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ORIGINAL ARTICLE

A phase II study of hypofractionated proton therapy  
for prostate cancer

YEoN-Joo KIm1, KwaN Ho CHo1, HoNG RYull PYo2, KaNG HYuN lEE1,  
SuNG Ho mooN1, TaE HYuN KIm1, KYuNG HwaN SHIN1, Joo-YouNG KIm1,  
SE BYEoNG lEE1 & BYoNG Ho Nam1

1Research Institute and Hospital, National Cancer Center, Goyang, Korea and 2Department of Radiation Oncology, 
Samsung Medical Center, Sungkyunkwan University, School of Medicine, Seoul, Korea

Abstract
Background. Hypofractionated radiotherapy potentially offers therapeutic gain for prostate cancer. we investigated the 
feasibility of hypofractionated proton therapy (PT). Material and methods. Eighty-two patients with biopsy-proven T1-3N0m0 
prostate adenocarcinoma and no history of androgen deprivation therapy were randomly assigned to five different dose 
schedules: arm 1, 60 CGE (cobalt gray equivalent  proton dose in Gy  1.1)/20 fractions/5 weeks; arm 2, 54 CGE/15 
fractions/5 weeks; arm 3, 47 CGE/10 fractions/5 weeks; arm 4, 35 CGE/5 fractions/2.5 weeks; or arm 5, 35 CGE/5 
fractions/5 weeks. Results. The median follow-up duration was 42 months (11–52 months). The acute GI and Gu grade  2 
toxicity rates were 0 and 5%, respectively. The late GI and Gu grade  2 toxicity rates were 16% and 7%, respectively. The 
best arm for acute Gu toxicity was arm 3, while that for late GI toxicity was arm 2 in which none had grade  2 toxicity. 
The four-year american Society for Therapeutic Radiology and oncology and Nadir  2ng/ml BCF free survival (BCFFS) 
rates were 85% and 86%, respectively. Conclusions. Hypofractionated PT for patients with prostate adenocarcinoma as used 
in this study is feasible with an acceptable toxicity profile. as the BCFFS rates do not seem to be inferior to those produced 
using conventional fractionation, the application of hypofractionated PT may save patients time and money.

Prostate cancer has the slowest natural growth rate of 
all cancers. The average cell doubling time measured 
before treatment is 40 days (range, 15– 60 days) [1], 
compared with about five days for many other types 
of cancer. Brenner et al. [2] estimated that the a/b 
ratio of prostate cancer was comparable to that of late-
responding normal tissue at 1.5 Gy. By comparison, 
the a/b ratios for cancer and for late-responding nor-
mal tissue are assumed to be 10 and 3 Gy, respectively. 
The lower a/b ratio for prostate cancer than for the 
surrounding normal tissue creates the potential for 
therapeutic gain using hypofractionated radiotherapy 
(hypo-RT) because hypo-RT damages the former 
more than the latter. Thus, the effect of a hypofrac-
tionated regimen on tumor control would in theory 
be enhanced. To explore this potential therapeutic 
gain, we investigated several candidate high-benefit/
low-risk hypofractionated regimens and adopted five 
different hypofractionated dose schedules suggested 

by Fowler et al. [3]. They suggested a set of hypofrac-
tionated dose schedules using the linear quadratic 
model. This was done by adjusting the dose per frac-
tion and total dose to maintain the risks of late rectal 
complications constant at the level for 72 Gy of 
conv-RT (2 Gy  36 fractions). Fowler et al. [4] also 
suggested not squeezing hypofractionated schedules 
into too-short overall times. They used insights gained 
from mucosal tolerance studies of head and neck RT 
together with standard linear quadratic modeling. 
However, how short is too short is unclear.

Due to its unique pattern of dose deposition and 
spread-out Bragg peak, proton therapy (PT) can 
deliver highly conformal radiation to tumors located 
close to critical normal structures. PT has been suc-
cessfully applied to prostate cancer; the data have 
demonstrated high rates of biochemical control and 
low rates of urinary or rectal complications [5]. our 
research interest in PT for prostate cancer includes 
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the exploration of hypofractionation, quality of life 
outcomes, and cost-effectiveness. our hypothesis 
was that the hypofractionated PT dose schedules 
used in the present study would be as effective as 72 
Gy of conv-RT in tumor control, if not better, with-
out increasing the risks of acute and late toxicities. If 
true, our findings would positively affect patients’ 
time commitment and medical expenses by requiring 
a smaller number of fractions.

 Thus, we conducted a phase II prospective trial 
using five different dose schedules of PT as shown 
in Table I. The endpoints were acute and late toxicity, 
quality of life, and biochemical control.

Material and methods

Rationale for the dose/fractionation schedules used  
in this study

we adopted the dose schedules of Fowler et al. [3], 
and then adjusted the treatment interval from one to 
four times a week so that acute rectal mucosal toxic-
ity would not exceed the level of a 72 Gy equivalent 
dose in 2 Gy per fraction (EQD2). Next, five different 
hypofractionated dose schedules were chosen as fol-
lows: arm 1, 60 CGE (cobalt gray equivalent   
proton dose in Gy  1.1)/20 fractions/4 times a week 
for 5 weeks; arm 2, 54 CGE/15 fractions/3 times a 
week for 5 weeks; arm 3, 47 CGE/10 fractions/twice 
a week for 5 weeks; arm 4, 35 CGE/5 fractions/twice 
a week for 2 weeks; and arm 5, 35 CGE/5 fractions/
once a week for 4 weeks (Table I).

The biological equivalent dose (BED) was calcu-
lated for late effects using equation [1] with a/b  3 
for the rectum. The effect on tumor control was then 
estimated, assuming a/b  1.5 for prostate cancer.  
we did not take the effect of repopulation for prostate 
cancer during treatment into account because  prostate 
cancer repopulates slowly and no detrimental effects 

on tumor control were found until the overall treat-
ment times exceeded nine or 10 weeks [6].

BED nd
d= +
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(1)

as acute rectal mucosal toxicity was a concern due 
to extreme hypofractionation, the BED was calculated 
using Equation 2 accounting for repopulation with an 
assumption of a/b  10, Tp  2.5 days [7], and Tk  7 
days [8], which were extrapolated from the oral mucosa. 
The details of the equations were in the Supplementary 
appendix (available online at http://informahealthcare.
com/doi/abs/10.3109/0284186X.2013.764011).
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Table I summarizes the five hypofractionated 
dose schedules and the calculated EQD2 for prostate 
cancer for tumor control and the rectum for acute 
and late effects.

Patient eligibility

Patients with biopsy-proven androgen-deprivation 
therapy (aDT)-naive prostate adenocarcinoma and 
stage T1-3N0m0 were eligible for the trial. The exclu-
sion criteria were as follows: previous curative surgery 
or RT; evidence of distant metastasis; previous aDT; 
and failure to provide informed consent. our institu-
tional review board approved the study protocol.

Proton therapy

Patients were randomly assigned to one of the five 
different dose schedules. The procedure involved in 
simulation and treatment planning for PT at our 
institution has been published elsewhere in detail [9]. 

Table I. Five hypofractionated dose schedules.

Daily dose 
(CGE)

Number of 
fractions Tx day/week

Tx time 
(days)

EQD2

Prostate 
cancer*

(a/b  1.5 Gy)

acute effect†

(a/b  10 Gy, 
Tp  2.5, Tk  7)

late effect*
(a/b  3 Gy)

Reference dose in 2 Gy 
per fraction

2 36 mon, Tue, wed, 
Thu, Fri

49 72.0 72.0 72.0

 arm 1 3 20 mon, Tue, Thu, Fri 32 77.1 69.6 72.0
 arm 2 3.6 15 mon, wed, Fri 32 78.7 63.8 71.3
 arm 3 4.7 10 Tue, Thu 30 83.3 58.2 72.4
 arm 4 7 5 Tue, Thu 14 85.0 55.5 70.0
 arm 5 7 5 wed 28 85.0 46.3 70.0

 CGE, cobalt gray equivalent  proton dose in Gy  1.1; EQD2, equivalent dose in 2-Gy fractions; Tx, treatment.
*By Equation 1; †By Equation 2.
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In brief, three gold markers were inserted into the 
prostate and they were used to verify the exact loca-
tion of the prostate for each treatment session. a 
balloon was inserted into the rectum and filled with 
100 ml of saline for both computed tomography 
(CT) images and magnetic resonance imaging (mRI) 
scans for treatment planning. a set of 3-mm-thick 
contrast CT images and mRI scans were acquired 
on the same day (Figure 1a).

The CT and mRI images were fused by using a 
registration algorithm, Normalized mutual Informa-
tion (The Syntegra software on the Pinnacle TPS Ver. 
7.6c; Philips Radiation oncology Systems, Fitchburg 
wI). The targets were delineated on the fused images. 
The clinical target volume (CTV) was defined as the 

whole prostate and proximal 1 cm of the seminal  
vesicles. Regional lymph nodes were not included in 
the target. The planning target volume (PTV) was 
defined as the CTV plus a 7- to 10-mm margin. Treat-
ment planning was performed using bilateral beams 
with the Eclipse proton beam planning system (Ver. 8.1; 
Varian medical System, Palo alto, Ca, uSa). The dose 
was prescribed to the 100% iso-dose line after hetero-
geneity correction. The planning goals included that at 
least 95% of the PTV received the prescribed dose, and 
that the volume receiving 50 Gy EQD2 should not 
exceed 30% for the rectum and bladder (Figure 1B).

at every treatment session, digital orthogonal x-ray 
images were acquired and transferred to the digital 
image positioning system. Next, the three-dimensional 

Figure 1. (a) a set of 3-mm-thick contrast computed tomography images was acquired for treatment planning. Three gold markers were 
inserted into the prostate. one of the three gold markers is not seen because it was inserted into a different axis. a balloon was inserted 
into the rectum and filled with 100 ml of saline. (B) Treatment planning was performed using bilateral beams with the Eclipse proton 
beam planning system (Ver. 8.1; Varian medical System, Palo alto, Ca, uSa). The planning goals included that at least 95% of the PTV 
received the prescribed dose, and that the volume receiving 50 Gy EQD2 should not exceed 30% for the rectum and bladder.
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(3D) relative locations of the gold markers in the dig-
ital images were compared with those in the reference 
images. The difference between the two images, if any, 
was calculated automatically by the system and the 
treatment couch was adjusted to eliminate any  
discrepancy greater than 1 mm. all patients were 
treated using the bilateral two-field technique in a day 
with PT (Proteus 235; Ion Beam application, S.a., 
louvain-la-Neuve, Belgium).

Statistical analysis

Severe acute toxicity (SaT) is defined as any grade 2 
or greater toxicity or any acute toxicity requiring a dose 
reduction. with a probability of 90% for selecting the 
best arm with a 30% difference between the best arm 
and the other four arms in terms of SaT, 18 patients 
were needed per arm. assuming a loss to follow-up of 
5%, 19 patients were needed per arm [10]. Thus, a 
total of 95 patients were to be enrolled. Biochemical 
failure free survival (BCFFS) was determined from the 
date of the first day of PT. Survival rates were calcu-
lated using the Kaplan-meier actuarial method.

Data collection and follow-up

Follow-up visits were scheduled at one month after the 
completion of PT, every three months during the next 
two years, every six months for an additional three 
years, and annually thereafter. acute toxicity was rated 
according to NCI Common  Toxicity Criteria (http://
ctep.cancer.gov/forms/CTCaEv3.pdf). late toxicity 
was rated according to the Radiation Therapy oncol-
ogy Group (RToG)/European organization for 
Research and Treatment of Cancer (EoRTC) late 

Table II. Patient characteristics.

arm 1 (n  19) arm 2 (n  16) arm 3 (n  17) arm 4 (n  18) arm 5 (n  12)

p-value*

Total (n  82)

Characteristics n (%) n (%) n (%) n (%) n (%) n (%)

age median (range) 66 (44–72) 69 (57–82) 71 (61–85) 67 (46–74) 70 (53–80) 68 (44–85)
Gleason score 0.110
  6 15 (79) 6 (38) 14 (82) 12 (67) 5 (42) 52 (63)
 7 4 (21) 8 (50) 2 (12) 5 (28) 5 (42) 24 (29)
 8–10 0 – 2 (13) 1 (9) 1 (6) 2 (17) 6 (7)
PSa peak (ng/ml) 0.476
  10 12 (63) 11 (69) 13 (76) 13 (72) 6 (50) 55 (67)
 10–20 6 (93) 3 (19) 3 (18) 5 (28) 6 (50) 23 (28)
  20 1 (5) 2 (13) 1 (6) 0 – 0 – 4 (5)
T stage 0.252
 T1 8 (42) 9 (56) 3 (18) 5 (28) 4 (33) 29 (35)
 T2 10 (53) 4 (25) 11 (65) 12 (67) 7 (58) 44 (54)
 T3 1 (5) 3 (19) 3 (18) 1 (6) 1 (8) 9 (11)
Risk group† 0.276
 low 10 (53) 5 (31) 6 (35) 5 (28) 2 (17) 28 (34)
 intermediate 7 (37) 5 (31) 7 (41) 11 (61) 7 (58) 37 (45)
 high 2 (11) 6 (38) 4 (24) 2 (11) 3 (25) 17 (21)

 PSa, prostate-specific antigen.
*By c2-analysis, †Risk group according to the National Comprehensive Cancer Network.

radiation morbidity scoring system. Biochemical fail-
ure (BCF) was assessed using the definition of the 
american Society for Therapeutic Radiology and 
oncology (aSTRo) [three consecutive increases in 
prostate-specific antigen (PSa)] and the alternate 
Nadir  2 ng/ml definition. Patient-reported mea-
sures, including the american urological association 
(aua) score [11], urinary quality of life (Qol) score, 
sexual dysfunction scale, modified late Effects  
Normal Tissue Task Force (lENT)-Subjective, 
objective, management, analytic (Soma) genito-
urinary (Gu), and gastrointestinal (GI) toxicity scale 
[12], were collected. a clinically relevant change in 
these scores was defined as a difference from baseline 
to follow-up that exceeded half a standard deviation 
of the baseline value [13].

Results

Study population

Some concerns regarding tumor control were raised 
in arm 5, which used an extremely protracted 
 treatment regimen. Subsequently, accrual to arm 5 
was stopped after 14 patients were enrolled. Thus, 
the overall accrual goal was changed to 90 patients. 
among them, eight patients who declined follow-up 
were excluded from analysis.

a total of 82 patients were analyzed and the median 
follow-up duration was 42 months (range, 11–52 
months). The characteristics of the patients are sum-
marized in Table II. The median age was 68 years. No 
significant difference was found in the distribution of 
the Gleason score, initial PSa, T stage, or risk group 
(NCCN guideline) among the treatment arms.
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Table III. maximum acute and late toxicity.

Grade

arm 1 (n  19) arm 2 (n  16) arm 3 (n  17) arm 4 (n  18) arm 5 (n  12)

p-value*

Total (n  82)

n (%) n (%) n (%) n (%) n (%) n (%)

acute toxicity
 Skin 0.286
  0 7 (37) 2 (13) 5 (29) 5 (28) 6 (50) 25 (30)
  1 12 (63) 14 (88) 12 (71) 13 (72) 6 (50) 57 (70)
 GI 0.583
  0 18 (95) 13 (81) 15 (88) 15 (83) 9 (75) 70 (85)
  1 1 (5) 3 (19) 2 (12) 3 (17) 3 (25) 12 (15)
 Gu 0.128
  0 2 (11) 2 (13) 4 (24) 8 (44) 5 (42) 21 (26)
  1 16 (84) 13 (81) 13 (76) 9 (50) 6 (50) 57 (70)
  2 1 (5) 1 (6) 0 – 1 (6) 1 (8) 4 (5)
late toxicity
 Skin 0.950
  0 10 (53) 9 (56) 8 (47) 11 (61) 7 (58) 45 (55)
  1 9 (47) 7 (44) 9 (53) 7 (39) 5 (42) 37 (45)
 GI 0.277
  0 8 (42) 4 (25) 6 (35) 7 (39) 4 (33) 29 (35)
  1 5 (26) 12 (75) 8 (47) 8 (44) 7 (58) 40 (49)
  2 4 (21) 0 – 3 (18) 3 (17) 1 (8) 11 (13)
  3 2 (11) 0 – 0 – 0 – 0 – 2 (2)
 Gu 0.122
  0 16 (84) 11 (69) 7 (41) 11 (61) 9 (75) 54 (66)
  1 3 (16) 5 (31) 6 (35) 5 (28) 3 (25) 22 (27)
  2 0 – 0 – 4 (24) 2 (11) 0 – 6 (7)

 GI, gastrointestinal; Gu, genitourinary
*By two-tailed Fisher’s exact test

Table IV. Patient-reported measures.

pre-RT (mean 
 standard 

error)
(n  81)

half of SD 
of pre-RT

mean of within-patient change

at the end 
of RT

(n  80)
7 mo

(n  81)
13 mo

(n  69)
25 mo

(n  51)
37 mo

(n  32)

aua score (best 0 – worst 35) 10.7  0.9 4.00 5.50* 20.74 20.90 0.00 20.16
urinary Qol score (best 1 – worst 7) 3.9  0.1 0.66 0.47 20.42 20.32 20.24 20.55
Sexual function scale (best 0 – worst 100%) 37.6  4.1 18.22 20.42 1.35 12.89 9.00 14.40
modified lENT-Soma Gu toxicity score 

(best 0 – worst 4)
 urinary frequency 2.7  0.1 0.51 0.42 0.05 0.09 0.02 0.00
 Nocturia 1.8  0.1 0.45 0.42 0.16 0.22 0.14 0.00
 Hematuria 1.0  0.2 0.08 0.04 0.04 0.01 0.04 20.03
 urgency of urination 2.1  0.1 0.54 0.05 20.15 20.28 20.24 20.23
 Dysuria 1.7  0.1 0.43 0.54* 20.21 20.10 20.02 20.16
modified lENT-Soma GI toxicity score 

(best 0- worst 4)
 Stool frequency 1.3  0.1 0.24 0.22 0.08 0.04 0.06 0.00
 Stool consistency 1.6  0.1 0.25 0.09 0.15 0.07 0.00 0.00
 Pain 1.1  0.02 0.12 0.11 0.09 0.06 0.10 0.10
 mucosal discharge 1.1  0.1 0.26 0.15 0.10 0.26 0.18 0.03
 urgency of defecation 1.6  0.1 0.44 0.18 0.23 0.06 0.34 0.23
 Rectal bleeding 1.0  0.02 0.08 0.05 0.24* 0.66* 0.70* 0.52*

 aua, american urological association; Qol, quality of life; RT, radiation therapy; SD, standard deviation.
lENT-Soma, late Effects Normal Tissue Task Force-Subjective, objective, management
•  urinary Qol score: 1 (delighted); 2 (pleased); 3 (mostly satisfied); 4 (mixed); 5 (mostly dissatisfied); 6 (unhappy); 7 (terrible)
•  Sexual function scale: 0–33% (no/slight dysfunction); 34–67% (moderate dysfunction); 68–100% (severe dysfunction)
•  asterisks (*) designate time points at which scores differed from those at pretreatment baseline by more than half a standard deviation 
and the comparison was significant (p  0.01, by paired t-test).
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Figure 2. Biochemical failure free survival (BCFFS) curves, according to the american Society for Therapeutic Radiology and oncology 
(aSTRo) and Nadir  2 ng/ml definitions, are presented. The four-year aSTRo and Nadir  2 ng/ml BCFFS rates were 85% and 86%, 
respectively.

Table V. Previous studies.

Reference
Inclusion 
criteria

No. of 
patients

Dose (Gy)/
fraction

RT 
duration 
(weeks)

RT  
method

No. of 
neoadj-
uvant. 
aDT

No. of 
adjuvant 

aDT

EQD2 (Gy) EQD2 (Gy) overall Intermediate-risk
 Grade 2 acute 

toxicity (%)
 Grade 2 late  

toxicity (%)

Prostate 
cancer 
a/b  1.5

acute 
a/b  10 
Tp  2.5 
Tk  7

late 
a/b  3

median 
Fu (mo) 
(range)

5 yr 
aSTRo 
BCFFS 

(%)
5 yr Nadir  2 ng/
ml BCFFS (%)

5 yr aSTRo 
BCFFS (%)

5 yr Nadir   
2 ng/ml 

BCFFS (%) Gu GI Gu GI

arcangeli 2010 [14], 
2011 [15]

localized, 
high-risk

85
83

80/40
62/20

8
5

3D-CRT 85
83

85
83

80.0
81.5

80.0
72.3

80.0 35 – high-risk 79 (3 yr) – – 40 21 11 14
75.6 32 – high-risk 87 (3 yr) – – 47 35 16 17

Kupelian 2007 [16] localized 770 70/28 5.5 ImRT 459 80.0 78.9 77.0 45 (0–86) 82 83 85 83 19 9 7* (5 yr) 6* (5 yr)
martin 2007 [17] T1c–2,  

Nx, m0
92 60/20 4 ImRT &  

IGRT
3 5 77.1 74.2 72.0 38 (17–58) 76 (3 yr) 97 (14mo) 72 (3 yr) 85 (3 yr) 25 12 10* 6*

madsen 2007 [18] low-risk 40 33.5/5 1 Stereotactic 0 0 78.5 57.2 65.0 41 (12–60) 70 (4 yr) 90 (4 yr) – – 23 13 16* (4 yr) 9* (4 yr)
King 2009 [19] low-risk 21 36.25/5 1 CyberKnife 0 0 90.6 62.7 74.3 33 (6–45) – – – – – – 29 15

20 36.25/5 2 90.6 61.3 74.3
Pollack 2002 [20] 

Kuban 2008 [21]
T1-T3,  

Nx, m0
150 70/35 7 3D-CRT 0 0 70.0 70.0 70.0 8.7 yr 64 (6 yr) 59 (8 yr) – 76 (8 yr) – – 8 (10 yr) 13 (10 yr)
151 78/39 8 0 0 78.0 78.0 78.0 70 (6 yr) 78 (8 yr) – 86 (8 yr) – – 13 (10 yr) 26 (10 yr)

Current study T1-T3,  
N0, m0

82 35/7–60/20 2.5–5 Proton 0 0 77.1–85.0 46.3–69.6 70.0–72.0 42 (11–52) 85 (4 yr) 86 (4 yr) 85 (4 yr) 90 (4 yr) 5 0 7 16

(Continued)

Acute and late toxicities

Table III lists the maximum acute and late toxicities. 
Grade 1 acute skin toxicity was observed in 57 (70%) 
patients. Twelve (15%) patients developed an acute 
grade 1 GI toxicity and none had GI grade  2 toxicity. 
Fifty-seven (70%) and four (5%) patients developed 
grade 1 and 2 acute Gu toxicities, respectively. None 
had a grade  3 acute toxicity. late GI toxicities were 

observed in 53 (65%) patients: grade 1 in 40 (49%) 
patients, grade 2 in 11 (13%) patients, and grade  
3 in two (2%) patients. late Gu toxicities were 
observed in 28 (34%) patients: grade 1 in 22 (27%) 
patients and grade 2 in six (7%) patients. Thirty-
seven (45%) patients had grade 1 skin pigmentation. 
In contrast to the other arms, no acute Gu grade  2 
toxicity was observed in arm 3. Regarding late GI 
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toxicities, arm 2 had no grade  2 toxicity while the 
others did. Given these results, we selected arm 3 as 
the best arm for severe acute Gu toxicity and arm 
2 for severe late GI toxicity.

Patient-reported measures

Table IV summarizes the change in patient-reported 
measures, including aua score, urinary Qol score, 
sexual dysfunction scale, and modified lENT-Soma 
Gu and GI toxicity scale. The aua score was high-
est at the end of PT and improved afterwards. The 
urinary Qol score also improved after PT. The mod-
ified lENT-Soma Gu and GI toxicity score showed 
no significant change except for dysuria and rectal 
bleeding. Dysuria was at its worst at the end of PT 
and improved afterwards, while rectal bleeding began 
to worsen at seven months and improved at 37 
months after PT.

BCFFS

Figure 2 demonstrates the BCFFS rates according 
to aSTRo and Nadir  2 ng/ml definitions. The 
four-year aSTRo and Nadir  2 ng/ml BCFFS 
rates were 85% and 86%, respectively. The four-
year aSTRo BCFFS rates for the low-, intermedi-
ate-, and high-risk groups were 93%, 85%, and 
75%, respectively (p  0.29). The corresponding 
BCFFS rates for the Nadir  2 ng/ml definition 
were 92%, 90%, and 75%, respectively (p  0.56). 
although we observed more frequent BCF in arm 

5 than others, there was no statistically significant 
difference in BCFFS among the five arms proba-
bly because of the small sample size. according to 
aSTRo definition, the number of patients experi-
encing BCF were one (5.3%), three (18.8%), two 
(11.8%), two (11.1%) and three (25%) for arm 1, 
2, 3, 4, and 5, respectively. The corresponding fig-
ures according to Nadir  2 ng/ml definition were 
one (5.3%), two (12.5%), two (11.8%), one (5.6%) 
and two (16.7%).

Discussion

The hypofractionated dose schedules used in the 
present study are feasible with an acceptable toxicity 
profile compared to the previous studies (Table V).

arcangeli et al. [14,15] performed a randomized 
trial of 168 patients comparing conv-RT with hypo-RT 
using 3D conformal RT (3D-CRT). acute Gu 
grade  2 toxicity was observed in 40% of the conv-RT 
(80 Gy EQD2) and 47% of the hypo-RT (62 Gy/20 
fractions, 72 Gy EQD2) groups. The corresponding 
proportions for acute GI grade  2 toxicity were 21% 
and 35%, respectively. Kupelian et al. [16] reported 
the results of 770 patients treated with hypofraction-
ated intensity-modulated RT (ImRT) with 70 Gy/28 
fraction/5 weeks (79 Gy EQD2). The acute Gu and 
GI grade  2 toxicity rates were 19% and 9%, respec-
tively. martin et al. [17] performed phase II hypo-
ImRT and IGRT in 92 patients treated with 60 Gy/20 
fractions/4 weeks (74 Gy EQD2); they reported acute 
Gu and GI grade  2 toxicity rates of 25% and 12%, 

Table V. Previous studies.

Reference
Inclusion 
criteria

No. of 
patients

Dose (Gy)/
fraction

RT 
duration 
(weeks)

RT  
method

No. of 
neoadj-
uvant. 
aDT

No. of 
adjuvant 

aDT

EQD2 (Gy) EQD2 (Gy) overall Intermediate-risk
 Grade 2 acute 

toxicity (%)
 Grade 2 late  

toxicity (%)

Prostate 
cancer 
a/b  1.5

acute 
a/b  10 
Tp  2.5 
Tk  7

late 
a/b  3

median 
Fu (mo) 
(range)

5 yr 
aSTRo 
BCFFS 

(%)
5 yr Nadir  2 ng/
ml BCFFS (%)

5 yr aSTRo 
BCFFS (%)

5 yr Nadir   
2 ng/ml 

BCFFS (%) Gu GI Gu GI

arcangeli 2010 [14], 
2011 [15]

localized, 
high-risk

85
83

80/40
62/20

8
5

3D-CRT 85
83

85
83

80.0
81.5

80.0
72.3

80.0 35 – high-risk 79 (3 yr) – – 40 21 11 14
75.6 32 – high-risk 87 (3 yr) – – 47 35 16 17

Kupelian 2007 [16] localized 770 70/28 5.5 ImRT 459 80.0 78.9 77.0 45 (0–86) 82 83 85 83 19 9 7* (5 yr) 6* (5 yr)
martin 2007 [17] T1c–2,  

Nx, m0
92 60/20 4 ImRT &  

IGRT
3 5 77.1 74.2 72.0 38 (17–58) 76 (3 yr) 97 (14mo) 72 (3 yr) 85 (3 yr) 25 12 10* 6*

madsen 2007 [18] low-risk 40 33.5/5 1 Stereotactic 0 0 78.5 57.2 65.0 41 (12–60) 70 (4 yr) 90 (4 yr) – – 23 13 16* (4 yr) 9* (4 yr)
King 2009 [19] low-risk 21 36.25/5 1 CyberKnife 0 0 90.6 62.7 74.3 33 (6–45) – – – – – – 29 15

20 36.25/5 2 90.6 61.3 74.3
Pollack 2002 [20] 

Kuban 2008 [21]
T1-T3,  

Nx, m0
150 70/35 7 3D-CRT 0 0 70.0 70.0 70.0 8.7 yr 64 (6 yr) 59 (8 yr) – 76 (8 yr) – – 8 (10 yr) 13 (10 yr)
151 78/39 8 0 0 78.0 78.0 78.0 70 (6 yr) 78 (8 yr) – 86 (8 yr) – – 13 (10 yr) 26 (10 yr)

Current study T1-T3,  
N0, m0

82 35/7–60/20 2.5–5 Proton 0 0 77.1–85.0 46.3–69.6 70.0–72.0 42 (11–52) 85 (4 yr) 86 (4 yr) 85 (4 yr) 90 (4 yr) 5 0 7 16

aDT, androgen–deprivation therapy; aSTRo, american Society for Therapeutic Radiology and oncology; BCFFS, biochemical failure-free 
survival; EQD2, 2 Gy equivalent dose; Fu, follow-up; GI, gastrointestinal; Gu, genitourinary; IGRT, image-guided radiation therapy; ImRT, 
intensity-modulated radiation therapy; mo, month(s); RT, radiation therapy; 3D-CRT, three-dimensional conformal radiation therapy.
 *actuarial value

Table V. Continued
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respectively. To summarize the aforementioned stud-
ies using hypofractionated regimens, the acute 
grade  2 toxicity rates ranged from 19% to 47% for 
Gu and from 9% to 35% for GI after delivering 72–
80 Gy EQD2. Interestingly, arcangeli et al. [15] 
reported the highest toxicity rates of 47% for Gu and 
35% for GI after 3D-CRT, although the lowest EQD2 
(72 Gy) was delivered. Thus, treatment techniques 
seem to affect the risk of toxicity. Compared with 
these studies, our data showed extremely low rates of 
acute grade  2 toxicity (5% for Gu and 0 for GI).

madsen et al. [18] reported the acute Gu and GI 
grade  2 toxicity rates were 23% and 13%, respec-
tively, following stereotactic hypo-RT with 33.5 Gy/5 
fractions/week (57 Gy EQD2). King et al. [19] 
reported that rectal symptoms were improved in 
patients treated every other day compared to those 
treated for five consecutive days (0% vs. 38%, 
p  0.0035) following Cyberknife stereotactic 
hypo-RT of 36.25 Gy/5 fractions (61–63 Gy EQD2). 
many factors such as the PTV margins and time/
dose/fractionation scheme may have affected the risks 
of acute toxicity. The PTV margin for CyberKnife 
[19] was 3 mm for posterior direction and 5 mm for 
other directions. madsen et al. [18] used six station-
ary non-coplanar fields with a 4–5-mm margin from 
the prostate to the block edge. as these margins were 
smaller than the 7–10 mm of ours, we could not 
explain that our lower acute toxicity rates were attrib-
uted to the PTV margins. The regimen in these two 
studies was similar to that in arms 4 and 5 in our 
study, but time factor in which the treatment was 
delivered twice (arm 4) or once (arm 5) a week. The 
corresponding acute toxicity rates for arms 4 and 5 
were of 6% and 8% for Gu and 0 and 0 for GI 
 toxicities, respectively. The lower rates of acute toxic-
ity could be attributed, at least in part, to the treat-
ment modality (PT) and carefully designed 
hypofractionated dose schedule, which limited the 
EQD2 to below 70 Gy for acute effects.

Pollack et al. [20] and Kuban et al. [21] published 
the results of a randomized trial comparing conv-RT 
of 70 Gy/35 fractions with 78 Gy/39 fractions in 301 
patients using 3D-CRT. GI grade  2 toxicity 
occurred twice as often in the high-dose patients 
(26% vs. 13%, p  0.013), although Gu grade  2 
toxicity was less common (13% vs. 8%, p  0.05). 
arcangeli et al. [15] reported that the late Gu and 
GI grade  2 toxicity rates were 11% and 14%, 
respectively, following conv-RT of 80 Gy and 16% 
and 17%, respectively, following hypo-RT of 76 Gy 
EQD2 using 3D-CRT. The toxicity rates were not 
statistically different between the two arms. Kupelian 
et al. [16] reported that the rates were 7% and 6%, 
respectively, with hypo-ImRT of 77Gy EQD2. 
 martin et al. [17] reported that they were 10% and 

6%, respectively, with hypo-ImRT and IGRT of 72 
Gy EQD2. Thus, ImRT and IGRT appear to pro-
duce lower late toxicity rates. after stereotactic 
hypo-RT, the late Gu and GI grade  2 toxicity rates 
ranged from 16% and 9% with 65 Gy EQD2 [18] 
to 29% and 15% with 74 Gy EQD2 [19], respec-
tively. The latter two studies used extreme hypofrac-
tionation and seemed to cause more Gu (range, 
16%–29%) than GI toxicity (range, 9%–15%). By 
contrast, the corresponding toxicity rates in arm 4 
and 5 of our study using a similar EQD2 were 7% 
(2/30 patients) and 13% (4/30 patients), respectively. 
whether the difference is due to the treatment tech-
nique or treatment volume is unclear. Stereotactic 
RT, particularly when using a Cyberknife, presum-
ably has more dose inhomogeneity within the target, 
and subsequently in the urethra, than PT. The over-
all grade  2 toxicity rates in the studies above ranged 
from 7% to 29% for Gu and from 6% to 26% for 
GI. our corresponding toxicity rates were 7% and 
16%, respectively, which are within the ranges pro-
duced in these other studies.

The aua score was the highest at the end of 
treatment and continued to improve afterwards. The 
urinary Qol score was also worst at the end of RT 
and improved afterwards. at 37 months after PT, the 
urinary Qol was even better than before PT. This 
finding is consistent with the results of a previous 
Qol study published by Sanda et al. [22]. Sexual 
function gradually decreased for the cohorts, which 
is not unusual after RT. The modified lENT-Soma 
Gu and GI toxicity scores were not significantly 
changed, but the rectal bleeding score was worse 
than the baseline score.

Pollack et al. [20] and Kuban et al. [21] demon-
strated that BCFFS (by Nadir  2 ng/ml) or clinical 
failure was superior in the 78 Gy arm (78%) com-
pared with the 70 Gy arm (59%) (p  0.004) at eight 
years. For the intermediate-risk group, the values 
were 86% and 76% at eight years, respectively. The 
corresponding rate in our study was 90% at four 
years. Kupelian et al. [16] reported the results of 
hypo-ImRT with 70 Gy (80 Gy EQD2). approxi-
mately 60% of the cohort received neoadjuvant aDT. 
The aSTRo and Nadir  2 ng/ml BCFFS values for 
the intermediate-risk group were 85% and 83% at 
five years, respectively. The corresponding rates in 
our study were 85% and 90% at four years, respec-
tively, which are not inferior to those of Kupelian, 
although neoadjuvant aDT was not given, but the 
follow-up period was slightly shorter in our study. 
madsen et al. [18] reported an aSTRo BCFFS rate 
of 70% and Nadir  2 ng/ml BCFFS rate of 90% at 
four years after ImRT with 77 Gy EQD2. Given that 
they only included low-risk patients, our treatment 
outcome for the intermediate-risk group (85% and 
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90%, respectively) is not inferior to theirs. In sum-
mary, our treatment outcome was not inferior to the 
results of modern high-dose RT in the literature. we 
could not find any difference in BCFFS among the 
treatment arms, despite the fact that the EQD2 
ranged from 77 to 85 Gy.

a weakness of our study is the small sample size 
and short follow-up period. Thus, we could not com-
pare the outcomes among the treatment arms. To our 
knowledge, however, this is the first randomized 
study using hypofrationationated dose schedules of 
PT, and we achieved a satisfactory treatment out-
come in terms of BCFFS with much less acute tox-
icity than reported in previous studies.

In conclusion, the hypofractionated dose sched-
ules used in the present study are feasible with an 
acceptable toxicity profile. as the BCFFS rates do 
not seem to be inferior to those reported previously, 
hypofractionated PT could be a viable option to save 
patients time and money, although further study is 
warranted to define the optimal dose and fraction-
ation. Thus, a new trial is undergoing to compare 
biochemical outcomes among the treatment arms.       
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