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Abstract

Background Nanoparticle albumin-bound (nab)-paclitaxel

is a solvent-free formulation of paclitaxel that is bound to

albumin and has demonstrated improved progression free

survival in previous studies of breast cancer. However, it is

difficult to treat Japanese patients with metastatic or

recurrent breast cancer with the recommended dose of

260 mg/m2 of (nab)-paclitaxel for more than six cycles due

to the occurrence of adverse events. To evaluate the

treatment continuity and safety of low-dose nab-paclitaxel,

we conducted a phase II study of nab-paclitaxel in patients

with metastatic or recurrent breast cancer who had received

up to one prior chemotherapy.

Patients and methods Treatment included low doses of

180 mg/m2 nab-paclitaxel that were administered on day 1

of each 3-week cycle to 35 patients. The primary endpoint

was the completion rate of six cycles of treatment.

Results A total of 35 eligible patients were enrolled and

received a median of eight (range 2–24) cycles of low-dose

nab-paclitaxel therapy. The completion rate of six cycles of

treatment was 66%. ORR and clinical benefit rate was 23

and 71%, respectively. Median PFS was 6.5 months and

median OS was 44 months. Adverse events were relatively

mild. Commonly observed grade 3/4 adverse events were

neutropenia (46%), leukopenia (9%), and hypertension

(3%). No grade 3-4 peripheral sensory neuropathy

occurred.

Conclusion Treatment with a low dose of nab-paclitaxel

once every 3 weeks was tolerable and of acceptable safety

and might be beneficial for patients with metastatic or

recurrent breast cancer.

Keywords Metastatic breast cancer � Nab-paclitaxel � Low
dose

Introduction

Breast cancer is the most common malignancy world-

wide; it has the highest morbidity rate and the fifth

highest mortality rate for disease in Japanese women [1].

Breast cancer is sensitive to systemic chemotherapy,

which has been used in an attempt to control cancer-

related symptoms and prolong survival. Nanoparticle

albumin-bound (nab)-paclitaxel is one of the most active

anticancer drugs for the treatment of solid tumors,

effectively blocking cancer cells in the G2/M phase

through the inhibition of microtubular de-polymerization

[2, 3]. Nab-paclitaxel is a solvent-free formulation of

paclitaxel that is bound to human serum albumin. Sol-

vent-based paclitaxel is formulated in the polyethoxy-

lated castor oil derivative Kolliphor EL (formerly
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Cremophor EL) and dehydrated ethanol. These solvents

have been associated with hypersensitivity reactions and

peripheral neuropathy [4, 5]. An administration schedule

of nab-paclitaxel at a dose of 260 mg/m2 by intravenous

infusion every 3 weeks has been widely accepted in

breast cancer patients with metastatic breast cancer

[6, 7]. An additional merit of nab-paclitaxel is that,

because it does not contain Kolliphor EL, pre-treatment

with an agent such as steroid and antihistamine is

unnecessary, which allows shortening of the time of

administration [8].

In a phase III randomized trial (CA012 study), nab-pa-

clitaxel (260 mg/m2) showed a significant and clinically

meaningful improvement in time to tumor progression

compared to the standard treatment of tri-weekly solvent-

based paclitaxel (175 mg/m2) in patients with metastatic or

recurrent breast cancer. However, Grade 3 sensory neu-

ropathy was more common in the nab-paclitaxel arm than

in the solvent-based paclitaxel arm (10 vs. 2%, respec-

tively) [8].

In a phase I study of nab-paclitaxel in Japan, the

number of cases of Japanese patients was extremely

limited with only 12 cases. Based on these data, the

recommended dose of nab-paclitaxel was set at 260 mg/

m2. Careful observation of the safety of the recom-

mended dose of 260 mg/m2 is considered to be neces-

sary, because neutropenia of Grade 3 or more developed

in eight of the 12 enrolled patients (66.7%). Peripheral

sensory neuropathy, which is one of the severe adverse

events of nab-paclitaxel, greatly influences the quality of

life, and can become such a big problem that further

treatment is refused. Thus, a 260 mg/m2 dose regimen of

nab-paclitaxel is accompanied by an increase in toxicity.

Its toxicity profiles are acceptable only with appropri-

ately selected patients and comprehensive toxicity

management strategies. In addition, it is necessary to

confirm the efficacy of this regimen, because the only

study that has been conducted in Japan is this phase I

study [9].

In this regard, the development of a less toxic

chemotherapy regimen using nab-paclitaxel is necessary to

properly treat patients with breast cancer. To investigate

the potential beneficial effects of low-dose (180 mg/m2)

nab-paclitaxel treatment for patients with metastatic or

recurrent breast cancer, we conducted a phase II study to

assess treatment continuity and the efficacy of adminis-

tration of this low dose of nab-paclitaxel once every

3 weeks. To evaluate the feasibility of low-dose nab-pa-

clitaxel exploratory, we calculated the 6 month completion

rate. Moreover, this study may provide useful information

regarding the safety and the efficacy of a low dose of nab-

paclitaxel that might be used in combination with other

drugs in the future.

Patients and methods

The present study was conducted in accordance with the

Declaration of Helsinki and was approved by the review

board of each participating institution. All participants

provided written informed consent prior to study entry. The

study protocol was registered at the University Hospital

Medical Information Network (UMIN) Clinical Trials

Registry (protocol ID UMIN000007166). This was an

investigator-initiated clinical trial that was not supported

by any industry funding.

Eligibility criteria

All eligible patients had to fulfill the following eligibility

criteria: Histologically-confirmed metastatic or recurrent

breast cancer; over 20 years of age; Eastern Cooperative

Oncology Group performance status (PS) 0–2; at least

one measurable lesion according to the response evalu-

ation criteria in solid tumors [RECIST version 1.1 [10]];

at least one prior chemotherapy for metastatic setting in

patients under 64 years; regardless of prior chemother-

apy in patients more than 65 years; life expectancy

C3 months; adequate bone marrow function (hemoglobin

[9 g/dl, absolute neutrophil count C1500/mm3 and

platelet count C100,000/mm3); adequate liver function

(total bilirubin B1.5 mg/dl and serum transaminase

B2.5 9 upper normal limit (UNL)); adequate renal

function (serum creatinine B1.5 9 UNL); no other sev-

ere medical conditions; no other active malignancies; no

history of nab-paclitaxel; and provision of written

informed consent.

Treatment schedule and evaluation of toxicity

Nab-paclitaxel (Abraxane; Taiho Pharmaceutical Com-

pany, Tokyo, Japan) was administered at a dose of 180 mg/

m2 over 30 min by intravenous infusion on day 1 of every

3-week cycle (Fig. 1). Patients with HER2-positive tumors

received concurrent trastuzumab at a dose of 6 mg/kg

(loading dose, 8 mg/kg) on day 1 of every 3-week cycle.

This treatment was repeated every 3 weeks until disease

progression or unacceptable toxicity was observed. Toxi-

city was graded according to the Common Terminology

Criteria for Adverse Events (CTCAE version 4.0 [11]).

Nab-paclitaxel could be administered if the neutrophil

count was C1500/mm3, the platelet count was C100,000/

mm3 and all relevant non-hematological toxicities were

grade 2 or lower. Treatment dose reductions were planned

for hematological grade 3-4 or non-hematological grade 3

toxicities, in which nab-paclitaxel was to be re-introduced

at a dose of 150 mg/m2. Treatment could be withheld for

up to 3 weeks. If hematological adverse events did not
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improve to grade 1 after 3 weeks and non-hematological

toxicities did not improve to grade 2 or lower, patients

were excluded from the study.

Endpoints and evaluation of treatment

The primary endpoint was the completion rate of six

cycles of treatment. We defined the patients who could

not complete six cycles of nab-paclitaxel by all causes

including progressive disease as non-completion case.

Tumor response was evaluated every 12 weeks by means

of computed tomography. Measurable lesions were

assessed according to RECIST version 1.1 [6] and were

classified as complete response (CR), partial response

(PR), stable disease (SD), or progressive disease. Sec-

ondary endpoints were progression free survival (PFS),

overall response rate (ORR), and incidence of adverse

events. PFS was defined as the time from initiation of

nab-paclitaxel to disease progression or death from any

cause. Intention-to-treatment (ITT) analysis was used to

evaluate patients.

Statistical analysis

In the phase III CA012 trial, the completion rate of six

cycle treatment was 55.9%.

We hypothesized that our regimen would be effective if

the completion rate of six cycle treatment reached 50%.

Assuming that the completion rate of six cycle treatment is

50% and the 90% Confidence interval (90% CI) range is

15%, the estimated sample size for the present trial was 30

cases and the total sample size was 35 patients allowing for

a follow-up loss rate of 10%. PFS was estimated using the

Kaplan–Meier method. Data were analyzed statistically

using the IBM SPSS Statistics for Windows, Version 20.0

(IBM Corp., NY, USA).

Results

Patient characteristics

Thirty-five patients were enrolled in the trial between

January 2012 and March 2015. The major clinicopatho-

logical characteristics of the patients are listed in Table 1.

The median age was 59 years (range 44–73 years) and all

cases were female. All patients had a good performance

status (ECOG 0). Four patients had received no prior

chemotherapy and 20 had received one prior course of

chemotherapy. All had measurable disease according to the

RECIST criteria (visceral metastasis in 22 and others in

13), and all were determined to be eligible for the present

study. Of these 35 patients, 37% had HER-2 positive

tumors and 57% had hormone-receptor positive tumors.

Anti-tumor activity

In the 35 eligible patients, 23 patients completed the six

cycle treatment, so the completion rate of six cycles of

treatment was 66% [90% CI was 53–79%], and 90% CI

range was 13%, respectively. The reasons of the study

treatment less than six cycles (12 patients) were nine pro-

gressive disease, one adverse event, one other disease, and

one patient choice.

According to ITT analysis, RRwas 23% (8/35), including

CR in one and PR in seven patients. Seventeen patients

showed SD, and disease in 10 patients progressed. The

clinical benefit rate disease [CR ? PR ? SD ([6mo)] was

51% (18/35) (Table 2). The response rate by the subtype was

15% (2/13), 29% (2/7), 17% (1/6), 25% (2/8) in HR?/

HER2- type, HR?/HER2? type, HR-/HER2? type, and

HR-/HER2- type, respectively.

The median PFS was 6.5 months (95% CI

4.3–8.7 months) (Fig. 2) and the mean PFS was

9.5 months (95% CI 6.6–12.3 months). The median OS

was 44.7 months (95% CI 34.8–54.6 months) and the mean

OS was 36.4 months (95% CI 29.9–42.8 months) (Fig. 3).

The median follow-up period was 20.8 months (range

4.4–52.3 months). Information from the off-treatment

forms at the failure of this regimen indicated that 8 out of

31 patients (26%) received eribulin regimens, and seven

out of 31 patients (23%) received bevacizumab plus

paclitaxel regimens (Table 3).

Dose reduction of nab-paclitaxel 150 mg/m2 was not

needed in all patients.

Toxicity

The median number of treatment cycles was eight

(range 2–24). All patients were evaluable for toxicity

Fig. 1 Patient flow diagram
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(Table 4). No toxic deaths were observed. Hematolog-

ical toxicity was mainly represented by neutropenia that

was recorded in 26 patients (74%); grade 3-4 neu-

tropenia was recorded in 16 cases (46%). Grade 3-4

leukopenia was observed in 9% of patients. No patient

experienced febrile neutropenia. Anemia was observed

in 23 patients. Non-hematological toxicity was mainly

represented by peripheral sensory neuropathy that was

recorded in 32 patients (91%); however, grade 3-4

peripheral sensory neuropathy was not reported. We did

not use antidepressant medications, such as amitripty-

line and nortriptyline, may help relieve the pain of

peripheral neuropathy. Nineteen patients (54%) experi-

enced fatigue. Eleven patients experienced loss of

appetite. Only one patient experienced grade 3 hyper-

tension. All patients received chemotherapy in an out-

patient clinic.

Fig. 2 Kaplan–Meier plot of progression free survival

Table 1 Patient and tumor characteristics at baseline

n = 35

Age, n (%)

\65 years 22 (63%)

]65 years 13 (37%)

Median age, years (range) 59 (44–73)

ECOG performance status, n (%)

0 35 (100%)

1 0

2 0

Premenopausal, n (%) 1 (3%)

Postmenopausal, n (%) 34 (97%)

Prior chemotherapy, n (%)

Prior taxane 17 (49%)

Prior anthracycline 19 (54%)

ER Status, n (%)

Positive 22 (63%)

Negative 13 (37%)

PgR Status, n (%)

Positive 18 (51%)

Negative 16 (46%)

HER2 Status, n (%)

Positive 13 (37%)

Negative 21 (60%)

Unknown 1 (3%)

Breast cancer subtype, n (%)

HR positive, HER2 negative 13 (37%)

HR positive, HER2 positive 7 (20%)

HR negative, HER2 positive 6 (17%)

HR negative, HER2 negative 8 (23%)

Unknown 1 (3%)

Advanced or metastatic sites

Visceral 22 (63%)

Nonvisceral 13 (37%)

No. of prior chemotherapy for metastatic disease

0 4 (11%)

1 20 (57%)

2 6 (17%)

3 2 (6%)

4 3 (9%)

ER estrogen receptor, PgR progesterone receptor, HER2 ERBB2, HR

hormone receptor, ECOG Eastern Cooperative Oncology Group

Table 2 Efficacy outcomes

Treatment completion rate [%]

(at six cycles)

66

Treatment cycle

median (range)

8 (2–24)

Dose intensity

(mg/m2/week)

60

Relative dose intensity

[%](at six cycles)

90

Clinical response

Overall response 8 (23%)

Clinical benefit rate 18 (51%)

Complete response 1 (3%)

Partial response 7 (20%)

Stable disease 17 (49%)

Progressive disease 10 (28%)

Reason of the study treatment less than six cycles (n = 12)

Progressive disease 9

Adverse event 1

Other 1

Patient choice 1
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Discussion

In this study, we showed that a low dose of nab-paclitaxel

(180 mg/m2 q3 W) chemotherapy that was administered

once every 3 weeks might be a promising regimen with

good tolerability for patients with metastatic or recurrent

breast cancer. The majority of adverse events were mild in

severity. In particular, no patient had grade 3-4 peripheral

sensory neuropathy. Several clinical trials of nab-paclitaxel

(260 mg/m2) have been carried out in patients with breast

cancer in a neoadjuvant and metastatic setting, which

resulted in adverse events, in particular the occurrence of

grade 3-4 peripheral sensory neuropathy [8, 12–16]. Sur-

prisingly, in a phase II neoadjuvant setting of nab-pacli-

taxel regimens (260 mg/m2 q3 W, four cycles), the rate of

grade 3-4 peripheral sensory neuropathy was 84% [15]. An

investigation of treatment of Japanese patients with breast

cancer with doses of 260 mg/m2 nab-paclitaxel was con-

ducted in accordance with the conditions for approval of

the use of this drug. In that study, a total of 934 Japanese

patients were evaluated to determine the safety of nab-

paclitaxel. Major adverse drug reactions included myelo-

suppression and peripheral sensory neuropathy, which were

primary causes for discontinuation. The rate of completion

of six cycles of treatment was very low (37%, 349 out of

934 patients). The cancellation percentage for every course

was 12.8–30.2%, and the adverse event that became the

main cancellation reason was peripheral sensory neuropa-

thy, muscle ache, arthralgia, leukopenia or neutropenia.

Most of the adverse events that become the cancellation

reason after four courses were peripheral sensory nerve

disorders [16]. Based on retrospective results of nab-pa-

clitaxel treatment of elderly people ([65 years), there was

a much higher development of Grade3 peripheral sensory

neuropathy in nab-paclitaxel (260 mg/m2 q3 W) as com-

pared with conventional paclitaxel (175 mg/m2 q3 W)

treatment. Thus, in nab-paclitaxel administration, it is also

necessary to consider the age of patients without a history

of chemotherapy treatment [17]. For Japanese patients,

treatment of nab-paclitaxel 260 mg/m 2 might be intoler-

able, so we tried to confirm the feasibility of low-dose nab-

paclitaxel. A 6-month completion rate was set as the pri-

mary endpoint to demonstrate that the low-dose nab-pa-

clitaxel is similar in the feasibility of global Phase III trial.

In the global Phase III trial, the 6-month completion rate of

nab-paclitaxel was 55.9%. In our study, the completion rate

for 6 months is 66%, and this result demonstrates good

tolerability of low-dose nab-paclitaxel chemotherapy.

Recently, in a phase III neoadjuvant setting compared

with solvent-based paclitaxel, nab-paclitaxel was admin-

istered weekly for three consecutive weeks followed by

1 week of rest (150 mg/m2 qW, 3/4 cycles). However,

grade 3/4 peripheral sensory neuropathy occurred in 15%

of the patients treated with the starting dose of 150 mg/m2

nab-paclitaxel. The median time to resolve grade 3/4

peripheral sensory neuropathy to grade 1 was 17.0 weeks.

In addition, the taxane dose had to be reduced in 30% of

the patients in the nab-paclitaxel group [18]. In a CA002-

0LD study (this study only reported in abstract form and

never published) that examined the effect of administration

of low doses of nab-paclitaxel (175 mg/m2 q3 W) every

3 weeks, grade 3-4 peripheral sensory neuropathy was not

reported [19]. In a phase III trial (CA012) of patients with

metastatic breast cancer, nab-paclitaxel (260 mg/m2 q3 W)

demonstrated a superior anti-tumor effect compared with

the standard (solvent-based) paclitaxel (175 mg/m2 q3 W).

The ORR was 33% and median TTP was 23.0 weeks in the

nab-paclitaxel arm [8]. In a CA002-0LD study that

examined treatment with a low dose of nab-paclitaxel

(175 mg/m2 q3 W) every 3 weeks, ORR was 39.5%.

Median TTP and OS were 23.3 and 59.6 weeks, respec-

tively. In other words, the study showed that even if the

doses of nab-paclitaxel were reduced, it might still be

possible to maintain efficacy [19]. Many investigators have

Fig. 3 Kaplan–Meier plot of overall survival

Table 3 Secondary therapy after low-dose Nab-Paclitaxel therapy

n = 35

Eribulin 8 (23%)

Bevacizumab ? paclitaxel 7 (20%)

5-FU 3 (9%)

Vinorelbine 1 (3%)

Docetaxel 1 (3%)

None 2 (6%)

Unknown 2 (6%)

Others 7 (20%)

Nab-paclitaxel (continued) 3 (9%)
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reported that the ORR ranged from 33 to 54%, the median

PFS or TTP ranged from 5.3 to 7.6 months, and the median

OS ranged from 15.0 to 17.8 months in patients with

metastatic breast cancer which were treated with 260 mg/

m2 nab-paclitaxel [8, 20]. The ORR in our study was

comparable to those obtained in previous studies, and the

PFS and OS in our study were equivalent or longer than

those reported in these previous studies. Furthermore, nab-

paclitaxel is expected in triple negative breast cancer. In

the present study, low doses of nab-paclitaxel showed high

response rate of 25%.

Low doses of nab-paclitaxel (180 mg/m2 q3 W) had

very tolerable toxicities, as well as active anti-tumor

effects. Mild neurotoxicity could be attributed to the low

dosage of nab-paclitaxel. The final aim of cancer

chemotherapy is to prolong the survival of patients, with

good QOL. In particular, non-hematological toxicities

substantially reduce patient QOL. Our study showed a low

incidence of severe non-hematological toxicities, such as

Grade 3-4 peripheral sensory neuropathy, which may have

contributed to enhancement of the OS without reducing

QOL. In the analysis from health claims date in United

States, weekly administration of nab-paclitaxel is selected

more frequently than tri-weekly administration. [21].

However, weekly administration is high frequency and

non-convenience for outpatients. Tri-weekly administra-

tion of nab-paclitaxel is convenience, and decreases the

outpatient frequency. Adverse events can be mitigated as

Table 4 Adverse events
All

(n = 35)

Grade 1 Grade 2 ] Grade 3

Hematologic toxicity

Leukopenia 29 (83%) 10 (29%) 16 (46%) 3 (9%)

Neutropenia 26 (74%) 1 (3%) 9 (26%) 16 (46%)

FN 0 0 0 0

Anemia 23 (66%) 18 (51%) 5 (14%) 0

Thrombopenia 3 (9%) 3 (9%) 0 0

ALT or AST increased 10 (29%) 9 (26%) 1 (3%) 0

T-Bil 1 (3%) 1 (3%) 0 0

Cr 1 (3%) 1 (3%) 0 0

Non hematologic toxicity

Peripheral sensory neuropathy 32 (91%) 29 (83%) 3 (9%) 0

Fatigue 19 (54%) 17 (49%) 2 (6%) 0

Anorexia 13 (37%) 10 (29%) 3 (9%) 0

Dysgeusia 6 (17%) 6 (17%) 0 0

Myalgia 5 (14%) 5 (14%) 0 0

Arthralgia 5 (14%) 5 (14%) 0 0

Constipation 5 (14%) 5 (14%) 0 0

Diarrhea 3 (9%) 2 (6%) 1 (3%) 0

Nausea 3 (9%) 1 (3%) 2 (6%) 0

Oral mucositis 3 (9%) 2 (6%) 1 (3%) 0

Hypertension 1 (3%) 0 0 1 (3%)

Eruption 1 (3%) 1 (3%) 0 0

Abdominal distension 2 (6%) 2 (6%) 0 0

Abdominal pain 2 (6%) 2 (6%) 0 0

Dizziness 1 (3%) 1 (3%) 0 0

Insomnia 2 (6%) 2 (6%) 0 0

Diarrhea 3 (9%) 2 (6%) 1 (3%) 0

Hand-foot syndrome 1 (3%) 1 (3%) 0 0

Edema 1 (3%) 1 (3%) 0 0

Dyspnea 2 (6%) 2 (6%) 0 0

Palpitation 1 (3%) 1 (3%) 0 0

Perionychia 1 (3%) 1 (3%) 0 0

FN febrile neutropenia, ALT aspartate aminotransferase, AST alanine aminotransferase
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much as possible using nab-paclitaxel at a low dose and

thus continued administration of nab-paclitaxel is possible.

Ongoing trials will reveal the optimal dose of the low doses

of nab-paclitaxel, which are used for unselected Japanese

patient populations [22].

Conclusions

In conclusion, treatment with a low dose of nab-paclitaxel

once every 3 weeks is tolerable and of acceptable safety.

Intense regimens of nab-paclitaxel may not be the best

treatment approach for unselected patients for personal-

ization. Tri-weekly administration of nab-paclitaxel might

be beneficial for patients with metastatic or recurrent breast

cancer.
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