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Purpose: To investigate the role of low dose rate (LDR) brachytherapy-based mul-
timodal therapy in high-risk prostate cancer (PCa) and analyze its optimal indica-
tions. Materials and Methods: We reviewed the records of 50 high-risk PCa pa-
tients [clinical stage >T2c, prostate-specific antigen (PSA) >20 ng/mL, or biopsy
Gleason score >8] who had undergone I LDR brachytherapy since April 2007.
We excluded those with a follow-up period <3 years. Biochemical recurrence
(BCR) followed the Phoenix definition. BCR-free survival rates were compared be-
tween the patients with Gleason score >9 and Gleason score <8. Results: The mean
initial PSA was 22.1 ng/mL, and mean D90 was 244.3 Gy. During a median fol-
low-up of 39.2 months, biochemical control was obtained in 72% (36/50) of the to-
tal patients; The estimated 3-year BCR-free survival was 92% for the patients with
biopsy Gleason scores <8, and 40% for those with Gleason scores >9 (p<0.001). In
Cox multivariate analysis, only Gleason score >9 was observed to be significantly
associated with BCR (p=0.021). Acute and late grade >3 toxicities were observed in
20% (10/50) and 36% (18/50) patients, respectively. Conclusion: Our results
showed that '*I LDR brachytherapy-based multimodal therapy in high-risk PCa
produced encouraging relatively long-term results among the Asian population, es-
pecially in patients with Gleason score <8. Despite small number of subjects, biop-
sy Gleason score >9 was a significant predictor of BCR among high risk PCa pa-
tients after brachytherapy.

Key Words: Prostate cancer, brachytherapy, high risk group, biochemical recur-
rence

INTRODUCTION

The wide application of prostate-specific antigen (PSA)-based screening has led to
a profound shift in the staging of prostate cancer (PCa).! Although the vast majority
of newly diagnosed PCa exhibit clinically localized disease, 15% of patients still
present with high-risk tumors, and PCa remains a leading cause of cancer death.>*
Men with high-risk disease are at the greatest risk for biochemical failure and pros-
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tate-cancer-related death; however, the effective manage-
ment of high-risk PCa presents a significant clinical chal-
lenge to the physicians involved and remains controversial.*
The mainstay of treatment typically involves a combination
of long-term androgen-deprivation therapy (ADT) with exter-
nal beam radiation therapy (EBRT). Randomized trials have
shown improved overall survival associated with this com-
bination; however, even with this approach, more than half
of patients experience disease recurrence.>®

In 1998, D’ Amico, et al.” proposed a risk classification
scheme for PCa, patients whose PSA level >20 ng/mL,
Gleason score of 8-10, or clinical stage >T2c were included
in high risk group. After validatation these risk classifica-
tion via numerous studies, D’Amico risk classification is
currently used in the litherature; however, the major shift
among these risk groups over time suggests that the clinical
relevance of this classification scheme may be diminishing.
Moreover, this model is limited by the equal weight assigned
to each factor and by the arbitrary selection of cutoffs for
each risk factor.® A relatively favorable prognosis was ob-
served in high-risk PCa patients with low Gleason scores
compared to those with high Gleason scores.’

Although prostate brachytherapy remains one of the first-
line treatment options for men with clinically localized PCa,
brachytherapy in high-risk PCa was reported only in higher
volume centers.'®!! Therefore, we investigated the role of
brachytherapy in high-risk PCa and analyzed its optimal in-
dications.

MATERIALS AND METHODS

With approval from the institutional review board, we re-
viewed the records of high-risk PCa patients who had un-
dergone prostate '*I low-dose rate (LDR) brachytherapy at
our clinic since April 2007. The D’ Amico risk group classi-
fication was used: clinical stage >T2c, PSA >20 ng/mL or
biopsy Gleason score >8. We excluded those patients with a
follow-up period <3 years. A total of 50 patients were in-
cluded in our study. All the patients were assessed based on
their clinical history, physical examination, transrectal ultra-
sound (TRUS) scan, uroflowmetry and pre-treatment Inter-
national Prostate Symptom Score. Pelvic magnetic resonance
imaging, abdominal and pelvic computed tomography (CT)
and bone scans were performed if clinically indicated. Bio-
chemical recurrence (BCR) followed the Phoenix definition
(i.e., a post-treatment nadir plus 2.0 ng/mL)."

Treatment

Permanent I seeds were implanted into the prostate. All
procedures were performed in the operating theater under
spinal anesthesia. Preplanning included volumetric study of
the prostate, which was performed by transrectal ultrasound
(Rosses Medical System, Inc., Columbia, MD, USA) using
a specific module for prostate brachytherapy. The images of
the prostate were obtained in 5-mm transverse increments
from the base to the apex and transferred to I-plant TPS®
(CMS, Inc., St. Louis, MO, USA). The planned target vol-
ume is defined by a 5-mm margin around the anterior and
lateral prostate capsule. No posterior prostate margin is
drawn so as to protect the rectum. Seeds are introduced in
strategic positions previously defined and optimized by the
urologist and radiation oncologist using I-plant TPS®. A
template with an alphanumeric grading allows for the im-
plantation of each radioactive source at predetermined co-
ordinates. The prescribed doses were 145 Gy which was
suggested in American Association of Physicists in Medi-
cine Task Group 64" and the European Society for Thera-
peutic Radiology and Oncology/European Association of
Urology/European Organisation for Research and Treat-
ment Cancer (ESTRO/EAU/EORTC) recommendations on
prostate brachytherapy.'* In most cases, more seeds were
implanted for strict tumor control than planned in preplan.
In 14 patients combined with EBRT, the prescribed doses
were adjusted to 110 Gy.

The technical quality of the implant and quantified radia-
tion doses to the bladder and adjacent rectum were evaluat-
ed by post-implant dosimetry. Post-implant CT scan dosim-
etry was performed at 1 month after operation. Tomographic
images of the pelvis outlining the prostate, urethra, rectum,
and bladder were transferred to iPlan radiation therapy (RT)
image software (Brain LAB AG, Heimstetten, Germany),
which calculated the final doses of radiation to these organs
as well as the volume of prostate receiving 100% and 150%
of the radiation dose (V100 and V150), respectively and the
dose to 90% of the prostate (D90). The criteria for post-im-
plant dosimetric adequacy included a V100 >80%, a D90
>90%, and a V150 <60% for '*1.13

Of the 50 patients, 14 individuals (28%), who had an ini-
tial prostatic volume over 50 mL, received neoadjuvant ADT
with oral anti-androgen therapy in an effort to decrease pros-
tate volume. Forty-eight patients (96%) received adjuvant
ADT for 1.7 months on average. 28 patients with Gleason
score >8 (56%) received adjuvant EBRT. The planned tar-
get volumes included the prostate and seminal vesicles, with
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a 5S-mm margin in all directions. The radiation treatment was
performed by 3-D conformal or intensity-modulated RT.
The total dose administered to the planned target volume
was 50-50.4 Gy, applied in daily fractions of 1.8-2 Gy over
5.5 weeks.

Patients were followed up at 3-month intervals with total
PSA measurements; clinical, laboratory, and radiologic ex-
aminations were performed as needed. Toxicity was scored
using the Radiation Therapy Oncology Group (RTOG) tox-
icity criteria.'®

The SPSS software package version 15.0 (Statistical Pack-
age for Social Sciences™, Chicago, IL, USA) was used for
statistical analysis. Continuous variables were compared us-
ing the Mann-Whitney test, and categorical variables were
compared via the chi-squared or Fisher’s exact tests. A sig-
nificance level of 5% probability (p<0.05) and a 95% confi-
dence interval were adopted. BCR-free survival curves were
generated using the Kaplan-Meier method, and the log-rank
test was used for comparison. The potential predictors of
BCR were analyzed via multivariate Cox proportional haz-

Table 1. Patient Characteristics Based on Biopsy Gleason Score

ard regression analysis.

RESULTS

Of the 50 high-risk PCa patients who underwent '*I LDR
brachytherapy, the mean age was 68.846.1 years, the mean
TRUS volume was 34.45+12.56 mL, and the initial mean
PSA was 22.21427.51 ng/mL. Twenty patients (40%) had
biopsy Gleason score >9, whereas the other 30 patients
(60%) had biopsy Gleason scores <8. Forty-eight patients
(96%) received ADT, and 28 patients (56%) received adju-
vant EBRT. Among the patients with biopsy Gleason scores
<8, 28 (93.3%) had received ADT (oral anti-androgen) with
median duration of 4 months, and 8 patients (26.7%) had re-
ceived EBRT with median of 45 Gy. All patients with Glea-
son score >9 had received adjuvant ADT and EBRT both.
As can be seen in Table 1, patients with biopsy Gleason
scores >9 had significantly higher PSA levels (p=0.001) and
exhibited a higher rate of BCR (12; 60%) than those with a

Gleason score <8 Gleason score >9 p value
Age 0.737
Mean+=SD 68.53+6.35 69.40+6.10
Median (range) 68.0 (57-78) 68.50 (62-78)
PSA (ng/mL) 0.001
Mean+SD 15.72410.96 39.18+£34.59
Median (range) 13.18 (5.15-45.36) 18.11 (5.07-135.20)
TRUS volume (mL) 0.706
Mean+SD 33.55+12.36 35.61+13.37
Median (range) 32.50 (17.90-58.30) 36.50 (18.39-53.87)
Clinical stage (%) 0.488
Tl 8(26.7) 8 (40.0)
T2 16 (53.3) 12 (60.0)
T3 6 (20.0) 0(0)
Inserted seeds number 0.556
Mean+=SD 94.33+18.54 89.60+20.73
Median (range) 92.0 (59-133) 83.0 (63-125)
D90 (Gy) 0.716
Mean+=SD 247.17+41.72 240.00+55.54
Median (range) 252.50 (197.50-357.50) 235.0 (167.50-357.50)
Mean D90£SD (%) 188.27+42.18 202.18+37.18 0.407
Mean V100+SD (%) 99.88+0.24 99.78+0.68 0.605
Number of ADT (%) 28(93.3) 20 (100) 0.600
Number of EBRT (%) 8(26.7) 20 (100) <0.001
BCR (%) 2(6.7) 12 (60) 0.007
Follow up (months) 43.27 43.20 0.987

PSA, prostate-specific antigen; TRUS, transrectal ultrasound; ADT, androgen deprivation therapy; EBRT, external beam radiation therapy; BCR, biochemical

recurrence.
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biopsy Gleason scores <8 (2; 6.7%) (p=0.007). Furthermore,
a high proportion of these patients underwent adjuvant EBRT
(p<0.001). Meanwhile, the two groups of patients showed no
significant differences in age, prostate volume or clinical
stage. The number of inserted seeds (94.3 vs. 89.6, p=0.556),
mean D90 (Gy) (247.2 Gy vs. 240.0 Gy, p=0.716), mean
D90 (%) (188.3% vs. 202.2%, p=0.407) and mean V100 (%)
(99.9% vs. 99.8%, p=0.605) did not differ significantly be-
tween the groups.

At a median follow-up of 39.2 months, 14 patients (28%)
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Fig. 1. Kaplan Meier survival curve according to biopsy Gleason score
among high-risk prostate cancer patients who underwent '*| low dose rate
brachytherapy.

Table 2. Multivariate Cox Proportional Hazard Model for the Prediction of Biochemical Recurrence Following Prostate

Low Dose Rate Brachytherapy

had BCR. One cancer-specific mortality was observed. The
BCR-free survival was significantly higher in patients with
biopsy Gleason scores <8 compared to those with Gleason
scores >9 (log-rank, p<0.001) (Fig. 1). The estimated 3-year
BCR-free survival was 92% for the patients with biopsy Glea-
son scores <8, and 40% for those with Gleason scores >9.
Table 2 presents a multivariate Cox proportional hazard re-
gression analysis, showing that only the Gleason score was a
significant predictor for BCR (HR=6.601, 95% CI: 1.419-
15.253, p=0.024). Other factors, such as age, PSA, clinical
stage, and amount of D90 and EBRT, were not significant.
The comprehensive rates of toxicities are described in Ta-
ble 3. Acute (<3 months) and late (>3 months) genitourinary
(GU) toxicities were observed in 44 (88%) and 48 (96%)
patients, respectively. Most of them were irritative voiding
symptoms and were controlled by medication. RTOG grade
3 GU toxicities were observed in 10 patients during the acute
period and in 16 patients during the late period. No signifi-
cant difference was observed according to Gleason score.
Acute and late gastrointestinal (GI) toxicities were observed
in 38 (76%) and 32 (64%) patients, respectively. Most cas-
es of acute GI toxicities were grade less than 3, which were
rectal discomforts. One third of late GI toxicities were inter-
mittent rectal bleeding, controlled by oral medications such
as mesalamine. One recto-urethral fistula (grade 4) was de-
veloped in the group of Gleason score >9, and managed by

125|

HR 95% CI p value
Age (yrs) 1.010 0.838-1.090 0.499
PSA (ng/mL) 1.001 0.984-1.015 0.964
Clinical stage (>cT3 vs. <cT2) 1.263 0.121-13.179 0.845
D90 (Gy) 1.004 0.986-1.023 0.663
Neoadjuvant ADT (yes vs. no) 0.981 0.977-0.986 0.877
EBRT (yes vs. no) 1.032 0.999-1.067 0.059
Gleason score (=9 vs. <8) 6.601 1.419-15.253 0.024

PSA, prostate-specific antigen; EBRT, external beam radiation therapy; ADT, androgen-deprivation therapy.
Age, PSA and D90 was analyzed by continuous variable in multivariate model, PSA was transformed via logarithmic transformation.

Table 3. Classification and Incidence of Acute and Late Toxicity after Prostate Brachytherapy According to Gleason Score

RTOG toxicity Gleason score <8 Gleason score >9 Total pvalue
grade 1 2 3 4 1 2 3 4
Genitourinary (%)
Acute 8(26.7) 12(40.0) 6(20.0) 0 2(10) 12(60)  4(20) 0 44 (88) 0.609
Late 12(40.0) 8(26.7) 8(26.7) 0 6 (30) 6 (30) 8 (40) 0 48 (96) 0.755
Gastrointestinal (%)
Acute 16(53.3) 6(20.0) 0 0 12 (60) 4 (20) 0 0 38(76) 0.400
Late 4(13.3) 12(26.7) 0 0 4(20) 10(50) 0 2 (10) 32 (64) 0.240

RTOG, Radiation Therapy Oncology Group.
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surgical repair with gracilis muscle interposition in other in-
stitution. Another hemorrhagic ulceration (grade 4) requir-
ing interventional procedure occurred in the group of Glea-
son score >9.

DISCUSSION

Prostate brachytherapy has been conducted at only a single
institution in Korea since April 2007. In total, 250 patients
with PCa received brachytherapy. This report is the first to
present results from Korea, which can be used to interpret
racial differences among patients treated with brachythera-
py. In this study, a biopsy Gleason score >9 among patients
with high-risk PCa was observed to be a significant predic-
tor of BCR following '*I LDR brachytherapy. Although
several patients with biopsy Gleason scores <8 and PSA
>20 ng/mL or clinical stage >T2c were classified as a high-
risk group according to the D’ Amico criteria, their estimat-
ed 3-year BCR rate was 92%, which is significantly better
than those reported for Gleason scores >9.

Among patients with high-risk disease, biochemical control
varies by treatment modality. Biochemical control at 5 years
ranged from 32% to 60% for radical prostatectomy,'!® 12-
47% for EBRT alone”'®!” and 16-54% for brachytherapy
alone.! However, the patients with high-risk PCa gener-
ally had more favorable treatment outcomes following mul-
timodal treatment. Stone, et al.”' suggested that high-risk
PCa treated with a combination of EBRT and permanent
seed implantation improved biochemical disease-free sur-
vival, metastasis-free survival, and overall survival. Fur-
thermore, da Silva Franca, et al.?> demonstrated the benefits
of a combined approach for cases with poor prognoses.
Their analyses of the clinical parameters of the group treat-
ed with a combination of EBRT plus brachytherapy and the
group treated by brachytherapy alone showed that 71% of
patients in the combination therapy group were high-risk,
and that 36% of the patients in the brachytherapy-only group
were high-risk (»=0.003). The Seattle study, which com-
bined EBRT+brachytherapy in high-risk PCa patients, also
reported a BCR-free survival rate of 62.2% at both 5 and
10 years.!! In our preliminary study, the estimated 3-year
BCR-free rate was observed to be 70.8%, which is similar
to other results from large-scale studies.

Interestingly, the patients with biopsy Gleason scores >9
had significantly lower biochemical control rates despite the
combination of EBRT and brachytherapy. Therefore, we

concluded that high-risk PCa, as defined by the D’ Amico
classification, did not lead to the creation of a homogenous
group; in particular, patients with higher Gleason scores rep-
resented a “very-high-risk” group within the “high-risk”
group. Actually, as seen in the radical prostatectomy cohort,
high-risk PCa patients showed nearly 50% disease-free sur-
vival rate at 5 years after surgery alone.” Loeb, et al.** re-
ported that a high biopsy Gleason score was the strongest
independent predictor of BCR, metastasis, and PCa death
among high-risk patients.

The American Brachytherapy Society strongly recom-
mends CT-based post-implant prostate dosimetry with qual-
ity cut-off points of V100 >80% and D90 >90%. Dosimetric
implant quality is essential for the optimization of biochemi-
cal outcomes': previous reports showed a statistically signifi-
cant relationship between dosimetric parameters and bio-
chemical controls because patients without BCR were those
with better dosimetric values.?'?> Among several studies
about prostate brachytherapy, the optimal dose had been
widely investigated, D90 dose of 144 Gy was considered op-
timal prescription dose for I implants.> However, D90 dos-
es of over 180 Gy with modified peripheral loading among
prostate brachytherapy did not increase normal tissue toxic-
ity. This suggests that a dose of 160 Gy may have a benefit
to ensure a minimal D90 dose of 144 Gy.2® The concept that
higher prostate doses can be achieved through the use of
EBRT and brachytherapy has been studied using the biologi-
cally effective dose concept. In a recent study, biologically
effective doses of over 150 Gy were found to be associated
with a significantly higher rate of biochemical control.”’” In
our studies, the mean D90 value was 244.3 Gy (167.5-357.5
Gy) and the percent of D90 was 193.8% (136.2-252.2%)
which is much higher than those in other studies. Although
there is a concern regarding complications, high-energy
transfer may result in effective tumor control: with high D90,
BCR did not differ significantly between the groups treated
with brachytherapy alone and brachytherapy with combined
EBRT (p=0.094). For the same reason, EBRT was not a sig-
nificant predictor of BCR in the current multivariate Cox
proportional analysis (HR=1.032, p=0.059).

The toxicities in our series were higher than those in oth-
er series. Schafer, et al.*® showed that only 10.4% and 1%
of men reported moderate and severe urinary symptoms,
respectively, whereas Koontz, et al.?? reported that acute
GU toxicity and GI toxicity occurred in approximately 80%
and 24% of patients, respectively, and that late GU toxicity
and GI toxicity occurred in 21% and 38% of patients, re-
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spectively. In our series, late GU toxicity was observed in
nearly 96% of all patients, but 65% of them were classified
as RTOG toxicity grade <3, which was controlled by medi-
cation. Late GI toxicity was observed in 64% of the patients
in our series, which is higher than values reported by other
studies. One patient experienced grade 4 GI toxicity, with
recto-urethral fistula requiring surgical repair. Although there
was higher incidence of complication rates because of the
high D90 level, most patients managed to lead normal so-
cial lives. In more recent cases, we tried to avoid insertion
of seed near the urethra and rectum. Thus, we inserted ac-
curate seed amount to suspicious cancerous lesion near the
urethra or rectum using calculation using real time planning
system. Further advanced radiologic equipments to find ac-
curate cancer lesion in prostate may be helpful for reducing
these problems.

The main limitation of our study may be small number of
patients included. However, this study represents the only
report of high-risk PCa after brachytherapy in Korea. Anoth-
er limitation of our study was that the D90 range was wide
and the D90 level was high compared with other brachy-
therapy series. If the safety profile is stabilized over a longer
follow-up period, the prospective data gathered here will fur-
ther increase in value. Additional investigation is required.

In conclusion, our results showed that I LDR prostate
brachytherapy-based multimodal therapy in high-risk PCa
produced encouraging long-term results among the Asian
population, especially in patients with Gleason scores <8.
The biopsy Gleason scores >9 was the only significant pre-
dictor of BCR among high risk PCa patients treated with
brachytherapy after controlling other variables. Despite small
number of subjects, the present results represent the only
such report from Korea. Therefore, further efforts should be
made to identify appropriate predictors for brachytherapy
among high-risk PCa groups through studies with larger,
prospective cohorts.
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