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by Cohen’s kappa coefficient, it showed moderate agree-
ment (x = 0.481), indicating that they might have rela-
tively similar statistical power for predicting prognosis.
However, a significant correlation between the expression
of ALDHI and the DFS was found only in the ALNM
(odds ratio 3.79, 95% CI 1.37-12.1), which suggests that
evaluation of ALDH1 in the ALNM is more likely to be
useful for predicting prognosis in breast cancer patients
with ALNM compared to primary tumors.

This study is relatively small and, therefore, some true
but weaker prognostic variables may not have been detected
as significant in this analysis. Also, protein levels from old
samples might not represent the actual biological processes.
Nevertheless we believe our findings are generalizable and
are consistent with prognostic results observed in separate
patients in previous publications [7, 25].

Thus, the results of this study indicate that evaluation of
biomarker expression in the ALNM may have clinical
significance in terms of prognosis for breast cancer patients
with ALNM (n = 1-3). We need to conduct a prospective
study with a larger sample size to confirm the value
and methods of evaluation of biomarker expression in
ALNM.
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Abstract

Stage IV breast cancer refers to breast cancer that has
already metastasized to distant regions when initially di-
agnosed. Treatment for stage IV is intended to “prolong
survival and palliate symptoms”. Resection of a primary
tumor is considered to be “effective only at alleviating
chest symptoms and providing local control” in spite of
the advances of imaging examination and medication
for breast cancer. Molecular target and endocrine drugs
are very effective and useful to tailor-make a treatment
strategy according to breast cancer subtypes. Positron
emission tomography-computed tomography can detect
and diagnose the very small metastases and recurrenc-
es which can potentially be cured even if they are dis-
tant metastases. Recently, many retrospective studies
have reported the survival benefit of surgery for breast
cancer patients with metastases and some clinical trials
which confirm the surgical prognostic benefit for them
have started to enrol patients. The goal of treatment
has to be clearly identified: increase the patient’s sur-
vival time, provide local control or perform histology to
determine the cancer’s properties. The best evidence is
absolutely essential to treat patients who need surgery
at the right time. We need to evaluate the treatment
strategy, including primary resection for stage IV breast
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cancer particularly, and find new evidence by prospec-
tive analysis.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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INTRODUCTION

Stage IV breast cancer refers to breast cancer that has
already metastasized to distant regions when initially diag-
nosed. Even if such cancer were to be treated, complete
cure would not be expected. Treatment is intended to
“prolong survival and palliate symptoms”. Medication
has made advances and treatments that are anticipated
to be efficacious are administered. This situation has
changed little as new drugs are coming out every year.
In an increasing number of patients, appropriate use of
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those drugs allows long-term control of symptoms and a
longer life with disease.

In addition, marked advances in diagnostic imaging
equipment have been made. Over the past few years, the
prevalence of positron emission tomography-computed
tomogtaphy has led to the early diagnosis of extremely
small metastases that were not previously noted”!. Stage
IV breast cancer with these small metastases is referred
to as “minimal stage IV disease™ and patients with this
mote limited form are expected to have a better progno-
sis than patients with full-blown stage IV breast cancer.
Although it has yet to be precisely defined, the concept
of “oligometastasis” is being debated”. According to this
concept, metastases can potentially be cured, even if they
are distant metastases, depending on their location and
number.

Resection of a primary tumor was previously consid-
ered to be “effective only at alleviating chest symptoms
and providing local control”, but some studies have re-
ported that resection increases survival time'*”. Breast-
conserving surgery is a widely used form of surgery for
breast cancer. Anesthesia has also made advances and
is safe. At the current point in time, surgery for breast
cancet is extremely simple, depending on tumor size, and
minimally invasive. A longer survival time seldom results
from drug administration but it can result from surgery.
Surgery for stage IV breast cancer is an important topic
that may substantially alter future treatment strategies.

SIGNIFICANCE OF RESECTION OF

THE PRIMARY TUMOR IN STAGE IV
BREAST CANCER: STUDIES REPORTING
INCREASED SURVIVAL TIMES AND
RELATED ISSUES

As mentioned eatlier, 2 number of recent studies have
reported that surgery for stage IV breast cancer affects a
patient’s survival time. Many of these retrospective stud-
ies indicated that surgery prolonged survival time. Several
systematic reviews have reported significant differences
in survival time (HR of about 0.6)*”. A look at sub-
groups indicates that factots facilitating surgery include
“complete excision of the primary tumor”, “metastasis
only to bone and/or soft tissue”, “few metastases” and
“being younger”[(”n. A study reported differences in the
effectiveness of surgery for different subtypes of tu-
mors™. However, all of the findings cited were the result
of retrospective analysis so they are presumed to be high-
ly biased. “Patients who undetrgo sutgery” are invatiably
“patients in good enough condition to undergo surgery”
while “patients who do not undergo surgery” ate possi-
bly “patients who are unable to undergo surgery because
of their worsening condition”. In addition, medication
has not been studied in detail and patients who undergo
surgery ate likely to include a2 number of patients whose
condition could have been satisfactorily controlled with
medication. The timing of surgery is also unclear. There
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is no clear answer as to whether surgery should be done
during initial treatment or whether it should be a final op-
tion that is used after medication proves inefficacious.

WHY DOES RESECTION OF ONLY THE
PRIMARY TUMOR HELP WHEN CANCER
CELLS HAVE SPREAD THROUGHOUT
THE BODY?

According to the seed and soil theory by Paget”, the
distant metastasis is not local disease. Cancer cells have
already spread to whole body circulation. So, local thera-
pies do not affect overall survival, whereas there are sev-
eral theories on the basic rationale for resection of the
primary tumor increasing the survival time for patients
with stage IV breast cancer. The first is a “reduction in
total tumor volume”. Circulating tumor cells (CTCs) are a
major indicator of tumor volume. A reduction in CTCs is
reported to be correlated with prognosis'”. Resection of
the primary tumor reduces the tumor volume and thus
reactivates autoimmunity and increases the efficacy of
medication”". A study prospectively demonstrated that
resection of the primary tumor is useful when kidney
cancet is in stage IV (this is the only other solid tumor
besides breast cancer for which this holds true)™. Ac-
cording to the study, resection of the primary tumor is a
theotetical basis for the effectiveness of surgery.

Another theory as to why resection of the primary
tumor increases the survival time concerns the particu-
lar action of the primary tumor. “Cancer stem cells”
that are prevalent in the primary tumor are tesistant to
medication™. Tn addition, the concept of “cell seeding”
indicates that cells released into the blood by the primary
tumor return to the primary tumor, so the primary tumor
activates those cancer cells"”. Both of these mechanisms
are based on results of basic experiments and no studies
have described results from actual patients. If, however,
they are true, then they are sute to be key to devising can-
cer treatment strategies in the future. These mechanisms
should be verified in the future.

LOCAL CONTROL

As mentioned at the very beginning, resection of the
ptimary tumor has been useful in alleviating chest symp-
toms, such as bleeding and ulceration as well as pain due
to invasion of the chest wall. However, no studies or pro-
spective trials have determined whether or not eatlier sur-
gery is useful to achieve local control. At the current time,
there are absolutely no data corroborating the contendon
that “earlier surgery is useful since it improves local con-
trol, even if it does not increase survival time”. When
local control alone was envisioned, radiation therapy was
considered in addition to surgery. Although sample sizes
are small, studies have described an improvement in the
prognosis for the primary tumor in stage IV breast cancer
as a result of radiation therapy (like the improvement in
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United States
Netherlands

opriate systemic therapy

JCOG: Japan Clinical Oncology Group; NCT number: A unique identification code given to each clinical study registered on ClinicalTrials.gov.

prognosis as a result of surgery)“s]. In addition, a study
has reported a satisfactory prognosis for asymptomatic
rather than symptomatic patients, regardless of whether
treatment was administered and regardless of the type
of treatment!"”. Results suggest that local control itself
may act beneficially on prognosis, irrespective of whether
treatment is classified as surgery, radiation, ez

TRIALS CURRENTLY UNDERWAY TO
DETERMINE THE USEFULNESS OF
RESECTION OF THE PRIMARY TUMOR IN
STAGE IV BREAST CANCER

As noted previously, there are absolutely no prospective
data at the current time to corroborate the usefulness of
resection of the primary tumor in stage IV breast cancer
in terms of increasing survival time or improving local
control. At the current time, there is no evidence actively
in favor of such a resection. That said, many results of
retrospective studies continue to be discussed in various
fora. In the absence of robust evidence, this meta-anal-
ysis provides an evidence base for primary resection in
the setting of stage IV breast cancer for approptiately se-
lected paﬁentsm]. Resection of the primary tumor could
greatly affect breast cancer care so this clinical question
needs to be answered in prospective trials. Given this po-
tential, 6 groups are currently enrolling patients"**” (Table
1). The first reports of two prospective studies were
indicated in the San Antonio Breast Cancer Symposium
2013, Both studies did not demonstrate a significant
survival benefit of primary surgery. From the Indian
trial, the distant disease free survival in the patients with
surgery was significantly worse than that of the patients
without surgery. One of the reasons was the insufficient
systemic chemotherapy after surgery. They did not con-
tinue systemic chemotherapy after randomization and
appropriate systemic therapies according to breast cancer
subtypes were not selected in these protocols. So, the
median survival time was shorter than that of retrospec-
tive European and American data. In particular, they did
not use molecular target therapy for patients with human
epidermal growth factor receptor type 2 positive breast
cancet. Moreover, the diagnosis of metastasis was uncer-
tain. They only used bone scintigraphy to diagnose a soli-
tary bone metastasis. The Breast Cancer Study Group of
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the Japan Clinical Oncology Group (1017) and Eastetn
Clinical Oncology Group (2108) began enrolling patients
for a phase 3 trial in June 2011, Patients receive current
standard systemic therapy before and after randomization
and the latest imaging examination before treatment in
these trials. A trial by the current authors is determining
the significance of early resection of the primaty tumor
in stage IV breast cancer when that tumor can be con-
trolled by medication. Items being assessed include the
total survival time as well as the significance of local con-
trol; the results of the trial are sure to provide clinically
significant evidence.

CONCLUSION

At the current point in time, one cannot say whether or
not resection of the primary tumor provides a clear ben-
efit in the management of stage IV breast cancer. Basic
studies have revealed the biology of breast cancer in detail
and the role of surgery is changing as treatment is better
tailored to the individual in accordance with the individual’
s biology. The goal of treatment has to be clearly ident-
fied: increase the patient’s survival time, provide local
control or perform histology to determine the cancet’s
properties. Without a doubt, the best evidence is abso-
lutely essential to treat patients who need surgery at the
right time. Announcement of the results of clinical trials
that are currently underway and examination of those
results in detail are the first steps to obtain that evidence.
However, obtaining results takes time and other strategies
to treat breast cancer are constantly changing, In addition,
the drugs used and patient attributes differ completely in
different countries. An effective strategy to treat stage IV
breast cancer must be devised in accordance with medi-
cation in light of the patient’s symptoms while remaining
mindful of the significance of surgery.
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Abstract We examined estrogen receptor (ER) mRNA
expression and molecular subtypes in stage 1-11I breast can-
cers that are progesterone receptor (PR) positive but ER and
HER?2 negative by immunohistochemistry (IHC) or fluores-
cent in situ hybridization. The ER, PR, and HER?2 status was
determined by IHC as part of routine clinical assessment
(N = 501). Gene expression profiling was done with the
Affymetrix U133A gene chip. We compared expressions of
ESRI and MKI67 mRNA, distribution of molecular subtypes
by the PAMS50 classifier, the sensitivity to endocrine therapy
index, and the DLDA30 chemotherapy response predictor
signature among ER/PR-positive (n = 223), ER-positive/
PR-negative (n = 73), ER-negative/PR-positive (n = 20),
and triple-negative (n = 185) cancers. All patients received
neoadjuvant chemotherapy with an anthracycline and taxane
and had adjuvant endocrine therapy only if ER or PR > 10 %
positive. ESRI expression was high in 25 % of ER-negative/
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PR-positive, in 79 % of ER-positive/PR-negative, in 96 % of
ER/PR-positive, and in 12 % of triple-negative cancers by
THC. The average MKI67 expression was significantly higher
in the ER-negative/PR-positive and triple-negative cohorts.
Among the ER-negative/PR-positive patients, 15 % were
luminal A, 5 % were Luminal B, and 65 % were basal like.
The relapse-free survival rate of ER-negative/PR-positive
patients was equivalent to ER-positive cancers and better than
the triple-negative cohort. Only 20-25 % of the ER-negative/
PR-positive tumors show molecular features of ER-positive
cancers. In this rare subset of patients (i) a second RNA-based
assessment may help identifying the minority of ESRI1
mRNA-positive, luminal-type cancers and (ii) the safest
clinical approach may be to consider both adjuvant endocrine
and chemotherapy.
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Abbreviations

ER Estrogens receptor

PR Progesterone receptor

IHC Immunohistochemistry

HR Hormone receptor

HER2  Human epidermal growth factor receptor 2

DLDA Diagonal linear discriminant analysis
SET Sensitivity to endocrine therapy
Introduction

Estrogen (ER) and progesterone receptor (PR) are routinely
assessed in all primary breast cancers by immunohisto-
chemistry (IHC) [1] and adjuvant endocrine therapy is
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recommended if either of these receptors is positive (i.e.,
>1 % by IHC) [2—4]. The expression of PR is activated by
ERa via an estrogen-responsive element-containing gene
promoter. Therefore, it has been proposed that PR
expression indicates the presence of functional ER« [5] and
loss of PR expression potentially defines a subpopulation of
patients with inferior benefit from tamoxifen compared to
PR receptor persisted cancers [6]. In this model, the exis-
tence of ER-negative/PR-positive cancers represents an
enigma. It has even been suggested that the majority of ER-
negative but PR-positive cancers may represent false-neg-
ative THC results for ER [7]. After reevaluation of the
tumor slides and control tissues, most cases of ER-nega-
tive/PR-positive cases changed their original phenotype
[7]. Further, Hefti et al. [8] also reported that ER-negative/
PR-positive cases showed no significant reproducibility by
integrated gene expression microarray and clinico-patho-
logical data.

The prognostic value of PR expression independent of
any endocrine therapy and its interaction with benefit from
endocrine therapy in ER-positive cancers has been docu-
mented by several studies. In ER-positive cancers, patients
with PR-positive disease have lower risks of recurrence and
mortality compared to PR-negative cancers both with and
without adjuvant endocrine therapy [9]. Prat et al. [10]
reported that PR expression adds to the prognostic value of
luminal A classification and can further sub-stratify
patients among luminal cancers. Viale et al. [11] also
showed that PR expression predicts for adjuvant chemo-
therapy benefit among pre- and peri-menopausal but not
post-menopausal patients with ER-positive cancers. The
predictive and prognostic value of PR expression in ER-
negative cancers is much less understood, mostly because
of the rarity of this disease subset.

Approximately 3 % of all breast cancers are ER nega-
tive and PR positive [12]. Some data suggest that cancers
may not significantly benefit from adjuvant endocrine
therapy [9]. In 2010, joint guidelines by the American
Society of Clinical Oncology (ASCO) and the American
College of Pathologists recommended that hormone
receptor (HR) status should be considered positive if 1 %
or more tumor cells demonstrate positive nuclear staining
of either ER or PR with an IHC assay [1]. Historically,
many investigators and clinicians considered 10 % or
greater IHC staining as the threshold for defining HR-
positive status and, therefore, eligibility for endocrine
therapy. We have previously showed that the majority of
ER borderline, 1-9 % IHC positive, cases had molecular
features similar to ER-negative cancers [13].

In the current study, we examined ESR/ mRNA
expression and molecular subtype distribution among
ER-negative but PR-positive cancers and assessed hormone
and chemotherapy sensitivity markers in these cancers
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[14, 15]. The purpose of these analyses was to determine
whether ER-negative/PR-positive cancers show the same
global gene expression patterns and molecular subtypes as
ER-positive cancers do or if they are more similar to
ER-negative cancers.

Patients and methods

Five hundred and one patients were included in this study
who participated in a prospective Institutional Review
Board-approved biomarker discovery study at MD
Anderson Cancer Center in Houston, TX and signed
informed consent for molecular analysis of their pretreat-
ment cancer biopsy and had routine marker and gene
expression data available. The ER, PR, and HER?2 status
was assessed on diagnostic core needle biopsies in the
routine pathology laboratory. Clinical ER status was
determined by IHC using the ERalfa antibody 6F11
(Novocastra/Vector Laboratories, Burlingame, CA) and PR
status was determined by using the antibody 1A6 (Nova-
castra Laboratories Ltd., Burlingame, CA). The cut-off for
ER or PR positivity for this analysis was >1 % tumor cells
with nuclear staining. HER?2 status had been assessed either
by fluorescence in situ hybridization or by IHC (Dako
North America, Inc., Carpinteria, CA, USA). HER2 posi-
tivity had been defined as either HER2 gene amplification
if immunohistochemical score was 2+ or an immunohis-
tochemical score of 34-. Two hundred and twenty-three
patients were ER and PR positive, 73 were ER positive but
PR negative, 20 were ER negative but PR positive, and 185
were ER and PR negative. All patients received neoadju-
vant chemotherapy containing a taxane- and anthracycline-
based regimen, and patients with ER- or PR-positive
tumors defined as >10 % staining also received adjuvant
endocrine therapy. ’

Gene expression profiling with Affymetrix U133 gene
chips were performed on fine-needle aspirations obtained
before any therapy and independent of the diagnostic core-
needle biopsy used for routine ER, PR, and HER?2 determi-
nation. Gene expression data are available under GEO (Gene
Expression Omnibus) accession number GSE 25066 and
methods were described in a previous publication [16].
Expression data were normalized with the MASS algorithm,
mean centered to 600 and log2 transformed. Probe set
205225_at was used as the measure of ESRI mRNA
expression, and a log2-transformed expression value of
>10.18 was considered as ER positive by mRNA based on of
a threshold established and validated in previous publica-
tions [13, 17, 18]. We also assessed PR mRNA expression by
probe set 208305_at and Ki67 (MKI67) expression by probe
set 212021_s_at. An ER metagene was calculated as the
average log2 transformed expression values of ESRI, PR,
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Table 1 Patient characteristics

No of Pt (%) 501
Age
Average 49.8
(min-max) (24-75)
ER by IHC
Positive/negative 296 (59.1)/205(40.1)
PR by IHC
Positive/negative 243(48.5)/258(51.5)
HER?2 by IHC and/or FISH
Positive/negative 6 (1.2)/483(96.4)
NA 12(2.4)
T
0-2/3-4 284(56.7)/217(43.3)
N
Positive/negative 155(30.9)/346(69.1)
Grade
I/HI 31(6.2)/178(35.5)/256(51.1)
NA 36(7.2)

ER estrogen receptor, PR progesterone receptor, [/ER2 human epi-
dermal growth factor receptor 2, T clinical tumor size, N clinical
Iymph node status, NA not available

BCL2, and SCUBE2 as measure of endocrine sensitivity
(based on OncotypeDX ER score). The PAMS0 classifier,
the sensitivity to endocrine therapy (SET) index, and the
DLDA30 chemotherapy response predictor signature were
also applied to the data as previously described [14-16, 19].
The Wilcoxon test was used to determine statistical signifi-
cance of gene expression differences between IHC subsets.
We also plotted survival curves with the log-rank test by ER
and PR status based on IHC. Statistical analyses were

. Table 2 Breast cancer subtypes and genomic markers

performed using the BRB-ArrayTools v 4.1.0 (http://linus.
nci.nih.gov/BRB-ArrayTools.html) and the R software v
2.7.2 (http:/fwww.r-project.org). Two-sided p values <0.05
were considered statistically significant.

Results

Patients characteristics are shown in Table 1. Sixty-three
percent of tumors were hormone receptor (HR) positive
(ER and/or PR = 1 %[1]) by IHC. Among the IHC ER-
negative/PR-positive, ER-positive/PR-negative, ER/PR-
positive, and ER/PR-negative patients, 25 % (= 5/20),
79 % (= 58/73), 96 % (= 213/223), and 12 % (= 22/185)
were also positive by ESRI mRNA expression, respec-
tively (Table 2). Among the ER-negative/PR-positive
patients, 15 % were luminal A, 5 % were Luminal B, and
65 % were basal like; among the ER-positive/PR-negative
patients, 59 % were luminal type (Table 2). An additional
22 patients who were IHC ER/PR negative (12 % of ER/
PR-negative cases) were positive by ESRI mRNA gene
expression and may be considered as false-negative IHC
results (Table 2). The sensitivity to endocrine therapy
(SET) index assigned low sensitivity to 90 % of the ER-
negative/PR-positive cancers (Table 2). The chemotherapy
sensitivity gene score, DLDA30, predicted high chemo-
therapy sensitivity for 60 % of the ER-negative/PR-posi-
tive patients and for 21 % of ER-positive/PR-negative
patients (Table 2). Only 5 % (12/233) of the ER/PR-posi-
tive patients were assigned to the high chemotherapy sen-
sitivity group.

Figure 1 shows the relationship between ER/PR protein
expression and ESRI, PR, and MKI67 mRNA gene

ER/PR by IHC Pos/Pos Pos/Neg Neg/Pos Neg/Neg

No of Pt (%) 223 44.5 % 73 14.6 % 20 4.0 % 185 369 %

ER by GE Positive 213 955 % 58 79.5 % 5 25.0 % 22 119 %
Negative 10 4.5 % 15 20.5 % 15 75.0 % 163 88.1 %

Molecular subtypes LumA 131 58.7 % 21 28.8 % 3 15.0 % 2 1.1 %
LumB 51 22.9 % 22 30.1 % 1 5.0 % 4 22 %
Her2 12 5.4 % 7 9.6 % 2 10.0 % 15 8.1 %
Basal 13 58 % 13 17.8 % 13 65.0 % 147 79.5 %
Normal 16 72 % 10 13.7 % 1 5.0 % 17 92 %

SET index High 21 9.4 % 0.0 % 1 50 % 1 0.5 %
Intermediate 33 14.8 % 41 % 1 50 % 3 1.6 %
Low 169 75.8 % 70 95.9 % 18 90.0 % 181 97.8 %

DLDA30 pCR 12 54 % 15 20.5 % 12 60.0 % 154 832 %
RD 211 94.6 % 58 79.5 % 8 40.0 % 31 16.8 %

ER estrogen receptor, PR progesterone receptor, Pos positive, Neg negative, GE gene expression, SET index: Symmans et al. 2010 JCO, DLDA30
Lee et al. 2010 CCR, pCR pathological complete response, RD residual disease
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Fig. 1 ESRI, Progesterone receptor (PR), ER metagene, and MKI67
mRNA gene expression in four distinct Immunocytochemistry (IHC)
groups. IHC groups were defined by the percentage of cells of that
were positive of nuclear ER and PR staining. a Expression

expression and the ER metagene. The associations between
IHC ER/PR subtypes and the mRINA gene expression level
(ESRI-, PR-, and ER-related genes) were similar and
consistent, indicating that they were highly correlated each
other. The majority of the ER-negative/PR-positive
patients (75 %) showed low ESRI mRNA, low PR, and
low ER metagene expression, and were assigned to ER-
negative status by these metrics. In contrast, the majority of
ER-positive/PR-negative cases showed high ESRI and ER
metagene expression that were consistent with ER-positive
status. The average MKI67 expression was also signifi-
cantly higher in the ER-negative/PR-positive and ER/PR-
negative cancers compared to other subtypes (Fig. 1).
Among the ER negative/PR positive, ER positive/PR
negative, ER/PR positive, and ER/PR negative, 40 %
(8120), 16 % (12/73), 8 % (18/223), and 32 % (60/185)
achieved pathological complete response that was defined
as the absence of any residual invasive cancer in the breast
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distribution of ESR1 mRNA. b Expression distribution of PR mRNA.
¢ ER-related genes refers to the average expression of 4 probe sets
that are highly coexpressed with ESR1 [25]. d Expression distribution
of MKI67 mRNA. P values were calculated with the Wilcoxon test

and the absence of any metastatic cells in the regional
lymph nodes after neoadjuvant chemotherapy. The relapse-
free survival rate of ER-negative/PR-positive patients who
received chemotherapy (and nine of them received addi-
tional adjuvant endocrine therapy) was equivalent to ER/
PR-positive or ER-positive/PR-negative cases that received
both endocrine and chemotherapy, and significantly better
than the relapse-free survival of ER/PR-negative cancers
(Fig. 2).

Discussions

ER-negative/PR-positive breast cancers are rare; this study
and previous studies indicate that approximately 3-4 % if
all breast cancers fall into this category [12]. Since it
represents a rare receptor subtype, it is unlikely that a
prospective clinical trial would ever be conducted to
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define the optimal adjuvant treatment strategy for this
disease. ER-negative/PR-positive status may arise from
testing artifacts, including false-positive IHC results in a
truly HR-negative tumor [20] or erroneously ER-negative
results in a truly ER-positive tumor. It may also indicate
the presence of tumor heterogeneity as a small PR positive
subpopulation of cells within a larger both ER/PR-negative
tumor. In our study, THC ER/PR status defined by the
routine analysis has been done on a fixed core needle
biopsy, whereas the molecular profiling has been realized
on another frozen samples by fine-needle aspirations.
Discordance form the distinct methods of the sampling and
the possibilities of false-positive or -negative results may
be inevitable [21]. mRNA-based methods to assess hor-
mone receptor status may help resolve some of these
uncertainties [22]. We assessed gene expression profiling
data in 501 primary breast cancer to find out how often ER-
negative/PR-positive patients by IHC showed molecular
features of ER-positive disease.

The minority (25 %) of ER-negative/PR-positive tumors
and the majority (79 %) of ER-positive/PR-negative
tumors showed ER-positive status by ESRI mRNA gene
expression data and had high expression of ER-related
genes. Five of twenty patients with ER-negative/PR-posi-
tive cancers by IHC were ER positive by ESRI mRNA and
ER metagene expression. Four of these five cancers were
also classified as luminal subtypes by the PAMS0 classifier
and, therefore, likely represent false-negative ER IHC

results. On the other hand, 15 of the 20 ER negative/PR
positive cancers showed low ESRI mRNA and ER meta-
gene expression and all of these cancers were classified as
non-luminal subtypes by a PAMS0. This suggests that the
majority of ER-negative but PR-positive cancers may not
be endocrine sensitive. However, the mRNA measurements
represent bulk expression results for heterogeneous tissue.
It is possible that small truly PR-positive and endocrine-
sensitive subpopulation of cells may exist within a larger
ER/PR-negative tumor and signal from these cells is not
apparent in the global expression data from the whole tis-
sue [11, 23, 24].

In these series, twenty ER-negative/PR-positive patients
who received chemotherapy (and about half of them
received additional adjuvant hormone therapy) have
equivalent prognosis to ER/PR positive or ER positive/PR
negative that received both chemo and hormone therapies.
Overall, the expected benefit from hormone therapy is
small in ER-negative/PR-positive tumors because majority
of these tumors tend to be ER negative by ESRI mRNA
(75 %), show low predicted hormone sensitivity by the
SET gene signature (90 %), and are predominantly non-
luminal class (85 %). On the other hand, 60 % of the ER-
negative/PR-positive cancers were predicted to have high
chemotherapy sensitivity by the DLDA30 predictor.

This study has limitations. The number of ER-negative/
PR-positive patients in this analysis is low. No prior study
examined the molecular features of this rare disease subset
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and this study has the advantage of using centrally
reviewed IHC results and a uniformly performed gene
expression analysis. The molecular analysis yielded gen-
erally consistent results for different RNA-based methods
to assess ER status, and hormone and chemotherapy sen-
sitivities. Another limitation should be that gene expression
analysis does not necessarily imply protein expression.
Elevated mRNA may not be indicative of elevated protein
expression. Therefore, for the potential false positive that
can be obtained through IHC, there is equaling uncertainty
on whether the mRNA levels in these samples translates to
protein expression. The uneven samples size for the four
ER/PR subgroups, different types of adjuvant hormone
therapy used, and different TNM stages across cohorts
limit the interpretation of the survival analysis.

In summary, only 20-25 % of the ER-negative/PR-posi-
tive tumors show molecular features of ER-positive cancers
(i.e., high ER mRNA expression and luminal molecular
class). These cancers also have higher proliferation rate than
ER-positive cancers, higher predicted chemotherapy sensi-
tivity, and lower predicted hormone sensitivity. We con-
cluded that in this rare subset of patients (i) a second RNA-
based assessment may help identifying the minority of ESRI
mRNA-positive, luminal-type cancers and (ii) due to the
substantial uncertainty about endocrine sensitivity and high
chemotherapy sensitivity in this IHC ER-negative/PR-
positive cancer population, the safest clinical approach may
be to consider both adjuvant endocrine and chemotherapy.
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Abstract

Background We evaluated the expression of aldehyde
dehydrogenase 1 (ALDH]1) between primary breast lesions
and pulmonary metastatic (PM) lesions in breast cancer
patients.

Methods We retrospectively analyzed the clinicopatho-
logical features and the expression statuses of ER, PR,
HER?2, Ki-67 and ALDH-1 in both primary and metastatic
breast cancer lesions and evaluated the discordance rates in
the expressions of these markers between the primary and
metastatic lesions, and also the prognostic value of these
factors.

Results None of the PM patients had metastases at any
other sites, and all had undergone curative breast cancer
surgery. The pulmonary operation was partial resection in
15 (88 %) patients and lobectomy in 2 (12 %) patients. The
median overall survival (OS) after resection of the PNs
(OS) was 48 months. The discordance rates in the
expressions of ER, PR, HER2, Ki67 and ALDH-1 between
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the primary and metastatic lesions were 0, 29, 21, 43 and
50 %, respectively.

Conclusion There was significant discordance in the
biomarkers between the primary tumors and the metastatic
lesions.

Keywords Breast cancer - Pulmonary metastases -
ALDH1

Introduction

Recurrent breast cancer involves the spread of cancer cells
to the whole body, and complete cure is difficult to achieve.
For this reason, in the treatment of patients with recurrent
breast cancer, emphasis is laid on prolongation of the
survival period and palliative care. Primarily drug therapy
is used for patients with recurrent breast cancer, and drugs
that elicit some response in the patients are used for as long
as possible. New drugs such as molecule-targeted drugs
and aromatase inhibitors have been shown to provide good
control rates, although complete disappearance of the
tumors cannot be expected by treatment with these drugs,
resulting in prolongation of the duration of the drug therapy
as well as in the effectiveness of the therapy. The treatment
for metastatic breast cancer (MBC) is usually systemic
therapy, selected on the basis of the hormone and HER2
expression statuses in the primary breast cancer lesion.
However, recently, there have been some reports about
discrepancies in the hormone and HER2 expression sta-
tuses between the primary and metastatic lesions in breast
cancer [1-4]. One of the reasons why it is difficult to
achieve complete disappearance of metastatic lesions is
illustrated by the cancer stem cell (CSC) theory. According
to this theory, tumors have CSCs, which (1) make them
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resistant to ordinary drugs, (2) are capable of forming new
tumor cells and (3) survive in the tumors even after the
other tumor cells have been purged by effective drugs,
resulting subsequently in the growth of new tumors. To
date, several reports have shown the existence of correla-
tions between the presence/absence/amount of CSC in
tumors and the tumor responses to treatment [5, 6].
Ginestier et al. reported that ALDHI1 is a better marker of
breast CSCs, based on the finding that fewer ALDHI-
positive than CD444-/CD24— tumor cells were required to
form tumors in NOD/SCID mice. Moreover, they docu-
mented that immunohistochemically identified ALDIHI
expression is associated with a poor prognosis in human
breast cancer patients. ALDH1 in CSCs may be a signifi-
cant enzyme involved in stem cell differentiation, regu-
lating the conversion of retinoic acid to oxidizing retinol
[5, 7]. We have previously reported that the expression of
ALDHI1 in axillary lymph node metastases is often dif-
ferent from that in the primary lesion in breast cancer
patients [8]. These findings suggest that surgical resection
of MBC lesions may yield information useful for selecting
the optimum drug therapy; these possibilities therefore
deserve further detailed evaluation. In this study, we
evaluated the expression of aldehyde dehydrogenase 1
(ALDH1) between primary breast lesions and pulmonary
metastatic (PM) lesions in breast cancer patients.

Patients and methods

Between 1990 and 2006, 17 patients (PM) with the pul-
monary nodules that were diagnosed as breast cancer
metastases underwent complete resection of the nodules.

All of the patients had undergone curative surgery for
the primary breast cancer tumors. Adjuvant endocrine
therapy for estrogen receptor (ER)-positive patients and
adjuvant chemotherapy for node-positive or ER-negative
patients had been administered. Trastuzumab was not used
as an adjuvant drug in HER2-positive patients.

We retrospectively analyzed the clinicopathological
features and the expression statuses of ER, PR, HER2,
Ki-67 and ALDH-1 in both the primary and MBC lesions
and evaluated the concordance/discordance rates in the
expressions between the primary and metastatic lesions.
All patients were administered chemotherapy and/or
endocrine therapy and were followed up after the pul-
monary operation at our hospital.

Tumor tissues obtained at surgery were fixed in 10 %
buffered formalin and embedded in paraffin. A routine
histological examination was performed of sections stained
with hematoxylin and eosin (H&E). Deparaffinization in
xylene and rehydration in a series of decreasing concen-
trations of ethanol were done. Antigen retrieval using the

Bond Epitope Retrieval Solution 1 (pH 6) at 98 °C for
30 min was performed. The slides were treated with
ALDHT1 (BD Biosciences) at a dilution of 1:200 and Ki-67
(Dako, Japan) at a dilution of 1:250 separately. Immuno-
staining was performed on a Leica Bond-MAXTM auto-
stainer (Leica Microsystems), and we used peroxidase/
DAB BondTM Polymer [the ITHCFP HI1 (30) protocol].
Specificity of staining was confirmed by liver as positive
control, and negative controls consisted of replacement of
the primary antibody by either PBS or isotype-specific IgG
controls. The sections were counterstained with hematox-
ylin. The histological grade was determined according to
the Scarff-Bloom-Richardson grading system. ER expres-
sion (Ventana Japan) and PR expression (Ventana Japan)
were defined as positive when >10 % of the tumor cells
showed positive staining. HER-2 expression was deter-
mined by immunohistochemical staining using the Her-
cepTest kit (DAKO Japan). A score of 34 was considered
as representing HER-2 positivity. Ki-67 and ALDHI1
expressions were considered positive when >15 and =5 %,
respectively, of the tumor cells showed positive staining.
Image analysis of the primary tumors (ALDHI1) was per-
formed in one selected area (on 400 high-power field) in
each case (Fig. 1).

Results

Table | summarizes the background variables of the
patients. The median age at the time of recurrence was
53.5 years (range 37-80). The tumor stage at the time of
the first examination was I in 5 cases (36 %), Il in 7 cases
(50 %) and III in 2 cases (14 %). The histological type of
primary breast tumor was invasive ductal carcinoma in 12
cases (86 %) and other/special types in 2 cases (14 %). The
histological grade of the primary tumor was grade 3 in 7
cases (50 %) and grade 2 in 7 cases (50 %). The adjuvant
therapy employed was chemotherapy in 6 cases (43 %) and
endocrine therapy in 8 cases (57 %). The 2 cases (14 %)
with the special types of primary breast tumors received no
adjuvant therapy. The average size of the pulmonary
metastases (PM) was 1.3 cm (range 0.5-3.4). The number
of PMs was 2 in 1 case and 1 in the other cases. The
operative procedure adopted for surgical treatment of the
PM was wedge resection in 13 cases (93 %) and lobectomy
in 1 case (7 %). No other metastasis other than the PM was
identified by diagnostic imaging in any of the cases. The
median survival after surgery for the pulmonary metastases
was 40 months (survival curve is shown in Fig. 2). The
median follow-up period after the first operation was
108 months (range 41-323 months).

Table 2 shows the results of immunohistochemical
examinations of the primary tumors as well as of the
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( A‘primary lesion)

( A-!ung metastasis)

Fig. 1 Results of immunohistological examination for ALDH1 and Ki67 (<200). a The primary lesion was negative for ALDH1, while the lung
metastasis was positive for this biomarker. b The primary lesion was negative for Ki-67, while the lung metastasis was positive for this biomarker

Table 1 Patient characteristics 1.0
Characteristics No. of patients (%) 0.8
Total 14
Age (years) median 53.5 range (37-80) 0.6
Median follow-up (months) 108 range (41-323)
cStage I/I/IIT 5 (36 %)I7 (50 %)/2 0.4
(14 %) e —

OS after operation for lung metastases 40 range (5-147) 0.2 -

(months)
Histology 0.0 ' ‘ . '

Invasive ductal cancer

Others

Histological grade I/II/II/unknown
Adjuvant therapy CT/ET/none

Lung tumor size (cm) mean
Operation of lung metastasis
Wedge resection/lobectomy

12 (86 %)
2 (14 %)

0 (0 %)/7 (50 %)/7
(50 %)

6 (43 %)/8 (57 %)/2
(14 %)

13 range (0.5-3.4)

13 (93 %)/1 (7 %)

G 24 48 72 086 120 144

Fig. 2 Overall survival after the lung operation in the MBC patients
(n=14)

pulmonary metastatic lesions in the 14 cases of invasive
ductal carcinoma after exclusion of the cases with the
special types of tumors. The primary tumors were positive
for ER, PR, HER2, Ki67 and ALDHI1 expression in 11
(79 %), 9 (64 %), 1 (7 %), 6 (43 %) and 5 cases (36 %),

CT chemotherapy, ET endocrine therapy, OS overall survival

@ Springer

respectively, and the PMs were positive for the above
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Table 2 Immunohistological examination of the primary lesions and lung metastases

ER PR HER2 Ki-67 ALDH-1

+ - + - - =20 % <20 % >5 % <5 %
Primary 11.(79) 3@2hH 9 (64) 5 (36) 1(7) 13 (93 6 (43) 8 (57) 5 (36) 9 (64)
Lung meta 11.(79) 32D 5(36) 9 (64) 429 10 (7H 10 (7D 4(29) 6 (43) 8 (57)
Table 3 Concordance rate of biomarker expressions between the primary lesions and the lung metastases
Primary/lung meta ER PR HER2 Ki-67 ALDH-1

A =/ A= =+ A~ —/+ -~ —/+ A/~ I+

No. op pts (%) 0 (0) 0 (0) 4 (29) 0 (0) 0 () 32D 1(7) 5 (36) 32D 4 (29)
Concordance (%) 100 % 71 % 79 % 57 % 50 %

markers in 11 (79 %), 5 (36 %), 4 (29 %), 10 (71 %) and 6
cases (43 %), respectively.

The concordance rate of the marker expressions between
the primary tumors and the PM was 100 % for ER, 71 %
for PR, 79 % for HER2, 57 % for Ki67 and 50 % for
ALDHI1. Thus, the histopathological judgment as to the
presence/absence of ER was identical between the primary
tumors and the PM in all the cases, while the judgment as
to presence/absence of ALDHI1 differed between the pri-
mary tumors and the PM in about a half of the cases. There
were 4 cases (29 %) in which the metastatic lesion was
negative but the primary tumor was positive for PR
expression, while there was no case in which the metastatic
lesion was positive and primary tumor was negative for PR
expression. There was no case in which the primary tumor
was positive and the metastatic lesion was negative for
HER?2 expression, while there were three cases (21 %) in
which the primary tumor was negative but the metastatic
lesion was positive for HER2 expression. In regard to Ki67
expression, the Ki67 expression level tended to be higher in
the metastatic lesions than in the primary tumors in 5 cases
(36 %). The number of cases in which the primary tumor
was negative but the metastatic lesion was positive was
equivalent to that of the contrary case (Table 3).

Discussions

Recently, there has been increasing debate on whether
breast cancer patients can be divided into several groups
depending on their responses to drug therapy and whether
the optimal treatment methods may vary markedly among
these different groups. There has been an increasing ten-
dency toward tailoring of drug therapy to individual cases,
based on the prediction of the responses of individual
patients to drugs, made possible by the recent advances
in endocrine therapy, molecule-targeted therapy and

translational research. Patients with breast cancer with a
high ER-positive rate are considered to respond better to
endocrine therapy and poorly to anti-cancer drug therapy,
while patients with HERZ2-positive breast cancer or with
breast cancer showing high expression levels of Ki67 are
considered to respond better to anti-cancer drug therapy,
even in the presence of ER positivity, and active use of anti-
cancer drugs has begun to be recommended for these cases
[9]. This process of selection of the optimal treatment
method is adopted not only for adjuvant chemotherapy, but
also for the treatment of MBC. There have been several
reports on surgical treatment of MBC, although all of these
reports are based on retrospective analyses [10-14].

Some investigators have reported that in 7-66 % of all
cases in which surgery was performed for solitary pul-
monary nodules suspected to be breast cancer metastases
after surgery for the primary tumor, the resected tumor was
not a metastasis but some other type of tumor (lung cancer,
etc.) [15, 16]. Conducting a prospective study is the only
means of clarifying the usefulness of surgical treatment for
pulmonary metastases from breast cancer and precisely
identifying the indications for surgical treatment.

At present, treatment of metastatic lesions developing
after curative surgery for the primary breast cancer is
selected on the basis of the characteristics of the primary
tumor, based on the assumption that the biological features
of metastatic lesions are identical to those of the primary
tumors. However, several reports have demonstrated dis-
crepancies in the biological features between primary
tumors and metastatic lesions [1-4].

Also in the present study, the ER expression status in the
primary tumors coincided with that in the metastatic
lesions in all cases, whereas a discrepancy in HER2 (neg-
ative in the primary tumor but the metastatic tumor is
positive) expression was noted in 21 % of all cases. For
cases with HER2-positive tumors, trastuzumab is often
used, and very good responses have come to be expected.
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This 21 % of cases was found to show discrepant results
for HER2 expression even before trastuzumab began to be
used commonly in clinical practice, and this drug was not
used for any of these cases. However, such a discrepancy in
HER?2 expression between the primary tumors can be of
clinical significance.

In regard to Ki67, the importance of the criteria for
judgment has attracted close attention in recent years.
Although there is no widely accepted cutoff level yet for
the judgment of Ki67 expression in the world, we applied
the cutoff level recommended in 2009 in St. Gallen [9] in
the present study and considered cases with 15 % or more
positively stained cells as being Ki67-positive.

When judged using this criterion, the metastatic lesion
became Ki67-positive in 36 % of all cases with Ki67-
negative primary tumors. Although the method of evalua-
tion of Ki67 in metastatic lesions is still controversial, it
has been shown that high Ki67 expression levels in the
primary tumors of patients with breast cancer are associ-
ated with a poor prognosis; Ki67 has thus begun to be used
as an indicator to decide on the active use of anti-cancer
drugs. In this sense, the discordance in the Ki67 expression
status between the primary and metastatic tumors may be
of significance in the selection of the treatment method.

CSCs have conventionally been reported to be more
resistant to drug therapies than other cancer cells [6]. In the
present study, ALDH1-positive lesions were found in 43 %
of all pulmonary metastases, and no correlation was found
with the expression of ALDHI1 between the metastatic
lesions and the primary tumors.

When CSC expression in tumors was examined before
and after preoperative chemotherapy, their expression was
found to be higher after preoperative chemotherapy. This
would seem to reflect the increase in the density of CSC
remaining after eradication of all other cells by effective
drug therapy rather than to an absolute increase in the CSC
count. It is highly probable that existing anti-cancer drugs
fail to exert activity against CSC.

Conclusions

Considering the results of the present study, it may be
useful to evaluate the biomarkers in pulmonary metastatic
lesions in cases of MBC. However, there are many unre-
solved questions about the usefulness of evaluating CSC
using ALDH1 as an indicator. It would be desirable to
conduct further studies on this subject for a clearer
elucidation.

Conflict of interest All authors have no employment, consultan-
cies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, or grants or other funding to disclose.
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