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Aim: To report long-term data regarding biochemical control and late toxicity of simulta-

neous integrated boost intensity modulated radiotherapy (SIB-IMRT) with tomotherapy in

patients with localized prostate cancer.

Background: Dose escalation improves cancer control after curative intended radiation ther-

apy  (RT) to patients with localized prostate cancer, without increasing toxicity, if IMRT is

used.

Materials and methods: In this retrospective analysis, we evaluated long-term toxicity and

biochemical control of the first 40 patients with intermediate risk prostate cancer receiving

SIB-IMRT. Primary target volume (PTV) 1 including the prostate and proximal third of the

seminal vesicles with safety margins was treated with 70 Gy in 35 fractions. PTV 2 containing

the  prostate with smaller safety margins was treated as SIB to a total dose of 76 Gy with
ractionation 2.17  Gy per fraction. Toxicity was evaluated using an adapted CTCAE-Score (Version 3).

-up of living patients was 66 (20–78) months. No late genitourinary tox-
ong term follow up Results: Median follow
omotherapy icity higher than grade 2 has been reported. Grade 2 genitourinary toxicity rates decreased

from 58% at the end of the treatment to 10% at 60 months. Late gastrointestinal (GI) toxicity

was also moderate, though the prescribed PTV Dose of 76 Gy was accepted at the anterior

rectal wall. 74% of patients reported any GI toxicity during follow up and no toxicity rates
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higher than grade 2 were observed. Grade 2 side effects were reported by 13% of the patients

at  60 months. 5-year freedom from biochemical failure was 95% at our last follow up.

Conclusion: SIB-IMRT using daily MV-CT guidance showed excellent long-term biochemical

control and low toxicity rates.

©  2019 Greater Poland Cancer Centre. Published by Elsevier B.V. All rights reserved.
1.  Background

Dose escalation improves cancer control after curative
intended radiation therapy (RT) to patients with localized
prostate cancer, without increasing toxicity, if intensity
modulated radiotherapy (IMRT)19,30,33 is used. The implemen-
tation of modern treatment (IMRT) and verification tech-
niques (image guided radiotherapy, IGRT) to radiotherapy27

offered the opportunity to create hypofractionated treatment
approaches. Due to the fact that the ˛/  ̌ ratio for prostate can-
cer is supposed to be in the range between 1–3 Gy,24,26 these
regimens have the potential to deliver higher or at least equiv-
alent biologically effective dose over a shorter period of time,
compared to conventional fractionation schemes. As the ˛/ˇ
ratio for prostate cancer is also assumed to be lower than
that for the rectal wall, hypofractionated radiotherapy should
additionally improve the therapeutic gain.

In this context, the results of larger randomized clin-
ical trials on local control and toxicity are increasingly
available,1,3,5,15,17,25 but cannot unequivocally prove these the-
oretical considerations using hypofractionated concepts with
single doses in the range between 2.5 and 3.4 Gy.16 The
patients treated in the HYPRO-trial, for example, received sin-
gle doses of 3.4 Gy to 64.6 Gy in three fractions a week, whereas
in a study conducted at the Fox Chase Center, the patients
were treated from 2.7 Gy up to 70.2 Gy in five weekly fractions.
The follow up of the studies ranged from 49 to 70 months. In
this range, all of the studies at least could show non-inferiority
of their treatment schedules, compared to the normofrac-
tionated control-arms concerning biochemical control. But it
should be mentioned, that higher acute toxicity and at least a
trend to a pronounced late toxicity were observed in some of
the trials.1,25

2.  Aim

In this analysis we  report long-term outcomes at a median
follow up of 66 Months, on biochemical control and toxic-
ity for the first 40 patients, treated at our department with
helical tomotherapy using a slightly hypofractionated SIB-
IMRT to a total dose of 76 Gy in 2.17 Gy per fraction applied
to the prostate, to update previously shown results on acute
toxicity.10

Table 1 – Patient characteristics.

Patients (n) 40
Median age [years (range)] 72  (60–82)

Disease stage [n (%)]
T1 12 (30)
T2 28 (70)
T3 0 (0)

Gleason score [n (%)]
4 2 (5)
5 1 (2.5)
6 15 (37.5)
7 21 (52.5)
8 1 (2.5)

Median pretreatment PSA-Level [ng/ml (range)] 7.7 (2.85–24.0)
Median prostate dose [Gy (range)] 77.04 (75.81–79.51)
Neoadjuvant hormonal therapy [n (%)] 36 (90)
Median duration [months (range)] 3 (0–7)

3.  Materials  and  methods

3.1.  Patient  characteristics

Starting in February 2008, patients with pathologically con-
firmed intermediate risk localized prostate cancer (cN0 cM0)
were treated with SIB-IMRT at a tomotherapy unit. The last
patient in this cohort was treated before November 2009.
Patients with intermediate risk prostate cancer were defined
according to D’Amico or: (1) not having low-risk features (cT1
and Gleason Score <7 and initial PSA ≤10 ng/ml) and (2) not
having a risk of ≥20% of lymph node metastasis according
to the Roach formula.28 Three high risk patients were treated
with SIB-IMRT on an individual basis. To all intermediate risk
patients short-term androgen deprivation 6-month therapy
was recommended, starting 3–4 months before radiotherapy.
Patient characteristics are shown in Table 1.

3.2.  Treatment

Treatment including planning, delivery and quality assurance
as well as target volume and definition of Organs at risk has
been described previously.10

In brief, a CT-scan of the pelvis was performed for treat-
ment planning. Furthermore, an MRI-scan was carried out
and fused to the Planning-CT. Patients were immobilized for
h Michael Geier and Kilian Schiller are shared first authors.
treatment in an individually shaped vacuum cushion. For
immobilization of the prostate an endorectal balloon was
used. The Gross Tumor Volume (GTV) comprised the prostatic

gland and base of seminal vesicles with possible extracapsu-
lar macroscopic tumor spread. The margins for the Clinical
Target Volume (CTV) were 5 mm in all directions, except for

https://doi.org/10.1016/j.rpor.2019.05.004
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he rectal interface with no additional safety margin. Planning
arget Volume 1 (PTV1) encompassed the CTV with a safety
argin of 3 mm in all directions, except for the cranio-caudal

irection with margins of 5 mm.  The PTV2 encompassed a
maller GTV containing prostatic gland only, with a 3 mm in
he plane and a 5 mm margin in the cranio-caudal direction. A
elper structure (Rectum-76) containing the overlap of PTV2
ith the rectum and 3 mm anteriorly was created to limit the
ose to this structure to ≤100% of the prescribed dose to PTV2,
o further sparing of the PTV rectal overlap was performed
ot to compromise the PTV coverage. The prescribed dose
as 70 Gy in 2 Gy per fraction to the PTV1 and 76 Gy in 2.17 Gy
er fraction to the PTV2. The planning objective was to cover
t least 95% of the PTV2 with 76 Gy. The maximum dose
hould not exceed 107% of the prescribed dose. This equals
n EQD2 of 78.6 Gy3 assuming an ˛/  ̌ ratio of 3 for prostate
ancer cells, or 79.7 Gy1.5 assuming an ˛/  ̌ ratio of 1.5.

Organs at risk were delineated as a whole (e.g. delineat-
ng the outer contour); the rectum extended caudally from
he anal verge to the point where it merges into the sigma
ranially. Radiation exposure of organs at risk was kept as
ow as reasonably achievable, checking for volumes receiving
igh doses of at least 60 Gy (V60) to 76 Gy (V76), as well as

ntermediate doses of at least 35 Gy (V35) to 59 Gy (V59).
After set-up, patients received an MV-CT prior to each treat-

ent fraction. The MV-CT was then automatically fused to the
lanning CT scan and manually corrected if necessary.

.3.  Follow  up

astrointestinal (GI) and genitourinary (GU) symptoms were
rospectively documented before, at the end of radiotherapy,

 and 6 months after treatment and once a year thereafter.
atients not compliant for a clinical visit at our department
ere contacted by the authors 36, 48, 66 months after enroll-
ent of the last patient. Toxicity was scored according to

lightly adapted CTCAE version 3 criteria. Biochemical fail-
re was defined according the Phoenix definition of PSA nadir
2 ng/ml.

Biochemical control and survival was calculated using the
aplan–Meier method.

.  Results

.1.  Toxicity

 cumulative dose–volume histogram (DVH) using overall
atient’s mean planning values for the rectum, bladder
nd femoral heads is depicted in Fig. 1. Table 2 addition-
lly displays dosimetric data for the rectum and bladder.
aximum reported GI and GU toxicity rates at the end of treat-
ent, 22–48, 60 and 72 months after treatment are listed in

igs. 2 and 3. No grade 4 GI or GU toxicity was observed at any
ime of treatment and follow up. Grade 3 GU toxicity occurred
n 20% of patients at the end of treatment. Side effects of all

hese patients declined at least to grade 2 within follow-up.
verall Grade 2 GU toxicity was observed in 58% of patients
t the end of treatment. Within follow-up Grade 2 GU toxic-
ty rates decreased to 10% at 60 months and 5% at 72 months
therapy 2 4 ( 2 0 1 9 ) 315–321 317

(comprising 18 patients for analysis at the time of last evalu-
ation).

Regarding GI side effects, 25% patients reported grade 2
symptoms at the end of treatment. After 60 and 72 months,
only two and four patients, respectively, reported Grade 2 GI
toxicity, mentioning that two of the four patients did not reach
Follow up of 72 months at the time of analysis. 74% of patients
recovered about six months after treatment and stayed with-
out any further late GI toxicity during follow-up. The overall
incidence of observed symptoms is shown in Fig. 4. The Symp-
toms described higher than grade 1 included rectal bleeding
and increased stool frequency/fecal incontinence each in two
patients as well as nycturia in three patients. Grade 2 fecal
incontinence of one patient might be related to his individual
sexual preferences, which can be considered as pre-treatment
risk factor.4,22

4.2.  Biochemical  disease-free  survival  (bDFS)

With a median follow-up of 66 (20–78) months for living
patients, the analysis of post treatment PSA-values showed
2 cases of biochemical failure leading to a 5-year control rate
of 95% (Fig. 5). The first failure was seen 36 months after treat-
ment, and in the second patient it was diagnosed after 73
months of follow up. The two patients had no significantly
increased risk factors as compared to the patients not develop-
ing a biochemical failure. Pretreatment PSA-values were 14.74
and 15.39 respectively. In both patients androgen depriva-
tion therapy was re-initiated by the co-treating urologists and
both patients had stable diseases regarding the PSA-values
at the last FU. In addition to the above-mentioned events,
two patients died during FU (lung cancer and one non-cancer
or treatment related death) with no evidence of recurrent
prostate cancer disease at the time of their last FU.

5.  Discussion

This report is on long term outcome of SIB-IMRT with helical
tomotherapy as an institutional protocol for primary treat-
ment of prostate cancer patients. Biochemical control and late
toxicity in a well-defined intermediate risk patient sample
were analyzed. Biochemical control after SIB-IMRT combined
with 6-month neoadjuvant androgen deprivation therapy
(ADT) was excellent. The results compare favorably to the bio-
chemical control rates of patient samples with comparable
risk category in most of the large studies on hypofractionated
radiotherapy with or without ADT3,5,6,17,25 or conventional
fractionated IMRT.7,30 However, a limitation of our study is the
small sample size, which hampers inter-study comparison.

The modest dose escalation in our treatment regime
yielded these excellent 5-year control-rates and was not asso-
ciated with high toxicity rates. We consider GU and GI toxicity
during the entire treatment and follow up to be clinically
acceptable. Both GI and GU toxicity are also comparable

to the findings from the above mentioned large random-
ized trials comparing hypofractionated to normofractionated
IMRT1,3,5,25 and nonrandomized trials using normofraction-
ated IMRT.6,7,13,30

https://doi.org/10.1016/j.rpor.2019.05.004
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Fig. 1 – Cumulative dose–volume histogram (DVH) using overall patients mean planning values and error bars for standard
error of the means.

Table 2 – Dosimetric data for rectum and bladder. Mean volume values VX in percent, which at least received the
cumulative radiation dose X, including standard deviation and p-value for independent random samples, executed
bilaterally.

V35 (%) V40 (%) V50 (%) V55 (%) V60 (%) V65 (%) V70 (%) V76 (%) p-Value

Rectum 48.31 ± 1.79 39.90 ± 1.51 26.60 ± 1.06 21.65 ± 0.90 16.87 ± 0.78 12.98 ± 0.64 8.67 ± 0.49 2.27 ± 0.22 <0.001
Bladder 39.36 ± 2.91 33.60 ± 2.65 24.03 ± 2.07 20.37 ± 1.82 16.87 ± 1.57 13.43 ± 1.29 9.88 ± 1.04 3.17 ± 0.52 0.006–0.404

 late
Fig. 2 – Incidence of acute GI toxicity (GIT) and prevalence of
number of patients.

The median follow-up of 66 months in our sample should
be sufficient to detect major GI toxicity. With regard to the
considerations by Tagkalidis et al.31 and Fiorino et al.,9 that
chronic proctitis was observed to occur usually between 8–13
months,31 though it can develop later during the first three
years after radiotherapy. Furthermore, an improvement of

symptoms up to 65 months after treatment was described by
Goldner et al.,12 who  evaluated mucosal changes with rectal
endoscopy in prostate cancer patients having received cura-
tive intended radiotherapy.
 GIT during follow up. Numbers in bars display the absolute

Compared to our data Guckenberger et al.13 reported very
low GI toxicity. They observed more  than 80% of patients with-
out any late GI side effects when evaluating 150 consecutive
patients treated with IMRT using a simultaneous integrated
boost technique to doses of 73.9 Gy (n = 41) and 76.2 Gy (n = 109)
in 32 and 33 fractions, respectively. Notably, they required
sparing of the PTV overlap to the anterior rectal wall and

adherence to very strong rectal constraints. As previously
mentioned, our treatment regime in contrast abstained from
explicit sparing of the rectal overlap, just limiting the dose in

https://doi.org/10.1016/j.rpor.2019.05.004
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Fig. 3 – Incidence of acute GU toxicity (GUT) and prevalence of late GUT during follow up. Numbers in bars display the
absolute number of patients.
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ig. 4 – Incidence of maximum reported late side effects wit
atients with corresponding symptoms.

his area to the prescribed PTV dose, not to compromise the
TV coverage. This planning objective was chosen, because
here is data from a planning study that suggest that exclud-
ng the rectal overlap from the boostvolume might result in a

arked decrease of tumor control due to underdosage.18 Fur-
hermore, a clinical analysis by Engels et al.8 described the risk
f reduced tumor control using too small margins for prostate
GRT.

Our observed low-grade GI toxicity rates are higher com-
ared to rates reported by Guckenberger et al., especially
egarding the rate of patients without any GI toxicity (80% vs.
9%). In contrast to that study, no grade 3 toxicity was found
n our sample. On the other hand, considering a 5-year bio-
hemical control rate of 80% in a comparable intermediate risk
ubgroup, our results seem to be in favor reporting the rate of

5%.

Comparing our GI toxicity to larger randomized trials, e.g.
f the Fox Chase Center25 or the PROFIT-Trial,3 our observed
ollow-up. Numbers in bars display the absolute number of

toxicity seems to be lower, especially regarding the incidence
of overall GI toxicity, keeping in mind the small number of our
analyzed patients.

As already mentioned, our observed GU side effects are in
the expected and comparable range of the toxicity reported in
literature, where 5 to 7-year rates of symptoms grade 2 and
higher are usually found in around 10% of the patients.

There are recent studies which could show that especially
higher doses to the inferior parts of the bladder might be asso-
ciated with grade ≥2 GU toxicity.2,11,14 The inferior bladder
and, especially, the bladder trigone are usually parts of the
PTV or at least are included into “higher” dose areas. Because
stable anatomical shapes of these bladder parts are suggested
irrespective of the bladder filling,20,21,23 it seems reasonable,
that GU side effects do not vary heavily in comparable patient

and treatment settings, using doses of about 80 Gy EQD1,5, as it
is done by most of the modern curative intended radiotherapy
concepts.

https://doi.org/10.1016/j.rpor.2019.05.004
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failu

r

Fig. 5 – Freedom from biochemical 

The small sample size and its retrospective design have to
be mentioned as main limitations of our analysis, even though
side effects and outcome data were documented prospec-
tively. In contrast to that, the available follow-up period should
be adequate to give reliable information on the outcome and
toxicity data of our patient sample.

Despite these limitations, several aspects might have con-
tributed to the excellent freedom from biochemical-failure
rates. By combining the application of an endorectal balloon
with daily MV-CT image  guidance,34 not only the intrafrac-
tional movement  of the prostate can be reduced,32 but also
an easier interpretation of the MV-CT images is supposed.29

Therefore, using this combination compared to daily MV-CT
image guidance only34 may further reduce the risk of a tar-
get miss during treatment. Moreover, not sparing the rectal
wall explicitly might also have contributed to the very good
biochemical control rates, and, due to accurate localization
resulting from daily image  guidance, rectal toxicity rates still
remained at a clinically acceptable level.

6.  Conclusions

The presented 5-year follow-up data of this institutional treat-
ment protocol for prostate SIB-IMRT and daily IGRT with
tomotherapy are promising. Very high rates of biochemi-
cal relapse-free survival are achieved in combination with a
good toxicity profile. Further evaluation in a prospective ran-
domized trial that includes the concept of reducing the SIB
volume35 should be considered.
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