity, histological grade, history of previ-
ous chemotherapy, presence of metastatic disease, and 
DFI and OS were recorded.

Statistics

Lowest, highest, frequency and rate values were 
used for descriptive statistics of the data. Qualitative 
data were analyzed with the chi-square test or with the 
Fisher’s test when the conditions for chi-square were 
not met. Correlation analysis was performed with Pear-
son and Spearman correlation methods. Single variable 
analysis of the survival-related prognostic factors was 
performed with Kaplan Meier method and log rank test. 
Cox univariate and multivariate regression analysis 
was performed for determining the independent prog-
nostic factors, and a model was constructed to include 
standard prognostic factors, including the histological 
type, single or multiple focality of the primary tumor, 
tumor diameter, lymph node involvement, stage of the 
primary tumor, histological grade, local or systemic re-
currence, receptor status and molecular subtypes of the 
primary and recurrent tumors. The McNemar test was 
used in repeated measurements. A two-sided p value 
<0.05 was considered as statistically significant. The 
analyses were performed with SPSS 22.0 software. 

Results

Eighty-six patients were included in the study. 
Their median age was 44 years (range 25-66). 
Median follow-up was 70 months (range 8-243). 
Fifty-four patients (62.8%) had systemic metasta-
sis, and 32 (37.2%) had local-regional recurrence. 
Median time from surgery to disease recurrence 
(DFI) was 43 months (range 4-242). Five-year OS 
survival was 87.7% and 10-year survival 73.4%. 

Forty-three of the 86 patients (50%) had 
changes in at least one of the ER, PR, or HER2 re-
ceptors. Analysis of the clinical factors including 
age, histopathological type, grade, multifocality, 
tumor diameter, presence of lymph node metas-
tasis, number of involved lymph nodes, and the 
type of adjuvant systemic treatment showed no 
relation to the receptor discordance between the 
primary and recurrent tumor (Table 1).
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Besides these standard factors, there was no 
difference with respect to receptor mismatch be-
tween metastasis and local-regional recurrence. 
Also, the relationship between the duration of DFI 
and receptor change was not significant (Table 1).

ER discordance rate between primary and re-
current disease was 12.7% (11 patients). Among 64 
(74.4%) patients who were ER-positive in the pri-
mary tumor, 8 (9%) turned negative in recurrent tu-
mors. Among 22 (25.6%) patients who were ER-neg-
ative in the primary tumor, 3 (13%) turned ER-pos-
itive in recurrent tumor. The difference in the ER 

status between the primary and recurrent tumors 
was not statistically significant (p=0.227) (Table 2).

PR discordance rate between primary and 
recurrent disease was calculated as 38.3% (33 
patients). Among 59 (68%) patients who were 
PR-positive in primary tumors, 31 (52.5%) be-
came PR-negative in recurrent disease. Among 27 
(31.4%) patients who were PR-negative in prima-
ry disease, 2 (7%) became PR-positive in recur-
rent tumor. The PR discordance between primary 
and recurrent disease was statistically significant 
(p=0.000) (Table 2).

Table 1. Receptor discordance and standard prognostic factors

Standard factors All patients
(N=86)

Patients with receptor 
discordance
(N=43;50%)

Patients without receptor 
discordance
 (N=43;50%)

N % N % N % x2, p

Age, years 0.716

 ≤40 32 37.2 17 40.5 15 34.1

 >40 54 62.8 25 59.5 29 65.9

Surgery 1.000

 Breast conserving 53 61.6 27 62.8 26 60.5

Mastectomy 33 38.4 16 37.8 17 39.3

Histological type 0.258

Ductal 71 82.6 37 88.1 34 77.3

Others 15 17.4 5 11.9 10 22.7

Tumor focality 0.802

Unifocal 65 75.6 32 74.4 33 76.7

Multifocal or multicentric 21 24.4 11 25.6 10 23.3

Tumor size (mm) 1.000

<25 50 58.1 24 57.1 26 59.1

≥25 36 41.9 18 42.9 18 40.9

T stage 0.494

I 37 43.0 16 38.1 21 47.7

II-III 49 57.0 26 61.9 23 52.3

N stage 0.133

N0 41 47.7 24 55.8 17 39.5

N+ 45 52.3 19 44.2 26 60.5

Stage at diagnosis 0.215

I 21 24.4 12 28.6 9 20.5

II 39 45.3 21 50.0 18 40.9

III 26 30.2 9 21.4 17 38.6

Histological grade 0.658

I-II 38 46.3 20 48.8 18 43.9

III 44 53.7 21 51.2 23 56.1

Type of chemotherapy 0.947

Anthracycline only 34 47.2 14 45.2 20 48.8

Anthracycline +Taxane 38 52.8 17 54.8 21 51.2

Recurrence 0.615

Local-Regional 32 37.2 14 33.3 18 40.9

Systemic 54 62.8 28 66.7 26 59.1

Disease free interval (years) 0.645

≤ 5 58 67.4 30 69.8 28 65.1

> 5 28 32.6 13 30.2 15 34.9
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Table 3. Molecular subtype discordance

Recurrent tumor

Luminal A
N (%)

Luminal B
N (%)

HER2 
positive
N (%)

TNBC
N (%)

Total
N (%)

Primary tumor Luminal A 8 17 0 1 26

(30.8) (65.4) (0.0) (3.8) (100.0)

Luminal B 2 30 3 6 41

(4.9) (73.2) (7.3) (14.6) (100.0)

HER2 positive 0 1 2 1 4

(0.0) (25.0) (50.0) (25.0) (100.0)

TNBC 0 1 1 13 15

(0.0) (6.7) (6.7) (86.7) (100.0)

Total 10 49 6 21 86

(11.6) (57.0) (7.0) (24.4) (100.0)

TNBC: triple negative breast cancer

Table 2. Receptor discordance

Recurrent tumor

ER change PR change HER2 change

+ - + - + -

Primary tumor

+, N (%) 56 (65.1) 8 (9.3) 28 (32.6) 31 (36) 11 (12.8) 5 (5.8)

-, N (%) 3 (3.5) 19 (22.1) 2 (2.3) 25 (29.1) 8 (9.3) 63 (72)

Total change 11 (12.7) 33* (38.3) 13 (13.9)

*Mc Nemar test p=0.000

Table 5. Chemotherapy effects on receptor loss

Chemotherapy(+) Chemotherapy (-)

N % N % x2, p

ER Loss 6 6 2 2 0.611

Others 66 76 12 13

PR Loss 22 25 9 10 0.016

Others 50 58 9 10

HER2 Loss 3 3 2 2 0.185

Others 69 80 12 12

Table 4. Chemotherapy effects on receptor discordance

Chemotherapy(+) Chemotherapy (-)

N % N % x2, p

ER Discordance 65 90 11 79 0.316

Concordance 7 10 3 21

PR Discordance 48 67 5 36 0.029

Concordance 24 33 9 64

HER2 Discordance 63 88 10 71 0.125

Concordance 9 13 4 29

Any Discordance 41 57 3 21 0.015

Concordance 31 43 11 79
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HER2 discordance was observed in 13 
(15.1%) patients. In 5 (31.2%) of the 16 patients 
who showed HER2 positivity in the primary tu-
mor, HER2 turned negative during the recurrent 
period. In 8 (11.4%) of the 70 patients who were 
HER2 negative in primary disease, HER2 turned 
positive in the recurrent disease. The changes in 
HER2 were not statistically significant (p=0.581) 
(Table 2).

The classification of patients according to 
the biological phenotypes of the initial tumor as 
Luminal A, Luminal B, HER2 positive (HER2+), 
and TNBC, revealed that the least change was ob-
served in the triple negative group (Table 3).

When the effect of chemotherapy on receptor 
change was analyzed, there were no significant 
differences were noticed in ER and HER2 changes 
of primary/recurrent tumors between the patients 
who received chemotherapy vs those who did not. 
However, the PR discordance was significantly 
higher in the group who received chemotherapy 
(p=0.029) (Table 4). Also PR loss was significant in 
the chemotherapy group while there was no sig-
nificant difference of ER and HER2 loss between 
the two groups (p=0.016) (Table 5).

Analysis of the hormonotherapy effects on 
receptor change revealed results similar to those 
of chemotherapy. There were no significant dif-
ferences in the ER and HER2 changes between 
patients who received hormonotherapy vs those 
who did not. On the other hand, the discordance 
in PR was significantly greater in the group that 
received hormonotherapy (p=0.000) (Table 6). 
Also, PR loss was significantly higher in the same 
group of patients (p=0.000). However, when pa-
tients with positive hormone receptor (ER and/or 
PR) in the primary tumors were analyzed sepa-
rately, the significance of PR discordance and loss 
disappeared.

According to the results of the study, the dis-
cordance in receptors between primary and recur-
rent tumors did not have an effect on OS. Similar-
ly, the change of the hormone receptors or HER2 
from positive to negative did not have a signifi-
cant effect on OS. Also, in univariate analysis, the 
length of survival decreased with ER and PR neg-
ativity in the primary tumor, with ER negativity 
in the recurrent tumor and with DFI shorter than 
5 years (p<0.05). When the molecular subtypes 
were included in the analysis, primary TNBC tu-

Table 7. Survival analysis

Univariate analysis Multivariate analysis

 95.0% CI 95.0% CI

HR Lower Upper p value* HR Lower Upper p value*

Primary tumor ER 
negativity

 0.176 0.060  0.515  0.001 

Recurrent tumor ER 
negativity

 0.274 0.097  0.778  0.015 

Primary tumor PR 
negativity

 0.154  0.049  0.485  0.001 

Primary tumor triple 
negative 

 15.315 4.366  53.727  0.000 10.123 2.723 37.633  0.001 

Disease free interval  0.196  0.057  0.675  0.010 0.198 0.043 0.921  0.039 

*Cox regression

Table 6. Hormonotherapy effects on receptor discordance

Hormonotherapy(+) Hormonotherapy(-)

N % N % x2, p

ER Discordance 57 89 19 86 0.783

Concordance 7 11 3 14

PR Discordance 32 50 21 95 0.000

Concordance 32 50 1 5

HER2 Discordance 55 86 18 82 0.642

Concordance 9 14 4 18

Any Discordance 27 42 17 77 0.005

Concordance 37 58 5 23
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mor had the most significant negative effect on 
OS. In multivariate analysis, TNBC of the primary 
tumor and DFI shorter than 5 years were found 
as independent prognostic factors that negatively 
affected survival (Table 7).

Discussion

Molecular studies in recent years have shown 
that in residual micrometastatic disease, the pro-
liferation of resistant clones after adjuvant sys-
temic treatment may lead to alteration of the 
tumor phenotype. Advances in interventional 
radiologic techniques and more straightforward 
techniques for sampling metastatic lesions have 
changed the approach to metastatic disease. Ob-
taining biopsies from metastatic lesions and plan-
ning the treatment according to the characteris-
tics of the tumor is the contemporary approach 
described in treatment guidelines [6-10]. 

In our study, 43 of the 86 patients (50%) 
demonstrated a change in at least one of the ER, 
PR or HER2 between primary and recurrent breast 
cancer. ER, PR, and HER2 discordances were seen 
in 12.7, 38.3 and 15.1% of the patients, respective-
ly. The changes were mostly from positive to neg-
ative. The PR discordance carried a statistical sig-
nificance, whereas the changes in other receptors 
did not. Other studies also showed that the discor-
dances in ER, PR, and HER2 between the primary 
and recurrent tumors were between 42–59%, with 
the PR showing the greatest (29–33.8%) discor-
dance rate. The hormone receptor discordances in 
recurrent disease are mostly in the form of recep-
tor loss, a common finding of other studies as well 
[11-13]. These findings of receptor changes from 
positive to negative, may have resulted from the 
emergence of a more aggressive molecular phe-
notype by clonal selection or genomic evolution 
during the process of metastasis or local recur-
rence [14]. In our study, the triple negative group 
had the least amount of change among all the mo-
lecular subtypes, a finding that supports the hy-
pothesis discussed above. However, the heteroge-
neity of the techniques used in the assessment of 
primary and recurrent disease and the variability 
of the evaluator may be responsible for that differ-
ence. Similar technical problems are also present 
in other studies. Although the heterogeneity of 
technique constitutes a weakness in our study, we 
believe that the presence of a different change for 
each receptor and the changes being mostly from 
positive to negative, cannot be explained solely by 
the heterogeneity of the technique. 

In the present study, there were no significant 
relationships between the receptor changes in 
the primary and recurrent tumors vs the standard 
prognostic factors, including the patient age, tu-
mor size, its histopathological type, grade, unifo-
cality or multifocality, the number of lymph node 
metastases, and the disease stage. These findings 
are similar to those of other studies [11-13].

Yang et al. [13] retrospectively studied the 
receptor changes of local-regional and metastat-
ic disease in 133 patients, and found that ER and 
HER2 did not show a significant difference, where-
as PR change was significantly greater in metastat-
ic disease. Aurelio et al.[15] performed a metaanal-
ysis involving 48 studies and 4200 patients, and 
found that when local recurrences and metastatic 
lesions were compared, ER and HER2 changes did 
not reach statistical significance and the PR change 
was significantly more common in metastatic dis-
ease (26 vs 41%). Guarneri et al. [16] analyzed 77 
patients with metastatic breast cancer, and found 
no significant difference between the metastatic 
site and the changes in ER, PR, and HER2. In our 
study, there was no significant difference between 
metastatic disease and local-regional recurrence in 
regards with ER, PR and HER2 discordance.

A relationship between time and receptor 
discordance might be expected in the metastatic 
process. Indeed, Nishimura et al. [11] found that 
in patients with a DFI of 5 years or longer, the 
ER receptor change was significantly greater. In 
contrast, the study by Gong et al. [17] from MD 
Anderson Cancer Center investigated 227 patients 
and found no relationship between ER change and 
DFI. Our study similarly revealed no significant 
correlation between the DFI and receptor change. 

Previous studies that investigated the effects 
of systemic treatment on receptor change have 
reported conflicting results. When the heteroge-
neous nature of breast cancer is considered, elim-
ination of the sensitive clones by chemotherapy 
and hormonotherapy and selection of resistant 
clones, constitute the basis of micrometastatic 
disease, a phenomenon accepted by numerous 
researchers [18-20]. Similarly, Karlson et al. [21] 
showed a significant relationship between hor-
monotherapy and chemotherapy and the loss of 
ER expression. In another similar study by Bogina 
et al. [22] although patients who received chemo-
therapy and hormonotherapy had no changes in 
ER, they showed loss of PR expression. In contrast, 
Li et al. [23] could not show a significant relation-
ship between systemic treatment and receptor 
change. The changes in ER or HER2 were not sig-
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nificantly affected by chemotherapy or hormono-
therapy in our study. However, 48 (67%) patients 
who underwent chemotherapy and 32(50%) who 
underwent hormonotherapy showed PR chang-
es, which were statistically significant (p=0.029 
and p=0.000, respectively). In the present study, 
during the course of recurrent disease after sys-
temic treatment, a more aggressive molecular 
phenotype was seen to emerge together with PR 
expression loss. In our opinion, determining the 
molecular mechanisms that underlie this genom-
ic evolution, which eventually results in PR loss, 
may provide significant information for prevent-
ing micrometastatic disease.

In a study analyzing the effects of primary 
and recurrent disease receptor discordances on 
survival, Karlson et al. [21] found that hormone 
receptor loss negatively affected survival. Simi-
larly, Matsumoto et al. [24] found that in recur-
rent tumors survival was better in those where 
the hormone receptors had turned positive. In an-
other study by Yang et al. [13] the loss of HER2 
expression in addition to hormone receptor dis-
cordance had a negative effect on overall survival. 
Despite all these findings, there are other studies 
that have yielded results similar to ours in show-
ing no significant relationship between receptor 
change and survival [12,25]. Univariate analysis 
of our data showed that the triple negativity or 
ER negativity of the primary tumor had negative 
effects on survival. Multivariate analysis showed 
that only the triple negative subtype of primary 
tumor and DFI shorter than 5 years were related 
to survival as independent prognostic factors. The 

patient populations in previous studies with re-
ported relationships between receptor change and 
survival were larger. One of the most significant 
weaknesses of our study is the small patient sam-
ple, which may account for the failure to statisti-
cally show the survival difference. In addition, the 
lack of analysis of the heterogeneity of the sys-
temic treatments applied after recurrence, and the 
irregular distribution of the standard prognostic 
factors caused by the retrospective nature of the 
study may have played roles in the failure to show 
an effect on survival. Also the tumor specimens 
were evaluated by more than one pathologist, 
which could lead to problems in quality control 
and therefore negatively affected the reliability of 
the data. Finally, biopsies performed in recurrent 
disease may not represent the molecular discor-
dances in the whole tumor; therefore, their diag-
nostic value may be limited. This is a potential 
problem that may affect all the studies performed. 

This study showed that during recurrent dis-
ease there was 50% discordance in the expres-
sions of ER,PR and HER2. The receptor showing 
the greatest discordance and influence from the 
systemic treatment was PR. Although no signif-
icant relationship between receptor discordance 
and survival could be demonstrated, demonstra-
tion of the mechanisms that underlie the basis of 
PR expression loss during the genomic evolution 
in metastasis may constitute a significant step in 
the prevention of metastatic disease. 

Conflict of interests 

The authors declare no confict of interests.

References 

1. Early Breast Cancer Trialists’ Collaborative Group 
(EBCTCG): Effects of chemotherapy and hormonal 
therapy for early breast cancer on recurrence and 15-
year survival An overview of the randomized trials. 
Lancet 2005;365:1687-1717. 

2.  Slamon D, Eiermann W, Robert N et al. Adjuvant tras-
tuzumab in HER2-positive breast cancer. N Engl J 
Med 2011;365:1273-1283.

3.  Edgerton SM, Moore D 2nd, Merkel D, Thor AD. erbB-
2 (HER-2) and breast cancer progression. Appl Immu-
nohistochem Mol Morphol 2003;11:214-221.

4.  Pertschuk LP, Axiotis CA, Feldman JG, Kim YD, Kara-
vattayhayyil SJ, Braithwaite L. Marked intratumoral 
heterogeneity of the proto-oncogene Her-2/neu deter-
mined by three different detection systems. Breast J 
1999;5:369-374.

5.  Kerbel RS. Growth dominance of the metastatic can-

cer cell: Cellular and molecular aspects. Adv Cancer 
Res 1990;55:87-132.

6.  Johnston SR, Saccani-Jotti G, Smith IE et al. Changes 
in estrogen receptor, progesterone receptor, and pS2 
expression in tamoxifen resistant human breast can-
cer. Cancer Res 1995;55:3331-3338.

7.  NCCN Clinical Practice Guidelines in Oncology, 
Breast Cancer. V. 2.2008. Available at http://www.
nccn.org/professionals/physician_gls/PDF/breast.pdf. 
Accessed July 10,2008.

8.  Gong Y, Han EY, Guo M, Pusztai L, Sneige N. Stabili-
ty of estrogen receptor status in breast carcinoma. A 
comparison between primary and metastatic tumors 
with regard to disease course and intervening sys-
temic therapy. Cancer 2011;117:705-713.

9.  Amir E, Ooi WS, Simmons C et al. Discordance be-
tween receptor status in primary and metastatic 



Receptor discordance between primary and recurrent breast cancer1432

JBUON 2016; 21(6): 1432

breast cancer. An exploratory study of bone and bone 
marrow biopsies. Clin Oncol 2008;20:763-768.

10.  Mcfarlane R, Seal M, Speers C et al. Molecular alter-
ations between the primary breast cancer and the sub-
sequent locoregional/metastatic tumor. The Oncolo-
gist 2012;17:172-178.

11.  Nishimura R, Osako T, Okumura Y, Tashima R, Toyo-
zumi Y, Arima N. Changes in the ER, PgR, HER2, p53 
and Ki-67 biological markers between primary and 
recurrent breast cancer discordance rates and progno-
sis. World J Surg Oncol 2011;9:131.

12.  Curtit E, Nerich V, Mansi L et al. Discordances in es-
trogen receptor status, progesterone receptor status, 
and HER2 status between primary breast cancer and 
metastasis. The Oncologist 2013;18:667-674.

13.  Yang YF, Liao YY, Yang M, Peng NF, Xie SR, Xie YF. 
Discordances in ER, PR and HER2 receptors between 
primary and recurrent/metastatic lesions and their 
impact on survival in breast cancer patients. Med On-
col 2014;31:214.

14.  Kuukasjaärvi T, Karhu R, Tanner M et al. Genetic het-
erogeneity and clonal evolution underlying develop-
ment of asynchronous metastasis in human breast 
cancer. Cancer Res 1997;57:1597-1604. 

15.  Aurellio G, Disalvatore D, Pruneri G et al. A meta-anal-
ysis of oestrogen receptor, progesterone receptor and 
human epidermal growth factor receptor 2 discor-
dance between primary breast cancer and metastases. 
Eur J Cancer 2014;50:277-289.

16.  Guarneri V, Giovanelli S, Ficerra G et al. Comparison 
of HER-2 and hormone receptor expression in prima-
ry breast cancers and asynchronous paired metasta-
ses: Impact on patient management. The Oncologist 
2008;13:838-844.

17.  Gong Y, Han EY, Guo M, Pusztai L, Sneige N. Stabili-
ty of estrogen receptor status in breast carcinoma: a 

comparison between primary and metastatic tumors 
with regard to disease course and intervening sys-
temic therapy. Cancer 2011;117:705-713.

18.  Fisher R, Pusztai L, Swanton C. Cancer heterogeneity: 
implications for targeted therapeutics. Bri J Cancer 
2011;108:479-485.

19.  Russness HG, Navin N, Hicks J, Dale AL. Insight into 
heterogeneity of breast cancer through next-genera-
tion sequencing. J Clin Invest 2011;121:3810-3818.

20.  Barry WT, Kernagis DN, Dressman HK et al. Intratu-
mor heterogeneity and precision of microarray-based 
predictors of breast cancer biology and clinical out-
come. J Clin Oncol 2010;28:2198-2206.

21. Karlson E, Appelgren J, Solterbeck A, Bergenheim 
M, Alvariza V, Bergh J. Breast cancer during fol-
low-up and progression – A population based cohort 
on new cancers and changed biology. Eur J Cancer 
2014;50:2916-2924.

22. Bogina G, Bortesi L, Marconi M et al. Comparison 
of hormonal receptor and HER-2 status between 
breast primary tumors and relapsing tumors: clini-
cal implication of progesterone loss. Virchows Arch 
2011;459:1-10.

23.  Li BD, Byskosh A, Molteni A, Duda RB. Estrogen and 
progesterone receptor concordance between primary 
and recurrent breast cancer. J Surg Oncol 1994;57:71-
77.

24. Matsumoto A, Jinno H, Murata T et al. Prognostic 
implications of receptor discordance between pri-
mary and recurrent breast cancer. Int J Clin Oncol 
2015;20:701-708. 

25.  Karagoz Ozen DS, Ozturk MA, Aydin O, Turna ZH, 
Ilvan S, Ozguroglu M. Receptor expression discrep-
ancy between primary and metastatic breast cancer 
lesions. Oncol Res Treat 2014;37:622-626.


