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Simple Summary: Stereotactic body radiotherapy (SBRT) is a contemporary treatment option for
prostate cancer with excellent efficacy and low toxicity. Traditionally, this treatment option was used
for patients with low- to intermediate-risk prostate cancer but there is emerging data for the high-
risk setting. However, the optimal fractionation schedule for prostate SBRT remains an interesting
research question. We therefore compared two cohorts that received radiotherapy with different
treatment schedules regarding efficacy and toxicity. These patients included in these cohort were
specifically matched, so that they would be similar.

Abstract: Purpose: To compare two stereotactic body radiotherapy (SBRT) regimens in patients with
intermediate- or high-risk prostate cancer with regards toxicity and efficacy. Methods/Material: We
retrospectively collected data from 198 patients treated with SBRT for prostate cancer at two different
institutions. Patients received either 35–36.25 Gy in five fractions (group A) using Cyberknife
robotic platform or 42.7 Gy in seven fractions (group B) using a C-arm LINAC (image-guided).
Propensity score matching was done (2:1 nearest neighbor matching without replacement), resulting
in 120 patients (80 patients for group A, 40 patients for group B). Toxicity, PSA nadir, biochemical
failure and disease-free survival (DFS) were analyzed. Results: Median follow up of all patients
was 13 months (range 1–91 months). Overall, 23.3% of patients had ≥G2 acute GU toxicity (21.1%
group A versus 30% group B (p = 0.222)) and 6.6% of patients ≥G2 GI toxicity (2.5% versus 15%
(p = 0.010)). There was one acute G3 GU toxicity in arm A and one acute G4 rectal bleeding in group
B (anticoagulated patient). Regarding late toxicity, 14.1% of patients had ≥G2 late GU toxicity (17.4%
versus 6.6% (p = 0.159)) and 5.0% of patients had ≥G2 late GI toxicity (1.4% versus 13.3% (p = 0.013)).
There was one G3 late GU toxicity in arm B and two G3 late GI toxicities, one in each arm. Relative
median PSA reduction was 92.4% (−53.9–99.9%) from baseline PSA (93.7% (−53.9–99.9%) in group A
versus 87.7% (39.8–99.9%) in group B (p = 0.043). In total, 4.2% of patients had biochemical relapse,
5.0% in group A and 2.5% in group B (p = 0.518). One-year DFS in the overall cohort was 97.3%, 98.8%
in group A and 94.3% in group B (p = 0.318). Conclusion: Both SBRT regimens have acceptable acute
and late toxicity and good efficacy. There are significantly more GI toxicities in the seven-fraction
regimen. Longer follow-up is warranted for better comparison of long-term efficacy.

Keywords: prostate cancer; stereotactic body radiotherapy; propensity score; disease-free survival

1. Introduction

Prostate cancer (PC) is the second most common cancer in men with an estimated
incidence of 1.4 million new patients worldwide in 2020 [1]. Active treatment options for lo-
calized disease include radical prostatectomy (RPE) and radiotherapy (RT) with or without
androgen deprivation therapy (ADT) [2]. Both approaches offer comparable therapeutic
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efficacy by reducing metastatic incidence by 50% compared to active surveillance while
achieving excellent local control and quality of life [2]. Nevertheless, they exhibit specific
advantages and disadvantages due to the different side-effect profiles and logistic load.

A significant drawback of conventional external beam RT is the large number of
treatment sessions required for a complete RT course, typically extending up to 2 months.
To mitigate this time commitment, shortened treatment schedules with slightly higher single
dose per fraction have been explored. Results from randomized studies have demonstrated
that these moderately hypofractionated regimens, with a dose ranging from 2.5 to 3 Gy per
fraction, are not inferior to conventional standard schedules in terms of biochemical control
and tolerability [3–5].

Stereotactic Body Radiotherapy (SBRT) represents a more contemporary treatment
option, enabled by precise positioning technologies that allow for higher single-dose
delivery per fraction. According to guidelines from ASTRO, ASCO, and AUA, ultra-
hypofractionated radiation therapy is defined as a dosage of 5.0 Gy per day or higher [6].
This approach can be particularly effective due to the estimated low α/β value of prostate
cancer of around 1.5 Gy [7,8]. Therefore, SBRT has been used as a treatment option in
patients with low or intermediate risk for a long time and there are published data with a
reasonable follow-up that show excellent biochemical control with low high-grade toxicity
rates [9–17]. In addition, data on SBRT in high-risk patients are emerging with several
publications showing encouraging results [14,18–23].

However, the optimal fractionation schedule and total treatment dose to be delivered
in the frame of SBRT remains unknown and therefore an interesting research question. In
this retrospective propensity score matched pair analysis, we aim to compare two different
fractionation regimens used in two different departments, focusing on the toxicity outcome
and PSA response after treatment.

2. Methods and Materials
2.1. Stereotactic Radiotherapy

Patients received either 35–36.25 Gy in 5 fractions (group A) on Cyberknife robotic
platform or 42.7 Gy in 7 fractions (group B) using image-guided RT on a C-arm Linac.

In group A, RT was delivered by Cyberknife (Accuray, Inc., Sunnyvale, CA, USA).
Four gold fiducial makers were placed in the prostate for real-time motion tracking 2 weeks
before treatment. The prescription dose was 35–36.25 Gy in five fractions delivered every
other day. Treatment planning was performed using CT scan fused to MRI images. The
clinical target volume (CTV) included prostate and seminal vesicles base (1 cm) depending
on the risks. A margin of 5 mm in all directions and 3 mm posteriorly was added to the
CTV to generate the planning target volume (PTV). The prescribed dose was normalized to
the 75–85% isodose line (IDL) for patients with prostate cancer.

In group B, patients received a prescription according to Widmark et al. (42.7 Gy in
7 fractions) [22]. RT was delivered with image-guided volumetric modulated arc therapy
(VMAT) using daily cone-beam CT (CBCT). Dose prescription was homogeneous. Patients
were given detailed instructions for bladder filling and rectal balloons were used for
additional immobilization of the prostate region. The CTV was defined as prostate only
with a 7 mm margin to derive the PTV. Depending on risk factors, the base of the seminal
vesicles were included. In total, 97.5% of patients had an additional MRI for treatment
planning. 60% of patients received an additional PSMA PET CT for staging, another
10% received staging using bone scintigraphy and CT thorax/abdomen. Treatment was
delivered on alternating days, three days per week.

In both groups, ADT was given at the discretion of the treating physician.

2.2. Patient Characteristic

Median age of patients was 71.8 years (range 52–85 years). Most patients (78.3%)
had intermediate-risk prostate cancer with Gleason 7 being the most prominent Gleason
score (78.3%). Median prostate volume was 45.1 cc (range 20–102 cc). Prostate volume and
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the prevalence of hypertension were the only patient-related characteristics that differed
between the groups. Further information can be found in Table 1.

Table 1. Patient characteristics.

Group A (5 Fractions) Group B (7 Fractions) All Patients

N (%) N (%) N (%)

IPSS before SBRT

<7 53 (66.2) 26 (65.0) 79 (65.8)

≥7 27 (33.8) 14 (35.0) 41 (34.2)

TUR-P

No 74 (92.5) 37 (92.5) 111 (92.5)

Yes 6 (7.5) 3 (7.5) 9 (7.5)

Hypertension

No 51 (63.8) 18 (45.0) 69 (57.5)

Yes 29 (36.2) 22 (55.0) 51 (42.5)

Anticoagulation

No 56 (70.0) 28 (70.0) 84 (70.0)

Yes 24 (30.0) 12 (30.0) 36 (30.0)

Diabetes

No 66 (82.5) 34 (85.0) 100 (83.3)

Yes 14 (17.5) 6 (15.0) 20 (16.7)

NCCN-risk group

Low risk 5 (6.2) 5 (12.5) 10 (8.3)

Favorable intermediate risk 28 (35.0) 9 (22.5) 37 (30.8)

Unfavorable
intermediate risk 32 (40.0) 16 (40.0) 48 (40.0)

High risk 15 (18.8) 10 (25.0) 25 (20.8)

T-Stage *

T1a/T1b/T1c 30 (37.5) 3 (7.5) 33 (27.5)

T2a/T2b/T2c 44 (55.0) 28 (70.0) 72 (60.0)

T3a/T3b 6 (7.5) 9 (22.5) 15 (12.5)

Gleason Score

6 9 (11.2) 11 (27.5) 20 (16.7)

7a 46 (57.5) 17 (42.5) 63 (52.5)

7b 21 (26.3) 10 (25.0) 31 (25.8)

≥8 4 (5.0) 2 (5.0) 6 (5.0)

Total 80 (100) 40 (100) 120 (100)

Median (range) Median (range)

Age at SBRT (years) 72 (54–85) 72 (55–88)

Prostate Volume (cc) * 45.4 (20.0–102.0) 52.8 (22.0–99.8)
* p < 0.05.

2.3. Treatment Characteristics

Overall, 25 patients (20.8%) received ADT; 20 patients in group A (25% of patients
in group A) and 5 patients (12.5%) in group B. 19 patients received short term ADT (up
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to 6 months) while 6 patients received long-term ADT (≥18 months). Further treatment
characteristics can be found in Table 2.

Table 2. Treatment characteristics.

Group A (5 Fractions) Group B (7 Fractions) All Patients

N (%) N (%) N (%)

Duration ADT

None 60 (75.0) 35 (87.5) 95 (79.2)

3 months 2 (2.5) 0 (0.0) 2 (1.7)

6 months 13 (16.3) 4 (10.0) 17 (14.2)

≥18 months 5 (6.3) 1 (2.5) 6 (5.0)

Fractionation

5 × 7 Gy (80% IDL) 46 (57.5) 0 (0.0) 46 (38.3)

5 × 7.25 Gy (77.8–80% IDL) 34 (42.5) 0 (0.0) 34 (28.3)

7 × 6.1 Gy 0 (0.0) 40 (100) 40 (33.3)

Median (range) Median (range)

PTV volume (cc) * 95.1 (48.0–140.6) 137.0 (84.9–233.9)

CTV volume (cc) * 51 (22–102 cc) 57.5 (33.2–107.3)

Rectum D1cc (Gy) * 34.7 (27.3–38.6) 43.9 (43.6–44.5)

Bladder D10cc (Gy) * 32.6 (18.9–36.3) 42.1 (32.5–42.9)

Urethra Dmax (Gy) * 41.0 (35.9–43.4 44.1 (43.0–45.0)

Bowel Dmax (Gy) * 13.2 (6.0–34.4) 30.0 (16.0–43.0)

* p < 0.05.

2.4. Statistical Analysis

This analysis was approved by the local ethics committees (Canton of Zürich BASEC
2020-02112, Canton of Bern 2022-00120).

Propensity matching analysis was carried out with R (version 4.2.2.). Propensity score
was estimated with logistic regression using the following variables: IPSS, risk group and
prostate volume. For this, 2:1 nearest neighbor matching without replacement was used.
This resulted in 40 patients treated in seven fractions and 80 patients treated in 5 fractions
from an original dataset of 198 patients.

Toxicity was scored according to the Common Terminology Criteria for Adverse Events
(CTCAE) version 5. Acute toxicity was defined as toxicity within the first 3 months after
the start of treatment, late toxicity was defined as toxicity occurring more than 3 months
after start of RT. Time to nadir was defined as the time from the start of treatment until
nadir, disease free survival (DFS) was defined from the start of treatment until recurrence
or death.

Descriptive statistics were done as well as Chi Square test and Mann–Whitney U
Test for group comparison. For correlation, Spearman correlation was used and DFS was
calculated using the Kaplan–Meier method.

For the statistical analyses IBM SPSS, version 29 (Statistical Package for Social Sciences,
International Business Machines Corp., Armonk, NY, USA) was used.

3. Results
3.1. Acute and Late Toxicity

Overall, 23.3% of patients had ≥grade 2 (G2) acute genitourinary (GU) toxicity and
6.6% of patients had ≥G2 acute gastrointestinal (GI) toxicity. When looking at the groups
separately, 21.1% of patients in group A had ≥G2 GU toxicity versus 30% in group B
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(p = 0.222). For ≥G2 GI toxicity those numbers were 2.5% for group A and 15% for group B
(p = 0.010). There were two ≥G3 acute toxicities, one acute G3 GU toxicity in arm A and an
acute G4 rectal bleeding in group B. This patient was anticoagulated and simultaneously
had an additional source of bleeding in the stomach.

Regarding late toxicity, 14.1% of patients had ≥G2 late GU toxicity and 5.0% of patients
had ≥G2 late GI toxicity in the overall cohort. For the two groups, these values were 17.4%
for group A versus 6.6% for group B for late GU toxicity (p = 0.159) and 1.4% for group A
versus 13.3% for group B for late GI toxicity (p = 0.013). There was one G3 late GU toxicity
in arm B and two G3 late GI toxicities, one in each arm.

3.2. Nadir and Disease Free Survival

Median follow-up of all patients was 13 months (range: 1–91 months). Median PSA
nadir in the overall cohort was 0.6 ng/mL (range <0.01–5.88 ng/mL), 0.5 ng/mL in group
A and 0.9 ng/mL in group B (p = 0.018). When looking at patients with a follow-up of
1 year or more, median PSA nadir was 0.50 ng/mL (range <0.01–4.7 ng/mL), 0.50 ng/mL
in group A and 0.56 ng/mL in group B (p = 0.247).

The relative median PSA reduction was 92.4% (range −53.9–99.9%) from baseline PSA.
For group A the median reduction was 93.7% (range −53.9–99.9%) versus 87.7% (range
39.8–99.9%) in group B (p = 0.043).

The median time to nadir was 9 months (range 1–88 months) for all patients (10.0 months
(range 1–88 months) group A, 8 months (range 1–34 months) group B). Figure 1 shows a
waterfall plot of the PSA reduction from baseline excluding one patient with immediate
relapse after SBRT.
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Figure 1. Maximum PSA reduction from baseline (group A: blue, group B: orange).

Overall, 4.2% of patients had biochemical relapse, 5.0% in group A and 2.5% in group
B (p = 0.518). All patients with biochemical relapse also had clinical relapse. One-year DFS
in the overall cohort was 97.3%, 98.8% in group A and 94.3% in group B (p = 0.318). Of the
patients with clinical relapse, one patient in group A had local recurrence, two patients in
group A had local and regional recurrence and the remaining two patients (one in each
group) had distant recurrence only. Figure 2 shows the disease free survival.
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Overall, four patients died (one tumor related, three non-tumor related), two in each
arm with the tumor-related death in group B. One-year OS was 97.3% in the overall cohort,
with 98.8% and 94.3% in the groups, respectively (p = 0.206).

4. Discussion

The current analysis is a matched-pairs analysis comparing the five-fraction and the
seven-fraction SBRT regimens for localized prostate cancer. To the best of our knowledge,
such an analysis has not been reported, yet.

Most studies on prostate SBRT included patients with low or intermediate risk. There
is no level 1 evidence for patients with high-risk prostate cancer but there is an increasing
level of prospective data, so that SBRT may be offered to selected high-risk patients [20]. The
optimal fractionation scheme for prostate SBRT remains a topic of research. Traditionally,
most studies used a five-fraction regimen. Compared to the commonly used 5 × 7.25 Gy
fractionation scheme, Widmark et al. used a slightly higher treatment dose in the Hypo-
RT-PC trial, which included patients with intermediate- and high-risk prostate cancer [22].
More recently, there have been other approaches including, e.g., one-fraction regimens or
using a simultaneous integrated boost to the dominant intraprostatic lesion (DIL) [14,23–27].
Boosting the DIL seems a promising approach as most recurrences appear in the PI RADS
4-5 DIL which seems especially appropriate in the high-risk setting [28]. Nevertheless,
published data on both fractionation schemes discussed in this publication show good
efficacy and low toxicity [16,22].

In this cohort, overall acute ≥G2 GU toxicity was seen in 23.3% of patients and up to
30% of patients receiving the seven-fraction regimen. This remains in line with the range of
the published literature [10,14,19,22,29–31]. Notably, there is little toxicity data for the seven-
fraction regimen with the original trial by Widmark et al. showing 28% acute ≥G2 GU
toxicity [22]. Late ≥G2 GU toxicity was seen in 14.1% of patients with up to 17.4% of
patients in group A. These values are within the published range as well [10,11,19,22,29–31].
There was no statistically significant difference between both treatment groups, although
the dosimetric data for bladder and urethra are significantly higher in the seven-fraction
regimen (see Table 2).

Acute ≥G2 GI toxicity was 6.6% in the overall cohort with a significantly higher in
group B with 15%. This remained similar for late ≥G2 toxicity. Notably, the 15% GI toxicity
were still within the published range by Widmark et al. reporting around 10% GI toxicity
and the PACE-B trial reporting up to 15.6% acute ≥G2 GI toxicity [16,22]. Most other
SBRT studies report late GI toxicity of up to 10% [14,29,31,32]. The significant differences
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in ≥G2 toxicity are likely explained by the higher median rectal dose (see Table 2). The
patients in group B were contoured according to Widmark et al. with a 7 mm margin
to derive the PTV, while patients in group A had a 3 mm margin towards the rectum.
Therefore, the higher dose to the rectum was to be expected. Additionally, more patients
in group B suffered from T3, especially T3b disease resulting in significantly larger CTVs
than in group A. However, with the rectal planning objectives from the original trial by
Widmark et al., the overall risk for late rectal toxicity can still be considered reasonably
low [22,33] and with strict image guidance the dorsal margin could be reduced.

Another factor to consider is the different total treatment dose of the two regimens,
especially when considering the EQD2 dose. With an alpha/beta value of three as com-
monly used for organs at risk (OAR), this results in 74.31 Gy3 for group A and 77.71 Gy3
for group B; meaning a higher dose for OAR in group B. This might be especially relevant
for OAR that are within the PTV like the urethra or parts of the bladder. However, there
was no statistically significant difference in GU toxicity in this analysis.

Patients were treated on different treatment machines with different IGRT modalities.
Patients in group A were treated at a CK using fiducials while patients in group B were
treated on a C-arm LINAC using rectal balloons and daily CBCT. For Cyberknife patients,
there is a tendency to use smaller PTV margins like in our cohort. Ito et al. conducted a
propensity score analysis comparing 3-year GU toxicity in prostate cancer patients treated
with SBRT either using a Cyberknife or a Linac-based VMAT with PTV margins of 3 mm
(1 mm posterior) for Cyberknife or 6 mm (3 mm posterior) for VMAT. They found a tendency
to lower acute G2 GU toxicity for patients treated with Cyberknife but no difference in
late G2 GU or GI toxicity [34]. In the Pace B trial, patients that were treated with a CK
had significantly lower worst GU and GI toxicity at 24 months. However, this difference
was only significant if toxicity was scored according to CTCAE but not when it was scored
according to RTOG [16]. Additionally, more patients that were treated with a CK had
low-risk disease, resulting in smaller targets due to the exclusion of the base of the seminal
vesicles according to the protocol and a lower rate of alpha-blockers at baseline [16]. The
overall value of fiducials compared to daily CBCT with matching of the prostate region
is somewhat unclear. Although there might be additional benefit, the overall variability
when using CBCT seems acceptably low [35–38].

The median nadir for patients with 1-year follow-up was 0.6 ng/mL. This value is
within published range for this time point and is expected to reduce further with increasing
follow-up [39–43]. Median time to nadir after SBRT was between 30 and 45 months in
other SBRT cohorts, although the maximum PSA decline seems to be within the first year
after SBRT [39–43]. Some studies suggest that the PSA nadir and time to nadir may have a
prognostic impact [40–42].

Biochemical recurrence in the overall cohort was 4.2% and 1-year DFS was 97.3%.
These values are overall well within the range of published data for cohorts including
intermediate and high-risk patients [14,19,22,23,32]. Isolated local recurrence only occurred
in one patient. The other patients had either locoregional, regional of metastatic recurrence
with no difference between the groups. Notably, ADT was given in 20% of patients with
only 5% receiving long term ADT.

There are several key limitations to this study which mostly lie in the retrospective
nature and the limited follow up especially in group B. However, the latter can be explained
by the publication date of the Hypo-RT-PC study in 2019 [22] and the consecutive pub-
lication of the quality of life data in 2021 [44], after which the regimen was adopted into
clinical routine. The short follow-up might somewhat bias the results, especially in patients
receiving ADT. Additionally, the application method differed between both groups as well
as the definition and size and margins of the target volumes (including a higher amount of
T3b patients in group B.

Still, to the best of our knowledge this is the first matched-pairs analysis comparing
the five-fraction and seven-fraction SBRT regimen for localized prostate cancer.
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5. Conclusions

In conclusion, SBRT regimens using five or seven fractions appear to have acceptable
acute and late toxicity as well as good efficacy. There are significantly more ≥GI toxicities
in the seven-fraction regimen, likely the result of the higher overall treatment dose, the
overall larger CTVs and the larger PTV margins. Longer follow-up is warranted for better
comparison of long-term efficacy.
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