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Purpose: The aim of this work was to assess the efficacy and tolerability of hypofractionated intensity-modulated radiotherapy
(IMRT) in patients with localized prostate cancer.

Materials and Methods: Thirty-nine patients who received radical hypofractionated IMRT were retrospectively reviewed. Based
on a pelvic lymph node involvement risk of 15% as the cutoff value, we decided whether to deliver treatment prostate and seminal
vesicle only radiotherapy (PORT) or whole pelvis radiotherapy (WPRT). Sixteen patients (41%) received PORT with prostate receiving
45 Gy in 4.5 Gy per fraction in 2 weeks and the other 23 patients (59%) received WPRT with the prostate receiving 72 Gy in 2.4 Gy
per fraction in 6 weeks. The median equivalent dose in 2 Gy fractions to the prostate was 79.9 Gy based on the assumption that the
/B ratio is 1.5 Gy.

Results: The median follow-up time was 38 months (range, 4 to 101 months). The 3-year biochemical failure-free survival rate
was 88.2%. The 3-year clinical failure-free and overall survival rates were 94.5% and 96.3%, respectively. The rates of grade 2 acute
genitourinary (GU) and gastrointestinal (Gl) toxicities were 20.5% and 12.8%, respectively. None of the patients experienced grade
>3 acute GU and Gl toxicities. The grade 2-3 late GU and Gl toxicities were found in 8.1% and 5.4% of patients, respectively. No
fatal late toxicity was observed.

Conclusion: Favorable biochemical control with low rates of toxicity was observed after hypofractionated IMRT, suggesting that
our radiotherapy schedule can be an effective treatment option in the treatment of localized prostate cancer.

Keywords: Prostate cancer, Intensity-modulated radiotherapy, Disease-free survival, Toxicity

Introduction

Early detection of localized prostate cancer has dramatically
increased because of the widespread use of screening
tests. Prostate cancer becomes the second most common
malignancy worldwide in men, accounting for 15% of the total

number of newly diagnosed cancer cases [1]. In Korea, prostate
cancer is the fifth most common male malignancy, and
approximately 9,000 men are newly diagnosed with prostate
cancer every vear [2].

Radical radiotherapy is the treatment of choice for localized
prostate cancer. In several randomized trials, escalated-dose
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radiotherapy was superior to conventional-dose radiotherapy
for biochemical control in prostate cancer patients [3-7].
However, prolongation of the waiting period, increases in
the overall treatment time, and high health care costs are
inevitable in high-dose delivery by conventional fractionation.
These drawbacks can be overcome by hypofractionation that
delivers a fractionated dose of >2 Gy. Also, the value of the o/
B ratio for prostate cancer was reported to be approximately
1.5 Gy, which is lower than the value of organs at risk (OARs)
associated with late toxicity [8-11]. These findings support the
therapeutic advantage of hypofractionation.

Intensity-modulated radiotherapy (IMRT) allows for
hypofractionation and shortening of the overall treatment
time by delivering differential doses to multiple target organs
[12]. Moreover, a reduction in normal tissue volume receiving
IMRT may deliver high dose radiation to the prostate with no
increase in late toxicity [13]. Therefore, IMRT is an effective
method for the radical treatment of localized prostate cancer.

In the present study, we retrospectively reviewed the
efficacy and tolerability of hypofractionated IMRT in patients
with localized prostate cancer.

Materials and Methods

1. Study patients

Between August 2007 and October 2014, a total of 39
patients with prostate cancer were retrospectively included
in the study. Inclusion criteria were as follows: 1) histological
confirmation of prostate adenocarcinoma; 2) pelvic lymph
node (LN) enlargement <1 ¢cm on computed tomography (CT)
or magnetic resonance imaging; 3) no evidence of distant
metastasis; 4) no history of pelvic radiotherapy; 5) no history
of prostate surgery other than transurethral resection; 6) no
history of radical radiotherapy; 7) equivalent dose in 2 Gy
fractions (EQD,g,) to the prostate >72 Gy when the o/f value
was assumed to be 1.5 Gy; and 8) patients with >3 months of
follow-up.

The patient characteristics are shown in Table 1. The median
age of 39 patients was 68 years (range, 49 to 88 years). The
distributions of Gleason score, T stage, and prostate specific
antigen (PSA) for all patients are listed in Table 1. Patients
were divided into the intermediate-risk (46.2%) and high-
risk (53.8%) groups according to the National Comprehensive
Cancer Network (NCCN) prostate cancer risk classification.
The median follow-up time was 38 months (range, 4 to 101
months).
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2. Radiotherapy
For simulation and treatment, patients were placed in the
supine position with their hands placed on the anterior chest.
A whole-body vacuum cushion and an abdominal compression
were used for immobilization. Planning CT scans in 2.5-
mm thickness were obtained from the lower abdomen to
the pelvis. The patients were requested to keep their rectum
empty through daily defecation. For patients with habitual
constipation, a light laxative was administered before the start
of radiotherapy. The patients were instructed to void their
bladder at least 2 hours before the simulation and treatment.
The target volume was delineated on CT images. Clinical
target volume 1 (CTV1) encompassed the prostate and the base
of the seminal vesicle. CTV2 encompassed CTV1 with isotropic
5-mm margin in all directions and the remaining distal portion
of the seminal vesicle. CTV3 encompassed the common iliac,
internalfexternal iliac, presacral, and obturator LN chains only
for patients at high risk of pelvic LN involvement. The planning
target volume (PTV) was created by adding an isotropic 3-mm
margin to CTV. The portion of target overlapping with the
rectum was excluded from the target volume. In addition,
OARs (rectum, bladder, femoral heads, and intestinal loops)

Table 1. Patient characteristics

Characteristic No. of patients (%)

Total no. of patients 39

Age (yr), median (range) 68 (49-88)
EQD,g, (Gy), median (range) 79.9 (77.1-92.9)
Gleason score

4-6 14 (35.9)

7 9(23.1)

8-10 16 (41.0)
PSA (ng/mL)

<10 18 (46.2)

10-20 10 (25.6)

>20 11 (28.2)
T stage

1 2(5.1)

2 25 (64.1)

3 25 (64.1)

4 1(2.6)
Risk group

High 21 (53.8)

Intermediate 18 (46.2)
TURP

Yes 2 (5.1)

No 37 (94.9)

EQD,, equivalent dose in 2 Gy per fractions; PSA, prostate specific
antigen; TURP, transurethral resection of prostate.
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were contoured. The rectum was delineated from the anal
verge to the rectosigmoid junction. The intestinal loop
encompassed the small intestine and colon from the upper
margin of the rectum to 2.5 cm above PTV.

Based on a pelvic LN involvement risk of 15% as the cutoff
value using the Roach formula, 2 types of hypofractionated
treatment schedule were used whether pelvic LN was included
in the target or not. The prostate doses of both treatment
modalities used in this study were based on the linear-
quadrantic formula in order to achieve a biologically equivalent
dose (BED) of 81 Gy. The BED for 81 Gy in 1.8 Gy per fraction
was 178.2 Gy when the o/ value was assumed to be 1.5 Gy.
In the prostate and seminal vesicle only radiotherapy (PORT)
group of 16 patients (41.0%), the median prescription doses
for PTV1 and PTV2 were 45 Gy (range, 45 to 50 Gy) and 40 Gy
(range, 40 to 45 Gy) in 10 fractions in 2 weeks, respectively.
In the whole pelvis radiotherapy (WPRT) group of 23 patients
(59%), the median prescription doses for PTV1, PTV2, and
PTV3 were 72 Gy (range, 67.5 to 79.2 Gy), 66 Gy (range, 60 to
72.6 Gy), and 54 Gy (range, 50.4 to 60 Gy) in 30 fractions in 6
weeks, respectively. The dose distributions of the 2 treatment
modalities are shown in Fig. 1. The median as EQD,g, to the
prostate was 79.9 Gy (range, 77.1 to 92.9) when the /B value
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was assumed to be 1.5 Gy.

The dose for the 95% of PTV (D) was determined as the
prescribed dose or higher. The constraints for the OARs were
defined as follows. For the PORT group, the rectal constraint
was defined as at least 30 Gy (Vs5,) < 30% and 40 Gy (V) <
15%. The bladder constraints were defined as Vi, < 50%. For
the WPRT group, the rectal constraint was defined as Vg, <
30% and Vg, < 15%. The bladder V,yg, would be < 50%. The
femoral head were planned to Vg, < 10%.

The treatment planning system TomoTherapy Hi-Art System
ver. 4.0.4 (Accuray Inc., Sunnyvale, CA, USA) was used to
generate IMRT. Treatment was conducted using the TomoTherapy
Hi-Art system. Megavoltage CT was scanned daily for image-
guided verification before treatment.

3. Androgen deprivation therapy

Approximately 59% of the patients received androgen
deprivation therapy (ADT). ADT consisted of a combination of
antiandrogen and luteinizing hormone-releasing hormone
agonist. The patients in the intermediate-risk group were
treated with short-term ADT for 4-6 months, and those in the
high-risk group received long-term ADT for 2-3 years.

Fig. 1. Dose distribution on transverse
and coronal slices of (A) PORT and
(B) WPRT. Planning was carried out
as described in the Materials and
Methods section. (A) PORT plan
shows planning target volume (PTV)
coverage by 45-Gy and 40-Gy isodose
lines. (B) WPRT plan shows PTV
coverage by 72-Gy, 66-Gy, and 54-
Gy isodose lines. PORT, prostate and
seminal vesicle only radiotherapy;
WPRT, whole pelvis radiotherapy.
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4. Follow-up and endpoints

Patients were scheduled to be seen weekly during radiotherapy
and followed up after treatment at 1 month after the end
of treatment, every 3 months for the first 2 years, and every
6 months thereafter. Physical examination and PSA assay
were performed at each visit. Abdominal and pelvis CT and
bone scan were done in cases of suspected recurrences or
metastases.

The primary endpoint was biochemical failure-free survival
(BFFS). Biochemical failure was defined as a PSA increase of
>2 ng/mL from nadir after radiotherapy (also known as the
Phoenix definition). The secondary endpoints were clinical
failure-free survival (CFFS), overall survival (0S), and toxicity.
Clinical failure was defined as both locoregional and distant
failures.

Radiotherapy-related toxicity was scored according to the
Common Terminology Criteria for Adverse Events (CTCAE) 4.0
criteria. Toxicity was recorded on the basis of severity at the
time of follow-up, regardless of the duration of symptoms.
The pre-existing symptoms before treatment were excluded to
correctly evaluate the toxicity. Acute toxicity was scored weekly
during radiotherapy, and 1 and 3 months after completion of
the treatment. Late toxicity was recorded at each visit for 6
months after the end of radiotherapy.

5. Statistical analysis

All time points were calculated from the date of initial diagnosis.
For all endpoints measured, patients were censored at the time
of specific events related to prostate cancer. The survival curves
of BFFS, CFFS, and OS were calculated by using the Kaplan-
Meier estimates. The hazard ratios of clinical factors affecting
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Fig. 2. Kaplan-Meier estimates of disease-free survival. BFFS,
biochemical failure-free survival; CFFS, clinical failure-free
survival; OS, overall survival.
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cancer control were analyzed by using the Cox proportional
hazards model. All the test results were two-sided. A p-value
of less than 0.05 was considered statistically significant. All
statistical analyses were done with R (ver. 3.2.1).

Results

1. Cancer control

For all the patients, the 3-year BFFS was 88.2% (Fig. 2). For
patients in the intermediate-risk and high-risk groups, the
3-year BFFS were 87.1% and 90.5%, respectively. Two patients
in each group were confirmed as biochemical failure by regular
PSA follow-up and received salvage ADT. The 3-year CFFS was
94.5% (Fig. 2). Two cases of clinical failures were observed only
in the high-risk group, and both of them showed distant bone
metastases without locoregional failure. The 3-year OS for all
the patients was 96.3% (Fig. 2). Only one case of death was
observed, which was a cancer-specific death. There was no
statistically significant prognostic factor affecting BFFS, CFFS,
or 0S.

2. Acute toxicity

The proportion of patients with genitourinary (GU) symptoms
before radiotherapy was 53.9% (21 patients). Most of the
patients had grade 1 irritative symptoms, such as frequency
and nocturia due to prostate hyperplasia. One patient had
grade 2 urinary incontinence due to pre-existing cervical spinal
cord injury. The cumulative incidence of grade 2 acute GU
toxicity was 20.5%. None of the patients experienced grade >3
acute GU toxicity.

The proportion of baseline gastrointestinal (GI) symptoms
was 10.3% (four patients). The rate of developing grade 2
acute Gl toxicity was 12.8%. None of the patients experienced
grade >3 acute Gl toxicity. The distributions of acute GU and Gl
toxicities according to the treatment field are shown in Table 2.

Table 2. Incidences of toxicity > grade 2

PORT WPRT
Acute toxicity
Genitourinary 1(2.6) 7(17.9)
Gastrointestinal 1(2.6) 4(10.2)
Late toxicity
Genitourinary 0(0) 3(8.1)
Gastrointestinal 0(0) 2 (5.4

Values are presented as number (%).
PORT, prostate and seminal vesicle only radiotherapy; WPRT, whole
pelvis radiotherapy.
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3. Late toxicity

During the entire follow-up period, the cumulative incidence
of grade >2 late GU toxicity was 8.1% (three patients): grade
2 toxicity was observed in one patient, and grade 3 toxicity in
two patients. No grade 4 toxicity was observed. The grade 2
toxicity was observed in only one patient who had persistent
dysuria. The two patients with grade 3 toxicity had gross
hematuria requiring hospitalization and transfusion, which,
resolved after treatment. Therefore, the rate of developing
grade >2 late GU toxicity was 2.7% at the last follow-up.

For all the follow-up patients, the cumulative incidence of
grade >2 late Gl toxicity was 5.4% (two patients). The two
patients had grade 2 toxicity. No grade 3 or 4 late Gl toxicity
was observed. Two late Gl toxicities were rectal bleeding that
required endoscopic intervention. In one patient, the bleeding
was stopped immediately after intervention, and in the other
patient rectal bleeding continued after intervention for 1 year.
No grade >2 late Gl toxicity was observed at the last follow-
up. All the grade >2 late toxicities were observed in patients
who received WPRT. The distributions of late GU and Gl
toxicities according to the treatment field are shown in Table 2.

Discussion and Conclusion

Numerous phase Ill randomized trials on escalated-dose
radiotherapy for localized prostate cancer compared to
conventional-dose radiotherapy were conducted in the 1990s,
and the long-term results have been reported. Escalated-dose
radiotherapy has been demonstrated to improve biochemical
control in prostate cancer patients [3-7]. The MD Anderson
dose-escalation trial increased the prescribed dose from 70
to 78 Gy in 301 patients [6]. They showed that an absolute
benefit of 19% in the 10-year BFFS rate and a greater benefit
of 39% was seen in patients with initial PSA >10 ng/mL. Also,
the 10-year CFFS rate was significantly increased in the high-
dose arm compared to the low-dose arm (85% vs. 93%, p
= 0.0014). The advantage of escalated-dose radiotherapy in
biochemical control was confirmed in patients with prostate
cancer in all the risk groups by The Medical Research Council
RTO1 trial [3]. NCCN recommends that the dose of 75.6-79.2
Gy for the low-risk group and the dose of up to 81 Gy for the
intermediate-risk or high-risk group in conventional fractions
should be used to improve biochemical control [14].

However, high-dose delivery of up to 75.6-81 Gy by
conventional fractionation of 1.8-2 Gy per fraction increases
the overall treatment time to 8-9 weeks, waiting periods,
and health care costs. These drawbacks can be overcome by
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hypofractionation that delivers a fraction size greater than 2 Gy
with a lower overall dose, which shortens the treatment time
to achieve equivalent efficacy to conventional fractionation
[8]. Also, more important advantage of hypofractionation
is therapeutic benefit. Prostate cancer has a slow growth
fraction and a low estimated o/ ratio of approximately 1.5
Gy; however, for normal tissues adjacent to the prostate, such
as the bladder and rectum the o/p value was assumed to be
3-5 Gy. The tissues with a low o/ ratio are more sensitive
to fraction size, suggesting the therapeutic advantage of
hypofractionation [8-11]. The randomized trial with the aim
of exploring the efficacy of hypofractionation was conducted
by Arcangeli et al. [15,16]. They treated high-risk prostate
cancer patients and compared conventional fractionation (80
Gy/40 fractions) to hypofractionation (62 Gy/20 fractions).
The 3-year BFFS rates were 79% in the control group and
87% in the hypofractionation group (p = 0.035). At a median
follow-up of 70 months, the absolute reduction in biochemical
failure by hypofractionation was 10.3% (p = 0.011). In our
study, 39 patients with intermediate-risk or high-risk prostate
cancer received high-dose radiation at EQD,g, of 79.9 Gy using
hypofractionated IMRT. In contrast to most randomized studies
on dose escalation and hypofractionation, we treated the pelvic
LN in 59% of patients at high-risk of pelvic LN involvement.
The effect of elective pelvic LN chain irradiation is not clear
because pelvic LN chain coverage without substantial toxicity
is insufficient in the conventional technique [17,18]. However,
the prescribed dose to the pelvic LN chain in our study was
escalated to 54 Gy that led to good regional control. This is
a possible explanation of good biochemical control of high-
risk patients in our study. The 3-year BFFS rate of all patients
was reported to be 88.2%. For intermediate-risk and high-risk
patients, the 3-year BFFS were 87.19% and 90.5%, respectively.
Guckenberger et al. [19] treated 150 prostate cancer patients
with hypofractionated IMRT at EQD,g, of 79.9-82.4 Gy (a/
B = 1.5 Gy), of whom 41 simultaneously received pelvic LN
irradiation. With a median follow-up of 50 months, the 3- and
5-year BFFS rates were 95% and 829%, respectively, and the
3-year BFFS rates were 959% of intermediate-risk patients and
89% of high-risk patients, which are similar to our results.
High-dose radiotherapy improves biochemical control, but
it increases risk of treatment-related normal tissue damage
[3,5,6,20]. The Memorial Sloan-Kettering Cancer Center
evaluated the difference in toxicity rate between prescribed
doses of 64.8-81 Gy in 743 patients with localized prostate
cancer [20]. Significantly increased late toxicity rates were
identified in patients treated with higher radiation doses. The
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incidences of grade >2 late GU and Gl toxicities were 8%
and 7%, respectively, in the lower-dose group (64.8-70.2 Gy)
compared to 15% and 16%, respectively, in the higher-dose
group (75.6-81 Gy) (p = 0.004).

Normal tissue complication, especially Gl toxicity, can be
reduced by the use of IMRT that helps save OARs from high-
dose exposure. Zelefsky et al. [21] reported the incidence of
late toxicity in 741 patients receiving IMRT compared to 830
patients receiving three-dimensional conformal radiation
therapy (3D-CRT). The incidence of Gl and GU toxicities was
increased in patients receiving high radiation doses of 66-81
Gy, whereas that of Gl toxicity was significantly reduced in
patients receiving IMRT. With a median follow-up of 10 years,
the incidence of grade >2 late Gl toxicity was significantly
reduced in patients receiving IMRT compared to those
receiving 3D-CRT (5% vs. 13%, p < 0.001). The incidence of
late GU toxicity in all the patients was 15%. The risk of late
GU toxicity was related to the prescribed dose regardless of
receiving 3D-CRT or IMRT (<81 Gy, 12% vs. 81 Gy, 20%; p =
0.01). Similar results were reported by Jani et al. [13]. Rectum
and bladder volumes was significantly lower in patients
receiving mid to high dose (Vy_5q,) IMRT than in those
receiving 3D-CRT. IMRT substantially reduces the incidence of
grade 1 late Gl toxicity (p < 0.001), and the incidence of grade
>2 late Gl toxicity was 6% in the IMRT group. However, there
was no significant difference in the incidence of GU toxicity
(p = 0.166) between the study groups. A possible explanation
of this result may be that urinary symptoms originate from
the urethra which frequently overlaps with the GTV [22,23].
Both IMRT and 3D-CRT are not specifically constrained by the
urethra. Even though, the incidence of late GU toxicity showed
acceptable considering irradiation dose and most of the
symptoms were transient.

In our study, the incidences of grade >2 late GU and Gl
toxicities in all the patients were 8.1% and 5.4%, respectively.
Although we employed high-dose radiotherapy in patients
with prostate cancer was similar to low-dose radiotherapy.
Moreover, 16 patients who received PORT had no grade >2
late toxicity. The late toxicity of hypofractionated IMRT was
reported by Guckenberger et al. [19] who treated 150 prostate
cancer patients including 41 patients receiving pelvic LN
irradiation. The total dose of prostate was EQD,g, of 79.9-82.4
Gy (a/B = 1.5 Gy). With a median follow-up of 50 months,
the incidence of grade >2 late GU toxicity was 22.8% and not
significantly different between PORT and WPRT; the incidence
of grade >2 late Gl toxicity was below 5%.

In this study, we found that during a median follow-up of
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38 months and a maximum of 101 months, hypofractionated
IMRT delivered high dose radiation to the prostate and pelvic
LN chain and resulted in good biochemical cancer control
with acceptable toxicity. The results of this study suggest
that hypofractionated IMRT can be an effective method
for the treatment of localized prostate cancer and that our
radiotherapy schedule may be effective and safe to perform in
patients planned for PORT of small treatment fields because it
shortens the overall treatment time to 2 weeks. Further studies
with a longer follow-up period are required to confirm our
results.
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