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Abstract

Background Abiraterone acetate plus prednisone with androgen deprivation therapy is a standard treatment option for patients
with high-risk metastatic castration-sensitive prostate cancer (mCSPC). However, no data are available on the optimal sub-
sequent treatment option in patients treated with abiraterone acetate plus prednisone for high-risk mCSPC.

Objective We aimed to compare the clinical outcomes of subsequent therapy after discontinuation of abiraterone acetate
plus prednisone in patients with high-risk mCSPC.

Methods Overall survival and time to treatment failure from initiation of subsequent therapies were estimated by applying
a marginal structural Cox proportional hazards model using inverse probability of treatment weighting with a change of
time scale to time on treatment.

Results A total of 217 patients received subsequent therapies: 127 received chemotherapy, 49 received non-chemotherapy,
and 41 received other treatments. For overall survival, when adjusted with the marginal structural Cox proportional haz-
ards model using inverse probability of treatment weighting, the hazard ratio was 1.212 (95% confidence interval [CI]
0.742-1.979) for chemotherapy versus non-chemotherapy, 0.534 (95% CI 0.267-1.066) for non-chemotherapy versus other
treatments, and 0.635 (95% CI 0.317-1.271) for chemotherapy versus other treatments. For time to treatment failure, the
hazard ratio was 1.287 (95% CI 0.832-1.989) for chemotherapy versus non-chemotherapy, 0.785 (95% CI 0.486-1.269)
for non-chemotherapy versus other treatments, and 0.898 (95% CI 0.612-1.318) for chemotherapy versus other treatments.
Conclusions No differences were observed between the treatment effects of chemotherapy and non-chemotherapy in patients
with high-risk mCSPC after abiraterone acetate plus prednisone. These findings suggest that life-extending subsequent
therapy after abiraterone acetate plus prednisone for mCSPC should be chosen at the physician’s discretion and patient’s
preference.

Clinical Trial Registration ClinicalTrials.gov, NCT01715285, registered 26 October, 2012.

survival (OS) [1, 2]. The treatment effects of AAP have
been further confirmed in a post hoc analysis performed on
LATITUDE (ClinicalTrials.gov, NCT01715285) study data,
wherein treatment with AAP was shown to exert a benefit on
OS over placebos in patients with high-risk mCSPC, regard-
less of whether life-extending subsequent therapy was given
[3]. In addition, the STAMPEDE study and PEACE-1 study
have shown that adding AAP to androgen deprivation ther-

1 Introduction

Abiraterone acetate plus prednisone (AAP) with androgen
deprivation therapy is the standard treatment option for
patients with high-risk metastatic castration-sensitive pros-
tate cancer (mCSPC), and it reportedly improves overall
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No data are available on the clinical outcomes of
subsequent therapies after discontinuation of abirater-
one acetate plus prednisone in patients with metastatic
castration-sensitive prostate cancer.

No difference was observed between the clinical out-
comes of different life-extending subsequent therapies in
patients treated with abiraterone acetate plus prednisone
for high-risk metastatic castration-sensitive prostate can-
cer who had progressed to metastatic castration-resistant
prostate cancer, after applying a statistical adjustment for
time-varying confounders.

Our results show that patients who have previously
received abiraterone acetate plus prednisone for meta-
static castration-sensitive prostate cancer and who now
have metastatic castration-resistant prostate cancer
derive similar benefit from life-extending therapies,
regardless of the type.

had a longer time to prostate-specific antigen (PSA) pro-
gression [6]. In another randomized phase III study, a post
hoc analysis was conducted on patients who experienced
disease progression after treatment with AAP, and patients
who received docetaxel as the first subsequent therapy had
favorable rates of PSA decline [7]. However, data on the
optimal subsequent treatment options after AAP for mCSPC
are yet to be reported.

The LATITUDE study was the first phase III study to
examine the survival benefit of AAP addition to androgen
deprivation therapy in patients with newly diagnosed high-
risk mCSPC. This multinational, double-blind, randomized,
placebo-controlled study involved 1199 men diagnosed
with high-risk mCSPC. The study was unblinded shortly
after the first interim analysis when a median follow-up of
30.4 months was completed, as significant and clinically
meaningful improvements were observed in OS (hazard
ratio, HR 0.62 [95% confidence interval (CI) 0.51-0.76])
and radiographic progression-free survival (HR 0.47 [95%
CI 0.39-0.55]) [1]. In the final analysis performed after a
median follow-up of 51.8 months, the OS continued to be
longer in the AAP group than in the placebo group (HR 0.66
[95% CI 0.56-0.78]) [2]. After discontinuation of the study
treatment, subsequent therapy for mCSPC was performed at
the investigator’s discretion.

Comparing the treatment effects of each subsequent ther-
apy performed in the LATITUDE study may provide useful
information to physicians in selecting treatments for future
patients. However, because the treatments to be provided
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after discontinuation of AAP were not specifically defined
in the LATITUDE study, it would not be statistically appro-
priate to directly compare the treatment effects without any
statistical adjustment, as the choice of subsequent therapy
would have been affected by the investigators’ discretion
and patients’ preference. Moreover, subsequent therapies
were most likely chosen based on information not only from
immediately before the initiation of subsequent therapies
but also in consideration of the patients’ conditions during
the treatment with AAP. Thus, adjustments for time-varying
confounders are needed to properly estimate the subsequent
treatment effects.

To overcome these limitations, we applied the marginal
structural Cox proportional hazards model (Cox-MSM),
which can estimate the survival time of patients receiving
dynamic treatment regimens while adjusting for both base-
line and time-varying confounders [8]. The inverse prob-
ability of treatment weighting (IPTW) method was used to
estimate the weights for Cox-MSM, allowing us to repre-
sent a situation in which all patients in the AAP group had
received a certain treatment, by weighting each patient by
the inverse of his predicted probability of receiving this par-
ticular treatment at a given time. In addition, the time origin
of the survival curve was shifted from the first day of study
treatment to the first day of subsequent therapy, and the time
scale was changed to time on treatment from time on study,
according to a previous study, to estimate the target treat-
ment duration (see formulas in the Electronic Supplemen-
tary Material [ESM]) [9]. This shift in time scale allows us
to eliminate the treatment effects of AAP and focus on the
treatment effects of subsequent therapies alone. This study
aimed to make a statistically valid comparison of the treat-
ment effects of subsequent therapies performed after AAP in
the LATITUDE study using OS and time to treatment failure
(TTF) by applying Cox-MSM with a change of time scale
to time on treatment.

2 Materials and Methods

2.1 Data Sources

For this study, data were obtained from the results of the
LATITUDE study. The final analysis datasets were used for
the present study.

2.2 Study Population

This study included patients who were newly diagnosed with
high-risk mCSPC. High risk was defined as having at least

two of the following three factors: a Gleason score (GS)
of 8 or more, at least three bone lesions, and presence of
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measurable visceral metastasis. Patients from 34 countries
were enrolled in the LATITUDE study.

2.3 Statistical Analysis

In this study, statistical analyses were performed using SAS
version 9.4 (SAS Institute, Cary, NC, USA) in the intention-
to-treat population of the AAP group in the LATITUDE
study. The treatment variable comprised four categories,
and patients were classified into one of the four categories
according to the subsequent therapies that they received or
did not receive after discontinuation of AAP. Patients treated
with docetaxel or cabazitaxel were classified as ‘chemother-
apy’, and those treated with enzalutamide, radium-223, or
abiraterone as subsequent therapy were classified as ‘non-
chemotherapy’. Patients receiving therapies other than those
listed above were classified as ‘other treatments’, and those
who were still continuing treatment with AAP (as the study
treatment of the LATITUDE study) or those who discontin-
ued AAP but did not receive any subsequent therapies were
classified as ‘AAP’.

The probability of each patient receiving each of the
subsequent therapies at each timepoint was estimated using
IPTW (see formulas in the ESM). To estimate the weights,
baseline covariates of age, GS, region, visceral metastases,
PSA, and lactate dehydrogenase were used along with the
time-varying covariates of the number of bone metastases,
Brief Pain inventory-Short Form, Brief Fatigue Inventory,
and time from study treatment modeled as restricted cubic
splines [10]. For the sensitivity analysis, the same analyses
were performed using the inverse probability of treatment
and censoring (IPTC) weights in the Cox-MSM [8]. These
weights for censoring were estimated from the same baseline
and time-varying covariates, other than the GS, that were
used to estimate the weight for IPTW.

All continuous variables are presented using descriptive
statistics, including median/range or mean/standard devia-
tion. All categorical variables are presented as frequency
and percentage. Time-to-event endpoints were analyzed
using the Nelson—Aalen method to estimate the survival
distributions and median time to event [11]. Overall sur-
vival was defined as the time from initiation of subsequent
therapies to death from any cause. Time to treatment failure
was defined as the time from initiation of subsequent therapy
to discontinuation of the treatment for any reason. Hazard
ratio was estimated as an estimate of the treatment effect
using a weighted Cox proportional hazards model. The Cox
proportional hazards model was stratified by reason for dis-
continuation of study treatment and time to study treatment
discontinuation (> 2 versus < 2 years). All interval estima-
tions were reported using 95% Cls. The last observation car-
ried forward method was used to impute the missing values
of time-varying covariates when the weights were estimated.

3 Results
3.1 Patient Disposition and Characteristics

In the LATITUDE study, 1199 patients were enrolled and
randomized; of these, 597 were assigned to the AAP group.
Although 380 patients were either undergoing treatment with
AAP at the end of the follow-up or had discontinued AAP
and were not receiving subsequent therapies, 217 patients
had discontinued AAP and were receiving subsequent thera-
pies, 176 patients were receiving one of the life-extending
therapies, and 41 patients were receiving other treatments
(Fig. 1). The most common reason for discontinuation in all
treatments was progression of the disease, as determined
by computed tomography/magnetic resonance imaging and
bone scan, in accordance with the protocol of the LATI-
TUDE study (89.0% [113/127] in chemotherapy, 57.1%
[28/49] in non-chemotherapy, and 65.9% [27/41] in other
treatments). Discontinuation because of adverse events was
noted in 4.7% (6/127) patients classified as chemotherapy,
18.4% (9/49) patients classified as non-chemotherapy, and
2.4% (1/41) patients classified as other treatments.

Patient characteristics are shown in Table 1. Patients who
received other treatments were generally older. In terms of
the GS, the proportion of patients with a GS above 8 was
high in chemotherapy and non-chemotherapy at 61.4%
(78/127) and 67.3% (33/49), respectively. A higher propor-
tion of patients in the Western European region was subse-
quently treated with chemotherapy or non-chemotherapy.
The proportion of patients who received other treatments
was higher in Eastern Europe. Baseline PSA was higher
among patients who received chemotherapy and lower
among those who received non-chemotherapy.

3.2 Unadjusted OS and TTF Estimates

The unadjusted median OS estimated using the Nel-
son—Aalen method was 14.7 (95% CI 13.1-16.8) months
in chemotherapy, 23.3 (95% CI 16.6-31.2) months in non-
chemotherapy, and 10.3 (95% CI 4.0-15.4) months in other
treatments (Fig. 2a). Regarding differences among the
treatments, the unadjusted HR of OS was 1.754 (95% CI
1.162-2.649) for chemotherapy versus non-chemotherapy,
0.528 (95% CI 0.294-0.947) for non-chemotherapy ver-
sus other treatments, and 0.820 (95% CI 0.478-1.408) for
chemotherapy versus other treatments (Table 2). Similarly,
for TTF, the unadjusted median was 7.4 (95% CI 6.5-8.6)
months in chemotherapy, 8.5 (95% CI 6.2—-19.3) months
in non-chemotherapy, and 8.3 (95% CI 3.9-10.9) months
in other treatments (Fig. 2c). The unadjusted HR of TTF
was 1.689 (95% CI 1.128-2.529) for chemotherapy ver-
sus non-chemotherapy, 0.672 (95% CI 0.413-1.093) for
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Fig. 1 Patient disposition. The figure shows patient disposition in the
LATITUDE study. Of the 597 patients who were assigned to abirater-
one acetate plus prednisone (AAP), 217 patients discontinued AAP

non-chemotherapy versus other treatments, and 1.073 (95%
CI 0.699-1.649) for chemotherapy versus other treatments
(Table 2).

3.3 0S and TTF Adjusted with Cox-MSM Using IPTW

When adjusted for covariates using the Cox-MSM using
IPTW with a change of time scale to time on treatment,
the median OS was 15.8 (95% CI 13.5-19.6) months in
chemotherapy, 20.7 (95% CI 14.9-30.1) months in non-
chemotherapy, and 12.4 (95% CI 4.0-NR) months in other
treatments (Fig. 2b). Similarly, for TTF, the adjusted median
was 7.2 (95% CI 6.3-8.4) months in chemotherapy, 8.1 (95%
CI 5.7-16.7) months in non-chemotherapy, and 8.3 (95% CI
3.9-10.9) months in other treatments (Fig. 2d).

The HRs were also estimated after adjusting with Cox-
MSM using IPTW with a change of time scale to time on
treatment. The HR of OS was 1.212 (95% CI 0.742-1.979)
for chemotherapy versus non-chemotherapy, 0.534 (95%
CI 0.267-1.066) for non-chemotherapy versus other treat-
ments, and 0.635 (95% CI 0.317-1.271) for chemotherapy
versus other treatments (Table 2). For TTF, the adjusted HR
was 1.287 (95% CI 0.832-1.989) for chemotherapy versus
non-chemotherapy, 0.785 (95% CI 0.486—1.269) for non-
chemotherapy versus other treatments, and 0.898 (95% CI
0.612-1.318) for chemotherapy versus other treatments
(Table 2). The adjusted HRs for OS and TTF obtained using
Cox-MSM based on the IPTW method for chemotherapy
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and switched to subsequent therapies; 176 patients received one of
the life-extending therapies, and 41 patients received other treatments

versus non-chemotherapy and chemotherapy versus other
treatments were smaller than the unadjusted HR.

3.4 0S and TTF Adjusted with Cox-MSM Using IPTC

When adjusted for informative censoring bias in addition
to the treatment switching with the Cox-MSM using IPTC
with a change of time scale to time on treatment, the median
OS was 15.8 (95% CI 13.5-19.8) months in chemotherapy,
21.1 (95% CI 13.9-30.1) months in non-chemotherapy, and
12.4 (95% CI 4.0-NR) months in other treatments (Fig. la
of the ESM). The adjusted median TTF was 7.2 (95% CI
6.2-8.1) months in chemotherapy, 8.1 (95% CI 5.7-16.7)
months in non-chemotherapy, and 9.4 (95% CI 3.9-10.9)
months in other treatments (Fig. 1b of the ESM). The HRs
were also estimated after adjusting with Cox-MSM using
IPTC (Table 1 of the ESM). The HRs obtained after the
Cox-MSM adjustment based on the IPTC method for OS and
TTF were similar to those obtained using the IPTW method.

3.5 Association of Subsequent Therapies with Both
Baseline and Time-Varying Covariates

When the associations between subsequent therapies and
covariates were examined using odds ratios (ORs) esti-
mated from the multinomial logistic regression model, the
OR of chemotherapy versus non-chemotherapy was 2.440
(95% CI 1.200-4.959) for the baseline PSA and 0.298 (95%
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Table 1 Patient characteristics

AAP group (n = 597)

AAP continuance (n = 380)

Subsequent therapy

Chemotherapy (n = 127)

Non-chemotherapy® (n = 49)

Other treatments (n = 41)

Age (years), median (range) 68.0 (38-89)
ECOG PS at baseline, n (%)

Oorl 362 (95.3)

2 18 (4.7)
GS at initial diagnosis, n (%)

<8 10 (2.6)

8 187 (49.2)

>8 183 (48.2)
Bone lesions at baseline, n (%)

<10 149 (39.2)

> 10 231 (60.8)
Presence of visceral disease, n (%)

Yes 78 (20.5)

No 302 (79.5)
Extent of disease at initial diagnosis, n (%)

Liver 20 (5.3)

Lung 60 (15.8)

Soft tissue 5(1.3)

Viscera 12 (3.2)

Other 2(0.5)

Baseline PSA (ng/mL), median
(range)

Baseline hemoglobin (g/L),
median (range)

Baseline LDH (U/L), median
(range)

Baseline ALT (U/L), median
(range)

Baseline AST (U/L), median
(range)

Baseline total bilirubin (umol/L),
median (range)

Baseline potassium (mmol/L),
median (range)

Total FACT-P score at baseline,
mean (SD)

Pain score at baseline®, mean
(SD)

Fatigue score at baseline, mean
(SD)

Region, n (%)
Asia
Eastern Europe
Western Europe

Rest of the world

24.4 (0.04-8775.89)

133.0 (90-175)

176.0 (103-2634)

19.0 (5-84)

22.0 (11-82)

8.0 (3-29)

4.4 (3.5-5.9)

110.7 (20.0)

2.3(2.6)

2.12.7)

80 (21.1)
155 (40.8)
74 (19.5)
71 (18.7)

64.0 (44-85)

123 (96.9)
4(3.1)

1(0.8)
48 (37.8)
78 (61.4)

32(25.2)
95 (74.8)

20 (15.7)
107 (84.3)

6 (4.7)
9(7.1)
3(2.4)
4(3.1)
0(0.0)
36.6 (0.12-5381.91)

131.0 (90-162)

179.0 (73-785)

20.0 (6-85)

22.0 (10-58)

8.0 (3-29)

4.53.7-5.9)

111.4 (20.9)

2422

23(25)

23 (18.1)
38(29.9)
50 (39.4)
16 (12.6)

69.0 (49-86)

49 (100.0)
0(0.0)

1(2.0)
15 (30.6)
33(67.3)

15 (30.6)
34 (69.4)

11 (22.4)
38 (77.6)

482)
2(4.1)
0 (0.0)
1(2.0)
0 (0.0)
17.5 (0.24-5163.91)

132.0 (91-158)

178.5 (138-306)

23.0 (10-68)

23.0 (13-55)

7.0 (4-27)

4.5(3.5-5.8)

117.5 (16.5)

1.5 (2.0)

2.1(2.3)

11 (22.4)
5(10.2)

22 (44.9)
11 (22.4)

72.0 (51-88)

39 (95.1)
2(4.9)

1(24)
17 (41.5)
23 (56.1)

15 (36.6)
26 (63.4)

5(12.2)
36 (87.8)

2(4.9)
2(4.9)
124)
1(2.4)
0(0.0)
27.5 (0.18-3499.52)

128.0 (91-151)

180.0 (119-426)

19.0 (5-72)

23.0 (7-70)

9.0 (3-22)

4.4 (3.6-5.6)

113.9 (17.1)

1.9 (2.5)

2.0(2.3)

10 (24.4)
16 (39.0)
9 (22.0)
6 (14.6)

AAP abiraterone acetate plus prednisone, ALT alanine aminotransferase, AST aspartate aminotransferase, ECOG PS Eastern Cooperative Oncol-
ogy Group performance status, FACT-P functional assessment of cancer therapy-prostate, GS Gleason score, LDH lactate dehydrogenase, PSA
prostate-specific antigen, SD standard deviation

#AAP was recorded as the subsequent therapy when AAP was continued at the investigator’s discretion, despite the case meeting the criteria for

discontinuation

®Two patients in each study arm with missing values at the first interim analysis have updated values at the second interim analysis

A\ Adis



124

Y. Koroki, M. Taguri

a OS: Unadjusted

100
Median OS, months (95% CI)
Chemotherapy 14.7 (13.1 - 16.8)
Non-chemotherapy 23.3(16.6-31.2)
80 Other treatments 10.3(4.0-15.4)
&
S
=
R
:
=
g
o
o 40
o
20
0 T T . .
0 6 12 18 24 30 36 42 48 54
Time since initiation of subsequent therapy (months)
Number at risk
Chemotherapy 127 103 68 36 20 12 4 0 0 0
Non-chemotherapy 49 39 33 22 15 13 7 4 1 0
Other treatments 41 23 12 8 6 4 3 3 0 0
b  OS: Cox-MSM using IPTW
100
Median OS, months (95% CI)
Chemotherapy 15.8 (13.5-19.6)
Non-chemotherapy 20.7 (14.9 - 30.1)
80 Other treatments 12.4 (4.0 - NR)
e
S
s
z
Z
=]
7]
Ei
3]
Qo 40
o
20
0 T T T r .
0 6 12 18 30 36 42 48 54

Time since initiation of subsequent therapy (months)

Fig.2 Nelson—Aalen survival estimates, both unadjusted and adjusted
for patients who received subsequent therapy in the abiraterone ace-
tate plus prednisone (AAP) group, applying marginal structural Cox
proportional hazards model (Cox-MSM) using the inverse probability
of treatment weighting (IPTW) with change of time scale to time on
treatment for each type of subsequent therapy: a unadjusted overall
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survival (OS); b adjusted OS; ¢ unadjusted time to treatment failure
(TTF); and d adjusted TTF. Patients at risk are presented on the unad-
justed curve. Patients at risk are not included for the Cox-MSM using
the IPTW curve because of a lack of a clear clinical interpretation of
the number of patients at risk associated with the weighted methodol-
ogy. NR not reached
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¢ TTF: Unadjusted
100
Median TTF, months (95% CI)
Chemotherapy 7.4(6.5 - 8.6)
Non-cl herap; 8.5(6.2-19.3)
80 Other treatments 8.3(3.9-10.9)
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Non-chemotherapy 49 31 19 14 10 8 3 2 1 0
Other treatments 41 19 7 3 2 2 0 0 0 0
d TTF: Cox-MSM using IPTW
100
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Fig.2 (continued)

Time since initiation of subsequent therapy (months)

CI 0.120-0.741) for the baseline age. This indicated that
patients with a higher baseline PSA and younger patients
tended to receive chemotherapy (Table 2 of the ESM) com-
pared with non-chemotherapy.

The estimated stabilized weights for the IPTW method
are shown in Fig. 2 of the ESM. The median stabilized
weight for chemotherapy was close to one, whereas that for
non-chemotherapy and other treatments tended to be lower
and higher than one, respectively.
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Table 2 HRs for OS and TTF between subsequent therapies (unadjusted/adjusted by Cox-MSM using IPTW)

Subsequent therapy OS HR (95% CI) TTF HR (95% CI)
Vs. non-chemotherapy Vs. other treatments Vs. non-chemotherapy Vs. other treatments
Unadjusted
Chemotherapy 1.754 (1.162-2.649) 0.820 (0.478-1.408) 1.689 (1.128-2.529) 1.073 (0.699-1.649)

Non-chemotherapy -
Cox-MSM using IPTW
Chemotherapy 1.212 (0.742-1.979)

Non-chemotherapy -

0.528 (0.294-0.947) -

0.635 (0.317-1.271)
0.534 (0.267-1.066) -

0.672 (0.413-1.093)

1.287 (0.832-1.989) 0.898 (0.612-1.318)

0.785 (0.486-1.269)

CI confidence interval, Cox-MSM marginal structural Cox proportional hazards model, HR hazard ratio, IPTW inverse probability of treatment

weighting, OS overall survival, TTF time to treatment failure

4 Discussion

We compared the effects of subsequent therapies after dis-
continuation of treatment with AAP in patients with newly
diagnosed high-risk mCSPC, using Cox-MSM to adjust
time-varying confounders and changing the time scale to
time on treatment to estimate time to event from initiation
of subsequent therapy. In this study, for OS, the unadjusted
HR for chemotherapy versus non-chemotherapy was signifi-
cantly higher. However, no significant differences were noted
when the HRs were adjusted with Cox-MSM using IPTW.
Moreover, for TTF, the unadjusted HR for chemotherapy
versus non-chemotherapy was significantly high; however,
once the HR was adjusted with Cox-MSM using IPTW,
no significant difference was observed. In other words, as
a result of taking into account the time-varying confound-
ers through the use of Cox-MSM and applying a change
of time scale to time on treatment, this study demonstrated
no differences in the subsequent treatment effect between
chemotherapy and non-chemotherapy that patients with
high-risk mCSPC receive after discontinuing AAP. The
Cox-MSM and time scale change to time on treatment are
commonly used for the estimation of treatment effects of
dynamic treatment regimens in observational studies; how-
ever, to the best of our knowledge, this study is the first to
apply these methods to compare subsequent therapies after
study treatment discontinuation in a randomized controlled
trial. With the unadjusted results, the subsequent non-chem-
otherapy seemed to have a better clinical outcome; however,
after applying Cox-MSM and adjusting for time-varying
confounders, the estimated subsequent treatment effect was
smaller. It is assumed that by using Cox-MSM, the potential
time-varying confounders could be properly adjusted, allow-
ing for an unbiased estimate to be produced.

Docetaxel has been shown to be effective in symptomatic
patients with mCRPC [12]. However, there is evidence of
enzalutamide being effective only in minimally sympto-
matic or asymptomatic patients with mCRPC who have not
received chemotherapy [13]. Therefore, physicians might
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choose docetaxel over enzalutamide for subsequent thera-
pies, especially in symptomatic patients with mCRPC who
are expected to have a poor prognosis. Such a result would
be plausible when considering the estimates of the multino-
mial logistic regression model for IPTW in chemotherapy
versus non-chemotherapy (OR for PSA, 2.440; OR for Brief
Pain inventory-Short Form, 2.497; and OR for Brief Fatigue
Inventory, 3.295). Regarding the results of Cox-MSM per-
formed using IPTW, patients receiving other treatments had
the shortest OS among those receiving the three treatments.
Cumulative evidence has shown that chemotherapy and
non-chemotherapy improve OS in patients with mCRPC,
and these treatments have been recommended in treatment
guidelines [14, 15]. These results suggest that selection of
life-extending subsequent therapies is also important in
patients treated with AAP for mCSPC who have progressed
to mCRPC. Although there is currently no evidence indi-
cating the optimal treatment for such patients, a previous
study has reported that life-extending subsequent therapies
after AAP for high-risk mCSPC performed on these patients
contribute to longer OS [3].

In this study, no significant differences were observed in
the treatment effects of life-extending subsequent therapies
performed after AAP for high-risk mCSPC. The fact that
AAP is the only selective irreversible inhibitor of CYP17
among the treatments available for prostate cancer could
be contributing to this observation, as the mechanism of
AAP would be different from the mechanism of any of the
subsequent therapies. For example, the androgen receptor
T878A mutation has been associated with acquired resist-
ance to AAP [16]; however, enzalutamide has been found to
be effective against this mutation [17]. Another example is
plasma androgen receptor gain that causes resistance to AAP
or enzalutamide [18]. Docetaxel has been found to be effec-
tive even in patients with androgen receptor gain [19]. These
sequences of different mechanisms may have contributed to
the favorable results.

In this study, we also examined whether bias occurred in
the censoring of OS or TTF performed for each treatment.
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When Cox-MSM using IPTC was applied, we found that
the results were consistent with those of the analysis per-
formed with Cox-MSM using IPTW. This indicated that
there was no bias in the censoring that was carried out in
the subsequent therapies for OS or TTF (Fig. 2b, d, and
Fig. 1 of the ESM). Considering that the LATITUDE study
was a randomized controlled trial, the patients were most
likely followed up in an appropriate manner as defined in
the protocol. This could explain why censoring was balanced
between treatments.

The strength of this study is that we were able to estimate
the treatment effects of subsequent therapies using the inten-
tion-to-treat population of AAP group in the LATITUDE
study. If we had applied a propensity score at a secondary
baseline analysis, which performs statistical adjustments
using baseline covariates from immediately before the initia-
tion of subsequent therapies, then only patients who received
subsequent therapies would be included in the analysis [20].
However, Cox-MSM adjusting for time-varying confound-
ers was applied in this study, indicating that all information
collected from the time of randomization to the initiation
of subsequent therapy contributed to the estimation. This
allowed the treatment selection process of physicians to be
properly reflected in the model.

The assumption that there are no unmeasured confound-
ers should be met to obtain valid results from a Cox-MSM
analysis [21]. Both the baseline and time-varying covariates
to be included in the model were chosen based on clinical
importance. However, there is no way to confirm whether
all the necessary covariates have been included in the IPTW
model; only a randomized controlled trial may address this
issue, and thus, the results should be carefully interpreted.
Furthermore, model misspecification is unable to be con-
firmed and would be a limitation of our study. In addition,
Cox-MSM is unable to incorporate multiple changes in treat-
ment and only works under the assumption that the same
treatment is continuing [8]. In other words, even if multiple
subsequent therapies were given to the patient, only the first
subsequent therapy was accounted for in our analyses, which
is another limitation of our study.

5 Conclusions

No difference was observed between the treatment effects of
chemotherapy and non-chemotherapy after AAP in patients
with high-risk mCSPC. These findings suggest that choos-
ing any life-extending subsequent therapy will contribute to
improving clinical outcomes in patients treated with AAP for
mCSPC who have progressed to mCRPC. Physicians should
choose the most appropriate treatment for these patients
based on the patient’s condition and preferences.
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