
Abstract. Background/Aim: To evaluate outcomes in patients
with low-risk prostate cancer treated with hypofractionated
radiotherapy (HyRT). Patients and Methods: Between April
2004 and December 2015, 175 patients with low-risk prostate
cancer were treated with HyRT 60 Gy in 20 fractions with or
without image guidance and reduction of margin from clinical
target volume to planning target volume. Results: The median
follow-up was 66 months. The 8-year overall survival for the
whole patient cohort was 88.9%. The 8-year biochemical no
evidence of disease was higher in patients treated with image-
guided HyRT (98.8% vs. 88%, p=0.023). During treatment,
patients treated with image-guided HyRT presented a lower
rate of grade 1-2 gastrointestinal toxicity (25.3% vs. 42.2%,
p=0.001). At the last follow-up, the grade 1 Gastro-intestinal
toxicity rate was 4.0% and the grade 1-2 genito-urinary
toxicity rate was 25.1%. Conclusion: Our study demonstrated
the efficacy of the schedule used with a low rate of acute and
late toxicities. Therefore, reduction of margins with image-
guided HyRT is safe.

Radiotherapy is a curative option for localized prostate
cancer. Conventional treatment consists of administration of
70-81 Gy in 8-9 weeks. Dose escalation has demonstrated
better outcomes in patients with localized prostate cancer
treated with standard dose per fraction (1-4) at the expense
of prolonging overall treatment time.

Prostate cancer, in contrast to the majority of tumors,
seems to have a low α/β ratio (5, 6), which is smaller than
3 Gy reported for late toxicity of rectum (7).
Hypofractionation, using a higher dose per fraction with
fewer fractions, may increase biological effectiveness and
improve results, with similar or lower incidence of late
toxicity. Moreover, technological advantages, as image-
guided radiotherapy, have improved treatment accuracy
making possible reduction of margin from Clinical target
volume (CTV) to planning target volume (PTV) thus
reducing toxicities. Recently hypofractionated RT has
become an alternative strategy of treatment, demonstrating a
good safety profile (8-10), but not increased efficacy (11-13). 

In addition to a possible radiobiological benefit,
hypofractionated RT reduces the number of patien visits to
hospital, lowering the cost/time for the health system and for
the patients. Based on these considerations, in 2004 we
started a prospective multi-institutional study treating
patients with low-risk prostate cancer with 60 Gy in 20
fractions over 4 weeks and here we retrospectively analyzed
results in terms of survival and toxicities.

Patients and Methods 
Patient characteristics. Between April 2004 and December 2015,
185 patients with intraprostatic (≤T2c), Gleason score ≤6 and
prostate-specific antigen (PSA) ≤10 ng/ml, biopsy-proven prostate
cancer were treated with HyRT. Ten patients were lost to follow-up,
therefore 175 patients were analyzed. Eighty-five patients (48.6%)
underwent image-guided HyRT and 90 (51.4%) HyRT without
image guidance. The median patient age at diagnosis was 73 years
(range=48-83 years). 

Pre-treatment evaluation included: digital-rectal examination,
complete physical examination, PSA level, complete blood counts
and standard biochemistry tests, bone scan, total body contrast-
enhanced computed tomography (CT). Patients treated after January
2008 also underwent contrast enhanced magnetic resonance imaging
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(MRI) with T2 weighted, diffusion and perfusion sequences. Median
PSA at diagnosis was 6.4 ng/ml (range=2.4-9.5 ng/ml). The Internal
Review Board approved this study (Protocol number 016/04). All
patients provided written informed consent for participation and use
of data. Patient characteristics are summarized in Table I. 

Treatment. All patients underwent a pre-treatment CT planning (2.5
mm slice thickness) in the supine position with foot rests. The
preparation for CT scan encompassed the administration of a mini
enema for rectal emptying. Then patients were invited to urinate and
to drink 500 ml of water half an hour before the start of the
procedure to fill the bladder. Planning CT images were fused with
MRI images (Apparent Diffusion Coefficient (ADC) map, perfusion
series and axial high resolution T2-weighting), when available,
using automatic matching to help CTV delineation. 

The CTV included the prostate and the first centimeter of the
seminal vescicles. The PTV was generated adding a 5mm isometric
margin for patients treated with image-guided HyRT and 8 mm in
all directions except in the posterior (6mm) for patients treated with
simple HyRT. The whole rectum from the anus to the sigmoid
flexure, bladder, femoral heads and penile bulb were delineated as
organs at risk. A 3D conformal plan was performed using five
coplanar fields. Treatment was delivered by a linear accelerator
using 6-15 MV photons. Thus, the PTV received 60 Gy in 20
fractions (3 Gy per fraction). According to the linear quadratic
model, the HyRT regimen was biologically equivalent to 77.1 Gy
in 2 Gy per fraction assuming an α/β ratio of 1.5 Gy. This regimen
was also equivalent to 72 Gy in 2 Gy fractions assuming an α/β
ratio of 3 Gy for late responding tissue. Dose–volume constraints
were as follows: V50 <35% and V58 <25% for the rectum; V43
<50% for the bladder. Prior to each treatment, patients submitted to
image-guided HyRT underwent a kilo-voltage cone-beam CT that
was compared with the planning CT to verify the correct position.
The patient’s position was adjusted with an initial automatic bone
alignment, followed by a soft-tissue alignment using the prostate–
rectum interface. Patients treated with HyRT underwent electronic
portal imaging for the first 3 days consecutively, then weekly. From
the start of RT, all patients were advised to follow a low-fiber and
low-fat diet and to consume a cranberry-based supply and lactic
ferment once daily. 

Toxicity and follow-up. Patients were submitted to weekly
evaluation of acute toxicity during treatment. First follow-up was
performed at 2 months after the end of therapy, then every 2-3
months for the first year and every 6 months for the next 4 years,
thereafter annually. Toxicities were assessed at each follow-up
according to the Radiation Therapy Oncology Group (RTOG) scale
for acute and late adverse effects (14). Acute toxicities were
evaluated during treatment (as the worst grade documented at any
time) and at 2 months after the end of therapy. Late toxicity, defined
as toxicity occurred 90 days after RT completion, was analyzed at
6 months after the end of therapy and at the last follow-up. 

Statistical analysis. The biochemical failure was defined as the PSA
nadir plus 2 ng/ml according to the Phoenix criteria (15). Overall
survival (OS), cancer-specific survival (CSS), biochemical no
evidence of disease (bNED), disease-free survival (DFS) and
metastasis-free survival (MFS) were calculated to the event using
the Kaplan–Meier method. CSS events included death from primary
disease, patients who died from other causes were considered alive

at the date of death. DFS events included any type of disease
progression (biochemical, local and metastatic). Biochemical-free
survival was calculated considering patients who died from causes
not related to their disease as censored. Differences in the incidence
of acute and late toxicities between the two groups (image-guided
HyRTG vs. HyRT) were evaluated with chi-square test. Median
follow-up time was calculated with Kaplan–Meier estimate of time
to date of last follow-up, considering death as censoring event.
Statistical analysis was computed using SPSS statistical software
package version 22.0 (IBM Corp. Armonk, NY, USA). p-Values
lower than 0.05 were considered statistically significant. 

Results
Survival and relapse. The median actuarial follow-up was 66
months (95% confidence interval=59.7-72.3; range=17-157
months). The median PSA value at first follow-up was 1.24
ng/ml (range=0.02-9.1 ng/ml), and at the last follow-up was
0,36 ng/ml (range=0.01-10.5 ng/ml). 

The 5- and 8-year OS rates for the whole cohort were
95.8% and 88.9%, respectively. No statistical difference was
observed for patients treated with or without image guidance
(p=0.150). The 5- and 8-year CSS rates were 100% and
95.4%, respectively. Eleven patients (6.3%) died, nine (5.1%)
from causes not related to prostatic disease and two (1.1%)
from their disease after 64 and 95 months from HyRT
completion. The 5- and 8-year bNED (Figure 1) were both
93.2%. Nine patients (5.1%) presented biochemical recurrence
after a median of 37 months (range=3-52 months). The 5- and
8-year bNED for patients treated with image-guided HyRT
were both 98.8%, while those for patients treated with simple
HyRT were both 88% (p=0.023) (Figure 2). Five out of nine
patients with biochemical progression developed clinical
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Table I. Patient characteristics.

Characteristic                                             HyRT

                                                With image      Without              Total
                                                  guidance

                                                 n.        %       n.         %        n.         % 

Age                                           
  <70 years                             17      18.9     28       32.9      45      25.7
  ≥70 years                              73      81.1     57      67.1     130     74.3 
PSA at diagnosis (ng/ml) 
  0.1-5                                     26      28.9     23       27.1      49      28.0
  5.1-9.9                                  64      71.1     62       72.9     126     72.0
T Stage 
  T1c                                       65      72.2     31       36.5      96      54.9
  T2a                                       16      17.8     27       31.8      43      24.6
  T2b                                        2        2.2      13       15.2      15       8.5
  T2c                                        7        7.8      14       16.5      21      12.0

HyRT: Hypofractionated radiotherapy; PSA: prostatic-specific antigen. 



locoregional disease after a median of 64 months (range=29-
114 months). Two out of five patients with clinical
locoregional disease developed metastatic progression after 53
and 67 months. The 5- and 8-year rates DFS for the whole

cohort were 95.6% and 94.4%, respectively (Figure 3); those
for patients treated with image-guided HyRT were both
98.8%, and for those treated with simple HyRT were 90.5%
and 79.2%, respectively (p=0.071) (Figure 4). The 5- and 8-
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Figure 1. Biochemical no evidence of disease (bNED) for the whole
patient cohort (175 patients).

Figure 2. Biochemical no evidence of disease (bNED) for patients
treated with hypofractionated radiotherapy with and without image
guidance.

Figure 4. Disease-free survival (DFS) for patients treated with
hypofractionated radiotherapy with and without image guidance. 

Figure 3. Disease-free survival (DFS) for the whole patient cohort (175
patients).



year MFS rates were 99.1% and 97.7%, respectively, without
statistical difference between groups.

Acute toxicities. During the treatment, grade 1-2
gastrointestinal (GI) toxicity occurred in 51/175 (29.1%);
grade 1-2 and 3 genito-urinary (GU) toxicity in 79/175
(45.1%) and 2/175 patients (1.1%), respectively. At 2 months
after RT, grade 1 GI toxicity was observed in 10/175 patients
(5.7%), and grade 1-2 GU toxicity was observed in 14/175
patients (14.0%). No grade 3 or more GU or grade 2 or more
GI toxicities were recorded. 

Grade 1-2 GI toxicity was significantly more frequent during
treatment between patients treated without image guidance
(Chi-square p=0.001); in contrast, no statistically significant
difference was observed at 2 months after treatment completion
(chi-square p=0.576) in terms of grade 1-2 GI toxicity. There
was no statistically significant difference for grade 1-2 GU
toxicity between patients treated with and without image
guidance (p=0.054 during treatment and p=0.656 after 2
months). Toxicity rates are summarized in Table II. 

Late toxicities. At 6 months from the end of therapy, there
were five cases of grade 1 and two of grade 2 GI toxicity
(4.0%), one treated without image guidance and six with
(chi-square p=0.045). Grade 1 GU toxicity was observed in
27 patients (15.4%), 16 (9.1%) treated with image guidance
and 11 (6.3%) without (p=0.227). No grade 2 GU toxicity
was recorded. Grade 3 GU was reported in one case (0.6%),
treated with image guidance.

At the last follow-up, grade 1 GI toxicity was observed in
three patients treated without image guidance and four with
(4.0%, p=0.643), and grade 3 in one (0.6%) patient treated
with image guidance. No grade 2 GI toxicity was noted. GU
toxicity of grade 1 was observed in 36 and grade 2 in eight

patients (25.1%), 25 (14.3%) treated with image guidance
and 19 (10.9%) treated without (p=0.206). Data are
summarized in Table II. 

Discussion

At the beginning of the second millennium, Fowler et al. (5)
created great interest in the role of hypofractionation for the
treatment of localized prostate cancer. Thus, in 2004, we
started a multi-institutional study using a HyRT schedule 
(60 Gy/20 fractions over 4 weeks) with the aim of reducing
the total treatment time and in order to evaluate efficacy and
safety of this regimen in patients with low risk prostate
cancer. Our results demonstrated the efficacy of this
hypofractionated schedule, reporting 5- and 8-year OS rates
of 95.8% and 88.9%, respectively. Five- and 8-year CSS
rates were 100% and 95.4%, respectively, with 11 patients
(6.3%) dying, nine (5.1%) for causes not related to prostatic
disease. The 5- and 8-year DFS were both 96.3% and the 5-
and 8-year bNED rates were both 93.2%. Our results were
favorably compared to other experiences of dose escalation
using conventional fractionation regimens. Three randomized
trials published long-term outcomes (1, 2, 16). Zietman et al.
reported a 5-year bNED rate of 91% and a 10-year bNED
rate of 84% (1). Kuban et al. reported 5 and 8-year bNED
rates in low risk patients of 100% and 88%, respectively (2). 

Lee et al. reported results of a noninferiority phase II
study in low-risk patients. Five-year OS, DFS and
biochemical recurrence were 93.2%, 85.3% and 8.1%,
respectively, in the conventional RT arm (73.8 Gy in 41
fractions), and 92.5%, 86.3% and 6.3%, respectively, in the
hypofractionated arm (70 Gy in 28 fractions biologically
equivalent to 80 Gy in 2 Gy fractions assuming an α/β ratio
of 1.5 Gy) (16). This study demonstrated a noninferiority of
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Table II. Comparison of grade 1-2 gastro-intestinal (GI) and genito-urinary (GU) toxicities in the group treated with hypofractionated radiotherapy
with and without image guidance. 

                                                                             GI                                                                                                      GU

Toxicity                         With guidance                     Without               p-Value*               With guidance                        Without                   p-Value * 

                                      n.                %                n.                  %                                     n.                   %                 n.                   % 

During RT 
   G1-G2                    13/85           15.3          38/90             42.2          0.001            31/85              36.5            48/90              53.3             0.054 
2-Month FU 
   G1-G2                     4/85             4.7             6/90               6.7           0.576             6/85                 7.1              8/90                8.9               0.656
6-Month FU
   G1-G2                     6/85             7.1             1/90               1.1           0.045             16/85              18.8            11/90              12.2              0.227
Last FU 
   G1-G2                     4/85             4.7             3/90               3.3           0.643            25/85              29.4            19/90              21.1              0.206

FU: Follow-up. *Chi-square test.



HyRT instead of conventional radiotherapy, reducing the
total treatment time by 2.5 weeks. In our study, reporting
similar results, the treatment time reduction was 4 weeks
compared to the conventional arm of the study of Lee et al.
Other studies demonstrated that dose escalation, using
conventional fractionation, reduced biochemical recurrence,
but increased GI toxicity (2, 17). A hypofractionated high-
dose schedule was investigated by Patel et al. in a study
which treated low- (72%) to intermediate-risk patients with
66 Gy in 22 fractions (biologically equivalent to 84.9 Gy in
2 Gy fractions assuming an α/β ratio of 1.5 Gy) with 5- and
8-year bNED of 97% and 92%, and CSS of 100% and 98%,
respectively (18). We obtained similar outcomes with a
treatment schedule with two fractions less. 

In our study, patients treated with daily image-guided HyRT
and a reduced margin of 5 mm from CTV to PTV presented a
statistically better bNED and a trend toward a better DFS with
respect to patients treated without image guidance with a
larger margin. OS and CSS were not statistically significantly
different. The better results in terms of bNED in patients
treated with image-guided HyRT may be influenced by
selection bias, considering the retrospective nature of our
analysis, but of our data suggest that the reduction to 5 mm
margin is safer in patients treated with image-guided HyRT.
Moreover, patients treated with image-guided HyRT presented
lower toxicity rates during treatment compared to patients
treated without image guidance. In fact, 45.1% of patients
presented grade 1-2 GU toxicity and 29.1% grade 1-2 GI
during treatment with statistically significant difference in GI
toxicity between patients treated with and without image
guidance (15.3% vs. 42.2%, p=0.001) and a trend toward
significance in term of GU toxicity (36.5% vs. 53.3%,
p=0.054). Two months after the treatment, the majority of
patients had recovered from toxicities without difference
between these two groups. Moreover, at the last follow-up, we
reported low toxicity rates without statistical difference
between those treated with and without image guidance. 

Lee et al. reported grade 1-2 acute GI and GU toxicity
rates of 42.2% and 58.9%, respectively, in patients treated
with hypofractionation without statistical difference respect
to those treated with conventional fractionation (16). Our data
are similar to their results in patients treated with HyRT, but
better with respect to those treated with image-guided HyRT.
Cumulative incidence of late grade 1-2 GI and GU toxicity
were 40.6% and 54.6%, respectively, with statistical
difference between hypofractionated group and conventional
treatment group. Patel et al. reported a good acute tolerance
in patients treated with image-guided RT (ultrasound system),
using 7 mm margin expansion from CTV to PTV, with 17%
and 33% grade 1-2 GI and GU toxicity up to 90 days,
respectively. At the last follow-up, grade 1-2 GU toxicity was
16.8%, otherwise 92% of patients did not have any late GI
toxicity (18). Our toxicities were similar to theirs, although

they used a higher total dose. Dearnaley et al. in the CHHiP
trial (19) reported grade 2 or more GI and GU toxicity of
2.3% and 7%, respectively, in the conventionally treated
group; 2.3% and 7.6%, respectively, in the group of patients
treated with 60 Gy in 20 fractions; and 0.8% and 7%,
respectively, in the group of patients treated with 57 Gy in 19
fractions assessed at 18 weeks after treatment start. No
statistically difference in late toxicities was observed.
Kupelian et al. using the same treatment schedule at that of
the study of Lee et al. (with 4 mm rectal margin) reported 6%
late grade 2 or more GI toxicity (8), while Martin et al.
reported 6.3% using a treatment schedule like ours but with
a PTV margin of 7-10 mm (20). At their last follow-up
Kupelian and Martin reported a 5% and 4% GI toxicity,
respectively, similar to our results. Arcangeli et al. reported
final results of a randomized study comparing 62 Gy in 20
fractions and 80 Gy in 40 fractions. The rate of freedom from
late grade 2 or more GI toxicity was 86.5% and 84.6% in the
experimental and control arms, respectively, and 86% and
79%, respectively, for GU toxicity (21). 

Recently, technological development has led to the use of
stereotactic body RT and extreme hypofractionation scheme
(22) with a low rate of high-grade toxicities and high rate of
tumor control. The most important criticism is that many
patients with low-risk prostate cancer may not actually
require any treatment and active surveillance may be a more
appropriate initial strategy, especially in those with a low life
expectancy (23). Comparative studies are mandatory. 

Our study demonstrated that 60 Gy in 20 fractions for the
treatment of patients with low-risk prostate cancer has
efficacy in terms of OS, CSS, DFS and biochemical control.
The treatment was well tolerated with a low incidence of
high-grade acute and late toxicities. Patients treated with
image-guided HyRT presented, during treatment, lower
toxicity rates compared to patients treated without image
guidance. Late toxicities were not statistically different
between the two groups. Image-guided HyRT provided better
bNED compared to unguided HyRT but had no impact in
terms of OS and DFS. Therefore, reduction of margins from
CTV to PTV with image-guided HyRT is safe.
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