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Abstract

Objective: Get free interval biochemical failure and toxicity in patients 
treated with hypofractionated radiotherapy (HFRT, for its acronym in English, 
Hypofractionated Radiation Therapy) with IMRT (Intensity Modulated Radiation 
Therapy), administering 70 Gy in 28 fractions of 2.5 Gy.

Methods: In May 2013 began in CDD Radioterapia Radioterapia Unit of 
Radiotherapy and Radiosurgery of Clinica Abreu, an hypofractionation program 
with IMRT as an alternative treatment for patients with localized prostate cancer 
favorable risk. The four selected patients had histologically confirmed prostate 
adenocarcinoma without prior radical treatment and categorized as low risk 
according to the criteria of D’Amico et al. For each patient a treatment plan is 
made based on Intensity Modulated Radiation Therapy (IMRT) more Image 
Guided Radiation Therapy (IGRT) with 18 MV photons from a linear accelerator 
CLINAC 21iX of the prestigious brand Varian®, administering doses of 70 Gy in 
28 fractions of 2.5 Gy/day using an α/β 3, biologically equivalent to 76 Gy in 38 
fractions of 2 Gy, under-Quadratic Linear Model. Patients were followed every 
3 months for 18 months. The gastrointestinal and genitourinary toxicity (GI) 
(GU), was evaluated prospectively and classified according to the criteria of the 
RTOG (Radiation Therapy Oncology Group). As a definition of biochemical failure 
we use the RTOG criteria (definition Phoenix), considered the elevation of post-
radiotherapy PSA≥2 ng/mL above the nadir.

Results: During follow-up of 18 months, all patients (100%) were free of 
biochemical failure. Only one patient presented grade 2 acute genitourinary 
toxicity, without having reported genitourinary or gastrointestinal late toxicity. 
This study is preliminary, with short follow and discreet patient population, 
however, is the first program and the first publication of hypofractionated 
treatment for prostate cancer radiotherapy in our country.

Conclusion: Hypofractionated Radiotherapy (HFRT) is a valuable treatment 
option for patients with favorable risk prostate cancer, with an excellent result of 
biochemical control and low toxicity.
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Abbreviations: HFRT: Hypofractionated Radiotherapy; IGRT: 
Image Guided Radiation Therapy; GI: Genitourinary Toxicity; CT: 
Computed Tomography; IMRT: Intensity Modulated Radiation 
Therapy; PTV: Planning Target Volume

Introduction
Prostate cancer ranks first among malignant solid tumors in 

males (26%) and is the second leading cause of cancer deaths 
(9%) in men in the US. It is estimated that 80-85% of cases are 
organ-confined [1]. The main prognostic factors for developing 
risk groups for prostate cancer include PSA, Gleason score and 
clinical stage, classified according to the criteria of D’amico at 
low, medium and high risk [2,3]. Several randomized trials have 
shown that increasing the dose of external radiation therapy with 
standard fractionation improves biochemical control in patients 
with localized prostate cancer. 

However, at the expense of prolonging the overall treatment 
time, which could be a burden on the limited resources in some 
of our patients and discomfort too [4,5]. Hypofractionated 
Radiotherapy (HFRT) is an attractive option for the treatment of 
localized prostate cancer strategy. In contrast to most other tumors, 

prostate cancer seems to have an α/β ratio low and therefore 
could obtain an improvement in the therapeutic relationship, 
using a biological equivalent dose (BED, for its acronym in 
English, Biological Equivalent Dose) would use less total dose, but 
at a higher daily fractionation. Radiobiological addition benefit 
allows hypofractionated RT decrease total treatment time which 
may be reflected in less expensive treatments. The conventional 
fractionation dose recommended for patients with low-risk 
prostate cancer is >75 Gy; with hypofractionation doses most used 
and most bibliographic support are recommended by Pollack et 
al. (70.2 Gy/26 fractions of 2.7Gy/fraction) or of Kupelian et al. [6] 
(70 Gy/28 fractions of 2.5 Gy/fraction) [3,5,7].

Material and Methods
In May 2013 a program of hypofractionation with Intensity 

Modulated Radiation Therapy (IMRT, for its acronym in English) 
more Image Guided Radiation Therapy (IGRT, for its acronym in 
English), began in CDD Radioterapia Unit of Radiotherapy and 
Radiosurgery of Abreu Clinic as an alternative treatment for 
patients with low-risk prostate cancer. The four selected patients 
had histologically confirmed adenocarcinoma of the prostate, 
without radical treatment and categorized as low risk according 
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to the criteria of D’Amico et al. Extension studies such as CT 
(computed tomography) of the pelvis with contrast and bone scan 
prior to initiation of treatment were included.

For each patient a plan of intensity modulated radiation 
therapy (IMRT) plus Image Guided Radiotherapy (IGRT) with 
18 MV photon linear accelerator CLINAC 21iX of the prestigious 
commercial Varian®. A dose of 70 Gy in 28 fractions was 
performed 2.5 Gy/day, - according Linear Quadratic Model - using 
an α/β 3 Gy is biologically equivalent to 76 Gy in 38 fractions of 2 
Gy. All patients underwent CT simulation with cuts 5mm supine 
with knees immobilizer, triangular foam support block and 
ankles, with proper bladder filling and emptying of the rectum. 
The prostate, seminal vesicles, rectum, bladder and penile bulb 
were delimited in all patients. The GTV (gross tumor volume for 
its acronym in English) represented the prostate and seminal 
vesicles. The CTV (clinical target volume for its acronym in 
English) included the prostate, seminal vesicles and a margin of 0.5 
cm in all directions, meanwhile the PTV (planning target volume 
for its acronym in English) included the CTV + 0.5 cm margin in 
all directions except the posterior margin (rectum). The rectum 
was contoured uniformly from the anal margin to sigmoid colon. 
Daily verification images prior to treatment were performed. 
Patients were assessed at follow-up visit every 3 months for 18 
months. At each visit, evaluated prospectively gastrointestinal 
and genitourinary toxicity (GI) (GU), classified according to the 
criteria of the RTOG (Radiation Therapy Oncology Group). Late 
toxicity was defined as any documented toxicity 90 days after the 
last treatment with radiation. In all checks will be performed on 
each patient’s physical exam and PSA blood test, were questioned 
and always assisted by a radiation oncologist. As a definition of 
biochemical failure criterion used the RTOG (definition Phoenix), 
considered elevated PSA ≥ 2 ng / mL above the nadir PSA.

Results
From May to August 2013 selected four patients to be treated 

with hypofractionated RT. All had histologically confirmed 
adenocarcinoma of the prostate and classified as low risk according 
to the criteria of D’Amico and colleagues (Table 1). Importantly, 
the 4 patients indicated their intention to radical radiotherapy, 
totally ruling out other known treatment options (surgery, active 
surveillance, watchful waiting, androgenic blockade HI-FU).

Table 1: Clinical characteristics of the patients.

Age Gleason Clinical Stage First PSA Risk

69 5 T1b 0.67 ng/mL Low

77 IHC (CK903-) T1c 25.4 ng/mL Low

63 6 T1a 7.73 ng/mL Low

74 6 T1a 3.05 ng/mL Low

Patient 1

Male 69 years, diagnosed with prostate ADC, Gleason 5 
(3+2) with 22% of positives fragments to disease (T1b), with 
initial PSA 0.67 ng/mL, and after androgen hormone blockade 
based on Acetate Leuprolide (Lupron-Depot 22.5 mg), quarterly, 
administered in a single application by indicating their urological 
surgeon before radiotherapy. It was treated with IMRT previously 

described (70 Gy in 28 sessions of 2.5 Gy/day) from May 27 to 
July 28, 2013. It was hard then contact treatment, so he attended 
follow-up visit 6 months post-RT PSA 0.46 ng/mL and 12 months 
at 0.42 ng/mL. In his latest follow-up January 2015 (18 months) 
showed PSA of 0.39 ng/mL, the patient was asymptomatic to date.

Patient 2

Male 77 years with localized prostate ADC, confirmed by 
immunohistochemistry (CK903 negative), with initial PSA 25.4 
ng/mL. A scan Uro (CTU) reported an an enlarged prostate with 
(60mm x 50mm) irregular contours and weighing approximately 
62 grams. As indicated by his urologist surgeon remained under 
androgen blockade (bicalutamide 150 mg) for 30 days before 
starting treatment with radiotherapy. He tolerated the treatment 
without complications from June 24 to August 7, 2013, receiving 
the same technique and aforementioned doses. At 3 months after 
completed treatment he attended the first consultation meeting 
completely asymptomatic with control PSA 1.28 ng/mL. At 6 
months remained equally and PSA 0.94 ng/mL, likewise at 12 
months with PSA 0.82 ng/mL. He attended the clinic for follow up 
of 18 months to January 2015, with PSA at 0.76 ng/mL, uneventful.

Patient 3

Male 63 years with ADC prostate, Gleason 6 (3 + 3), with just 
5% of positive biopsy fragments to tumor (T1a), with an initial 
PSA of 7.73 ng/mL. A transrectal prostate ultrasound (US) 
reported an enlarged prostate, with dimensions of 4.4x4.7x2.8 
cm, with approximately 31 grams. It remained under androgen 
deprivation for 2 months prior to treatment with RT in order of 
urological surgeon, based on bicalutamide 150 mg once daily, 
orally. Treated like previous patients, from June 25 until August 
13, 2013. Tolerated treatment satisfactorily, presenting mild to 
moderate dysuria gave analgesic use. At 3 months after completed 
treatment he attended follow-up visit with PSA 0.26 ng/mL, 
without any symptoms. At 6 months, went asymptomatic with 
PSA 0.29 ng/mL. In his third visit at 9 months the PSA was at 0.43 
ng/mL; at 12 months the PSA was 0.22 ng/mL. In his last visit at 
18 months post-treatment PSA was found in 0.215 ng/mL, even 
asymptomatic.

Patient 4

Male 74 years, diagnosed with prostate ADC, Gleason 6 (3 + 
3) with only 01 positive fragment for 10 biopsied disease (<5%, 
T1a) with initial PSA of 3.05 ng/mL. CT of the pelvis with contrast 
reported, subtly enlarged prostate heterogeneous. It remained 
under androgen blockade prior treatment with RT, indicated by 
his urological surgeon. It was from June 21 to August 9, 2013, 
with the same technique and dosages others. In his first follow-
up at 3 months remained asymptomatic with PSA 0.77 ng/mL. 
At 6 months, the PSA had dropped to 0.41 ng/mL and remained 
asymptomatic. In consultation control the PSA 9 months reported 
values of 0.17 ng/mL, at 12 months 0.11 ng/mL and is currently at 
0.09 ng/mL (18 months), Remained asymptomatic.

The acute toxicity was evaluated weekly during treatment and 
out as required by the patient. All patients tolerated the treatment 
without severe side effects except one patient reported mild 
dysuria improved with the use of common antispasmodics (Grade 
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2). After the first 3 months after RT, no patient had gastrointestinal 
or genitourinary symptoms, the patient had presented dysuria 
reported at their first post-RT controlling the discomfort was 
gone. In general, patients had no symptoms GU or GI for 3 months 
after completion of treatment. Late toxicity was assessed every 
3 months after the first consultation control after radiotherapy, 
where the four patient’s referred to be asymptomatic, leading a 
normal life.

Biochemical Control
During follow up of 18 months, our four (04) patients remain 

free from biochemical failure, PSA within normal limits, with 
no increase representing a risk, all with values <1 ng/mL. This 
study is still preliminary, with short follow and discreet patient 
population, however, is the first program and the first publication 
of hypofractionated treatment for prostate cancer radiotherapy in 
our country.

Figure 1: Planning HFRT with IMRT.

Discussion
In recent years, there has been increasing interest in evaluating 

the effect of dose per fraction in prostate cancer. Hypofractionated 
radiotherapy (HFRT) is a method that optimizes the fractions 
of radiotherapy, designed to increase daily fraction dose by 
delivering total dose in a shorter period of time. Several clinical 
data have suggested that the radiotherapeutic treatment of 
prostate cancer improves with hypofractionation (higher dose 
per fraction with an abbreviated general course of radiotherapy) 
[8,9]. The conventional fractionation scheme employing 1.8-2.0 
Gy fractions is based on the premise that tumors are usually less 
sensitive to dose/daily low relative to normal tissues delayed 
response. The α/β ratio is a measure of the response fractionation 
low proportions associated with normal tissues that respond later. 
The unusual aspect of this radiobiology relates to high atypical 
prostate cancer sensitivity to high daily fractions of radiation.

The answer fractionation (α ratio/β) of prostate cancer 
and normal tissues of late response, not yet defined rigorously. 
Additionally, the linear model quadratic (LQ) used in designing 
treatments hypofractionated RT is subject to its own uncertainties, 
particularly with respect to the upper limit for the dose per 
fraction which remains valid. There are exceptions to that tumor 
response to typical fractionation, however, the growth fraction 
(effective time of the cell cycle) has often been associated with 
response to fractionation, with normal proliferating tissues 
slowly (and some tumors that grow slowly) to generally exhibit 
a response majority expected a higher dose per fraction (low α/β 
ratio). This relationship has been shown for melanoma, some 
types of sarcomas, and prostate cancer [9].

In principle, the use of hypofractionation was motivated by 
concerns of cost and availability of resources, without relating to 
the expectation of a biological advantage. Unlike other epithelial 
tumors it has been speculated that the α/β ratio of prostate 
cancer is less than that of the surrounding normal tissues. An α/β 
ratio means more low tumor sensitivity to the magnitude of the 
fraction, and therefore an increase in dose per fraction over 1.8 or 
2.0 Gy (conventional fractionation) provides a therapeutic benefit 
[3,10]. The first suggestion that the α/β ratio for prostate cancer 
is about 1.5Gy was obtained from an analysis of the results by 
comparing patients with permanent seed implant brachytherapy 
dose of 145 Gy and another group treated with external beam 
radiotherapy (RTE) and conventional fractionation dose of 70-74 
Gy. Fowler & colleagues calculated a similar estimate of α/β ratio 
of 2 Gy with men treated by RT and brachytherapy with iodine-125 
(I125) or Palladium-103 (Pd103). Brenner and colleagues completed 
another estimate of α/β ratio with a group of patients treated at a 
dose escalation trial using high dose rate brachytherapy (HDR, for 
its acronym in english) with doses per fraction from 5.5 to 10.5 Gy.

Patients treated with HDR brachytherapy had a better 
biochemical control with an α/β ratio of 1.2 Gy. In a series of 3,756 
patients treated with external beam radiotherapy, which included 
185 patients after RT received an overlay or “boost” with HDR 
brachytherapy, Williams and colleagues calculated an α/β ratio of 
2.6 Gy. In general, it is believed that the α/β ratio for the majority 
of cancers is as high as 10 Gy, but for prostate cancer have been 
suggested values about 1.5 Gy, which is less than 3 Gy indicated 
for most normal tissue [9,10].
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In our hypofractionated radiotherapy (HFRT) program, we 
use the same scheme Kupelian et al. [6] (70 Gy in 28 fractions of 
2.5 Gy), one of the most widely used internationally, with high 
biological equivalent dose (BED, for its acronym in English) and 
more bibliographic importance, being equivalent to 76 Gy in 38 
fractions 2 Gy, with α/β 3Gy (Table 2) relationship. There are 
several obvious advantages for fractionated treatment, including 
patient comfort because it offers significantly fewer visits. Various 
studies have been conducted to evaluate the effect of HFRT 
compared with conventional fractionation radiotherapy (CFRT, for 
its acronym in English, Fractionationed Conventionally Radiation 
Therapy) have reported similar oncologic outcomes; even some 
have reported promising results in control of biochemical failure 
with hypofractionated radiotherapy. It has been shown that high 
radiation doses per fraction is higher than the conventional 
dose in preventing biochemical failure in patients with prostate 
cancer; biochemical failure rate is significantly lower in the group 
HFRT, with an absolute benefit of 30%, but has not reported 
significant difference in mortality between HFRT and CFTR [4]. 
Hypofractionated treatments with higher doses per fraction, 
theoretically produce more toxicity while providing greater 
therapeutic benefit in controlling tumor. However, Arcangeli et 
al. [9] suggested that the hypofractionated scheme leads only 
to a slight and non-significant increase in acute and temporary 
toxicity, while the severity and frequency of late complications is 
equivalent to those observed in conventional treatment [4,5,11]. 
In our study, only one (01) patients reported genitourinary 
toxicity early in the third week of treatment; none developed 
acute gastrointestinal toxicity and to date, with 18 months of 
follow up, all patients are asymptomatic.

Table 2: Biological Effective Dose (BED) assuming anα/β of 3Gy for 
different schemes HFRT.

Author BED3

Lukka et al. 98

Zietman et al. (23) (standard dose) 112

Kuban et al. (24) (standard dose) 116

Martin et al. 120

Zelefsky et al. >121

Dearmaley et al. 123

Zietman et al. (23) 126

Kupelian et al. [6] 128

Kuban et al. (24) (escalated dose) 130

McGill University 132

Akimoto et al. 138

BED: Biologically Effective Dose

Moreover, androgen deprivation therapy has not shown to have 
any effect on local control and free time to biochemical failure 
in low risk patients treated with HFRT [5,10,12]. The hormonal 
association with radiotherapy has several objectives: reducing 
prostate volume, leading to a volume reduction treatment and 
thus an improvement of dose-volume histograms (HDV); reduce 
the risk of local relapse in the volume irradiated to inhibit cell 

recruitment during irradiation; reducing metastases due to the 
presence of subclinical tumor deposits distance and improve the 
effectiveness of radiotherapy or supra-additive through additive 
effect. Regardless, in the group of patients with low risk, the 
association of hormonal treatment is indicated only in highly 
selected patients with a large prostate volume as neoadjuvant 
therapy in order to reduce prostate volume [2]. All patients 
selected for our program hypofractionation received neoadjuvant 
hormone androgen blockade with one to three months by 
indication of their urological surgeon, either by prostate volume 
large or because the patient had not yet decided the treatment 
modality that would receive and his urologist wanted to avoid 
progressive elevation of PSA.

Analysis in a Cleveland Clinic HFRT produced a 82% control 
of biochemical failure to 5 years, relatively equivalent or better 
than previously achieved with standard institutional 78 Gy at 2 Gy 
per fraction. Other studies have determined a general biochemical 
control rate of 83% at 5 years. Our patients, with one year follow 
up, are low PSA levels, none has achieved an increase that meets 
the established class definition for biochemical failure in Phoenix; 
to date our control is 100%, considering it is a study program at a 
single institution hypofractionation reporting preliminary results 
[13-19].

Conclusion
Hypofractionated radiotherapy (HFRT) is a valuable treatment 

option for patients with good-risk localized prostate cancer, 
with an excellent result of biochemical control and low toxicity. 
Compared with conventional fractionation radiotherapy (CFRT) 
some studies have reported benefits in the long term biochemical 
control with similar toxicity. The most used and most bibliographic 
support doses are recommended by Pollack et al. (70.2Gy/26 
fractions of 2.7Gy/fraction) or of Kupelian et al. [6] (70Gy/28 
fractions of 2.5Gy/fraction) [20-22]. Moreover, treatment with 
androgen deprivation has not shown to have any effect on local 
control and free time to biochemical failure in low risk patients 
treated with HFR. Other prospective research is needed to explore 
the optimal daily fraction, including a protocol margins planning 
volume (PTV), management techniques, dose and oncological 
results of longer periods of follow-up.
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