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Source, dilution, pretreatment and cutoff values of antibodies used

Antibody, clone Dilution Source Pretreatment Cutoff values
ER [IDS] 1:400 IMMUNOTECH Autoclaved = 10% (positive)
PR [636] 1:2000 DAKO Autoclaved =10% (positive)
HER?2 [HercepTest} NA* DAKO None NA

HERI [2-18C9] DAKO Proteinase K = 10% (positive)
CK 5/6 [D5/16134] 1:100 DAKO Autoclaved = 10% (positive)

*Not assessable.

Table 2
Prevalence of intrinsic subtypes and clinico-pathological characteristics in Japanese breast cancer patients
All cases Luminal A Luminal B HER2+ /ER— Basal-like Unclassificd P value*
No. of cases 793 502 (63)' 155 (20) S5(7) 67 (8) 14 (2)
Age, median (range), years-old 54 (19-88) 53 (27-88) 53 (19-85) 60 (31-84) 54 (30-79) 50 (36-66) 0.025
AJCC stage <0.001
I 289 213 48 4 18 6
11 360 208 70 39 38 5
1] 68 36 17 4 8 3
v 40 19 15 4 2 0
Missing 36 26 S 4 1 0
Histology 0.142
Invasive ductal carcinoma NOS 721 447 149 53 60 12
Specific types 70 54 5 2 7 2
Missing 2 1 1 0 0 0
Histologic grade <0.001
1 156 131 23 0 I 1
11 320 235 56 15 11 3
m 197 61 48 33 49 6
Missing 120 75 28 7 6 4
LVI 0.018
Positive 345 212 69 32 27 5
Negative 373 249 62 20 36 6
" Missing 75 41 24 3 4 3
BVI 0.026
Positive 126 82 18 10 14 2
Negative 570 267 105 40 49 9
Missing 97 53 32 5 4 3
Nodal status 0.572
Positive 303 184 62 25 27 5
Negative 437 286 78 25 29 9
Not applicablc or missing 53 32 15 5 1 0
Outcome
Follow-up, median (range), months 46.5 (1-84)
S-year DFS 85.5% 90.3% 82.9% 62.1% 77.1% 81.8% <0.001%
S-year OS 92.8% 96.9% 86.6% 86.9% 86.2% 83.3% <0.001*

*Comparing five subtypes using y* test or Fisher’s exact test.

"In %.
*Log-rank test.

Survival by ITHC subtypes

Survival daia on 786 of 793 patients with invasive breast
cancer were available from three hospitals. The duration of
follow-up was 1-84 months (median, 46.5). During this

period, recurrence was observed in 91 patients, and 48
patients died of any causes.

Breast cancer subtypes significantly differed in 5-year
disease-free survival (DFS, P<0.001): luminal A (90.3%),
luminal B (82.9%), HER2+/ER— (62.1%), basal-like
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Fig. 1. DFS (A) and OS (B) curves in breast cancer patient groups divided
by THC intrinsic subtypes.

subtype (77.1%), and unclassified (81.8%). They also
differed in 5-year overall survival (OS, P<0.001): luminal
A (96.9%), luminal B (86.6%), HER2+ /ER— (86.9%),
basal-like subtype (86.2%), and unclassified (83.3%).
Kaplan—Meier survival curves are presented in Fig. 1.
Both DFS and OS were significantly worse among basal-
like and HER2 + /ER— breast cancer patients compared
with luminal A patients.

Differences in DFS and OS by IHC subtypes were seen
among lymph node-positive patients (P = 0.006 for DFS
and P<0.00f for OS) but not lymph node-negative
patients; however, the number of patients after stratifying
by lymph node status was limited and these data should be
interpreted with caution. Five-year DFS within lymph
node-positive patients by subtype was as follows: luminal
A (79.3%), luminal B (71.2%), HER2+/ER— (35.2%),
basal-like subtype (68.1%), and unclassified (50.0%). Five-
year OS within lymph node-positive patients was as
follows: luminal A (96.3%), tuminal B (75.6%), HER2+/
ER— (84.1%), basal-like subtype (83.9%), and unclassified
(60.0%).

Discussion

Carey et al. have recently reported for the first time the
population-based prevalence of intrinsic subtypes of breast
tumors. They refined an THC-based assay to identify breast
tumor intrinsic subtypes instead of gene expression
profiling.'> This IHC-based assay has been verified against

gene expression profiles to estimate the prevalence of
intrinsic subtypes.'*° Additionally, large-scale subtyping
using gene expression profiling from formalin-fixed,
paraffin-embedded samples is not currently feasible; there-
fore, we conducted this cohort study to investigate the
prevalence of intrinsic subtypes using the IHC-based assay
in Japanese breast cancer patients.

According to Carey et al.,'® the prevalence of basal-like
and luminal A tumors in the Carolina Breast Cancer Study
was 27% and 47% in AA patients and 16% and 54% in
non-AA patients, respectively. Since breast cancer-specific
survival was significantly worse in patients with basal-like
tumors than with fuminal A tumors, the higher prevalence
of a basal-like subtype could contribute to a worse
prognosis in AA patients. Moreover, the prevalence of
basal-like and luminal A tumors was 39% and 36% in
premenopausal AA patients, respectively. In contrast, the
prevalence of basal-like and luminal A tumors was 8% and
63% in Japanese breast cancer patients, respectively, in the
present study. The prevalence of basal-like tumors was 2-3
times lower in Japanese patients than in non-AA patients
or AA patients. In addition, the prevalence of luminal A
tumors was 9-16% higher in Japanese patients than in
non-AA patients or AA patients. Breast cancer patients
with basal-like tumors had a poorer prognosis in terms of
DFS and OS than those with luminal A tumors in the
present study (Fig. 1) as previously indicated in the report
by Carey et al.'> These findings have suggested that the
lower prevalence of basal-like tumors and higher preva-
lence of luminal A tumors in Japanese patients could
contribute to their better prognosis.

A limited number of studies have investigated the
prevalence of intrinsic subtypes by the IHC-based assay
in different races. On the other hand, the prevalence of
triple-negative breast tumors has recently become avail-
able. Triple-negative tumors include both basal-like and
unclassified tumors. The prevalence of basal-like tumors
was reported to be approximately 70% in triple-negative
tumors'”; it was 78% in the present study. The prevalence
of triple-negative tumors was 22% in the Carolina Breast
Cancer Study,'” 16% in a large series of patients in the
UK.,?" 26% in conservatively managed patients in the
USA,*? and 31% in consecutive patients in Korea.”® In
the present study, the prevalence of triple-negative tumors
was only 10%, 1.6-3 times lower in Japanese patients than
in patients of other races. These findings also support the
lower prevalence of basal-like tumors in Japanese patients.

Differences in genetic influences or lifestyle may explain
the prevalence of intrinsic subtypes among different races.
Differences in the distribution of breast cancer risk factors,
such as breast cancer family history, age at menarch, age at
first birth, body mass index, and hormone replacement
therapy, have been extensively investigated, and these
differences may explain differences in breast caner inci-
dence rates among different races.” However, the investiga-
tion of causative factors leading to differences in the
prevalence of intrinsic subtypes in different races remains
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to be investigated. Because of a close correlation between
the prevalence of intrinsic subtypes and the prognosis of
breast cancer patients indicated by us and others,'>°
nutritional or environmental factors influencing the pre-
valence may provide hints for developing new intervention
strategies to reduce breast cancer mortality rates. It has
been indicated that the intake of green tea or soy beans
relates to a reduction in breast cancer incidence rates.”***
Furthermore, the consumption of green tea was suggested
to correlate with not only a reduction in breast cancer
incidence but also improved outcome of breast cancer
patients in Japanese women.?® In addition, it is suggested
that breast cancer patients with a high intake of green tea
tend to have less aggressive and hormone-responsive breast
tumors.?’ Interestingly, recent experimental studies have
revealed that green tea extracts such as (—)-epigallocate-
chin gallate have significant anti-tumor activity in breast
cancer cells with basal-like phenotypes.?®*-3® These findings
suggest that green tea intake may modify the biological
characteristics of breast tumors and the prevalence of
intrinsic subtypes. Further epidemiologic and experimental
studies are warranted to investigate the role of green tea
intake in breast cancer development and progression.

In conclusion, the present study suggests for the first
time that a lower prevalence of basal-like breast tumors
and a higher prevalence of luminal A breast tumors could
contribute to a favorable prognosis of Japanese breast
cancer patients. Taken together with the worse prognosis
of AA patients having a higher prevalence of basal-like
tumors and a lower prevalence of luminal A tumors, it
could be concluded that the prevalence of intrinsic
subtypes differs among different races and such a diffe-
rence may explain differences in the prognosis of breast
cancer patients of different races. From the clinical point of
view, the prevalence of intrinsic subtypes should be taken
into account when analyzing survival data in a multi-racial/
international clinical study. In addition, causative factors
influencing the prevalence of intrinsic subtypes should be
explored to develop intervention strategies to reduce breast
cancer incidence and the mortality rate.
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Case Report

Brain Metastases after Achieving Local Pathological Complete
Responses with Neoadjuvant Chemotherapy

Shunsuke Tsukamoto, Sadako Akashi-Tanaka, Tadahiko Shien, Kotoe Terada, Takayuki Kinoshita

Breast Surgery Division, National Cancer Center hospital, Tokyo, Japan

Background: We encountered two patients with inflammatory breast carcinoma who developed
symptomatic brain metastases after achieving local pathological complete responses (pCR) with neoadju-

vant chemotherapy (NAC).

Case presentations: The first patient is a 39-year-old woman (Case 1), who underwent NAC with
AC (doxorubicin + cyclophosphamide) followed by weekly paclitaxel. After achieving a clinical CR (cCR),
we conducted a modified radical mastectomy. Pathological evaluation confirmed no residual malignant
cells within the breast tissue or lymph nodes. However, she developed neurological symptoms from
brain metastases one month postoperatively. The second patient is a 44-year-old woman (Case 2). Again,
no residual malignant cells were detected within the breast tissue or lymph nodes following NAC, but the
patient developed symptomatic brain metastases eight months postoperatively. When primary breast
{tumors are locally advanced, it may be worthwhile to rule out brain metastases even if pCR is obtained

after NAC.
Breast Cancer 14:420-424, 2007.
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Introduction

Neoadjuvant chemotherapy (NAC) is a stan-
" dard treatment option for patients with locally
advanced and/or inflammatory breast cancers.
The outcomes of patients achieving pCR of their
primary tumors are significantly better than those
with residual disease'”. Here, we introduce two
patients who developed symptomatic brain metas-
tases shortly after documented pCRs following
NAC and surgery.

Case Report
Case 1

A 39-year-old premenopausal woman sought
medical attention for erythematous induration of

Reprint requests to Sadako Akashi-Tanaka, Breast surgery division,
National Cancer Center hospital, 5-1-1 Tsukiji, Chuo-ku, Tokyo,
104-0045, Japan.

Abbreviations:
pCR, Pathological complete response; NAC, neoadjuvant
chemotherapy; US, ultrasonography; CT, Computed tomogra-
phy; MRI, Magnetic resonance imaging
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her left breast. With a working diagnosis of
inflammatory breast cancer, fine needle aspiration
cytology revealed adenocarcinoma. The patient
was referred to the National Cancer Center Hospi-
tal for further treatment in February 2005. Physi-
cal examination revealed an indistinct 12 cm mass
in the upper area of the left breast, and the sur-
face of this lesion exhibited a peau d’orange
appearance. Axillary and supraclavicular lymph
nodes were palpable and measured 4 and 2 cm in
diameter, respectively. The axillary lymph node
was fixed to the surrounding tissue. Ultrasonogra-
phy (US) revealed a 7 cm breast mass with der-
mal thickening, edematous subcutaneous tissue,
and enlarged lymph nodes (Fig 1a). These find-
ings were also observed on computed tomogra-
phy (CT) and magnetic resonance imaging (MRI).

Core needle biopsy led to a pathological diag-
nosis of invasive ductal carcinoma (grade 3,
nuclear grade 3, and HER-2 negative) (Fig 2a).
The tumor was negative for both estrogen and
progesterone receptors. Chest X-ray, bone scintig-
raphy, abdominal US, and chest and abdominal
CT revealed no distant metastases. Due to the
presumed low incidence of brain metastases at
this clinical stage, brain imaging was not done at
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Fig 1. (a) USreveals a 7 cm breast mass with overlying skin
thickening, edematous subcutaneous tissue. (b) US reveals no
residual tumor following neoadjuvant chemotherapy.

this point. Inflammatory breast cancer of the left
breast was initially diagnosed, T4dN3MO, Stage
IIIC, according to the general rules for clinical
and pathological grading of breast cancers”. She
received NAC from February to July consisting of
doxorubicin and cyclophosphamide (60/600
mg/m’) 4 times every 3 weeks, followed by pacli-
taxel (80 mg/m°®) weekly for 12 weeks. Following
NAC, only induration of her left breast was appar-
ent upon physical examination, and no breast
masses or axillary lymph nodes were detected by
US (Fig 1b) and CT. Additionally, serum levels of
tumor markers (CEA, CA 153, ST 439) remained
within normal limits before and after chemothera-
py. We subsequently conducted a modified radical
mastectomy in August, and no malignant cells
were detected in the resected breast tissue and
dissected axillary lymph nodes (Fig 2b). However,
the patient presented with vertigo and severe
. headache prior to the initiation of radiotherapy to
the left chest wall in September. Brain MRI

Fig 2. (a) Core needle biopsy reveals invasive ductal carcino-
ma, grade 3, nuclear grade 3. (b) No residual tumor is detect-
ed. The presence of inflammatory cells surrounding a duct
with an increased number of enlarged capillary vessels, typical
after tumor disappearance, is observed. (hematoxylin-eosin
staining, X 100).

revealed multiple metastatic lesions in her right
frontal lobe, temporal lobe, and bilateral cerebel-
lum (Fig 3). To control her symptoms, whole-
brain radiotherapy with a total dose of 30 Gy/10
fractions was incorporated in October. However,
her condition deteriorated, and she expired in
December.

Case 2

A 44-year-old premenopausal woman was seen
at a nearby hospital with a chief complaint of an
erythematous enlarged right breast. Inflammato-
ry breast cancer was suspected, so she was
referred to our institution in December 2004.

On initial examination, the right breast was
firm, erythematous, and edematous with a thick-
ened dermis. Axillary and supraclavicular lymph
nodes were palpable and measured 5 cm and 1 cm
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1)

4

Fig 3. The metastatic lesions exhibited high signal intensity
in the right temporal lobe by T1 weighted MRI

in diameter, respectively. CT showed a large right
breast mass with an edematous dermis and subcu-
taneous tissue.Additionally, the axillary and supra-
clavicular lymph nodes were enlarged (Fig 4a).
The specimen obtained by the core needle biopsy
was consistent with an invasive ductal carcinoma
(solid tubular type, grade 3, nuclear grade 3, HER-
2 negative, estrogen and progesterone receptor
negative) (Fig 5a). No metastatic lesions were
detected by bone scintigraphy, chest X-ray, chest
CT, or abdominal US, though diagnostic brain
imaging was not performed at that time. Serum
tumor markers were elevated, with a CEA of 52.4
ng/ml, CA 153 of 279 U/ml, and NCC-ST 439 of
910 U/ml. Inflammatory breast cancer, T4dN3MO,
Stage IIIC' was diagnosed. She underwent NAC
from December to May 2005, using the same
treatment regimen as Patient 1. Following NAC,
physical examination revealed only induration of
the right breast with slight thickening of the over-
lying skin. CT revealed a slightly enhanced, 3-cm
lesion in the breast (Fig 4b) without enlarged
lymph nodes. All tumor markers were within nor-
mal limits after chemotherapy. We performed a
modified radical mastectomy in July, and no tumor
cells were pathologically detected in the breast tis-
sue and axillary lymph nodes (Fig 5b). Following
surgery, we performed local radiotherapy with a
total dose of 60 Gy/30 fractions from August
through October. However, the patient developed
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Fig 4. (a) CT shows a large right breast mass with overlying
edematous subcutaneous tissue and thickened skin. This is
not the early phase but late phase scan of breast CT, because
only chest CT without an carly phasc scan was performed to
detect distant metastasis instead of breast CT. (b) CT scan
reveals a mass-like lesion measuring 3 cm, without enhance-
men, in the right breast.

headache and ambulatory disturbance in early

- December. Brain CT and MRI scans performed

in March 2006 detected a tumor measuring 5 cm
in diameter in her right temporal lobe with sur-
rounding edema (Fig 6). A right frontotemporal
craniotomy followed by whole-brain radiotherapy
of 37.5 Gy/15 fractions was carried out from
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Fig 5. (a) Core needle biopsy reveals invasive ductal carcinoma, grade 3, nuclear grade 3. (b) No residual tumor is detected.
Many foamy cells and a disturbance of the fiber rows after the disappearance of the tumor are observed (hematoxylin and eosin
staining, X 100).

Fig 6. MRI demonstrates a tumor measuring 5 cm in diame-
ter, with surrounding edema, in the right temporal lobe.

March through April. Intracranial recurrence is
now controlled three months after radiotherapy.

Discussion

Several studies have indicated that breast can-
cer patients with pCR following NAC have better
overall survival and disease-free survival rates'”.

Moreover, pCR of axillary lymph nodes is an

excellent prognostic factor for locally advanced
breast cancers™. The two cases presented were
first diagnosed with inflammatory breast cancer
with axillary and supraclavicular lymph node
metastases. The patients achieved pCR for both
the main tumors and the axillary lymph nodes fol-
lowing NAC, and favorable prognoses were
expected from the published literature. However,
both patients developed symptomatic brain metas-
tases soon after mastectomy. The interval
between surgery and the occurrence of neurologi-
cal signs was only one month for Patient 1 and five
months for Patient 2. This led us to the theory
that the blood brain barrier restricted access of
the chemotherapeutic agents to the central ner-

. vous system. Therefore despite locally effective

NAC, occult brain metastases may continue to
progress into clinical significance. This theory
may help us understand the progression of brain
metastases in these patients”. There have been no
reports examining the rates of brain metastasis
following NAC. Yet there are reports of patients
receiving adjuvant chemotherapy having an
increased incidence of brain metastases as the site
of first recurrence compared to control™ ', In the
present cases, we suspect that subclinical metas-
tases were present in the brain before initiating
NAC. It is likely that, because of inadequate deliv-
ery of cytotoxic agents to the brain, these metas-
tases continued to grow despite effective tumor
control elsewhere the body.

Several studies have identified risk factors for
brain metastases in patients with breast cancer.
Young age ™", unresponsiveness to the hormonal
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therapies, and HER-2 over expression are report-
ed risk factors''”. Intracranial metastases are
also related to the use of trastuzumab'®. In the
two patients presented here, relatively young age
and the absences of both estrogen and proges-
terone receptor were concordant risk factors for
developing brain metastases.

The combination of NAC and surgery can lead
to favorable outcomes in many cases of breast
cancer, but effective control over the primary
lesions and the extracranial micrometastases by
the cytotoxic agents may not predict future
intracranial event. The blood brain barrier would
likely prevent chemotherapeutic agents from
reaching the central nervous system. As a conse-
quence, brain metastases may continue to grow
and become symptomatic despite pCR of primary
sites and lymph node metastases. This can be a
concerning factor, especially in patients at risk for
developing brain metastases. Further investiga-
tions are warranted to identify the mechanisms
leading to intracranial metastases, as well as pre-
therapeutic risk factors.
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