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Abstract. Whether the expression status of estrogen receptor 
(ER), progesterone receptor (PR), human epidermal growth 
factor receptor 2 (HER‑2) receptor and Ki‑67 show concor‑
dance between the primary tumors and the synchronous 
axillary lymph node (ALN) metastases has been discussed in 
numerous studies. However, to date, the results of these studies 
remain controversial. Therefore, the present study aimed to 
investigate whether the expression of ER, PR, HER‑2 and 
Ki‑67 was in concordance between the primary tumors and 
synchronous ALN metastases in patients with operable breast 
cancer (BC). A total of 60 tissue samples were collected from 
patients with primary operable BC diagnosed with primary 
tumors and synchronous ALN metastases. The expression 
levels of the four biomarkers, ER, PR, HER‑2 and Ki‑67, were 
assessed in primary lesions and synchronous ALN metastases 
samples using immunohistochemistry. The cut‑off values 
were set to 10% for ER and PR, while the labeling index of 
Ki‑67 was set to 14%. The immunostaining intensity of ER 
and PR was scored as negative (‑), 1+, 2+ and 3+. The criteria 
for HER‑2 testing in BC were implemented according to 
the American Society of Clinical Oncology (ASCO) and 
the College of American Pathologists (CAP) guidelines. The 
concordance rates for ER, PR and HER‑2 were 96.7 (58/60), 
96.7 (58/60) and 90% (54/60), respectively. In addition, the 
kappa values of consistency in the primary lesions and the 
synchronous ALN metastases were 0.773 for ER, 0.654 for 
PR and 0.785 for HER‑2. Furthermore, the P‑values of ER, PR 
and Ki‑67 numerical variables between the two groups were 
0.393, 0.400 and 0.331, respectively, as demonstrated using 
a non‑parametric Wilcoxon signed rank test. The findings of 

the present study demonstrated a high degree of concordance 
between the expression of ER, PR, HER‑2 and Ki‑67 in the 
primary tumors and that in the synchronous ALN metastases, 
suggesting that the BC primary tumor biomarkers may be used 
for the prognosis of synchronous ALN metastases in patients 
with operable BC.

Introduction

Breast cancer (BC) is classified into five intrinsic subtypes 
according to gene expression profiling obtained by DNA 
microarrays  (1,2). Since the 2011 St Gallen symposium, a 
surrogate classification of intrinsic subtypes based on a four 
BC immunohistochemical (IHC) biomarker panel, namely 
estrogen receptor (ER), progesterone receptor (PR), human 
epidermal growth factor receptor 2 (HER‑2) receptor and 
Ki‑67, has been in use (3). Therefore, BC has begun to enter 
the era of precision treatment. Molecular phenotypes may not 
only determine the BC treatment approach, but also predict the 
prognosis of patients; therefore, the accurate detection of these 
four molecular markers is necessary. It is widely accepted that 
the expression of the hormone receptors, ER and PR, deter‑
mine the endocrine therapy approach in order to inhibit the 
recurrence and metastasis of BC. Additionally, both molecules 
exhibit a good prognostic index (4,5). In clinical practice, 
HER‑2‑positive patients are prone to recurrence and metastasis; 
therefore, anti‑HER‑2 targeted therapy is commonly applied 
according to the National Comprehensive Cancer Network 
(NCCN) guidelines (6‑8). Additionally, Ki‑67 index exhibits 
a prognostic value in BC. Therefore, increased Ki‑67 index 
value is associated with a poorer prognosis. Ki‑67 protein is 
expressed in cell nuclei during cell cycle phases G1, S and M. 
In clinical practice, usually only the biomarkers for primary 
tumors are used to predict primary tumors accompanied by 
synchronous axillary metastases (9). However, whether the 
expression of theses biomarkers is in concordance between the 
BC primary tumor and synchronous ALN metastases remains 
controversial.

Therefore, the present prospective study aimed to investi‑
gate whether the expression of four BC biomarkers (ER, PR, 
HER‑2 and Ki‑67) in the primary tumors was in accordance 
with that in the synchronous ALN metastases, to provide a 
more accurate indicator for the clinical treatment and prog‑
nosis of patients with BC.
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Patients and methods

Patients. A total of 60 female patients with BC, aged between 
27 and 68 years old (median age, 45 years), admitted to the 
People's Hospital of Ganzhou (Ganzhou, China) between 
June 2017 and June 2018, were enrolled in the present study. 
The inclusion criteria were as follows: i) pathological diagnosis 
of invasive ductal carcinoma; ii) early BC with a single lesion 
in the primary tumor; and iii) with at least one positive axil‑
lary lymph node (ALN; >2.0 mm). The exclusion criteria for 
all study subjects were as follows: i) postoperative specimens 
from palliative surgery; ii) with neoadjuvant chemotherapy; 
iii) a primary tumor with multifocal/multicenter lesions; and 
iv) accompanied by distant metastases.

Immunohistochemistry (IHC). The expression profiles of ER, 
PR, HER‑2 and Ki‑67 in the primary tumors and synchronous 
ALN metastases were determined using immunohistochemistry 
(IHC). The tissues were fixed in 10% neutral buffered formalin 
at room temperature for 24‑48 h and were embedded in paraffin. 
Tissue sections (4‑µm‑thick) were deparaffinized in xylene at 
37˚C for 10 min and rehydrated in 100, 96 and 70% ethanol. 
Endogenous peroxidase was blocked by incubation in 3% H2O2 
in methanol at 37˚C for 10 min, followed by rinsing in PBS. 
Sections were then subjected to antigen retrieval by immersion 
in citrate buffer (pH 6.0) preheated to 99˚C for 40 min. The 
sections were incubated with primary antibodies (all ready to 
use) against ER (clone SP1; cat. no. 790‑4325; Ventana Medical 
Systems, Inc.), PR (clone 1E2; cat. no. 790‑4296; Ventana Medical 
Systems, Inc.), HER‑2 (C‑erbB‑2; clone 4B5; cat. no. 790‑2991; 
Ventana Medical Systems, Inc.) and Ki‑67 (cat. no. MAB‑0672; 
Fuzhou Maixin Biotech Co., Ltd.). Blots were developed using 
the labeled streptavidin biotinylated antibody (ready to use; 
cat no. 760‑500; Roche Diagnostics) at 37˚C for 8 min using 
a Ventana Benchmark XT automated immunostaining system 
(Roche Diagnostics) according to the manufacturer's protocol. 
IHC results of ER (Fig. 1), PR (Fig. 2), HER‑2 (Fig. 3) and Ki‑67 
(Fig. 4C) were visualized and imaged using the ZEISS Axio Lab 
A1 light microscope at a magnification of x200.

The cut‑off level of ER and PR positively stained cell 
nuclei was set to ≥10%. The expression intensity of ER and 
PR was scored on a scale of ‘‑’ to ‘+++’, where ‘‑’, ‘+’, ‘++’ 
and ‘+++’ indicated 0, 0‑25, 26‑50 and >50% positive tumor 
cells, respectively. HER‑2 IHC staining was scored as 0, 1+, 
2+ or 3+. HER‑2 scores of 0 and 1+ were considered negative, 
while a score of 3+ was considered positive. When a HER‑2 
score of 2+ was obtained, the results were reassessed using 
fluorescence in  situ hybridization (FISH). FISH (FP‑001; 
HER‑2/CEP17 dual‑color probe mixture; Wuhan Healthcare 
Biotechnology Co., Ltd.) assay was performed according 
to the American Society of Clinical Oncology (ASCO) and 
the College of American Pathologists (CAP) guidelines (10). 
FISH analysis of HER‑2 (Fig. 4A and B) was visualized and 
imaged using the LEICA DM2500 fluorescence microscope at 
a magnification of x600. The Ki‑67 index values are expressed 
as the percentage of tumor cells with positively stained nuclei 
and the cut‑off point was set to 14% (11).

Statistical analyses. The consistency of the expression ER, PR 
and HER‑2 biomarkers between the primary tumors and ALN 

metastases was analyzed using χ2 test. The concordance of ER, 
PR (‑, +, ++, +++) and HER‑2 (negative, positive) expression 
intensity between the primary tumors and ALN metastases 
was analyzed using Kappa test. When the values for ER, PR 
and Ki‑67 expression in the two groups were not normally 
distributed, a non‑parametric Wilcoxon signed rank test was 
performed. P<0.05 was considered to indicate a statistically 
significant difference. All statistical analyses were performed 
using the SPSS 20.0 software (IBM Corp.).

Results

Concordance/discordance in the expression of ER. The 
different BC subtypes in the primary tumors and ALN metas‑
tases are presented in Table I. The positive expression rate of 
ER in the primary tumors and ALN metastases in Table II was 
71.7 (43/60) and 68.3% (41/60), respectively. In addition, the 
negative ER expression rate was 28.3% (17/60) in the primary 
tumors and 31.7% (19/60) in ALN metastases. The P‑value 
obtained when comparing ER expression between primary 
tumors and ALN metastases was not significant (P=0.393; 
Table III). The kappa value obtained when comparing ER 
expression intensity in primary tumors with that in ALN 
metastases was 0.773, thereby indicating a high degree of 
consistency in ER expression (Table IV). Finally, as shown in 
Table V, the concordance and discordance rates for ER were 
96.7 (58/60) and 3.33% (2/60), respectively. In the two discor‑
dance cases, both samples were positive for ER in the primary 
tumors and negative in the ALN metastases.

Concordance/discordance in the expression of PR. The expres‑
sion of PR was determined in the primary tumors and ALN 
metastases using IHC. The PR‑positive and ‑negative rates in 
primary tumors were 65 (39/60) and 35% (21/60), respectively. 
Consistent with that in the primary tumors, the PR‑positive 
rate in ALN metastases was 61.7% (37/60) and the negative 
rate was 38.3% (23/60); (Table II). Furthermore, the P‑value 

Table I. Breast cancer subtypes in primary tumors and paired 
ALN metastases.

	 Primary	 ALN
HER‑2 status	 tumor	 metastases

HER‑2‑positive status (n=22)
  ER+/PR+	 14	 14
  ER+/PR‑	 3	 1
  ER‑/PR‑	 5	 7
  ER‑/PR+	 0	 0
HER‑2‑negative status (n=38)
  ER+/PR+	 25	 23
  ER+/PR‑	 1	 3
  ER‑/PR‑	 12	 12
  ER‑/PR+	 0	 0

ER, estrogen receptor; PR, progesterone receptor; HER‑2, human 
epidermal growth factor receptor 2; ALN, axillary lymph node.
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obtained when comparing PR expression between primary 
tumors and ALN metastases did not indicate a statistically 

significant difference (P=0.400; Table  III). As shown in 
Table IV, the kappa value of consistency was 0.654 for PR 
expression in primary lesions and ALN metastases, suggesting 
a high degree of consistency in its expression. Consistent with 
the ER IHC results, the concordance and discordance rates for 
PR expression in Table V were 96.7 (58/60) and 3.33% (2/60), 
respectively. In the two discordance cases, all samples were 
positive for PR expression in the primary tumor but negative 
in the ALN metastases.

Concordance/discordance in the expression of HER‑2. The 
expression of HER‑2 was investigated. The results revealed 

Table II. Expression status of biomarkers in the primary tumors and ALN metastases.

Biomarker	 Primary tumor	 ALN metastases	 P‑value

ER			   0.69
  Positive rate (%)	 43/60 (71.7)	 41/60 (68.3)
  Negative rate (%)	 17/60 (28.3)	 19/60 (31.7)
PR			   0.71
  Positive rate (%)	 39/60 (65)	 37/60 (61.7)
  Negative rate (%)	 21/60 (35)	 23/60 (38.3)
HER‑2			   1.0
  Positive rate (%)	 22/60 (36.7)	 22/60 (36.7)
  Negative rate (%)	 38/60 (63.3)	 38/60 (63.3)

The consistency of biomarker expression between the primary tumors and the paired ALN was analyzed by χ2 test. ER, estrogen receptor; PR, 
progesterone receptor; HER‑2, human epidermal growth factor receptor 2; ALN, axillary lymph node.

Table III. ER, PR and Ki‑67 numerical expression variables.

Marker	 Primary tumor	 ALN metastases	 Z	 P‑value

ER	 70.00 (0.00-90.00)	 62.50 (0.00-90.00)	 ‑0.854	 0.393
PR	 20.00 (0.00-50.00)	 6.50 (0.00-50.00)	 ‑0.842	 0.400
Ki‑67	 30.00 (0.00-40.00)	 30.00 (15.25-40.00)	 ‑0.973	 0.331

P‑values were obtained by non‑parametric Wilcoxon signed rank test. ER, estrogen receptor; PR, progesterone receptor; ALN, axillary lymph 
node.

Table IV. Expression intensity and consistency of ER and PR 
in primary tumors and ALN metastases (n=60).

	 ALN metastases
Primary	 ‑‑‑‑‑‑‑‑----------------------------------------------------------
tumor	 ‑	 +	 ++	 +++	 Kappa

ER					     0.773
  ‑	 17	 0	 0	 0
  +	 1	 7	 3	 0
  ++	 1	 2	 8	 2
  +++	 0	 0	 1	 18
PR					     0.654
  ‑	 21	 0	 0	 0
  +	 1	 10	 2	 0
  ++	 1	 8	 9	 1
  +++	 0	 1	 1	 5
HER‑2					     0.785
  ‑	 35	 3
  +	 3	 19

ER, estrogen receptor; PR, progesterone receptor; HER‑2, human 
epidermal growth factor receptor 2; ALN, axillary lymph node; 
HER‑2 +/‑, HER‑2 positive/negative expression.

Table V. Changes in the expression of the biomarkers between 
primary BC tumors and ALN metastases.

	 Primary BC	 ALN metastases
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Biomarker	 Discordance rate (%)	 (+) → (‑)	 (‑) → (+)

ER	 2/60 (3.33)	 2	 0
PR	 2/60 (3.33)	 2	 0
HER‑2	 6/60 (10)	 3	 3

ER, estrogen receptor; PR, progesterone receptor; HER‑2, human 
epidermal growth factor receptor 2; ALN, axillary lymph node; BC, 
breast cancer; +/‑, positive/negative ER, PR and HER‑2 expression.
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that the HER‑2‑negative rate in the primary tumors and ALN 
metastases was 63.3% (38/60) in the two groups (Table II). 
The kappa value of consistency for HER‑2 was 0.785, indi‑
cating a high degree of consistency for HER‑2 expression 
between the primary tumors and ALN metastases (Table IV). 
Finally, the concordance rate for HER‑2 was 90% (54/60) 
and the discordance rate was 10% (6/60; Table V). Among 
the six discordance cases, three were positive for HER‑2 
in the primary tumor and negative in the ALN metastases, 
while three were negative in the primary tumor and positive 
in ALN metastases.

Concordance/discordance in the expression of Ki‑67. Analysis 
of the P‑values comparing Ki‑67 expression between primary 
tumors and ALN metastases (P=0.331), using a non‑parametric 
Wilcoxon signed rank test, suggested that the Ki‑67 expression 
in the primary tumors was consistent with that in the ALN 
metastases (Table III).

Discussion

ALN metastasis is very common in BC. Whether the expres‑
sion of the biomarkers in the primary tumors is in concordance 
with that in the synchronous ALN metastases remains contro‑
versial (12,13). It has been reported that the discordance rates 
in the primary tumors and recurrent/metastatic lesions were 
10‑30% for ER, 25‑55% for PR and 10‑15% for HER‑2 (14‑18). 
Other studies  (19,20) have investigated the discordance in 
biomarker expression between the circulating tumor cells and 
the primary tumors. Furthermore, several retrospective studies 
have revealed discrepancies in ER, PR, Ki‑67 and HER‑2 
expression between primary breast tumors and synchronous 
ALN metastases (21‑24). Nedergaard et al (21) investigated 
the ER expression status in 101 primary BC tumors and the 
paired ALN metastases. The discordant rate for ER was 21% 
between the primary tumors and the corresponding meta‑
static lesions (21). Accordingly, Aitken et al (22) identified 

Figure 2. Immunohistochemistry images of progesterone receptor staining. Images represent the tumor staining scores (A) ‘‑’, (B) ‘+’, (C) ‘++’ and (D) ‘+++’ 
(magnification, x200).

Figure 1. Immunohistochemistry images of estrogen receptor staining. Images represent the tumor staining scores (A) ‘‑’, (B) ‘+’, (C) ‘++’ and (D) ‘+++’ 
(magnification, x200).
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the changes in ER, PR and HER‑2 expression between the 
primary tumors and synchronous ALN metastases. The 
results revealed that the discrepancy rates for ER, PR and 
HER‑2 were 28.9 (55/190), 23.7 (45/190) and 8.9% (17/190), 
respectively (22). Additionally, Feng et al (23) investigated 
the expression of ER and HER‑2 in primary tumors and ALN 
metastases in 80 patients with invasive ductal BC. The discor‑
dance rates in the present study were 8.8% for ER and 11.3% 
for HER‑2 (23). Kinoe et al (24) reported that the discordance 
rates between the primary tumors and the lymph node metas‑
tases were 28.8% for ER (positive in primary tumors and 
negative in lymph nodes or negative in primary tumors and 
positive in lymph nodes, 22.1/6.7%), 31.7% for PR (26.9/4.8%), 
13.5% for HER‑2 (12.5/1.0%) and 43.3% for Ki‑67 (high in 
primary tumors and low in lymph nodes or low in primary 

tumors and high in lymph nodes, 12.5/30.8%). Overall, the 
aforementioned studies revealed increased discordance rates 
in ER and PR expression and decreased discordance in 
HER‑2 expression. Furthermore, the results of these studies 
suggested that the most common changes in patients with 
breast cancer were hormone receptor and HER‑2 positive in 
primary tumors, but negative in synchronous ALN metastases. 
Due to these discrepancies, researchers have suggested that the 
determination of biomarker expression should be performed 
simultaneously in the synchronous ALN metastases and their 
corresponding primary tumors (25‑27).

However, other studies have demonstrated that the expres‑
sion profile of the molecular markers was consistent between 
the primary and metastatic lesions  (9,19,28). Consistent 
with the results of the present study, Zhao et al (9) identified 

Figure 3. Immunohistochemistry images of human epidermal growth factor receptor 2 staining. Images represent the tumor staining scores (A) 0, (B) 1+, 
(C) 2+ and (D) 3+ (magnification, x200).

Figure 4. FISH of HER‑2 and immunohistochemistry image of Ki‑67 staining. (A) Positive and (B) negative FISH of HER‑2 (magnification, x600). 
(C) Immunohistochemistry image of Ki‑67 staining (magnification, x200). FISH, fluorescence in situ hybridization; HER‑2, human epidermal growth factor 
receptor 2.
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that the concordance rates between the BC primary tumors and 
ALN metastases were 72.2% (39/54) for ER, 88.9% (48/54) for 
PR and 90.7% (49/54) for HER‑2. Therefore, no statistically 
significant differences were observed (9). However, in contrast 
to this previous study, patients that had undergone neoadjuvant 
therapy were not included in the present study.

Aktas et  al  (19) demonstrated that the primary tumors 
and circulating tumor cells displayed a concordant HER‑2, 
ER and PR expression status in 59  (P=0.262), 39  (P=0.51) 
and 44% (P=0.62) of cases, respectively  (19). Furthermore, 
D'Andrea et al (28) studied the expression of 10 biomarkers 
in 90 pure invasive ductal carcinomas with 10 or more ALNs 
involved and without evidence of distant metastasis. This study 
revealed a close association between the primary tumors and the 
corresponding metastatic nodes in terms of the expression of all 
10 biomarkers investigated (28). However, in the aforementioned 
study, the authors did not investigate the expression of ER, PR 
and HER‑2 in order to compare their expression values between 
the primary tumors and the paired metastatic nodes.

In the present study, the consistency rate of ER and PR expres‑
sion was 96.7% (58/60). Only two cases with primary tumors 
positive for ER and PR exhibited negative expression in the ALN 
metastases, while only one case with primary tumors negative 
for ER and PR expression exhibited positive expression in the 
ALN metastases. In addition, the concordance rate for HER‑2 
was 90% (54/60) and only six cases (10%) exhibited discor‑
dance. Among the six cases, three were HER‑2‑negative in the 
primary tumors and positive in the ALN metastases, while three 
were HER‑2‑positive in the primary tumors but negative in the 
ALN metastases. Furthermore, the present study compared the 
expression intensity of ER, PR and HER‑2, as well as the numeric 
expression variables of ER, PR and Ki‑67, between the primary 
tumors and the corresponding synchronous ALN metastases. 
Therefore, the kappa values of consistency for ER, PR and HER‑2 
expression intensity between the primary lesions and the synchro‑
nous ALN metastases were 0.773, 0.654 and 0.785, respectively, 
thereby demonstrating a high degree of consistency. In addition, 
the P‑values comparing ER, PR and Ki‑67 expression variables 
between the two groups were 0.393, 0.400 and 0.331, respectively, 
as verified using a non‑parametric Wilcoxon signed rank test. 
Therefore, no statistically significant differences were observed.

However, some studies have suggested that the concor‑
dance between primary lesions and metastases is associated 
with a poorer prognosis (16). Jung et al (29) demonstrated 
that the overall survival time was longer in patients with 
BC with concordant hormone receptor expression between 
the primary breast tumors and brain lesions, compared with 
patients exhibiting discordant expression patterns. However, 
the difference was not statistically significant (discordant 
vs. concordant median survival time, 19.2 vs. 31.1 months; 
P=0.181) (29). Furthermore, other previous studies reported 
that neoadjuvant/adjuvant chemotherapy, and endocrine and 
targeted therapy may affect the expression of the biomarkers 
in the primary and metastatic lesions (16,18). In the present 
study, patients undergoing chemotherapy, endocrine therapy 
or targeted therapy were excluded, and only early operable 
patients were enrolled, which may explain the high consis‑
tency of our findings. Sighoko et al (30) applied a Bayesian 
misclassification correction method on data on hormone 
receptor expression status from two primary BCs from 

the Surveillance, Epidemiology and End Results (SEER) 
database between 1990 and 2010 and on data on primary 
and paired recurrent or metastatic disease assembled from 
a meta‑analysis of 36 studies. The authors suggested a 
considerable proportion of discordance in hormone receptor 
expression status that should be attributed to misclassification 
in receptor assessment (30).

In conclusion, the findings of the present study indicated 
that the ER, PR, HER‑2 and Ki 67 expression status was in 
concordance between the primary breast tumors and synchro‑
nous ALN metastases. Therefore, molecular biomarkers of 
the primary tumors could be also used as biomarkers for 
synchronous axillary metastases in some patients. However, 
the application of these biomarkers in the lymph nodes should 
be further evaluated due to the lack of high‑quality, large‑scale 
prospective studies or high‑quality meta‑analysis.
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