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Six cycles of docetaxel in addition to androgen deprivation therapy (ADT) are currently one of the treatment options for 
patients with de novo metastatic hormone-sensitive prostate cancer (mHSPC). Since the outcomes in patients with high-
volume (HV) disease remain modest, we aimed to identify patients for more intensified treatment. We report a cohort of 73 
consecutive patients with de novo mHSPC treated with early docetaxel at the Department of Oncology and Radiotherapy, 
University Hospital of Split, Croatia, from October 2015 until March 2020. The outcomes analyzed were the occurrence 
of castration-resistant disease (CRPC) and death from any cause (OS). The median follow-up was 54 (50-73) months. 
Forty-six (63%) patients developed CRPC and 34 (47%) died during the follow-up. The median time to CRPC and median 
OS were 16.2 and 58.4 months, respectively. The risk of CRPC was higher for patients with high (above median) values of 
serum alkaline phosphatase (ALP) (HR=2.4; 95% CI [1.4–4.5]), lactate dehydrogenase (LDH) (HR=1.98; 95% CI [1.1–3.7]), 
prostate-specific antigen (PSA) (HR=1.8; 95% CI [1.1–3]), ECOG performance status >1 (HR=2; 95% CI [1.2–3.3]) and HV 
disease (HR=1.9; 95% CI [1.1–3.1]). The risk of any-cause death was higher in patients with high values of ALP, LDH, and 
ECOG performance status >1. The predictive value of LDH was independent of disease volume. A set of baseline charac-
teristics could be used in conjunction with disease volume in deciding on the optimal treatment strategy for patients with 
de novo mHSPC.
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Androgen deprivation therapy (ADT) has been the 
backbone of treatment for metastatic prostate cancer (PC) 
since the mid-twentieth century [1]. Despite attempts to 
improve the efficiency of ADT among men with metastatic 
PC by intermittent ADT or by the addition of first-gener-
ation antiandrogens, the duration of sensitivity to ADT is 
usually less than two years, and resistance to ADT occurs in 
most patients [2].

Within the past two decades, we have witnessed that 
the landscape of advanced PC is shifting, primarily based 
on the understanding of the role of the androgen receptor 
(AR) signaling pathway in disease progression. This shift 
translated into improvements in overall survival (OS), first 
for men with metastatic castration-resistant PC (mCRPC) 
and, a few years later, in men with metastatic hormone-
sensitive PC (mHSPC) [3–18]. Despite proven advances in 
the treatment of mCRPC, the survival gain from chemo-
therapy (docetaxel, cabazitaxel), AR-targeted agents (ARTA) 

– abiraterone acetate plus prednisone (AAP) or enzalutamide 
(ENZ), radium-223, or immunotherapy (i.e. Sipuleucel-T) 
was rather limited and ranged from 2.5 to 4.5 months [4–11]. 
A significantly better outcome was achieved when docetaxel 
or ARTA, alone or combined, were administered at an earlier, 
hormone-sensitive stage, presumably to target the cancer cell 
clones resistant to ADT at the earliest opportunity and thus 
delay the castration resistance [12–18].

Given that the spectrum of patients receiving ADT for 
mHSPC is quite broad, clinicians need to know the pattern 
of the disease. Some patients present with synchronous 
metastatic disease (i.e., de novo), and others present with 
metachronous disease (e.g., after previous radical local treat-
ment with curative intent). The largest proportion of patients 
who die from PC is from a pool of patients with synchro-
nous mHSPC, and these patients have a shorter duration of 
hormone sensitivity, worse survival, and potentially different 
benefits from early intensification of treatment compared 
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with those with metachronous disease [19]. Some patients 
with mHSPC have a minimal disease, while others present 
with a widespread disease on conventional imaging modali-
ties. This observation led to the stratification of patients 
according to ‘disease volume’, i.e., high-volume (HV) and 
low-volume (LV) disease [12]. Furthermore, some patients 
with mHSPC are fit and young, and others are old and frail.

ARTA plus ADT is currently the therapy of choice for the 
majority of patients with mHSPC, while docetaxel, alone or 
in combination with ARTA (i.e., triple therapy), is reserved 
for men with suspected more aggressive disease. Neverthe-
less, the choice between the use of docetaxel or ARTA in 
patients with mHSPC could be challenging. First, we lack 
trials that directly compare these treatment options or single-
arm studies that identify the strong predictors of the outcome 
of either treatment aside from disease volume. Second, in a 
health-economically challenging environment, approved 
drugs in the treatment of advanced PC cannot be adequately 
sequenced.

In this study, we evaluated the impact of several morpho-
logical, clinical, and biochemical baseline parameters on the 
outcomes of the first-line docetaxel treatment in patients 
with de novo mHSPC, aiming to help clinicians shape the 
optimal treatment approach for their patients.

Patients and methods

Study design and conduct. This work is a single-center 
cohort study. We analyzed the outcomes of 73 consecutive 
patients with synchronous mHSPC treated with docetaxel in 
addition to ADT at the Department of Oncology and Radio-
therapy, University Hospital of Split, Croatia, from October 
2015 until March 2020. We aimed to identify the characteris-
tics of a patient or a disease that could predict the outcomes 
of the treatment. The research was approved by the Ethics 
Committee of the University Hospital of Split (Approval 
number: 500-03/22-01/140). Written informed consent was 
obtained from all individual participants included in the 
study. The recruitment of patients was stopped approxi-
mately 2 years before the end of the research in December 
2019. The cutoff date was February 1st, 2022.

Therapy. In addition to ADT (LHRH agonist leupro-
lide, administered subcutaneously at 3- or 6-month inter-
vals), the patients received docetaxel at a dose of 75 mg/m2 
intravenously dissolved in 250 cm3 of saline. Premedication 
included 8 mg oral dexamethasone 12 hours, 3 hours, and 1 
hour before the docetaxel infusion. Docetaxel was adminis-
tered as a one-hour infusion every three weeks. The planned 
number of docetaxel cycles was 6. Eighty-eight percent of 
patients received 6 cycles of docetaxel. The time between the 
onset of ADT and docetaxel treatment was within 3 weeks 
in 58 (80 %) patients, median 0 (0–13 days; 95% confidence 
interval (CI)).

Data analyses. Median follow-up (and its 95% CI) was 
assessed from the Kaplan-Meier curve by reverse censoring 

on death, in which survival is considered the event and death 
censoring. The outcomes analyzed were the occurrence of 
castration-resistant disease (CRPC) and death from any 
cause (OS). The CRPC definition was based on biochemical 
and/or clinical progression according to the Prostate Cancer 
Working Group (PCWG) 2 and RECIST 1.1 criteria [20, 
21]. Death was not used as a surrogate of progression. The 
potential predictors analyzed had to have less than 1/3 of the 
missing values and included 5 biochemical and 4 nonbio-
chemical baseline patient/tumor characteristics (Table 1). 
The patients were grouped according to disease volume, 
and assessed radiologically (i.e. by computed tomography 
scan of the lungs, abdomen, and pelvis) or scintigraphically. 
HV disease was assumed in the presence of at least four 
bone metastases, with at least one outside the pelvis and the 
vertebral column, or in the presence of at least one visceral 
metastatic lesion (or both).

The baseline characteristics were compared between the 
subgroups, dichotomized by the disease volume (HV vs. LV), 
or serum lactate dehydrogenase (LDH) (above or below the 
median) by the Mann-Whitney test. The distributions of the 
cumulative probabilities of time-to-event outcomes were 
assessed by the Kaplan-Meier method and compared across 
the subgroups by the log-rank test. The hazard ratios were 
assessed assuming the proportionality of hazards between 
the groups compared. The grouping was according to median 
values of the quantitative predictors, Gleason score (GS) >7 
vs. GS ≤7, and ECOG performance status (PS) = 0 vs. ECOG 
PS 1 or 2. All analyses were run by MedCalc® Statistical 
Software version 20.118 (MedCalc Software Ltd, Ostend, 
Belgium; https://www.medcalc.org; 2022).

Results

Baseline characteristics. The patient age (median 66 
years; range 44–80 years) and ECOG PS (45% of patients 
had ECOG PS >0) were typical for patients with mHSPC. 
The sites of metastases were both bone and lymph nodes in 
42 (57.5%) patients, bone only in 18 (24.7%) patients, and 
lymph nodes only in 7 (9.6%) patients, and the remaining 
6 (8.2%) patients had visceral metastases in addition to 
bone or bone and lymph node metastases. The majority of 
patients (N=49) had HV disease. The disease volume did 
not discriminate the patients according to age, the baseline 
serum levels of LDH and the GS, while the differences in 
neutrophil/lymphocyte ratio (NLR) and hemoglobin (HGB) 
serum concentration were apparent but not significant. In 
contrast, the patients with HV disease had approximately 2 
times higher serum levels of PSA and alkaline phosphatase 
(ALP) and were less fit than the patients with LV disease 
(Table 1).

Overall outcomes. The median follow-up was 54 (50–73) 
months. Forty-six (63%) patients developed CRPC and 34 
(47%) died during the follow-up. The median time to CRPC 
and median OS were 16.2 and 58.4 months, respectively.
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Outcomes according to biochemical predictors. 
A baseline PSA serum level above the median value of 
151 ng/ml predicted a shorter time to the development of 
CRPC (HR=1.8; 95% CI [1.3–3], p=0.02) but was not predic-
tive for OS. Baseline LDH and ALP were both highly predic-
tive of both castrate resistance-free survival (HR=1.98; 95% 
CI [1–3.7]; p=0.036 and HR 2.4; 95% CI [1.4–4.5]; p=0.001, 
respectively) and OS (HR=3.2; 95% CI [1.2–7.9]; p=0.017 and 
HR 2.3; 95% CI [1.1–4.5]; p=0.021, respectively). In partic-
ular, the patients with a serum LDH level above the median 
of 178 U/l had an approximately 3 times higher hazard of 
dying than the patients with a serum LDH level less than 178 
U/l (Table 2 and Figure 1).

Outcomes according to nonbiochemical predictors. 
Compared with the patients with ECOG performance status 
0, the patients with ECOG performance status >0 had a 
median time to castration resistance and OS approximately 
two times shorter (HR=2; 95% CI [1.2–3.3]; p=0.012 and 
HR=3.13; 95% CI [1.5–6.3]; p=0.0016, respectively). GS 
>7 was not predictive of either outcome, while HV disease 
predicted a shorter time to castration resistance but not OS 
(HR=1.9; 95% CI [1.1–3.1]; p=0.014 and HR=1.4; 95% CI 
[0.7–2.8]; p=0.355, respectively) (Table 3 and Figure 2).

The independent effects of LDH. Since LDH serum level 
proved to be the strongest predictor of the study outcomes 
(Figure 1) and independent of disease volume (Table 1), its 
independence from the other predictors was also assessed 
by comparing the respective medians (Cox regression 

could not be used due to sample size limitations). Patient 
age, serum prostate-specific antigen (PSA) and GS did not 
differ according to LDH. However, the patients with LDH 
levels above the median of 178 U/l also had significantly 
higher serum levels of ALP and NLR and were less fit than 
the patients with LDH levels below the median, while their 
serum HGB concentration was apparently but not signifi-
cantly lower.

Subsequent treatment for CRPC. At the time of this 
analysis, 63 patients (86%) received treatment for CRPC, and 
most received either ENZ (33%) or AAP (26%), while eleven 
patients (15%) received chemotherapy (cabazitaxel) as first-
line treatment for mCRPC. One patient received radium-223.

Study strength and limitations. We had a small cohort 
of patients with mHSPC, and the rather long median follow-
up and the considerable number of outcomes investigated 
are relatively high for the single-center study. Consequently, 
we were able to demonstrate both clinically and statistically 
significant associations between the number of biochemical, 
radiological, and other characteristics of a patient and the 
disease with the outcomes of docetaxel treatment. However, 
some comparisons remained inconclusive, and the sample 
sizes were too small to run the multivariate analyses.

Discussion

Evidence has been presented in the last decade that has 
transformed the management of mHSPC. We now have clear 

Table 1. Baseline patient and tumor characteristics and comparisons according to disease volume
All patients High-volume disease

p-value
N=73 yes (N=49) no (N=24)

Quantitative; median(range)
age at diagnosis (years) 66 (44–80) 66 (44–80) 66 (51–77) 0.87
prostate-specific antigen (ng/ml) 151 (3–5000) 185 (3–5000) 97 (4–1200) 0.013
lactate dehydrogenase (U/l); N = 46 179 (102–761) 180 (102–761) 177 (134–273) 0.38
alkaline phosphatase (U/l); N = 70 126 (52–5231) 238 (52–5231) 90 (55–189) <0.0001
neutrophil/lymphocyte ratio 2.03 (0.75–7.5) 2.13 (0.75–7.5) 1.85 (0.84–3.8) 0.34
hemoglobin (g/dl) 138 (79–168) 137 (79–168) 142 (100–167) 0.20

Qualitative; N (%)
Gleason score 

0.317 14 (19) 11 (22) 3 (12)
>7 59 (81) 38 (78) 21 (88)

ECOG performance status 

0.012
0 40 (55) 21 (43) 19
1 31 (42) 26 (53) 5 (21)
2 2 (3) 2 (4) 0

Site of metastases

0.02
lymph nodes only 7 0 (0) 7 (29)
bone only 18 16 (33) 2 (8)
bone+lymph nodes 42 27 (55) 15 (63)
bone+lymph nodes+visceral 6 6 (12) 0 (0)

high-volume disease: the presence of ≥4 bone metastases, out of which at least one is out of the pelvis and the vertebral column, or the presence of at least 
one visceral metastatic lesion
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with mHSPC is mainly based on the disease volume criteria 
according to the CHAARTED trial and the time of onset of 
metastatic disease [12, 26]. The prognosis and selection of 
treatment for patients with mHSPC according to the criteria 
from the LATITUDE trial (i.e., low vs. high risk) is less often 
used [27]. Moreover, recommendations on the optimal treat-
ment of these patients are derived from the prognostic model 
that stratifies these patients into good (i.e., LV and metachro-
nous disease), intermediate (i.e., LV and synchronous or HV 
and metachronous disease), and poor (i.e., HV and synchro-
nous disease) prognostic group [28]. However, the extent to 
which these prognostic factors are predictive of the outcome 
of a particular mHSPC treatment (i.e., chemotherapy, ART, 
or their combination) is questionable.

data for the OS benefit of double therapy when docetaxel 
or ARTA have been added to ADT in this setting [12–16]. 
Additional intensification of treatment, i.e., triplet therapy 
(combination of ADT, docetaxel, and an ARTA), could 
further improve the treatment outcome of a particular subset 
of patients with mHSPC [17, 18]. However, at some point, all 
patients will progress to CRPC.

Several prognostic and predictive factors have been 
proposed in mCRPC, whereas fewer data are available for 
mHSPC [22, 23]. Glass et al. reported four risk factors for 
mHSPC: the localization of bone disease, ECOG PS, PSA, and 
GS, while Gravis et al. reported that ALP, pain intensity, HGB, 
LDH, and bone metastases were independent risk factors 
for mHSPC [24, 25]. Currently, the prognosis of patients 

Figure 1. Kaplan-Meier survival estimates according to biochemical predictors
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Table 2. Comparison of the baseline patient and tumor characteristics according to LDH

LDH>178 U/l
p-value

yes (N=23) no (N=23)
Quantitative; median months (range)

age at diagnosis (years) 66 (53–77) 66 (51–73) 0.75
prostate-specific antigen (ng/ml) 277 (4–3199) 117 (15–5000) 0.14
hemoglobin (g/dl) 128 (79–167) 138 (84–163) 0.07
alkaline phosphatase (U/l) 237 (60–1768) 88 (52–1254) 0.006
neutrophil/lymphocyte ratio 2.8 (0.75–5.7) 1.75 (1–3.2) 0.01

Qualitative; N (%)
Gleason score 

0.277 6 (26) 3 (13)
> 7 17 (74) 20 (87)

ECOG performance status 

0.01
0 7 (30) 15 (65)
1 16 (70) 6 (26)
2 0 (0) 2 (9)

Site of metastases

0.37
lymph nodes only 0 (0) 2 (9)
bone only 5 (22) 7 (30)
bone+lymph nodes 16 (69) 12 (52)
bone+lymph nodes+visceral 2 (9) 2 (9)

LDH = lactate dehydrogenase

Table 3. Outcomes according to patient and tumor characteristics; median in months (95% CI)

Time to CRPC p-value Survival p-value

all patients (N=73) 16.2 (12–19) / 58.4 (39–64) /

age at diagnosis
>66 years
<66 years

16.6 (13–59)
13.9 (11–20)

0.61 64.3 (45–64)
39.7 (21–49)

0.11

prostate-specific antigen
>151 ng/ml
<151 ng/ml

11.4 (8.7–17)
20.3 (14–26)

0.02 49 (32–58)
64.3 (33–64)

0.60

lactate dehydrogenase
>178 U/l
<178 U/l

11.2 (8.4–16)
20.1 (15–25)

0.036 38.7 (16–40)
not reached

0.017

alkaline phosphatase
>126 U/l
<126 U/l

11.1 (8.4–13)
19.2 (15–25)

0.001 38.6 (26–49)
64.3 (26–49)

0.021

neutrophil/lymphocyte ratio
>2.03
<2.03

12.2 (9–23)
16.6 (14–20)

0.70 49 (33–49)
58.4 (34–64)

0.60

disease volume
high
low

13.8 (11–17)
20.3 (14–44)

0.014 44.5 (33–64)
58.4 (49–58)

0.355

hemoglobin
<138 g/dl
>138 g/dl

14 (11–19)
16.2 (12–22)

0.79  49 (33–53)
64.3 (33–64)

0.41

Gleason score
>7
7

11.2 (8–24)
16.5 (14–20)

0.35 53.5 (39–64)
not reached

0.61

ECOG performance status
>0
=0

11.2 (9–17)
19 (14–25)

0.012 32.7 (16–40)
64.3 (54–64)

0.0016

CRPC = castration-resistant prostate cancer
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Overall, the effectiveness of docetaxel in our cohort was 
in line with results from the CHAARTED and STAMPEDE 
trials, with median times to CRPC and OS of 16.2 and 58.4 
months, respectively, but varied markedly according to the 
patient profile [12, 14]. We demonstrated the predictive 
value of the number of baseline biochemical, radiological, 
and patient characteristics for both the development of 
castration resistance and the OS of mHSPC patients treated 
with docetaxel. The presence of HV disease predicted faster 
progression to CRPC and shorter OS. In particular, patients 
with HV disease at initial diagnosis developed the castra-
tion-resistant disease after a median of 13.8 months, which 
indicated that the efficacy of docetaxel was less pronounced 
in this population. Nevertheless, our finding of a median 

time to CRPC in the HV population is similar to data from 
the CHAARTED trial (i.e., 14.9 months) and from another 
real-world study of patients who received upfront chemo-
therapy in this setting [29, 30]. Time to castration resis-
tance reflects the efficacy of first-line mHSPC treatment 
and predicts survival and overall tumor behavior [31]. The 
median survival in HV patients of our cohort was more than 
triple the median time to CRPC, demonstrating that castra-
tion resistance and the associated deterioration of quality of 
life constitute the majority of the remaining survival time in 
this patient subgroup. Furthermore, these findings show the 
importance of prolonging the time to castration resistance 
by adding other treatments at the time of ADT initiation. 
Given the lack of data on the median time to CRPC for HV 

Figure 2. Kaplan-Meier survival estimates according to non-biochemical predictors
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patients in ARTA trials in this setting, we can rightly raise the 
question of whether these patients should receive more than 
docetaxel added to ADT.

The LV disease patients in our cohort had a median time 
to CRPC and OS of 20.3 and 58.4 months, respectively, which 
is consistent with the results of the CHAARTED study (31.0 
months for the whole LV population and 58.0 months for the 
de novo LV population, respectively) and confirms the better 
outcomes for these patients in daily clinical practice [12]. 
However, in light of the results of studies in this indication 
with ARTA, docetaxel is not the optimal choice of treatment 
for LV patients in this setting. Compared to LV patients, 
HV patients had significantly higher baseline levels of PSA 
and ALP and worse ECOG PS, which confirms the aggres-
sive nature of HV mHSPC and can guide us in selecting the 
optimal treatment.

To our knowledge, data on the predictive value of pretreat-
ment PSA are lacking in the context of docetaxel therapy 
for mHSPC. In the overall study cohort, we observed that 
patients with a pretreatment PSA above the median level (i.e., 
>151 ng/ml) had a significantly shorter time to CRPC (11.3 
vs. 20.4 months, p=0.02) and numerically but not signifi-
cantly worse OS (49 vs. 64.3 months, p=0.6) than patients 
with a pretreatment PSA below the median level. This finding 
suggests that pretreatment PSA after docetaxel therapy in 
mHSPC patients has predictive value, although further 
evaluation of its association with OS is necessary.

ALP is an enzyme primarily found in the bone and liver 
and has been associated with bone turnover markers. The 
prognostic value of ALP has been shown in various solid 
malignancies with bone metastases [32, 33]. It has also been 
used to evaluate treatment efficacy in bone mCRPC. The 
dynamic changes in ALP during treatment were associ-
ated with better OS in the castration-resistant setting [34]. 
Evidence associated with ALP as a predictor of outcomes 
after docetaxel treatment for mHSPC is lacking. In our study, 
pretreatment ALP ≥126 U/l (above median) was significantly 
associated with HV disease (p<0.0001), suggesting that ALP 
is an indirect sensitive measure of metastatic tumor burden. 
Moreover, patients with a high level of ALP had both a signif-
icantly shorter time to CRPC (11.1 vs. 19.2 months, p=0.001) 
and worse OS (38.6 vs. 64.3 months, p=0.021), suggesting its 
pretreatment predictive value after docetaxel treatment in 
mHSPC.

Many studies have shown that LDH plays an important 
role in tumor proliferation, invasion, and metastasis and has 
prognostic value for various solid tumors, including prostate 
cancer [35]. A recent meta-analysis of 38 studies (most 
of them were CRPC trials) and 9,813 patients with mPC 
included showed that higher levels of LDH in patients with 
mPC were significantly associated with poorer OS and PFS. 
The subgroup analyses indicated that the negative prognostic 
impact of higher levels of LDH on the oncologic outcomes of 
mPC was significant regardless of ethnicity, treatment type, 
age, and disease state [36]. However, according to our knowl-

edge, this study is the first to examine the predictive value 
of pretreatment LDH in patients treated with docetaxel for 
mHSPC. The pretreatment level of LDH above the median of 
178 U/l predicted both shorter median times to CRPC and 
OS. Notably, the predictive value of LDH was independent of 
disease volume; the medians of LDH were virtually the same 
in the HV and LV patients and the distribution of metastases 
did not differ significantly between low LDH and high LDH 
patients. This suggests that, along with disease volume, LDH 
should be considered when deciding on intensified treatment 
approaches for mHSPC patients. Most other predictors are 
associated with disease volume and are thus of less value, not 
adding much to the disease volume stratification paradigm. 
A larger study is, however, required to delineate the effect 
of variables that appeared associated with both the disease 
volume and LDH, like ALP and patient fitness.

In conclusion, the treatment of mHSPC is challenging 
– prolonging time to CRPC and OS are the main aims. In 
our cohort of de novo patients with mHSPC treated with 
docetaxel, PSA, LDH, ALP, disease volume, and ECOG PS 
at the start of chemotherapy were predictive of the treatment 
outcomes.

Taking the disease volume as the accepted landmark in 
mHSPC, increased serum LDH is the most useful adjunct, 
conferring independent information. We believe this study can 
help in making decisions about the proper treatment of patients 
with mHSPC and for the promotion of biochemical param-
eters, including clinical trials for stratified randomization.
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