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ABSTRACT

Introduction: This study reviewed patients’ demographic, clinical and treatment characteristics to identify prognostic
factors associated with survival of prostate cancer after developing bone metastases. We explored the racial disparities
in these factors and how they relate with survival. Methods: We conducted a retrospective study on 79 men diagnosed
with bone metastasis secondary to prostate cancer who underwent surgery at a single institution from November 1977 to
June 2011. Descriptive statistics were used to summarize patients’ characteristics. The Kaplan-Meier method was used
to estimate characteristics of the survival distribution using two origination points—diagnosis and surgery. Cox hazard
regression explored the relationship between prognostic factors and overall survival. Results: The majority of men were
White (n = 63; 80%) followed by Black (n = 7; 9%), Hispanic (n = 7; 9%), and Asian (n = 2; 2%). Multivariate factors
associated with poorer survival after bone metastasis surgery included race (Black), Gleason score > 8, and radiation
treatment. Patients not receiving radiation had a longer survival experience relative to patients who received radiation
before or after surgery (10.3 vs 6.5 months; P = 0.030). There was an association of PSA level at the time of bone me-
tastasis diagnosis with survival following diagnosis but prior to surgery. The median time interval (T,, in months) be-
tween prostate cancer diagnosis and bone metastasis diagnosis was 39.1 (White), 31.2 (Hispanic), 15 (Blacks) and 43
(Asians). Patients with T,,, < 35 months had a hazard of death 3 times greater than patients with T,,, > 35 months (HR =
3.22; P <0.001). Conclusion: The median survival and time interval from prostate cancer diagnosis to bone metastasis
diagnosis was shorter in Blacks with respect to other races. The more aggressive nature of the disease in Blacks is likely
due to the biology of the disease rather than access to treatment.
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1. Introduction economic status in these poor outcomes among African-
American men with prostate cancer metastatic to bone.
Tangen et al. reported that current trends in the survival
rates of African American men with prostate cancer no
longer differ from the survival rates of other men with a
comparable diagnosis [14]. These investigators hypothe-
sized that the basis of this improvement is greater
awareness of prostate cancer and improved health-seek-

ing behavior among African American men. Prostate

Patients with prostate cancer metastatic to bone have a
poor prognosis; numerous studies demonstrate that sur-
vival depends on the extent of metastasis to the skeleton
at presentation [1-5]. Recent studies have noted that Af-
rican American men have a higher prostate cancer inci-
dence and mortality rate than do white men [6-10]. Re-
searchers have hypothesized that these differences are the
product of both socioeconomic status [11-13], which

often leads to a later diagnosis of advanced-stage prostate
cancer in African American men than in white men, and
of poorly understood genetic differences [11,12].

More recent evidence has clarified the role of socio-
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Specific Antigen screening which began around 1990
accounted for a large proportion of these changes. This
was encouraged in all men irrespective of their socio-
economic status. However, African American men 40 -
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28 Racial Disparities in Survival Outcomes of Prostate Cancer Patients after Surgery for Bone Metastases

69 years of age continue to have 2 to 3 times the inci-
dence of newly diagnosed metastatic prostate cancer than
white men of the same age have, even after adjusting for
socioeconomic status [5]. The reasons for the greater
incidence of advanced disease among African American
men remain unknown.

Evidence supporting a biological basis for racial dis-
parities in prostate cancer disease progression has been
recently reported. Castro et al. reported that genomic pro-
filing of comparable cohorts of African American and
white men with prostate cancer showed that clinically
localized cancers from African American men more
closely resembled metastatic lesions from white men [6].
Wallace et al. reported prominent differences in tumor
immunobiology between African American and white
men with prostate cancer, with a 2-gene signature that
differentiated African American and white patients [10].
These investigators found that metastasis-promoting genes
were also more highly expressed in African American
patients. In addition, Brand et al. reported a polymor-
phism in the transforming growth factor beta 1 gene that
has a more protective effect against high-grade prostate
cancer in non-Hispanic white men than in other racial
groups [15]. In this study, we looked for further evidence
of disease outcomes that depend on race, and possibly
biological differences, in patients undergoing surgery for
bone metastases.

The formation of skeletal metastasis negatively affects
overall survival in patients with prostate cancer, and sur-
gical intervention is considered to be palliative in the
majority of these cases [16]. Surgery is meant to alleviate
skeletal complications, such as bone pain, impaired mo-
bility, pathological fracture, spinal cord compression and
symptomatic hypercalcemia [17,18]. However, whether
there is racial difference in survival time after develop-
ment of bone metastasis is unknown. To investigate po-
tential association between survival and race, we retro-
spectively reviewed the data for survival rates of men
with prostate cancer after they had developed bone me-
tastases requiring surgical intervention. All of the data
were collected in one single institution. We first identi-
fied prognostic factors associated with survival and fur-
ther examined whether race had a significant role.

2. Methodology

This retrospective medical chart review used data from
men with prostate cancer seen at The University of Texas
MD Anderson Cancer Center in Houston from November
1977 to June 2011. The research protocol was approved
by the institutional review board, and a research assistant
worked on chart selection and data extraction. Data were
double-checked by a research coordinator to ensure ac-
curate data collection and documentation. We searched
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the MD Anderson Orthopedic Oncology data base spe-
cifically for patients referred to the department as a result
of bone metastasis secondary to prostate cancer requiring
surgery. Inclusion criteria are men who were diagnosed
with bone metastasis secondary to prostate cancer (con-
firmed by tissue biopsy), who fall within the 34 years
range of study and who required surgical intervention for
pathologic fracture, impending pathologic fracture, or
intractable pain. There was no exclusion criterion. A total
number of 79 men were identified for review. Their
medical charts were reviewed from first visit to last fol-
low-up or death. Data on the demographics, dates of di-
agnosis of prostate cancer and bone metastasis, PSA
level, Gleason score, dates of discharge or death and
treatment modes were extracted from their clinical re-
cords. The dates of death of subjects lost to follow-up
were extracted from the genealogy bank. Data on ethnic-
ity was self-reported and classified into African Ameri-
can, White, Hispanic, or Asian. Surgery was categorized
according to the mode of tumor excision, and andro-
gen-deprivation therapy was classified by leuprolide
acetate (Lupron) use.

2.1. Bone Metastasis Secondary to Prostate
Cancer

Most charts (n = 76) included the date bone metastasis
was diagnosed. Metastasis was confirmed by x-ray prior
to surgery and by tissue biopsy afterward. The majority
of these 76 individuals presented with bone metastasis
after being diagnosed with prostate cancer (67; 88%).
The remaining 12% (9) of them were diagnosed with
prostate cancer and bone metastases on the same day. For
the current analysis, we measured the median time inter-
vals in months between prostate cancer and bone metas-
tasis diagnosis and compared them among the 4 racial
groups.

Gleason score and the prostatic-specific antigen (PSA)
level at the time of diagnosis of prostate cancer are used
to assess tumor burden [19-24].

2.2. Data Analysis

Data were analyzed using STATA (version 12). Descrip-
tive statistics were used to summarize patient, clinical,
and treatment-related characteristics. The Kaplan and
Meier method was used to estimate characteristics of the
survival distribution using 2 origination points—diagno-
sis and surgery [25]. The median overall survival at 1, 3,
5 and 10 years from both diagnosis and surgery were
computed for the entire study population and by clinical
factors of interest (i.€, age, race, Gleason grade, and type
of surgery). In the analysis of overall survival, death
from any cause was the event of interest, and patients’
data were censored at their date of last follow-up. Cox
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proportional hazards regression was then used to explore
the relationship between potential prognostic factors and
overall survival at 1, 3, 5 and 10 years.

3. Results

Seventy nine (79) individuals were identified who un-
derwent surgery for prostate cancer bone metastases be-
tween 1977 and 2011. Baseline demographics for the
study group are summarized in Table 1. The mean age at

diagnosis of prostate cancer was 62 years (range: 41 - 83).

The majority of men were white (n = 63; 80%), followed
by African Americans (n = 7; 9%), Hispanics (n = 7; 9%),
and Asians (n = 2, 3%). Of the 54 men with a Gleason
score recorded at diagnosis, 37% were in the highest
category (9 - 10), 48% were mid-range (7 - 8), and 15%
were low (<6). Metastatic deposits in bone were excised
from 57 (72%) men. Of these patients, 67% (38) had a
wide resection, and 33% (19) had curettage. Of the 79
patients, 44 received no radiation (56%), 20 (25%) re-
ceived post-surgery radiation only, and the remaining 5
(6%) received pre-surgery radiation only. Only 1 patient
(1%) received radiation both before and after the surgery.
The charts for 9 patients (11%) did not report whether
any radiation treatment was received.

The median survival duration following prostate can-
cer diagnosis in African Americans were 86%, 28%, and
14% at 1, 3, and 5 years, respectively (P < 0.001, see
Table 2). Survival rates after prostate cancer diagnosis
were also significantly worse when the Gleason score
was 9 - 10 (P < 0.001) and when age was younger than
65 years (P = 0.027). Variables that were not statistically
significant were PSA level at initial diagnosis, tumor
excision, type of surgery, radiation treatment, andro-
gen-deprivation treatment, and whether bone metastases
were synchronous or metachronous (Table 2). Kap-
lan-Meier plots of overall survival from diagnosis by
race from time of survival following surgery revealed
that survival was worst in African American men (Fig-
ure 1). Survival after surgery by Gleason score was
worst among men with a score between 9 - 10 (Figure 2);
although it did not reach statistical significance (P =
0.146). However, the survival disadvantage was signifi-
cant (P =< 0.001) from time of prostate cancer bone me-
tastasis diagnosis (Table 2).

Following surgery for bone metastasis, median overall
survival duration was 9.1 months (95% confidence in-
terval [CI]: 5.5, 10.3 months), with estimated survival
rates at 1, 3, and 5 years of 34%, 10%, and 9%, respec-
tively. Median survival was shortest for African Ameri-
can men (2.6 months, P = 0.022; Table 3). Men who
received radiation treatment either before or after surgery
had less favorable in survival compared to men who did
not (10.3 vs 6.5 months, P = 0.029; Figure 3). There was
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Table 1. Patient, clinical, and treatment characteristics.

N (%)
Age
Mean + SD 67.1+£9.6
Median (range) 68 (43 - 89)
Race or ethnicity
White 63 (79.7)
African American 7(8.9)
Hispanic 7(8.9)
Asian 2(2.5)

PSA level at diagnosis of metastasis
Mean + SD 187.5 ng/mL + 500.5
Median (range) 29.8 ng/mL (1 - 3004)

Gleason score

3.6 8 (14.8)
7-8 26 (48.2)
9-10 20 (37.0)

Bone metastasis excised
No 22 (27.8)
Yes 57 (72.2)

Surgical category

Curettage 19 (24.1)
No excision 22 (27.8)
Wide resection 38 (48.1)
Radiation

No radiation 44 (55.7)
Pre-surgery radiation only 5(6.3)
Post-surgery radiation only 20 (25.3)
Radiation both pre- and post-surgery 1(1.3)
Unknown 9(11.4)
Androgen-deprivation therapy

No leuprolide acetate 18 (28.1)
Leuprolide acetate alone 8 (12.5)
Leuprolide and other chemotherapy 38 (59.4)
Bone metastasis diagnosed on same

day as prostate cancer

No 67 (88.2)
Yes 9(11.8)

Abbreviations: SD, standard deviation; PSA, prostatic-specific antigen.
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Table 2. Association of patient, clinical, and treatment factors with survival after prostate cancer bone metastasis diagnosis.

Patients Median Survival Survival Estimates (Years) "Ilje_:ls{t
(Deaths) (Years) 1 3 5 10 P
Age
>65 50 (42) 7.9 094 086 0.68 033
Race
White 63 (54) 6.2 097 080 0.64 029 <0.001
African American 7(7) 4.9 0.86 028 0.14 -
Hispanic 7 (6) 2.1 1.00 0.83 0.50 0.17
Asian 2(2) - - --- - ---
PSA level at diagnosis of metastasis
<8 ng/mL 14 (11) 8.7 1.00 1.00 0.85 0.31 0.125
8-30 ng/mL 14 (13) 4.6 086 0.71 036 0.07
30 - 100 ng/mL 14 (12) 4.6 1.00 0.71 043 0.27
>100 ng/mL 14 (12) 24 1.00 047 047 028
Gleason
3-6 8(5) 10.2 1.00 1.00 1.00 057 <0.001
7-8 26 (21) 7.9 1.00 084 0.63 028
9-10 20 (19) 4.0 1.00  0.60 030 0.08
Bone metastasis excised
No 22 (18) 5.7 1.00  0.68 058 0.23 0.934
Yes 57 (51) 5.8 0.95 080 0.60 0.27
Surgical category
Curettage 19 (17) 5.8 095 089 061 033 0.815
No excision 22 (18) 5.7 1.00  0.68 058 023
Wide resection 38 (34) 5.8 094 075 059 024
Radiation
No 44 (35) 5.8 098 081 0.58 0.32 0.210
Yes® 26 (25) 5.1 096 0.69 058 0.19
Androgen-deprivation therapy
No leuprolide acetate 18 (16) 4.6 1.00 0.78 044 032 0.161
Leuprolide acetate alone 8(4) 12.6 1.00 0.68 0.68 0.51
Leuprolide and other chemotherapy 38 (35) 5.7 097 076 0.62 0.16
Bone metastasis diagnosed on same day as prostate
cancer
No 67 (60) 5.8 098 080 0.63 025 0.103
Yes 9(8) 1.6 0.78 0.44 0.15 0.15

Abbreviations: L-R, log-rank test; PSA, prostatic-specific antigen. Insufficient data to obtain reliable estimates; “Radiation was given before, after, or both
before and after surgery; we excluded data from 9 patients with unknown radiation treatment status.
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Figure 1. Kaplan-Meier plots of overall survival by race from time of surgery (months). Survival estimates in years was plot-
ted against race. KM revealed that survival is worst in blacks as measured by steepest decline in survival estimate in relation

with time in years. P < 0.05.
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Figure 2. Kaplan-Meier plots of overall survival by Gleason score from time of surgery (months). Gleason grades 3-6 (blue
line), 7-8 (red line), 9-10 (green line). Survival estimates plotted against Gleason score. KM revealed that survival is worst
with Gleason scores 9-10 as measured by steepest decline in survival estimate in relation with time in years. P > 0.05.

no statistically significant difference in survival for men
with respect to age, Gleason score, tumor excision, sur-
gical category, androgen-deprivation therapy, or having
bone metastasis identified on the day of diagnosis.

Table 4 shows the hazard ratios (HR) of factors asso-
ciated with survival following diagnosis and surgery.
Following prostate cancer diagnosis, risk of death was
highest in African American patients (HR, 5.13; P <
0.001) and second highest in patients with Gleason
scores of 9 or 10 (HR, 5.02; P = 0.002). An increase in
PSA level of 20 ng/mL was associated with a statistically
significant but very small increase in risk (HR, 1.02; P =
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0.002), and 5-year increments in age at diagnosis were
associated with a statistically significantly lower risk
(HR, 0.85; P = 0.014). Following surgery for bone me-
tastasis, risk of death was significantly higher for African
American patients (HR, 2.93; P = 0.011) than for other
races and for patients treated with radiation (HR, 1.80; P
= 0.031). The HR for those with high Gleason scores
trended toward higher risk of death following surgery but
did not reach statistical significance (HR, 2.58; P = 0.065).

The overall time to disease progression as determined
by median time interval (months) between prostate can-
cer diagnosis and bone metastasis diagnosis (as shown in
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Table 3. Association of patient, clinical, and treatment factors with survival after surgery for prostate cancer bone metastatic
lesions.

Patients Median Survival Survival Estimates (Years) L-R Test
(Deaths) (Months) 5 1 3 5 P
Age
<65 29 (27) 7.4 0.62 0.31 0.08 0.08 0.661
>65 50 (42) 9.2 0.61 036 0.13 0.10
Race
White 63 (54) 10.0 0.66 0.40 0.13 0.11 0.022
African American 7(7) 2.6 0.43 -—- - -
Hispanic 7 (6) 52 043 0.28 --- ---
Asian 2(2) - - - - -
Gleason score
3-6 8(5) 17.0 1.00 067 033 0.33 0.146
7-8 26 (21) 10.3 072 046 014 0.07
9-10 20 (19) 6.6 0.60 0.25 0.05 0.05
Bone metastasis excised
No 22 (18) 10.0 063 037 007 0.07 0.832
Yes 57 (51) 9.0 061 033 012 0.10
Surgical category
Curettage 19 (17) 6.6 0.65 024 0.06 0.06 0.779
No excision 22 (18) 10.0 0.63 037 0.07 0.07
Wide resection 38 (34) 9.2 0.60 038 0.15 0.11
Radiation
No 44 (35) 10.3 066 048 012 0.12 0.029
Yes* 26 (25) 6.5 0.57 0.16 0.04 -
Androgen-deprivation therapy
No leuprolide acetate 18 (16) 7.4 0.53 029 0.06 0.06 0.924
Leuprolide acetate alone 8(4) 11.3 0.54 027 0.27 -
Leuprolide and other chemotherapy 38 (35) 9.3 0.70 040 0.09 0.06
Bone Metastasis diagnosed on same day as prostate cancer
No 67 (60) 7.4 059 032 011 0.09 0.920
Yes 9(8) 10.2 067 033 -

Abbreviations: L-R, Log-rank test; PSA, prostatic-specific antigen. Insufficient data to obtain reliable estimates; “Radiation was given before, after, or both
before and after surgery; we excluded data from 9 patients with unknown radiation treatment status.
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Figure 3. Kaplan-Meier plots of overall survival by radiation from time of surgery (months). Radiation + (red line); no radia-
tion—(blue line). Survival estimates plotted against radiation. KM revealed that survival is less favorable in men that had
radiation at some point as measured by a steeper decline in survival estimate in relation with time in months. P < 0.05.
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Table 4. Factors associated with survival from prostate cancer bone metastasis diagnosis and surgery.

From Diagnosis From Surgery
Variable
P HR 95% C1 P HR 95% CI
Age in Years
S-year increments 0.014 0.85 (0.75,0.97) 0.924 0.99 (0.88, 1.12)
Race
White Ref. Ref.
African American <0.001 5.13 (2.18,12.0) 0.011 2.93 (1.28,6.71)
Hispanic 0.32 1.54 (0.66, 3.64) 0.274 1.61 (0.68, 3.80)
Asian - - - - --- -
PSA level at diagnosis of metastasis
20 ng/mL increments 0.002 1.02 (1.01, 1.03) 0.705 1.00 (0.99, 1.01)
Gleason score
3-6 Ref. Ref.
7-8 0.216 1.86 (0.70, 4.96) 0.242 1.80 (0.67,4.82)
9-10 0.002 5.09 (1.82,14.2) 0.065 2.58 (0.94,7.04)
Bone metastasis excised
No Ref. Ref.
Yes 0.934 1.02 (0.60, 1.76) 0.832 1.06 (0.62,1.82)
Surgical category
Curettage Ref. Ref.
No excision 0.774 1.10 (0.57,2.15) 0.558 0.82 041, 1.61)
Wide resection 0.528 1.21 (0.67,2.18) 0.505 0.82 (0.45, 1.49)
Radiation
No Ref. Ref.
Yes® 0.212 1.39 (0.83,2.33) 0.031 1.80 (1.05, 3.06)
Androgen-deprivation therapy
No Leuprolide acetate Ref. Ref.
Leuprolide acetate alone 0.503 0.68 (0.22,2.09) 0.727 0.82 (0.27,2.47)
In combination 0.175 1.55 0.82,2.92) 0.762 091 (0.50, 1.66)
Bone metastasis diagnosed on same day as prostate cancer
No Ref. Ref.
Yes 0.107 1.89 (0.87,4.12) 0.920 1.04 (0.49,2.19)

Abbreviations: HR, hazard ratio; CI, confidence interval; PSA, prostatic- specific antigen; Ref., reference set as a unit of 1. “Radiation was given before, after,
or both before and after surgery; we excluded data from 9 patients with unknown radiation treatment status.

Table 5) was 35 months. African American men had the
shortest average time at 15 months, followed by Hispan-
ics (31.2 months), Whites (39.1 months), and Asians (43
months). Patients with shorter time spans (<35 months)
from prostate cancer to bone metastasis had a hazard of
death 3 times greater than that of patients with longer
time spans (>35 months) (HR = 3.22; P < 0.001). Table
6 shows the time from diagnosis of bone metastasis to
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surgery. The shortest median time was again for African
Americans at less than a month (0.8), followed by His-
panics (2.4 months), whites (8.4 months), and Asians
(58.7 months).

4. Discussion

Our results showed that race and radiation treatment
were significantly associated with death from prostate
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Table 5. Time from date of prostate cancer diagnosis to date
of bone metastasis diagnosis.

Interval from Diagnosis to

Race Number of  Metastasis Detection (months)
Patients (76)
Mean  Median Range
White 60 51.8 39.1 0-276.8
Hispanic 7 46.6 31.2 0-1284
African American 7 21.8 15.0 0-64.8
Asian 2 43.0 43.0 0.2-858

Table 6. Time from bone metastasis diagnosis to date of
surgery.

Interval from Metastasis

Race Number of  Detection to Surgery (months)
Patients (71)
Mean Median Range
White 55 17.6 8.4 0-206.5
Hispanic 7 12.6 2.4 0-47.6
African American 7 4.2 0.8 0-14.1
Asian 2 58.7 58.7 57.2-60.2

cancer after surgery for bone metastases. African Ameri-
cans with prostate cancer survived for a significantly
shorter time than did patients from other racial groups.
Not surprisingly, disease progression was faster in Afri-
can American men compared with others. Moreover, the
shorter the time between diagnosis of skeletal metastasis
and surgery for bone metastasis, the shorter the duration
of cancer-pecific survival.

Our findings support a biological basis for the differ-
ence in outcome for African American men versus other
races. Because the patient cohort of our study was from a
single institution with similar criteria for treatment eligi-
bility, the socioeconomic differences were minimal
among ethnic groups. The shorter time period for disease
progression in African American patients indicates a
more aggressive disease in that group. Several studies
have observed biological differences in prostate cancer
between African American men and other ethnic groups;
Castro et al. showed through genetic profiling that clini-
cally localized cancers from African American men more
closely resemble metastatic cancers from white men.
Presently, there is no clear explanation for the more ag-
gressive form of prostate cancer bone metastasis in Afri-
can Americans. It was reported that African American
men have higher bone density and/or higher androgen
levels over their lifetime compared to those in other races
[26]. More research is needed to clarify whether differ-
ences in the androgen levels or bone environment con-
tribute to the accelerated progression of prostate cancer

Copyright © 2013 SciRes.

in bone.

Radiation treatment for bone metastasis, either before
or after surgery, also was significantly associated with
death from prostate cancer after surgery. Patients receiv-
ing radiation treatment tend to have more aggressive and
advanced disease because radiation is typically given as a
palliative treatment in hormone refractory cases. The
Gleason score data before and after bone surgery differed
for metastatic prostate cancer. The Gleason score, the
most widespread method of prostate cancer tissue grad-
ing used today is the single most important prognostic
factor in prostate cancer. The biopsy Gleason score is a
sum of the primary grade (representing the majority of
the tumor) and a secondary grade (assigned to the minor-
ity of the tumor), ranging from 2 to 10. A higher Gleason
score correlates with more aggressive disease, and a
more unfavorable patient prognosis. Following prostate
cancer diagnosis, a Gleason score of 9 or 10 was signifi-
cantly associated with shorter survival (Figure 3); how-
ever, following bone metastasis surgery, this association
did not reach statistical significance (P = 0.065). The
Gleason score is based on the architectural pattern and
degree of glandular differentiation of prostate cancer [21].
Cheville et al. found that the Gleason score of bone me-
tastasis is associated with survival following surgery for
metastasis, which supports the prognostic value of the
Gleason score for men with prostate cancer undergoing
surgery for bone metastases [7]. Our findings seem to be
in agreement with this observation; we noted a trend for
decrease in survival following surgery in men with high
Gleason score prostate cancer, although this trend did not
quite achieve statistical significance (HR, 2.58; P = 0.065).
A larger cohort may help to clarify the post-surgical
risks.

We found that diagnosis of prostate cancer at an earlier
age was independently associated with worse overall
survival but had no effect on survival following surgery
for bone metastases. There was no correlation between
race and age of diagnosis that could be detected, due to
the small sample size. This is consistent with other re-
ports: Younger age at the time of diagnosis is thought to
correlate with a more aggressive disease phenotype [27].
Higher PSA levels at time of diagnosis were associated
with an increased risk of death, but not after surgery for
prostate cancer bone metastases. Other studies have
found evidence for and against an association of survival
with PSA levels. In one of the few studies that focused
on bone metastasis, Cheville et al. found no correlation
between PSA levels at the time of bone metastasis diag-
nosis and survival after surgery, in agreement with our
study [7]. PSA levels in their patient cohort (mean of 213,
n = 36) were also similar to ours (mean of 187, n = 79).
A higher PSA level, as identified by our patient stratifi-
cation, may indicate a more aggressive disease and thus a
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worse pre-surgical prognosis.

4.1. Limitations

This study has several limitations. The cohort size was
small despite surveying 3.5 decades of patient records,
which limitsared the power to detect significant differ-

ences and identify the factors that affect patient outcomes.

The patient numbers were especially small for other-
than-White races/ethnicities, which especially limited
generalizations about ethnic groups other than Whites.
Moreover, the retrospective study design resulted in non-
uniform patient treatment choices and incomplete infor-
mation about patients’ clinical characteristics. The num-
bers of patients in each racial group were dictated by
chance rather than an even distribution, limiting the
analysis among racial groups. Despite these limitations,
our study has reinforced the need to look beyond demo-
graphics and access to care. We believe that the results of
this study should be further investigated in a larger pro-
spective group to clarify and further analyze the effect of
immunobiologic tumor characteristics.

In summary, the results of the current study found that
cancer-specific survival following surgery for prostate
cancer bone metastasis is the poorest in African Ameri-
can men and in those treated with external radiation.
Gleason score, age, and PSA levels can provide useful
prognostic information following prostate cancer diagno-
sis prior to bone metastasis surgery.

4.2. Conclusion

Younger age at diagnosis (less than 65 years), African
American ethniciity, higher PSA levels, higher Gleason
scores, and radiation treatment all were associated with
significantly worse survival outcomes following diagno-
sis of prostate cancer. Cancer-specific survival duration
following surgery for prostate cancer bone metastasis is
shortest in African American men. In this study, aggres-
sive disease rather than lack of access to treatment ap-
pears more responsible for poor outcomes in African
American men. Our study suggests that there are bio-
logical differences that underlie the difference in pro-
gression of prostate cancer in bone between African
American men and other ethnic groups.
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