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a b s t r a c t

Background: The CHAARTED and LATITUDE trials demonstrated a survival benefit of docetaxel and
abiraterone for hormone-sensitive prostate cancer. In this study, we examined the impact of the risk
stratification criteria used in the CHAARTED and LATITUDE trials on the prognosis of castration-resistant
prostate cancer (CRPC). We also tested whether these risk stratification criteria could help in selecting
effective initial treatment for CRPC.
Method: Japanese patients with CRPC who were treated with docetaxel or androgen receptor pathway
inhibitors such as abiraterone acetate or enzalutamide between 2014 and 2018 were included in this
study. Clinicopathological factors, progression-free survival, and overall survival were investigated.
Results: Of 215 patients, 110 men (51.2%) and 93 men (43.3%) were grouped as high volume by
CHAARTED criteria and high risk by LATITUDE criteria, respectively. Median progression-free survival
was 10.3/4.5 months (P < 0.0001) for low/high volume (CHAARTED criteria) and 9.9/4.8 months
(P ¼ 0.0032) for low/high risk (LATITUDE criteria). The median overall survival was 44.8/17.4 months
(P < 0.0001) for low/high volume (CHAARTED criteria) and 37.4/17.4 months (P ¼ 0.0011) for low/high
risk (LATITUDE criteria). The prognostic impact of CHAARTED and LATITUDE criteria was comparable
between androgen receptor pathway inhibitors and docetaxel as first-line treatment for CRPC.
Conclusion: The CHAARTED and LATITUDE criteria were prognostic, but not useful to discriminate the
therapeutic outcome between androgen receptor pathway inhibitors and docetaxel for CRPC.
© 2022 Asian Pacific Prostate Society. Publishing services by Elsevier B.V. This is an open access article

under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Androgen-deprivation therapy (ADT), which suppress androgen
production and inhibits androgen activity, has been the standard
treatment for recurrent or advanced prostate cancer since 1941.1

However, most recurrent and advanced prostate cancers are not
cured by ADT and relapse as metastatic castration-resistant pros-
tate cancer (CRPC).2 Docetaxel and androgen receptor pathway
inhibitors (ARPIs), such as abiraterone acetate and enzalutamide,
are first-line agents for CRPC and prolong survival.3e7 Therefore,
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docetaxel chemotherapy and ARPIs have become one of the stan-
dard treatments for metastatic CRPC.8

Interestingly, in metastatic hormone-sensitive prostate cancer
(HSPC), the survival benefits of these therapies may vary depending
on tumor aggressiveness, tumor burden, and tumor spread. In the
CHAARTED trial, up-front docetaxel chemotherapy combined with
ADT showed a significant survival benefit in the high-volume group
(defined as having visceral metastases, or 4 or more bone metas-
tases beyond the spine and pelvis), but not yet in the low-volume
group.9 Similarly, in the LATITUDE trial, there was a significant
survival benefit in the high-risk group (defined as having at least
two of [a] Gleason score of 8 or higher, [b] bone metastases of 3 or
more, or [c] visceral metastases) when treated with up-front abir-
aterone acetate.10
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Table 1
Patients' characteristics

All (n ¼ 215)

Median age, years (IQR) 74 (69e81)
Median PSA, ng/mL (IQR) 15.7 (6.3e62.9)
Median time to CRPC, months (IQR) 15.6 (8.0e29.1)
Gleason score, n (%)
� 8 72 (33.4%)
> 8 137 (65.6%)
Not available 6

Prior local treatment, n (%)
Absence 146 (67.9%)
Presence 69 (32.1%)
Surgery 26 (12.1%)
Radiation 43 (20.0%)

Bone metastasis, n (%)
Presence 152 (70.7%)
Absence 63 (29.3%)

Visceral metastasis, n (%)
Presence 19 (8.8%)
Absence 196 (91.2%)

CHAARTED criteria, n (%)
Low volume 105 (48.8%)
High volume 110 (51.2%)

LATITUDE criteria, n (%)
Low risk 115 (55.3%)
High risk 93 (44.7%)
Not available 7

First-line treatment for CRPC, n (%)
Androgen receptor pathway inhibitor 162 (75.4%)
Abiraterone 57 (26.5%)
Enzalutamide 105 (48.8%)

Docetaxel 53 (24.7%)

CRPC, castration-resistant prostate cancer; IQR, interquartile range; PSA, prostate-
specific antigen.
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These criteria have also been reported to be prognostic factors
for HSPC patients treated with ADT.11 On the other hand, it has been
reported that risk classification by CHAARTED criteria at the time of
initial diagnosis of HSPC is not significantly associated with overall
survival (OS) after CRPC progression.12 However, the prognosis of
CRPC stratified by these criteria at the time of diagnosis of CRPC has
not been shown. Therefore, we investigated whether the LATITUDE
and CHAARTED criteria at the time of CRPC diagnosis could be
prognostic factors in the primary treatment of CRPC. We also
investigated whether these criteria could be predictors of response
to treatment with ARPI or docetaxel for CRPC.

2. Materials and methods

2.1. Patients

In this study, Japanese men who received primary treatment
with ARPI (abiraterone acetate or enzalutamide) or docetaxel for
CRPC at Kyushu University Hospital (Fukuoka, Japan) and Har-
asanshin Hospital (Fukuoka, Japan) from May 2014 to December
2018 were retrospectively enrolled. The study was approved by the
respective institutional review boards. All patients were histo-
pathologically diagnosed with adenocarcinoma of the prostate and
underwent ADT. Clinical stage was determined using the uniform
TNM criteria based on the results of digital rectal examination,
transrectal ultrasonography, magnetic resonance imaging,
computed tomography, and bone scintigraphy.13 CRPC was diag-
nosed in patients with increased prostate-specific antigen (PSA)
levels (> 2 ng/mL and 25% increase) and/or radiographic progres-
sion despite ADT by the physician's judgment.14

2.2. Treatment

ARPI with either abiraterone (1,000 mg/day) and prednisolone
(10 mg/day), or enzalutamide (160 mg/day) was administered as
reported previously.4e7 Docetaxel was administered using a 3- or 4-
weekly (70e75 mg/m2) regimen as reported previously.15,16 During
treatment with ARPI or docetaxel, castration status was maintained
by surgical or continuous medical castration with a luteinizing
hormone-releasing hormone agonist (goserelin acetate or leu-
prorelin acetate) or antagonist (degarelix acetate). Treatment with
ARPI or docetaxel was continued at the physician's discretion based
on disease progression, adverse events, or patient refusal.

2.3. Endpoints

Risk stratification was assessed at the time of diagnosis of CRPC
according to the criteria used in the CHAARTED and LATITUDE
trials. Disease progression was assessed by PSA increase of > 2 ng/
mL and 50% increase over the nadir, or radiographic progression
defined as the appearance of two new lesions or progression of one
or more known lesions, as classified by the response evaluation
criteria in solid tumors (RECIST).14

2.4. Statistical analysis

All statistical analyses were performed using JMP14 software
(SAS Institute, Cary, NC, USA). Continuous and categorical datawere
compared by Wilcoxon's rank sum and Pearson's chi-square test,
respectively. Survival analysis was performed using the
KaplaneMeier method and the log-rank test. Cox proportional
hazards model was used to estimate the hazard ratio (HR). Differ-
ences in the prognostic impact of subgroups were examined by
interaction tests. All tests were two-sided, and P < 0.05 was
considered significant.
3. Results

A summary of the characteristics in 215 patients is shown in
Table 1. The median age of the patients was 74 years (interquartile
range [IQR], 69e81 years), and the median PSA at the onset of CRPC
was 15.7 ng/ml (IQR, 6.3e62.9 ng/ml). Forty-five patients (20.9%)
were non-metastatic at CRPC. When classified using the risk
stratification of the CHAARTED and LATITUDE studies, 110 patients
(51.2%) and 93 patients (43.3%) were judged to be high volume by
the CHAARTED criteria and high risk by the LATITUDE criteria,
respectively. About two-thirds of the patients had a Gleason score
of 8 or higher, and most had bone metastases, but less than one in
ten had visceral metastases. The median time from first treatment
to CRPC was 15.6 months (IQR, 8.0e29.1 months). As primary
treatment for CRPC, 162 men received ARPI [abiraterone in 57 pa-
tients (26.5%); enzalutamide in 105 patients (48.8%)] while 53 pa-
tients (24.7%) were treatedwith docetaxel. During amedian follow-
up of 19.3 months (IQR, 8.8e32.5 months), 177 patients (82.3%)
experienced disease progression, and 120 patients (55.8%) died
from any cause.

The median PFS and OS were 7.0 months (95% confidence in-
terval [CI], 5.3e8.8 months) and 28.3 months (95% CI,
22.5e32.5 months), respectively. When patients were divided into
two groups according to the CHAARTED criteria, the median PFS
was 10.3 months (95% CI, 7.8e15.7 months) in the low-volume
group and 4.5 months (95% CI, 3.3e6.2 months) in the high-
volume group (Fig. 1A). The median OS was 44.8 months (95% CI,
27.5e66.0 months) in the low-volume group and 17.4 months (95%
CI, 13.8e27.5 months) in the high-volume group (Fig. 1B). Similarly,
according to the LATITUDE criteria, the median PFS was 9.9 months
(95% CI, 7.0e12.2 months) in the low-risk group and 4.8 months
(95% CI, 3.4e7.1 months) in the high-risk group (Fig. 1C). The me-
dian OSwas 37.4months (95% CI, 27.0e50.1months) in the low-risk



Fig. 1. Progression-free survival (PFS) and overall survival (OS) in patients stratified by CHAARTED/LATITUDE criteria. (A) and (B) KaplaneMeier survival curves of PFS (A) and OS (B)
when stratified by CHAARTED criteria. (C) and (D) KaplaneMeier survival curves of PFS (C) and OS (D) when stratified by LATITUDE criteria.
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group and 17.4 months (95% CI, 13.8e28.3 months) in the high-risk
group (Fig. 1D).

In univariate analysis, higher PSA, > 3 bone metastases, and the
use of docetaxel as primary treatment for CRPC, as well as high
volume according to the CHAARTED criteria and high risk according
to the LATITUDE criteria, were significantly associated with shorter
PFS (Table 2). Multivariate analysis showed that both CHAARTED
Table 2
Associations between parameters and progression-free survival

Variable Univariate

HR 95% CI P value

Pretreatment age (per 10 years) 1.10 0.91e1.33 0.32
Pretreatment PSA (per 100 ng/mL) 1.02 1.00e1.03 0.0090*
Time to CRPC (per 12 months) 0.95 0.89e1.01 0.12
Gleason score
� 8 ref e e

> 8 1.06 0.77e1.46 0.71
Prior local treatment
Absence ref e e

Presence 0.85 0.62e1.18 0.33
Number of bone metastasis
� 3 ref e e

> 3 1.84 1.36e2.49 <0.0001*
Viscetal metastasis
Absence ref e e

Presence 1.56 0.91e2.65 0.10
First-line treatment for CRPC
Androgen receptor pathway inhibitor ref e e

Docetaxel 1.90 1.36e2.67 0.0002*
CHAARTED criteria
Low volume ref e e

High volume 1.89 1.39e2.57 <0.0001*
LATITUDE criteria
Low risk ref e e

High risk 1.58 1.16e2.14 0.0036*

CI, confidence interval; CRPC, castration-resistant prostate cancer; HR, hazard ratio; PSA
* Statistically significant.
and LATITUDE criteria were significant prognostic factors for PFS
(Table 2). In univariate analysis, older age, higher PSA, shorter time
to CRPC onset, no prior local treatment, >3 bone metastases,
visceral metastasis, and docetaxel as first-line treatment for CRPC,
as well as high volume according to the CHAARTED criteria and
high risk according to the LATITUDE criteria, were significantly
associated with shorter OS (Table 3). In multivariate analysis, the
Multivariate (CHAARTED) Multivariate (LATITUDE)

HR 95% CI P value HR 95% CI P value

1.27 1.04e1.57 0.022* 1.27 1.04e1.56 0.021*
1.02 1.01e1.03 0.040* 1.02 1.00e1.04 0.024*
0.98 0.92e1.05 0.58 0.98 0.92e1.04 0.48

ref e e

1.12 0.80e1.55 0.52

ref e e ref e e

1.22 0.85e1.74 0.28 1.15 0.80e1.64 0.45

ref e e ref e e

1.71 1.18e2.48 0.048* 1.81 1.25e2.62 0.0017*

ref e e

1.78 1.25e2.52 0.0012*

ref e e

1.48 1.04e2.10 0.030*

, prostate-specific antigen.



Table 3
Associations between parameters and overall survival

Variable Univariate Multivariate (CHAARTED) Multivariate (LATITUDE)

HR 95% CI P value HR 95% CI P value HR 95% CI P value

Pretreatment age (per 10 years) 1.40 1.10e1.79 0.0072* 1.80 1.36e2.38 < 0.0001* 1.77 1.35e2.34 < 0.0001*
Pretreatment PSA (per 100 ng/ml) 1.03 1.00e1.05 0.0055* 1.02 1.00e1.05 0.053 1.03 1.00e1.05 0.033*
Time to CRPC (per 12 months) 0.89 0.81e0.97 0.014* 0.96 0.87e1.05 0.38 0.95 0.87e1.04 0.30
Gleason score
� 8 ref e e ref e e

> 8 1.19 0.81e1.76 0.37 1.23 0.82e1.85 0.32
Prior local treatment
Absence ref e e ref e e ref e e

Presence 0.57 0.37e0.86 0.0081* 0.84 0.53e1.33 0.46 0.80 0.50e1.27 0.35
Number of bone metastasis
� 3 ref e e

> 3 2.03 1.41e2.93 0.0001*
Viscetal metastasis
Absence ref e e

Presence 1.84 1.01e3.36 0.045*
First-line treatment for CRPC
Androgen receptor pathway inhibitor ref e e ref e e ref e e

Docetaxel 2.07 1.41e3.04 0.0002* 1.98 1.29e3.02 0.0016* 2.06 1.35e316 0.0008*
CHAARTED criteria
Low volume ref e e ref e e

High volume 2.13 1.47e3.09 <0.0001* 1.77 1.16e2.71 0.0084*
LATITUDE criteria
Low risk ref e e ref e e

High risk 1.83 1.27e2.65 0.0013* 1.49 0.97e2.30 0.068

CI, confidence interval; CRPC, castration-resistant prostate cancer; HR, hazard ratio; PSA, prostate-specific antigen.
* Statistically significant.
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CHAARTED criteria was a significant prognostic factor for OS, while
the LATITUDE criteria did not show statistical significance (Table 3).

We then assessed the prognostic impact of the CHAARTED and
LATITUDE criteria by therapeutic agent as primary treatment for
CRPC. In the low-volume by the CHAARTED criteria, 91 patients
were treated with ARPI and 14 patients with docetaxel while in the
high-volume group, 71 patients were treated with ARPI and 39
patients with docetaxel. In low/high volume disease, the median
PFSwas 11.0/6.2months (95% CI, 7.8e20.0/3.7e8.7months) by ARPI
and 7.8/3.4 months (95% CI, 0.9e10.5/1.8e4.5 months) by docetaxel
(Fig. 2A). In low/high volume disease, median OS was 45.6/
29.2 months (95% CI, 30.1e66.0/15.4e32.6 months) by ARPI and
24.3/14.6 months (95% CI, 6.8 monthsenot reached/
7.0e18.6 months) by docetaxel (Fig. 2B).

Similarly, in the low-risk group according to the LATITUDE
criteria, 99 patients received ARPI and 16 received docetaxel; in the
high-volume group, 59 patients received ARPI and 34 received
docetaxel. For low/high risk disease, the median PFS was 10.1/
6.3 months (95% CI: 7.0e15.2/3.9e9.4 months) in the ARPI group
and 7.8/3.1 months (95% CI: 0.9e12.2/1.8e4.6 months) in the
docetaxel group (Fig. 2C). In low/high risk disease, the median OS
was 44.8/29.2 months (95% CI, 27.5e55.9/16.0e32.6 months) in the
ARPI group and 24.3/11.2 months (95% CI, 18.6 monthsenot
reached/6.3e17.4 months) in the docetaxel group (Fig. 2D).

Finally, we analyzed the different effects of the CHAARTED and
LATITUDE criteria on the clinical outcomes between ARPI and
docetaxel. Regarding PFS, the HR favored ARPI over docetaxel in
both low- and high-volume diseases by CHAARTED criteria, and
both low- and high-risk disease by LATITUDE criteria (Fig. 3A).
Similarly, the HR for OS favored ARPI compared to docetaxel in both
low- and high-volume diseases by CHAARTED criteria, and both
low- and high-risk disease by LATITUDE criteria (Fig. 3B). Consis-
tently, P-value for interaction test showed no statistical signifi-
cance, indicating the CHAARTED and LATITUDE criteria did not
discriminate therapeutic effect between ARPI and docetaxel.
4. Discussion

In metastatic HSPC, CHAARTED and LATITUDE criteria have
shown excellent risk stratification.9,11,17e20 Our study showed that
both criteria at the diagnosis of CRPC were prognostic factors,
suggesting that these prognostic criteria apply to CRPC. Interest-
ingly, the CHAARTED criteria was shown to be an independent
prognostic factor for both PFS and OS, while the LATITUDE criteria
was shown to be an independent prognostic factor only for PFS. As
shown in this study, biopsy Gleason score at initial diagnosis is not a
prognostic factor when disease progressed to CRPC. This difference
may be derived from the fact that the LATITUDE criteria used
Gleason score as one of 3 risk parameters. Taken together, these
findings suggested that the CHAARTED criteria is more suitable as a
prognostic factor in CRPC compared to the LATITUDE criteria.

So far, several risk classifications in CRPC have been reported.21

Armstrong et al. used data from the TAX327 trial to construct a risk
model consisting of 11 factors that predicted OS in men treated
with docetaxel chemotherapy.22 Halabi et al. used data from the
TROPIC trial to create a nine-parameter risk model for patients who
received second-line chemotherapy.23 In addition, Chi et al. pro-
posed a risk model with 6 predictors in patients treated with
abiraterone acetate after docetaxel using the COU-AA-301 trial.24 In
those risk models, parameters such as pain, performance status,
serum markers (PSA, hemoglobin, alkaline phosphatase, lactate
dehydrogenase, and albumin), tumor grade, metastatic sites, and
disease kinetics were utilized. Although these risk classification
models have been validated by different cohorts, many parameters
to estimate the risk are required in these models.25e27 The advan-
tage of the LATITUDE and CHAARTED criteria is that they require
relatively few factors for evaluation. Also, these criteria showed
consistent prognostic values when treated with ARPI and docetaxel
as first-line treatments for CRPC.

Currently, ARPI and docetaxel are recommended first-line
treatments for CRPC. Yamamoto et al. compared docetaxel and



Fig. 2. Progression-free survival (PFS) and overall survival (OS) in patients stratified by CHAARTED/LATITUDE criteria and androgen receptor pathway inhibitor (ARPI) or docetaxel
as first-line treatment for CRPC. (A) and (B) KaplaneMeier survival curves of PFS (A) and OS (B) when stratified by CHAARTED criteria and first-line treatment for castration-resistant
prostate cancer. (C) and (D) KaplaneMeier survival curves of PFS (C) and OS (D) when stratified by LATITUDE criteria and first-line treatment for castration-resistant prostate cancer.
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Fig. 3. Subgroup analysis on progression-free survival (PFS) and overall survival (OS). (A) and (B) Hazard ratio with 95% confidence interval for PFS (A) and OS (B) in each subgroup
when treated with androgen receptor pathway inhibitor (ARPI) or docetaxel. P-values for hazard ratio and interaction test are provided.

Prostate International 10 (2022) 7e1312
ARPI as first-line treatments for CRPC by propensity-score match-
ing.28 They analyzed 234 patients and reported that ARPI had a
longer OS for CRPC patients compared to docetaxel. On the other
hand, Sonpavde et al. similarly examined OS with docetaxel and
ARPI as first-line therapy in 1445 patients with metastatic CRPC,
and found OS was similar for first-line chemotherapy compared to
ARPI.29 Thus, there is no consensus on the superiority of first-line
treatment for CRPC. Then, a biomarker to choose ARPI and doce-
taxel is needed. In HSPC, the CHAARTED criteria have been sug-
gested to be a useful factor in choosing ARPI and docetaxel.30
Accordingly, this study investigated whether there is a difference
in the therapeutic effect of ARPI and docetaxel in two groups
divided by the CHAARTED and LATITUDE criteria, and found no
differential impact of the CHAARTED and LATITUDE criteria in
treatment with ARPI or docetaxel chemotherapy. Therefore, further
investigations are warranted to determine a useful biomarker for
treatment selection.

This study has several limitations. The design was retrospective
and the sample size was small. It was up to the physician's
discretion to decide whether to use docetaxel or ARPI after the
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diagnosis of CRPC, which may lead to bias. In addition, the second
and subsequent treatments were not defined, and it may have
affected the OS. These limit our ability to draw definitive
conclusions.

For the first time, this study indicated that risk stratification by
the LATITUDE as well as CHAARTED criteria in CRPC is prognostic of
disease progression and OS. However, those criteriawere not useful
in choosing treatment using ARPI or docetaxel.
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