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Fig. 4 DRFS according to LVI (a), PgR status (b), and Ki67 LI (c).
a Open circles, marked LVI, filled circles without marked LVIL
b Open circles PgR-negative tumors, filled circles PgR-positive
tumors. ¢ Open circles tumors showing high Ki67 LI, filled circles
tumors not showing high Ki67 LI

Results
Clinicopathological characteristics of the study subjects

The median patient age was 59 years; 59 % received
breast-conserving surgery; the mean tumor size was
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1.9 c¢m; and 80 % were node negative. All patients had ER-
positive breast tumors. Tamoxifen alone was given to 170
(65 %) of the patients (Table 1). At the median follow-up
period of 98 months, 11 patients had distant recurrence (six
in bone, two in bone and lung, two in liver, and one in
lung). At the median follow-up period of 99 months, four
patients had died of breast cancer.

The distribution of the percentages of hormone receptor-
positive cells in each tumor sample is shown in Fig. 1. The
percentages of ER-positive cells were over 90 % in most
cases (Fig. la), but those of PgR-positive cells were widely
distributed from 0 to 100 % (Fig. Ib). These findings
indicate that the majority of tumors were strongly positive
for ER.

The distribution of Ki67 LI is shown in Fig. 2. The
median Ki67 LI was 17.6 % (range 0.8-67.0 %). The Ki67
LI correlated well with the histological grade. The average
Ki67 LIs were 14.7 % for grade 1, 19.1 % for grade II, and
27.0 % for grade III. When the cutoff values of Ki67 LI
were changed, the value of 30 % discriminated patients
with poor or good prognosis; therefore, the cutoff value of
Ki67 LI was defined as 30 % in this study (Table 2).

For HERI, any completely membranous staining was
considered positive, regardless of its intensity or proportion
[9]. HERI expression was observed in only 8.4 % of cases
(22 out of 261, Table 2). The mean Ki67 LI was signifi-
cantly higher in HERI-positive tumors than in HERI-
negative tumors (25.7 versus 18.2 %, P = 0.0012).

For IGF-1IR, cytoplasmic staining was scored by the
Histoscore system, multiplying the products of the per-
centage of cells stained at a given staining intensity
(0-100) by the staining intensity score (0, none; 1, weak; 2,
moderate; 3, intense): 0-10 points were considered as
negative, 11-100 points as weak, 101-200 points as
moderate, and 201-300 points as strongly positive [10].
The IGF-1R expression was categorized as negative in 64
cases (24.5 %), weak in 171 cases (65.5 %), and strong in
26 cases (10.0 %) (Table 2). No significant correlation
among IGF-1R expression and other clinicopathological
factors was observed. IGF-1R expression in tumor cells
was not a significant prognostic factor for either DRFS or
BCSS.

For ALDHI, tumor cells with cytoplasmic staining were
considered to be ALDHI-positive cells [11]. The propor-
tions of ALDHI-positive cells and the number of cases
were as follows: <10 % in 111 cases (42.5 %), 10-50 % in
115 cases (44.1 %), and >50 % in 34 cases (13.0 %,
Table 2). No significant correlation between ALDHI
expression and other clinicopathological factors was
observed. ALDHI1 expression in tumor cells was not a
significant prognostic factor for either DRFS or BCSS.

Representative findings of IHC for Ki67, HERI, IGF-
IR, and ALDHI1 are shown in Fig. 3.
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Table 3 Analyses of distant relapse-free survival

Variable Category Number Univariate analysis Multivariate analysis
P value Hazard ratio 95 % CI P value
LVI Marked 7 <0.0001 21.8 5.5-86.2 <0.0001
Not 250
PgR Negative 69 0.0002 10.3 2.7-39.8 0.0007
Positive 192
Ki67 LI =30 % 40 0.0424 NA NA NA
<30 % 219
Grade II1 41 0.0071 NA NA NA
/11 220

NA not applicable

Univariate analyses of DRFS and BCSS

Marked LVI (Fig. 4a, P < 0.0001), PgR negativity (Fig. 4b,
P = 0.0002), high Ki67 LI (Fig. 4c, P = 0.0424), and his-
tological grade III (P = 0.0071) were significant prognostic
factors for DRFS by the log-rank test (Table 3). In contrast,
other factors, such as tumor size, age, nodal status, HER2
status, HER1 status, ALDH1 status, and IGF-1R status, were
not significant.

Marked LVI (Fig. 5a, P < 0.0001), high Ki67 LI
(Fig. 5b, P = 0.0009), PgR negativity (Fig. 5¢c, P =
0.0205), and histological grade III (P = 0.0021) were
significant prognostic factors for BCSS by the log-rank test
(Table 4). In contrast, other factors such as age, tumor size,
nodal status, HER2 status, HER1 status, ALDH1 status,
and IGF-1R status were not significant.

Multivariate analyses of distant metastasis
and breast cancer-specific death

Cox proportional hazards model revealed that marked LVI
[hazard ratio (HR) 21.8, 95 % confidence interval (CI)
5.5-86.2, P < 0.0001] and PgR negativity (HR 10.3, 95 %
CI 2.7-39.8, P =0.0007) were independently worse
prognostic factors for distant metastasis (Table 3). The Cox
proportional hazards model revealed that marked LVI (HR
287.3, 95 % CI 5.6-14817.5, P = 0.0049), high Ki67 LI
(HR 19.6, 95 % CI 1.4-250.0, P = 0.0292), and PgR
negativity (HR 25.1, 95 % CI 1.2-536.5, P = 0.0389)
were independently worse prognostic factors for breast
cancer-specific death (Table 4).

Discussion
Whether chemotherapy should be postoperatively admin-

istered in addition to endocrine therapy to patients with
ER-positive and/or PgR-positive, HER2-negative breast
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cancer remains unanswered. In daily practice, physicians
always take into account two important issues: the risk of
recurrence, and the biological characteristics responsible
for response to certain therapies. The former includes
clinicopathological factors such as nodal status, tumor size,
histological grade, LVI, and others. The latter includes
biomarkers such as ER, PgR, HER2, Ki67 LI, and others;
however, it is difficult for physicians to distinguish which
factors are more important than others [1-3]. To clarify the
significance of these factors and also to explore new
prognostic factors, we conducted this multi-institute cohort
study.

To exclude the effect of adjuvant chemotherapy on
patients’ prognosis, breast cancer patients postoperatively
treated with endocrine therapy alone were recruited to this
study. As expected, the majority of patients had ER-posi-
tive, HER2-negative breast cancer at earlier stages. They
received standard adjuvant endocrine therapies, tamoxifen
alone, aromatase inhibitor alone, or tamoxifen followed by
aromatase inhibitor in cases of postmenopausal status or
tamoxifen alone, or luteinizing hormone-releasing hor-
mone (LH-RH) agonist plus tamoxifen or LH-RH agonist
alone in cases of premenopausal status (Table 1). Although
they were recruited from three different hospitals, the
clinicopathological characteristics and adjuvant endocrine
therapy used were not significantly different (data not
shown). This is probably because most physicians working
for the respective hospitals basically followed the recom-
mendations for the selection of postoperative adjuvant
treatment for early breast cancer provided by the St. Gallen
Consensus Conference. Additionally, there was no signif-
icant difference in DRFS or BCSS among the types of
endocrine therapy (data not shown).

To focus on the occurrence of fatal recurrence and
exclude the influence of local therapies on overall recur-
rence rates, DRFS and BCSS rather than disease-free sur-
vival (DFS) and overall survival were investigated in this
study. It was found that, because there were some
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Fig. 5 BCSS according to LVI (a), PgR status (b), and Ki67 LI (c).
a Open circles marked LVI, filled circles without marked LVIL
b Open circles PgR-negative tumors, filled circles PgR-positive
tumors. ¢ Open circles tumors showing high Ki67 LI, filled circles
tumors not showing high Ki67 LI

differences in the indication for breast-conserving surgery
among the three hospitals, local recurrence rates signifi-
cantly differed among them (data not shown).
Multivariate analyses of both distant metastasis and
breast cancer-specific death showed that three pathological
biomarkers, marked LVI, PgR negativity, and high Ki67
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LI, were independently worse prognostic factors in this
study population (Tables 3, 4). It is likely that, because of
the small proportion of cases with large and/or node-
positive tumors, the nodal status and tumor size became
nonindependent prognostic factors in this study (Table 1).
It should be noted that histological grade was not selected
as an independent prognostic factor. Histological grade
correlated well with Ki67 LI in this study population.
When removing Ki67 LI from prognostic variables, histo-
logical grade became an independent prognostic factor
(data not shown). These findings indicate that histological
grade and Ki67 LI influenced each other in terms of
prognostic variables and Ki67 LI may have removed his-
tological grade from significant prognostic factors in this
study.

Lymphovascular invasion has been associated with poor
outcome in patients with breast cancer, in particular, node-
negative and/or small tumors [12]. Very recently, a large
cohort study reported that LVI provided a strong predictor
of outcome in patients with invasive breast cancer and
should be incorporated into breast cancer staging systems
[13]. The results of this study totally support these findings;
however, some points should be clarified before the routine
use of LVI as a prognostic factor. First, how to objectively
evaluate LVI in breast tumors remains to be resolved. The
use of IHC for detecting an endothelial-specific marker
such as D2-40 and quantitative imaging techniques may
contribute to the prognostic significance of LVI. In addi-
tion, the significance of LVI grading is still unclear. In this
study, study subjects were divided into two groups
according to the grade of LVI, marked LVI or not [6]. This
categorization successfully predicted the risk of distant
recurrence and breast cancer-specific death. In contrast,
when using other categorizations such as absence and mild
versus moderate and marked, LVI became a nonindepen-
dent prognostic factor.

It has been indicated that PgR status is an independent
predictive factor of benefit from adjuvant endocrine ther-
apy and that PgR status should be taken into account when
discussing risk reductions expected from endocrine therapy
with individual breast cancer patients [14]. In addition, it
was hypothesized that loss of PgR in ER-positive breast
cancer is a surrogate marker for increased activity of
growth factor receptor tyrosine kinases, such as HER1 and
HER2, that cause lower PgR expression and tamoxifen
resistance in some patients [15].

The significance of HERI1 expression in tumor cells
remains controversial in terms of prognostic power in
breast cancer patients [16]. Recent studies have suggested
that HER1 overexpression correlated with worse outcome
in patients with breast cancer of the triple-negative phe-
notype [17-20]. HER1 expression was not an independent
prognostic factor in this study population, which consisted
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Table 4 Analyses of breast cancer-specific survival

Variable Category Number Univariate analysis Multivariate analysis
P value Hazard ratio 95 % CI P value
LVI Marked 7 <0.0001 287.3 5.6-14817.5 0.0049
Not 250
Ki67 LI >30 % 40 0.0009 19.6 1.4-250.0 0.0292
<30 % 219
PgR Negative 69 0.0205 25.1 1.2-536.5 0.0389
Positive 192
Grade I 41 0.0021 NA NA NA
I 220

NA not applicable

of patients with ER-positive, HER2-negative breast cancer.
Otherwise, the proportion of HER1-expressing tumors was
very small but these tumors showed higher Ki67 LI in this
study as described in the “Results.” Further studies are
clearly needed to develop a quantitative assay procedure
for HER1 expression and to elucidate an appropriate cutoff
point of HER1 expression as a prognostic marker in breast
cancer patients.

It has been indicated that the IGF1-R signaling pathway
plays important roles in cell survival and resistance to
endocrine therapy and anti-HER2 therapy through the
PI3K/AKT/mTOR cascade [21-23]; however, the clinical
significance of IGF1-R expression in tumor cells remains
controversial. It is well known that the expression level of
IGF1-R is not the sole mediator to regulate activity of the
PI3K/AKT/mTOR signaling pathway. In addition, there are
confounding factors influencing IGF signaling, such as the
activation mechanism of IGF1-R and various IGF binding
proteins [24].

The cancer stem cell theory in solid tumors including
breast cancer has been widely accepted as a key para-
digm to develop new anticancer strategies [4]. Because
breast cancer stem cells may play an important role in
developing resistance to endocrine therapy, expression
levels of a putative cancer stem cell marker, ALDHI
[25], in tumor cells were investigated in this study.
Unexpectedly, the proportion of ALDHI1-positive tumor
cells was not a prognostic factor in this study. Recent
studies have suggested that ALDHI1 positivity may have
prognostic value in patients with triple-negative breast
cancer [26]. It has been speculated that suitable cancer
stem cell markers are different among breast cancer
subtypes [27, 28]. It seems that ALDH]I-positive tumor
cells were not cancer stem cells in the ER-positive,
HER2-negative breast tumors investigated in this study.
Other cancer stem cell markers such as cell surface
markers CD44 and CD24 might be more useful in
studying the significance of the proportion of cancer stem
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cells as a prognostic variable in ER-positive, HER2-
negative breast cancer.

In conclusion, this retrospective multi-institute cohort
study indicated that three pathological factors, marked
LVI, PgR negativity, and high Ki67 LI, were independently
worse prognostic factors in early breast cancer patients
treated with endocrine therapy alone. These factors were
representative biomarkers for tumor invasiveness, endo-
crine responsiveness, and tumor cell proliferation.
Although it is uncertain whether additional chemotherapy
is beneficial or not for patients with these worse prognostic
factors, because these factors are relatively easy to identify
in daily practice, physicians should take into account these
prognostic factors for the choice of chemotherapy addi-
tional to endocrine therapy in patients with ER-positive,
HER2-negative breast cancer.
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Abstract

Background The long-term outcomes and risk factors of
paclitaxel-induced peripheral neuropathy (PIPN) have not
yet been fully elucidated.

Methods We identified 219 breast cancer patients who
received paclitaxel as adjuvant chemotherapy between
2002 and 2009. We retrospectively analyzed the incidence,
time to onset, duration, and risk factors for PIPN by chart
review.

Results Of the 219 patients, 212 developed PIPN
(97%) during a median follow-up time of 57 months
(range 5.3-95.5). Median time to PIPN onset was 21 days
(range 11-101) for the entire patient population: 35 days
(range 14-77) for weekly administration and 21 days (range
11-101) for tri-weekly administration. PIPN caused termi-
nation of paclitaxel treatment in 7 patients (4%). Median
duration of PIPN was 727 days (range 14-2621 days). PIPN
persisted in 64 and 41% of patients at 1 and 3 years after
initiating paclitaxel, respectively. Age =60 years and sever-
ity of PIPN were significantly associated with PIPN
duration.
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Conclusions PIPN persists longer in older patients and in
those who experience severe neuropathy. Further studies to
identify the risk factors for PIPN are warranted.

Keywords
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Introduction

Paclitaxel (PTX) is a key component of many therapeutic
regimens in both early-stage and metastatic breast cancer
[1—4]. PTX, a microtubule-stabilizing agent, binds to
microtubules and abolishes their dynamic behavior, leading
to inhibition of cell proliferation [5]. The agent is known to
cause peripheral neurotoxicity (PN), which may result in
discontinuation of treatment and poor quality of life.

The incidence of PTX-induced PN (PIPN) is known to
depend on several factors, including dosages per cycle,
treatment schedule, duration of infusion, cumulative dos-
age, and co-morbidity such as diabetes [6-11]. Although
the clinical response of tumors to PTX is an important
factor in selecting a chemotherapy regimen, it is also
prudent to evaluate the risk of developing PN associated
with each regimen, especially for patients already at high
risk for neuropathy. The risk of sensory neuropathy is
proportional to the dose of PTX administered. Grade 3 or 4
sensory neurotoxicity occurs in 20-35% of patients
receiving 250 mg/m” every 3 weeks compared to 5-12%
using doses <200 mg/m* every 3 weeks [12]. The weekly
schedule is associated with higher neurotoxicity than the
tri-weekly schedule. In a previous study, grade 3 neurop-
athy occurred significantly more often with the weekly
regimen than with the tri-weekly regimen (24 vs. 12%)
[13]. In another study, which compared weekly versus
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tri-weekly PTX dosages, it was reported that grade 2, 3, or
4 neuropathy occurred more frequently with weekly than
with tri-weekly PTX administration (27 vs. 20%, respec-
tively) [14].

The time to onset of PIPN was previously determined in
a phase III trial of patients with metastatic breast cancer
treated with PTX (175 mg/mz) every 3 weeks; the mean
total dose at the onset of grade 2 neurotoxicity was
715 mg/m2 [15]. However, there are limited data available
describing the outcome of PIPN and risk factors of severe
PN. We therefore conducted a retrospective study to
determine the duration of PIPN and to identify potential
factors predicting severe or persistent PN,

Patients and methods
Data collection

This study included breast cancer patients treated with PTX
as adjuvant chemotherapy at the National Cancer Center
Hospital between 2002 and 2009. All patients met the
following criteria: female gender; age >18 years; recipi-
ents of lumpectomy or mastectomy; and presentation of
more than one axillary lymph node metastasis, as deter-
mined pathologically. The following patients were exclu-
ded from this study: those previously treated with PTX,
those who presented with severe neuropathy before initi-
ating PTX treatment, and those who discontinued PTX
treatment after only 1 cycle for any reason.

We performed chart reviews for all patients to obtain the
following information: age; gender; stage; hormonal status;
human epidermal growth factor receptor-2 (HER2) status;
previous surgical procedures (lumpectomy or mastectomy);
adjuvant chemotherapy; adjuvant radiotherapy; PTX
administration schedule; date of the first documentation of
PIPN; maximum grade of PIPN; date of disappearance of
PIPN symptoms. This study was approved by the local
institutional review board.

Treatment schedule

Chemotherapy consisted of anthracycline followed by PTX
regimens as generally recommended for high-risk breast
cancer patients, according to the St. Gallen risk criteria at
our division [16, 17]. However, therapeutic options could
vary based on the physician’s discretion. Patients received
either 80 mg/m?® of PTX on days 1, 8, and 15 of each
21-day interval for 4 cycles, following anthracycline plus
cyclophosphamide (AC) (weekly administration schedule),
or 175 mg/m” of PTX on day 1 of each 21-day interval
for 4 cycles, following AC (tri-weekly administration
schedule).

84

Grading of PIPN

Patients were evaluated during and after chemotherapy by
medical oncologists. We graded PIPN retrospectively
according to the National Cancer Institute Common Ter-
minology Criteria for Adverse Events (NCI-CTCAE) ver-
sion 3.0 [18]. Grade 1 PIPN had paresthesias including
tingling, but not interfering with function, while grade 2
had sensory alterations or paresthesias interfering with
function but not interfering with activities of daily living
(ADL). Grade 3 had sensory alterations or paresthesias
interfering with ADL. Patients were determined to have
PIPN if their score for sensory neuropathy was grade 1 or
higher. The severity of pain was not evaluated in this study
because of insufficient data.

Statistical analysis

The time to onset of PIPN was defined as the time from the
date of PTX administration to the date of the first docu-
mentation of PIPN. The duration of PIPN was defined as the
time from the date of first documentation of PIPN to the date
of disappearance of the PIPN symptoms described. The time
to onset and duration of PIPN were estimated by the Kaplan—
Meier method. We used multivariate Cox regression anal-
ysis to identify the variables associated with the time to onset
and duration of PIPN. Furthermore, to identify the risk fac-
tors for PIPN above grade 2, we applied multivariate logistic
regression analysis. A 2-sided P < 0.05 was considered
statistically significant. All analyses were performed by SAS
software, version 9.2 (SAS Institute, Cary, NC, USA).

Results
Patient characteristics

Of the 227 patients initially identified, 2 were excluded due
to severe neuropathy induced by combination chemother-
apy with AC before being treated with PTX. Several
patients discontinued systemic therapy before completion
of 1 cycle due to the following adverse events: severe liver
dysfunction (grade 3) (n = 3), acute renal failure (grade 3)
(n = 1), allergic reaction (grade 3) (n = 1), and interstitial
pneumonitis (grade 3) (n = 1). Finally, a total of 219
patients were included; 212 patients (97%) developed PIPN
which was characterized by numbness and tingling, while 7
had no PIPN symptoms. The maximum severity of PIPN
reached in each of the 212 patients was as follows: grade 1,
159 patients (75%); grade 2, 45 patients (21%); and grade
3, 9 patients (4%). Two patients needed dose modifications
due to PIPN above grade 2. No patients postponed or
skipped the scheduled PTX due to PIPN.
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Baseline characteristics of the population are listed in
Table I. The median age of patients was 53 years (range
22-70). Eighteen patients had diabetes mellitus without
neuropathy complications at baseline. Disease-free survival
and overall survival were evaluated with a median follow-
up time of 57.1 months (range 5.3-95.5). A total of 25
patients received weekly PTX: 23 following AC and 2
without AC. The remaining 194 patients received tri-
weekly PTX: 182 following AC and 12 without AC. The
mean dose intensity was 58 mg/week (range 16-80).
Treatment cessation was deemed necessary in 9 patients
(4%); reasons for cessation were PIPN (8 patients, 3 with

Table 1 Patient characteristics

Variables triPTX wPTX All
(N = 188) (N = 24) (N = 212)

Age

Median (range) 53 (22-70) 52 (32-68) 53 (22-70)

<60 (%) 141 (75.0) 17 (70.8) 158 (74.5)

=60 (%) 47 (25.0) 7 (29.2) 54 (25.5)
Sex (%)

Female 187 (99.5) 24 (100.0) 211 (99.5)

Male 1 (0.5) 0 (0.0) 1 (0.5)
Lymph (%)

<4 118 (62.8) 12 (50.0) 130 (61.3)

>4 70 (37.2) 12 (50.0) 82 (38.7)
Tumor size (%)

<5cm 153 (81.4) 18 (75.0) 171 (80.7)

=5 cm 35 (18.6) 6 (25.0) 41 (19.3)
Surgery (%)

Mastectomy 114 (60.3) 16 (66.7) 130 (61.3)

Lumpectomy 73 (39.2) 8(33.3) 81 (38.2)

Excisional biopsy 1 (0.5) 0 (0.0) 1 (0.5)
Systemic therapy (%)

Chemo 56 (29.8) 8(33.3) 64 (30.2)

Chemo + endocrine 132 (70.2) 16 (66.7) 148 (69.8)
Radiation (%)

No 69 (36.7) § (33.3) 77 (36.3)

Yes 119 (63.3) 16 (66.7) 135 (63.7)
Hormone (%)

Negative 48 (25.5) 5(20.8) 53 (25.0)

Positive 140 (74.5) 19 (79.2) 160 (75.0)
HER2 (%)

Negative 156 (83.0) 16 (66.7) 172 (81.1)

Positive 32 (17.0) 8(33.3) 40 (18.9)
Diabetes mellitus (%)

No 171 (91.0) 23 (95.8) 194 (91.5)

Yes 17 (9.0) 1 (4.2) 18 (8.5)

triPTX tri-weekly paclitaxel, wPTX weekly paclitaxel, chemo
chemotherapy

) Springer

grade 1, 1 with grade 2, and 5 with grade 3) and myelo-
suppression (1 patient).

PIPN development time

The median time taken for the total patient group to
develop PIPN was 21 days (range 11-101) (Fig. 1). With
weekly administration of PTX, the median time taken to
develop PIPN was also 21 days (range 11-101); the med-
ian time with tri-weekly administration was 35 days (range
14-77).

Cumulative dose

The mean cumulative dose at the onset of grade 1 or higher
PIPN was 175 mg/m? for patients treated with PTX every
3 weeks and 320 mgs’m2 for weekly PTX patients.

Diabetes mellitus

Of 18 diabetic patients, all had PIPN and 3 had maximum
grade 3 PIPN. Median time to PIPN onset was 21 days
(range 20-21), and median duration of PIPN was 287 days
(range 70-503). In patients without diabetes, median time
to PIPN was 21 days (range 20-21), and median duration
of PIPN was 231 days (range 190-271).

Risk factors correlated with PIPN

Multivariate analysis using a logistic regression model after
stepwise selection revealed no significant correlations
between time to PIPN onset and maximum PIPN severity
(Table 2), while there were significant correlations between
duration of PIPN and age (>60 years old) (P = 0.027) and

between duration of PIPN and maximum PIPN severity
(P = 0.015) (Table 3). Moreover, we could not identify

1.0
0.8
0.6
0.4

0.2

Proportion of patients with PIPN

0.0

I ] I ] 1 I T I ] 1 I L]
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PIPN:paclitaxelinduced peripheral neuropathy

Fig. 1 Time taken for the total patient group to develop paclitaxel-
induced peripheral neuropathy
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Table 2 Multivariate analysis for factors associated with time to
PIPN

Table 3 Multivariate analysis for factors associated with duration of
PIPN

Variables HR 95% CI P value Variables HR 95% CI P value
Regimen Regimen

triPTX 1 triPTX 1

wPTX 0.66 0.43 1.03 0.070 wPTX 0.48 0.19 1.21 0.119
Age Age

<60 <60

=60 0.99 0.72 1.37 0.960 =60 0.55 0.32 0.94 0.027
Lymph Lymph

<4 <4

=4 1.20 0.82 1.77 0.341 =4 0.86 0.46 1.59 0.621
Tumor size (cm) Tumor size (cm)

<5 <5

=5 0.98 0.68 1.42 0.917 >5 1.03 0.59 1.77 0.927
Radiation Radiation

No No

Yes 0.78 0.51 1.20 0.259 Yes 1.05 0.52 212 0.900
Surgery Surgery

Mastectomy Mastectomy

Lumpectomy 1.08 0.75 1.56 0.666 Lumpectomy 0.67 0.36 1.26 0.213
Endocrine Endocrine

No No

Yes 0.87 0.65 1.18 0.366 Yes 1.10 0.70 1.73 0.668
Grade Grade

1 1

20r3 1.35 0.97 1.87 0.073 2o0r3 0.53 0.32 0.88 0.015
Diabetes mellitus Diabetes mellitus

No No

Yes 1.34 0.81 221 0.260 Yes 0.66 0.28 1.56 0.345

PIPN paclitaxel-induced peripheral neurotoxicity, tiPTX tri-weekly
paclitaxel, wPTX weekly paclitaxel, HR hazard ratio, CI confidence
interval

any correlation with grade 2/3 PIPN (Table 4). Based on the
results of multivariate analyses, there were no significant
associations between diabetes mellitus and time to PIPN
onset (P = 0.260) or duration of PIPN (P = 0.345) or
grade 2/3 PIPN (P = 0.229).

Duration of PIPN

The median duration of PIPN was 727 days for the total
patient group (range 14-2621) (Fig. 2). With weekly
administration, the median duration was not reached (range
14-1089); the median duration for patients with tri-weekly
administration was 651 days (range 23-2621). One year
after initiating PTX treatment, PIPN (all grades included)
persisted in 64% of patients; 3 years after treatment initi-
ation, this number had dropped to 41%.

86

PIPN paclitaxel-induced peripheral neurotoxicity, triPTX tri-weekly
paclitaxel, wPTX weekly paclitaxel, HR hazard ratio, CI confidence
interval

Discussion

This is the first published report to our knowledge that
investigates the time to onset and duration of PIPN among
breast cancer patients and explores potential risk factors
related to severe and/or persistent PIPN. The data from this
study confirm that most patients (97%) developed PIPN
with a severity of at least grade 1. Peripheral neuropathy
persisted in 64% of patients at 1 year and 41% at 3 years
after the first administration of PTX. Approximately half of
the patients who received PTX and developed PN experi-
enced recovery from PN within 9 months after cessation of
PTX treatment. We found correlations between the maxi-
mum PIPN severity and both the time to onset of PIPN and
the duration of PIPN. In addition, we observed that PN
lasted significantly longer in patients >60 years of age.
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Table 4 Multivariate analysis for factors associated with grade 2 or 3
PIPN

Variables Odds ratio 95% CI P value

Regimen
wiPTX
wPTX

Age
<60
=60

Lymph
<4
>4

Tumor size (cm)
<D
=5

Radiation
No
Yes

Surgery
Mastectomy

0.57 0.18 1.83 0.345

1.65 0.81 3.36 0.171

0.98 0.40 2.41 0.968

0.47 0.18 1.24 0.125

0.98 0.35 0.975

0.73 0.29 0.499
Lumpectomy
Endocrine
No
Yes
Diabetes mellitus
No
Yes
Dose intensity
<58
=58
Cumulative dose
<700

=700

0.72 0.36 1.45 0.360

2.05 0.69 6.09 0.197

1.00 0.50 2.01

0.077
0.345

0.08
0.18

13
1.83

0.31
0.57

PIPN paclitaxel-induced peripheral neurotoxicity, triPTX tri-weekly
paclitaxel, wPTX weekly paclitaxel, CI confidence interval

Previous studies have reported that the incidence of
PIPN is related to several risk factors, including treatment
schedule, doses per course, patient age, diabetes mellitus,
and cumulative dose [6-11]. We found no association
between the severity of PIPN and the PTX administration
schedule including single dose, dose intensity, diabetes
mellitus, or interval of administration. In our study, the
mean cumulative dose at the onset of grade 1 or higher PN
was 175 mg/m® for patients treated with PTX every
3 weeks and 320 mg/m> for weekly PTX patients. In
contrast to an earlier study [14], our clinical outcomes
indicated that tri-weekly administration of PTX was asso-
ciated with more severe PIPN than weekly administration.
However, this result may be attributed to frequent hospital
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paclitaxel-induced peripheral neuropathy

visits and/or the relatively small number of patients treated
by weekly PTX.

Previous reports suggest there are several risk factors for
PIPN, including concurrent administration of cisplatin [19]
and various genetic predispositions for neuropathy, such as
Wids (slow Wallerian degeneration gene) and CYP3A
genotype [20, 21], but we did not examine any of those risk
factors in this study.

Axonal microtubules are composed largely of f-tubulin.
Neurotoxicity is caused by disruption of the microtubule
structure, impairing axoplasmic transport and leading to
dying-back neuropathy [22]. The most widely accepted
mechanism of taxane neurotoxicity is a dying-back process
that starts from distal nerve endings and progresses to
affect Schwann cells, neuron bodies, or axons, resulting in
transport changes that disturb cytoplasmic flow in the
affected neurons [23]. Another possible cause of PIPN is
that sensory nerves may be particularly vulnerable to the
inhibition of tubulin assembly, as sensory nerves have long
axons. However, motor neurons and C-neurons are not as
sensitive to taxanes as are sensory nerves, despite the fact
that these neurons are as long as sensory nerves. Some
reports suggest that induction of Cax2d-1 expression by
PTX in the spinal root may be important, but further
investigation is necessary to understand the mechanisms of
PIPN [24].

There are no medications that prevent or relieve PIPN.
Likewise, there are no laboratory tests that can predict the
severity of PN. Management of PIPN is now based on early
detection during chemotherapy to prevent its progression to
grade 3 or 4. Clinical assessment, including a physical
examination, is currently the most reliable method of
assessing PIPN because we lack more reliable objective
methods, and the symptoms of PIPN, such as numbness,
sensory pain, fatigue, and weakness, are complicated [12,
25]. If grade 2 PN is diagnosed, it may be prudent to
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withhold PTX until PN improves to at least grade 1; PTX
administration can then be resumed at a reduced dose.

There were several limitations to our study. We used
physician-based assessments, which relies on patients’
report and examiners’ interpretation and could have
resulted in underestimation and under-reporting of the
frequency and severity of PN [26]. In addition, physicians
were more prone to quit following symptoms periodically
once patients recovered from maximum PIPN. In fact,
there were many censored cases in this study (Fig. 2).
Therefore, features of PIPN such as location, presence of
accompanying symptoms, and triggers for increase or
decrease in severity were unclear. This study was retro-
spective, with censored data; the neurotoxicity corre-
sponding to each grade of PIPN was unclear. In fact, time
to onset of PIPN was faster for grades 2 and 3 than grade 1.
In order to properly evaluate the correlation between
severity and duration of PIPN, we will need further studies
to determine whether or not the duration of PIPN is longer
when the maximum severity increases from grade 1 to
grade 2.

In conclusion, we analyzed the incidence and duration
of PIPN and identified correlations between these and
several risk factors. We found that the median time to onset
of PIPN was 21 days, and the median duration of PIPN was
727 days. Patient age and PIPN severity were the inde-
pendent risk factors significantly associated with longer
PIPN duration. Urgent needs currently include identifica-
tion of specific risk factors for PIPN, establishment of
subjective methods for evaluating PIPN, and development
of effective strategies for prevention and treatment of
PIPN. To meet these ends, further investigation of the
biological mechanisms leading to PIPN is warranted.
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Although effective regimens have been established for invasive ductal carcinoma-not otherwise specified
(IDQ), the efficacy and prognosis of other minor types of breast cancer are unknown because of their
rareness. The clinicopathological features and prognosis of other minor types concerning the response to
neoadjuvant chemotherapy (NAC) were evaluated in this study.

A total of 562 patients were classified according to the Japanese and the World Health Organization
(WHO) classifications, and the number of IDC and other special types (SP) was 500 and 62. The SP
patients had a significantly poorer clinicopathological response to NAC and less breast-conservative
therapy than those with IDC. According to the WHO classification, mucinous carcinoma, metaplastic
carcinomas and apocrine carcinoma also responded poorly, and patients with metaplastic carcinomas
and invasive lobular carcinoma had a significantly poorer prognosis. Despite the poor response to
chemotherapy, patients with mucinous carcinoma and apocrine carcinoma had a good prognosis.

The response to NAC and the prognosis vary for each histological type. For some types, the prognosis
was not related to the clinicopathological response to NAC.

Background: In the treatment of breast cancer, neoadjuvant chemotherapy (NAC) has become the stan-
dard treatment modality for downstaging purposes. Although effective regimens have been established
for the treatment of invasive ductal carcinoma-not otherwise specified (IDC), the data about the efficacy
and prognosis for patients with other minor types of breast cancer are insufficient because of the
rareness of these tumors. Defining the relationship between each histological type and the clinico-
pathological response to NAC is essential to optimizing individualized treatment.
Methods: We retrospectively evaluated the clinicopathological features and classification of the histo-
logical types based on the Japanese and the World Health Organization (WHO) classifications before and
after NAC in 562 patients with primary breast cancer who underwent curative treatment after NAC
between 1998 and 2008. The prognosis was estimated for each histological type.
Results: Of the 562 patients, the number of cases of IDC and other special types (SP) was 500 and 62. In
the SP group, the clinicopathological response to NAC was significantly poorer, and the patients
underwent breast-conservative therapy less frequently than did the IDC patients. According to the WHO
classification, mucinous carcinoma, metaplastic carcinomas and apocrine carcinoma responded poorly to
NAC. The disease-free survival and overall survival were significantly worse for patients with metaplastic
carcinomas (p < 0.001 and p < 0.001) and with invasive lobular carcinoma (p = 0.03 and p < 0.001) than
other cancers. Despite their poor response to treatment, patients with mucinous carcinoma and apocrine
carcinoma had a good prognosis.
Conclusions: The response to standardized NAC and prognosis varies for each histological type. For some
types, the prognosis was not associated with the clinicopathological response to NAC. Innovative regi-
mens should therefore be investigated for each histological type to achieve the best response.

© 2011 Elsevier Ltd. All rights reserved.
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Introduction

In the treatment of breast cancer, neoadjuvant chemotherapy
(NAC) has become the standard treatment modality for down-
staging purposes. With the introduction of NAC, many patients
have been able to be treated with breast-conserving therapy (BCT)
as a result of the tumor reduction prior to surgery. Especially for
patients with invasive ductal carcinoma-not otherwise specified
(IDC), NAC had been confirmed to be efficient and beneficial, and is
now widely applied for treatment. At present, invasive breast
carcinoma is treated with a standardized regimen of NAC, regard-
less of the pathological type. However, because of their rareness,
the efficiency and outcomes of NAC for the other minor types of
breast carcinoma have not been fully elucidated.

In this study, we made a comparison between the patients with
IDC and other types of breast cancer about clinicopathological
features with regard to NAC. The histological types were classified
using the Japanese classification’? and the World Health Organization
(WHO) classification.> We have correlated these histological types
with the overall survival (OS) and disease-free survival (DFS) of the
patients, and assessed the association between the tumor response to
standardized NAC and the outcome for each histological type.

Material and methods
Patients

This study was a retrospective analysis of 562 breast cancer
patients who underwent NAC during the period from 1998 to 2008
at the National Cancer Center Hospital, Tokyo, Japan. NAC was
indicated for clinical stage II tumors that were larger than 3 cm in
diameter, and for all stage IIl tumors. Axillary lymph node metas-
tasis was diagnosed by cytology or imaging studies. Prior to NAC, all
the patients underwent a core needle biopsy (CNB) for histological
examination and were staged according the International Union
Against Cancer (UICC) TNM classification.

Neoadjuvant chemotherapy regimens

NAC regimens were introduced based on current reviews at the
time. Anthracycline-based chemotherapy included four cycles of
CEF (cyclophosphamide 500 mg/m?, epirubicin 100 mg/m?, and
fluorouracil 500 mg/m?) every 3 weeks, or four cycles of AC
(doxorubicin 60 mg/m?, and cyclophosphamide 600 mg/m?). Tax-
ane chemotherapy included 12 cycles of weekly paclitaxel (wPTX,
80 mg/m?).*> Concurrent anthracycline and taxane chemotherapy
included four cycles every 3 weeks of doxorubicin and docetaxel
(AT, 50 and 60 mg/m?).5 Sequential anthracycline and taxane
chemotherapy included AT (two cycles) followed by wPTX, AC
followed by wPTX, and CEF followed by wPTX. Trastuzumab (first
cycle; 4 mg/kg: after second cycle; 2 mg/kg) combined with
anthracycline and taxane chemotherapy was administered to the
patients with overexpression of the human epidermal growth
factor receptor 2 (HER2 ).

Histological diagnosis and evaluation

Prior to NAC, CNB specimens were examined for the histological
sub-type and histological grade (HG) by hematoxylin and eosin
(HE) staining. After NAC, the surgical specimen was examined for
the histological sub-type, HG, and presence or absence of lymphatic
or vascular space invasion. The histological sub-types were defined
based on the General Rules for Clinical and Pathological Recording
of Breast Cancer that were proposed by The Japanese Breast Cancer
Society (JBCS classification)"? and the WHO classification.? As the

feature of the Japanese histological classification, all breast carci-
nomas are first classified according to the existence of invasion
while, in addition, invasive carcinoma is classified as invasive ductal
carcinoma, or other types called ‘special types (SP)', and the SP
category includes invasive lobular carcinoma (ILC) and other minor
histological types.

The HG was assessed using the Scaff-Bloom-Richardson classi-
fication.® Immunohistochemistry was used to examine the tissue
samples for the expression of the estrogen receptor (ER), proges-
terone receptor (PgR), and HER2. The cutoff values for the ER and
PgR were 10% positive cells. HER2 status was defined based on
immunohistochemical staining (IHC). The specimens that were
HER2 2 + by IHC were then subjected to fluorescence in situ
hybridization (FISH). HER2 positive samples were defined as those
that were HER2 3+ in IHC or HER2 2+ in IHC and had an amplifi-
cation ratio in FISH of >2.0. The degree of lymphatic invasion (ly)
was classified by HE staining as follows: absent, no lymphatic
invasion; lyl+ minimal lymphatic invasion; ly2+, moderate
lymphatic invasion; and ly3+, marked lymphatic invasion. These
diagnoses and evaluations were performed separately by two
qualified pathologists, and the final diagnosis and evaluations were
decided as a result of conferences between the pathologists.

Evaluation of the response to NAC

Prior to and after NAC, all of the patients and tumors were
evaluated by physical examinations and radiographic imaging. The
tumor diameter was evaluated using calipers and by ultrasonog-
raphy. The clinical response was assessed using the Response
Evaluation Criteria in Solid Tumor (RECIST) guidelines.? The tumor
was judged to be ‘progressive disease (PD)' when the tumor size
increased by 20% or more. At that time, chemotherapy was dis-
continued and surgery was performed. The pathological response
was evaluated from surgical specimens. The histopathological
response was assessed using the General Rules for Clinical and
Pathological Recording of Breast Cancer.'” Response grade 0 was no
response, and was defined by almost no change in the cancer cells
after treatment. Grade 3 was a complete response, and was defined
as necrosis or the disappearance of all tumor cells. The definition of
a pathological complete response (pCR) was ‘necrosis and the
disappearance of all invasive cells’ of the primary tumor. Cases with
only intraductal carcinoma remaining were included in the pCR
category.

Table 1
The Japanese histological classification of breast tumors (extraction) and the number
of patients with each histological type (n = 562).

Histological type No. of patients %
B. Malignant (Carcinoma)

a. Invasive carcinoma 500 89.0
al. Papillotubular carcinoma 126 224
a2, Solid-tubular carcinoma 202 359
a3, Scirrhous carcinoma 172 306

b. Special types 62 11.0
b1. Mucinous carcinorna 12 2.1
b2. Medullary carcinoma 0 0
b3. Invasive lobular carcinoma 29 5.2
b4. Adenoid cystic carcinoma ] 0
b5. Squamous cell carcinoma 5 09
b6. Spindle cell carcinoma 4 0.7
b7. Apocrine carcinoma 5 0.9
b8. Carcinoma with cartilaginous 1 0.2

and/for osseous metaplasia
b9, Tubular carcinorna 0 ]
b10. Secretory carcinoma 1 0.2
b11. Invasive micropapillary carcinoma 1 0.2
b12. Matrix-producing carcinoma 4 0.7
b13. Others 0 0
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Table 2
The administered NAC regimens (n = 562).
Mo. of patients %

AT 150 26.7
AT followed by wPTX 25 4.4
AT followed by wPTX/Trastuzumab 2 0.4
AC followed by wPTX 142 253
AC followed by wPTX/Trastuzumab 17 3.0
CEF followed by wPTX 181 322
CEF followed by wPTX/[Trastuzumab 26 4.6
wPTX 12 21
wPTX/Trastuzumab 7 1.2

AT, doxorubicin and docetaxel; wPTX, weekly paclitaxel; AC, doxorubicin and
cyclophosphamide; CEF, cyclophosphamide, epirubicin and fluorouracil.

Surgery and post-operative treatment

The breast surgery was either a lumpectomy or a total mastec-
tomy. When the patient who underwent a lumpectomy was
detected to have cancer in the pathological margin, additional
excision was performed until the specimen became pathologically
margin free. All of the patients underwent axillary lymph node
dissection (level II). Adjuvant therapy was given in some cases
based on the most current recommendations from the St. Gallen's
Consensus Meeting at the time."'™"> Tamoxifen (20 mg/day) or
anastrozole (1 mg/day) was administered for five years when CNB

specimens or surgical postchemotherapy specimens were positive
for the ER or PgR. Radiotherapy was performed for the patients who
underwent BCT for the residual breast or the patients with tumors
>5 cm and/or with massive metastatic lymph nodes (>4 nodes) for
the chest wall, axilla, and supraclavicular area.

Follow-up and statistical analysis

The number of follow-up months was recorded from the first
day of NAC to the most recent medical visit on record.

0S and DFS were calculated using the Kaplan—Meier methods
and compared using the log-rank test. For comparisons of cate-
gorical variables, the chi-square test was used. Odds ratios (OR) and
associated 95% confidence intervals (95% Cl) were calculated as
estimates of the relative risk. Values of p < 0.05 were considered to
be statistically significant. All data were analyzed using the SPSS
software program (SPSS Inc., Chicago, IL).

Results
Patient characteristics and clinical features

Table 1 presents the Japanese histological classification and the
number of each histological type. The total number of IDC and SP

Table 3
The results of the analysis of the patient and tumor characteristics by histological groups (JBCS).
Univariate Multivariate
IDC (n = 500) SP(n=62) p value OR (95% CI) p value
Age, mean + SD 50.7 + 104 506 +11.7 0.932
Age (years) 0.335
<41 74 (14.8) 13 (21.0)
41-50 147 (29.4) 15(24.2)
51-60 178 (0.356) 18 (29.0)
>61 101 (0.202) 16 (25.8)
Tumor size (cm), mean <+ SD
Prior NAC 5.7 1.7 55+25 0.075
After NAC 2119 3.5+27 <0.001 1.318 (1.063-1.632) 0.012
Stage 0.841
1l 320 (64.0) 39 (62.9)
I 180 (36.0) 23(37.1)
Hormone receptors
ER positive (%) 223 (44.6) 27(43.5) 0.892
PgR positive (%) 198 (39.6) 21(33.9) 0.408
HER2 positive (%) 105 (21.0) 4(6.5) 0.006 0.275 (0.080—0.948) 0.041
Histological grade <0.001 0.674 (0.403—-1.125) 0.131
G1(%) 32 (6.4) 14 (22.6)
G2 (%) 216 (43.2) 27 (435)
G3 (%) 252 (50.4) 21(33.9)
Clinical response
Responded (CR + PR) (%) 425 (85.0) 42 (67.7) 0.002 0.841 (0.341-2.076) 0.707
CR 165 (33.0) 6(9.6) <0.001 0.938 (0.633—-1.390) 0.750
PD 13 (2.6) 7(11.3) 0.003 5.279 (1.715—-16.249) 0.004
BCT cases (%) 208 (53.0) 16 (25.8) 0.019 0.386 (0.082—1.247) 0.240
Pathological response
pCR 113 (22.6) 5(8.1) 0.080
Pathological response grade
GO (%) 15 (3.0) 6(9.7) 0.021 2,911 (0.777-10.909) 0.113
G3 (%) 65 (13.0) 5(8.1) 0314
GOf1 (%) 312 (624) 42 (67.7) 0.086
G2(3 (%) 188 (37.6) 20(32.3)
Cases of LN metastasis (%) 265 (53.0) 38 (61.3) 0.227
No. of LN metastasis, mean = SD 28 5.1 3.7 66 0.215
Lymphatic invasion
present 133 (26.6) 12 (19.4) 0.042 0.385 (0.174—0.851) 0.018
Iy(1+) 85(17.0) 10 (16.1) 0302
ly(2+/3+) 48 (9.6) 2(3.2) 0.018 0.324 (0.073—1.448) 0.140
Vascular invasion, present 17 (3.4) 2(3.2) 1.000

IDC, invasive ductal carcinoma-not otherwise specified; SP, special types; OR, odds ratio; Cl, confidence interval; SD, standard deviation; NAC, necadjuvant chemotherapy; ER,
estrogen receptor; PgR, progesterone receptor; HER2, human epidermal growth factor receptor 2; G, grade; CR, complete response; PR, partial response; PD, progressive
disease; BCT, breast-conserving therapy; pCR, pathological complete response; LN, lymph node.
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Table 4

The results of the univariate analysis of the patient and tumor characteristics for each histological type (WHO).

T. Nagao et al. / The Breast 21 (2012) 289-295

IDC(n=500) ILC(n=29) Metaplastic (n = 14) Mucinous (n = 12) Apocrine (n = 5)
p value p value p value p value

Tumor size (cm), mean + SD

Prior NAC 50+ 1.7 47 +1.2 0.169 59 +29 0254 74 +34 0036 53+ 14 0.709

After NAC 21+19 24+ 1.7 0.400 59+39 0.003 41+17 0.001 3.0+01 <0.001
Hormone receptors

ER positive (%) 223 (44.6) 14 (50.0) 0.698 1(7.1) 0.005 9(75.0) 0.039 0(0) 0.061

PgR positive (%) 198 (39.6) 13 (464) 0.556 1(7.1) 0.011  6(50.0) 0.348 1(25.0) 0.163
HER2 positive (%) 105 (21.0) 2(7.1) 0.091 0(0) 0085 1(83) 0252 1(20.0) 0.999
Histological grade 0.069 0.016 <0.001 0.372

G1 32 (64) 4(14.3) 0(0) 8(66.7) 1(20.0)

G2 216 (43.2) 17 (60.7) 1(7.1) 3(25.0) 4(80.0)

G3 252 (50.4) 7 (25.0) 13 (92.9) 1(83) 0(0)
Clinical response

Responded (CR + PR) 425 (85.0) 21(750) 0211 5(35.7) 0.003  9(75.0) 0271 5(100) 0.446

CR 165 (33.0) 5(17.9) 0.067 0(0) 0.007 0(0) 0.009 0(0) 0.137

PD 13(2.6) 0(0) 0.428 7 (50.0) <0.001 0(0) 0603 0(0) 0.737
Pathological response

pCR 113 (22.6) 2(7.1) 0.032 0(0) 0047 0(0) 0.045 0(0) 0.272
Pathological response grade 0.357 0.094 0.116 0372

Gon 312 (62.4) 19 (67.9) 12 (85.7) 10 (83.3) 2(40.0)

G2/3 188 (37.6) 9(32.1) 2(14.3) 2(16.7) 3 (60.0)
Cases of LN metastasis 265 (53.0) 19(67.9)  0.089 7 (50.0) 0968 9(75.0) 0111 1(20.0) 0.194
No. of LN metastasis, mean + SD 2.8 + 5.1 44 + 6.8 0.223 52+95 0341 1.7+20 0453 02+04 0.260
Lymphatic invasion, present 133 (26.6) 4(14.2) 0.307 3(21.4) 0385 4(333) 0771 0(0) 0.161
Vascular invasion, present 17 (3.4) 0.357 0(0) 1.000 0(0) 1.000 0(0) 1.000

IDC, invasive ductal carcinoma-not otherwise specified; ILC, invasive lobular carcinoma; SD, standard deviation; NAC, neoadjuvant chemotherapy; ER, estrogen receptor; PgR,
progesterone receptor; HER2, human epidermal growth factor receptor 2; G, grade; CR, complete response; PR, partial response; PD, progressive disease; pCR, pathological

complete response; LN, lymph node.

cases was 500 and 62. Table 2 shows the NAC regimens that were
administered. Prior to NAC, the average age and tumor size were
not significantly different for the different groups. The HG was
significantly higher in the IDC group (p < 0.001). The immunohis-
tochemical findings and ER and PgR status were not significantly
different in the two groups, however, the HER2Z status was more
frequently positive in the IDC group (p = 0.006). After NAC, the SP
group was significantly less likely to achieve a clinical response
(p = 0.002) and had tumors that were larger in size (p < 0.001).
There were 20 patients who discontinued NAC because of PD. This
was 11.3% of the cases in the SP group, which was significantly
higher (p = 0.003) than that in the IDC group. BCT was performed
significantly more often for IDC patients than SP patients (53.0% vs.
25.8%, p = 0.019). Axillary lymph node metastasis was present in
53.0% of patients in the IDC group and 61.3% of those in the SP
group, which was not significantly different. The average number of
metastatic lymph nodes was not significantly different between the
groups. With regard to the pathological response, the pCR rate was
22.6% in the IDC group and 8.1% in the SP group, which was not
significantly different. The rate of pathological response grade 3
was also not significantly different between the groups. However,

9.7% of SP patients had no pathological response, and this was
a significantly higher rate than that in IDC patients (p = 0.021). The
IDC group had larger tumors (p = 0.042), and more severe
(p = 0.018) lymphatic invasion. The frequency of vascular invasion
was not significantly different between the groups. According to
a multivariate analysis, the significantly different characteristics in
the SP group were a larger tumor size after NAC, more frequent
HER2-negative status, more PD and a lower severity of lymphatic
invasion (Table 3).

Histological classification and clinicopathological response to NAC

According to the WHO classification, squamous cell carcinoma,
spindle cell carcinoma, carcinoma with cartilaginous and/or
osseous metaplasia, and matrix-producing carcinoma were
included in the category of metaplastic carcinomas (MPC). The total
number of MPC was 14 cases. The tumor size of mucinous carci-
nomas, MPC and apocrine carcinomas was only minimally reduced,
and this was significantly different from IDC (p = 0.001, p = 0.003
and p < 0.001). The clinical response of MPC was significantly
poorer than that of IDC (p = 0.003) and a half of MPC cases

Table 5
The results of the multivariate analysis of the patient and tumor characteristics of patients with metaplastic carcinomas and mucinous carcinoma (WHO).
Metaplastic Mucinous
OR (95% CI) p value OR (95% CI) p value
Tumor size, Prior NAC 1.416 (0.983-2.041) 0.062
Tumor size, After NAC 1.443 (1.065-1.956) 0.018 1.226 (0.765—1.964) 0.398
ER positive 0.122 (0.012—-1.265) 0.079 1.746 (0.350-8.703) 0.496
PgR positive 0.389 (0.042—-3.603) 0.406
Histological grade 5.935 (0.709—49.680) 0.100 0.077 (0.021-0.280) <0.001
Clinical response, (CR + PR) 0.545 (0.125-2.367) 0.418
Clinical response, CR 0.117 (0.001-35.290) 0.830 0.071 (0.001-20.076) 0.861
Clinical response, PD 36.409 (3.408—-289.011) 0.003
Pathological response, pCR 0.028 (0.001-27.724) 0.835 0.003 (0.001-17.390) 0.898

OR, odds ratio; Cl, confidence interval; NAC, neoadjuvant chemotherapy; ER, estrogen receptor; PgR, progesterone receptor; CR, complete response; PR, partial response; PD,

progressive disease; pCR, pathological complete response.
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developed PD, which was significantly higher than the rate of IDC
(p < 0.001). The HG was lower in mucinous carcinomas (p < 0.001)
and higher in cases of MPC (p = 0.016) than in IDC (Table 4). A
multivariate analysis indicated that mucinous carcinoma had
a lower HG and that MPC had a larger tumor size after NAC and
more frequently developed PD than did patients with IDC (Table 5).

Prognosis after treatment and histological features

The patient survival was evaluated using a median follow-up
period of 49 months (range, 1-136 months). The 10 year DFS rate
was 28% in the SP group and 62% in the IDC group (p < 0.001). The
0S was significantly worse in the SP group than the IDC group
(p < 0.001). The incidence of recurrence or death was also signifi-
cantly higher in the SP group (OR. 2.359; 95% CI, 1.443—3.856;
p < 0.001 and OR, 4.825; 95% CI, 2.473-9.412; p < 0.001, respec-
tively). The independent risk of recurrence or death was analyzed
using a Cox multivariate analysis (Table 6). The independent risk
factors for recurrence were a younger age, a high HG and the
presence of lymphatic invasion. The pathological response grade
was a significant factor associated with OS. However, PD was not
a significant factor for predicting the DFS or OS.

According to the WHO classification, the DFS and OS of MPC and
ILC were significantly worse than those of IDC. However, there were
no cases of recurrence or death in the patients with apocrine
carcinoma (Fig. 1). The incidence of recurrence or death was
significantly higher in the MPC group (OR, 3.076; 95% CI,
1.057-8.951; p = 0.031 and OR, 7.053; 95% CI, 2.347—-21.197;
p < 0.001, respectively). The other three types were not signifi-
cantly different with regard to the incidence of recurrence or death.
Because there was only a small number of cases of each histological
type, no significant independent risk factor for recurrence or death
were identified in the multivariate analysis of each histological

type.
Discussion
For breast cancer patients, NAC has been standardized for the

purpose of reducing the tumor or for downstaging the tumor. For
IDC, standardized NAC regimens have been established, and the

effects of treatment have been widely shown.'®'” However, because
of their rareness, the therapeutic effect and outcome after NAC for
other types (excluding IDC) were unclear, and standardized regi-
mens for each histological type have not been established. In Japan,
standardized NAC was started in 1998, and has been administered
for all types of invasive breast carcinoma. We have demonstrated
that there are differences in the clinicopathological effects and
outcomes after NAC for different types of invasive breast carcinoma,
and that these differences are especially pronounced between IDC
and other minor types based on the Japanese and the WHO
classifications.

Although the SP group had a significantly poorer outcome with
regard to tumor reduction and the pathological response, there
were actually two sub-types of tumors; those that were effectively
reduced by NAC (mucinous carcinoma, ILC and apocrine carcinoma)
and those that increased in size despite treatment (squamous
carcinoma and spindle cell carcinoma). Under the WHO classifica-
tion, these increased types were included among the MPC group.

Overall, the SP group had a significantly poorer prognosis than the
IDC group. However, according to the WHO classification, the SP group
could be sub-classified into better and worse prognostic types, irre-
spective of the poor response to NAC. ILC and MPC had significantly
poorer outcomes than IDC, but mucinous carcinoma and apocrine
carcinoma did not have significant differences in their DFS and OS
compared to IDC patients. These results suggest that the SP group in
the JBCS classification includes different biological and clinical types.

The behavior and a better prognosis of mucinous carcinoma and
apocrine carcinoma were reported.”® 2! Because of their better
prognosis regardless of the little effect of NAC, the role of NAC for
these carcinomas was limited and NAC might not be needed.

MPC was characterized that the biological and clinical malig-
nancies,?*?* and the subgroups of MPC included carcinoma with
cartilaginous and/or osseous metaplasia and matrix-producing
carcinoma were previously reported by Wargotz et al.?428
Because of its sarcomatous lesion, MPC has only a minimal
response to NAC using the conventional regimens®® and the
effeteness of anti-sarcoma regimens including ifosfamide and
etoposide was reported.?® In our study, the clinicopathological
characteristics and response to NAC were similar to other
reports,®' 4 but the prognosis was poorer and different. From 1990

Table 6
The hazard ratio of the disease free interval and overall survival in patient with special types based on the multivariate Cox regression analysis.
DFs 0s
HR 95% Cl p value HR 95% Cl p value

Age 0.898 0.832-0.969 0.005 0.979 0.885-1.082 0.673
Tumor size

Prior NAC 0.874 0.537-1.424 0.589 1.273 0.884-2.415 0.084

After NAC 1.166 0.696-1.956 0.559 1.604 0.948-2.713 0.078
Stage 0.815 0.154-4.305 0.810 0.914 0.241-5.214 0.897
Hormone receptors

ER positive 1.416 0.197-10.187 0.730 0.383 0.040-3.687 0.406

PgR positive 3.540 0.449-27.927 0.230 0.547 0.018-17.071 0.731
HER2 positive 0.007 0.001-3.142 0.974 0.071 0.001-4.682 0.991
Histological grade 6.022 1.458—24.864 0.013 3.195 0.312-31.992 0330
Clinical response

Responded (CR + PR} 0.480 0.029-7.985 0.609 0.555 0.072-40,281 0.572

CR 0.004 0.001-6.486 0.991 0.013 0.001-9.246 0.995

PD 4,628 0.353-60.629 0.243 4.560 0.221-92.262 0.326
Pathological response, pCR 0.871 0.001-17.512 1.000 0.653 0.032-12.486 0.998
Pathological response grade 0.754 0.314-1.811 0.528 0.339 0.117-0.983 0.046
Cases of LN metastasis 1.084 0.091-12.867 0.949 1.898 0.032-23.623 0.868
No. of LN metastasis 1.111 0.949-1.301 0.188 5.856 0.031-52.465 0.889
Lymphatic invasion, present 6.384 1.329-30.666 0.021 2.243 0.225-22.394 0.491
Vascular invasion, present 12.136 0.001-144.730 0.964 4,467 0.001-35.241 0.994

DFS, disease-free survival; 0S, overall survival; HR, hazard ratio; Cl, confidence interval; NAC, neoadjuvant chemotherapy; ER, estrogen receptor; PgR, progesterone receptor;
HER2, human epidermal growth factor receptor 2; CR, complete response; PR, partial response; PD, progressive disease; pCR, pathological complete response; LN, lymph node.

95



294

-,
2
2
2 o
2 p<0.001
E e
% 00
] 20 40 &0 30 100 120
Months
c 1D = = v = = = = ——— ———-
Apocrine (p=0.2696)
3
S ioc
5 | )
i : Mucinous (p=0.3862)
4 R R P — Metaplastic (p<0.0001)
! ILC (p=0.0291)
2 :
o
B
w
S 0o
0 20 40 0 20 100 120
Months

OS rate

T. Nagao et al. / The Breast 21 (2012) 289295

| EE T ——

p<0.001

1] 20 40 60 0

Apocrine (p=0.5885)

([n]ed
Mucinous (p=0.3235)

OO :_ __ . Metaplastic
(p=0.0001)

2 : ILC (p=0.0008)

Qo

] 20 0 60 &0

Months

Fig. 1. The disease-free survival (DFS) curves and overall survival (OS) curves. (a) The DFS of IDC and SP patients based on the |BCS classification, (b) The OS of the IDC and SP
patients, (c) The DFS for each histological type based on the WHO classification, (d) The 05 for each histological type.

to 2009 at our institute, the 10-year survival rate of IDC and ILC
patients were 81.8% and 76.5%, which was not significantly
different. The reason for the relatively poor prognosis in our study
is unclear, but it is possible that the chemosensitivity of ILC may
differ in different races as a result of genetic differences.

Currently, breast cancer has been shown to be classifiable into
molecular sub-types by gene profiling, and these sub-types related
to different prognoses.’>® The use of adjuvant or neoadjuvant
therapies has been shifting from an emphasis on the histological
type to being based on the specific molecular sub-types. With
regard to the molecular sub-types, positivity for the ER and/or PgR
was not associated with any significant difference between the IDC
and SP groups, but there were significantly more HER2-negative
cases in the SP group. Several authors have reported that HER2-
positive tumors were predicted to have an improved response to
chemotherapy and to achieve a much higher pCR rate.*”*® The
HER2-negative status may be one reason why the SP group had
a poorer overall response to NAC.

The relationship between chemosensitivity and the molecular
sub-types has already clarified that ER-negative tumors have a good
response to chemotherapy.?® The molecular sub-types, prognosis
and epidemiology of each rare histological type were reviewed by
Yerushalmi et al.*° From the analysis of the histological type in our
study, the ER status was found to be positive in cases of mucinous
carcinoma and negative in cases of MPC. ER positive status is
considered to be the reason for the poor response of mucinous
carcinoma. However, MPC had poor response to NAC regardless of
the ER status, so the reason for the poorer prognosis is still unclear.
MPC is considered to be a basal-like tumor because it is ‘triple-

negative’, and this type has poor chemosensitivity and a poor
prognosis.*! In fact, all of the PD cases in our SP group were MPC.
Because of their poor response, NAC is generally omitted for these
patients, and surgical resection is performed as the primary therapy
for mucinous carcinoma and MPC.

Besides molecular sub-types, other classifications, such as that
using the 21-gene expression profile assay and 70-gene assay, have
been used for predicting the response to neoadjuvant and adjuvant
therapy.*%* Although a review concerning the relationship
between neoadjuvant endocrine therapy and the 21-gene expres-
sion profile assay was reported from Japan,** this was a pilot study,
and the scoring tools are not yet widespread because of the high
price of employing this method. New therapeutic regimens based
on the further analysis of the relationship between the immuno-
histological features or gene expression profiles and therapeutic
sensitivity are thus needed.

Some of the limitations associated with this study are the fact
that it was a retrospective analysis, and the study population was
small due to the rareness of patients with each histological type in
the SP group. Trastuzumab therapy was performed in only 52 cases,
although there were 109 cases with HER2-positive tumors. The
reason for this difference is the date of approval of trastuzumab in
Japan. Chemotherapy regimens have been changed during the
period of the study, and a uniform evaluation of the effects of
therapy cannot be performed. Additionally, treatment for breast
cancer has been changed dramatically in the past few years.*
Because the basis of treatment has been changed from histopath-
ological characteristics of tumor or the presence or absence of
lymph node metastasis to intrinsic sub-type of tumor, the role of
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chemotherapy has been getting smaller. Therefore the treatment
criterion in this review may be different.

In summary, the other minor types of invasive breast carcinoma
were different from IDC with regard to the effects of NAC and the
prognosis. To determine whether NAC should be administered for
the various sub-types of breast cancer, an accurate histological
diagnosis and an appreciation of the individual sub-type’s sensi-
tivity and responsiveness to NAC are essential. Favorable chemo-
therapy regimens should be developed for each sub-type. For the
types with poor response to NAC, innovative regimens based on
their unique clinicopathological features should be investigated.
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Patients with triple-negative breast cancers (TNBCs) typically
have a poor prognosis because such cancers have no effective
therapeutic targets, such as estrogen receptors for endocrine
therapy or human epidermal growth factor receptor 2 (HER2)
receptors for anti-HER2 therapy. As the phosphatidylinositol 3’
kinase (PI3K)/Akt/mammalian target of rapamycin (mTOR) cas-
cade is activated in TNBCs, mTOR is a potential molecular target
for anticancer therapy. In this study, we investigated the antitu-
mor activities of everolimus, an oral mTOR inhibitor, in nine TNBC
cell lines. Everolimus effectively inhibited cell growth at concen-
trations under 100 nM (ICsq) in five cell lines and even in the
1-nM range in three of the five cell lines. To identify specific
characteristics that could be used as predictive markers of effi-
cacy, we evaluated the expressions of proteins in the mTOR cas-
cade, basal markers, and cancer stem cell markers using western
blotting, fluorescent in situ hybridization (FISH), or immunohisto-
chemistry. All five of the sensitive cell lines were categorized as
a basal-like subtype positive for either epidermal growth factor
receptor (EGFR) or CK5/6, although resistant cell lines were not
of this subtype and tended to exhibit the characteristics of cancer
stem cells, with decreased E-cadherin and the increased expres-
sion of Snail or Twist. In vivo assays demonstrated antitumor
activity in a mouse xenograft model of basal-like breast cancer,
rather than non-basal breast cancer. These results suggest that
everolimus has favorable activity against basal-like subtypes of
TNBCs. Epidermal growth factor receptor and CK5/6 are positive
predictive markers of the TNBC response to everolimus, while
cancer stem cell markers are negative predictive markers. (Cancer

Sci 2012; 103: 1665-1671)
Triple—negative breast cancers (TNBCs) are defined as
estrogen receptor (ER)-negative, progesterone receptor
(PGR)-negative, and human epidermal growth factor receptor
2 (HER2)-negative tumors; these tumors account for 11-23%
of all breast cancers." > Triple-negative breast cancers follow
a more aggressive clinical course than other forms of breast
cancers and have a poor prognosis.”’ As TNBCs have no indi-
cations for endocrine therapy or HER2 inhibitors, which are
the main treatment options for breast cancers, novel molecular-
targeted therapies against TNBCs are crucially needed.
Triple-negative breast cancers are a heterogeneous popula-
tion containing a subgroup that is extremely sensitive to
chemotherapy, while another subgroup is resistant to such
therapy.**™® For example, familial breast cancers with the
BRCA1/2 germline mutation are frequently included in the
TNBC category that is chemosensitive.”” In contrast, metaplas-
tic carcinoma of the breast, which often lacks ER, PGR, and
HER2 expressions, is quite chemoresistant."” Gene expression
profiling can be used to separate breast cancers into five dis-
tinct molecular subtypes: luminal A (ER or PGR positive and
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HER?2 negative); luminal B (ER or PGR positive and HER2
positive); HER2 overexpressing (ER or PGR negative and
HER2 positive); normal breast-like; and basal-like.” '
Recently, Herschkowitz et al."'" reported a novel subgroup of
TNBCs — the claudin-low subgroup, which is characterized by
low gene expressions of the tight junction proteins claudin 3,
4, 7, and E-cadherin — which is clearly different from the
basal-like subtype. The claudin-low subtype has been shown to
have cancer-stem-cell-like features because it exhibits a high
CD44/CD24 expression ratio”’” and the upregulation of snail
and rwist,"> which have been described as specific markers
for cancer stem cells.!*!® Clearly, TNBC subtypes must be
classified to facilitate the development of effective therapies
for individuals and to improve therapeutic outcomes.

Everolimus (RADOO1) is an inhibitor of serine-threonine
kinase mammalian target of rapamycin (mTOR) and has
shown broad antitumor activities in preclinical models.'®!”
Everolimus has been approved for the treatment of refractory
renal cell carcinoma, prol%res:sivc neuroendocrine tumors of
pancreatic origin (PNET),"™ and subependymal Giant cell
astrocytoma associated with tuberous sclerosis.®” In addition,
several clinical trials have reported the effectiveness of everol-
imus used in combination with trastuzumab or hormone
therapy against HER2-overexpressing or hormone-receptor-
overexpressing breast cancers, respectively.*"** However, the
effect of everolimus against TNBCs has not yet been exam-
ined. The loss of function of phosphatase and tensin homolog
deleted in chromosome 10 (PTEN) has been reported with
varying frequencies in breast cancers”>** and has been shown
to occur frequently in TNBCs.**** As PTEN dysfunction
leads to the activation of the phosphatidylinositol 3" kinase
(PI3K)/Akt/mTOR signaling pathway, mTOR is a potential
molecular target for the treatment of TNBCs.

In this study, we investigated the antitumor activities of
everolimus in TNBC cell lines in vitro and in vivo and identi-
fied predictive markers of the response of TNBCs to everoli-
mus.

Material and Methods

Cell lines and reagents. The following TNBC cell lines were
obtained from the American Type Culture Collection (Manas-
sas, VA, USA) for use in this study: MDA-MB-157, MDA-
MB-231, MDA-MB-436, MDA-MB-468, Hs578T, BT20,
BT549, HCC38, and HCC1937. All the cell lines were cul-
tured in modified Eagle’s medium essential (MEME) or RPMI
medium supplemented with 10% FBS at 37°C and in humidi-
fied 5% CO,. Everolimus was a generous gift of Novartis
Pharma AG (Basel, Switzerland). GDC0914 bismesylate and
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