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ABSTRACT

Purpose: To evaluate the prognostic factors for patients with local or locally advanced prostate cancer treated with external 
beam radiotherapy (RT) and high dose rate brachytherapy (HDR) according to the RTOG-ASTRO Phoenix Consensus 
Conference.
Materials and Methods: The charts of 209 patients treated between 1997 and 2005 with localized RT and HDR as a boost 
at the Department of Radiation Oncology, AC Camargo Hospital, Sao Paulo, Brazil were reviewed. Clinical and treatment 
parameters i.e.: patient’s age, Gleason score, clinical stage, initial PSA (iPSA), risk group (RG) for biochemical failure, 
doses of RT and HDR were evaluated. Median age and median follow-up time were 68 and 5.3 years, respectively. Median 
RT and HDR doses were 45 Gy and 20 Gy.
Results:

Conclusions:

to RT could be considered a successful approach in the treatment of prostate cancer.
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INTRODUCTION

Prostate cancer (PCa) is one of the most 
prevalent malignancies affecting men in the developed 
world. For male population of western countries, the 

-
zil for 2006, 47,280 new cases of PCa were expected 
to be diagnosed (2). The optimal management of both 
localized and locally advanced PCa remains contro-
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versial with a consensus that surgery, radiotherapy, 
hormonal therapy, and watchful waiting can be used 
isolated or in combination to treat the different risk 
groups (RG) for biochemical failure (BF) (3).

Radiotherapy (RT) has been used for years 
to treat patients with poor clinical conditions or 
with advanced stages of the disease, but in the past 
two decades it has emerged as an option to surgery 
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the dose administered to the prostate is increased 
(4-6). There are also a number of published results 
demonstrating that conformal high dose rate (HDR) 
brachytherapy is a successful method for delivering 
higher dose of radiation to the prostate sparing the 

very precise and conformal way of dose delivery with 
cell killing effects comparable to three-dimensional 

external beam RT (9). HDR also has some potential 
additional advantages over normal tissue sparing and 
on reducing miss dose to the prostate, due imprecise 
target localization, treatment setup uncertainties, or-
gan motion and or deformation during the treatments, 
with a relative low incidence of severe acute and late 
side-effects (10-12).

MATERIAL AND METHODS

This study on human beings has been ap-

Camargo, Sao Paulo, Brazil. The charts of patients 
with initial or locally advanced biopsy proven pros-
tate adenocarcinoma, treated with pelvic localized 
conventional or 3DRT in combination with HDR 
at the Department of Radiation Oncology, Hospital 
AC Camargo, Sao Paulo, Brazil were retrospectively 
reviewed. Details such as Gleason score (GS), the 
initial PSA value (iPSA) and clinical stage (CS) using 
the 1992 AJCC clinical stage were collected from the 

-

CS T2a or lesser, GS less than 7 and initial PSA value 

stage T2b, GS 7 or initial PSA value ranging from 

and the remaining patients or patients who presented 

were grouped into the high risk (HR) group for BF 
(13). At the discretion of the referral urologists, pa-
tients in all groups received a course of neoadjuvant 

3 to 6 months prior to RT.
-

tional (2D) RT planning was used for all patients, 
based on diagnostic computed tomography scan (CT), 

-
ing prostate, seminal vesicles and normal tissue vol-
umes at risk. The prostate and seminal vesicles were 
irradiated t via a 6 MV Varian linear accelerator, with 

with cerrobend blocks. After 1999, all patients were 
treated with localized three-dimensional conformal 
(3D) RT.

The technique of HDR has been previously 

procedures were performed 10 to 15 days after the 
end of RT, under spinal anesthesia with the patient 
in lithotomic position. Two metallic markers were 
inserted into the gland, one in the apex and the other 
at the base of the prostate, to ascertain quality control 
of any needle displacement during the treatment and to 
allow corrections whenever it was necessary. All the 
implants were performed with steel needles inserted 
through a perineal template, which was sutured to the 
perineum. The needles were uniformly placed into the 

the initial years, orthogonal X-rays were used for plan-
ning and dosimetric calculations. On August 2000, 
we switched to 3D image guided CT based planning 
using the BrachyVision® Planning System (Varian 

After completion of treatment, patients were 
seen in follow-up 1 month later and subsequently 

patients were seen at follow-up every 6-12 months.
The endpoint was to evaluate the biological 

-
terval from pathologic diagnosis of PCa to BF. Date of 

Consensus Conference (14). Pearson chi-square and 
Student’s-t tests were used to compare differences 
in categorical and continuous patient characteristics, 
respectively. Survival data were generated using 
the Kaplan-Meier method, with log-rank test used 
to compare equality of survivor functions. The Cox 
proportional hazard model was used for multivariate 



295

High-Dose Rate Brachytherapy for Prostate Cancer

analysis, using a stepwise procedure. Statistical tests 
were performed using SPSS 13.0 (SPSS, Chicago, 

RESULTS

 A total of 234 patients were treated with 
combination of RT and HDR between 1997 and 2005 
at the Department of Radiation Oncology, Hospital 
AC Camargo, Sao Paulo, Brazil. Fifteen patients were 
excluded from the study because they were lost to 
follow-up after treatment. Seven patients had whole 
pelvis RT and were also excluded from the analysis. 
Three patients did not reach a nadir value below 10 

charts showed that they already had metastatic disease 
at the time of treatment, and therefore also excluded 
from the study. Median age of the remaining 209 
patients was 68 years (range, 47-83 years). Median 
follow-up was 5.3 years (range, 2-10). There were 77 

were well balanced into all groups, with no statistical 

BF (p = 0.437). Characteristics of patients are shown 
in Table-1.

The dose of RT ranged from 36 to 54 Gy 
(median 45 Gy) given in 20 to 30 daily fractions of 
1.8 or 2.0 Gy. The total RT treatment time ranged 
from 4 to 7 weeks (median 5 weeks). The HDR was 
performed after one to two weeks of the completion of 
RT in 204 patients. Five patients started their treatment 
by HDR and after that had a course of RT. The total 
treatment time ranged from 5 to 9 weeks (median 7 
weeks). The dose of HDR ranged from 16 to 24 Gy 

dose was 20 Gy.

blockage alone.
Overall survival (OS) rate at 3.3 years was 

-

patients died due prostate cancer disease progression 

disease, 2 of a new second primary tumor and 1 of 
surgical complication after a salvage prostatectomy). 

as shown in Figure-2.
On univariate analysis the prognostic factors 

< 0.001), use of three dimensional planning for HDR 

Variables N % Range Median

Age (years) 47-83 68.0
4-175 10.5

Follow-up
   (months) 24-120 62.9

Asiatic 8 3.8
Caucasian 180 86.2
African 14 6.7

7 3.3
Clinical stage

T1 95 45.5
T2a 72 34.4
T2b 19 9.1
T3a 23 11.0

Gleason score
 6 148 70.8

   7 41 19.6
 8 20 9.6

RG
77 36.8
65 31.2

High 67 32.2

108 51.7
Yes 101 48.3

Total 209 100.0

iPSA = initial PSA value; NAAD = neoadjuvant androgen depri-
vation; RG = risk group for biochemical failure.

Table 1 – Patients characteristics.
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group (p = 0.061).
On multivariate analysis, the only statistical 

hazard ratio was 1.7 and 2.4 times less chance of 

COMMENTS

Several retrospective studies with more than 
5-year follow up have previously described the out-
come of patients treated with combination of RT and 

HDR (8,14,15), but data from prospective randomized 
trail comparing results of this combination with dose 

The main advantage of HDR is its ability 
to deliver a relative high dose of radiation within a 

outside the implanted area. This approach is ideal for 
the treatment of prostate cancer, where the gland lays 
very close to critical normal tissues, in particular the 
anterior rectal wall and bladder neck (9).

Galalae et al. (16) also investigated the 
long-term outcome by RG using HDR and RT with 

At Risk 209 181 154 149 133 117 85 59

Figure 1 – Overall survival.
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respectively. For the different RG the actuarial 5-year 

for HR. They observed that GS and RG were statistical 

predictive factors for BF. They also observed that CS 

Deger et al. (17) evaluated 422 patients with 
localized prostate cancer treated between 1992 and 
2001 with HDR and 3DRT. All patients underwent 
laparoscopic pelvic lymph node dissection to exclude 
patients with lymphatic involvement. The BF was also 

When the subgroups according to risk for BF were 

= 0.875).
There are a scarce number of papers that have 

published the results of HDR and RT for PCa using 
-

tion states that “To avoid the artifacts resulting from 
short follow-up, the reported date of control should be 

High risk (HR)  68 55 42 19

Figure 2 – Biochemical control according to the risk group for biochemical failure. 



298

High-Dose Rate Brachytherapy for Prostate Cancer

listed as 2 years short of the median follow-up” (14). 
Chin et al. (18) related the results of 65 consecutive 
patients treated between 1998 and 2004 with com-
bination of RT and HDR given in 2 fractions. Sixty 

median follow-up of 3.5 years (range 0.6-5.8), two 
patients had died of metastatic disease and other four 

105 patients consecutively treated between 1998 and 
2004 with RT (45-50.4 Gy) and HDR (5.5-7.0 Gy per 
fraction). With a median follow-up of 44 months (8-79 

Patients considered HR have more chances 
of BF. This phenomenon could be a consequence 
of current inadequate imaging of lymph node or 
bone metastasis or due subclinical metastatic spread 
that remains undetectable during radical treatment. 
However, tumor biology itself could lead to the 
progression of the disease in the HR group. As a 
consequence, risk-adapted therapy is very important 
in these cases. The combination of RT and HDR is 
an alternative strategy of dose escalation that can 

at HR the localized dose delivered by HDR may 
be a potential disadvantage, because a microscopic 
spread outside the prostate and even its capsule 

and RT can provide treatment to potential areas of 
microscopic spread. What is still not answered is if 
adding pelvic radiation, instead to localized RT in 
combination to HDR for PCa patients with a more 

improve outcome.

study of 1,260 patients treated with pelvic RT and 
-

tients who were treated with or without the addition of 

-
peutic advantage, but rather added side effects and 
cost. Furthermore, for the most unfavorable group, 
there was a higher rate of distant metastasis and more 
prostate cancer-related deaths. We did not observe a 

Table 2 – Univariate analysis.

Variables Total bNED % p Value*

Age
< 60 25 20 80.0

0.777
61-70 88 70 79.5
> 70 96 83 86.5

iPSA
 10 106 92 86.8

0.788
10-20 61 49 80.3
> 20 42 32 76.2

RG
77 72 93.5

0.040
65 53 81.5

HR 67 48 71.6
Gleason score

 6 148 128 86.5
0.002

7 41 32 78.0
 8 20 13 65.0

Yes 106 90 84.9
103 83 80.6 0.425

HDR-BT (Gy)
< 20 114 91 79.8 < 0.001

 20 95 82 86.3

< 50 133 110 82.7 0.324
50 76 63 82.9

3DHDR
147 120 81.6 < 0.001

Yes 62 53 85.5

bNED = biochemical control; iPSA = initial PSA value; RG = 
risk group for biochemical failure; LR = low risk; IR= inter-
mediate risk; HR = high risk; NAAD = neoadjuvant androgen 
deprivation; HDR-BT = high dose rate brachytherapy; EBRT 
= external beam radiotherapy; BED = biological effective 
dose; 3DHDR = high dose rate brachytherapy based on three 
dimensional planning. p* = test equality of survival distribution, 
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Aström et al. (21) published their results in 

from 1988 to 2000. With a median age of 64 years 
(50-77) and median follow-up of 4 years (12-165 

respectively.

during RT was published by Hsu et al. (22). They 
reported on their initial 64 patients treated with HDR 
- 18 Gy given in 3 fractions - to boost RT (45 Gy in 5 
weeks). The median follow-up was 50 months (range 
25-68 months) and the 4-year actuarial OS and DSS 

The use of HDR to boost RT is observed 
worldwide . A Spanish experience using HDR com-
bined with RT was reported by Prada Gomes et al. 
(23). Between 1998 and 2004, 100 patients consid-

pelvis and 2 HDR brachytherapy fractions (each of 
1150 cGy) at the end of weeks 1 and 3 of a 5-week 

RT course. With a median age of 67 years (range 
49-78) and median follow-up of 28 months (range: 

respectively.
From Japan, Shigehara et al. (24) evaluated 

seven patients were treated between 1999 and 2003, 
and 84 patients were analyzed. HDR total dose was 
18 Gy given in 3 fractions complemented by RT at a 

antigen progression-free survival rates of groups 

respectively. Oh et al. (25) reported results of 35 HR 
patients treated between 1995 and 2002. The use of 

-
lowed by concomitant and adjuvant androgen block-
age (median time 40 months). The 5-year actuarial 

Figure 3 – Hazard functions according to the risk group for biochemical failure. 
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Preliminary results of an ongoing random-
ized phase 3 trial with 65 consecutive patients treated 
with HDR and RT between 1998 and 2004 were 
published by Chin et al. (26). The median patient 

patients had PSA relapse, giving a 3-year actuarial 

Vargas et al. (27) performed a matched-pair 
analysis of patients treated with combined RT and 
HDR from January 1993 to March 2003. A total of 

as having a risk of positive pelvic lymph nodes of more 

were treated without pelvic RT and randomly matched 
by GS, CS and iPSA to 500 cases treated with pelvic 
RT, resulting in 250 pairs. Based on these results they 

-
ferent for patients treated with pelvic radiotherapy. At 

for HR (p = 0.040), respectively.
Our results and others have suggested that 

patients, as RG and GS, but it is also related to treat-
ment parameters as the total dose given to the prostate, 
although this could not be proved with statistical sig-

To date, in our own experience, HDR associated to 
RT could be considered a successful approach in the 
treatment of prostate cancer.
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