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Country, Trial number “ccrual period »n Initial therap, Padiotherap, Primar, endpoint
India NCT00193778 2005-12 350 Adriamycin-cytoxan If indicated Time to progression
Turkey NCT00557986 2008-12 281 Surgery For breast conservation Survival
United States and Canada NCT01242800 2011-16 368 Appropriate systemic therapy Per standards for stage | -II Survival
Netherlands NCT01392586 2011-16 516 Surgery For positive margins or palliation 2-yr survival
Austria NCT01015625 - 2010-19 254 Surgery Per standards for stage I -1 Survival
Japan JCOG 1017 ¢ 2011-16 410 Appropriate systemic therapy No Survival

JCOG: Japan Clinical Oncology Group; NCT number: A unique identification code given to each clinical study registered on ClinicalTrials.gov.

prognosis as a result of surgery)'™. In addition, a study
has reported a satisfactory prognosis for asymptomatic
rather than symptomatic patients, regardless of whether
treatment was administered and regardless of the type
of treatment®, Results suggest that local control itself
may act beneficially on prognosis, irrespectve of whether
treatment is classified as surgery, radiation, ez.

TRI=LS CUPRENTL. UNDERPA =, TO
DETERLIINE THE USEFULNESS OF
RESECTION OF THE PRII.1=R. TULIOR IN
ST-GE|. BRE-ST C~NCEP

As noted previously, there are absolutely no prospective
data at the current tme to corroborate the usefulness of
resection of the primary tumor in stage [V breast cancer
in terms of increasing survival dme or improving local
control. At the current time, there is no evidence actively
in favor of such a resection. That said, many results of
retrospective studies continue to be discussed in vatious
fora. In the absence of robust evidence, this meta-anal-
ysis provides an evidence base for primary resection in
the setting of stage IV breast cancer for appropriately se-
lected patients"”. Resection of the primary tumor could
greatly affect breast cancer care so this clinical question
needs to be answered in prospective trials. Given this po-
tential, 6 groups are currently enrolling patients*™" (Table
1). The first reports of two prospective studies were
indicated in the San Antonio Breast Cancer Symposium
2013”1, Both studies did not demonstrate a significant
survival benefit of primary surgery. From the Indian
trial, the distant disease free survival in the patients with
surgery was significantly worse than that of the padents
without surgery. One of the reasons was the insufficient
systemic chemotherapy after surgery. They did not con-
tinue systemic chemotherapy after randomization and
appropriate systemic therapics according to breast cancer
subtypes were not selected in these protocols. So, the
median survival time was shorter than that of retrospec-
tive Huropean and American data. In particular, they did
not use molecular target therapy for patients with human
epidermal growth factor receptor type 2 positive breast
cancer. Moreover, the diagnosis of metastasis was uncer-
tain. They only used bone scintigraphy to diagnose a soli-
tary bone metastasis. The Breast Cancer Study Group of
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the Japan Clinical Oncology Group (1017) and Eastern
Clinical Oncology Group (2108) began enrolling patents
for a phase 3 trial in June 2011%, Patients receive current
standard systemic therapy before and after randomization
and the latest imaging examinaton before treatment in
these trials. A ¢rial by the current authors is determining
the significance of eatly resection of the primary tumor
in stage [V breast cancer when that tumor can be con-
trolled by medication. Items being assessed include the
total survival time as well as the significance of local con-
trol; the results of the trial are sure to provide clinically
significant evidence.

CONCLUSION

At the current point in time, one cannot say whether or
not resection of the primary tumor provides a clear ben-
efit in the management of stage IV breast cancer. Basic
studies have revealed the biology of breast cancer in detail
and the role of surgery is changing as treatment is better
tailored to the individual in accordance with the individual’
s biology. The goal of treatment has to be cleatly ident-
fied: increase the patient’s survival time, provide local
control or perform histology to determine the cancer’s
properties. Without a doubt, the best evidence is abso-
lutely essential to treat patients who need surgery at the
right time. Announcement of the results of clinical trials
that are currently underway and examination of those
results in detail are the first steps to obtain that evidence.
However, obtaining results takes time and other strategies
to treat breast cancer are constantly changing. In addition,
the drugs used and patient attributes differ completely in
different countries. An effective strategy to treat stage IV
breast cancer must be devised in accordance with medi-
cation in light of the patient’s symptoms while remaining
mindful of the significance of surgery.
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Abstract

Purpose A prospective randomized clinical trial was con-
ducted to evaluate the efficacy of tamoxifen plus doxoru-
bicin and cyclophosphamide compared to tamoxifen plus
tegafur-uracil as an adjuvant therapy to treat node-positive
premenopausal breast cancer (PreMBC).

Methods  Eligibility criteria included pathologically node-
positive (n = 1-9) preMBC with curative resection, in
stages I-ITTA. Patients were randomized to receive either
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tamoxifen 20 mg/day plus tegafur-uracil 400 mg/day (TU)
for 2 years or six courses of a 28-day cycle of doxorubicin
40 mg/m? plus cyclophosphamide 500 mg/m? on day 1
along with tamoxifen (ACT) given for 2 years as adjuvant
therapy. Primary endpoint was overall survival (OS), and
secondary endpoint was recurrence-free survival (RFS).
Results In total, 169 patients were recruited (TU arm 87,
ACT arm 82) between October 1994 and September 1999.
The HR for OS was 0.76 (95 % CI 0.35, 1.66, log-rank
p = 0.49) and that for RFS was 0.77 (95 % CI 0.44, 1.36,
log-rank p = 0.37), with ACT resulting in a better HR. The
S-year OS was 79.7 % for patients in the TU arm and 83 %
for those in the ACT arm. The 5-year RFS was 66.1 % for
patients in the TU arm and 70.6 % for those in the ACT arm.
A higher proportion of patients in the ACT arm experienced
grade 3 leucopenia (0 % in the TU arm, 4 % in the ACT arm).
Conclusions There were no significant differences in the
efficacy of TU and ACT as adjuvant therapy.

Keywords Breast cancer - Adjuvant treatment -
Node-positive - Premenopausal

Introduction

Progression-free survival and overall survival have been
improved according to the development of postoperative
adjuvant therapy using drugs based on clinical trials. Prior
to the 1980s, cyclophosphamide, methotrexate, and fluoro-
uracil (CMF) therapy was the standard therapy, but devel-
opment of Adriamycin in the 1990s indicated that Adriamy-
cin might surpass CMF in terms of prolonging prognosis.
Prior to the 1990s, oral anticancer agents became the stand-
ard therapy since they were thought to cause fewer adverse
events in Japan.
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Combined administration of oral fluoropyrimidine plus
tamoxifen for 2 years postoperatively was reported to
result in a high 5-year survival of 91 % for patients with
Stage II breast cancer and 78 % for those with Stage 11
breast cancer [1, 2], and combined administration of oral
fluoropyrimidine plus tamoxifen was reported to diminish
QOL less [1]. The criteria for determination of estrogen
receptor (ER) status at the time differed from the current
criteria, and tamoxifen was supposed to be less effica-
cious in ER-negative patients. However, tamoxifen was
administered regardless of the patient’s ER status in gen-
eral. Moreover, the form of administration was typically
in combination with an anticancer agent including chem-
otherapy and hormone therapy. This study was planned
within this context.

Current postoperative drug therapy to treat breast can-
cer is often chosen depending on the breast cancer subtype,
which is determined based on panels for markers such as
ER, HER2, and Ki67 [2]. This selection is based on pre-
dicted drug efficacy. The fact that lymph node metastasis
is a prognostic factor was true when this trial began and
it remains true today. When numerous lymph node metas-
tases are noted, standard therapy is the administration of
anthracycline and taxane, regardless of the cancer subtype.
This study sought to assess the superiority of Adriamycin
and cyclophosphamide (AC) + tamoxifen (ACT regimen)
over oral tegafur-uracil (UFT) + tamoxifen (TU regimen),
which was the standard therapy in Japan when the trial
began, as a postoperative adjuvant therapy to treat premen-
opausal breast cancer in patients who were histopathologi-
cally confirmed to have lymph node metastasis. This trial
also sought to determine whether all patients with node-
positive breast cancer needed to be administered anthra-
cycline or whether administration of oral fluoropyrimidine
was sufficient.

Patients and methods
Eligibility and excluding criteria

Premenopausal female patients over the age of 15 with
Stage I-IIla breast cancer were eligible for this study.
All patients had to have undergone curative mastectomy
with axillary node dissection, and a histological exami-
nation had to reveal involvement of 1-9 axillary nodes.
Other eligibility criteria were a World Health Organiza-
tion (WHO) performance status of 0-1, adequate bone
marrow and liver and kidney function, and no evidence
of metastasis. Patients who received previous systemic
treatment for breast cancer were excluded. The informed
consent of each patient was obtained before study
participation.

@ Springer

Planned treatment schedules

All patients randomized to TU or ACT regimen. For
patients in the TU arm, tamoxifen (20 mg/day) and
UFT (400 mg/day) were administered for a maximum
of 2 years in all patients. For patients in the ACT arm,
Adriamycin (40 mg/m? intravenously) and cyclophospha-
mide (500 mg/m? intravenously) were administered on
day 1 every 28 days. This cycle was repeated six times.
Tamoxifen (20 mg/day) was administered for a maximum
of 2 years in all patients, regardless of hormonal receptor
status.

Randomization was done using the minimization
method, and the arms were balanced with regard to ER
and progesterone receptor (PR) status (either one positive
(>10 %) versus both negative and unknown), HER?2 status
(positive versus negative or unknown), number of meta-
static nodes (1-3 versus 4-9), and institution.

Patient assessment

Initial workup included medical history, tumor assessment,

physical examination, routine hematology and chemistry
test, chest radiography, liver ultrasonography, and a bone
scan. Hematology and chemistry tests, tumor marker meas-
urements, and urinalysis were repeated monthly, To check
for distant metastasis, a chest radiography and liver ultra-
sonography were performed every 6 months, a bone scan
was performed every year, and bilateral mammography was
performed every 2 years. Hematological disorders and tox-
icity were evaluated according to the Toxicity Grading Cri-
teria of the Japan Clinical Oncology Group (JCOG) [3] and
were recorded on case report forms.

Study endpoint

The primary endpoint of this study was overall survival
(OS), and the secondary endpoint was recurrence-free sur-
vival (RFS). OS was defined as the time from randomiza-
tion to death from any cause, and it was censored as of the
date of final follow-up. RFS was defined as the time from
randomization to either the first incidence of recurrence or
death from any cause, and it was censored as of the date
of final follow-up. OS and RFS were evaluated accord-
ing to hormone receptor status (either ER- or PR-positive
versus both ER- and PR-negative or unknown) in sub-
group analyses. In addition, the safety of treatment was
evaluated.

Statistical analysis plan

If patients treated with ACT had a significantly longer
OS than patients treated with TU, then ACT would be
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recommended as the new standard treatment. The estimated
5-year OS of these patients is commonly 64-88 % [4-6].
A total of 342 patients were needed to detect a prolonga-
tion of the 5-year OS from 75 % for patients in the TU
arm to 85 % for patients in ACT arm with an 80 % power
and a two-sided alpha of 5 %. Considering some patients
potentially lost to follow-up, the sample size was set at 400
patients in total. The planned study period was originally
2 years for recruitment and an additional 5 years for follow-
up. Due to the slow recruitment, the protocol was revised
to extend the recruitment period, and the sample size was
revised to 330 patients with a recruitment period of 5 years.
OS was analyzed for all randomized patients and RFS for
randomized patients excluding a patient with bone metasta-
sis at the registration. OS and RFS were estimated using the
Kaplan—Meier method, and curves were compared using a
log-rank test. Hazard ratios of treatment effects were esti-
mated by a Cox regression model. All analyses were based
on intent to treat. All statistical analyses were performed
using SAS release 8.2 (SAS Institute, Cary, NC).

Interim analysis and monitoring plan

An interim analysis was to be performed when half of the
total number of patients was enrolled. The JCOG Data and
Safety Monitoring Committee (DSMC) independently
reviewed the interim analysis report, and premature ter-
mination of the trial could be considered at that stage. In-
house interim monitoring was performed by the JCOG Data
Center to ensure data submission, patient eligibility, pro-
tocol compliance, safety, and on-schedule study progress.
The monitoring reports were submitted to and reviewed by
the DSMC every 6 months.

Results

This study began in 1994. At an interim analysis on June
1999, patient recruitment was so slow that the DSMC rec-
ommended terminating patient recruitment or continuing but
changing the primary endpoint to RFS. Furthermore, a con-
sensus meeting in St. Gallen in 1997 deemed that administer-
ing tamoxifen to hormone receptor-negative patients was ethi-
cally unacceptable [7]. Therefore, recruitment of patients was
terminated pursuant to suggestions from the JCOG DSMC.
In total, 169 patients were recruited and randomly
assigned (Fig. 1). Four patients were ineligible because
two were enrolled after starting protocol treatment, one
had been diagnosed with bone metastasis, and the other
was postmenopausal before recruitment, but these patients
were included in the analysis. The two groups had highly
similar baseline characteristics (Table 1). The median age
was 46 years (30-56 years). One hundred and seventeen

patients (69.2 %) had node metastases involving 1-3
nodes, while 52 (30.8 %) had node metastases involving
4-9 nodes. There were 59 patients (34.9 %) with ER- or
PR-tumors, including patients with an unknown hormone
status. Most patients (95.3 %) underwent total or radical
mastectomy. Eighty-seven patients were assigned to the
TU arm, and 82 patients were assigned to the ACT arm.
Patient’s diagram was shown in Fig. 1. The protocol treat-
ment in the TU arm was completed by 75 of 87 patients
(86.2 %), and the protocol treatment in the ACT arm was
completed by 66 of 82 patients (80.5 %).

Survival

There were no significant differences in OS for patients in
the two arms (p = 0.494, hazard ratio 0.76, 95 % confi-
dence interval [CI] 0.35-1.66) (Fig. 2a). The 3- and 5-year
OS were 90.3 and 79.7 % for patients in the TU arm and
90.6 and 83.0 % for patients in the ACT arm, respectively.
There were no significant differences in RFS for patients
in the two arms (p = 0.37, HR: 0.77, 95 % CI 0.44-1.36)
(Fig. 2b). The 3- and 5-year RFS were 74.0 and 66.1 % for
patients in the TU arm and 76.7 and 70.6 % for patients in
the ACT arm, respectively.

Subgroup analysis was performed according to hormone
receptor status. There were 57 patients (65.5 %) who were
ER+ and/or PR+ in the TU arm and 52 (63.4 %) in the ACT
arm. The OS curve is shown in Fig. 3a. Both ER- and PR-
negative patients had a worse prognosis than ER-positive
patients. However, patients in the TU and ACT arms had a
similar OS, regardless of hormone status. Both ER- and PR-
negative patients in the TU arm had a relatively shorter RFS
than those in the ACT arm (Fig. 3b). There were no differ-
ences in the RFS of ER+ and/or PR+ patients in both arms.

Safety profile

Safety profiles are listed in Table 2A and B. Only one
patient was observed grade 4 adverse event (GPT eleva-
tion) in the TU arm. This event was diagnosed at 35th day
after the start of TU, and once the administration of UFT
was halted, GPT decreased to normal levels. A higher pro-
portion of patients in the ACT arm had a lower white blood
cell count that was rated grade 3 (0 % in the TU arm, 3.8 %
in the ACT arm), and a higher proportion of patients in the
TU arm had elevated total bilirubin, GOT, and GPT that
were rated grade 3 (12.6, 2.3, and 2.3 % in the TU arm,
0, 1.3, and 1.3 % in the ACT arm) and lower hemoglobin
(3.4 % in the TU arm, O % in the ACT arm). A non-hemato-
logical toxicity (grade 3 nausea) was noted only in patients
in the ACT arm (10 %). There was grade 3 rash (1.2 %) in
a patient in the TU arm and grade 3 arrhythmia (1.3 %) in a
patient in the ACT arm.
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Fig. 1 Trial profile of Japan
Clinical Oncology Group study,
JCOG 9404

| 169 Patients underwent randomization ]

v

87 patients were assigned to
TAM plus UFT
(85 eligible, 2 ineligible)

l

87 patientsreceived

v

82 patients were assigned to
TAM plus AC
(80 eligible, 2 ineligible)

J

80 patientsreceived

TAM plus UFT TAM plus AC
16 relapsed during 11 relapsed during
TAM+UFT - TAM+AC
1 refused 4 refused
3 others 6 others

87 patients were included
in the efficacy analysis

87 patients were included
In the safety analysis

82 patients were included
in the efficacy analysis

80 patients were included
In the safety analysis

Table 1 Patient characteristics A i
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Discussion

Time since random assignment (days)
The decision to administer postoperative adjuvant drug
therapy, which seeks to inhibit the recurrence of breast
cancer, is often currently made based on the primary
tumor’s subtype. Breast cancer is essentially categorized

Fig. 2 Kaplan-Meier curves of overall survival (a) and relapse-free
survival (b) for node-positive breast cancer patients treated with
tamoxifen plus tegafur-uracil or tamoxifen with anthracycline and
cyclophosphamide
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Fig. 3 Kaplan-Meier curves of overall survival (a) and relapse-free
survival (b) for node-positive breast cancer patients treated with
tamoxifen plus tegafur-uracil or tamoxifen with anthracycline and
cyclophosphamide according to estrogen receptor (ER) and proges-
terone receptor (PgR) status

into four subtypes depending on the expression of ER,
PgR, HER2, and Ki67 [2]. Endocrine drugs are given to
patients with ER- and/or PgR-positive luminal tumors.
Trastuzumab (a molecular-targeted agent) and an antican-
cer agent are both administered to HER2-positive patients.
These strategies are tailor-made target therapies accord-
ing to the prediction of efficacy of drugs. In addition to
endocrine drugs, anticancer agents are often administered
to patients with breast cancer expressing a high level of
Ki67 [8, 9]. The individual determination of whether or
not a tumor is sensitive to a drug is difficult, and despite
this, anticancer agents are administered. Including anti-
cancer agents is considered acceptable when patients have
numerous lymph node metastases (irrespective of tumor
subtype), if their cancer is ER- and/or PgR-positive and
expressing a low level of Ki67. The validity and evalua-
tion of Ki-67 are not definitive [10]. Both anthracycline
and taxane are often administered sequentially for these
patients despite the possibility that efficacy of these drugs
is low. These classifications of breast cancer and adminis-
tration of taxane and molecular drugs were widely in use
after the current trial began.

Table 2 Hematological (A) and non-hematological (B) toxicities

Toxicities Grade 2 (%) Grade 3 (%) Grade 4 (%)

(A)

TU
WBC 8(9) 0 (0) 0
Hb 2(2) 33 0 (0)
T-bill 43 (49) 11 (13) 0 (0)
GOT 5(6) 2(2) 0(0)
GPT 9 (10) 2(2) (D)

ACT
WBC 12 (14) 3(3) 0(0)
Hb 7(8) 0 -
T-bill 8(M 0(® 0(0)
GOT I (1) 1 (D) 0(0)
GPT 5(6) 1 0

(B)

TU
Infection 0(0) 0(0) 0(0)
Nausea/vomiting 7 (0) 0(0) -
Diarrhea 2 (0) 0(0) 0(0)
Arrhythmia 1 (1) 0(0) 0(0)
Thrombosis 00 0(0) 00
Alopecia 0(0) - -
Rush 2(0) 1 (0) 0(0)

ACT
Infection 0(0) 0(0) 0(0)
Nausea/vomiting 29 (36) 8 (10) -
Diarrhea L 0 0(0)
Arrhythmia 1 (1) 1(D 0(0)
Thrombosis 0(0) 0(0) 0(0)
Alopecia 37 (46) - -
Rush 1 (1) 0(0) 0(0)

At the beginning of this study, tamoxifen was adminis-
tered as the standard therapy even if the patient was ER-
negative. In light of current evidence, there is no doubt that
tamoxifen has little efficacy in treating ER-negative breast
cancer [11], though there are also no data indicating that
the efficacy of anticancer agents will diminish if used in
combination with tamoxifen. Thus, the results of this trial
simply compared taking UFT for 2 years to taking AC to
treat node-positive premenopausal breast cancer. Previous
meta-analyses clearly revealed data indicating that AC ther-
apy is more effective at preventing recurrence than CMF
[12-16], but AC therapy has not been compared to oral
fluoropyrimidine. The results of this trial indicated no dif-
ference between oral fluoropyrimidine and AC therapy in
terms of prolonging survival in patients overall. AC therapy
resulted in a longer recurrence-free survival (RFS) in only
ER-negative patients. These results do not have a meaning
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for recent breast cancer treatment strategy, because of the
insufficiency of patients recruitment and old adjuvant treat-
ment design. However, this finding suggests that AC ther-
apy has limited efficacy when treating node-positive breast
cancer by administering tamoxifen as a postoperative adju-
vant therapy to treat ER-positive breast cancer. This finding
also suggests that administration of oral fluoropyrimidine
alone may be sufficient in some cases. In fact, OS and PFS
were similar between ACT and TU arm with ER-positive
breast cancer. A potent anticancer agent, like anthracycline,
may not be needed to treat ER-positive breast cancer even
if it has lymph node metastasis.

The question of whether UFT is needed or if tamoxifen
alone is sufficient remains. Results of the JCOG9401 study
[17], which examined patients with postmenopausal breast
cancer with lymph node metastasis during the same period
as the current trial, may offer an answer. The study com-
pared tamoxifen alone and ACT therapy to treat patients
with node-positive breast cancer, and results indicated that
ER-positive patients had a S-year RFS of 59.3 % when
given tamoxifen alone versus 76.9 % when given ACT
therapy and a 5-year OS of 87.1 % when given tamoxifen
alone versus 90 % when given ACT therapy. Patients in this
trial who were given UFT+tamoxifen had a 5-year RFS
of 74.5 % and a 5-year OS of 89 %. There was possibil-
ity of prognostic benefit of additional UFT for ER-positive
node-positive patients. Thus, comparison of TU therapy to
tamoxifen alone is needed. In Japan, a prospective clinical
trial on adding S-1 to treat patients with ER-positive breast
cancer after completion of standard chemotherapy is cur-
rently enrolling subjects (UMINO00003969).

No major differences were noted in ER-negative patients
in either arm of this trial. That said, ER-negative patients
had a 5-year OS and a 5-year RFS that was about 30 %
shorter than the 5-year OS and 5-year RFS of ER-positive
patients. Trastuzumab tends to be administered to patients
with ER-negative breast cancer if they are HER2-positive
[18], and taxane tends to be administered along with anthra-
cycline if they are HER2-negative [14]. The regimens in this
trial were inadequate to evaluate the appropriate adjuvant
drugs for ER-negative patients with node metastases.

In terms of adverse events, a hematological event in the
form of a grade 3 decline in the white blood cell count was
noted only in patients in the ACT arm. In terms of non-
hematological events, abnormal liver function was noted
in patients in the TU arm and nausea was often noted in
patients in the ACT arm. Results of this trial revealed
numerous adverse events in patients in the ACT arm as a
whole. Since the current dose of AC is higher than that used
in this trial, UFT may be less damaging. However, results
suggested that sufficient caution in abnormal liver function
is necessary to use UFT for long time as adjuvant therapy.
The current trial did not administer both endocrine therapy
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and chemotherapy concurrently. Previous data on such
chemoendocrine therapy have highlighted the enhancement
of adverse events and an increase in thrombosis in par-
ticular [19-21]. Neither group of patients in this trial had
thrombosis/embolism. Existing data are from the USA and
Europe, where thrombosis is more prevalent. These condi-
tions may pose far less of a problem in Japan because of
their different physique. Chemoendocrine therapy is ruled
out based on current data from Europe and the USA, but
there may be leeway for therapy selection depending on the
patient.

This trial prospectively studied the usefulness of ACT
therapy to treat patients with node-positive premenopausal
breast cancer. This trial began prior to 2000, and modern
standard adjuvant therapy was established during collect-
ing patients for this trial. There were some issues with
trial design and trial enrollment since the standard therapy
changed substantially during trial enrollment. However,
the times changed from an era of actively administering
anticancer agents to every patient with breast cancer with
lymph node metastasis to an era of selecting therapy by
predicting drug efficacy. Postoperative adjuvant therapy
with oral FU was the standard therapy in this trial, and a
new appreciation for the efficacy of that therapy is develop-
ing. In this trial, ACT did not significantly prolong survival
compared to TUFT, especially in ER-positive patients.
Without a doubt, these findings pose clinical questions that
should be answered when formulating a treatment strategy
for postoperative adjuvant therapy. Further studies via pro-
spective trials (which include those currently underway)
are needed.
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Abstract

Purpose Better treatments for triple-negative breast can-
cer (TNBC) are needed. To address this need, we stud-
ied the effects of preoperative metronomic paclitaxel/
cyclophosphamide/capecitabine (mPCX) followed by
5-fluorouracil (FU)/epirubicin/cyclophosphamide (FEC) as
preoperative chemotherapy in TNBC patients.

Methods Forty primary TNBC patients received four
cycles of metronomic paclitaxel (80 mg/m* on Days 1,
8, and 15), cyclophosphamide (50 mg/body daily), and
capecitabine (1,200 mg/m? daily), followed by four
cycles of 5-FU (500 mg/m?), epirubicin (100 mg/m?), and
cyclophosphamide (500 mg/m?) every 3 weeks. The pri-
mary end point was the pathological complete response
(pCR) rate.
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Results Forty patients formed the intent-to-treat popula-
tion. The median dose intensities of paclitaxel, cyclophos-
phamide, and capecitabine were 89.7, 92.1, and 89.8 %,
respectively, Five patients discontinued mPCX and two
discontinued FEC, primarily because of adverse events,
resulting in a per-protocol population (PPS) of 33 patients.
The pCR (ypTO/Tis ypNO) rate was 47.5 % (19/40) in the
intent-to-treat population and 54.5 % (18/33) in the PPS.
The clinical response rates were 36/40 (90.0 %) and 31/33
(93.9 %) in the intent-to-treat and PPS, respectively. The
breast conservation rate was 72.7 % (24/33), and 5/13
patients underwent partial resection instead of pre-planned
total mastectomy. Grade 3—4 adverse events included neu-
tropenia (35 %), leukopenia (25 %), and hand-foot syn-
drome (8 %).

Conclusions Metronomic PCX followed by FEC chemo-
therapy was associated with a high pCR rate and low tox-
icity in TNBC patients. Further studies of this regimen in
larger numbers of patients are warranted.
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Introduction

Triple-negative breast cancer (TNBC) accounts for ~15 %
of all breast cancers [1—4]. The prognosis of TNBC is gen-
erally favorable in patients with pathological complete
response (pCR), but is quite poor in patients with resid-
ual invasive tumors [5]. pCR rates in TNBC vary among
chemotherapy regimens, adding to the challenge of treating
TNBC. For example, anthracycline-based chemotherapy
has a pCR rate of 17-27 % [5-8], increasing to 45 % fol-
lowing the addition of a taxane [9]. Sequential therapy with
paclitaxel and anthracyclines has achieved a pCR rate of
28 % in TNBC [5].

A typical sequential therapy for TNBC comprises
weekly paclitaxel followed by FEC. However, the out-
comes of this regimen are unsatisfactory for TNBC, and
more effective therapeutic options are needed [10].

The combination of capecitabine and cyclophosphamide
appears to be promising, with an all-oral combination giv-
ing a response rate of >40 % in metastatic breast cancer,
and is both feasible and well tolerated [11, 12]. The addi-
tion of capecitabine to a taxane achieved greater efficacy
than a taxane/anthracycline combination [13], possibly
because of the synergistic effect of increasing PyNPase
activity [14, 15]. A combination of low-dose capecitabine
and weekly paclitaxel yielded an overall response rate of
46.5 % in metastatic breast cancer [16]. A paclitaxel/cyclo-
phosphamide combination was effective in patients with
advanced recurrent breast cancer [17]. Dellapasqua et al.
[18] reported that low-dose daily metronomic oral capecit-
abine and cyclophosphamide (mXC) combined with beva-
cizumab was effective for treating advanced breast cancer
and minimally toxic. These results led to the hypothesis
that a combination of paclitaxel, cyclophosphamide, and
capecitabine (PCX) is feasible for chemotherapy in breast
cancer patients. Two studies [19, 20] have demonstrated
that the efficacy and tolerability of paclitaxel administered
every week were better than those of paclitaxel adminis-
tered every 3 weeks. In the first of these reports, the Can-
cer and Leukemia Group B (CALGB) trial revealed that
weekly paclitaxel was associated with a greater response
rate, together with a longer time to progression and longer
overall survival than administration every 3 weeks. In that
study, neutropenia was more common in patients treated
every 3 weeks, while neuropathy was more common in
patients treated every week. The meta-analysis conducted
in the second report [20] confirmed that administration of
paclitaxel every week conferred a survival benefit compared
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with administration every 3 weeks. Weekly paclitaxel was
therefore comparable to the concept of metronomic ther-
apy. In the present study, therefore, the promising regimen
of the three drugs is referred to as metronomic paclitaxel,
cyclophosphamide, and capecitabine (mPCX) [metronomic
paclitaxel (80 mg/m2 on Days 1, 8§, and 15), cyclophos-
phamide (50 mg/body daily), and capecitabine (1,200 mg/
m? daily), followed by four cycles of 5-FU (500 mg/m?),
epirubicin (100 mg/m?), and cyclophosphamide (500 mg/
m?) every 3 weeks] and was based on the mCX regimens
described above.

Metronomic chemotherapy regimens using combina-
tions of standard drugs that are widely used to treat breast
cancer are now being implemented in clinical trials in
cancer patients and are proving as effective as maximum
therapeutic dose chemotherapeutic regimens but with less
toxicity [21-25]. The lower toxicity of these regimens is
the main rationale for their adoption [26]. In this study, we
examined the histologic effects and safety of four cycles
of neoadjuvant mPCX followed by four cycles of neoad-
juvant S5-fluorouracil (5-FU)/epirubicin/cyclophosphamide
(FEC) in patients with TNBC. Outcomes included tumor
response, rate of breast-conserving surgery, and toxicity.

Methods
Patients

Females aged 20-70 years with primary TNBC or HER2-
negative breast cancer with low estrogen receptor/proges-
terone receptor expression (<10 %) were eligible for this
study. Exclusion criteria included chemotherapy or hor-
mone therapy for breast cancer in the last 5 years; active
double cancer; synchronous bilateral breast cancer; male
breast cancer; infection or suspected infection; serious
heart disease or history thereof; poorly controlled diabetes
mellitus; gastrointestinal ulcer or hemorrhage; or any seri-
ous comorbidities or a history of drug allergies that may
interfere with treatment. Written informed consent was
required to participate in the study. The study protocol was
approved by the institutional ethics committees at all study
locations, and the procedures followed were in accord-
ance with the ethical standards of these committees and the
Helsinki Declaration. This trial was registered on the Uni-
versity Hospital Medical Information Network (identifier:
UMINO00003570).

Study design and treatment
This was a multicenter open-label study. Eligible patients

received four cycles of mPCX followed by four cycles of
FEC (Fig. 1a). Each cycle consisted of 3 weeks with a time
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window of £3 days, and surgery was performed 3-8 weeks
after the last day of the fourth FEC cycle.

The primary efficacy end point was pCR rate. Secondary
end points were the rates of breast-conserving surgery and
safety findings.

Enrollment started in March 2010. A key concern of
the study was to ensure the safety and tolerability of the
new regimen. To that end, in March 2011, the efficacy and
safety evaluation committee did an interim evaluation on
10 patients initially enrolled, confirming the efficacy and
safety of the treatment. The committee members then unan-
imously voted for continuation of the study based on the
results of the interim evaluation.

| Eligibility screening (n = 41)

-’! Discontinued before starting the study treatment (n = 1)

A

Q.

ministration of PCX and FEC (n = 40)

Discontinued during the PCX regimen (n = 5)
- Patient's request® (Cycle 2)

- Anemia (Grade 3) (Cycle 2)

- Hepatic dysfunction (Grade 2) (Cycle 3)

- Interstitial pneumonia (Grade 1) (Cycle 3)
- Interstitial pneumonia (Grade 2) (Cycle 4)
Discontinued during the FEC regimen (n = 2)
- Patient's request (Cycle 2)

- Patient’s request (Cycle 4)

-

Completion of PCX and FEC (n = 33)

Assessments

The primary lesion and metastases to lymph nodes were
measured within 1 month before treatment initiation, after
the second cycle of metronomic mPCX, and after the fourth
cycles of mPCX and FEC. The primary end point of pCR
was defined as ypTO/Tis and ypNO, namely an absence of
invasive cancer in the breast and lymph nodes. Surgical
specimens were sectioned into S-mm-thick slices, and all
cut surfaces were examined. pCR in the primary lesion was
categorized, as outlined by Kuroi et al. [27] as strict pCR
(spCR), pCR with in situ carcinoma (pCRinv), comprehen-
sive pCR (CpCR), near pCR (response very close to that of
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SpCR, but with a small number of cancer cells), and quasi-
pCR (includes CpCR and near pCR). In the axillary lymph
nodes, ITC pNO(i+) of <0.2 mm was classified as pNO. A
pathologic non-responder was defined as having invasive
cancer on pathologic examination (pINV). Adverse events
were assessed based on the common terminology criteria
for adverse events (CTCAE) version 4.0, except for “nail
changes,” which were evaluated using the CTCAE version
3.0.

Treatment protocol

The rationales for the choice of paclitaxel [28-35], cyclo-
phosphamide [36], and capecitabine [14-16, 18, 36-39]
for metronomic PCX (mPCX) therapy and the appropri-
ate doses [I1, 17, 38-41] were determined on the basis
of previous clinical studies. Weekly administration of
paclitaxel at a dose of 80 mg/m” is a standard regimen
for breast cancer and was therefore used in this study. For
capecitabine, when we converted the doses used in combi-
nation regimens [11-13, 16, 18] to daily doses, we found
that the dose ranged from 1,000 to 1,670 mg/m?%day. We
decided to use a dose close to the middle of this range
of 1,200 mg/m? daily (administered as 600 mg/m?® twice
daily). For cyclophosphamide, a daily dose of 50 mg is
thought to be safe and effective. Accordingly, the metro-
nomic chemotherapy cycle consisted of paclitaxel (80 mg/
m? on Days 1, 8, and 15), cyclophosphamide (50 mg once
daily), and capecitabine (600 mg/m? twice daily) every
3 weeks for 12 weeks.

Metronomic chemotherapy involves administering cyto-
toxic antineoplastic agents at a low dose, avoiding dose-
limiting toxicities by exposing endothelial cells, which
proliferate slowly, to continuous low doses of cytotoxic
antineoplastic agents.

Because mPCX is a new concept, the criteria for dose
reduction and interruption were clearly defined to reduce
the incidence of adverse events.

mPCX or the relevant component drug was to be sus-
pended or discontinued in the case of neutrophil count
<1,000/mm? (Grade 3), hand-and-foot syndrome (Grade
2-3), peripheral neuropathy, arthralgia or myalgia (Grade
3) or cystitis (Grade >2).

FEC therapy was to be discontinued in the case of Grade
3 neutropenia with fever of >38 °C; platelet count <25,000/
mm?® or hemorrhage/platelet transfusion with decreased
platelet count; non-hematologic toxicities of >Grade 3
(except nausea, vomiting, and anorexia).

The overall safety of the study protocol was assessed
after 10 subjects had been enrolled. If >2 subjects were
unable to start the second cycle of mPCX therapy within
3 weeks of completing the first because the criteria for
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starting mPCX or paclitaxel (Online Resource 1) were not
met, discontinuation of the study was to be considered.

Sample size and statistical analyses

The sample size was calculated based on a pCR rate of
28 % with preoperative paclitaxel FAC (5-FU/doxorubicin/
cyclophosphamide)/FEC therapy and 20 % with an anthra-
cycline-based regimen (FAC/FEC/AC) [5]. Because cyclo-
phosphamide and capecitabine were coadministered with
paclitaxel, the expected pCR rate was 40 % at a thresh-
old of 20 %. Under those conditions with ¢ = 0.05 and
B = 0.2, 36 evaluable subjects were required, and a sample
size of 40 patients was considered sufficient to allow for
discontinuations. The proportions of patients with a par-
tial response (PR) or better and of those with a complete
response (CR; objective CR), together with 95 % confi-
dence intervals, were calculated from the distribution of the
objective response.

Histologic response was measured as the proportion of
patients with pCR. For adverse events, the proportions of
Grade 1-4 events were calculated. All analyses are pre-
sented descriptively as the n (%) of patients or median

(range).

Results
Patient characteristics

Forty-one patients were enrolled into the study and 40
(median age 52 years; range 33-69 years) underwent at
least one cycle of treatment and were included in the intent-
to-treat (ITT) population (Fig. 1b). The median tumor
size was 23.7 mm (range 3.5-82 mm) and was classified
as N(+) in 40 % (16/40) and weakly positive for ER (i.e.,
1-9 %) in 17.5 % (7/40) of patients (Table 1). Five patients
withdrew during mPCX at the patient’s request in two
cases and because of adverse events in three. Two patients
withdrew during FEC at their own request. Therefore, the
per-protocol population (PPS) consisted of 33 patients
(Fig. 1b).

Treatment exposure

Because this regimen was being evaluated for the first time,
tolerability was assessed in terms of the relative dose inten-
sity (RDI) of each component, which was classified as RDI
in all patient groups (Online Resource 2). The RDI was
high in the mPCX phase (paclitaxel 89.7 %, cyclophospha-
mide 92.1 %; capecitabine 89.8 %) and in the FEC phase
(epirubicin 89.8 %).
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Table 1 Patient characteristics

Characteristic Value

N 40
Age, years

Median (range) 52.0(33.0, 69.0)

PS

0 37 (92.5 %)
1 3(7.5 %)
Tumor stage status

Tl 8 (20.0 %)
T2 27 (67.5 %)
T3 5(12.5 %)

Tumor size, mm*
Median (range) (mm) 23.7 (3.5, 82.0)

Node status

NO 24 (60.0 %)
N1 16 (40.0 %)
Disease stage

Stage | 5(12.5 %)
Stage 1la 21 (52.5 %)
Stage I1b 10 (25.0 %)
Stage Ila 4 (10.0 %)
Menopausal status

Premenopausal 19 (47.5 %)
Postmenopausal 21 (52.5 %)
ER (IHC)

0% 33 (82.5 %)
1-9 % 7(17.5 %)
PgR (IHC)

0% 39 (97.5 %)
-9 % 1(2.5 %)
HER2 (IHC)

0 28 (70.0 %)
1 8 (20.0 %)
2 1 (2.5 %)
NA 3(7.5 %)
Histological grade (B&R classification)

1 5(12.5 %)
2 11 (27.5 %)
3 23(57.5 %)
Unknown 1 (2.5 %)
Sentinel node lvmph biopsy before starting the study treatment

No 36 (90.0 %)
Yes 4 (10.0 %)
n0 4 (100.0 %)
n+ 0 (0.0 %)
Surgical treatment planned before starting the study treatment

BCS 25 (62.5 %)
Mastectomy 15 (37.5 %)

PS performance status, ER estrogen receptor, PgR progesterone
receptor, HER2 human epidermal growth factor receptor, /HC immu-
nohistochemistry, B&R Bloom and Richardson grading system, BCS
breast-conserving surgery

* Measured by magnetic resonance imaging or computed tomogra-
phy; if both were available, the magnetic resonance imaging-deter-
mined size was used

Clinical response

The clinical response rate was calculated following an
objective evaluation of the clinical response based on pal-
pation and MRI/CT (Table 2). The clinical response rate
(based on MRI/CT) was 90.0 % (36/40) in the ITT popula-
tion and 93.9 % (31/33) in the PPS.

pCR

pCR was achieved after mPCX and FEC by 47.5 % (19/40)
of patients in the ITT population and in 54.5 % (18/33) of
patients in the PPS. The results for all grades of pCR in
both populations are shown in Table 3.

Further analysis on weakly ER-positive patients (n = 7)
revealed that invasive breast cancer disappeared in four
patients (ypTO/Tis) after mPCX-EFC therapy, three of
whom were axillary lymph node negative (ypNO). The spe-
cific results in these seven patients were SpCR n0 (n = 1),
SpCR n(+) (1), pCRinv n0 (2), near pCR n(+) (2), and
non-pCR n0 (1).

Relationship between tumor response rates after mPCX
and pathological response

Figure 2 shows the tumor response rates in individual
patients. Eleven of the 33 patients in the PPS achieved
a clinical CR (i.e., a decrease in lesion size of 100 % on
MRI/CT). Ten of these 11 patients achieved a pCR (ypT0/
Tis ypNO). For the remaining patient, the histological rating
for the primary focus was SpCR (no residual invasive or
non-invasive tumor); however, this patient was positive for
lymph node invasion.

Surgical procedures

Breast-conserving surgery was planned in 25 patients in the
ITT population (including 20 in the PPS), and the breast
was successfully conserved after surgery in 23 patients
(19 from the PPS), corresponding to a success rate of 92.0
(95 % CI: 81.4-100.0 %; 95 % success rate and 95 % CI:
85.4-104.6 % in the PPS). The other two patients under-
went total mastectomy.

In 15 patients in the ITT population (including 13 in the
PPS), total mastectomy was planned, but breast-conserving
surgery (BCS) was possible in six patients (40 %, 95 %
CI: 15.2-64.8 %; BCS was possible in five (38.5 %) of the
13 patients in the PPS (95 % CI: 12.0-64.9 %)). The other
nine patients (eight from the PPS) underwent total mastec-
tomy, as planned. Therefore, the overall rate of breast con-
servation in the ITT was 72.5 % (29/40, 95 % CI. 58.7—
86.3 %). The rate in the PPS was 72.7 % (24/33; 95 % CI:
57.5-87.9 %).
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Table 2 Clinical efficacy rates

ITT (n = 40)

PPS (n = 33)

Palpation MRI/CT

Palpation MRI/CT

CR 23 (57.5 %) 24 (60.0 %)
PR 6 (15.0 %) 12 (30.0 %)
SD 1 (2.5 %) 2 (5.0 %)
PD 0 (0.0 %) 0 (0.0 %)
NE 10 (25.0 %) 2 (5.0 %)

29 (72.5 %; 95 % CI
56.1-85.4)

Objective response rate’

36 (90.0 %; 95 % CI
76.3-97.2)

22 (66.7 %) 22 (66.7 %)

4 (12.1 %) 9(27.3 %)

0(0.0 %) 2 (6.1 %)

0(0.0 %) 0(0.0 %)

7(21.2 %) 0 (0.0 %)

26 (78.8 %; 95 % Cl 31(93.9 %; 95 % CI
61.1-91.0) 79.8-99.3)

ITT intent-to-treat, PPS per-protocol set, MRI magnetic resonance imaging, CT computed tomography, CR complete response, PR partial

response, SD stable disease, PD progressive disease, NE not evaluable
* CR + PR

Table 3 pCR rates

ITT (n =40) PPS (n=33) Weakly ER-
positive (n = 7)
ypTO ypNO 14 (35.0%) 13(39.4 %) 1 (14.3 %)
ypTO/Tis ypNO 19(47.5%) 18(54.5%) 3(42.9 %)
near pCR (Grade 2) 3(7.5 %) 2 (6.1 %) 0
ypNO
QpCR ypNO 22 (55.0%) 20(60.6%) O

pCR pathologic complete response, /77T intent-to-treat, PPS per-
protocol set, OpCR quasi-pCR

0 - RN i
10 . . §§ .
. g
o 30 4 RS SREZERES .
S 40 } :
5
g 50 4 . .
S 60
i)
& 7
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90 = pCR
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Fig. 2 Tumor response rates. Reduction in lesion size from baseline
(%) to the time of mPCX therapy completion in individual patients.
*This patient achieved ypTO/Tis in the breast, but an invasive tumor
was found in the axillary lymph node. pCR pathologic complete
response

Toxicity

Adverse events occurring during the study are presented in

Table 4.
Grade >3 hematologic adverse events included leuko-
penia in 25 % (10/40), neutropenia in 35 % (14/40), and
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anemia in 5 % (2/40) of patients. Non-hematologic toxici-
ties classified as Grade >3 included palmar-plantar eryth-
rodysesthesia syndrome in 8 % (3/40) of patients, while
nausea, vomiting, diarrhea, and peripheral sensory neu-
ropathy occurred in one patient each. Interstitial pneumonia
occurred in two patients (Grade 1) during mPCX therapy.
No subjective symptoms were found, and the disease was
only identifiable on imaging. The clinical signs of the dis-
ease resolved after observation and steroid therapy. Both
patients successfully underwent postoperative FEC therapy.

One serious adverse event (pulmonary artery thrombo-
sis) was detected after mPCX in one patient based on imag-
ing findings. The patient had no symptoms and no reduc-
tion in oxygen saturation. A causal relationship with the
study drug was ruled out based on the attending physician’s
judgment and the patient continued FEC chemotherapy,
thereafter undergoing surgery.

Discussion

This study included women with primary TNBC or
breast cancer with low ER/PgR expression, which are
often associated with an unfavorable prognosis. New
treatment options are necessary. To reduce the likelihood
of disease recurrence and prolong the survival of patients
with breast cancer, it is necessary to add other strategies
to standard care. Patients with ER-positive and/or HER2-
positive breast cancer may benefit from targeted thera-
pies, such as endocrine therapy and anti-HER2 therapy.
Unfortunately, there are few options for TBNC, and the
currently available chemotherapies are somewhat lim-
ited. Therefore, it is essential to develop new treatment
strategies for this disease. Although some novel agents
are under development, we are focusing on metronomic
chemotherapy based on a combination of approved anti-
cancer drugs. The concept of metronomic chemotherapy
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Table 4 Adverse events according to grade

n=40 Grade  or2 Grade3or4

Hematologic toxicity

Anemia (hemoglobin) 33 (83 %) 2(5 %)

White blood cell count decreased 26 (65 %) 11(28 %)

Neutrophil count decreased 21 (53 %) 14 (35 %)

Platelet count decreased 6 (15 %) 0

Non-hematologic toxicity

Peripheral sensory neuropathy 30 (75 %) 1 (3 %)

Palmar-plantar erythrodysesthesia 28 (70 %) 3(8 %)
syndrome (HES)

Nausea 28 (70 %) 1 (3 %)

Inflammation of the mucus membranes 23 (58 %) 0

in the mouth

22 (55 %) 1 (3 %)
21 (53 %) 0

20 (50 %) 0

20 (50 %) 0

Alanine aminotransferase increased
Pyrexia
Nail changes®

Constipation

Aspartate aminotransferase increased 19 (48 %) 0
Vomiting 11 (28 %) 1 (3 %)
Diarrhea 9 (23 %) 1 (3 %)
Nail loss 7(18 %) 0
Arthralgia 6 (15 %) 0
Myalgia 6 (15 %) 0
Eruption 4 (10 %) 0
Creatinine increased 2 (5 %) 0
Hemorrhoids 3(8 %) 0
Blood bilirubin increased 2 (5 %) 0
Allergic reaction 2(5 %) 0
Peripheral motor neuropathy 2(5 %) 0
Dizziness (exertional) 2(5 %) 0
General malaise 2(5 %) 0
Interstitial pneumonia 2(5 %) 0
Febrile neutropenia 0 12 (30 %)

4 Adverse events were assessed based on the common terminol-
ogy criteria for adverse events (CTCAE) version 4.0 except for “nail
changes” (CTCAE version 3.0)

was based on the expectation that their anti-angiogenic
effects would be associated with a reduced incidence
of toxicities and avoiding drug resistance [17]. The evi-
dence accumulated to date suggests that metronomic
chemotherapy may have several new mechanisms of
action, including restoration of the patient’s anticancer
immune response and the induction of tumor dormancy
[42]. Although the results of phase III studies of metro-
nomic chemotherapy have not yet been published, several
recent studies have revealed that metronomic chemo-
therapy may be clinically beneficial and safe for a broad
range of tumors [21-25], and this was further confirmed
in a systematic literature analysis [42].

In this study, we applied the metronomic concept to PCX
therapy, the first time this has been done with a combina-
tion of three drugs. The RDI for paclitaxel in the mPCX
phase was almost 90 %, and the toxicities at this intensity
were not serious; therefore, the combination showed good
tolerability, similar to that for standard weekly paclitaxel.
The metronomic PCX followed by standard FEC regimen
resulted in pCR rates of 37.5 and 54.5 % in the ITT popula-
tion and PPS, respectively. These values were higher than
those of conventional anthracycline (A) chemotherapy
(around 20 %) [5-8], taxanes (T) alone (from 5 to 12 %)
[5, 28], and standard chemotherapy with a sequential com-
bination of A and T for TNBC (around 30 %) [S]. About
5-10 % of patients with triple-negative breast cancer expe-
rience tumor progression during neoadjuvant chemother-
apy because of drug resistance. Tumor progression may be
found by chance because none of the subjects whose tumor
progressed during neoadjuvant chemotherapy (Table 2) in
this study received metronomic PCX followed by FEC.

We also analyzed the results of mPCX in breast can-
cer patients with weakly positive ER. Invasive breast can-
cer disappeared in four of these patients (ypT0/Tis) after
mPCX-EFC therapy, of whom three patients were axillary
lymph node negative (ypNO).

Among 35 patients who completed four cycles of
mPCX, 11 achieved CR with a complete loss of lesions. Of
these 11 patients, 10 had a pCR.

The positive outcomes outlined here may result from
the favorable efficacy profile of metronomic mPCX itself,
combined with the reduced toxicity of this dosing regi-
men. It is possible that a CR after the first mPCX could
be a surrogate marker of pCR. Furthermore, pCR could
be expected after clinical CR (cCR) in response to mPCX,
while surgery in patients with ¢cCR after mPCX could lead
to pCR with good prognosis.

TNBC includes a range of phenotypes. Unfortunately,
we do not yet know which subtypes, for example high or
low proliferative subtypes, are the most suitable candidates
for metronomic chemotherapy. However, considering the
anti-angiogenic mechanism of metronomic chemotherapy,
its efficacy might be independent of the tumor’s prolifera-
tive capacity. To improve the pCR rate for TNBC, carbo-
platin and/or bevacizumab were used in combination with
taxanes in two recent trials. The GeparSixto-GBG 66 and
CALGB/Alliance 40603 clinical trials [43, 44] revealed
that the use of carboplatin and/or bevacizumab increased
the pCR rate to 50-60 %, similar to the rate for mPCX
followed by FEC in our study. Regarding adverse events,
carboplatin was associated mild or serious bone marrow
suppression. Some patients given carboplatin required
treatment with granulocyte colony-stimulating factor and
some patients experienced grade 3/4 anemia and/or throm-
bocytopenia. By contrast, mPCX was not associated with
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additional serious adverse events, which suggests it is asso-
ciated with fewer toxicities and improved efficacy com-
pared with other regimens. We are now planning to conduct
translational studies focusing on a variety of biomarkers.
These studies should reveal which tumor subtypes are suit-
able candidates for metronomic chemotherapy. We are also
planning another clinical trial to confirm the usefulness of
metronomic chemotherapy for TNBC.

Based on the results of Fig. 2, the tumor response dur-
ing mPCX might be predictive of pCR. Almost all of the
patients with cCR after mPCX achieved CpCR after FEC.
This may help us to predict which patients may not require
an anthracycline, thus avoiding the associated risk of car-
diac toxicity. This may also help us identify which patients
may not require surgery to remove the original tumor,
Importantly, if a CR is achieved after mPCX therapy, the
anthracycline regimen may be discontinued in patients
with a pCR, which could be particularly beneficial because
of the risk of cardiotoxicity associated with anthracyclines.
With mPCX, we may therefore have access to a new treat-
ment option in which potentially cardiotoxic FEC can be
avoided, at least in some patients. However, if pCR is not
achieved with metronomic mPCX therapy alone (without
subsequent anthracycline-based chemotherapy) postop-
erative anthracycline-based chemotherapies may still be
administered. The efficacy of postoperative chemotherapy
with anthracyclines was demonstrated by Bear et al. [42],
who found no differences in prognosis between patients
treated preoperatively with anthracycline plus docetaxel
and those treated preoperatively with anthracycline and
postoperatively with docetaxel. Patients enrolled in the
present study are now being followed up to determine
whether pCR after four cycles of metronomic mPCX
allows the avoidance of subsequent FEC chemotherapy.
Notably, breast conservation surgery was possible in six
patients (40 %) who were scheduled to undergo total mas-
tectomy, while 23 (92.0 %) of patients underwent BCS as
planned.

The incidence of Grade >3 non-hematologic adverse
events was generally low and similar to that reported for
metronomic cyclophosphamide and capecitabine [18, 44]
or cyclophosphamide/methotrexate [24]. Grade >3 hema-
tologic events occurred in 10-25 % of patients, which is
somewhat higher than that reported for metronomic cyclo-
phosphamide/methotrexate [24]. However, only one serious
adverse event occurred, which was not considered related
to the study drug. The rate of compliance was also high,
based on the high RDI rates.

Some limitations of this study warrant mention. First, the
sample size was small (only 40 patients), although it was
adequately powered based on the planned sample size. Sec-
ond, the pCR rate may be further improved by the combina-
tion of a PARP inhibitor or bevacizumab with metronomic
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mPCX [45, 46], although the benefits of adding bevaci-
zumab would need to be balanced against the possibility of
a higher incidence of grade 3 or 4 toxicities [47].

In conclusion, metronomic PCX followed by FEC
chemotherapy was associated with a high pCR rate and low
toxicity in patients with TNBC. Further studies of this regi-
men in larger numbers of patients are warranted.
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