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ABSTRACT PURPOSE: To compare rectal toxicity, urinary toxicity, and nadirþ2 PSA relapse-free survival
(bRFS) in two consecutive Phase II protocols of high-dose-rate (HDR) brachytherapy used at the
authors institution from 2001 to 2012.
METHODS AND MATERIALS: Patients with National Comprehensive Cancer Network high
risk and very high risk prostate cancer enrolled in studies HDR4 (2001e2007, n 5 183) and
HDR2 (2007e2012, n 5 56) were analyzed. Patients received minipelvis external beam radiation
therapy/intensity-modulated external radiotherapy to 54 Gy and 2 years of androgen blockade along
with HDR brachytherapy. HDR4 protocol consisted of four 4.75 Gy fractions delivered in 48 hours;
the HDR2 protocol delivered two 9.5 Gy fractions in 24 hours. Average 2-Gy equivalent dose (a/
b 5 1.2) prostate D90 doses for the HDR4 and HDR2 groups were 89.8 Gy and 110.5 Gy, respec-
tively ( p 5 0.0001). Both groups were well balanced regarding risk factors. Prior transurethral
resection of the prostate was more frequent in the HDR2 group ( p 5 0.001).
RESULTS: After a median followup of 7.4 years (range, 2e11.2), there was no difference in
adverse grade $ 2 rectal events (HDR4 5 10.4% vs. HDR2 5 12.5%; p 5 ns) or grade $3
(HDR4 5 2.2% vs. HDR2 5 3.6%; p 5 ns). No differences in urinary grade $2 adverse events
(HDR4 5 23% vs. HDR2 5 26.8%; p 5 ns) or grade $3 (HDR4 5 7.7% vs. HDR2 5 8.9%;
p 5 ns) were detected. The 7-year bRFS for HDR4 and HDR2 protocols was 88.7% and 87.8%,
respectively ( p 5 ns).
CONCLUSIONS: HDR4 and HDR2 protocols produce similar results in terms of toxicity and
bRFS at the intermediate time point of 7 years. � 2016 American Brachytherapy Society. Published
by Elsevier Inc. All rights reserved.
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Introduction

The National Comprehensive Cancer Network (NCCN)
recommends that most patients with NCCN criteria high risk

prostate cancer (HRPC) or very high risk prostate cancer
(VHRPC) be treated with standard-dose external beam radi-
ation therapy (EBRT) combined with long-term (2e3 years)
androgen deprivation therapy (ADT) (1, 2). Although com-
binedmodality therapy compares favorablywith EBRTalone
at a variety of end points, including freedom from biochem-
ical failure (2), local control (1, 2), distant metastases-free
survival (2), disease-free survival (1, 2), cause-specific sur-
vival (2), and overall survival (1), about 50% of the patients
will still develop biochemical failure (3).
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Radiation dose escalation without ADT is a completely
different strategy designed to improve treatment results in
HRPC and VHRPC. There is a large body of evidence
showing improved biochemical control rates (4e7) and
more efficient postirradiation biopsy status with higher ra-
diation dosages.

Because both dose escalation and combined ADT have
shown improved treatment results in HRPC and VHRPC,
we started the high-dose-rate (HDR4) Phase II trial in
January 2001 to investigate the feasibility of combined
long-term ADT and dose escalation with HDR brachyther-
apy. The reports on feasibility and intermediate-term results
of the HDR4 trial can be found elsewhere. The HDR4 trial
closed to accrual in 2007 and was replaced by the HDR2
trial. In the HDR2 trial, a further dose intensification was
attempted by reducing the number of fractions from four
to two while keeping the total physical dose of 19 Gy.
The present study compares the rates of rectal toxicity, uri-
nary toxicity, and nadirþ2 PSA relapse-free survival
achieved by protocols HDR4 and HDR2.

Methods and materials

Eligibility criteria

Patients with NCCN criteria HRPC and VHRPC were
prospectively enrolled in two consecutive Phase II proto-
cols of dose escalation with HDR brachytherapy. Protocol
HDR4 was open to accrual from January 2001 to October
2007 and protocol HDR2 from November 2007 to July
2012. Moving toward a shorter HDR protocol was based
on a growth in information between 2001 and 2007
showing that larger doses per fraction in HDR brachyther-
apy were both safe and efficacious, a desire to improve pa-
tient comfort and compliance with department logistics,
and decreased uncertainty regarding the motion or defor-
mation of the target relative to the applicator.

Patients with a single high-risk factor or two
intermediate-risk factors were classified as HRPC, and pa-
tients with a single very high-risk factor, two high-risk fac-
tors, or two intermediate-risk factors and a single high-risk
factor were classified as VHRPC. The median ages at diag-
nosis of the patients treated under the HDR4 and HDR2
protocols were 70 years (range, 48e82) and 67 years
(range, 45e80), respectively. The median pretreatment
PSAs of the patients treated under HDR4 and HDR2 proto-
cols were 14.4 ng/mL (range, 4.0e98.2) and 11.5 (2.2e
73.1), respectively.

The treatment protocol was approved by the Institutional
Review Board, and patients gave informed consent before
protocol entry. All patients enrolled had a life expectancy
of at least 5 years and pretreatment PSA levels of less than
100 ng/mL. All patients were staged according to the sixth
edition criteria of the American Joint Committee on Cancer
(Table 1). Pretreatment evaluation included a complete his-
tory and physical examination, baseline PSA, complete

blood count, renal and liver function tests, chest x-ray,
CT or MRI of the abdomen and pelvis, and bone scan.

External radiation

The details of the treatment program have been described
previously (8). Target definitionwas done according to the rec-
ommendations of the International Commision on Radiolog-
ical Units and Measurements reports 50 and 62. The PTV1

received 45 Gy in 25 daily treatments and included the lymph
nodes of the external iliac, internal iliac, and presacral node
chains bilaterally (clinical target volume [CTV]1) (9), the sem-
inal vesicles (CTV2), and the prostate (CTV3) with 2.0-cm
margins. The PTV2 received 54 Gy in 30 daily treatments
and included the CTV2 and CTV3 with 2.0 cm margins in all
directions, except 1.5-cm margins posteriorly. A four-field
technique with 15 MV photons was used in most patients
treated under the HDR4 andHDR2 protocols. The later 26 pa-
tients included in the HDR2 protocol were treated with
intensity-modulated external radiotherapy (IMRT). IMRT
target delineation of CTV1, CTV2, and CTV3 followed the
same principles outlined above. IMRT was delivered with
the step-and-shoot technique with seven gantry angles and a
median of 51 segments (range, 28e78) to deliver a median
dose of 53.3 Gy (41.5e54.7) in a median of 25 (range, 15e
27) fractions.

Table 1

Patient and tumor factors

HDR4 (n 5 183) HDR2 (n 5 56) pa

Age

!70 83 45.4 35 62.5 0.025

$70 100 54.6 21 37.5

Prior TURP 5 2.7 8 14.3 0.001

Gleason

Gleason 2e6 51 27.9 14 25 ns

Gleason 7 75 41 21 37.5

Gleason 8e10 57 31.1 21 37.5

Pretreatment PSA

!10.0 ng/mL 48 26.2 23 41.1 ns

10.0e19.9 ng/mL 70 38.3 20 35.7

$20.0 ng/mL 65 35.5 13 23.2

AJCC stageb

T1beT2a 36 19.7 11 19.6 0.03

T2beT2c 104 56.8 18 32.1

T3a 25 13.7 16 28.6

T3beT4 18 9.8 11 19.6

NCCN risk category

Single factorc

Intermediate risk 65 35.5 13 23.2 ns

High risk 100 54.6 32 57.1

Very high risk 18 9.8 11 19.6

Combined factorsd

High risk 117 63.9 29 51.8 ns

Very high risk 66 36.1 27 48.2

HDR5 high dose rate; TURP5 transurethral resection of the prostate;

PSA 5 prostate-specific antigen; NCCN 5 National Comprehensive Can-

cer Center; ns 5 not significant.
a Comparison of variables was performed with the c2 test.
b American Joint Committee on Cancer 2.2014 guide.
c Multiple same-risk factors do not promote into the next risk group.
d Multiple same-risk factors promote into the next risk group.
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