
Abstract. Background/Aim: The novel taxane cabazitaxel
has been shown to exert excellent anticancer effects after
androgen receptor axis-targeting (ARAT) agents in clinical
data, but not in in vitro data. We investigated the clinical
outcome of cabazitaxel chemotherapy after docetaxel
according to use of ARAT agents. Patients and Methods:
Prostate specific antigen (PSA) response, progression-free
survival, and overall survival were compared between cases
with and without prior use of ARAT agents in 74 Japanese
patients with metastatic castration-resistant prostate cancer
treated with cabazitaxel chemotherapy. Results: Background
characteristics were comparable between patients with and
without prior use of ARAT agents. PSA response,
progression-free survival, and overall survival in cabazitaxel
chemotherapy were comparable between patients with and
without prior use of ARAT agents. Conclusion: No
detrimental effects of prior ARAT agents on clinical outcome
were observed for cabazitaxel chemotherapy in the post-
docetaxel setting, suggesting that cabazitaxel can be
expected to remain active even after ARAT agent therapy.

Currently, docetaxel chemotherapy as well as androgen
receptor (AR) axis-targeting (ARAT) agents such as
abiraterone, enzalutamide, and apalutamide laid on
androgen-deprivation therapy (ADT) are standard therapeutic
strategies for metastatic hormone-sensitive prostate cancer
and castration-resistant prostate cancer (CRPC) (1).
Previously, it has been reported that the anticancer outcome
of docetaxel chemotherapy after use of ARAT agents was
inferior to that without prior use of ARAT agents (2, 3).
However, cabazitaxel has been shown to differ from
docetaxel and produce comparable anticancer outcomes with
and without prior use of ARAT agents, which has been
supported by in vivo experimental data (4), but not in vitro
data (3, 5). Thus, there is a discrepancy in the anticancer
effects of cabazitaxel between clinical settings and
experimental models. Accordingly, we investigated the
effects of prior ARAT agents on clinical outcome of
cabazitaxel chemotherapy.

Patients and Methods

Patients. We enrolled patients with CRPC treated with cabazitaxel
chemotherapy between 2014 and 2017 at the following institutions:
Kyushu University Hospital (Fukuoka), National Hospital
Organization Kyushu Cancer Center (Fukuoka), Harasanshin
Hospital (Fukuoka), Oita Prefectural Hospital (Oita), National
Hospital Organization Kyushu Medical Center (Fukuoka), Kyushu
Central Hospital (Fukuoka), Kitakyushu Municipal Medical Center
(Kitakyushu), Japanese Red Cross Fukuoka Hospital (Fukuoka),
JCHO Kyushu Hospital (Kitakyushu), and Miyazaki Prefectural
Miyazaki Hospital (Miyazaki). This study was approved by the
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institutional review board at each institution. A waiver of informed
consent was granted by the institutional review boards on the
condition that all patients were provided with the right to opt-out of
the study. The eligibility criteria included: (i) histopathologically
diagnosed carcinoma of the prostate; (ii) confirmed failure of
primary ADT; and (iii) age ≥20 years.

Treatment. Cabazitaxel was administered according to a 3- or 4-
weekly (20-25 mg/m2) regimen based on the schedules reported
in the TROPIC (6) and PROSELICA (7) trials, and only one case
was treated with 15 mg/m2 cabazitaxel. Prednisolone (5 mg) was
administered twice daily simultaneously with medical or surgical
castration. The dose and schedule of cabazitaxel were modified
according to the severity of any adverse events (AEs) in each
case. Treatment with cabazitaxel was continued according to
physician judgement, based on disease progression, AEs, or
patient refusal.

Endpoints. Progressive disease was defined as an increase in serum
prostate-specific antigen (PSA) of >2 ng/ml and a 50% increase
over the nadir, and/or the appearance of a new lesion or progression
of one or more known lesions classified by the Response Evaluation
Criteria in Solid Tumours Version 1.1 (8). Radiographic progression
was defined as progression of measurable disease or bone scan
progression. Clinically significant pain was defined by daily
consumption of narcotic or non-narcotic analgesics for pain derived
from prostate cancer. Performance status was determined by the
Eastern Cooperative Oncology Group criteria.

Statistical analysis. All statistical analyses were performed using
JMP version 13 software (SAS Institute, Cary, NC, USA). The
Kruskal–Wallis test and Wilcoxon exact test were used to analyse
PSA response and survival between groups. Progression-free
survival and overall survival were determined by the Kaplan–Meier
method and the log-rank test was used to compare survival duration
between groups. All tests were two-sided, and values of p<0.05
were considered to indicate statistically significant differences.

Results
Seventy-four patients treated with cabazitaxel chemotherapy
were identified. Among them, 62 were treated with ARAT
agents before cabazitaxel chemotherapy and 12 were not.
The patient characteristics are presented in Table I. Similar
clinicopathological characteristics were observed in the
patients with and without prior use of ARAT agents.

PSA response, defined as >50% PSA decline, was
recognised in 1 (9.1%) and 15 (26.8%) patients without and
with prior use of ARAT agents, respectively. The PSA
declines were comparable among patients with and without
prior use of ARAT agents (p=0.33; Figure 1A). Progression-
free survival was comparable between patients with and
without prior ARAT agents (p=0.98; Figure 1B). Overall
survival was also comparable between patients with and
without prior ARAT agents (p=0.42; Figure 1C).
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Table I. Patient characteristics according to prior use of ARAT agents.

                                                                                                                                Prior use of ARAT agents

Variable                                                                                             Absence (n=12)                                   Presence (n=62)                               p-Value

Median age at docetaxel, years (IQR)                                                 73 (67-79)                                            72 (67-76)                                      0.81
Performance status, n (%)                                                                                                                                                                                           
  0                                                                                                           8 (66.7%)                                            35 (64.8%)                                        
  ≥1                                                                                                         4 (33.3%)                                            19 (35.2%)                                      0.90
NA                                                                                                                 0                                                           8                                                
Pain, n (%)                                                                                                                                                                                                                   
  Absence                                                                                               6 (50.0%)                                            31 (50.0%)                                        
  Presence                                                                                               6 (50.0%)                                            31 (50.0%)                                      1.00
Biopsy Gleason score, n (%)                                                                                                                                                                                       
  ≤8                                                                                                         3 (25.0%)                                            21 (35.6%)                                        
  >8                                                                                                         9 (75.0%)                                            38 (64.4%)                                      0.47
NA                                                                                                                 0                                                           3                                                
Median time to CRPC, years (IQR)                                                   1.8 (0.4-3.3)                                         1.3 (0.7-2.4)                                     0.72
Median cycle of prior docetaxel (IQR)                                                 8 (4-15)                                                7 (5-12)                                        0.92
Median PSA at cabazitaxel, ng/ml (IQR)                                       37.5 (4.7-118.0)                                  83.5 (24.0-287.3)                                 0.096
Median hemoglobin at docetaxel, g/dl (IQR)                                 12.1 (11.2-12.9)                                   12.2 (10.7-13.0)                                  0.75
Median ALP at cabazitaxel, IU/l (IQR)                                           272 (181-473)                                      284 (202-521)                                   0.78
Median LDH at cabazitaxel, IU/l (IQR)                                          313 (185-429)                                      245 (193-330)                                   0.45
Metastatic sites at docetaxel, n (%)                                                                                                                                                                            
  Lymph node                                                                                        8 (66.7%)                                            35 (56.5%)                                      0.51
  Bone                                                                                                   10 (83.3%)                                           56 (90.3%)                                      0.50
  Visceral                                                                                                2 (16.7%)                                            18 (29.0%)                                      0.36

ARAT: Androgen receptor-axis targeting; NA: not available; CRPC: castration-resistant prostate cancer; PSA: prostate-specific antigen; ALP: alkaline
phosphatase; LDH: lactate dehydrogenase.



Shiota et al: Cabazitaxel Resistance After AR Axis-targeting Agents

337

Figure 1. Clinical outcomes of cabazitaxel chemotherapy in patients with or without prior use of ARAT agents. (A-C) Best PSA response (A),
progression-free survival (B), and overall survival (C) in patients with metastatic CRPC treated with cabazitaxel chemotherapy according to prior
use of ARAT agents.



Discussion

Prior treatment with ARAT agents has been reported to be
associated with worse outcome following docetaxel
chemotherapy (2, 3). Preclinical studies on prostate cancer
cells demonstrated cross-resistance between taxanes and
ARAT agents. Furthermore, van Soest et al. have revealed
collateral resistance to taxanes such as docetaxel and
cabazitaxel in enzalutamide- and abiraterone-resistant PC346
cells (4). Similarly, we have recently reported that
enzalutamide-resistant 22Rv1 cells were resistant to taxanes
including docetaxel and cabazitaxel (3). Thus, collateral
resistance to docetaxel after ARAT agents can be supported
by findings from in vitro preclinical studies.

Meanwhile, van Soest et al. have reported, in an in
vivo study, that enzalutamide-resistant PC346C cells
showed collateral resistance to docetaxel, but surprisingly
not to cabazitaxel (4). Similarly, Al Nakouzi et al. have
observed no collateral resistance to cabazitaxel in
LNCaP-derived enzalutamide-resistant cells established
by an in vivo system (9). As a possible mechanism for the
lack of collateral resistance to cabazitaxel after ARAT
agents, higher accumulation of cabazitaxel in tumour
tissues in vivo compared with docetaxel has been
suggested (10).

Consistent with the preclinical studies in vivo, cabazitaxel
was suggested to be active after ARAT agents in the post-
docetaxel setting. Al Nakouzi et al. and van Soest et al.
have observed comparable antitumor effects and prognoses
among patients with and without prior ARAT agents in
cabazitaxel chemotherapy (9, 11). Similarly, the present
study showed comparable PSA responses and prognoses
among patients with and without prior ARAT agents,
supporting the activity of cabazitaxel chemotherapy even
after prior use of ARAT agents and docetaxel. Notably,
cabazitaxel showed survival benefits in the era before ARAT
agents emerged. Therefore, the survival benefits of
cabazitaxel in the era of ARAT agents have not been proven.
However, based on these real-world observations,
cabazitaxel is expected to prolong survival even in the era
of ARAT agents.

Thus, cabazitaxel is suggested to be useful by retaining
antitumor efficacy after prior use of ARAT agents compared
with docetaxel. However, the following points require
attention: (i) cabazitaxel is usually utilised after docetaxel;
(ii) the standard dose of cabazitaxel (25 mg/m2) differs from
that of docetaxel (75 mg/m2); and (iii) cabazitaxel was
approved after ARAT agents became clinically available in
Japan, while docetaxel had already been approved before
clinical use of ARAT agents. In addition, the present study
had some limitations including its retrospective design,
limited number of patients, and nature of multi-institution
study.

Conclusion

Taken together, the present study demonstrated no prognostic
impact of prior ARAT agents in cabazitaxel chemotherapy
after docetaxel, suggesting that cabazitaxel can be expected
to remain active even after prior use of ARAT agents and
docetaxel.  
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