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Abstract. The response of triple-negative breast cancer 
(TNBC) to chemotherapy is heterogeneous; particular subtype 
classifications based on mRNA gene expression analysis 
have been demonstrated to be associated with a pathological 
complete response (pCR). The aim of the present study was to 
investigate additional clinical and pathological characteristics 
associated with pCR status. The pathological and clinical 
characteristics of 40 TNBC patients who underwent neoadju-
vant chemotherapy followed by surgery were retrospectively 
analyzed by dividing the cases into two groups according to 
the response to treatment: pCR (n=12) and non-pCR (n=28). 
Clinically, patients in the pCR group presented tumors with 
a significantly less advanced Tumor‑Node‑Metastasis stage 
(P=0.030) and mammographic calcification was less common 
(17 vs. 58%; P=0.034). Pathologically, whereas all cases in the 
pCR group (12/12, 100%) were of the histological type ‘inva-
sive ductal carcinoma, not otherwise specified’ (IDC‑NOS), the 
non‑pCR group consisted of a lower proportion of IDC‑NOS 
cases (20/28, 71%) and more cases of special histological types, 
including mucinous, metaplastic, medullary and apocrine 
carcinomas (P=0.079). The positive rates of androgen receptor 
(AR) and forkhead-box A1 (FOXA1) tended to be lower in 
the pCR group (AR, 0 vs. 29%, P=0.079; FOXA1, 8 vs. 29%, 
P=0.233). The Ki-67 score was significantly higher in the 
pCR group than in the non-pCR group (P=0.041). The results 
suggest that patients with TNBC who present with clinically 
less advanced tumors and less frequent mammographic calci-
fication are more likely to respond to chemotherapy. From a 
pathological standpoint, IDC‑NOS type, negative AR status 

and higher Ki-67 scores may be associated with chemotherapy 
sensitivity.

Introduction

Triple-negative breast cancer (TNBC) is characterized by the 
absence of estrogen receptor (ER) or progesterone receptor 
(PgR) expression, and the lack of human epidermal growth 
factor receptor 2 (HER2) gene amplification. TNBC repre-
sents 15-20% of all breast cancer cases; it exhibits a distinctly 
aggressive nature, with higher rates of relapse and shorter 
overall survival times compared with the other breast cancer 
subtypes (1,2).

TNBC is characterized by a heterogeneous immuno-
histochemical phenotype. The majority of TNBCs have a 
high‑grade ‘invasive ductal carcinoma, not otherwise specified’ 
(IDC‑NOS) histology. However, a significant proportion of 
other relatively rare histotypes (medullary, metaplastic, adenoid 
cystic and apocrine carcinomas) may also lack expression of 
ER, PgR and HER2 (3). From a genetic standpoint, TNBCs 
include different molecular subtypes. Lehmann et al (4) iden-
tified six different TNBC subtypes that express unique gene 
expression patterns by analyzing the mRNA gene expression 
profiles from 21 breast cancer datasets, including basal‑like 
(BL)1 and 2, immune‑modulatory (IM), mesenchymal (M), 
mesenchymal stem‑like (MSL), luminal androgen receptor 
(LAR) and unstable (UNS) subtypes. Recently, these six 
subtypes (TNBC type: BL1, BL2, IM, M, MSL and LAR) were 
refined to four (TNBC type‑4: BL1, BL2, M and LAR), when 
considering that the IM and MSL subtypes represent tumors 
with substantial infiltrating lymphocytes and tumor‑associated 
mesenchymal cells (5).

Cytotoxic chemotherapy is currently the only treatment 
option for TNBC; it has been demonstrated that TNBC is 
more chemotherapy-sensitive than ER-positive tumors (6,7). A 
pathological complete response (pCR) to neoadjuvant chemo-
therapy (NAC) of TNBC is highly associated with prolonged 
overall and event‑free survival times. In previous studies, 
20-30% of patients with TNBC achieved pCR in the neoad-
juvant setting and the response of TNBC to chemotherapy 
was heterogeneous (6,8-10). Masuda et al (11) reported that 
Lehmann's six gene expression subtypes (TNBCtype) were 
associated with pCR status, with the BL1 subtype presenting 
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a high rate of pCR (52%) compared with the M, IM, MSL and 
LAR subtypes, which presented relatively low pCR rates (31, 
30, 23 and 10%, respectively).

However, subtype classification by mRNA expression 
analysis is not yet common, convenient or economic enough 
to put into daily clinical use. Thus, the present study aimed to 
investigate additional clinical and pathological characteristics 
that are associated with pCR status as a means to predict the 
response to chemotherapy using information that is already 
readily available in daily clinical practice. If the effects could 
be predicted prior to actually performing chemotherapy on 
patients with TNBC, eventually unnecessary severe side 
effects caused by ineffective chemotherapy could be avoided.

Patients and methods

Patients. Of the 1,773 patients with operable primary breast 
cancer on record between January 2007 and January 2016 in 
the National Hospital Organization Tokyo Medical Center 
(Tokyo, Japan), a total of 40 were diagnosed with TNBC by 
needle biopsy, classified clinically as Stage II (12) or higher 
and required NAC. All patients were female, and no patient 
was excluded from the present analysis. The characteristics of 
the 40 patients are described in Table I. The effectiveness of 
chemotherapy following surgery was pathologically evaluated. 
The patients were divided into two groups according to their 
response: pCR (n=12) and non-pCR (n=28). The clinical and 
pathological data of the patients were retrieved from medical 
records and retrospectively reviewed and analyzed according 
to these groupings. Ethical approval for the present study was 
provided by the Ethics Committee at the National Hospital 
Organization Tokyo Medical Center, and the study was 
performed in accordance with the appropriate ethical standards.

Examinations prior to NAC. Prior to NAC, imaging studies, 
blood tests and physical measurements were performed. Digital 
mammography was performed for 38 patients; mammography 
was not possible for 2 patients in the non-pCR group due to 
skin ulceration or bleeding of the tumor. Mammograms were 
performed in the mediolateral oblique and craniocaudal views 
for each patient; additional views were performed when the 
lesion was not clearly identified by these 2 views. The mammo-
grams were evaluated according to the criteria established by 
the Japan Central Organization on Quality Assurance of Breast 
Cancer Screening (13), by ≥2 radiologists or surgeons certified 
by the aforementioned organization. The mammographic find-
ings were described as masses, calcifications (typically benign 
calcifications were excluded) or other (including focal asym-
metric densities and architectural distortions).

The clinical Tumor‑Node‑Metastasis (TNM) classifica-
tion (14) and stage (12) were evaluated and determined prior 
to the administration of NAC. The tumor size and nodal 
status were evaluated by ultrasonography, magnetic resonance 
imaging or computed tomography. Distant metastasis was 
detected with computed tomography.

The height and body weight of the patients were recorded, 
and body mass index (BMI) was calculated, with BMI 
≥25 kg/m2 defined as obese. The blood tests performed 
included regular measurement of total cholesterol level 
and 3 breast cancer tumor markers (carbohydrate antigen 

15-3, carcinoembryonic antigen and National Cancer 
Center-Stomach-439) as described previously (15-17).

Treatment. The patients were treated with chemotherapy regi-
mens, including anthracyclines (5‑fluorouracil, 500 mg/m2; 
epirubicin, 100 mg/m2; or cyclophosphamide, 500 mg/m2; 
triweekly for 4 cycles) and/or taxanes (docetaxel, 70 mg/m2; 
triweekly for 4 cycles; or nab-paclitaxel, 100 mg/m2; weekly 
for 12 cycles). Subsequent to NAC, the patients underwent 
mastectomy or partial mastectomy with axillary lymph node 
dissection or sentinel lymph node biopsy.

Histological assessment of tissue specimens. All microscopy 
slides were independently evaluated by ≥2 senior pathologists. 
Cases of breast cancer with negative ER, PgR and HER2 were 
diagnosed as TNBC by core needle biopsy prior to all treatment.

The expression of ER, PgR, Ki-67, androgen receptor 
(AR) and forkhead-box A1 (FOXA1) were evaluated using 
semiquantitative immunohistochemistry (IHC) scoring 
of the percentage of cells with positive nuclear staining 
(1‑100%) (Fig. 1). The following antibodies were used for IHC: 
ER mouse monoclonal antibody (clone, 1D5SP1; pre‑diluted 
kit; cat. no. 790‑4323; Ventana Medical Systems, Inc., Innova-
tion Park Drive, Tucson, AZ, USA), PgR mouse monoclonal 
antibody (clone, 1E2; pre-diluted kit; cat. no. 790-2223; Ventana 
Medical Systems, Inc.) AR mouse monoclonal antibody (clone, 
AR441; dilution, 1:50; cat. no. M3562; Dako; Agilent Technol-
ogies, Inc., Santa Clara, CA, USA), HER2 mouse monoclonal 
antibody (clone, 4B5; pre-diluted kit; cat. no. 790-2991; 
Ventana Medical Systems, Inc.), FOXA1 goat polyclonal 
antibody (clone, ab5089; dilution, 1:50; cat. no. GR120766-17; 
Abcam, Cambridge, UK) and Ki-67 mouse monoclonal anti-
body (MIB‑1; dilution, 1:100; cat. no. M7240; Dako; Agilent 
Technologies, Inc.). Positivity for ER, PgR, AR or FOXA1 
was defined as nuclear staining in ≥1% of tumor cells. Ki‑67 
expression was considered low when ≤50% and high when 
>50% stained cells were observed.

HER2 status was assessed using IHC and/or fluorescence 
in situ hybridization. HER2 expression was scored as 0 to 
3+ by IHC based on ASCO/CAP recommendations (18), and 
HER2 positivity was defined by an IHC score of 3+ or by the 
identification of HER2 gene amplification from fluorescence 
in situ hybridization.

Surgical specimens were used to evaluate the pathological 
response of NAC. pCR was defined as the absence of any 
residual invasive cancer observed following hematoxylin and 
eosin (H&E) staining of the resected breast specimen. Residual 
ductal carcinoma in situ was included in the pCR category.

The specimens were fixed in 10% neutral buffered formalin 
immediately following resection for 24‑48 h at 20˚C. Subse-
quent to the specimens being cut in 5 mm slices, an automatic 
H&E stain was applied for 40 min at 25˚C. The H&E speci-
mens were examined at magnifications, x40‑100 views, and 
also at magnifications x200‑400 when pathologists required 
more detailed information of each cell to make a diagnosis. 
Immunostaining specimens were studied at magnifications, 
x100 or x200.

Statistical analysis. For comparison of the sample means, an 
independent sample t‑test was performed. Associations between 
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pCR and clinicopathological characteristics were assessed with a 
χ2 test, Fisher's exact test or Mann‑Whitney U‑test, as appropriate. 
Clinical features of patients with TNBC according to pCR status 
were assessed by χ2 test or Fisher's exact test. Mammographic 
features in patients with triple negative breast cancer according 
to pCR status were assessed by Fisher's exact test, and AR 
positive rate was additionally assessed by Man‑Whitney U test. 
All analyses were performed using SPSS statistical software 
(version 23.0; IBM Corp., Armonk, NY, United States). P<0.05 
was considered to indicate a statistically significant difference.

Results

Clinical findings. There were significant differences in the 
likelihood of pCR according to TNM classification and 
clinical stage; patients in the pCR group presented with a 

less advanced T classification (P=0.009) and clinical stage 
(P=0.030) compared with non-pCR patients (Table I). The 
pCR group tended to have lower serum total cholesterol levels 
compared with the non-pCR group, although the difference 
was not statistically significant (195±40 vs. 208±20 mg/dl; 
P=0.200). There were no significant differences between the 
pCR and non-pCR groups with regard to mean age, meno-
pausal status, obesity, NAC regimen or tumor marker status.

Mammography findings. There was no difference between the 
pCR and non-pCR groups in the rate of the mammographic 
presentation of masses (67 vs. 77%; P=0.694). However, there 
was a significant difference in the presentation of mammo-
graphic calcification; pCR patients were less likely to exhibit 
calcification in mammograms compared with non-pCR 
patients (17 vs. 58%; P=0.034; Table II).

Table I. Clinical features of patients with TNBC according to pCR status (n=40).

Characteristic pCR non-pCR P-value

Total, n 12 28 
Age, years   0.974
  Mean 53 53 
  Range 27-82 32-74 
Menopausal status, n (%)   0.471
  Premenopausal 6 (50) 12 (43) 
  Postmenopausal 6 (50) 16 (57) 
Obesity ratea, n (%)   0.570
  Obese 3 (25) 8 (29) 
  Non-obese 9 (75) 20 (71) 
Blood serum T-cholesterol, mg/dl   0.200
  Mean 195 208 
  Range 168-249 122-277 
cT prior to NAC, n (%)   0.009
  cT1 1 (8) 0 (0) 
  cT2 10 (83) 13 (46) 
  cT3 1 (8) 4 (14) 
  cT4 0 (0) 11 (39) 
cN prior to NAC, n (%)   0.436
  cN0 7 (58) 11 (39) 
  cN1 4 (33) 14 (50) 
  cN2 1 (8) 1 (4) 
cStage prior to NAC, n (%)   0.030
  cStage II 11 (92) 13 (46) 
  cStage III 1 (8) 12 (43) 
  cStage IV 0 (0) 3 (11) 
NAC regimen, n (%)   1.000
  Ant only 0 (0) 1 (4) 
  Tax only 0 (0) 2 (7) 
  Ant/Tax 12 (100) 25 (89) 

aDefined as a body mass index ≥25 kg/m2. TNBC, triple‑negative breast cancer; pCR, pathological complete response; cT, tumor size classifica-
tion; NAC, neoadjuvant chemotherapy; cN, node classification; cStage, clinical stage; Ant, anthracyclines; Tax, taxanes.
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Pathological findings. The histological types of the two groups 
tended to differ, although the difference was not significant 
(P=0.079); All cases in the pCR group (12/12, 100%) were 
IDC‑NOS, whereas the non‑pCR group included less cases of 
IDC‑NOS (20/28, 71%) and more special histological types, 
including mucinous, metaplastic, medullary and apocrine 
carcinomas.

The positive rates for AR and FOXA1 were lower in the 
pCR group, although no significant difference was observed 
(AR positive rate, 0 vs. 29%, P=0.079; FOXA1 positive rate, 
8 vs. 29%; P=0.233), as assessed with a Fisher's exact test;, 
AR positivity was significantly less common in the pCR group 
when considered with a Mann‑Whitney U test (P=0.043; 
Fig. 2). Ki-67 scores were significantly higher in the pCR 
group than in the non-pCR group, as assessed with a Fisher's 
test (P=0.041; Table III).

Discussion

The results of the present study suggested that chemo-
therapy-sensitive patients with TNBC present clinically less 
advanced tumors with less frequent mammographic calcifica-
tions, negative AR status and higher Ki-67 scores.

Nwaogu et al (7) demonstrated that lower clinical stage 
and negative lymph node involvement were associated with 
pCR in all breast cancer subtypes. In accordance with 
these findings, in the pCR group of patients with TNBC 
in the present study, the primary tumor status, lymph node 
status and clinical stage were less advanced. It is simple 
and reasonable to hypothesize that the tumor burden influ-
ences the treatment efficiency. It may be of note that the 
T4 category, indicating invasion of the skin or chest wall, 
was particularly frequent in non-pCR patients in the present 
study. Thus, not only the size or volume of the tumor, but 
also its robust invasive characteristics may influence the 
treatment effectiveness. Additionally, Lehmann et al (5) 
reported that BL1 tumors, which are more responsive to 
chemotherapy, presented at a lower clinical stage than BL2 
and LAR tumors.

Mammographic calcifications reflect the intraductal 
component of tumor cells (19). Considering the results of 
the present study, this may suggest that tumors with a rich 

intraductal component may be less sensitive to chemo-
therapy. Furthermore, Li et al (20) reported that ER-, PgR- or 
HER2-positive tumors, which are less sensitive to chemo-
therapy than TNBCs, present with more mammographic 
calcifications than TNBCs.

Bae et al (21) further reported that mammographic calci-
fications are significantly associated with AR‑positive TNBC, 
compared with AR-negative TNBC, and that AR-positive 
TNBC was more likely to have a ductal carcinoma in situ 
component. As previously mentioned, the LAR subgroup 
exhibited poor sensitivity to chemotherapy in the study by 
Masuda et al (11). Furthermore, Asano et al (22) recently 
reported that the rate of pCR following NAC was significantly 
lower in patients with AR-positive compared with AR-nega-
tive TNBC. Among the 7 AR-positive TNBC patients who 
underwent mammography in the present study, 6 presented 
with mammographic calcifications. In other words, of the 
17 patients who presented with mammographic calcifica-
tions in the study, 6 were AR-positive. Taken together, it can 
be concluded that typical patients with AR-positive TNBC 
tend to present with calcifications on mammography and are 
less likely to achieve pCR, resembling the characteristics of 
ER/PgR-positive tumors.

To the best of our knowledge, this is the first study to 
demonstrate that mammographic calcification of TNBC 
prior to chemotherapy may indicate the efficacy of treatment. 
Although further investigations are required, it can be presumed 
that tumors with a rich intraductal component, which often 
present with mammographic calcifications, are more likely 
to be chemotherapy-resistant. Furthermore, TNBCs present 
with few calcifications overall, with AR‑positive tumors being 
more likely to present with calcifications, indicating the rich 
intraductal component and poor response to chemotherapy of 
such tumors.

Table II. Mammographic features in patients with triple nega-
tive breast cancer according to pCR status (n=38).

Characteristic pCR non-pCR P-value

Total, n 12 26 
Presence of mass, n (%)   0.694
  Yes 8 (67) 20 (77) 
  No 4 (33) 6 (23) 
Presence of calcifications, n (%)   0.034
  Yes 2 (17) 15 (58) 
  No 10 (83) 11 (42) 

pCR, pathological complete response.

Table III. Pathological features in TNBC patients according to 
pCR status (n=40).

Characteristic pCR  non-pCR  P-value

Total, n 12 28 
Histological type, n (%)   0.079
  IDC‑NOS 12 (100) 20 (71) 
  Specific type 0 (0) 8 (29) 
Ki-67 scorea, n (%)   0.041
  Low 2 (17) 15 (54) 
  High 10 (83) 13 (46) 
Androgen receptor status, n (%)   0.079
  Positive 0 (0) 8 (29) 
  Negative 12 (100) 20 (71) 
Forkhead-box A1 status, n (%)   0.233
  Positive 1 (8) 8 (29) 
  Negative 11 (92) 20 (71) 

aKi‑67 score was defined as high when staining was >50%. TNBC, 
triple-negative breast cancer; pCR, pathological complete response; 
IDC‑NOS, invasive ductal carcinoma, not otherwise specified.
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Figure 1. IHC staining of AR and FOXA1. All images are magnification, x100. (A and B) Hematoxylin and eosin staining of triple‑negative IDC tissue. 
Representative IHC image with (C) positive and (D) negative nuclear staining for AR in triple‑negative IDC tissue. Representative IHC image with (E) positive 
and (F) negative FOXA1 nuclear staining in triple‑negative IDC tissue. A, C and E are images from a singular specimen, and B, D and F are another set of 
images from a different singular specimen. IHC, immunohistochemistry; AR, androgen receptor; FOXA1, forkhead‑box A1; IDC, invasive ductal carcinoma.

Figure 2. Box-and-whisker plot of the association between pCR and the immunohistochemical staining results for Ki-67, FOXA1 and AR. Circles indicate the 
outlier values, and asterisks indicate the extreme outlier values. The positive rate for AR was revealed to be significantly lower in the pCR group (P=0.043, 
Mann‑Whitney U test). pCR, pathological complete response; FOXA1, forkhead‑box A1; AR, androgen receptor.
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Although not statistically significant, certain results from 
the present study also indicated that chemotherapy-sensitive 
patients with TNBC exhibit IDC‑NOS tumors rather than 
specific histological types of tumors. Certain researchers 
have assumed and recognized that special histological type 
tumors react poorly to chemotherapy. Hennessy et al (23) 
described metaplastic breast cancer as chemotherapy-resistant. 
The IM, M, MSL and LAR subtypes which were defined by 
Lehmann et al (4) were identified to correspond a specific 
histological type. These subtypes were reported to be a poor 
response for chemotherapy (4). The aforementioned data 
correspond with the result from the present study that the pCR 
group did not include special histological type tumors. There-
fore, the present study hypothesized that special histological 
type tumors are more likely to be chemotherapy-resistant, 
whereas IDC‑NOS type tumors are more likely to be sensitive 
to chemotherapy.

Denkert et al (24) reported that the expression of Ki-67 is 
predictive for the response to NAC in the majority of breast 
cancer subtypes, including TNBC. Accordingly, the BL1 
subtype, the most chemotherapy-sensitive subgroup in the 
study by Masuda et al (11), presents with high Ki-67 expres-
sion. This can be explained by the observation that highly 
proliferative tumors exhibit an improved response to NAC; 
these data are in agreement with the results of the present 
study showing that the pCR group presented with higher Ki-67 
scores than the non-pCR group.

FOXA1 is a key determinant of ER function and endocrine 
response; FOXA1 functions as an important pioneer factor 
for the interactions between ER or AR with chromatin (25). 
Among the 8 AR-positive patients in the present study, all 
patients were FOXA1-positive, supporting a hypothesis of 
a correlation between AR and FOXA1 status. It is assumed 
that FOXA1-positive tumors share characteristics with ER- 
or AR-positive tumors. Sasahara et al (26) reported that 
apocrine carcinomas were often positive for AR and FOXA1 
in IHC, further indicating a correlation between AR and 
FOXA1.

Previous studies have suggested that tumor-infiltrating 
lymphocytes (TILs) are associated with pCR after NAC among 
patients with TNBC (27-30). Miyashita et al (27) reported that 
tumors with a higher histological grade and a smaller size may 
present with higher cluster of differentiation 8+ TIL levels; 
this may support the result from the present study that less 
advanced tumors are more likely to be chemotherapy-sensitive. 
However, the associations between TILs and the other clinical 
factors investigated in the present study, including AR, calci-
fication and histological types, remain unclear. The present 
study had a number of limitations. Firstly, the sample size was 
relatively small, potentially limiting the statistical power. In 
order to further confirm the conclusions, studies with larger 
sample sizes are required. Secondly, the patients received 
three types of chemotherapy regimen. Although the regimens 
were performed at similar rates in each of the groups, it may 
remain difficult to precisely compare the effectiveness.

In conclusion, the results of the present study suggest 
that patients with TNBC who present with clinically less 
advanced tumors and less frequent mammographic calcifi-
cation are more likely to respond to chemotherapy. From a 
pathological aspect, the histological type IDC‑NOS, negative 

AR expression and higher Ki-67 scores were demonstrated to 
indicate chemotherapy sensitivity. It is necessary to be aware 
that TNBC comprises a heterogeneous group of cancer types 
and that not all TNBCs are truly chemotherapy-sensitive. The 
results indicate that, from standard clinical information, it may 
be possible to predict the effectiveness of chemotherapy and 
avoid the severe side effects caused by ineffective treatment. 
Furthermore, patients with chemotherapy-resistant TNBC 
should be distinguished from other patients with TNBC to 
enable the application of novel treatment approaches, including 
AR-targeted therapy.
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