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Abstract
Purpose: Prostate stereotactic body radiation therapy (SBRT) with dose escalation to the dominant intraprostatic lesion 

(DIL) is an option to increase local control. We investigated the feasibility and toxicity of a moderate boost to DIL while 
respecting established dose constraints.

Materials and Methods: Ten patients with prostate cancer who met eligibility criteria for NRG-GU005 were included. 
T2-weighted MRI and planning pelvis computed tomography (CT) were fused to delineate targets and organs at risk 
(OARs). SBRT plans (36.25 Gy in 5 fractions) followed GU005 constraints. Paired T-tests were used for analysis of dosim-
etrics. Early (< 90 days) and late (> 90 days) genitourinary (GU) and gastrointestinal (GI) toxicity were graded by National 
Cancer Institute Common Terminology Criteria.

Results: Mean prescription dose (36.25 Gy) coverage of the planning target volume (PTV) was 95.4%. The conformity 
index for all plans was < 1.2, and the dose to 0.03 cc of the PTV was < 120% of the prescription dose (43.50 Gy). The mini-
mum dose (D99%) of the PTV was 35.1 ± 0.4 Gy, whereas the D99% for DIL was 38.6 ± 0.8 Gy. Using an alpha/beta of 1.5, 
BED was 199.4 Gy for PTV vs. 237.3 Gy for DIL, P < 0.001. The incidence of acute grade 1 or 2 GI toxicity was 20%, of 
which 10% persisted past 90 days. The incidence of acute GU toxicity was 80%, of which 50% persisted past 90 days. No 
patients developed grade 3 or greater GI or GU toxicity.

Conclusion: Prostate SBRT with simultaneous moderate dose escalation to DIL is feasible and can be accomplished 
while respecting standard OAR constraints.

Prostate adenocarcinoma is the non-
cutaneous cancer with the highest 
incidence among men in the US; 

there were 174,650 new prostate cancer 
cases in the US in 2019.1 According to 
the Surveillance, Epidemiology, and End 
Results (SEER) program, 77% of new 
prostate cancer cases in 2019 were diag-
nosed as localized stage.2

Based on National Comprehensive 
Cancer Network (NCCN) guidelines, 
treatment options for low- to interme-

diate-risk prostate cancer include active 
surveillance, surgery, and radiation ther-
apy.3 Radiation is delivered either via 
external-beam radiation therapy (EBRT) 
or brachytherapy (BT), with the potential 
addition of androgen deprivation therapy 
for unfavorable intermediate-risk groups. 
Previous studies have shown that dose 
escalation in EBRT is associated with 
improved biochemical control and pro-
gression-free survival but is not associ-
ated with improved overall survival.4-7 

With dose-escalated EBRT, care must be 
taken in radiation treatment planning, as 
there can be greater risk of toxicity from 
increased dose to organs at risk (OARs), 
including the rectum and bladder.8

Prior research has shown that pros-
tate cancer is characterized by a low 
alpha/beta ratio of approximately 1.5 
Gy.9-11 This gives rise to a potential 
benefit of hypofractionated radiation 
therapy, where radiation is delivered 
in higher daily doses over fewer total 
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FIGURE 1. Dominant intraprostatic lesion (DIL) visualization comparisons on MRI THRIVE, T2 and CT axial slice, DIL (yellow), prostate (green), 
planning target volume (PTV) (red).

fractions, in terms of achieving greater 
tumor control while minimizing toxic-
ity. Stereotactic body radiation therapy 
(SBRT) is a form of extreme hypofrac-
tionation; one common regimen used 
in prostate cancer is 36.25 Gy in 5 frac-
tions (7.25 Gy per fraction), as per the 
NRG RTOG-0938 trial.12 Studies sug-
gest that SBRT for treatment of low- to 
intermediate-risk prostate cancer is as-
sociated with improved biochemical re-
lapse-free survival, with an acceptable 
toxicity profile.13-15

Studies of patterns of failure in EBRT 
with standard fractionation show the 
area of local recurrence is the domi-
nant intraprostatic lesion (DIL) in ap-
proximately 90% to 100% of cases.16,17 
Therefore, the DIL is a favorable tar-
get for heterogeneous dose escalation 
in SBRT. A phase I trial conducted by  
Herrera et al demonstrated promising 
anti-tumor activity and minimal toxici-
ties associated with SBRT and simulta-
neous dose escalation to the DIL up to 
50 Gy in 5 fractions.18

The objective of this study is to in-
vestigate the efficacy and toxicity 
profile of a moderate boost to the DIL 
while following NRG-GU005 dose 
constraints. We hypothesized that it is 
feasible to boost the DIL during SBRT 
and that doing so while following estab-
lished dosimetric constraints would re-
sult in a favorable toxicity profile.

Materials and Methods 
Subjects

We retrospectively reviewed 10 con-
secutive patients treated at our institution 

between October 2017 and December 
2018 with definitive SBRT (36.25 Gy in 
5 fractions) for intermediate-risk pros-
tate cancer; these patients were treated 
with SBRT following the dose contour-
ing guidelines and dose constraints from 
the SBRT arm of NRG-GU005 to guide 
treatment planning. No patients received 
hormone therapy. We retrospectively an-
alyzed clinical characteristics, dosimetry, 
and toxicity of these patients by chart 
review. This study was approved as ex-
empt by the institutional review board 
(IRB). 

Treatment Planning
All patients had gold fiducial markers 

(Civco Medical Solutions) placed in the 
prostate prior to treatment. Four fidu-
cial markers were placed, and they were 
placed at least 1 cm apart, when possible. 
For SBRT planning, both a thin slice (1 
to 1.5 mm) noncontrast pelvic CT and 
a high-resolution nonendorectal coil 
1.5 T or 3 T MRI were used. Axial T2-
weighted turbo spin echo images pro-
vided anatomical information, and axial 
noncontrast T1-weighted gradient-echo 
images were used for fiducial marker lo-
calization, both in the same straight axial 
orientation as CT slices with slice thick-
ness of 2 to 3 mm. To accurately identify 
the DIL, MRI THRIVE images (dy-
namic contrast-enhanced gradient-echo 
sequences) were also acquired and fused 
with planning CT.

Specific preparation instructions 
were given to all patients to minimize 
prostate motion during SBRT simula-
tion and treatment. Two days prior to 

CT simulation, patients were advised 
to follow a low-gas, low-motility diet. 
The day prior to simulation, patients 
were instructed to use a mild laxative 
and a gas relief medication, as well as 
to change their diet to a clear liquid diet. 
On the day of the scan, they were in-
structed to take a gas relief medication 
2 hours prior to their appointment time. 
Patients were also instructed to empty 
their bladders before scans. All patients 
were imaged and treated in supine po-
sitions with a SBRT body frame (Bi-
onix). A knee cushion was used when 
necessary for patient comfort. None of 
the patients had a rectal spacer, such as 
SpaceOAR, placed. CT and MRI im-
ages were fused in MIMVista (MIM 
Systems).

Per NRG-GU005 protocol, the gross 
tumor volume (GTV) was the prostate 
only, as defined on T2-weighted MRI. 
The clinical target volume (CTV) was 
the prostate and approximately 1 cm 
of proximal seminal vesicles, and the 
planning target volume (PTV) was 
5-mm expansion in all directions, ex-
cept 3 mm posteriorly on the CTV. The 
DIL and urethras were contoured with 
the help of a genitourinary radiologist 
using THRIVE and T2-weighted MRIs 
(Figure 1). 

Treatment plans (36.25 Gy in 5 frac-
tions) were generated with MultiPlan 
4.6.1 using sequential optimization. 
Hot spots (< 120% of prescription 
dose) inside the PTV were intention-
ally placed in the DIL region by using 
the objective constraints. Dose-vol-
ume histogram (DVH) constraints 
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for the PTV and OARs from protocol 
NRG-GU005 were followed (Table 2).  

SBRT Treatment Delivery
The same bowel regimen used prior 

to simulation was also used prior to 
treatment delivery, and all patients 
were treated on an empty bladder to 
maximize reproducibility. The en-
tire course was completed within two 
weeks on an every-other-day basis (eg, 
M, W, F). SBRT was delivered using 
the CyberKnife Robotic Radiosurgi-
cal System (Accuray Inc.). The Cy-
berKnife system is equipped with two 
orthogonal kV x-ray imaging devices 
for image guidance. Fiducial markers 
can be clearly identified in kV x-ray 
images attributed to its high density. 
During treatment delivery, the posi-
tions (6D) of fiducial markers were 
tracked based on the paired kV x-ray 
images. Imaging was every 15 to 30 
seconds to ensure submillimeter track-
ing accuracy. The robotic system auto-
matically corrected for 6D shifts up to 

1-cm translational shifts, 5-degree roll, 
2-degree pitch, and 3-degree yaw. If 
the motion was beyond these limits or 
noted to be excessive, most commonly 
due to movement of bowel gas, the 
treatment was paused until the fiducial 
orientation/position was back within 
tolerance. 

Follow-up and Toxicity 
Assessment

Patients were seen in follow-up by 
the treating radiation oncologist every 3 
to 6 months after completion of SBRT. 
Toxicity and PSA measurements were 
recorded in medical records as part of 
standard clinical practice. Retrospec-
tively, genitourinary (GU) and gastro-
intestinal (GI) toxicity were graded by 
National Cancer Institute Common Ter-
minology Criteria (NCI-CTC) via chart 
review. Specific GU symptoms evalu-
ated include dysuria, urinary frequency, 
urgency, retention, and GI symptoms 
include proctitis, hemorrhoids, rectal 
pain, and bleeding. Both early (< 90 

days from first fraction) and late (> 90 
days from first fraction) toxicities were 
assessed.

Statistical Analysis
Paired T-tests were used to compare 

the dose to the entire PTV vs the dose to 
the DIL.

Results 
Subjects

Clinical characteristics are listed in 
Table 1.

Dosimetry
Target coverage and normal tissue 

dose constraints are listed in Table 2. 
All NRG-GU005 protocol dosim-

etric constraints were met (Table 2). 
Mean prostate volume was 39 cc (range 
26-59 cc), and mean DIL volume was 2 
cc (range 0.7 to 4.5 cc). Mean prescrip-
tion dose (36.25 Gy) coverage of the 
PTV was 95.4% (range 93.8 to 97.9%). 
The conformity index for all plans 
was < 1.2, and the dose to 0.03 cc of 

Table 2. Dosimetry Constraints and Plan Results,* P < 0.001 

Organ Name Dosimetric Parameter GU005 Constraints Plan Value 
  Per  Variation  Mean ± 
  Protocol Acceptable STD

 PTV D0.03cc[Gy] < 38.78 < 43.5 42.63 ± 0.70

  D99%[Gy] > 34.4 > 33.7 35.08 ± 0.44

  D98%[Gy] > 36.25 > 34.4 35.63 ± 0.32

  Mean [Gy]   38.91 ± 0.42

 DIL  Mean [Gy]   40.45 ± 0.87*

  D99%[Gy]   38.59 ± 0.81*

 Rectum D0.03cc[Gy] < 38.06 < 40 37.80 ± 0.59

  D3cc[Gy] < 34.4 < 36 33.89 ± 0.60

  D10%[Gy] < 32.63 < 34 31.54 ± 0.86

  D20%[Gy] < 29 < 30 26.96 ± 1.09

  D50%[Gy] < 18.13 < 19 16.14 ± 1.28

 Bladder D0.03cc[Gy] < 38.06 < 40 38.60 ± 0.76

  D50%[Gy] < 18.12 < 20 16.74 ± 0.16

 Urethra D0.03[Gy] < 38.78 < 43.5 39.13 ± 0.59

Key: PTV = planning target volume, DIL = dominant intraprostatic lesion

Table 1. Patient Characteristics 

Patient  Number of 
Characteristics Patients 
 (N = 10) 

 Age  70 (50-75)

Race  

 White 40%

 Black 60%

Stage (by MRI) 

 T1c 1

 T2a 2

 T2b 1

 T2c 6

Gleason Score  

 3+3 1

 3+4 8

 4+3 1

 Favorable  
 Intermediate Risk  1

 Unfavorable  
 Intermediate Risk 9

 Baseline PSA 6.2 (4.2-11.5)
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the PTV was 42.63 Gy (range 41.13 to 
43.39 Gy), < 120% of the prescription 
dose (43.50 Gy). The minimum dose re-
ceived by 99% of the PTV (D99%) was 
mean 35.1 ± 0.4 Gy, whereas the mean 
D99% for the DIL was 38.6 ± 0.8 Gy 
(P < 0.001). Using an alpha/beta of 1.5, 
this corresponds to a BED of 199.4 Gy 
for PTV vs. 237.3 Gy for DIL. 

For OARs, mean rectum D0.03 cc 
was 37.8 ± 0.6 Gy, D3cc was 33.89 ± 
0.60 Gy, D10% was 31.54 ± 0.86 Gy, 
and D50% was 16.1 ± 1.3 Gy. Mean 
bladder D0.03cc was 38.6 ± 0.8 Gy, and 
mean bladder D50% was 16.7 ± 1.6 Gy 
(Table 2). D0.03cc to the urethra was 
mean 39.13 ± 0.59 Gy.

Figure 2 shows screenshots of the 
graphic plan for patient #2, where 
higher dose lines (115%) are concen-
trated in and around the DIL. Figure 3 
is the corresponding DVH.

Toxicity
All patients had one on-treatment 

visit (OTV). The median follow-up 
time after treatment was 12 months. The 
incidence of acute grade 1 or 2 GI tox-
icity was 20%, of which 10% persisted 
past 90 days. The incidence of acute GU 
grade 1 or 2 toxicity was 80%, of which 
50% persisted past 90 days. No patients 
developed grade 3 or greater GI or GU 
toxicity (Table 3).

Biochemical Outcomes
The mean pretreatment PSA was 6.2 

ng/ml (range 4 to 11.5). After SBRT, the 

Table 3. Genitourinary and Gastrointestinal  
Toxicity by Grade and Time 

 Genitourinary Toxicity Gastrointestinal Toxicity 
 (dysuria, urinary frequency, (proctitis, hemorrhoids,  
 urgency, retention) rectal pain, bleeding)

 < 90 days > 90 days < 90 days > 90 days 
Grade % (N = 10) % (N = 10) % (N = 10) % (N = 10)

 1 40% 30% 10% 10%
 2 40% 20% 10% 0

FIGURE 2. Example of isodose lines (patient #2) in sagittal, coronal and axial planes in which 115% of isodose lines (41.68 Gy) is avoided away from 
urethra, and it is closely covering the dominant intraprostatic lesion (DIL). Planning target volume (PTV) (red), rectum (brown), bladder (orange), DIL 
(yellow), urethra (green).

FIGURE 3. Dose-volume histogram (DVH) for patient #2. DIL = dominant intraprostatic lesion, 
PTV = planning target volume.
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mean PSA at 3- or 6-month follow-up 
was 1.5 ng/ml (range 0.7 to 2.4).

Discussion
The motivation for a boost to the 

DIL has been established, as several 
studies have shown the DIL to be the 
main site of tumor recurrence in 90% 
to 100% of cases.16,17 Our study inves-
tigates both the feasibility and toxicity 
profile of a moderate boost to the DIL 
in the context of SBRT for interme-
diate-risk prostate cancer. The feasi-
bility and accuracy of the treatment 
planning technique in this work has 
been investigated using a patient spe-
cific 3D-printed prostate phantom and 
published by Lee et al.19 The results of 
our study demonstrate the feasibility 
of this planning technique in clinical 
practice, as the DIL received signifi-
cantly higher doses than the PTV while 
respecting standard OAR constraints.

While our study is geared toward 
treatment planning technique and toxic-
ity outcomes, it is important to consider 
the potential impact on clinical end-
points such as survival and biochemical 
control. Recently published data from 
the Focal Lesion Ablative Microboost 
in Prostate Cancer (FLAME) phase III 
trial show improved biochemical dis-
ease-free survival in the focal boost (up 
to 95 Gy to the DIL) compared with the 
standard arm (77 Gy in 35 fractions), 
with a hazard ratio of 0.45, P < 0.001.20 
Although no comparable studies are 
published for a DIL boost in prostate 
SBRT, the results from the FLAME trial 
suggest that delivering a simultaneous 
integrated boost to the DIL could poten-
tially benefit tumor control in patients 
with localized prostate cancer.

The efficacy and toxicity profiles as-
sociated with a boost to the DIL have 
also been studied for other modalities 
such as intensity-modulated radiation 
therapy (IMRT) and BT.21-29 For ex-
ample, Sundahl et al found no signif-
icant difference in GU or GI toxicity 
with median follow-up of 72 months 
among patients treated with IMRT and 

82-Gy simultaneous integrated boost 
to the DIL.21 In a prospective phase II 
trial, Gomez-Iturriaga et al found no 
grade 3 or greater toxicity at a median 
follow-up of 18 months among inter-
mediate- or high-risk prostate cancer 
patients treated with dose escalation to 
the DIL via combined MRI-transrectal 
ultrasound fusion high-dose-rate BT.22

These results stand in contrast to 
studies that have investigated toxicity 
profiles associated with homogeneous 
dose escalation to the entire prostate. 
A phase I/II trial by Hannan et al in-
cluded patients who received homo-
geneous SBRT of 45, 47.5 and 50 Gy 
in 5 fractions, and 9.8% of patients 
who received the 50-Gy dose had 
late grade 3 or greater GI toxicity.30 
Within this cohort of patients, Kim et 
al further demonstrated that grade 3 or 
greater rectal toxicity was associated 
with > 3 cm3 volume of rectal wall 
receiving at least 50 Gy and > 35% 
rectal wall circumference receiving at 
least 39 Gy.31 This highlights the im-
portance of limiting dose escalation 
only to the DIL and considering meth-
ods for reducing radiation dose to the 
rectal wall such as the use of a rectal 
spacer. A phase III trial conducted by  
Hamstra et al showed statistically sig-
nificant reductions in rectal toxicity 
among patients undergoing IMRT 
with SpaceOAR, a hydrogel spacer.32 
Another trial conducted by Hwang et 
al found that SBRT with periprostatic 
hydrogel placement was associated 
with an acute grade 1 or 2 GI toxicity 
rate of 16% and no recorded grade 3 or 
greater GI toxicity.33

The rationale for administering a 
moderate boost to the DIL while re-
specting current SBRT guidelines is 
to improve efficacy while minimizing 
toxicity by targeting the area of high-
est tumor activity, thus improving the 
therapeutic ratio. In our study, we ob-
served a 20% incidence of acute grade 
1 or 2 GI toxicity, of which 10% per-
sisted past 90 days. We also found an 
80% incidence of acute grade 1 or 2 

GU toxicity, of which 50% persisted 
past 90 days. None of the patients  
developed grade 3 or greater GI or  
GU toxicity. However, an important 
consideration is the potential under- 
reporting of toxicity data due to the 
retrospective nature of our study and 
irregularities in follow-up.

Our results can be compared with 
existing data on toxicity profiles for 
SBRT delivered at doses of 35 to 36.25 
Gy without DIL dose escalation. Re-
ported rates of acute grade 1 or 2 tox-
icity associated with SBRT typically 
fall within about 40% to 80% for GI 
toxicity and about 60% to 80% for GU 
toxicity.34-37 This is in line with the 
toxicity profiles from our cohort, al-
though our acute GI toxicity rates are 
relatively favorable at 20%, which is 
comparable to the acute toxicity rate 
of 16% from the rectal spacer SBRT 
trial conducted by Hwang et al.33 Fur-
thermore, none of the studies report 
grade 3 or greater GI or GU toxicities 
associated with SBRT given at stan-
dard doses.34-37 Based on the results 
of our study and comparison to treat-
ment without dose escalation, pro-
viding a moderate boost to the DIL 
while following established dosimetric 
constraints does not appear to be asso-
ciated with increased toxicity to OARs.

A recent phase I trial conducted by 
Herrera et al studied the toxicity asso-
ciated with SBRT and simultaneous 
dose escalation to the DIL up to 50 
Gy.18 In their trial, they found an acute 
grade 1 or 2 GI toxicity rate of 25%, 
of which 5% persisted past 90 days, 
and an acute grade 1 or 2 GU toxicity 
rate of 70%, of which 40% persisted 
past 90 days. None of the patients in 
the trial developed grade 3 or greater 
GI or GU toxicities. Overall, the tox-
icity profiles closely mirror our re-
sults. While both studies utilized dose 
escalation to the DIL, only our study 
incorporated the NRG-GU005 proto-
col, which establishes dosimetric con-
straints for SBRT treatment planning.18 
Another difference between the two 
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studies is that Herrera et al used bio-
degradable rectal spacers, which may 
have contributed to the favorable tox-
icity profile that they observed. How-
ever, when considered together, the 
two studies provide evidence that si-
multaneous dose escalation to the DIL, 
with or without the use of rectal spac-
ers, is both safe and feasible.

An additional consideration is the 
impact of accurate contouring and the 
delivery of optimal radiation therapy 
that avoids underdosing the prostate 
while minimizing toxicity to OARs.38 
This is best achieved with an inter-
disciplinary team and the contouring 
input from a diagnostic radiologist. 
For our study, we recruited a radiolo-
gist who assisted with contouring of 
the DIL for all patients. A study con-
ducted by Dimigen et al found that 
advice from a consulting radiologist 
resulted in a change of practice in 45% 
of cases, ranging from changing target 
volumes to carrying out further im-
aging.39 They argue that radiologists 
are trained to recognize specific dis-
crepancies from normal anatomy that 
a radiation oncologist, who is more 
concerned with encompassing CTVs, 
may overlook. As such, the assistance 
of a radiologist with formal training 
in image interpretation can serve as a 
beneficial and arguably underutilized 
resource in radiation therapy planning 
and contouring.

Limitations to our study include the 
relatively small sample size of 10 pa-
tients, the retrospective nature of tox-
icity grading, and the short follow-up 
period, as no patients had follow-up 
past 12 months. Therefore, our study 
does not capture radiation-induced 
toxicities that could potentially arise 
years after treatment. Future clinical 
trials, incorporation of larger sample 
sizes and longer follow-up periods 
could be performed to not only assess 
the safety and feasibility of dose esca-
lation to the DIL, but also to examine 
whether dose escalation is justified by 
improved clinical outcomes.

Conclusion
Prostate SBRT with simultaneous 

moderate dose escalation to the DIL 
is feasible and can be accomplished 
while still respecting established OAR 
constraints. The approach to SBRT de-
scribed in this study results in a favor-
able toxicity profile comparable to that 
of standard SBRT regimens without 
dose escalation. However, such escala-
tion requires more specific MRI-based 
target delineation and likely would ben-
efit from contouring with a radiologist.
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