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Abstract

Purpose: Only retrospective data is available for low dose rate (LDR) salvage prostate
brachytherapy for local recurrence after external beam radiotherapy (EBRT). The primary
objective of this prospective Phase Il trial (NCT00450411) was to evaluate late gastrointestinal and
genitourinary adverse events (AEs) after salvage LDR brachytherapy.

Materials/Methods: Eligible patients had low/intermediate risk prostate cancer prior to EBRT
and biopsy-proven recurrence >30 months after EBRT, with PSA <10 ng/mL and no regional/
distant disease. The primary endpoint was grade 3 or higher late treatment-related GI/GU AEs
occurring 9-24 months after brachytherapy. These were projected to be <10%, with >20%
considered unacceptable. All events were graded with CTCAE V3.0. Multivariate analyses
investigated associations of pre-treatment or treatment variables with AEs.

Results: From May 2007 to January 2014, 100 patients were registered from 20 centers. 92
analyzable patients had a median follow-up of 54 months (range: 4-97) and median age 70 (IQR:
65-74). Initial Gleason score was 7 in 48%. Median dose of EBRT was 74 Gy (IQR: 70-76) at a
median interval of 85 months previously (IQR: 60-119). Only 16% had androgen deprivation at
study entry. Twelve patients (14%) had late grade 3 GI/GU AEs with no treatment-related grade 4
or 5 AEs. No pre-treatment variable predicted late AEs, including prior EBRT dose and elapsed
interval. Higher V100 (% of prostate enclosed by prescription isodose) predicted both occurrence
of late AEs (OR=1.24; 95% CI: 1.02-1.52; p=0.03) and earlier time to first occurrence (HR=1.18;
95% ClI: 1.03-1.34; p=0.02).

Conclusions: This prospective multicenter trial reports outcomes of salvage LDR brachytherapy
for post EBRT recurrence. The rate of late grade 3 AEs did not exceed the unacceptable threshold.
The only factor predictive of late AEs was implant dosimetry reflected by V100. Efficacy
outcomes will be reported at a minimum of 5-yr follow-up.

Summary

We report the primary endpoint of the phase 2 NRG/RTOG 0526 trial of salvage low dose rate
prostate brachytherapy for locally recurrent prostate cancer following prior external beam
radiotherapy (EBRT). Eligible patients initially presented with favorable or intermediate risk
prostate cancer. At a median follow up of 54 months, 12 of 92 analyzable patients (14%) had late
grade 3 gastrointestinal or genitourinary adverse events, which did not exceed the previously set
threshold for unacceptable toxicity.

Keywords
Prostate cancer; Salvage low dose rate brachytherapy; external beam radiotherapy failure

Introduction

External beam radiotherapy (EBRT) is the most frequently used non-surgical option for
primary management of localized prostate cancer. It is widely available throughout the

developed world, and has the advantage of being non-invasive and safe. However, even with
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modern dose escalation, and conformal techniques, biochemical failure occurs in up to 15%
of low or intermediate risk disease within 5 years, and by 10 years in 20-50%(1-8).
Correlation of multi-parametric magnetic resonance imaging (MRI) and salvage
prostatectomy pathology has demonstrated that failures most commonly occur at the site of
the original dominant intraprostatic lesion and many patients may initially have an isolated
local recurrence(9). Despite numerous options for local salvage, fewer than 5% of patients
are offered potentially curative second-line treatment, with the majority being observed or
managed with palliative androgen deprivation therapy (ADT)(10). Although this may be
appropriate due to advanced age, comorbidities or concerns about toxicity, a significant
proportion of these patients could benefit from curative treatment, especially since locally
persistent tumor serves as a source of subsequent distant dissemination(11). Furthermore,
long-term ADT is associated with specific morbidity and perhaps even mortality(12).

As single center reports demonstrated efficacy of salvage LDR brachytherapy, the Radiation
Therapy Oncology Group (RTOG) undertook a prospective Phase 1l trial in 2005 to
investigate late toxicity(13,14). The trial was supported by grants ULI0CA180868 (NRG
Oncology Operations), UL0CA180822 (NRG Oncology SDMC), and from the National
Cancer Institute. The Clinicaltrials.gov registry number is NCT00450411. We report the
primary endpoint; treatment-related, grade 3 or higher, late gastrointestinal (GI) or
genitourinary (GU) adverse events (AEs).

Materials and methods

Patient Eligibility

Eligible patients had low or intermediate risk prostate cancer prior to EBRT, and biopsy-
proven local recurrence at an interval >30 months after EBRT, administered in doses up to
78 Gy/39 fractions or 81 Gy/45 fractions. At study entry, prostate-specific antigen (PSA)
was <10 ng/mL and systemic staging with Tc99 bone scan and abdominal/pelvic computed
tomography (CT) showed no regional or distant disease. Post EBRT prostate biopsies were
required within 180 days of trial entry and were centrally reviewed prior to registration
(MA). Prostate volume from transrectal ultrasound (TRUS) was <45 cc and International
Prostate Symptom Score (IPSS) was <15. Eligible patients could not have residual EBRT-
related grade =2 Gl or GU toxicity.

Brachytherapy

All participating centers were credentialed in prostate LDR brachytherapy by the RTOG.
Implants were planned and executed under TRUS visualization using transperineal template-
guidance with either 1-125 (prescribed minimum target dose 140 Gy), or Pd-103 (dose 120
Gy). Preplan dosimetric parameters were specified to avoid regions of high dose
inhomogeneity; for 1-125 V150 <45% and V200 <10% and for Pd-103 V150 <55% and
V200 <15%. No dosimetric parameters were specified for the urethra or rectum. It was felt
that the conservative V150 would keep the urethral dose within acceptable limits, and the
rectal dose cannot be predicted from the preplan. Partial prostate implants to the biopsy-
proven site of recurrence identified with metabolic imaging were allowed.

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2020 February 01.
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Post implant dosimetry was assessed by CT scan 30 days after implant. The Evaluation
Target Volume (ETV) was the CT-contoured prostate with no margin. Calculated dosimetric
parameters included V100 (percentage of prostate receiving minimum of 100% of
prescription dose; a measure of implant quality) and similarly, V150 and V200 (measures of
implant homogeneity). In addition, the isodose enclosing 90% of the prostate volume (D90)
was reported to indicate the magnitude of delivered dose. The ETV for partial prostate
implants was the whole prostate, but the V100 was required to be > 60%.

The primary objective for this single-arm phase 1 trial was to evaluate late treatment-related
Gl and GU AEs after salvage LDR brachytherapy for local recurrence following EBRT. Late
AEs, with an attribution of definitely, probably, or possibly related to treatment, were
evaluated between 9 and 24 months from implant, using the NCI Common Terminology
Criteria for Adverse Events (CTCAE) version 3.0.

Late grade =3 treatment-related GI/GU AEs were projected to occur in <10% of patients
under protocol treatment (alternative hypothesis) while =20% would be considered
unacceptable (null hypothesis). To detect this effect size with a one-sided significance level
of 0.05 and 85% statistical power, 87 analyzable patients were required based on Fleming’s
multiple testing procedure with two interim analyses and one final analysis(15). Adjusting
by 10% for ineligibility or lost to follow-up, 96 patients were required for accrual.

Analyzable patients received protocol treatment and had at least 23 months follow-up from
implant. Patients experiencing an AE of interest during the specified time frame but without
23 months follow-up were included, but those lost to follow-up or deceased before 23
months without experiencing an AE of interest were not analyzable for the primary
endpoint. For the final analysis, the null hypothesis would be rejected if the number of late
grade =3 treatment- related GI/GU AEs was <10, and the treatment would be deemed
tolerable.

Multivariate analyses were performed to investigate the effect of pretreatment
characteristics, such as T-stage, PSA, Gleason, and age, as well as treatment delivery
parameters. Multivariate logistic regression was used to analyze the occurrence of late grade
>3 treatment-related GI/GU AEs. Time to the first occurrence since implantation was
analyzed using Gray’s method. Death without experiencing an AE of interest was treated as
the competing risk. The Fine-Gray method was used to model the time to first occurrence
with pretreatment characteristics and treatment delivery parameters as covariates.

Secondary endpoints included early treatment-related GI/GU AEs, clinical outcomes
(overall, disease-free, and disease-specific survival; local, distant and biochemical failure),
and the post-brachytherapy dosimetric parameters. The analysis of clinical outcomes is
planned when a minimum of 5-year follow-up is reached.

Early AEs were defined as occurring < 9 months from implantation. Patients experiencing a
grade =3 treatment-related AE during this time frame but without required follow-up were
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included in the analysis, but those lost to follow-up or deceased before 9 months without
experiencing an AE of interest were not analyzable. Similar to the primary endpoint
analysis, the occurrence of early grade >3 treatment-related GI/GU AEs and time to first
occurrence were analyzed using logistic regression and the competing risk approach,
respectively. Descriptive statistics for each dosimetric parameter were calculated.

From May 2007 to January 2014, 100 patients were registered from 20 centers. Eight
patients were excluded (Table 1). Table 2 shows the distributions of pretreatment
characteristics for the 92 eligible patients. Median age was 70 years; 48% had Gleason score
7 (52% 2-6), and 84% had PSA <10 ng/mL at initial diagnosis. Recurrent disease was not
palpable in 74% and < half of one lobe in 16%.

Treatment Delivery

Brachytherapy was delivered using 1-125 for 85 patients (92%), with 7 implanted using
Pd-103 (Table 2). Reviews of ETV and organs at risk were either per protocol or with
acceptable variation for 90% of reviewed patients. Submitted post plans show the median
prostate volume was 29cc (Interquartile range (IQR): 24-37cc). The median minimum dose
covering 90% of the ETV (D90) was 109% (IQR: 101-116%).

Test for the Primary Endpoint

All AEs were graded with CTCAE version 3.0. At a median follow-up of 54 months, 87 of
92 eligible patients (95%) were evaluable for the primary endpoint. Twelve of these 87
(14%; 95% CI: 6%-21%) experienced late grade 3 treatment-related GI/GU AEs (Table 3),
with no grade 4 or 5 reported. Table 4 shows results from multivariate analysis using logistic
regression on the occurrence of late grade =3 treatment-related GI/GU AEs. None of the
pretreatment characteristics had a significant effect, including prostate size, dose of prior
EBRT (median=74 Gy; IQR: 70-76 Gy) and interval from EBRT to salvage (median=85
months; IQR: 60-119). There was a considerable range reported in dosimetric parameters,
the lowest values being due to the 2 partial prostate implants (Table 2). The median ETV
percentage covered by 100% of the prescribed dose (V100) was 94% (IQR: 91-96%).
Median V150 was 50% (IQR: 43-59). Median D90 was 109% (IQR: 101-116). Only V100
as a continuous variable was predictive of late treatment-related GI/GU AEs with an odds
ratio (OR) of 1.24 (95% CI: 1.02-1.52; p=0.03 in favor of lower percentages). Table 5 shows
the multivariate analyses of time to first occurrence since implantation of late grade =3
treatment-related GI/GU AEs. V100 is again significant, with a hazard ratio (HR) of 1.18
(95% CI: 1.03-1.34; p=0.02).

Separate logistic regression modeling was performed for the association of V150 and V200
(percentage of prostate volume covered by 150% and 200% of prescription) as continuous
variables with the occurrence of late AEs, and Fine-Gray modeling for time to first
occurrence, but neither of these dosimetric parameters was associated with late AEs. D90
was examined as both a continuous variable and dichotomized at the median. Although not
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statistically significant, there were 4 AEs below the median D90 (109%) and 8 AEs above
the median with an OR=3.23 (95% ClI: 0.78-13.40; p=0.11).

Results for Secondary Endpoints

Immediate post-implant urinary catheterization occurred in 4% (2/85 1-125; 2/7 Pd-103).
Twelve of 88 patients (14%; 95% CI: 6-21%) experienced early grade 3 treatment-related
GI/GU AEs, with no grade 4 or 5 reported. Six of these 12 subsequently developed late
grade 3 treatment-related GI/GU AEs. Table 6 lists these AEs with information on the grade,
attribution to protocol treatment and weeks from implantation. Multivariate analysis showed
that PSA at initial diagnosis was predictive of both the occurrence of early grade =3
treatment-related GI/GU AE’s (p=0.04) and time to first occurrence (p=0.02).The interval
since prior EBRT showed a trend to significance for occurrence (p=0.08), and the dose of
EBRT a trend for time to first occurrence of early AEs (p=0.06).

Discussion

Local recurrence is not uncommon after EBRT, depending on radiation dose, technique,
initial stage and Gleason score, and on investigations at the time of biochemical
failure(1,16). Nichol et al reported on a prospective study of 140 patients with non-high risk
prostate cancer treated with 3D conformal radiation and daily fiducial image-guidance.
Three-year post EBRT biopsies were positive in 51% and 5-year biochemical failure free
survival (BFFS) was 55%(1). Dose escalation to 78-80 Gy is associated with encouraging 5-
year BFFS of 78-84%(4,8) but with steady attrition between 5 and 10 years(3,5,8). Over 2
decades ago, Fuks et al showed that uncontrolled local disease was associated with 24% 15-
year freedom from metastases compared to 77% for patients with local control(17). The fact
that dose escalation studies show a dose response relationship, at least in terms of
biochemical failure, indicates that many biochemical failures are at least initially of local
origin(2,4,18-20). Imaging studies and salvage RP results show that failure is usually at the
site of the dominant intraprostatic lesion(9,21). As an optimal dose of EBRT has yet to be
achieved(22), it is likely that few local recurrences are completely radioresistant. In selecting
the optimal form of re-irradiation, brachytherapy has the important advantage of being a
tightly conformal internal application with rapid dose fall-off to maximally spare adjacent
organs already exposed to EBRT.

Despite the fact that uncontrolled local tumor is a source for subsequent dissemination and
prostate cancer specific mortality, fewer than 5% of biochemical failures after EBRT receive
local salvage(10). There are a number of factors contributing to this low utilization,
including advancing patient age, co-morbidities that shorten life expectancy and obviate the
need for intervention, and fear of toxicity in a patient who is otherwise asymptomatic. Thus,
the most common approach is palliative ADT, which is not without significant impact on
quality of life with a myriad of systemic side effects including weight gain, adiposity,
anemia, changes in lipid profiles, loss of muscle mass, decreased bone density, altered
glucose metabolism, depression, and possible cognitive decline and increased risk of cardiac
events(12). For these reasons, delayed hormonal intervention(23) or an intermittent approach
have been explored(24). However, the median duration of hormonal sensitivity is about 3
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years(25) with ultimate progression to castrate resistance (CRPC). With the advent of
effective chemotherapy and newer hormonally-based agents, life with CRPC can be
prolonged but at great cost to the health care system. These end-of-life palliative drugs cost
upward of $500,000 per patient in the USA(26) and $150,000 per patient in Canada(27).

Prior studies on salvage LDR brachytherapy have been limited by retrospective reporting
and non-uniform selection criteria and dose prescription. Nonetheless, for selected patients
reported BFFS is 84% at 3 years(28), 70% at 5 years(29,30) and 50% by 10 years(31).
RTOG set out to investigate the safety of this salvage option in uniformly selected patients
who had minimal morbidity after previous EBRT, a curable presentation at diagnosis, and
biopsy proven recurrence =30 months after EBRT.

Selection for efficacy

The goal of selection is to choose patients for radical salvage who are most likely to benefit,
while minimizing the risk of severe toxicity. The first requirement is to have biopsy proven
recurrence at least 30 months after EBRT. Crook et al showed that histologic resolution can
take up to 30 months, with earlier biopsies often showing indeterminant remnants of prostate
cancer of uncertain viability(32). Such pathology can be difficult to interpret and should be
reviewed cautiously. In addition, biochemical failure before 30 months is often associated
with co-existing metastatic disease and such patients will not benefit from aggressive
salvage(33,34). Additional indicators of co-existing systemic disease are the PSA at salvage,
which should be <10 ng/mL (as per RTOG 0526) or preferably <6 ng/mL(30). Although
PSA doubling time was not a criterion in this trial, a doubling time <6 months is indicative
of higher likelihood of co-existing metastases(35-37).

Risk group at initial presentation is also an important consideration. As initial favorable or
intermediate risk disease is potentially more curable, high-risk patients were excluded from
RTOG 0526. However, recent studies indicate that as few as 10% of high-risk patients have
co-existent metastases(8,38,39). Thus, if all other criteria are favorable, including the
interval since EBRT and the PSA doubling time, salvage for these patients is not
unreasonable. Rose et al reported on salvage LDR brachytherapy for 18 patients, 9 of whom
were initially high-risk and 2 of whom had CRPC at salvage. Five of these 9 were free of
biochemical failure at 3 years (40).

All patients considered for local salvage should have negative traditional systemic staging
including a T¢c99 bone scan and abdominal/pelvic CT, although these have limited sensitivity
at PSA <10 ng/ml. The utility of PSMA Ga68 PET scanning or other more sensitive PET-
based scanning has not been reported in this population but will play a prominent role in the
future. Scan positivity is seen in 50-60% of cases with PSA 0.5 ng/ml(41) and up to 90% for
PSA 2-3 ng/mL(42,43). The higher sensitivity for detecting extra-prostatic disease at these
PSA levels compared to the traditional testing will benefit patient selection.

Selection for minimizing toxicity

Complication rates following salvage brachytherapy vary widely in the literature due to
many contributing factors. In early reports from the 1990’s a uniform loading seed pattern
resulted in substantial dose heterogeneity, with higher urethral doses than peripherally. This
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may have contributed to incontinence in 24% and the need for transurethral resection in 15%
(13,14).

Patients with persistent late GI/GU EBRT grade =2 AEs should not be considered for further
salvage radiation. RTOG 0526 also placed a prostate size constraint of 45cc and IPSS <15.

The interval since prior EBRT is also important; Nguyen et al reported a strong association
between toxicity and early salvage in a prospective study of 25 men. Grade 3 or 4 GI/GU
AEs occurred in 30% at 4 years (HR=12; p=0.02)(30) and recto-prostatic fistulae in 13%
(HR=25; p=0.04), associated with salvage at an interval <4.5 years. RTOG 0526 required a
minimum interval of 3 years for more reliable biopsy interpretation and to reduce inclusion
of early biochemical failures due to systemic disease. The median interval was actually 7
years (IQR: 5-10), sufficiently long to minimize time-sensitive cumulative toxicity.
Nonetheless, even with this conservative timing, ear/y grade 3 AEs were still less frequent
with longer intervals since EBRT (p=0.08).

This study did not identify prior EBRT dose as a factor influencing the incidence of late
grade >3 treatment-related GI/GU AEs. In the study population the median dose was 74 Gy
with an IQR of 70-76 Gy, although doses up to 78 Gy/39 or 81 Gy/45 were accepted. Again,
early AEs showed a trend to increase with higher prior dose (p=0.06). There is no
experience with salvage brachytherapy after hypofractionated regimens.

The delivered dose to the ETV is important. Pre-implant guidelines were designed to
minimize dose heterogeneity, with V150 <45% for 1-125 and <55% for Pd-103. All
participating investigators were credentialed for prostate brachytherapy. Although, as
expected in LDR brachytherapy, the delivered dose showed considerable range, the IQRs for
each dosimetric parameter were quite narrow, showing adherence to the prescription
guidelines. This contrasts with Moman et al where a median V150 of 74% and D90 of 196
Gy resulted in 26% grade 3 GI/GU AEs(44).

In the dosimetric analysis, the only factor associated with late grade 3 GI/GU AEs was
V100, which was associated with both the incidence (OR=1.24; p=0.03) and time to first
occurrence (HR=1.18; p=0.02). However, V100 is constrained at 100% and therefore cannot
determine which implants with excellent coverage may be “too hot” for a salvage scenario.
The median V100 was 94% and the IQR 90-96%. In the range of V100 values >90%, the
prostate region that is most often lacking complete coverage is the anterior base. Thus,
implants that fail to cover 5-10% of the prostate generally are deficient in this area. As all
but one of the 12 late AEs was urinary, V100 may be a surrogate for bladder neck dose,
suggesting that avoidance of full dose in this region in a salvage setting may be desirable.

D90 has no upper limit and can differentiate the range of delivered dose in those implants
with near complete coverage. However, D90 analyzed both as a continuous variable and
dichotomized at the median, was not predictive of late GI/GU AEs. There were twice as
many AEs above the median as below, but this was not statistically significant and it appears
that absolute dose is less important than where the dose is delivered. In contrast, Rose et al
found the median D90 for those with grade 3 to 4 toxicity was 155 Gy compared to 132 Gy
(p=0.03) for those without(40).

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2020 February 01.
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In the analysis of early GI/GU AEs, baseline PSA (at initial diagnosis) was significantly
associated with both occurrence of early AEs (p=0.04) and time to occurrence (p=0.02).
Although this association was observed, we do not know if this is spurious or a surrogate for
some unmeasured variable. Perhaps future studies in this area will also assess this
relationship. It is of interest to note that higher baseline PSA has been a factor in predicting
post EBRT impotence(45).

Conclusions:

LDR brachytherapy delivered at the investigated dose level has acceptable tolerance for
patients with local tumor recurrence following EBRT for clinically localized prostate cancer.
Although the 14% grade 3 or higher late treatment-related GI/GU AEs was greater than the
10% threshold to reject the null hypothesis, it is well below the 20% limit set as intolerable.
Furthermore, there was no grade 4 or 5 late toxicity observed. Provided that subsequent
analysis of efficacy, scheduled for 2019, is compatible with the published literature for
similarly selected patients, the role for salvage LDR brachytherapy will be more secure.
Given the association of late grade 3 GI/GU AEs with V100, sparing of the anterior prostate
base should be considered when possible. Advanced imaging to identify the site of
recurrence followed by a partial prostate focal salvage implant can be considered as a future
means of reducing toxicity.

Clinical outcomes will be evaluated when all patients have a minimum of 5 years’ follow-up.

Acknowledgments

Support: The trial was supported by grants UI0CA180868 (NRG Oncology Operations), UL0CA180822 (NRG
Oncology SDMC), and from the National Cancer Institute. The Clinicaltrials.gov registry number is NCT00450411.

References

(2). Nichol A, Chung P, Lockwood G, Rosewall T, Divanbiegi L, Sweet J, et al. A phase |1 study of
localized prostate cancer treated to 75.6 Gy with 3D conformal radiotherapy. Radiother Oncol
2005 7;76(1):11-17. [PubMed: 15990187]

(2). Kuban DA, Tucker SL, Dong L, Starkschall G, Huang EH, Cheung MR, et al. Long-term results of
the M. D. Anderson randomized dose-escalation trial for prostate cancer. Int J Radiat Oncol Biol
Phys 2008 1 1;70(1):67-74. [PubMed: 17765406]

(3). Michalski J, Winter K, Roach M, Markoe A, Sandler HM, Ryu J, et al. Clinical outcome of
patients treated with 3D conformal radiation therapy (3D-CRT) for prostate cancer on RTOG
9406. Int J Radiat Oncol Biol Phys 2012 7 1;83(3):€363-70. [PubMed: 22633552]

(4). Beckendorf V, Guerif S, Le Prise E, Cosset JM, Bougnoux A, Chauvet B, et al. 70 Gy versus 80
Gy in localized prostate cancer: 5-year results of GETUG 06 randomized trial. Int J Radiat Oncol
Biol Phys 2011 7 15;80(4):1056-1063. [PubMed: 21147514]

(5). Catton CN, Lukka H, Gu CS, Martin JM, Supiot S, Chung PWM, et al. Randomized Trial of a
Hypofractionated Radiation Regimen for the Treatment of Localized Prostate Cancer. J Clin
Oncol 2017 6 10;35(17):1884-1890. [PubMed: 28296582]

(6). Dearnaley D, Syndikus I, Mossop H, Khoo V, Birtle A, Bloomfield D, et al. Conventional versus
hypofractionated high-dose intensity-modulated radiotherapy for prostate cancer: 5-year
outcomes of the randomised, non-inferiority, phase 3 CHHIP trial. Lancet Oncol 2016 8;17(8):
1047-1060. [PubMed: 27339115]

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2020 February 01.


http://Clinicaltrials.gov

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Crook et al.

Page 10

(7). Lee WR, Dignam JJ, Amin MB, Bruner DW, Low D, Swanson GP, et al. Randomized Phase 111
Noninferiority Study Comparing Two Radiotherapy Fractionation Schedules in Patients With
Low-Risk Prostate Cancer. J Clin Oncol 2016 7 10;34(20):2325-2332. [PubMed: 27044935]

(8). Morris WJ, Tyldesley S, Rodda S, Halperin R, Pai H, McKenzie M, et al. Androgen Suppression
Combined with Elective Nodal and Dose Escalated Radiation Therapy (the ASCENDE-RT
Trial): An Analysis of Survival Endpoints for a Randomized Trial Comparing a Low-Dose-Rate
Brachytherapy Boost to a Dose-Escalated External Beam Boost for High- and Intermediate-risk
Prostate Cancer. Int J Radiat Oncol Biol Phys 2017 6 1;98(2):275-285. [PubMed: 28262473]

(9). Pucar D, Hricak H, Shukla-Dave A, Kuroiwa K, Drobnjak M, Eastham J, et al. Clinically
significant prostate cancer local recurrence after radiation therapy occurs at the site of primary
tumor: magnetic resonance imaging and step-section pathology evidence. Int J Radiat Oncol Biol
Phys 2007 9 1;69(1):62-69. [PubMed: 17707266]

(20). Tran H, Kwok J, Pickles T, Tyldesley S, Black PC. Underutilization of local salvage therapy after
radiation therapy for prostate cancer. Urol Oncol 2014 7;32(5):701-706. [PubMed: 24629499]

(11). Coen JJ, Zietman AL, Thakral H, Shipley WU. Radical radiation for localized prostate cancer:
local persistence of disease results in a late wave of metastases. J Clin Oncol 2002 8 1;20(15):
3199-3205. [PubMed: 12149291]

(12). Keating NL, O'Malley AJ, Smith MR. Diabetes and cardiovascular disease during androgen
deprivation therapy for prostate cancer. J Clin Oncol 2006 9 20;24(27):4448-56. [PubMed:
16983113]

(13). Grado GL. Benefits of brachytherapy as salvage treatment for radiorecurrent localized prostate
cancer. Urology 1999 8;54(2):204-207. [PubMed: 10443711]

(14). Beyer DC. Permanent brachytherapy as salvage treatment for recurrent prostate cancer. Urology
1999 11;54(5):880-883. [PubMed: 10565751]

(15). Fleming TR. One-sample multiple testing procedure for phase 11 clinical trials. Biometrics 1982
3;38(1):143-151. [PubMed: 7082756]

(16). Zelefsky MJ, Reuter VE, Fuks Z, Scardino P, Shippy A. Influence of Local Tumor Control on
Distant Metastases and Cancer Related Mortality After External Beam Radiotherapy for Prostate
Cancer. J Urol 2008 2 18.

(17). Fuks Z, Leibel SA, Wallner KE, Begg CB, Fair WR, Anderson LL, et al. The effect of local
control on metastatic dissemination in carcinoma of the prostate: long-term results in patients
treated with 1251 implantation. Int J Radiat Oncol Biol Phys 1991 8;21(3):537-47. [PubMed:
1869452]

(18). Peeters ST, Heemsbergen WD, Koper PC, van Putten WL, Slot A, Dielwart MF, et al. Dose-
response in radiotherapy for localized prostate cancer: results of the Dutch multicenter
randomized phase 111 trial comparing 68 Gy of radiotherapy with 78 Gy. J Clin Oncol 2006 5
1;24(13):1990-1996. [PubMed: 16648499]

(19). Dearnaley DP, Sydes MR, Graham JD, Aird EG, Bottomley D, Cowan RA, et al. Escalated-dose
versus standard-dose conformal radiotherapy in prostate cancer: first results from the MRC RTO01
randomised controlled trial. Lancet Oncol 2007 6;8(6):475-487. [PubMed: 17482880]

(20). Zietman AL, Bae K, Slater JD, Shipley WU, Efstathiou JA, Coen JJ, et al. Randomized trial
comparing conventional-dose with high-dose conformal radiation therapy in early-stage
adenocarcinoma of the prostate: long-term results from proton radiation oncology group/
american college of radiology 95-09. J Clin Oncol 2010 3 1;28(7):1106-1111. [PubMed:
20124169]

(21). Arrayeh E, Westphalen AC, Kurhanewicz J, Roach M,, 3rd, Jung AJ, Carroll PR, et al. Does local
recurrence of prostate cancer after radiation therapy occur at the site of primary tumor? Results
of a longitudinal MRI and MRSI study. Int J Radiat Oncol Biol Phys 2012 4 1;82(5):e787-93.
[PubMed: 22331003]

(22). Viani GA, Pellizzon AC, Guimaraes FS, Jacinto AA, dos Santos Novaes PE, Salvajoli JV. High
dose rate and external beam radiotherapy in locally advanced prostate cancer. Am J Clin Oncol
2009 4;32(2):187-190. [PubMed: 19307949]

(23). Duchesne GM, Woo HH, King M, Bowe SJ, Stockler MR, Ames A, et al. Health-related quality
of life for immediate versus delayed androgen-deprivation therapy in patients with asymptomatic,

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2020 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Crook et al.

(24).

(25).

(26).
@7).

(28).

(29).

(30).

(31).

(32).

(33).

(34).

(35).

(36).

37).

(38).

(39).

Page 11

non-curable prostate cancer (TROG 03.06 and VCOG PR 01-03 [TOAD]): a randomised,
multicentre, non-blinded, phase 3 trial. Lancet Oncol 2017 9;18(9):1192-1201. [PubMed:
28760403]

Crook JM, O'Callaghan CJ, Duncan G, Dearnaley DP, Higano CS, Horwitz EM, et al.
Intermittent androgen suppression for rising PSA level after radiotherapy. N Engl J Med 2012 9
6;367(10):895-903. [PubMed: 22931259]

Harris WP, Mostaghel EA, Nelson PS, Montgomery B, Medscape. Androgen deprivation therapy:
progress in understanding mechanisms of resistance and optimizing androgen depletion. Nat Clin
Pract Urol 2009 2;6(2):76-85. [PubMed: 19198621]

Redbook. 2016.

Dragomir A, Dinea D, Vanhuyse M, Cury FL, Aprikian AG. Drug costs in the management of
metastatic castration-resistant prostate cancer in Canada. BMC Health Serv Res 2014 6
13;14:252-6963-14-252. [PubMed: 24927758]

Aaronson DS, Yamasaki |, Gottschalk A, Speight J, Hsu IC, Pickett B, et al. Salvage permanent
perineal radioactive-seed implantation for treating recurrence of localized prostate
adenocarcinoma after external beam radiotherapy. BJU Int 2009 9;104(5):600-604. [PubMed:
19245439]

Wong WW, Buskirk SJ, Schild SE, Prussak KA, Davis BJ. Combined prostate brachytherapy and
short-term androgen deprivation therapy as salvage therapy for locally recurrent prostate cancer
after external beam irradiation. J Urol 2006 11;176(5):2020-2024. [PubMed: 17070243]

Nguyen PL, Chen RC, Clark JA, Cormack RA, Loffredo M, McMahon E, et al. Patient-reported
quality of life after salvage brachytherapy for radio-recurrent prostate cancer: A prospective
Phase 11 study. Brachytherapy 2009 Oct-Dec;8(4):345-352. [PubMed: 19428311]

Burri RJ, Stone NN, Unger P, Stock RG. Long-term outcome and toxicity of salvage
brachytherapy for local failure after initial radiotherapy for prostate cancer. Int J Radiat Oncol
Biol Phys 2010 8 1;77(5):1338-1344. [PubMed: 20138442]

Crook JM, Bahadur YA, Robertson SJ, Perry GA, Esche BA. Evaluation of radiation effect,
tumor differentiation, and prostate specific antigen staining in sequential prostate biopsies after
external beam radiotherapy for patients with prostate carcinoma. Cancer 1997 1 1;79(1):81-89.
[PubMed: 8988730]

Shilkrut M, McLaughlin PW, Merrick GS, Vainshtein JM, Feng FY, Hamstra DA. Interval to
biochemical failure predicts clinical outcomes in patients with high-risk prostate cancer treated
by combined-modality radiation therapy. Int J Radiat Oncol Biol Phys 2013 7 15;86(4):721-728.
[PubMed: 23664325]

Buyyounouski MK, Hanlon AL, Horwitz EM, Pollack A. Interval to biochemical failure highly
prognostic for distant metastasis and prostate cancer-specific mortality after radiotherapy. Int J
Radiat Oncol Biol Phys 2008 1 1;70(1):59-66. [PubMed: 17919840]

Nguyen PL, D’Amico AV, Lee AK, Suh WW. Patient selection, cancer control, and complications
after salvage local therapy for postradiation prostate-specific antigen failure: a systematic review
of the literature. Cancer 2007 10 1;110(7):1417-1428. [PubMed: 17694553]

Zagars GK, Pollack A. Kinetics of serum prostate-specific antigen after external beam radiation
for clinically localized prostate cancer. Radiother Oncol 1997 9;44(3):213-221. [PubMed:
9380819]

D'Amico AV, Moul J, Carroll PR, Sun L, Lubeck D, Chen MH. Surrogate end point for prostate
cancer specific mortality in patients with nonmetastatic hormone refractory prostate cancer. J
Urol 2005 5;173(5):1572-1576. [PubMed: 15821488]

Martinez AA, Gonzalez J, Ye H, Ghilezan M, Shetty S, Kernen K, et al. Dose escalation
improves cancer-related events at 10 years for intermediate- and high-risk prostate cancer
patients treated with hypofractionated high-dose-rate boost and external beam radiotherapy. Int J
Radiat Oncol Biol Phys 2011 2 1;79(2):363-370. [PubMed: 21195875]

Stock RG, Ho A, Cesaretti JA, Stone NN. Changing the patterns of failure for high-risk prostate
cancer patients by optimizing local control. Int J Radiat Oncol Biol Phys 2006 10 1;66(2):389—
94. [PubMed: 16965991]

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2020 February 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Crook et al.

(40).

(412).

(42).

Page 12

Rose JN, Crook JM, Pickles T, Keyes M, Morris WJ. Salvage low-dose-rate permanent seed
brachytherapy for locally recurrent prostate cancer: Association between dose and late toxicity.
Brachytherapy 2015 May-Jun;14(3):342-349. [PubMed: 25727178]

Emmett L, van Leeuwen PJ, Nandurkar R, Scheltema MJ, Cusick T, Hruby G, et al. Treatment
Outcomes from (68)Ga-PSMA PET/CT-Informed Salvage Radiation Treatment in Men with
Rising PSA After Radical Prostatectomy: Prognostic Value of a Negative PSMA PET. J Nucl
Med 2017 12;58(12):1972-1976. [PubMed: 28747524]

Morigi JJ, Stricker PD, van Leeuwen PJ, Tang R, Ho B, Nguyen Q, et al. Prospective Comparison
of 18F-Fluoromethylcholine Versus 68Ga-PSMA PET/CT in Prostate Cancer Patients Who Have
Rising PSA After Curative Treatment and Are Being Considered for Targeted Therapy. J Nucl
Med 2015 8;56(8):1185-1190. [PubMed: 26112024]

(43). Afshar-Oromieh A, Holland-Letz T, Giesel FL, Kratochwil C, Mier W, Haufe S, et al. Diagnostic

(44),

performance of (68)Ga-PSMA-11 (HBED-CC) PET/CT in patients with recurrent prostate
cancer: evaluation in 1007 patients. Eur J Nucl Med Mol Imaging 2017 8;44(8):1258-1268.
[PubMed: 28497198]

Moman MR, van der Poel HG, Battermann JJ, Moerland MA, van Vulpen M. Treatment outcome
and toxicity after salvage 125-1 implantation for prostate cancer recurrences after primary 125-1
implantation and external beam radiotherapy. Brachytherapy 2010 Apr-Jun;9(2):119-125.
[PubMed: 19850536]

(45). Alemozaffar M, Regan MM, Cooperberg MR, Wei JT, Michalski JM, Sandler HM, et al.

Prediction of erectile function following treatment for prostate cancer. JAMA 2011 9 21;306(11):
1205-1214. [PubMed: 21934053]

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2020 February 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Crook et al.

Table 1:
Reasons for exclusion

Reason n (%)

PSA not within protocol criteria 3 (37.5%)
No protocol treatment 2 (25.0%)
No recurrent tumor in specimen submitted for central review 1 (12.5%)
Recurrence diagnosed <30 months post RT 1(12.5%)
Treated prior to pathology eligibility results 1(12.5%)
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Patient, prior treatment and implant dosimetry characteristics

Table 2:

Characteristic Median Range IQR
Prostate volume cc 26 14-44 22-31
Months from EBRT to BT 85 39-199 60-119
Dose EBRT (Gy) 74 45-81 70-76
Age 70 55-82 66-74
PSA @ study entry (ng/ml) 41 0.4-9.7 2.8-5.7
ADT at recurrence No: 84% | Continuing: 5% | Prior: 11%
Seed activity 1125 (n=85) (U) | 0.43 0.33-0.51 0.42-0.46
Seed activity Pd103 (n=7) (U) | 2.07 1.81-2.47 1.86-2.22
V100 94% 62-100% 91-96%
V150 50% 18-90% 43-59%
V200 21% 5-69% 17-28%
D90 109% 46-149% 101-116%
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Table 3:

Page 15

Nature and timing of Late Grade 3 or higher Treatment-related GI/GU AEs (9-24 months or 38-104 weeks)

Type # of Attribution Grade | Time since Implant
Patients (weeks)
Frequency/incontinence 1 Probably 3 68/68
Fistula Probably 3 63
Cystitis 1 Possibly 3 45
Retention 2 Definitely 3 52,70
Frequency/incontinence/retention | 1 Definitely 3 57/57/61
Frequency 1 Definitely 3 45
Cystitis/obstruction/incontinence | 1 Definitely 3 78/61/78
Incontinence 1 Definitely 3 57
Frequency/retention/obstruction 1 Definitely 3 45/45/103
Cystitis/retention 1 Possibly/definitely | 3 39/39
Proctitis 1 Probably 3 84
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Multivariate Analysis using Logistic Regression Modelling the Occurrence of Late Grade 3 or Higher

Treatment-related GI/GU AEs

Table 4:

Group 1 Group 2
Parameter Comparison AE/Total | AE/Total | OR (95% ClI) p-value
T-Stage TI(RL)vs. T2 | 4/42 8/45 1.79 (0.40, 8.03) | 0.45
Gleason 36 (RL)vs.7 | 5/46 7141 1.20 (0.27,5.38) | 0.82
Zubrod 0 (RL) vs. 1 10/80 217 1.70 (0.17,16.7) | 0.65
Age Continuous - - 0.94 (0.84,1.06) | 0.30
Baseline PSA Continuous - - 0.90 (0.73,1.11) | 0.31
V100 Continuous - - 1.24(1.02,1.52) | 0.03
Time from EBRT to BT (mos) | Continuous 0.98 (0.96,1.01) | 0.18
EBRT dose (Gy) Continuous - - 1.06 (0.92,1.21) | 0.43

RL = Reference Level; OR = Odds Ratio; Cl = Confidence Interval
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Fine-Gray Model of Time to the First Occurrence of Protocol-Specified Late Treatment-related GI/GU AE
All Patients Observed at Least 9 Months Post-Implant

Group 1 Group 2
Parameter Comparison AE/Total | AE/T4tal | HR (95% ClI) p-value
T-Stage TL(RL)vs.T2 | 4/42 8/45 1.40 (0.29, 6.74) | 0.68
Gleason 3-6 (RL)vs.7 | 5/46 7140 1.23(0.26,5.91) | 0.79
Zubrod 0 (RL) vs. 1 10/80 216 1.92 (0.49, 7.47) | 0.35
Age Continuous - - 0.95 (0.85, 1.07) | 0.40
Baseline PSA Continuous - - 0.93 (0.85,1.03) | 0.17
V100 Continuous - - 1.18(1.03,1.34) | 0.02
Time from EBRT to BT (mos) | Continuous 0.99 (0.96,1.01) | 0.17
EBRT dose (Gy) Continuous - - 1.04 (0.96,1.12) | 0.34
TRUS volume(cc) Continuous - - 0.95 (0.86,1.04) | 0.25

RL = Reference Level; HR = Hazard Ratio; Cl = Confidence Interval
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Table 6:
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Early Grade 3 or higher Treatment-related GI/GU AEs occurring 9 months (39 weeks) or less from treatment.

Type # of Attribution Grade | Time since Implant
Patients (weeks)

Rectal bleed 1 Definitely 3 32

Rectal pain 2 Possibly 3 26,17

Retention 2 Definitely 3 7,6

Frequency 3 Possibly, definitely, probably | 3 4,11, 14

Frequency/retention 1 Definitely 3 8/8

Urethral stricture 1 Probably 3 36

Frequency/retention/obstruction | 1 Definitely 3 1/1/1

Incontinence 1 Probably 3 30
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