Other randomized trials showed that ALND provided no
clinical benefit in some breast cancer patients with positive
sentinel lymph nodes. The American College of Surgeons
Oncology Group (ACOSOG) Z0011 demonstrated that in
patients with micrometastases or 1 —2 macrometastases in sen-
tinel lymph nodes who received SNB, breast-conserving
surgery, breast irradiation and adjuvant therapy, the 5-year re-
currence rate of axillary lymph nodes was 0.9% and not differ-
ent from patients treated with ALND (3). Based on the results
of the International Breast Cancer Study Group (IBCSG)
23-01, patients with micrometastases should be treated with
SNB alone, since the regional recurrence rate at 5 years was
1% (4). The AMAROS trial suggested that regional node ir-
radiation was effective for loco-regional control in sentinel
node-positive breast cancer patients treated with SNB alone
instead of SNB + ALND (5). In some institutes, patients who
are eligible for ACOSOG Z0011 undergo no ALND in clinical
practice (6). However, each one of these trials had some lim-
itations. Patients registered in ACOSOG Z0011 and
AMAROS tended to have small breast tumors and a small
tumor burden in sentinel lymph nodes. Such patients might
have no additional metastases in non-sentinel lymph nodes.
How to incorporate these results into clinical practice is still
unclear (7). In IBCSG 23-01, the histological diagnosis of
micrometastases was strictly performed using lymph node
specimens cut at 50—200 pm. This method is far from actual
clinical practice. Indeed, a SNB registry trial in the
Netherlands found that the 5-year regional recurrence rate
after SNB alone in patients with micrometastases in sentinel
lymph nodes was 5.6% (8).

On the other hand, personalized medicine based on the in-
trinsic subtype of breast cancer can eliminate breast tumor and
nodal metastases. In ~30% of cases of triple-negative breast
cancer and HER2-enriched breast cancer, neoadjuvant chemo-
therapy could achieve a complete pathological response of
breast tumor and nodal metastases (9). These results again
raised the question of whether ALND is always needed for
node-positive breast cancer patients after neoadjuvant chemo-
therapy. The Japanese Society for Sentinel Node Navigation
Surgery was founded in 1996 and a prospective study on SNB
in breast cancer was reported (10). To evaluate the clinical
benefit of SNB without ALND in sentinel node-positive breast
cancer, we planned a cohort study to register patients with
positive sentinel nodes prospectively. This study was approved
by the institutional review board at Kyorin University in
September 2013 and registered at the UMIN Clinical Trials
Registry as UMINO000011782 (http:/www.umin.ac.jp/ctr/
index.htm).

PROTOCOL DIGEST OF THE STUDY
OBJECTIVES

The purpose of this study is to evaluate the prognosis of senti-
nel node-positive breast cancer patients treated with SNB
alone. The secondary purpose is to compare the prognosis of
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the patients treated with SNB alone to those treated with SNB
followed by ALND. To reduce the bias associated with the
lack of randomization, we use the propensity score matching
method to adjust unbalanced clinicopathological factors in the
both groups.

STUDY SETTING

A multi-institutional prospective cohort study.

ENDPOINTS

The primary endpoint is the recurrence rate of regional lymph
nodes for patients treated with SNB after primary treatment of
breast cancer. The secondary endpoint is the 5-year overall
survival. Primary treatment is defined as breast surgery includ-
ing SNB with or without ALND, neoadjuvant therapy or SNB
to diagnose lymph node metastases prior to neoadjuvant
therapy. The time to regional lymph node recurrence is
counted from the date of primary treatment. It is censored at
the earliest day of either local recurrence, contralateral breast
cancer, distant metastases, other malignant disease or death
from any cause. Overall survival is defined as the duration
from primary treatment to death from any cause. It is censored
at the last day when the patient is alive.

ELiGIBILITY CRITERIA
INncLUSION CRITERIA

(i) Female patients aged 20—70 years.
(i1) T1-3N0-1MO in the eighth edition of the UICC TNM
classification.
(iii) Histological confirmation of invasive disease in the
breast.
(iv) SNB was performed or scheduled after 1 January 2012.
(v) SNB or SNB followed by ALND should be performed.
SNB and the sampling of Level I lymph nodes is accept-
able and considered SNB.
(vi) One to three positive sentine! lymph nodes with
micrometastases and/or macrometastases confirmed by
histological or molecular diagnosis.

ExcLusioNn CRITERIA

(i) Ductal carcinoma in situ or lobular carcinoma in situ in
the breast.

(i) Synchronous or metachronous bilateral breast cancer.

(ii1) Four or more sentinel lymph nodes with micrometas-
tases and/or macrometastases except for isolated tumor
cells

(iv) Past history of invasive disease within 5 years before
registration.

(v) Physician’s discretion due to the patient’s condition
(e.g. severe co-morbidity, psychiatric disorder, preg-
nancy, refusal to undergo appropriate surgery for breast
cancer).
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(vi) Failure of SNB, or histologically false-negative sentinel
lymph nodes.

TREATMENT METHODS

Breast cancer treatment consists of breast surgery, adjuvant
therapy and radiation therapy. Breast surgery includes SNB,
ALND or both, and partial or total mastectomy with or
without breast reconstruction. Adjuvant therapy includes
chemotherapy, endocrine therapy and anti-HER2 therapy
before and after breast surgery. Radiation therapy covers fields
that include the breast, chest wall or regional lymph nodes. In
this study, physicians will follow clinical practice for breast
cancer patients according to imaging diagnosis and the intrin-
sic subtype of breast cancer as confirmed by core-needle
biopsy or resected specimens. There is no surgical protocol
with regard to SNB, ALND, type of mastectomy or breast re-
construction. Adjuvant therapy and radiation therapy also
depend on the physician’s discretion.

A histological diagnosis of sentinel lymph nodes is per-
formed following the institution protocol, but it is recom-
mended that physicians use lymph node specimens sliced
at 2mm intervals and stained with hematoxylin—eosin.
Molecular diagnosis by the one-step nuclear amplification
(OSNA) method is used worldwide instead of the histological
examination of sentinel lymph nodes, and is allowed in this
study (11).

OBSERVATION

The participants will be followed-up every 6 months until
5 years after primary treatment. Routine examination is
recommended following the American Society of Clinical
Oncology Clinical Practice Guidelines. If recurrence is sus-
pected, an appropriate imaging diagnosis and histological con-
firmation should be performed.

Stupy DEsIGN

Our objectives are to estimate regional lymph node recurrence
of the patients treated with SNB and to compare them to
patients treated with SNB followed by ALND. Although an
observational study cannot provide the same definitive evi-
dence as a randomized trial, some statistical methods should
be able to reduce the bias associated with the lack of random-
ization. In this study, we use the propensity score matching
method to compare SNB to SNB followed by ALND in senti-
nel node-positive patients.

UriLity oF THE PROPENSITY SCORE MATCHING METHOD

In an observational study, treatment selection could be influ-
enced by the patient’s characteristics. Therefore, the distribu-
tions of risk factors such as age, stage, and severity differ
between the treatment groups. To compare the outcome
between groups without the effect of bias due to treatment

sclection, we use a propensity score matching method in
this study. The propensity score is defined as a patient’s prob-
ability of receiving a specific treatment conditional on the
observed risk factors (12). In this study, an individual prob-
ability of being treated with SNB alone is the propensity
score. It is estimated for each patient using the logistic model
based on the observed risk factors. Risk factors included in the
logistic model are selected from the observed baseline data
after the close of enrollment. We plan to implement 1:1 or 1:2
greedy matching (13) with the propensity score.

STATISTICAL ANALYSIS

Based on an cstimated regional lymph node recurrence rate of
5% at 5 years among patients treated with SNB, 240 patients
arc needed to give 80% power to reject the null hypothesis
that the recurrence rate is 10% with a one-sided type I error
rate of 2.5%. If we consider that some patients will be lost to
follow-up or become ineligible, a total of 250 patients treated
with SNB only will be needed to comprise the sample. At the
same time, as many cligible patients as possible who are
treated with SNB followed by ALND are also enrolled to con-
stitute a control pool for comparison of regional lymph node
recurrence.

Regional lymph node recurrence is estimated by consider-
ing all eligible patients with SNB only by the Kaplan—Meier
method and the 95% confidence interval (CI) is computed
using Greenwood’s formula (14). The hazard ratio and its
95% CI of regional lymph node recurrence is estimated by the
Cox regression model and a robust sandwich estimate of vari-
ance with matched samples. Basically, multivariate adjust-
ment with other prognostic variables is not planned for
comparison the patients treated with SNB only and SNB fol-
lowed by ALND.
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Abstract In a neoadjuvant setting, three parameters for
Ki-67 could be obtained: pre-treatment Ki-67, post-treat-
ment Ki-67 and Ki-67 change between pre- and post-treat-
ments. It is uncertain which of the three parameters has the
greatest prognostic significance, and whether this parameter
has significance in each subtype of breast cancer. A total of
385 patients who received neoadjuvant anthracycline
followed by taxane chemotherapy and subsequent surgery
for breast cancer were analyzed retrospectively. By immu-
nohistochemistry (JHC), patients were divided into four
subtypes (Luminal A, Luminal B, Triple negative, and
HER2). Ki-67 was examined by IHC in pre-treatment core
needle samples and post-treatment surgical excision speci-
mens. The relapse-free survival (RFS) rate was compared
among each subtype. The median follow-up period was
56 months. The rate of pathological complete response was
higher for HER2 (34.8 %) and Triple negative (24.3 %)
subtypes than for Luminal B (8.3 %) and Luminal A
(3.8 %) subtypes (p < 0.0001). A reduction in Ki-67 was
observed in 58.5, 83.4, 70.2, and 74.2 % of patients in the
Luminal A, Luminal B, Triple negative, and HER2 sub-
types, respectively. Ki-67 change between pre- and post-
treatments was an independent prognostic factor, but pre-
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treatment Ki-67 and post-treatment Ki-67 were not inde-
pendent prognostic factors in a multivariate analysis. The
RFS was significantly different between patients whose Ki-
67 was reduced and those not reduced for Luminal B (81.4
vs. 50.0 %, p = 0.000), Triple negative (74.8 vs. 43.5 %,
p = 0.006) and HER2 (82.7 vs. 59.0 %, p = 0.009).
However, for Luminal A, the difference in RFS was not
associated with changes of Ki-67 (78.8 vs. 75.3 %,
p = 0.193). Ki-67 change between pre- and post-neoadju-
vant chemotherapy is an independent prognostic factor in
patients of Luminal B, Triple negative, and HER2 subtypes.
Pre-treatment Ki-67 and post-treatment Ki-67 were not
independent prognostic factors in a multivariate analysis.

Keywords Breast cancer - Neoadjuvant chemotherapy -
Ki-67 - Prognostic factors - Intrinsic subtype

Introduction

Neoadjuvant chemotherapy is now well established as a
standard treatment option in patients with locally advanced
and operable breast cancer [1]. The purpose of neoadjuvant
chemotherapy in patients with breast cancer is to not only
achieve tumor shrinkage to facilitate the subsequent surgical
procedure but also improve clinical outcome by eradicating
micrometastases [2-4]. Also, biological and pathological
analyses of surgical specimens after neoadjuvant chemo-
therapy can provide information on predictive and prog-
nostic markers [5-7]. Further progressive research might
help to introduce more accurate individualized treatment.
Ki-67 is a nuclear protein with nuclear function that is
expressed in all phases of the cell cycle except GO, and
it is one of the major markers of tumor proliferation, as
assessed by IHC and the Ki-67 antibody, MIB-1 [8, 9].
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In addition, Ki-67 has been reported to be an independent
predictive and prognostic marker in patients with operable
breast cancer [10, 11]. Recently, a meta-analysis concluded
that Ki-67 overexpression was associated with worse sur-
vival rates both in patients with both lymph node metas-
tasis-positive and in those with metastasis-negative breast
cancer [12]. Assessment of Ki-67 is now introduced into
daily practice, and used to divide the cancer into subtypes
or as a decision-making tool for adjuvant treatment [13].

However, in a neoadjuvant setting, especially neoadju-
vant chemotherapy, the role of Ki-67 seems to be some-
what confusing. Physicians can obtain three parameters of
Ki-67: pre-treatment Ki-67, post-treatment Ki-67, and Ki-
67 change between pre- and post-treatments. It has been
reported that a higher pre-treatment value of Ki-67 is
associated with a better response to neoadjuvant treatment,
and a significant reduction in Ki-67 was observed [14, 15].
On the other hand, previous studies have also reported that
Ki-67 assessment performed on samples already exposed to
treatment more accurately predicts clinical outcome than
does the assessment in pre-treatment biopsy samples
[16, 17]. However, this rationale is well established in
neoadjuvant hormonal therapy, but not in neoadjuvant
chemotherapy. In addition, it is still uncertain which of
those three parameters of Ki-67 have the greatest prog-
nostic significance in neoadjuvant chemotherapy settings.
To the best of our knowledge, this question has not been
investigated until now.

We report here the results of the sequential assessment of
Ki-67 in patients who received neoadjuvant anthracycline
followed by taxane chemotherapy. Ki-67 was measured both
in a pre-treatment biopsy sample and in surgical excision
specimens, and then the relationship between three param-
eters of Ki-67 and clinical outcome was assessed. The pri-
mary objective of this investigation is to determine which of
the three parameters of Ki-67 have the greatest prognostic
significance in a neoadjuvant chemotherapy setting. The
second objective of this investigation was to determine
whether the most significant parameter of Ki-67 has a
prognostic impact in each of the four subtypes characterized
by estrogen receptor status (ER), progesterone receptor
(PgR), and HER?2 status. We hypothesize that the prognostic
significance of Ki-67 might not be equivalent in all types of
breast cancer but might be depend on subtypes.

Patients and methods
Patients
We retrospectively reviewed the clinical and pathological

records of patients who received neoadjuvant anthracycline
followed by taxane chemotherapy and subsequent curative
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surgery at National Cancer Center Hospital East (Kashiwa,
Japan) between January 2000 and December 2010. For
inclusion in this study, the patients had to be in clinical stage
IIA to stage IIIC with histological confirmation, according to
the American Joint Committee on Cancer staging (7th edi-
tion). All chemotherapy regimens were allowed for this
analysis, if the chemotherapy was administered as sequential
anthracycline and taxane regimens. Basically, neoadjuvant
chemotherapy was administered as four cycles each of
anthracycline and taxane-based regimens.

Information on the following parameters had to be
available for all patients from the pre-treatment assessment:
age, clinical tumor size, clinical axilla nodes status, ER
status, PgR status, HER? status and pre-treatment Ki-67, and
also parameters from the post-treatment assessment: che-
motherapy agent, axilla nodes status, and post-treatment Ki-
67. Patients whose clinical or pathological parameters were
not available were excluded from this analysis. Patients who
received neoadjuvant hormonal therapy or a combination of
chemo-hormonal therapy and who had not undergone sur-
gery were also excluded from this study. Finally, a total of
385 patients were eligible and analyzed for this study.
However, only 23 patients (5.9 %) were enrolled from 2000
to 2002, and almost all the patients included in this study
were treated between 2003 and 2010. Since most of the
promising phase 3 trials with taxane were published after
2000, several standard neoadjuvant chemotherapy regimens
existed between 2000 and 2002.

The indication for and type of post-surgical treatment
(adjuvant treatment) was based on the St. Gallen Consen-
sus Recommendation at that time. In brief, none of the
patients received additional chemotherapy (adjuvant che-
motherapy). Patients whose breast cancer was found to be
ER and/or PgR positive by immunohistochemistry under-
went adjuvant hormonal therapy for at least 5 years. After
2005, if HER?2 positivity was confirmed by IHC or fluo-
rescence in situ hybridization, trastuzumab was adminis-
tered as neoadjuvant or adjuvant treatment for a total of
1 year. In contrast, from 2000 to 2005, none of the patients
diagnosed with HER2-positive disease received trast-
uzumab as neoadjuvant or adjuvant treatment, because
trastuzumab was not approved in Japan as adjuvant treat-
ment until 2008 and as neoadjuvant treatment until 2011.
All patients who underwent breast-conserving surgery had
routinely received adjuvant radiotherapy. In cases of
mastectomy, adjuvant radiotherapy was administered only
at the discretion of the oncologist.

Immunohistochemistry
Immunohistochemistry (IHC) was routinely performed in

our institution using formalin-fixed, paraffin-embedded
tissue blocks with both pre-treatment core needle biopsy
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samples and post-treatment surgical excision specimens.
Immunohistochemical staining of tumors for ER (confirm
anti-ER  (SP1), rabbit monoclonal antibody, Ventana
Medical Systems), PgR (confirm anti-PGR (1E2), rabbit
monoclonal antibody, Ventana Medical Systems), and
HER2 (pathway anti-HER2 (4B5), rabbit monoclonal
antibody, Ventana Medical Systems) were performed using
the automated Benchmark XT platform (Ventana Medical
Systems) and according to the manufacturer’s recommen-
dations. For Ki-67 (Clone MIBI1, Dako, Glostrup, Den-
mark; dilution 1:50), tumors were stained in accordance
with the manufacturer’s recommendation. All tumor sam-
ples and specimens were evaluated by two experienced
pathologists belonging to our institution. A cutoff value
of >1 % of positively stained nuclei was used as the def-
inition of ER and PgR-positive disease. HER2 protein
positivity was defined as a score of 3 by ITHC or as positive
by FISH. The methods and procedures of IHC were
unchanged through the study period.

Ki-67 expression was quantified using a visual grading
system. Cells stained for Ki-07 were counted and expressed
as a percentage. If the staining was homogenous, the per-
centage of Ki-07 positive cells among the total number of
carcinoma cells counted was determined at a magnification
of 400x using an eye-piece graticule and counting 10

randomly selected fields. When hot spots, defined as areas
in which Ki-67 staining was particularly prevalent, were
present, pathologists assessed the whole section and
recorded the overall average score. Each Immunohisto-
chemical stainings included an external control to validate
the Ki-67 protein expression status of each case. Therefore,
the same section was used for the external control.

The cutoff level of Ki-67 was defined as >10 %,
because the 10 % Ki-67 cutoff level provided a significant
prognostic forecast in our institution in a previous inves-
tigation [18]. The categories of Ki-67 change were defined
as follows; a reduction group was defined if post-treatment
Ki-67 decreased by 1 % or less compared to pre-treatment
Ki-67 and a no-reduction group was defined if post-treat-
ment Ki-67 increased by 1 % or more compared to pre-
treatment Ki-67 or if the Ki-67 index was unchanged
between pre- and post-treatments. The representative figure
samples of Ki-67 change with Ki-67 reduction and no-
reduction are shown in Figs. 1 and 2.

The subtypes were defined by IHC of core needle biopsy
samples as follows according to St. Gallen Consensus 2011
[13]. Luminal A was defined as negative HER?2 status, ER
positive, and/or PgR positive with Ki-67 <14 %. Luminal
B was defined as negative HER? status, ER positive, and/or
PgR positive with Ki-67 >14 %. The triple negative

Fig. 1 Representative figure of Ki-67 staining with reduction group.
a HE of pre-treatment core needle biopsy sample. b The Ki-67 score
of pre-treatment core needle biopsy would be ~30 %. ¢ HE of post-

treatment surgical excision specimens. d The Ki-67 score of post-
treatment surgical excision specimens would be ~4 %
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Fig. 2 Representative figure of Ki-67 staning with no-reduction
group. a HE of pre-treatment core needle biopsy sample. b The Ki-67
score of pre-treatment core needle biopsy would be ~20 %. ¢ HE of

subtype was defined as negative HER?2 status, ER negative,
and PgR negative. The HER2 subtype was defined as
positive HER? status regardless of ER and PgR status.

A pathological complete response (pCR) was defined by
the absence of invasive carcinoma in the primary breast
tumor irrespective of pathological axillary node status. And
then, only the presence of residual ductal carcinoma in situ
was included in the pCR category. Post-treatment Ki-67
with pCR was counted as 0 %.

Statistical methods

The definition of relapse excluded local breast relapse,
axillary lymph node relapse and newly diagnosed contra-
lateral breast cancer. The relapse-free survival (RFS) per-
iod was defined as the interval from the date of surgery to
that of the first diagnosis of relapse or the last follow-up
date without relapse.

Associations between prognostic factors and RFS were
analyzed using Chi-squared test or Fisher’s exact test,
where appropriate. The Cox proportional hazards model
was used for estimation of multivariate analysis. Only
prognostic factors that were identified as showing statisti-
cal significance in a univariate analysis were included
in the Cox proportional hazards regression model.

@ Springer

post-treatment surgical excision specimens. d The Ki-67 score of
post-treatment surgical excision specimens would be ~60 %

Survival distributions were estimated using the Kaplan—
Meier method for RFS, and the Log-rank test was used to
compare survival in different strata. All statistical tests
were two-sided and had a 95 % confidence interval (CI),
with the level of significance established at p < 0.05.
Statistical analyses were performed using PASW (Predic-
tive Analysis Software) 18.0 for Windows (SPSS, IBM,
Chicago, Ill., USA).

Results
Patients and clinical outcomes

Table 1 shows the baseline characteristics of all 385
patients. The median and mean numbers of chemotherapy
cycles were 8.0 and 7.06 (range 2-8), respectively. The
patients were subdivided into four subtypes by IHC pattern.
A total of 106 patients (27.5 %) were classified as Luminal
A, 60 (15.5 %) were Luminal B, 107 (27.8 %) were Triple
negative, and 112 (29.2 %) were HER2. The details of the
distributions of baseline clinical and pathological charac-
teristics among the subtypes are also listed in Table 1.
There were significant differences in histological grade
(HG) and pre-treatment Ki-67 among the subtype cohorts.
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Table 1 Baseline characteristics of 385 patients
Characteristics Total (%) Luminal A (%) Luminal B (%) Triple negative (%) HER2 (%) P
No. of patients (%) 385 (100) 106 (27.5) 60 (15.5) 107 (27.8) 112 (29.2)
Median age (range) 53 (257D 51 (25-68) 52 (33-70) 52 (28-68) 53 (32-71) 0.69
Menstrual status 0.74
Premenopausal 171 (44.4) 49 (46.2) 28 (46.6) 51 (47.7) 43 (38.4)
Postmenopausal 214 (55.6) 57 (53.8) 32 (53.4) 56 (52.3) 09 (61.6)
Tumor status 0.16
cT1 133.4) 2(1.9) 5(8.3) 437 2 (1.8)
cT2 220 (57.1) 67 (63.2) 30 (50.0) 63 (58.9) 60 (53.6)
cT3 79 (20.5) 14 (13.2) 15 (25.0) 20 (18.7) 30 (26.8)
cT4 73 (19.0) 23 (217 19 (16.7) 20 (18.7) 20 (17.9)
Nodal status 0.084
cN positive 260 (67.5) 61 (57.5) 44 (73.3) 76 (71.0) 79 (70.5)
cN negative 124 (32.2) 45 (42.5) 16 (26.7) 31 (29.0) 33 (29.5)
Histological grade <0.001
1 13 (3.4) 12 (11.3) 0 () 1(0.9) 0 (0)
2 166 (43.1) 63 (59.4) 38 (63.3) 23 (21.9) 42 (37.5)
3 130 (33.8) 12 (11.3) 12 (20.0) 57 (53.3) 49 (43.8)
Missing 76 (19.7) 19 (17.9) 10 (16.7) 26 (24.3) 21 (18.8)
Median Ki-67 pre-chemo (range) 20.0 (1-80) 9.0 (1-14) 25.0 (15-50) 40.0 (2-80) 20.0 (4-70) <0.001
Neoadjuvant chemotherapy regimen 0.18
Anthra — PTX 282 (73.2) 77 (72.7) 42 (70.0) 79 (73.8) 84 (75.0)
Anthra — DTX 103 (26.8) 29 (27.3) 18 (30.0) 28 (26.2) 28 (25.0)

Follow-up ranged from 9 to 135 months, with a median
follow-up of 56 months. During follow-up periods, disease
relapse was observed in 105 patients (27.3 %). The RFS at
median follow-up of Luminal A, Luminal B, Triple nega-
tive, and HER2 subtypes were 77.3, 76.2, 654, and
76.5 %, respectively, and the difference in RFS between
subtypes was statistically significant (figure not shown;
p = 0.023).

Response to neoadjuvant chemotherapy in subtypes

The pCR was observed in 74 patients (19.2 %). The rate of
pCR was higher for HER2 (34.8 %) and Triple negative
(24.3 %) subtypes than for Luminal B (8.3 %) and Luminal
A (3.8 %) subtypes (p < 0.0001). The reduction in Ki-67 in
post-treatment surgical excision specimens compared with
pre-treatment biopsy samples was observed in 58.5, 83.4,
70.2, and 74.2 % of patients in the Luminal A, Luminal B,
Triple negative, and HER2 subtypes, respectively. The
proportion of patients with Ki-67 reduction was significantly
different among the four subtypes (p = 0.003). The median
reduction absolute values of Ki-67 were 5.0, 21.0, 30.0, and
15.5 % in the Luminal A, Luminal B, Triple negative, and

HER?2 subtypes, respectively. More details on outcome after
neoadjuvant chemotherapy are shown in Table 2.

Univariate and multivariate analyses

Various prognostic factors including Ki-67 change, that
were commonly validated, were tested for RFS association
by univariate analysis. Age, initial tumor size, initial nodal
status, ER status, pre-treatment Ki-67, pathological nodal
status, post-treatment Ki-67 and Ki-67 change were sig-
nificant prognostic factors. However, HER2 status and type
of taxane were not associated with RFS. More detailed
results of the univariate analysis are shown in Table 3.

Prognostic factors that were significantly related to RFS
by univariate analysis were then analyzed by multivariate
analysis as shown in Table 3. Initial tumor size (Hazard
Ratio (HR) 2.37; 95 % CI 1.57-3.45), ER status (HR 2.36;
95 % CI 1.48-3.73), pathological node status (HR 5.84;
95 %CI 3.37-10.12) and Ki-67 change (HR 1.96; 95 % CI
1.17-3.20) were independent unfavorable prognostic fac-
tors for RFS. On the other hands, pre-treatment Ki-67 and
post-treatment Ki-67 were not independent prognostic
factors.
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Table 2 Treatment outcomes of neoadjuvant chemotherapy

Characteristics Total (%) Luminal A (%) Luminal B (%) Triple negative (%) HER2 (%)
pCR 74 (19.2) 4 (3.8) 5(8.3) 26 (24.3) 39 (34.8)
Median Ki-67, post-chemo (range) 4.0 (0-80) 4.0 (0-50) 4.0 (0-60) 10.0 (0-80) 4.5 (0-70)
Ki-67 change
Decreasing 269 (69.8) 61 (57.5) 50 (83.4) 75 (70.2) 83 (74.1)
Increasing 70 (18.2) 19 (18.0) 7117 22 (20.5) 22 (19.6)
No change 46 (12.0) 26 (24.5) 3(5) 10 (9.3) 7 (6.3)
Table 3 1:3:;2*‘;;‘;2;‘?& fotors | Variables Univariate Multivariate
related with RFS HR 95 %CI P value HR 95 %CI P value
Age
>35 years 1 1
<35 years 2.82 1.09-7.32 0.027 1.42 0.70-2.88 0.329
cT status
<T2 1 1
>T2 3.04 1.92-4.83 <0.001 2.37 1.57-3.45 <0.001
cN status
Negative 1 1
Positive 2.98 1.70-5.24 <0.001 1.28 0.74-2.27 0.378
Pre-therapy ER
Positive 1 1
Negative 1.79 1.14-2.83 0.011 2.36 1.48-3.73 <0.001
Pre-therapy HER2
Positive 1
Negative 1.04 0.63-1.70 0.89 NS
Ki-67 pre-chemo
<10 % 1 1
>10 % 2.11 1.19-3.72 0.009 1.92 0.99-3.36 0.052
Taxane
Paclitaxel 1
Docetaxel 0.91 0.53-1.58 0.784 NS
pN status
Negative 1 1
Positive 6.67 3.87-11.48 <0.001 5.84 3.37-10.12 <0.001
Ki-67 post-chemo
<10 % 1 1
>10 % 3.94 2.46-6.31 <0.001 1.26 0.70-2.17 0.470
Ki-67 change
Reduction 1 1
No-reduction 2.67 1.68-4.23 <0.001 1.96 1.17-3.20 0.010

The prognostic association of Ki-67 change in each
subtype

Figure 3 shows the RFS curves according to Ki-67 change

(Ki-67 reduction or Ki-67 no-reduction) in all patients. The
RFS rate is 91.2 % with Ki-67 reduction, and 59.4 % with

@ Springer

Ki-67 no-reduction. The difference in RFS between two
groups was statistically significant (Log-rank, p < 0.0001).

We divided patients into four subtypes in accordance
with THC patterns (Luminal A, Luminal B, Triple negative,
and HER?2). In addition, they were re-classified according
to Ki-67 change, and RFS was calculated. In the Luminal A
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subtype, no statistically significant RFS difference was
observed between Ki-67 reduction and Ki-67 no-reduction
in RFS (82.5 vs. 71.3 %, p = 0.193, Fig. 4). In contrast,
the differences in RFS between Ki-67 reduction and Ki-67
no-reduction patients were statistically significant for
Luminal B (83.3 % vs. 45.5 %, p = 0.006, Fig. 5), Triple
negative (76.0 vs. 48.5 %, p = 0.006, Fig. 6), and HER2
subtype (83.0 vs. 60.9 %, p = 0.009, Fig. 7) subtypes.

Discussion

Many previous studies have investigated a potential rela-
tionship between Ki-67 and survival outcome in early stage

67 change in patients with Luminal B
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Fig. 6 Kaplan-Meir curves of relapse-free survival divided from Ki-
67 change in patients with Triple negative

breast cancer [10, 11, 19]. However, the Ki-67 assessment
seems to provide conflicting results in neoadjuvant che-
motherapy settings, mainly because after surgery, three
parameters of Ki-67 can be obtained, such as pre-treatment
Ki-67 in core needle biopsy samples, post-treatment Ki-67
in surgical specimens and Ki-67 changes between pre- and
post-treatment comparisons. It has been uncertain which of
the Ki-67 parameters has the greatest prognostic signifi-
cance. Recent progress might reveal biomarkers that
depend on cancer cell biology, such as intrinsic subtypes in
breast cancer. We theorized that the prognostic significance
of Ki-67 parameters might not be equivalent but depend on
subtypes, so therefore we investigated the Ki-67 prognostic
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association with the subtypes defined by ER, PgR, and
HER?2 status.

In the present investigation, the three Ki-67 parameters,
such as pre-treatment Ki-67, post-treatment Ki-67 and
Ki-67 change were significant prognostic factors in uni-
variate analysis. However, in a multivariate analysis, Ki-67
change was the only independent prognostic factor. This
result could be interpreted as showing that Ki-67 change is
the most important predictor for clinical outcome rather
than both absolute values of pre- and post-treatment Ki-67.
However, some previous studies reported different results
from ours. Lee et al. [20] reported that post-treatment
Ki-67 was the only significant independent factor associ-
ated with overall survival. In contrast, other studies have
not found an independent association between post-treat-
ment Ki-67 and survival [21-23]. In addition, other studies
have found the same results as ours that Ki-67 change was
a significant independent predictor for disease-free survival
(DFS) and RFS [24, 25]. There are some plausible reasons
for the discordant results, such as patient population, che-
motherapy regimens, and heterogeneous patient subtypes.
Thus, the patient proportions of subtypes defined by ER,
PgR, and HER?2 status might have influenced the results.
For example, 43.6 and 52.4 % of patients had ER positive
status in the previous study and in our study, respectively,
in which post-treatment Ki-67 was found to be an inde-
pendent prognostic factor [20]. Further investigations
assessing the prognostic significance of Ki-67 in each
subtype might prove this hypothesis.

Another finding in the current investigation revealed that
the reduction in Ki-67 as a favorable surrogate marker for
RFS could be applied to Luminal B, Triple negative,
and HER2 subtypes, but not to the Luminal A subtype.

@ Springer

To the best of our knowledge, this is the first analysis of the
association between prognosis and Ki-67 change in each
subtype. This finding also means that the significance of
Ki-67 change differs among subtypes, and this difference
depends on the breast cancer cell biology. Similar findings
have been reported in a recently published pooled analysis
that investigated the association between pCR and survival
in each intrinsic subtype [26]. This pooled analysis, in
which 6,377 patients with breast cancer received neoad-
juvant anthracycline-taxane-based chemotherapy, demon-
strated that pCR is a suitable surrogate marker for patients
with Luminal B/HER2-negative, Triple negative, and
HER?2 subtypes but not for those with Luminal B/HER2-
positive or Luminal A subtype. Both our results and this
pooled analysis suggest that in low proliferating breast
cancer, such as Luminal A, pathological outcomes after
neoadjuvant chemotherapy, Ki-67 changes or pCR, are not
surrogate markers for prognosis. In contrast, in high pro-
liferating breast cancer, such as Luminal B, Triple nega-
tive, and HER2, those parameters could discriminate
accurately between patients with good and poor prognosis.

In addition, in a neoadjuvant hormonal therapy setting,
opposite results from ours were reported. A previous study
on ER-positive breast cancer demonstrated that higher
Ki-67 associated with worse RFS following just two weeks
of neoadjuvant hormonal therapy compared to the baseline
pre-treatment Ki-67 [17]. However, in our investigation,
Ki-67 change was not independent prognostic factor for
RFS in Luminal A subtype patients treated with neoadju-
vant chemotherapy. From those results, the role of Ki-67
change might depend on not only subtype but also treat-
ment procedure (chemotherapy or hormonal therapy).

Gene profiling assays, such as MammaPrint or Oncotype
DX, also seem to be useful tools for predicting disease
recurrence, and have already been introduced commer-
cially in predictive tests. However these assays are unlikely
to become widely used in daily practice at the present time
due to issues of cost and insurance coverage. Moreover, to
the best of our knowledge, few investigations have con-
firmed the utility of these gene profiling assays in neoad-
juvant settings.

The strengths of our analysis are large sample size, long
median follow-up period and treatment of all patients with
anthracycline followed by taxane chemotherapy in a single
institution. On the other hand, some study limitations are
present, such as retrospective analysis, the lack of central
pathological review of Ki-67 measurements, and not all
HER2-positive patients received trastuzumab as neoadju-
vant and/or adjuvant treatment. This treatment difference
with or without trastuzumab might influence Ki-67 changes
and PES.

In conclusion, our investigation revealed that in Luminal
B, Triple negative, and HER2 subtypes, a Ki-67 change
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between pre- and post-treatments is an independent prog-
nostic factor in patients receiving neoadjuvant anthracy-
cline followed by taxane chemotherapy. Pre-treatment Ki-
67 and post-treatment Ki-67 were not independent prog-
nostic factors in this patient population.
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Abstract

Background Recently, evidence in support of the cancer
stem cell (CSC) hypothesis has been accumulating. On the
other hand, it has been reported that the expression of
aldehyde dehydrogenase 1 (ALDHI) in primary breast
cancer is a powerful predictor of a poor clinical outcome,
and that breast cancer stem cells express ALDHI.
According to the CSC hypothesis, development of metas-
tases requires the dissemination of CSC that may remain
dormant and be reactivated to cause tumor recurrence. In
this study, we investigated whether the detection of CSC in
axillary lymph node metastases (ALNM) might be a sig-
nificant prognostic factor in patients with breast cancer.
Methods From 1998 to 2006, 40 primary breast cancer
patients with ALNM, the number of metastatic nodes
varying in number from 1 to 3, underwent surgery at
Okayama University; of these, 15 patients developed tumor
recurrence. We retrospectively evaluated the common
clinicopathological features and the expression of ER,
HER?2, ALLDH1, and Ki67 in both the primary lesions and
the ALNM, and analyzed the correlations between the
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expression of these biological markers and the disease-free
survival (DFS).

Results  Expression of ALDHI in the ALNM was sig-
nificantly associated with the DFS (P = 0.037).
Conclusion Evaluation of biomarker expression in
ALNM could be useful for prognosis in breast cancer
patients with 1-3 metastatic lymph nodes.

Keywords Cancer stem cell - ALDHI -
Axillary lymph node metastases - IHC

Introduction

Although the cancer stem cell (CSC) hypothesis was first
proposed almost 150 years ago, it is in recent years that the
hypothesis has rapidly gained ground. Advances in stem
cell biology and development of new animal models to
measure self-renewal have contributed to the renewed
recognition of this hypothesis [1]. Cancer stem cells were
first documented in acute myeloid leukemia by taking
advantage of the cell sorting technology using various
surface markers [2]. Subsequently, the presence of CSC has
been reported in solid tumers, including breast cancer,
brain cancer, lung cancer, and colon cancer, as well [3-6].
Al-Hajj et al. [3] were the first to distinguish between
tumorigenic cancer cells and non-tumorigenic cells in
breast cancers by using the cell surface markers CD44 and
CD24. They showed that following inoculation into mice,
as few as 500 tumor cells with the CD44+4-/CD24— phe-
notype were able to form tumors in NOD/SCID mice,
whereas even as many as 10°-10° tumor cells with other
CD44/CD24 phenotypes were unable to form tumors.
Subsequently, Ginestier et al. [7] reported that aldehyde
dehydrogenase 1 (ALDH1) may be a better marker of
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breast cancer stem cells on the basis of the finding that
fewer ALDHI-positive than CD444-/CD24— tumor cells
were needed to form tumors in immunodeficient mice.
According to the CSC hypothesis, metastases require the
dissemination of cancer stem cells that may remain dor-
mant and be reactivated to cause tumor recurrence. In
contrast, dissemination of differentiated tumor cells pro-
duces only micrometastasis that do not progress [1]. In
breast cancers, metastasis often first appears in the axillary
lymph nodes. Hence, it may be crucial importance to detect
the presence of CSC in the axillary lymph nodes [8].
Axillary lymph node metastases (ALNM) are considered
the most important of prognostic factors in breast cancer
patients, and the number of metastatic lymph nodes as the
most powerful guide to selection of the most appropriate
strategy for adjuvant therapy. When the number of ALNM
was over 3, the risk of recurrence was considered to be high
and adjuvant chemotherapy was considered to be neces-
sary. The patients without ALNM were regarded as being
at a low risk for recurrence and to therefore not need
intensive adjuvant therapy. On the other hand, there has
been much debate about the appropriate treatment for
breast cancers with 1-3 lymph node metastases, because of
the lack of definitive evidence [9].

Recently, evaluation of biomarkers to assess the
responses to particular breast cancer therapeutic strategies
has received much attention. Currently, the selection of
therapeutic drugs for recurrent breast cancers is based only
on the biomarker expression profile in the primary lesion
evaluated at the time of the initial operation for the primary
tumor. However, discordance of biomarker expression
between primary and distant metastatic tumors has been
increasingly reported.

In this study, we investigated whether the presence of
cancer stem cells in ALMN, especially when the number of
metastatic lymph nodes was under 4, might be a significant
clinicopathological prognostic factor in patients with breast
cancer, and the concordance of biological features between
the breast tumors and the ALNM.

Materials and methods
Patients and sample studied

Tumor tissue samples from the primary lesions and ALNM
were obtained from 40 primary breast cancer patients who
were primarily treated by surgery between 1998 and 2006 at
Okayama University Hospital (OUH). Curative surgery,
namely, total or partial mastectomy with axillary dissection,
was performed in all patients, and all patients had less than 3
metastatic lymph nodes in the axilla. After the surgery,
the premenopausal patients with estrogen receptor

(ER)-positive tumors were administered a selective estrogen
receptor modulator (SERM) and luteinizing hormone-
releasing hormone (LH-RH) agonist, and the postmeno-
pausal patients were administered an aromatase inhibitor
(AI) for 5 years. ER-negative and/or histological grade 3
and/or >pT2 patients were administered adjuvant chemo-
therapy (AC or AC followed by paclitaxel). Patients who
underwent partial mastectomy were also administered
radiation therapy for the residual breast tissue. After the
adjuvant therapy, all the patients were periodically fol-
lowed up at our hospital. Recurrences were diagnosed by
radiological and pathological examination.

Tumor tissues obtained at surgery were fixed in 10%
buffered formalin and embedded in paraffin. The ALMN
which had the largest metastases were examined. A routine
histological examination was performed in sections stained
with hematoxylin—eosin (H&E). We retrospectively eval-
uated the common clinicopathological features and the
status of expression of ER, HER2, ALDHI1, and Ki67 in
both the primary lesion and the ALNM, and analyzed the
discordance rate between the two for each marker. Fur-
thermore, we evaluated the correlation between the
expression status of these biological markers and the dis-
ease-free survival (DFS).

Histological grade, ER, and HER2

The histological grade was determined using the Scarff—
Bloom-Richardson grading system [10]. ER expression
(Ventana Japan) was defined as positive when at least 10%
of the tumor cells showed positive immunohistochemical
staining. HER2 was detected by immunohistochemical
staining using the HercepTest kit (Dako Japan). In this
study, we considered the specimen to be HER2-positive
when more than 30% of the cells showed positive immu-
nohistochemical staining.

Immunohistochemical staining for ALDH1 and Ki67

Immunohistochemistry was performed on formalin-fixed
paraffin sections (4 pum) of tumor tissues with the BOND™
automated immunostainer (Leica Microsystems). The pro-
tocol was in accordance with THCFP H1 (30). The anti-
bodies and dilutions used were ALDH1 (BD Biosciences) at
1:200 dilution, and Ki67 (Dako Japan) at 1:250 dilution.
Imaging analysis of the breast tumors for ALDHI expres-
sion was performed in one selected area (x400 high power
field) per case. That of the ALNM was performed in 3-7
randomly selected areas (x400 high power field) per case.
We calculated the percentage of ALDH]1-positive cells and
divided the intensity of the immunohistochemical staining
for ALDHI1 into positive (more than 5% tumor cells show-
ing positive staining). In the ALNM, Ki67 expression was
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analyzed in 3-5 selected areas (<400 high power field) per
case. Ki67 expression was considered to be positive when at
least 20% of the cancer cells showed positive staining [11].

Statistical analyses

The SAS software JMP 7.0.2 was used for all the statistical
analyses. Regression analysis was used for analyzing the
correlations in the expression of the biomarkers between
the primary tumors and the ALNM. Associations between
the ALDHI expression status and the clinicopathological
parameters were evaluated by the y” test. Agreement for
ALDHI1 expression between the primary tumors and the
ALNM was assessed by Cohen’s kappa coefficient. The
log-rank test was used for comparison of the survival
curves, and the Cox proportional hazards model was used
for the univariate and multivariate analysis. Statistical
significance was assumed at P less than 0.05.

Results
Patient characteristics

The median age of the patients was 53 years (range
28-78 years). The median time on study with follow-up
was 46 months (range 6-143 months). Of the total, 15
(24%) patients were over 50 years old, and 25 (76%) were
under 51 years old. The diagnosis in all patients was
invasive carcinoma with ALNM, classified as N1 on the
basis of the seventh edition of the TNM classification. Out
of the 40 patients, 32 (80%) were ER-positive and 8 (20%)
were ER-negative, 9 (22.5%) patients were HER2-positive
and 31 (77.5%) were HER2-negative, 11 (27.5%) patients
were histological grade 1, 16 (40%) patients were histo-
logical grade 2, and 13 (32.5%) patients were histological
grade 3, 16 (40%) patients had some recurrences [bone 7
(18%), liver 4 (10%), brain 1 (3%), breast 2 (5%), lung 2
(5%), skin 1 (3%), lymph nodes 6 (15%)}, 6 (15%) patients
died of cancer [breast cancer 5 (12.5%), other cancer 1
(2.5%)], 13 (32.5%) patients received adjuvant chemo-
therapy [anthracycline 10 (25%), taxane 7 (18%), anthra-
cycline plus taxane 7 (18%), and cyclophosphamide plus
methotrexate plus 5-fluorouracil (CMF) 3 (8%)], 22
patients received endocrine therapies [SERM 9 (28%) and
AL 15 (38%)], and 7 (17.5%) patients received no adjuvant
treatment (Table 1).

ER, HER2, Ki67, and ALDHI expression status
in the breast tumors and ALNM

Of the 40 breast tumors, 32 (80%) breast tumors were
ER-positive and 8 (20%) were ER-negative; 28 (70%)
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Table 1 Patients characteristics

Parameters n (%)
Median 53 (28-78)
Operation
Total 13 (32.5)
Partial 27 (67.5)
Nodal status
n=1 23 (57.5)
n=2 7 (17.5)
ne=73 10 (25)
Histology
1IDC 37 (92.5)
1L.C 2(5)
Other 1(2.5)
Adjuvant therapy
Chemotherapy 13 (32.5)
Anthracycline 10 (25)
Taxane 7 (17.5)
Anthracycline + taxane 7(17.5)
CMF 3(7.5)
Hormonal therapy 22 (55)
SERM (tamoxifen) 9 (22.5)
Al 15 (37.5)
None 7 (17.5)
Recurrence 16 (40)
Bone 7 (17.5)
Liver 4 (10)
Brain 1(2.5)
Lung 25
Breast 2 (5)
Lymph node 6 (15)
Death 6 (15)
Breast cancer 5 (12.5)
Other 1(2.5)

IDC invasive ductal carcinoma, JLC invasive lobular carcinoma

ALNM were ER-positive and 12 (30%) were ER-nega-
tive; 9 (22.5%) breast tumors were HER2-positive and 31
(77.5%) were HER2-negative; 10 (25%) ALNM were
HER2-positive and 30 (75%) were HER2-negative; 30
(75%) breast tumors were Ki67-positive and 10 (25%)
were Ki67-negative; 31 (77.5%) ALNM were Ki67-posi-
tive and 9 (22.5%) were Ki67-negative; 7 patients
(17.5%) were ALDHI-positive and 33 patients (82.5%)
were ALDHI1-negative; 10 patients (25%) were ALDHI1-
positive and 30 patients (75%) were ALDHI-negative
(Table 2). The results of immunohistochemical staining
for ALDHI in the breast tumor and in the ALNM are
shown in Figs. 1 and 2.
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Table 2 Relationship of ALDHI positivity in the breast tumors with the clinicopathological parameters
n ALDHI1 (breast tumor <5%) P ALDHI1 (ALNM <5%) P
Positive, n (%) Negative, n (%) Positive, n (%) Negative, n (%)
All breast tumor 40 7 (17.5) 33 (82.5) - -
Lymph node 40 - - 10 (25) 30 (75)
Age (years) NS NS
>50 15 2 (13) 13 (87) 6 (40) 9 (60)
<50 25 5 (20) 20 (80) 4 (16) 21 (84)
Histological grade NS 0.02
1 11 0O 11 (100) 0 (0) 11 (100)
2 16 3(19) 13 (81) 53D 11 (69)
3 13 4 (31 9 (69) 5 (38) 8 (62)
Tumor size (cm) NS NS
>2 11 0 () 11 (100) 327) 8 (73)
<2 29 7 (24) 22 (76) 7 (24) 22 (76)
Nodal status NS NS
n=1 23 6 (26) 17 (74) 4 (17 19 (83)
n=2 7 0 ©) 7 (100) 3 (43) 4 (57)
n=3 10 1(10) 9 (90) 3 (30) 7 (70)
ER
Breast tumor NS NS
+ 32 5(16) 27 (84) 6 (19) 26 (81)
— 8 2 (25) 6 (75) 4 (50) 4 (50)
ALNM 0.012 0.002
+ 28 2(7) 26 (93) 3(11) 25 (89)
- 12 5(42) 7 (58) 7 (58) 5(42)
HER2
Breast tumor NS NS
+ 9 2 (22) 7 (78) 3(33) 6 (67)
- 31 5016) 26 (84) 7 (23) 24 (77)
ALNM NS NS
-+ 10 2 (20) 8 (80) 3 (30) 7 (70)
B 30 5A7) 25 (83) 7 (23) 23 (77)
Ki67
Breast tumor 0.031 NS
>20 30 3 (10) 27 (90) 7 (23) 23 (77)
<20 10 4 (40) 6 (60) 3 (30) 7 (70)
ALNM NS 0.002
>20 31 5 (16) 26 (84) 6 (19) 25 (81)
<20 9 2 (22) 7 (78) 4 (44) 5 (56)

NS not significant

Relationship between ALDHI1-positive expression

in the breast tumors and the clinicopathological

parameters

The ALDHI1-positive breast tumors were significantly
more likely to be ER-negative in the ALNM (P = 0.012)
and to be Ki67-positive in the primary tumor (P = 0.031).

No significant association was observed between ALDH1
positivity in the primary tumor and the histological grade,
age of the patient, size of the primary tumor, lymph node
status, ER expression in the primary tumor, HER2
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expression in the primary tumor, HER2 expression in the
ALNM, or Ki67 expression in the ALNM. These ALDH1-
positive ALNM were significantly more likely to depend
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Fig. 1 Immunohistochemical identification of ALDHI-positive tumor cells. The results of immunostaining of ALDHI in breast cancer tissues:

a positive, b negative

Fig. 2 Immunohistochemical identification of ALDHI-positive tumor cells. The results of immunostaining of ALDHI in ALNM: a positive,

b negative

on high histological grade (P = 0.002) or being ER-neg-
ative in the ALNM (P = 0.012) and Ki67-positive in the
ALNM (0.002). No significant association was observed
between ALDHI1 positivity in the ALNM and the tumor
size, HER2 expression in the primary tumor, HER2
expression in the ALNM, Ki67 expression in the primary
tumor, or Ki67 expression in the ALNM (Table 2).

Concordance rate of ER, HER2, Ki67, and ALDH1
expression between the breast tumors and the ALNM

The concordance rates of ER, HER2, Ki67, and ALDH1
expression between the breast tumors and the ALNM were
87.5, 82.5, 77.5, and 57.5%, respectively (Table 3). In
order to show the associations for ALDH1-positive cancer
cells between primary tumor and ALNM, we calculated
Cohen’s kappa coefficient. When the cutoff point between
high and low ALDH1 expression level was set at 5%, they
showed moderate agreement (x = 0.481).

‘2_] Springer

Relationship between various biological factors
and the patient prognosis (DFS)

The associations between the DFS and various biological
factors, such as the ALDHI (in the primary tumor and
ALNM), Ki67 (in the primary tumor and the ALNM), ER
(in the primary tumor and the ALNM) expression status,
age, histological grade, HER2 expression status (in the
primary tumor and the ALNM), and the tumor size, were
also studied. The ALDH]1-positive ALNM group showed a
poorer outcome in terms of the DFS (P = 0.148, primary
tumor, Fig. 3a; P = 0.037, ALNM, Fig. 3b). Univariate
analysis showed a significant association between the DFS
and ER expression in the ALNM (P = 0.047) and histo-
logical grade of differentiation of the tumor (P = 0.04),
and ALDH]1 expression in the ALNM was likely to result
in poor clinical outcome (P = 0.055). Multivariate analy-
sis showed no significant association between any of the
variables and the DFS (Table 4). Further, we could not
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Table 3 Concordance rate of the biomarker expression between the A Peg 148
primary tumors and the ALNM 1.0 e
{
Primary/metastatic tumor (n = 40) u§ 05 E,WE
i+ +H- — —/- é zi.ug ALDHI negative
ER o |
: =
No. of patients 32 5 0 § 04 —
% 80 125 0 7.5 2 ALDH1 positive
Concordance rate (%) 87.5 = 02 -
HER2 ~
No. of patients 6 3 4 27 00 - ! z . : . , . ;
% 15 7.5 10 67.5 6 10 20 30 40 50 66 70 80 80 100
Concordance rate (%)  82.5 DFS {months)
Ki67 B
No. of patients 5 5 4 26 10+ P=0.037"
% 12.5 125 10 65 fi
Concordance rate (%)  77.5 W 08 -
> e ALOHI negative
No. of patients 7 0 17 16 7 08~
]
% 17.5 0 42.5 40 ,,?s %
Concordance rate (%)  57.5 i-:t; 0.4 I —
& ALDHI positive
302~
recognize any statistically significant association between
these various biological factors and the overall survival 0.0 T T T T ,

(data not shown).

Discussion

Abraham et al. [12] performed immunohistochemical
studies of CD44+4-/CD24— tumor cells in human breast
cancer and reported that breast tumors containing a high
proportion of CD44+/CD24— cells were more frequently
associated with the development of distant metastases,
although no association with the event-free or overall
survival was shown. Mylona et al. [13] reported that the
prevalence of CD44-+CD24— exerted no significant impact
on the prognosis, although a tendency towards increase of
the DFS was noted, because these cell populations might
not originate from normal adult stem cells but from a
transit cell. Moreover, the same authors reported that tumor
cells with the CD44—CD24+ phenotype seemed to iden-
tify patients with worse disease-free and overall survivals
among patients with tumors showing intermediate-grade
differentiation. Their results were supported by Baumann
et al. [14] who showed that with CD24 expression, breast
cancer cells acquire enhanced ability for spreading,
movement, and invasion, which facilitate the development
of metastasis.

Ginestier et al. [7] documented that immunohisto-
chemically identified tumor ALDHI expression was asso-
ciated with a poor prognosis in breast cancer patients.

T T
6 16 20 30 40 50 66 TJO 80 8D 100

DFS {months}

Fig. 3 Kaplan—Meier curve for disease-free survival (DFS) accord-
ing to ALDHI status in a breast tumors and b ALNM

ALDHI1 in cancer stem cells may be closely involved
in stem cell differentiation by regulating the conversion
of retinoic acid to oxidizing retinol [15]. Consequently,
we thought that immunohistochemically demonstrated
CD44+4-CD24— cells may not have reliable prognostic
significance. There have been no reports of the evaluation
of ALDH]1 expression in ALNM. Thus, we investigated the
biological markers of breast tumors and ALNM. Our data
showed that the expression of ALDH1 in ALNM was
significantly associated with a shorter DFS. This result
indicates that breast cancer patients with 1-3 lymph node
metastases and expression of ALDHI in ALLNM would be
tend to have earlier relapse. In this study, we examined the
findings in immunohistochemically stained slides of both
the breast tumors and ALLNM in comparison with those in
the H&E-stained slides. It has been reported previously that
AILDHI is expressed in both normal and cancerous mam-
mary epithelial cells [7]. In this study also, we observed
ALDH1-positive cells in normal mammary tissues, and
excluded these cells from the present evaluation morpho-
logically. Furthermore, quite a few macrophages exist in
lymph nodes, and it has been reported that macrophages
also show ALDHI expression [16]. Therefore, we paid
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Table 4 Univariate and multivariate analyses to identify predictors of the DFS

Univariate analysis

Multivariate analysis

Odds ratio 95% 1 P QOdds ratio 95% CI P
ALDHIin the breast tumor (positive/negative) 2.26 0.63-6.54 0.19
ALDH! in the ALNM (positive/negative) 2.75 0.98-7.46 0.055
Ki67 in the breast tumor (positive/negative) 1.89 0.64-5.08 0.24
Ki67 in the ALNM (positive/negative) 2.07 0.65-5.71 0.2
ER in the breast tumor (—/+) 2.85 0.13-1.13 0.076
ER in the ALNM (—/-) 2.89 1.01-7.89 0.047 1.57 0.49-4.93 0.44
Age (<50/>50) 1.24 0.46-3.64 0.68
Histological grade (3/1, 2) 2.88 1.05-7.91 0.04 1.83 0.60-5.65 0.28
HER2 in the breast tumor (—/-+) 1.7 0.54-4.70 0.34
HER2 in the ALNM (—/+) 3.04 0.69-9.55 0.13
Tumor size (>2 cm/<2 cm) 2.36 0.75-10.31 0.15

Bold values are statistically significant

careful attention to excluding macrophages morphologi-
cally, especially in the ALNM. Ginestier et al. [7] reported
that ALDHI1 positivity (using a cutoff value for ALDHI1 of
5%) in the primary tumors was significantly associated
with a poor overall survival (OS). However, the appropriate
cutoff value for ALDHI in ALNM or the correlations
between ALDHI1 expression in ALNM and the clinical
outcome has not yet been reported. In this study, we found
no correlation between the expression of ALDH1 (positive
defined as greater than 5%) in the primary tumors and the
clinical outcome (DFS; P = 0.14). In regard to the corre-
lation between the expression of ALDHI in ALNM and the
DFS, a significant association was found (P = 0.037).
Moreover we analyzed using a lower cutoff value of 1%,
because we thought it important whether CSC were present
or not in ALNM. There was a significant difference in DFS
(data not shown). It may be suggested that ALDHI1-nega-
tive cells (not cancer stem cells) in ALNM do not survive
or spread to other organs. Thus, the presence of ALDHI-
negative cells in ALNM may indicate against a poor clin-
ical outcome. On the contrary, a few cancer stem cells may
survive for a long period and expand, resulting in wors-
ening of the prognosis. The association between the pres-
ence of ALDHI1-positive cells and a poor clinical outcome
in breast cancer may be attributable to the cancer stem cells
being more likely to be transferred to other organs. On the
other hand, observation of cancer stem cells in ALNM
provides practical evidence for the presence/absence of
dissemination. In other words, evaluation of the expression
of ALDHI1 in ALNM provides direct evidence of dissem-
ination, in view of the CSC hypothesis. The results of this
study lend support to this hypothesis.

It was previously reported that ALDH1 expression was
associated with features of aggressive tumors such as high
histological grade and ER negativity [17, 18], and that
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ALDEFLUOR-positive cells exhibited features of basal
breast cancers [19]. Our results were consistent with those
of previous reports; the ALDHI-positive breast tumors
were significantly more likely to be ER-negative in the
ALNM (P = 0.012) and to be Ki67-positive in the primary
tumor (P = 0.031). These ALDHI-positive ALNM were
significantly more likely to depend on high histological
grade (P = 0.002) or being ER-negative in the ALNM
(P = 0.012) and Ki67-positive in the ALNM (P = 0.002).

In regard to the concordance rate between primary
tumors and the ALNM, some reports have indicated that
whereas the concordance rate between primary tumors and
the ALNM for ER was 81-96.6%, that for HER2 was
82.5-100% [20-23]. In this study, the concordance rates
for ER and HER2 were 87.5 and 82.5%, respectively;
4 patients were HER2-positive in the primary tumor and
HER2-negative in the ALNM. The concordance rate for
HER?2 in this study seems to be slightly lower as compared
with previous reports, perhaps because these patients may
have received and shown good response to trastuzumab
administered as postoperative adjuvant therapy. The
genetic instability of breast cancer cells was likely to be a
major cause for this diversity [24]. Moreover, we evaluated
the expression of ER, ALDHI, and Ki67, a marker of
cell proliferation, by immunohistochemistry. Our results
revealed that the concordance rate between the primary
tumor and the ALNM was 87.5% for ER, 57.5% for
ALDHI1, and 77.5% for Ki67. These results also support
the notion of possible discrepancies between the primary
tumor and the ALNM.

The low concordance rate of ALDHI expression
between the primary tumor and the ALNM suggests that
ALDH]1 expression plays an important role in the hetero-
geneity of breast cancers. When we assessed correlations of
the expression between the breast tumors and the ALNM
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