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Simple Summary: The aim of our retrospective study was to evaluate the long-term outcomes,
treatment-related toxicity, and factors affecting postoperative prostate cancer patients treated with
intensity-modulated radiation therapy and image-guided radiation therapy (IMRT-IGRT) using
TomoTherapy as salvage radiotherapy (SRT). Our findings demonstrate a comparable the
progression-free rate (PFR) at 5-year (69.05%) and 10-year (54.73%) intervals with those of previous
reports, confirming the efficacy of IMRT-IGRT as a viable option for SRT. Worse PFR was associated
with factors such as mass PSA > 0.7 ng/mL, providing critical insights into prognostication. SRT for
prostate cancer with IMRT and IGRT using TomoTherapy showed similar treatment outcomes and
low toxicity rates compared with those of previous studies.

Abstract: Background: We aimed to evaluate the long-term outcomes, treatment-related toxicity, and
factors affecting postoperative prostate cancer patients treated with intensity-modulated radiation
therapy and image-guided radiation therapy (IMRT-IGRT) using TomoTherapy as salvage
radiotherapy (SRT). Methods: We included 71 consecutive patients who underwent SRT after radical
prostatectomy between 2011 and 2023. Treatment outcomes, including the progression-free rate
(PFR) and overall survival, were calculated using Kaplan—Meier curves. Associations between
treatment outcomes and factors were analyzed using the Cox proportional hazards regression
analysis. Results: The median follow-up time after SRT was 60 (range, 1-148) months. The 5-year and
10-year PFR were 69.05% and 54.73%, respectively. In multivariate analysis, PSA maximum after
surgery (mas PSA) >0.7 ng/mL was significantly associated with worse PFR (p<0.05). Additionally,
eight patients (11.3%) experienced late grade 2 genitourinary toxicity, and one (1.4%) patient
developed late grade 2 gastrointestinal toxicity. No adverse events were rated higher than grade 3.
Conclusions: Our findings demonstrate a comparable PFR at 5-year (69.05%) and 10-year (54.73%)
intervals with those of previous reports, confirming the efficacy of IMRT-IGRT as a viable option for
SRT. Worse PFR was associated with factors such as mass PSA > 0.7 ng/mL, providing critical insights
into prognostication. SRT for prostate cancer with IMRT and IGRT using TomoTherapy showed
similar treatment outcomes and low toxicity rates compared with those of previous studies.

Keywords: Prostate Cancer; postoperative radiotherapy; Intensity-modulated radiation therapy;
image-guided radiation therapy; Biochemical recurrence

1. Introduction

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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The primary treatments for localized prostate cancer include radical prostatectomy (RP),
radiation therapy (RT), androgen deprivation therapy (ADT), and active surveillance. Treatment
selection is based on disease risk stages, including clinicopathological factors [1]. Historically, RP has
been one of the most commonly used treatment modalities for localized prostate cancer [2,3].
However, the rates of biochemical recurrence (BCR) or locoregional recurrences (LR) after RP have
been reported to vary considerably; specifically, wide ranges (15-50%), have been reported. Notably,
intermediate- or high-risk prostate cancer patients have shown recurrence rates exceeding 40% [4-9].
Therefore, adjuvant RT (ART) and salvage RT (SRT) play essential roles in the management of BCR
and LR.

There has been a longstanding discussion regarding the choice between ART and SRT after RP.
Recently, three prospective clinical trials revealed similar results, which have had an enormous
impact on this discussion. The RAVES, RADICALS-RT, and GETUG-17 trials demonstrated no
significant differences between the SRT and ART groups in terms of biochemical progression-free
survival or event-free survival [10,11,12]. Furthermore, the RAVES trial showed that SRT was
associated with significantly lower genitourinary toxicity than that of ART. Moreover, the
RADICALS-RT trial demonstrated that ART increases the risk of urinary morbidity. Finally, in the
GETUG-17 trial, ART increased the risk of genitourinary toxicity and erectile dysfunction. In
summary, these trials suggest that SRT is similarly effective to ART and is associated with lower
toxicity than ART. However, the factors that influence the effectiveness of SRT and the optimal timing
of its administration in postoperative prostate cancer patients remain to be elucidated. Here, we
evaluated the long-term outcomes, treatment-related toxicities, and predictive factors in
postoperative prostate cancer patients who underwent SRT with intensity-modulated radiation
therapy and image-guided radiation therapy (IMRT-IGRT) exclusively through TomoTherapy as a
consistent and uniform modality.

2. Materials and Methods

Patients

Between April 2011 and March 2023, 71 patients with prostate cancer who underwent RP
underwent IMRT-IGRT using TomoTherapy with a curative intent at our institution. All 71 patients
underwent imaging studies, including those with BCR (N=63) and LR (N=8), tumors in the prostate
bed, and pelvic lymph node metastases (N=4). BCR after RP was primarily defined by a prostate-
specific antigen (PSA) level threshold of 0.2 ng/mL and was also diagnosed considering individual
clinical situations.

We retrospectively reviewed the patients” medical records. All patients underwent magnetic
resonance imaging (MRI) of the pelvis, computed tomography (CT) of the neck to the pelvis, bone
scans, or positron emission tomography (PET)-CT, along with basic laboratory studies, including
PSA levels before RT. The International Prostate Symptom Score (IPSS) was assessed before RT. The
disease characteristics of the 71 patients are summarized in Table 1. This study was approved by the
institutional review board (TGE02502-024), and informed consent was obtained from all patients
prior to treatment.

Treatment

All patients received IMRT using TomoTherapy with a planned total dose of 66 Gy delivered in
33 fractions to the prostate bed. If patients had recurrent diseases in the prostate bed detected via
imaging modalities (MRI), they received an additional dose of up to 76 Gy delivered in 38 fractions.

Organs at risk (OARs), including the bladder, rectum, and femoral head, were contoured
according to the Radiation Therapy Oncology Group (RTOG) contouring guidelines [13]. The clinical
target volume (CTV) was defined as the prostate bed in accordance with the RTOG contouring atlas
[14], and the planning target volume (PTV) was defined as the CTV plus 5 mm margins. Gross tumor
volume (GTV) was defined as any recurrent tumor observed on MRI Treatment plans were
generated using Precision and PlanningStation inverse planning software, utilizing superposition
dose calculations. A field width of 2.5 cm and a pitch of 0.43 were applied, with the modulation factor
primarily ranging from 1.5 to 2.0.
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The patients consumed an appropriate amount of water to maintain an almost full bladder, and
bladder volume was measured using BLADDERSCAN. Using the TomoTherapy system, daily
megavolt CT (MVCT) image registration with treatment-planning CT is necessary for RT. Therefore,
IGRT combined with MVCT was performed for each fraction.

Androgen Deprivation Therapy | Hormonal Therapy

Some patients were prescribed appropriate ADT, which included medications such as
Bicalutamide, Degarelix, Goserelin acetate, Enzalutamide, and Leuprorelin acetate by urologists.

Evaluation criteria and statistical analysis

Responses were evaluated using PSA and physical examination approximately 3 months after
completing treatment in the first 1-2 years of follow-up, and subsequently, every 6-12 months
thereafter. When the PSA level increased continuously, imaging studies including MRI and CT, were
performed in some cases. After SRT, BCR was defined as a continuous increase in PSA levels without
evidence of recurrences in imaging studies. LR was defined as relapse in the prostate bed or pelvic
lymph nodes. Distant metastasis (DM) was defined as metastasis outside the pelvic region.

Toxicities associated with radiation treatment were evaluated using the Common Terminology
Criteria for Adverse Events (CTCAE) v5.0 [15]. Acute toxicities were defined as RT-related adverse
events that occurred within 3 months of the completion of RT, whereas late toxicities were defined as
those occurring thereafter. Overall survival (OS) and progression-free rate (PFR) were calculated
using Kaplan—-Meier curves. Differences between the curves were determined using the log-rank test.
Prognostic factor analyses were performed using both univariate and multivariate Cox proportional
hazards regression models, using the Statistical Package for the Social Sciences (JMP 17.0.0, SAS
Institute Inc., Cary, NC, USA). A significance level of p < 0.05 was considered statistically significant.

3. Results
3.1. Treatment

The median follow-up time from RP was 105 (range, 1-277) months, and that from SRT was 60
(range, 1-148) months in all patients. Patient and treatment characteristics are summarized in Table
1. The patients underwent various types of RP. The median PSA maximum after surgery (mas PSA)
was 0.61 (range, 0.13-22.2) ng/ml.

Table 1. Patients Characteristics.

Characteristics N=75
Age at RT, yrs (median, range) 70 (54—79)
Histology Type (%)

Adenocarcinoma 71 (100%)
T stage

T2a-T2c 41 (57.7%)
T3aT3b 30 (42.3%)
N stage

N1 3 (4.0%)
Clinical stage

LI 40 (56.3%)
>I11 31 (43.7%)
Gleason Grade Group

<6 7(9.9%)
7 36 (50.7%)
>8 28 (39.4%)
NCCN Risk Classification

Intermediate 23 (32.4%)

high 39 (54.9%)



https://doi.org/10.20944/preprints202412.2480.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 December 2024 d0i:10.20944/preprints202412.2480.v1

4 of 11
very high 9 (12.7%)
Initial PSA, ng/ml (median, range) 9.11 (5-34)
PSA maximum after surgery, ng/ml (median, 061 (0.13-22.2)
range) ' ' '
IPSS at RT (median, range)
Low 0-7 46 (64.8%)
Intermediate 8-19 21 (29.6%)
High 20-35 4 (5.6%)
ECOG performance status score
0 68 (95.8%)
1 3 (4.2%)
RT total dose and Fraction
66 Gy/33 Fr 63 (88.7%)
RT field
Prostate bed only 64 (90.1%)
Prostate bed plus tumor 7 (9.9%)
Follow-up time
F/U time from surgery, months (median, range) 105 (1-277)
Time from surgery to RT, months (median, range) 38 (1-142)
F/U time from RT, months (median, range) 60 (1-148)
Reason for SRT
Biochemical recurrence (BCR) 63 (88.7%)
Locoregional recurrence (LR)* 8 (11.3%)

Reasons for SRT were as follows: BCR in 63 patients (88.7%) and LR in 8 patients (11.3%), which
included tumors in the prostate bed. All 71 patients underwent SRT. Sixty-four (85.3%) patients were
irradiated at the prostate bed, with 63 (88.7%) receiving 66 Gy in 33 fractions, and one patient (1.4%)
receiving 68 Gy in 34 fractions. Seven (9.9%) patients were irradiated on the prostate bed and
demonstrated recurrence at 76 Gy.

3.2. Androgen Deprivation Therapy / Hormonal Therapy

Thirty-eight (53.5%) patients received ADT during treatment. Details of the delivery phases are
presented in Table 2. Fifteen (21.1%) patients initiated ADT for post-RP recurrence, whereas 21
(29.6%) patients commenced for post-RT recurrence.

Table 2. Delivering phases of ADT/ Hormonal therapy.

ADT/Hormonal therapy

with ADT 38 (53.5%)
ADT starting after post-surgery recurrence 15 (21.1%)
ADT starting after post-RT recurrence 21 (29.6%)

3.3. Disease Control

Figure 1 shows the Kaplan-Meier curves for PFR and OS. Twenty-two patients (31.0%)
experienced disease progression, and the 5-year and 10-year PFR were 69.05% and 54.73%,
respectively. The median control rate was not achieved during the observation period. Twenty-one
of the 22 patients with recurrence after SRT received ADT, and their disease was successfully
controlled with this treatment. All patients were alive at the final evaluation, resulting in a 10-year
survival rate of 100%.

Twenty of the 22 patients who experienced disease progression after SRT underwent imaging
studies, including CT. The median PSA at the time of recurrence after SRT was 2.48 (range: 0.31-
10.77) ng/mL. Among these, one patient developed LR, specifically pelvic lymph node recurrence.
Additionally, one patient developed DM with multiple bone metastases. No instances of disease
relapse were observed in the irradiated field.
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Patients who underwent LR after RP (N=8) were scheduled to receive a prescribed dose >70 Gy.
However, seven patients received =70 Gy, and one received only 66 Gy due to individual reasons.
The patient who received only 66 Gy of radiation subsequently developed disease progression after
SRT. Among the population receiving =70 Gy (N=7), two patients experienced disease progression,
with one developing distant metastasis, resulting in a 5-year PFR of 85.71%.

No significant difference was observed between these groups of patients (N=8, =70 Gy vs. 66
Gy, p=0.1551 by the log-rank test). However, the median disease control months were 86 months in
the =70 Gy and 15 months in 66 Gy. Additionally, among all 71 patients in PFS, no significant
difference was observed between those who received =70 Gy and <70 Gy (p=0.7437 by the log-rank

test). Similarly, no significant differences were observed between patients with LR after RP (N=8) and
those with BCR after RP (N=63) (p=0.8435, log-rank test).
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Figure 1. The Kaplan—-Meier curves for Treatment outcomes, OS and PFR. (a) Overall Survival (OS);
(b) Progression-free rate (PFR).

3.4. Analysis of Prognostic Factors

Univariate and multivariate analyses of the factors associated with the PFR are summarized in
Table 3. In univariate analysis, two factors were found to be significantly correlated with worse PFR,
including higher mas PSA (>0.7 ng/mL) and higher ECOG performance status score (PS) (mas
PSA>0.7, hazard ratio (HR) 2.647, 95% confidence interval (95%CI) 1.108-6.324, p=0.00246). Maximum
PSA levels were analyzed in 0.1 ng/mL increments, ranging from 0.2-1.0 ng/mL. No significant
findings were observed except at 0.7 ng/ml. Additionally, receiver operating characteristic (ROC) analysis
determined the cutoff value for maximum PSA to be 0.78 (Youden index; area under the curve: 0.659; 95%
CI: 0.522-0.796). Therefore, a mass PSA >0.7 ng/mL was adopted as the cutoff value for this analysis.
Meanwhile, in univariate analysis, PS showed HR 7.475, 95%Cl 1.570-35.580, p=0.04).

Table 3. Univariate and multivariate analyses of factors associated with PFR.

Factors Univariate Multivariate
HR 95%CI P-value HR 95%CI
. 0.960-
age (continuous) 1.042 0.967-1.129 0.286 1.044
1.140
N1 1.375 0.182-10.352  0.757
GS>=8 1.104 0.461-2.641 0.824
NCCN risk (Intermediate vs high + very high) 1.132 0.483-2.842 0.778
initial PSA (continuous) 1.008  0.944-1.066 0.7783
1.111-
mas PSA*>0.7 2.647 1.108-6.324  0.0246 2.7059 6.588

IPSS (continuous) 1.049 0.982-1.111 0.142
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0.904-
ECOG performance status score (PS) 7475  1.570-35.580  0.04 4.701 94 446
total dose (continuous) 0985  0.827-1.111 0.833
with Comorbidity 1.339  0.452-3.961 0.586
other cancer history 1.1804 0.274-5.069  0.823

* mas PSA: PSA maximum after surgery, ng/ml.

In multivariate analysis, factors such as mass PSA >0.7 ng/mL were found to be significantly
associated with inferior PFR (HR 2.70, 95% CI 1.111-6.588, p=0.0284).

5. Toxicities/Adverse Event

Regarding acute toxicity, only one patient (1.4%) developed grade 1 gastrointestinal (GI) toxicity,
and no instances of GI or genitourinary (GU) toxicity exceeding grade 2 were noted.

In terms of late toxicity, no instances of > grade 3 toxicity were noted. Eight (11.8%) patients
experienced late grade 2 GU toxicity, and one (1.4%) developed late grade 2 GI toxicity. No significant
difference was noted between IPSS values just before RT and the occurrence of > grade 2 GU toxicity

(p=0.5805). A significant association was observed between anticoagulant use and the occurrence of
grade 2 GI toxicity (p=0.0016).

4. Discussion

The current study comprehensively analyzed the long-term outcomes, treatment-related
toxicities, and predictive factors in postoperative prostate cancer patients who underwent SRT with
IMRT-IGRT using TomoTherapy. The evaluation of prostate cancer treatment outcomes requires
long-term observation because of the prolonged progression of the disease. Previous retrospective
studies typically included various RT modalities, such as three-dimensional conformal radiation
therapy and IMRT, depending on the study period [16]. Some studies have used TomoTherapy for
postoperative prostate cancer, but one of them was a planning study [17], and the other used
moderate postoperative hypofractionated RT [18]. Therefore, in our study, all patients received RT
using TomoTherapy with IGRT as a uniform modality, which is a strength of our study.

Tumor Control and Survival

Recently, several clinical trials on SRT have reported results superior to those of our study. In
the RAVES trial, 5-year freedom from biochemical progression was 87% in the salvage radiotherapy
group. Moreover, in the RADICALS-RT trial, 5-year biochemical progression-free survival was 88%
for those in the salvage radiotherapy group. In the GETUG-17 trial, 5-year event-free survival was
90% in the salvage radiotherapy group [10-12]. In a retrospective study, Cuccia et al. reported that 2-
and 3-year biochemical recurrence-free survivals were 88% and 73% for the entire population using
moderate postoperative hypofractionated radiation therapy delivered by Helical TomoTherapy,
respectively [18]. Fukuda et al. reported that BCR occurred in 38%, the locoregional recurrence rate
was 4%, and the distant metastasis rate was 6% in the SRT group using three-dimensional radiation
therapy [16]. Seyedin et al. analyzed postoperative prostate cancer patients with positive margins
without ADT and reported the 5- and 8-year biochemical relapse-free survival rates both at 63% [19].
In our study, the 5-year and 10-year PFR was 69.05% and 54.73%, respectively. Direct comparisons
with previous studies may be challenging due to variations in treatment modalities, radiation fields
that included the pelvic area, the timing and duration of ADT, and patient populations [10-12, 16-19].

Prognostic Factors / PSA Cutoff

Recently, PSA levels just before SRT for postoperative prostate cancer have been suggested to
be critical factors in treatment outcomes [20-22]. Tilki et al. reported that patients who received SRT
at a PSA level >0.25 ng/mL had an increased all-cause mortality risk [20]. In addition, Vogel et al.
suggested that patients who were initiated early SRT at PSA levels <0.3 ng/mL showed superior e
biochemical relapse-free survival, with a 68% reduced risk of biochemical relapse [22]. Furthermore,
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Song et al. reported that pre-RT PSA level >1.0 ng/mL was one of the significant predictive factors
for biochemical recurrence [22].

As shown, PSA levels just before RT have the potential to be predictive factors for treatment
outcomes in postoperative prostate cancer. However, the specific predictive range varies across
studies, and the definitive cutoff value remains undetermined. Our results suggest that maximum
PSA levels just before SRT > 0.7 ng/mL) were associated with unfavorable PFR and indicated that the
cutoff value of pre-RT PSA was higher than that reported in previous studies. This disparity may be
attributed to the inclusion of patients with image-detectable recurrent tumors in the prostate bed,
who exhibited higher mas PSA levels (median 1.425, range 0.25-7.57), comparing median mas PSA
of 0.61 (0.13-22.2) in the overall study population. Despite this difference, the PFR in our study
remained similar to that in previous findings. This might indicate that IGRT-IMRT using
TomoTherapy is particularly effective for patients with higher PSA levels, in contrast to previous
reports. Patients with image-detectable recurrent tumors in the prostate bed met this criterion in our
study. No significant difference was observed in PFR between patients who received =70 Gy and

those who did not. However, among patients who received =70 Gy, the 5-year PFR was 85.71%. This

result may suggest that prescribing =70 Gy may have the potential to control relapses in patients

with image-detectable recurrent tumors in the prostate bed. Notably, the number of patients in this
subgroup was minimal, indicating the need for further studies to confirm these findings.

Toxicity

Previous studies reported varying results regarding therapy-related toxicities. Using IGRT-
IMRT, S. K. NATH et al. reported that late grade 2 GI and GU were observed in 2% and 16%,
respectively, with only one patient (2%) experiencing Grade > 3 [23]. C.H. Flores-Balcazar et al.
compared GI and GU, including grades 1 to 2, and toxicities between IMRT and 3D-CRT, reporting
late GI and GU toxicities for IMRT and 3D-CRT treatment were 1.9% and 6.7% for GI and 7.5% and
16.6% for GU, respectively. Moreover, IMRT was associated with a lower rate of complications [24].
More recently, Hasterok et al. reported toxicities associated with IMRT, VMAT, and TomoTherapy,
or a combination of these treatments with a median RT dose of 70 Gy. In their study, late GI and GU
toxicities of higher grade 2 were 11.2% and 21.3%, respectively. Furthermore, five patients developed
grade 4 toxicities [25].

In this study, the toxicity profile was favorable, with only a small percentage of patients
developing late grade 2 GI and GU toxicities (GI=G2 1.4%, GU=G2 11.3%) compared to that of

previous reports. Additionally, no adverse events exceeding grade 3 were reported. This underscores
the safety and tolerability of the approach.

Limitations

This study has several limitations, including its retrospective design, single institutional report,
and variability in the phases in which patients received ADT, depending on the individual urologist.
Moreover, there is variability in surgical methods, including classic RP, radical perineal
prostatectomy, laparoscopic RP, and robot-assisted RP.

5. Conclusions

Our findings demonstrated a comparable PFR at 5-year (69.05%) and 10-year (54.73%) intervals
and low toxicity rates compared with previous studies. Additionally, associations were found
between a worse PFR and a maximum PSA greater than 0.7 ng/ml. However, further studies are
required to conclusively determine its efficacy and safety. Nevertheless, IMRT-IGRT combined with
TomoTherapy has emerged as one of the promising SRT option for patients with biochemical prostate
cancer failure after radical prostatectomy.
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Abbreviations

The following abbreviations are used in this manuscript:
RP Radical prostatectomy
RT Radiation therapy
ADT Androgen deprivation therapy
BCR Biochemical recurrence
ART Adjuvant radiation therapy
SRT Salvage radiation therapy
IMRT Intensity-modulated radiation therapy
IGRT Image-guided radiation therapy
LR Locoregional recurrence
PSA Prostate-specific antigen
MRI Magnetic resonance imaging
CT Computed tomography
PET Positron emission tomography
IPSS International prostate symptom score
OARs Organ at risks
RTOG Radiation Therapy Oncology Group
CTV Clinical target volume
PTV Planning target volume
GTV Gross tumor volume
MVCT Megavolt-CT
DM Distant metastasis
0s Overall survival
BCRR Biochemical recurrence rate
LCR Locoregional control rate
DMFR Distant metastasis-free rate
PFR Progression-free rate
PS ECOG performance status score
HR Hazard ratio
CI Confidence Interval
ROC receiver operating characteristic
GI Gastrointestinal
GU Genitourinary
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