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consistent with the tentative cutoff SUV of 40% made by
this study.

In conclusion, this pilot study demonstrated that an early
reduction in SUV ., at 4 weeks after initiation of neoad-
juvant letrozole compared with the baseline SUV,,, was
closely associated with reduction in Ki67 labeling index.
Therefore, we suggest that incorporation of FDG PET or
PET/CT scans into assessment protocols could be feasible
for accurate evaluation of the endocrine responsiveness of
tumor cells.
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Introduction: The standard treatment for Paget’s disease of the breast is mastectomy. Since it is frequently
associated with underlying carcinoma, many surgeons are reluctant to choose breast conserving surgery
for Paget’s disease.

Patients and methods: We retrospectively analyzed a series of 59 patients with Paget’s disease who had
undergone mastectomy at the National Cancer Center Hospital between 1963 and 2009.

Results: In 55 of 59 cases (93%) there was underlying carcinoma in the ipsilateral breast. Clinically,
27 (46%) patients had no evidence of other tumors, but 23 (85%) had underlying histopathologically
confirmed carcinoma. Based on the data from this subset, cone excision with a 3-cm radius and a 4-cm
radius could completely resect any underlying malignancy in 74% and 85% of patients, respectively.
Conclusion: As Paget’s disease is frequently accompanied by underlying intraductal and/or invasive
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carcinoma, patients should be carefully selected for breast conserving surgery.

© 2011 Elsevier Ltd. All rights reserved.

Introduction

Paget’s disease of the breast is a relatively uncommon tumor
which is estimated to represent 1—2% of all breast cancers.'™ For
patients with Paget’s disease of the breast, mastectomy is generally
considered the standard treatment. It is recommended as the
standard therapy by the National Comprehensive Cancer Network
guideline.” Since underlying intraductal spread or invasive carci-
noma is frequently detected by histopathological examination of
mastectomy specimens from patients with Paget’'s disease,
surgeons have been reluctant to employ breast conserving proce-
dures for Paget's disease.® On the other hand, breast conserving
surgery combined with radiotherapy to the remaining breast
parenchyma has been shown to be equally efficacious in achieving
local control and similar survival rates in patients with early Paget's
disease.” Recently, selected patients with Paget's disease of the
breast were treated with breast conserving surgery with survival
rates similar to those achieved with mastectomy.’

However, Paget’s disease is a heterogeneous disease which
presents with varying levels of underlying ductal carcinoma in situ
(DCIS) and/or invasive carcinoma components in the breast
parenchyma.’ It may present with a palpable mass or abnormalities

* Corresponding author. Tel.: +81 3 3542 2511; fax: +81 3 3542 3815.
E-mail address: hstsuda@ncc.go.jp (H. Tsuda).

0960-9776/$ — see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.breast.2011.05.010

on the mammogram, but either finding may be absent.” In one
study, mammography failed to reveal any abnormalities in 43% of
patients with Paget's disease.? Early reports suggest that cases of
Paget’s disease without any underlying DCIS or invasive carcinoma
components are rare, representing at most 8% of patients with
Paget’s disease.®~10

The aim of this study is to assess the feasibility of breast
conserving surgery for Paget’s disease of the breast, especially for
patients with disease that is limited to nipple—areolar complex. We
retrospectively reviewed data on the histological extension of the
disease from 59 patients, and simulated how much breast paren-
chyma should be resected if the conserving surgery were to be
performed.

Patients and methods

We reviewed the case records of all patients with clinically
apparent and histopathologically confirmed Paget’s disease who
had undergone surgery at the National Cancer Center Hospital in
Tokyo, Japan, between 1963 and 2009. All eligible cases had a pre-
operative biopsy or cytology. Cases were excluded from analysis
when Paget’s disease was an incidental histological finding where
mastectomy was performed for invasive carcinoma. In 11,335 breast
cancer patients who had undergone surgery during that period, 63
(0.6%) were diagnosed with Paget’s disease clinically. Four patients
were excluded because they received chemo-radiotherapy,
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chemotherapy alone, or radiotherapy alone. The case records of the
remaining 59 patients with Paget's disease of the breast were
included in the retrospective analysis.

Mastectomy was performed on all patients. Axillary lymph node
dissection was performed at the discretion of the surgeon. Sentinel
lymph node biopsy was performed in cases after 2002.

For all patients, mastectomy specimens of Paget’s disease were
cut at intervals of 1-1.5 cm. Confirming the spread of intraductal
component macroscopically, we cut around the nipple and made
tissue blocks as many as possible. We made 15 to 20 blocks for each
patient. Histopathological diagnosis was done by more than two
pathologists who were specialized in breast cancer.

Statistical analysis

The Kaplan—Meier method was used to estimate disease-
specific overall survival from the date of the initial surgery to
death from extension of Paget’s disease or underlying invasive
carcinoma. Data were right-censored at the time of the last follow-
up or death from other causes.

Results

All 59 cases with clinically apparent and histopathologically
confirmed Paget’s disease are summarized in Table 1. The median
age was 55 years, ranging from 25 to 82 years. The patients
constituted 58 women and 1 man. Clinically, all patients had
eczema or erythema of the nipple. Nipple discharge was reported in
34 patients (58%). There was a palpable mass in the ipsilateral
breast of 13 patients (22%).

Preoperative mammography was performed in 57 patients
(97%), with no abnormality detected in 31 patients (53%). In 26
(44%) patients, there were mammographic findings suggesting
a calcification or mass in the ipsilateral breast. Preoperative ultra-
sonography (US) was performed in 39 patients (68%), computed
tomography (CT) in 3 patients (5%) and magnetic resonance
imaging (MRI) in 8 patients (14%). When all these investigations

Table 1
Characteristics of 59 cases with clinically apparent and histopathologically
confirmed Paget’s disease.

No. of patients

(n =59)
Sex Male 1(2%)
Female 58 (98%)
Age (years), median <50 20 (34%)
55 (ranger 25—82) >50 39 (66%)
Presenting symptoms Nipple eczema or 59 (100%)
erythema
Nipple discharge 34 (58%)
Palpable mass 13 (22%)
Mammography findings No abnormality 31 (53%)
Abnormality 26 (44%)
(calcification
oF mass)
Unknown 2 (3%)
Operative procedure Radical mastectomy 16 (27%)
Modified radical 30 (51%)
mastectomy
Simple mastectomy 11 (19%)
with SLNB?
Simple mastectomy 2 (3%)
only
Adjuvant therapy None 49 (83%)
Chemotherapy 5 (9%)
Hormonal therapy 3(5%)
Unknown 2 (3%)

3 Sentinel lymph node biopsy (including lymph node sampling).

were considered, 27 (46%) of the 59 patients had only clinical
manifestations of Paget's disease without evidence of any other
tumors.

In accordance with our departmental practices, mastectomy was
performed in all cases. Radical mastectomy was performed in 16
cases (27%), and modified radical mastectomy in 30 cases (51%).
These two procedures included Level Wl axillary lymph node
dissection. In 11 cases, simple mastectomy with sentinel lymph
node biopsy was performed. In the remaining 2 cases, simple
mastectomy was performed: one patient had a history of breast
conserving surgery with axillary lymph node dissection for ipsi-
lateral breast cancer, and the other patient received a synchronous
contralateral mastectomy with axillary lymph node dissection for
advanced breast carcinoma. In the latter patient, preservation of
ipsilateral axially lymph nodes was intended to improve the
patient’s quality of life.

Histopathological findings included typical intraepidermal
Paget’s cells in the nipple or areolar region in all 59 patients
(Table 2). In 55 of 59 cases (93%) there were underlying

Table 2
Clinicopathological features of 59 patients with clinically apparent and histopath-
ologically confirmed Paget’s disease.

Paget’s disease Clinically Paget’s

(n=59) disease alone?
(n=27)
Paget’s disease alone 4 (7%) 4 (15%)
Paget's disease with 55 (93%) 23 (85%)
underlying carcinoma
Noninvasive carcinoma
DCIS 23 (39%) 15 (55%)
Invasive carcinoma
IDC with a predominant 12 (20%) 7 (26%)
intradactal component
Papillotubular carcinoma 2 (3%) 0 (0%)
Solid tubular carcinoma 7 (12%) 1 (4%)
Scirrhous carcinoma 7 (12%) 0 (0%)
Mucinous carcinoma 1(2%) 0 (0%)
Unkown 3 (5%) 0 (0%)
ER status
Negative 17 (74%) 11 (79%)
Positive 6 (26%) 4(27%)
Unknown 36 12
PgR status
Negative 17 (77%) 11 (79%)
Positive 5(23%) 3(21%)
Unknown 37 13
HER2 status
Negative 4 (21%) 3(21%)
Positive 15 (79%) 11 (79%)
Unknown 40 13
Tumor size
<2cm 17 (29%) 11 (40%)
>2-5 cm 26 (43%) 10 (37%)
>5cm 11 (19%) 5 (19%)
Unknown 5 (9%) 1(4%)
Tumor status
pTis 27 (48%) 19 (70%)
pT1 17 (29%) 8 (30%)
pT2 8 (14%) 0 (0%)
pT3 4(6.8%) 0 (0%)
Unknown 3(5.1%) 0 (0%)
Nodal status
Negative 48 (81%) 26 (96%)
Positive 11 (19%) 1(4%)
Histological grade
G1 1(4%) 1(6%)
G2 16 (57%) 10 (59%)
G3 11 (39%) 6 (35%)
Unknown 31 10

DCIS ductul carcinoma in sity, IDC invasive ductal carcinoma, ER estrogen receptor,
PgR progesterone receptor.
3 No clinical evidence of other breast tumors in addition to Paget's disease.

—63—
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components of DCIS and/or invasive carcinoma; only 4 cases had
Paget’s disease alone limited to nipple—areolar complex. Although
27 (46%) of the 59 patients had only clinical manifestations of
Paget’s disease without evidence of any other tumors, 23 (85%) had
underlying DCIS and/or invasive carcinoma components (Table 2).

In the 55 patients with underlying carcinomas, 23 (42%) had
DCIS and 32 (58%) had invasive carcinoma. The most common
histological subtype was invasive ductal carcinoma (IDC) with
a predominant intraductal component, followed by solid tubular
carcinoma and scirrhous carcinoma, which are both subtypes of
IDC. Among the 27 cases which were clinically diagnosed as Paget’s
disease alone, DCIS was the most frequent underlying component
(Table 2).

Immunohistochemical data on estrogen receptor (ER), proges-
terone receptor (PgR), and HER2 were available for the most recent
23, 22, and 19 cases, respectively. ER was positive in 6 (26%), PgR
was positive in 5 (23%), and HER2 was positive in 15 (79%) (Table 2).
We retested HER2 status for these 19 cases, and confirmed that 10
were score 3+, and 5 were score 2+ by two pathologists. These 5
score 2+ cases were confirmed as HER2 positive by using fluores-
cence in situ hybridization method. Similar percentages were found
in the subsets of patients with the clinical diagnosis of Paget’s
disease alone and Paget's disease with underlying carcinoma
(Table 2).

In patients with Paget’s disease and underlying carcinoma, the
combined tumor size was 5.0 cm or smaller in 43 cases (73%). In
these patients, most tumors were pTis or pT1 (44 of 59, 77%).
Adjuvant therapy was administered to only 8 patients.

The median length of follow-up was 6.98 years (range,
0.11-30.70 years). We could follow-up 39 patients (66%) for more
than 5 years and 19 patients (32%) for more than 10 years. The
disease-specific overall survival curve for all patients in the study is
shown in Fig. 1. Five-year and 10-year survival rates were 87.6% and
84.8%, respectively. In the 27 patients with clinical Paget’s disease
alone, both the 5-year and 10-year survival rates were 100%. At
present, 44 of the 59 patients are alive without recurrence and
1 patient is alive with recurrence. Among the 14 patients who died,
8 died due to recurrence, 1 died due to another cause but had
recurrence, 5 died of other diseases without recurrence. One of the
breast conserving surgeries of choice for patients with clinical
manifestations of Paget’s disease alone is cone excision of the
nipple—areolar complex. If this procedure were performed in the

—
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Fig. 1. Kaplan—Meier estimates of disease-specific overall survival in 59 patients with
clinically apparent and histopathologically confirmed Paget’s disease who had
undergone mastectomy at the National Cancer Center Hospital between 1963 and
2009. The 5-year and 10-year disease-specific survival rates were 87.6% and 84.8%,
respectively.

27 patients with the clinical diagnosis of Paget’s disease alone,
the rate of successful complete resection is estimated to be 52%
with a 2 cm excision radius, 74% with a 3 cm radius, and 85% with
a 4 cm radius.

Discussion

Paget’s disease represents 0.6% of all breast cancer cases in the
surgical series from the National Cancer Center in Tokyo, Japan
when cases of Paget’s disease detected incidentally during histo-
logical examination were excluded.

Mastectomy has historically been the standard procedure for
Paget’s disease because of the high frequency of occult breast
malignancy identified in surgically resected specimens.>’ Recently
some reports recommend the use of breast conserving surgery, but
its use in patients with Paget's disease is still controversial.”!~13
Although Dalberg K et al. report no significant difference in
survival rates between patients who received mastectomy and
those who received breast conserving surgery,” we should take into
consideration the potential selection bias because patients offered
breast conserving surgery tend to have less advanced malignancies
than the patients who receive mastectomies. In their study, the
survival rate of patients who underwent breast conserving surgery
was similar to that of patients who underwent mastectomy, but the
survival rate might have been much higher if mastectomy had been
performed to the former patients, because these patients might
have had residual cancer.

There were some other reports which recommended breast
conserving surgery or conserving surgery plus radiotherapy.'4~16
We have to accept their thinking to some extent. In the simula-
tion by the present study, the rate of successful complete resection
was estimated to be 52% with a 2 cm excision radius, 74% with
a 3 cm radius, and 85% with a 4 cm radius. Especially, in four
patients, tumor extension was limited within nipple—areola
complex. Therefore, breast conservation surgery might be able to
resect tumors completely for some of patients with Paget’s disease.

Another issue that may be raised is that the extent of paren-
chyma to be resected around nipple—areolar complex is unclear
even if breast conserving surgery is considered for patients with
clinical manifestations of Paget's disease alone. We could
acknowledge the importance of appropriate marking of the
margins and assessment of clearance microscopically as some
patients may choose to attempt breast conservation by excision of
the nipple areola complex with underlying tissue and proceed to
radiotherapy if the margins are clear, or with options of tumor bed
excision or mastectomy if the margins are not clear.

In the present series, all 59 patients had a histopathological
diagnosis of Paget’s disease before surgery. Of the 27 patients (46%)
with Paget’s disease with no evidence of other breast tumors on
clinical examination, 85% had underlying DCIS and/or invasive
carcinoma in the breast tissue by histopathological examination of
the surgical specimen. Previous reports on breast conserving
surgery have provided no precise recommendations on how to
treat these patients.’” Hence, we have continued to choose
mastectomy rather than resection of the nipple—areolar complex or
cone excision for these patients. Cone excision with a 3-cm radius
could have completely resected the underlying DCIS and/or inva-
sive carcinoma components in 74% of the patients in this series.
With a 4 cm excision radius, the rate of incomplete resection is
estimated to be 15%. However, such wide excision may no longer be
properly called breast conserving surgery. Therefore, we would
continue to choose mastectomy. We argue that more extensive
investigation is necessary for patients with Paget’s disease of the
nipple, possibly including both breast ultrasound and breast MRI. If
we could identify preoperatively the patients with the disease
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limited within nipple areola complex by these modalities, these
patients would be candidates for breast conservation therapy.

In some patients, breast conserving surgery would be of
potential utility if appropriate marking of the margins by imaging
modalities and clearance of margins by histological examination
are guaranteed. In conclusion, since Paget’s disease frequently
harbors underlying breast cancer, the option of breast conserving
surgery should be considered carefully.
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Abstract The purpose of the present study was to identify
histological surrogate predictive markers of pathological
complete response (pCR) to neoadjuvant chemotherapy
(NACQ) in triple-negative breast cancer (TNBC). Among 474
patients who received NAC and subsequent surgical therapy
for stage II-1II invasive breast carcinoma between 1999 and
2007,102 (22%) had TNBC, and 92 core needle biopsy (CNB)
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specimens obtained before NAC were available. As controls,
CNB specimens from 42 tumors of the hormone receptor-
negative and HER2-positive (HR—/HER2+-) subtype and 46
tumors of the hormone receptor-positive and HER2-negative
(HR+/HER2—) subtype were also included. Histopatholo-
gical examination including tumor-infiltrating lymphocytes
(TIL) and tumor cell apoptosis, and immunohistochemical
studies for basal markers were performed, and the correlation
of these data with pathological therapeutic effect was ana-
lyzed. The rates of pCR at the primary site were higher for
TNBC (32%) and the HR—/HER2+- subtype (21%) than for
the HR+-/HER2— subtype (7%) (P = 0.006). Expression of
basal markers and p53, histological grade 3, high TIL scores,
and apoptosis were more frequent in TNBC and the HR—/
HER2+ subtype than in the HR+/HER2— subtype
(P = 0.002 for TIL and P < 0.001 for others). In TNBC, the
pCR rates of tumors showing a high TIL score and of those
showing a high apoptosis score were 37 and 47%, respec-
tively, and significantly higher or tended to be higher than
those of the tumors showing a low TIL score and of the tumors
showing a low apoptosis score (16 and 27%, respectively,
P = 0.05 and 0.10). In a total of 180 breast cancers, the pCR
rates of the tumors showing a high TIL score (34%) and of
those showing a high apoptosis score (35%) were significantly
higher than those of the tumors showing a low TIL score
(10%) and those of the tumors showing a low apoptosis score
(19%) (P = 0.0001 and 0.04, respectively). Histological
grade and basal marker expression were not correlated with
pCR. Although the whole analysis was exploratory, the degree
of TIL correlated with immune response appear to play a
substantial role in the response to NAC in TNBC.

Keywords ' Triple-negative breast cancer - Neoadjuvant

chemotherapy - Pathological complete response -
Tumor-infiltrating lymphocytes - Tumor cell apoptosis

@ Springer



794

Breast Cancer Res Treat (2012) 132:793-805

Introduction

The heterogeneous nature of breast cancer has been dem-
onstrated by gene expression profiling using the DNA
microarray technique [1-3]. Genetically, invasive breast
cancers have been classified into distinct intrinsic subtypes
comprising luminal A, luminal B, ERBB2 (HER2), basal-
like, and normal breast subtypes [1-3], which demonstrate
characteristic immunohistochemical features and clinical
behavior [4-8]. Both basal-like and normal breast subtypes
are immunohistochemically characterized by lack of
expression of the estrogen receptor (ER), progesterone
receptor (PgR), and HER2, and thus are also categorized as
triple-negative breast cancer (TNBC). TNBC, which
accounts for 10-15% of all breast cancers, tends to show
visceral metastasis and aggressive clinical behavior [9].

TNBC is unresponsive to specific targeted therapies
such as trastuzumab for HER2-positive breast cancer, or
hormonal therapy for hormone-receptor-positive breast
cancer. In cases of operable TNBC, only systemic che-
motherapy has been shown to be effective in an adjuvant or
neoadjuvant setting. Although patients with TNBC are
more likely to achieve a pathological complete response
(pCR) after neoadjuvant chemotherapy (NAC) than
patients with the luminal subtypes, and pCR is correlated
with an excellent clinical outcome, TNBC patients with
residual disease after NAC have a poor prognosis [10, 11].
However, the factor that determines sensitivity to chemo-
therapy in patients with TNBC is uncertain.

TNBC itself may show heterogeneous characteristics
including basal-like and normal breast subtypes, as judged
from gene expression profiles {1-3]. Accordingly, it is
important to investigate the pathological factors associated
with response to chemotherapy in patients with TNBC.

The aim of the present study was to identify the factors that
predict pCR after NAC in patients with TNBC by examination
of histological parameters including histological grade and
type, the presence of tumor-infiltrating lymphocytes (TIL),
and tumor cell apoptosis, as well as immunohistochemical
parameters including basal-like markers and p53.

Materials and methods
Patients and tissue samples

Among 474 patients who received NAC and subsequent
surgical therapy for stage II-III invasive breast carcinoma
between 1999 and 2007, 102 (22%) had TNBC. Originally,
we planned to compare 100 TNBCs with 100 non-TNBCs as
controls on the basis of matching for age (+5years) and
clinical stage (Il and III). In the 100 control cases, we
planned to include 50 cases of the HR—/HER2+ subtype
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(HER2 positive and ER/PgR negative in routine immuno-
histochemistry) and 50 cases of the HR+/HER2— subtype
(ER and/or PgR positive but HER2 negative in routine
immunohistochemistry). From these patients,- sufficient
CNB specimens before NAC were available from 92 tumors
of TNBC, 42 tumors of the HR—/HER2+ subtype, and 46
tumors of the HR+/HER2— subtype. Clinical characteris-
tics of all patients were obtained from the medical records.
All patients received neoadjuvant anthracycline-based reg-
imens (adriamycin 60 mg/m”> plus cyclophosphamide
600 mg/m* (AC) or cyclophosphamide 600 mg/m?® plus
epirubicin 100 mg/m?/5-fluorouracil 600 mg/m”> (CEF))
alone, taxane-based regimens (weekly paclitaxel 80 mg/m>,
or triweekly docetaxel 75 mg/m?) alone, or anthracycline
and taxane sequentially or concurrently (adriamycin 50 mg/
m? plus docetaxel 60 mg/m?* (AT), AC or CEF followed by
weekly paclitaxel or triweekly docetaxel). Trastuzumab was
not used for the 42 patients with tumors of HR—/HER2+
subtype, because the use of trastuzumab for neoadjuvant
therapy of primary breast cancer was not approved in Japan.
The patients have been followed up for 64.8 months on an
average (7.2-138.2 months). All specimens were formalin-
fixed and paraffin-embedded, and 4-um-thick sections were
prepared for hematoxylin and eosin staining and immuno-
histochemistry (IHC) and were reviewed by two observers
including an experienced pathologist (T.H.). The present
study was approved by the Institutional Review Board of the
National Cancer Center.

Histopathological evaluation

Pathological therapeutic effect was assessed for resected
primary tumors after NAC. Pathological complete response
(pCR) was defined as the absence of all invasive disease in
the breast tumor according to the National Surgical Adju-
vant Breast and Bowel Project (NSABP) B-18 protocol
[12]. In addition, we defined quasi-pCR (QpCR) as the
absence of invasive tumor or only focal residual invasive
carcinoma cells in the primary site [13]. In Japan, Breast
Cancer Research Group (JBCRG) 01 study, QpCR after
NAC was shown to be correlated with better patient
prognosis in comparison with non-QpCR [13]. Further-
more, we took into consideration both the pCR in the
primary tumor and no residual tumor in axillary lymph
nodes as another classification for histopathological thera-
peutic effect [14, 15].

Histopathological assessment of predictive factors was
made for CNB specimens. Histopathological parameters
examined included histological grade [16], histological
type [17], presence of tumor-infiltrating lymphocytes
(TIL), apoptosis, and correlation of these parameters with
intrinsic  subtypes and pCR. Histological grade was
assigned on the basis of the criteria of Elston and Ellis.
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For the evaluation of TIL, both areas of stroma infil-
trated by lymphocytes (proportional score) and intensity of
lymphatic infiltration (intensity score) were taken into
consideration. Proportional scores were defined as 3, 2, 1,
and O if the area of stroma with lymphoplasmacytic infil-
tration around invasive tumor cell nests were >50, >10-50,
<10%, and absent, respectively. Intensity scores were
defined as 2, 1, and O, if the intensity of lymphatic infil-
tration was marked, mild, and absent, respectively (Fig. 1).
Lymphocyte infiltration surrounding non-invasive tumor
cells was not taken into account. The proportional and
intensity scores were summed for each tumor, and the TIL
score was classified as high if the sum was 3-5, whereas
the TIL score was classified as low if the sum was 0-2. As
criteria for apoptosis, scores were defined as 2, 1, and O if
apoptotic cells (arrows in Fig. 2) were>10 per 10 high-
power fields (HPFs) using 40x objective lens, 5-9 per 10
HPFs, and less than 5 per 10 HPFs, respectively.

Immunohistochemistry (IHC)

IHC was performed for CNB specimens using the following
primary antibodies: anti-ER (clone 1D5; Dako), anti-PgR
(clone PgR636; Dako), anti-HER?2 (polyclonal, HercepTest
II, Dako), anti-p53 (clone DO-7; Dako), anti-cytokeratin
(CK) 5/6 (clone D5/16 B4; Dako), anti-CK 14 (NCL-LL002,
Novocastra), and anti-EGFR (pharmDX, clone 2-18C9,
Dako).

Because ER, PgR, and HER2 tests had been performed
by various antibodies and methods, these tests were
re-tested again according to standardized antibodies and

Fig. 1 Histophathological
features of tumor-infiltrating
lymphocytes (TILs). a High TIL
score (proportional score 3+
intensity score 2); b High TIL
score (proportional score 2+
intensity score 2); ¢ Low TIL
score (proportional score 14
intensity score 2); d Low TIL
score (proportional score 0,
intensity score 0). Original
magnification: 400x

methods in the present study. The sections were deparaffi-
nized, subjected to antigen retrieval by incubating in target
retrieval solution, high pH (Dako) for 40 min at 95°C for
ER and PgR, in sodium citrate buffer (pH 6.0) with a
microwave oven for 15 min at 97°C for CK14, in sodium
citrate buffer (pH 6.0) with a water bath for 15 min at 98°C
for CK5/6, or by autoclaving in sodium citrate buffer (pH
6.0) for 20 min at 121°C for p53, then allowed to cool at
room temperature. Endogenous peroxidase and non-specific
staining were blocked in 2% normal swine serum (Dako).
The slides were incubated with primary antibodies at 4°C
overnight and then reacted with a dextran polymer reagent
combined with secondary antibodies and peroxidase
(Envision Plus, Dako) for 2 h at room temperature. Specific
antigen—antibody reactions were visualized using 0.2% di-
aminobenzidine tetrahydrochloride and hydrogen peroxide.
Counterstaining was performed using Mayer’s hematoxy-
lin. For the HER2 and EGFR kits, immunohistochemistry
was performed in accordance with the protocol recom-
mended by the manufacturer.

ER and PgR were judged as positive if the Allred score
was >3 and as negative if the Allred score was <2 [18].
HER?2 protein overexpression was judged as positive when
the score was 3+, equivocal when the score was 2+, and
negative when the score was 0 or 14+ in accordance with
the ASCO/CAP recommendation [19]. TNBC was defined
as negative for ER, PgR, and HER2, while the HR+/
HER2— subtype was defined as positive for ER or PgR and
negative for HER2, and the HR—/HER2+ subtype was
defined as negative for ER and PgR, and positive for
HER2. The basal-like subtype was defined as CKS5/
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Fig. 2 Histophathological
features of breast carcinoma
with apoptosis (a, b) (arrows:
apoptosis) Original
magnification: 400x

6 > 1%, CK14 > 1%, or EGFR > 1%. For reference, data
based on the criteria CK5/6 > 10%, CKI14 > 10%, or
EGFR > 10% were also acquired. p53 was scored using
the Allred score and was regarded as positive when >5.

Statistical analyses

Statistical analyses were performed using SPSS software.
Patients’ characteristics were compared between subgroups
using the chi-squared test or Fisher’s exact test for cate-
gorical variables, and Kruskal-Wallis test for continuous
variables. Association of pathological parameters, including
a basal-like subtype, with pCR, QpCR, or pCR and no
residual axillary tumor were evaluated using the chi-squared
test or Fisher’s exact test. Predictive ratio of pCR, QpCR, or
pCR plus residual axillary metastasis by clinicopathological
parameters were analyzed using the univariate and multi-
variate logistic regression models. Survival curves of
patients were drawn using Kaplan-Meier method, and sta-
tistical difference between survival curves were calculated
by using the log-rank test. In all analyses, differences were
considered significant at P < 0.05.

Results
We confirmed immunohistochemically that all 92 tumors

were TNBC, 42 of 50 were of the HR—/HER2+ subtype,
and 46 of 50 were of the HR+/HER2— subtype. A total of
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180 specimens were investigated in this study. The char-
acteristics of the patients are presented in Tables 1 and 2.

Clinicopathological characteristics and subtypes

In tumors with the TNBC and HR—/HER2+ subtype, the
frequencies of the basal-like subtype were 59% (54 of 92)
and 43% (18 of 42), respectively, compared with only 7%
(3 of 46) in the HR+/HER2— subtype. Therefore, the
incidence of the basal-like subtype was significantly higher
in TNBC or in the HR—/HER2+- subtype than in the HR+/
HER2— subtype (P < 0.001). Similarly, the frequency of
p53 expression was significantly higher in TNBC (63%, 58
of 92) and the HR—/HER2+ subtype (62%, 26 of 42) than
in the HR+/HER2— subtype (26%, 12 of 46) (P < 0.001).
Tumors of histological grade 3 were more frequent in
TNBC (89%, 82 of 92) and the HR—/HER2+ subtype
(81%, 34 of 42) than in the HR+/HER2— subtype (13%, 6
of 46) (P < 0.001).

The incidence of high TIL score (score 3-5) was also
higher in TNBC (73%, 67 of 92) and the HR—/HER2+
subtype (55%, 23 of 42) than in the HR+/HER2— subtype
(17%, 8 of 46) (P = 0.002). An apoptosis score of 2 was
also more frequent in TNBC (21%, 19 of 92) and the HR—/
HER2+ subtype (48%, 20 of 42) than in the HR4+-/HER2—
subtype (2%, 1 of 46) (P < 0.001). The incidences of a
basal-like subtype, p53 expression, a high TIL score, and
an apoptosis score of 2 did not differ between TNBC and
the HR—/HER2+- subtype.

All six metaplastic carcinomas were TNBC [17].
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Table 1 Evaluation of TNBC (1 = 92) HR—/HER2+ (n = 42) ~ HRHMHER2— (n =46) P value
clinicopathological parameters No. of patients (%)  No. of patients (%) No. of patients (%)
in three subtypes of primary
breast cancer Age
Median (range) 52 (23-76) 55 (31-71) 55 (31-71) 0.36
T
1 2(2) 0 (0) 0 0.37
2 48 (53) 17 (41) 26 (56)
3 27 (29) 16 (38) 11 (24)
4 15 (16) 9 (21) 9 (20)
N
0 45 (49) 24 (57) 24 (52) 0.96
1 35 (38) 14 (33) 18 (39)
2 10 (11) 3(7) 3(7)
3 2() 1(3) 12
Stage
11 56 (61) 25 (60) 28 (61) 0.99
m 36 (39) 17 (40) 18 (39)
ER
Positive 0 (0) 0 (0) 46 (100)
Negative 92 (100) 42 (100) 0(0)
PgR
Positive 0 (0) 0 (0) 32 (70)
Negative 92 (100) 42 (100) 14 (30)
HER2
Positive 0(0) 42 (100) 46 (0)
Negative 92 (100) 0 (0) 0 (100)
Basal marker
Positive 54 (59) 18 (43) 3(N <0.001
Negative 38 (41) 24 (57) 43 (93)
p53
Positive 58 (63) 26 (62) 12 (26) <0.001
Negative 34 (37) 16 (38) 34 (74)
Grade
1 1) 0 (0) 4(9) <0.001
2 9 (10) 8 (19) 36 (78)
3 82 (39) 34 (81) 6 (13)
TIL
Low (0/1/2) 25 (4/8/13) (27) 19 (7/6/6) (45) 38 (25/8/5) (83) 0.002
High (3/4/5) 67 (22/24/21) (73) 23 (8/11/4) (55) 8 (6/2/0) (17)
Apoptosis
0 22 (24) 8 (19) 29 (63) <0.001
1 51 (55) 14 (33) 16 (35)
2 19 21) 20 (48) 1 (2)
pCR (NSABP B-18)
Yes 29 (32) 921 3(7) 0.004
No 63 (68) 33 (79) 43 (93)
QpCR (JBCRG 01)
Yes 35 (38) 17 (40) 3(7) <0.001
ER estrogen receptor, HR hormone No 57 (62) 25 (60) 43 (93)
receptors, pCR pathological .
complete response, PgR pCR (primary and lymph nodes)
progesterone receptor, T/L tumor Yes 26 (28) 6 (14) 3(7) 0.006
infiltrating lymphocytes, TNBC No 66 (72) 36 (86) 43 (93)
triple negative breast cancer
@ Springer
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Table 2 Correlation between

therapeutic effect of px.‘imary f;:);z fir(\)df :::s:lse No. of patients (%) P
breast cancer to neoadjuvant to NAC Total TIL score
chemotherapy (NAC) and
infiltrating lymphocytes (TIL) 0-2 3-5
A. TNBC
pCR (NSABP B-18)
Yes 29 (32) 4 (16) 25 (37) 0.05
No 63 (68) 21 (84) 42 (63)
QpCR (JBCRG)
Yes 35 (38) 4 (16) 31 (46) 0.008
No 57 (62) 21 (84) 36 (54)
pCR (primary -+ lymph nodes)
Yes 26 (28) 4 (16) 22 (33) 0.11
No 66 (72) 21 (84) 45 (67)
B. HR—/HER2+ subtype
pCR (NSABP B-18)
Yes 9 (21) 2 (1D 7 (30) 0.12
No 33 (79) 17 (89) 16 (70)
QpCR (JBCRG)
Yes 17 (40) 5 (26) 12 (52) 0.09
No 25 (60) 14 (74) 11 (48)
pCR (primary + lymph nodes)
Yes 6 (14) 1(5) 5(22) 0.13
No 36 (86) 18 (95) 18 (78)
C. HR+/HER2— subtype
pCR (NSABP B-18)
Yes 3(7) 2 (5) 1(13) 0.44
No 43 (93) 36 (95) 7 (87)
QpCR (JBCRG)
Yes 3(7) 2(5) 1 (13) 0.44
No 43 (93) 36 (95) 7 (87)
pCR (primary + lymph nodes)
Yes 3 2 (5) 1(13) 0.44
No 43 (93) 36 (95) 7 (87)

D. Total (TNBC+ HR—/HER2+ HR-+/HER2-)

pCR (NSABP B-18)

Yes
No
QpCR (JBCRG)

HR hormone receptors, TNBC Yes
triple-negative breast cancer, N
TIL tumor-infiltrating © )
lymphocyte, pCR pathologically PCR (primary + lymph nodes)
complete response, OQpCR Yes
quasi-pCR, NAC neoadjuvant No

chemotherapy

41 (23) 8 (10) 33 (34) 0.0001
139 (77) 74 (90) 65 (66)
55 (31) 11 (13) 44 (45) < 0.0001
125 (69) 71 (87) 54 (55)
35 (19) 7(9) 28 (29) 0.0007
145 (81) 75 (91) 70 (71)

Clinicopathological characteristics and pCR

The pCR rate according to NSABP B-18 classification was
significantly higher in TNBC (32%) and HR—/HER2+
subtype (21%) than in HR+/HER2— subtype (7%)
(P = 0.004). Likewise, the QpCR rate according to
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JBCRG 01 classification was significantly higher in TNBC
(38%) and HR—/HER2+ subtype (40%) than in HR+/
HER2— subtype (7%) (P < 0.001). Furthermore, the rate
of pCR in both primary site and lymph nodes was signif-
icantly higher in TNBC (28%) than in HR—/HER2+- (14%)
and HR+/HER2— (7%) subtypes (P = 0.006) (Table 1).
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I;(:gfoisi?rfjlilSSZC?i t\(z::(ejn Subtype of <breast cancer No. of patients (%) P
therapeutic effect of primary and response i NAC Total Apoptosis
breast cancer to neoadjuvant
chemotherapy (NAC) Score 0, 1 Score 2
A. TNBC
pCR (NSABP B-18)
Yes 29 (32) 20 (27) 9 (47) 0.10
No 63 (68) 53 (73) 10 (53)
QpCR (JBCRG)
Yes 35 (38) 26 (36) 9 (47) 0.35
No 57 (62) 47 (64) 10 (53)
pCR (primary + lymph nodes)
Yes 26 (28) 17 (23) 9 (47) 0.04
No 66 (72) 56 (77) 10 (53)
B. HR—/HER2+ subtype
pCR (NSABP B-18)
Yes 9 (21) 4 (18) 5(25) 0.71
No 33 (79) 18 (82) 15 (75)
QpCR (JBCRG)
Yes 17 (40) 7 (32) 10 (50) 0.23
No 25 (60) 15 (68) 10 (50)
pCR (primary + lymph nodes)
Yes 6 (14) 29 4 (20) 0.40
No 36 (86) 20 (91) 16 (80)
C. HR+/HER2— subtype
pCR (NSABP B-18)
Yes 3(7) 3(7) 0 (0) 1.00
No 43 (93) 42 (93) 1 (100)
QpCR (JBCRG)
Yes 3(7) 3(7) 0 (0) 1.00
No 43 (93) 42 (93) 1 (100)
pCR (primary + lymph nodes)
Yes 3(7) 3(7) 0 (0) 1.00
No 43 (93) 42 (93) 1 (100)
D. Total (TNBC+ HR—/HER2+ HR+/HER2—)
pCR (NSABP B-18)
Yes 41 (23) 27 (19) 14 (35) 0.04
No 139 (77) 113 (81) 26 (65)
QpCR (JBCRG)
Yes 55 (31) 36 (26) 19 (47) 0.008
No 125 (69) 104 (74) 21 (53)
HR hormone receptors, TNBC .
triple-negative breast cancer, PCR (primary + lymph nodes)
pCR pathologically complete Yes 35 (19) 22 (16) 13 (32) 0.02
response, OpCR quasi-pCR, No 145 (81) 118 (84) 27 (68)

NAC neoadjuvant chemotherapy

The association between pCR and TIL scores stratified
by tumor subtype is shown in Table 2. In patients with
TNBC, the pCR rate was significantly higher in those with
tumors showing high TIL scores (3—5) (37%, 25 of 67) than
in those with tumor showing low TIL scores (0-2) (16%, 4
of 25) (P =0.05). Likewise, the QpCR rate was

significantly higher in those with tumors showing the high
TIL scores (46%, 31 of 67) than in those with the low TIL
scores (16%, 4 of 25, P = 0.008). Furthermore, the rate of
pCR in both primary tumor and axillary lymph nodes
tended to be higher in the patients with tumors showing the
high TIL scores (35%, 22 of 67) than in those with tumors
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showing the low TIL scores (16%, 4 of 25). A similar
tendency of correlation was seen for tumors of HR—/
HER2+ subtype (Table 2), although there was no statistic
significance. There was no correlation between TIL and
therapeutic effect in HR+/HER2— subtype tumors. In a
total of 180 cases including all TNBC, HR—/HER2+-, and
HR+/HER2— subtypes studied, TIL was significantly
correlated with pCR, QpCR, and the pCR in both the pri-
mary site and lymph nodes (P = 0.0001, P < 0.0001, and
P = 0.0007, respectively, Table 2).

In the patients with TNBC, the pCR rate tended to be
higher in those with tumors showing an apoptosis score of 2
(47%, 9 of 19) than in those with an apoptosis score 0 or 1
(27%, 20 of 73, P = 0.10) (Table 3). Furthermore, the rate
of pCR in both primary tumor and axillary nodes was sig-
nificantly higher in the tumors showing an apoptosis score 2
(47%, 9 of 19) than in those with an apoptosis score O or 1
(23%, 17 of 73, P = 0.04). A similar tendency of correlation
was seen for tumors of HR—/HER2+ subtype (Table 3),
although there was no statistic significance between an
apoptosis score and these pCRs (Table 3). There was no
statistically significant correlation between apoptosis score
and therapeutic effect in HR+/HER2— subtype tumors. In a
total of 180 cases including these three subtypes, apoptosis

was significantly correlated with pCR, QpCR, and the pCR in
both the primary site and axillary lymph nodes (P = 0.04,
0.008, and 0.02, respectively) (Table 3).

The pCR rate did not differ significantly between p53-
negative tumors (13 of 34, 38%) and p53-positive tumors (15
of 57, 26%) in patients with TNBC. In the HR—/HER2+
subtype, however, seven of nine patients who achieved pCR
had p53-positive tumors. There was no correlation between
pCR and p53 in the HR+/HER2— subtype.

The pCR rate did not differ between patients with
tumors of the basal-like subtype and those with tumors of
the non-basal-like subtype (Table 4). Same tendencies of
relationship with p53 status or with basal-like subtype were
seen for the classification of QpCR and for the pCR of both
the primary site and axillary lymph nodes (data not shown).

When all 180 cases were combined, T, N, and grade
were correlated or tended to be correlated with pCR
(Table 4). QpCR, and the pCR of both primary site and
axillary lymph nodes also showed similar tendency (data
not shown). Age was not correlated with therapeutic effect.

A univariate regression model analysis showed that the
high TIL score was significantly correlated with QpCR
(relative ratio (RR) 4.52, 95% reliable range (95%RR)
1.40-14.59) and nearly significantly correlated with pCR in

Table 4 Correlation of clinicopathological parameters with pathological complete response (pCR) of primary breast cancer to neoadjuvant

chemotherapy
All No. of pCR/No. of patients (%)
P value TNBC P value HR—/HER2+ P value HR-+/HER2—- P value
Age
<50 14/64 (22) 0.80 11/40 (28) 0.46 3/12 (25) 0.72 0/12 (0) 0.39
>50 27/116 (23) 18/52 (35) 6/30 (20) 3/34 (9)
T
1,2 26/93 (28) 0.09 18/50 (36) 0.31 6/17 (35) 0.07 2/26 (8) 0.60
3,4 15/87 (17) 11/42 (26) 3/25 (12) 1720 (5)
N
Positive 14/87 (16) 0.03 11/47 (23) 0.09 2/18 (11) 0.15 1/22 (5) 0.53
Negative 27/93 (29) 18/45 (40) 7/24 (29) 2/24 (8)
Stage
11 31/109 (28) 0.03 21/56 (38) 0.12 8/25 (32) 0.05 2/28 (7) 0.66
M1 10/71 (14) 8/36 (22) 1/17 (6) 1/18 (6)
Grade
1,2 7/58 (12) 0.02 3/10 (30) 091 1/8 (13) 0.44 3/40 (8) 0.65
3 34/122 (29) 26/82 (32) 8/34 (24) 0/6 (0)
Basal-like
Positive 23/75 (31) 0.03 19/54 (35) 0.36 4/18 (22) 0.60 0/3 (0) 0.81
Negative 18/105 (17) 10/38 (26) 5/24 (21) 3/43 (7)
p53
Positive 23/95 (24) 0.52 15/57 (26) 0.23 7726 (27) 0.24 1/12 (8) 0.61
Negative 17/84 (20) 13/34 (38) 2/16 (13) 2/34 (6)

HR hormone receptors, pCR pathological complete response
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Table S Logistic analysis for prediction of pathological therapeutic
effect to neoadjuvant chemotherapy to TNBC

Relative ratio (95% reliable P value
range)
A. Univariate
1. pCR (NSABP B-18)
TIL (score 3-5 vs. 0-2) 3.12 (0.96-10.15) 0.058

Apoptosis (2 vs. 0, 1) 2.38 (0.85-6.73) 0.10
2. QpCR (JBCRG) :

TIL (score 3-5 vs. 0-2) 4.52 (1.40-14.59) 0.012
Apoptosis (2 vs. 0, 1) 1.63 (0.59-4.51) 0.35
3. pCR (primary + lymph node)
TIL (score 3-5 vs. 0-2) 2.57 (0.79-8.39) 0.12
Apoptosis (2 vs. 0, 1) 2.97 (1.04-8.49) 0.043
B. Multivariate
1. pCR (NSABP B-18)
TIL (score 3-5 vs. 0-2) 2.78 (0.84-9.18) 0.09
Apoptosis (2 vs. 0, 1) 2.01 (0.70-5.81) 0.20
2. QpCR (JBCRG)
TIL (score 3-5 vs. 0-2) 4.34 (1.33-14.21) 0.015
Apoptosis (2 vs. 0, 1) 1.27 (0.44-3.65) 0.66
3. pCR (primary + lymph node)
TIL (score 3-5 vs. 0-2) 2.17 (0.65-7.28) 0.21
Apoptosis (2 vs. 0, 1) 2.60 (0.89-7.58) 0.08

pCR pathological complete response, TIL tumor-infiltrating lympho-
cyte, TNBC triple-negative breast cancer

N, T, grade, basal-like, p53, and histological type were not significant
as predictor of pCR

92 TNBCs (relative ratio 3.12, 95%RR 0.96-10.15)
(P = 0.012 and 0.058, respectively) (Table 5). Apoptosis
was significantly correlated with pCR (primary + lymph
node) in 92 TNBCs (RR 297, 95%RR 1.04-8.49)
(P = 0.043). Other parameters, including T, N, grade,
basal-like subtype, p53 and histological type, were not
significant predictors of pCR. TIL and apoptosis showed no
mutual correlation. When these two parameters were sub-
jected to multivariate analysis, only TIL was shown to be a
significant independent factor for QpCR (RR 4.34, 95%RR
1.33-14.21, P = 0.015), but apoptosis was not significant
(Table 5).

Survival analyses

In 92 patients with TNBC, disease-free survival (DFS)
curves differed significantly between pCR and non-pCR
groups (5-year DFS rate 93% vs. 66%, P = 0.019),
between QpCR and non-QpCR groups (5-year DFS rate
91% vs. 64%, P = 0.010), and between the group of pCR
in both primary tumor and axillary lymph nodes and others
(5-year DFS rate 92% vs. 68%, P = 0.043) (Fig. 3). In
TNBC, patients with a high TIL score tumor showed

slightly higher 5-year DFS rate than patients with a low
TIL score tumor (77% vs. 70%), but the difference was not
significant statistically (P = 0.58) (Fig. 4).

Discussion

Breast cancer has been shown to be a heterogeneous dis-
ease, and each intrinsic subtype of breast cancer differs in
terms of gene expression and molecular features [1-5].
Previous studies reported differences between breast cancer
subtypes in the pCR rate after primary chemotherapy [8,
10]: Rouzier et al. reported that the pCR rate after
anthracycline and taxane chemotherapy in patients with
luminal subtypes was 6%, while patients with both the
basal-like and erbB2+ (HER2) subtypes had a pCR rate of
45%, based on classification using a “breast intrinsic” gene
set [8]. Carey et al. also reported differences in the
chemosensitivity of breast cancer subtypes when classified
by immunohistochemistry: pCR rates after treatment with
anthracycline either alone or in combination with taxane
were 27, 36, and 7% for TNBC, and the HER2 and luminal
subtypes, respectively [10]. In the present study, we con-
firmed that the pCR rate, QpCR rate, and the pCR rate in
both the primary site and lymph nodes were significantly
higher in patients with TNBC and tumors of the HR—/
HER2-+ subtype than in those with tumors of the HR+/
HER2— subtype.

The proportions of cases showing a high TIL score (3, 4
or 5) and high apoptosis (score 2) were larger in TNBC and
the HR—/HER2+ subtype than in the HR+/HER2— sub-
type. In addition, both TIL score and apoptosis were sig-
nificantly associated with a response to NAC in TNBC,
while in the HR—/HER2+ subtype and the HR+/HER2—
subtype, these parameters were not significantly associated
with pCR or QpCR. Because we used statistical tests on
multiple related hypotheses, i.e., pCR, QpCR, and pCR in
both the primary tumor and axillary lymph nodes, the data
acquired should be considered exploratory. Nonetheless,
these results suggest that patients with a high immune
response to TNBC were more likely to show pCR, and that
the immune component played a substantial role in the
response of TNBC to NAC.

Although conflicting results have been reported [20, 21],
earlier studies revealed a relationship between high lym-
phocyte infiltration and good prognosis in patients with
breast cancer [22-25]. However, breast cancer subtypes
were not taken into consideration in these studies. Kreike
et al. demonstrated that a large amount of lymphocytic
infiltrate was a significant indicator of longer distant
metastasis-free survival in patients with TNBC [26]. In
several studies, changes in TIL score or in the percentage
in a certain subset of T cells were shown to be correlated
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Fig. 3 Disease-free survival
curves for patients with primary
triple-negative breast cancer
(TNBC) after neoadjuvant
chemotherapy. a Survival
curves for (a) patient group that
showed pCR (NSABP B-18)
and (b) patient group- that
showed non-pCR. Curves for
two groups are significantly
different (5-year DFS rate 93%
vs. 66%, P = 0.019). b Survival
curves for (a) patient group that
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Fig. 4 Disease-free survival curves for patients with primary triple-
negative breast cancer (TNBC) after neoadjuvant chemotherapy,
stratified by the score of tumor infiltrating lymphocytes (TIL). a High
TIL score group (n = 67). b Low TIL score group (n = 25).
Although the 5-year disease-free survival rate was slightly higher in
the high TIL score group (77%) than in the low TIL score group
(70%), these two curves did not differ significantly (P = 0.58)

with pCR to neoadjuvant chemotherapy of breast cancer
[27, 28].

It is also possible that gene expression associated with
chemosensitivity and prognosis differs among breast cancer

@ Springer

subtypes. Teschendorff et al. also reported that a high level of
gene expression representing an immune response was cor-
related with the better prognosis of patients with ER-nega-
tive breast cancer [29]. In fact, Rouzier et al. demonstrated
that the genes predictive of pCR differed between the basal-
like subtype and the HER?2 subtype [8]. Furthermore, Des-
medt et al. revealed that the gene expression modules asso-
ciated with clinical outcome were different between the ER-/
HER2— and HER2+ tumors: immune response genes only
in the former and both tumor invasion and immune response
genes in the latter [5]. Their results were consistent with
those of the present study, which demonstrated a significant
correlation between the presence of TIL and pCR/QpCR rate
in TNBC, but the correlation was only marginal in the HR—/
HER2+ subtype. Therefore, the molecular mechanisms
determining chemosensitivity may differ between the basal-
like and HR—/HER2+ subtypes.

We demonstrated a tendency of correlation between
apoptosis and response to NAC in TNBC. Although Des-
medt et al. examined the gene expression module associ-
ated with apoptosis, there was no association between
expression of this gene set and prognosis in any of the
breast cancer subtypes examined [5]. Because apoptosis
has been defined as programmed cell death, and is usually
unaccompanied by inflammation and cytokine release,
apoptosis has been believed to be independent of TIL. In
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the present study, there was no significant relationship
between the presence of TIL and tumor cell apoptosis in
TNBC. However, recent studies demonstrated that tumor
cell death induced by chemotherapy can promote cytotoxic
T-lymphocyte response that confers permanent antitumor
immunity [30, 31]. We used histological examination only
to identify apoptotic cancer cells. However, it would be
more informative to add other techniques, such as the
TUNEL method or immunohistochemistry, to identify
apoptosis from multiple angles.

We revealed no correlation between the expression of
basal-like markers and response to NAC in all of the breast
subtypes examined. Although the significance of basal-like
markers for clinical outcome is controversial [32—-34], a lack
of association between basal-like markers and chemosensi-
tivity or prognosis has been demonstrated when breast can-
cers are divided into subtypes on the basis of ER and HER2
positivity [33, 34]. Nuclear p53 has been shown to be fre-
quent in TNBC [35], but the significance of p53 as a pre-
dictive marker for pCR is also controversial [36]. In the
present study we were unable to demonstrate any significant
impact of p53 as such a marker.

It is unknown whether TILs cause susceptibility to
chemotherapy, or they are simply a possible marker of
chemosensitivity. There are reports that showed TILs are a
predictor of response to neoadjuvant chemotherapy in
breast cancer [37, 38]. Hornychova et al. reported that the
infiltration of CD3™ T-lymphocytes and CD83" dendritic
cells were correlated with the effectiveness of primary
chemotherapy, evaluated as pCR [38]. Denkert et al.
showed that T-cell-related markers CD3D and CXCL9
expression were significantly associated with pCR [37].
Several studies suggested possible mechanisms of tumor-
immune interaction in response to chemotherapy. pCR to
neoadjuvant chemotherapy was shown to be associated
with an immunologic profile combining the absence of
immunosuppressive Foxp3™ regulatory T cells and the
presence of a high number of CD8* T cells and cytotoxic
cells [28]. These reports suggest subsets of TILs caused
susceptibility to chemotherapy.

In conclusion, we have demonstrated that the various
breast cancer subtypes classified by ER, PgR, and HER2
status have different pathological characteristics and pre-
dictive factors for response to chemotherapy. TNBC with a
high score for TIL and apoptosis is more likely to respond
to chemotherapy. Therefore, in patients with TNBC, the
immune response appears to influence on the response to
chemotherapy. Further examination is warranted to eluci-
date the mechanism involved in the immune response
component of chemosensitivity.
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papillary breast lesions

Miwa Yoshida - Hitoshi Tsuda - Sohei Yamamoto -
Takayuki Kinoshita - Sadako Akashi-Tanaka .
Takashi Hojo-+ Takashi Fukutomi

Received: 10 August 2011 /Revised: 16 December 2011 /Accepted: 23 January 2012 /Published online: 4 April 2012

© Springer-Verlag 2012

Abstract It is often difficult to make a definitive diagnosis
of papillary breast lesions using core needle biopsy (CNB)
specimens. We studied loss of heterozygosity (LOH) on
chromosome 16q in order to assess its diagnostic use for
papillary breast lesions in CNB specimens. Of 25 patients
with intraductal papillary breast tumors, we extracted DNA
from paired samples of tumor cells from CNB specimens
and non-tumor cells from subsequent excision specimens
and analyzed LOH at the D16S419 and D16S514 loci on
chromosome 16q. LOH analysis results were compared with
final diagnoses based on pathological features of the
resected specimens. On the CNB specimens, 21 tumors were
histologically diagnosed as indeterminate or suspicious for
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malignancy, while four tumors were unambiguously malignant.
Of the 21 indeterminate or suspicious tumors, 11 were finally
diagnosed as benign and ten as malignant, and on these, LOH
analyses were informative for 8 of the 11 benign tumors and 7
of the 10 malignant tumors. LOH was also informative on two
of the four tumors unambiguously malignant on CNB. None of
the eight informative benign tumors showed LOH on 16q. Six
of the eleven informative malignant tumors showed LOH on
16q. LOH on 16q was significantly different between CNB
specimens of benign and malignant intraductal papillary
tumors (P=0.007). Analysis of LOH on 16q may be helpful
in making a definitive diagnosis in cases of papillary breast
lesions, in both excised and CNB specimens.

Keywords Loss of heterozygosity - Breast - Papilloma -
Papillary carcinoma - Core needle biopsy

Introduction

Preoperative diagnosis of intraductal papillary tumors of the
breast is challenging because of the difficulty of differenti-
ating intraductal papillary carcinoma from intraductal pap-
illoma. It is very difficult to diagnose the biological nature
of these tumors based on mammography and ultrasonogra-
phy, unless there is evidence of massive tumor invasion or
rapid growth. Although image-guided core needle biopsy
(CNB) is a highly reliable method of diagnosing breast
lesions, it is often difficult to differentiate between intra-
ductal papillary lesions based on routine pathological exam-
ination of CNB specimens. This difficulty arises because
intraductal papillary carcinomas tend to be well differenti-
ated, and CNB specimens do not always include a section
with pathognomonic features. Therefore, a final diagnosis
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