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INTRODUCTION

In breast carcinoma, not only should classical pathologic 
markers such as stage and grade be evaluated, but also molec-
ular markers such as hormone receptors (HRs) and human 
epidermal growth factor receptor 2 (HER2) to assist both the 
prediction of prognosis and the therapeutic plan [1]. Using 
gene expression profiling (also known as cDNA microarray), 
breast carcinoma can be classified into several subtypes, such 
as luminal A (LA), luminal B (LB), HER2-enriched (HE), and 
triple-negative (TN) types; each subtype has a unique biologi-
cal behavior [2,3]. However, due to the high cost and the re-

quirement for fresh frozen tissue, its widespread use in routine 
pathological procedures has thus far been limited. Instead, the 
association between clinicopathological markers and classifi-
cation according to estrogen receptor (ER), progesterone re-
ceptor (PR), and HER2 expression, as measured by immuno-
histochemistry (IHC), is more widely used, as it has revealed 
comparable results in recent studies [4,5]. Recently, Ki-67 pro-
liferation index has become another important marker used 
to distinguish more aggressive cases among HR-positive 
breast carcinomas [6].

Neoadjuvant chemotherapy (NACT) is used for patients 
with locally advanced breast carcinoma as well as for patients 
with metastatic or inoperable breast carcinoma to reduce tu-
mor size and subsequently improve breast-conserving surgery 
rates [7]. In addition, large randomized clinical trials demon-
strated that patients who display a pathological complete re-
sponse (pCR) after NACT have better survival than those 
with residual disease (RD) [8]. It is recommended that an as-
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complete response (pCR). HER2 was associated with pCR in all 
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divided according to hormone receptor status. The pre-NACT tu-
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cases with residual disease. HER2-enriched and triple-negative 
breast cancers were more likely to achieve pCR than luminal A 
type cancers. PR expression and the Ki-67 index decreased after 
NACT. A decrease in the Ki-67 index was also demonstrated in 
hormone receptor positive and HER2-enriched subtypes, but no 
similar tendency was observed in the triple-negative subtype. 
Conclusion: A patient with breast cancer scheduled for NACT 
should be assessed for the breast cancer subtype, as this will in-
fluence the treatment plans for the patient. The expression of PR 
and Ki-67 after NACT should be interpreted carefully because 
NACT tends to reduce the expression of these molecules.
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say for HRs and HER2 should be performed in a resection 
specimen after NACT if they were not expressed in the pre-
NACT biopsy specimen [9]. However, it is unclear whether 
IHC expression of certain markers changes after NACT.

In this study, we assessed the expression of IHC markers in 
pre-NACT biopsy specimens and, if possible, in a patient’s 
post-NACT resection specimen containing RD. We evaluated 
1) the association between marker expression in pre-NACT 
specimens and pathological responses to NACT and 2) 
changes in the expression of IHC markers in the pre-NACT 
and post-NACT specimens, in the total number of cases, and 
in each subtype classified according to the IHC results.

METHODS

Patients
Three hundred forty-four patients including one with bilat-

eral breast carcinoma who had received NACT for breast car-
cinoma at the Seoul National University Hospital, Seoul, Korea 
between November 2005 and April 2010 were selected retro-
spectively. This study was approved by the Institutional Review 
Board of Seoul National University Hospital (IRB number: 
H-1307-012-502). Patient age ranged from 24 to 78 years old 
(mean age, 46.4 years), and the diameter of the breast carcino-
ma before NACT ranged from 0.8 to 13.6 cm (mean, 5.14 cm). 
All patients had a radiologically detectable primary tumor of 
more than 2 cm or positive ipsilateral axillary lymph nodes. 
All but 11 patients had positive axillary nodes that were de-
tected by radiologic studies. All patients underwent a core bi-
opsy of the primary tumor prior to NACT and then received 
NACT comprising three to seven cycles of docetaxel (75 mg/
m2) and doxorubicin (50 mg/m2); 255 patients (73.9%) re-
ceived three cycles, and the remaining patients received four 
or more cycles. All patients underwent surgery, including 
mastectomy in 171 cases (49.6%) and breast-conserving 
quadrantectomy in 174 cases (50.4%), approximately 4 weeks 
after the completion of NACT. The patient with bilateral carci-
noma underwent bilateral mastectomy.

All resection specimens were pathologically examined, in-
cluding three-dimensional size measurements of the RD. Ipsi-
lateral axillary lymph nodes were dissected and assessed in all 
but four. The average numbers of total and metastatic nodes 
were 14.7 (range, 1-52) and 3.82 (range, 0-37) per case, respec-
tively. One hundred eighteen cases (34.2%) had no tumor in-
volvement of the axillary lymph nodes. The tumor response to 
NACT was determined according to Sataloff criteria as follows: 
pCR was defined as minimal RD (< 5% of tumor surface) in 
the primary site or no residual invasive carcinoma in the pri-
mary site and no metastasis in the axillary lymph nodes [10].

IHC and fluorescence in situ hybridization
IHC was performed on both needle biopsy specimens be-

fore NACT and resection specimens after NACT. IHC studies 
of ER (1:100, 1D5; Dako, Glostrup, Denmark), PR (1:200, 
PgR636; Dako), HER2 (1:200, CB11; Leica Microsystems, 
Berlin, Germany), p53 (1:500, DO-7; Dako), Bcl-2 (1:200, 124; 
Dako), and Ki-67 (1:300, MIB-1; Dako) were performed on 
the 4-μm-cut sections of both specimens by using an Auto-
stainer Link 48 (Dako). Positive staining was defined as nucle-
ar staining in ≥ 1% of the tumor cells for ER and PR and in 
≥ 50% for p53. For Bcl-2, cytoplasmic staining in ≥ 10% of the 
tumor cells was defined as positive. Only the membranous 
staining of tumor cells was scored for the determination of 
HER2 expression, and the intensity was scored as follows: 0 
for negative staining, 1+ for weak staining, 2+ for moderate 
staining, and 3+ for strong staining in at least 30% of the tu-
mor cells. Fluorescence in situ hybridization (FISH) was used 
to assess the number of copies of HER2 for cases exhibiting 2+ 
or 3+ HER2 staining by performing IHC with a Vysis Path-
Vysion kit (Abbott, North Chicago, USA). Cases with a HER2/
chromosome 17 ratio ≥ 2.0 on performing FISH and/or HER2 
expression of 3+ on performing IHC were considered to have 
positive HER2 expression, whereas cases which did not meet 
these criteria were considered HER2-negative including cases 
with HER2 IHC 3+ but HER2 FISH score less than 2.0. The 
procedures for IHC and FISH were previously described [11]. 
The Ki-67 proliferation index of each case was evaluated from 
the percentage of Ki-67-positive cells among at least 200 tu-
mor cells.

According to the criteria suggested by Cheang et al. [6], the 
cases were classified into four subtypes according to the IHC 
results: 1) LA (ER- and/or PR-positive, HER2-negative, and 
Ki-67 < 14%); 2) LB (ER- and/or PR-positive and either HER2-
positive or Ki-67 ≥ 14%); 3) HE (ER- and PR-negative and 
HER2-positive); and 4) TN (ER-, PR-, and HER2-negative).

Statistical analysis
Statistical analysis was performed by using SPSS version 

19.0 (IBM Corp., Armonk, USA). Associations between the 
response to chemotherapy and other variables were assessed 
by using the chi-square or Fisher exact tests in a 2× 2 table of 
variables. Associations between the response to NACT and 
the Ki-67 index were assayed by using the independent Stu-
dent t-test. Associations between IHC markers before and af-
ter NACT were evaluated by using the McNemar test for ER, 
PR, HER2, p53, and Bcl-2 and a paired Student t-test and 
Wilcoxon signed-rank test for the Ki-67 index.

 



Expression of Immunohistochemical Markers before and after Neoadjuvant Chemotherapy 397

http://dx.doi.org/10.4048/jbc.2013.16.4.395 http://ejbc.kr

RESULTS

Associations between the response to NACT and 
clinicopathological markers

In total, 46 of the 345 cases (13.3%) displayed pCRs: 24 cases 
had no residual invasive carcinoma or ductal carcinoma in situ 
(DCIS), seven cases had residual DCIS only, and 15 cases had 
minimal residual invasive carcinoma. The patient with carci-
noma in both breasts did not achieve pCR. First, we assessed 
the association between the response to NACT and the expres-
sion of clinicopathological variables in the biopsy specimen 
before NACT. ER and PR were assessed in all cases, HER2 was 
assessed in 341 cases (98.8%), and p53 and Bcl-2 were assessed 
in 331 cases (95.9%). The response to NACT was negatively 
correlated with the expression of ER (p= 0.0001) and PR (p=  
0.0184). The cases with HER2 overexpression displayed better 
responses to NACT (p= 0.0136). Overexpression of p53, which 
is generally caused by a TP53 mutation, and Bcl-2 expression 
were not associated with the response to NACT (p= 0.2372 
and p= 0.0834, respectively). The presence of radiologically 
detectable axillary nodes and the number of NACT cycles 
were not associated with the response to NACT (p= 0.1697 
and p= 0.1491, respectively). The average tumor size before 
NACT in the cases that achieved pCRs was smaller than that of 
the cases with RD after NACT (p= 0.0027). The average age 
and Ki-67 index of the tumor, the latter of which was assessed 
in 332 cases (96.2%), were not significantly correlated with 
pCR or RD (p= 0.5539 and p= 0.4444, respectively). Classifi-
cation according to IHC was determined, and the findings 
were as follows: 104 (30.1%), 77 (22.3%), 55 (15.9%), and 109 
(31.6%) lesions were classified as LA, LB, HE, and TN, respec-
tively. We estimated the association between the NACT re-
sponse and subtypes of breast cancer classified according to the 
IHC results. Tumors of the LB (9/76, p= 0.0407), HE (15/56, 
p< 0.0001), and TN types (18/109, p= 0.0024) were more re-
sponsive to NACT than those of LA type (4/104) (Table 1).

Next, we analyzed the association between the response to 
NACT and clinicopathological variables after dividing the 
cases into HR-positive (LA and LB) and HR-negative (HE and 
TN) groups. Only smaller tumor size was associated with 
pCR in the HR-negative group (p= 0.0016). The other vari-
ables, including HER2 overexpression (in contrast to the re-
sult for this marker in the entire cohort), were not related to 
pCR in either group (Table 2).

We also analyzed the association between tumor response 
and clinicopathological variables in the LB, HE, and TN groups. 
Due to the small number of cases displaying pCRs after NACT, 
we did not analyze the association in the LA group. In the HE 
group, pCR was associated with smaller tumor size before 

NACT (p= 0.0121). In the TN group, the association between 
the response to NACT and pre-NACT tumor size was weaker 
(p= 0.0442). In the LB group, however, no clinicopathological 
variables, including HER2 overexpression, were associated with 
the response to NACT (Table 3).

Changes in the expression of IHC markers in the resection 
specimens after NACT

At least one IHC marker in the post-NACT resection speci-
men was assessed in 138 cases (40.0%). We evaluated and 
compared six IHC markers in the biopsy specimens before 
NACT and the resection specimens after NACT. PR expres-
sion decreased significantly after NACT (p= 0.0009). In total, 

Table 1. Association between response to neoadjuvant chemotherapy 
and clinicopathological markers before neoadjuvant chemotherapy

Total
Response to NACT

No. (%)

CR RD p-value

Age (yr)* 46.3±10.2 45.5±9.65 46.5±10.3 0.5539
Pre-NACT  
   tumor size (cm)*

5.15±2.41 4.16±1.83 5.30±2.46 0.0027

ER
   + 179 12 (26.1) 167 (55.9) 0.0001
   − 166 34 (73.9) 132 (44.1)
PR
   + 129 10 (21.7) 119 (39.8) 0.0184
   − 216 36 (78.3) 180 (60.2)
HER2
   + 90 19 (41.3) 71 (24.1) 0.0136
   − 251 27 (58.7) 224 (75.9)
p53
   + 121 20 (44.4) 101 (35.3) 0.2372
   − 210 25 (55.6) 185 (64.7)
Bcl-2
   + 193 21 (46.7) 172 (60.4) 0.0834
   − 137 24 (53.3) 113 (39.6)
Ki-67 (%)* 16.4±16.2 18.1±15.2 16.1±16.4 0.4444
Nodes detected  
   by radiology
   + 334 43 (93.5) 291 (97.3) 0.1697†

   − 11 3 (6.5) 8 (2.7)
NACT cycles
   3 255 30 (65.2) 225 (75.3) 0.1491
   4-7 90 16 (34.8) 74 (24.7)
Subtype according to IHC
   LA 104 4 (8.7) 100 (33.4)
   LB 76 9 (19.6) 67 (22.4) 0.0407
   HE 56 15 (32.6) 41 (13.7) <0.0001‡

   TN 109 18 (39.1) 91 (30.4) 0.0024‡

NACT=neoadjuvant chemotherapy; CR=complete response; RD=residual 
disease; ER=estrogen receptor; PR=progesterone receptor; HER2=human 
epidermal growth factor receptor 2; IHC= immunohistochemistry; LA= luminal 
A; LB= luminal B; HE=HER2-enriched; TN=triple-negative.
*Mean±SD; †Fisher exact test; ‡Compared with luminal A type.
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19 of 45 cases (42.2%) with PR positivity in their biopsy speci-
mens exhibited negativity after NACT (Figure 1A, B), whereas 
only three of 75 PR-negative cases in the biopsy specimens 
displayed positivity after NACT. ER expression after NACT 
was not changed significantly (p= 0.1185). We also analyzed 

Table 2. Association between response to neoadjuvant chemotherapy 
and clinicopathological markers before neoadjuvant chemotherapy in 
hormone receptor-positive and hormone receptor-negative groups

Total No.
Response to NACT

No. (%)

CR RD p-value

Hormone receptor-positive groups
    Age (yr)* 46.2±10.1 44.9±10.6 46.3±10.1 0.6432
    Pre-NACT  
       tumor size (cm)*

5.20±2.40 4.78±1.76 5.23±2.45 0.5218

    HER2
       + 34 4 (30.8) 30 (18.4) 0.2807†

       − 142 9 (69.2) 133 (81.6)
    p53
       + 46 6 (46.2) 40 (24.4) 0.1030†

       − 131 7 (53.8) 124 (75.6)
    Bcl-2
       + 150 10 (76.9) 140 (85.4) 0.4226†

       − 27 3 (23.1) 24 (14.6)
    Ki-67 (%)* 12.4±13.9 14.2±12.1 12.2±14.0 0.6296
    Nodes detected 
       by radiology
       + 172 12 (92.3) 160 (95.8) 0.4578†

       − 8 1 (7.7) 7 (4.2)
    NACT cycles
       3 134 9 (69.2) 125 (74.9) 0.7420†

       4-7 46 4 (30.8) 42 (25.1)
Hormone receptor-negative groups
    Age (yr)* 46.5±10.4 45.7±9.42 46.7±10.7 0.6337
    Pre-NACT  
      tumor size (cm)* 

5.10±2.43 3.92±1.83 5.40±2.47 0.0016

    HER2
       + 56 15 (45.5) 41 (31.1) 0.1183
       − 109 18 (54.5) 91 (68.9)
    p53
       + 75 14 (43.8) 61 (50.0) 0.5290
       − 79 18 (56.3) 61 (50.0)
    Bcl-2 
       + 43 11 (34.4) 32 (26.4) 0.3749
       − 110 21 (65.6) 89 (73.6)
    Ki-67 (%)* 21.1±17.4 19.8±16.2 21.5±17.8 0.6249
    Nodes detected  
       by radiology 
       + 162 31 (93.9) 131 (99.2) 0.1022†

       − 3 2 (6.1) 1 (0.8)
    NACT cycles
       3 121 21 (63.6) 100 (75.8) 0.1590
       4-7 44 12 (36.3) 32 (24.2)

NACT=neoadjuvant chemotherapy; CR=complete response; RD=residual 
disease; ER=estrogen receptor; PR=progesterone receptor; HER2=human 
epidermal growth factor receptor 2.
*Mean±SD; †Fisher exact test.

Table 3. Association between response to neoadjuvant chemotherapy 
and clinicopathological markers before neoadjuvant chemotherapy in 
each subtype

Total No.
Response to NACT

No. (%)

CR RD p-value

Luminal B
    Age (yr)* 45.0±10.2 44.9±10.5 45.2±10.2 0.9399
    Pre-NACT  
       tumor size (cm)*

5.07±2.19 4.08±1.57 5.20±2.24 0.1498

    HER2
       + 34 4 (44.4) 30 (46.9) 1.0000†

       − 39 5 (55.6) 34 (53.1)
    p53
       + 28 4 (44.4) 24 (36.9) 0.7224†

      − 46 5 (55.6) 41 (63.1)
    Bcl-2
       + 58 8 (88.9) 50 (78.1) 0.6748†

       − 15 1 (11.1) 14 (21.9)
    Ki-67 (%)* 22.9±16.1 19.4±10.7 23.4±16.7 0.4918
    Nodes detected  
       by radiology
       + 74 9 (100) 65 (97.0) 1.0000†

       − 2 - 2 (3.0)
    NACT cycles
       3 56 7 (77.8) 49 (73.1) 1.0000†

       4-7 20 2 (22.2) 18 (26.9)
HER2-enriched
    Age (yr)* 48.1±9.54 50.1±8.36 47.4±9.93 0.3495
    Pre-NACT  
       tumor size (cm)*

4.99±2.32 3.72±1.69 5.45±2.37 0.0121

    p53
       + 25 6 (42.9) 19 (47.5) 0.7643
       − 29 8 (57.1) 21 (52.5)
    Bcl-2
       + 11 3 (21.4) 8 (20.0) 1.0000†

       − 43 11 (78.6) 32 (80.0)
    Ki-67 (%)* 13.1±9.89 12.4±11.5 13.3±9.43 0.7560
    Nodes detected  
       by radiology
       + 55 15 (100) 40 (97.6) 1.0000†

       − 1 - 1 (2.4)
    NACT cycles
       3 44 11 (73.3) 33 (80.5) 0.7145†

       4-7 12 4 (26.7) 8 (19.5)
Triple-negative
    Age (yr)* 45.7±10.8 42.1±8.84 46.4±11.0 0.1209
    Pre-NACT  
       tumor size (cm)*

5.16±2.49 4.08±1.97 5.37±2.53 0.0442

    p53
       + 50 8 (44.4) 42 (51.2) 0.6027
       − 50 10 (55.6) 40 (48.8)
    Bcl-2
       + 32 8 (44.4) 24 (29.6) 0.2241
       − 67 10 (55.6) 57 (70.4)
    Ki-67 (%)* 25.4±19.1 25.5±17.2 25.4±19.5 0.9864
    Nodes detected  
       by radiology
       + 107 16 (88.9) 91 (100.0) 0.0260†

       − 2 2 (11.1) -
    NACT cycles
       3 77 10 (55.6) 67 (73.6) 0.1240
       4-7 32 8 (44.4) 24 (26.4)

NACT=neoadjuvant chemotherapy; CR=complete response; RD=residual 
disease; HER2=human epidermal growth factor receptor 2.
*Mean±SD; †Fisher exact test.
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the changes after dividing the cases based on the subtype of 
their pre-NACT specimens. In the LB group, loss of ER and 
PR was evident after NACT (p= 0.0313 and p= 0.0020, re-
spectively), whereas loss of ER and PR was less marked in the 
LA group (p = 0.0625 and p = 0.0654, respectively). In HR-
negative pre-NACT specimens, only four cases gained at least 
one HR after NACT, including one case that gained both. 
There was no association of the expression of HER2, p53, and 
Bcl-2 with NACT, even after dividing cases by their pre-
NACT subtypes (Table 4).

The average Ki-67 proliferation index decreased significant-
ly after NACT (16.2% vs. 8.70%, p< 0.0001) (Figure 1C and 
1D). We also analyzed the changes according to the pre-
NACT subtypes. In the LB group, a decrease in the average 
Ki-67 index was obvious after NACT (26.8% vs. 6.75%, p<  
0.0001). The average Ki-67 index also decreased after NACT 

in the LA (4.74% vs. 2.69%, p= 0.0048) and HE groups (12.1% 
vs. 5.87%, p= 0.0241) cases. However, in the TN group, the 
average Ki-67 index did not decrease significantly after NACT 
(23.3% vs. 18.7%, p= 0.2616). These changes were similar to 
the results found by using the Wilcoxon signed-rank test (Ta-
ble 5).

Ninety-two cases (26.7%) could be reclassified according to 
IHC results in the resection specimen. Twenty-eight of these 
92 cases (30.4%) displayed different subtypes after NACT. Of 
the 22 cases that were classified as LB before NACT, nine cases 
were reclassified as LA after NACT. In most of these cases, the 
reclassification was due to a decrease in the Ki-67 index. In 
eight LB cases, the resection specimen after NACT had the 
same subtype (Table 6).

Figure 1. Immunohistochemical stains for progesterone receptor (PR) (A, B) and Ki-67 (C, D) before (A, C) and after (B, D) neoadjuvant chemotherapy 
(NACT) (×200). PR is positive in the biopsy specimen before NACT (A) and negative in the resection specimen after NACT (B). The Ki-67 index of the 
tumor is about 70% in the biopsy specimen before NACT (C), while it is significantly decreased in the resection specimen after NACT (D).

A B

C D
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DISCUSSION

This study revealed that breast cancer subtypes are associat-
ed with the response to NACT. The overall pCR rate was 
13.3%, similar to that in another study of Korean breast can-
cer patients [12]. The pCR rates for the HE and TN subtypes 
were significantly higher than for the luminal subtypes; in the 
luminal subtypes, the pCR rate of the LB group was higher 
than that of the LA group, which is consistent with other stud-
ies [13,14]. Age was not associated with pCR in the present 
study. Moreover, although the Ki-67 index of the LA group (all 
cases were < 14% by definition) was lower than that of the 
other subtypes, it was not associated with pCR, either overall 
or by subtype.

HER2 overexpression according to HER2 amplification is 
not an independent factor for anticipating pCR after NACT. 

HER2 overexpression among all cases was associated with 
pCR in this study. When the cases were divided according to 
HR expression; however, HER2 did not affect the response to 
NACT in any group. Moreover, the response to NACT in the 
HER2-positive LB cases was similar to that in the HER2-nega-
tive LB cases, implying that HER2 overexpression in the LB 
group was not associated with pCR. The results were probably 
due to the differences in HER2 overexpression rates among 
breast cancer subtypes: the LA cases, the lowest pCR rate 
among subtypes, were totally negative for HER2, whereas HE 
cases, the highest pCR rate among subtypes, were positive for 
HER2. It has not been elucidated whether the HE or TN sub-
type is more responsive to NACT without trastuzumab, an 
anti-HER2 monoclonal antibody. The HE subtype was more 
responsive in some studies including this one, whereas the TN 
subtype was more responsive in others [13,14].

Since NACT was first used to treat breast cancer, a consider-
able number of studies have demonstrated that the expression 
of HRs and/or HER2 is associated with the NACT response 
[12-14]. However, the majority of these studies classified IHC 
subtypes according to HRs and HER2 only, and they did not 
include the Ki-67 index; HR-positive, HER2-negative cases 
were generally classified as LA. In addition, previous studies 
using gene expression profiling revealed that genes related to 

Table 5. Changes in Ki-67 index in the residual carcinoma after neoad-
juvant chemotherapy

Cases
Ki-67 index (%)

p-value* p-value†

Pre-NACT Post-NACT

All cases 104 16.2±17.0 8.70±15.2 <0.0001 <0.0001
LA‡ 35 4.74±2.98 2.69±3.65 0.0048 0.0016
LB‡ 24 26.8±20.2 6.75±11.7 <0.0001 <0.0001
HE‡ 15 12.1±8.42 5.87±7.73 0.0241 0.0417
TN‡ 30 23.3±18.7 18.7±22.7 0.2616 0.1152

All values are presented as mean ±  SD.
NACT =neoadjuvant chemotherapy; LA = luminal A; LB = luminal B; HE =  
human epidermal growth factor receptor 2-enriched; TN=triple-negative.
*Paired Student t-test; †Wilcoxon signed-rank test; ‡Pre-NACT subtype.

Table 6. Comparison between subtypes according to immunohisto-
chemistry results in the biopsy and the resection specimen

Subtype by pre-NACT specimen
Total

LA LB HE TN

Subtype by post-NACT
   specimen
   LA 20 9 - 2 31
   LB 3 8 - - 11
   HE   - 1 8 2 11
   TN 4 4 3 28 39
Total 27 22 11 32 92

NACT =neoadjuvant chemotherapy; LA = luminal A; LB = luminal B; HE =  
human epidermal growth factor receptor 2-enriched; TN=triple-negative.

Table 4. Changes of immunohistochemistry expression in the residual 
carcinoma after neoadjuvant chemotherapy

Total 
cases

Changes in IHC markers after NACT
p-value

+ → + + → − − → + − → −

All cases
   ER 120 58 11 4 47 0.1185
   PR 120 26 19 3 72 0.0009
   HER2 107 18 6 5 78 1.0000
   p53 104 24 9 5 66 0.4240
   Bcl-2 101 53 10 7 31 0.6296
Luminal A 
   ER 41 36 5 - - 0.0625
   PR 41 18 9 2 12 0.0654
   HER2 34 - - 3 31 0.2500
   p53 35 2 4 - 29 0.1250
   Bcl-2 35 29 1 1 4 1.0000
Luminal B 
   ER 28 22 6 - - 0.0313
   PR 28 8 10 - 10 0.0020
   HER2 25 8 3 - 14 0.2500
   p53 24 1 3 2 18 1.0000
   Bcl-2 23 19 2 1 1 1.0000
HER2-enriched 
   ER 16 - - 1 15 1.0000
   PR 16 - - - 16 -
   HER2 13 10 3 - - 0.2500
   p53 15 8 - 1 6 1.0000
   Bcl-2 14 1 2 1 10 1.0000
Triple-negative 
   ER 35 - - 3 32 0.2500
   PR 35 - - 1 34 1.0000
   HER2 35 - - 2 33 0.5000
   p53   30 13 2 2 13 1.0000
   Bcl-2 29 4 5 4 16 1.0000

IHC = immunohistochemistry; NACT =neoadjuvant chemotherapy; ER = 
estrogen receptor; PR=progesterone receptor; HER2=human epidermal 
growth factor receptor 2.
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cell proliferation, including Ki-67 (MKI67), were overex-
pressed in the LB subtype, whereas HER2 was overexpressed 
in a small proportion of the cases of this subtype [6,15,16]. We 
classified cases with a higher Ki-67 index (expression by 14% 
or more of tumor cells) in the LB group instead of the LA 
group even though they were HR-positive and HER2-negative, 
which could explain why the pCR rates of the LA group in this 
study (3.85%) were lower than those in other studies [12].

We defined pCR according to Sataloff criteria, which differ 
from the pCR according to Chevallier criteria by also includ-
ing the presence of minimal RD in the primary site. Penault-
Llorca et al. [10] compared the two systems and concluded 
that the minimal RD after NACT did not affect the prognosis. 
Symmans et al. [17] assessed the RD after NACT by using the 
residual cancer burden index, which provided a response to 
NACT as a continuous parameter of the RD both in the pri-
mary site and in the lymph nodes, and they reported that the 
prognosis of cases with minimal RD was similar to those with 
no RD. All three of these criteria designate residual DCIS only 
after NACT as a pCR. This is supported by several studies that 
reported that minimal RD after NACT does not affect prog-
nosis [18,19]. However, von Minckwitz et al. [20] recently 
demonstrated that cases with no residual invasive or in situ 
carcinoma after NACT had longer disease-free survival, but 
not overall survival, than those with DCIS only, which dis-
agrees with previous studies. On the basis of their results, they 
suggested that pCR should be defined as no RD or no residual 
DCIS after NACT and that residual DCIS after NACT should 
not be considered to indicate a pCR. Whether residual DCIS 
only after NACT is indicative of a pCR requires further study.

We previously assessed IHC expression before and after 
NACT [11]. However, the small number of cases in that study 
limited the analysis, and we concluded that more cases were 
required for a study of this type. We could not compare cases 
of this study with control cases that had not undergone NACT 
when analyzing the association between protein expression 
between pre-NACT and post-NACT specimens in this study. 
Instead, we hypothesized that the differences in the expression 
of IHC markers in post-NACT resection specimens were due 
to tumor heterogeneity if the number of cases with expression 
gain (from negative to positive) were similar to those with ex-
pression loss (from positive to negative). The present study in-
dicated that PR expression and the Ki-67 index significantly 
decreased after NACT. In addition, we observed that the ex-
pression of HRs was associated with a worse response to 
NACT. We therefore suggest that the decreased expression of 
PR and/or Ki-67 is associated with the loss of their expression 
after NACT rather than tumor heterogeneity. Moreover, we 
lowered the cutoff points for ER and PR expression to 1%, in-

creasing the sensitivity, whereas most previous studies set the 
cutoff point at 10%. In the present study, more than 10% of 
tumor cells in biopsy specimens were positive for PR, but in 
resection specimens, the tumor cells were entirely negative in 
most cases with expression loss after NACT.

As reviewed by van de Ven et al. [21], many previous studies 
revealed that the expression of HRs changes after NACT. Some 
studies concluded that the expression of HR did not change, 
but these studies had fewer patients than those that reached 
the opposite conclusion. Compared with HRs, HER2 is more 
stable after NACT [21]. Studies by Taucher et al. [22] and 
Kasami et al. [23] indicated that the expression of ER and PR 
decreases after NACT, whereas that of HER2 does not change, 
which is consistent with the findings of the present study. van 
de Ven et al. [21] proposed several possible mechanisms for 
HR changes after NACT. One of the hypotheses is that a de-
crease in hormones such as estrogen due to NACT might 
cause downregulation of HRs in the tumor and subsequently 
lead to estrogen-independent growth because ovarian dys-
function has been the most significant problem in premeno-
pausal breast cancer patients treated with chemotherapy [24].

However, loss of HR may be one of the mechanisms for the 
suppression of tumor progression by NACT rather than resis-
tance to NACT. In the present study, the Ki-67 index, as well 
as PR expression in RD, decreased after NACT, which was 
consistent with the results of other studies [22,25,26]. In add-
ition, the present study revealed for the first time that changes 
in the Ki-67 index in RD varied according to breast cancer 
subtypes after NACT. LA and LB cases exhibited decreased 
expression of Ki-67 in RD, whereas TN cases failed to display 
a similar decrease. These results suggest that NACT can con-
trol the proliferation of RD cells of HR-positive subtypes, al-
though NACT cannot kill the cancer cells, whereas RD cells 
in TN cases after NACT are either intrinsically resistant to the 
chemotherapeutic agents or acquire resistance, which may be 
the main reason for treatment failure. It has been reported 
that a low post-NACT Ki-67 index or a significant decrease in 
the Ki-67 index after NACT is associated with better progno-
sis in breast cancer [25,26]. In addition, it has been reported 
that breast cancers of the HE and TN subtypes have a worse 
prognosis than those of the LA and LB subtypes although the 
clinical and/or pathologic responses of the former subtypes 
after NACT are better [27].

Thus far, little is known about why the expression of HR 
changes after NACT. Miyoshi et al. [28] reported that intra-
tumoral aromatase and one of its inducers, tumor necrosis 
factor-α, are significantly downregulated in patients with 
breast cancer who display a response after docetaxel treat-
ment. They suggest that docetaxel-induced antitumor activity 
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is mediated through the downregulation of intratumoral aro-
matase expression, which results in the suppression of intra-
tumoral PR expression. Further research on the prognosis of 
patients with breast cancer who exhibited a decrease in PR ex-
pression and the Ki-67 index after NACT is required.

The classification of breast cancer subtypes by performing 
IHC of the resection specimen after NACT should be inter-
preted with caution. For example, only eight cases that were 
classified as LB on the basis of the biopsy specimen were clas-
sified as the same subtype when the resection specimen was 
examined. Nine LB cases were reclassified as LA in the resec-
tion specimen after NACT, mainly due to a decrease in the Ki-
67 index induced by NACT. However, we consider that it is 
also useful to assess the expression of markers, including ER, 
PR, and HER2, in the resection specimen to aid decisions 
concerning the treatment plan after surgery. If the expression 
of HRs in the RD cells changes from positive to negative, hor-
mone therapy after surgery may be less effective. Hirata et al. 
[29] recently reported that after adjuvant hormone therapy, 
the survival of patients whose HR status had changed (either 
positively or negatively) in the resection specimen after NACT 
did not differ from that of patients whose HR status remained 
positive after NACT. By contrast, Chen et al. [30] reported that 
following adjuvant hormone therapy, the survival of patients 
whose HR status changed after NACT was poorer than that of 
patients whose HR status remained positive after NACT.

In summary, a patient with breast cancer who is scheduled 
for NACT should be assessed for the subtype of breast cancer 
before NACT, by using either cDNA microarray or IHC, for 
planning treatment. Patients with LA subtype breast cancer 
have a poor response to NACT, and they should instead un-
dergo surgery or neoadjuvant hormone therapy, whereas 
NACT will be helpful for patients with HE or TN subtype 
breast cancer. Assessment of the Ki-67 index in the biopsy 
specimen before NACT is necessary in HR-positive breast 
cancer because the LB subtype is more responsive to NACT 
than the LA subtype irrespective of the HER2 expression sta-
tus. In addition, PR expression and the Ki-67 index in the re-
section specimen after NACT should be interpreted carefully 
because NACT tends to cause a decrease in the expression of 
these molecules.
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