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Abstract

Objective: This series retrospectively reviewed the treatment strategy of salvage radiation therapy for patients for whom
prostate-specific antigen (PSA) has already demonstrated failure after a period of observation following prostatectomy.
Methods and Materials: At our institution, 102 patients were treated with salvage radiation therapy, 19 of whom had a Glea-

son score < 6, 52 of whom had Gleason 7, and 31 of whom had Gleason = 8 prostate cancers. Median follow-up after radiation
therapy was 51 months. The median PSA prior to salvage radiation therapy was 0.33, and the median time from prostatectomy
to radiation therapy was 24.6 months. Positive margins were identified in 52 patients, and perineural invasion was positive in
83. The median dose delivered was 64.8 Gy.

Results: The 5-year actuarial freedom from biochemical failure rates for National Comprehensive Cancer Network (NCCN)
low-, intermediate-, and high-risk groups were 100%, 77%, and 62%, respectively (p = 0.2449). The 5-year actuarial freedom
from biochemical failure rates for a Gleason score < 6, Gleason 7, and Gleason > 8 patients were 87%, 72%, and 49%, respectively
(p=0.0187). Patients with pre-radiation therapy PSA < 0.5 had better 5-year biochemical control relative to patients with higher
pre-radiation therapy PSA, 76% vs. 51% (p =0.0211). Few interval biochemical failures are observed after the 5-year point of fol-
low-up. The 5-year overall survival for the entire cohort is 92%, with prostate-cancer-specific survival of 96%.

Conclusions: Salvage radiation therapy demonstrated durable PSA control and few failures at 5 years post-radiation. Initia-
tion of salvage radiation therapy for PSA < 0.5 demonstrated improved biochemical control, supporting the adoption of early
referral to radiation oncology once post-prostatectomy biochemical failure is identified.
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pproximately one-third of af-
Afected men choose to undergo

radical prostatectomy as defin-
itive therapy for prostate cancer,' and
roughly 15% to 35% of these men will
experience biochemical recurrence of
prostate cancer within 10 years, which
is denoted by an increase in serum pros-
tate-specific antigen (PSA).>* It is gen-
erally accepted that salvage radiation
therapy (SRT), defined as the initiation
of radiation therapy upon the identifica-
tion of biochemical recurrence, offers

the best prognosis for patients without
distant metastases. Adjuvant radiation
therapy (ART), another treatment tech-
nique commonly used for patients ex-
hibiting adverse pathological features
(APF) at the time of surgical prostate
resection, employs radiation therapy as
an immediate adjunct to surgical resec-
tion. The use of adjuvant vs. salvage ra-
diation therapy is the subject of ongoing
randomized trials. Current guidelines
recommend that patients exhibiting ad-
verse pathology indicating a high risk
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of recurrence should be offered ART.?
Although ART has been shown to be
effective in certain patients, risks may
outweigh benefits in others. Therefore,
employing ART as the standard of care
would expose some patients to unneces-
sary doses of radiation.

Our series reviews the common treat-
ment strategy of salvage radiation ther-
apy for patients in whom serum PSA
values have demonstrated biochemical
recurrence after a period of observa-
tion following prostatectomy. Salvage
radiation therapy represents a curative
treatment option for patients who exhibit
biochemical failure following prostate
resection.” The primary goal of this study
was to explore our institutional experi-
ence and use it to determine if initiating
SRT before a specific serum PSA marker
value led to better patient outcomes in
our cohort. Currently, no official con-
sensus definitively declares the optimal
serum PSA cutoff value at which SRT
should be initiated. Here we present a
retrospective analysis of 102 consecutive
patients treated with postprostatectomy
salvage radiation therapy.

Materials and Methods
Participants

Between March 2003 and June 2014,
102 patients underwent salvage radi-
ation therapy at a community hospital
after biochemical recurrence of local-
ized prostatic adenocarcinoma follow-
ing radical prostatectomy. All patients
were treated with curative intent by
multiple physicians following the same
departmental protocol. National Com-
prehensive Cancer Network (NCCN)
risk stratification was used to predict
the probability of postprostatectomy
biochemical failure. Four patients were
classified as low risk, 37 as interme-
diate risk, and 61 as high risk based on
PSA values and histopathological fea-
tures. Face-to-face follow-up with PSA
testing and digital rectal exam after
radical prostatectomy took place in the

office setting and varied based on phy-
sician preference. Identifying patient
information was stripped by the cancer
registrar. The study was reviewed and
approved by the institutional review
board.

Inclusion and Exclusion

Patients included in the study under-
went radical prostatectomy for prostatic
adenocarcinoma, developed subse-
quent biochemical PSA failure and
were treated with SRT at our facility.
Ultrasensitive PSA assays were used
to detect increased serum PSA values
indicating biochemical recurrence be-
fore deciding whether to initiate SRT.
Subjects were chosen based on site
(prostate), histology (Gleason score
and tumor node metastasis [TNM] stag-
ing), surgical resection (prostatectomy),
recurrence (biochemical failure) and
postrecurrence treatment (radiation).
Exclusion criteria were stage T4 cancer,
any radiation not done at our facility,
any patient who underwent chemother-
apy, and any patient with a secondary
active cancer other than prostatic ade-
nocarcinoma. Patients with a history of
a secondary cancer type that was either
inactive or in a period of follow-up after
radiation therapy were not excluded
from the study.

Treatment

Patients were staged with a bone
scan and computed tomography (CT)
of the abdomen and pelvis to ensure no
distant metastatic disease prior to treat-
ment. The prostate fossa clinical target
volume (CTV) was defined to include
the posterior bladder and residual sem-
inal vesicles superiorly down to the
vesicourethral anastomosis inferiorly,
including the urogenital diaphragm.
The contents anterior to the rectum and
posterior to the pubic symphysis were
targeted with a margin for setup uncer-
tainty of 0.7 to 1 cm in all directions,
except posteriorly where the margin was

0.5 t0 0.7 cm. The elective treatment of
the pelvic lymph node basins was left to
the discretion of the treating physician,
and 73 patients had elective nodal radia-
tion followed by a boost to the prostatic
fossa. Three-dimensional conformal ra-
diation therapy (3DCRT) was delivered
for 10 patients and intensity-modulated
radiation therapy (IMRT) was deliv-
ered for 92 patients. The dose delivered
to each patient was within a range of 58
Gy to 75 Gy, with a median dose of 64.8
Gy. Fourteen patients received adjuvant
androgen deprivation therapy (ADT)
with a gonadotropin-releasing hormone
(GnRH) agonist and/or anti-androgen
agent upon completing salvage radiation
therapy, while 88 did not. Optimal treat-
ment strategy with ADT was determined
according to physician preference.

Outcomes

Five-year actuarial freedom from
biochemical failure was the primary
outcome evaluated in this study. Sec-
ondary outcomes were overall patient
survival and prostate-cancer-specific
survival. Biochemical progression in-
dicating failure was defined as and re-
corded at a serum PSA value of 0.1 ng/
mL or more following the initial SRT,
a continued rise in serum PSA despite
continued SRT, the initiation of sys-
temic therapy after the completion of
SRT, or clinical progression.

Statistical Analysis

Actuarial freedom from biochem-
ical progression was calculated using
the Kaplan-Meier method for the entire
cohort and with respect to prognostic
variables. Estimated survival curves for
patient subgroups were compared by
utilizing the log-rank test to calculate
statistical significance, which was eval-
uated at the conventional significance
level of 0.05 for all considerations. Sta-
tistical analyses were performed using
MedCalc statistical software (MedCalc
Software, Belgium).
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Table 1. Clinical Characteristics of 102 Patients
Undergoing Salvage Radiation Therapy for PSA
Recurrence after Radical Prostatectomy
Variable No. of Patients
Gleason score
<6 19(19%)
7 52 (51%)
8-10 31(30%)
Surgery type
da Vinci Robotic Assist 69 (68%)
Open Retropubic 33(32%)
Margin status
Postitive 52 (51%)
Negative 50 (49%)
Perineural invasion
Positive 83(86%)
Negative 8(8%)
Unspecified 11(11%)
Variable Median
Age at surgery 61 years
Pre-operative PSA 5.81 ng/ml
Post-operatvie PSA doubling time 12 months
Time from surgery to radiotherapy 12.6 months
Pre-radiotherapy 0.33 ng/ml
Radiotherapy dose 64.8 Gy
Duration of biochemical control after radiotherapy™ 41 months
Duration of follow-up after radiotheraphy 51 months
*Biochemical progression was defined as and recorded at a serum PSA value increase of
0.1 ng/ml or more following the initiation of salvage radiotherapy; a continued rise in serum
PSA despite salvage radiotherapy, the intitiation of systemic therapy after the completion of
salvage radiotherapy of clinical progression.

Results

Specific patient characteristics are
detailed in Table 1. The average and
median age at the time of surgery was
61 years, with a standard deviation of +
7. Median pre-operative PSA was 5.81
ng/mL. Only 19% of patients received a
surgical Gleason score of < 6, 51% were
given a score of 7, and 30% scored > 8.
Pathologic stage was T2 in 48% of pa-
tients, T3a in 23%, and T3b in 24%. Peri-
neural invasion was identified in 81% of
patients and positive surgical margins
were identified in 51%. Lymph node
sampling was performed in 46 patients,
and only 1 patient had pathological ev-

idence of nodal involvement. Lymph
node sampling was not predictive for
negative surgical margins. Patients
treated with open prostatectomy had
a positive surgical margin rate of 52%
and an overall high-grade disease rate
of 21%, while patients treated with da
Vinci robotic-assisted prostatectomy had
a positive margin rate of 49% and over-
all high-grade disease rate of 34%. Me-
dian postoperative PSA doubling time
(PSADT) was 12 months and the median
interval from prostatectomy to the initi-
ation of radiation therapy following bio-
chemical recurrence was 12.6 months.
Median PSA for the cohort before the

initiation of salvage radiation therapy
was 0.33 ng/mL.

Twenty-three men in the cohort
eventually experienced biochemical
progression during the observational
period following radiation treatment.
The median age of these men was 62.
As seen in Figure 1, 5-year actuarial
freedom from biochemical failure rates
for NCCN low, intermediate, and high-
risk groups were 100%, 77%, and 62%,
respectively (p = 0.2449). Statistical
analysis using the log-rank test demon-
strated a particularly significant asso-
ciation among groups in remission at 5
years based on Gleason scoring criteria.
Five-year actuarial freedom from bio-
chemical failure rates for patients with
a Gleason score of < 6, Gleason 7, and
Gleason 8-10 were at 87%, 72%, and
49%, respectively (p =0.0187), as illus-
trated in Figure 2.

Patients with pre-radiation therapy
PSA =< 0.5 ng/mL had better 5-year
biochemical control relative to patients
with higher pre-radiation therapy PSA
values—76% vs. 51% (p=0.0211)—as
shown in Figure 3. Pathological margin
status did not predict for biochemical
control after salvage radiation across
the different Gleason grades. For Glea-
son < 6, positive margin patients vs.
negative was 84% vs. 89% controlled
(p = 0.8484). For Gleason 7, positive
margin patients vs. negative was 71%
vs. 74% controlled (p = 0.9803). For
Gleason 8-10, positive margin patients
vs. negative was 37% vs. 66% con-
trolled (p = 0.4515). Pathologic T stage
did not reach statistical significance (p
=0.1932), although 5-year biochemi-
cal control rates were 82% for stage T2
tumors, 67% for stage T3a tumors, and
55% for stage T3b tumors.

Subset analysis was performed to
exclude the 14 patients who received
ADT immediately following salvage ra-
diation therapy. Of the 88 patients who
did not receive ADT, 5-year actuarial
freedom from biochemical failure rates
for Gleason score < 6, Gleason 7, and
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FIGURE 1. Five-year actuarial freedom from biochemical failure rates for National Compre-

hensive Cancer Network (NCCN) low-, intermediate-, and high-risk groups.
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FIGURE 2. Five-year actuarial freedom from biochemical failure rates for Gleason score < 6,

Gleason 7, and Gleason 8-10 patients.

Gleason = 8 patients were 86%, 77%,
and 50%, respectively (p = 0.0347).
Interestingly, withholding patients
who received ADT from the analysis
increased the 5-year biochemical con-
trol rate in patients with pre-radiation
therapy PSA < 0.5 ng/mL from 76% to
87%. Patients who received adjuvant

ADT did exhibit both higher mean and
median pre-radiation therapy PSA val-
ues of 1.8 ng/mL and 0.38 ng/mL, re-
spectively, vs. a mean of 1.02 ng/mL
and median of 0.33 ng/mL for the entire
group.

Nine patients in the group of 102
died throughout the follow-up period

and 4 of those deaths were documented
as prostate cancer specific. All 4 of
these patients were being treated for
metastatic disease at the time. Of the 5
additional patients who died, none had
experienced biochemical recurrence of
localized prostate cancer following sal-
vage radiation therapy. Five-year over-
all survival for the entire cohort is 92%,
with prostate-cancer-specific survival
of 96%. Very few interval biochemical
failures are observed after the 5-year
point of follow-up, as seen in the Ka-
plan-Meier curves, indicating durable
disease control after 5 years.

Discussion

This consecutive case analysis demon-
strates that salvage radiation therapy
remains a curative option for patients
in whom it may be undesirable to initi-
ate adjuvant radiation. Because many
patients treated with surgical prostate
resection will never develop biochemi-
cal failure, avoidance of ART prevents
such patients from receiving unneces-
sary treatment with radiation. D’ Amico
et al studied 1638 men who underwent
radical prostatectomy and found no in-
creased risk of all-cause mortality be-
tween groups treated with ART vs.
SRT.® Furthermore, a 16-year, 890-pa-
tient study of men staged with pT3NO
prostate cancer following surgical resec-
tion identified no significant difference
in 5-year biochemical recurrence and
survival rates amongst groups treated
with either ART or SRT administered at
PSA < 0.5 ng/mL after a period of ini-
tial observation.® This result contrasts
with SWOG-S8794, which revealed
that ART in men exhibiting evidence of
extra-prostatic invasion on pathologi-
cal sections (T3NOMO) produced a sig-
nificant reduction in metastatic disease
incidence with improved survival ben-
efit.!” Interpretation of SWOG-S8794
has notably shaped the current school of
thought regarding post-prostatectomy
follow-up and treatment, characterized
by a cautious approach to men exhibiting
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FIGURE 3. Patients with preradiation therapy prostate-specific antigen (PSA) < 0.5 had sig-
nificantly better 5-year biochemical control relative to patients with higher PSA values.

APF with heavy consideration of ART
in this subset. A recent meta-analysis of
2629 patients suggested clinicians rec-
ommend ART to all patients display-
ing APF, citing increased overall and
disease-free survival at 3 and 5 years.!!
Radiotherapy—Adjuvant Versus Early
Salvage (RAVES) is an ongoing phase
III randomized, controlled clinical trial
slated to run through 2021 that will fur-
ther investigate the application of ART
vs. SRT in patients undergoing surgical
prostate resection.'? For now, multiple
analyses of ART vs. SRT continue to
support dissenting conclusions. Clini-
cians should continue to proceed with
caution when treating patients display-
ing APF until additional studies clarify
the opposing findings between these
divergent treatment arms.

SRT also represents a therapeutic op-
tion for patients when ADT is undesired.
Indeed, a vital point to consider is that
88 of the 102 patients reviewed in our
series did not undergo ADT. A study of
635 patients with biochemical recurrence

after prostatectomy at Johns Hopkins
previously demonstrated that adjuvant
use of ADT during salvage radiation
therapy did not significantly improve
outcomes.'? The freedom from biochem-
ical failure and high survival rate of the
entire cohort in our series seems to sup-
port those findings. RTOG-9601, a dou-
ble-blind, placebo-controlled trial, found
that 24 months of daily bicalutamide led
to significantly improved overall patient
survival with decreased rates of second-
ary metastases in patients undergoing
SRT.'"* However, patients with higher
PSA levels prior to treatment exhibited
the greatest overall survival benefit. In-
terestingly, in both RTOG-9601 and our
institutional analysis, patients exhibited
marginally improved outcomes with
lower pre-treatment PSA values when
receiving SRT alone in comparison to
those receiving ADT in addition to SRT.
Siddiqui et al found that patients who re-
ceived adjuvant ADT within 90 days of
surgery showed mildly improved rates
of 10-year progression-free (95% vs.

90%) and cancer-specific survival (98%
vs. 95%), but those who received adju-
vant ADT following biochemical recur-
rence at PSA values between 0.4 ng/mL
and 1.0 ng/mL exhibited adverse rates
of 10-year progression-free survival
(75% treated vs. 80% untreated) and
cancer-specific survival (86% treated
vs. 91% untreated).'® It is possible that
with biochemical recurrence identi-
fied at lower serum PSA values prior to
SRT, the additional use of ADT with
certain agents can be disadvantageous.
GETUG-AFU 16, another randomized,
controlled multicenter trial, observed
significantly improved 5-year biochemi-
cal control for patients treated with SRT
plus goserelin, a GnRH agonist, when
compared to SRT alone (80% vs. 62%),
a consistent theme among all measured
pre-trial PSA value patient subsets.!®
Radiotherapy and Androgen Depriva-
tion in Combination with Local Surgery
(RADICALS), an incomplete large-scale
phase III randomized, controlled clinical
trial, aims to assess the various roles of
ART, SRT and ADT."” Hopefully, data
gathered from RADICALS will help
shed light on the indefinite role of ADT
in the setting of SRT, in addition to sev-
eral other dominant debates concerning
existing postprostatectomy patient care.
Multivariate analysis of GETUG-
AFU 16 determined that PSADT, surgi-
cal margin status, seminal vesicle status
and pre-radiation therapy serum PSA
values accorded no predictive value for
detecting future biochemical failures.'®
Among these 4 factors, we found that
a pre-radiation therapy PSA marker
value of 0.5 ng/mL or less was a signif-
icant factor in gauging the likelihood of
5-year biochemical control (p =0.0211).
Briganti et al revealed that patients with
less favorable histopathological fea-
tures following prostate resection had
a significantly amplified probability of
experiencing biochemical failure when
pre-radiation therapy PSA cutoff values
were mildly increased.'® Our findings
also seem to suggest that prognostication
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of the optimal timing at when to begin
SRT is not independent of factors such
as TNM staging and Gleason grading.
Gleason scores demonstrated positive
predictive significance against 5-year
freedom from biochemical recurrence (p
=0.0187). However, postsurgical mar-
gin status offered little prognostic value
across differing Gleason grades in our
cohort. TNM staging did not show statis-
tical significance (p = 0.1932), although
our data displayed decreased rates of
5-year biochemical control with worsen-
ing stage, as expected.

The foremost goal of our analysis was
to determine whether a specific PSA
threshold existed at which initiating SRT
before said threshold demonstrated su-
perior outcomes in our cohort. A salient
improvement in 5-year biochemical con-
trol was observed in patients treated with
SRT before serum PSA surpassed 0.5
ng/mL compared with patients treated at
a pre-radiation therapy PSA value > 0.5
ng/mL. One analysis of 10 retrospective
studies and a second multi-institutional
retrospective analysis also found that pa-
tients treated with SRT at pre-radiation
therapy PSA values < 0.5 ng/mL had im-
proved rates of freedom from biochemi-
cal failure and that decreasingly lower
pre-radiation therapy PSA values among
this subset of patients correlated with in-
creasingly improved outcomes.'** Other
reports have established that SRT em-
ployed at PSA <0.2 ng/mL significantly
improves rates of long-term biochemical
control and overall patient survival.?!??
A comparison of men with pre-radiation
therapy PSA values of < 0.5 ng/mL vs.
those with values > 0.5 ng/mL showed
the most dramatic difference in 5-year
freedom from biochemical failure at 76%
vs. 51% (p =0.0211). Our data supports
the rapid initiation of salvage therapy
upon identification of biochemical fail-
ure. Such a dramatic improvement in
biochemical control at the threshold of
0.5 ng/mL suggests that it could be an

important target for those encountering
such patients in clinical practice.

Conclusions

Salvage postprostatectomy radiation
therapy represents a curative treatment
option for patients with biochemical re-
currence and no evidence of metastases
following prostatectomy. The therapeutic
advantages of adjuvant radiation therapy
and androgen deprivation therapy in the
setting of biochemical recurrence are rel-
atively undefined, with prospective stud-
ies of this quandary well on the horizon.
Adjuvant radiation therapy should con-
tinue to be offered to patients exhibiting
adverse pathological features for now.
Regarding histopathological prognosti-
cation, Gleason grading seems to offer
the most precision when ascertaining the
likelihood of future biochemical recur-
rence. Initiation of radiation as soon as
biochemical failure is identified appears
to offer greater success with salvage,
particularly when radiation is initiated
with PSA <0.5 ng/mL. Biochemical con-
trol appears very durable past the 5-year
point, with few late recurrences.
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