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Comparison of Core Needle Biopsy and Surgical Specimens in Determining
Intrinsic Biological Subtypes of Breast Cancer with Immunohistochemistry
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Jeong Eon Lee
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Purpose: We evaluated the concordance between core needle
biopsy (CNB) and surgical specimens on examining intrinsic biological subtypes and receptor status, and determined the accuracy of CNB as a basic diagnostic method. Methods: We analyzed breast cancer patients with paired CNB and surgical specimen samples during 2014. We used monoclonal antibodies for
nuclear staining, and estrogen receptor (ER) and progesterone
receptor (PR) status evaluation. A positive test was defined as
staining greater than or equal to 1% of tumor cells. Human epidermal growth factor receptor 2 (HER2) was graded by immunohistochemistry and scored as 0 to 3+ according to the recommendations of the American Society of Clinical Oncology/College of American Pathologists. Ki-67 immunostaining was performed using the monoclonal antibody Ki-67, and the results
were divided at 10% intervals. The cutoff value for high Ki-67
was defined as 20%. Concordance analysis of ER, PR, HER2,
Ki-67, and five intrinsic biological subtypes was performed on

INTRODUCTION
Core needle biopsy (CNB) is widely used as a standard procedure for diagnosis of breast cancer [1,2]. However, immunohistochemistry (IHC) assessment in CNB samples may be less
reliable than in surgical specimens’ due to the relatively smaller
sample size and tumor heterogeneity [3,4]. Several studies
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CNB and surgical specimens. Statistical analysis for concordance was calculated using κ-tests. Results: We found very
good agreement for ER and PR with a concordance of 96.7%
for ER (κ = 0.903), and 94.3% for PR (κ = 0.870). HER2 and Ki-67
showed concordance rates of 84.8% (κ = 0.684) and 83.5%
(κ = 0.647), respectively, which were interpreted as good agreement. Five subgroups analysis showed 85.8% agreement and
κ-value of 0.786, also indicating good agreement. Conclusion:
CNB showed high diagnostic accuracy compared with surgical
specimens, and good agreement for ER, PR, HER2, and Ki-67.
Our findings reaffirmed the recommendation of CNB as an initial
procedure for breast cancer diagnosis, and the assessment of
receptor status and intrinsic biological subtypes to determine
further treatment plans.
Key Words: Breast neoplasms, Core needle biopsy, Estrogen receptors,
Human epidermal growth factor receptor 2, Immunohistochemistry

have reported the concordance between preoperative CNB
and surgical specimens for estrogen receptor (ER), and human
epidermal growth factor receptor 2 (HER2) determination
[5-7]. A recent meta-analysis has shown that the CNB tissue
could replace open excision biopsy for determining ER, progesterone receptor (PR), and HER2 status [8]. The 2015 European
Society of Medical Oncology breast cancer clinical practice
guideline recommends a preoperative pathological examination
of the CNB, with a report on ER, PR, and HER2 status by IHC
or fluorescence in situ hybridization [9].
Neoadjuvant chemotherapy (NAC) before definitive surgery can reduce the size and extent of locally advanced tumors. There is an increasing acceptance of view that a pathological complete response (pCR) following chemotherapy is
important, particularly as a surrogate for prognosis [10]. The
information obtained from CNB may be the only information
available for determining the candidates for preoperative or
neoadjuvant treatment [3]. Therefore, demand has been
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markedly increased for clinicians to provide prognostic information considering the determination of IHC for treatment
planning. However, there are few studies that have reported
concordance rates between CNB and surgical specimens, before and after NAC.
In this study, we evaluated the concordance between CNB
and surgical specimens in evaluating intrinsic biological subtypes and the receptor status, and examined the accuracy of
CNB as a basic diagnostic method. Second, we assessed
changes in intrinsic biological subtypes of breast cancer before
and after NAC comparing CNB and surgical specimens.

METHODS
Data collection
We analyzed breast cancer patients with paired CNB and
surgical specimen samples during 2014 at Samsung Medical
Center, Seoul, Korea. Seventeen hundred eighty-six patients
underwent primary surgery or NAC prior to operation. Clinical
information on patients collected from medical records
included age, body mass index, operation type, NAC history,
and main pathological findings that included tumor size,
number, nuclear grade, TNM stage, and ER, PR, HER2, and
Ki-67 status from both CNB and surgical specimens. The
study was approved by the Institutional Review Board of
Samsung Medical Center (approval number: 2017-01-102),
Seoul, Korea.
ER, PR, HER2, and Ki-67 evaluation
We used monoclonal antibodies for nuclear staining and ER
(anti-ER; clone 6F11, Novocastra, Newcastle, UK) and PR
(anti-PR; clone 16, Novocastra) status evaluation. A positive
test was defined as staining greater than or equal to 1% of
tumor cells. A negative test was defined as staining of less
than 1% of tumor cells. We used the Allred score interpretation system of intensity score (0–3) and proportion score (0–
5) [6].
HER2 (anti-HER2; 4B5, BenchMark XT, Ventana, Tucson,
USA) was first graded by IHC and scored as 0 to 3+ according
to the recommendations of the American Society of Clinical
Oncology/College of American Pathologists [11]. The scoring
system defines negative as 0/1+. No observed staining or
faint/barely perceptible membrane staining in < 10% of tumor
cells is 0. Incomplete membrane staining or faint/barely perceptible membrane staining in ≥ 10% of tumor cells is 1+. A
weak to moderate complete membrane staining observed in
> 10% of tumor cells is 2+ and is interpreted as equivocal. A
strong complete membrane staining observed in > 10% of tumor cells is 3+ and is considered as positive. In cases of HER2

2+ surgical specimens, we conducted silver in situ hybridization (SISH) assays (INFORM DDISHTM HER2 DNA SISH
probe kits; BenchMark XT) to determine HER2 amplification
[11,12].
Ki-67 immunostaining was performed using the monoclonal antibody Ki-67 (clone MIB-1; Dako, Glostrup, Denmark).
Ki-67 is a nuclear marker expressed in all phases of the cell
cycle other than the G0 phase [13,14]. Ki-67 expression has a
value between 0% and 100% and is reported at 10% intervals
in our center. In this study, we classified samples as low or
high expression using 20% as cutoff value.
Five intrinsic biological subtype classifications were categorized according to the 12th St. Gallen international breast
cancer conference (2011): luminal A (ER and/or PR positive,
HER2 negative, and Ki-67 low); luminal B/HER2 negative (ER
and/or PR positive, HER2 negative, and Ki-67 high); luminal
B/HER2 positive (ER and/or PR positive, any Ki-67 and
HER2 positive); HER2 positive (ER and PR absent, and HER2
positive); and triple negative (ER and PR absent, and HER2
negative) [15].
Statistical analysis
Concordance analysis of ER, PR, HER2, Ki-67, and five intrinsic biological subtypes was performed on CNB and surgical specimens. Statistical analysis for concordance was calculated using κ-tests. κ-values > 0.8 indicated very good agreement, between 0.6 and 0.8 indicated good agreement, between
0.4 and 0.6 were considered as moderate agreement, < 0.4 as
fair, and < 0.2 as poor agreement. All statistical tests were twosided and considered significant if p-value was below 0.05. We
used SPSS version 22.0 (IBM Corp., Armonk, USA).

RESULTS
Patient characteristics
We investigated 1,786 breast cancer patients who underwent surgery during 1 year. There were 1,369 eligible patients
with a median age of 49.5 years (range, 24–86 years). We excluded 180 patients who underwent vacuum-assisted biopsy,
excisional biopsy, or had previous breast surgery. Moreover,
232 patients were excluded for inadequate test results; for example, CNB sent from other hospitals after diagnosis and
their specimens were inadequate to conduct IHC test. Five
more patients were excluded because they received palliative
chemotherapy. After diagnosis by CNB, 1,219 patients underwent primary surgery and 152 received NAC before surgery
(Figure 1); there were two patients with bilateral breast cancer
in each group. Patient characteristics and pathology results are
shown in Table 1. Eight hundred ninety-two patients (65.1%)
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1,786 Patients underwent operation
for breast cancer in 2014
417 Excluded
180 Another procedure for diagnosis*
232 No IHC result from CNB
5 Palliative chemotherapy
1,369 Patients eligible for study†

1,219 Primary operation group‡

152 NAC group‡

Figure 1. Flow chart of patients selection for analysis.
CNB= core needle biopsy; IHC= immunohistochemistry; NAC= neoadjuvant chemotherapy. *Underwent vacuum-assisted biopsy, excisional biopsy
or had previous breast surgery; †Two patients diagnosed both breast cancer; ‡Each 1 patients who had both breast cancer underwent operation and
NAC prior to surgery.
Table 1. Patient characteristics and clinicopathological results
Characteristic
Age (yr)
≤ 35
> 35, ≤ 55
> 55
BMI (kg/m2)
< 25
≥ 25
Operation type
BCS
Mastectomy
T stage
Tis
T0
T1
T2
T3
N stage
N0
N1
N2
N3
Grade†
1
2
3
No. of tumors
Single
Multiple
LN FNA‡
Negative
Positive

All
(n= 1,371)*
No. (%)

Primary operation group
(n= 1,219)
No. (%)

NAC group
(n= 152)
No. (%)

100 (7.3)
927 (67.7)
342 (25.0)

64 (5.3)
824 (67.7)
330 (27.1)

36 (23.8)
103 (68.2)
12 (7.9)

1,007 (73.6)
362 (26.4)

907 (74.5)
311 (25.5)

100 (66.2)
51 (33.8)

892 (65.1)
479 (34.9)

806 (66.1)
413 (33.9)

86 (56.6)
66 (43.4)

21 (1.5)
19 (1.4)
813 (59.3)
476 (34.7)
42 (3.1)

4 (0.3)
0
750 (61.5)
436 (35.8)
29 (2.4)

17 (11.2)
19 (12.5)
63 (41.4)
40 (26.3)
13 (8.6)

855 (62.5)
387 (28.3)
88 (6.4)
38 (2.8)

775 (63.7)
339 (27.9)
70 (5.8)
32 (2.6)

80 (52.6)
48 (31.6)
18 (11.8)
6 (3.9)

317 (24.1)
590 (44.9)
407 (31.0)

302 (25.2)
539 (44.9)
359 (29.9)

15 (13.2)
51 (44.7)
48 (42.1)

975 (71.1)
396 (28.9)

860 (70.5)
359 (29.5)

115 (75.7)
37 (24.3)

1,127 (82.2)
244 (17.8)

1,064 (87.3)
155 (12.7)

63 (41.4)
89 (58.6)

NAC = neoadjuvant chemotherapy; BMI = body mass index; BCS = breastconserving surgery; LN FNA= lymph node fine needle aspiration.
*Some mismatches were caused by two patients who underwent surgery on
both breasts. See Figure 1; †Grade and number of tumors evaluated by surgical specimen; ‡Preoperative LN metastasis was determined by FNA.
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underwent breast-conserving surgery and 479 (34.9%) underwent mastectomy. The rate of mastectomy was higher in the
NAC group than in the primary surgery group.
Tumor pathology and IHC results
About 86% of patients were diagnosed with invasive ductal
carcinoma using CNB. Expression of ER, PR, and Ki-67 was
not significantly different between CNB and surgical specimens, except for HER2 in the primary surgery group. Patients
receiving NAC showed a difference in the Ki-67 status. In
contrast, ER, PR, and HER2 did not show significant differences (Table 2).
Concordance of IHC results
ER and PR expression in CNB samples showed very good
agreement with results for surgical samples; overall concordance rate was 96.7% for ER (κ = 0.903) and 94.3% for PR
(κ = 0.870). HER2 and Ki-67 expression showed good agreement between CNB and surgical specimens; overall concordance rate was 84.8% for HER2 (κ= 0.684) and 83.5% for Ki67 (κ= 0.647).
We divided patients into primary surgery and NAC groups.
Concordance rates and κ-values for ER, PR, and HER2
showed similar tendency between the two groups. Meanwhile,
in cases of primary surgery, Ki-67 expression also showed
good agreement between CNB and surgical results with a concordance of 87.0% and κ-value of 0.712. The NAC group had
poor agreement between CNB and surgical results with a concordance of 50.0% and κ-value of 0.056 (p= 0.397) (Table 3).
Concordance among intrinsic biological subtypes
We classified surgical specimens and CNB into five intrinsic
biological subtypes according to the 12th St. Gallen international breast cancer conference: luminal A, luminal B (HER2
negative and positive), HER2 positive, and triple negative.
http://ejbc.kr
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Table 2. Tumor pathology and IHC test results between the primary operation group and NAC group
All patients (n= 1,371)
CNB, No. (%)
Histology
IDC
ILC
CIN
Other
ER
Positive
Negative
PR
Positive
Negative
HER2 (IHC)
Negative
Positive
Equivocal
HER2 (IHC+SISH)
Negative
Positive
Equivocal
Ki-67
Low
High

Primary operation group (n= 1,219)

SS, No. (%)

p-value

CNB, No. (%)

SS, No. (%)

0.001
1,177 (85.8)
70 (5.1)
55 (4.0)
69 (5.0)

1,208 (89.3)
59 (4.4)
22 (1.6)
63 (4.7)

1,069 (78.0)
302 (22.0)

1,058 (78.7)
287 (21.3)

928 (67.7)
443 (32.3)

911 (67.7)
434 (32.3)

1,005 (73.3)
232 (16.9)
134 (9.8)

869 (64.6)
228 (17.0)
248 (18.4)

1,011 (73.7)
236 (17.2)
124 (9.0)

1,016 (75.5)
293 (21.8)
36 (2.7)

838 (61.5)
525 (38.5)

845 (62.8)
500 (37.2)

NAC group (n= 152)
CNB, No. (%)

p-value

SS, No. (%)

< 0.001
1,036 (85.0)
65 (5.3)
53 (4.3)
65 (5.3)

1,099 (90.2)
58 (4.8)
5 (0.4)
57 (4.7)

989 (81.1)
230 (18.9)

991 (81.4)
227 (18.6)

870 (71.4)
349 (28.6)

872 (71.6)
346 (28.4)

910 (74.7)
190 (15.6)
119 (9.8)

797 (65.4)
194 (15.9)
227 (18.6)

910 (74.7)
190 (15.6)
119 (9.8)

939 (77.1)
254 (20.9)
25 (2.1)

813 (67.1)
399 (32.9)

776 (63.7)
442 (36.3)

0.663

p-value
< 0.001

141 (92.8)
5 (3.3)
2 (1.3)
4 (2.6)

109 (82.0)
1 (0.8)
17 (12.8)
6 (4.5)

80 (52.6)
72 (47.4)

67 (52.8)
60 (47.2)

58 (38.2)
94 (61.8)

39 (30.7)
88 (69.3)

95 (62.5)
42 (27.6)
15 (9.9)

72 (56.7)
34 (26.8)
21 (16.5)

101 (66.4)
46 (30.3)
5 (3.3)

77 (60.6)
39 (30.7)
11 (8.7)

25 (16.6)
126 (83.4)

69 (54.3)
58 (45.7)

0.884

0.980

0.983

0.903

< 0.001

0.193

< 0.001

< 0.001

0.248

< 0.001

0.471

0.146

0.081

< 0.001

IHC = immunohistochemistry; NAC = neoadjuvant chemotherapy; CNB = core needle biopsy; SS = surgical specimens; IDC = invasive ductal carcinoma;
ILC= invasive lobular carcinoma; CIN= carcinoma in situ; ER= estrogen receptor; PR= progesterone receptor; HER2= human epidermal growth factor receptor 2;
SISH= silver in situ hybridization.

Table 3. Agreement analysis of ER, PR, HER2, and Ki-67 between CNB and surgical specimens
All patients (n= 1,371)
No. of surgical
CNB
Concordance
specimens
κ-value p-value
rate (%)
Pos Neg Equ
ER
Pos 1,035
Neg
23
PR
Pos 878
Neg
33
HER2 (IHC)
Pos 215
Neg
7
Equ
6
Ki-67 Low
Low 727
High 112

96.7
21
266

-

43
391

-

94.3

84.8
3 8
833 147
33 93
High
109
389

83.5

Primary operation group (n= 1,219)

NAC group (n= 152)

No. of surgical
specimens Concordance κ-value p-value
rate (%)
Pos Neg Equ

No. of surgical
specimens Concordance κ-value p-value
rate (%)
Pos Neg Equ

0.903 < 0.001

97.1
972 16
19 211

-

840 29
32 317

-

0.870 < 0.001

95.0

0.684 < 0.001

0.647 < 0.001

84.6
182
6
6
Low
712
58

2 6
766 138
29 83
High
100
341

87.0

0.906 < 0.001
63
4

5
55

-

38
1

14
74

-

0.877 < 0.001

0.672 < 0.001

0.712 < 0.001

33
1 2
1 67 9
0
4 10
Low High
15
9
54 48

92.9

0.858 < 0.001

88.2

0.746 < 0.001

86.6

0.762 < 0.001

50.0

0.056

0.397

ER= estrogen receptor; PR= progesterone receptor; HER2= human epidermal growth factor receptor 2; CNB= core needle biopsy; Pos= positive; Neg= negative;
Equ= equivocal; IHC= immunohistochemistry.

Concordance among the five subtypes was 85.8% and the
κ-value was 0.786 (p < 0.001). Concordance rates of the sub-

types were 87.5% for the primary surgery group and 69.3%
for the NAC group, and the κ-values between CNB and surgi-
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Table 4. Agreement analysis between CNB and surgical specimens for intrinsic biological subtypes
Surgical specimen (No.)*

CNB*
Primary operation group
Luminal A
Luminal B–
Luminal B+
HER2
TNBC
NAC group†
Luminal A
Luminal B–
Luminal B+
HER2
TNBC

Luminal A

Luminal B–

Luminal B+

HER2

TNBC

562
29
1
1
0

43
96
0
0
9

16
9
96
6
1

0
0
9
75
3

1
6
0
1
115

7
23
1
0
1

1
6
0
0
0

1
1
15
2
0

0
1
2
15
0

0
1
0
1
36

Concordance
rate (%)

κ-value

p-value

87.5

0.803

< 0.001

69.3

0.617

< 0.001

CNB= core needle biopsy; NAC= neoadjuvant chemotherapy; HER2= human epidermal growth factor receptor 2; TNBC= triple-negative breast cancer.
*Luminal A (ER+ and/or PR+, HER2-, Ki-67 low); luminal B- (ER+ and/or PR+, HER2-, Ki-67 high); luminal B+ (ER+ and/or PR+, any Ki-67, HER2+); HER2 (ER-,
PR-, HER2+); and TNBC (ER-, PR-, HER2-); †Total 114 patients after excluding 38 from 152 NAC group. Thirty-eight patients were group who were HER2 2+ and
did not have silver in situ hybridization results, or pathologic complete response group who did not have immunohistochemistry results after NAC. Overall concordance rate 85.8%, κ-value of 0.786 and p-value < 0.001.

Table 5. pCR rate according to the intrinsic biological subtypes from
CNB in NAC patients
Subtype*

No. of pCR patients

NAC group†

pCR rate (%)

Table 6. Concordance rate between CNB and surgical specimens in
previous studies
Author (year)

No.

Concordance (%)
ER

PR

HER2

Ki-67

NAC

Luminal A
Luminal B–

0
6

10
42

0
14.3

Mann et al. (2005) [16]

100

86.0

83.0

80.0

NA

No

Luminal B+

8

24

33.3

Arens et al. (2005) [17]

25

80.0

80.0

80.0

76.0

Yes

HER2

6

22

27.3

Quddus et al. (2005) [18]

39

NA

NA

61.5

NA

Yes

TNBC
Total

13
33

49
147

26.5
22.4

Burge et al. (2006) [19]

87

95.0

89.0

96.0

NA

No

Arnedos et al. (2009) [3]

336

98.2

84.5

98.8

NA

No

Tamaki et al. (2010) [6]

353

92.9

77.9

89.3

NA

No

Lorgis et al. (2011) [4]

175

84.0

78.3

98.3

NA

No

Ough et al. (2011) [7]

209

88.0

78.0

81.0

59.0

No

Chen et al. (2013) [8]

298

93.6

85.9

96.3

79.5

No

Dekker et al. (2013) [21]

122

99.1

NA

96.4

NA

No

Seferina et al. (2013) [22]

526

89.5

82.5

80.6

NA

No

pCR = pathologic complete response; CNB = core needle biopsy; NAC =
neoadjuvant chemotherapy; HER2= human epidermal growth factor receptor
2; TNBC= triple-negative breast cancer.
*Classified from CNB result. luminal A (ER+ and/or PR+, HER2-, Ki-67 low);
luminal B- (ER+ and/or PR+, HER2-, Ki-67 high); luminal B+ (ER+ and/or
PR+, any Ki-67, HER2+); HER2 (ER-, PR-, HER2+); and TNBC (ER-, PR-,
HER2-); †Five patients were equivocal HER2 result and cannot classified subtype.

cal specimen results were 0.803 and 0.617, respectively (p <
0.001) (Table 4).
pCR rate according to the intrinsic biological subtypes in NAC
patients
We included both no residual disease of any sort and residual ductal carcinoma in situ (DCIS) without invasive disease
and node metastasis in to define pCR. Among the 147 patients in the NAC group, the total pCR rate was 22.4% (33/
147); the pCR rate of each intrinsic biological subtypes is
shown in Table 5. Among the 33 patients who achieved pCR,
17 patients had no residual tumor and 16 patients had DCIS.
No residual tumor patients were excluded from the comparison of the IHC results between CNB and surgical specimens
https://doi.org/10.4048/jbc.2017.20.3.297

CNB= core needle biopsy; ER= estrogen receptor; PR= progesterone receptor; HER2 = human epidermal growth factor receptor 2; NAC = neoadjuvant
chemotherapy; NA= not available.

because they had no available tissue sample and postoperative
IHC assay could not be performed.

DISCUSSION
In this study, we investigated the concordance among IHC
test results obtained using CNB and surgical specimens, as
well as the agreement with subgroup classification. We found
very good agreement for ER and PR with concordance rates
of 96.7% (κ= 0.903) and 94.3% (κ= 0.870), respectively. HER2
and Ki-67 showed concordance rates of 84.8% (κ= 0.684) and
http://ejbc.kr
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83.5% (κ= 0.647), respectively, which was interpreted as good
agreement. Subgroup analysis showed 85.8% agreement and
κ-value of 0.786, also indicating good agreement.
ER and PR status between CNB and surgical specimens
showed very good agreement. These results were similar to
those that were previously reported; the concordance rates
between CNB and surgical specimens of these previous results
are shown in Table 6 [3,4,6,7,16-22]. Hormone receptors are
used as predictive factors for response to endocrine therapy
and as prognostic factors [23]. We also found that overall
agreement between CNB and surgical specimens is better for
ER than PR. This result suggests that PR is more heterogeneously distributed in tumors [24].
Approximately 15% to 20% of breast cancer patients have
HER2 gene amplification [11]. This study showed a significant
difference when comparing results with CNB and surgical
specimens for HER2 (Table 2). As a result of the IHC test,
concordance rate was 84.8% and the κ-value was 0.684.
Equivocal results were 9.8% and 18.4% for CNB and surgical
specimens, respectively. We then performed additional SISH
tests when HER2 2+ equivocal results were primarily obtained
from surgical specimens, and defined HER2 positivity as SISH
positive.
Ki-67 is currently the most representative marker for tumor
proliferation [13]. The proliferating fraction of cells in tumors
prior to treatment, as measured by the Ki-67 nuclear antigen
and S-phase fraction (SPF), predict response to chemotherapy
[25]. However, scoring procedures have varied, and standardization according to the specimen type is lacking [14]. In our
institution, we divided the Ki-67 values at 10% intervals, and
the cutoff value for high Ki-67 in this study was defined as
20%. In this study, no significant difference was observed in
high and low Ki-67 values between CNB and surgical specimens, with a concordance rate of 83.5% and a κ-value of 0.647.
No significant difference was noted in the expression of
hormone receptors in the NAC group. Concordance rate was
92.9% for ER (κ= 0.858) and 88.2% for PR (κ= 0.746). These
results were slightly lower than those of the primary surgery
group, but they still showed very good or good agreement as
the κ-value was > 0.6. HER2 results showed no significant difference between CNB and surgical specimens. Concordance
rate of the IHC results was 86.6% and the κ-value was 0.762.
However, the concordance rate for Ki-67 was 50.0% and the
κ-value was 0.056 (p = 0.397), indicating inconsistency between the two groups. These findings suggest that NAC affected proliferative activity and the chemotherapeutic agents
interfered with the signal transduction pathway associated
with cell division, resulting in a diminished SPF [18].
The degree of agreement of each ER, PR, and HER2 was

Kiho You, et al.

generally good, except for results of Ki-67 in the NAC group
(Table 3). The five intrinsic biological subtypes according to
the 12th St. Gallen conference also showed high concordance
rate in the NAC group (69.3%, κ= 0.617, p< 0.001) (Table 4).
Notably, 20% of patients (23/114) of the Luminal B (HER2
negative) group turned out to be luminal A after NAC due to
a decrease in Ki-67 expression (Table 4). A previous study has
found a significant decrease in Ki-67 expression after NAC
with mitoxantrone, methotrexate ( ± mitomycin C), and
tamoxifen [25], which has been confirmed in this study.
In the current study, the pCR rate was 0% in the luminal A,
14.3% in the luminal B/HER2 negative, 33.3% in the luminal
B/HER2 positive, 27.3% in the HER2, and 26.5% in the triplenegative breast cancer group. These results were similar to
those of a large German series and recent studies for the same
pCR definition [26-28]. For this reason, it is important to determine the intrinsic biological subtypes of breast cancer with
CNB before NAC for predicting clinical benefits and it is recommended to some institutes that there are not conducting
IHC of CNB specimens before NAC.
There are some limitations in this study. First, this was a
single-center, retrospective study. Hence, the results could
have selection bias and cannot be generalized. Second, many
patients were initially diagnosed in other institutes and referred to our institute for surgery. In this case, CNB was not
reexamined, except in cases of vague diagnoses. CNB results
were exposed to the possibility of several levels of technical
problems that may arise during pathological examinations at
hospitals. Third, several neoadjuvant regimens were used depending on the patient, which might cause bias when evaluating the pCR rate among the intrinsic biological subtypes. Besides the limitations, to our knowledge, this study is one of the
largest studies comparing concordance between CNB and
surgical specimens with sufficient patients who were treated
following the same guidelines in a short period. Second, we
evaluated the factors of ER, PR, HER2, and Ki-67, which constitute the five intrinsic subtypes according to the 12th St.
Gallen international breast cancer conference (2011) [15].
Third, we compared the results of concordance between CNB
and surgical specimens of the NAC group at the same time.
In conclusion, CNB showed high diagnostic accuracy when
compared with surgical specimens, and good agreement for
ER, PR, HER2, and Ki-67. Similarly, patients who underwent
NAC also showed good agreement for receptor status, except
for Ki-67. Our findings reaffirmed the recommendation of
CNB as an initial procedure for breast cancer diagnosis, as
well as the assessment of the receptor status and intrinsic biological subtypes to determine further treatment plans.
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