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Abstract

Purpose: Recent retrospective data suggest that brachytherapy (BT) boost may confer a cancer-specific survival ben-
efit in radiation-managed high-risk prostate cancer. We sought to determine whether this survival benefit would extend
to the recently defined favorable high-risk subgroup of prostate cancer patients (T1c, Gleason 4 + 4 = 8, PSA <10 ng/ml
or T1c, Gleason 6, PSA > 20 ng/ml).

Material and methods: We identified 45,078 patients in the Surveillance, Epidemiology, and End Results database
with cT1c-T3aNOMO intermediate- to high-risk prostate cancer diagnosed 2004-2011 treated with external beam radia-
tion therapy (EBRT) only or EBRT plus BT. We used multivariable competing risks regression to determine differences
in the rate of prostate cancer-specific mortality (PCSM) after EBRT + BT or EBRT alone in patients with intermedi-
ate-risk, favorable high-risk, or other high-risk disease after adjusting for demographic and clinical factors.

Results: EBRT + BT was not associated with an improvement in 5-year PCSM compared to EBRT alone among
patients with favorable high-risk disease (1.6% vs. 1.8%; adjusted hazard ratio [AHR]: 0.56; 95% confidence interval
[CI]: 0.21-1.52, p = 0.258), and intermediate-risk disease (0.8% vs. 1.0%, AHR: 0.83, 95% CI: 0.59-1.16, p = 0.270). Others
with high-risk disease had significantly lower 5-year PCSM when treated with EBRT + BT compared with EBRT alone

(3.9% vs. 5.3%; AHR: 0.73; 95% CI: 0.55-0.95; p = 0.022).

Conclusions: Brachytherapy boost is associated with a decreased rate of PCSM in some men with high-risk pros-
tate cancer but not among patients with favorable high-risk disease. Our results suggest that the recently-defined “fa-
vorable high-risk” category may be used to personalize therapy for men with high-risk disease.
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Purpose

ASCENDE-RT (“Androgen Suppression Combined
with Elective Nodal and Dose Escalated Radiation Ther-
apy”) is a randomized trial testing the role of brachyther-
apy (BT) boost compared to external beam radiation
therapy (EBRT) boost after whole pelvis EBRT for inter-
mediate- to high-risk prostate cancer. The trial recently
reported improved biochemical outcomes in the EBRT
+ BT arm [1]. However, given limited follow-up to date,
it is unclear whether this improvement in biochemical
recurrence-free survival (bRFS) may translate to a mor-
tality benefit for patients treated with a brachytherapy
boost. Similarly, two smaller single-center studies found

a bRFS benefit with the addition a BT boost in a similar
patient population; in both cases, the secondary endpoint
of overall survival was not improved [2,3]. While Na-
tional Comprehensive Cancer Network (NCCN) guide-
lines began including EBRT + BT as a treatment option
for intermediate-risk disease starting in 2002 [4], the first
randomized study to support this practice was published
in 2005, and may have supported the use of a BT boost be-
fore the preliminary ASCENDE-RT results were recently
reported. Recent retrospective data suggests that the ben-
efit of BT boost may be limited to patients with high-risk
disease [5], whereas intermediate-risk patients appear to
have similar cancer-specific survival whether they receive
EBRT + BT or EBRT alone.
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Other work has suggested that high-risk prostate
cancer represents a heterogeneous disease with variable
outcomes dependent on the number of risk factors [6,7,8].
Among patients managed with radiation, we have recent-
ly shown that patients with favorable high-risk disease
(stage T1lc, Gleason 4 + 4 = 8, and prostate-specific anti-
gen [PSA] < 10 ng/ml or stage T1c, Gleason 6, and PSA
> 20 ng/ml) have much better cancer-specific outcomes
than others with high-risk disease and similar outcomes
as patients with unfavorable intermediate-risk disease.
In particular, estimated 8 year prostate cancer-specific
mortality (PCSM) for favorable high-risk disease was
2.1%, compared with 7.1% for other high-risk disease
(p = 0.049) and 2.5% for unfavorable intermediate-risk
disease (p = 0.710). This finding raises the possibility that
patients with favorable high-risk disease might be candi-
dates for less aggressive forms of therapy than is typically
recommended for high-risk disease.

Based on the possible benefit of BT boost for patients
with high-risk disease seen so far in the ASCENDE-RT
trial and in retrospective data, we used a large, national
cancer database to investigate whether patients with fa-
vorable high-risk prostate cancer benefit from EBRT + BT
compared to EBRT alone. Given the lack of a survival
benefit seen in retrospective data for intermediate-risk
disease, and the similarities in outcome between interme-
diate-risk disease and favorable high-risk disease, we hy-
pothesized that patients with favorable high-risk prostate
cancer would not have a survival benefit from EBRT + BT
versus EBRT alone.

Material and methods
Patient population

The Surveillance, Epidemiology, and End Results
(SEER) database is a population-based cancer registry
that covers 28% of the US population and 97% of incident
cancers. The registry collects cancer diagnostic, treat-
ment, and survival data along with patient demographic
characteristics [9]. To match the ASCENDE-RT enroll-
ment criteria, we studied 45,078 patients in the SEER
database with cT1c-T3aNOMO prostate cancer diagnosed
between 2004-2011 who had intermediate- or high-risk
prostate cancer as defined by NCCN, and were managed
with EBRT alone or EBRT + BT. Patients were excluded
if they had a PSA over 40 ng/ml (as in ASCENDE-RT) or
received surgical treatment of their cancer [10].

Patients were considered to have intermediate-risk dis-
ease if they had at least one intermediate-risk factor (T2b-c,
Gleason 7, or PSA 10-20 ng/ml) with no high-risk features,
and patients were considered to have high-risk disease if
they had at least one high-risk factor (T3a, Gleason 8-10,
or PSA > 20 ng/ml) [10]. In addition, we considered pa-
tients to fall into the subset of favorable high-risk disease if
they had stage T1c disease with Gleason 4 + 4 = 8 and PSA
<10 ng/ml, or stage T1c disease with Gleason 6 and PSA
> 20 ng/ml [11].

Because of recently reported possible inaccuracies in
the recording of a minority of PSA values in the SEER
database [12,13], we excluded 2,178 out of 47,256 initial

patients (4.6%) who had values for PSA and PSA interpre-
tation recorded in SEER that were discordant (e.g. PSA
< 4.0 ng/ml recorded as “positive/elevated” or PSA
> 4.0 ng/ml recorded as “negative/normal”). Other-
wise, we only included patients who had known values
in SEER for clinical and demographic factors, including
T stage, Gleason score, PSA, reason for not undergoing
surgery, marital status, age, income level, education lev-
el, year of diagnosis, and race.

Statistical analysis

Statistical analyses were conducted using Stata/
MP 14.0 (StataCorp, College Station, TX, USA). Fine and
Gray competing risks regression [14] was used to deter-
mine differences in the risk of PCSM between groups of
patients after controlling for T stage (T1lc vs. T2 vs. T3a),
Gleason score (6 vs. 7 vs. 8-10), the logarithm of the PSA,
race (white vs. black vs. other), reason for not receiving
surgery (not recommended vs. other), marital status (mar-
ried vs. other), age at diagnosis, year of diagnosis, income
quartile, and educational quartile. Median values were
compared using the Kruskall-Wallis test, and proportions
were compared using the % test or t-test, as appropriate.

P values were reported as statistically significant if
less than o = 0.05.

Results
Baseline patient characteristics

Patient characteristics for the cohort are shown in
Table 1. Within the entire cohort, median follow-up was
3.6 years, with 28% of patients (n = 12,621) followed for
at least 5 years. Men with favorable high-risk disease
tended to be diagnosed slightly earlier than those with
unfavorable intermediate-risk or other high-risk disease.
The majority (76%) of patients with favorable high-risk
disease had T1lc, Gleason 8, and PSA < 10 ng/ml versus
a minority (24%) with T1c, Gleason 6, and PSA 20-40 ng/
ml. Approximately 20% of patients received EBRT + BT,
and patients with favorable high-risk disease were slight-
ly more likely to receive EBRT + BT compared to inter-
mediate-risk or other high-risk patients. Among patients
with favorable high-risk disease, 25.4% of those with
Tlc, Gleason 4 + 4 = 8 and PSA <10 ng/ml and 15.3% of
those with T1c, Gleason 6, and PSA > 20 ng/ml received
brachytherapy.

Brachytherapy boost and prostate cancer-specific
mortality by risk group

Patients with favorable high-risk disease had similar
5 year PCSM whether they received EBRT + BT or EBRT
alone (1.6% vs. 1.8%, adjusted hazard ratio [AHR]: 0.56,
95% confidence interval [CI]: 0.21-1.52, p = 0.258). In con-
trast, others with high-risk disease had a significantly re-
duced rate of PCSM at 5 years if treated with EBRT + BT
compared to EBRT alone (3.9% vs. 53%, AHR: 0.73,
95% CI: 0.55-0.95, p = 0.022). Like those with favorable
high-risk disease, patients with intermediate-risk disease
did not have significantly improved 5 year PCSM if they
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Table 1. Baseline patient characteristics

Patient characteristic Intermediate-risk Favorable high-risk Other high-risk p
(n = 30,468) (n = 2,785) (n = 11,825)
n % n % n %
Median follow-up, years (IQR*) 3.7 (1.7-5.4) 3.4 (1.5-5.3) 3.5 (1.6-5.3) < 0.001
Year of diagnosis 0.001
2004-2007 15,489 50.8 1,519 54.5 6,057 51.2
2008-2011 14,979 49.2 1,266 45.5 5,768 48.8
Median patient age (years) (IQR) 69 (63-74) 70 (64-75) 71 (65-76) < 0.001
Race < 0.001
White 23,159 76.0 2,045 734 8,989 76.0
Black 5,549 18.2 550 19.7 1,915 16.2
Other 1,760 5.8 190 6.8 921 7.8
PSA (ng/ml) < 0.001
<10 20,417 67.0 2,117 76.0 4,702 39.8
10-20 10,051 33.0 = = 3,373 28.5
> 20 = = 668 24.0 3,750 31.7
Median PSA (ng/ml) 8.4 7.9 14.3 < 0.001
Gleason score < 0.001
<6 5,258 17.3 668 24.0 390 3.3
7 25,210 82.7 = = 1,294 10.9
8-10 = = 2,117 76.0 9,283 78.5
T stage < 0.001
T1 18,781 61.6 2,785 100.0 4,520 38.2
T2 11,533 37.9 = = 6,441 54.5
T3 = = = = 728 6.2
Radiation treatment < 0.001
EBRT 24,041 78.9 2,144 77.0 9,656 81.7
EBRT + BT 6,427 21.1 641 23.0 2,169 18.3

EBRT — external beam radliation therapy, BT — brachytherapy, QR — interquartile range

received EBRT + BT compared to EBRT alone (0.8% vs.
1.0%, AHR: 0.83, 95% CI: 0.59-1.16, p = 0.270) (Figure 1).

Discussion

In this study, we found that treatment with EBRT + BT
boost vs. EBRT alone was not associated with an improve-
ment in PCSM among those with favorable high-risk dis-
ease (defined as Tlc, Gleason 4 + 4 = 8, PSA <10 ng/ml
or Tlc, Gleason 6, PSA > 20 ng/ml), while others with
high-risk disease experienced 27% reduction in the adjust-
ed hazard rate of PCSM and an absolute risk reduction of
1.4% (5.3% to 3.9%) at 5 years. This study adds support
to the notion that patients with radiation-managed high-
risk disease represent a heterogeneous group. Previous
work has suggested that the survival outcomes of favor-
able high-risk patients are much better than the outcomes
of other high-risk patients and similar to the outcomes
of intermediate-risk patients [11]. Here, we show that
while patients with other high-risk disease might gener-
ally benefit from intensification of radiation therapy via

brachytherapy boost, the survival benefit may not extend
to the subset of patients with favorable high-risk disease.

The recent report of a bRFS benefit with brachyther-
apy boost from the ASCENDE-RT randomized trial is
likely to increase interest in the use of brachytherapy
for patients with intermediate- to high-risk disease [1].
While the trial has not matured far enough to show a can-
cer-specific or overall survival benefit, it is possible that
the striking 53% improvement in bRFS will translate
to a statistically significant mortality benefit with lon-
ger follow-up. Until longer follow-up is obtained in the
ASCENDE-RT trial, retrospective data might be used to
guide application of these preliminary results. Similar
to the preliminary results of ASCENDE-RT, two small-
er randomized trials, with 218 and 51 patients, have
previously shown 31% and 58% improvements in bRFS,
respectively. Neither study showed an improvement in
overall survival, although follow-up was relatively short
(7.1 and 8.2 years, respectively), and the studies may
have been underpowered for overall survival compared
to ASCENDE-RT, which enrolled nearly 400 patients
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Fig. 1. Prostate cancer-specific mortality among patients
with intermediate-risk (A), favorable high-risk (B), or oth-
er high-risk (C) prostate cancer treated with external beam
radiation therapy (EBRT) or EBRT + brachytherapy (BT)

[2,3]. Retrospective data also suggests that the combina-
tion of EBRT + BT is superior to EBRT alone, even when
very high EBRT doses (86.4 Gy) are used [15]. While only
a prospective randomized non-inferiority trial can defin-
itively prove that brachytherapy may be safely omitted
in patients with favorable high-risk prostate cancer, these
retrospective data may be used until future data from
ASCENDE-RT or other studies are available.

Our results are important because it is desirable to
identify patients who might not benefit from a BT boost.
Brachytherapy for prostate cancer is associated with inher-

ent risks, including an increase in the rate of urethral stric-
ture [1], persistent urinary retention requiring further pro-
cedures [16,17], or urinary incontinence [16]. In addition,
more severe complications such as recto-urethral fistuliza-
tion or bladder neck contracture may rarely occur [18]. Fi-
nally, although not directly related to the procedure, there
are inherent risks associated with the use of anesthesia [19].
Although the SEER dataset does not contain information
regarding complications from BT, it is possible that the
patients in our cohort who received BT are likely to expe-
rienced more side effects or toxicity than patients treated
with EBRT alone. In the absence of a survival benefit for
intermediate-risk or favorable high-risk disease, these pa-
tients might be better served by omitting BT from their
radiation treatment; although prospective randomized tri-
al data, either as a subgroup analysis of ASCENDE-RT or
a separate trial focusing on favorable high-risk disease, will
be needed before definitive conclusions can be made re-
garding the appropriate level of therapy for these patients.

The present study supports the notion that favorable
high-risk disease may represent a distinct disease entity
within the high-risk group, and that patients with favor-
able high-risk disease may generally be good candidates
for less aggressive therapy than is typically recommended
for high-risk disease. Recent data have suggested that pa-
tients with favorable high-risk disease, who have clinical
Tlc (non-palpable) disease and only one other high-risk
feature (either Gleason 4 + 4 = 8 and PSA < 10 ng/ml or
Gleason 6 and PSA > 20 ng/ml), have significantly better
outcomes than others with high-risk disease and similar
outcomes as those with unfavorable intermediate-risk dis-
ease [11]. Our results showing a benefit to BT boost for pa-
tients with other high-risk but not favorable high-risk or
intermediate-risk disease, are consistent with the view that
favorable high-risk and intermediate-risk prostate cancer
likely represent similar levels of risk. Therefore, it is rea-
sonable to consider similar treatment paradigms for these
two risk categories. On the other hand, patients with other
high-risk disease are likely to represent a subpopulation of
men who would benefit most from a higher intensity of
therapy, including long-term ADT and BT boost.

Our study should be viewed with respect to its lim-
itations. First, our data are retrospective. Therefore, our
results are susceptible to the general limitations of this
study design, including selection bias. While we attempt-
ed to adjust for potential differences between the EBRT
+ BT and EBRT groups, some factors such as the use of
high-dose-rate (HDR) versus low-dose-rate (LDR) BT,
seed type, dose of radiotherapy, quality of radiation ther-
apy, the specifics regarding EBRT or BT technique, re-
ceipt of hormone therapy, or bulk of disease (e.g. number
of cores positive and percentage of core involvement), are
not available in the SEER database. Only a large random-
ized trial can fully account for all possible sources of se-
lection bias. In addition, the heterogeneity of the practice
of BT, which we were not able to measure or adjust for,
limits the general applicability of our results.

Second, our risk classification depended on the re-
corded values of PSA in the SEER database, which may
contain a number of errors, possibly due to misplacement
of a decimal point [12]. However, preliminary investiga-
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tions by the SEER program have determined that only
approximately 5% of PSA values led to incorrect classifi-
cation of PSA category among < 10 ng/ml, 10-20 ng/ml,
and > 20 ng/ml. Based on the results of Schymura ef al.
[20], we attempted to account for these erroneous values
by removing patients who were listed as having a positive
PSA despite PSA < 4 ng/ml or who were listed as having
a negative PSA despite PSA > 4 ng/ml; this approach
identified 4.6% of patients with possibly incorrect PSA
values. Although this approach may not have accounted
for all possible errors in PSA values, the relatively low
rate of incorrect PSA categorization combined with the
likely random nature of these coding errors leads us to
believe that these errors are not likely to systematically
bias our findings or impact our conclusions.

Third, it is possible that we did not find a benefit to BT
boost among favorable high-risk patients due to a lack of
power or due to the relatively short median follow-up of
3.6 years. However, the favorable high-risk subgroup had
a large number (n = 2,785) of patients. While a low event
rate may still lead to underpowering of the comparison,
this low rate of PCSM underscores our conclusions that
patients with favorable high-risk disease may not benefit
from intensification of therapy in the form of BT boost.
Studies with longer follow-up, including ASCENDE-RT,
will be required before definitive recommendations for
patients with favorable high-risk disease can be made.

Fourth, we did not have access to toxicity or quali-
ty of life data. While previous work in other cohorts has
suggested an increased rate of toxicity associated with BT
for prostate cancer [1,16,17], the SEER database does not
contain information about toxicity or quality of life, so
we were unable to study differences in these important
outcomes between the EBRT and EBRT + BT groups. In
addition, it is possible that patients who did not receive
BT were more likely to receive hormonal therapy, which
is also associated with increased toxicity and side effects
[21,22,23,24,25,26]. Physicians should continue to weigh
the patient-specific risks of toxicity from BT, hormonal
therapy, and EBRT when personalizing treatment for pa-
tients with unfavorable-risk prostate cancer.

Conclusions

Patients with favorable high-risk prostate cancer (T1c,
Gleason 4 + 4 =8, and PSA <10 ng/ml or Tlc, Gleason 6,
and PSA > 20 ng/ml) do not appear to derive a PCSM
benefit from EBRT + BT compared to EBRT alone, while
others with high-risk disease were 27% less likely to die
from prostate cancer if they were treated with EBRT + BT.
Pending long-term survival data from the ASCENDE-RT
trial, these results suggest that personalization of therapy
is possible within high-risk prostate cancer, and raise the
possibility that adding BT boost may not provide a sur-
vival benefit for the favorable high-risk subgroup.
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