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Abstract The purpose of this study was to evaluate the

efficacy of cabazitaxel for patients with metastatic castra-

tion-resistant prostate cancer (mCRPC) after sequential

therapy with docetaxel (DTX) and single or dual regimens

of novel androgen receptor-axis-targeted (ARAT) agents.

We retrospectively reviewed 84 consecutive patients trea-

ted with cabazitaxel at Kobe University Hospital and

related hospitals from September 2014 to September 2016.

The association of each prognostic parameter with pro-

gression-free survival (PFS) was evaluated, including the

sequence of therapy. Patients were divided according to

their treatment after receiving cabazitaxel as follows: group

1 (after DTX and single regimen of novel ARAT agent)

and group 2 (after DTX and dual novel ARAT agents).

Median PFS for cabazitaxel treatment was 10.3 months

(range 4.5–14.2 months). Prostate-specific antigen (PSA)

response rates (C30%) were 46.8 and 46.1% in group 1 and

group 2, respectively [p = 0.96, hazard ratio (HR) 1.02,

95% confidence interval (CI) 0.57–1.80]. PSA response

rates (C50%) were 43.8 and 26.9% in patients of group 1

and group 2, respectively (p = 0.18, HR 1.54, 95% CI

0.78–3.04). Univariate analysis revealed that PFS for

cabazitaxel treatment was significantly associated with

baseline alkaline phosphatase, bone metastasis, and prior

sequential therapy. Multivariate analysis revealed that bone

metastasis and prior sequential therapy were independently

associated with PFS. Prior sequential therapy with single

regimen or dual regimens of novel ARAT agents was

independently associated with PFS of patients with

mCRPC treated with cabazitaxel. The effect of cabazitaxel

after the administration of DTX and single novel ARAT

agent was more sustained.
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Introduction

Approved life-prolonging therapies employing

chemotherapy and novel androgen receptor-axis-targeted

(ARAT) agents are available for patients with castration-

resistant prostate cancer (CRPC) [1]. Cabazitaxel, a sec-

ond-generation taxane, was approved by the U.S. Food and

Drug Administration (FDA) in June 2010 as a treatment

option for patients with metastatic CRPC (mCRPC) pre-

viously treated with docetaxel (DTX).

However, insufficient data are available to indicate the

efficacy of cabazitaxel following sequential therapy includ-

ing DTX and novel ARAT agents though some investigators

found that cabazitaxel may maintain clinical activity after

sequential therapy [2]. Here, we addressed the differences in

efficacy of cabazitaxel administered to patients with mCRPC

after they were treated with DTX and novel ARAT agents.

Patients and methods

This study was conducted under institutional review board

(IRB) approval of Kobe University Hospital (approval No.

1470). After institutional review board approval, records

from 84 consecutive patients treated with cabazitaxel at

Kobe University Hospital and affiliated hospitals were
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reviewed. All patients had received DTX. Treatment with

cabazitaxel was initiated from September 2014 to

September 2016 and was administered after DTX and

single or dual novel ARAT agents. Patients were classified

according to the timing of treatment with cabazitaxel as

follows: group 1 (pretreated with a single ARAT regimen)

and group 2 (pretreated with dual regimens of ARAT).

Each ARAT agent (abiraterone and enzalutamide) was not

administered again after discontinuing therapy using the

same agents.

Patients’ background characteristics, laboratory data,

clinical symptoms, treatment history, clinical stage of

prostate cancer before cabazitaxel, and prognostic profiles

during chemotherapy with DTX were recorded. Clinical

staging was determined according to the American Joint

Committee on Cancer classification, considering patho-

logical examination of specimens from transurethral

resection, computed tomography, magnetic resonance

imaging, and bone scans. During treatment with cabazi-

taxel, the Common Terminology Criteria in Adverse

Events (version 4.0) were used to report hematological or

nonhematological toxicity. Toxic effects were reported

from the introduction of cabazitaxel to introduction of the

next sequential therapy.

Patients were evaluated after receiving a single cycle of

cabazitaxel, and an increase in the levels of PSA preceding

this first evaluation was considered flare if followed by a

decrease in PSA. Levels of PSA were measured before the

start of each treatment cycle. Progression-free survival

(PFS) was defined as time from initiation of cabazitaxel to

disease progression (radiologic, PSA, clinical progression,

or a combination; or death from any cause). PSA pro-

gression was defined as a PSA increase C25% compared

the nadir of baseline PSA levels. Before initiating treat-

ment, laboratory and clinical data were recorded, including

the baseline levels of PSA, hemoglobin (Hb), lactate

dehydrogenase, alkaline phosphatase (ALP), and Eastern

Corporative Oncology Group Performance Status (ECOG

PS). During the administration of any line of therapy, a

PSA response was defined as a C30 or C50% decrease in

PSA compared with baseline levels.

Statistical analysis

The association of each prognostic parameter on PFS was

evaluated using univariate and multivariate analyses. All

statistical analyses were performed using JMP version 13.0

(SAS Institute, Cary, NC, USA), and p\ 0.05 indicates a

significant difference. Differences in multiple parameters

were compared using an unpaired t test or the v2 test.

Progression-free survival (PFS) and overall survival (OS)

were calculated using the Kaplan–Meier method, and the

significance of differences was determined using the log-

rank test. The prognostic significance of a factor was

assessed using the Cox proportional hazards regression

model.

Results

A summary of patients and treatment characteristics is

shown in Table 1. Upon initiation of cabazitaxel treatment,

patients in group 1 had better performance status

(p = 0.01, HR 6.26, 95% CI 1.23–31.73), lower PSA

levels (p\ 0.01, HR 5.05, 95% CI 1.75–14.57) and Hb

levels (p = 0.04, HR 1.63, 95% CI 1.00–2.68). Other

baseline factors did not significantly differ between the two

treatment groups. In group 1, 14 (41.1%) and 20 patients

(58.8%) received abiraterone and enzalutamide as prior

AR-targeted therapy, respectively. In group 2, 29 patients

(90.6%) received continuous therapy with dual regimens of

novel ARAT agents after DTX.

The median PFS was 10.3 months (range

4.5–14.2 months), and the median PFSs of groups 1 and 2

were 11.7 and 7.9 months (p = 0.03), respectively

(Fig. 1). Disease progression and mortality occurred in 33

(48.4%) and 15 patients (22.7%), respectively.

PSA response rates C30% in groups 1 and 2 were 46.8

and 46.1%, respectively (p = 0.96, HR 1.02, 95% CI

0.57–1.80) (Table 2). PSA response rates C50% were 43.8

and 26.9% in groups 1 and 2, respectively (p = 0.18, HR

1.54, 95% CI 0.78–3.04). A waterfall plot of the best PSA

response is shown in Fig. 2. The red and blue columns

represent patients in groups 1 and 2, respectively. The 6,

12, and 18-month PFS rates of patients in group 1 were

79.5, 61.4, and 26.3% and 44.5, 32.5, and 16.2% in group

2, respectively.

During treatment with cabazitaxel, most patients expe-

rienced toxicities (Table 2). Of 66 patients analyzed, 64.7

and 71.9% of patients in groups 1 and group 2, experienced

neutropenia, respectively, which was the most common

hematotoxicity. Furthermore, 14.7 and 18.8% patients in

groups 1 and 2 experienced fatal febrile neutropenia,

respectively. In contrast, 70.6 and 71.9% patients in groups

1 and 2 experienced nonhematological toxicities such as

diarrhea, fatigue, nausea, alopecia, edema, and hepatopa-

thy. There were no significant differences in toxicities

experienced by each group.

Univariate analysis revealed that PFS was significantly

associated with ALP at baseline, bone metastasis, and the

number of prior treatments with novel ARAT agents

(Table 3). Furthermore, multivariate analysis revealed that

the latter and bone metastasis were independently associ-

ated with PFS.
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Discussion

In July 2010, the FDA approved cabazitaxel, which is a

second-generation taxane that improves survival of patients

with progressive mCRPC previously treated with DTX.

The TROPIC open-label randomized phase 3 trial of

cabazitaxel found that cabazitaxel can prolong OS by

2.4 months compared with mitoxantrone (15.1 vs

12.7 months) [3].

There are clinically approved life-prolonging therapies

other than cabazitaxel, such as novel ARAT agents for

treating patients with CRPC. However, insufficient data are

available, indicating the efficacy of sequential therapy

using these new agents. For example, Sonpavde et al.

conducted a retrospective study of 350 men previously

treated with DTX and found that OS was significantly

longer when cabazitaxel was used versus abiraterone in a

first-line setting after DTX (p = 0.02, HR 0.13, 95% CI

0.02–0.73) [4]. Wissing et al. compared patients who

received DTX, followed by cabazitaxel and then abi-

raterone, with those who received DTX, followed by abi-

raterone and then cabazitaxel [5]. Patients treated with

cabazitaxel in a first-line setting after DTX experienced

longer PFS (9.5 vs 7.7 months, p = 0.02), although there

was no significant difference in OS between groups. The

retrospective study of Maines et al. suggests that patients

treated with cabazitaxel in a first-line setting after DTX

experience longer OS compared with patients treated with

cabazitaxel in a second-line setting, after treatment with

DTX and one novel ARAT agent (76.4 vs 61.3%) [6].

Other investigators evaluated the efficacy of cabazitaxel

administered after treatment with DTX and single novel

ARAT agent. For example, Nakouzi et al. found that OS

and PFS of 79 patients with CRPC, who had progressed

after treatment with DTX and abiraterone, were 10.9 and

4.4 months, respectively, and that 35% of patients treated

with cabazitaxel exhibited 50% PSA responses [2].

Therefore, these data indicate that cabazitaxel maintains

clinical activity to a certain extent even after patients

received DTX and one novel AR-targeting agent.

At the St Gallen Conference held in 2015, 73% of panel

members recommended cabazitaxel in a third-line setting

after second-line DTX (post-first-line novel ARAT agent)

[7]. Chi et al. used a treatment algorithm based on available

prospective and retrospective data and found that

Table 1 Patients’

characteristics
Group 1 (n = 34) Group 2 (n = 32) p value

Age (year) (median, IQR) 74.3 (68.1–78.8) 74.1 (68.6–76.5) 0.77

\75 years 21 (61.8%) 20 (62.5%)

Ethnic origin

Asian 34 (100%) 32 (100%) –

ECOG performance status (0–1) 32 (94.1%) 23 (71.9%) 0.01

Extent of disease

Bone metastasis 24 (70.6%) 25 (78.1%) 0.48

Lymph node metastasis 14 (41.1%) 18 (56.3%) 0.96

Visceral metastasis 7 (20.6%) 4 (12.5%) 0.38

PSA (ng/ml)(median, IQR) 43.7 (9.02–115.32) 138.2 (66.9–314.0) \0.01

Hemoglobin (g/ml) (median, IQR) 12.5 (10.7–13.3) 10.8 (9.9–12.1) 0.04

Pain at baseline 14 (41.2%) 16 (50.0%) 0.47

Previous therapy

Vintage hormonal therapy 34 (100%) 32 (100%)

Abiraterone acetate 14 (41.1%) 32 (100%)

Enzalutamide 20 (58.8%) 32 (100%)

Continuation of dual novel ARAT agents 0 (0%) 29 (90.6%)

Fig. 1 Progression-free survival according to risk groups. Patients

pretreated with a single novel ARAT regimen (group 1: red) had a

median PFS of 11.7 months compared to 7.9 months in those with

dual regimens of novel ARAT (group 2: blue) (p = 0.03)
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cabazitaxel was administered in the setting of post-DTX

and novel ARAT agent to most patients with CRPC [8]. In

contrast, the Clinical Practice Guidelines in Oncology

recommend administration of cabazitaxel to patients with

mCRPC after treatment with DTX (category 1) [9]. Con-

sequently, when patients receive sequential therapy with

CRPC, cabazitaxel is often used after DTX and single

regimen of a novel ARAT agent or the latter alone.

However, some patients hesitate and reject chemotherapy

because of its adverse effects, although chemotherapy is

their only option. Cabazitaxel is therefore sometimes

administered to patients after DTX and dual regimens of

novel androgen-directed agents. However, the efficacy of

cabazitaxel in such a setting requires further study.

Insufficient data are available that help determine the

efficacy of cabazitaxel administered after patients are

treated with dual novel ARAT agents. For example, Pezaro

et al. evaluated the effectiveness of cabazitaxel prior to

treatment with abiraterone with or without enzalutamide

for patients with mCRPC treated with first-line DTX. The

statistical significance of the effects of cabazitaxel was not

evaluated because only five patients were treated with

cabazitaxel after DTX and dual novel ARAT agents [10].

Few published reports evaluated the difference of the

efficacy of cabazitaxel after DTX and single regimen or

dual regimens of novel ARAT agents.

In the present study, we analyzed numerous factors,

including the sequence of therapy that influenced the

effectiveness of cabazitaxel. Parameters that effect OS or

PFS were analyzed by others. For example, Meisel reported

that severe neutropenia is an adverse effect caused by

treatment with cabazitaxel and is independently associated

with OS of patients with mCRPC [11]. Halabi et al. found

that Hb levels before cabazitaxel, the length of standard

hormone therapy, and ECOG PS are related to OS [12].

Accordingly, we analyzed factors that influenced PFS of

patients with mCRPC. Our study confirms that the timing

of treatment with cabazitaxel is an important prognostic

factor of PFS. Early use of cabazitaxel leads to treatment

with novel AR-targeting agents of patients with CRPC who

are heavily pretreated. In contrast, Badrising et al. found

that late use of enzalutamide achieves a 23% response rate,

Table 2 Effects of cabazitaxel
Group 1 (n = 34) Group 2 (n = 32) p

Progression-free survival (months) (Median, IQR) 11.7 (7.8–14.3) 7.9 (2.2–11.2) 0.03

PSA response rate (C30%) 15 (46.8%) 12 (46.1%) 0.96

PSA response rate (C50%) 14 (43.7%) 7 (26.9%) 0.18

Discontinuation of treatment

PSA progression 14 (41.2%) 13 (40.6%)

Radiological progression 2 (5.9%) 3 (9.4%)

Adverse effect 3 (8.8%) 5 (15.6%)

Patient request 1 (2.9%) 0 (0%)

Others 1 (2.9%) 1 (3.1%)

Median treatment cycles 8.5 (5–13) 4 (2–8)

Dose reductions 28 (82.3%) 25 (78.1%) 0.88

Adverse effect

Neutropenia 22 (64.7%) 23 (71.9%) 0.58

(CG3) 14 (41.2%) 13 (40.6%) 0.53

Febrile neutropenia 5 (14.7%) 6 (18.8%) 0.66

Nonhematological 24 (70.6%) 23 (71.9%) 0.91

(CG3) 5 (14.7%) 7 (21.9%) 0.44

PEG-G-CSF 30 (88.2%) 29 (90.6%) 0.75

Fig. 2 Waterfall plots of the maximum PSA change from baseline

during treatment with cabazitaxel in patients pretreated with a single

ARAT regimen (group 1: red column) or with dual regimens of novel

ARAT (group 2: blue column)
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suggesting the efficacy of late use of novel ARAT agents

[13]. These data support the early use of cabazitaxel.

In the present study, there was a lower frequency of

neutropenia compared with the TROPIC trial [3]. The

administration of pegylated granulocyte colony-stimulating

factor (PEG-G-CSF) may suppress neutropenia (Table 2).

In contrast, febrile neutropenia and nonhematological

affects were not less frequent compared with those reported

by the TROPIC trial [3]. It is important therefore to closely

monitor patients during treatment with cabazitaxel,

although death caused by cabazitaxel is unreported.

The present study has several limitations. First, this was

a retrospective study with a relatively short observation

period. Second, tolerability and response to previous

treatment may have influenced the choice of treatment

among patients unfit for early treatment with cabazitaxel.

Third, this study did not detect a significant difference in

OS. Nevertheless, to the best of our knowledge, the present

study is the first to evaluate the efficacy of cabazitaxel

‘‘after cross-resistance.’’

Conclusions

Our data suggest that the sequence of new therapeutic

agents was independently associated with PFS of patients

with mCRPC who were treated with cabazitaxel. Despite

equivalent PSA responses, the effects of cabazitaxel

administered after treatment with single regimen of novel

ARAT agent and DTX may be more sustained. Further

investigations and prospective studies are required to

develop the optimal sequential therapy of patients with

CRPC.
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