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Dose-escalated simultaneous 
integrated-boost treatment 
of prostate cancer patients 
via helical tomotherapy

Curative treatment of patients with lo-
calized prostate cancer comprises radical 
prostatectomy or radiation therapy. In ex-
ternal beam radiation therapy, dose esca-
lation is currently investigated to improve 
outcomes. Several studies provide strong 
evidence for a dose–response relation of 
local tumor control, biochemical progres-
sion-free survival, and progression-free 
survival [3, 10, 18, 20, 25, 28, 35, 37].

Formerly published long-term results 
from a randomized phase III dose escala-
tion trial conducted at the M.D. Ander-
son Cancer Center demonstrated a signif-
icant benefit after dose escalation to 78 Gy 
in terms of improved freedom from bio-
chemical and clinical progression [18, 28]. 
Dose-escalation trials using conformal 
three-dimensional (3D)-radiation thera-
py showed that the additional anti-tumor 

effectiveness is accompanied by an in-
creased treatment-related morbidity, i.e., 
gastrointestinal and genitourinary toxic-
ity [3, 25, 28].

Intensity-modulated radiation thera-
py (IMRT) might counteract normal tis-
sue toxicity correlated with conventional 
dose escalation [11]. For example, a large 
IMRT-based prostate cancer dose-es-
calation study initiated at the Memorial 

Fig. 1 7 a, b, c, d Examples 
for delineation of 70 Gy 

PTV1 (orange), 76 Gy PTV2 
(red), and rectum with rec-
tal balloon (violet), bladder 
(yellow) and femoral heads 

(green) on different slices of 
the planning CT in the cra-

niocaudal direction
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Sloan-Kettering Cancer Center although 
not randomized reported a favorable tox-
icity profile in patients treated with IMRT 
as compared to those who had received 
3D treatment, despite a further increase in 
the prescribed total dose [35, 36].

In principle, dose escalation can be 
achieved either by increasing the num-
ber of fractions at 1.8–2 Gy per fraction 
or by increasing the dose per fraction 
above 2 Gy (hypofractionation). The ra-
tionale for using increased doses per frac-
tion is the assumed relatively low α/β ra-
tio reported for prostate cancer. Due to 
this rather low α/β ratio of about 1–3 Gy 
[24, 29] prostate cancer cells are hypoth-

esized to be especially susceptible to cell 
kill by hypofractionated radiotherapy [1]. 
As the α/β ratio for prostate cancer is also 
assumed to be lower than that for the rec-
tal wall, hypofractionated radiation ther-
apy should have the potential to improve 
the therapeutic gain and has consequently 
been adopted as a strategy to tackle pros-
tate cancer [1, 7, 19]. This concept has been 
further extended by the simultaneous in-
tegrated boost (SIB) concept, where in-
creased doses per fraction are selectively 
and simultaneously delivered to subvol-
umes of the target volume [14, 21, 32].

This report is on the acute toxicity and 
the dose–volume data of the first 40 pa-

tients treated at our department with he-
lical tomotherapy using a moderately hy-
pofractionated simultaneous integrated 
boost IMRT (SIB-IMRT) to a total dose 
of 76 Gy in 2.17 Gy per fraction applied to 
the prostate.

Patients and methods

Patients and treatment planning

Starting in February 2008, patients with 
intermediate risk, localized prostate can-
cer (cN0 cM0) were treated with SIB-
IMRT at the tomotherapy unit in our de-
partment. Patients with intermediate risk 
prostate cancer were defined as (1) not 
having low-risk features (cT1, 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 [30]. In selected cases, patients 
were treated with SIB-IMRT, even if they 
did not fulfill the above criteria for inter-
mediate risk prostate cancer.

A CT scan of the pelvis from the iliac 
crest to the ischias tuberosities was per-
formed in 5 mm slice thickness for treat-
ment planning. Furthermore, a MRI scan 
was carried out and fused with the plan-
ning CT to optimize the definition of the 
prostatic volume [13]. The target volumes 
and organs at risk (OAR) were contoured 
in iPlan (BrainLAB AG, Feldkirchen, Ger-
many). The gross tumor volume (GTV) 
comprised the prostatic gland and base 
of the seminal vesicles. The margins for 
the clinical target volume (CTV) account-
ing for microscopic extracapsular tumor 
spread were 5 mm in all directions except 
for the rectal interface with no addition-
al safety margin. The planning target vol-
ume (PTV1) encompassed the CTV with 
a safety margin of 3 mm in all directions 
except for the craniocaudal direction with 
margins of 5 mm (. Fig. 1). The boost 
volume (PTV2) encompassed the pros-
tatic gland only, with a safety margin of 
3 mm in all directions except for the cra-
niocaudal direction where it was 5 mm. 
The rectum (outer contour) was delineat-
ed from the anal verge to the start of the 
sigmoid colon. In addition, the follow-
ing OARs were contoured: urinary blad-
der, femoral heads, sigmoid colon, and 
remainder of the bowel within 2–3 cm 
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above the PTV1. A help structure (Rec-
tum-76) containing the overlap of the 
PTV2 with the rectum and 3 mm ante-
riorly was created in order to limit the 
dose to this structure to ≤ 100% of the 
prescribed dose to PTV2. The prescribed 
dose was 70 Gy in 2 Gy per fraction to the 
PTV1 and 76 Gy in 2.17 Gy per fraction to 
the PTV2. The dose calculation was car-
ried out with the inverse treatment plan-
ning system of Tomotherapy (Tomother-

apy, Inc., Madison, WI, USA). The objec-
tive was to cover at least 95% of the PTV2 
with 76 Gy (after the first 5 patients that 
were calculated to the median of the vol-
ume). The maximum dose should not ex-
ceed 107% of the prescribed dose. Assum-
ing an α/β ratio of 3 or 1.5 for prostate can-
cer cells, the biologically 2-Gy equivalent 
dose for the prescribed dose of 76 Gy is 
78.6 Gy3 or 79.7 Gy1.5, respectively [22].

Treatment planning contained no for-
mal constraints for the remaining rectum 
and bladder doses, but high (volume re-
ceiving at least 60 Gy (V60) to volume re-
ceiving at least 76 Gy (V76)) and inter-
mediate dose (volume receiving at least 
35 Gy (V35)  to volume receiving at least 
59 Gy (V59)) rectal and bladder volumes 
were kept as low as possible by an iterative 
planning process.
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Dose-escalated simultaneous integrated-boost treatment of 
prostate cancer patients via helical tomotherapy

Abstract
Purpose. The goal of this work was to assess 
the feasibility of moderately hypofractionat-
ed simultaneous integrated-boost intensity-
modulated radiotherapy (SIB-IMRT) with he-
lical tomotherapy in patients with localized 
prostate cancer regarding acute side effects 
and dose–volume histogram data (DVH data).
Methods. Acute side effects and DVH da-
ta were evaluated of the first 40 intermedi-
ate risk prostate cancer patients treated with 
a definitive daily image-guided SIB-IMRT pro-
tocol via helical tomotherapy in our depart-
ment. The planning target volume including 
the prostate and the base of the seminal ves-
icles with safety margins was treated with 
70 Gy in 35 fractions. The boost volume con-
taining the prostate and 3 mm safety mar-

gins (5 mm craniocaudal) was treated as SIB 
to a total dose of 76 Gy (2.17 Gy per fraction). 
Planning constraints for the anterior rectal 
wall were set in order not to exceed the dose 
of 76 Gy prescribed to the boost volume. 
Acute toxicity was evaluated prospectively 
using a modified CTCAE (Common Terminol-
ogy Criteria for Adverse Events) score.
Results. SIB-IMRT allowed good rectal spar-
ing, although the full boost dose was permit-
ted to the anterior rectal wall. Median rectum 
dose was 38 Gy in all patients and the me-
dian volumes receiving at least 65 Gy (V65), 
70 Gy (V70), and 75 Gy (V75) were 13.5%, 
9%, and 3%, respectively. No grade 4 toxici-
ty was observed. Acute grade 3 toxicity was 
observed in 20% of patients involving noctu-

ria only. Grade 2 acute intestinal and urolog-
ical side effects occurred in 25% and 57.5%, 
respectively. No correlation was found be-
tween acute toxicity and the DVH data.
Conclusion. This institutional SIB-IMRT pro-
tocol using daily image guidance as a precon-
dition for smaller safety margins allows dose 
escalation to the prostate without increasing 
acute toxicity.

Keywords
Prostate cancer · Intensity-modulated 
radiotherapy · Image-guided radiotherapy · 
Tomotherapy · Acute toxicity

Dosiseskalation aufgrund simultan integrierter Boost-Behandlung bei 
Prostatakarzinompatienten mittels helikaler Tomotherapie

Zusammenfassung
Ziel. Die Verträglichkeit des simultan inte-
grierten Boost-Protokolls unserer Klinik als 
primäre Therapie für Patienten mit lokal be-
grenztem Prostatakarzinom sollte bezüglich 
der Akuttoxizität unter Berücksichtigung der 
individuellen DVH-Daten evaluiert werden.
Methoden. Untersucht wurden die ersten 
40 Patienten mit intermediärem Risiko bei lo-
kal begrenztem Prostatakarzinom, die mit-
tels vorgestelltem SIB-IMRT-Protokoll mit he-
likaler Tomotherapie an unserer Klinik behan-
delt wurden. Die definitive Strahlentherapie 
bis zu einer Gesamtdosis von 76 Gy (Einzel-
dosis 2,17 Gy) erfolgte unter täglicher Bild-
anleitung („Image Guidance“). Das Planungs-
zielvolumen (Prostata und Samenblasenbasis 
mit Sicherheitssaum) wurde mit 70 Gy (Ein-
zeldosis 2 Gy) behandelt, während das Boost-
volumen des simultan integrierten Boosts 
(Prostata mit 3 mm Sicherheitssaum bzw. 

5 mm kraniokaudal) mit 2,17 Gy Einzeldo-
sis therapiert wurde. Das erlaubte Dosismaxi-
mum im Bereich der vom Boostvolumen er-
fassten Rektumvorderwand entsprach den 
verordneten 76 Gy des Boosts. Die gastroin-
testinale und urogenitale Akuttoxizität wur-
den prospektiv mittels eines modifizierten 
CTCAE (Common Terminology Criteria for Ad-
verse Events)-Scoringsystems evaluiert (Tab. 
1). Die DVH-Daten der Patienten wurden mit 
den Akuttoxizitätsdaten korreliert.
Ergebnisse. Das vorgestellte SIB-Therapie-
protokoll ermöglicht eine gute Rektumscho-
nung, obwohl die verordnete Boostdosis als 
Dosismaximum im Bereich der Rektumvor-
derwand akzeptiert wurde. Die mediane Rek-
tumdosis betrug 38 Gy. V65, V70 und V75 wa-
ren entsprechend 13,5%, 9% und 3% (Tab. 3). 
Neben drittgradiger Nykturie bei 20% der Pa-
tienten wurden zweitgradige gastrointestina-

le und urogenitale Nebenwirkungen bei 25% 
bzw. 57,5% der Patienten beobachtet (Fig. 3, 
Tab. 4). Signifikante Zusammenhänge zwi-
schen den DVH-Daten und der Akuttoxizität 
konnten nicht gezeigt werden.
Zusammenfassung. Das vorgestellte SIB- 
IMRT-Protokoll mit täglicher Bildführng – als 
Voraussetzung für verkleinerte Sicherheits-
säume – ermöglicht eine leicht hypofraktio-
nierte, mäßige Dosiseskalation an der Tomot-
herapie ohne Erhöhung der Akutnebenwir-
kungen. Die chronische Toxizität ist Gegen-
stand laufender Nachbeobachtung.

Schlüsselwörter
Prostatakarzinom · Intensitätsmodulier-
te Strahlentherapie · Bildgeführte 
Strahlentherapie · Tomotherapie · Akuttoxizi-
tät
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Quality assurance

Treatment plans for all patients were 
checked through a plan quality assurance 
procedure prior to the first treatment. For 
that purpose, patient treatment plans 
were re-calculated for suitable phantoms 
using the tomotherapy planning software.

Treatment

All patients had neoadjuvant hormon-
al therapy 2–4 months before radiation 
therapy. Patients were immobilized for 
treatment in an individually shaped vac-
uum cushion. For immobilization of the 
prostate, an endorectal balloon was used.

After set-up, patients received a MV-
CT prior to each treatment fraction. This 
daily image guidance using a MV-CT 
caused an additional dose of 1 cGy per 

CT scan, which was typically carried out 
from 2 cm above the PTV1 to 2 cm below 
the PTV1 in 6 mm slice thickness. After 
acquisition, the MV-CT was fused auto-
matically to the planning CT scan. If nec-
essary, this fusion was corrected manual-
ly to align the prostatic gland. After this 
correction, treatment time was approxi-
mately 4–5 min with a jaw of 2.5 cm and 
a pitch of 0.27.

Toxicity evaluation

Gastrointestinal (GI) and genitourinary 
(GU) symptoms were prospectively doc-
umented before, after 20 fractions, and 
at the end of radiotherapy. Toxicity was 
scored according to modified CTCAE 
version 3 criteria (. Tab. 1).

Results

Patient and treatment 
characteristics

Patient and treatment characteristics are 
shown in . Tab. 2. All patients received 
the prescribed treatment, except for neo-
adjuvant hormonal therapy in 4 patients 
due to intolerance. Treatment planning 
data (. Tab. 3, . Fig. 2) assessed for each 
patient showed good rectal sparing. High 
(V60–V76) and intermediate dose (V35–
V59) rectal volumes were kept low with 
a median value of the volume receiving 
more than 65 Gy (V65) of 13.5%. The re-
spective values for the V70 and V75 were 
9% and 3%. At the same time, very good 
dose coverage of PTV1 and PTV2 was 
achieved, with median doses of 73.7 Gy 
and 77.0 Gy respectively.

Acute toxicity

Incidence of baseline and maximum acute 
GI and GU symptoms during treatment 
are provided in . Fig. 3. No grade IV GI 
or GU toxicity was observed. Grade III 
GU side effects as seen in . Tab. 4 oc-
curred in 20% of patients involving noctu-
ria only and merely two of these eight pa-
tients had no baseline symptoms. Grade 
II GU toxicity was observed in 58% of pa-
tients. Regarding GI side effects, 25% pa-
tients reported grade II symptoms with-
out any grade III toxicity (. Tab. 4). No 

Tab. 1 Toxicity score

Symptom Grade 0 Grade I Grade II Grade III Grade IV

Stool fre-
quency

Normal 2–3 stools per 
day

4–6 stools 
per day, noc-
turnal, mild 
spasms

7–9 stools per 
day, severe 
spasms, in-
continence

> 10 stools, 
bloody stools

Constipation None > 3 stools per 
week

> 2 stools per 
week

> 1 stool per 
week, subi-
leus

> 96 hours 
since last 
stool, ileus

Anal inconti-
nence

None Stool smear Stress and 
urge inconti-
nence

Full rectal in-
continence

 

Consistency Normal Doughy stool, 
minor addi-
tion of mucus

Liquid stool, 
addition of 
mucus or 
macroscopic 
blood

Aqueous 
stool, major 
mucus and 
blood addi-
tion

Life-threaten-
ing bleeding

Abdominal 
pain

None Mild pain, 
treatment not 
indicated

Drug treat-
ment indi-
cated

Symptoms 
uncontrol-
lable with 
drugs

 

Urinary fre-
quency

3–6x per day Every 2–3 h,
6–8x per day

Every 1–2 h,
9–11x per day

More than 
every hour,
> 12x per day

 

Nocturia None Every 4 h,
1–2x per 
night

Every 2–3 h,
3–6x per 
night

Every 1–2 h,
> 6x per night

 

Urinary incon-
tinence

None Occasional 
(e.g., with 
coughing, 
sneezing)

Spontaneous, 
≤ 2 pads per 
day

≥ 2 pads per 
day, total in-
continence

 

Urinary reten-
tion

None Weakened 
urinary 
stream

Placement 
of urinary, 
suprapubic 
or intermit-
tent catheter 
placement 
indicated

Elective 
operative 
intervention 
indicated

 

Alguria None Mild pain, 
treatment not 
indicated

Drug treat-
ment indi-
cated

Symptoms 
uncontrol-
lable with 
drugs

 

Hematuria None Asymptom-
atic; clinical 
or diagnostic 
observations 
only

Gross hema-
turia; medical 
intervention 
infrequently 
indicated

Gross hema-
turia; continu-
ous medical 
intervention 
indicated

Transfusion or 
cystectomy 
needed
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significant correlation was found between 
dose–volume parameters of the OARs 
and maximum acute toxicity of the pa-
tients.

Discussion

We report the feasibility of an institutional 
protocol for definitive treatment of pros-
tate cancer using SIB-IMRT with helical 
tomotherapy. Acute toxicity and dose–
volume histogram (DVH) data were eval-
uated prospectively in a well-defined in-
termediate risk patient sample, whereas 
the risk stratification was performed with 
a modified scheme based on the D’Amico 
risk categories. The assessment of acute 
side effects showed low therapy relat-
ed GU and GI toxicity in spite of modest 
dose escalation up to 76 Gy with 2.17 Gy 

per fraction and a permitted dose of 76 Gy 
to the anterior rectal wall. This is in line 
with other studies on dose escalation us-
ing IMRT [2, 9, 16, 36] or hypofractionat-
ed treatment of prostate cancer [19, 23, 26, 
27, 33] and studies combining hypofrac-
tionation and dose escalation applying a 
SIB [5, 12, 14], although the dose to the an-
terior rectal wall was limited to lower dos-
es in several of these studies as compared 
to our protocol, either by excluding the 
rectal overlap from the boost volume or 
restricting the allowed doses to the over-
lap regions at lower dose levels.

Guckenberger et al. [12], for example, 
reported on 100 prostate cancer patients 
in various risk groups that were treated 
with definitive conventional IMRT up 
to doses of 73.91–76.23 Gy with 2.31 Gy 
per fraction to the prostate and the base 

of seminal vesicles with safety margins 
of 5 mm without rectal overlap (PTV-2). 
PTV-1 encompassed the prostatic gland 
and the proximal 2 cm of seminal ves-
icles with a three-dimensional margin 
of 10 mm except for the posterior direc-
tion with 7 mm. In this volume, the total 
dose was restricted to about 58–60 Gy in 
1.84 Gy fractions. According to the risk 
group, 25% of patients received treatment 
to the pelvic lymphatics with 46 Gy. The 
authors reported lower GU and GI side 
effects with symptoms ≥ grade II in 36% 
and 8%, respectively. Grade III GU toxici-
ty was observed in only 1% of patients and 
no grade III GI side effects were seen.

Furthermore, Di Muzio et al. [4] al-
so assessed SIB-IMRT, treating 60 pros-
tate cancer at any stage to different doses 
with tomotherapy. A subgroup of 31 low-
risk patients in their population was treat-
ed similar to our patient sample, but us-
ing a stronger hypofractionation in the 
SIB (71.4 Gy, 2.55 Gy per fraction to the 
prostate and margins of 8 mm, except in 
the cranial–caudal direction with a mar-
gin of 10 mm) and prescribing a lower to-
tal dose to the large PTV (61.6 Gy, 2.2 Gy 
per fraction to the prostate and the prox-
imal portion of seminal vesicles). Over-
all, DVH data of that study are compara-
ble to our study regarding the rectal Dmean. 
V40 and V50 are slightly lower in our data, 
whereas Dmax and V65 are reported slight-
ly lower by the Italian group. The last as-
pects can be most probably explained by 
the lower dose prescribed to the over-
lap volume between the SIB volume and 
the rectum in the Italian study (65.5 Gy, 
2.34 Gy per fraction). Regarding bladder 
doses higher Dmean, V40 and V55 mean 
values can be found in the Italian trial 
compared our data, with a similar value 
for V60. Grade II and III GU toxicity, as-
sessed with the RTOG score, was reported 
for 7/31 (22%) and 1/31 (3%) patients, re-
spectively. No higher than grade I GI tox-
icity was observed.

As already mentioned, the lower GI 
toxicity observed in the two above pre-
sented studies compared to our results 
might be explained to some extent by pro-
viding a stronger dose limitation to the 
rectal overlap or even sparing the rectal 
overlap from the boost volume compared 
to our treatment protocol.

Tab. 2 Patients’ characteristics

Patients (n) 40

Median age (years, range) 72 (60–80)

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)

Tab. 3 Dose statistics of the rectum, bladder, planning target volume 1 (70 Gy PTV) and 
planning target volume 2 (76 Gy PTV) concerning the mean dose (Dmean), maximum dose 
(Dmax) and volumes (%) irradiated with at least 40 Gy (V40), 50 Gy (V50), etc.

Rectum 70 Gy PTV

 Dmean Dmax V40 V50 V60 V65 V70 V75 Dmean Dmin Dmax

Mean 38.1 78.4 39.9 26.6 16.9 13.1 8.7 3.6 73.5 63.4 78.0

Median 37.9 78.5 39.9 26.3 17.3 13.5 9.1 3.4 73.5 64.3 77.9

Min 23.3 75.2 20.2 14.9 9.0 5.2 2.2 0.2 70.9 60.1 75.3

Max 48.0 83.3 64.0 43.5 29.0 22.4 15.4 6.6 75.1 67.3 86.5

Bladder 76 Gy PTV  (SIB)

 Dmean Dmax V25 V30 V40 V50 V60 V70 Dmean Dmin Dmax

Mean 31.1 78.7 53.2 46.1 33.6 24.0 16.9 9.6 77.1 72.3 79.4

Median 30.8 78.4 52.5 45.5 30.8 20.5 13.6 7.8 76.9 72.8 79.5

Min 14.1 76.6 19.9 17.2 11.6 7.6 4.7 2.0 75.5 66.6 76.8

Max 54.5 86.5 99.7 95.3 76.9 56.5 47.2 32.4 79.3 75.8 85.3
SIB simultaneous integrated boost.
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On the other hand, Kassim et al. [15] 
showed that excluding the rectal overlap 
from the boost volume might result in a 
marked decrease of tumor control due to 
underdosages, as they reported on a plan-
ning study that assessed in each case two 
plans of 36 prostate cancer patients to a 
total dose of 78 Gy in 2 Gy per fraction 
to the boost volume once including and 
once excluding the rectal overlap, respec-
tively.

Comparing the different GU toxicities 
of the above discussed studies including 
our own, aside from the different pretreat-
ment symptoms, the use of different tox-
icity scores must also be considered and 
might explain the discrepancies to some 
extent. As can be seen in . Tab. 1, noc-
turnal urinary frequency higher than 6 
for example is classified as grade III tox-
icity in our modified score. In contrast to 
that, only GU symptoms requiring med-
ical intervention are defined as grade III 
toxicity using the CTCAE score. Further-
more, most of the GU side effects were as-
sessed more sensitively with our adapted 

score compared to the standard CTCAE 
or RTOG scores. Regarding this, the re-
ported overall GU toxicity of our study is 
in the range of already published studies, 
since the only observed grade III symp-
tom in the present trial was nocturia.

DVH data of the herein analyzed pa-
tient group compare favorably to the da-
ta of a patient sample that was treated pre-
viously with 3D conformal radiotherapy 
to doses of 74 Gy at our institution using 
10 mm margins without daily image guid-
ance [8]. Rectal V35, V50, and V65 in that 
sample were 47%, 35%, and 22% as com-
pared to 48%, 27%, and 14%, respectively, 
in the present study.

The reduction of the safety margins in 
our study though was well considered, as 
these margins compensate for the extent 
of extracapsular spread, intrafractional 
motion during radiotherapy and uncer-
tainties in contouring. Possible interfrac-
tional set-up errors are minimized in our 
protocol by daily MV-CT scans prior to 
radiation and are, therefore, not incor-
porated into the safety margins [38]. Re-

garding the extent of extracapsular spread, 
Schwartz et al. [31] found a range of extra-
prostatic tumor spread from 0–5.9 mm by 
analyzing 404 whole mounted prostatec-
tomy specimens and stated a GTV to CTV 
margin of 5 mm sufficient to account for 
microscopic spread. For intrafraction-
al motion, Kotte et al. [17], analyzing 427 
patients with 11,426 prostate position ver-
ifications based on fiducial gold markers, 
calculated that a lower limit for margins 
of 2 mm would be sufficient to account 
for intrafractional prostate position shift 
with slightly larger margins in the cranio-
caudal direction. In contrast, Fiorino et al. 
[6], analyzing 410 MV-CTs of 17 prostate 
cancer patients treated with tomothera-
py, reported margins of at least 5–6 mm 
being appropriate to compensate for in-
trafractional motion, IGRT intrinsic un-
certainties, and interobserver variabili-
ty with an estimated standard deviation 
of 1 mm for the latter two. In a recently 
published study, Wang et al. [34] assessed 
the intrafractional prostate motion of 
59 patients with or without an endorec-
tal balloon for prostate immobilization 
and showed that using an endorectal bal-
loon 3 mm margins are sufficient to com-
pensate for the prostate motion in 95% of 
treatment time compared to 5 mm in the 
non-endorectal group.

Considering these results our margins 
of at least 8 mm (5 mm GTV to CTV ex-
pansion regarding microscopic spread 
and 3 mm CTV to PTV extension in-
cluding margins for intrafractional mo-
tion and uncertainties in contouring) in 
every direction except to the rectum as an 
anatomical barrier with 3 mm (no margin 
for microscopic spread) seem to be appro-
priate to minimize the risk of geographi-
cal miss, though not considering IGRT in-
trinsic uncertainty and interobserver vari-
ability with explicit margins.

Conclusion

These preliminary results regarding 
acute tolerability of this institution-
al treatment protocol for slightly hypo-
fractionated prostate SIB-IMRT and IGRT 
with tomotherapy are promising. Assess-
ing late toxicity, local control, and overall 
survival are issues of an ongoing study.

Tab. 4 Detailed incidence of gastrointestinal (GI) and genitourinary (GU) pretreatment 
symptoms and maximum acute toxicity during treatment

  Pretreatment symptoms (n, %) Maximum toxicity (n, %)

GI Grade 0 Grade 1 Grade 2 Grade 3 Grade 0 Grade 1 Grade 2 Grade 3

Fre-
quency

34 (85) 5 (12.5) 1 (2.5) 0 (0) 19 (47.5) 17 (42.5) 4 (10) 0 (0)

Consti-
pation

35 (87.5) 5 (12.5) 0 (0) 0 (0) 32 (80) 8 (20) 0 (0) 0 (0)

Anal 
inconti-
nence

39 (97.5) 1 (2.5) 0 (0) 0 (0) 37 (92.5) 2 (5) 1 (2.5) 0 (0)

Consis-
tency

37 (92.5) 3 (7.5) 0 (0) 0 (0) 18 (45) 20 (50) 2 (5) 0 (0)

Ab-
dominal 
pain

39 (97.5) 1 (2.5) 0 (0) 0 (0) 28 (70) 8 (20) 4 (10) 0 (0)

GU Grade 0 Grade 1 Grade 2 Grade 3 Grade 0 Grade 1 Grade 2 Grade 3

Unri-
nary fre-
quency

26 (65) 12 (30) 2 (5) 0 (0) 5 (12.5) 21 (52.5) 14 (35) 0 (0)

Nocturia 9 (22.5) 20 (50) 11 (27.5) 0 (0) 0 (0) 14 (35) 18 (45) 8 (20)

Urinary 
inconti-
nence

35 (87.5) 2 (5) 3 (7.5) 0 (0) 28 (70) 4 (10) 8 (20) 0 (0)

Urinary 
reten-
tion

25 (62.5) 15 (37.5) 0 (0) 0 (0) 16 (40) 23 (57.5) 1 (2.5) 0 (0)

Alguria 38 (95) 1 (2.5) 1 (2.5) 0 (0) 19 (47.5) 18 (45) 3 (7.5) 0 (0)

Hema-
turia

39 (97.5) 1 (2.5) 0 (0) 0 (0) 35 (87.5) 4 (10) 1 (2.5) 0 (0)
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