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Abstract

Introduction Based on radiobiology evidence, hypofrac-
tionated radiotherapy has the potential of improving treat-
ment outcome in prostate cancer patients. In this study,
we evaluated the safety, in terms of acutetoxicity, of using
moderate hypofractionated radiotherapy delivered with
Helical Tomotherapy (HT) to treat prostate cancer patients.
Materials and methods Between December 2012 and
April 2014, 42 consecutive patients were treated with hypo-
fractionated radiotherapy using HT. All patients received
70 Gy in 28 fractions to PTV1, which included the pros-
tate. In the intermediate risk group, 61.6 Gy were delivered
to PTV2, which included the seminal vesicles. In high risk
patients, the pelvic nodes were added (PTV3) and received
50.4 Gy. Acute toxicity was recorded prospectively with
RTOG and Common Terminology Criteria for Adverse
Events 3.0, retrospectively with CTCAE 4.0. Expanded
Prostate Cancer Index Composite (EPIC) was measured at
baseline and 3 months after end of treatment, to investigate
health related quality of life with regards to bladder and
gastrointestinal function.
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Results Acute toxicity was acceptable, independently
from the system used to score side effects. Moderate geni-
tourinary toxicity was more frequent than gastrointestinal
toxicity. No correlation between acute side effects and
patients’ characteristics or physical dose parameters was
registered. EPIC evaluation showed a negligible difference
in urinary and bowel function post-treatment, that did not
reach statistical significance.

Conclusions Our experience confirms the safety of mod-
erate hypofractionation delivered with HT in prostate can-
cer patients with low, intermediate and high risk.

Keywords Prostate - Tomotherapy - Side effects -
Quality of Life

Introduction

Prostate cancer (PC) is the most commonly diagnosed non-
skin cancer in men and it is estimated as the second leading
cause of cancer death [1]. High-energy external beam radi-
ation therapy (EBRT) represents one of the standard defini-
tive treatment options for localized PC. In order to achieve
satisfying local and biochemical control with conformal
radiation treatment, doses greater than 76 Gy are neces-
sary [2—4]. These doses are usually delivered with stand-
ard fractionation schedules using 1.8-2 Gy fractions. With
intensity-modulated radiation therapy (IMRT), doses up
to 81 Gy can be safely delivered, given that this technique
is characterized by a high degree of conformality, which
allows dose escalation to the target volume while signifi-
cantly reducing normal tissue involvement [5]. Another
important benefit of IMRT in PC radiotherapy treatment is
that it allows delivery of various doses to different volumes
in the same number of fractions: this technique, known as
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simultaneous integrated boost (SIB), is applied to irradiate
lymph nodes, seminal vesicles, and prostate concomitantly
during the same session [6]. One of the main challenges of
IMRT in PC is that the steep dose gradient achieved with
this technique introduces the need to take into account
prostate interfraction and intrafraction motion to ensure an
accurate delivery of the prescribed dose. Different modali-
ties of image-guided radiation therapy (IGRT) are used
to reduce variations in the coverage of the planning tar-
get volume, allowing at the same time organ at risk spar-
ing [7]. Radiobiology studies estimate a prostate o/ value
of 1-3 Gy [8-10], lower than those identified for rectum
and bladder. These findings formed the rationale for stud-
ies testing the possibility of improving the therapeutic
ratio with hypofractionation schedules [11-13]. Various
schedules were tested in these studies, from 2.5-3 Gy per
fraction (moderate hypofractionation) to 7 Gy per fraction
(extreme hypofractionation) [14—18]. Only the data relative
to moderate hypofractionation are considered mature for
clinical implementation.

We report our preliminary clinical experience with mod-
erate hypofractionation SIB using helical tomotherapy
(HT, Accuray, Inc. Sunnyvale, CA, USA), which combines
IMRT, delivered by a helical system, and image guidance,
based on megavoltage CT scans.

Materials and methods

Between December 2012 and April 2014, 42 consecutive
patients with a histologic diagnosis of localized PC were
recruited and definitively treated with HT. Diagnosis was
performed by ultrasound-guided biopsy or TURP. Patients
characteristics are shown in Table 1.

In accordance with NCCN, three risk groups were iden-
tified: low risk (clinical stage T1-T2a, Gleason score <6,
PSA <10 ng/ml), intermediate risk (clinical stage T2b—T2c
or Gleason score 7 or PSA 10-20 ng/ml T1-T2, Gleason
score <6, PSA >10 or clinical stage T1-T2, Gleason >6,
PSA <10 or clinical stage T3, Gleason score <6, PSA
<10), and high risk (clinical stage T1-T3a, Gleason score
8-10, PSA >20 ng/ml) [19].

Most patients received neoadjuvant, concomitant, and
adjuvant hormonal therapy of variable duration, according
to the stage, the risk group, and the physician’s decisions.
All patients underwent CT simulation, with a 2.5-mm
slice thickness, in the supine position, using vac lock as
immobilization devices. To reduce discrepancies in blad-
der and rectum volumes between simulation and treatment,
each patient followed a predefined bladder-filling proto-
col: patients drank 500 ml of water, 30 min before the CT
scan, to achieve a comfortably full bladder, and emptied
their bowel by a self-administered enema. Clinical target

Table 1 Patient characteristics

Characteristic Number of patients (% or range)
Median age (year) 75 (62-82)
Median F-UP (months) 12 (3-20)
PSA (ng/mL) 7.46 (1.3-90)
Gleason score
<6 26 (62)
7 8 (19)
8-10 8(19)
NCCN risk group V55 %
Low 16 (38)
Intermediate 10 (24)
High 16 (38)
Diabetes 4(9.5)
Hypertension 9(21.4)
Inflammatory bowel disease 5(11.9)
Prior abdominal surgery 11 (26.2)
Prior TURP 4(9.5)
RT target
PG 12 (29)
PG 4 SV 17 (40)
PG + Sv + PLN 13 (31)

RT radiotherapy, PSA prostate-specific antigen, PG prostate gland, SV
seminal vesicles, PLN pelvic lymph nodes

volumes (CTVs) and organs at risk (OAR) were contoured
on the Pinnacle Planning system; rectum, bladder, and fem-
oral heads were contoured as solid organs, small bowel as
whole intestinal cavity. The CT datasets were then trans-
ferred to the Tomotherapy Treatment Planning system (HT,
Accuray Inc. Sunnyvale, CA, USA), where IMRT plans
were generated with inverse treatment planning. CTV1 was
the prostate gland, CTV2 the seminal vesicles, and CTV3
the pelvic lymph nodes. Planning target volumes (PTV)
1 and 2 were defined, respectively, as CTV 1 and 2 plus
a 0.8 cm margin except for the prostate-rectal interface,
where a 0.6 cm margin was used; PTV3 was generated add-
ing a 0.5 cm margin to CTV3. The target volume for low-
risk patients was PTV1; PTV2 only and PTV2 and PTV3
were added for intermediate and high-risk patients, respec-
tively. Total dose in 28 fractions, using SIB technique, was
70, 61.6, and 50.4 Gy to PTV1, PTV2, and PTV3, respec-
tively. Target dose coverage for PTV1 was evaluated by
Homogeneity Index (HI) and Conformity Index (CI) [20,
21].

We chose this fractionation schedule based on the results
of the largest patient series reporting the safety of HFRT
compared to conventional fractionation [22, 23]. Dose-
volume constraints for normal tissue were as follows: rec-
tum V56 < 35 %, V60 < 25 %, and V65 < 15 %; bladder
V55 <50 % and V60 < 30 %; femoral head Dmax <50 Gy
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Fig. 1 Comparison of diagnostic computed tomography (CT) and megavoltage CT in axial, coronal, and sagittal views

and V46.2 < 5 %. For the intestinal cavity, the prescrip-
tion was to reduce the dose as low as possible. Before each
fraction, daily megavoltage tomography (MCVT) was per-
formed for set up verification, as shown in Fig. 1. To address
the possible under reporting of certain side effects using
a single scale, acute toxicity was prospectively recorded
according both to RTOG and Common Terminology Cri-
teria for Adverse Events (CTCAE V3.0) [24, 25]. We ret-
rospectively evaluated toxicity also according to CTCAE
4.0 [26]. Patients were monitored every week during treat-
ment, at 1 month from the end of RT and every 3 months for
1 year. Acute genitourinary (GU) and gastrointestinal (GI)
toxicity was defined as an increase of any symptom dur-
ing radiation or within 3 months after the end of treatment.
The Expanded Prostate Cancer Index Composite (EPIC-26)
questionnaire at baseline and at 3 months follow-up was
used to evaluate health-related quality of life (HRQOL)
after treatment relatively to bladder and gastrointestinal
function [27]. Rectum and bladder dosimetric parameters
were retrospectively evaluated for the statistical analysis.

Statistical analysis

Continuous variables were analyzed with descriptive sta-
tistics (mean, median, IQR, max, min, range). End points
were analyzed using univariate, multiple logistic regres-
sion and contingence tables with Fisher’s exact test for the
association between GU and GI toxicity, dose-volume, and
clinical parameters. p < 0.05 were considered significant.

@ Springer

All analyses were performed using R-3.1.0. Responses to
the EPIC-26 questionnaire were grouped by physiologic
domains and assigned numerical scores. The multi-item
scale scores were transformed linearly to a 0-100 scale,
as recommended in the scoring instructions for the EPIC-
26. We used the Wilcoxon signed-rank test to compare the
baseline and the 3 month follow-up EPIC scores.

Results

The median follow-up was 12 months (range 3—20 months).
The median age of the population of the study was 75 years
(range 62-82 years). Gleason score was <6 in 26 (62 %)
patients, 7 in 8 (19 %) and >8 in 8 (19 %) patients. The
median pre-treatment prostate-specific antigen (PSA) was
7.46 ng/ml (range 1.35-90 ng/ml). According to the risk
group classification, 16 (38 %), 10 (24 %) and 16 (38 %)
patients were classified as low, intermediate, and high risk,
respectively. Mean doses to PTV1, PTV2, and PTV3 were
70.2 Gy (range 69.03-70.87), 62.57 Gy (range 61.47-
66.04), and 50.79 Gy (range 50.47-51.49), respectively.
The CI and HI indices as mean values & standard deviation
were 1.18 £ 0.47 and 0.056 £ 0.02. The median volume
of the bladder that received 55 Gy (V55) was 38 % (range
11-61), median V60 was 29 % (range 5-50), and median
V70 was 6 % (range 0—19). Median V56, V60, and V65 for
the rectum were 31.8 % (range 11-42) 21 % (range 11-32)
and 11.5 % (range 4-21), respectively (Table 2).
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Acute G1, G2, and G3 GI toxicity occurred in 12 (28 %),
3 (7 %), and 1 (2 %) patients, according to the RTOG scale.
According to CTCAE3.0., 10 (24 %) and 3 (7 %) patients
had G1 and G2 GI toxicity, respectively. Acute G1 and G2
GU toxicity occurred in 27 (64 %) and 2 (4 %) patients
according to RTOG and in 23 (55 %) and 6 (14 %) patients
according to the CTCAE 3.0 scale. Retrospectively evalu-
ated CTCAE 4.0 showed the same rates of GI toxicity but
more frequent GU toxicity compared to the CTCAE 3.0
version (Table 3).

Table 4 shows the specific symptoms events accord-
ing to CTCAE v 4.0. There was no statistical correlation
between acute GU-GI toxicity and physical dose parame-
ters. There was a slight increase in acute toxicity in patients
that received radiotherapy to the pelvic lymph nodes,

Table 2 Dosimetric data of hypofractionated helical tomotherapy for
whole patients (n = 42)

Dosimetric parameters Median (range)

RECTUM
V56 % 31.88 (11-42)
V60 % 21 (11-32)
V65 % 11.50 (4-21)
Maximum dose Gy 70.39 (67-72.49)
BLADDER
V55 % 38 (11-61)
V60 % 29 (5-50)
V70 % 6 (0-19)
Maximum dose Gy 72.33 (63.7-75.17)
PTVI1

Mean dose, Gy 70.2 (69.03-70.87)
73.16 (71.2-75.17)

66.2 (65.2-68.14)

Maximum dose, Gy

Minimum dose, Gy
PTV2

Mean dose, Gy 62.57 (61.47-66.04)
68.2 (67.2-70.81)

56.34 (55.8-57.94)

Maximum dose, Gy

Minimum dose, Gy
PTV3

Mean dose, Gy 50.79 (50.47-51.49)
65.94 (61.63-68.65)

47.19 (45.48-47.35)

Maximum dose, Gy

Minimum dose, Gy

PTV planning target volume

but this correlation did not reach statistical significance.
According to the EPIC questionnaire scores, there was no
statistical difference in urinary function (p = 0.7735) and
bowel function (p = 0.3326) between the baseline and the
3 month evaluation (Table 5).

Discussion

Our preliminary clinical experience with moderate hypof-
ractionation with SIB using helical tomotherapy confirmed
that, with this delivery technique, acute toxicities are quite
low and similar with other moderate hypofractionation
experiences in this setting, as shown in Table 6. Given that
scoring side effects with a single scale was associated with
under reporting, we used three systems, two prospectively
and one retrospectively. Results from all scales showed
that toxicity rates were acceptable independently from
the system used to score side effects. Our results are also
comparable with those of other studies using HT. Simi-
larly to these and other IMRT studies, GU side effects were
slightly more frequent than GI ones. In our series, there
was no association between toxicity and clinical or dosi-
metric parameters. Interpretation of these findings in the
light of other published data is difficult due to differences
in treatment schedules and dishomogeneity of treated pop-
ulations. Lopez Guerra et al. [28] found that GU toxicity
>@G2 was correlated, in a multivariate analysis, with total
radiation dose >70 Gy and dose per fraction >2.52 Gy,
but not with the percentage of bladder volume receiving
a specific dose. Keiler et al. [29] found that increased GU
toxicity was correlated with median bladder dose and blad-
der dose dishomogeneity. Kong et al. [30] registered a rela-
tionship between G1 and G2 GU toxicity and bladder V40
and V50, but not with lower or higher bladder dosimetric
values. Evaluation of the relationship between GU toxic-
ity and dosimetric parameters is also hampered by possible
variations in bladder filling, i.e., bladder volume, through-
out radiotherapy treatment. To address this issue, two of the
studies cited above used bladder-filling protocols, similarly
to our institution. Efficacy of this approach is currently
questioned, given that several reports demonstrated that
variation in bladder filling throughout radiotherapy treat-
ment is not eliminated, despite the use of various protocols

Table 3 Toxicity assessed by RTOG, CTCAE v3.0, and CTCAE v4.0 toxicity criteria

Toxicity RTOG CTCAE 3.0 CTCAE 4.0

No. patients (%) No. patients (%) No. patients (%)

GO Gl G2 G3 GO Gl G2 G3 GO Gl G2 G3
Genitourinary 13 (31 27 (64) 2(5) 13 (31) 23 (55) 6 (14) 7(17) 27 (64) 8 (19)
Gastrointestinal 26 (62) 12 (29) 3(7) 1(2) 29 (69) 10 (24) 3() 29 (69) 10 (24) 3(7)
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Table 4 Specific symptoms according to CTCAE 4.0 scale

Variable Grade 1 Grade 2 Grade 3
Genitourinary
Obstruction 6
Frequency 12 2
Incontinence 5
Urinary urgency 10
Urinary tract pain 9 3
Urinary retention 2 1
Gastrointestinal
Hemorrage
Proctitis
Diarrhea
Table 5 EPIC—26 summary score
Variable Baseline 3 Months
Urinary function
Median 87.45 86.65
SD 1543 14.85
Range 47.50-100 50.20-100
Bowel function
Median 99 100
SD 14.82 7.60
Range 41.6-100 70.8-100

EPIC Expanded Prostate Cancer Index Composite, SD standard devi-
ation

Table 6 Study comparison

[31-34]. Consistent with these findings are the results
of a retrospective analysis we performed on 15 patients
from our series, evaluating changes in bladder volume by
recontouring this organ in all daily MVCTs: we observed
a considerable bladder volume variation, which was sig-
nificantly correlated with the received dose. With regard to
GI side effects, we observed only a single episode of rectal
bleeding in one patient, which we scored as G3 according
to the RTOG scale and G2 in the other two systems. This
favorable toxicity profile confirms the safety of expanding
the PTV posteriorly with a margin of 0.6 cm, which was
larger than those used in the three studies mentioned above.
We chose a 0.6 cm margin based on published data show-
ing that prostate volume varies during the course of radio-
therapy treatment and that tighter margins are associated to
lower rates of 5-year freedom from biochemical failure [35,
36].

New advances in radiation modalities, such as the use
of IGRT, resulted in less volume of bladder exposed to the
high doses of irradiation, translating into a reduced inci-
dence of toxicity [7]. The acceptable toxicity observed in
the current analysis may possibly be explained by more
consistent coverage of the target using IGRT with less per-
centage of OARs radiation exposure. The acute toxicity
profile was also favorable in patients that received limph-
node irradiation, suggesting that high-risk patients can be
treated safely with moderate hypofractionation using HT.
The Dmean to the intestinal cavity, contoured as OAR, was

Reference Median follow-up Patients (n) Total dose (Gy)/num- Technique Acute GI > G2  Acute GU > G2
(months) ber of fractions/frac-
tion size (Gy)
Lopez Guerraetal. 11 48 68.04/27/2.52 Tomotherapy No 19 % G2
[28] 70/28/2.5 6 % G3 (RTOG)
70.2/27/2.6
Di Muzio et al. [12] 13 60 74.2/28//2.65 Tomotherapy No 20 % G2
3 % G3 (RTOG)
Barra S.etal. [38] 36 80 70.2/27/2.6 Tomotherapy 4 % G2 13 % G2
No G3 4 % G3 (RTOG)
(RTOG)
Alongi. et al. [39] 11 70 74.2/28/2.65 RapidArc 6 % G2 (RTOG) 23 % G2
1 % G3 (RTOG)
Kupelian et al. [22] 45 770 70/28/2.5 IMRT 9 % G2 (RTOG) 18 % G2
1 % G1 (RTOG)
Geier et al. [40] 40 70/35/2 Tomotherapy G225 % G320 % G257.5%
76/35/2.17 CTCAE)
Kong et al. [30] 36 70 75/30/2.5 Tomotherapy 5.7 % RTOG 28.6 % RTOG
Jereczek-Fossaetal. 19 337 70.2/26/2.7 IGRT (3D-arcs 12.5 % RTOG 12 % RTOG
[41] therapy)
Martin et al. [42] 38 92 60/20/3 IMRT-IG (gold seeds) 25 % RTOG 12 % RTOG

GU genitourinary, GI gastrointestinal
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29.12 Gy (range 21.5-39.2), confirming that HT allows
delivery of high doses to the target volume while spar-
ing the other organs present in the pelvis. Consistent with
these findings, Cozzarini et al. [37] reported a Dmean to
the intestinal cavity of 23.37 (range 19-30.6) and low inci-
dence of acute G2 toxicity in patients irradiated to the pros-
tate and pelvic lymphonodes. Keeping in mind the limita-
tions related to the limited sample size, our study shows
that delivering moderate hypofractionated radiotherapy
with HT is safe, based on the evaluation of side effects
using three toxicity scales and a HRQOL questionnaire.

Although the lack of a comparison with conventional
fractionation is a limitation of the present study, our find-
ings revealed that toxicity rates were acceptable indepen-
dently from the system used to score side effects, in a series
of radical prostate cancer submitted to moderate hypof-
ractionation and simultaneous integrated boost by helical
tomotherapy.
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