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Table 4 Prognostic indicators detected by Cox’s univariate and multivariate analyses in patients with ER-positive primary breast cancer

Variable Univariate Multivariate
HR (95%CI) P value HR (95%CTI) P value
Disease-free survival
SDF-1
“High expression” 1 0.0047 1 0.015
“Low expression” 1.87 (1.22-2.67) 1.70 (1.12-2.52)
Clinical stage
Lor2 1 <0.0001 it <0.0001
3or4 2.87 (1.96-4.19) 253 (1.70-3.75)
Nuclear grade®
1,2 1 <0.0001 1 0.0041
3 2.28 (1.59-3.30) LT (1.20-2.62)
Overall survival
SDF-1
“High expression” 1 0.036 1 0.046
“Low expression” 1.89 (1.05-3.21) 1.86 (1.01-3.26)
Clinical stage
lor2 1] 0.0009 1 0.0040
3or4 257 (1.50-4.39) 2.28 (1.32-3.94)
Nuclear grade®
1, 2 1 0.0008 1 0.019
3 242 (1.45-4.19) 1.92 (1.12-3.37)

Abbreviation: 95%CI 95% confidence interval

* There was no relapse and death among the cases with ER-positive and nuclear grade 1, so we combined the category of “nuclear grade 1” with

“2” and performed subset analyses of ER-positive patients

correlated with the amount of SDF-1 mRNA. Tumors with
cytoplasmic-dominant immunoreactivity had a higher level
of SDF-1 mRNA than those with negative and membrane-
dominant immunoreactivity. Therefore, we evaluated SDF-
1 protein expression immunohistochemically in the present
cohort of 223 invasive breast cancers based on criteria
emphasizing its intracellular distribution. In previous
studies, SDF-1 immunoreactivity was detected on the cell
membrane of gastric and ovarian tumor cells [32, 44], and
in the cytoplasm of colorectal tumor cells [31]. No previ-
ous report has described both membranous and cytoplasmic
immunoreactivity in a single type of cancer. Further studies
are needed to validate the reproducibility of the present
criteria for judgment of immunohistochemical data.

We showed that “high SDF-1 expression” was signifi-
cantly correlated with nuclear expression of CXCR4 in all
223 breast cancers. This finding was concordant with pre-
viously reported results indicating that SDF-1 stimulation
induced rapid nuclear internalization of CXCR4 [45, 46],
and confirmed that the CXCR4/SDF-1 axis plays an
important role in the progression of breast cancer.

In summary, the present study revealed that breast
cancers showing “high SDF-1 expression” have a higher
frequency of ER positivity, HER2 negativity, lower nuclear
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grade, and better patient outcome, not only overall, but also
in patients with ER-positive tumors. Examination of SDF-1
expression in ER-positive invasive breast cancers might be
useful for identification of patients with a potentially better
clinical outcome, and could help avoid the prescription of
unnecessary chemotherapy for them.
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LETTER TO THE EDITOR

Early Reduction in Standardized Uptake Value After

One Cycle of Neoadjuvant Chemotherapy Measured by
Sequential FDG PET/CT is an Independent Predictor of
Pathological Response of Primary Breast Cancer

To the Editor:

18F.fluorodeoxyglucose (FDG) levels on positron
emission tomography (PET) reflect glucose metabolism
in cancer cells (1). Currently, FDG PET combined
with computed tomography (FDG PET/CT) has
become employed as a non-invasive method for imag-
ing glucose metabolism in tumors (2,3). The aim of
the present study was to evaluate whether early meta-
bolic changes after one cycle of neoadjuvant chemo-
therapy in FDG uptake evaluated by maximal
standardized uptake value (SUV,..) could predict a
pathological response of primary breast cancers.

Thirty-two tumors in 30 patients having primary
invasive breast cancer were investigated. All patients
had received a standard neoadjuvant chemotherapy
regimen comprising four cycles of epirubicine
(90 mg/m?) and cyclophosphamide (600 mg/m?) on a
triweekly basis and sequential use of 12 cycles of
weekly paclitaxel (80 mg/m?) (25 patients) or four
cycles of triweekly docetaxel (60 mg/m?) (five
patients). The procedure of FDG PET/CT has been
described (4). Sequential FDG PET/CT (Biograph LSO
Emotion; 3D model, Siemens, Germany) was per-
formed at the baseline (baseline PET/CT), after one
cycle of chemotherapy (PET/CT2), after four cycles of
chemotherapy (PET/CT3), and prior to surgery
(PET/CT4). Tumors showing a 40% reduction or more
in SUV,,.x on PET/CT2, when compared with the base-
line PET/CT, were defined as metabolic responders and
those showing a change of less than 40% in SUV,.,
were considered to be metabolic nonresponders
(Fig. 1).
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Baseline characteristics of patients and tumors,
determined by conventional modalities, are shown in
Table 1. Baseline SUV,., was significantly higher in
metabolic responders [10.2 + 6.4 SD]| than nonre-
sponders (6.7 = 3.1 SD) (p = 0.05). The percentage of
tumors with nuclear grade 3 was significantly higher
among the metabolic responders (71%) than among
the nonresponders (16%) (p = 0.03). There were no
significant differences between metabolic responders
and nonresponders with regard to patient age, T-stage,
nodal status, hormone receptor status, or HER2
status.

The average degree of decrease in SUV,,. at
PET/CT2 in comparison with the baseline SUV .
was 57.9% (=11.7 SD) in metabolic responders and
10.3% (+15.7 SD) nonresponders
(p < 0.0001). Clinical response after completion of
chemotherapy was measured using ultrasound or CT
combined with FDG PET, and evaluated based on
RECIST. On the basis of clinical response, five (71%)
and two (29%) of the seven tumors with a metabolic
response exhibited partial response (PR) and complete
response (CR), respectively, while 18 (72%) of the 25
nonresponding tumors had PR. No nonresponding
tumors showed CR. Metabolic responders showed a
significantly excellent clinical response rate (100%) in
terms of PR or CR in comparison with that (72%) for
non-responding tumors (p = 0.001) (Table 2a).

Histological criteria for assessment of therapeutic
response were based on General Rules for Clinical
and Pathological Recording of Breast Cancer 2008
(5). Among a total of 32 tumors, six (19%) and two
(6%) were found to have grade 3, or pathological
complete response (pCR), and to have grade 2b, or
near pCR, where only a few residual invasive cancer
cells were seen, respectively. Among the seven tumors
with a metabolic response, three (43%) and two
(29%) showed pCR and near pCR, respectively.
Among the 25 tumors without metabolic response,

in metabolic
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Figure 1. Reduction in standarized uptake value (SUV) of primary breast cancer after adjuvant chemotherapy, detected by FDG PET/CT.
Mean reduction rate of SUV during neoadjuvant chemotherapy was significantly different at PET/CT2 (p < 0.0001) and at PET/CT3
(p = 0.005) but not at PET/CT4 (p = 0.3) between tumors showing,and not showing a metabolic response. Thirty-two tumors were divided
into metabolic responders and metabolic nonresponders based on a cut-off value of 40% reduction in SUV at PET/CT2 compared with

baseline PET/CT.

Table 1. Patients and tumors characteristics
between metabolic responders and nonrespond-
ers

Table 2. Clinical and pathological response to
neoadjuvant chemotherapy between metabolic
responders and nonresponders

Total Responder Nonresponder (a) Post-chemotherapeutic clinical response
Variables n =32 (%) n=7 (%) n=25 (%) p-value PD SD PR CR Total
Age, years 54.9 + 10.1 589+ 14.5 53.5+ 8.0 0.2 Metabolic responder 0 0 5 2 7
(average = SD) Metabolic nonresponder 2 5 18 o] 25
Baseline SUV 75+42 102+ 6.4 6.7 + 3.1 0.05 Total 2 5 23 2 32
(average + SD) p = 0.001
T-stage
1 5 (16) 1(14) 4(16) 0.3 ) )
2 21 (66) 5 (72) 16 (64) (b) Post-chemotherapeutic pathological response
3 3(9) 0 (0) 3 (12)
4 3(9) 1(14) 2(8) pPD pPR Near pCR pCR Total
Nodal status )
Negative 14 (4) 3 (43) 11 (44) 09 Metabolic responder 0 2 2 8 !
Positive 18 (5) 4 (57) 14 (56) Metabolic nonresponder 1 21 0 3 25
Total 1 23 2 6 32
Nuclear grade - 0.0
1and 2 23 (72) 2 (29) 22 (88) 0.03 p=0
8 08 5 8012 PD. ive di SD, stable di PR, partial CR et
Hormone receptor status , progressive disease; , stable disease; , partial response; , complete
; PCR, pathol I CR.
ER and/or 25 (78) 4(57) 21 (84) 05 response; pi, painologicd
PR positive
ER and PR 7 (22) 3 (43) 4 (16)
negative tumors showing no metabolic response (p = 0.01)
HER2 status
0, 1+, 2+ 25 (78) 3 (43) 22 (88) 0.06 (Table 2b).
3+ 7 (22) 4 (57) 3(12) Univariate analysis showed that metabolic response

SD, standard derivation; SUV, standardized uptake value; ER, estrogen receptor; PR,
progesterone receptor.

three (12%) showed pCR, but none showed near
pCR. Tumors showing a metabolic response showed a
significantly higher percentage of pCR/near pCR than
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[p = 0.005, hazard ratio (HR) = 18.3, 95% confiden-
tial interval (CI) 2.4-140.4], HER2 overexpression
(p = 0.005, HR = 18.3, 95% CI 2.4-140.4), and hor-
mone-receptor negativity (p = 0.04, HR = 7.0, 95%
CI 1.1-44.1) were predictive of pCR/near-pCR to
neoadjuvant chemotherapy. Nuclear grade was
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marginally associated with pCR/near-pCR (p = 0.1,
HR = 4.2, 95% CI 0.6-27.4). No significant associa-
tion between other factors and pCR/near-pCR was
found. Multivariate analysis employing a logistic
regression model showed that metabolic response
remained an independent variable for predicting
pCR/near-pCR (p = 0.05, HR = 11.9, 95% CI 1.1-
- 104.9), but HER2 overexpression and hormone-recep-
tor negativity were not (p = 0.1 and 0.4 respectively).
This study indicated that assessment of FDG
PET/CT after one cycle of chemotherapy has indepen-
dent value for early prediction of a pathologic
response of primary breast cancer to standard neoad-
juvant chemotherapy regimen followed by taxane.
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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
neuropathy

Breast cancer - Paclitaxel - Peripheral

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/m?) 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/m2 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).
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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 1. 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 (%)

<5 cm 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 731(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) 8 (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 mg/m? 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
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Fig. 1 Time taken for the total patient group to develop paclitaxel-
induced peripheral neuropathy



