
Abstract. Background/Aim: Clinical trials have shown that
the efficacy of a reduced dose of cabazitaxel (20 mg/m2 every
3 weeks) was not inferior to that of the standard dose (25
mg/m2 every 3 weeks). However, the efficacy of even lower
relative dose intensities, such as 20 mg/m2 every 4 weeks,
have not been evaluated conclusively. The aim of this study
was to investigate the efficacy and safety of a low relative
dose intensity of cabazitaxel in patients with metastatic
castration-resistant prostate cancer in the real world. Patients
and Methods: We retrospectively analyzed 101 consecutive
patients treated with cabazitaxel for docetaxel-refractory
metastatic castration-resistant prostate cancer. The
progression-free and overall survival after introduction of
cabazitaxel and prostate-specific antigen response rate were
assessed as oncological outcome measures. Results: The
patients were divided into two groups (relative dose intensity
>60%, n=74 and ≤60%, n=27). Both progression-free and
overall survivals were significantly better in the >60% group
than in the ≤60% group (median 5 and 2 months, p<0.01,
and 15 and 6 months, p<0.01, respectively). In multivariate
analyses, visceral metastasis and relative dose intensity ≤60%
were prognostic factors for shorter progression-free and
overall survivals (p=0.04, p<0.01, respectively). The
incidence of adverse events was not significantly different
between groups. Conclusion: The cabazitaxel relative dose

intensity ≤60% group had significantly shorter progression-
free and overall survivals than the >60% group, whereas the
incidence of adverse events was not significantly different.
The results suggested that reducing the relative dose intensity
of cabazitaxel to ≤60% may not be recommended.

Prostate cancer is a highly prevalent cancer in men
worldwide. It is the second most frequently diagnosed cancer
and the fifth leading cause of cancer-related deaths among
men worldwide (1). During the last decade, major advances
have been made in the treatment of metastatic castration-
resistant prostate cancer (mCRPC) (2). Although 80-90% of
the patients with metastatic prostate cancers respond to initial
androgen deprivation therapy (ADT), most develop mCRPC
(3, 4). To date, several approved treatment options are
available for mCRPC either in the pre- or post-docetaxel
setting or in both, including androgen receptor axis-targeted
(ARAT) agents (abiraterone or enzalutamide), a
radiopharmaceutical agent (radium-223), and a new taxane
chemotherapy (cabazitaxel) (5). In the phase 3 TROPIC trial,
cabazitaxel plus prednisone improved overall survival (OS)
compared to mitoxantrone plus prednisone (6). 

Hematotoxicity, such as neutropenia and febrile
neutropenia (FN), is a serious adverse event (AE) of
cabazitaxel. The incidence is reported to be higher in Asian
men than in Western men. The incidences of grade ≥3
neutropenia and FN in the global TROPIC trial were 82%
and 8%, respectively, whereas those in a phase 1 study
involving Japanese patients were 100% and 54.5%,
respectively, even though both trials did not allow primary
prophylaxis with granulocyte colony-stimulating factor (6,
7). An open-label study in Japan revealed that primary
prophylaxis with pegfilgrastim at least 24 hours after
administration of cabazitaxel (25 mg/m2) reduced the rate of
FN to 9.5% (8). The phase 3 trial, PROSELICA, compared
the efficacy and safety of standard and reduced doses of
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cabazitaxel (25 mg/m2 vs. 20 mg/m2 every 3 weeks) in
mCRPC patients and showed that OS and progression-free
survival (PFS) were not significantly different between the
groups even though the prostate-specific antigen (PSA)
response was better in the standard-dose group (9). In
addition, the study revealed that the incidences of grade ≥3
neutropenia and FN were lower in the reduced-dose group
than in the standard-dose group (41.8% and 2.1% vs. 73.3%
and 9.2%, respectively). 

In real-world practice, patients are sometimes administered
an even lower relative dose intensity (RDI) of cabazitaxel by
reducing the dose or implementing a 4-week regimen due to
the frailty of the patients or their restricted visiting schedule.
RDI is typically defined as the ratio of the actual delivered
chemotherapy dose to the planned dose (10). As for
cabazitaxel therapy, RDI 100% means dose of 25 mg/m2
every 3 weeks. Even though the reduced dose of cabazitaxel
to 20 mg/m2 every 3 weeks (RDI 80%) was not inferior to
the standard dose, the efficacy of an even lower RDI of

cabazitaxel, for instance, 20 mg/m2 dose every 4 weeks (RDI
60%), has not been evaluated. The aim of this study was to
investigate the efficacy and safety of a low RDI of
cabazitaxel in patients with mCRPC in real-world practice.

Patients and Methods
Study design, patients, and treatment. This study was approved by
the Institutional Review Board of the Jikei University School of
Medicine, Tokyo, Japan (approval no.: 31-478(10060)). We
retrospectively analyzed 101 consecutive patients who were treated
with cabazitaxel for docetaxel-refractory mCRPC between January
2015 and December 2020 at the Jikei University and its affiliated
hospitals. Patients had histologically confirmed adenocarcinoma of
the prostate and previously received ADT in the form of medical or
surgical castration. CRPC status was defined as PSA and/or
radiographic progression despite the maintenance of castration
levels of serum testosterone (11). The clinical stage was evaluated
using computed tomography, magnetic resonance imaging, and bone
scintigraphy. Generally, cabazitaxel was administered at an initial
dose of 25 or 20 mg/m2 every 3 or 4 weeks. Five milligrams of
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Table I. Patient characteristics.

                                                                                Total (n=101)                       RDI ≤60% (n=27)                   RDI >60% (n=74)                     p-Value

Age, years, median (range)                                       73 (47-86)                                76 (51-86)                                71 (47-82)                               0.02
ECOG, PS, n (%)                                                                                                                                                                                                         0.66
   0-1                                                                            85 (84.2)                                   22 (81.5)                                  63 (85.1)                                  
   2                                                                               16 (15.8)                                    5 (18.5)                                   11 (14.9)                                  
Gleason score, n (%)                                                                                                                                                                                                    0.09
   ≤7                                                                             22 (41.6)                                    9 (33.3)                                   13 (17.6)                                  
   ≥8                                                                             79 (58.4)                                   18 (66.7)                                  61 (82.4)                                  
Site of metastasis, n (%)                                                                                                                                                                                                
   Bone                                                                         91 (90.1)                                   23 (85.2)                                  68 (91.9)                                0.32
   Visceral                                                                    25 (24.8)                                   10 (37.0)                                  15 (20.3)                                0.08
Time to CRPC, n (%)                                                                                                                                                                                                  0.29
   ≤1 year                                                                     40 (39.6)                                   13 (48.1)                                  27 (36.5)                                  
   >1 year                                                                     61 (60.4)                                   14 (51.9)                                  47 (63.5)                                  
Use of ARAT agent, n (%)                                         78 (77.2)                                   23 (85.2)                                  55 (74.3)                                0.25
Number of cycles of docetaxel therapy,                    6 (1-41)                                    6 (1-41)                                    7 (1-20)                                 0.38
median (range)

Maximum PSA change during                           –33 (–100-469.2)                     –36 (–93.8-76.9)                    –35.3 (–100-469.2)                        0.64
docetaxel therapy, 
%, median (range)

Initial dose of cabazitaxel, n (%)                                                                                                                                                                              <0.01
   ≤20 mg/m2                                                              61 (60.4)                                   27 (100)                                   34 (45.9)                                  
   >20 mg/m2                                                              40 (39.6)                                      0 (0)                                      40 (54.1)                                  
Interval of cabazitaxel, n (%)                                                                                                                                                                                    <0.01
   Every 3 weeks                                                         54 (53.5)                                     1 (3.7)                                    53 (71.6)                                  
   Every ≥4 weeks                                                       47 (46.5)                                   26 (96.3)                                  21 (28.4)                                  
Number of cycles of cabazitaxel, n (%)                    5 (1-27)                                    3 (1-10)                                  5.5 (1-27)                             <0.01
Treatment line of cabazitaxel, n (%)                                                                                                                                                                           0.49
   2nd or 3rd                                                                 58 (57.4)                                   14 (51.9)                                  44 (59.5)                                  
   ≥4th                                                                          43 (42.6)                                   13 (48.1)                                  30 (40.5)                                  
Median PSA, ng/ml, median (range)                   54.2 (0-1,528.4)                      115 (0.0-1,528.4)                      48.8 (0-1,443.7)                          0.12
RDI, %, median (range)                                           75 (45-100)                               60 (45-60)                             80 (61.4-100)                          <0.01

ECOG PS: Eastern Cooperative Oncology Group Performance Status; CRPC: castration-resistant prostate cancer; ARAT: androgen receptor-axis-
targeted; PSA: prostate specific antigen; RDI: relative dose intensity.



prednisone were administered twice daily. Primary prophylaxis with
pegfilgrastim was administered to all patients except nine who were
administered cabazitaxel before its approval in Japan. ADT was
maintained throughout the study period. Cabazitaxel was continued
until PSA or radiographic progression, emergence of other events
related to cancer progression, occurrence of AEs, or patient refusal.
AEs were classified according to the Common Terminology Criteria
for Adverse Events, version 5.0 (12). The dose reduction and
interval of cabazitaxel administration were at the discretion of the
clinicians. The number of cycles of cabazitaxel was not limited. 

Outcome measures. The PFS, OS, and PSA response rate of
cabazitaxel after the introduction of cabazitaxel were assessed as
oncological outcome measures. All patients were assessed according
to the Prostate Cancer Working Group 2 criteria (13). Generally,
PSA assessments were performed once every month and imaging
assessments by computed tomography and bone scintigraphy were
done every 3 months.

Statical analysis. Descriptive statistics for categorical variables are
presented as frequencies and percentages, whereas continuous variables
are reported as medians and ranges. The patients were stratified
according to the RDI of cabazitaxel (RDI≤60% or >60%). The patients’
clinical characteristics, presented in Table I, were compared using the
chi-square test and t-test. The PFS and OS after the introduction of
cabazitaxel were calculated and analyzed using the Kaplan-Meier
method and log-rank test. Cox proportional hazards regression analyses
were also conducted to investigate the association between PFS or OS
and clinical predictive factors, such as age, Eastern Cooperative
Oncology Group performance status, Gleason score, RDI, use of
cabazitaxel as third-line therapy for CRPC treatment, presence of
visceral metastasis, and serum PSA. All analyses were conducted using
Stata® 16 for Windows (StataCorp LLC, College Town, TX, USA) and
R package (R Foundation for Statistical Computing, Vienna, Austria).
The statistical significance was defined as a 2-sided p-value of <0.05.

Results

Patient characteristics. The patients’ clinical characteristics
are shown in Table I. Among 101 patients, the initial dose
of cabazitaxel was ≤20 mg/m2 in 61 patients (60.4%) and
>20 mg/m2 in 40 patients (39.6%). Cabazitaxel was
administered every 3 weeks in 54 patients (53.5%) and
every 4 weeks in 47 patients (46.5%). The median number
of cycles of cabazitaxel was five (range=1-27). In the
mCRPC treatment sequence, cabazitaxel was introduced as
third-line therapy in 58 patients (57.4%) and fourth-line
therapy or later in 43 patients (42.6%). The median RDI
was 75% (range, 45-100%). The patients were divided into
two groups (RDI >60%, n=74 and RDI ≤60%, n=27).
Thirty-four of the 74 patients in the RDI>60% group
(45.9%) were administered cabazitaxel at ≤20 mg/m2,
whereas all patients in the RDI≤60% group were
administered ≤20 mg/m2 cabazitaxel (p<0.01). Fifty-three
of the 74 patients in the RDI>60% group (71.6%) were
administered cabazitaxel every 3 weeks, whereas only one
patient in the RDI≤60% group (3.7%) was administered
cabazitaxel every 3 weeks (p<0.01). The median age at
which cabazitaxel was started was significantly lesser in the
RDI>60% group than in the RDI≤60% group (71 and 76
years old, respectively, p=0.02). 

PSA response. Waterfall plots of the maximum PSA response
rate in the RDI>60% and RDI≤60% groups are shown in
Figure 1. There was no significant difference between the
RDI>60% and RDI≤60% groups in terms of the number of
patients observed >50% and any PSA reduction. 
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Figure 1. Maximum PSA response rate of patients. A) Waterfall plot of maximum PSA response rate in the relative dose intensity (RDI) ≤60% group.
B) Waterfall plot of maximum PSA response rate in the RDI >60% group.



Progression-free and overall survival. The median PFS and
OS after administration of cabazitaxel were 4 and 12 months,
respectively. According to the Kaplan-Meier analysis, PFS
was significantly better in the RDI>60% group than in the
RDI≤60% group (median 5 and 2 months, respectively,
p<0.01, Figure 2A). According to the univariate analysis,
visceral metastasis [hazard ratio (HR)=1.9; 95% confidence
interval (CI)=1.2-3.1; p=0.01] and RDI ≤60% (HR=2.1;
95%CI=1.3-3.4; p<0.01) were significantly associated with
shorter PFS. According to the multivariate analysis, visceral
metastasis (HR=1.7; 95%CI=1.0-2.8; p=0.04) and RDI ≤60%
(HR=1.9; 95%CI=1.2-3.1; p=0.01) were also significantly
associated with shorter PFS (Table II).

According to the Kaplan-Meier analysis, OS was
significantly better in the RDI>60% group than in the
RDI≤60% group (15 and 6 months, respectively, p<0.01,
Figure 2B). According to the univariate analysis, visceral
metastasis (HR=2.6; 95%CI=1.5-4.7; p<0.01) and RDI ≤60%
(HR=2.5; 95%CI=1.5-4.2; p<0.01) were prognostic factors
for shorter OS. Multivariate analysis also demonstrated that
visceral metastasis (HR=2.2; 95%CI=1.2-4.0; p<0.01) and
RDI ≤60% (HR=2.1; 95%CI=1.3-3.7; p<0.01) were
prognostic factors for shorter OS (Table III).

Adverse events. The incidence of AEs was not significantly
different between the groups. FN occurred in 18.9% (14/74)
and 7.4% (2/27) of the patients in the RDI >60% and ≤60%
groups, respectively (p=0.16). Grade ≥3 neutropenia
occurred in 31.0% (23/74) and 33.3% (9/27) of the patients

in the RDI >60% and ≤60% groups, respectively (p=0.83).
Grade ≥3 AEs occurred in 32.4% (24/74) and 37.0% (10/27)
of the patients in the RDI >60% and ≤60% groups,
respectively (p=0.66). 

Discussion

Cabazitaxel prolongs survival in patients with mCRPC. The
phase 3 TROPIC trial showed that administering 25 mg/m2
cabazitaxel every 3 weeks significantly improved OS in
docetaxel-refractory mCRPC patients compared to
mitoxantrone (6). Subsequently, two phase 3 studies, the
PROSELICA and FIRSTANA trials, prospectively evaluated
the efficacy and safety of the reduced dose of cabazitaxel (20
mg/m2 every 3 weeks) compared to the standard dose (25
mg/m2 every 3 weeks). Both studies concluded that PFS and
OS were not significantly different between the groups, and
the incidence of grade 3 or 4 treatment-emergent AEs was
lower in the reduced-dose group than in the standard-dose
group (9, 14). Therefore, 20 mg/m2 cabazitaxel every 3
weeks, with an RDI of 80% of the standard dose, can be
recommended for patients with risk factors for FN (15).
However, doses of cabazitaxel that were reduced further to
achieve lower RDI are sometimes administered because of
the frailty of the patients or their restricted visiting schedule
in real-world practice. The aim of this retrospective study
was to assess the efficacy and safety of reducing the RDI of
cabazitaxel further, such as by administering 20 mg/m2 every
4 weeks (RDI 60%).
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Figure 2. Oncological outcomes of patients. A) Kaplan-Meier curves of progression-free survival (PFS) after initiating cabazitaxel treatment stratified
by relative dose intensity (RDI) >60% and RDI ≤60%. The solid and dotted lines indicate a PFS of patients in the RDI >60% and RDI ≤60%
groups, respectively. The median PFS of patients in the RDI >60% and RDI ≤60% groups were 5 months and 2 months, respectively (p<0.01). B)
Kaplan-Meier curves of overall survival (OS) after initiating cabazitaxel treatment stratified by RDI >60% and RDI ≤60%. The solid and dotted
lines indicate OS of patients in the RDI >60% and RDI ≤60% groups, respectively. The median OS of patients in the RDI >60% and RDI ≤60%
groups were 15 months and 6 months, respectively (p<0.01).



The results of the present study indicated that the RDI
≤60% group had significantly shorter PFS and OS than the
RDI >60% group, even though the PSA response rate was
not significantly different. In the RDI ≤60% group, all
patients were administered cabazitaxel at an initial dose ≤20
mg/m2, and 96.3% were treated with a four-week regimen.
This suggests that administration of cabazitaxel at 20 mg/m2
every 4 weeks might be less effective than the standard dose.

Several reports have investigated the efficacy and safety
of reduced doses or longer intervals of cabazitaxel
administration in real-world practice. In a post-marketing
surveillance study of 662 Japanese patients with docetaxel-
refractory CRPC, the safety and efficacy were compared
between patients who received cabazitaxel at initial doses of
25 and 20 mg/m2 (16). Both OS and time to treatment failure
were significantly longer in patients who received
cabazitaxel at an initial dose of 25 mg/m2. The results were
not consistent with those of the phase 3 PROCELICA and
FIRSTANA trials. We suggest that the discrepancy might be
caused by the difference between the patients’ backgrounds
in clinical trials and real-world settings. In this study, the
median RDI with initial doses of 25 and 20 mg/m2 were
79.2% and 64.6%, respectively, suggesting that several

patients were administered these doses every 4 weeks.
Although the difference in the treatment interval might have
influenced the outcomes, it was not assessed in this study. 

A retrospective study involving 62 Japanese CRPC
patients compared the efficacy and safety of three- and four-
week cabazitaxel regimens (17). The results indicated that
the oncological outcomes, including PSA response, PFS,
time to treatment failure, and OS, were not significantly
different between the regimens. These results are not
consistent with those of our study. Possible explanations for
this discrepancy are the limited number of patients in both
studies, and the difference in focus between the studies, the
interval of administration in the former study, and the RDI
in our study.

The incidence of AEs was not statistically different
between the groups, even though it was lower in the RDI
≤60% group. The incidence of hematological AEs might be
associated with the initial dose of cabazitaxel. Among 92
patients who received primary prophylaxis with
pegfilgrastim in our study, the incidence of FN was
significantly higher in patients who were administered 25
mg/m2 cabazitaxel than in those administered a reduced
dose (25.8% and 8.2%, respectively, p=0.021, chi-square
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Table II. Univariate and multivariate analysis of clinical factors associated with progression-free survival.

                                                                                                        Univariate                         p-Value                          Multivariate                      p-Value
                                                                                           HR (95%CI Lower-Upper)                                      HR (95%CI Lower-Upper)                

Age (continuous)                                                                           1.0 (1.0-1.0)                          0.36                                                                           
ECOG PS (0,1 vs. 2-)                                                                   1.2 (0.6-2.1)                          0.6                                                                             
Gleason score (≤7 vs. >8)                                                             1.0 (0.6-1.6)                          0.92                                                                           
Baseline RDI (≤60% vs. >60%)                                                   2.1 (1.3-3.4)                        <0.01                            1.9 (1.2-3.1)                        0.01
Treatment line of cabazitaxel (≤3rd vs. ≥4th)                              1.0 (0.6-1.5)                          0.9                                                                             
Visceral metastasis or not                                                             1.9 (1.2-3.1)                          0.01                            1.7 (1.0-2.8)                        0.04
Baseline PSA (≤55 ng/ml vs. >55)                                              1.4 (0.9-2.1)                          0.14

HR: Hazard ratio; CI: confidence interval; ECOG PS: Eastern Cooperative Oncology Group Performance Status; RDI: relative dose intensity; PSA:
prostate specific antigen.

Table III. Univariate and multivariate analysis of clinical factors associated with overall survival.

                                                                                                        Univariate                         p-Value                          Multivariate                      p-Value
                                                                                           HR (95%CI Lower-Upper)                                      HR (95%CI Lower-Upper)                

Age (continuous)                                                                           1.0 (1.0-1.0)                          0.54                                                                           
ECOG PS (0,1 vs. 2-)                                                                   1.0 (0.5-2.2)                          0.92                                                                           
Gleason score (≤7 vs. ≥8)                                                             0.9 (0.5-1.6)                          0.63                                                                           
Baseline RDI (≤60% vs. >60%)                                                   2.5 (1.5-4.2)                        <0.01                            2.1 (1.3-3.7)                      <0.01
Treatment line of cabazitaxel (≤3rd vs. ≥4th)                              0.9 (0.6-1.5)                          0.7                                                                             
Visceral metastasis or not                                                             2.6 (1.5-4.7)                        <0.01                            2.2 (1.2-4.0)                      <0.01
Baseline PSA (≤55 ng/ml vs. >55)                                              1.5 (0.9-2.5)                          0.11

HR: Hazard ratio; CI: confidence interval; ECOG PS: Eastern Cooperative Oncology Group Performance Status; RDI: relative dose intensity; PSA:
prostate specific antigen.



test). Overall, reducing the initial dose of cabazitaxel to 20
mg/m2 may decrease the incidence of AEs; however,
reducing the RDI to less than 60% may impair the efficacy
of cabazitaxel. 

The difference in patient backgrounds between the groups
might have influenced the results. In particular, the patients
in the RDI ≤60% group were significantly older than those in
the RDI >60% group, which might have influenced the initial
dose and the duration of each regimen decided. Such biases
of patients’ background might have caused the difference in
OS, even though the RDI was significantly associated with
OS according to the results of the multivariate analysis. The
PSA response was not significantly different between the RDI
≤60% and >60% groups despite the significant difference in
PFS and OS. However, the significance of the PSA response
as a surrogate of oncological outcomes after chemotherapy
remains controversial (16). According to the multivariate
analyses, the presence of visceral metastasis was significantly
associated with shorter OS and PFS, which corroborated the
results of previous studies (18-21). 

This study has some limitations. First, this was a
retrospective study with a limited number of patients. The
follow-up protocol and criteria for discontinuing
cabazitaxel were not standardized. Second, as mentioned
above, there might be biases in patient backgrounds
between the groups. Finally, detailed information on AEs
might not have been sufficiently collected from the medical
records. Further prospective studies are required to validate
the results of this study.

In conclusion, the RDI≤60% group had significantly
shorter PFS and OS than the RDI>60% group, whereas the
incidence of AEs was not significantly different between the
groups. The results suggested that reducing the RDI of
cabazitaxel to ≤60% may not be recommended for patients
with mCRPC.
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