
Abstract. Aim: To examine the role of the new grading
system Prostate Cancer Risk Index (PRIX) with existing risk-
grouping after high-dose-rate interstitial brachytherapy
(HDR-ISBT) as monotherapy for localized prostate cancer.
Patients and Methods: We analyzed outcome in 100 patients
treated by HDR-ISBT as monotherapy using PRIX and
compared this with D’Amico, the National Comprehensive
Cancer Network (NCCN), and Seattle classifications. The
median follow-up was 74 (range=48-109) months. Results:
Five-year prostate-specific antigen control and overall
survival rates were 94% and 98%, respectively. PRIX
separated the risks statistically significantly (p=0.004), while
D’Amico (p=0.319), NCCN 2002 (p=0.126), NCCN 2012
(p=0.052) and Seattle (p=0.112) classifications failed to
show a statistically significant separation. Conclusion: PRIX
is a more useful risk classification system in high-risk patient
selection than existing risk classification system in clinically
localized prostate cancer after HDR-ISBT as monotherapy. 

Prostate cancer is one of the major malignancies of men in
Western countries. Interstitial brachytherapy (ISBT) can
deliver a higher radiation dose to the prostate gland avoiding
surrounding normal tissue and is, therefore, regarded as an
effective treatment option among different types of
radiotherapy (1-3). High-dose-rate ISBT (HDR-ISBT)

monotherapy would definitely be the most efficient method
of achieving good dose distribution with a high degree of
conformity, even for adjacent tissue invasion (seminal vesicle
or extracapsular extension), with short overall treatment time.
We have implemented HDR-ISBT as monotherapy and
reported excellent outcome (4, 5). 

For risk factor classification, a simplified categorization with
three risk groups is widely used, known as low-, intermediate-
, and high-risk groups. This grouping is very simple and usable,
but entails problem. With the advent of modern treatment
modalities, dose escalation and hormonal therapy have
improved biochemical control and overall survival rate of
patients with localized prostate cancer. Generally, the high-risk
groups of conventional groupings include cases so
heterogeneous that it often makes it difficult to choose the most
appropriate treatment from many alternatives. Yoshioka et al.
proposed a new grouping method, namely Prostate Cancer Risk
Index (PRIX), with an additional number of risk categories,
which should be fully compatible with the existing data such
as the Partin Table (6). The aim of the current study was to
examine the role of PRIX by comparison with the existing risk-
grouping methods such as D’Amico (7), the National
Comprehensive Cancer Network (NCCN) 2005 (8), NCCN
2012 (9), and Seattle (10) classifications in assessment of
outcome after HDR-ISBT monotherapy.

Patients and Methods 
Between July 2003 and May 2008, 100 patients were treated by HDR-
ISBT as monotherapy at the National Hospital Organization Osaka
National Hospital. Patients’ characteristics are shown in Table I. The
median patient age was 71 (range=52-86) years and median follow-up
time was 74 (range=48-109) months. Using the UICC classification of
2002, most patients had stage T2 disease or higher (11). All patients
were histologically-proven to have adenocarcinoma. Gleason scores
were 7 or more in most patients (62%). The median pre-treatment
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prostate-specific antigen (PSA) was 19 (range=3.8-98.6) ng/ml.
Androgen deprivation therapy (ADT) was performed in 91 patients as
neoadjuvant or adjuvant treatment (median=7 months; range=3-25
months). The detailed method of applicator implantation was described
elsewhere (5). All patients underwent a computed tomographic (CT)
examination before planning. The CT-based planning with or without
magnetic resonance imaging (MRI) assistance was performed by
computer optimization (Nucletron an Elekta Company, Veenendaal,
the Netherlands; PLATO® and Oncentra® brachy, Elekta AB,
Stockholm, Sweden) with or without manual modification. The
prescribed dose was 38 Gy in four fractions, 40 Gy in five fractions, 54
Gy in nine fractions in five days, and 49 Gy in seven fractions. The
treatment machine used was the microSelectron-HDR® (Nucletron). 

The new grading system consists of three factors (6). The first
factor is for PSA of 4.1-10.0 ng/ml (score 0), 10.1-20.0 ng/ml (score
1), and >20.0 ng/ml (score 2). The second is for Gleason score (GS) of
6 (score 0), 7 (score 1), and 8-10 (score 2). The third is T
classifications (UICC 2002) of T1c–T2a (score 0), T2b–T2c (score 1),
and T3a (score 2). The sum of the three scores derives the PRIX.
Definition of the following three risk-grouping systems, which seemed
the most widely accepted currently, were examined in this study.

D’Amico defines low-risk patients as having disease stage T1c,
2a, PSA level ≤10 ng/ml and GS ≤6; intermediate-risk as T2b or GS
7 or PSA level >10 and ≤20 ng/ml; and high-risk as T2c or PSA
level >20 ng/ml or GS ≥8 (7).

The NCCN defines recurrence risk as follows: low: T1-T2a and
GS 2-6 and PSA <10 ng/ml; intermediate: T2b-T2c or GS 7 or PSA
10-20 ng/ml; high: T3a or GS 8-10 or PSA >20 ng/ml (8); and very
high: T3–T4 (9).

The Seattle group defines risk categories as follows: low: PSA
≤10 ng/ml, GS <7, and stage <T2c; intermediate: PSA >10 ng/ml
or GS ≥7 or stage ≥T2c (one intermediate risk factor); and high: two
or more intermediate risk factors (10). Table II shows the patient
distribution by each risk classifications. 

Statistical analysis. All statistical analyses were performed using
Statview 5.0 (SAS Institute, Inc., Cary, NC, USA) and IBM SPSS
statistics 20 software (IBM, Armonk, NY, USA). Frequencies were
analyzed using the χ2 test. Means were compared using Student’s t-
test for normally-distributed data and the Mann–Whitney U-test for
skewed data. Survival data and cumulative incidences were estimated
by the Kaplan–Meier method and examined for significance using the
log-rank test. The cut-off value was set at the average or the median
value of each variable unless otherwise stated. All analyses used the
conventional p<0.05 level of significance. 

Results

All ISBT was finished without skipping treatment sessions or
reducing planned doses. The 5-year PSA control rate was
94%. No PSA failure was found among low-risk patients by
any risk classification system. Nine PSA failures occurred
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Table I. Patients’ characteristics. 

Variable

Age (years)
Median (range) 71 (52-86)

Follow-up period (months) 
Median (range) 73 months (48-109)

Gleason score
≤6 38
7 42
8≤ 18
Unknown 2

T-stage
T1 34
T2 49
T3 16
T4 1

Initial prostate-specific antigen (ng/ml)
Mean±SD 19±19 (3.8-98.6)
<10 39
10-20 31
>20 30

Dose/fraction (Gy/fractions)
38 Gy/4 fractions 4
49 Gy/7 fractions 69
54 Gy/9 fractions 26
40 Gy/5 fractions 1

Androgen deprivation therapy
Neoadjuvant only 81
Adjuvant only 0
Neoadjuvant+Adjuvant 10
No 9

Table II. Patients’ distribution among risk classification systems. 

Variable

NCCN 2002
Low 21
Intermediate 35
High 44

NCCN 2012 
Low 21
Intermediate 35
High 38
Super high risk 6

D’ Amico
Low 15
Intermediate 33
High 52

Siatle
Low 21
Intermediate 27
High 52

PRIX
0 15
1 20
2 14
3 20
4 16
5 10
6 3

NCCN; National Comprehensive Cancer Network, PRIX: Prostate
Cancer Risk Index.



and seven of those were observed within 48 months. The 5-
year biochemical control rate was 100%, 93% and 82% for
T1-2a, T2b and 2c and T3-4 (p=0.015). The 5-year
biochemical control rate was 100%, 95% and 78% for
Gleason score <7, 7 and >7, respectively (p=0.037). The 5-

year biochemical control rate was 100%, 90% and 90% for
PSA<10, PSA=10-20 and PSA >20 ng/ml (p=0.074). The 5-
year biochemical control rate was 100%, 100%, 100% , 95%,
94%, 69% and 67% for PRIX 0-6 (Figure 1, p=0.004),
whereas the other risk classification systems (D’Amico:
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Figure 1. PSA control rates according to Seattle (a), D’Amico (b), NCCN 2002 (c)  NCCN 2012 (d) and PRIX (e) risk classification systems. Five-
year PSA control rates are given in parentheses. PRIX separated the risks statistically significantly (p=0.004), while the D’Amico (p=0.319), NCCN
2002 (p=0.126), NCCN 2012 (p=0.052) and Seattle (p=0.112) risk classifications failed to show statistically significant separation. 



p=0.319, NCCN 2002: p=0.126, NCCN 2012: p=0.052 and
Seattle: p=0.112 classifications failed to show a statistically
significant separation. 

The 5-year overall survival rate was 98%; six patients
died 40 to 76 months after HDR-ISBT. Only one patient was
dead due to prostate cancer. The other five patients died due
to concurrent disease (second cancer: 4, brain vascular
disease: 1). 

Grade 2 late gastrointestinal complications (rectal
bleeding) occurred in two patients (2%). No grade 3 or more
late gastrointestinal complication was observed.

Discussion

Until recently, HDR-ISBT as monotherapy was mainly used
for low-intermediate risk patients (1, 2). The Osaka
University Group initiated clinical investigation to expand
eligibility criteria to all risk groups in 1995 (4). The recent
treatment results (5-year PSA control rates) were 85%, 93%
and 79% for low-, intermediate- and high-risk patients
(NCCN 2002) (3) data which concur with our data.

Several other groups also reported good outcomes.
Challapalli et al. reviewed the treatment results of
combined HDR-ISBT and external-beam radiotherapy and
showed that 4-10 year biochemical control rates were 82-
100% for low-intermediate risk and 62-97% for high-risk
patients (NCCN 2002) (11). Zamboglou et al. investigated
HDR-ISBT monotherapy in over 700 patients and obtained
5-year biochemical control rate 95%, 95% and 93% for
low-risk, intermediate-risk and high-risk groups
(D’Amico) (12). Therefore, HDR brachytherapy is now
one of the highly curative potential treatments, not only for
low- and intermediate-risk patients, but also for high-risk
patients. In addition, some phase III trials demonstrated
that neoadjuvant or adjuvant hormone therapy for ‘locally
advanced prostate cancer’ is associated with a significant
improvement in cause-specific survival or overall survival,
compared to radiotherapy alone (13-15). The definitions of
‘locally advanced prostate cancer’ in these trials are
different. We should decide which patients really benefit
from the addition of hormone therapy or intensive
treatment such as HDR-ISBT, in future experimental
clinical trials. PRIX may contribute to finding more
consistent answers by specifying that patients with, for
example, a given PRIX or greater would benefit, and
others not (6). 

However, several limitations remain. Firstly, this was a
retrospective single-Institute analysis dealing with a rather
small number of patients. To confirm reliability and potential
for PRIX, longer follow-up with a larger number of patients
is required before reaching concrete conclusions. 

In conclusion, PRIX is a useful risk classification system
after HDR-ISBT as monotherapy for prostate cancer patients.
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