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Aim: To report the treatment results of a retrospective cohort of prostate cancer patients

treated with Hypo-RT with a high equivalent biological effective dose (BED).

Background: Hypofractionated radiotherapy (Hypo-RT) has gained popularity and interest in

the  treatment of prostate cancer. However, there are few experiences with adequate follow-

up  reporting treatment results using high equivalent dose with Hypo-RT.

Materials and methods: We  assigned 149 men with low-, intermediate- and high-risk prostate

cancer to receive Hypo-RT with a total dose of 69 Gy/23 fractions. Late gastrointestinal (GI)

and  genitourinary (GU) toxicity were prospectively evaluated according to modified RTOG

criteria. Biochemical no evidence of disease (bNED) was defined as the nadir prostate-specific

antigen level plus 2 ng/mL.

Results: The median follow-up was 53 months. For the entire cohort, the 5-year bNED rate

was 94.6%, and for low-, intermediate- and high-risk patients the 5-year bNED was 100%,

96.4%, and 86% (p = 0.007), respectively. The 5-year overall survival rate was 92%. Only 1

patient died from the disease at 48 months after treatment, giving a 5-year cancer-specific

survival of 98%. The worst grade ≥2 rate GI and GU toxicity was 13.4% and 14%, respectively.

No  grade >3 toxicity was observed. The presence of grade ≥2 GI and GU toxicity at the last

follow-up was only 1.3% and 3%, respectively.
Conclusions: Hypo-RT (69 Gy/23 fractions) with a high equivalent BED produces excellent rates

of  biochemical control for low, intermediate and high-risk prostate cancer. The long term

GU  and GI toxicity rates were considered low and acceptable.
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.  Background

n the last decades, randomized clinical trials and meta-
nalyse have showed that higher radiotherapy doses (>74 Gy)
roduce better biochemical control than conventional doses

<74 Gy).1–3 Evidence from experimental and clinical studies
uggest that prostate cancer has a lower ˛/  ̌ ratio than the
urrounding organs.4,5 This relationship between the ˛/  ̌ has
aised the idea that a hypofractionated schedule might be

ore  advantageous in terms of patient convenience, cost,
nd resource utilization than conventional schedules.6 The
linical results of randomized clinical trials have also sup-
orted the practice of hypofractionated schedule in patients
ith localized prostate cancer.7–10 These studies show that

he hypofractionated schedule with high biological effective
ose produces similar biochemical control and toxicity rates
o conventional fractionation. However, there are a few clin-
cal reports with adequate follow-up describing the clinical
esults with the use of hypofractionated high-dose radio-
herapy (HypoHD-RT). In 2009, we decided to introduce this
ypofractionated schedule in our clinical practice. The deci-
ion was made based on the clinical results of dose escalation
rials and due to the concept of the low ˛/  ̌ ratio of prostate
ancer. In 2013, we  compared this hypofractionated schedule
ith the conventional one (78 Gy in 39 fractions) in terms of

cute toxicity.16

.  Aim

n this report, we  analyzed the treatment outcomes in terms
f late gastro-intestinal (GI) and genitourinary (GU) toxicity,
nd biochemical control of a cohort of 149 men  with prostate
ancer who  receive HypoHD-RT.

.  Materials  and  methods

he present study is a retrospective cohort with data prospec-
ively collected in a single institution. The study enrolled 149
rostate cancers with localized disease. The study began in
ovember 2009 and closed in January 2011. The ethic com-
ittee of our institution has approved the present work.

.  Evaluation

ll patients, before the treatment, were evaluated by a full
istory and physical examination. Patients were classified

nto low, intermediate and high-risk group according to their
leason score, T stage and initial PSA (iPSA). Low-risk group

ncluded patients with Gleason score <7/stage T1–T2a, and
PSA <10 ng/mL. Intermediate risk included Gleason score
7, or Stage T1–T2b, or iPSA level of 10–20 ng/mL; and high-
isk patients with Gleason score >7, or Stage >T2b, or iPSA

20 ng/mL. All patients classified as high risk were submitted
o the bone scans. Patients with metastases, prior history of
rostatectomy, pelvic radiotherapy treatment, or chemother-
py treatment were excluded of this study.
therapy 2 1 ( 2 0 1 6 ) 162–167 163

5.  Treatment

The 3D-CRT plan consisted of six fields to deliver a total dose of
69 Gy/23 fractions of a single daily dose of 3 Gy. The prescribed
dose should cover 95% of PTV.

By the linear-quadratic formula, considering an ˛/  ̌ ratio of
1.5 Gy for prostate cancer, 69 Gy/23 fractions are equivalent to
88.7 Gy in fractions of 2 Gy. All patients were simulated on CT
simulator. Patients were advised that extreme bladder or rectal
filling could not be present at the time of the planning CT. An
enema before the planning CT scan to empty the rectum and 2
glasses of water were recommended. A triangle sponge under
the knees was used for all patients on the treatment plan-
ning CT. The following structures were contoured as organs at
risk; femoral heads, rectum, bladder, and penile bulb. The con-
tours of structures followed the recommendations of RTOG.11

The rectum was contoured from the anal verge to the rec-
tosigmoid transition. The low-risk group had only the prostate
gland countered as clinical target volume (CTV). Intermediate
and high-risk group had the prostate gland plus the seminal
vesicles base (1 cm)  contoured as CTV. The planning target vol-
ume (PTV) was created with 1 cm margin on the CTV, except
for the rectal wall (7 mm).  A single-radiation oncologist did all
contours, and other two checked it. The study used the follow-
ing rectal dose volume histogram (DVH); V50 < 50%, V60 < 35%,
V65 < 25%, V70 < 20%, and V75 < 15%. To adapt the DVH for a
hypofractionated schedule, the equivalent DVH to the dose of
3 Gy by fraction (assuming ˛/  ̌ = 3 Gy) was calculated. Conse-
quently, the rectal DVH constraints for hypofractionated were
V42 Gy ≤ 50%, V51 Gy ≤ 35%, V58 Gy ≤ 25% and V62 Gy ≤ 15%.
The following adapted bladder DVH constraints were used;
V54 Gy ≤ 50%, V58 Gy ≤ 35%, V62 Gy ≤ 25% and V65 Gy ≤ 15%.
All the treatment planning was performed by the Eclipse ver-
sion 7.0 (Varian Medical Systems, Inc, Palo Alto, USA). All fields
were treated daily in a megavoltage linear accelerator – 6 MV
with 120-multileaf collimators. The digital portal images with
X-ray using bone landmarks were obtained before the treat-
ment for all patients. Patients with no set-up error on the
first digital portal image were checked weekly. Patients with
set-up errors on the digital portal images were checked with
repeat imaging (three sequential images). Patients without
set-up errors on the repeat imaging were checked by ortho-
gonal images weekly. Only set-up errors greater than 2 mm
were corrected.

Patients classified as intermediate, and high-risk group
underwent an androgen blockage. The androgen blockage was
done with acetate of goserelin of 3.6 mg.  A total of 6 and 24
months of androgen blockage (neoadjuvant, concomitant and
adjuvant) were administered for patients classified as inter-
mediate and high-risk group, respectively.

6.  End  points

The primary endpoint of this trial was biochemical control

defined as nadir+ 2 ng/mL, according to PHOENIX criteria.12

Late toxicity was considered as any treatment reaction
developed after 3 months of treatment. The radiation oncolo-
gists collected toxicity data prospectively. The RTOG system

dx.doi.org/10.1016/j.rpor.2015.12.003
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was used to score the toxicity. The toxicity data were col-
lected weekly during the treatment with documentation of
acute toxicity.13 The evaluation after RT included serum
PSA and testosterone determination, and documentation of
treatment-related toxicity at 3–6 months for the first 5 years.
Trained radiation oncologists performed all toxicity assess-
ments.

7.  Statistical  analysis

Overall, cancer-specific, progression-free and biochemical
relapse-free survival (biochemical no evidence of disease
[bNED]) were calculated by the Kaplan–Meier actuarial
method.14 Statistical analyzes were performed using Statis-
tical Analysis Systems software (SPSS). p values < 5% was
considered significant.

8.  Results

Between 2009 and 2011, 149 patients were treated with
our hypofractionated radiotherapy schedule. All patients
completed the full treatment, and no patient was lost
of the follow-up. According to the D’ Amico risk group
stratification,15 34.2%, 36.9%, and 28.8% of the patients had
low-, intermediate- and high-risk prostate cancer, respec-
tively. Table 1 describes the characteristics of all the patients.

9.  Overall  survival,  prostate  cancer  specific
survival  and  progression-free  survival
During the follow-up, 11 patients died from other diseases
than prostate cancer and none of them with biochemical

Table 1 – Baseline characteristics of the 149 patients.

Characteristic N (%)

Patients (n) 149
Age (median) 70 (44–76)
Clinical stage

T1a 1 (0.6%)
T1b 1 (0.6%)
T1c 90 (60.4%)
T2a 30 (20.1%)
T2b 15 (10%)
T2c 6 (4%)
T3a 6 (4%)

Baseline Gleason score
2–6 76 (51%)
7 51 (34%)
8–10 22 (15%)

Initial PSA level (ng/mL)
Mean 18.6
Range 3.2–115

Risk stratification
Low risk 51 (34.2%)
Intermediate risk 55 (36.9%)
High risk 43 (28.8%)

Androgen treatment 98 (65.7%)
Comorbidities (hypertension or diabetes) 58 (39%)
Follow-up (mo) 53 (24–62)
iotherapy 2 1 ( 2 0 1 6 ) 162–167

failure. Only one patient classified as high-risk disease died
of prostate cancer. The 5-year OS rate was 92.6%, as described
in Fig. 1a. According to the risk group classification, the 5-year
OS rate was 94.1%, 92.2%, and 90.2% (p = 0.819), for the low-,
intermediate- and high-risk group, respectively. The prostate
cancer-specific survival at 5 years was 98%, Fig. 1b. In general,
the progression-free survival rate at 5 years was 86.6%, and
94%, 89% and 74% (p = 0.019) for the low-, intermediate- and
high-risk group, respectively, Fig. 2a.

10.  Biochemical  control

The median follow-up time of 53 months (range, 24–63
months). The 5-year bNED for the entire cohort was 94.6%.
The 5-year bNED for low-, intermediate- and high-risk prostate
cancer was 100%, 96.4% and 86%, respectively (p = 0.007),
Fig. 2b. Among the eight patients with biochemical failure, 5
progressed to bone metastases, all salvaged with early andro-
gen deprivation. No patient in whom biochemical failure was
found had a regional nodal relapse. Among the 5 patients with
bone metastases, one became hormone refractory receiving
chemotherapy and progressed to death at 48 months from the
radiotherapy ending.

11.  Late  toxicity

The maximal (or worst) late toxicity score and the toxicity
evaluated at the last follow-up are summed in Table 2. Dur-
ing the follow-up, the evaluation of patients with any degree
of rectal bleeding was performed for colonoscopic. Maximal
late GI toxicity, classified according to RTOG/EORTC late radia-
tion morbidity, is described in Table 2. All patients with rectal
bleeding graduated as grade-2 or higher underwent a 4% for-
malin enema. Six patients required only 1 blood transfusion
due to a low hemoglobin level. The maximal late toxicity for
Grade 2 or higher during the entire period of follow-up was
13.4% (Fig. 3). At the last visit, only 2 patients (1.3%) remained
with Grade 2. There was no Grade 3, 4 or 5 GI toxicity. The max-
imal late GU toxicity detected during the follow-up period was
Grade 0 in 28%, Grade 1 in 58%, Grade 2 in 12%, and Grade 3 in
2% of the patients. At the last follow-up visit, 15% remained
with Grade 1, only 3% remained with Grade 2, and no Grade 3
GU toxicity at the last follow-up was observed.

12.  Discussion

Currently, hypofractionated schedules have gained aug-
mented interest in the treatment of prostate cancer. First, due
to the good quality evidence supporting the low ˛/  ̌ ratio of
prostate cancer and, second, because of the inherent ther-
apeutic benefit of employing larger fractionated doses. In
addition to that, other advantages such as saving treatment
time and medical resources and patient’s convenience have
given to the hypofractionated radiotherapy noted popularity.
In this report, we presented the long-term results of
149 patients with low-/intermediate-/high-risk prostate can-
cer treated with a HypoHD-RT schedule (69 Gy/23 fractions).
The biochemical control and toxicity rates observed here

dx.doi.org/10.1016/j.rpor.2015.12.003
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Fig. 1 – (a) Overall survival rate for the entire cohort. (b) Prostate cancer-specific survival for the entire cohort.

Fig. 2 – (a) Progression-free survival rate stratified according to prostate risk-group. (b) bNED rate stratified according to
p igh 

c
o
t
g
t

rostate risk-group. Low – (red), intermediate – (green) and h

an be considered encouraging, and comparable to the
utcomes achieved using other fractionations and radia-

ion techniques. The 5-year bNED for low-/intermediate-risk
roup (100%/94.6%) of the present study is comparable to
he results of Patel et al.16 In their study, the Canadian

Table 2 – Maximal grade of genitourinary and gastrointestinal t
period, and toxicity grade at the last follow-up.

Gastrointestinal toxicity 

Grade 0 1 ≥2

Maximal 70.6% 16% 13.4
At last follow-up 73.7% 25% 1.3
– risk (blue).

group delivered 66 Gy in 22 fractions with 3D-CRT to 129
low-/intermediate-risk prostate cancer patients. With this

fractionation, they achieved an actuarial bNED rate 97% at
5 years. The 5-year bNED rate for the high-risk group in the
present series (86%) is also comparable to another trial that

oxicity documented at any time during the follow-up

Genitourinary toxicity

 0 1 ≥2

% 28% 58% 14%
% 82% 15% 3%

dx.doi.org/10.1016/j.rpor.2015.12.003
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Table 3 – Studies using Hypo-RT with similar equivalent doses.

Studies Patients Dose/fraction EQ2 for a/b 1.4 Grade 2 ≥late
GI/GU toxicity (%)

Arcangeli et al.9 168 patients randomized for Hypo-RT
or Conv-RT

Arm  I:
80 Gy/2 Gy/40 fx
ArmII:
62 Gy/3.1 Gy/20 fx

Hypo-RT arm: 82.1 RTOG
GI: 14%
GU: 11%

Patel et al.16 129 patients from a retrospective
cohort with low risk treated with
3D-CRT and IGRT with daily
ultrasound.

3  Gy/22 fx 85.4 CTC 3.0
GI: 25%
GU: 32%

Pollack et al.7 307 patients randomized for Hypo-RT
or Conv-RT with IMRT

Arm  I:
76 Gy/2 Gy/28 fx
Arm II:
70.2 Gy/2.7 Gy/26 fx

84.7 RTOG
GI: 6%
GU: 18.5%

Kupelian et al.18 770 patients for Hypo-RT with IMRT 70 Gy/2.5 Gy/28 fx 80.2 RTOG
GI: 4.5%
GU: 5.2%

Present study 149 patients from a retrospective
cohort of patients treat with 3D-CRT

69  Gy/23 fx 89.2 RTOG
GI: 13.4%

Fig. 3 – Survival freedom of late GI toxicity grade 2 or

Consequently, based on the results of this series and the
higher.

used a high equivalent hypofractionated schedule. Arcan-
geli et al. assigned 168 patients to receive randomly hypo
or conventional fractionated schedules with 3D-CRT to the
prostate and seminal vesicles combined with total andro-
gen deprivation.9 The 3-year bNED was 87% for patients from
hypofractionated arm.

However, despite the good results recently reported by clin-
ical trials, and the noted popularity, the most frequent doubt
to use the hypofractionated high-dose schedule is the concern
with severe late toxicity. Our severe rectal toxicity rate, classi-
fied as ≥grade 2, shows that the treatment is tolerable and safe.
Furthermore, the most of GU and GI toxicity improved over

time, making it difficult to graduate it. Due to this difficulty, we
used the maximal toxicity and the toxicity at the last follow-
up to give a precise idea of changing over the follow-up time.
GU: 14%

Our rate of late grade ≥2 GI toxicity was 13.4%, with only 1.3%
at the last follow-up. Other authors have graduate late toxicity
with this approach. For instance, Patel et al.16 observed a rate
of 27% and 32% for late grade ≥2 GI and GU toxicity, respec-
tively, using 3D-CRT with 66 Gy/22 fractions (Table 3). In this
Canadian series, Patel and colleagues did not use predefined
constraints. Consequently, we speculate that the differences
between our study and Patel et al. in terms of late grade ≥2 GI
toxicity rate could be related to the use of the predefined rigid
constraints. The problem with this speculation is the absence
of a consensus on the optimal dosimetric parameters, and also
due to the variation of position and volume of the organs at
risk during and between the radiotherapy treatment. However,
even with these caveats, the present data reinforce the idea
that it is better to use a restrictive constraint than not, and it
can be a helpful parameter to reduce toxicity.17

Thus, although some readers could argue that radiothe-
rapy technique used in the present study is overpassed in
some developed countries, this HypoHD-RT schema with 3D-
CRT could be the extreme utility to treat prostate cancer in
low-income countries. Additionally, it is possible to think or
suppose that these results tend to improve with the use of
IMRT and IGRT. The preliminary results of CHHIP trial (Con-
ventional or Hypofractionated High-dose Intensity Modulated
Radiotherapy in Prostate Cancer) support this speculation. In
this trial, patients were treated with conventional (74 Gy/2 Gy)
or hypofractionated (60 Gy/3 Gy or 57 Gy/3 Gy) IMRT  combined
with the androgen suppression. With a median follow-up of
50.5 months, there was no significant difference in regard to
bowel or bladder toxicity ≥grade 2. The 60 Gy/3 Gy arm had
3.2% and 2.2% of late grade ≥2 GI and GU toxicity.8 Pollack et al.
using 70.2 Gy/26 fractions with intensity modulate radiothe-
rapy (IMRT) and guided image  (IGRT) with 4 mm of posterior
margin obtained 6% of late grade ≥2 GI toxicity.7
experience accumulated from other countries with IMRT,  cur-
rently, we  have incorporated the IMRT with rigid constraints
to treat prostate cancer patients with Hypo-RT.

dx.doi.org/10.1016/j.rpor.2015.12.003
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3.  Conclusion

he present series is the first to show the results of a high-
ose Hypo-RT using 3D-CRT with a long-term follow-up. There

s little experience reporting regimens delivering high-BED to
evels such as 88 Gy in conventionally fractionated RT. Our data
how that a HypoHD-RT using 3D-CRT produce an excellent
iochemical control and a low rate of late GI and GU toxicity.
he prostate risk-group classification had an impact on the
ates of biochemical control, reaffirming the need for more
ose in patients with high-risk prostate cancer. However, it

s important to stress the use of rigid constraints and ade-
uate margins in the absence of IGRT or IMRT  to guarantee
cceptable rates of late toxicity.

inancial  disclosure

one declared.

onflicts  of  interest

he author and co-authors have no conflicts of interest to
eclare.

 e  f  e  r  e  n  c  e  s

1. Viani GA, Stefano EJ, Afonso SL. Higher-than-conventional
radiation doses in localized prostate cancer treatment: a
meta-analysis of randomized, controlled trials. Int J Radiat
Oncol Biol Phys 2009;74:1405–18.

2. Kuban DA, Tucker SL, Dong L, et al. Long-term results of the
m.  D. Anderson randomized dose-escalation trial for prostate
cancer. Int J Radiat Oncol Biol Phys 2008;70:67–74.

3. Zietman AL, Bae K, Slater JD, et al. Randomized trial
comparing conventional-dose with high-dose conformal
radiation therapy in early-stage adenocarcinoma of the
prostate: long-term results from proton radiation oncology
group/american college of radiology 95-09. J Clin Oncol
2010;28:1106–11.

4. Miralbell R, Roberts SA, Zubizarreta E, et al.
Dose-fractionation sensitivity of prostate cancer deduced
from radiotherapy outcomes of 5,969 patients in seven
international institutional datasets: alpha/beta = 1.4
(0.9–2.2) gy. Int J Radiat Oncol Biol Phys 2012;82:e17–24.

5. Leborgne F, Fowler J, Leborgne JH, et al. Later outcomes and

alpha/beta estimate from hypofractionated conformal
three-dimensional radiotherapy versus standard
fractionation for localized prostate cancer. Int J Radiat Oncol
Biol Phys 2012;82:1200–7.

1

therapy 2 1 ( 2 0 1 6 ) 162–167 167

6. Sethukavalan P, Cheung P, Tang CI, et al. Patient costs
associated with external beam radiotherapy treatment for
localized prostate cancer: the benefits of hypofractionated
over conventionally fractionated radiotherapy. Can J Urol
2012;19:6165–9.

7. Pollack A, Walker G, Horwitz EM, et al. Randomized trial of
hypofractionated external-beam radiotherapy for prostate
cancer. J Clin Oncol 2013;31:3860–8.

8. Dearnaley D, Syndikus I, Sumo G, et al. Conventional versus
hypofractionated high-dose intensity-modulated
radiotherapy for prostate cancer: preliminary safety results
from the chip randomised controlled trial. Lancet Oncol
2012;13:43–54.

9. Arcangeli S, Strigari L, Gomellini S, et al. Updated results and
patterns of failure in a randomized hypofractionation trial
for high-risk prostate cancer. Int J Radiat Oncol Biol Phys
2012;84:1172–8.

0. Behrendt K, Nowicka E, Gawkowska-Suwińska M, et al. Early
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