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BACKGROUND: The objective of this study was to determine whether the addition of low-dose-rate brachytherapy or androgen-de-

privation therapy (ADT) improves clinical outcome in patients with high-risk prostate cancer (HiRPCa) who received dose-escalated

radiotherapy (RT). METHODS: Between 1995 and 2010, 958 patients with HiRPCa were treated at Schiffler Cancer Center (n¼484) or

at the University of Michigan (n¼474) by receiving either dose-escalated external-beam RT (EBRT) (n¼510; minimum prescription

dose, 75 grays [Gy]; median dose, 78 Gy) or combined-modality RT (CMRT) consisting of 103Pd implants (n¼369) or 125I implants

(n¼79) both with pelvic irradiation (median prescription dose, 45 Gy). The cumulative incidences of biochemical failure (BF) and

prostate cancer-specific mortality (PCSM) were estimated by using the Kaplan-Meier method and Fine and Gray regression analysis.

RESULTS: The median follow-up was 63.2 months (interquartile range, 35.4-99.0 months), and 250 patients were followed for >8

years. Compared with CMRT, patients who received EBRT had higher prostate-specific antigen levels, higher tumor classification,

lower Gleason sum, and more frequent receipt of ADT for a longer duration. The 8-year incidence BF and PCSM among patients who

received EBRT was 40% (standard error, 38%-44%) and 13% (standard error, 11%-15%) compared with 14% (standard error, 12%-16%;

P< .0001) and 7% (standard error 6%-9%; P¼ .003) among patients who received CMRT. On multivariate analysis, the hazard ratios

(HRs) for BF and PCSM were 0.35 (95% confidence interval [CI], 0.23-0.52; P< .0001) and 0.41 (95% CI, 0.23-0.75; P< .003), favoring

CMRT. Increasing duration of ADT predicted decreased BF (P¼.04) and PCSM (P¼.001), which was greatest with long-term ADT (BF:

HR, 0.33; P<.0001; 95% CI, 0.21-0.52; PCSM: HR, 0.30; P¼ .001; 95% CI, 0.15-0.6) even in the subgroup that received CMRT. CONCLU-

SIONS: In this retrospective comparison, both low-dose-rate brachytherapy boost and ADT were associated with decreased risks of

BF and PCSM compared with EBRT. Cancer 2013;119:681-90. VC 2012 American Cancer Society.
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INTRODUCTION
Prostate cancer (PCa) is the most frequently diagnosed cancer in the United States and is the second leading cause of death.1

Many patients with PCa have tumors with indolent behavior, but the risk of cancer-specific mortality can be high in those
with high-risk disease,2 and the management of these patients is controversial. Conventional-dose (<72 grays [Gy]) exter-
nal-beam radiotherapy (EBRT), brachytherapy, and androgen-deprivation therapy (ADT) all have produced poor outcomes
when used as monotherapies for high-risk PCa (HiRPCa).4-7 In contrast, the combination of conventional-dose EBRT and
ADT6,7 has demonstrated improved overall survival in randomized clinical trials. However, a subgroup analysis of a
randomized dose-escalation trial suggested that dose-escalated EBRT also reduced PCa-specific mortality (PCSM).8 Never-
theless, the added utility of ADT after dose-escalated radiotherapy (RT) is unknown. Herein we retrospectively reviewed the
results from patients with HiRPCa who were treated at 2 high-volume institutions and assessed the impact of ADT and/or
low-dose-rate (LDR) brachytherapy in addition to dose-escalated EBRT on biochemical relapse and the risk of PCSM.

MATERIALS AND METHODS

Patients

An Institutional Review Board-approved, retrospective review was performed for patients with HiRPCa (defined as a
prostate-specific antigen [PSA] level >20 ng/mL, or a Gleason sum of 8-10, or clinical T3-T4 tumors) who were treated
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at the Schiffler Cancer Center (SCC) or the University of
Michigan (UM) with either dose-escalated EBRT or com-
bined-modality RT (EBRT and LDR brachytherapy
boost [CMRT]). Risk was also stratified using a modifica-
tion of the University of California San Francisco Cancer
of the Prostate Risk Assessment (CAPRA) tool, which
gives points for PSA, T-classification, Gleason sum, and
age. Unlike the original version,9 the modified CAPRA
score gives 0 points for any Gleason sum of 6, 1 point for
any Gleason sum of 7, and 3 points for any Gleason sum
of 8 to 10, with points from 0 to 9, because it does not
include the ‘‘percentage positive biopsies’’ variable.10

Treatment

The treatment techniques used by both institutions have
been described elsewhere.11,12 Briefly, all EBRT treat-
ments used computed tomography planning with 3-
dimensional or intensity-modulated RT to a minimum
prescription dose of 75 to 81 Gy in fractions of 1.8 to 2.0
Gy. For EBRT, the clinical target volume typically con-
sisted of the prostate gland and seminal vesicles with pro-
phylactic pelvic radiotherapy. CMRT consisted of pelvic
irradiation delivered either before or after permanent in-
terstitial brachytherapy. The brachytherapy target volume
was the prostate gland with or without the proximal 1.0
cm of seminal vesicles. Patients were implanted either
with 103Pd (prescription dose, 73-100 Gy) or 125I (pre-
scription dose, 108-110 Gy). ADT, consisting of a gonad-
otropin-releasing hormone analog alone or combined
with antiandrogen, was used at the discretion of treating
physicians.

Follow-Up and Endpoints

Patients were followed with physical examinations and
PSA measurements at 3-month to 6-months intervals for
the first 5 years and every 6 months to 12 months there-
after. Biochemical failure (BF) was defined by the Phoenix
definition.13 PCSM was defined as death from PCa or
death from any cause after the development of metastatic
or castrate-resistant PCa.

Statistical Analysis

Patients’ clinical and treatment characteristics were com-
pared using analyses of variance and chi-square tests. Uni-
variate survival analysis was performed using with
Kaplan-Meier method, and the cumulative incidence of
failure was evaluated by a Fine and Gray regression analy-
sis. Multivariate survival analysis used Fine and Gray
regression analysis to account for competing causes of
death and/or BF.14 Statistical analysis was performed
using MedCalc (version 11.5; MedCalc Software, Maria-

kerke, Belgium) or STATA (version 12.0; StataCorp;
College Station, Tex).

RESULTS

Patients’ Characteristics and Treatment

Clinical characteristics and treatment details are presented
for 958 patients with HiRPCa who received treatment
between 1995 and 2010 as either dose-escalated EBRT or
CMRT at SCC (n¼ 484; EBRT, 154; CMRT, 330), or
UM (n¼ 474; EBRT, 356; CMRT, 118) (Table 1). The
median follow-up was 63.2 months (interquartile range,
35.4-99.0 months), which was not different between the
EBRT and CMRT groups, and 250 patients were fol-
lowed for >8 years. Patients who underwent EBRT were
older and had higher pretreatment PSA levels and T-clas-
sification but lower GS compared with those who were
treated with CMRT. Although the majority of patients in
both groups had only 1 high-risk feature, patients in the
EBRT group were twice as likely to have 2 or 3 high-risk
features (32% vs 16%). Consequently, the CAPRA score
was higher on average in those treated with EBRT as com-
pared with CMRT (5.0 vs 6.0). The median prescription
radiation dose to the prostate in the EBRT group was
78.3 Gy, whereas, among the patients who received
CMRT, 369 received 103Pd implants, and 79 received
125I implants. There was more frequent use of ADT and
for a longer duration in the EBRT group (85%; median
duration, 22 months) versus those who received CMRT
(76%; median duration, 12 months).

Clinical Outcomes

BF was observed in 171 patients (18%), including 129
patients (25%) who received EBRT and 42 patients (9%)
who received CMRT (chi-square statistic, 0.36;
P< .0001). There were 261 deaths (27%), including 176
(35%) in the EBRT group and 85 (19%) in the CMRT
group (chi-square statistic, 0.54; P< .0001); and 70 deaths
(7%) were from PCa, with including 51 deaths (10%) in
the EBRT group and 19 deaths (4%) in the CMRT group
(chi-square statistic, 0.25; P¼ .001). The Cox proportional
hazards model indicated that each point in the modified
CAPRA score was related directly to an increasing risk of
BF (P< .0001; HR, 1.51; 95% CI, 1.37-1.68) and PCSM
(P< .0001; HR, 1.56; 95% CI, 1.33-1.82) without differ-
ences in the prognostic significance of the CAPRA score
between the EBRT and CMRT groups.

Association Between Outcomes and the Receipt
of Brachytherapy

When we analyzed the treatment regimens without
adjusting for other variables, there were significantly
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higher rates of BF and PCSM in the EBRT group. The 5-
year and 8-year rates of BF were 27% (standard error,
24%-29%) and 40% (interquartile range, 36%-43%) in
the EBRT group compared with 11% (standard error,
9%-13%) and 13% (standard error, 11%-15%) in the
CMRT group (P< .0001; HR, 0.30; 95% CI, 0.22-0.40)
(Fig. 1A); and the 5-year and 8-year PCSM rates were 6%
(standard error, 5%-7%) and 14% (standard error, 12%-
16%) in patients who received EBRT and 3% (standard

error, 2%-4%) and 7% (standard error, 6%-9%) in
patients who received CMRT (P¼ .003; HR, 0.39; 95%
CI, 0.25-0.63) (Fig. 1B). The correlation between
CMRT and better outcome also was present across the
different definitions of high-risk disease (Table 2).
Patients who received CMRT were younger and likely
had less comorbid medical illness than those who received
EBRT; therefore, the cumulative incidences of BF and
PCSM also were evaluated as a function of treatment

TABLE 1. Patients’ Clinical and Treatment Characteristics

Characteristic Overall, n¼958 (100%) EBRT, n¼510 (53%) CMRT, n¼448 (47%) P

Follow-up, mo

Median [IQR], mo 63.2 [35.4-99.0] 62.9 [34.4-94.8] 63.6 [38.8-103.7] .22a

Median for those who remained alive [IQR] 62.7 [35.3-99.8] 62.7 [34.8-95.4] 62.8 [38.1-105.6] .89a

Median age [IQR], y 70.0 [63.4-75.0] 73.2 [67.4-78.6] 66.0 [61.0-72.0] < .001a

PSA

Median PSA [IQR], ng/mL 13.4 [6.8-26.5] 18.7 [8.7-30.5] 9.9 [5.9-21.3] < .001a

PSA level in ng/mL, % of patients

<10 40 31 50 < .001b

10-20 21 21 22

20-50 31 37 24

>50 8 11 4

Tumor classification, % of patients < .0001b

T1-T2a 56 49 64

T2b-T2c 28 28 27

T3-T4 16 23 9

Gleason sum, % of patients < .0001b

2-6 8 9.5 5

7 18 22 14.5

8 42 36.5 48

9-10 32 32 32.5

No. of high-risk features, % of patients < .0001b

1 75 68 84

2 20 25 14

3 5 7 2

Median modified CAPRA score [IQR] 5 [4-6] 6 [5-7] 5 [4-6] < .001a

ADT: No. of patients (%) .0002b

No 180 (19) 74 (15) 106 (24)

Yes 778 (81) 436 (85) 342 (76)

ADT duration, mo

Median [IQR] 12 [8-24] 22 [8-28] 12 [8-24]

<12 140 (32) 123 (36) < .0001b

12-<24 91 (21) 104 (30)

�24 202 (47) 115 (34)

Median EBRT dose [IQR], Gy 78.3 [77.0-80.0]c 45.0 [45.0-50.4]d

Pelvic radiotherapy: No. of patients (%) 937 (98) 488 (96) 448 (100) < .0001b

Brachytherapy boost
125I implants: No. of patients (%) 79 (17)

Median prescribed dose [IQR], Gy 108 [108-108]

Median D90 [IQR], Gy 112.6 [101.8-124.7]
103Pd implants: No. of patients (%) 369 (83)

Median prescribed dose [IQR], Gy 100 [100-100]

Median D90 [IQR], Gy 120.4 [111.2-130.3]

Abbreviations: ADT, androgen-deprivation therapy; CAPRA, Cancer of the Prostate Risk Assessment; CMRT, combined-modality radiotherapy; D90, minimal

dose to 90% of the planned target volume; EBRT, external-beam radiotherapy; Gy, grays; IQR, interquartile range.
a This P value was determined using analysis of variance.
b This P value was determined using the chi-square test.
c This was the prescribed dose to the prostate gland.
d This was pelvic EBRT.
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regimen using Fine and Gray regression adjusted for the
competing risk of non-PCa death. The HRs obtained
from the cumulative incidence analysis were 0.35
(P< .0001; 95% CI, 0.25-0.49) for BF and 0.45
(P¼ .003; 95% CI, 0.27-0.77) for PCSM, both of which
were similar to the incidence observed in Kaplan-Meier
analysis.

Association Between Outcomes and the Receipt
of Androgen-Deprivation Therapy

Unlike patients in the CMRT group, who generally had
lower risk disease compared with patients in the EBRT
group, those who received ADT, on average, had higher
risk disease than those who did not receive ADT (CAPRA
score, 5.0 vs 5.6; P< .001, chi-square test). Moreover, the

Figure 1. These Kaplan-Meier plots illustrate (A,C) biochemical failure and (B,D) prostate cancer-specific mortality as a function
of radiotherapy regimen, including (A,B) dose-escalated external-beam radiotherapy (EBRT) versus combined modality radio-
therapy (CMRT) and (C,D) the receipt of androgen-deprivation therapy (ADT) (none vs any). HR indicates hazard ratio; CI, confi-
dence interval.

TABLE 2. Freedom From Biochemical Failure and Prostate Cancer-Specific Survival Across Different High-
Risk Features

Regimen

Rate (Range), %

T3-T4 Classification, n¼164 PSA >20 ng/mL, n¼373 Gleason Sum 8-10, n¼713

5-Year FFBF 5-Year PCSS 5-Year FFBF 5-Year PCSS 5-Year FFBF 5-Year PCSS

EBRT 59 (54-64) 90 (87-93) 69 (66-72) 95 (93-97) 71 (68-74) 92 (90-94)

CMRT 80 (73-87) 97 (95-99) 87 (83-91) 98 (97-99) 89 (87-91) 96 (95-97)

P .0031 .05 < .0001 .01 < .0001 .0002

HR [95% CI] 0.33 [0.19-0.57] 0.27 [0.11-0.65] 0.29 [0.20-0.44] 0.35 [0.18-0.68] 0.32 [0.22-0.46] 0.35 [0.20-0.60]

Abbreviations: CI, confidence interval; CMRT, combined-modality radiotherapy; EBRT, external-beam radiotherapy; FFBF, freedom from biochemical failure;

HR, hazard ratio; PCSS, prostate cancer-specific survival; PSA, prostate-specific antigen.
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patients who received ADT for a longer duration had
higher CAPRA scores than those who received ADT for
shorter durations (P< .0001; data not shown). Despite
this difference, the receipt of ADT was associated with a
lower BF rate in Kaplan-Meier analysis: The 5-year and 8-
year BF rates were in 23% (standard error, 20%-26%)
and 31% (standard error, 27%-35%), respectively, with-
out ADT compared with 18% (standard error, 16%-
20%) and 26% (standard error, 24%-28%), respectively,
with ADT (P¼ .0027; HR, 0.68; 95% CI, 0.47-0.99)
(Fig. 1C). However, a trend (but no statistical difference)
was observed in the PCSM rate with the receipt ADT,
which was 5% (standard error, 3%-7%) at 5 years and
15% (standard error, 10%-20%) at 8 years without ADT
compared with 4% (standard error, 3%-5%) at 5 years
and 9% (standard error, 7%-11%) at 8 years with ADT
(P¼ .68; HR, 0.90; 95% CI, 0.52-1.60) (Fig. 1D). The
HRs derived from the Fine and Gray cumulative regres-
sion analysis adjusted for the competing risk of death were
similar at 0.63 (P¼ .008; 95% CI, 0.44-0.89) for BF and
0.75 (P¼ .30; 95% CI, 0.44-1.29) for PCSM.

The Influence of Treatment on Outcomes
Adjusted for the Number of High-Risk Features

The EBRT group had twice as many patients who had>1
high-risk feature compared with the CMRT group,
whereas the number of these features was prognostic for
both BF and PCSM (Fig. 2A,B). In an exploratory sub-
group analysis, after adjusting for the number of high-risk
features by clustering into a ‘‘low’’ high-risk group (a sin-
gle high-risk feature) and a ‘‘high’’ high-risk group (>1
high-risk feature), we observed that CMRT had a lower
BF rate in both groups (‘‘low’’ high-risk group: HR, 0.44;
P< .0001; 95% CI, 0.28-0.69; ‘‘high’’ high-risk group:
HR, 0.41; P¼ .004; 95% CI, 0.22-0.75) (Fig. 2C,E).
CMRT, however, was not associated with significantly
lower PCSM in either the ‘‘low’’ high-risk group (P¼ .17;
HR, 0.61; 95% CI, 0.30-1.23; crude PCSM, 5%; 33 of
722 patients) nor the ‘‘high’’ high-risk group (P¼ .21;
HR, 0.57; 95% CI, 0.24-1.38; crude PCSM, 16%; 37 of
237 patients) (Fig. 2D,F).

Multivariate Analysis for Biochemical Failure
and Prostate Cancer-Specific Mortality:
Demonstrated Improvements With
Combined-Modality Radiotherapy and
Androgen-Deprivation Therapy

Given the imbalance of clinical risk features as well as
competing causes of death (because more men died of
causes other than PCa), multivariate Fine and Gray cu-
mulative regression analysis was performed controlling for
age, PSA, T-classification, Gleason sum, RT regimen, and

both the receipt and duration of ADT (Table 3). Models
initially were carried out for all patients and then were run
separately in those who received EBRT and those who
received CMRT. Older age led to decreased risks of both
BF and PCSM; whereas increasing PSA, T-classification,
and Gleason sum all were associated with worse BF and
PCSM, with the greatest risk associated with a Gleason
sum of 9 or 10 (Table 3). The receipt of brachytherapy
was correlated with a 65% relative reduction in BF
(P< .0001; HR, 65; 95% CI, 0.23-0.52) and a 59% rela-
tive reduction in PCSM (P¼ .004; HR, 0.41; 95% CI,
0.23-0.75). Similarly, the receipt of ADT was correlated
with lower BF, and a more favorable HR was observed
with each incremental increase in ADT duration (<12
months, 12-<24 months, and�24 months) that was stat-
istically significant for each group but greatest for those
who received�24 months of ADT (P< .0001; HR, 0.33;
95% CI, 0.21-0.52). Increasing duration of ADT also was
associated with lower PCSM; however, only those who
received ADT for �24 months demonstrated a statisti-
cally significant reduction in PCSM (P¼ .001; HR, 0.30;
95% CI, 0.15-0.60). Graphic representations are pre-
sented for the adjusted impact of CMRT on BF (Fig. 3A)
and PCSM (Fig. 3B), and the impact of ADT duration is
illustrated for BF (Fig. 3C) and PCSM (Fig. 3D). Repeat-
ing these analyses with ADT as a continuous variable
revealed that each 1-month increase in the duration of
ADT was associated with lower BF (HR, 0.98; P¼ .04;
95% CI, 0.97-1.0) and PCSM (HR, 0.97; P¼ .001; 95%
CI, 0.95-0.99). In further subgroup analyses, long-term
ADT (�24 months) was associated with both reduced BF
(HR, 0.37; P< .0001; 95% CI, 0.21-0.64) and reduced
PCSM (HR, 0.25; P¼ .001; 95% CI, 0.11-0.56) for
those who received EBRT, and it was associated with
reduced BF (HR, 0.21; P¼ .003; 95% CI, 0.08-0.58) in
those who received CMRT. However, there was not a
statistically significant reduction in PCSM in the sub-
group of patients who received CMRT with the addition
of ADT assessed either as a categoric variable (HR, 0.54;
P¼ .42; 95% CI, 0.12-2.2) or as a continuous variable
(HR, 0.97; P¼ .20; 95% CI, 0.92-1.02), although the
HRs were very similar to those observed for EBRT.

Finally, to control for potential institutional differ-
ences, treating institution was included as a variable. Dif-
ferences between institutions were not statistically
significant (P� .1 for BF and PCSM; data not shown);
and, when treating institution was included in the multi-
variate analyses, the HRs favoring CMRT for BF
(P¼ .0008; HR, 0.43; 95% CI, 0.26-0.70) and PCSM
(P¼ .038; HR, 0.47; 95% CI, 0.23-0.95) were similar to
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the HRs observed in the analyses that did not control for
the treating institution.

DISCUSSION
In patients with HiRPCa, randomized trials have
demonstrated that long-term ADT added to conven-
tional-dose EBRT improves relapse-free survival,

PCSM, and overall survival.6,7 In separate trials, dose-
escalated RT demonstrated better biochemical recur-
rence-free survival8,15 and, recently, in an unplanned
subgroup analysis, better disease-specific survival in
patients with HiRPCa.8 However, it remains unclear
whether ADT still improves outcomes after dose-esca-
lated EBRT or whether further escalation of the RT

Figure 2. These plots illustrate the cumulative incidence of (A,C,E) biochemical failure and (B,D,F) prostate cancer-specific mor-
tality according to (A,B) the number of high-risk features (HRFs) and for (C,D) ‘‘low’’ high-risk patients (with 1 HRF) and (E,F)
‘‘high’’ high-risk patients (with 2 or 3 HRFs). EBRT indicates external-beam radiotherapy; CMRT, combined-modality radiotherapy;
HR, hazard radio; CI, confidence interval.
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Figure 3. These plots illustrate cumulative incidence according to the multivariate model for (A) biochemical failure (BF) and (B)
prostate cancer-specific mortality (PCSM) for all patients and all durations of androgen-deprivation therapy (ADT) and control-
ling for ADT duration for (C) BF and (D) PCSM for all patients. EBRT indicates external-beam radiotherapy; CMRT, combined-mo-
dality radiotherapy; HR, hazard radio; CI, confidence interval.

TABLE 3. Multivariate Analysis of Clinical Outcomes in All Patients With High-Risk Prostate Cancer

Variable

Biochemical Failure Prostate Cancer-Specific Mortality

HR 95% CI P HR 95% CI P

Age (continuous) 0.97 0.95-0.99 .001 0.97 0.95-0.99 .016

PSA (log) 2.8 1.8-4.5 < .0001 2.5 1.4-4.4 .001

Tumor classification

T1-T2a Reference Reference

T2b-T2c 1.3 0.90-2.0 0.16 2.2 1.2-4.1 .016

T3-T4 2.1 1.5-3.2 < .0001 2.5 1.2-4.7 .014

Gleason sum

2-6 Reference Reference

7 2.0 1.1-3.6 .028 5.6 0.75-41 .092

8 2.7 1.4-5.1 .003 8.9 1.2-64 .03

9-10 3.4 1.7-6.7 < .0001 28 3.9-195 .001

Regimena

EBRT Reference Reference

CMRT 0.35 0.23-0.52 < .0001 0.41 0.23-0.75 .004

ADT duration, moa

None Reference Reference

<12 0.60 0.39-0.92 .019 0.56 0.30-1.1 .079

12-<24 0.44 0.25-0.74 .002 0.53 0.25-1.2 .11

�4 0.33 0.21-0.52 < .0001 0.30 0.15-0.60 .001

Abbreviations: ADT, androgen-deprivation therapy; CI, confidence interval; CMRT, combined-modality radiotherapy; EBRT, external-beam radiotherapy; HR,

hazard ratio; PSA, prostate-specific antigen..
a The interaction terms between receipt of ADT (yes vs. no) and treatment regimen (EBRT vs CMRT) as well as ADT duration and treatment regimen also were

evaluated in biochemical failure and prostate cancer-specific mortality models. In all analyses, the interaction terms were not statistically significant (data not

shown) and were not included in the final models.
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dose through the addition of brachytherapy to dose-
escalated EBRT provides any benefit.

The current retrospective analysis is one of the larg-
est to date investigating patients with HiRPCa who
received dose-escalated RT or CMRT. The treatments
were not allocated randomly, which is a significant limita-
tion. Consequently, the patients who received EBRT were
older, had more advanced disease, and received ADT
more frequently and for a longer duration than the
patients who received CMRT. The CAPRA score for the
EBRT group was 1 point higher than for the CMRT
group, which would translate into approximately 1.5-fold
higher rates of both BF and PCSM.10 In reality, the BF
and PCSM rates were 2.9-fold and 2.2-fold higher in the
EBRT group, suggesting that, after adjusting for risk fac-
tors, the type of RT received may explain the difference.

One possible explanation for better efficacy of
CMRT is the higher biologically effective dose of RT that
can be achieved with a brachytherapy boost. For example,
the 2-Gy per fraction equivalent dose of combining 45 Gy
EBRT and 112 Gy of 125I is 106 Gy,16 and meta-analysis
of EBRT dose-escalation trials revealed that every added 1
Gy yielded a 2.2% gain in the 8-year rate of freedom from
BF.17 Assuming a linear dose-response relation for doses
>80 Gy, an additional 12 to 13 Gy on top of the median
78 Gy would be required to account for the 27% difference
in the 8-year freedom from BF rate observed between the 2
subsets of patients in our study, which fits within the pre-
sumed additional dose delivered by LDR brachytherapy.

Is it reasonable to assume that LDR brachytherapy
also would improve PCSM? Two recent phase 3 studies
demonstrated that improved local control by adding
EBRT to life-long ADT improved freedom from BF,
PCSM, and OS in patients with locally advanced PCa.5,18

In addition, 3 randomized trials of adjuvant EBRT after
radical prostatectomy for PCa with high-risk features also
demonstrated a 50% relative reduction in BF19-21 and a
9% improvement in 10-year OS in the study with the lon-
gest follow-up.19 Thus, even for HiRPCa in 5 randomized
trials, improvements in local control with the addition of
RT demonstrated improved BF, and 3 of these trials dem-
onstrated improvements in PCSM and OS. Conse-
quently, is it possible that the local failure rate after dose-
escalated RT is decreased with a brachytherapy boost?
Two additional randomized studies did demonstrate sig-
nificant improvements in BF with prostate brachytherapy
added to EBRT (although the control arm was not dose-
escalated RT).22,23 In addition, the positive biopsies per-
centages after conventional-dose EBRT have been as high
as 50%, which are reduced with either dose-escalated

EBRT or with ADT added to EBRT, but still are in excess
of 20%.24 In contrast, biopsy-proven local failure rates af-
ter combined ADT, EBRT, and LDR brachytherapy have
been <10%, even in patients with HiRPCa.25 Thus, the
improvement in PCSM observed with CMRT in the cur-
rent study is plausible within the context of previous
improvements observed with RT in localized or locally
advanced PCa.

In addition, in the current analysis, the receipt of
ADT also was associated with lower BF, which became
greater with increasing duration of ADT and was consist-
ent across both RT modalities. Longer duration ADT
(�24 months) also improved PCSM in all patients and in
those who received EBRT alone, but not when ADT was
analyzed separately in the CMRT group. However, the
low absolute PCSM in this group (19 deaths; 4%) makes
it difficult to demonstrate an improvement, especially
because 76% of patients in the CMRT group had already
received ADT for a median of 12 months. In any case, in
this series, we observed no evidence of the worse outcomes
from ADT combined with brachytherapy that have been
reported by others.26 The reduction in PCSM with ADT
observed in the current study translates into a 40% relative
improvement in PCSM (95% CI, 0.3%-1.1%) for short-
duration ADT (<12 months) and 70% improvement
(95% CI, 0.15%-0.60%) for long-duration ADT (�24
months), both of which are similar in magnitude to what
was observed with ADT duration in a meta-analysis of
4128 patients who received treatment in the 1980s and
1990s on 4 Radiation Therapy Oncology Group trials
with conventional-dose RT.27 However, the overall rates
of PCSM were lower in the current study, which may
reflect an improved outcome with dose-escalated EBRT
and a lower overall risk of PCa in this contemporary
cohort.

Although it is retrospective and nonrandomized in
nature, this study comprises 1 of the largest series to date
of patients with HiRPCa who received treatment using
modern RT techniques and doses. Comorbid illnesses
were not routinely or uniformly collected across all treat-
ment sites and, as such, could not be evaluated. Given the
younger age and likely lower comorbid illnesses in the
brachytherapy group, we chose not to evaluate all-cause
mortality, because we were not able to appropriately con-
trol for comorbid illness. Although we tried to take into
account all measured confounders, including the treating
institution, in the multivariate analysis, it is likely that
other factors, such as prostate size, urinary function, and
medical comorbidities, contributed to differences between
groups that would temper our conclusions; nevertheless,

Original Article

688 Cancer February 1, 2013



the outcomes in this study were similar to previous reports
for either RT modality.15,25,28 Moreover, a recent analysis
of brachytherapy-based outcomes also demonstrated an
association with decreased PCSM when both EBRT and
ADT were added to LDR brachytherapy.28 In addition,
an analysis of the Surveillance, Epidemiology, and End
Results (SEER) database revealed that the rates of CMRT
use for the treatment of HiRPCa have increased 6-fold
since 1988; however, only 19.4% of patients with
HiRPCa received this treatment between 1988 and 2000;
although in that SEER analysis, the PCSM rate was lower
for those who received brachytherapy-based treatment.29

In contrast, an analysis of treatment trends in >10,000
men with HiRPCa who were treated in academic and
community urology-based practices revealed that the ma-
jority of patients received possibly less effective monother-
apy approaches, including a high proportion that received
primary ADT, with an increasing trend in the receipt of
primary ADT (from 18% to 29%) over the 10-year study
period, and brachytherapy rarely was used.3 The current
study also did not address the toxicity of these treatment;
however results from the Radiation Therapy Oncology
Group RTOG 00-19 study suggest a higher rate of geni-
tourinary toxicity with the addition of brachytherapy to
EBRT in a multi-institutional phase 2 study.30

In conclusion, the results from this multi-institu-
tional, retrospective study suggest that, for patients with
HiRPCa, the receipt of an LDR brachytherapy boost
decreased the risk of BF and PCSM compared with dose-
escalated EBRT. Furthermore, even with dose-escalated
EBRT or combination therapy, ADT decreased BF and
PCSM in a duration-dependent fashion, and the greatest
benefit was observed for long-term ADT. Validation of
these findings in the University of British Columbia
Androgen Suppression Combined with Elective Nodal and
Dose-Escalated RT trial, which is comparing dose-esca-
lated EBRT (78 Gy) versus CMRT plus 125I LDR boost
(both with 12 months of ADT), may significantly change
the treatment standard for patients with HiRPCa.31
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