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Abstract
Purpose  Time to metastasis is often used as a surrogate parameter of treatment success in clinical trials for prostate cancer. 
However, it has not been shown that there is a clear correlation between time to metastasis and overall survival. Our objec-
tive was to evaluate the impact of time to metastasis on OS in patients with prostate cancer.
Methods  Between 2008 and 2015, 269 patients with mPCa were included in this retrospective study with a median follow-up 
of 7.1 years. Patients were divided into three groups: (1) Presentation with metastasis within three months of initial diagnosis 
(de-novo-M); (2) patients free of metastasis initially but developed metastasis more than 6 months prior to castration resist-
ance (CSPC-M); (3) patients who developed metastasis within 6 months of becoming castration resistant or after (CRPC-M).
Results  There was a significant decrease in OS when metastases were present at diagnosis (median 6.39 years) compared to 
CRPC-M (19.07) and CSPC-M (18.19 years). De-novo-M and CSPC-M showed a longer OS from occurrence of metastasis 
to death when compared to CRPC-M, although reaching CRPC earlier. There was no difference in OS between the groups 
once castration resistance was reached. Time from initial diagnosis to metastasis and to CRPC was correlated with OS and 
remained important prognosticators in multivariate Cox-regression (p < 0.01 for both).
Conclusions  Time from diagnosis to CRPC (all patients) and time to metastasis (for CRPC-M and CSPC-M patients) are 
significant prognosticators of overall survival and are therefore valid surrogates in a study setting. Therefore, time to CRPC 
should be prolonged as long as possible.
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Introduction

Prostate cancer (PCa) represents the most common can-
cer among North American males with 180,890 estimated 
new cases in 2016 [1]. Although the overall survival (OS) 
increased over the last two decades [2], patients with PCa 
diagnosed with de-novo metastatic or metastasis after initial 
local therapy still have poor outcomes. This stage of PCa 
remains a lethal disease accounting for over 26,020 esti-
mated deaths in 2016 in the US [1]. Several groups have 
evaluated the impact of clinical features on the outcome 
of non-castration-resistant metastatic [3, 4] and castration-
resistant metastatic [5–7] PCa. However, despite little is 
known about the impact of the time of occurrence of metas-
tasis on the survival of patients with PCa, several studies 
are looking at time to metastasis as a surrogate parameter 
for survival [8, 9].
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In addition to patients with metastasis at original presen-
tation, some patients with localized disease develop metas-
tases after primary therapy of their PCa. The most common 
clinical scenario of metastasis consists of patients relapsing 
after initial treatment with curative intent diagnosed through 
radiological or clinical evaluation. In addition, patients with 
locally advanced disease with no clinical evidence of met-
astatic disease may be treated with androgen deprivation 
therapy after a rise in PSA without radiological or clinical 
evidence of distant metastasis, leading to a subset of patients 
that develop metastases after becoming castration resistant. 
The aim of this study is to evaluate the impact of the time of 
occurrence of metastasis on overall survival with prostate 
cancer.

Materials and methods

Study design

In this retrospective study, we identified 269 prostate can-
cer patients treated at the Vancouver Prostate Centre and 
the British Columbia Cancer Agency from 2008 to 2015 
that developed metastasis in the course of their disease and 
had progressed to CRPC. Patients were classified into three 
groups according to the time of occurrence of metastases: 
(1) patients that presented with clinical evidence of metas-
tasis within 3 months of initial diagnosis (de-novo-M); (2) 
patients who were initially free of metastasis but developed 
metastasis more than 6 months prior to castration resistance 
(castration-sensitive prostate cancer with metastasis-CSPC-
M); (3) patients who developed metastasis within 6 months 
of becoming castration resistant or after, (castration-resistant 
prostate cancer with metastasis-CRPC-M) (Supplementary 
Fig. 1). We chose this 6 months time schedule to account 
for the fact that our surveillance strategy usually involves 
evaluating the patients every 3–6 months depending on their 
clinical performance and PSA kinetics once experiencing a 
biochemical failure. Biochemical failure was defined accord-
ing to the EAU guidelines, for patients treated with radical 
prostatectomy, two consecutive PSA values of > 0.2 ng/
ml and rising and for patients after radiotherapy, any PSA 
increase > 2 ng/ml higher than the nadir [10].

Castration resistance was defined according to the EAU 
guidelines as either biochemical progression consisting of 
three consecutive rises in PSA 1 week apart, resulting in 
two 50% increases over the nadir, with PSA > 2 ng/mL or 
radiological progression with the appearance of two or more 
new bone lesions on bone scan or enlargement of one soft 
tissue lesion using RECIST—(Response Evaluation Criteria 
in Solid Tumours) criteria [10]. Testosterone levels were 
not available in all patients and therefore not included in 
the definition of castration resistance. All patients were 

followed-up on a regular basis as per standard of care at 
our institution. This included at least annually performed 
Technetium-99 m bone scan and CT scan at least annually 
in CPSC patients and with any PSA rise or development 
of symptoms. Imaging frequency was increased to at least 
6 months once castration-resistant disease was developed.

Study population

Of the total cohort of 269 patients, we identified 123 patients 
with de-novo-M, 60 with CSPC-M and 86 with CRPC-M. 
All patients reached CRPC in the time of follow-up. 68 
patients received primary radical prostatectomy (RP), 75 
received primary radiotherapy (RT), and 126 patients were 
initially not treated with a local therapy due to significant 
metastatic disease, patients’ preferences or contraindications 
against local intervention (patients age, comorbidities e.g.). 
Salvage RP was performed in eight cases and salvage RT in 
21 cases. Patients in the de-novo-M group received less local 
treatment than patients in the other groups (Table 1). This 
is also represented in a higher clinical stage and higher PSA 
values at diagnosis for patients with de-novo-M compared 
to all other groups. None of the patients received stereotactic 
body radiation therapy to their metastases. Age at diagno-
sis was evenly distributed throughout patient groups with a 
mean age of 66.89 years (range 45–92.3).

Data analysis

Kaplan–Meier estimates of overall survival time, defined as 
death of the patient, were calculated, and subgroups were 
compared by the log-rank test. Continuous variables were 
reported as mean values and range for parametric distribu-
tions or as median values and interquartile ranges (IQR) for 
non-parametric distributions. Chi-square or Fisher’s exact 
tests were conducted to assess differences in covariate dis-
tributions. Correlations of continuous and normal distributed 
variables were calculated as Pearson correlation. Univariate 
and multivariate Cox-regression were performed to verify 
the influence of various prognosticators of OS. SPSS 20.0 
(IBM, Armonk, NY, USA) was used for statistical assess-
ment. In all tests, a two-sided p < 0.05 was considered to 
indicate significance.

Results

The median follow-up was 3.79, 10.1, and 13.15 years for 
de-novo-M, CSPC-M and CRPC-M, respectively. Patients in 
the CRPC-M and de-novo-M group had more advanced clin-
ical stage at diagnosis than CSPC-M patients (p < 0.001). 
The PSA value at diagnosis was significantly higher in the 
de-novo-M group, whereas CRPC and CSPC showed similar 
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PSA values. CRPC-M and de-novo-M patients showed 
higher Gleason scores than CSPC-M at diagnosis. Patient 
characteristics are shown in Table 1.

During the time of follow-up 142 patients died. 49.2% 
(30/60) patients with CSPC-M, 45% (45/86) patients with 
CRPC, and 67% (67/123) patients with de-novo-M were 
deceased. Kaplan–Meier and log-rank analysis revealed a 
significantly shorter overall survival from initial diagnosis 

for patients with de-novo-M compared to patients in the 
CRPC-M or CSPC-M group (p < 0.001) (Fig.  1a). In 
contrast, patients with CRPC-M patients had the shortest 
median overall survival from the date of diagnosis of their 
metastases (2.94 years) compared to CSPC-M (7.01 years 
and de-novo-M patients (6.41 years) (p = 0.001). (Sup-
plementary Fig. 2).

Table 1   Patient characteristics

*castration sensitive prostate cancer metastasis, **castration resistant prostate cancer metastasis, ***de-novo metastasis

All patients CSPC-M* CRPC-M** De-novo-M*** p values

Number of patients 269 60 86 123
Follow-up (years)
 Mean 9.15 11.47 12.69 5.56 < 0.001
 Median 7.07 10.1 13.15 3.79

Age at diagnosis (years)
 Mean (min–max) 66.89 (45–92.3) 64.21 (47.25–92.3) 66.73 (50.48–87.11) 68.31 (45–91.6) 0.11

Local clinical stage
 T1 25 8 8 9 0.001
 T2a 44 18 15 11
 T2b 13 1 8 4
 T2c 30 4 9 17
 T3 65 14 24 27
 T4 24 1 4 19
 N/A 68 14 18 36

Local therapy
 Primary RP 68 32 28 8 < 0.001
 Primary RT 75 20 37 18
 None 126 8 21 97
 Salvage RP 8 3 5 0 0.003
 Salvage RT 21 13 5 3 < 0.001

PSA at diagnosis
 Mean (min–max) 157.72 (1–5800) 44.05 (1–949) 42.99 (1–469) 286.68 (2–5800) < 0.001
 N/A 20 6 8 6

Gleason Score at biopsy
 4 3 1 2 0 < 0.001
 5 6 1 5 0
 6 16 6 8 2
 7 61 22 26 13
 8 32 11 6 15
 9 113 13 29 71
 10 10 1 0 9
 N/A 28 5 10 13

ISUP grade at biopsy
 1 25 8 15 2 < 0.001
 2 30 13 11 6
 3 15 3 7 5
 4 32 11 6 15
 5 125 14 29 80
 N/A 44 11 18 15
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Fig. 1   a Survival from time 
of diagnosis. Kaplan–Meier 
analysis of the overall survival 
of patients from time of diag-
nosis. b Time from diagnosis to 
CRPC. Kaplan–Meier analysis 
of the time to becoming castra-
tion resistant from diagnosis
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De-novo-M patients progressed to CRPC significantly 
earlier from diagnosis (median 1.85 years (SE 0.24 years) 
than CSPC-M [7.27 years (SE 1.29 years)] and CRPC-M 
[9.15 years (SE 1.87 years)] patients (Fig. 1b). There was 
no significant difference between the time from metastasis 
to CRPC between the CSPC-M and the de-novo-M group. 
Once castration-resistant stage was reached, there was no 
difference in the survival between all groups (Supplemen-
tary Fig. 5). Treatments after CRPC (abiraterone, enzaluta-
mide, docetaxel) were similar within groups with variable 
sequences and combinations. There was no use of docetaxel 
in a castration-sensitive setting.

There was no difference in survival from diagnosis 
between CSPC-M and CRPC-M patients (Fig. 1a) CSPC-
M patients metastasized significantly earlier (median time 
6.77 years (SE 0.75 years) from diagnosis than CRPC-M 
patients 10.85 years (SE 0.70 years) (Supplementary Fig. 3). 
Time from metastasis to death was significantly shorter in 
patients with CRPC-M compared to CSPC-M (Supplemen-
tary Fig. 2). Pearson correlation revealed that within patients 
that did not have metastases at diagnosis, time to metasta-
sis is correlated positively with overall survival (r = 0.897, 
p < 0.001, Supplementary Fig. 4a) as well as time to CRPC 
in all patients (r = 0.962, p < 0.001, Supplementary Fig. 4b). 
Table 2 gives an overview of times between different events. 
A subset of these patients, who developed metastases within 
5 years of diagnosis, showed a similar short overall survival 
time to patients with de-novo metastasis (Supplementary 
Fig. 6).

Univariate and multivariate Cox-regression revealed time 
to metastasis (for CSPC-M and CRPC-M patients) and time 
to CRPC (for the entire cohort) as well as patient age at 

diagnosis to be independent prognosticators of OS. (Sup-
plementary Table 1).

Discussion

In this retrospective study, we describe the impact of the 
time occurrence of metastasis on survival outcomes in pros-
tate cancer. To our knowledge, this is the first data to show 
that time to metastasis and time to CRPC correlate with 
overall survival in patients with metastatic prostate cancer. 
These data show that time to metastasis and time to devel-
opment of CRPC is a useful surrogate for overall survival 
when evaluating the impact of new therapies in prostate 
cancer. Trials such as the SPARTAN trial [9] (evaluating 
apalutamide (ARN-509) in men with Non-Metastatic Cas-
tration-Resistant Prostate Cancer) or the PROSPER trial [8] 
(a phase 3 study of enzalutamide in non-metastatic (M0) 
castration-resistant prostate cancer (CRPC) patients) are 
already using time to metastasis as clinical endpoints.

Our data show that the results of the primary endpoints of 
these trials may result in a translation into overall survival as 
well. Selecting time to metastasis rather than overall survival 
results in a shorter time for events to occur and a shorter time 
for patients to be followed up.

In addition, we show that patients with metastasis at pres-
entation have a significantly different natural history than 
patients that develop metastasis while being castration sen-
sitive or after becoming castration resistant. Similar results 
have been published by Patrikidou et al. in their manuscript 
evaluating the factors increasing the likelihood of dying from 
prostate cancer in 113 men with mPCa [11]. They showed 

Table 2   Clinical outcomes 
[Estimated Median (Standard 
Error)]

*castration sensitive prostate cancer metastasis, **castration resistant prostate cancer metastasis, ***de-
novo metastasis

All patients CSPC-M* CRPC-M** De-novo-M*** p values

Number of deaths at follow-
up (percent of total cohort)

142 (46.8%) 30 (49.2%) 45 (47.7%) 67 (45.1%)

Time to metastasis (years)
 Median 9.17 6.77 10.85 0.003
 SE 0.54 0.75 0.70

Time to CRPC (years)
 Median 4.97 7.27 9.15 1.85 < 0.001
 SE 0.42 1.29 1.87 0.24

Time to death (years) Median (SE)
 From diagnosis 13.32 (1.63) 18.19 (1.91) 19.07 (2.13) 6.39 (0.68) < 0.001
 From metastasis 5.10 (0.65) 7.01 (1.67) 2.94 (0.35) 6.39 (0.68) < 0.001
 From CRPC 2.84 (0.16) 2.84 (0.36) 3.31 (0.70) 2.73 (0.469) 0.448

Time from metastasis to CRPC (years)
 Median 1.80 1.64 1.8 0.306
 SE 0.21 0.37 0.25
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that of these patients 56% had metastasis at diagnosis with 
a similar median overall survival as the de-novo patients in 
our cohort of about 5.2 years. Interestingly, these patients 
progressed to CRPC earlier than the patients in our cohort. 
This might be due to the fact that 26 out of 123 of our de-
novo patients received some sort of local treatment despite 
metastasis at diagnosis [11]. This group also showed that 
there was a non-significant trend for longer OS and longer 
time to CRPC in favor of patients with mPCa undergoing 
loco-regional treatment at diagnosis compared to those that 
were only treated systemically [12]. We show that patients 
with de-novo metastasis have the shortest overall survival 
and reach castration resistance faster than patients devel-
oping metastasis after initial diagnosis. A subset of these 
patients that develop metastasis within the first 5 years after 
diagnosis seem to have a more aggressive cancer and show a 
similar overall survival even compared to de-novo metastatic 
patients. For patients with CRPC-M and CSPC-M, the time 
to metastasis correlates with the overall survival. For the 
entire cohort, time to CRPC is also an independent prog-
nosticator. Interestingly, once reaching castration resistance, 
there is no difference in the survival between the groups, 
and no differences were seen in the frequency of treatments 
between the three groups when CRPC is diagnosed.

In addition, these data show that there is a need for 
aggressive management of de-novo metastatic patients and 
patients that develop metastasis within 5 years of diagno-
sis to prolong the time to CRPC as much as possible. The 
majority of our patients were treated with sequential therapy, 
receiving androgen deprivation therapy (ADT) after bio-
chemical failure or at the diagnosis of metastases. Recently, 
two large studies have contributed to a change in the 
approach of metastatic prostate cancer. The CHAARTED 
trial [13] showed that six cycles of docetaxel administered at 
the time of diagnosis of de-novo metastatic hormone-naïve 
PCa resulted in an increase in median overall survival of 
13.6 months compared to those treated with androgen dep-
rivation alone. Interestingly, about 65% of their cohort had 
“high volume” disease and 73% never underwent curative 
treatment. Time to CRPC in both arms was shorter than in 
our cohort (20.2 months in the docetaxel treated group and 
11.7 months in the ADT only group), which may be due the 
difference in tumor burden in our cohort compared to those 
in CHARRTED. Similar results were seen in STAMPEDE 
[14] trial that showed an increase in survival of 77 months 
in patients with metastatic castration-sensitive PCa treated 
with upfront chemo-hormonal therapy compared to those 
treated with androgen deprivation alone.

In addition, there were two trials evaluating the effect of 
abiraterone plus ADT versus ADT alone in a castration-sen-
sitive setting. The LATITUDE trial showed a significantly 
longer overall survival for patients treated with abiraterone 
and ADT compared to ADT plus placebo for metastastic 

high-risk castration-sensitive prostate cancer (not reached 
vs. 34.7 months) [15]. The STAMPEDE group reported on 
a second trial arm, evaluating the effect of abiraterone plus 
ADT and ADT plus placebo in patients with metastatic or 
high-risk locally advanced prostate cancer. The addition of 
abiraterone to ADT showed strong evidence of a survival 
benefit after 3 years compared to ADT alone (83% vs. 76%) 
[16]. Both studies emphasized the efficacy of a combination 
therapy and a more aggressive treatment of de-novo as well 
as high-risk prostate cancer.

It is difficult to compare our data to the subset of patients 
in the control arm of these studies. Survival and progression 
data from the trials do not include time to CRPC as a single 
analysis. In the control arm of the STAMPEDE trial (ADT 
alone treatment), failure-free survival (FFS) was defined as 
time from randomization to evidence of at least one of the 
following: biochemical failure; progression either locally, 
in lymph nodes, or in distant metastases; or death from 
PCa [17]. The median FFS survival in this cohort was only 
11.2 months with an overall survival similar to our cohort 
(42 months), taking to account that they included death from 
PCa as one of their outcomes for FFS and therefore making 
it not comparable to our definition of CRPC. Hence, our 
dataset describes the impact of timing of metastatic disease 
on overall survival that is not described in any of the above-
mentioned trials.

In a recent systematic review, the authors could not find 
a significant difference in the overall survival between men 
treated with abiraterone and ADT or docetaxel and ADT 
for castration-sensitive metastatic prostate cancer. These 
conclusions have to be regarded with caution, since there is 
currently no meta-analysis or head-to-head comparison of 
the two drugs in this setting [18].

Our data suggest that a higher tumor burden may correlate 
with earlier development of CRPC as seen in the de-novo-M 
group. These results are similar to others that have shown a 
positive effect of radical surgery or radiation in high-burden 
metastatic prostate cancer [19–21]. As most patients in our 
CRPC and CSPC-M groups were initially treated with cura-
tive intent, the hypothesis could be raised that a reduction 
in tumor burden may be beneficial for survival and prolong 
development of castration resistance. This would be justifi-
able if one would assume that all patients that developed 
metastases had micro-metastases at the time of surgery.

Several studies are evaluating the characteristics of 
patients that could benefit from a local treatment of newly 
diagnosed metastatic prostate cancer [22]. Our data also con-
firm the findings from Patrikidou et al. that a higher Gleason 
score and T-stage in patients with localized disease lead to 
a higher risk of not only dying of prostate cancer but also a 
higher risk for a shorter survival [11].

Due to the retrospective nature of our study there are cer-
tain limitations. Patients were not uniformly followed up 
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after initial treatment of prostate cancer, which could impact 
the time to metastasis because metastasis may have been 
missed at an earlier stage. In addition, androgen deprivation 
therapy varied, including some patients receiving continuous 
ADT and some intermittent ADT. Specific treatments for 
CRPC were not available in our database; however, provin-
cial guidelines were followed resulting in nearly all patients 
starting with either abiraterone or enzalutamide followed 
by docetaxel if they were able to tolerate it. Also imaging is 
not accurate in all patients with metastatic prostate cancer. 
Our definition of metastasis included mostly radiological 
evidence of metastasis, which does exclude micro-metas-
tasis and carries the risk of missing metastasis depending 
on the imaging modality used. Although a vast majority of 
the defined metastases were bone metastases, the precise 
site of disease is not available either. Thus, we are unable to 
clearly classify patients into M-subcategory. We are aware 
that due to the long follow-up not all patients had the mod-
ern secondary androgen deprivation therapy available and 
guidelines regarding treatment of metastatic prostate cancer 
changed over time.

Conclusion

Our study shows that time from diagnosis to metastasis (for 
CRPC-M and CSPC-M patients) and time to CRPC (all 
patients) are significant prognosticators of overall survival. 
Therefore, using time to metastasis as a surrogate for current 
and future studies seems warranted. In addition, our data 
show that patients with metastasis at presentation have the 
worst overall survival due to the shortest time from diagno-
sis to CRPC. Once CRPC is reached, there is no difference 
in survival time between the three groups. Prolonging the 
development of CRPC in patients with prostate cancer seems 
to be the key to a longer overall survival.
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