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Additional androgen deprivation makes the difference
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Conclusions  Additional ADT administration improves bio-
chemical control in D’Amico high-risk patients when HDR-
BT and EBRT are combined. Physicians should consider the 
oncological benefit of ADT administration for these patients 
during the decision-making process.
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Zusätzlicher Androgenentzug macht den Unterschied

Biochemisches rezidivfreies Überleben bei 
Prostatakarzinompatienten nach HDR-Brachytherapie und 
perkutaner Bestrahlung

Zusammenfassung
Hintergrund  Der Nutzen einer zusätzlichen Hormonent-
zugstherapie (ADT, „androgen deprivation therapy“) für 
Patienten mit Prostatakarzinom (PCa), welche mit einer 
Kombination aus HDR-Brachytherapie (HDR-BT) und per-
kutaner Bestrahlung (EBRT) behandelt werden, ist weiter-
hin ungeklärt.
Methodik  Für diese Studie wurden konsekutive, nach der 
D’Amico-Risikoklassifizierung in „intermediate“ und 
„high-risk“ eingeteilte Patienten ausgewählt, die zwischen 
Januar 1999 und Februar 2009 in unserem Institut eine 
kombinierte Therapie aus HDR-BT, EBRT ± ADT erhalten 
haben. Eine multivariable Cox-Regressionsanalyse zur Vor-
hersage eines biochemischen Rezidivs (BCR) wurde durch-
geführt. Zusätzlich wurde mit einer Kaplan-Meier-Analyse 
das BCR-freie Überleben in Abhängigkeit vom Status der 
Hormonentzugstherapie untersucht.

Abstract
Background  The role of additional androgen deprivation 
therapy (ADT) in prostate cancer (PCa) patients treated 
with combined HDR brachytherapy (HDR-BT) and external 
beam radiotherapy (EBRT) is still unknown.
Patients and methods  Consecutive PCa patients classified 
as D’Amico intermediate and high-risk who underwent 
HDR-BT and EBRT treatment ± ADT at our institution 
between January 1999 and February 2009 were assessed. 
Multivariable Cox regression models predicting biochemi-
cal recurrence (BCR) were performed. BCR-free survival 
was assessed with Kaplan–Meier analyses.
Results  Overall, 392 patients were assessable. Of these, 221 
(56.4 %) underwent trimodality (HDR-BT and EBRT and 
ADT) and 171 (43.6 %) bimodality (HDR-BT and EBRT) 
treatment. Additional ADT administration reduced the risk 
of BCR (HR: 0.4, 95 % CI: 0.3–0.7, p < 0.001). D’Amico 
high-risk patients had superior BCR-free survival when 
additional ADT was administered (log-rank p < 0.001). No 
significant difference for BCR-free survival was recorded 
when additional ADT was administered to D’Amico inter-
mediate-risk patients (log-rank p = 0.2).
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Ergebnisse  Insgesamt wurden 221 von 392  Patienten 
(56,4 %) mit einer 3-fachen (HDR-BT und EBRT und ADT) 
und 171 (43,6 %) mit einer 2-fachen Therapie (HDR-BT 
und EBRT) behandelt. Die zusätzliche ADT hat das Risiko 
für ein BCR reduziert (HR 0,4; 95 %-KI 0,3–0,7; p < 0,001). 
D’Amico high-risk-Patienten zeigten ein verbessertes 
BCR-freies Überleben, wenn eine zusätzliche Hormonent-
zugstherapie durchgeführt wurde (log-rank p < 0,001). Bei 
D’Amico intermidiate-risk Patienten hatte die zusätzliche 
ADT keinen signifikanten Einfluss auf das BCR-freie Über-
leben (log-rank p = 0,2).
Schlussfolgerung  Die zusätzliche ADT führt bei „High-
risk“-Patienten, die mit einer Kombination aus HDR-BT 
und EBRT behandelt werden, zu einem verbesserten BCR-
freien Überleben. Der zusätzliche Nutzen einer ADT soll-
te in diesem Kontext bei der Therapieplanung erwogen 
werden.

Schlüsselwörter  Androgenentzugstherapie · 
Biochemisches Rezidiv · Brachytherapie ·  
Externe Strahlentherapie · Prostatakarzinom

Introduction

Combining external beam radiotherapy (EBRT) [14] and 
high-dose-rate (HDR) brachytherapy (HDR-BT) [19] 
reduces the risk of recurrence and cancer-specific mortal-
ity compared with EBRT alone in prostate cancer (PCa) 
patients [15, 16, 27, 28].

The impact of androgen deprivation therapy (ADT) 
added to EBRT on prolonged cancer-specific and over-
all survival versus EBRT alone in high-risk and locally 
advanced PCa patients is well documented [3, 6, 11, 22, 23, 
25]. Similarly, ADT added to HDR-BT for high-risk PCa 
patients resulted in promising biochemical control rates 
[31]. Although trimodality treatment (HDR-BT and EBRT 
and ADT) is feasible [18], the role of additional ADT in 
PCa patients treated with combined HDR-BT and EBRT is 
still under debate. Trimodality treatment in patients classi-
fied as high-risk according to D’Amico resulted in 9-year 
BCR-free and cancer-specific-free survival rates of 91.0 
and 87.3 %, respectively [2, 20]. Despite these encouraging 
rates, it remained unclear to what extent the additional ADT 
contributes to these results [2, 20].

D’Amico et al. [7] were able to show a reduction in 
the risk of cancer-specific mortality in D’Amico high-risk 
patients undergoing trimodality treatment compared with 
those undergoing EBRT alone [hazard ratio (HR): 0.32, 
95 % confidence interval (CI): 0.14–0.73, p = 0.006]. How-
ever, no significant reduction in the risk of cancer-specific 
mortality was recorded when trimodality was compared 
with bimodality treatment of any type (HDR-BT and either 

EBRT or ADT; HR: 0.5, 95 % CI: 0.3–1.1, p = 0.08) [7]. 
Other studies failed to show an improvement in failure rates 
when adding ADT to HDR-BT and EBRT [9, 10]. However, 
National Comprehensive Cancer Network guidelines sug-
gest the trimodality treatment as primary option for interme-
diate- and high-risk PCa patients [21].

On the basis of contradictory results on the use of addi-
tional ADT administration in D’Amico high-risk patients 
treated with either EBRT [3, 6, 11, 22, 23] or a combina-
tion of HDR-BT and EBRT [9, 10], we decided to provide 
more evidence for the usage of additional ADT in D’Amico 
intermediate- and high-risk patients for whom HDR-BT and 
EBRT are contemplated. We hypothesized that trimodality 
treatment improves biochemical recurrence (BCR)-free sur-
vival compared with bimodality treatment (HDR-BT and 
EBRT) in D’Amico high-risk patients.

Patients and methods

Study population

We relied on our institutional database and included con-
secutive PCa patients who were treated with a combination 
of HDR-BT and EBRT between January 1999 and Febru-
ary 2009 (n = 843). We excluded patients with a follow-
up shorter than 12  months (n = 339) and those who had 
D’Amico low-risk PCa (n = 112). Overall, 392 patients 
were assessable. The study was approved by the local ethics 
committee.

Covariates

Patient age, PSA, biopsy Gleason score, clinical tumor 
stage, and D’Amico risk categories [5] were assessed. Since 
cardiovascular disease and hyperglycemia are possible side 
effects of ADT use [17], we additionally assessed baseline 
comorbidities such as any diagnosis of cardiovascular dis-
eases and type 2 diabetes mellitus, which might affect the 
treatment choice. BCR was defined as a PSA level of 2 ng/
ml over the nadir [26].

Treatment modalities

HDR-BT was administered prior to EBRT, based on tran-
srectal ultrasound, using the planning system and the Ir192-
treatment unit Gammamed 12i® (Sauerwein Company). 
HDR-BT was administered in two treatment sessions 
(1-week interval) with 9 Gy per fraction at the prostate cap-
sule and 15 Gy to the peripheral zone of the prostate. Over-
all, 18 Gy was applied at the prostate capsule.

EBRT started 1 week after HDR-BT using three-dimen-
sional conformal radiotherapy with four to five fields 
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ity-treated patients also more frequently harbored Gleason 
score ≥ 4 + 4 than bimodality-treated patients (20.5 vs. 7.6 %, 
p = 0.001). Consequently, trimodality-treated patients more 
frequently harbored D’Amico high-risk PCa than bimodal-
ity-treated patients (62.0 vs. 43.3 %, p < 0.001). The median 
follow-up was not significantly different between patients 
undergoing trimodality or bimodality treatment (51.0 vs. 
48.0 months, respectively, p = 0.5). No significant differ-
ences between treatment modality groups were recorded 
according to baseline comorbidities such as cardiovascular 
diseases or type 2 diabetes mellitus (all p >0.05; Table 1).

Multivariable Cox regression analyses predicting 
biochemical recurrence

In the second part of our analyses, we relied on multivari-
able Cox regression models to predict BCR after combined 
HDR-BT and EBRT. According to these analyses, two pre-
dictors achieved independent predictor status: ADT and 
Gleason score. Specifically, patients with additional ADT 
administration were less likely to experience BCR com-
pared with their counterparts treated without additional ADT 
(HR: 0.4, 95 % CI: 0.3–0.7, p < 0.001). Finally, patients with 
Gleason score ≥ 4 + 4 were more likely to experience BCR 
compared with their counterparts with Gleason score ≤ 3 + 3 
(HR: 1.9, 95 % CI: 1.2–3.3, p = 0.01; Table 2).

Kaplan–Meier analyses for biochemical recurrence-free 
survival

In the third part of our analyses, we relied on Kaplan–Meier 
analyses for BCR-free survival. In the overall population, 
Kaplan–Meier analysis revealed superior BCR-free survival 
in patients undergoing trimodality vs. bimodality treatment 
(Fig.  1a, log-rank p = 0.003). The BCR-free survival rates 
for men undergoing trimodality vs. those undergoing bimo-
dality treatment at 1, 5, and 10 years after treatment were 
90.0 (95 % CI: 85.3–93.4) vs. 76.0 (95 % CI: 69.1–81.8), 
77.3 (95 % CI: 70.2–83.1) vs. 65.7 (95 % CI: 57.8–72.8), 
and 53.8 (95 % CI: 38.7–68.2) vs. 57.0 % (95 % CI: 46.3–
67.1), respectively.

Regarding D’Amico high-risk patients, Kaplan–Meier 
analysis revealed superior BCR-free survival in patients 
undergoing trimodality treatment than in those undergo-
ing bimodality treatment (Fig. 1b, log-rank p < 0.001). The 
BCR-free survival rates for D’Amico high-risk patients 
undergoing trimodality treatment vs. those undergoing 
bimodality treatment at 1, 5, and 10 years after treatment 
were 91.2 (95 % CI: 85.2–95.0) vs. 71.6 (95 % CI: 60.4–
80.7), 76.9 (95 % CI: 67.8–84.1) vs. 56.3 (95 % CI: 44.1–
67.8), and 49.6 (95 % CI: 32.3–67.0) vs. 39.4 % (95 % CI: 
22.6–59.0), respectively.

and individualized blocking. The target volume included 
the prostate and seminal vesicles with a safety margin of 
1.5 cm. A total dose of 50.4 Gy, with 1.8 Gy per fraction and 
five fractions per week, was administered. Fifteen patients 
underwent extended EBRT including also locoregional lym-
phatic drainage in the small pelvis. The distribution of these 
patients was not significantly different between the bimodal-
ity and trimodality treatment groups (n = 4 vs. 11, p = 0.1).

Trimodality treatment was considered when additional 
ADT was administered concomitant to HDR-BT and EBRT. 
The duration of ADT administration was assessable in 124 
(56.1 %) men who underwent the trimodality treatment. The 
median time of ADT administration was 3  months (IQR: 
3–6) for these patients.

Statistical analyses

Baseline characteristics were compared using the χ2 likeli-
hood test for nominal variables and the nonparametric Wil-
coxon test for continuous variables.

Additionally, multivariable Cox regression analyses for 
predicting BCR were performed. Comprising variables 
were patient age, PSA, biopsy Gleason score, clinical tumor 
stage, and ADT administration. Kaplan–Meier analyses for 
BCR-free survival were performed for all patients according 
to different treatment modalities (HDR-BT and EBRT and 
ADT vs. HDR-BT and EBRT) as well as stratified accord-
ing to different D’Amico risk categories (intermediate-risk 
vs. high-risk).

Within subgroup analyses, we excluded patients with 
unknown duration of ADT (n = 97). Statistical analyses 
were performed with the JMP software v. 9.0.2 (SAS Insti-
tute, Cary, N.C.) and R v.2.13.1 (R Project for Statistical 
Computing, http://www.R-project.org). All tests were two 
2-sided with the significance level set at p < 0.05.

Results

Overall, 392 intermediate- or high-risk PCa patients treated 
with combined HDR-BT and EBRT were assessable. Of 
these, 221 (56.4 %) men were assigned to trimodality and 
171 (43.6 %) men to bimodality treatment.

Statistically significant differences between the two treat-
ment groups were recorded for PSA, Gleason score, clini-
cal tumor stage, and D’Amico risk categories. Specifically, 
patients with trimodality treatment had a higher median PSA 
(10.8 vs. 8.5 ng/ml, p < 0.001) and comprised more patients 
with PSA >20 ng/ml (22.6 vs. 11.1 %, p = 0.003) compared 
with bimodality treatment patients. Similarly, patients 
undergoing trimodality treatment more frequently had clini-
cal tumor stage ≥ cT3 compared with patients undergoing 
bimodality treatment (24.4 vs. 13.5 %, p = 0.007). Trimodal-

http://www.R-project.org
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Regarding D’Amico intermediate-risk patients, Kaplan–
Meier analysis recorded no significant differences for 
BCR-free survival between patients undergoing trimodality 
treatment than for those undergoing bimodality treatment 
(Fig. 1c, log-rank p = 0.2). The BCR-free survival rates for 
D’Amico intermediate-risk patients undergoing trimodal-
ity vs. those undergoing bimodality treatment at 1, 5, and 
10 years after treatment were 88.1 (95 % CI: 79.3–93.5) vs. 
79.4 (95 % CI: 70.2–86.3), 78.1 (95 % CI: 65.7–86.9) vs. 
72.9 (95 % CI: 62.7–81.1), and 68.7 (95 % CI: 51.6–81.9) 
vs. 69.0 % (95 % CI: 56.6–79.2), respectively.

Subgroup analyses

In the fourth part of our assessments we relied on subgroup 
(n = 295) analyses (patients with unknown duration of ADT 
administration were excluded). The median time of ADT 
administration was 3  months (IQR: 3–6). The mean fol-
low-up of these patients was 58 months (median: 48; IQR: 
23–85; range: 12–156). In this subgroup, 90 (30.5 %) men 
experienced BCR.

Table 1  Baseline characteristics of 392 D’Amico intermediate- or high-risk prostate cancer patients treated with combined HDR brachytherapy 
and external beam radiotherapy ± androgen deprivation therapy between 1999 and February 2009 at the University Medical Center Hamburg-
Eppendorf
Parameter Overall Trimodality Bimodality p
Patients, n (%) 392 221 (56.4) 171 (43.6) –
Patient age (years), median (IQR) 69.0 (65.0–72.0) 69.0 (65.0–71.5) 69.0 (65.0–72.0) 0.3
Patient age (years), categories, n (%)
< 65 90 (23.0) 52 (23.5) 38 (22.2) 0.5
65–68 96 (24.5) 56 (25.3) 40 (23.4)
69–71 97 (24.7) 58 (26.2) 39 (22.8)
≥ 72 109 (27.8) 55 (24.9) 54 (31.6)
PSA (ng/ml) at diagnosis, median (IQR) 9.6 (6.1–16.8) 10.8 (7.2–19.3) 8.5 (5.8–13.7) < 0.001
PSA (ng/ml) categories, n (%)
≤ 10 201 (51.3) 99 (44.8) 102 (59.6) 0.003
>10–20 122 (31.1) 72 (32.6) 50 (29.2)
>20 69 (17.6) 50 (22.6) 19 (11.1)
Biopsy Gleason score, n (%)
≤ 3 + 3 146 (37.3) 69 (31.4) 77 (45.0) 0.001
3 + 4 120 (30.7) 64 (29.1) 56 (32.7)
4 + 3 67 (17.1) 42 (19.1) 25 (14.6)
≥ 4 + 4 58 (14.8) 45 (20.5) 13 (7.6)
Clinical tumor stage, n (%)
≤ cT2 315 (80.4) 167 (75.6) 148 (86.5) 0.007
≥ cT3 77 (19.6) 54 (24.4) 23 (13.5)
D’Amico risk groups, n (%)
Intermediate 181 (46.2) 84 (38.0) 97 (56.7) < 0.001
High 211 (53.8) 137 (62.0) 74 (43.3)
Cardiovascular disease, n (%) 213 (54.3) 120 (54.3) 93 (54.4) 0.9
Type 2 diabetes mellitus, n (%) 31 (7.9) 16 (7.2) 15 (8.8) 0.6
Biochemical recurrence, n (%) 114 (29.1) 54 (24.4) 60 (35.1) 0.02
Follow-up (months), median (IQR) 49.0 (24.0–85.0) 51.0 (24.0–88.0) 48.0 (24.0–80.0) 0.5
HDR high dose rate, Trimodality HDR brachytherapy and external beam radiotherapy and androgen deprivation therapy, Bimodality HDR 
brachytherapy and external beam radiotherapy, IQR interquartile range, PSA prostate-specific antigen

Table 2  Multivariable Cox regression model predicting biochemical 
recurrence in 392 D’Amico intermediate- or high-risk prostate cancer 
patients treated with HDR brachytherapy and external beam radiother-
apy between 1999 and February 2009 at the University Medical Center 
Hamburg-Eppendorf

Univariable analyses Multivariable analyses
HR (95 % CI) p HR (95 % CI) p

Androgen deprivation therapy
No 1 (ref.) 1 (ref.)
Yes 0.6 (0.4–0.8) 0.004 0.4 (0.3–0.7) < 0.001
Biopsy Gleason score
≤ 3 + 3 1 (ref.) 1 (ref.)
3 + 4 0.9 (0.6–1.4) 0.6 0.9 (0.6–1.5) 0.7
4 + 3 0.9 (0.5–1.6) 0.7 0.9 (0.5–1.6) 0.7
≥ 4 + 4 1.7 (1.1–2.8) 0.03 1.9 (1.2–3.3) 0.01
Clinical tumor stage
≤ cT2 1 (ref.) 1 (ref.)
≥ cT3 1.3 (0.9–2.0) 0.2 1.5 (0.98–2.4) 0.059
PSA 1.0 (0.99–1.02) 0.07 1.01 (0.99–1.03) 0.09
Patient age 0.99 (0.96–1.03) 0.6 0.99 (0.96–1.03) 0.7
HDR high dose rate, HR hazard ratio, CI confidence interval, PSA 
prostate-specific antigen
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patients, when combined HDR-BT and EBRT are contem-
plated. To test this hypothesis we relied on our institutional 
database and investigated 392 D’Amico intermediate- or 
high-risk patients treated with HDR-BT and EBRT ± ADT.

Our analyses yielded several important results. First, we 
recorded significant differences between patients in whom 
additional ADT was administered and those in whom it was 
not. Specifically, men with additional ADT more frequently 
harbored D’Amico high-risk disease (62.0 vs. 43.3 %, 
p < 0.001). This observation suggests that additional ADT 
administration is more frequently considered in patients 
with unfavorable clinical tumor characteristics.

Second, in our multivariable Cox regression model 
predicting BCR, additional ADT administration achieved 
independent predictor status. Specifically, patients with 
additional ADT administration were less likely to experi-
ence BCR compared with those without additional ADT 
administration (HR: 0.4, 95 % CI: 0.3–0.7, p < 0.001). The 
protective effect of ADT was also recorded in our subgroup 
analyses (HR: 0.5, 95 % CI: 0.3–0.7, p = 0.001), which 

In the multivariable Cox regression analyses predicting 
BCR, one predictor achieved independent predictor sta-
tus. Specifically, patients undergoing trimodality treatment 
were less likely to experience BCR than those undergoing 
bimodality treatment  (Table 3, HR: 0.5, 95 % CI: 0.3–0.7, 
p = 0.001). Additionally, Kaplan–Meier analyses recorded 
improved BCR-free survival when ADT was administered 
in the overall subgroup population (log-rank p = 0.008). 
Similarly, improved BCR-free survival was recorded in 
D’Amico high-risk patients when trimodality treatment was 
administered (log-rank p < 0.001). Finally, no benefit on 
BCR-free survival was recorded in D’Amico intermediate-
risk patients stratified according to trimodality or bimodal-
ity treatment (log-rank p = 0.6).

Discussion

Our hypothesis stated that additional ADT administration 
might improve BCR-free survival in D’Amico high-risk 

Fig. 1  a–c Kaplan–Meier analyses for biochemical recurrence (BCR)-
free survival over time (months) of 392 D’Amico intermediate- and 
high-risk prostate cancer patients treated with either high-dose-rate 
(HDR) brachytherapy and external beam radiotherapy (EBRT) and an-

drogen deprivation therapy (ADT) or HDR brachytherapy and EBRT 
alone. Patients were stratified according to a overall, b D’Amico high-
risk, and c D’Amico intermediate-risk. C.E. cumulative events, NR 
number of risk
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Demanes et al. [10] investigated 411 PCa patients treated 
with HDR-BT and EBRT ± ADT. This study failed to dem-
onstrate a superior BCR-free survival in patients who had 
additional ADT administration. However, since the group 
of patients who were treated with ADT comprised more 
subjects with D’Amico high-risk disease (58 vs. 42 %) and 
a lower percentage of D’Amico low-risk disease (36 vs. 
64 %), a non-negligible selection bias might be at play when 
interpreting these data.

Galalae et al. [13] examined 611 PCa patients treated 
with HDR-BT and EBRT ± ADT between 1986 and 2000. 
They were not able to demonstrate ADT as an indepen-
dent predictor for BCR within a multivariable Cox regres-
sion model 5 years after treatment (p = 0.6). Although these 
data argue against the possible benefit of additional ADT 
administration when HDR-BT and EBRT are contemplated, 
they should be reproducible in more contemporary patient 
cohorts.

D’Amico et al. [7] were able to show a reduction in the 
risk of cancer-specific mortality within D’Amico high-risk 
patients undergoing trimodality treatment compared with 
those undergoing EBRT alone (HR: 0.32, 95 % CI: 0.14–
0.73, p = 0.006). However, no significant reduction in the 
risk of cancer-specific mortality was recorded when trimo-
dality was compared with bimodality treatment of any type 
(HDR-BT and EBRT or ADT; HR: 0.5, 95 % CI: 0.3–1.1, 
p = 0.08) [7].

Although the question of whether or not additional ADT 
should be administered represents an important clinical 
topic, the available evidence for this issue is suboptimal. 
Previous studies that questioned the benefit of additional 
ADT administration might have had insufficient statistical 
approaches [9, 10], did not comprise a clear control group 
[7], or represent more or less historical data from partially 
the pre-PSA area [13], respectively.

Although our data might not represent the final answer, 
they point out that trimodality treatment may offer superior 
biochemical control than bimodality treatment for D’Amico 
high-risk patients. Further studies are needed to contribute 
to the debate on the additional usage of ADT when HDR-BT 
and EBRT are at play. Especially, more evidence is needed 
to define the most efficient duration of ADT administra-
tion regarding the balance of minimizing side effects and 
beneficial oncological outcome. Additionally, more evi-
dence on complication rates [12, 30] and quality of life [29] 
is warranted when comparing bimodality vs. trimodality 
treatment.

Despite its strengths, our study has limitations. First, the 
retrospective study design limits the quality of the data. Sec-
ond, detailed information on the duration of ADT admin-
istration was not available in all cases. However, focusing 
on ADT patients with detailed information on the duration 
of ADT administration did not change the results. Third, 

relied exclusively on patients with known duration of ADT 
administration (median: 3 months; n = 295).

Third, Kaplan–Meier analyses recorded superior BCR-
free survival in D’Amico high-risk patients undergoing tri-
modality treatment. The latter was recorded in the overall 
(log-rank p < 0.001) as well as in the subgroup population 
(log-rank p < 0.001). Conversely, additional ADT admin-
istration does not affect BCR-free survival in D’Amico 
intermediate-risk patients, neither in the overall (log-rank 
p = 0.2) nor the subgroup population (log-rank p = 0.6).

Taken together, our results confirm our hypothesis. Addi-
tional ADT administration improved BCR-free survival in 
D’Amico high-risk patients treated with combined HDR-
BT and EBRT. The missing effect in D’Amico intermediate-
risk patients emphasizes that ADT administration should 
be considered especially in those patients with D’Amico 
high-risk disease, when combined HDR-BT and EBRT is 
contemplated.

It is worth pointing out that ADT has a risk of adverse 
side effects [1, 17] and might also affect quality of life [4, 
8]. Consequently, ADT administration should be considered 
individually and possible side effects should be balanced 
with possible superior oncological outcome.

Our results differ  from those of previous reports. For 
example, Dattoli et al. [9] investigated 321 D’Amico inter-
mediate- and high-risk patients who were treated between 
1992 and 1997 with brachytherapy and EBRT ± ADT. In this 
patient group, Dattoli and coworkers were not able to show 
significant differences for BCR-free survival according to 
additional ADT administration within a univariable model 
(p = 0.4). However, the authors failed to present a multivari-
able model that might have adjusted for possible bias.

Table 3  Multivariable Cox regression model predicting biochemical 
recurrence in a subgroup of 295 D’Amico intermediate- or high-risk 
prostate cancer patients treated with HDR brachytherapy and external 
beam radiotherapy between 1999 and February 2009 at the University 
Medical Center Hamburg-Eppendorf 

Univariable analyses Multivariable analyses
HR (95 % CI) p HR (95 % CI) p

Androgen deprivation therapy
No 1 (ref.) 1 (ref.)
Yes 0.6 (0.4–0.9) 0.01 0.5 (0.3–0.7) 0.001
Biopsy Gleason score
≤ 3 + 3 1 (ref.) 1 (ref.)
3 + 4 0.8 (0.5–1.3) 0.4 0.8 (0.5–1.4) 0.4
4 + 3 0.9 (0.5–1.8) 0.8 0.9 (0.5–1.8) 0.8
≥ 4 + 4 1.4 (0.8–2.5) 0.3 1.5 (0.8–2.7) 0.2
Clinical tumor stage
≤ cT2 1 (ref.) 1 (ref.)
≥ cT3 1.2 (0.7–2.0) 0.5 1.4 (0.8–2.4) 0.2
PSA 1.0 (0.99–1.02) 0.2 1.01 

(0.99–1.03)
0.1

HDR high dose rate, HR hazard ratio, CI confidence interval, PSA 
prostate-specific antigen
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  9.	Dattoli M, Wallner K, True L et al (2010) Long-term out-
comes for patients with prostate cancer having intermedi-
ate and high-risk disease, treated with combination external 
beam irradiation and brachytherapy. J Oncol 2010. pii:471375. 
doi:10.1155/2010/471375. (Epub 2010 Aug 18)

10.	Demanes DJ, Brandt D, Schour L et al (2009) Excellent results 
from high dose rate brachytherapy and external beam for pros-
tate cancer are not improved by androgen deprivation. Am J Clin 
Oncol 32:342–347

11.	 Denham JW, Steigler A, Lamb DS et al (2005) Short-term andro-
gen deprivation and radiotherapy for locally advanced prostate 
cancer: results from the Trans-Tasman Radiation Oncology Group 
96.01 randomised controlled trial. Lancet Oncol 6:841–850

12.	Eble MJ (2014) Population-based analysis of complications after 
local therapy for prostate cancer. Prostatectomy versus radiothera-
py. Strahlenther Onkol 190:594–596

13.	Galalae RM, Martinez A, Mate T et al (2004) Long-term outcome 
by risk factors using conformal high-dose-rate brachytherapy 
(HDR-BT) boost with or without neoadjuvant androgen suppres-
sion for localized prostate cancer. Int J Radiat Oncol Biol Phys 
58:1048–1055

14.	Guckenberger M, Lawrenz I, Flentje M (2014) Moderately hypo-
fractionated radiotherapy for localized prostate cancer: long-term 
outcome using IMRT and volumetric IGRT. Strahlenther Onkol 
190:48–53

15.	Hoskin PJ, Motohashi K, Bownes P et al. (2007) High dose rate 
brachytherapy in combination with external beam radiotherapy in 
the radical treatment of prostate cancer: initial results of a ran-
domised phase three trial. Radiother Oncol 84:114–120

16.	Hoskin PJ, Rojas AM, Bownes PJ et al (2012) Randomised trial of 
external beam radiotherapy alone or combined with high-dose-rate 
brachytherapy boost for localised prostate cancer. Radiother Oncol 
103:217–222

17.	 Jespersen CG, Norgaard M, Borre M (2014) Androgen-depriva-
tion therapy in treatment of prostate cancer and risk of myocardial 
infarction and stroke: a Nationwide Danish Population-based Co-
hort Study. Eur Urol 65:704–709

18.	Martin T, Hey-Koch S, Strassmann G et al (2000) 3D interstitial 
HDR brachytherapy combined with 3D external beam radiother-
apy and androgen deprivation for prostate cancer. Preliminary re-
sults. Strahlenther Onkol 176:361–367

19.	Martin T, Baltas D, Kurek R et al (2004) 3-D conformal HDR 
brachytherapy as monotherapy for localized prostate cancer. A 
pilot study. Strahlenther Onkol 180:225–232

20.	Martinez-Monge R, Moreno M, Ciervide R et al (2012) External-
beam radiation therapy and high-dose rate brachytherapy com-
bined with long-term androgen deprivation therapy in high and 
very high prostate cancer: preliminary data on clinical outcome. 
Int J Radiat Oncol Biol Phys 82:e469–e476

21.	Mohler J, Bahnson RR, Boston B et al (2010) NCCN clinical prac-
tice guidelines in oncology: prostate cancer. J Natl Compr Canc 
Netw 8:162–200

22.	Pilepich MV, Winter K, John MJ et al (2001) Phase III radiation 
therapy oncology group (RTOG) trial 86-10 of androgen depriva-
tion adjuvant to definitive radiotherapy in locally advanced carci-
noma of the prostate. Int J Radiat Oncol Biol Phys 50:1243–1252

23.	Pilepich MV, Winter K, Lawton CA et al (2005) Androgen sup-
pression adjuvant to definitive radiotherapy in prostate carci-
noma—long-term results of phase III RTOG 85-31. Int J Radiat 
Oncol Biol Phys 61:1285–1290

24.	Ploussard G, Staerman F, Pierrevelcin J et al (2013) Predictive 
factors of oncologic outcomes in patients who do not achieve un-
detectable prostate specific antigen after radical prostatectomy. J 
Urol 190:1750–1756

due to the small patient numbers, a meaningful propen-
sity-matched cohort was not available. However, in the 
detailed analyses of different D’Amico risk categories we 
were able to roughly control for the most important clini-
cal tumor characteristics. Finally, our data lack information 
on metastases-free and cancer-specific survival. However, 
biochemical recurrence most likely represents the first sign 
of progression [24] and subsequently we endeavor to reduce 
BCR rates.

Conclusion

Additional ADT administration improves biochemical con-
trol when HDR-BT and EBRT are combined  in D’Amico 
high-risk patients. Physicians should consider the oncologi-
cal benefit of ADT administration for these patients during 
the decision-making process.

Compliance with ethical guidelines

Conflict of interest  J. Schiffmann, H. Lesmana, P. Tennstedt, B. 
Beyer, K. Boehm, V. Platz, D. Tilki, G. Salomon, C. Petersen, A. 
Krüll, M. Graefen, and R. Schwarz state that there are no conflicts of 
interest.

References

  1.	Alibhai SM, Breunis H, Timilshina N et al (2010) Impact of andro-
gen-deprivation therapy on cognitive function in men with non-
metastatic prostate cancer. J Clin Oncol 28:5030–5037

  2.	Bittner N, Merrick GS, Butler WM et al (2012) Long-term out-
come for very high-risk prostate cancer treated primarily with a 
triple modality approach to include permanent interstitial brachy-
therapy. Brachytherapy 11:250–255

  3.	Bolla M, Collette L, Blank L et al (2002) Long-term results with 
immediate androgen suppression and external irradiation in pa-
tients with locally advanced prostate cancer (an EORTC study): a 
phase III randomised trial. Lancet 360:103–106

  4.	Bourke L, Sohanpal R, Nanton V et al (2012) A qualitative study 
evaluating experiences of a lifestyle intervention in men with 
prostate cancer undergoing androgen suppression therapy. Trials 
13:208

  5.	D’amico AV, Whittington R, Malkowicz SB et al (1998) Biochem-
ical outcome after radical prostatectomy, external beam radiation 
therapy, or interstitial radiation therapy for clinically localized 
prostate cancer. JAMA 280:969–974

  6.	D’amico AV, Manola J, Loffredo M et al (2004) 6-month andro-
gen suppression plus radiation therapy vs radiation therapy alone 
for patients with clinically localized prostate cancer: a randomized 
controlled trial. JAMA 292:821–827

  7.	D’amico AV, Moran BJ, Braccioforte MH et al (2009) Risk of 
death from prostate cancer after brachytherapy alone or with radia-
tion, androgen suppression therapy, or both in men with high-risk 
disease. J Clin Oncol 27:3923–3928

  8.	Dacal K, Sereika SM, Greenspan SL (2006) Quality of life in 
prostate cancer patients taking androgen deprivation therapy. J Am 
Geriatr Soc 54:85–90



337

1 3

Additional androgen deprivation makes the difference

29.	Simeonova A, Wenz F (2013) Long-term quality of life after pros-
tatectomy and percutaneous radiotherapy for localized prostate 
cancer. Strahlenther Onkol 189:804–805

30.	Thurner EM, Krenn-Pilko S, Langsenlehner U et al (2014) Asso-
ciation of genetic variants in apoptosis genes FAS and FASL with 
radiation-induced late toxicity after prostate cancer radiotherapy. 
Strahlenther Onkol 190:304–309

31.	Yoshida K, Yamazaki H, Takenaka T et al (2014) High-dose-rate 
interstitial brachytherapy in combination with androgen depriva-
tion therapy for prostate cancer: are high-risk patients good candi-
dates? Strahlenther Onkol 190:1015–1020

25.	Roach M 3rd (2007) Dose escalated external beam radiotherapy 
versus neoadjuvant androgen deprivation therapy and convention-
al dose external beam radiotherapy for clinically localized prostate 
cancer: do we need both? Strahlenther Onkol 183:26–28

26.	Roach M 3rd, Hanks G, Thames H Jr et al (2006) Defining bio-
chemical failure following radiotherapy with or without hormonal 
therapy in men with clinically localized prostate cancer: recom-
mendations of the RTOG-ASTRO Phoenix Consensus Confer-
ence. Int J Radiat Oncol Biol Phys 65:965–974

27.	Sathya JR, Davis IR, Julian JA et al (2005) Randomized trial com-
paring iridium implant plus external-beam radiation therapy with 
external-beam radiation therapy alone in node-negative locally ad-
vanced cancer of the prostate. J Clin Oncol 23:1192–1199

28.	Shen X, Keith SW, Mishra MV et al (2012) The impact of brachy-
therapy on prostate cancer-specific mortality for definitive radia-
tion therapy of high-grade prostate cancer: a population-based 
analysis. Int J Radiat Oncol Biol Phys 83:1154–1159


	﻿Additional androgen deprivation makes the difference
	﻿Abstract
	﻿Zusammenfassung
	﻿Introduction
	﻿Patients and methods
	﻿Study population
	﻿Covariates
	﻿Treatment modalities
	﻿Statistical analyses

	﻿Results
	﻿Multivariable Cox regression analyses predicting biochemical recurrence
	﻿Kaplan–Meier analyses for biochemical recurrence-free survival
	﻿Subgroup analyses

	﻿Discussion
	﻿Conclusion
	﻿References


