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Purpose: The aim of our study was to perform the final analysis of acute toxicity and quality

of  life data obtained from 221 consecutive patients who suffered from intermediate-to-high

risk prostate cancer.

Methods: In this trial, 221 patients were randomized to receive either hypofractionated (63 Gy

in  20 fractions, 4 fractions/week) or conventionally fractionated (76 Gy in 38 fractions, 5 frac-

tions/week) radiotherapy to the prostate and seminal vesicles. Elective pelvic lymph node

irradiation with 46 Gy in 23 fractions sequentially and 44 Gy in 20 fractions simultaneously

was also applied.

Results: There was no statistically significant difference in acute GU and GI toxicity in men

treated with hypofractionated (SIB) (Arm 2) in comparison with patients who had conven-

tional fractionation (Arm 1) radiation therapy. Multivariate analysis using logistic regression

showed statistical significant association between acute GU ≥ 1 and PTV(LN) (p = 0.008) only.

We  found out that clinically relevant decrease (CRD) was significantly higher only in the

urinary domain of Arm 1 at month 3 (p = 0.02).
Conclusion: Our study demonstrated that hypofractionated radiotherapy was associated with

a  small but insignificant increase of acute toxicity. The reduction of overall treatment time

has  no significant influence on patients’ QOL in any domain.

©  2018 Greater Poland Cancer Centre. Published by Elsevier Sp. z o.o. All rights reserved.

of exploring the outcome and toxicity of shorter regimes.
1.  Introduction
During the last decade, improved physical sparing of the nor-
mal  tissues with the most recent technologies and a better
understanding of prostate cancer radiobiology has prompted
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a number of moderate as well as extreme hypofractiona-
tion trials using different treatment schedules with the aim
The better physical sparing of normal tissues using intensity
modulated radiation (IMRT) techniques has resulted in a re-
evaluation of the use of a few large dose fractions with shorter
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Table 1 – Patients characteristics.∗

Arm 1 Arm 2

N 106 115
Gleason score

≤7 90 (85%) 107 (93%)
>7 16 (15%) 8 (7%)

cT-stage
≤T2c 20 (19%) 17 (15%)
>T2c 86 (81%) 98 (85%)

iPSA
≤20 ng/mL 76 (72%) 92 (80%)
>20 ng/mL 30 (28%) 23 (20%)

Abbreviations:  Arm 1 = conventional fractionation; Arm
reports of practical oncology and 

reatment duration.1–5 The treatment goal is to obtain a high
ate of tumour control with low toxicity, while taking into con-
ideration convenience and costs for the patient and to the
ealth care system.

The data of 124 participants were analysed and reported
reviously; the aim of current report is to provide confirma-
ion of previous conclusions concerning acute toxicity and
OL of the patients, as the larger number of patients surveyed
xhibits same statistical importance trends.

.  Methods  and  materials

.1.  Study  design  and  radiation  technique

he patients population and methods have been previously
escribed.6 From 2010 to May 2014, a total of 221 consecutive
atients we  enrolled in this study. Patients were random-

zed to receive either hypofractionated (63 Gy in 20 fractions,
 fractions/week) or conventionally fractionated (76 Gy in 38
ractions, 5 fractions/week) to the prostate and seminal vesi-
les. Elective pelvic lymph node irradiation with 46 Gy in
3 fractions sequentially and 44 Gy in 20 fractions simul-
aneously was also applied. Whole pelvis radiotherapy was
pplied to all patients in Arm 1 and Arm 2. This study was
esigned to test the hypothesis that a high-dose hypofraction-
tion regimen is equivalent to a conventional fractionation
cheme in terms of acute GI and GU toxicity. The radiation
echniques and dosimetric constraints have been previously
escribed.6 The prostate clinical target volume was contoured
s the CTVp. The entire seminal vesicles were contoured as
he CTVsv. Pelvic lymph nodes were contoured as the CTVln
ollowing RTOG consensus guidelines.7 The planned target
olume PTV for the prostate PTVp was generated as a 10 mm
xpansion around the respective CTV, except for posterior
art at the prostate-rectum interface where the expansion
as 7 mm.  PTVsv was generated as a 10 mm in all direc-

ions. The nodal PTVln was generated by a 5 mm  expansion
f the CTVln nodes. PTVp and PTVsv were merged into PTV1,
TVln – into PTV2. PTV1 and PTV2 received between 95%
nd 108% of the prescription dose. In Arm 1 treatment was
rescribed to PTV1 76 Gy in 23 fractions (2 Gy/fraction) and
TV2 sequentially received 46 Gy in 15 fractions (Gy/fraction).
rm 2 patients were prescribed to PTV1 63 Gy in 20 frac-

ions (3.15 Gy/fraction) and PTV2 simultaneously received
4 Gy (2.2 Gy/fraction). Daily images guidance was performed.
atients were selected according to National Comprehen-
ive Cancer Network (NCCN) criteria: stage T3a–T3b, biopsy
leason score (GS) of 8–10; pretreatment PSA level (iPSA)
20 ng/mL, or the presence of at least two of the following clin-

cal characteristics: iPSA of 11–20 ng/mL, T ≥ 2c, GS = 7. Elective
elvic nodal treatment was administered according to a pro-
osed ≥15% risk of occult pelvic lymph node involvement as
alculated using the Roach formula.8 Patients characteristics
re detailed in Tables 1 and 2. The simulation and treatment
rocedures used have been extensively reported in a previ-
us article.6 All patients received ADT (LHRH agonist only)

hich typically started 3–4 months before RT and continued

or a total duration of ≥6 months. All patients received ADT
oncurrent with pelvic RT. The statistical analysis have been
escribed in a previously published article.6
2 = hypofractionation.
∗ p < 0.05 between groups two-sample t-test.

2.2.  Follow-up  schedule  and  toxicity  assessment

Patients were evaluated weekly during 12 weeks starting from
the beginning of irradiation. Toxicity was assessed according
to the Radiation Therapy Oncology Group (RTOG) acute urinary
and rectal toxicity scale.9 Patients reported outcomes were
measured using the Expanded Prostate Cancer Index Com-
posite (EPIC).10 The EPIC was measured at baseline and then
monthly during acute period of treatment.

3.  Results

Of all 221 patients, 106 were assigned to conventional frac-
tionation Arm 1 and 115 to hypofractionation Arm 2. No
patients were lost to follow-up. The characteristics are shown
in Tables 1 and 2. No treatment interruptions occurred. We
found statistically higher volume percentages of the rectum
and bladder treated with the high (V100%) and low (V52.6%,
V65.8%) dose cut-points in Arm 2, as compared with Arm 1.
The bladder total volume and PTV (LN) was higher in Arm 1,
and the rectum total volume in Arm 2.

3.1.  Acute  toxicity

The data of acute toxicity for all patients are presented in
Table 3. There was no Grade 4 acute GU or GI toxicity. As well,
there was no statistically significant differences in acute GU
and GI toxicity in men  treated with hypofractionated radiation
therapy in comparison with those who had conventional frac-
tionation. The incidence of GU 2 toxicity was slightly higher in
Arm 1 than in Arm 2. However, the results for GU 3 were higher
in Arm 2, and 6% of patients experienced GU 3 acute toxicity.
Concerning bowel function, the patients in Arm 2 experienced
higher GI 2 and GI 3 toxicity in comparison with Arm 1, but the
differences were not statistically significant.

The weekly maximum of acute GU and GI toxicity (mean
values) are shown in Figs. 1 and 2. The evaluation of the asso-
ciation between acute GU and GI toxicity, bladder and rectum
volume, PTV (P), PTV (SV), PTV (LN) volume, when receiv-
ing specific doses, was performed by means of multivariate

analysis using logistic regression. The only statistically signif-
icant association was found out between GU > 1 and PTV (LN)
(p = 0.008).

https://doi.org/10.1016/j.rpor.2018.06.008
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Table 2 – Patients characteristics and dosimetric parameters.

Variable Arm 1 Arm 2 p-Value

Median Avg ± stdev Median Avg ± stdev

Age 66 65 ± 7 66 65 ± 6 0.753
Gleason score 7 7 ± 1 6 7 ± 1 0.274
iPSA 11.1 18 ± 17 10 15 ± 16 0.054
PTV volume

PTV (P) 109.4 119 ± 35 112.8 120 ± 34 0.855
PTV (SV) 89.4 92 ± 21 86.2 89 ± 18 0.197
PTV (LN) 632 641 ± 106 622.4 629 ± 99 0.384

Bladder
Total volume ± SE (cc) 114 153 ± 102 108 131 ± 76 0.085
V52.6% ± SE (cc) 81 77 ± 16 92 89 ± 11 <.001
V65.8% ± SE (cc) 56.5 56 ± 17 61 63 ± 17 0.005
V78.9% ± SE (cc) 38 39 ± 15 39 40 ± 14 0.537
V92% ± SE (cc) 23  25 ± 12 27 27 ± 11 0.268
V100% ± SE (cc) 10 12 ± 9 13  15 ± 8 0.050

Rectum
Total volume ± SE (cc) 65 68 ± 15 67 70 ± 19 0.476
V52.6% ± SE (cc)∗ 68 66 ± 16 83 81 ± 12 <.001
V65.8% ± SE (cc)∗ 47 46 ± 14 53 54 ± 13 <.001
V78.9% ± SE (cc)∗ 31.5 31 ± 10 34 34 ± 10 0.062
V92% ± SE (cc)∗ 18 19 ± 8 21 20 ± 7 0.468
V100% ± SE (cc)∗ 5 6 ± 6 9 9 ± 5 0.003

Abbreviations:  Arm 1 = conventional fractionation; Arm 2 = hypofractionation.
∗ p < 0.05 between groups two-sample t-test.

Table 3 – Maximum and week 12 GU and GI toxicity.

Group Max  GU toxicity Max  GI toxicity

Grade 0 1 2 3 0 1 2 3

Arm 1 11 (10%) 61 (58%) 30 (28%) 4 (4%) 30 (28%) 36 (34%) 40 (38%) 0 (0%)
Arm 2 8 (7%) 69 (60%) 31 (27%) 7 (6%) 20 (17%) 37 (32%) 55 (48%) 3 (3%)
p-Value 0.473 0.785 0.881 0.542 0.053 0.778 0.130 0.248

Group GU toxicity at week 12 GI toxicity at week 12

Grade 0 1 2 3 0 1 2 3

Arm 1 65 (66%) 29 (29%) 5 (5%) 0 (0%) 78 (79%) 13 (13%) 8 (8%) 0 (0%)
Arm 2 78 (77%) 22 (22%) 1 (1%) 0 (0%) 87 (86%) 9 (9%) 5 (5%) 0 (0%)
p-Value 0.070 0.223 0.117 – 0.171 0.340 0.369 –

Abbreviations:  Arm 1 = conventional fractionation; Arm 2 = hypofractionation; NS = difference not significant (p < 0.05).

Fig. 1 – Weekly changes in the mean GI toxicity.
Fig. 2 – Weekly changes in the mean GU toxicity.

https://doi.org/10.1016/j.rpor.2018.06.008
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Table 4 – EPIC score (±SE) at each time point.

Time points Baseline 1 month 2 months 3 months p-Value (ANOVA)

Arm 1/2 1 2 1 2 1 2

N 219 102 115 102 105 99 102
Urinary domain 93.1 84.1 (1.4) 82 (1.6) 81.9 (1.5) 83 (1.6) 87.4 (1.4) 92.3 (1.2) 0.4933

Function 98.1 92.4 (1.2) 92.3 (1.2) 92.3 (1.1) 91.4 (1.3) 95.3 (1) 95.6 (1) 0.8087
Bother 89.5 78.1 (1.8) 74.7 (2.1) 74.5 (2) 77 (2.1) 81.8 (1.9) 89.9 (1.5) 0.3297
Incontinence 97.4 94.4 (1.1) 93.5 (1.4) 93.3 (1.3) 92.6 (1.6) 95.6 (1.2) 96 (1.2) 0.8303
Irritative/obstructive 91.1 79.1 (1.8) 76.9 (1.9) 76.8 (1.9) 78.7 (1.9) 83.5 (1.7) 90.3 (1.4) 0.3821

Bowel domain 96 84 (1.8) 79.5 (2) 84.5 (1.7) 80.7 (2.1) 91.3 (1.5) 93.3 (1.2) 0.6152
Function 95.9 83 (1.8) 76.5 (2.1) 83.5 (1.7) 78.5 (2.1) 90.4 (1.5) 91.9 (1.3) 0.3882
Bother 96 84 (1.8) 79.5 (2) 84.5 (1.7) 80.7 (2.1) 91.3 (1.5) 93.3 (1.2) 0.6152

N 216 100 114 101 104 98 101
Sexual domain 27.8 22.1 (1.4) 25.1 (1.6) 24.2 (1.5) 26.4 (1.6) 24 (1.7) 25.5 (1.6) 0.2156

Function 12.4 5.7 (1.3) 8 (1.5) 7.4 (1.5) 7.5 (1.7) 7.7 (1.7) 8 (1.6) 0.6128
Bother 62.4 59.1 (4) 63.5 (4) 62.2 (3.9) 69.1 (3.8) 60.7 (4) 64.9 (4.1) 0.2877

N 219 101 115 102 105 99 102
Hormonal domain 86.1 84.7 (1.5) 85.5 (1.4) 85.8 (1.4) 84.5 (1.5) 84.7 (1.5) 87.8 (1.4) 0.8126

Function 79.1 78.1 (2) 79.3 (1.7) 79.2 (1.9) 76.8 (2.1) 78 (2.1) 82.6 (1.9) 0.8556
Bother 91.9 90.3 (1.3) 90.7 (1.3) 91.2 (1.2) 90.9 (1.3) 90.3 (1.3) 92.2 (1.3) 0.8048

Abbreviations: Arm 1 = conventional fractionation; Arm 2 = hypofractionation; N = number of patients.

Fig. 3 – Mean change from baseline ± SE of urinary and
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Table 5 – Clinically relevant decrease (CRD) in EPIC
urinary domain.

Urinary domain

Months Month 1 Month 2 Month 3

Arm 1 53% 70% 55%
Arm 2 70% 68% 42%
t-Test NS NS 0.02

Abbreviations:  Arm 1 = conventional fractionation; Arm
owel domains.

.2.  Quality  of  life

ll patients completed the initial EPIC questionnaire prior to
reatment. For subsequent time points, the number of patients
hat completed this questionnaire varied. The mean change
n EPIC scores over time for each domain (bowel, urinary,

ormonal, sexual) for all patients is given in Table 4. Graphi-
ally, change in QOL is shown in Fig. 3. For urinary and bowel
OL, decline was most notable in months 1 and 2, which
2 = hypofractionation; NS = difference not significant (p < 0.05).

mostly recovered in month 3 in Arm 2. After transient decline
in months 1 and 2, the bowel and urinary QOL  following
hypofractionated radiotherapy, recovered back to baseline lev-
els and had no significant influence on patients’ QOL in any
domain and subscales.

The proportion of patients with CRD of EPIC scores in the
urinary domain are summarized in Table 5. The CRD in Arm
1 was significantly higher, in comparison with Arm 2, only in
urinary domain at month 3 (p = 0.02).

4.  Discussion

Acute toxicity during or after radiotherapy is an important
item and may affect the patients’ quality of life. The sched-
ules of radiotherapy ranging from moderate to ultra-high dose
per fraction are reported in different clinical studies regarding
hypofractionation. The comparison of results obtained in our
study with the results of other studies are rather difficult, as
the treatment time schedules, doses per fraction, treatment
volumes, total doses and hormonotherapy are all different.
Furthermore, the questionnaires for acute toxicity assessment
used are different. In order to compare our results with the

results from other studies, we excluded the studies where a
combination of EBRT and brachytherapy, extreme hypo frac-
tions (5–10 Gy per fraction) were used.

https://doi.org/10.1016/j.rpor.2018.06.008
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An evidence base of moderate hypofractionation (2.5–4 Gy
per fraction) has been reported in six randomized controlled
trials that have been published to date. Some of the ran-
domized trials that compared conventional fractionation and
hypofractionation regimens were limited because of the use
of a conventional treatment dose was too low or was not bio-
logically equivalent to the hypofractionation arm. In most of
the hypofractionation studies, the radiation dose was deliv-
ered using IMRT  with image  guidance. Although, in several
former studies three-dimensional conformal RT was applied.
Therefore, the interpretation of the results of the latter studies
becomes difficult. Arcangeli et al. conducted a random-
ized trial comparing conventional fractionation (80 Gy/2 Gy/8
weeks) to hypofractionation (62 Gy/3.1 Gy/5 weeks) in high-
risk prostate cancer patients. Acute GU ≥2 toxicity developed
in 34 (40%) of 85 and 39 (47%) of 83 patients (p = 0.45) in the
conventional and hypofractionation arms, respectively. Only
1 patient in each group developed Grade 3 toxicity. Acute GI
Grade 2 toxicity was detected in 18 (21%) of 85 and 29 (35%)
of 83 patients (p = 0.07) in the conventional and hypofrac-
tionation arms, respectively. A higher toxicity grade was not
detected in this study.11–18

The dose of radiation administered to the prostate per
fraction in our study was similar to that delivered in the afore-
mentioned trial. However, the treatment volume and radiation
therapy technique were different. In our study, elective pelvic
lymph node irradiation possibly had an impact on the acute
GI toxicity rate.

Initially, hypofractionated radiotherapy was performed to
irradiate the prostate only. With the wider spread of 3D-
conformal radiation therapy technique, as well as IMRT, a
more  sophisticated dose delivery to the prostate/prostate bed
with a simultaneous radiation of pelvic lymph nodes has been
integrated in recent trials for patients with high risk for lymph
node metastases. In order to make an accurate conclusion,
we tried to compare our results with the results obtained in
trials with a similar irradiated volume. The data concerning
acute toxicity are very scarce in reported randomized tri-
als, comparing elective pelvic radiotherapy with prostate-only
radiotherapy in clinically node-negative, intermediate-to-high
risk prostate cancer patients. The data concerning acute tox-
icity are not present in all reports of trials with pelvic lymph
nodes irradiation. In RTOG 94–13, there was a trend for higher
acute Grade 3 GI toxicity associated with WPRT  + NCHT, but
it was not statistically significant as in our study.19 In the
GETUG-01 trial, a small but insignificant acute GI toxicity with
pelvic irradiation was observed; GU acute Grade ≥2 toxicity
was similar in both arms.20 The acute toxicity, while using
pelvic radiotherapy, results were mostly published in the ret-
rospective trials and some increase in acute side-effects was
reported, principally gastrointestinal rather than genitouri-
nary. Mantini et al. obtained data similar to ours and reported
no Grade 4 acute toxicity. Statistically insignificant Grade 3
acute toxicity in GI and GU (2.4% and 3.5%, respectively) was
also reported. The overall incidence of GI and GU acute Grade
2 was similar in patients treated with PORT or WPRT  (GI, 10.2
vs. 9.9%, p = NS; GU, 15.2% vs. 11.6%, p = NS).21 Adkison et al.

reported data of dose-escalated treatment of the pelvic lymph
nodes with 56 Gy in 2 Gy fractions with concomitant treat-
ment of the prostate to 70 Gy in 28 fractions of 2.5 Gy. They
iotherapy 2 3 ( 2 0 1 8 ) 284–289

reported only Grade 2 acute toxicity in GU and GI (38% and
32%, respectively).22 We  found out that the incidence of GI 2
and GI 3 toxicity was higher in Arm 2 possibly because the total
prescribed dose was administrated not only to the prostate
but also to the seminal vesicles or it could be influenced by a
sufficiently larger posterior margin (7 mm)  between PTV and
the rectum. Inter-fractional or intra-fractional prostate motion
and a lack of oral contrast at simulation to distinguish large
and small bowel can be a possible predictor of GI acute toxicity.

Urinary symptoms are the most common acute toxicities
associated with external beam radiation therapy of prostate
cancer. Most patients’ symptoms are mild; however, reported
rates of Grade ≥3 acute urinary toxicity range from 0 to
15%.23–25

The comparison of QOL in intermediate and high-risk
prostate cancer patients who had undergone radical treat-
ment using two different fractionation regimes was also
performed in our study. We  assessed the impact of our
Arm 1 and Arm 2 regimens on the urinary, rectal, sexual,
and hormonal QOL. The QOL compared with the baseline
changed for each EPIC domain at months 1, 2 and 3. However,
these changes were not statistically significant. The biggest
difference of QOL between the arms were observed in gastroin-
testinal domain. CRD was statistically significantly higher only
in the urinary domain in Arm 1 at month 3 when compared
with Arm 2.

The assessment of QOL endpoints during acute toxicity
period in studies of hypofractionated therapy is uncommon.
These studies are mostly retrospective and the number of
prospective studies is limited. Another difficulty for compar-
ison of the data obtained in different studies includes the
usage of various QOL questionnaires and treatment meth-
ods. A lot of studies perform assessment of treatment impact
on patients suffering from prostate cancer, while compar-
ing radical prostatectomy with external beam therapy, or
brachytherapy and external beam therapy. However, the stud-
ies comparing results of different external beam fractionation
regimens are very rare. From this point of view, our findings
could be compared with QOL results reported by Pinkawa et al.
These results demonstrated differences in QOL between PORT
and WPRT.  It was found out that external beam therapy was
associated with greatest negative impact on urinary and bowel
QOL during the acute phase at the end of the treatment. How-
ever, while comparing WPRT  and PORT only differences in the
bowel domain were demonstrated. No differences in urinary,
sexual, and hormonal domains were revealed.26

This study was a single-institution one and included a rel-
atively small number of participants; therefore, this may be a
possible drawback. However, we  hope that the results of this
study will be helpful in assessment of the impact of acute
toxicity on patients’ QOL while implementing different frac-
tionation regimens.

5.  Conclusions
was associated with a small but insignificant increase of acute
toxicity. The reduction of overall treatment time has no signif-
icant influence on patients’ QOL in any domain.

https://doi.org/10.1016/j.rpor.2018.06.008
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