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Background: Several studies have reported the efficacy of cabazitaxel in cancer therapy; however, in-
vestigations of its safety are few. The aim of this study was to retrospectively analyze the efficacy and
safety of cabazitaxel based on treatment outcome data.
Methods: A questionnaire form on the use of cabazitaxel was mailed to hospitals associated with the
Shinshu University. Responses were received from 11 institutions regarding 55 cases.
Results: Patients received a median of 4 courses of cabazitaxel treatment. Decreases in prostrate-specific
antigen (PSA) were observed in 61.5% of cases with declines of 30%, 50%, and 90% in 36.5%, 23.0%, and
7.6% of cases, respectively. PSA progression-free survival was 5.0 months, and overall survival after the
start of cabazitaxel was 13.0 months. Forty-five patients received postcabazitaxel treatment; 17 showed
decreased PSA. Safety assessment indicated that white blood cell and neutrophil counts were signifi-
cantly higher in the second than in the first course of treatment and Grade 3 to 4 leukopenia and
neutropenia significantly decreased. Twenty-four subjects were aged �75 years; 79% of them had their
doses reduced at the first administration. The mean dose was 20 mg/m2. However, there was no sig-
nificant difference in the PSA progression-free survival between the �75-year-old and <75-year-old
groups. Patients in the �75-year-old group, particularly those whose doses were not reduced, experi-
enced several Grade 3 to 4 adverse effects. Ten patients discontinued treatment owing to adverse effects
and systemic worsening.
Conclusions: To use cabazitaxel effectively, starting administration as early as possible before disease
progression is important, and even if Grade 3 to 4 leukopenia and neutropenia are observed during the
first course, it is important to carefully maintain the dose. Even when treating elderly patients, reducing
the dose does not reduce therapeutic efficacy. However, because this cohort experienced several � Grade
3 adverse effects, a great deal of caution is required.
© 2020 Asian Pacific Prostate Society. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cabazitaxel is the first drug effective in extending overall sur-
vival in cases of metastatic castrate-resistant prostate cancer
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(mCRPC) after docetaxel therapy 1e4. Based on these findings,
cabazitaxel is currently widely used in patients with mCRPC. In
Japan, cabazitaxel was included among the drugs covered by the
National Health Insurance system in 2014. In the four years since
then, several studies have reported its efficacy, but only a few
studies have investigated its safety5e9. Thus, we conducted a
retrospective analysis focusing on the efficacy and safety of cab-
azitaxel in clinical settings using treatment outcome data.

2. Methods

Questionnaires on the status of cabazitaxel treatment were
mailed to hospitals associated with the Shinshu University.
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Responses were received from 11 institutions regarding 55 cases.
mCRPC disease progression was defined as an increase of �25% of
prostate-specific antigen (PSA) from PSA nadir and a PSA value of at
least 2 ng/ml10. Bell Curve for Excel 2016, version 2.03 (Social
Survey Research Information Co., Ltd., Japan) was the statistical
software used for all statistical analyses. PSA progression-free sur-
vival (PFS) and the overall survival distribution were estimated via
the KaplaneMeier curve, and the analysis of difference was
measured using the log-rank test. Factors that contributed to PSA-
PFS [Gleason Score (GS) at the time of diagnosis, the time period
from the start of treatment to castrate-resistant prostate cancer
(CRPC), history of treatment with new hormone therapy, number of
pharmaceuticals used until cabazitaxel use, age at the start of
cabazitaxel treatment, performance status, PSA value, visceral
metastasis, neutrophil/lymphocyte ratio, cabazitaxel dose, and
presence of � Grade 3 neutropenia] were investigated via the log-
rank test using the Cox proportional-hazards model, and inter-
group differences were evaluated with the KaplaneMeier curve.
Safety analysis was performed by conducting intergroup compari-
sons using the ManneWhitney U test.

3. Results

At the start of cabazitaxel treatment, patients had a median age
of 73.0 years (56e84 years); the median PSA was 34.14 ng/ml
(0.06e1159.70 ng/ml), and the median total GS at diagnosis was 9
(6e10). Thirty-four of the 36 cases that underwent imaging eval-
uation immediately before the start of treatment were found to
have metastasis.

Of the 34 metastasis cases, 29 had bone metastases, 19 had
lymph node metastases, and 9 had internal organ metastases. The
median time to CRPC was 13 months (2e116 months). The median
number of drugs used in treatment before cabazitaxel therapy was
4 (1e10 drugs). Fifteen cases had no history of new hormone
treatment, whereas 20 cases were previously treated with one new
hormone, and 20 cases were previously treated with two new
hormones. Eight patients did not have a history of docetaxel
treatment, whereas 47 did. The median initial cabazitaxel dose was
20 mg/m2 (15e25 mg/m2), and the administration cycle was a
median of 4 weeks (3e5 weeks). About 95% of cases were treated
with pegfilgrastim (Table 1).

The drug was still being administered for four cases, whereas 51
cases had already completed their course of treatment. The reasons
for discontinuing cabazitaxel included disease progression (37
cases), discovery of progressive esophageal cancer (1 case), and
adverse effects or worsening of general condition (13 cases).

The patients received a median 4 courses of cabazitaxel treat-
ments (1e28 courses). Thirty-two (61.5%) of 52 patients (three
Table 1
Characteristics of patients treated with cabazitaxel (n ¼ 55).

Cases
Median age (years, range)
Median baseline PSA (ng/ml, range)
ECOG performance status (cases)
Median total Gleason score (Gleason score: cases)
Cases with metastasis at baseline (%, cases)
Metastatic part (%)
Median duration of castrate-resistant prostate cancer (months, range)
Median number of pretreatment drugs (number, range)
Number of new hormonal agents used (number: cases)
Docetaxel therapy history (%, cases)
Cabazitaxel dose (mg/m2: cases)
Dosing interval (weeks: cases)
Using pegfilgrastim (%, cases)

PSA, prostate-specific antigen; ECOG, eastern cooperative oncology group
patients who did not measure PSA were excluded) experienced
decreases in PSA, and 19 (36.5%), 12 (23.0%), and 4 (7.6%) patients
experienced PSA declines of �30%, �50%, and �90%, respectively,
(Fig. 1).

In our investigation of the 32 cases that experienced declines in
PSA, we found that the median number of required courses until
PSA nadir was 3.5 (1e14 courses). The median PSA-PFS was
5.0 months (95% confidence interval (CI), 2.37e7.62; Fig. 2A) and
the median overall survival was 13.0 months (95% CI, 7.89e18.1;
Fig. 2B).

The adverse effects � Grade 3 were as follows: Grade 3 leuko-
penia and neutropenia were reported in 10 and 6 cases, respec-
tively, and Grade 4 leukopenia and neutropenia in 15 and 23 cases,
respectively. Seven and 2 cases of Grade 3 febrile neutropenia and
Grade 4 febrile neutropenia were noted, respectively. Three, 2, and
1 case of Grade 3 anorexia, vomiting, and fatigue were noted,
respectively. Three cases of Grade 3 thrombocytopenia were noted,
whereas 1 case of Grade 4 thrombocytopenia was noted. Grade 3
anemia was present in 2 cases, and pneumonia, Grade 4 sepsis, and
Grade 4 gastrointestinal perforation were found in 1 case each; 1
case of Grade 5 diarrhea was reported (Supplemental Data
Table S1).

After the completion of cabazitaxel treatment, a total of 45 pa-
tients underwent pharmaceutical posttreatment. A decrease in PSA
was observed in 7 of the 11 patients who were administered
enzalutamide (4/6 at initial administration and 3/5 at readminis-
tration), 4 of the 17 patients whowere administered abiraterone (4/
14 at initial administration, 0/3 at readministration), and 3 of the 3
patients who were administered estramustine. A decrease in PSA
was also observed in 1 of the 5 patients who were administered
alpharadin, 1 of the 3 patients who were administered ethinyles-
tradiol, and 1 of the 2 patients who were administered immuno-
therapy. There was no effect on PSA in 2 patients who were
readministered cabazitaxel; 1 patient was readministered doce-
taxel, and the other was administered chlormadinone (Supple-
mental Data Table S2).

In our investigation of the efficacy of cabazitaxel, the results
indicated that only the PSA values at start of treatment showed a
significant difference [hazard ratio (HR), 2.32; 95% CI, 1.18e4.57;
p ¼ 0.015; p ¼ 0.006]. No significant differences were observed for
the other values (Table 2, Fig. 3).

At the beginning period of cabazitaxel treatment, the patient
was hospitalized for treatment and was discharged after confirm-
ing of rising white blood cell (WBC) counts. After the doctors get
used to administration of cabazitaxel, they tended to follow-up at
outpatient.

Safety analysis revealed that there was a median of 8 days
(5e10 days) until leukocyte nadir was achieved, and 2 days
55
73, (56-84)
34.14, (0.06-1159)
0:27 1:22 2:5 3:1
9 (6:2/7:5/8:8/9:20/10:9/unknown:11)
94, (34/36)
Bone (81) Lymph node (53) Visceral (25)
13, (2-116)
4, (1-10)
0:15/1:20/2:20
85, (47/55)
15:1/17.5:3/20:29/21:1/25:21
3:22/4:28/5:1/unknown:4
95, (52/55)

.



Fig. 1. Waterfall plot of maximal percent changes in the value of prostate-specific antigen from the baseline in 55 Japanese patients with castration-resistant prostate cancer who
received cabazitaxel.

Fig. 2. KaplaneMeier analysis for the time to prostate-specific antigen progression-free survival (A) and overall survival (B) in the total population (n ¼ 55).
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(1e6 days) until the WBC rose from the nadir. In the 37 cases in
which pegfilgrastimwas used and inwhich we had enough data for
WBC and neutrophil counts during both the first and second
courses of cabazitaxel, the median WBC and neutrophil counts at
nadir in the first course were 2140 and 763, respectively; Grade 3
and Grade 4 leukocytopeniawas observed in 8(21.6%) and 10(27.0%)
cases, respectively, and neutropenia was observed in 5(13.5%) and
15(40.5%) cases, respectively. WBC and neutrophil counts at nadir
during the second course were 4900 and 3630, respectively, indi-
cating a significant increase compared with values in the first
course (p¼ 0.0013 and p < 0.001, respectively). Therewere 4(10.8%)
and 1(2.7%) case of Grade 3 and 4 of leukocytopenia, respectively,
and 2(5.4%) and 3(8.1%) cases of Grade 3 and 4 of neutropenia,
respectively, indicating a significant decrease compared with the
values in the first course of treatment (p < 0.001, p ¼ 0.0021).
However, because the dose was reduced in 5 of the 37 cases at the
second course, we repeated our investigation on the 32 cases
wherein doses were not reduced. The median WBC and neutrophil
counts of this cohort at nadir during course one of treatment were
2535 and 1028, respectively; Grade 3 and 4 leukocytopenia was
observed in 6(18.8%) and 8(25.0%) cases, respectively, and Grade 3
and 4 neutropenia was observed in 5(15.6%) and 11(34.4%) cases,
respectively. TheWBC and neutrophil counts at nadir during course
two of treatment, compared with the first course, were 5100 and
3662, respectively, indicating a significant increase (p ¼ 0.0156,
p ¼ 0.0034). Grade 3 and 4 leukocytopenia was observed in
4(12.5%) and 1(3.1%) case, respectively, and Grade 3 and 4 neu-
tropenia in 2(6.2%) and 3(9.3%) cases, respectively, indicating sig-
nificant decreases (p ¼ 0.0051, p < 0.001). Thus, the difference in
doses did not change the results (Table 3).

In the third course, there aremany cases that have passed with a
value similar to that of the second course. In cases where the dis-
ease did not progress, the tendency of decreasing WBC and
neutrophil counts were not seen even when additional courses
continued.

In this study, many of the patients (24 of 55) were aged
�75 years, and their median age was 77.5 years. Nineteen of the 24
patients in the �75-year-old group (79%) had their doses reduced
at the initial administration, and their median dose was 20 mg/m2.
This dose was significantly smaller than that in the <75-year-old
group (p ¼ 0.0098), but no significant difference was observed in
PSA-PFS (Fig. 4).

Adverse effects � Grade 3/4 in the �75 year-old group were as
follows: Grade 3 febrile neutropenia in 7 cases, Grade 4 febrile
neutropenia in 2 cases, Grade 4 gastrointestinal perforation in 1
case, Grade 4 sepsis in 1 case, Grade 3 thrombocytopenia in 1 case,



Table 2
Univariate analysis of associations between various parameters and prostate-specific antigen progression-free survival in patients with castrate-resistant prostate cancer who
received cabazitaxel.

Variables (n, %) Univariate analysis

HR 95% CI p value

Age (years) 0.83 0.5818
S75 24 (43.6) (0.42-1.62)
˂75 31 (56.4)
PS 1.24 0.6908
2-3 6 (12.7) (0.43-3.55)
0-1 49 (87.3)
PSA (ng/ml) 2.32 0.0150*
S35 27 (49.1) (1.18-4.57)
˂35 28 (50.9)
Time to CRPC (months) 1.05 0.8886
S12 28 (50.9) (0.54-2.04)
˂12 27 (49.1)
Number of pretreatment drugs 1.04 0.8484
˃4 29 (52.3) (0.51-1.84)
&4 26 (47.7)
Number of new hormonal agents used 0.97 0.9324
2 20 (36.4) (0.70-1.55)
1 20 (36.4)
0 15 (27.2)
Cabazitaxel dose(mg/m2) 0.85 0.6201
˃20 33 (60.0) (0.44-1.63)
&20 22 (40.0)
Grade 3/4 neutropenia 1.09 0.7995
Yes 29 (52.3) (0.57-2.07)
No 26 (47.7)
NLR (n ¼ 48) 1.55 0.2400
˃3.6 24 (50.0) (0.75-3.22)
&3.6 24 (50.0)
Total Gleason score (n ¼ 44) 1.03 0.9437
˃8 29 (65.9) (0.50-2.09)
&8 15 (34.1)
Visceral metastasis (n ¼ 34) 2.23 0.1171
Yes 9(26.5) (2.82-6.11)
No 17(73.5)

*p < 0.05.
PS, performance status; CRPC, castrate-resistant prostate cancer; NLR, neutrophil/lymphocyte ratio; HR, hazard ratio; PSA, prostate-specific antigen.

Fig. 3. KaplaneMeier analysis for the time to prostate-specific antigen (PSA)-progression-free survival of the 55 patients who received cabazitaxel in the PSA � 35 group vs the
PSA < 35 group.
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Table 3
Safety of cabazitaxel, cases with data on white blood cell count and neutrophil count for the first and second courses of treatment (n ¼ 37), excluding cases in which the
cabazitaxel dose was reduced in the second course (n ¼ 32).

Median time to nadir of white blood cells (days, range) (n ¼ 55) 8, (5e10)
Median time to leukocyte ascent (days, range) (n ¼ 55) 2, (1e6)

Number of courses (n ¼ 37) 1st 2nd p value

Nadir of white blood cells (/ml)
(median, range)

2140, (590e12820) 4900, (780e19030) 0.0013**

Grade 3/4 Leukopenia (cases, %) G3: 8, (21.6)
G4: 10, (27.0)

G3: 4, (10.8)
G4: 1, (2.7)

˂ 0.001**

Nadir of neutrophils (median, range) 763, (20-9700) 3630, (120-14700) ˂ 0.001**
Grade 3/4 neutropenia (cases, %) G3: 5, (13.5)

G4: 15, (40.5)
G3: 2, (5.4)
G4: 3, (8.1)

0.0021**

Number of courses (n ¼ 32) 1st 2nd p value

Nadir of white blood cells (/ml)
(median, range)

2535, (730-12820) 5100, (780-19030) 0.0156*

Grade 3/4 leukopenia (Cases, %) G3: 6, (18.8)
G4: 8, (25.0)

G3: 4, (12.5)
G4: 1, (3.1)

0.0051*

Nadir of neutrophils (median, range) 1028, (20-9700) 3662, (120-14700) 0.0034**
Grade 3/4 neutropenia (cases, %) G3: 5, (15.6)

G4: 11, (34.4)
G3: 2, (6.2)
G4: 3, (9.3)

˂ 0.001**

*p < 0.05; **p < 0.005.

Fig. 4. KaplaneMeier analysis for the time to prostate-specific antigen progression-free survival of the 55 patients who received cabazitaxel in the �75-year-old group vs < 75-year-
old group.
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Grade 3 anorexia in 3 cases, Grade 3 vomiting in 2 cases, and Grade
3 fatigue and pneumonia in 1 case each. Thus, there was a tendency
for more adverse effects in the �75-year-old group compared with
that in the <75-year-old group. There were a particularly high
number of adverse effects in the�75-year-old patient groupwhose
dose was not reduced. Ten patients discontinued treatment owing
to adverse effects and systemic worsening, a higher number of
patients than in the <75-year-old group (Table 4).

4. Discussion

Some limitations exist in this study because the study is retro-
spective study in associated other hospitals, there is no definitive
protocol in both treatment and follow-up schedules, and patho-
logical diagnosis was diagnosed by pathologists at each hospital.

Our investigation of the efficacy of cabazitaxel indicated there
were no significant differences in PSA-PFS regarding GS at the time
of diagnosis, the period from the start of treatment to CRPC, or the
number of medications administered before the use of cabazitaxel.
This suggests that cabazitaxel is consistently effective regardless of
whether it is administered to cases with short-term hormone
treatment effect or cases with a high degree of malignancy. We did
not observe significant differences in PSA-PFS based on past history
of new hormone therapy. This suggests that, as reported pre-
viously11e12, cabazitaxel either has no cross-resistance with new
hormonal agents or has cross-resistance to a small extent. Our
investigation of a low-dose cabazitaxel group (�20 mg/m2) and a
high-dose cabazitaxel group (�21 mg/m2), likewise, indicated no
significant difference in PSA-PFS, which is consistent with previous
studies13-14. However, despite previous reports4,6,9,15 that cab-
azitaxel is effective in cases with Grade 3/4 neutropenia and low
neutrophil/lymphocyte ratio values, in the present study, no sig-
nificant differences were observed. The only significant difference
observedwas the PSAvalue. Cabazitaxel wasmore effective in cases
with low PSA values, indicating that treatment should be admin-
istered as soon as possible before prostate cancer progresses. This is
a method for extending PSA-PFS of cabazitaxel; however, it is un-
clear from this study whether this action contributes to prolonging
overall survival.

Our investigation of postcabazitaxel treatment was conducted
in 45 cases. Of these, 17 (38%) experienced decreases in PSA. This is
consistent with previous research16. In particular, PSA decreases



Table 4
Comparison by age, �75 years old vs < 75 years old.

Age <75 S75
n 31 24
Median age (years) 67.0 77.5
Reduction of drug (cases, %) 15, (48.4) 19, (79.2)
Median cabazitaxel dose (mg/m2) 25 20
Number of treatments discontinued owing to
adverse events and deterioration of general
condition (number, %)

3, (9.7) 10, (41.3)

Adverse events S G3 (number) Thrombocytopenia
G3 (2), G4 (1),
Anemia G3 (2),
Diarrhea G5 (1)

All adverse events
Thrombocytopenia G3 (1), Anorexia G3 (3), Vomiting G3 (2), Fatigue G3 (1), FNG3 (7),
FNG4 (2), Pneumonia G3 (1), Gastrointestinal perforation
G4 (1), Sepsis G4 (1).
25 mg/m2 (n ¼ 5)

Thrombocytopenia G3 (1), Anorexia G3 (3), Vomiting G3 (2), Gastrointestinal
perforation G4 (1), FNG3 (3)

FN, febrile neutropenia. To make it easier to see that the cabazitaxel dose is changing is given in bold.
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were observed in 4 of 6 cases that were initially administered
enzalutamide and in 3 of 5 cases of readministered enzalutamide,
and in all 3 cases that underwent initial administration of estra-
mustine. These results suggest that administration of these drugs
after cabazitaxel may be effective.

Our investigation of safety indicated that, in cases where cab-
azitaxel was administered continuously at the same dose, both the
WBC and the neutrophil counts significantly increased (p ¼ 0.0156
and p ¼ 0.0034, respectively) during the second course compared
with the first course of treatment, and that the adverse effects of
leukocytopenia and neutropenia significantly declined (p ¼ 0.0051
and p < 0.001, respectively). Although the mechanism of action
remains unknown, most of the 37 cases were administered with
pegfilgrastim on the second day of the first course. Therefore, this
may have influenced the increase in the number of WBC and
neutrophil counts. These results suggest that even if Grade 3 or 4
leukocytopenia and neutropenia are observed during the first
course of treatment, the treatment should be carefully continued at
the same dose.

In this study, there were many patients aged �75 years (24/55).
Investigation of the effectiveness of treatment indicated no signif-
icant difference in PSA-PFS, and although there was no decrease in
treatment efficacy with low doses, a high number of � Grade 3
adverse effects were observed in those aged �75 years. There was
also a tendency toward both disease progression and systemic
worsening as the number of treatments increased. By properly
reducing the dose, it is possible to treat patients aged �75 years
without any loss in drug efficacy, but there is a tendency for
many � Grade 3 adverse effects to occur. Thus, when treating
elderly patients, it is necessary to exercise extreme caution.
5. Conclusion

Cabazitaxel does not exhibit resistance to new hormonal agents,
and it has been shown to be consistently effective in cases of highly
malignant cancer and cases in which hormone therapy was insuf-
ficiently effective. To use cabazitaxel effectively, it is important to
begin use as soon as possible and before disease progression, and it
is important to carefully maintain the same dose even if Grade 3/4
leukocytopenia and neutropenia occurs during the first course. In
addition, by reducing the dose, cabazitaxel can treat patients aged
�75 years without a decrease in the therapeutic effect, but there is
a tendency for many � Grade 3 adverse effects to occur; as a result,
extreme caution must be exercised.
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