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Background: Risk factors of visceral metastases in prostate cancer (PCa) patients are unclear. The aim of
this study is to investigate the risk factors of developing visceral metastases at diagnosis and the impact of
these risk factors on the survival of patients with visceral metastatic PCa.

Methods: Patients with visceral metastases at the time of diagnosis of [2010-2015] PCa were identified
using the Surveillance, Epidemiology, and End Results (SEER) database. Visceral metastatic distribution
data were provided for liver, lung, and brain. The overall survival (OS) was calculated by the Kaplan-Meier
method. Multivariable logistic and Cox regression models were performed to identify risk factors and analyze
survival outcomes.

Results: A total of 13,092 eligible patients with stage IV PCa were identified from SEER database. A total
of 598 patients developed visceral metastases at diagnosis among these patients. In multivariable analyses,
patients with PSA >80 ng/mL had 1.545-fold higher risk of developing visceral metastases compared with
those with PSA <20 ng/mL (P<0.001). The presence of bone metastasis and lymph node (LN) metastases
were represented as risk factors of visceral metastases in stage IV PCa patients. Patients with two or three
metastatic sites had 1.604-fold higher risk of shorter OS compared with those with one metastatic site
(P<0.05). And patients with bone plus visceral metastases had 1.410-fold higher risk of shorter OS compared
with those with visceral metastasis only (P<0.05). Age >70 had 1.621-fold higher risk of shorter OS compared
with those with age <70 (P<0.05). T4 stage had 1.476-fold higher risk of shorter OS compared with those
with T1 stage (P<0.05).

Conclusions: The incidence rate was increased among patients with visceral metastases in stage IV PCa
at diagnosis. PSA over 80 ng/mL, the presence of bone metastasis and the presence of LN metastases were
risk factors associated with a higher rate of development of visceral metastases in stage IV PCa patients. The
presence of visceral plus bone metastases, two or three sites, age over 70, and T4 stage represent prognostic

factors on survival outcomes in visceral metastatic PCa patients.
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Introduction

Prostate cancer (PCa) is expected to account for 19% of
all new tumor cases and 8% of all cancer death in male of
United States (1-3). The most typical metastatic pattern
including the lymph node (LN) and bone metastases
have been studied comprehensively (4-6). However,
little attention has been focused on the risk factors and
prognosis of atypical metastases including liver, brain,
and lung metastases in stage IV PCa patients. Previous
studies (1,7-9) reported that visceral involvement in PCa
might be correlated to worse survival outcomes. The
visceral metastatic site and frequency of occurrence were
described based on a large population using SEER database.
Population-base estimates of the incidence and prognosis of
visceral metastases at diagnosis of PCa are lacking. The risk
factors of visceral metastases and the impact of these risk
factors on the survival of patients with stage IV PCa were
investigated in this study.

Methods
Data source

The SEER database includes information on cancer
incidence, therapeutic management, and survival outcomes
for approximately 30% of the US population. Clinical data
on the absence or presence of visceral metastases including
brain, liver, and lung at the time of PCa diagnosis was
released in 2017 for patients diagnosed as PCa from 2010
to 2015. The incidence rates of PCa were calculated in
this study. All rates were adjusted to the 2000 US standard
population and expressed by 100,000 person-years. The
annual percentage changes (APCs) of incidence of PCa
were calculated based on the data from 1973 to 2015. The
APCs of incidence of metastatic PCa were calculated based
on the data from 2010 to 2015.

Patients

Patients with confirmed age and active follow-up who were
diagnosed as having a primary, stage IV PCa in the SEER
database from 2010 to 2015 were identified. The diagnosis
of PCa was confirmed as adenocarcinoma (NOS, 8140/3)
pathologically. Patients with carcinoma iz situ were not
included in this study. Patients for whom the absence or
presence of visceral metastases at diagnosis was unknown
were excluded. Subsequently, patients who were diagnosed
at autopsy or via death certification, as well as patients who
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had an unknown follow up, grade, T stage, N stage, M

stage, were also removed.

Statistical analysis

The demographics and clinical characteristics across visceral
metastatic groups were compared using the Chi-square test.
The relationships between PSA and visceral metastases were
explored by constructing smoothing plots. A two-piecewise
linear regression model was used to conduct the threshold
effect of PSA on visceral metastases according to the
smoothing plot. Multivariable logistic regression was used
to determine the risk factors associated with the presence
of visceral metastases at diagnosis. Multivariable Cox
regression was performed to identified covariates associated
with overall survival (OS) and cancer-specific survival (CSS)
using the same variables as in the logistic regression model
described herein. Survival estimates were obtained using
the Kaplan-Meier method. The National Cancer Institute’s
Joinpoint Regression program, version 4.5.0.1 was used to
calculate APCs (10). Statistical analyses were performed
using R software (version 3.4.4; R Foundation). Two-sided
P<0.05 was considered to denote statistical significance.

Results
Incidence rate of bone and visceral metastatic PCa

PCa incidence rates increased 2.7% (95% CI, 1.9% to
3.5%, P<0.001) per year during 1973-1988. Rates increased
significantly during 1988-1992; APC, 17.7% (95% ClI,
10.9% to 25%, P<0.001), but did not increase -10.5% (95%
CI, -20.2% to 0.4%, P=0.1) per year during 1995. The rate
also did not increase during 1995-2000; APC, 2.6% (95%
CI, -1.3% to 6.7%, P<0.2). Rates decreased significantly
during 2009-2009 and 2009-2015; APC, -1.2% (95% CI,
-2.4% to 0%, P<0.001) and -7.6% (95% CI, -9.5% to
-5.7%, P<0.001), respectively (Figure 1A). The incidence
rate of IV PCa, and metastatic PCa including bone
metastases and visceral metastases were also increasing

during the study period [2010-2015] (Figure 1B).

Baseline characteristics

Overall, 13,092 patients with stage IV PCa were identified.
A total of 598 patients were with visceral metastatic PCa.
The average age at diagnosis of visceral metastatic PCa
was 68.296 years (median 68 years). The majority of
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Figure 1 Trends in annual prostate cancer incidence [1973-2015]. Trends in annual prostate cancer incidence (A) and incidence rates of
different metastatic sites of prostate cancer during 2010 to 2015 (B). The 'incidence rates are per 10,000,000 (%) for stage IV PCa and
PCa with bone metastases and “the incidence rates are per 1,000,000 (%) for PCa with liver, lung, and brain metastases. (C) Distribution of

metastatic sites in patients diagnosed with visceral metastatic prostate cancer between 2010 and 2015.

visceral metastatic patients had lung metastases (70.903%).
The majority of visceral metastatic patients (79.097%)
accompanied with bone metastases. A total of 250
visceral metastatic patients (41.806%) accompanied with
LN metastases. Overall, 73 visceral metastatic patients
(11.873%) had two or three visceral metastatic sites
involved at diagnosis. In addition, 473 (79.097%) patients
were recorded as having bone plus visceral metastases. The
characteristics of patients were stratified according to the
different metastatic sites (Figure 1C, Table 1).

PSA over 80 ng/mL was associated with a higher risk of
developing visceral metastases at diagnosis

A nonlinear relationship between PSA and visceral
metastases was identified. Overall, the risk of visceral
metastases was increased with the elevated of PSA value
(Figure 24,B,C). When PSA value was divided into five groups
including 4-20, 20-40 , 40-60, 60-80, and >80 ng/mL,
the risk of developing visceral metastases was varied
accompanied with the elevated of PSA value (Figure 2A4,B,C).

It was obvious that the risk of visceral metastases was
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dramatically increased with the elevated of PSA value in
patients with a PSA value >80 ng/mL (Figure 2C). The
effect of PSA >80 ng/mL was then validated after adjusting
for the confounders potentially associated with visceral
metastases, including T stage, grade, bone metastasis, age,
N stage, and surgery. In this study, PSA >80 ng/mL was
an independent risk factor for predicting a higher risk of
developing visceral metastases at diagnosis in patients with
stage IV PCa (1.545, 95% CI, 1.233 to 1.935, P<0.001).
Patients with PSA >80 ng/mL had 1.545-fold higher risk
of developing visceral metastases compared with those
with PSA <20 ng/mL (P<0.001). In T1 stage, patients with
PSA >80 ng/mL had 2.754-fold higher risk of developing
visceral metastases compared with those with PSA
<20 ng/mL (P<0.001) (Tuable 2).

Risk factors for visceral metastases at diagnosis

Multivariable logistic regression analysis among patients
was used for exploring the risk factors of visceral metastases
at diagnosis of PCa. Overall, bone metastasis, PSA
>80 ng/mL and LN metastasis were significantly associated
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Table 1 The demographic and clinical characteristics of patients with PCa stratified by the visceral metastatic sites
Singe sitg None (%) Brain metastasis Liver metastasis Lung metastasis A least tYVO P value
metastasis only (%) only (%) only (%) metastases sites (%)
N 12,494 32 142 353 71
Age (years) 66.145+9.693 68.156+9.392 68.063+9.513 68.470+10.648 67.958+10.678 <0.001
PSA value 41.832+37.886 66.097+39.095 60.014+39.883 65.491+37.960 58.145+39.068 <0.001
Year 2,012.755+1.720 2,012.625+1.792 2,012.641+1.694 2,012.992+1.703 2,012.380+1.633 0.023
Grade <0.001
Grade | 116 (0.928) 0 (0.000) 1(0.704) 4(1.133) 0 (0.000)
Grade I 1,641 (13.134) 6 (18.750) 9 (6.338) 25 (7.082) 5 (7.042)
Grade Il 10,671 (85.409) 26 (81.250) 128 (90.141) 320 (90.652) 65 (91.549)
Grade IV 66 (0.528) 0 (0.000) 4(2.817) 4(1.133) 1(1.408)
T stage <0.001
T 2,702 (21.626) 16 (50.000) 39 (27.465) 124 (35.127) 18 (25.352)
T2 2,985 (23.891) 11 (34.375) 51 (35.915) 122 (34.561) 21 (29.577)
T3 3,199 (25.604) 2 (6.250) 16 (11.268) 49 (13.881) 9 (12.676)
T4 3,608 (28.878) 3(9.375) 36 (25.352) 58 (16.431) 23 (32.394)
N stage <0.001
NO 6,309 (50.496) 25 (78.125) 79 (55.634) 211 (59.773) 33 (46.479)
N1 6,185 (49.504) 7 (21.875) 63 (44.366) 142 (40.227) 38 (53.521)
M stage <0.001
MO 6,435 (51.505) 0 (0.000) 0 (0.000) 0 (0.000) 0 (0.000)
M1 6,059 (48.495) 32 (100.000) 142 (100.000) 353 (100.000) 71 (100.000)
Bone metastasis <0.001
No 7,069 (56.579) 7 (21.875) 30 (21.127) 75 (21.246) 13 (18.310)
Yes 5,425 (43.421) 25 (78.125) 112 (78.873) 278 (78.754) 58 (81.690)
Surgery <0.001
No 6,825 (54.626) 30 (93.750) 114 (80.282) 301 (85.269) 60 (84.507)
Yes 5,669 (45.374) 2 (6.250) 28 (19.718) 52 (14.731) 11 (15.493)

with greater odds of having visceral metastases at diagnosis.
However, patients underwent surgery were associated with
significantly smaller odds of having visceral metastases at
diagnosis.

Survival analysis

The median OS was 21 (95% CI, 18-24) months (Figure 3A)
and the median CSS was 25 (95% CI, 21-30) months
(Figure 3B). After stratifying visceral metastatic patients
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according to the metastatic sites, respective median OS and
CSS were 16 and 16 months with brain metastasis, 16 and
17 months with liver metastasis, 32 and 37 months with
lung metastasis, and 12 and 14 months with a least two
metastases sites (P<0.01) (Figure 4A4,B).

After stratifying visceral metastatic patients according
to the number of metastatic sites involved, patients with
one site involved had significantly longer OS and CSS than
those with two or three metastatic sites involved (23 and 28
vs. 12 and 14, respectively) (Figure 5A,B). After stratifying
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Figure 2 A nonlinear relationship between PSA and visceral metastases was identified. PSA, prostate specific antigen.

Table 2 Multivariable logistic regression for the presence of visceral
metastases at diagnosis of prostate cancer in patients with stage IV

prostate cancer

Exposure

Multivariate regression analysis

Grade
Grade |
Grade Il
Grade llI
Grade IV

Bone metastasis
No
Yes

Age

N stage
NO
N1

Surgery
No
Yes

PSA stratification
<20
>20, <40
>40, <60
>60, <80
=80

1
0.848 (0.326, 2.209), 0.73606
1.022 (0.410, 2.550), 0.96290
2.374 (0.746, 7.557), 0.14334

1
2.906 (2.266, 3.726), <0.00001
1.005 (0.997, 1.013), 0.22947

1
1.223 (1.019, 1.466), 0.03029

1
0.499 (0.384, 0.649), <0.00001

1
1.051 (0.777, 1.422

1.357 (0.961, 1.916

( 0.74710
(
(
(

0.08304
0.58085
0.00016

1.131(0.730, 1.754

),
),
),
1.545 (1.233, 1.935),

© Translational Cancer Research. All rights reserved.

visceral metastatic patients by visceral metastasis involved
only and bone plus visceral metastasis involved, patients
with metastasis involved only had significantly longer OS and
CSS than those with bone plus visceral metastasis involved (32
and 39 vs. 18 and 21, respectively) (Figure 6A,B).

On multivariable Cox regression for OS and CSS among
patients with visceral metastases at diagnosis, patients
with bone metastasis, older age, LN metastases, bone plus
visceral metastases, and two or three metastatic sites were
associated with significantly greater risk of having shorter
OS and CSS. Conversely, patients underwent surgery
were associated with significantly smaller risk of having
longer OS and CSS. However, T4 stage was associated
with significantly greater risk of having shorter OS only.
After adjusting for confounders, the number of the site of
visceral metastases represented an independent predictor of
OS. Particularly, patients with two or three metastatic sites
had 1.604-fold higher risk of shorter OS compared with
those with one metastatic site (P<0.05). And patients with
bone plus visceral metastases had 1.410-fold higher risk of
shorter OS compared with those with visceral metastasis
only. Similarly, patients with two or three metastatic sites
had 1.739-fold higher risk of shorter CSS compared with
those with one metastatic site (P<0.05). And patients with
bone plus visceral metastases had 1.611-fold higher risk of
shorter CSS compared with those with visceral metastasis
only (Table 3).
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Table 3 Multivariable Cox regression analysis predicting overall survival and cancer-specific survival of patients diagnosed with visceral metastatic

prostate cancer

Exposure

Multivariate Cox regression analysis

Overall survival

Cancer-specific survival

Model 1 non-adjusted

Model 2 adjusted

Model 1 non-adjusted

Model 2 adjusted

Combination metastasis
Visceral metastasis only

Both visceral and bone

metastases

Number of metastatic sites

One sites

Two or three sites

Age category

1

1.374 (1.019, 1.852),
0.03701

1

1.633 (1.205, 2.214),
0.00157

1

1.410 (1.039, 1.913),
0.02747

1

1.604 (1.180, 2.180),
0.00254

1

1.621 (1.286, 2.043),
0.00004

1

1.257 (0.977, 1.618),
0.07520

1

1.023 (0.766, 1.364),
0.87891

1.146 (0.785, 1.675),
0.48001

1.476 (1.061, 2.053),
0.02066

1

0.709 (0.508, 0.989),
0.04277

1

1.573 (1.122, 2.206),
0.00860

1

1.772 (1.284, 2.444),
0.00049

1

1.407 (1.098, 1.803),
0.00699

1

1.241 (0.954, 1.614),
0.10758

1

1.002 (0.739, 1.358),
0.99224

1.293 (0.877, 1.907),
0.19471

1.399 (0.985, 1.987),
0.06107

1

0.730 (0.511, 1.043),
0.08398

1

1.611 (1.141, 2.275),
0.00677

1

1.739 (1.258, 2.405),
0.00082

1

1.429 (1.112, 1.836),
0.00524

1

1.250 (0.953, 1.639),
0.10690

1

0.992 (0.725, 1.357),
0.96164

1.281 (0.862, 1.903),
0.22067

1.392 (0.974, 1.990),
0.06967

1

0.715 (0.499, 1.024),
0.06688

<70 1
=70 1.608 (1.279, 2.022),
0.00005
N stage
NO 1
N1 1.244 (0.975, 1.588),
0.07920
T stage
T 1
T2 1.032 (0.779, 1.366),
0.82644
T3 1.166 (0.803, 1.691),
0.41986
T4 1.481 (1.071, 2.047),
0.01748
Surgery
No 1
Yes 0.718 (0.516, 1.000),
0.05015
Discussion

In this study, the incidence of APC of identified PCa and
stage IV PCa was identified. Overall, the incidence rate
of PCa was decreased since 1992. However, the incidence
rate of stage IV PCa was still increased annually. The
APC of identified bone metastases, brain metastases, lung
metastases, and liver metastases with newly diagnosed

© Translational Cancer Research. All rights reserved.

PCa was also identified. The subsequent survival of these
patients was calculated. We found that the incidence
proportion of lung metastases was highest among patients
with visceral metastases. Median survival from diagnosis
varied significantly by the different sites of visceral
metastases. In addition, we report for the first time, to our
knowledge, population-based risk factors associated with
visceral metastatic stage IV PCa. The risk factors on survival
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outcome of visceral metastatic PCa were also investigated.

Visceral involvement was reported to be associated with
worse clinical outcomes (11). So far, however, the risk
factors on visceral metastases and the impact of visceral
metastases on OS and CSS in patients with stage IV PCa
has not been thoroughly elucidated (12,13). Although
previous studies (1,4) mainly focused on the commonly
spreads sites of PCa including the regional nodes and
the skeleton, the risk of visceral metastases could not be
negligible. Thus, we thought to explore the risk factors and
evaluate the impact of the visceral metastatic sites on OS
and CSS in a large cohort of patients with PCa.

To date, the characteristics of potential risk factors
of developing visceral metastases in PCa have not been
thoroughly elucidated. It is clearly that PSA was associated
with the survival outcomes of PCa. However, the clinical
effects of PSA in predicting the risk of metastasis have not
been well established. Stattin ez /. (14) reported that the
PSA could predict the long-term risk of metastatic PCa.
Risk stratification of distant metastasis was conducted by
PSA in former study. Vertosick et al. (15) stated that risk
stratification conducted by PSA was far greater than that
reported for race or other demographic characteristics. To
the best of our knowledge, it is the first time to evaluate
that predictive effect of PSA on predicting the risk of
developing visceral metastases in patients with stage IV
PCa. In this study, PSA was stratified into five groups and
PSA >80 ng/mL was found to be as an independent risk
factor for predicting visceral metastases in patients with
stage IV PCa. PSA >80 ng/mL had 1.545-fold higher risk
of developing visceral metastases compared with those with
PSA <20 ng/mL.

The OS and CSS of visceral metastases patients were
conducted in this study. The OS and CSS varied based on
the involvement sites of visceral metastases and the number
of visceral metastasis involved. Guijarro et 4l. (16) found that
patients with visceral involvement has a worse prognosis
compared with exclusively LN metastasis, exclusively
bone metastasis, or LN plus bone metastasis, which was
in accordance with Mazzone’s (17) research. In addition,
Mazzone et al. (17) also suggested that the prognosis of
patients with bone involvement alone was inferior to those
with LN involvement alone. Furthermore, Gandaglia
et al. (11) showed that OS and CSS of patients with LN
metastases superior to those with bone metastases, which
was superior to those with visceral metastases. However,
they did not investigate the impact of the different visceral
metastatic sites on survival. To the best of our knowledge, it

© Translational Cancer Research. All rights reserved.

is the first time to evaluate the impact of the specific visceral
metastatic sites on OS and CSS in visceral metastatic PCa
patients. In this study, lung metastasis only had the best OS
outcomes than liver metastasis only and brain metastasis
only. The brain metastasis only had the worse OS outcomes
than liver metastasis only and the lung metastasis only. In
Guijarro’s study, they also showed that metastases number
was not the prognostic factors of OS and progression-free
survival (PFS) (16). In this study, visceral metastases with
corresponding bone involvement conferred worse survival
outcomes compared with visceral metastases alone, which
was consistent with Mazzone’s (17) study. Moreover, we
found that the number of metastases was significantly
associated with survival, and presence of one metastatic site
also results in longer OS and CSS than multiple metastatic
sites involved in visceral metastatic patients. Whitney
et al. (18) suggested that age is a prognostic factor of OS,
but they did not define a threshold value. In this study,
we found that age >70 had higher risk of shorter OS
compared with those with age <70. However, Guijarro
et al. (16) showed in their study that age was not
significantly associated with OS and PFS in patients with
metastatic prostatic cancer. Guijarro et 4l. (16) also found
that clinical stage was not the prognostic factors of OS
and PFS in patients with metastatic prostatic cancer, but
this study indicated that T4 stage was associated with poor
OS in patients with visceral metastases although it has no
significant difference with CSS.

There are several clinical implications in this study. Firstly,
the identification of the bone metastasis, the LN metastases,
and PSA value >80 ng/mL as risk factors may be important
to predict the visceral metastases. Secondly, the identification
of the visceral plus bone metastases, the number of visceral
sites involved, age over 70 years as prognostic factors might
be critical to predict the OS and CSS in patients with visceral
metastases. However, T4 stage was only associated with poor
OS in patients with visceral metastases. Hence, patients with
prognostic factors mentioned above might underwent more
aggressive approaches rather than conventional treatment
modalities (11).

There were some limitations in this study. Firstly, we
were able to describe only the absence or presence of
visceral metastases at initial diagnosis. Further information
concern disease recurrence or subsequent sites of disease
involvement were not provided in the SEER database.
Patients who subsequently developed visceral metastases
would not be calculated in this study. Secondly, the
comorbidities, performance status, smoking status,
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hypertension status, and diabetes status were not available
in the SEER database. Thirdly, patients’ therapeutic
strategies for visceral metastases were not recorded in the
SEER database. T4 stage was only associated with poor
OS in patients with visceral metastases. Therefore, we
assumed that those patients might undergo more aggressive
approaches rather than conventional treatment strategies.
However, due to the inherent defect of the SEER database,
the specific therapeutic strategies of patients cannot be
accessed. Hence, this limitation could only be discussed in

further study.

Conclusions

The incidence rate was increased among patients with
visceral metastases in stage IV PCa at diagnosis. PSA over
80 ng/mL, the presence of bone metastasis and the presence
of LN metastases were risk factors closely correlated with
the development of visceral metastases in stage IV PCa
patients. The presence of visceral plus bone metastases, two
or three sites, age over 70 and T4 stage represent prognostic
factors on survival outcomes in visceral metastatic PCa
patients.
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