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Abstract

Background Our specific aim was to investigate the prognostic value of effective duration of first androgen deprivation
therapy (ADT) and to evaluate the clinical impact on early docetaxel administration with oncological outcomes in castration-
resistant prostate cancer (CRPC) patients treated with docetaxel.

Methods We identified 148 mCRPC patients who were treated with 75 mg/m? docetaxel. We defined 16 months as the
threshold for the effective duration of ADT, and defined 12 months as the cut-off time for starting docetaxel from the onset
of CRPC. Univariate and multivariate analyses were conducted to investigate the prognostic indicators that influenced the
survival outcomes.

Results Overall, 81 (54.7%) patients died. The median 1st ADT response was 22.2 months and the median time interval
from CRPC onset to docetaxel treatment was 11.7 months. Multivariate analysis indicated that visceral metastasis, bone
metastasis extent of disease (EOD) > 2, and effective duration of ADT < 16 months were the independent prognostic indica-
tors for progression-free survival (PES). Referring to cancer-specific survival (CSS), besides visceral metastasis and effective
duration of ADT < 16 months, late docetaxel treatment > 12 months became as the predictors for poor prognosis. Among
the ADT poor-responder group (ADT < 16 months), Kaplan—Meier method showed that 1-year and 2-year CSS rates were
96.0% and 80.0% in the patients who introduced docetaxel in early setting (< 12 months), which were significantly higher
than those who introduced in late settings (93.6% and 30.8%, respectively, p <0.001).

Conclusion CRPC patients who had poor response during 1st ADT would obtain survival benefit by introducing docetaxel
treatment in early stage.
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Introduction

In patients with advanced prostate cancer, it is of key impor-
tance to select appropriate therapeutic agents from amongst
the evolving treatment options for controlling inevitable
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bone targeting alpha emitter radium-223 [7] have all been
introduced as alternative treatment options for metastatic
CRPC (mCRPC), but the treatment efficacy is still limited
for highly advanced CRPC men and eventually progress to
cancer death.

Thus, every three-week docetaxel plus predonisone is still
positioned as the first-line chemotherapy for obtaining the
clinical benefit in CRPC. To consider appropriate docetaxel
introduction for CRPC, several known prognostic models
have been identified; including baseline prostate-specific
antigen (PSA), lactate dehydrogenase (LDH), alkaline
phosphatase (ALP), hemoglobin level, neutrophil lympho-
cyte ratio (NLR), absolute monocyte count (AMC), perfor-
mance status (PS), presence of visceral or liver metastases,
Gleason Score, clinical pain, albumin, and circulating tumor
enumeration [8—11]. Although numerous prognostic factors
have been reported, these literatures do not set a course for
recommending who to use docetaxel for first-line treatment
after the onset of being castration resistant.

Based upon this scenario, some investigators have
focused on the duration of response to 1st ADT for predict-
ing oncologic outcomes for CRPC patients who were treated
with docetaxel [12]. Moreover, one literature also reported
that effective duration of ADT was the strongest parameter
for determining the cancer-specific survival (CSS) in CRPC
patients who were treated with abiraterone acetate [13, 14].
However, there is scarce information about when to decide
in exact timing for selecting docetaxel therapy to obtain the
best clinical benefit per individual after 1st ADT failure.
Since the implication of the response duration during ADT
has not been fully characterized, we conducted a retrospec-
tive analysis of CRPC patients who were treated with first-
line docetaxel to determine whether or not the duration of
the response to 1st ADT and time to start docetaxel affected
further clinical and survival outcomes.

Our specific aim in this study was to investigate the cor-
relation of the prognostic value of effective duration of 1st
ADT and the clinical impact on the timing of docetaxel
administration with oncological outcomes in CRPC men
treated with docetaxel.

Materials and methods

This study was approved by the Institutional Review Board
in Keio University Hospital. Between April 2007 and March
2014, before approval of new AR-targeting drugs in Japan,
we identified total of 148 patients who were diagnosed with
metastatic CRPC (mCRPC) and were treated with first-
line docetaxel. All patients were histologically confirmed
as having adenocarcinoma of the prostate with clinical or
radiological evidence of metastatic disease, and showed dis-
ease progression during 1st ADT. The duration response to

ADT was defined as the time between the start date of first
hormonal therapy, including luteinizing hormone releasing
hormone (LH-RH) analog, anti-androgen, or both, and the
date with first evidence of disease progression (biochemi-
cal or radiological). We defined the lowest serum PSA level
during ADT as PSA nadir. PSA doubling time (PSADT)
was also measured as an indication for tumor aggressiveness
during ADT.

CRPC was defined as a disease that progresses on ADT
despite castrate serum testosterone levels (50 ng/mL) and
may present as either a continuous rise in serum PSA levels,
progression of pre-existing disease, or appearance of new
metastases [15]. We also calculated the duration from the
time the patient was diagnosed with CRPC to the primary
date of docetaxel treatment. During this period, patients
were mainly treated using an alternative antiandrogen ther-
apy, corticosteroids, which lead to antiandrogen-withdrawal
syndrome, or closely observed by evaluating PSA level.

All patients received first-line docetaxel 75 mg/m? admin-
istered intravenously on day 1 of each treatment cycle. No
prior chemotherapy regimens or androgen receptor (AR) tar-
geting agents were administered before docetaxel treatment.
Objective data from the day before administration of the
primary docetaxel treatment were collected retrospectively,
including patient background, pertinent laboratory values,
and radiological findings. For bone scan results, the num-
ber or extent of metastases were divided into five extent of
disease (EOD) grades.

Progression-free survival (PFS) was defined as the time
from docetaxel to any disease progression, such as an
increase in PSA value >25% relative to the pretreatment
PSA value or radiological progression according to the
Response Evaluation Criteria In Solid Tumors (RECIST)
guidelines [16]. To minimize the time-leading bias, CSS was
defined as the time from the first diagnosis of CRPC to the
date of death related to prostate cancer.

Statistical analysis

The Kaplan—Meier (KM) method was used to estimate
event-time distributions of PFS and CSS using the log rank
test to assess significance. Univariate Cox regression models
were used to adjust for potential confounders in predicting
PFS and CSS. For all continuous variables, we conducted
receiver operating characteristic (ROC) analysis to explore
the optimal cut-off points and determined the most appropri-
ate amounts as categorical parameters so as to adapt them
for univariate and multivariate analyses. After performing
ROC analysis, we defined 16 months as the threshold for
the effective duration of ADT and 12 months as the time
interval for starting docetaxel from the onset of CRPC as
the optimal cut-off point (duration of ADT; area under curve
[AUC] 0.701, p<0.001, time to start of docetaxel; AUC
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0.667, p=0.001). Categorical variables, including clini-
cal pathological parameters were assessed in multivariate
models using a Cox proportional hazard regression model
with a stepwise forward selection method. For all statisti-
cal analyses, tests were two-sided, and a p value < 0.05 was
considered to indicate statistical significance. Our study was
based upon the statistical Package of Social Sciences version
22.0 (SPSS, Chicago, Illinois, USA).

Results
Baseline characteristics

The baseline characteristic of the study cohort is shown
in Table 1. The median age was 75 (52-95) years and the
median follow-up period was 48.0 (3.3-94.9) months.
Among the whole population, 89 (60.1%) patients were
able to continue ADT for longer than 16 months, whereas
59 (39.9%) patients were unable to continue first ADT for
16 months. The median number of cycles of docetaxel
treatment was 9 (3—46). According to the pathological
findings, 55 (37.2%) patients were diagnosed with a Glea-
son Score >9, classified as group 5. Bone metastasis was
detected in 99 (66.9%) patients, and 63 (42.6%) patients
were diagnosed with an EOD score > 2. In assessing lymph
node/distant metastasis, 34 (23.0%) patients were found
to have lymph node metastasis, whereas visceral metasta-
ses were detected in 31 (20.9%) patients. After first ADT
began, 68 (45.9%) patients reached a PSA nadir <0.2 ng/
mL. The median duration of ADT was 22.2 (7.0-63.6)
months. Moreover, the median time to the start of docetaxel
treatment from CRPC onset was 11.7 (0.1-60.9) months.
Overall, 81 (54.7%) patients died from CRPC. The median
values of PFS and CSS were 16.7 (2.4-84.1) months and
28.8 (3.3-94.9) months, respectively.

The association between 1st ADT response and PFS
(from the start of docetaxel), and CSS (from
diagnosis of CRPC)

Table 2 indicates the result of the univariate and multi-
variate analyses with regard to PFS. From the univariate
analysis, nadir PSA during ADT > 0.2 ng/mL, PSA dou-
bling time < 6 months, EOD score > 2, visceral metastasis,
effective duration of ADT < 16 months, PSA before doc-
etaxel >20 ng/mL, Hb < 10 mg/dL, and ALP >279 U/L were
significantly associated with shorter PFS. The multivariate
analysis revealed that EOD score >2 (HR=1.84, p=0.011),
visceral metastasis (HR =1.72, p=0.037), and duration of
ADT response < 16 months (HR =2.54, p <0.001) were the
independent prognostic indicators for PFS.
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Table 1 Patient characteristics

ADT>16 months ADT <16 months Total p value
n=289 (%) n=59 (%)
Age
>75 42 (47.2) 15 (25.4) 57 (38.5) 0.006
<75 47 (52.8) 44 (74.6) 91 (61.5)
ECOG-PS
0,1 61 (68.5) 45 (76.3) 106 (71.6) 0.183
2 28 (31.5) 14 (23.7) 42 (28.4)
Gleason Score
>9 26 (29.2) 29 (49.2) 55(37.2) 0.011
<9 63 (70.8) 30 (50.8) 93 (62.8)
Bone metastasis
Yes 50 (56.1) 49 (83.1) 99 (66.9) 0.001
No 39 (33.9) 10 (16.9) 49 (33.1)
EOD score
>2 26 (29.2) 37 (62.7) 63 (42.6) <0.001
<2 63 (70.8) 22 (37.3) 85(57.4)
Visceral metastases
Yes 13 (14.6) 18 (30.5) 31(20.9) 0.058
No 76 (85.4) 41 (69.5) 117 (79.1)
Lymph node metastasis
Yes 14 (15.7) 20 (33.9) 34 (23.0) 0.079
No 75 (84.3) 39 (66.1) 114 (77.0)
PSA nadir during first ADT
>0.2 34382 46 (78.0) 80 (54.1) <0.001
<0.2 55(61.8) 13 (22.0) 68 (45.9)

PSA doubling time (months)
6 < 36 (40.4) 23 (38.9)
6> 53 (59.6) 36 (61.1)
PSA before docetaxel (ng/mL)

59(39.9) 0.030
89 (60.1)

20> 40 (44.9) 44 (74.6) 84 (56.8) 0.010
20< 49 (55.1) 15 (25.4) 64 (43.2)
Hb (mg/dL)
10 < 5(5.6) 9 (15.3) 14 (9.5) 0.148
10> 84 (94.4) 50 (84.7) 134 (90.5)
ALP (U/L)
279 > 32(35.9) 34 (57.6) 66 (44.5) 0.090
279 < 57 (64.1) 25 (42.4) 81 (55.5)
Cancer-related death
Yes 34 (38.2) 47 (79.7) 81 (54.7) <0.001
No 55 (61.8) 12 (20.3) 67 (45.3)

ECOG-PS Eastern Cooperative Oncology Group-Performance Status,
EOD extent of disease, PSA prostate-specific antigen, ADT androgen
deprivation therapy, CRPC castration-resistant prostate cancer, PFS
progression-free survival, CSS cancer-specific survival

Referring to CSS, nadir PSA during ADT >0.2 ng/mL,
PSA doubling time < 6 months, EOD score > 2, visceral
metastasis, effective duration of ADT < 16 months, long
time interval to start docetaxel > 12 months, PSA before
docetaxel > 20 ng/mL, Hb < 10 mg/dL, and ALP >279 U/L
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Table 2 Rest}lts of univ.ar iate Univariate analysis Multivariate analysis
and multivariate analysis
influencing PFS HR 95% CI p value HR 95% C1 p value
Age
75 > 1.28 0.87-1.82 0.232
75 <
PS
2 1.07 0.68-1.66 0.768
0,1
Gleason Score
9> 1.31 0.87-1.63 0.196
9<
Nadir PSA during first ADT (ng/mL)
<0.2 1.75 1.09-2.43 0.016
>0.2
PSA doubling time (months)
6 < 1.69 1.05-2.66 0.023
6>
Bone involvement
EOD 2 > 1.88 1.27-2.77 0.002 1.84 1.15-2.94 0.011
EOD 2 <
Visceral metastasis
Yes 2.50 1.57-3.97 <0.001 1.72 1.04-2.87 0.037
No
Duration of ADT (months)
16 < 3.56 2.36-5.36 <0.001 2.54 1.60—4.02 <0.001
16 >
Time to start docetaxel (months)
12> 1.22 0.81-1.81 0.338
12 <
PSA before docetaxel (ng/mL)
20 > 2.27 1.49-3.45 <0.001
20 <
Hb (mg/dL)
10 < 2.16 1.14-4.09 0.001
10 >
ALP (U/L)
279 > 1.48 0.99-2.20 0.001
279 <

PS performance status, EOD extent of disease, ADT androgen deprivation therapy, PSA prostate specific
antigen, Hb hemoglobin, ALP alkaline phosphatase

showed significant association with poor CSS. According
to the multivariate analysis, visceral metastasis (HR =2.97,
p <0.001), effective duration of ADT <16 months
(HR=2.64, p<0.001), time interval to start doc-
etaxel > 12 months (HR =1.70, p=0.022), and PSA before
docetaxel > 20 ng/mL (HR=2.15, p=0.004) were shown
to be the independent prognostic factors for CSS (Table 3).

Figures 1 and 2 illustrate the survival differences
of PFS and CSS classified by the effective duration of
ADT. Figure 1 shows the PFS rate compared with ADT

response > 16 months and ADT response < 16 months. These
results indicated that 1- and 2-year PFS rates were 68.1%
and 41.9% in patients who responded for > 16 months,
which was significantly higher than less than those in the
ADT < 16 months(22.0% and 0%, respectively, p=0.024).
According to Fig. 2, the 1- and 2-year CSS rates were 96.6%
and 91.6%, respectively, in patients with an effective dura-
tion of ADT > 16 months, which were significantly higher
than those in the ADT < 16 months group (96.6%, and
54.0%, respectively, p <0.001).
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Table 3 Results of univariate
and multivariate analysis

Univariate analysis

Multivariate analysis

influencing CSS HR 95% CI p value HR 95% CI p value
Age
75 > 1.04 0.59-1.46 0.757 Cont
75 <
PS
2 1.40 0.86-2.27 0.175
0,1
Gleason Score
9> 1.27 0.79-1.95 0.335
9<
Nadir PSA during first ADT (ng/mL)
<02 1.99 1.26-3.14 0.003
>0.2
PSA doubling time (months)
6 < 2.52 1.52-4.16 <0.001
6>
Bone involvement
EOD 2 > 2.12 1.36-3.29 0.001
EOD 2 <
Visceral metastasis
Yes 3.32 1.95-5.62 <0.001 297 1.73-5.10 <0.001
No
Duration of ADT (months)
16 < 3.34 2.13-5.21 <0.001 2.64 1.29-3.61 <0.001
16 >
Time to start docetaxel (months)
12> 2.05 1.05-3.58 0.001 1.70 1.08-2.67 0.022
12 <
PSA before docetaxel (ng/mL)
20 > 2.84 1.71-4.71 <0.001 2.15 1.68-4.17 0.004
20 <
Hb (mg/dL)
10 < 291 1.39-6.13 0.005
10 >
ALP (U/L)
279 > 1.93 1.24-3.00 0.008
279 <

PS performance status, EOD extent of disease, ADT androgen deprivation therapy, PSA prostate-specific
antigen, Hb hemoglobin, ALP alkaline phosphatase

To confirm the clinical value of early docetaxel adminis-
tration, we further conducted a subgroup analysis dividing
the cohort into ADT responder (ADT > 16 months) and poor-
responder (ADT < 16 months) groups. Among the poor-
responder group, multivariate analysis demonstrated that
the presence of visceral metastasis (HR =2.98, p=0.005)
and time interval to the start of docetaxel > 12 months
(HR=2.14, p=0.030) remained as the independent prog-
nostic factors for CSS (Supplemental Table 1). Neither
PSA nadir level nor PSA doubling time had significant
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association for predicting further CSS. In contrast, however,
no significant differences were shown for PFS with time of
onset of docetaxel treatment in the ADT responder group
(Supplemental Table 2).

As shown in Fig. 3a, b, we illustrated KM method clas-
sifying the ADT responder group and ADT poor-responder
group with time interval of docetaxel introduction. The
period of time to starting docetaxel did not show any sur-
vival benefit in the ADT > 16 months group (p=0.322).
However, we found that patients who had poor response in
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1st ADT (ADT < 16 months) significantly showed better
survival by early docetaxel introduction (docetaxel treat-
ment < 12 months from CRPC onset) compared with those
who extended the period from CRPC onset to docetaxel
treatment to more than 12 months (1- and 2-year survival
rates were 96.0% and 80.0%, respectively, whereas the coun-
terpart was 93.6% and 30.8%, respectively, p <0.001).

Discussion

Our study demonstrated that a shorter effective duration of
ADT and longer time interval to the start of docetaxel treat-
ment from CRPC onset resulted in poorer survival outcomes.
Furthermore, our data suggested that CRPC patients who

Fig.3 a Kaplan-Meier estimates of CSS in men with ADT poor-
responded group classified by time interval to the start of docetaxel;
DTX>12 months and DTX <12 months. b Kaplan—-Meier esti-
mates of CSS in men with ADT well responded group classified
by time interval to the start of docetaxel; DTX>12 months and
DTX < 12 months

had poor response on 1st ADT had certain clinical benefit by
early docetaxel introduction. To the best of our knowledge,
this is the first study to identify the clinical value of early
administration of docetaxel for CRPC men who had poor
response on 1st ADT.

We clearly demonstrated the length of the ADT response
significantly influenced survival outcomes in CRPC patients
including PFS and CSS in this study, as previously shown
[14]. The effective duration of ADT also showed the high-
est statistical power compared with well-known prognostic
factors. As previous literature demonstrated, it was sug-
gested that patients who responded poorly to first ADT may
overtake the malignant potential after the patient becomes
castration resistant, which could affect the further thera-
peutic effect of docetaxel treatment [17]. One previous
study explained that a shorter effective period of first ADT
may influence the clinical outcome of docetaxel treatment,
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because taxanes are postulated to have cytotoxic effect on
prostate cancer cells, in part, through their impact on andro-
gen receptor signaling [18]. Taking these evidences into con-
sideration, our data also followed the previous findings that
the treatment response on 1st ADT becomes one of the key
indicators for predicting the treatment response of docetaxel
in CRPC patients.

In this study, however, we found that there was a tendency
that the time to the start of docetaxel strongly correlated
with the further therapeutic efficacy of docetaxel treatment.
Because this study included only pure docetaxel setting for
first-line treatment in CRPC patients, clinicians have chal-
lenged alternative hormonal therapies for controlling PSA
level after ADT failure; such as using alternative androgen
therapy [19], observing PSA for the expected androgen with-
drawal syndrome [20], or continue treating with low-dose
steroid therapy for further disease control [21]. Since these
subsequent therapies were shown to have clinical efficacy to
some extent after 1st ADT, the time to the start of docetaxel
often varied among our cohort. According to the Cox regres-
sion analysis, it revealed that the longer time interval for
docetaxel from CRPC onset resulted in poorer CSS, so we
found that not only the duration of response to 1st ADT but
also the interval to the start of docetaxel strongly need to be
considered as crucial factors for predicting the therapeutic
effect of docetaxel treatment.

In 2015, the randomized controlled study the so-called
CHAARTED trial, emerged to demonstrate the clinical
efficacy of administering docetaxel plus 1st ADT in hor-
mone sensitive metastatic prostate carcinoma [22]. This
novel study indicated that docetaxel was proved to become
the key cytotoxic drug to prolong overall survival even in
hormone naive settings. In particular, they also emphasized
the exceptional value of docetaxel for high-volume diseases,
which was defined as patients with visceral metastases or 4
or more bone metastatic lesions. Although this study was
conducted to hormone sensitive prostate cancer patients, it
suggested that early administration of docetaxel promised
a clinical benefit among patients especially for advanced
prostate carcinoma. Given the trend of introducing docetaxel
treatment in accelerated schedule for prostate cancer men
[23, 24], it may be feasible to take precedence to choose
docetaxel as first treatment option especially for CRPC men
who have aggressive feature.

To confirm the clinical impact of early docetaxel
administration, we further conducted a subgroup analysis
dividing the cohort into ADT responder and non-responder
groups. Among the ADT poor-responded groups, it indi-
cated that early docetaxel administration had certain clini-
cal benefit. This result suggested that early docetaxel usage
could become more beneficial in ADT poor-responder
patients than challenging classical secondary hormonal
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therapies before docetaxel treatment for patients with
early CRPC. Because there were several cases that showed
poor prognosis because of delayed docetaxel administra-
tion over concerns about severe adverse effects [10], the
12 month cut-off of docetaxel may provide useful infor-
mation for clinicians to be aware of when deciding on
primary docetaxel treatment. Given the current treatment
options for patients with CRPC, however, it is a challeng-
ing issue to determine the optimal docetaxel timing among
patients with CRPC who were treated with 1st line AR-
targeting agents. Still, there is no concrete evidence to
support whether 1st line docetaxel is superior to 1st line
AR agents for patients with CRPC [25]. Therefore, further
prospective investigation is warranted to clarify the true
position of docetaxel usage.

We acknowledge several limitations in our study.
First, the study design was retrospective and involved a
relatively small population. Second, we did not include
patients who received intermittent docetaxel treatment,
which may have led to selection bias. Third, data were
not available to allow collection for some known prognos-
tic factors such as symptom level, number of comorbidi-
ties, serum albumin, and C-reactive protein. Last but not
least, the entire population was identified at a time before
the approval of new AR-targeting agents as treatment for
patients with CRPC in Japan, so the study design was
limited to docetaxel treatment only. Therefore, given the
current situation with many more treatment options and
sequential therapies available for patients with CRPC, the
optimal timing of docetaxel usage should be discussed in
light of the current treatment flow. However, the strength
of our study is that the data comprise the real-world out-
comes with 1st line docetaxel in Asian patients with CRPC
analyzed in a relatively homogeneous population.

In conclusion, the treatment response to Ist ADT and
time to the start of docetaxel from CRPC onset could be
considered as key prognostic factors for CRPC patients
treated with docetaxel. For those who had poor response
on ADT, earlier docetaxel treatment may contribute to a
certain survival benefit.
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