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Aim: The purpose of this study is to evaluate the long term tolerability of hypofractionated

helical tomotherapy (HT) in localized prostate cancer patients.

Background: Previous hypofractionated schedules with conventional RT were associated with

excessive toxicity, likely due to inadequate sophistication of treatment delivery. There are

few data about late toxicity after HT.

Materials and methods: We  evaluated 38 patients with primary adenocarcinoma of the

prostate. There were 9 (24%), 15 (39%), and 14 (37%) patients with high, intermediate, and low

risk, respectively. Patients were treated with hypofractionated HT from May 2008 to February

2011. Hypofractionation regimens included: 68.04 Gy at 2.52 Gy/fraction (N = 25; 66%), 70 Gy

at  2.5 Gy/fraction (N = 4; 11%) and 70.2 Gy at 2.6 Gy/fraction (N = 9; 23%). Late genitourinary

(GU)  and gastrointestinal (GI) toxicity was scored using the Radiation Therapy Oncology

Group scoring system.

Results: Median age at diagnosis was 70 years (range 49–80) and median follow-up, 5.8 years.

Late  grade 1, 2 and 3 GI toxicity were 13%, 24%, and 2.6%, respectively. Late grade 1, 2, 3 GU
toxicity were 29%, 21%, and 8%, respectively. Sexual toxicity was evaluated in 19 patients

to  be grade 1, 2 in 11% and grade 3 in 16%. Multivariate analysis showed that patients with

higher values of rectum V50 associated with late GI toxicity (P = 0.025). Patients with PSA

≤8  (P = 0.048) or comorbidities (P = 0.013) at diagnosis were associated with higher late GU

toxicity. Additionally, PSA ≤8 also associated with moderate (grade ≥2) late GU toxicity in

the  multivariate analysis (P = 0.028).

∗ Corresponding author at: Department of Radiation Oncology, Virgen del Rocío University Hospital, Manuel Siurot avenue, s/n. 41013,
Seville Spain.

E-mail address: chanodetriana@yahoo.es (J.L. López-Guerra).
1 These authors contributed equally to this work.

https://doi.org/10.1016/j.rpor.2019.04.001
1507-1367/© 2019 Greater Poland Cancer Centre. Published by Elsevier B.V. All rights reserved.

https://doi.org/10.1016/j.rpor.2019.04.001
http://www.sciencedirect.com/science/journal/15071367
http://www.elsevier.com/locate/rpor
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rpor.2019.04.001&domain=pdf
mailto:chanodetriana@yahoo.es
https://doi.org/10.1016/j.rpor.2019.04.001


reports of practical oncology and radiotherapy 2 4 ( 2 0 1 9 ) 298–305 299

Conclusions: Hypofractionated HT can be delivered safely with limited rates of moderate and

severe late toxicity. The proportion of the rectum that receives a moderate and high dose,

having comorbidities, and PSA at diagnosis seem to associate with long term toxicity.

©  2019 Greater Poland Cancer Centre. Published by Elsevier B.V. All rights reserved.
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and high-risk patients (N = 9). In addition, three low risk
patients received neoadjuvant ADT due to a large prostate
.  Background

rostate cancer is the most common cancer in men  in the
nited States1 and the second most common one in the
uropean Union.2 Although Phase III randomized trials have
hown improved biochemical control rates in the treatment of
ocalized prostate cancer with radiotherapy (RT) above 70 Gy,

 significantly higher risk of late toxicity was observed for
atients treated in the high-dose arms of these studies.3–5

onsequently, several strategies have been proposed to limit
he radiation-induced toxicity, such as the use of intensity-

odulated RT (IMRT).
Sensitivity of prostate cancer cells is characterized by a

ow �/� ratio in the range of 0.8–2.2 Gy,6 thus delivering treat-
ent fractions higher than the standard 2 Gy/fraction may be

adiobiologically effective. Furthermore, delivering a higher
ose in a reduced number of fractions may be most conve-
ient for patients and logistically advantageous for busy RT
epartments. The drawback of a hypofractionated schedule is
he potential increase in toxicity. Previous hypofractionated
chedules with conventional RT (i.e. three-dimensional con-
ormal RT [3DCRT]) were associated with excessive toxicity,
ikely due to inadequate sophistication of treatment delivery
lan design and targeting.

The advent of conformal techniques has enabled the deliv-
ry to be tailored to individual patient anatomy.7 The sharp
ose gradients created with helical tomotherapy (HT) can
hape the high dose region to the planning target volume and
imit the dose to the bladder, rectal wall, and femoral heads.
mage guided RT (IGRT) for prostate cancer allows the adjust-

ent and positional correction of the radiation beams based
n daily imaging to account for the variability of the target
osition. IGRT potentially represents a more  accurate form of
ose delivery for patients receiving radiotherapy for prostate
ancer. Given the more  targeted nature of these treatments,
argins routinely used around the clinical target volume to

ccount for organ motion and variability of the target posi-
ion can be further reduced if daily positional correction of
he treatment target is performed.8 Although evidence of
ose-fraction sensitivity of the late responding normal tissues
as continued to accumulate in RT for prostate cancer, the
nowledge of how this relates to a hypofractionated treatment
pproach remains sparse.9

The purpose of this study was to evaluate the inci-
ence and severity of late toxicity in patients with localized
rostate cancer treated with hypofractionated HT as well as
he assessment of potential risk factors, with the hypothe-
is that increasing the dose per fraction is possible without

ncreasing the risk of late injury to the surrounding normal
issue.
2.  Aim

The purpose of this study is to evaluate the long term tolerabil-
ity of hypofractionated helical tomotherapy (HT) in localized
prostate cancer patients.

3.  Materials  and  methods

3.1.  Selection  criteria

The institutional review board approved a retrospective chart
review, which was conducted for individuals with prostate
cancer treated with hypofractionated HT from August 2008
through Feb 2011. Inclusion criteria were having a primary
diagnosis of adenocarcinoma of the prostate (cT1-T3N0M0),
no prior history of pelvic surgery or RT, and having a minimum
follow-up of 3 years. We  identified 38 patients (Table 1) who
met such criteria. Patients were grouped according to the
clinical TNM staging system10 and D’Amico11 risk classifica-
tion score. Pretreatment evaluation consisted of documented
history and physical examination, including performance
status and digital rectal examination. Serum prostate-specific
antigen (PSA) values and transrectal ultrasound-guided
biopsy of the prostate were obtained before RT. Abdom-
inal evaluation with computed tomography ± magnetic
resonance imaging was also required before radiation
treatment.

3.2.  Treatment

Patient immobilization and treatment planning has been
previously described.12 Briefly, the planning tumor volume
(PTV) was defined by a 5- to 9-mm margin around the
prostate capsule (5 mm in the antero-posterior direction,
7 mm in the lateral direction, and 9 mm in the cranial cau-
dal direction). Hypofractionation regimens included: 68.04 Gy
at 2.52 Gy/fraction (N = 25; 66%), 70 Gy at 2.5 Gy/fraction (N = 4;
11%) and 70.2 Gy at 2.6 Gy/fraction (N = 9; 23%). Dosimetric
parameters for radiation treatment planning are shown in
Table 2. Median treatment duration was 40 days (range,
34 to 44). Concurrently, high-risk patients received a con-
ventionally fractionated schedule of radiation to the pelvic
lymph nodes (48.6 Gy at 1.8 Gy/fraction) and distal semi-
nal vesicles (54 Gy at 2 Gy/fraction). Neoadjuvant androgen
deprivation therapy (ADT) was given to intermediate (N = 15)
volume. Finally, high-risk patients also received adjuvant
ADT.

https://doi.org/10.1016/j.rpor.2019.04.001
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Table 1 – Patient characteristics.

Characteristic Num. of patients (%)

Median age in years (range) 69 (49–80)
Past medical history (N = 27)a

Cardiovascular disease or risk factorsb 19 (70)
Urinary symptoms 11 (40)

Gleason
<7 22 (58)
7 15 (39)
>7 1 (3)

T stage
T1 20 (53)
T2 16 (42)
T3 2 (5)

PSA (ng/mL)
<10 25 (66)
10–19 7 (18)
>20 6 (16)

Risk
Low 14 (37)
Intermediate 15 (39)
High 9 (24)

Androgen deprivation
No 11 (29)
Yes 29 (71)

Fractionation (Gy)
≤2.52 29 (76)
>2.52 9 (24)

Radiation dose (Gy)
<70 25 (66)
≥70 13 (34)

PLNs irradiation
No 31 (82)
Yes 7 (18)

Prostate PTV volume (cc)
Median (range) 137 (73–397)

Abbreviations:  Num., number; PSA, prostate specific antigen; PLNs,
pelvic lymph nodes; PTV, planning tumor volume.
a Eleven patients did not report past experiences with illnesses,

operations or injuries.
b

Table 2 – Dosimetric parameters for radiation treatment
planning.

Dosimetric parameter Median (range)

Bladder Dmax (Gy) 71 (69–75)
Bladder Dmin (Gy) 2 (0.7–24)
Bladder median dose (Gy) 36 (17–51)
Bladder V5 (%) 100 (100)
Bladder V10 (%) 94 (41–100)
Bladder V60 (%) 17  (7–30)
Bladder V65 (%) 12  (3–26)
Bladder V70 (%) 3  (0–20)
Rectum Dmax (Gy) 72 (69–74)
Rectum median dose (Gy) 35 (18–45)
Rectum V5 (%) 100 (100)
Rectum V10 (%) 93 (52–100)
Rectum V50 (%) 24 (7–30)
Rectum V55 (%) 19 (7–30)
Rectum V60 (%) 14 (5–26)
Rectum V65 (%) 11 (3–21)
Rectum V70 (%) 2 (0–14)
Femoral head Dmax (Gy) 34 (21–53)
Femoral head median dose (Gy) 19 (12–33)
Femoral head V5 (%) 100 (88–100)
Femoral head V10 (%) 100 (75–100)
Femoral head V50 (%) 0  (0–0.3)
Small bowela Dmax (Gy) 33  (2–67)
Small bowela median dose (Gy) 2 (1–25)
Small bowela V5 (%) 5 (0–100)
Small bowela V10 (%) 2 (0–100)
Small bowela V50 (%) 0 (0–3.38)
Penile bulbb Dmax (Gy) 66 (49–73)
Penile bulbb median dose (Gy) 53 (34–68)
Penile bulbb V5 (%) 100 (100)
Penile bulbb V10 (%) 100 (100)
Penile bulbb V50 (%) 72 (0–100)

Abbreviations: Dmax, maximum radiation dose; Dmin, minimum
radiation dose; Vx, percentage of organ volume receiving ≥x radia-
tion dose.
a Available in 19 patients.
b Available in 9 patients.

Table 3 – Late complications for all patients according to
Radiation Therapy Oncology Group toxicity grading
scale.

Genitourinary toxicity Gastrointestinal toxicity
Num. patients (%) Num. patients (%)

Grade 1 11 (29) 5 (13)
Cardiovascular risk factors included: hypertension (N = 6), dia-
betes (N = 6) and dyslipidemia (N = 8).

3.3.  Patient  follow-up

During the course of radiotherapy, patients were seen at least
weekly, and more  often if needed, for clinical evaluation and
disease management. They were evaluated at approximately
1–3 months after completion of therapy and then every 3
months. The follow-up evaluations consisted of a history
and physical examination. PSA values were obtained every
3 months for the first year after treatment, every 6 months
for 2 years, and annually thereafter during follow-up. Imaging
and additional studies were obtained at the discretion of the
treating physician.

3.4.  Statistical  methods

All data analyses were done using SPSS (version 19.0) statis-
tical software. The primary endpoint was the occurrence of

late GU and GI toxicity scored by the RTOG scoring system.13

Cox proportional hazards analysis was performed to calcu-
late odds ratios (ORs) and confidence intervals (CIs) to evaluate
Grade 2 8 (21) 9 (24)
Grade 3 3 (8) 1 (2.6)

the influence of patient, tumor, and treatment characteristics
on risk of late toxicity. Multivariate analyses were performed
by using a logistic regression model, with a stepwise back-
ward elimination procedure. A P value of less than 0.05 was
considered statistically significant.

4.  Results

Median age at diagnosis was 70 years (range 49–80) and

median follow-up, 6 years (range 3–8). Late grade 1, 2 and
3 gastrointestinal (GI) toxicity were 13% (N = 5), 24% (N = 9),
and 2.6% (N = 1), respectively (Table 3). Late grade 1, 2 and 3

https://doi.org/10.1016/j.rpor.2019.04.001
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enitourinary (GU) toxicity were 29% (N = 11), 21% (N = 8), and
% (N = 3), respectively. Patients with pelvic treatment did not
xperience any late grade ≥2 GU toxicity. Sexual toxicity was
valuated in 19 patients being to be 1, 2 in 11% and grade 3
n 16%. Five patients (13%) had biochemical recurrence. Addi-
ionally, two of these patients also had bone metastasis.

Univariate analysis (Table 4) showed that patients with
igher values of rectum V50, V60, V65 and V70 associated
ith late grade ≥1 GI toxicity (OR: 5.15; CI: 1.23–21.5; P = 0.025)
ut only V50 retained significance after multivariate analy-
is (Fig. 1; late grade ≥1 GI toxicity: 21% vs. 58%; OR: 5.15; CI:
.23–21.5; P = 0.025). Patients having diagnosis PSA >8 (median)
r higher values (>5 Gy) of bladder minimum dose (OR: 0.15;
I: 0.03–0.65; P = 0.012) associated with lower late GU toxic-

ty (Grade ≥ 1). In contrast, having comorbidities at diagnosis
as associated with higher late GU toxicity (OR: 12.86; CI:

.22–74.54; P = 0.004). Multivariate analysis showed that only
SA ≤8 (late grade ≥1 GU toxicity: 79% vs .37%; P = 0.048) or
omorbidities at diagnosis (late grade ≥1 GI toxicity: 74% vs.
8%; P = 0.013) associated with higher late GU toxicity. Comor-
idities associated with greater toxicity were mainly cardiac
isk factors (hypertension [N = 5], dyslipidemia [N = 4], obesity
N = 2], diabetes [N = 5],) or heart diseases (N = 4), and history
f inguinal hernia (N = 7) or genitourinary diseases (kidney
tones [N = 4], benign prostatic hyperplasia [N = 2], and history
f transurethral resection [N = 3]).

Patients with Intermediate/high risk prostate cancer had
ower risk of having late grade ≥2 GU toxicity (OR: 0.2; CI:
.04–0.89; P = 0.035). The use of androgen deprivation (OR:
.09; CI: 0.02–0.5; P = 0.005) or PSA >8 (OR: 0.05; CI: 0.006–0.45;

 = 0.008) was also associated with a lower risk of having late
rade ≥2 GU toxicity. Finally, those cases with a past history
f heart disease associated with a higher risk of having late
rade ≥2 GU toxicity (OR: 7.65; CI: 1.37–42.71; P = 0.02). PSA >8
as the only parameter retaining significance in the multivari-

te analysis (late grade ≥2 GU toxicity: 40% vs. 8%; OR: 0.08;
I: 0.008–0.78; P = 0.028) while the use of androgen deprivation
howed marginal significance (P = 0.062). We  did not find any
tatistically significant association between having acute GU
r GI toxicity and the development of late toxicity.

.  Discussion

any  studies have demonstrated that biochemical recurrence
s reduced when performing dose escalation from 68–70 Gy to
6–79 Gy.14 Several large scale trials15,16 on moderate hypofrac-
ionation with doses from 2.4–3.4 have published their results
ith equivalent outcomes to conventional RT. A theoretical

adiobiological rational17 supports the use of hypofractiona-
ion, especially for men  with favorable baseline bladder and
owel function. Our pertinent findings can be summarized as
ollows. First, we found that moderate late GI and GU toxic-
ty is experienced by one out of four (∼25%) and five (∼20%)
rostate cancer patients treated with hypofractionated HT,
espectively. In addition, we found that the rate of grade ≥3
ate toxicity was less than three and ten percent for GI and

U symptoms, respectively. Second, we  found that patients
ith higher values of rectum V50 associated with late GI toxi-

ity, increasing the risk of suffering this toxicity considerably
21% vs. 58%). Third, we  found that patients with PSA ≤8 or
therapy 2 4 ( 2 0 1 9 ) 298–305 301

comorbidities at diagnosis were associated with higher late
GU toxicity. Finally, we found that PSA ≤8 also associated with
moderate (grade ≥2) late GU toxicity. Our findings suggest that
hypofractionated HT appears to be a safe therapeutic option
in patients with prostate cancer.

Luka et al.,18 reported the outcome of a randomized trial
comparing two fractionation schedules for patients with local-
ized prostate cancer. The hypofractionated arm included
patients treated at 52.5 Gy in 20 fractions with late grade 3–4
GU and GI toxicity as low as 1.9% and 1.3%, respectively.
The biologically equivalent dose (BED) calculated in 2-Gy was
119.6 Gy, which is 20% lower than ours. The CHHiP trial15

assessed the efficacy and side-effects of two hypofractionated
schedules (60 Gy in 20 fractions or 57 Gy in 19 fractions). The
British trial reported grade 3–4 GU and GI late toxicity of 0%
and 1.4%, respectively, in the 57 Gy group, and 2.2% and 3.6%,
respectively, in the 60 Gy group. Although the BED was similar
to ours, the GU toxicity rates reported were much lower than
what we found. This divergence may be partially explained
by the existence of different patient selection and treatment
methods: the CHHIP trial did not allow comorbid conditions
precluding radical radiotherapy and pelvic lymph nodes were
not included in the target volumes. The phase III trial of Arcan-
geli et al.,19 reported the toxicity of patients treated at 62 Gy
in 3.1-Gy fractions. The 3-year incidence of late complications
≥grade 2 was 17% for GI and 16% for GU complications. A corre-
lation of toxicity with dose–volume parameters was not found
in that study.

Pollack et al.,20 described the late side effects observed in
patients treated with 70.2 Gy in 26 fractions at 2.7 Gy per frac-
tion. The overall incidences of grade 1, 2, and 3 late GI reactions
were 53.7%, 16.1%, and, 2.0%, respectively. In terms of GU tox-
icity, the overall (crude) incidences of grade 1, 2, and 3 late
GU reactions were 51.7%, 40.9%, and 4.0%, respectively. The
phase 3 trial of the MD Anderson Cancer Center21 showed
that a modest decrease from 42 to 30 (72 Gy/2.4 Gy) fractions
appeared to yield a similar GU toxicity profile but a concern-
ing increase in rectal toxicity, particularly in men  receiving
a large total dose to the rectum. The actuarial 5-year grade
≥2 GU toxicity was 15.8% and the grade ≥2 GI toxicity was
10.0%. Kupelian et al.,22 reported the best outcome in terms of
late toxicity. The experience of the Cleveland Clinic included
patients with localized prostate cancer treated with hypofrac-
tionated IMRT at 70 Gy delivered at 2.5-Gy/fraction within 5
weeks. The actuarial late RTOG grade 2 or worse rectal tox-
icity rate at 5 years was 6% and the grade 3 or worse rectal
toxicity rate at 5 years was 2%. The actuarial late RTOG grade
2 or worse urinary toxicity rate at 5 years was 7% and only one
grade 3 late urinary toxicity developed. The series of patients
were all treated with transabdominal ultrasonography as daily
image guidance system.

We  found that patients with higher rectum V50 associated
with an increase of late GI toxicity. Pollack et al.,20 exam-
ined baseline factors for association with onset of late toxicity.
The trial identified in the univariate analyses that organ vol-
umes above the high-constraint dose marker (V50 >25%) for

the bladder and low-dose marker (V31 >35%) for the rec-
tum as significant. However, none of the factors examined
were significant in the multivariate analysis. In agreement
with our study, the MD Anderson Cancer Center21 found that

https://doi.org/10.1016/j.rpor.2019.04.001
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Table 4 – Univariate analysis of factors associated with late genitourinary (GU) and gastrointestinal (GI) toxicity.

Variable Late GU toxicity ≥1 Late GU toxicity ≥2 Late GI toxicity ≥1 Late GI toxicity ≥2

OR P value OR P value OR P value OR P value

Age (years)
≤Median 1.00 1.00 1.00 1.00
>Median 1.54 0.51 1.29 0.72 1.24 0.74 1.00 1.00

Comorbidities at diagnosis
No 1.00 1.00 1.00 1.00
Yes 12.86 0.004 5.88 0.11 2.13 0.33 1.89 0.47

Heart disease
No 1.00 1.00 1.00 1.00
Yes 3.85 0.05 7.65 0.020 0.51 0.32 0.57 0.46

PSA
≤Median 1.00 1.00 1.00 1.00
>Median 0.15 0.012 0.05 0.008 0.80 0.74 0.58 0.46

Risk
Low 1.00 1.00 1.00 1.00
Intermediate/high 0.12 0.014 0.20 0.035 1.28 0.71 1.51 0.60

Androgen deprivation
No 1.00 1.00 1.00 1.00
Yes 0.00 0.99 0.09 0.005 0.71 0.66 0.93 0.93

Fractionation (Gy)
≤2.52 1.00 1.00 1.00 1.00
>2.52 3.26 0.18 4.79 0.05 2.37 0.27 3.06 1.17

Radiation dose (Gy)
>70 1.00 1.00 1.00 1.00
≥70 0.77 0.71 1.97 0.35 1.52 0.54 2.50 0.23

Prostate PTV (cc)
≤Median 1.00 1.00 1.00 1.00
>Median 0.64 0.51 0.77 0.72 1.24 0.74 0.57 0.46

PLNs treatment
No 1.00
Yes 0.22 0.09 NA NA NA

Bladder Dmax (Gy)
≤Median 1.00 1.00
>Median 0.64 0.51 1.79 0.72 NA NA

Bladder Dmin (Gy)
≤Median 1.00 1.00
>Median 0.15 0.012 0.25 0.08 NA NA

Bladder median dose (Gy)
≤Median 1.00 1.00
>Median 0.26 0.05 0.77 0.72 NA NA

Bladder V5 (%)
≤Median 1.00 1.00
>Median 0.19 0.023 0.39 0.21 NA NA

Bladder V10 (%)
≤Median 1.00 1.00
>Median 0.26 0.05 0.25 0.08 NA NA

Bladder V50 (%)
≤Median 1.00 1.00
>Median 0.26 0.05 0.77 0.72 NA NA

Bladder V55 (%)
≤Median 1.00 1.00
>Median 0.41 0.19 1.29 0.72 NA NA

Bladder V60 (%)
≤Median 1.00 1.00
>Median 0.50 0.30 1.11 0.88 NA NA

Bladder V65 (%)
≤Median 1.00 1.00
>Median 0.41 0.19 0.77 0.72 NA NA

Bladder V70 (%)
≤Median 1.00 0.51 1.00
>Median 0.64 NA 3.87 0.08 NA NA

Rectum Dmax (Gy)
≤Median 1.00 1.00
>Median NA NA 1.95 0.32 1.73 0.46

https://doi.org/10.1016/j.rpor.2019.04.001
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– Table 4 (Continued)

Variable Late GU toxicity ≥1 Late GU toxicity ≥2 Late GI toxicity ≥1 Late GI toxicity ≥2

OR P value OR P value OR P value OR P value

Rectum median dose (Gy)
≤Median 1.00 1.00
>Median NA NA 3.11 NA 3.11 0.15

Rectum V5 (%)
≤Median 1.00 1.00
>Median NA NA 0.87 0.84 0.75 0.68

Rectum V10 (%)
≤Median 1.00 1.00
>Median NA NA 1.24 0.74 1.00 1.00

Rectum V50 (%)
≤Median 1.00 1.00
>Median NA NA 5.15 0.025 1.73 0.46

Rectum V55 (%)
≤Median 1.00 1.00
>Median NA NA 3.11 0.10 1.73 0.46

Rectum V60 (%)
≤Median 1.00 1.00
>Median NA NA 5.15 0.025 3.11 0.15

Rectum V65

≤Median 1.00 1.00
>Median NA NA 5.15 0.025 3.11 0.15

Rectum V70

≤Median 1.00 1.00
>Median NA NA 5.15 0.025 3.11 0.15

Acute GU toxicity (grade ≥2)
No 1.00 1.00 1.00
Yes 1.40 0.64 0.89 0.88 3.33 NA NA

Acute GI toxicity (grade ≥2)
No 1.00
Yes NA NA 0.14 1.97 0.42

Abbreviations: PSA, Prostate-specific antigen; PTV, planning tumor volume; PLNs, pelvic lymph nodes treatment; Dmax, maximum dose; Dmin,
minimum dose; Vx, percentage of organ volume receiving ≥x radiation dose; GU, genitourinary; GI, gastrointestinal; NA, not applicable (Bladder
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dosimetric parameters were not assed for GI toxicity and rectum do
low number of events in subgroups were not analyzed).

inimizing the proportion of the rectum that receives moder-
te and high dose decreases the risk of late rectal toxicity. The
roportion of rectum receiving 36.9 Gy, 46.2 Gy, 64.6 Gy, and
3.9 Gy was associated with the development of late GI toxicity.
upelian et al.,22 identified the volume of the rectum receiv-

ng the prescription dose of 70 Gy on the pretreatment plan as
 significant predictor of rectal bleeding, advising to reduce it
o the minimum possible. A phase II dose escalation study23

nalyzed factors predictive of chronic rectal toxicity treating
ocalized prostate cancer with image-guided off-line cor-
ection with adaptive high-dose radiotherapy. Dose–volume
istogram predicted for chronic toxicity: Rectal wall absolute
nd relative V50, V60, V66.6, V70, and V72 were significantly
ssociated with chronic grade >2 rectal toxicity. The chronic
ectal toxicity grade >2 risk was 9%, 18%, and 25% for the rectal
all relative V70 <15%, 25%–40%, and >40%, respectively. How-

ver, unlike us, they found that patients experiencing acute
ectal toxicity were more  likely to experience chronic toxicity.
n Australian trial24 also revealed that rectal pain of a mod-
rate or severe grade during RT was the best predictor of the

ubsequent development of late toxicity, with a hazard ratio
f 3.44. Only a small proportion of patients were treated by
ypofractionation in both of the aforementioned studies,23,24

hich could explain the discrepancy with our findings.
ric parameters were not assed for GU toxicity; those variables with

We  did not find a significant association between the pelvic
treatment and any late grade ≥2 toxicity, which is in agree-
ment with some reports from different authors25 who  found
that pelvic irradiation with a hypofractionated regimen is well
tolerated, with low rates of grade 3 or greater acute and late
toxicity. Patients in our series had a median age of 70 years
and many  had comorbidities that worsened their baseline sex-
ual function (i.e. hypertension, diabetes, dyslipidemia). Thus,
42.3% of patients already started the treatment with partial
or complete erectile dysfunction. These findings are similar
to those reported by Yeoh et al. and Deanerley et al. who
identified erectile dysfunction in 36% and 43.6% of patients,
respectively.15,26

Patients having comorbidities at diagnosis were found
to associate with higher late GU toxicity. There are differ-
ent authors27,28 who have described the association between
comorbidities and late toxicity, especially for rectal impair-
ment. For example, the University of Michigan Medical
Center28 observed that a history of either myocardial infarc-
tion or congestive heart failure predicted grade ≥3 rectal

toxicity, with lesser correlation with grade ≥2 toxicity. An age
comorbidity model to predict rectal toxicity was developed
and correlated with late rectal toxicity on multivariate analy-
sis.

https://doi.org/10.1016/j.rpor.2019.04.001
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Fig. 1 – Proportion of patients having late genitourinary
(GU) and gastrointestinal (GI) toxicity according those
parameters that showed significance in the multivariate

r

1

analysis.

Patients with PSA ≤8 at diagnosis were associated with
higher late GU toxicity. These patients (PSA ≤8) had higher
bladder volume (195cc vs. 184cc) and higher rate of acute
GU toxicity (55% vs. 45%). In addition, the vast majority of
patients with lower PSA at diagnosis received higher dose
per fraction. Seven out of nine patients (78%) who under-
went 2.6 Gy/fraction had lower PSA. It is previously reported12

that patients treated at 2.6 Gy/fraction associated with higher
rates of acute GU toxicity. The relatively high daily dose
(2.6 Gy) seems to be a limiting factor with respect to potentially
increased GU toxicity.

There are various techniques available for delivering
hypofractionation regimens. Volumetric-modulated arc ther-
apy (VMAT) has been shown to need lower monitor units (MUs)
as well as shorter treatment time compared with HT.29 For
instance, Tsai et al.,29 reported that significantly lower MUs
were needed for VMAT  (309.7 ± 35.4) than for HT (3368 ± 638.7;
P < 0.001). The treatment time (minutes) was significantly
shorter for VMAT  (2.6 ± 0.5) than HT (3.8 ± 0.6; P < 0.001). The
dosimetric impact of intrafraction prostate motion has been
investigated for HT treatments and has been found to be
small for the majority of fractions.30 However, whether these
divergences among techniques have a clinical impact is still
unclear.

We acknowledge that there are limitations to our study.
First, comparison of our results with reported results from
clinical trials can be complex, due to heterogeneity regard-
ing treatment volumes, fractionations, equivalent doses, dose
constraints, different radiation techniques, etc. Second, the GI
and GU score criteria may also differ. Finally, symptoms can
be related to other causes and can be confusing. For instance,

GI symptoms may be related to hemorrhoid bleeding instead
of radiation rectorrhagia.

In one of the longest published follow-up series of
prostate cancer patients treated with hypofractionated HT, we

1

iotherapy 2 4 ( 2 0 1 9 ) 298–305

conclude that this technique can be delivered safely with lim-
ited rates of moderate and severe late toxicity. The proportion
of the rectum receiving a moderate and high dose, comor-
bidities, and PSA at diagnosis seem to associate with long
term toxicity. Our findings reflect that these parameters may
be necessary to more  accurately predict risks for late toxicity
following hypofractionated HT.
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