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Introduction

Evidence-based consensus guidelines have established the
indications for radiation in the postoperative setting follow-
ing radical prostatectomy for prostate cancer [1]. Adjuvant
radiotherapy has shown benefits in biochemical relapse-free-
and overall survival in large cooperative group randomized
clinical trials despite mild to moderate increased toxicity
[2–5] For salvage radiotherapy, large retrospective series
have similarly shown benefits in biochemical relapse-free sur-
vival and overall survival [6,7]. Level one evidence continues
to evolve suggesting a benefit to concurrent androgen
deprivation therapy (ADT) [8,9] and elective pelvic nodal
irradiation [10] in the salvage setting. Despite these onco-
logic benefits, concern regarding the treatment toxicities of
radiotherapy may hinder timely referral for consideration of
radiotherapy in these prostate cancer patients already suffer-
ing from urinary and sexual dysfunction following their rad-
ical prostatectomy [11].

Proton therapy (PT) has recently been explored to reduce
radiation dose exposure in the post-prostatectomy setting,
increasingly facilitated by the advancement of scanning
beam PT, which allows for the treatment of more complex
and irregular targets such as the prostate bed, as well as the
development of onboard image guided techniques for PT
providing real-time assessment of daily targeting. Initial
assessments have demonstrated its feasibility, reductions in
the low and intermediate dose exposure of the adjacent
bladder and rectum compared to intensity modulated pho-
ton radiotherapy (IMRT), and a favorable toxicity profile com-
parable to IMRT [12,13]. While these dosimetric advantages
and initial toxicity profiles have been recently reported, and
prospective, nonrandomized [14,15] and randomized [16]
clinical trials are ongoing, the initial oncologic outcomes
with post-prostatectomy PT have not yet been reported to
our knowledge. The purpose of our study was to report the

initial oncologic outcomes for the first 100 patients under-
going post-prostatectomy PT at a single institution and to
assess associations with biochemical failure-free sur-
vival (BFFS).

Methods and materials

We conducted an institutional review board–approved retro-
spective analysis of the first 100 consecutive patients under-
going post-prostatectomy PT at a single institution. Patients
were treated from 2010 to 2016. Patients had histologically-
confirmed, non-metastatic prostate adenocarcinoma status
post radical prostatectomy and were generally evaluated by
complete history, physical examination, bone scintigraphy,
and computed tomography (CT) of the abdomen and pelvis
and/or pelvic magnetic resonance imaging (MRI) ± endorec-
tal coil. Concurrent elective pelvic nodal irradiation, classically
termed whole pelvis, and/or concurrent ADT, consisting of
luteinizing hormone-releasing hormone (LHRH) analog
administration for a median of 7months (range 4–26months)
initiated prior to PT, were at the physician’s discretion and
offered primarily to patients with adverse risk features (PSA
>10 ng/mL, T3a/T3b, and/or Gleason �7). Patients were
monitored weekly during treatment and generally seen
3months after PT completion and every 6months thereafter.
Initial toxicity outcomes with a median follow up of
25months have been previously reported for this same
cohort [12]. Additional toxicity outcomes with a median fol-
low up of 46months for the subset of patients treated to the
prostate bed only have also been reported in a matched
comparison to patients undergoing IMRT [13].

Radiotherapy planning and delivery including daily image
guided RT with kV imaging were as previously described
[12]. The prostate bed±whole pelvis were delineated as the
clinical target volume(s) (CTV) according to consensus guide-
lines [17,18]. PT and IMRT treatment plans were generated
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using Eclipse Treatment Planning (Software version 10;
Varian, Palo Alto, CA). To account for proton beam range
uncertainty, a margin in the beam direction of 3.5% of the
beam range was applied to correct for uncertainty in conver-
sion from Hounsfield units to proton stopping power with
an additional 1mm margin to correct for beam calibration
uncertainty. For treatment plan optimization purposes for
pencil beam scanning, a pencil beam scanning target volume
(PBSTV) was created to correct upfront for these uncertain-
ties [19]. The prostate bed planning target volume (PT) was
created as a 10-mm uniform expansion, except 6-mm poster-
iorly, from the CTV, with the expansion based on lateral
uncertainty alone as recommended by ICRU 78 [20], and
used for recording and reporting purposes. For whole pelvis
PT, a 5–8mm uniform expansion was similarly utilized.
Minimum CTV and PT coverage was D98> 98% and
D95> 95%, respectively. All nominal plans were normalized
to the mean dose of the CTV for comparison purposes.
Prescription doses to the whole pelvis and prostate bed
CTVs were 50.4 and 66.6–70.2 Gy (RBE) in 1.8 Gy (RBE) frac-
tions; eight patients received an additional prostate bed
boost for gross recurrence to 75.6 Gy (RBE), for a constant
RBE of 1.1. When target coverage and organs at risk dose
constraints could not achieve predefined institutional dose
constraints with PT alone due to anatomical or technical
modality challenges, combined IMRT plans were used to
achieve dose constraints; this included 17/20 whole pelvis
patients and 14/80 patients treated to the prostate bed only.

Statistical analysis

Baseline patient characteristics and the following failure end-
points were retrospectively assessed from the start of radi-
ation and descriptively reported: (1) biochemical failure
(defined as two consecutive rises above the nadir, obvious
clinical progression, or initiation of salvage therapy such as
ADT), (2) first site of clinical failure – local, regional, and/or
distant metastasis, and (3) overall survival were recorded.
BFFS, distant metastasis free-, and overall survival curves
were estimated by the Kaplan-Meier product-limit method;
patients without failure were censored at the last clinical
encounter. The Cox proportion hazards model was used to
assess uni- and multivariable association with biochemical
failure and the clinical and treatment characteristics noted in
the Supplemental Table 1; variables with p values of <.1 in
the univariable analysis were included in the multivariable
model. A p value of <.05 was considered statistically signifi-
cant. The only parameter with greater than 10% missing
data was pre-operative PSA. Patients with and without miss-
ing data did not differ in observed variables. Statistical analy-
ses were conducted using Stata version 14 software
(StataCorp, College Station, TX).

Results

The cohort characteristics are summarized in Table 1. Median
age and months after surgery were respectively 64 years
(range 42–77) and 25 (range 5–216). PT received was 70.2 Gy

(RBE) (89%), in the salvage setting (93%), prostate bed only
(80%), pencil beam scanning technique (86%), with IMRT
(31%), and with ADT (34%). Median follow-up was 55months
(range 16–80).

In terms of the crude failure rates, biochemical failure was
noted in 39 patients (39%). Median time to biochemical fail-
ure was 23months (5–69). For patients with biochemical fail-
ure, local failure within the prostate bed was noted in 1 (1%)
patient 30months from salvage PT with a solitary recurrence

Table 1. Post-prostatectomy proton therapy cohort baseline demographic,
clinical, and treatment characteristics.

N 100
Age (years)

Median (Range) 64 (42–77)
Race/ethnicity

White 70 70%
Black 21 21%
Unknown 5 5%
Asian 3 3%
Hispanic 1 1%

Pre-operative PSA (ng/mL)
Mean (range) 8.46 ± 8.70 (0.46–57.60)

Surgery type
Radical retropubic prostatectomy 23 23%
Radical perineal prostatectomy 1 1%
Radical robotic-assisted prostatectomy 68 68%
Unknown 8 8%

Pathologic tumor stage
T2 51 51%
T3 46 46%
T4 1 1%
Unknown 2 2%

Pathologic nodal stage
N0 88 88%
N1 9 9%
Unknown 3 3%

Pathologic Gleason score
5 1 1%
6 12 12%
7 65 65%
8 12 12%
9 10 10%

Margin status
Positive 59 59%
Negative 34 34%
Unknown 7 7%

Pre-RT PSA (ng/mL)
Mean (range) 0.76 ± 1.57 (0–8.50)

Months post-operative
Median (range) 25 (5–216)

Co-morbid conditions
Hypercholesterolemia 17 17%
DM 10 10%

Field
Whole pelvis and prostate bed 20 20%
Prostate bed only 80 80%

Modality
Proton only 69 69%
Proton and IMRT 31 31%

Proton technique
Passive scattering 13 13%
Pencil beam scanning 86 86%
Passive scattering and pencil beam scanning 1 1%

Prescribed dose (Gy RBE)
66.6 3 3%
70.2 89 89%
75.6 8 8%

Concurrent androgen deprivation therapy
Yes 34 34%
No 66 66%

PSA: prostate specific antigen; RT: radiotherapy; HTN: hypertension; DM: dia-
betes mellitus; IMRT: intensity-modulated radiation therapy; RBE: relative bio-
logical effectiveness.
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noted on fluciclovine PET/CT in the left prostatectomy bed
without evidence of distant radiotracer-avid meta-
static disease.

Regional pelvic nodal failure was noted in four patients
(4%) – all treated to the prostate bed only – at median
32months (10–38), two of whom also had distant metastasis.
Distant metastasis occurred in six patients (6%) at median
30months (10–41), five with bony and 1with lung involve-
ment. There was 1 death at 24months, unrelated to prostate
cancer. Figure 1 shows the Kaplan Meier estimates for BFFS,
distant metastasis free-, and overall- survival for the entire
cohort, which at 5 years were 56% (95% CI: 44–66%), 93%
(95% CI: 85–97%), and 99% (95% CI: 93–99%), respectively.

Supplemental Table 1 shows the results of the univariable
analysis with all variables included. The only clinical factors
with univariable association with BFFS of p< .1 were Gleason
score >7 (HR 3.080, 95% CI 1.597, 5.939; p¼ .001) and whole
pelvis RT (HR 0.378, 95% CI 0.134, 1.065, p¼ .066)
(Supplemental Table 2). On multivariable analysis, both fac-
tors were significant: Gleason score >7 vs. 7 (HR 3.530, 95%
CI 1.824, 6.833; p< .001) and whole pelvis RT vs. prostate
bed field only (HR 0.238, 95% CI 0.083, 0.684; p¼ .008).
Supplemental Figure 1 shows the Kaplan Meier estimates for
BFFS stratified by Gleason score and whole pelvis RT. Five
year BFFS for Gleason <7, 7, and >7 were 5 years were 85%
(95% CI: 51–96%), 65% (95% CI: 50–76%), and 18% (95% CI:
5–41%), respectively, and for whole pelvis (79%; 95% CI:
53–91%) vs. prostate bed (50%; 95% CI: 37–62%).

Discussion

In this study, we report for the first time, the oncologic out-
comes of post-prostatectomy PT and demonstrate that PT is
feasible, with comparable clinical outcomes to historical pho-
ton outcomes. Gleason score greater than 7 and whole pelvis
RT were the only clinical or treatment-related factors associ-
ated with BFFS on multivariable analysis.

BFFS compared favorably in this proton cohort to previ-
ous oncologic outcomes for photon therapy (Supplemental
Table 2). Nonetheless, direct comparisons to existing trials
are difficult given the lack of a consistent failure definition
across adjuvant and salvage trials. In the current study, bio-
chemical failure was defined as two consecutive rises above
the nadir, obvious clinical progression, or initiation of salvage
therapy such as ADT, and BFFS was 56%. In a combined,
multi-institutional retrospective review of 2460 patients
treated with salvage radiation at 10 tertiary care centers
between 1987 and 2013, biochemical failure was defined as
a PSA of 0.2 above the post-treatment nadir (with a con-
firmatory value) or initiation of salvage ADT after completion
of RT; 5 year freedom from biochemical progression was simi-
larly 56% [21]. Although we only found an association with
Gleason score and whole pelvis field with BFFS in this initial
proton cohort, in the aforementioned study, multiple clinical
and treatment-related parameters were associated with bio-
chemical progression, such as pre-RT PSA, Gleason score, and
the use of ADT.

Since the initiation of treatment in this study cohort,
increasing evidence suggests a benefit to ADT in the salvage
setting [8,22]. In GETUG-AFU 16, a randomized phase III trial
of salvage radiation with or without ADT, biochemical failure
was less stringently defined as a PSA of 0.5 ng/mL above the
nadir (confirmed by a second PSA measurement) or clinical

Figure 1. Kaplan-Meier survival estimates for (A) biochemical failure-free sur-
vival, (B) distant metastasis free survival, and (C) overall survival for post-prosta-
tectomy proton therapy.
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progression. At 5 years, 62% of patients receiving radiation
alone – comparable to the 56% noted in the current proton
cohort – and 80% of patients receiving radiation and ADT
were free from biochemical progression. The RTOG 9601
similarly showed a benefit to concurrent ADT in the salvage
setting, and patients with Gleason score less than or equal
to 7, showed improved clinical outcomes including 12 year
overall survival, compared to those with Gleason greater
than 7.

Preliminary results from RTOG 0534 have been reported
in abstract form only. In this randomized phase III trial of sal-
vage radiation to the prostate bed vs prostate bed and ADT
vs whole pelvis and prostate bed and ADT, biochemical fail-
ure was defined as maintenance of a PSA less than the nadir
þ 2 ng/mL (and absence of clinical failure and absence of
death from any cause for 5 years). At 5 years, freedom from
progression was noted to be 72%, 83%, and 89% in those
arms respectively, favoring the whole pelvis field. In the cur-
rent proton cohort, 5 year BFFS for patients treated to the
whole pelvis was 79% and only 50% if treated to the pros-
tate bed only. Of note, a more stringent biochemical failure
definition – PSA � 0.4 ng/mL and rising at 5 years after ran-
domization – is noted as a secondary outcome and not
yet reported.

The heterogeneity of this cohort composed of patients
treated with or without ADT and/or elective pelvic nodal
irradiation and/or IMRT represents a potential limitation of
this study, however it was felt to represent a real-world
cohort of post-prostatectomy cases presenting for RT and eli-
gible PT from the outset. Ultimately, nearly one-third of
patients required mixed use of proton and IMRT modalities
to achieve predefined dose constraints and what was ultim-
ately deemed the best possible radiotherapy plan. The retro-
spective nature of the study and the limited number of
patients and follow up represent additional limitations.
Distant metastases and mortality will likely increase, and con-
tinued follow-up could reveal associations with other param-
eters. Nonetheless, we felt that an initial report was merited
since the oncologic outcomes of post-prostatectomy PT have
not yet been reported and PT access increases worldwide.

In conclusion, post-prostatectomy PT for prostate cancer is
feasible with comparable oncologic outcomes to photon ther-
apy through early follow up in the first 100 patients under-
going adjuvant or salvage therapy at a single institution.
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