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Abstract

Introduction Previous studies by our group and others have
demonstrated the importance of sociodemographic factors
in cancer-related outcomes. The identification of these
factors has led to novel approaches to the care of the
high-risk cancer patient, specifically in the adoption of
clinical interventions that convey similar benefits as
favorable sociodemographic characteristics. This study
examined the importance of marital status and race as
prognostic indicators in men with prostate cancer.

Presented at the 51st Annual Meeting of the American Society for
Radiation Oncology, Chicago, IL, November 1-5, 2009.

Charlene Bryan is deceased.

Supported by RTOG U10 CA21661 and CCOP U10 CA37422 grants
from the NCI, as well as Pennsylvania Commonwealth Universal
Research Enhancement (CURE) Program ME-02-149. This paper’s
contents are the sole responsibility of the authors and do not
necessarily represent the official views of the NCI.

K. L. Du- C. Bryan - D. W. Bruner
University of Pennsylvania,
Philadelphia, PA, USA

K. Bae Y. Yan
Radiation Therapy Oncology Group,
Philadelphia, PA, USA

B. Movsas
Henry Ford Health System,
Detroit, MI, USA

K. L. Du (<)

Department of Radiation Oncology,
Hospital of the University of Pennsylvania,
2 Donner, 3400 Spruce Street,
Philadelphia, PA 19104, USA

e-mail: du@uphs.upenn.edu

Methods This report is a meta-analysis of 3,570 patients
with prostate cancer treated in three prospective RTOG
clinical trials. The Kaplan—Meier method was used to
estimate the survival rate and the cumulative incidence
method was used to analyze biochemical failure rate.
Hazard ratios were calculated for all covariates using either
the Cox or Fine and Gray’s proportional hazards model or
logistic regression model with associated 95% confidence
intervals and p values.

Results Hazard ratio (HR) for overall survival (OS) for
single status compared to married status was 1.36 (95% CI,
1.2 to 1.53). OS HR for non-White compared to White
patients was 1.05 (CI 0.92 to 1.21). In contrast, the disease-
free survival (DFS) HR and biochemical failure (BF) HR
were both not significantly different neither between single
and married patients nor between White patients and non-
White patients. Median time to death for married men was
5.68 years and for single men was 4.73 years. Median time
for DFS for married men was 7.25 years and for single men
was 6.56 years. Median time for BF for married men was
7.81 years and for single men was 7.05 years.
Conclusions Race was not associated with statistically
significant differences in this analysis. Congruent with our
previous work in other cancer sites, marital status predicted
improved prostate cancer outcomes including overall
survival.

Implications for cancer survivors Prostate cancer is the
most common visceral cancer in men in the USA. The
stratification of prostate cancer risk is currently modeled
solely on pathologic prognostic factors including PSA and
Gleason Score. Independent of these pathologic prognostic
factors, our paper describes the central sociodemographic
factor of being single as a negative prognostic indicator.
Single men are at high risk of poorer outcomes after
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prostate cancer treatment. Intriguingly, in our group of
patients, race was not a significant prognostic factor. The
findings in this paper add to the body of work that describes
important sociodemographic prognostic factors that are
currently underappreciated in patients with cancer. Future
steps will include the validation of these findings in
prospective studies, and the incorporation of clinical
strategies that identify and compensate for sociodemo-
graphic factors that predict for poorer cancer outcomes.

Keywords Prostate cancer- Outcomes - Marital status -
Race - RTOG

Introduction

Prostate cancer is the most common visceral cancer in men
in the USA, with an estimated 217,730 new cases and
32,050 deaths in 2010 [1]. Previous publications have
described the importance of race and socioeconomic status
in outcomes of patients with prostate [2, 3] and colorectal
[4—6] cancers. Marital status has also been described as a
prognostic factor in overall survival in cancer, as well as in
other diseases [7—10]. Our group has previously demon-
strated, in an analysis of RTOG clinical trials, that single
men with head and neck cancer are at a disadvantage for
survival [11]. The clinical and public health implications of
such prognostic socioeconomic variables are distinct from
those of pathologic factors that have been traditionally
associated with cancer-related outcomes [12, 13]. The
recognition of these factors is increasingly acknowledged
as important in cancer care, and they potentially allow for
tailored interventions that improve patient outcomes for
specific populations at risk.

In this report, we examine the effect of race and marital
status on outcomes in men treated with radiation therapy for
prostate cancer. We hypothesize that the interaction among
the key sociodemographic factors of marital status and race
will assist in the identification of critical predictors for poor
outcomes for prostate cancer patients.

Methods
Study and patient inclusion criteria

This report is a meta-analysis of patients with prostate
cancer treated in three prospective RTOG clinical trials,
RTOG 9202, 9406, and 9413 (described in detail below).
Sociodemographic data was obtained at the time of
enrollment into the trail. The eligibility criteria for entry
into each trial differed. None of these trials used race or
marital status as a stratification variable before patient
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randomization. Marital status was defined as being married
or living with a partner. These studies accrued a total of
3,734 patients from 1992 to 2000. There were 164 (4%)
patients with missing or unknown pretreatment information
who were excluded from the analyses; one patient was of
unknown race, 71 patients had unknown marital status, and
92 patients had unknown Gleason Score. The resulting
analysis therefore included a total of 3,570 patients. Four
percent of all eligible patients have missing data and
therefore can be excluded from this analysis without
missing data bias since this is less than or equal to 5% of
the data (complete case analysis).

RTOG 9202

RTOG 9202 was a phase III study examining long-term
total androgen suppression following neoadjuvant hormon-
al cytoreduction and radiation therapy in locally advanced
prostate carcinoma. Between June 1992 and April 1995,
this study accrued 1,468 patients who were randomized to
two arms. Arm 1 was neoadjuvant total androgen suppres-
sion starting 2 months prior and then concomitant with
radiation therapy. Arm 2 was neoadjuvant total androgen
suppression starting 2 months prior to and during radiation
therapy, followed by Zoladex for 2 years following
radiation therapy.

RTOG 9406

RTOG 9406 was a phase I/Il study examining the toxicity
of escalating doses of three-dimensional (3D) conformal
radiation therapy for treatment of localized prostate
carcinoma. Between May 1994 and October 2000,
1,030 patients were enrolled in this study. These patients
were stratified based on clinical T-stage, PSA, and
Gleason Score, then were treated to one of five dose
levels: 68.4 Gy in 1.8 Gy fractions, 73.8 Gy in 1.8 Gy
fractions, 79.2 Gy in 1.8 Gy fractions, 74 Gy in 2 Gy
fractions, and 78 Gy in 2 Gy fractions.

RTOG 9413

RTOG 9413 was a phase III study comparing whole pelvic
irradiation followed by a conedown to irradiation of the
prostate only, and comparing neoadjuvant to adjuvant total
androgen suppression in patients with localized disease
with an elevated prostate-specific antigen (PSA) less than
or equal to 100 ng/ml. Between April 1995 and June 1999,
this study enrolled 1,236 patients who were randomized to
four arms. Arm 1 was neoadjuvant total androgen suppression
2 months prior to and concomitant with radiation therapy to
the whole pelvis followed by conedown to the prostate. Arm 2
was neoadjuvant total androgen suppression 2 months prior to
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and concomitant with radiation therapy to the prostate only.
Arm 3 was radiation therapy to the whole pelvis followed by a
conedown to the prostate, and then 4 months of adjuvant total
androgen suppression. Arm 4 was radiation therapy to the
prostate only, followed by 4 months of total androgen
suppression.

Statistical methods

An event affecting overall survival (OS) was defined as
death due to any cause, and time to death was measured
from date of randomization to date of death or the last
clinical follow-up. Biochemical failure (BF) was defined as
a >2 ng/ml rise in PSA above the PSA nadir, after the end
of radiation therapy, or after the end of salvage therapy. An
event affecting disease-free survival (DFS) was defined as
one of the following: death due to any cause, local failure,
biochemical failure (as defined above), distant metastases,
or second primary.

The Kaplan—Meier method [14] was used to estimate the
survival rate for OS and DFS, and the cumulative incidence
method was used for failure rate for BF. To analyze whether
each covariate was independently associated with outcomes
while adjusting for other covariates, the Cox proportional
hazards regression models [9] were used for OS and DFS,
and Fine and Gray’s regression models were used for BF.
Unadjusted and adjusted hazard ratios (HR) were calculated
for all covariates using either the Cox or Fine and Gray’s
proportional hazards model or a logistic regression model
with associated 95% confidence intervals (CI) and p values.
All statistical tests were two-sided and a p value <0.05 was
considered to be statistically significant. Statistical Analysis
System (SAS Institute, Cary, NC, USA) and R software was
used for all statistical analyses.

Results

A total of 3,570 patients with complete covariate informa-
tion from three RTOG prostate cancer trials were examined
in this meta-analysis. Of these, 1,358 patients were enrolled
on RTOG 9202, 999 patients were enrolled on RTOG 9406,
and 1,213 patients were enrolled on RTOG 9413. At the
time of analysis, 1,381 (39%) of these patients had died
(0S), 2,547 (71%) had experienced disease recurrence or
died (DFS), and 1,537 (43%) had experienced biochemical
failure (BF). The median follow-up was 7.22 years for all
patients and 7.95 years for the surviving patients. To
account for changes in accepted treatment for prostate
cancer over time, all analyzable patients were stratified for
accrual years: 1992-1994, 1995-1997, and 1998-2000
(Table 1). The major covariates of race and marital status
were considered in all outcomes. Other covariates were

considered for each outcome in addition to the race and
marital status. As indicated in Table 1, these covariates were
age, clinical stage, Karnofsky Performance Score (KPS),
Gleason Score, Prostate Specific Antigen (PSA), Biologic
Effective Dose (BED), and type of treatment received. The
median age was 70 years old (range 41-88) with 53% of
the patients <70 years old and 47% of the patients
>70 years old. Two thousand seven hundred and forty-one
(77%) of the patients were White and 829 (23%) of the
patients were non-White. Of the non-White patients, 78%
were Black, 15% were Hispanic, 3% were Asian, 2% were
Native American, and 2% were Other. Of the patients, 76%
were married and 24% were single. The performance status
in this group was generally excellent, with 94% of the
patients with KPS 90—100. There was a notable difference
between patients stratified across accrual years in that, in
later accrual years, more people were in the PSA <10
category and had a lower T and N staging, as well as being
treated to a higher BED of radiation.

Heterogeneity testing was next performed in order to
determine if a pooled estimate could be used to represent
the combined data from the trials in this meta-analysis. This
demonstrated that the stratification groups were homoge-
neous in respect to their adjusted hazard ratios, and the
pooled adjusted hazard ratio was noted for each outcome.
We therefore proceeded to use pooled hazard ratios for our
analysis.

In our patient population, there was a statistically
significant overall survival benefit in married men with
prostate cancer, with the HR for single status compared to
married status being 1.36 (95% CI, 1.2 to 1.53). There was
no significant overall survival difference between White
patients and non-White patients, with a HR for non-White
compared to White patients of 1.05 (CI 0.92 to 1.21). The
DFS HR and BF HR were both not significantly different
between single and married patients, HR 1.05 (95% CI 0.96
to 1.16) and 0.92 (95% CI 0.82 to 1.05), respectively.
Similarly, the DFS HR and BF HR were also not
significantly different between White patients and non-
White patients, 0.92 (95% CI 0.83 to 1.01) and 0.87 (95%
CI 0.77 to 0.99), respectively.

Subgroup analysis of marital status and race was
performed (Table 2). Five-year survival and event estimates
were calculated for OS, DFS, and BF, in single White,
single non-White, married White, and married non-White
patients (Table 3). For OS, single White and single non-
White patients are at significantly higher risk of death from
any cause than married White patients, HR 1.35 (95% CI
1.17 to 1.56) and HR 1.44 (95% CI 1.18 to 1.75). For DFS,
single White patients are at significantly higher risk of
recurrence than married White patients, with HR 1.17 (95%
CI 1.05 to 1.30). All groups are at equal risk for
biochemical failure at 5 years.
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Table 1 Patient characteristics by stratification variable

1992-1994 (n=1,193)

1995-1997 (n=1,372)

1998-2000 (n=1,005)

Total (n=3,570)

Age (years)
Mean
Median
Range
<70
>70
Race
White, non-Hispanic
Black
Hispanic
Asian
Native American
Other
Marital status
Married/other live-in relationship
Single/divorced/separated/widowed
T-stage
T1
T2
T3/T4
N-stage
NO
N1
N2
NX
KPS
70-80
90-100

Combined Gleason score (institutional)

2-6
7
8-10
PSA (ng/ml)
Mean
Median
Range
<10
<10 and <20
>20
BED (actual)
Mean
Median
Range
Treatment
RT only
PORT+NEO STHT
PORT+ADJ STHT
WPRT+NEO STHT
WPRT+ADJ STHT
PORT+LTHT

69.6
70
(43-88)
631 (53%)
562 (47%)

1,012 (85%)
146 (12%)
21 (2%)

4 (<1%)

4 (<1%)

6 (<1%)

946 (79%)
247 (21%)

5 (<1%)
552 (46%)
636 (53%)

128 (11%)
37 3%)

20 (2%)
1,008 (84%)

70 (6%)
1,123 (94%)

501 (42%)
397 (33%)
295 (25%)

304
194

0.2-250.0
274 (23%)
341 (29%)
578 (48%)

81.0
81.3
2.1-94.6

9 (1%)
590 (49%)
0
0
0
594 (50%)

69.0
70
(42-88)
733 (53%)
639 (47%)

987 (72%)
54 (4%)
301 (22%)
11 (1%)
6 (<1%)
13 (1%)

1,037 (76%)
335 (24%)

280 (20%)
688 (50%)
404 (29%)

201 (15%)
12 (1%)

4 (<1%)
1,155 (84%)

101 (7%)
1,271 (93%)

521 (38%)
523 (38%)
328 (24%)

234
16.8

0.1-144.6
420 (31%)
346 (25%)
606 (44%)

85.0
82.8
17.0-100.5

427 (31%)
272 (20%)
196 (14%)
197 (14%)
193 (14%)
87 (6%)

68.9
70
(41-85)
544 (54%)
461 (46%)

742 (74%)
198 (20%)
46 (5%)

8 (1%)

4 (<1%)

7 (<1%)

741 (74%)
264 (26%)

337 (34%)
478 (48%)
190 (19%)

295 (29%)
0
0
710 (71%)

48 (5%)
957 (95%)

424 (42%)
382 (38%)
199 (20%)

17.2
11.0
0.1-97.6
452 (45%)
260 (26%)
293 (29%)

89.0
91.0
8.5-101.8

563 (56%)
115 (11%)
106 (11%)
110 (11%)
111 (11%)
0

69.2
70

(41-88)
1,908 (53%)
1,662 (47%)

2,741 (77%)
645 (18%)
46 (5%)

23 (1%)

14 (<1%)
26 (1%)

2,724 (76%)
846 (24%)

622 (17%)
1,718 (48%)
1,230 (34%)

624 (17%)
49 (1%)
24 (1%)
2,873 (80%)

219 (6%)
3,351 (94%)

1,446 (41%)
1,302 (36%)
822 (23%)

24.0
15.7
0.1-250.0
1,146 (32%)
947 (27%)
1,477 (41%)

84.7
82.8
2.1-101.8

999 (28%)
977 (27%)
302 (8%)
307 (9%)
304 (9%)
681 (19%)

RT radiation therapy, PORT post-operative radiation therapy, WPRT whole pelvis radiation therapy, NEO neoadjuvant, ADJ adjuvant, STHT short-
term hormonal therapy, LTHT long-term hormonal therapy
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Table 2 Subgroup analyses of marital status and race
Overall survival Disease-free survival Biochemical failure
# of failure  5-year survival Pooled HR® # of failure  5-year survival Pooled HR® # of failure  5-year estimates  Pooled HR?
by 5 years  estimates (95% CI) by 5 years  estimates (SE)  (95% CI) by 5 years  (SE) (95% CI) (95% CI)
(SE) (95% CI) (95% CI)
Marital status®, race
Single, White 127 0.77 (0.02) 1.35 327 0.40 (0.02) 1.17 182 0.34 (0.0004) 0.99
(n=556) (0.73, 0.80) (1.17, 1.56) (0.36, 0.44) (1.05, 1.30) (0.33, 0.34) (0.86, 1.15)
Single, non-White 66 0.76 (0.03) 1.44 142 0.49 (0.03) 1.02 88 0.32 (0.0008) 0.99
(n=290) (0.71, 0.81) (1.18, 1.75) (0.44, 0.55) (0.87, 1.18) (0.31, 0.32) (0.81, 1.20)
Married, White 353 0.84 (0.01) RL 1,197 0.45 (0.01) RL 719 0.33 (0.0001) RL
(n=2185) (0.82, 0.85) (0.43, 0.47) (0.3337, 0.3341)
Married, non-White 83 0.84 (0.02) 1.01 288 0.45 (0.02) 1.03 186 0.35 (0.0004) 1.08
(n=539) (0.81, 0.87) (0.85, 1.19) (0.41, 0.50) (0.92, 1.15) (0352, 0.354) (.94, 1.25)

Five-year event estimates were calculated for overall survival, disease-free survival, and biochemical failure in single White, single non-White,

married White, and married non-White patients
*This is a pooled HR estimate
® CI confidence interval, HR hazard ratio, RL reference level

Further pairwise comparison of subgroups of marital
status and race was performed. When compared to single
White patients, single non-White patients had a decreased
risk of DFS and BF, with DFS HR 0.77 (95% CI 0.64 to
0.92) and BF HR 0.75 (95% CI 0.59 to 0.96). However,
despite these trends, there was no statistically significant
difference in OS between the two groups. Married non-
White and White patients, when compared to single White
patients, had improved OS with HR 0.71 (95% CI 0.58 to
0.88) and 0.74 (95% CI 0.64 to 0.86), respectively, as well
as improved DFS with HR 0.85 (95% CI 0.73 to 0.99) and
0.87 (95% CI 0.78 to 097), respectively; however, no

Table 3 PSA, Gleason Score, KPS, and T-stage for married and single
patients

Partnered Single p value
PSA 0.0040
<10 911 235
10< and <20 721 226
>20 1,092 385
Combined Gleason score 0.1065
(institutional)
2-6 1,077 369
7 1,011 291
8-10 636 186
KPS 0.0686
70-80 156 63
90-100 2,568 783
T-stage 0.7603
T1 470 152
T2 1,320 398
T3/T4 934 296

statistically significant difference was observed. Married
non-White patients had no statistically significant difference
in OS, DFS, and BF when compared to married White
patients. Single non-White patients had worse OS, with OS
HR 1.44 (95% CI 1.18 to 1.78), when compared to married
White patients. This is despite no significant difference in
DFS HR and an apparently decreased risk of BF with a HR
of 0.76 (95% CI 0.62 to 0.94). Finally, married non-White
patients had improved OS when compared to single non-
White patients, with an OS HR of 0.69 (95% CI 0.54 to
0.88), again with no statistical difference.

Because there have been previous reports of poorer disease-
free survival outcomes in Black patients compared to White,
Hispanic, and Asian patients [15], we performed additional
multivariate analysis focusing on race. We performed
multivariate analysis on all other variables in the previously
performed analysis, and in addition, examined subsets of race
as White, Black, Hispanic, and Other. Adjusted by these
variables, statistical significance of OS still favors married
patients compared to single patients. The pooled OS HR
(95%CI) was 1.35 (1.12, 1.53) for all original variables and
race subsets as White, Black, Hispanic, and Other. Both DFS
and BF HRs did not show significant difference, with DFS
pooled HR (95%) of 1.07 (0.98, 1.18) and BF pooled HR
(95%) of 0.91 (0.81, 1.04) for all original variables and race
subsets as White, Black, Hispanic, and Other.

Figures 1, 2, and 3 demonstrate Kaplan—Meier analysis
of OS, DFS, and BF for married compared to single
patients. Median time to death (OS) for married men was
5.68 years and for single men was 4.73 years. Median time
for DFS for married men was 7.25 years and for single men
was 6.56 years. Median time for BF for married men was
7.81 years and for single men was 7.05 years. The median
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Fig. 1 Kaplan—Meier analysis of overall survival of single and
married men

age of death for married men was 72 years old, and for
single men was 70 years old.

In order to more carefully examine if there was an
association between established prognostic factors and
marital status, the variables of PSA, Gleason Score, KPS,
and T-stage were compared between married and single
patients (Table 3). While Gleason Score, KPS, and T-stage
were not significantly different between married and single
patients, there was a significant difference in PSA levels
between married and single patients. Of note, 45% of single
patients and 40% of married patients presented with PSA
>20 and 28% of single patients and 33% of married patients
presented with PSA <10. This may be related to single men
lacking the social support to seek early detection and
treatment of prostate cancer. Further, single men were still

% ALIVE

10 DEAD / TOTAL
—— Married  1943/2724
0]~~~ Single 604 / 846

T T T T T T T T T

0 1 2 3 4 5 6 7 8 9 10 11 12
YEARS FROM RANDOMIZATION

Fig. 2 Kaplan—Meier analysis of disease-free survival of single and
married men
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Fig. 3 Kaplan—Meier analysis of biochemical failure of single and
married men

at higher risk for worse survival when this initial PSA
difference was taken into account.

Discussion

While biologic and pathologic factors have traditionally
been associated with cancer-related outcomes, sociodemo-
graphic factors are increasingly recognized as important in
the clinical outcomes of cancer patients. The value in
identification of specific sociodemographic factors is that
they are potentially amenable to novel approaches of
clinical intervention. It is hoped that, by identifying specific
characteristics of populations at risk, we will be able to
develop strategies that ameliorate these variables.

While there are substantial, although inconsistent,
published data on the association between the sociodemo-
graphic status of race and prostate cancer outcomes, there
are less clear associations among marital status and prostate
cancer outcomes. However, there has been extensive
analysis of the importance of marital status as a predictive
factor of mortality in the general health literature. This
effect has been particularly demonstrated for men, in whom
marital status is associated with a mortality benefit.
Interestingly, this benefit seems not to be seen in women
who are married [16]. The duration of marital status is
strongly associated with survival, and the interaction
between marital status and mortality is complex and
appears to be associated with changes in socioeconomic
resources, risk behaviors, and social support, all of which
contribute to overall better physical and psychological
health [17-19]. In life-threatening events such as an acute
cardiac event, marital status was associated with transport
to a medical facility [20], and this suggests that married
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patients are more likely to seek help and utilize social and
medical support in life-threatening situations. Finally, there
is limited data that in cancers such as cervical cancers [21]
and testicular cancers [22], marital status has been
independently associated with improved cancer outcomes.
Because of the importance of general health and of support
systems in cancer care, we hypothesized that marital status
may also be an important prognostic factor for prostate
cancer outcomes. In combining published data, we further
hypothesized that there would be an interaction in prostate
cancer outcomes between marital status and race.

The analysis of prostate cancer patients presented here
demonstrates a significantly increased risk of mortality in
single men compared to married men; however, race was
not associated with statistically significant differences in
this analysis. Despite an extensive literature on the topic, it
remains unclear whether race is associated with poorer
prostate cancer outcomes. Black race has been reported to
be an adverse prognostic factor for prostate cancer out-
comes following radical prostatectomy [23] and following
either prostatectomy or radiotherapy [24]. However, Peters
et al. [25] had surveyed prostate cancer literature from
1992 to 2002 and reported inconsistent findings, with
79% of the studies demonstrating no differences in
outcomes between Black and White patients, with the
remainder reporting worse prostate cancer related out-
comes. Another meta-analysis of prostate cancer articles
[26], published from 1968 to 2007, failed to demonstrate
prostate-cancer-specific survival differences between
Black and White patients. It has been previously demon-
strated in a Surveillance Epidemiology and End Results
(SEER) data analysis that there are racial differences in
disease-free survival for prostate cancer patients, with
Black patients experiencing shorter disease-free survival
compared to White, Hispanic, or Asian patients [15]. One
possibility that we failed to demonstrate a racial disparity
in our analysis may be that by grouping multiple races into
a broad non-White category, that differences between
Black, White, Hispanic, and Asian races may obscure
potential effects. We therefore performed additional multivar-
iate analysis examining subsets of race as White, Black,
Hispanic, and Other. Adjusted by all these variables, OS HR
still favors married patients compared to single patients,
regardless of race, and did not change our findings that race
was not a statistically significant factor in OS, DFS, or BF.

It is critical to note that previous analysis of race and
prostate cancer outcomes in RTOG trials from 1975 to 1992
[27] has demonstrated that Black men with prostate cancer
had a lower OS and DFS; however, that when adjusted for
prostate cancer risk group and treatment type, that race was
no longer associated with poorer outcomes—Ieading to the
conclusion that differences in outcomes was due to higher
tumor burden at diagnosis in Black patients. Indeed, in an

equal access health care setting, such as a Veterans Affairs
[28] or similar military medical system [29], outcomes are
similar between Blacks and Whites. Our analysis includes
trials from more recent RTOG trials, primarily during the
PSA screening era, where differences in tumor burden at
diagnosis may be less pronounced than previously noted
due to earlier detection by routine PSA screening. This may
ameliorate disparities at time of diagnosis that had been
present historically. However, it is important to note that in
a SEER/Medicare data analysis from 1994 to 2002, there
are racial disparities in PSA screening intervals [30] where
Blacks, compared to Whites, are more likely to have a
longer PSA screening interval prior to prostate cancer
diagnosis and a greater likelihood of no pre-cancer
diagnosis PSA.

Another possibility why our study did not demonstrate a
racial disparity may be that cancer patients in our RTOG
clinical trials do not represent the general cancer patient
population. However, a sociodemographic analysis of
patients in RTOG trials was performed, comparing RTOG
patient sociodemographic characteristics to those of U.S.
Department of Census data as well as SEER data [31]. This
analysis demonstrated that Black patients are proportionally
well represented in RTOG trials. In addition, the RTOG
enrolled proportionally more Black men to all cancer trials
combined, including prostate cancer trials. This previous
analysis in fact indicates that our patient population is
certainly representative of the Black patient population
when compared to U.S. Census and SEER data.

A third possibility why we did not demonstrate a racial
disparity is that, in comparison to SEER or Census data,
RTOG patients derive a benefit from enrolling in a clinical
trial that outweighs the inherent sociodemographic factors
of race. Certainly, cancer clinical trial participation provides
secondary benefits to patients including cancer treatment
per a standardized clinical protocol, medical care that is
provided by medical centers that actively enroll in cancer
clinical trials, and regular and mandated follow-up care.

In contrast to our findings with race and prostate cancer,
we did demonstrate that marital status, being married or
living with a partner, predicted for improved prostate cancer
outcomes. This survival benefit does not correlate with a
biochemical failure benefit or disease-free survival benefit,
which suggests that the mortality benefit associated with
marital status is independent of cancer disease progression
in these prostate cancer patients. This benefit predominates
despite the limitation of examining marital status as a
simple binomial of married or single, instead of a more
complex variable. Sprehn et al. performed a SEER data
analysis that examined subsets of unmarried cancer patients
at the time of cancer diagnosis [32], including never
married, divorced, widowed, or separated. Patients who
were separated at the time of diagnosis had worse cancer
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survival than other unmarried patients. The authors suggest
that the acute stress of separation could contribute to these
poorer outcomes. It should therefore follow that a more
sophisticated prospective analysis, with appropriate psy-
chosocial assessments of stress and quality of life, may lead
to a clearer understanding of the factors that convey this
survival benefit.

Indeed, there has been increasing interest in exploring
the biologic mechanisms of psychosocial prognostic factors
and stress in cancer-related outcomes. Stress conditions
including social isolation, depression, and decreased coping
have been associated with biologic changes, and recent
reports have preliminarily examined this through various
approaches. Chou et al. [33] have reported that a specific
APOE epsilon 2 genotype actually decreased vulnerability
to symptoms of depression in response to increased
stressors. McClintok’s group [34] has demonstrated, in
animal models, the intriguing finding of poorer cancer
outcomes induced by social stress. This group examined a
rat breast cancer cell model and demonstrated that rats that
were socially isolated had a dramatic increase in the
number and size of their tumors. This isolation was
associated with increases in the production of the stress
hormone corticosterone as well as increased expression of
metabolic and inflammatory genes. While preclinical and
preliminary, these findings certainly suggest a course for
future studies that will examine biologic responses to social
stress and their correlation to cancer outcomes. Attention
should subsequently be directed at clinical interventions
that target the complex interactions between biology and
socioeconomic factors that result in poorer cancer-related
outcomes. Indeed, small proof of principle studies have
reported on the efficacy of simple psychosocial interven-
tions on cancer outcomes. One such study from Shrock et
al. [35] examined the effect of a course of formal
psychology classes on early stage breast and prostate
cancer patient outcomes. Their small cohort of 50 patients
demonstrated a survival benefit, at a median follow-up time
of 4.2 years, when compared to a matched cohort of
patients who had been treated at the same hospitals but did
not undergo the psychological intervention.

In summary, the analysis presented here identifies a
subgroup of prostate cancer patients, defined by the
sociodemographic factor of being single, that are at higher
risk of mortality. This finding adds to the understanding of
how sociodemographic factors, and their complex associa-
tions with economic, psychological, social, and biologic
determinants, affect the outcome of cancer care. In addition,
this presents an opportunity to positively impact cancer
patients’ outcomes utilizing strategies that are separate,
complementary, and synergistic to conventional cancer
treatment strategies that rely solely on modifying traditional
markers of cancer outcomes. It may be that the quality of
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life, performance status, and overall health of married
men, prior to diagnosis of cancer, provide a more
favorable foundation for tolerating and compensating for
the detrimental physical and psychosocial effects of
cancer and cancer treatment. Whether strategies could
be developed that would allow single patients to obtain
the benefits of being married remains to be determined;
however, simple targeted clinical interventions are
certainly feasible and should be implemented in pro-
spective analyses that examine the clinical and biologic
implications of such therapies.
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