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Fig. 1 Immunohistochemical double staining of tumor-infiltrating
CD8 (blue) and FOXP3 (brown). The representative tumor tissue of
high (a) and low infiltration (b) of CD8 and FOXP3. Tumor-
infiltrating lymphocytes were counted in the three compartments of
each tumor: the intra-tumoral compartment (black arrow points to

counted, and the ratio of CD8+ to FOXP3+ was calculated
[17, 25]. These procedures were performed in the following
three compartments of each tumor: the intra-tumoral
compartment (within the tumor nests), the adjacent stromal
compartment (the distance between the lymphocytes and
tumor nest is less than or equal to the size of one tumor
cell), and the distant stromal compartment (the distance
between the lymphocytes and tumor nest is greater than the
size of a single tumor cell) [17] (Fig. 1).

Immunohistochemistry for vasohibin-1 and CD31

We performed immunohistochemical staining for vasohi-
bin-1 and CD31 on the biopsy specimens. Microvessels
were identified as the lumen lined by endothelial cells
stained with anti-CD31 antibody (code M0823, Dako). We
counted the microvessels in one high power field (x200)
after the areas with the greatest number of microvessels
had been selected from low magnifications (x40 and
x100) [20, 21]. Vasohibin-1 signals were counted in the
same hot spot and in the same field in which the highest
number of anti-CD31+ vessels was identified. We defined

CD8+ lymphocytes and red arrow points to CD8+ lymphocytes),
adjacent stromal compartment (green arrow points to CD8+
lymphocytes) and distant stromal compartment (blue arrow points
to CD8+ lymphocytes)

the vasohibin-1-positive ratio (VPR) as the number of va-
sohibin-1-positive signals divided by the number of CD31-
positive signals [26, 27].

Evaluation of ER, PgR, HER2, Ki-67, EGFR,
and CK5/6

The ER and PgR statuses were evaluated by immuno-
staining using monoclonal antibodies (code 107925 and
102333, Roche Diagnostics), and nuclear staining of more
than 1 % was considered positive. The HER2 status was
evaluated by immunohistochemistry (HercepTest, code
K5204, Dako) or by fluorescence in situ hybridization (the
PathVysion Kit; Abbott). HER2 positivity was defined in
accordance with the American Society of Clinical Oncol-
ogy/College of American Pathologists Guideline [28]. The
Ki-67 was determined with an anti-MIB-1 monoclonal
antibody (code M7240, Dako) by counting 1,000 tumor
cells in the hot spots [29, 30]. EGFR was interpreted as
positive if the membranes of 10 % or more carcinoma cells
were stained using monoclonal antibodies (code K1492,
Dako). CK5/6 was interpreted as positive if 10 % or more
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carcinoma cells showed monoclonal antibody binding in
the cytoplasm (code M7237, Dako) [31, 32]. The basal-like
type was defined as tumors expressing either EGFR or
CK5/6. Two pathologists performed all of the pathological
diagnoses and staining assessments of individual cases.

Clinical information and pathological response

We collected clinical information on TNBCs from the
individual breast cancer databases of the three institutions.
The pathological therapeutic response of the surgically
resected tumor was evaluated after NAC. The surgical
specimens were cut into 5 mm slices and processed with
hematoxylin—eosin staining. A pCR was defined as the
absence of all invasive cancer cells and lymph node
metastasis, regardless of the presence or absence of non-
invasive cancer cells.

Statistical analyses

All statistical analyses were performed using SAS soft-
ware, JMP Pro 11 (Tokyo, Japan). Associations among
variables were evaluated using Fisher’s exact test or the y*
test. The Mann—-Whitney U and Spearman’s correlation
tests were used to compare non-continuous parameters.
Logistic regression analyses were performed for univariate
and multivariate analyses to determine the independent
variables for the prediction of pCR. All tests were two
sided, and a P value of less than 0.05 was considered
statistically significant.

Results

Clinicopathological factors and their association
with CD8 and FOXP3 and the ratio of CD8+/FOXP3+-

After immunohistochemical re-examination of ER, PgR
and HER?2 status, eight patients who presented with low
ER status of between 1 and 10 % were excluded in this
study. An evaluation could not be performed in fourteen
patients because of little tumor specimens in the biopsy
materials. Immunohistochemical analyses of CDS,
FOXP3, vasohibin-1, CD31, EGFR, CK5/6, and Ki-67
and the CD8+/FOXP3+ ratio by the double-staining
method were subsequently performed in the tumors from
88 TNBCs treated with NAC. Seventy-eight patients
(89 %) were treated with NAC regimens containing both
anthracyclines and taxanes, and almost all of the other
patients were treated with anthracyclines. Twenty-six
patients were diagnosed as having a pCR according to the
detailed pathological examination, and the pCR rate was
29.5 % (26/88).
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Representative images of the immunohistochemistry
were presented in Fig. 1. The clinicopathological factors,
including vasohibin-1, CD31 and VPR, were examined for
the patients with high or low infiltration of CD8+4 and
FOXP3+ T cells, and the CD8+/FOXP3+ ratio was
determined. The cut-offs of high or low infiltration were
defined as the median number of infiltrating cells per field
as follows: CDS8, 86.75 (the numbers of infiltrating cells per
field); FOXP3, 73.25 (the numbers of infiltrating cells per
field) and CD8+/FOXP3+ ratio, 1.0 (Table 1). TNBCs
with high CD8+/FOXP3+ ratios were significantly more
frequent in the patients with premenopausal status
(P =0.002) and those diagnosed at an earlier age
(P = 0.003). A significant inverse correlation was detected
between the CD8+/FOXP3+ ratio and the VPR in these
tumors (P = 0.021). There were no clinicopathological
factors associated with TNBCs with a high infiltration of
CD8+ and FOXP3+ T cells (Table 1).

Correlations between CD8, FOXP3, the CD8+/
FOXP3+ ratio and pCR

We evaluated the infiltrating CD8+ and FOXP3+ lym-
phocytes and the CD8+/FOXP3+ ratio by double-immu-
nostaining in the three compartments of each tumor. In this
TNBC cohort, positive correlations were detected between
CD8+ lymphocyte infiltration and FOXP3+ lymphocyte
infiltration in the intra-tumoral (r = 0.5583, P < 0.0001),
adjacent stromal (r = 0.5834, P < 0.0001) and distant
stromal compartment (r = 0.4803, P < 0.0001; Fig. 2a~c).
The statistically positive correlation was detected between
the total CD8 and FOXP3 levels in the entire field, which
represents the summation of CD8 and FOXP3 levels in
these three compartments (r = 0.4798, P < 0.0001;
Fig. 2d).

The TNBCs were classified into high and low groups for
CDS8, FOXP3 and the CD8+/FOXP3+ ratio using the cut-
off values defined as the median number of infiltrating cells
per field as described in Fig. 3. In the intra-tumoral com-
partment, the patients whose tumors had a high CD8 level
or high CD8+/FOXP3+ ratio had a significantly higher
pCR rate than those with a low CDS level or low CD8+/
FOXP3+- ratio (46 vs. 15 %, P = 0.002 and 52 vs. 19 %,
P = 0.003, respectively; Fig. 3a, c). In the adjacent stro-
mal compartment, the patients whose tumors had a high
CDS8 or high CD8+/FOXP3+- ratio also had a significantly
higher pCR rate than those with weakly infiltrated tumors
(49 vs. 13 %, P <0.001 and 45 vs. 17 %, P = 0.005,
respectively; Fig. 3a, c). The pCR rate in high CD8 tumors
was not significantly different from that in low CD8 tumors
(40 vs. 22 %, P = 0.097) but the patients whose tumors
had a high CD8+/FOXP3+ ratio were associated with a
significantly higher pCR rate than did those with weakly
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Table 1 Clinicopathological factors and association with CD8, FOXP3, the ratio of CD8/FOXP3 in TNBC
CDg* FOXP3® CD8/FOXP3°
High Low P value High Low P value High Low P value
Age (years) 0.198 0.668 0.003*
<50 23 16 21 18 27 12
>50 21 28 23 26 18 31
Menopausal status 0.081 1.000 0.002*
Premenopausal 22 13 18 17 25 10
Postmenopausal 22 31 26 27 20 33
Tumor size 0.051 1.000 0.469
<5.0 cm’ 37 28 32 33 35 30
>5.0 cm 7 16 12 11 10 13
Nodal status 1.000 0.783 0.784
Negative 8 8 7 9 9 7
Positive 36 36 37 35 36 36
Histological grade 0.087 0.087 1.000
LI 16 25 16 25 21 20
Jitd 28 19 28 19 24 23
Basal-like type 0.372 0.372 0.824
Basal-like 26 31 26 31 30 27
Non basal-like 18 13 18 13 15 16
Ki-67 LI (cut-off 57.5) 1.000 0.831 0.394
Low 22 22 21 23 25 19
High 22 22 23 21 20 24
Vasohibin-1 (cut-off 20) 0.199 1.000 0.134
Low 27 20 23 24 28 19
High 17 24 21 20 17 24
CD31 (cut-off 40) 0.670 0.201 0.831
Low 24 21 26 19 24 21
High 20 23 18 25 21 22
VPR (vasohibin-1/CD31; cut-off 0.6) 1.000 0.831 0.021*
Low 21 21 20 22 27 15
High 23 23 24 22 18 28

LI labeling index, VPR vasohibin-1 positive ratio
* The P value is significant

? The cut-off of CD8 infiltration is 86.75

® The cut-off of FOXP3 infiltration is 73.25

¢ The cut-off of CD8/FOXP3 ratio is 1.0

infiltrated tumors in the distant stromal compartment (45
vs. 12 %, P = 0.001; Fig. 3a, c¢). No differences were
detected between tumors infiltrated with high levels of
FOXP3+ lymphocytes and those infiltrated with low lev-
els, in the intra-tumoral, adjacent stromal and distant
stromal compartments (38 vs. 23 %, P = 0.163; 37 vs.
23 %, P = 0.242; and 30 vs. 29 %, P = 0.816, respec-
tively; Fig. 3b). In the entire carcinoma areas, the patients
whose TNBC tumors had a high total CD8 level or total
CD8+/FOXP3+ ratio achieved significantly higher pCR
rates than those with a low total CD8 level or total CD84-/

FOXP3+ ratio (41 vs. 18 %, P = 0.034 and 44 vs. 14 %,
P = 0.002, respectively; Fig. 3a, c).

Correlation between vasohibin-1, CD31 and pCR

The microvessel density was counted at the hot spot of
CD31 staining, and the median was 39 (range 10-90) per
field. Vasohibin-1 immunoreactivity was only detected in
endothelial cells, and the median number of vasohibin-1-
positive microvessels in the hot spot was 20 (range 6-60)
per field. The median of VPR calculated was 0.618 (range
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Fig. 2 The correlation diagrams of the infiltrating CD8+ and
FOXP3-+ lymphocytes in the compartments of cach tumor: a the
intra-tumoral compartment, b adjacent stromal compartment, ¢ distant
stromal compartment and d entire field. In this TNBC cohort,

0.152-0.917). Breast tumors were classified into high and
low groups for vasohibin-1, CD31 and VPR, with the
median. No significant differences in the vasohibin-1 or
CD31 levels were detected between the pCR and non-pCR
groups. However, low VPR tumors were significantly
correlated with a higher pCR rate than high VPR tumors in
the univariate analysis (odds ratio = 0.36, 95 % CI
0.14-0.92, P = 0.031; Table 2; Supplementary Figure).

Predictive value of the ratio of CD8+/FOXP3+
and the Ki-67 for pCR in multivariate analysis

The variables, including clinicopathological factors, CD8,
FOXP3, vasohibin-1, CD31 and Ki-67, were investigated for
their association with pCR after NAC, using multivariate
analyses. Among these variables, earlier age at diagnosis
(P = 0.009), pre-menopausal status (P = 0.027), smaller
tumor size (P = 0.004) and a high Ki-67 (P = 0.003) were all
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moderate positive correlations were observed between CD8+ lym-
phocyte infiltration and FOXP3+- lymphocyte infiltration in all of the
compartments

significantly associated with pCR, as were a high CDS level
(P = 0.013), a high CD8+-/FOXP3+ ratio (P = 0.001) and a
low VPR level (P = 0.031; Table 2; Supplementary Figure).
These significant variables and the suggestive variable “basal-
like type” (P = 0.075) were all assessed in together to verify
their predictive value for pCR in multivariate analysis. Results
indicated that a high CD8+4/FOXP3+- ratio was a markedly
powerful predictor of pCR, with an odds ratio (OR) of 5.32
(95 % CI 1.62-19.98, P = 0.005). A high Ki-67 LI was also
significantly associated with pCR (OR = 5.69, 95 % CI
1.83-20.24, P = 0.002; Table 2).

In addition, ROC curve analysis was performed for two
independent factors: the CD8+-/FOXP3 ratio and the Ki-
67. The area under the curve (AUC) was 0.708 for the
CD8+/FOXP3+ ratio (P = 0.012) and 0.702 for Ki-67
(P = 0.006; Fig. 4). The sensitivity and specificity of the
CD8+4-/FOXP3+ ratio and Ki-67 for pCR were summa-
rized in Fig. 4. We also investigated the pCR rates of
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Fig. 3 Pathological complete response (pCR) rates between high and
low groups for a CD8, b FOXP3 and the ¢ CD8+-/FOXP3+ ratio
using the cut-offs of the each compartment was defined as the median
number of infiltrating cells per field as follows: CD8, 4; FOXP3, 7 and
CD8+/FOXP3+ ratio, 1 in the intra-tumoral (iTu) compartment:

TNBCs using the combination of the CD8+/FOXP3+- ratio
and the Ki-67. Results demonstrated that TNBCs could be
classified into several types that had extremely different
pCR rates. The patients with breast tumors with a high
CD8+/FOXP3+ ratio and a high Ki-67 achieved the
highest pCR rate (70 %) following NAC. In contrast, the
pCR rate for patients whose tumors had a low CD8+/
FOXP3+ ratio and a low Ki-67 was only 5 % (Fig. 5). The
pPCR rate for patients whose tumors had a high CD8+/
FOXP3+ ratio and a low Ki-67 and that had a low CD84/
FOXP3+ ratio and a high Ki-67 tumor were 24 and 21 %,
respectively (Fig. 5).

Discussion

Results of this study indicated that a high CD8+/FOXP3+
ratio in biopsy specimens is an accurate predictor of pCR
following NAC in TNBCs. Breast tumors with relatively
high numbers of intra-tumoral CD84 lymphocytes were

CD8, 4; FOXP3, 5 and CD8+4/FOXP3+ ratio, 1 in the adjacent
stromal (Adj) compartment: CD8, 70; FOXP3, 60 and CD8+/
FOXP3+ ratio, 1 in the distant stromal (Str) compartment: CD8,
86.75; FOXP3, 73.25 and CD8+/FOXP3+ ratio, 1 in the entire field

reported to have favorable clinical outcomes [12-14] but
the presence of FOXP3+ lymphocytes in breast tumors has
been reported to be associated with paradoxically both
reduced survival [12, 17] and improved survival [19]. Liu
et al. reported that the density of intra-tumoral FOXP3+
infiltrates and the peritumoral CD8+4/FOXP3+- ratio could
represent independent prognostic factors correlated with
the prognosis or clinical outcome of ER-positive or -neg-
ative breast cancer patients [12]. However, West et al.
reported that intra-tumoral FOXP3+4 lymphocytes were
associated with robust anti-tumor immunity and a favor-
able prognosis in ER-negative breast cancer patients [19].
It is also important to note that the status of FOXP3+ was
also by no means associated with breast cancer-specific
survival after adjusting for known prognostic factors [14].
These discrepancies could be derived from the heteroge-
neity of the studied breast cancer patients. These studies
were conducted for several breast cancer subtypes with
different biological characteristics and treated with differ-
ent therapeutic drugs; for example, endocrine therapy for
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Table 2 Univariate and
multivariate analyses of
variables in the prediction for

Univariate analysis Multivariate analysis

pCR in TNBC

A logistic regression analyses
were performed for univariate
and multivariate analyses

OR odds ratio, 95 % CI 95 %
confidence interval, L/ labeling
index, VPR vasohibin-1 positive
ratio

* The P value is significant

OR 95 % CI Pvalue OR  95%CI P value

Age (<50 vs. 50<) 343 1.34-9.31 0.009* 1.66  0.11-8.75 0.706
Menopausal status (pre vs. post) 286 1.13-7.52 0.027* 142 0.09-1148 0.797
Tumor size (<5.0 vs. 5.0 cm<) 4.001 1.75-12.01  0.004* 291 047-12.1 0.137
Nodal status (pos vs. neg) 1.78  0.51-8.36 0.383

Grade (II1 vs. I, 1D 1.32 0.52-3.47 0.571

Basal-like versus non-basal-like 2.60  0.92-8.64 0.075 337 091-13.54  0.062
Ki-67 LI (high vs. low) 446 1.62-13.58 0.003* 569 1.83-20.24 0.002%
CDS (high vs low) 352 1.29-1042  0.013* 1.94  0.51-7.73 0.329
FOXP3 (high vs. low) 079 0.31-2.04 0.632

CDS/FOXP3 (high vs. low) 493 1.82-15.09 0.001* 532 1.62-19.98 0.005*
Vasohibin-1 (high vs. low) 0.78  0.31-1.97 0.601

CD31 (high vs. low) 0.91  0.09-9.06 0.939

VPR (vasohibin-1/CD31; high vs. low)  0.36  0.14-0.92 0.031%  0.72  0.22-2.36 0.582

B Ki-67 labeling index

A CDS8/FOXP3 ratio
1.0

0.8

0.6

Z
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Fig. 4 ROC curve analysis for two independent factors: the CD8+/FOXP3+ ratio and the Ki-67 labeling index. AUC area under the curve

ER-positive breast cancers and anti-HER2 therapy for
HER2-positive breast cancers, and the sensitivities to the
drugs and the prognosis could markedly vary among dif-
ferent subtypes. The possible association between the
prognostic significance of infiltrating lymphocytes and the
breast cancer subtype have been explored by several
investigators [33, 34]. Significant differences in the status
of FOXP3+ infiltration and the CD84-/FOXP3- ratio have
been reported in the five molecular subtypes of breast
cancer [12]. Different types of immune responses in dif-
ferent subtypes of breast cancer could, therefore, explain
the contradictory results. Therefore, we conducted an
immunohistochemical study of CD8 and FOXP3 only in
the TNBC subtype, generally treated with current standard
regimens containing anthracyclines and taxanes.

@ Springer

Biopsy specimens in the neoadjuvant setting that were
not affected by treatment can be used to estimate the
efficacy of drugs. This design is possible for TNBC, for
which pCR after NAC has been validated as a reliable
surrogate marker for survival. To the best of our knowl-
edge, two studies evaluated the roles of CD8 and FOXP3 in
biopsy specimens to predict pCR following NAC [18, 35].
Ladoire et al. reported that significantly decreased levels of
FOXP3+ lymphocytes after NAC were more likely to
generate strong anti-tumor immunity and achieved a
high pCR rate in breast tumors harboring high levels of
CD8+ lymphocytes remaining unchanged [35]. Oda et al.
reported that FOXP3+4 lymphocyte and the Ki-67 were
both independent predictors of pCR [18]. However, these
studies evaluated all breast cancer subtypes, including
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Fig. 5 Pathological complete response (pCR) rates of TNBC tumors
using the combination of the CD8+/FOXP3+ ratio and the Ki-67
labeling index (LI)

approximately 20-30 TNBCs. In our present study, the
predictive roles of status of intra-tumoral CD8 and FOXP3,
together with neoangiogenesis, basal and proliferation
markers, in biopsy specimens was investigated in a rela-
tively large number of TNBC samples for NAC cohorts
(slightly fewer than 100 patients). We set the cut-off value
of high or low Ki-67 as the median number. For the reason,
the statistical analyses could not be performed using the
cut-off of 20 % that is recommended at the 13th St Gallen
International Breast Cancer Conference 2013 because there
were only eight cases (9 %) classified into low Ki-67 group
in our cohort of aggressive triple-negative breast cancer
[36]. Results of our present study did indicate that a high
CD8-+/FOXP3+ ratio and a high Ki-67 were significantly
associated with pCR in a multivariate analysis. In addition,
the patients whose breast tumors had a high CD8-/
FOXP3+ ratio and a high Ki-67 achieved a 70 % pCR rate;
therefore, these markers could be clinically valuable pre-
dictors of the response to NAC.

A few studies have recently examined the localization of
CD8+ and FOXP3+- infiltrating lymphocytes to evaluate the
microenvironment and expansion of lymphocytes in breast
tumors [17, 19]. Mahmoud et al. reported that an association
with adverse clinical outcome was detected in intra-tumoral
and tumor-adjacent stromal FOXP34- lymphocytes [17].
West et al. reported that the number of FOXP3+ lympho-
cytes was correlated with the number of CD8+ lymphocytes
regardless of whether CD8+ cells were present in the tumor
or stroma and that these levels were associated with pro-
longed survival [19]. In the present study, we performed the
assessments of the localization using the immunohisto-
chemical double-staining method for CD8 and FOXP3,

allowing evaluation of the balance between CD8+4 and
FOXP3+ infiltrating lymphocytes in the same field of the
same section. Statistically positive correlations were detec-
ted between CD8+ and FOXP3+ in each of the three com-
partments. Therefore, regardless of the localization in breast
tumors, a high CDS level or a high CD84-/FOXP3+ ratio was
associated with a significantly higher pCR rate, and there was
no difference between tumors that were infiltrated with high
numbers and low numbers of FOXP3+ T cells. Based on
these data, the same degree of anti-tumor immune response
could be induced in each region.

We also investigated the VPR which was reported to be
associated with neovascularization and breast cancer sur-
vival [26, 27]. The inverse correlation between the CD84/
FOXP3+ ratio and the VPR was detected in our TNBCs.
Neoangiogenesis factors, including vasohibin-1, which is a
negative feedback suppressor induced by vascular endo-
thelial growth factor (VEGF)-A, were previously reported
to suppress tumor-infiltrating lymphocytes and anti-tumor
immune responses [37, 38]. Results of our study demon-
strating the inverse correlation between the CDS8+/
FOXP3+ ratio and the VPR were of interest. The tumors
with a low VPR were significantly correlated with a higher
pCR than those with a high VPR in the univariate analysis
and no significant association of VPR with pCR was
detected in the multivariate analysis.

In summary, results of our present study demonstrated
that both CD8++/FOXP3+ ratio and the Ki-67 were inde-
pendent predictors of pCR in TNBC patients treated with the
current standard regimens of NAC. By examining both the
CD8-+/FOXP3+ ratio and the Ki-67, which are conveniently
available in the great majority of diagnostic laboratories, we
could predict both the subgroup expected to have a high pCR
rate and subsequently favorable prognosis and the subgroup
that should be treated with new investigational drugs.
However, results in our present retrospective study need to
be validated in a prospective study.
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Abstract

Background Breast cancer is a heterogeneous disease,
and immunohistochemical evaluation is a surrogate marker
that is widely used in clinical settings to identify the
intrinsic subtypes. The definition of the Luminal B-like
breast cancer was changed at the 2013 St. Gallen meeting;
therefore, we investigated the clinicopathological features
of the new Luminal B-like breast cancer categorized in the
latest definition. We also compared the conventional PgR-
high Luminal B-like breast cancer with the conventional
PgR-low or -negative Luminal B-like breast cancer.
Patients We investigated 118 Luminal HER2-negative
breast cancer patients who were operated in 2005-2008 at a
single institution. Data on each patient’s medical history
were retrieved.

Results A subset of patients (14.4 %) was categorized as
the new Luminal B-like due to low or negative PgR:
58.8 % were histological grade I, 65 % were T1 in tumor
size, and half had node involvement. Chemotherapy was
performed in half of the cases. Breast cancer-related events
were more frequent for the new Luminal B-like breast
cancer than for the Luminal A-like breast cancer and were
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less frequent than for the conventional Luminal B-like
breast cancer. Based on multivariate analysis, low or neg-
ative expression of PgR and the absence of hormonal
therapy were worse prognostic factors. When categorized
into two groups by the PgR status, 48.1 % of the conven-
tional Luminal B-like breast cancer was PgR-high; tumor
size was smaller, and nodal involvement was less in this
group. The rate of adjuvant chemotherapy of the conven-
tional PgR-high Luminal B-like breast cancer was less than
that of the conventional PgR-low or -negative Luminal
B-like breast cancer. Breast cancer-related events were
significantly lower in the conventional PgR-high Luminal
B-like breast cancer.

Conclusions Our results show the possibility that PgR
status has some influence on the prognosis for Luminal
HER2-negative breast cancers. Therefore, attention should
be paid to the PgR status as well as Ki-67.

Keywords Luminal B-like - PgR - Ki-67 - Prognosis -
Adjuvant chemotherapy

Introduction

Breast cancer is a heterogeneous disease, and gene
expression studies have revealed different intrinsic
molecular subtypes with different prognosis [1-5]. How-
ever, gene expression-based assays are not readily avail-
able worldwide because of their cost and assay times [6].
Thus, substitutional immunohistochemical (IHC) assays
are still being widely used to analyze surrogate markers for
identifying intrinsic molecular subtypes in a clinical
setting.

The definition of the Luminal B-like HER2-negative
breast cancer was changed at the 2013 St. Gallen
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International Breast Cancer Conference meeting. In short,
ER-positive/PgR-low or -negative/Ki-67-low breast can-
cers are newly categorized into the “Luminal B-like”
breast cancer [2]. This recommendation is based on only
one study which concluded that IHC expression of PgR
was useful to add prognostic value within the Luminal
A-like or B-like breast cancer definition by improving the
identification of outcome of breast cancers [7]. A PgR cut-
point of >20 % is recommended; however, whether the
PgR cut-point is suitable for all laboratory examinations is
still controversial [2, 8, 9]. Thus, assurance programs
should be essential for discussing this matter and necessary
to verify the status of PgR in Asian patients.

Here, we investigated the clinicopathological features of

the “new Luminal B-like” breast cancer and compared
them with other Luminal HER2-negative breast cancer. At
the same time, focusing on the PgR status, we compared
the conventional PgR-high/Ki67-high Luminal B-like
breast cancer with the conventional PgR-low or -negative/
Ki67-high Luminal B-like breast cancer.

Patients and methods

We investigated 118 female Japanese patients who had
Luminal HER2-pegative primary breast cancers and
underwent surgery in January 2005 to December 2008 at
the Department of Surgical Oncology, Tohoku University
Hospital. Comprehensive agreement was obtained to use
specimen for clinical research in every cases and institu-
tional review board approval was obtained for the present
study. The data on each patient’s medical history were
retrieved. Surgically removed breast cancer specimens
were used, and pathological examination was performed.
All of the cancers were invasive ductal carcinoma, and
other histological types were excluded. We performed
staining with hematoxylin—eosin (H&E) and IHC for ER,
PgR, HER2 and Ki67. Surgical specimens were fixed in
10 % formalin, embedded in paraffin, cut into 4 pm-thick
sections, and placed on glue-coated glass slides. To
determine the hormone receptor status, we employed the
avidin-streptavidin immunoperoxidase method using the
clone 6F11 antibody (Ventana, Tucson, AZ, USA) for ER,
the clone 6 antibody (Ventana) for PgR, and the MIB-1
mouse monoclonal antibody (code M7240: Dako, Copen-
hagen, Denmark) for Ki-67 immunohistochemistry. A
standardized immunohistochemistry kit (HercepTest for
Immunoenzymatic Staining: Dako, Copenhagen, Denmark)
was used for HER?2 staining.

We examined the surgical specimens for the following
parameters: histological type, histological grade, ER, PgR,
HER2, Ki-67 and nodal involvement. Histopathological
evaluations were based on the World Health Organization
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histological classification of tumors of the breast and
Rosen’s Breast Pathology. ER status was determined by
nuclear staining, graded from 0 to 8 using the Allred score
[10] and was categorized as positive when the score was 3
or more. The PgR status was determined as the percentage
of nuclear staining and was considered high when 10 % or
more. Additionally, we set another cut-point of PgR as
20 % recommended at the 2013 St. Gallen meeting. With
regard to HER2 evaluation, membranous staining was
graded as follows: score 0, 14, 2+ and 3+. A score of 0
was defined as no staining or membrane staining in <10 %
of tumor cells, and 14 was defined as faint/barely per-
ceptible membrane staining detected in =10 % of the
tumor cells. A score of 2+ was assigned when there was
weak to moderate complete membrane staining in >10 %
tumor cells, whereas a score of 3+ consisted of uniform,
intense membrane staining in >10 % tumor cells. Tumors
scored 2+ were further subjected to FISH assays to assess
gene amplification. A HER2 score of 3+ or successful
gene amplification was determined HER2-positive cancer
[11]. Ki67 was determined by nuclear staining at the hot
spots and was considered high when 20 % or more cells
were stained [12].

Definition of each subtype

We defined each Luminal HER2-negative breast cancer as
follows. (1) Luminal A-like: PgR-high/Ki67-low, (2) new
Luminal B-like: PgR-low or -negative/Ki67-low and (3)
conventional Luminal B-like: any PgR/Ki67-high. And we
divided the conventional Luminal B-like subtype into two
group for discussion. (4) conventional PgR-high Luminal
B-like: PgR-high/Ki67-high and (5) conventional PgR-low
or -negative Luminal B-like: PgR-low or -negative/Ki67-
high.

Statistics

Statistical analyses were performed using JMP Pro 11.0.0
software (SAS, North Carolina, USA). The Fisher’s exact
test and the Chi square test for trends were used to assess
the association between categorical and ordinal variables,
respectively. The primary end-points were the incidence of
locoregional relapse, contralateral breast cancer, distant
metastases and breast cancer-related events. Locoregional
relapse included breast cancer in the chest wall and skin of
the ipsilateral breast. Distant metastasis included all sites of
recurrence, except locoregional relapses and contralateral
breast cancer. When locoregional relapse and distant
metastasis occurred simultaneously, it was included as a
distant metastasis case. Breast cancer-related events
included locoregional relapses, distant metastases and
contralateral breast cancer. Cumulative incidence was
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drawn using the Kaplan—Meier method, and the Cox pro-
portional hazards model was used to estimate the hazard
ratio.

Results
Characteristics of each Luminal breast cancers

Patient characteristics are shown in Table 1. The median
age of the 118 patients was 55.0 years (range 27-87 years)
and was not significantly different among any subtypes. A
subset of patients (14.4 %) was categorized into the new
Luminal B-like breast cancer with the cut-point of PgR as
10 %. 62.7 % were placed into the Luminal A-like breast
cancer (Table 1); 22.9 % of patients were categorized into
the conventional Luminal B-like breast cancer. Nearly all
cases placed into the new Luminal B-like and the Luminal

A-like breast cancer were histological grade I or II,
whereas approximately one-thirds of the conventional
Luminal B-like breast cancer were grade III. Sixty-five
percent of tumors in the new Luminal B-like breast cancer
were smaller than 2 cm (T1); 82 % of the Luminal A-like
breast cancer and 56 % of the conventional Luminal B-like
breast cancer were T1.

About half of cases in the new Luminal B-like breast
cancer had node involvement. Eighteen percent of the
Luminal A-like breast cancer and half of the conventional
Luminal B-like breast cancer were node positive.

Approximately half of the new Luminal B-like breast
cancer, 23 % of the Luminal A-like breast cancer and over
half of the conventional Luminal B-like breast cancer had
received chemotherapy.

Significant difference was observed in Histological
grade (p = 0.0001), nodal status (p = 0.0022) and che-
motherapy status (p = 0.0043). The Luminal A-like and

Table 1 Patient characteristics

Total Luminal New Luminal Conventional p value
A-like B-like Luminal B-like
Number 118 74 17 27
Age 0.3641"
<35 4 (334 1(1.4) 0 (0.0) 3(11LD
35-49 34 (28.8) 24 (32.4) 5(294) 5 (18.5)
50-69 57 (48.3) 35 (47.3) 8 (47.1) 14 (51.9)
>70 23 (19.5) 14 (18.9) 4 (23.5) 5 (18.5)
PgR
<10 % 31 (26.3) 0 (0.0) 17 (100) 14 (51.9)
>10 % 87 (73.7) 74 (100) 0 (0.0) 13 (48.1)
Histological Grade 0.0001*
I 56 (47.5) 44 (59.5) 10 (58.8) 2 (7.4)
II 51 (43.2) 28 (37.8) 7 (41.2) 16 (59.3)
11 11 (9.3) 22.7) 0 (0.0 9(33.3)
Ki-67 labeling index
<20 % 91 (77.1) 74 (100) 17 (100) 0 (0.0)
>20 % 27 (22.9) 0 (0.0 0 (0.0) 27 (100)
T 0.0502"
1 87 (73.7) 61 (82.4) 11 (64.7) 15 (55.6)
2 21 (17.8) 9 (12.2) 4 (23.5) 8 (29.6)
Values in parentheses are ' 3 1(0.8) 1(1.4) 0 (0.0) 0 (0.0)
percentages of the number in
each subtype 4 9 (7.6) 34D 2 (11.3) 4 (14.3)
T Primary tumor size, T Nodal status 0.0022"
tumor <20 mm in greatest Negative 84 (71.2) 61 (82.4) 9 (52.9) 14 (51.9)
dimension, 72 >20 mm Positive 34 (28.8) 13 (17.6) 8 (47.1) 13 (48.1)
but <50 mm, ].B > .50 o, s Chemotherapy 0.0043™
tumor of any size with direct
extension to the chest wall and/ Yes 40 (33.9) 17 (23.0) 8 (47.1) 15 (55.6)
or to the skin No 78 (66.1) 57 (77.0) 9(52.9) 12 (44.4)
* Fisher’s exact test was used to Hormonal therapy 1.0000"
estimate p values Yes 115(97.5)  72(97.3) 17 (100) 26 (96.3)
=% 2 test was used to estimate No 3(2.5) 2027 0 (0.0) 13.7)
p values
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Fig. 1 Clinical outcomes of
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the new Luminal B-like breast cancers were low histo-
logical grade than the conventional Luminal B-like
(Luminal A-like vs. conventional Luminal B-like:
p < 0.0001, new Luminal B-like vs. conventional Luminal
B-like: p = 0.0002). The Luminal A-like breast cancer had
less nodal involvement than the other breast cancer
(Luminal A-like vs. new Luminal B-like: p = 0.0141,
Luminal A-like vs. conventional Luminal B-like:
p = 0.0027). Chemotherapy was less applied to the
Luminal A-like breast cancer than to the conventional
Luminal B-like breast cancer (p = 0.0023).

Breast cancer-related events were more frequent for the
new Luminal B-like breast cancer than for the Luminal A-like
breast cancer and were less frequent for the conventional
Luminal B-like subtype (Fig. 1). Significant differences in
distant metastatic-free survival and breast cancer-related
events among the three luminal groups were observed.

In detail, the new Luminal B-like and the Luminal
A-like breast cancer experienced locoregional recurrence
or contralateral breast cancer that were considered non-life
threatening and could be completely resected by re-oper-
ation. However, distant metastasis occurred more often for
the conventional Luminal B-like breast cancer than in the
other groups.

When 20 % was used for the cut-point of PgR, same
tendency was observed compared with when 10 % was
used (Suppl. Figure 1).

@_ Springer
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PgR status as a prognostic factor for Breast cancer-
related events

Based on the univariate analysis (Table 2), low or negative
expression of PgR (PgR-high vs. -low or -negative, HR
4.79, 1.98-12.25, 95 % CI), high histological grade (grade
/I vs. TII, HR 5.08, 1.64-13.34, 95 % CI), high Ki-67
expression  (Ki-67 <20 % vs. =20 %, HR 3.12,
1.25-7.56, 95 % CI), large tumor size (T <2cm
vs. >2cm, HR 3.03, 1.21-7.35, 95 % CI) and not
receiving hormonal therapy (hormonal therapy yes vs. no,
HR 17.56, 2.71-65.68, 95 % CI) were worse prognostic
factors in this study.

Based on the multivariate analysis (Fig. 2), low or
negative expression of PgR (PgR-high vs. -low or -neg-
ative, HR 3.80, 1.40-10.88, 95 % CI) and not receiving
hormonal therapy (hormonal therapy yes vs. no, HR
37.32, 4.71-194.32, 95 % CI) were worse prognostic
factors.

When 20 % was used for the cut-point of PgR, we
obtained the results as follows (Suppl. Figure 2); Based
on the multivariate analysis, not receiving hormonal
therapy (hormonal therapy yes vs. no, HR 34.52,
4.48-175.32, 95 % CI) were worse prognostic factors.
Expression of PgR was not so powerful prognostic factor
(PgR-high vs. -low or -negative, HR 2.27, 0.81-6.63,
95 % CI).
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Table 2 Univariate analysis of 118 women with Luminal subtype
breast cancer

Univariate analysis

HR 95 % CI) p value
PgR 0.0006
>10 % 1.00
<10 % 4.79 (1.98-12.25)
Histological Grade 0.0073
VI 1.00
I 5.08 (1.64-13.34)
Ki-67 labeling index 0.0158
<20 % 1.00
>20 % 3.12 (1.25-7.56)
Tumor size 0.0187
<2 cm 1.00
>2 cm 3.03 (1.21-7.35)
Hormonal therapy 0.0066
Yes 1.00
No 17.56 (2.71-65.68)
Nodal status 0.0817
Negative 1.00
Positive 2.24 (0.90-5.44)
Chemotherapy 0.2403
No 1.00
Yes 1.71 (0.69-4.13)

Univariate analysis of clinicopathological factors for Breast cancer-
related events

HR hazard ratio, CI confidence intervale

The conventional PgR-high Luminal B-like breast
cancer had better prognosis compared

with the conventional PgR-low or -negative Luminal
B-like breast cancer

Furthermore, we categorized the conventional Luminal
B-like breast cancer into two groups based on the PgR

favorable factor

status (Table 3). Nearly half (48.1 %) of the conventional
Luminal B-like breast cancer were PgR-positive, and
51.9 % were PgR-low or -negative. The histological grade
was II in nearly all of the conventional PgR-high Luminal
B-like breast cancer, whereas 51.7 % of the conventional
PgR-low or -negative Luminal B-like breast cancer was
grade III. The tumor size was smaller for the conventional
PgR-high Luminal B-like breast cancer compared with the
conventional PgR-low or -negative Luminal B-like breast
cancer. Slightly more than a third (38.5 %) of the con-
ventional PgR-high Luminal B-like breast cancer and
57.1 % of the conventional PgR-low or -negative Luminal
B-like breast cancer were node positive. Thus, the per-
centage of patients in the conventional PgR-high Luminal
B-like breast cancer who received adjuvant chemotherapy
was less than that of the conventional PgR-low or -negative
Luminal B-like breast cancer (PgR-high, 38.5 % vs. -low
or -negative, 71.4 %). In both groups, nearly all patients
received adjuvant hormonal therapy.

The number of breast cancer-related events in the con-
ventional PgR-high Luminal B-like breast cancer was
significantly lower than that of the conventional PgR-low
or -negative Luminal B-like breast cancer. The conven-
tional PgR-high Luminal B-like breast cancer experienced
only contralateral breast cancer and then could be resected
properly (Fig. 3).

In addition, same result was observed when 20 % was
used for the cut-point of PgR (Suppl. Figure 3).

Discussion

In this study, we investigated the more suitable ITHC-based
surrogate definition of Luminal breast cancers focusing on
the expression level of PgR and Ki-67. First, we investi-
gated the features of the new Luminal B-like breast cancer.
Their clinicopathologic features and event-free survival
were between those of the Luminal A-like and the

(HR=1.00) | unfavorable factor P-value

PgR status >10% E —@— 3.80(140-10.388) <10% P=0.0092

Histological Grade  1/1I —5—0—— 1.97 (0.51 - 6.89) I P=0.3118

Ki-67 labeling index <20% ——@=—— 1.91(0.71-5.44) >20% P=02555

T factor Tl -g—é—— 1.98 (0.73 - 5.24) T2-4 P=0.1724

Hormone therapy  Yes E ——03:1—3274.7 1-104.32) No P=0.0023
1

Fig. 2 Multivariate analysis in 118 women with Luminal subtype
breast cancer. Multivariate analysis of clinicopathological factors for
Breast cancer-related events. Hazards ratio (HR) and 95 % confidence

10

100 1000

intervals (CI) obtained from a multivariable COX proportional

hazards model that was adjusted for PgR status, histological grade,
Ki-67, tumor size, hormonal therapy
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Table 3 Characteristics of conventional Luminal B-like breast can-
cer according to the PgR status

Conventional Conventional p value
PgR-high PgR-low or negative
Luminal B like Luminal B-like
Number 13 14
Age 0.5851°
<35 1(7.7) 2 (14.3)
35-49 1 (7.7 4 (28.0)
50-69 8 (61.5) 6 (42.9)
>70 3(23.D 2(14.3)
PgR
<10 % 0 (0.0 14 (100
>10 % 13 (100) 0 (0.0)
Histological Grade 0.0160"
I 1 (1.7 1(7.D)
il 11 (84.6) 5(35.7)
Jitl 1(1.7) 8 (57.1)
Ki-67 labeling index
<20 % 0 (0.0) 0 (0.0
>20 % 13 (100) 14 (100)
T 0.3702"
1 9 (69.2) 6 (42.9)
2 3(23.1) 5(35.7)
3 0 (0.0) 0 (0.0)
4 1(7.7) 3(21.4)
Nodal status 0.3317"
Negative 8 (61.5) 6 (42.9)
Positive 5 (38.5) 8 (57.1)
Chemotherapy 0.0850""
Yes 5 (38.5) 10 (71.4)
No 8 (61.5) 4 (28.6)
Hormonal therapy 0.3261""
Yes 13 (100) 13 (92.9)
No 0 (0.0 1(7.1)

Values in parentheses are percentages of the number in each subtype
* Fisher’s exact test was used to estimate p values

% 2 test was used to estimate p values

conventional Luminal B-like breast cancer. However, the
frequency of node involvement in the new Luminal B-like
subtype showed the same tendency as the conventional
Luminal B-like breast cancer; therefore, the new luminal
B-like patients received adjuvant chemotherapy as fre-
quently as the conventional Luminal B-like patients.

A higher rate of relapse in the new Luminal B-like
subtype patients might be due to the PgR status, which is
influenced by the efficacy of hormonal therapy. Previous
analyses investigated whether the PgR status provided
additional value to the ER status and improved the pre-
diction of benefit from endocrine treatment among patients
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with primary breast cancer who received adjuvant endo-
crine therapy [13-15]. The authors concluded that PgR-
negative patients benefit less from adjuvant endocrine
therapy than PgR-positive patients and that they may want
to consider chemotherapy [8, 13]. Another study that
investigated the Ki-67 status during endocrine therapy
revealed that Ki-67 was reduced to a greater extent in PgR-
positive cancers when compared with PgR-negative can-
cers [16], suggesting that treating PgR-negative cancers
with hormonal therapy could not completely prevent can-
cer cell activation. Other researchers showed that a PgR-
negative status was an important contributor to the relapse
risk in early [17] and late periods [18]. The same result was
published for metastatic breast cancer. In women with ER-
positive metastatic breast cancer, PgR-positive patients had
significantly longer overall survival than PgR-negative
patients. Therefore, they also concluded that the PgR status
is an important prognostic factor [19].

Next, we investigated the influences of PgR status on the
conventional Luminal B-like breast cancer. Interestingly,
although the Ki-67 expression was high, the conventional
PgR-high Luminal B-like breast cancer experienced less
breast cancer-related events than the conventional PgR-low
or -negative Luminal B-like breast cancer, and the rate of
adjuvant chemotherapy showed a similar trend. In our
study, the difference in the histological grade of the groups
was significant (p = 0.0160). A previous study reported
that the histological grade (I, II vs. III) was a more pow-
erful prognostic factor for chemotherapy responsiveness
and recurrent-free survival than Ki-67 expression in
Luminal (HER2-negative) breast cancer [20]. Our results
support this result; therefore, different strategies may be
necessary for distinguishing the conventional PgR-high
Luminal B-like breast cancer and the conventional PgR-
low or -negative Luminal B-like breast cancer. This
emphasizes the questions regarding whether chemotherapy
regimen is better for treating the conventional PgR-high
Luminal B-like breast cancer, or whether adjuvant che-
motherapy is really needed. At the same time, the rate of
node involvement was also lower in these breast cancers.
The reason for higher node involvement in the conven-
tional PgR-low or -negative Luminal B-like might be
explained by the following. A previous study indicated that
PgR expression decreased due to recurrence [21], and the
PgR status changing from positive to negative was a poor
prognostic factor [22]. In the same way, the PgR status of
breast cancer changing from positive to negative might be a
trigger, and as a result, breast cancer could obtain the worse
property of metastasizing to axillary lymph nodes.

Third, we examined which value is more suitable for a
PgR cut-point (Suppl. Figure 1-3). Based on the multi-
variate analysis (Fig. 2, Suppl. Figure 2), the value of 10 %
for PgR cut-point was stronger prognostic factor than the
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Fig. 3 Clinical outcomes of
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value of 20 % (10 %: HR 3.80, p = 0.0092, 20 %: HR
2.27, p = 0.1170). However, the number of breast cancer-
related events was not so different between when the value
of 10 % was used for a PgR cut-point and when the value
of 20 % was used (Suppl. Figure 1, 3). It is ture that the
number of the patients was relatively small but the results
still provided sufficient evidence to support the value of the
PgR cut-point. Further investigations employing larger
numbers of patients with longer periods of clinical follow-
up may be required for determining the most clinically
relevant PgR cut-point.

The new Luminal B-like and the conventional Luminal
B-like breast cancers are still considered a heterogeneous
group of breast cancers [8]. As mentioned above, we
demonstrated using multivariate analysis that the PgR
status was one of the most important prognostic factors for
the Luminal-like HER2 negative breast cancer; new
Luminal B-like breast cancer had better prognosis than
conventional Luminal B-like breast cancer. In conventional
Luminal B-like breast cancer alone, the PgR status was
also important prognostic factor. This result suggests the
possibility of different therapeutic approach whether che-
motherapy is really needed or not for the conventional
PgR-high Luminal B-like breast cancer. Although the
present study had some limitations in that it was retro-
spective and included a relatively small number of patients
and a short period, it was the first time that the clinico-
pathological feature of the Luminal B-like breast cancer

categorized in the latest definition was investigated and the
importance of the PgR status was reported from Asian
single institution. And this results might provide a clue for
designing better treatments for Luminal HER2-negative
breast cancers.

Conclusion

Our results showed the possibility that PgR status has some
influence on the prognosis of the Luminal HER2-negative
breast cancers. To improve the outcome of Luminal HER2-
negative breast cancers, the PgR status as well as the Ki67-
labeling index should be considered.
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Role of ultrasonography in breast cancer screening
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The purpose of cancer screening is to reduce cancer mortality. While mammography is the only
method of breast cancer screening for which there is established evidence of a reduction in mortality,
low sensitivity of the technique in dense breasts is a serious issue to be resolved. Although
ultrasonography is a useful candidate for overcoming this problem, the recent trend toward
introducing ultrasonography for population-based screening is still too early. Ultrasonography may
offer higher sensitivity because it can detect breast cancer at an early stage based on mass shape,
even in the dense parenchyma of premenopausal women. However, there is no manual on a
standardized method of examination, no diagnostic criteria, and no evidence that ultrasonography
screening reduces mortality. The Japan Strategic Anticancer Randomized Trial (-START) was the first
large-scale RCT to verify the quality and effectiveness of ultrasonography for breast cancer screening
in women aged 40-49 years. The primary endpoints of this trial were inter-group comparisons of
sensitivity and specificity, and the secondary endpoint was the inter-group comparison of the
accumulated incidence rate of advanced breast cancer during the follow-up period. The primary and
secondary endpoints are expected to be published at the end of 2014. Endorsement of the new
modality is expected to increase the detection rate; however, it might also increase the recall rate,
which would be an adverse effect of screening. It is necessary to make ultrasonography screening

available, but it should not be introduced too hastily until evidence has been established,
(HEPR 2014;41:315-321.)

breast cancer screening, mammography, ultrasonography, J-START
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