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ABSTRACT

Background: This dose-escalation study evaluated the toxicity and efficacy of different stereotactic
body radiation therapy (SBRT) doses for selecting an optimal dose for prostatic adenocarcinoma (PCa).
Materials and methods: This clinical trial was registered at UMIN (UMIN000014328). Patients with
low- or intermediate-risk PCa were equally assigned to 3 SBRT dose levels: 35, 37.5, and 40Gy per 5
fractions. The primary endpoint was the occurrence rate of late grade >2 genitourinary (GU) and
gastrointestinal (Gl) adverse events at 2years, while the secondary endpoint was the 2-year biochem-
ical relapse-free (bRF) rate. Adverse events were evaluated using the Common Terminology Criteria for
Adverse Events version 4.0.

Results: Seventy-five patients (median age, 70years) were enrolled from March 2014 to January 2018,
of whom 10 (15%) and 65 (85%) had low- and intermediate-risk PCa, respectively. The median follow-
up time was 48 months. Twelve (16%) patients received neoadjuvant androgen deprivation therapy.
The 2-year occurrence rates of grade 2 late GU and Gl toxicities were 34 and 7% in all cohorts,
respectively (35Gy: 21 and 4%; 37.5 Gy: 40 and 14%; 40 Gy: 42 and 5%). The occurrence risk of GU tox-
icities significantly increased with dose escalation (p=0.0256). Grades 2 and 3 acute GU toxicities
were observed in 19 (25%) and 1 (1%), respectively. Grade 2 acute GI toxicity was observed in 8 (11%)
patients. No grade >3 Gl or >4 GU acute toxicity or grade >3 late toxicity was observed. Clinical
recurrence was detected in 2 patients.

Conclusions: An SBRT dose of 35Gy per 5 fractions is less likely to cause adverse events in patients
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with PCa than 375- and 40-Gy SBRT doses. Higher doses of SBRT should be applied with caution.

Introduction

Prostatic adenocarcinoma (PCa) is one of the most common
cancers among men worldwide [1]. Treatment options for
PCa include surgery and external beam or interstitial radi-
ation therapy (RT). Owing to technological advancements
and the possibility of radiation dose escalation, treatment
outcomes of RT for PCa have improved in recent years. Thus,
RT is recognised as an effective and curative treatment
option for men with localised PCa and has become compar-
able to surgical resection. Currently, various RT modalities
have been developed and utilised for the treatment of PCa.
A characteristic biological feature of PCa is its unique o/
ratio, which is even lower than surrounding normal tissues
[2]. Therefore, ultra-hypofractionated (high radiation dose,
over 3.4 Gy per fraction) stereotactic body RT (SBRT) for PCa
has attracted significant attention as a treatment modality

for PCa, which can maximise therapeutic effect and minimise
toxicities.

Although multiple clinical outcomes of SBRT for PCa have
been reported, the applicability of SBRT is still considered
controversial and has not been firmly stated in some practice
guidelines [3,4]. In addition, there is scope for improvement
in the treatment outcomes in patients with unfavourable
intermediate- or high-risk PCa. Using a median dose of
36.25Gy per 4-5 fractions, the 5-year biochemical relapse-
free (bRF) survival rates after SBRT were 95%, 84% and 81%
for low-, intermediate- and high-risk patients, respectively [5].
To address this issue, dose escalation of RT may be promis-
ing, considering the favourable treatment outcomes achieved
with high dose of brachytherapy (over biologically equivalent
dose [BED] of 200Gy at o/ of 2) in high-risk patients [6].
Draulans et al. [7] reported the feasibility of simultaneous
focal boosting to a macroscopic tumour with acceptable
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toxicity and the applicability of SBRT for unfavourable inter-
mediate- or high-risk PCa. However, drastic dose escalation
of SBRT reportedly results in damages to the surrounding tis-
sues. An SBRT dose of 50 Gy per 5 fractions (BED = 300Gy at
o/B of 2) reportedly resulted in increased grade >3 genito-
urinary (GU) or gastrointestinal (Gl) toxicities [8]. Thus far, the
feasibility of dose escalation and optimal dose fractionation
of SBRT, which can be used to achieve therapeutic effect
and safety, remains controversial and requires evaluation. In
this study, we compared three dose fractionation methods
as follows: 35, 37.5, and 40Gy per 5 fractions. The 35Gy
(BED of 158Gy at a/p of 2) dose was similar to doses com-
monly used in external beam RT. The 37.5Gy (BED of 178 Gy
at o/p of 2) dose was an intermediate dose between the
other two dose fractionations, and the 40Gy (BED of 200 Gy
at o/f of 2) dose was similar to doses commonly used in
high-dose-rate brachytherapy. This dose escalation clinical
trial investigated the toxicity and efficacy of different SBRT
doses to determine a feasible and optimal SBRT dose
for PCa.

Methods
Overview of the clinical trial

This was a single-institution, prospective, phase I/Il dose
escalation study (UMIN000014328) conducted from March
2014 to January 2018 in patients with PCa. We assessed the
safety and efficacy of fiducial-based SBRT using CyberKnife
(Accuray Inc., Sunnyvale, CA, USA) for localised low- or inter-
mediate-risk PCa. The study protocol was approved by the
Human Ethics Review Committee of the Osaka University
Hospital and signed informed consent form was obtained
from all patients.

We set 3 levels (35, 37.5, and 40 Gy per 5 fractions) of the
examined RT dose, and intended to treat 25 patients in each
dose level. Dose escalation to the next level was allowed if
<7 of 25 patients experienced grade >2 GU or Gl toxicities
at the time of completion of registration at a given dose
level and considering registration to the next dose level.

Endpoints

The primary endpoint was the 2-year occurrence rate of late
grade >2 GU and Gl adverse events, while the secondary
endpoint was the 2-year bRF rate. Adverse events were eval-
uated using the Common Terminology Criteria for Adverse
Events version 4.0 [9]. Worsening of symptoms (such as urin-
ary frequency or urinary retention), which were managed
with continuous medication before SBRT, was defined as
grade 2 toxicity. Biochemical relapse was defined based on
the Phoenix definition (prostate-specific antigen [PSA] level
>2ng/mL from the nadir) [10].

Patient eligibility criteria

The eligibility criteria included the following: histologically
confirmed PCa by biopsy; no lymph node or distant
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metastases diagnosed by computed tomography (CT), mag-
netic resonance imaging (MRI), and bone scintigraphy (CT
could be omitted if pelvic lymph nodes were evaluated by
MRI); clinical T1c to T2c and NO and MO according to the
Union for International Cancer Control 2009 TNM classifica-
tion [11]; Gleason’s score <7 (including 4 + 3); pre-treatment
PSA level <20ng/mL (in patients who underwent androgen
deprivation therapy [ADT], the level before starting ADT was
used); retaining sufficient major organ function (white blood
cell count >3,000/pL, haemoglobin level >10.0g/dL, platelet
count >10 x 104/p.L, creatinine level <2.0mg/dL, glutamic-
oxaloacetic transaminase level <100U/L, glutamic pyruvic
transaminase level <100U/L, and no haemostatic dysfunc-
tion); age of at least 20 and <80years at enrolment; provi-
sion of written informed consent.

The exclusion criteria were as follows: active double can-
cer; uncontrolled diabetes; use of anticoagulant or antiplate-
let drugs that could not be stopped; severe cranial nerve
disease; collagen vascular disease; prior pelvic surgery or RT;
history of transurethral resection of the prostate; prostatic
enlargement and lower urinary tract symptoms (International
Prostate Symptom Score, which is a modification of the
American Urological Association symptom index for benign
prostatic hyperplasia >15) [12]; no consent to or medically
impossible to insert gold markers; ADT continued for >1 year
before starting SBRT; castration-resistant prostate cancer (dis-
ease progression or PSA level increased >2ng/mL from the
nadir during ADT, with serum testosterone level <50 ng/dL).

Androgen deprivation therapy

Neoadjuvant ADT for 6 months was provided to intermedi-
ate-risk patients with >2 of the following factors: cT2b or
T2¢; initial PSA level >10ng/mL; Gleason’s score of 3+4 or
4 + 3. Moreover, neoadjuvant ADT for the indicated patients
was not imperative. Some eligible patients were allowed to
refuse ADT. In addition, neoadjuvant ADT was allowed for
patients without above-referenced factors who had initiated
ADT in another institution before registration, provided that
the duration period was within 1year. None of the patients
underwent adjuvant ADT.

Radiation therapy

Three gold fiducial markers were placed in the prostate for
tracking. CT was then performed 1-2weeks later. During
planning of CT, a urinary catheter was inserted to visualise
the urethra. After urinating immediately before a CT scan,
100 mL of saline was injected into the bladder, and the urin-
ary catheter was clamped.

The clinical target volume (CTV) was set around the pros-
tate (@ 1-mm margin to the dorsal side and a 3-mm margin
in other directions) and included the proximal region of the
seminal vesicles (approximately 1cm from the prostate). The
planning target volume (PTV) was the CTV with a 2-mm mar-
gin in all directions. The defined organs at risk (OARs) were
the rectum (delineated in CT slices in the range of 1cm from
the cranial and caudal ends of the PTV), whole bladder,
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Table 1. Dose constraints of SBRT.

Organ Dose constraints
Rectum
D2cc <35Gy
D5cc <30Gy
V50% <40%
Bladder
D10cc <35Gy
V50% <35cc
V100% <5cc
Urethra
D10% <50 Gy
D30% <45Gy
Femoral head
V40% <5%

DXcc, the minimum dose distributed to the highest irradiated volumes of X cc
of the organ; SBRT, stereotactic body radiation therapy; VX%, the percentage
of volume irradiated X% dose of prescription dose in the whole organ; DX%,
the minimum coverage dose of X% of the organ.

urethra, and femoral heads. The prescribed dose of SBRT was
35, 37.5, or 40Gy per 5 fractions to the lowest dose distrib-
uted to 95% volume of the PTV. The optimising procedure
was conducted to set the prescribed isodose line to approxi-
mately 80% (70-90%), i.e, the maximum dose in the PTV
was approximately 125% (111-143%) of the prescribed dose.
The dose constraints for the OAR are listed in Table 1.

We confirmed the absence of relative displacement
between the gold marker and the prostate or urethra via CT
scanning before each treatment. The urinary catheter was
placed continuously throughout the treatment period or
inserted before each treatment, and urination was performed
from the urinary catheter immediately before CT scanning.
Subsequently, 100 mL of saline was injected into the bladder,
and the urinary catheter was clamped. Irradiation was per-
formed on 5 consecutive weekdays, and the total treatment
period was 5-8 days.

Follow-up and evaluation

All patients were followed up 1 month after treatment with a
medical examination and blood (complete blood count and
assessment of liver and kidney function) and urine tests
(qualitative urine tests and, if necessary, urine sediment
examination). The medical examination and evaluation of
PSA level were performed at 3, 6, 9, 12, 15, 18, 21, and
24 months. The blood and urine tests were performed 12
and 24 months post-treatment.

Statistical analyses

We used Tukey's test to compare the clinical background
and dose-volume parameters of SBRT between patients’
cohorts corresponding to different dose levels. The time to
occurrence of toxicity or biochemical relapse was defined as
the number of months from the initial day of SBRT to the
day of the events. Occurrence rates of toxicity and bRF rate
were calculated using the Kaplan—Meier method. The log-
rank test for trend was used to examine whether there is a
linear trend of occurrence rates of toxicity and bRF across
patients’ cohorts. The Cox proportional hazards model was
used to estimate the hazard ratio (HR) in terms of the

difference in prescribed radiation dose and PTV with
Dunnett’s test for multiple comparisons. Statistical analyses
were performed using JMP Pro version 13 (SAS Inc., Cary, NC,
USA) and SAS software version 9.4 (SAS Inc., Cary, NC, USA).
Statistical significance was set at p < 0.05.

Results

Patients’ characteristics, dose-volume parameters, and
clinical outcomes

A total of 75 consecutive patients with localised low- or
intermediate-risk PCa (according to the National
Comprehensive Cancer Network guideline [13]) were regis-
tered in this study. Dose-limiting toxicity was not observed
in more than the predetermined number of patients when
we intended to move on to the next dose level. We treated
25 patients at each dose level, as planned. Patients’ charac-
teristics are listed in Table 2. The clinical backgrounds of the
patients were not significantly different among the 3
cohorts.

Prostate volume and PTV were significantly larger in the
37.5-Gy cohort than in the other cohorts (p=0.0084 and
p=0.0007, respectively). Among the dose-volume parame-
ters of SBRT, D2cc of the rectum (p=0.0011), D10cc of the
bladder (p=0.0018), D10% (p <0.0001), and D30% of the
urethra (p <0.0001) significantly increased and correlated
with dose escalation of SBRT. The dose-volume parameters
are summarised in Table 2.

Biochemical relapse was observed in 5 patients during fol-
low-up, and the 2-year bRF rate was 96%. Among these 5
patients, clinical recurrence was identified in 2:1 with local
recurrence while the other with lymph node and bone meta-
static recurrence. In another patient, the PSA level exceeded
2ng/mL from the nadir within 2years. He was diagnosed
with prostatitis, and his PSA level gradually decreased after
medication for prostatitis without any cancer treatment.
Therefore, we did not consider this transition at PSA level as
a biochemical relapse. One patient, who had not been diag-
nosed with the disease at registration to the trial, died of
myelodysplastic syndrome 24 months after SBRT. All other
patients were alive at their last follow-up.

Acute toxicity

Grade 3 acute urinary tract infection was reported in 1 (1%)
patient who underwent SBRT of 40Gy. Grade 2 acute GU
toxicities were reported in 19 patients (25%). Of these 19
patients, 6, 8, and 5 received SBRT of 35, 37.5, and 40Gy,
respectively. Grade 2 acute Gl toxicities were reported in 8
(11%) patients. Of these 8 patients, 1, 3, and 4 received SBRT
of 35, 37.5, and 40 Gy, respectively. Detailed descriptions of
the toxicities are provided in Table 3. There was no acute
grade 4 or 5 GU and grade > 3 Gl toxicity.
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All 35-Gy cohort 37.5-Gy cohort 40-Gy cohort
(n=175) (n=25) (n=125) (n=25)

Age at start of SBRT (years)

Median (range) 70 (48-80) 70 (51-80) 67 (50-77) 70 (48-79)
Follow-up time (months)

Median (range) 48 (23-64) 56 (24-64) 48 (40-54) 30 (23-42)
Clinical T stage

Tlc 18 6 5 7

T2a 40 1 15 14

T2b 2 1 1 0

T2c 15 7 4 4
Gleason score

6 18 7 6 5

7 57 18 19 20
Pre-treatment PSA (ng/mL)

<10 55 16 17 22

10-20 20 9 8 3
NCCN risk group

Low 10 4 2 4

Intermediate 65 21 23 21
NA-ADT (+) 12 7 3 2
P-vol cc, median (range) 34.6 (14.3-83.5) 33.3 (20.2-55.2) 39.5 (19.6-83.5) 32.0 (14.3-60.4)
PTV cc, median (range) 66.8 (34.9-143.2) 63.2 (46.8-113.0) 80.5 (53.5-143.2) 61.3 (34.9-100.9)
Rectum

D2cc, Gy, median (range) 33.6 (29.3-35.6) 32.2 (29.3-35.1) 33.5 (30.2-34.6) 34.2 (29.6-35.6)

D5cc, Gy, median (range) 28.4 (22.0-33.6) 28.4 (22.0-33.6) 28.4 (23.4-29.5) 28.7 (22.6-31.9)

V50%, %, median (range) 30.9 (16.2-40.0) 31.0 (16.2-40.0) 31.9 (16.2-38.0) 27.5 (19.7-36.7)
Bladder

D10cc, Gy, median (range) 30.1 (14.5-39.0) 29.5 (14.5-31.1) 30.1 (27.1-38.8) 31.2 (26.0-39.0)

V50%, cc, median (range) 30.5 (15.6-126.0) 30.5 (16.6-36.7) 31.1 (24.3-126.0) 28.5 (15.6-50.5)

V100%, cc, median (range) 3.4 (0.2-18.0) 3.1 (0.2-6.1) 3.8 (0.7-18.0) 3.6 (1.6-8.9)
Urethra

D10%, Gy, median (range)
D30%, Gy, median (range)

42.9 (35.9-49.4)
42.1 (23.3-48.2)

38.0 (35.9-44.5)
35.9 (23.3-43.9)

43.4 (40.6-49.4)
42.9 (39.7-48.2)

44.1 (41.2-453)
43.2 (40.7-44.3)

Values are presented as median (range) or n.

PSA: prostate-specific antigen; NCCN: National Comprehensive Cancer Network; NA-ADT: neoadjuvant androgen deprivation therapy; P-vol: prostate volume; PTV:

planning target volume.

Table 3. Summary of grade >2 toxicities.

Adverse events n

Acute GU
Urinary retention 8 (
Urinary incontinence 7 (
Urinary frequency 7 (9%)
Urinary tract pain 6 (8%)
Urinary urgency 6 (8%)
Urinary tract infection 2 3%)

Late GU

Urinary frequency 9 (12%)
Urinary urgency 9 (12%)
Urinary retention 6 (8%)
Urinary incontinence 4 (5%)
Prostatic pain 3 (4%)
Urinary tract pain 2 (3%)
Hematuria 1 (1%)
Prostatic haemorrhage 1 (1%)
Acute Gl
Defecation frequency 3 (4%)
Anal pain 2 3%)
Constipation 2 (3%)
Rectal haemorrhage 2 3%)
Diarrhea 1 (1%)
Late Gl
Rectal haemorrhage 3 (4%)
Anal pain 2 3%)
Diarrhea 1 (1%)

Values are presented as n (%).
GU: genitourinary toxicities; Gl: gastrointestinal toxicities.

Late toxicity

Late GU and Gl toxicities were observed in 47 (63%) (median
time to onset, 12months) and 20 (27%) (median time to

onset, 8.5 months) patients, respectively. Grade 2 late GU tox-
icities were observed in 29 (37%) patients (median time to
onset, 12 months), and grade 2 Gl toxicities were observed in
6 (8%) patients (median time to onset, 8.5 months). There
was no grade >3 late GU or GI toxicities. A summary of
grade 2 late toxicities is presented in Table 3.

The 2-year occurrence rates of grade 2 GU toxicities were
34% in all cohorts (Figure 1(A)) and 21%, 40%, and 42% in
the 35-, 37.5-, and 40-Gy cohorts, respectively (Figure 1(B)).
The occurrence risk of grade 2 GU toxicities increased signifi-
cantly with dose escalation (p=0.0256). Even under adjust-
ment for PTV, the lower 95% confidence intervals for the
adjusted HRs of 37.5 and 40 were above 1 when the dose of
35Gy was used as a reference. The adjusted p-values for the
test results under adjustment for multiplicity by Dunnett’s
test were 0.050 for 37.5 vs. 35Gy and 0.044 for 40 vs. 35Gy
(Supplementary Table).

The 2-year occurrence rate of grade 2 Gl toxicities was 7%
in all cohorts (Figure 2(A)) and 4%, 14%, and 5% in the 35-,
37.5-, and 40-Gy cohorts, respectively (Figure 2(B)). The differ-
ence was not significant.

Discussion

In this study, we determined the correlation between RT
dose and risk of toxicities. Generally, patients with localised
PCa have a good prognosis and long life expectancy.
Therefore, the risk of adverse events, especially late adverse
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Figure 1. Cumulative incidence of late grade 2 genitourinary toxicities in (A) all
cohorts and (B) each cohort.

events, should be minimised to improve patients’ quality of
life. In two previously reported randomised phase Il trials,
the occurrence rates of grade > 2 acute GU and Gl toxicity
after SBRT were approximately 20-30% and 5-10%, respect-
ively, which were similar to or slightly higher than those after
conventional fractionated RT [14,15]. The results from this
study were comparable to the results obtained in previous
studies, and the occurrence rates of Gl and GU acute toxic-
ities were similar among the 3 cohorts.

In contrast to acute toxicities, the cumulative rates of late
toxicities, especially GU toxicities, increased as the dose of RT
increased. Although PTV differences existed among the three
cohorts, the SBRT dose had a greater impact on toxicity than
PTV. The 5-year occurrence rates of grade 2 GU and GI toxic-
ities in a large-scale pooled analysis of the cohort studies
(n=2142 patients) were 11.2% and 4.5%, respectively [16]. In
another phase lll trial, the 2-year occurrence rates of grade
>2 GU and Gl toxicities after SBRT were 9% and 6%, respect-
ively, and were similar to the rates obtained after

>
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Figure 2. Cumulative incidence of late grade 2 gastrointestinal toxicities in (A)
all cohorts and (B) each cohort.

conventional fractionated RT [14]. In our study, the occur-
rence rate of Gl toxicities was comparable and acceptable in
the 3 dose cohorts, whereas the occurrence rate of grade 2
toxicities was slightly higher in the 37.5-Gy cohort than in
the 35- and 40-Gy cohorts. Furthermore, a polyethylene gly-
col hydrogel spacer has been developed to displace the rec-
tum away from the prostate, and its validity to minimise
rectal radiation injury has been recognised [17,18]. Therefore,
treatment with SBRT, using the appropriate method and
materials, can be considered tolerable for the GI tract.
Conversely, the 2-year occurrence rate of grade 2 GU toxic-
ities observed in this study was higher than that in the past
reports. In particular, the risk was non-negligible in the 37.5-
and 40-Gy cohorts (40% and 42%, respectively). High-dose
SBRT is a burden on patients. Previous studies evaluating the
correlation between RT dose and GU toxicities have reported
contradictory results. Musunuru et al. [19] reported the com-
parative outcomes of two SBRT studies in which doses of



35 and 40 Gy per 5 fractions were used. The occurrence rates
of grade 1 and 2 GU toxicities were significantly higher in
patients who received 40-Gy SBRT than in those who
received other doses and were similar to those reported in
our study. Conversely, Zelefsky et al. [20] reported no signifi-
cant differences in rates of toxicities among the dose groups
in their dose escalation study. In our study, the positive cor-
relation between toxicities and dose escalation was possibly
due to the consequent increase in dose distributed to the
OAR. When calculating the BED of normal tissues, the o/f
ratio is usually set at approximately 3. Using this value, the
BED of 37.5Gy per 5 fractions is 131.25 Gy, which is equiva-
lent to 78.75Gy in 2-Gy fraction. The 2-year occurrence rate
of late grade > 2 GU toxicities was approximately 10%, refer-
ring to the previous reports that used conventional fractio-
nated RT dose of approximately 75-80 Gy [14,21]. In contrast,
the corresponding data for the 37.5-Gy cohort in our study
were higher than those for the 35-Gy cohort. Alayed et al.
[22] reported that the dose-volume parameters of the blad-
der (mean dose and volume irradiated dose of 38 Gy) were
significant predictors of GU toxicities after SBRT for PCa.
Some SBRT trials specify dose constraints to high-dose areas
in the bladder and urethra [7,20], which we did not specify.

Thus, the dose constraints of the bladder and urethra
should be established apart from those of conventional frac-
tionated RT when considering SBRT for PCa. Although a
recent practice guideline stated that SBRT can be applied to
high-risk cases and higher dose-fractionation techniques,
such as 40 Gy per 5 fractions, have been proposed as exam-
ples [13], in view of our findings, stereotactic radiotherapy
with high doses may require careful attention to toxicity. In
addition, some authors reported that the risk reduction of
toxicities could be achieved via RT with a certain period
between fractions [23,24]. The method of SBRT without close
intervals may be beneficial, but the risk of RT effect attenu-
ation should be carefully minimised.

Herein, we evaluated the short-term efficacy of SBRT for
low- or intermediate-risk PCa. Only 2 patients (3% of all
cohorts) experienced clinical recurrence, of which 1 had
lymph node and distant (bone) metastases without local
recurrence. Although the short-term results of our treatment
are favourable, the follow-up period was too short to defini-
tively conclude the efficacy of SBRT since PCa relapse occa-
sionally becomes evident after 5years of latency. Previous
findings should therefore be considered when discussing the
efficacy of SBRT. For instance, a systematic review and meta-
analysis of prospective studies reported that the 7-year bRF
survival rate of patients who underwent SBRT for localised
PCa was satisfactory (93.7%) [25]. Referring to studies using
the tumour control probability model, a 5-year bRF rate
approaching 95% is possible with 35Gy per 5 fractions for
low- or intermediate-risk prostate cancer [26]. Alayed et al.
[27] reported a favourable bRF rate after SBRT of 35Gy per 5
fractions, which was not inferior to 40 Gy per 5 fractions. In
contrast, previous studies also reported a difference in antitu-
mor effect based on the dose. Zelefsky et al. [20] reported
residual cancer cells in patients who did not experience PSA
failure, with a rate of positive findings in post-treatment
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biopsy of >15% after SBRT of 32.5-37.5Gy per 5 fractions,
whereas the corresponding value for 40 Gy was 7.7%. In add-
ition, PSA decline is more significant in patients who
received SBRT of 40Gy than in those received 35 Gy, while
SBRT of 40 Gy potentially is beneficial in terms of therapeutic
effects [27,28]. We believe that the treatment outcomes
achieved with SBRT of 35 or 37.5Gy per 5 fractions in this
study are satisfactory. However, considering previous find-
ings, tumour recurrence in the 35-Gy or 37.5-Gy cohorts may
occur with a longer follow-up period. Although an SBRT
dose of 35-36.25Gy per 5 fractions for low- or intermediate-
risk PCa has been used in clinical practice, whether the SBRT
efficacy is dose-dependent remains to be determined consid-
ering the long-term outcomes of our and other studies.

A major limitation of our study was the short follow-up
time. The cumulative rate of toxicities after high-dose RT for
PCa gradually increases with a long follow-up period. GU tox-
icities have been reported even after 10years of treatment
[21]. Our median follow-up time of 48 months was very short,
not only from the perspective of evaluating efficacy but also
from the risk of late toxicities. Therefore, long-term analysis
is required to evaluate cancer recurrence and late toxicities.
Another limitation was the non-randomised design of this
study and the small number of patients enrolled. Although
there were no significant differences in patients’ characteris-
tics, we could not rule out potential treatment bias while
comparing the 3 cohorts. Despite these limitations, our
results regarding the increased risk of late toxicities with
increasing RT dose were significant and clinically meaningful.

Dose escalation of SBRT increased the risk of late GU tox-
icities in PCa; late grade 2 GU toxicities were positively corre-
lated with dose escalation of SBRT. Therefore, an SBRT dose
of 35Gy per 5 fractions is safe in patients with low- or inter-
mediate-risk PCa; however, longer follow-up is required to
confirm our findings. Higher doses of SBRT should be applied
with caution.
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