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Strengths and limitations of this study

 ► Large series of de novo metastatic prostate cancer 
(mPCa) from a prospectively maintained cancer 
registry.

 ► This study looked at the local and systemic compli-
cations of mPCa, an aspect that had not been well 
covered in the literature.

 ► The data were derived from a single tertiary insti-
tution and the analysis was retrospective in nature.

 ► The study period precluded the availability of val-
idated quality- of- life assessment tools, which may 
better reflect well being.

 ► This study precluded the routine use of early sys-
temic therapies in hormone- sensitive prostate can-
cer, which may affect the prevalence of local and 
systemic complications.

AbStrACt
Objective To evaluate the incidence and management of 
local and systemic complications afflicting patients with de 
novo metastatic prostate cancer (mPCa) in Singapore.
Design Retrospective analysis of a large prospective Uro- 
oncology registry of mPCa.
Setting This study is carried out in a tertiary hospital in 
Singapore.
Participants We reviewed our institution’s prospectively 
maintained database of 685 patients with mPCa over a 20- 
year period (1995–2014). Patients with non- mPCa or those 
progressed to metastatic disease after previous curative 
local treatments were excluded.
Primary and secondary outcome measures The 
primary outcome was to evaluate the systemic and local 
morbidity rates associated with mPCa. Local complication 
was defined as the need for palliative procedures to relieve 
urinary obstruction, worsening renal function or refractory 
haematuria, while systemic complication was related to 
radiographic evidence of skeletal- related pathological 
fractures. Secondary outcomes analysed were the 
management and overall survival patterns over 20 years.
results 237 (34.6%) patients required local palliative 
treatments. 88 (12.8%) patients presented with acute 
urinary retention, 23 patients (9.7%) required repetitive 
local palliative treatments. On multivariate analyses, 
prostate- specific antigen >100 (p=0.02) and prostate 
volume >50 g (p=0.03) were independent prognostic 
factors for significant obstruction requiring palliative 
procedures. 118 (17.2%) patients developed skeletal 
fractures, with poor Eastern Cooperative Oncology Group 
Performance (ECOG) status (p=0.01) and high volume 
bone metastasis (p<0.01) independently predictive 
of skeletal fractures. Altogether, 653 (95.3%) patients 
received androgen deprivation therapy (ADT), with the 
median time to castrate resistance of 21.4 months (IQR 
7–27). The median overall survival was 45 months (IQR 
20–63), with prostate cancer mortality of 81.4%. Improved 
overall survival was observed from 41.6 months (1995–
1999) to 47.8 months (2010–2014) (p<0.01).
Conclusion Morbidities and complications arising from 
mPCa are more common and debilitating than we thought, 

often requiring immediate palliative treatments, while 
many necessitate repeated interventions with progression.

IntrODuCtIOn
There is a general trajectory of increase 
in prostate cancer (PCa) incidence across 
developed countries with the advent of 
PCa screening.1 2 In spite of the ongoing 
screening efforts, a significant proportion of 
patients still presents with de novo metastatic 
prostate cancer (mPCa).3 For these patients, 
their quality of life is significantly affected not 
only due to the systemic effects of metastatic 
disease but also due to local progression of 
the cancer which leads to significant local 
morbidities.4 5 Moreover, with a rapidly ageing 
population in many countries, the incidence 
of PCa—and likely de novo mPCa—is set to 
rise even further, possibly festering into a 
significant healthcare concern in the foresee-
able future.6
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With much of the PCa research and treatments being 
driven towards understanding the survival outcomes 
of mPCa, the last decade has seen an improved cancer 
survival with newer anti- androgen and chemotherapeutic 
regimens. However, much is yet to be learnt regarding the 
magnitude of clinical problems in managing the compli-
cations and morbidities of mPCa, be it local (urinary 
obstruction, refractory haematuria) or systemic (skeletal- 
related events (SREs)). One study has revealed the prev-
alence of SRE to be close to 50%,7 bringing about an 
adverse impact of the quality and quantity of life on these 
patients.8 9

The objective of this study is to evaluate the incidence 
and management of systemic and local complications 
afflicting patients who present with de novo mPCa over 
a contemporary period of two decades based on a large 
prospectively maintained PCa database in a large tertiary 
institution.

MethODS AnD MAterIAlS
This is an Institution Review Board- approved (Sing-
Health IRB: 2009/1053/D) retrospective study of a large 
cohort of consecutive patients (n=685) presented with de 
novo mPCa from a large prospectively maintained PCa 
database over a 20- year period (1995–2014). Patients with 
non- mPCa or those who progressed to metastatic disease 
after previous curative local treatment (prostatectomy 
or radiotherapy) were excluded from our study. Apart 
from routine digital rectal examination and prostate- 
specific antigen (PSA) levels, all patients underwent 
a bone scan and CT scan of the thorax, abdomen and 
pelvis as part of the complete metastatic workup. High 
volume disease was defined by the CHAARTED data-
base,10 which included patients with visceral metastases or 
≥4 bone lesions with ≥1 beyond the vertebral bodies and 
pelvis. Five hundred and twenty- eight (77.1%) patients 
had prostatic tissues sampled for histological confir-
mation of adenocarcinoma, while 55 (8.0%) patients 
underwent metastatic biopsies to confirm the diagnosis 
of mPCa and the remaining 102 (14.9%) patients were 
treated with presumptive mPCa (PSA >100 with radiolog-
ical evidence of metastasis) without histology. All patients 
were routinely followed up every 3–6 monthly, with blood 
tests for PSA and testosterone levels at each visit. Addi-
tional tests, which included imaging, were performed 
based on new symptoms or clinical findings, or on the 
primary physician’s decision.

Study outcomes
Baseline patient comorbidities, demographics and cancer 
characteristics were collected. The primary outcome was 
to evaluate the systemic and local morbidity rates associ-
ated with mPCa. The local complication was defined as 
the need for palliative operative procedures to relieve 
urinary obstruction, worsening renal function or refrac-
tory haematuria, while the systemic complication was 
related to radiographic evidence of skeletal- related 

pathological fractures. The secondary outcome analysed 
was overall survival patterns over the 20- year period, with 
interim 5 yearly analyses.

Statistical analyses were performed using SPSS V.20. 
The relationship between clinicopathological features 
and complications of mPCa was calculated with the χ2 
test. Multivariate analyses were performed using logistic 
regression models to identify prognostic factors for local 
and systemic complications. Cox regression models 
were used to identify independent predictors of overall 
survival. Kaplan- Meier models were designed to illustrate 
the various survival curves. All tests were two sided with 
p<0.05 considered to be statistically significant.

Patient and public involvement
Patients were not directly involved in the design, plan-
ning and conducting of this study.

reSultS
Table 1 shows the patient demographics, clinical presen-
tations and disease characteristics. The median age of 
diagnosis was 73 (IQR 66–78) years old, with a preponder-
ance of Chinese racial group (82.5%). Eighty- two patients 
(12.0%) had Eastern Cooperative Oncology Group 
Performance (ECOG) status ≥2. At the initial presenta-
tion, 480 patients (70.2%) had PSA levels>100 ng/mL, 
with predominant Gleason≥8 (65.9%). Bone involve-
ment (85.4%) was the most common site of distal metas-
tasis. Four hundred and thirty- five (63.5%) patients had 
high volume bone metastasis and seventy- seven (11.2%) 
patients had visceral involvement (table 1). Six hundred 
and twelve (89.3%) patients were symptomatic, with bone 
pain (81.2%), urinary obstruction (42.3%) and haema-
turia (27.0%) being the most common presentations. 
One hundred and eighteen (17.2%) patients had signifi-
cant renal impairment (serum creatinine >300 mmol/L).

Primary outcomes
Of the 685 patients analysed, 237 (34.6%) patients 
required local palliative treatments, of which 88 (12.8%) 
patients presented with acute urinary retention that 
necessitated early surgical treatment to relieve urinary 
obstruction (table 2). Transurethral prostate resection 
(TURP) was the most common performed procedure 
(88.2%), followed by percutaneous nephrostomy (7.6%), 
transurethral bladder neck incision (2.6%) and uret-
eral stent insertion (1.7%) (figure 1). The median time 
to palliative surgery was 7 months (IQR 3–16) from the 
initial diagnosis. Another 23 patients (9.7%) required 
repetitive local palliative surgeries. On multivariate anal-
yses, initial PSA >100 (p=0.02, HR 1.86, 95% CI 1.33 to 
2.63) and prostate volume in excess of 50 g (p=0.03, HR 
6.11, 95% CI 4.21 to 26.22) were independent prognosti-
cators of significant bladder outlet obstruction requiring 
local palliative procedures (table 3).

Separately, 118 (17.2%) patients had suffered from skel-
etal fractures, at a median time of 15 months (IQR 10–19) 
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Table 1 Patient demographics and disease characteristics

Number of 
patients, 
median % Quartiles

Race

  Chinese 565 82.5

  Malay 66 9.6

  Indian 39 5.7

  Others 15 2.2

ECOG PS

  0–1 603 88.0

  2–4 82 12.0

Year of diagnosis

  1995–1999 129 18.8

  2000–2004 120 17.6

  2005–2009 165 24.1

  2010–2014 271 39.5

Age (years) 73 66–78

Method of diagnosis

  TRUS 385 56.2

  TURP 143 20.9

  Biopsy of 
metastasis

55 8.0

  Radiological 102 14.9

PSA stratification

  0–20 60 8.8

  20.1–50 61 8.9

  50.1–100 84 12.3

  >100 480 70.2

Gleason score

  7 180 34.1

  8–10 348 65.9

Metastatic sites

  Bone 585 85.4

  Lymph node 134 19.6

  Lungs 52 6.7

  Liver 18 1.8

  Brain 7 1.0

High volume bone 
metastasis

442 64.5

Visceral metastasis 60 8.7

ECOG PS, Eastern Cooperative Oncology Group Performance 
Status; PSA, prostate- specific antigen; TRUS, transrectal 
ultrasound; TURP, transurethral resection of prostate;

Table 2 Local and systemic complications of de novo 
metastatic prostate cancer

Number of 
patients, 
median % Quartiles

Symptomatic 612 89.3

Symptom manifestations

  Bone pain 556 81.2

  Haematuria 185 27.0

  Urinary obstruction 290 42.3

  Urinary incontinence 48 7.0

Renal impairment (Cr >300) 118 17.2

Palliative treatment for 
urinary obstruction

237 34.6

Immediate palliative 
treatment required

88 12.8

  Time to palliative 
treatment, months

7 3–16

  Repetitive palliative 
treatment

23 9.7

Skeletal fractures 118 17.2

  Time to skeletal fractures, 
months

15 10–19

Figure 1 Type of palliative treatments for urinary 
obstruction. TURP, transurethral resection of prostate; 
TURBNI, transurethral bladder neck incision; PCN, 
percutaneous nephrostomy.

from initial diagnosis. On multivariate analysis, poor 
ECOG status (p=0.01, HR 4.29, 95% CI 1.85 to 13.32) and 
high volume bone metastasis (p<0.01, HR 3.27, 95% CI 

1.46 to 7.36) were independently associated with a higher 
likelihood of fractures (table 3).

Secondary outcomes
Altogether, 653 (95.3%) patients received androgen depri-
vation therapy (ADT), with a preponderance (61.7%) of 
medical castration by the luteinizing hormone- releasing 
hormone (LHRH) agonist administration. No patient 
received early docetaxel at hormone- sensitive prostate 
cancer (HSPC) as this was not routinely practised before 
the CHAARTED data published in 2015. The median 
time to the development of castrate- resistance prostate 
cancer (CRPC), according to the Prostate Cancer Work 
Group 2 (a repeat confirmatory PSA rise of ≥25% above 
nadir and 2 ng/mL above nadir, or radiological evidence 
of disease progression, with a castrate testosterone level  on M
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Table 4 Factors associated with overall survival

Univariate Multivariate HR 95% CI

Age≥70 years 0.01 0.74

ECOG PS≥2 <0.01 <0.01 2.08 1.26 to 3.46

Race 0.19 0.44

Chinese

Non- Chinese

Gleason score 
≥8

<0.01 <0.01 2.46 1.61 to 3.77

PSA >100 0.43 0.17

Visceral 
metastasis

0.02 0.04 1.67 1.25 to 2.19

High volume 
bone metastasis

<0.01 <0.01 1.84 1.48 to 2.38

Hormonal 
therapy

0.04 0.16

Palliative 
chemotherapy

0.03 0.09

Palliative 
treatment

0.85 0.33

ECOG PS, Eastern Cooperative Oncology Group Performance 
Status; PSA, prostate specific antigen.

Figure 2 Predictors of overall survival. (A) ECOG status; (B) Gleason score; (C) presence of visceral metastasis; (D) presence of 
high volume bone metastasis.

<50 ng/dL),11 was 21.4 months (IQR 7–27). One hundred 
and fourteen (16.6%) patients received palliative chemo-
therapy, in the form of docetaxel, on diagnosis of CRPC. 
The median overall survival was 45 months (IQR 20–63), 
with PCa- specific mortality of 81.4%. A poorer ECOG 
status (p<0.01, HR 2.08, 95% CI 1.26 to 3.46), Gleason 
score ≥8 (p<0.01, HR 2.46, 95% CI 1.61 to 3.78), presence 

of visceral metastasis (p=0.04, HR 1.67, 95% CI 1.25 to 
2.19) and high volume bone metastasis (p<0.01, HR 1.84, 
95% CI 1.48 to 2.38) were independent predictors of 
poorer overall survival (table 4 and figure 2).

Interim 5 yearly analyses (table 5) reported reduced 
local palliative treatment (from 48.1% between 1995 and 
1999 to 23.2% between 2010 and 2014) but similar rates 
of skeletal fractures. There was improved compliance 
with hormonal therapy (from 86.8% between 1995 and 
1999 to 99.3% between 2010 and 2014), with medical 
castration gradually replacing surgical orchidectomy 
(p<0.01). Uptake of palliative chemotherapy at CRPC 
showed improvement from 9.3% (1995–1999) to 20.7% 
(2010–2014) (p=0.03). Improved overall survival was 
observed in the latter time period as compared with the 
earlier cohort, from 41.6 months (1995–1999) to 47.8 
months (2010–2014) (p=0.04) (figure 3).

DISCuSSIOn
According to data from the WHO, PCa is the fourth 
most common cancer worldwide, behind lung, breast 
and colorectal cancers.12 However, relative to the other 
three most common cancers, advanced PCa has the best 
5- year survival rate of 30%.13–16 It appears that the natural 
progression of mPCa is much slower compared with other 
metastatic malignancies.17 However, this is at the expense 
of higher morbidity and possibly a debilitating quality 
of life. Given the relatively longer disease trajectory and 
survival, these morbidities become important aspects of 
oncological care.
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Table 5 Subgroup analyses of complication, treatments and survival outcomes as stratified by years

Total cohort 
(1995–2014) 1995–1999 2000–2004 2005–2009 2010–2014 P value

Age (years), median 73 71.8 71.8 72 72.8 0.39

PSA stratification (%) 0.25

  0–20 60 (8.8) 14 (10.9) 10 (8.3) 14 (8.4) 22 (8.1)

  >20–50 61 (8.9) 20 (15.5) 11 (9.2) 15 (9.1) 15 (5.5)

  >50–100 84 (12.3) 16 (12.4) 11 (9.2) 25 (15.2) 32 (11.8)

  >100 480 (70.2) 79 (61.2) 88 (73.3) 111 (65.3) 202 (74.5)

Palliative treatment for urinary 
obstruction (%)

237 (34.6) 61 (48.1) 55 (45.5) 58 (35.2) 63 (23.2) <0.01

Skeletal fractures (%) 118 (17.2) 23 (17.8%) 21 (17.5%) 32 (19.4%) 42 (15.5%) 0.30

Hormonal therapy (%) 653 (95.3) 111 (86.8) 111 (92.5) 161 (97.6) 269 (99.3) <0.01

Types of hormonal therapy (%) <0.01

  Surgical 250 (33.8) 98 (88.3) 64 (57.1) 51 (31.7) 37 (13.8)

  Medical 403 (61.7) 13 (11.7) 48 (42.9) 110 (68.3) 232 (86.2)

Time to castrate resistant, months 
(median)

21.4 23.5 18.4 21.6 19.8 0.08

Palliative chemotherapy (%) 114 (16.6) 12 (9.3) 16 (13.3) 30 (18.2) 56 (20.7) 0.03

Overall survival, months (median) 45 41.6 43.4 45.3 47.8 0.04

PSA, prostate specific antigen.

Figure 3 Overall survival across interim 5 yearly analyses.

With regards to the prevalence of mPCa complications, 
our study found that close to 9 out of every 10 patients 
(89.3%) were symptomatic, with the most common being 
bone pain (81.2%). Local urinary complications were 
prevalent, which include urinary obstruction (42.3%), 
haematuria (27.0%) and urinary incontinence (7.0%). 
Clinically, this roughly translated to one in every three 
patients (34.6%) requiring local palliative intervention, of 
which 1 in 10 required repeated palliative interventions—
an alarmingly high number. These numbers were similar 
to the ones reported in a retrospective study by Aus et al,18 
in which more than a third of the patients (37%) required 

local palliative intervention—25% underwent TURP and 
another 12% underwent upper urinary tract procedures. 
Oefelein19 also reported that 16% of patients had signifi-
cant obstructive uropathy requiring local therapy.

Our findings showed that two factors—prostate volume 
(in mL measured using a trans- abdominal ultrasound 
probe) and baseline serum PSA levels—were inde-
pendently prognostic of significant urinary obstruction 
requiring palliative treatments. Bearing in mind that 
benign prostatic hyperplasia (BPH) may coexist with 
mPCa, a prostate volume over 50 mL was found to be 
highly predictive for debilitating urinary obstruction (p 
value 0.03, HR 6.11, 95% CI 4.21 to 26.22). Translating 
into clinical practice, regular evaluation of symptoms 
scores, coupled with objective assessments of transab-
dominal ultrasound measured prostate volume and 
uroflowmetry, may identify patients at high risks of local 
complications as a result of bladder outlet obstruction 
from advanced PCa. This study and others found a consis-
tently high re- operation rate for local complications 
caused by advanced PCa. For channel TURP performed 
to alleviate bladder outlet obstruction from advanced 
prostate cancer, failure rates and repeat procedures were 
higher than conventional TURP for BPH, and with higher 
morbidities of bleeding and incontinence. A review by 
Mazur et al20 looking at the outcomes for obstructive 
symptoms from advanced PCa found a 22% re- operative 
rate, 5% urinary incontinence and another 5% with stress 
incontinence. A later study conducted by Crain et al21 
found an even higher re- operative rate of 29%, and more 
importantly, palliative TURP ultimately failed in 21% of 
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patients requiring a long- term bladder catheterisation. 
These findings were further corroborated by Marszalek et 
al,22 for which 25% of their patients who underwent palli-
ative TURP necessitated repeated procedures, along with 
11% needing permanent catheterisation and 10% expe-
riencing urinary incontinence. Similarly, in this study, we 
found a re- operative rate of 9.7%, although lower than 
the abovementioned literature.

In terms of systemic complications, this study showed 
that close to one in five patients (17.2%) developed 
skeletal- related pathological fractures, a subset of SREs. 
The numbers were very similar to the 19% reported in a 
population- based analysis by Sathiakumar et al9 and not 
too far from the 10% reported in a Swedish cohort study 
by Nørgaard et al.23 Our study had identified two inde-
pendent prognostic factors for skeletal fractures—high- 
volume bone metastasis and poor ECOG performance 
status (ECOG PS). Interestingly, a study by Berruti et 
al24 similarly reported that heavy tumour load in bone 
(defined as disease extent in bone >6 sites) was signifi-
cantly associated with the development of earlier SREs (RR 
1.63, 95% CI 1.32 to 2.00). This was further supported by 
the findings of an international, randomised, multicentre 
Phase III trial,25 which found that patients with more than 
three bone lesions at baseline had a 52% increased risks 
of first on- study SRE (RR 1.523; 95% CI=1.167 to 1.989; 
p=0.002). Furthermore, Owari et al26 also identified 
ECOG PS as one of the independent predictive factors 
for SREs, although it was a study focusing on risk factors 
for SREs in genitourinary cancers and not limited to PCa.

The mechanism of pathological fractures in mPCA is 
twofold: the combinatory direct destructive effect of bone 
metastases and hypogonadism- induced osteoporosis. 
These factors were assumed to synergistically impair bone 
stability.27 Current bone antiresorptive drugs7 28 (zole-
dronic acid and denosumab) were approved exclusively 
in CRPC and the added benefit of earlier initiation of 
these drugs in HSPC remained unclear. While the phase 
III CALGB 9020229 and PR 05 trials30 demonstrated no 
reduction in skeletal events, these studies did not provide 
baseline or follow- up bone mineral density (BMD), which 
was an important determinant of osteoporosis and subse-
quent fracture risks. Nonetheless, given the alarmingly 
high prevalence of skeletal fractures, with a significant 
proportion occurring (median 17.2 months) prior to 
the progression of castrate- resistant disease (median 21.4 
months), bone health remained a clinically important 
aspect of disease management in patients with HSPC. The 
data from this study alluded that certain HSPC patients, 
who might potentially be at higher risks of developing 
skeletal fractures (high volume bone metastasis or poor 
performance status), be considered for routine baseline 
BMD screening, and earlier initiation of antiresorptive 
therapies might be beneficial in this particular subgroup.

In terms of overall survival, a Gleason score of ≥8, 
presence of high- volume bone metastasis, presence of 
visceral metastasis and poorer ECOG PS≥2 were found 
to be independent predictors for poorer outcomes, 

reflecting consistency in contemporary literature.31 32 
Notably, these same factors were also important deter-
minants for the early initiation of newer antiandrogens 
and chemotherapy in HSPC.33 34 Lastly, over these two 
decades (1995–2014), it was apparent that the incidence 
of de novo mPCa being referred to our institution had 
risen, from 129 (1999–2004) to 271 (2009–2014). This 
may reflect the changing referral patterns as our institu-
tion now represents the largest healthcare cluster within 
Singapore. We had demonstrated better compliance with 
ADT (86.8%–99.3%), with medical castration replacing 
surgical orchidectomy as the primary form of androgen 
suppression. Despite the higher costs, medical castration 
was favoured in a view of the various psychological and 
cosmetic concerns with surgical orchidectomy. Fortu-
nately, there had been a decrease in palliative treatments 
for significant urinary obstruction. We hypothesised that 
improved health literacy may have translated to earlier 
health- seeking behaviours. Improved compliance with 
ADT would have facilitated better local disease control. 
In CRPC, the initiation of chemotherapy had shown 
improvement but continued to represent a small propor-
tion of patients (~16%), which reflected the persistent 
aversion towards chemotherapy, particularly in Asian 
societies. While the time to castrate resistance remains 
consistent, overall survival for PCa has improved, from 
a median of 41.6 months (1999–2004) to 47.8 months 
(2009–2014). This could be the effect of better ADT 
compliance and initiation of chemotherapy in the treat-
ment of advanced PCa.

We acknowledge several limitations in this study. The 
data were derived from a single tertiary institution, and 
the analysis was retrospective in nature. Several related 
outcomes could not be adequately measured. For instance, 
we were not able to completely capture data on patients 
who required interventions (surgical or radiation) for 
bone metastases, which were important determinants of 
SREs. Also, the study period precluded the availability 
of validated quality- of- life assessment tools, which would 
have better reflected the patients’ well being. Selection 
bias remained present due to loss to follow- up. However, 
given that our institution represents the largest public 
healthcare cluster within Singapore, with the largest 
oncological departments, the abovementioned selection 
bias is largely insignificant.

Conclusion
The present study had demonstrated that morbidities 
and complications from mPCa are more common and 
debilitating than we thought. With the incidence of 
mPCa likely to rise in tandem with an ageing world popu-
lation and given the improving survivorship of patients 
with mPCa, both patients and clinicians alike will have to 
contend with significant morbidities during the course of 
the disease. The data from this study suggests that the risk 
factors such as prostate volume, baseline PSA at presen-
tation; high volume bone metastasis and poor ECOG PS 
prognosticate for local obstructive urinary complications 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-034331 on 18 F

ebruary 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


8 Tan YG, et al. BMJ Open 2020;10:e034331. doi:10.1136/bmjopen-2019-034331

Open access 

and skeletal fractures, respectively. Early recognition of 
these predictive factors will guide clinicians in early detec-
tion that can lead to optimising palliative treatment for 
these patients.
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