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Abstract. - OBJECTIVE: The aim of our re-
port was to review the literature concerning the
toxicity of radiation therapy in patients treat-
ed for high-risk prostate cancer, and to evalu-
ate the differences in toxicity between conven-
tional fractionation and hypofractionated treat-
ments, in view of different techniques used in
high-risk prostate cancer patients.

MATERIALS AND METHODS: PubMed database
has been explored for studies concerning acute
and late urinary/gastrointestinal toxicity in high-risk
prostate cancer patients treated with radiothera-
py. Prospective studies, concerning potential re-
lationship between acute/late genitourinary (GU)/
gastrointestinal (Gl) toxicity and prostate radiother-
apy in patients with high-risk prostate cancer, were
included in the final analysis. Data collected from
single arm, phase Il non-randomized and random-
ized studies have been evaluated to perform odds
ratio for toxicity risk. Furthermore, meta-analysis
randomized prospective trials were considered suit-
able because they had recruited high-risk prostate
cancer patients who didn’'t undergo surgery, with
available data on = G2 toxicity frequency.

RESULTS: The initial search provided 606 re-
sults, but only 35 manuscripts met all eligibility
requirements and were included in this report.
In order to perform odds ratio we observed
a decrease in late gastrointestinal toxicity for
patients treated with hypofractionated schemes
compared to CV treated ones. Among patients
who underwent conventional treatment, SIB
seemed to decrease acute genitourinary side
effects; SIB-Hypo treated patients suffered less
toxicity than patients treated with hypofrac-
tionated- sequential boost schemes. Hypo-SIB

schemes would seem less toxic in terms of acute
gastrointestinal and late genitourinary side ef-
fects than CV-SIB. Therefore, our focus shifted
to 6 clinical trials evaluating genitourinary and
gastrointestinal toxicity in patients who had been
randomized to receive conventional fractionation
or hypofractionated treatment, in both cases with
IMRT technology. Our meta-analysis of these ran-
domized trials involving patients with high-risk
prostate cancer showed a statistically significant
increase in late genitourinary toxicity for hy-
po-treated patients; no difference was observed
in acute genitourinary/gastrointestinal toxicity,
and in late gastrointestinal toxicity.
CONCLUSIONS: Our analysis doesn’t want to
establish a definitive truth; very few trials as-
sessed only high risk-class patients. Our purpose
is to stimulate further randomized prospective tri-
als focusing both on the effectiveness and toxicity
profile (toxicity/effectiveness ratio), taking into ac-
count the use of different technologies and doses.
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Introduction

High-risk prostate cancer is defined as a disease
with distinctive clinical features and risk of re-
lapse after local therapy; therefore, patients suf-
fering from it require a multimodal treatment,
involving radiation therapy (RT) associated with
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androgen deprivation therapy (ADT)'-¢. Random-
ized trials have shown excellent long-term bio-
chemical-recurrence free survival (BRFS) with
higher radiation doses’. The hypofractionated
radiotherapy (HFRT) is based on the lower o/f3
ratio of prostate cancer compared to adjacent or-
gans at risk (OAR). Higher dose per fraction can
improve local disease control by increasing the
biological effective dose (BED) to neoplastic tis-
sue, without increasing the risk for late effects.
Furthermore, a lower total dose can be unsafe in
high-risk patients with a Gleason score higher
than 7, because o/p ratio should not be that low
in these patients®. Treatments planned with dose
escalation and hypofractionation have been made
possible thanks to the evolution of radiation ther-
apy techniques. Further advances in radiation
delivery techniques, such as intensity modu-
lated radiation therapy (IMRT) and volumetric
modulated arc therapy (VMAT), have led to a
greater sparing of adjacent normal tissue and as
a consequence have reduced toxicity. Significant
reduction of margins around the prostate, and
thus irradiated normal tissue volume, has been
achieved by the use of daily cone-beam comput-
ed tomography imaging before each treatment
delivery®. IMRT is now considered an efficient
technique for dose escalation in localized pros-
tate cancer, and allows a better conformation of
dose to pelvic lymph nodes in higher-risk pros-
tate cancer. Although pelvic lymph node irra-
diation is still controversial, randomized data
supported its use'® and several randomized trials
have shown that pelvic irradiation with concom-
itant long-term ADT yields a survival benefit'.
Dose-escalated radiotherapy improves local and
biochemical disease control in localized prostate
cancer'""*. The MRC RTOI study" has shown an
equivalent overall survival of 10 years between
64Gy in 32 fractions and 74Gy in 37 fractions
despite a continued significant improvement in
biochemical free progression in escalated treat-
ment group. Five large randomized trials demon-
strated that increasing the dose up to 74-80 Gray
(Gy), fractionated in standard 1.8-2 Gy, result-
ed in a longer BRFS and disease free survival
(DFS)“*!. Therefore, patient selection is pivotal
for the choice of treatment, which must consider
various aspects in order to define the risk class.
Based on pre-treatment prognostic parameters,
several systems have been proposed to stratify
prostate cancer into differing risk groups; in
2010, the seventh edition of the AJCC (American
Joint Committee on Cancer) staging manual®
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added Gleason score and PSA to the TNM stag-
ing system, making this stage grouping rough-
ly comparable to D’Amico’s and NCCN ones,
with notable differences between intermediate-
and high-risk groups. NCCN (National Com-
prehensive Cancer Network) also added “very
low-risk” and “very high-risk” categories®. In
high-risk localized prostate cancer radiotherapy
is indicated with dose escalation in association
with long-term ADT for 2-3 years (in relation to
comorbidities, performance status, and a number
of unfavorable prognostic factors: > T2c, Gleason
score >8, PSA > 20 ng / mL). The elective irradia-
tion of pelvic lymph nodes, although not unequiv-
ocally indicated, is often performed. According
to 2015 EAU (European Association of Urology)
within the high-risk zone guidelines recommend
a total dose of 76-78 Gy with 2-3 years of ADT
(evidence level 1b, grade of recommendation A)*.
Androgen deprivation therapy should be started
either after radiotherapy or 2-3 months before it
(neoadjuvant). In a randomized phase III trials,
including patients suffering from high-risk and
locally advanced disease (EORTC 22863), the
combination of radiotherapy and hormonal thera-
py with LHRH analogues reduced the recurrence
rate more than radiotherapy alone, followed, at
the time of relapse, by hormonal therapy***. The
advantage of the combination therapy (LHRH an-
alogue plus radiation therapy) was confirmed in
a meta-analysis and several revisions**. A recom-
mended total dose to prostate patients with high-
risk disease is 76-81 Gy in conventional frac-
tionation**2%. The hypofractionated treatment in
high-risk patients, which is often associated with
the treatment of pelvic lymph nodes, was evaluat-
ed in several prospective trials and retrospective
studies that included the hypofractionated treat-
ment of prostate and simultaneous conventional
treatment of the lymph nodes. This type of treat-
ment seems to have an acceptable toxicity pro-
file, although prolonged follow-up is needed for
definitive conclusions?”?®. The extreme hypof-
ractionated treatment with IMRT/SBRT in cen-
ters with documented experience enables a bet-
ter conformation of dose, delivering a very high
dose for each fraction (> 5 Gy) in few sessions
(up to 6)*°. The aim of our work was to make a
review of the literature concerning the toxicity
of radiation therapy in patients with high-risk
prostate cancer, and to evaluate the differences
in toxicity between conventional fractionation
and hypofractionated treatments, also in view of
different techniques used in these patients.
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Materials and Methods

Study Selection

In December 2016 by using PubMed on-li-
ne database (http:/www.ncbi.nlm.nhi.gov/pub-
med), “rectal toxicity”, “urinary toxicity”, “ra-
diotherapy” and “high risk localized prostate
cancer” were the searched terms, with no limita-
tion on publication date. Duplicates, retrospecti-
ve studies, brachytherapy, methodology only,
dosimetry, old techniques, advanced disease,
after-surgical treatment or low-intermediate risk
patients’ studies were excluded. Prospective stu-
dies, concerning potential relationship between
acute/late genitourinary (GU)/gastrointestinal
(GI) toxicity and prostate radiotherapy in patien-
ts with high-risk prostate cancer, were included
in the final analysis. Data collected from single
arm, phase II non randomized and randomized
studies have been evaluated in order to perform
odds ratio for toxicity risk, by using SPSS 19
(IBM Software, Armonk, NY, USA). Further-
more, we considered suitable for the meta-a-
nalysis, randomized prospective trials that had
recruited high-risk prostate cancer patients who
didn’t undergo surgery, with available data on
> G2 toxicity frequency. Because our purpose
was to evaluate a sample with a treatment vo-
lume as homogeneous as possible, we included
in our analysis trials with at least 48-50% of
high-risk patients. Notwithstanding hazard ra-
tio for toxicity-free survival was the endpoint
in selected studies, we collected only event data
and sample size in each group to perform odds
ratio; in fact, our purpose was to determine
whether there was a frequency difference in G2
or worse-toxicity between the hypofractionated
and conventional treatment group, despite the
time-to-event variable.

Data Extraction and Analysis of Results
For each study, the author’s name, the year of
publication, the type of trial, median follow-up,
risk class, RT protocol, total dose and equivalent
dose, androgen deprivation therapy (ADT), toxi-
city criteria, percentage of acute and late genitou-
rinary and gastrointestinal toxicity, were conside-
red. The studies have been combined according
to the type of technique (3DCRT, IMRT, SBRT)
and type of fractionation (CV, HYPO, eHYPO).
The mean of the percentage for toxicity > G2 in
each group was then calculated. The studies were
gathered into 3 groups (exclusive Hypo; exclu-
sive CV; randomized exclusive Hypo/CV). The

detected acute and late toxicity frequency diffe-
rences between Hypo and CV treatments were
analyzed by calculating odds ratio: in a dicho-
tomous point-of-view, we chose toxicity > G2 as
the outcome event variable, compared to G0-Gl
toxicity as no event. Similarly, we performed a
meta-analysis of randomized prospective studies
matching previously mentioned criteria by using
comprehensive meta-analysis software (Biostat
14 North Dean Street, Englewood, CO, USA).
The 95% confidence interval was estimated, con-
sidering p-values < 0.05 statistically significant.

Results

Study Selection

The research results are summarized in Figu-
re 1. The initial search yielded 606 results. 355
publications were excluded (brachytherapy, only
low-intermediate risk, only methodology), which
dropped the initial number down to 251. These
articles were reviewed and 102 studies, which
evaluate advanced disease, were removed. 149
full-text articles were finally evaluated, but fur-
ther 114 studies were discarded because assessing
after-surgery treatments, old techniques, retro-
spective studies or they had few data. Only 35
manuscripts met all the eligibility requirements
and were included in this report. Among the se-
lected articles, three groups were obtained. Group
I gathers 11 articles regarding prospective studies
on conventional fractionation (Table I). Group II
includes 18 prospective studies of treatments with
hypofractionated radiotherapy (Table II). Group
III includes 6 randomized studies hypofractio-
nated/conventional radiotherapy (Table I1I). We
considered the percentage of patients with toxi-
city > G2 in each treatment group: odds ratios
are shown in Table IV. In this Table we summa-
rized odds ratio (OR) resulted from comparing
patients grouped according to different fractio-
nation schemes (hypofractionated/conventional),
and boost delivering (sequential or concomitant).
In view of these results, it has been possible to
postulate that the comparison between Hypo vs.
CV fractionated treatments showed a statistically
significant greater risk in terms of G2 or worse
late gastrointestinal toxicity (OR 0.72; p=0.0009)
for CV-group. SIB-technology in conventional
fractionation treated patients showed a significant
reduced risk of acute genitourinary toxicity (OR
0.42 p=0.0001) than standard CV, as well as Hypo-
SIB treated-patients who suffered less from each
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606 , Pubblication identified
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After surgery, old techniques,
retrospective, insufficient data

Figure 1. Analysis flow-chart of published literature evaluating the acute and late genitourinary and gastrointestinal toxicity
following prostate radiation therapy. The initial search yielded 606 results, but only 35 papers met all eligibility requirements

and were included in this report.

toxicity than the Hypo counterparts. Finally, by
comparing Hypo-SIB with CV-SIB, a reduction
for acute gastrointestinal and late genitourinary
toxicity for the Hypo-treated patients was obser-
ved. In Figure 2 we showed the meta-analysis of
six randomized trials, comparing toxicities of
patients treated with HYPO scheme with those
treated with conventional fractionation. Patients
who underwent hypofractionated radiotherapy
schemes suffered from late genitourinary toxicity
to the extent of nearly 28% more than CV-trea-
ted counterparts (p-value = 0.038; confidence
interval: 1.014-1.625). No difference was found
in terms of acute gastrointestinal, acute genitou-
rinary and late gastrointestinal toxicity between
the two-fractionation schemes. We believe that
pelvic irradiation and the increased total dose to
the target volume could underlie higher toxicity in
organs at risk in the hypofractionated treatment,
with an increased dose/fraction ratio, particularly
to the bladder.
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Discussion

In our review we evaluated a first group of pro-
spective studies on the radiation treatment with con-
ventional fractionation of patients with high-risk pros-
tate cancer, assessing the percentage of genitourinary
and gastrointestinal acute and late toxicity equal to or
greater than G2. In this group, we included 9 studies
using techniques 3DCRT, IMRT with conventional
fractionation (1.8-2 Gy/fz) for a total dose of 50 to 55
Gy to the pelvis and 78-80 Gy to the prostate with a
number of fractions 34-42. In the first study, Zurlo et
al® assessed only acute toxicities, which registered a
rate of acute genitourinary toxicity > G2 of 20 and
33% in patients treated with doses less than 68 Gy
and between 68-70 Gy. Acute gastrointestinal toxicity
was 38% and 26%, respectively. In the second study,
Zapatero et al*® evaluated 355 patients, 189 high-risk
treated with 76-82Gy in 38-41 fractions of 2 Gy, and
recorded a late genitourinary toxicity > G2 of 18%
and late gastrointestinal of 20%.
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Study name Statistics for each study
Odds ratio Lower limit Upper limit Z-Value
Pollack 2,249 0,940 5,380 1,821
Arcangeli 1,330 0,721 2,451 0,913
Norkus 0,739 0,327 1,669 -0,727
Mc Donald 0,825 0,440 1,547 -0,600
Aluwini 1,057 0,763 1,464 0,332
De Felice 0,519 0,139 1,929 -0,980
1,058 0,836 1,340 0,473
Acute Genitourinary Toxicity
Study name Statistics for each study
Odds ratio Lower limit Upper limit Z-Value
Paollack 0,749 0,429 1,307 -1,016
Arcangeli 1,999 1,004 3,980 1,97
Norkus 0,937 0,455 1,930 -0,175
Mc Donald 1,028 0,535 1,976 0,083
Aluwini 1,000 0,665 1,504 0,000
De Felice 0,400 0,068 2,337 -1,017
1,01 0,787 1,229 0,086
Acute Gastrointestinal Toxicity
Study name Statistics for each study
Odds ratio Lower limit Upper limit Z-Value
Pollack 0,992 0,530 1,857 -0,024
Arcangeli 1,234 0,534 2,854 0,492
Norkus 0417 0,037 4,719 -0,707
Mc Donald 2,857 0,537 15,191 1,231
Aluwini 1,387 1,052 1,830 2319
De Felice 0,500 0,107 2,333 -0,822
1,284 1,014 1,625 2,076
Late Genitourinary Toxicity
Study name Statistics for each study
Odds ratio Lower limit Upper limit Z-Value
Pollack 0,749 0,429 1,307 -1,016
Arcangeli 0,645 0,295 1,409 -1,099
Norkus 0,335 0,082 1,361 -1,529
Mc Donald 0,447 0,195 1,025 -1,902
Aluwini 1,342 0,966 1,865 1,751
De Felice 0,804 0,222 2,904 -0,334
0,954 0,746 1,218 - 0,380

Late Gastrointestinal Toxicity

p-Value

0,069
0,361
0,467
0,549
0,740
0327
0,636

p-Value

0,309
0,049
0,861
0,934
1,000
0,309
0,931

p-Value

0,981
0,623
0,480
0,218
0,020
0,378
0,038

p-Value

0,309
0,272
0,126
0,057
0,080
0,739
0,704
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Figure 2 . Meta-analysis of six randomized trials, which compare toxicities of patients treated with HYPO scheme with those
treated with conventional fractionation. Patients who underwent hypofractionated radiotherapy schemes suffered from late genito-
urinary toxicity to the extent of near 28% more than CV-treated counterparts (p-value < 0.038; Confidence Interval: 1.014- 1.625).
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The latest study was that by Bryant et al** that
evaluated 229 patients treated with protons at a
dose of 74-78 Gy in 37-39 fz and recorded a late
genitourinary and gastrointestinal toxicity > G2
of 3% and 1%, respectively. The second group in-
cludes studies of hypofractionated treatments, the
first 8 are studies evaluating treatment of pelvis,
prostate and seminal vesicles at decreasing vol-
umes, with a dose between 45-56 Gy to the pelvis
up to 80 Gy to the prostate, with dose fraction
between 1.8-2.0 for the pelvis and up to 4 Gy to
the prostate*®*’. In some studies there has been
increased toxicity, due to the increase of total
dose, or increasing the dose/fraction. Six other
investigations evaluated treatments with simulta-
neous boost on the prostate; this type of treatment
allows to simultaneously treating 2 volumes with
different dose, with a reduction of the number of
fractions and a total dose of 70 to 82 Gy in 28-38
fractions, with a greater equivalent dose, 80-82 Gy
to the prostate. Also in this group it was interest-
ing to evaluate the percentage of toxicity, because
the simultaneous boost increased the dose/frac-
tion on target, with a better control of the disease,
but with an increased toxicity*®>. Among these
six studies, two have used thomotherapy3,54 that
showed no major differences in terms of toxicity.
Then, we evaluated three papers that used a ste-
reotactic treatment, two conventional treatment
of the pelvis with 45 Gy boost to the prostate with
stereotactic dose of 21Gy in 3 fz of the prostate
with an equivalent dose of 51Gy, a total of 96 Gy.
These two researches have found a lower rate of
toxicity, especially late toxicity. Finally, Bauman
et al***° evaluated a treatment of the pelvis with
25 Gy in 5 fz and prostate with 4.0 Gy in 5 fz,
with an equivalent dose of 108.6Gy, and recorded
a very low toxicity only in acute gastrointestinal.
The latest work is with ion-C with the delivery
of 66 GyE in doses of 3.3 and 90.5Gy equivalent
dose which recorded a very low percentage of
acute and late toxicity, despite the high total dose
delivered®’. We gathered single-arm study patients
not only in view of fractionation (conventional vs.
hypofractionated) but also of boost delivering (si-
multaneous boost — SIB vs. sequential) in order
to perform odds ratio. We observed a decrease in
late gastrointestinal toxicity for patients treated
with hypofractionated schemes compared to CV
treated ones. Among patients who underwent
conventional treatment, SIB seemed to decrease
acute genitourinary side effects; interestingly,
SIB-Hypo treated patients suffered from each
toxicity less than patients treated with hypof-

ractionated-sequential boost schemes. It’s even
more noteworthy that the comparison between
schemes with concurrent boost but differently
fractionation; indeed, Hypo-SIB schemes would
seem less toxic in terms of acute gastrointestinal
and late genitourinary side effects than CV-SIB.
These data do not derive entirely from random-
ized trials, although prospective trials, and the
need to assess data as homogenous as possible
led us to perform a meta-analysis. Therefore, our
focus shifted to 6 clinical trials evaluating geni-
tourinary and gastrointestinal toxicity in patients
who had been randomized to receive convention-
al fractionation or hypofractionated treatment,
in both cases with IMRT technology. Our me-
ta-analysis of these randomized trials involving
patients with high-risk prostate cancer showed a
statistically significant increase in late genitouri-
nary toxicity for hypo-treated patients®®*; no dif-
ference was observed in acute genitourinary/gas-
trointestinal toxicity, and in late gastrointestinal
toxicity. In a previous work concerning low-inter-
mediate risk prostate cancer patients, with a target
volume involving only the gland, or prostate/sem-
inal vesicles, conventional fractionation seemed
to be less toxic in terms of acute gastrointestinal
toxicity than hypofractionation®. In this me-
ta-analysis, acute gastrointestinal toxicity doesn’t
differ between CV and Hypo-treated patients,
probably because treatment volumes in conven-
tional fractionation are such as to determine the
same dose distribution to rectum. Conversely, we
noticed an increased late genitourinary toxicity
after Hypo-treatments, probably due to a great-
er sensitivity of the bladder trigonal region and
urethra to a higher dose/fraction ratio. Ghadjar et
al®” suggested bladder hot spots as responsible for
late occurrence of genitourinary toxicity, despite
the use of IMRT. Little is known about the role
of the bladder trigone in micturition. It was sug-
gested that the trigone contracts during bladder
filling, helping to keep the ureteral orifices open
and the bladder neck shut. Micturition may be
initiated by trigone relaxation and consecutive
funneling of urine into the urethra. Bladder irra-
diation might lead to increased early or late GU
toxicity by damaging different tissues including
the urothelium, smooth muscle, and vasculature,
and GU toxicity after RT might also involve nerve
activation changes. Ghadjar et al®® claimed that
the application of high doses to small volumes of
the bladder trigone was significantly associated
with relevant changes in the IPSS sum during fol-
low-up, and suggested that late GU toxicity might
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be decreased by limiting the dose to the bladder
trigone. Furthermore, we can’t disregard import-
ant factors in genitourinary toxicity assessment,
as well as treatment reproducibility, identified by
a bladder always filling equally in each session.
Other factors affecting GU toxicity are anatom-
ic variants, both of bladder and prostate/seminal
vesicles, whose volumetric variations may result
in a substantial variation of the treatment volume.
Last but not least the factor related to an increased
late GU side effects is dose escalation, which in
hypofractionated schemes could mostly affect
toxicity compared to conventional ones.

Conclusions

Our analysis doesn’t want to establish a defin-
itive truth: seeing as very few trials assessed only
high risk-class patients. Therefore, our purpose is
to stimulate further randomized prospective tri-
als focusing both on the effectiveness and toxicity
profile (toxicity/effectiveness ratio), taking into ac-
counts the use of different technologies and doses.
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