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Abstract

Background Neoadjuvant chemotherapy (NAC) is the standard therapeutic strategy for triple-negative breast cancer (TNBC).
TNBC patients with residual disease after NAC have a significantly worse survival than those with pathological complete
response (pCR); however, there is no apparent prognostic factor for non-pCR patients. Cancer stemness or epithelial-mes-
enchymal transition (EMT) might influence the sensitivity to chemotherapy.

Patients and methods Forty-eight patients with TNBC who were treated with NAC were available were included in this
study. The expressions of stemness marker CD44v9, EMT marker vimentin and BRCA1, and basal phenotype were evaluated
with immunohistochemistry. The relationships between the expression of these proteins and the pCR rate and the prognosis,
especially in the patients with residual tumors, were investigated.

Results Among the 48 patients, pCR was achieved in 14 cases. High nuclear grade and basal phenotype in the pre-NAC
samples were significantly correlated with pCR (p =0.0458 and 0.0343). There were no significant relationships between
the pCR rate and the expression of CD44v9, vimentin, or BRCA1. Achieving pCR was significantly correlated with longer
distant metastasis-free survival (DMFS) (p =0.0206). High CD44v9 expression was significantly associated with shorter
DMES (p=0.0291). Among the patients in whom pCR was not achieved, high grade in the residual tumor cells, poor patho-
logical response and high CD44v9 expression in the pre-treatment CNB samples were significantly correlated with a poor
DMES (p=0.0433, 0.0406 and p=0.0333). In addition, high grade in the residual tumor cells was significantly associated
with high CD44v9 expression in the pre-treatment CNB (p =0.0389).

Conclusions High CD44v9 expression in pre-NAC samples was associated with poor prognosis in TNBC patients treated
with NAC, especially for those in whom pCR was not achieved.
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Introduction

. . . . . Triple-negative breast cancer (TNBC), which accounts
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standard chemotherapy. The prognosis of the patients in
whom pathological complete response (pCR) is achieved
is quite favorable, similar to that of other breast cancer
subtypes. However, TNBC patients with residual disease
after NAC have significantly worse survival than those
who achieve pCR [2, 3]. Therefore, it is meaningful to
investigate the factors influencing the efficacy of NAC and
the prognosis after NAC, especially for patients who fail
to achieve pCR.

Recent studies have shown that TNBC is a highly het-
erogeneous disease and is classified into several subgroups
on the basis of different approaches, classical pathology,
mRNA expression profile, and DNA sequencing, includ-
ing analyses of copy number variations and structural rear-
rangements and other molecular methods [4-7]. Phenotypes
related to the epithelial-mesenchymal transition (EMT) and
cancer stemness are also characteristic of TNBC [8]. There
are several predictive factors that influence the sensitivity
to NAC in TNBC, including high nuclear grade, high pro-
liferation rate, high immune cell infiltration, alteration of
DNA repair-related genes, EMT-related gene expression,
and cancer stemness [9-12]. Among the molecular subtypes
of TNBC, the basal-like 1(BL1) subtype is associated with
higher pCR rate than others [5, 6, 13].

Among DNA repair-related genes, low expression of
BRCALI or “BRCAness” features is correlated with tax-
ane resistance [14-16] and a poor prognosis, specifically
TNBC [17, 18]. Regarding EMT, we previously reported
that vimentin, the major EMT-related factors, is poor prog-
nostic factors for TNBC [19, 20]. However, the relationship
between the expression of vimentin and the pathological
response to NAC is not clear.

The adhesion molecule CD44 is expressed in cancer
stem-like cells (CSCs). CD44 variant 9 (CD44v9), a splic-
ing variant of CD44, has emerged as a novel marker of can-
cer stemness in a variety of solid tumors [21-23]. CSCs
with high expression of CD44v have an enhanced capacity
for GSH synthesis and defense against reactive oxygen spe-
cies, resulting in resistance to various therapeutic stresses
[23]. CD44v9 has been studied in various malignant tumors,
including gastric cancers and head and neck squamous cell
carcinomas (HNSCC) and urothelial cancer [21, 22, 24]. The
high expression of CD44v9 has been shown to be associated
with resistance to pre-surgical treatment in HNSCC [21].
However, there have been no reports regarding the clinical
significance and the association with chemosensitivity of
CD44v9 in breast cancer.

In the present study, we first would like to investigate the
relationships between the expression of CD44v9 in pre-NAC
tumor samples and the pathological response to NAC in
TNBC. In addition, we evaluated the expression of BRCA1,
vimentin, and basal phenotype, which are considered to be
related to the chemosensitivity or prognosis of TNBC. The
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factors to be related to the prognosis of the patients, who fail
to achieve pCR, were also examined.

Patients and methods
Patient population

A total of 465 patients with clinical Stage I-III primary
breast cancer were treated with NAC in the Department of
Breast Oncology, National Hospital Organization Kyushu
Cancer Center, between 2002 and 2017. Chemotherapy
was administered according to the standard regimen of
anthracyclines and/or taxanes. Among 419 patients for
whom the data of ER, PgR, and HER2 were available, 73
had TNBC. Both the samples from a core needle biopsy
(CNB) before NAC and those obtained during surgery
were available in only 48 patients. These 48 cases were
thus included in this study. The clinical data were obtained
from the patients’ medical records. The AJCC/UICC TNM
classification and stage groupings were used. For tumor
grading, nuclear grade was determined as previously
described [25], because in some CNB samples the evalu-
ation of the tubular formation was difficult due to small
number of the tumor cells. Written informed consent was
obtained from all of the patients before collecting the tis-
sue samples. This study was approved by the institutional
review board of our hospital.

The expression of ER and PgR was regarded as posi-
tive if the nuclear expression was > 1%. The HER?2 status
was evaluated according to the recommendation of ASCO/
CAP. The pathological responses of the tumor and dis-
sected lymph nodes were classified based on the evaluation
criteria of the Japanese Breast Cancer Society [26]; Grade
0, no response or hardly any changes in cancer cells fol-
lowing treatment; grade la, mild response recognized as
mild cancer cell changes regardless of the site, or marked
cancer cell changes in < 1/3 of the total number of cancer
cells; grade 1b, moderate response as shown by marked
changes in > 1/3 but < 2/3 of the total number of can-
cer cells; grade 2, marked response or marked changes in
>2/3 of the total number of cancer cells; and grade 3, lack
of residual cancer cells, necrosis or disappearance of all
cancer cells, or replacement of all cancer cells by granu-
loma-like and/or fibrous tissue. The pathological complete
response (pCR) was regarded as the total disappearance of
infiltrates, including lymph node infiltrates, regardless of
the presence of residual ductal carcinoma in situ. Among
the 48 patients, pCR was achieved in 14 (29.2%). The
background characteristics are shown in Table 1.
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Table 1 Background of the patients

Factors n (%)
Age (years old)
Mean (range) 51.5 (27-66)
Clinical stage
I 24.2)
IIA 17 (35.4)
1B 10 (20.8)
IIA 8 (16.7)
1B 4(8.3)
1Ic 7(14.6)
Menopausal status
Premenopausal 25 (52.1)
Postmenopausal 22 (45.8)
Unknown 12.1)
Tumor grade
1 8 (16.7)
2 9 (18.7)
3 31 (64.6)
Pathological efficacy
Non-pCR 34 (70.8)
pCR 14 (29.2)

Immunohistochemistry

The expression of CD44v9, BRCA1, vimentin, CK5/6,
and EGFR was analyzed with immunohistochemistry
(IHC) in the pre-NAC samples obtained by core needle
biopsy. In addition, the CD44v9 expression in the residual
tumors after NAC was evaluated. The primary antibod-
ies used were as follows: CD44v9 (RV3, 1:2500; Cosmo
Bio, Tokyo, Japan), BRCA1 (MS110, 1:150; Calbio-
chem, Darmstadt, Germany), vimentin (V9, 1:500; Dako,
Glostup, Demark), CK5/6 (D5/16 B14, 1:250; Dako), and
EGFR (6B6, 1:50; Cell Signaling, Danvers, MA, USA).
CD44v9 was expressed in the membrane and the cyto-
plasm. The expression was scored with the proportion
score (0, none; 1, <1/100; 2, 1/100-1/10; 3, 1/10-1/3;
4, 1/3-2/3; and 5, > 2/3) and intensity score (0, none; 1,
weak, 2, intermediate; and 3, strong). The intensity scores
of most samples were 2 and 3, and the standard cutoff has
not been established for CD44v9; we therefore regarded
the intensity as high if the proportion score of membra-
nous and/or cytoplasmic expression was >4. Any dis-
tinct positive staining of the tumor cytoplasm in cancer
cells with the vimentin antibody was regarded as positive
vimentin expression [20]. The expression of CK5/6 was
defined as positive when cytoplasmic and/or membra-
nous staining was observed and otherwise was considered
negative [20]. The expression of BRCA1 was regarded

as positive when nuclear staining was observed in > 10%
of the cancer cells [14]. TNBC with positive expression
of CK5/6 and/or EGFR was defined as basal-like breast
cancer (BLBC; basal phenotype) [20].

Statistical analyses

The statistical analyses were performed using the JMP soft-
ware package, version 9.0.2 (SAS Institute Inc., Cary, NC,
USA). The associations between the clinicopathological char-
acteristics were assessed using y tests. The distant metastasis-
free survival (DMFS) was defined as the time from surgery
to the first distant breast cancer event. Survival curves were
plotted using the Kaplan—Meier method, and the association
between the survival and each variable was determined by the
log-rank test. Differences were considered to be significant at
p<0.05.

Results

Expression of vimentin, BRCA1, and CD44v9
and basal phenotype

The expression of CD44v9, vimentin, BRCA1, CK5/6,
and EGFR was evaluated with THC. Regarding CD44v9,
30 tumors (62.5%) were judged as having high expression,
and 18 (37.5%) were regarded as having low expression.
The expression of vimentin and BRCA1 was positive in
26 (54.2%) and 38 cases (79.2%). CK5/6 and EGFR were
positive in 34 (70.8%) and 33 (68.5%) tumors, and 42 cases
(87.5%) were regarded as basal phenotype. Representative
pictures of negative and positive expression of each protein
are shown in Fig. 1. The vimentin expression was positively
correlated with the basal phenotype (p=0.0013); however,
there were no significant associations among basal pheno-
type, BRCA1, and CD44v9 (Table S1).

Relationships between the nuclear grade, each
protein expression, and the pathological efficacy
of NAC

Table 2 shows the relationships between the nuclear grade
(NG), each protein expression in the pre-treatment CNB
samples, and the pathological response. A higher NG and
basal phenotype were significantly correlated with a pCR
(p=0.0458 and 0.0343), although there was no significant
relationship between the basal phenotype and NG. There
were no significant relationships between the expression of
vimentin, BRCA1, and CD44v9, and the pCR rate (Table 2).
In addition, there were no significant relationships between
the BRCA1 expression and the sensitivity to taxanes in this
cohort (data not shown).
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Fig. 1 Representative pictures
of the negative and positive
expression of each protein
evaluated by immunohisto-
chemistry. a CD44v9 negative.
b CD44v9 positive. ¢ BRCA1
negative. d BRCA1 positive. e
Vimentin negative. f Vimentin
positive. g CK5/6 negative. h
CK5/6 positive. i EGFR nega-
tive. j EGFR positive
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Table 2 Relationships between nuclear grade, protein expression, and
pathological efficacy

Factors Pathological efficacy p value
non-pCR (n=34) pCR (n=14)

Tumor grade
1 (n=8, 16.7%) 8(23.5) 0(0) 0.0458
2 (n=9, 18.9%) 6 (17.7) 3(21.4)
3 (n=31, 64.6%) 20 (58.8) 11 (78.6)

Basal phenotype
Negative (n=14,29.2%) 6 (17.7) 0(0) 0.0343
Positive (n=34, 70.8%) 28 (82.3) 14 (100)

Vimentin
Negative (n=22,45.8%) 18 (52.9) 4 (28.6) 0.1182
Positive (n=26, 54.2%) 16 (47.1) 10 (71.4)

BRCA1
Negative (n=10,20.8%) 9 (26.5) 1(7.1) 0.1053
Positive (=38, 79.2%) 25 (73.5) 13 (92.9)

CD44v9
Low (n=18, 37.5%) 12 (35.3) 6 (42.9) 0.6244
High (n=30, 62.5%) 22 (64.7) 8 (57.1)

Relationships between the clinicopathological
factors, each protein expression, and the prognosis

Then, the relationships between the clinicopathologi-
cal factors, each protein expression, and the prognosis
were examined. Median follow-up time period was 72.5
(5.7-153.8) months. As shown in Fig. 2, non-pCR, a high
CD44v9 expression, and negative BRCA1 expression were
significantly associated with a shorter DMFS (p =0.0206,
p=0.0291 and 0.0091, Fig. 2a—c). There were no significant
relationships between the expression of vimentin or basal
phenotype and the prognosis (Fig. 2d, e). In addition, the NG
of the tumor cells in the pre-treatment CNB samples was not
related to the prognosis (data not shown).

The prognosis of the patients in whom apCR
was not achieved

For the patients in whom pCR was not achieved, high NG
in the residual tumor cells and poor therapeutic response
(Grade 0 and la) were significantly correlated with poorer
DMEFS (p=0.0433 and 0.0406, Fig. 3a, b). High CD44v9
expression in the pre-treatment CNB samples was also sig-
nificantly correlated with a shorter DMFS in these patients
(»p=0.0333, Fig. 3c). The DMFS of the non-pCR patients
with negative BRCA1 was shorter than that of the patients
with positive BRCAI, although not statistically significant
(Fig. 3d). In these 34 cases without pCR, high CD44v9
expression was observed in 23 (67.6%) cases. There was no

difference in DMFS among the patients with low and high
CD44v9 expression in the residual tumor cells (Fig. 3e).

Univariate and multivariate analyses were performed
to assess the effects of the clinicopathological factors on
DMES in the non-pCR cases (Table 3). According to the
univariate analysis, high pre-NAC CD44v9 expression was
significantly associated with poor DMFS in addition to the
pathological lower therapeutic response (grade 0, 1a), patho-
logical positive lymph node metastasis and post-NAC high
NG. However, a multivariate Cox hazard analyses showed
that high pre-NAC CD44v9 expression was not an independ-
ent prognostic factor. On the other hand, the pathological
lower therapeutic grade, pathological lymph node metasta-
sis, and post-NAC high NG were independent poor prognos-
tic factors in terms of DMFS.

Relationships between the NG in the residual
tumors and the CD44v9 expression

Because the NG in the residual tumors was significantly cor-
related with the DMFS in the non-pCR patients, the rela-
tionships between the changes in NG and the DMFS were
investigated. The prognosis of the patients with down-grade
(from NG3 to NG 1, 2) or remaining NG 1, 2 was better
than that of the patients with remaining NG3. In addition,
two patients in whom the NG increased from 1 to 2 to 3
after NAC experienced extremely early distant recurrence
(Fig. 4a). As shown in Fig. 4b, the expression of CD44v9
in the pre-NAC tumor samples was significantly correlated
with the NG of the residual tumor cells. Both of the two
patients in whom the NG increased from 1 to 2 to 3 after
NAC had high pre-NAC CD44v9 expression and only one
patient in whom the NG decreased from 3 to 1, 2 after NAC
had low pre-NAC CD44v9 expression (Fig. 4c). Thus, pre-
NAC CD44v9 expression was not an independent prognos-
tic factor in non-pCR cases, partially due to the significant
association between pre-NAC CD44v9 expression and NG
of the residual cells. On the other hand, there are no sig-
nificant association between the expression of CD44v9 and
NG in the pre-NAC samples; NG1/2/3 16.7/16.7/66.7% in
CD44v9-low cases (n=18), NG1/2/3 16.7/20.0/63.3% in
CD44v9-high cases (n=38) (p=0.957).

Discussion

In this study, we investigated the clinical significance of
the expressions of CD44v9, a protein related to the can-
cer stemness in TNBC patients who received NAC. We
showed that high CD44v9 expression was significantly
correlated with poor prognosis, especially in patients who
failed to achieve a pCR. The NG of the residual tumor cells
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Table 3 Univariate and

L . . Factors Univariate analysis Multivariate analysis
multivariate analysis for distant
metastasis-free survival in the HR 95% CI p value HR 95% CI p value
non-pCR cases
Pre-NAC nuclear grade
3vs. 1,2 1.55 0.46-5.95 0.4753
Pre-NAC basal phenotype
Positive vs. negative 0.70 0.20-3.19 0.6056
Pre-NAC vimentin
Positive vs. negative 1.86 0.55-6.52 0.3085
Pre-NAC BRCAL1
Positive vs. negative 0.31 0.09-1.12 0.0730
Pre-NAC CD44v9
high vs. low 6.86 1.31-126.1 0.0189 2.23 0.22-55.8 0.5196
Pathological therapeutic grade
0, lavs. 1b,2 341 1.01-13.2 0.0474 10.50 2.22-78.8 0.0023
pLN meta.
Positive vs. negative 1.72 1.70-43.9 0.0051 25.90 4.38-2717.5 0.0001
Post-NAC nuclear grade
3vs. 1,2 4.44 1.10-29.9 0.0346 13.00 2.02-160.3 0.0046
Post-NAC CD44v9
High vs. low 0.61 0.18-2.33 0.4427

PLN meta. pathological lymph node metastasis

The major prognostic factors after NAC are pathologi-
cal response (pCR or non-pCR), the residual cancer burden
(RCB), and tumor proliferation, such as mitotic counts and
the Ki67 index, in the residual tumor cells [25, 27-29]. The
significantly poor prognosis of the patients in whom pCR
was not achieved by NAC is an urgent issue to be overcome,
especially for TNBC. One possible strategy for resolving
this issue is the addition of further treatment after NAC and
surgery. The recent Create-X study revealed the effective-
ness of the adjuvant capecitabine for non-pCR patients. The
disease free and overall survival were significantly longer in
the capecitabine group than in the control group, especially
in TNBC patients [30].

Not only the efficacy of NAC but also the prognosis after
NAC is extremely different among the TNBC subtypes [5, 6,
31]. The basal-like 1 (BL1) subtype has been reported to be
highly sensitive to NAC in TNBC. In the present study, the
basal phenotype determined by IHC was significantly associ-
ated with high pCR rate, although it is difficult to distinguish
between BL1 and BL2 by IHC alone.

Based on the findings of previous studies regarding
CD44v9, we expected the pre-NAC expression of CD44v9
to be related to the subsequent efficacy of NAC [21-23].
However, the CD44v9 expression in pre-NAC tumors was
not related to the pathological response on the whole. Never-
theless, high CD44v9 expression was significantly correlated
with poor prognosis, especially in the patients in whom pCR
had not been achieved. Multivariate analysis could not reveal
that high CD44v9 in pre-NAC samples was independent
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prognostic factor in the non-pCR patients. Intriguingly, high
CD44v9 expression in pre-NAC tumors was significantly
correlated with high NG in the residual tumor cells after
NAC. This seems to have contributed to the poor prognosis.

In contrast, low CD44v9 expression before NAC was cor-
related with better prognosis, even in the non-pCR cases. As
mentioned above, the Create-X study showed that the addi-
tion of capecitabine after surgery improved the prognosis
of non-pCR HER2-negative breast cancer after NAC. Thus,
high CD44v9 expression may be useful marker suggesting
the need for additional treatment for patients with non-pCR
tumors after NAC. Sulfasalazine (SSZ), which is used for
rheumatoid arthritis (RA), inhibits glutamate—cysteine trans-
port and has been reported to suppress the CD44v-dependent
tumor growth and increase the sensitivity to cytotoxic drugs
in urogenital cancer [32]. A clinical study to confirm the
utility of SSZ has already been started for several malignan-
cies, including gastric cancer [33]. Reducing the CD44v9
expression or CD44v-dependent tumor growth is expected
to improve the sensitivity to chemotherapy and the progno-
sis. In this study, there was no difference in DMFS and the
NG of the residual tumor cells among the patients with low
and high CD44v9 expression in the residual tumor cells.
The reason of this phenomenon is not clear. The mechanism
of the regulation of the expression of CD44v9 is not fully
elucidated. The manipulation by the chemotherapy might
modulate the expression of CD44v9 irrespective of the sen-
sitivity to NAC.
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The loss of BRCA1 expression was observed in about
20% of patients and was correlated with a poor progno-
sis in this study. These findings are consistent with those
of previous reports [17, 18], although no association was
noted between the resistance to taxanes and the loss of
BRCALI expression in this study. The EMT phenotype is
considered to be related to chemoresistance. However, in
the present study, there is no statistical difference in the

sensitivity to NAC between vimentin-negative or positive
tumors. This is probably because EMT is not defined by
the expression of vimentin alone and there are many fac-
tors that determine the chemosensitivity other than EMT
phenotype. Thus, in the present study, it was difficult to
show the relationship between EMT evaluated based on
the expression of vimentin and chemoresistance.
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Several limitations associated with the present study
warrant mention. The number of patients included in this
study was very small, and the analysis was retrospective.
To confirm the findings obtained in this study, analyses in
a larger cohort are necessary.

In conclusion, the CD44v9 expression in pre-NAC
tumors predicts poor prognosis after NAC in TNBC. The
combined treatment of NAC and therapy targeting CD44v9
may be useful in future therapeutic regimens.
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