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years, and median follow-up was 53 mo. Five-year
post-radiation BCR-free survival was 78% for adjuvant
vs 50% salvage radiotherapy (SRT) (Logrank P =
0.001). Patients with radiation administered following a
detectable PSA had an increased risk of BCR compared
to undetectable: PSA > 0.0-0.2: HR = 4.1 (95%CI:
1.5-11.2; P = 0.005); PSA > 0.2-1.0: HR = 4.4 (95%CI:
1.6-11.9; £ = 0.003); and PSA > 1.0: HR = 52 (95%CI:
12.9-210; P < 0.001). There was no demonstrable
difference in rates of overall survival, bone metastases
or utilization of hormonal therapy between adjuvant and
SRT patients.

CONCLUSION: Adjuvant RT improves BCR-free survival
compared to SRT in patients with adverse pathologic
features and an undetectable post-prostatectomy PSA.

Key words: Radiotherapy; Adjuvant; Radiotherapy;
Salvage therapy; Recurrence; Prostatic neoplasms

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We evaluated the outcomes of patients who
received post-prostatectomy radiotherapy (RT) who
had adverse features on the pathologic specimen and
an immediately undetectable prostate specific antigen
(PSA) postoperatively. In this cohort of patients,
those who received RT in the adjuvant therapy (e.g.,
while PSA remains undetectable) had an improved
5-year biochemical recurrence (BCR)-free survival of
78%, compared to 50% for patients receiving RT in
the salvage setting (e.g., after the postoperative PSA
has again become detectable). As such, adjuvant RT
improves BCR free survival in post-prostatectomy
patients with adverse pathologic features and an
undetectable PSA compared to salvage RT.
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INTRODUCTION

An estimated 233000 men in the United States will be
diagnosed with prostate cancer (PCa) in 2014™. While
radical prostatectomy (RP) is a curative treatment for
many patients, approximately one-third of patients
will experience recurrence of disease within 10 years
of surgery™®“l. Pathological features such as positive
surgical margins (PSM), seminal vesicle invasion (SVI),
extracapsular extension (ECE), Gleason score = 8, and/
or pathologic adjacent organ invasion are associated
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with a higher risk of biochemical recurrence (BCR)®®.
In these high risk patients adjuvant radiotherapy (ART)
can be offered, however this leads to overtreatment of
approximately 55% of patients who may never experi-
ence a BCR™, Patients who defer initial adjuvant therapy
are closely monitored and offered salvage radiotherapy
(SRT) if and when they experience BCR.

Three randomized controlled trials (SWOG 8794,
EORTC 22911, and ARO 96-02) have been conducted
comparing ART with observation following RP in
patients with adverse pathologic features and an unde-
tectable prostate specific antigen (PSA). These have
demonstrated improved BCR-free survival with ART
compared with observation (patients may or may not have
received SRT)>*'*'!), Despite these convincing data, only
approximately 11.7% of patients with pT3-4N0O disease
undergo ART according to an analysis of the Surveillance
Epidemiology and End Results database!™?. Investigation
into SRT in this same patient population (adverse
pathologic features with undetectable PSA) has not been
as purposefully studied in randomized controlled trials,
although several retrospective studies®®***®, including
two matched-control analyses™”*®!, have been performed
in this area.

In this study, we present our experience with the
outcomes of ART and SRT in post-RP patients at a high
risk for recurrence, with adverse pathologic features and
an initial post-RP undetectable PSA.

MATERIALS AND METHODS

Patient selection

Following institutional review board approval a retro-
spective chart review was performed. All patients who
were counseled for RT for PCa between 1992 and 2013
were identified. Of the 886 patients who subsequently
received RT at our institution, 248 had a history of prior
RP.

The patient demographic and pathologic PCa infor-
mation listed in Table 1 was abstracted from via a
comprehensive review of physician notes and laboratory
reports (bloodwork, pathology reports, etc.).

Post-prostatectomy RT patients were grouped
according to pathologic characteristics, postoperative PSA
nadir level, and the timing of administration of post-
prostatectomy RT (before/after BCR). Adjuvant therapy
candidates were defined as patients with one or more
adverse pathologic features (total Gleason score = 8,
SVI, PSM, ECE, and/or adjacent organ invasion) and an
undetectable post-RP nadir PSA level. For this study, an
undetectable PSA was defined as a PSA with a value of
< 0.05 ng/mL. Patients with a detectable post-RP PSA
(n = 54, 21.8%), the absence of adverse pathologic
features (n = 50, 20.2%), or both of the aforementioned
criteria (n = 10, 4.0%) were not considered to be
adjuvant therapy candidates and excluded from analysis.
Adjuvant therapy candidates who received RT with an
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Received adjuvant therapy Adjuvant candidate and received salvage radiotherapy P value

Age at RT (median, IQR), mo 60 (54-65)
Follow-up (mo) 53 (19-83)
Time from RP to RT, mo 0-12 43 (93%)
>12-24 3 (7%)
> 24-48 0(0%)
>48 0(0%)
Pre-RT PSA Undetectable 46 (100%)
>0-0.2 0 (0%)
>0.2-1.0 0 (0%)
>1.0 0 (0%)
Received No 37 (79%)
Peri-RT ADT Yes 10 (21%)
Coronary artery disease No 36 (86%)
Yes 6 (14%)
Diabetes mellitus, type II No 37 (88%)
Yes 5 (12%)
Hypertension No 19 (45%)
Yes 23 (55%)
Obesity No 31 (74%)
Yes 11 (26%)
Peripheral vascular disease No 39 (93%)
Yes 3 (7%)
Smoking history No 37 (88%)
Yes 5 (12%)
Pathologic 2-6 9 (20%)
Gleason score 7 21 (48%)
8-10 14 (32%)
Pathologic T1 0 (0%)
Tumor stage T2 11 (25%)
T3/ T4 33 (75%)
Positive surgical margin Absent 12 (25%)
Present 35 (75%)
Extracapsular extension Absent 20 (43%)
Present 27 (57%)
Seminal vesicle invasion Absent 37 (79%)
Present 10 (21%)

63 (59-68) 0.2
50 (22-854) 0.1
12 (14%) <0.001
18 (21%)
29 (33%)
28 (32%)
0 (0%) <0.001
39 (46%)
38 (45%)
7 (8%)
67 (77%) 038
20 (23%)
64 (84%) 038
12 (16%)
58 (76%) 01
18 (24%)
37 (49%) 0.6
39 (51%)
51 (67%) 04
25 (33%)
73 (96%) 04
3 (4%)
70 (92%) 05
6 (8%)
18 (21%) 04
48 (57%)
18 (21%)
0 (0%) 0.08
35 (41%)
51 (59%)
28 (32%) 0.4
59 (68%)
41 (47%) 0.6
46 (53%)
80 (92%) 0.03
7 (8%)

RP: Radical prostatectomy; RT: Radiotherapy; IQR: Interquartile range; ADT: Androgen deprivation therapy; PSA: Prostate specific antigen.

undetectable PSA were classified as having received ART.
Salvage therapy candidates were defined as those who
following an undetectable postoperative PSA level, who
later developed a detectable PSA level. Phoenix criteria of
post-RP BCR were utilized (a PSA of = 0.2 ng/mL, with a
second consecutive test at or above this level) to define
BCR following RT™,

Treatment

Standard post-prostatectomy RT was provided to patients
as either adjuvant or SRT (as above) and administered at
66.6 Gy fractionated over approximately 37 doses to the
prostatic fossa and seminal vesicle remnants, if present.

Endpoints

The outcomes of interest that were evaluated include
time to BCR, overall survival (0OS), bone metastasis
(BMet), and hormonal therapy (HT). BCR was considered
to take place on the date of the first of two or more
successive PSA values > 0.2 ng/mL after RT. OS was
defined as death from any cause. BMet was defined as
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any radiologic, pathologic, or clinical evidence of bony
metastasis. HT was defined the initiation of androgen
deprivation therapy following post-RT BCR.

Statistical analysis
Kaplan-Meier method was utilized to analyze BCR-, OS-.
BMet, and HT-free survival functions. The time span
between the event of interest and the final day of RT
was analyzed. Patients entered the model at the date of
completion of RT. If an event did not occur, the patient was
considered to be right-censored for that event with the
time between the day of the last follow-up and the final
day of RT. A stepwise Cox proportion hazard regression
was modelled to evaluate the independent effect of the
categorical variables and treatment modalities in Table 1.
Variables were selected in a forward fashion, with P =
0.05 meeting the standard for inclusion into the model.
Variables with P > 0.10 were deemed insignificant and
removed from the model.

SPSS® version 20 (SPSS, Chicago, IL), was utilized,
with all comparisons 2-sided and a P-value < 0.05 was
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considered statistically significant.

RESULTS

Between 1992 and 2013 our institution treated 886
patients with RT for PCa, of whom 248 received post-
prostatectomy RT. Patients with adverse pathologic
features, an undetectable nadir PSA, and who received
post-RP RT accounted for 134 patients. Of these, 47
(35%) received ART and 87 (65%) received SRT. The
median follow-up after RT was 53 (22-96) mo, and
median age at RT was 63 (58-68) years old (Table 1).

For patients receiving ART vs SRT, pre-RT patient
characteristics differed only in time from RP to RT (93%
ART patients received therapy within 12 mo, compared
with 14% SRT, P < 0.001), pre-RT PSA level (undetectable
in 100% ART and 0% SRT, P < 0.001), and a higher
rate of SVI in the ART cohort (12% vs 8%, P = 0.028).
Medical comorbidities were comparable between the
groups. There were no statistical differences in total
Gleason score or frequency of PSM, ECE, or pathologic
T4 disease between the two treatment groups.

BCR free survival

Kaplan-Meier 5-year BCR-free survival were 78% and
50% for ART and SRT, respectively (Logrank, P = 0.001)
(Figure 1). On univariate analysis, receipt of RT at an
undetectable level, and pathologic Gleason score < 8
were associated with improved BCR-free survival. On
multivariate analysis, the predominant factor associated
with BCR was PSA level at time of RT. Compared with
RT administered with an undetectable PSA (ART), BCR
was more likely when RT was administered as SRT with
detectable pre-RT PSA levels as follows: > 0.0 to 0.2 ng/
mL (HR = 4.1; P = 0.005), > 0.2-1.0 ng/mL (HR = 5.5;
P =0.003), and = 1.0 ng/mL (HR = 52, P < 0.001) (Table
2). A sensitivity analysis was performed with pre-RT
cutoff of PSA < 0.5 ng/mL compared to undetectable, which
demonstrated a similar improved BCR-free survival with
adjuvant therapy (data not shown). Pathologic Gleason
score of = 8 also increases risk of BCR in the multivariate
model (HR = 3.1; P = 0.02).

0s

Kaplan-Meier estimates of 5-year OS were 97% for
both ART and SRT patients. A total of 3 (6%) ART and 8
(9%) SRT patients have died since RT (Logrank, P = 0.5).
No variables contributed to OS on multivariate analysis
(Table 2).

Bone metastasis

Five-year actuarial risks of bone metastasis were 0% and
6% for ART and SRT, respectively (Logrank, P = 0.9).
Three ART patients (6%) and five SRT patients (6%)
developed metastatic disease to the bone over the
course of follow-up. On univariate analysis, patients who
received ART had improved bone metastasis-free survival

Raishidenge ~ WJCU | www.wjgnet.com

48

(Logrank P = 0.004). On multivariate analysis, patients
who received SRT with a PSA = 1.0 had an increased risk
of bone metastases (HR = 39.806; P = 0.02) compared
to patients who received ART (undetectable PSA) (Table 2).

Time to hormonal therapy

There was trend toward decreased utilization of hormonal
therapy at 5 years post-RT in ART (6%) compared with
SRT (21%) patients (Logrank, P = 0.08). Median time
from RT to additional treatment was 218 mo for ART
and 142 mo for SRT. Based on pre-RT PSA level, there
was a worse HT-free survival in patients receiving RT
with a PSA > 1.0, which remained true on multivariate
analysis (HR = 67.841; P < 0.001) (Table 2). A sensitivity
analysis run with pre-RT PSA < 0.5 ng/mL compared to
undetectable demonstrated a similar risk of progression
to HT. With a PSA >0.5 ng/mL, there was an increased
risk of receipt of HT (data not shown). Further, a
pathologic Gleason score of 8-10 was associated with
an increased risk for receipt of HT on univariate and
multivariate analyses (Table 2).

DISCUSSION

Our results demonstrate that patients with adverse
pathologic features (Gleason 8-10, SVI, ECE, PSM,
and/or pathologic T4 disease) and an undetectable PSA
have improved oncologic results with ART compared to
SRT. When patients were observed until PSA became
detectable and then received SRT there was an increased
risk of post-RT BCR, even in the early RT (PSA < 0.2)
setting. When SRT was administered with a pre-RT PSA
level > 1.0, the risk of BCR, BMet and HT increased
dramatically. While pathologic Gleason score 8-10 was
also associated with BCR, and both pathologic Gleason
8-10 and SVI were associated with progression to HT,
the receipt of RT prior to detectable PSA was shown to
be the only modifiable risk factor available to the treating
clinician to impact BCR-free survival.

Three randomized controlled trials (SWOG 8794,
EORTC22911, and ARO 96-02) have definitely demon-
strated that ART in this high-risk patient population
results in improved BCR-free survival compared to RP
and observation alone®®**, Two of these studies
(SWOG 8794 and EORTC 22911) have demonstrated
reduced need for salvage therapy for RT failure when
patients were administered ART compared to RP
and observation®'?. The benefit of an observational
approach would be to spare men exposure to RT until
they experience a BCR, which would never occur for an
as of yet unspecified population. The question of whether
there is a benefit to administration of ART compared
with SRT at the time of BCR, as assessed in this study,
has yet to be reported in a randomized controlled trial.
Three trials which will address this question are currently
enrolling patients in Australia/New Zealand (RAVES)™”,
France (GETUG-17)"", and in the United Kingdom and
Canada (RADICALS)™, although results are pending.
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Table 2 Stepwise cox regression multivariate analysis

Biochemical recurrence

Overall survival

Bone metastases Hormonal therapy

HR (95%Cl) Pvalue HR (95%CI) P value HR (95%CI) P value HR (95%CI) P value
Pathologic gleason score 2-6 Referent 0.01 Referent 0.4 Referent 0.3 Referent 0.005
7 1.2 (0.4-3.1) 0.8 0.7 0.9 1.2 (0.3-4.6) 0.8
8-10 3.1(1.2-8.1) 0.02 0.2 0.1 4.9 (1.4-16.7) 0.01
Pre-RT PSA Undetectable Referent <0.001 Referent 0.8 Referent 0.045 Referent <0.001
>0.0-0.2 41(1.5-11.2) 0.005 0.8 3.3 (0.2-54.2) 0.4 2.6 (0.8-9.1) 0.1
>0.2-1.0 4.4 (1.6-11.9) 0.003 0.6 0.6 (0.04-8.6) 0.7 1.7 (0.5-5.8) 0.4
>1.0 52 (12.9-210)  <0.001 0.7 39.8 (1.8-868) 0.02  67.8(13.7-336) < 0.001
Received peri-RT ADT 0.7 0.2 0.1 0.6
Seminal vesicle invasion 2.2 (0.99-4.8) 0.053 0.9 0.2 2.7 (1.1-6.6) 0.036
Positive surgical margin 0.056 0.08 0.08 0.09
Extracapsular extension 0.3 0.1 0.6 0.6
Pathologic stage T2 Referent 0.9 Referent 0.1 Referent 0.9 Referent 0.8
T3/4

RT: Radiotherapy; PSA: Prostate specific antigen; ADT: Androgen deprivation therapy; CI: Confidence interval.

Biochemical recurrence-free survival
following RT for prostate cancer
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ART 44 41 38 29 23 17
SRT 84 67 56 45 31 20

Figure 1 Biochemical recurrence-free survival for adjuvant candidates
receiving adjuvant vs salvage radiotherapy for prostate cancer. RT: Radio-
therapy; SRT: Salvage radiotherapy; ART: Adjuvant radiotherapy.

Until these trials meet accrual and have sufficient
follow-up to produce meaningful conclusion, the literature
remains sparse. A recent review and meta-analysis has
been performed on the available, retrospective data,
demonstrating an improved BCR-free survival in ART-
treated patients compared to those treated with SRT™.
While this analysis is in agreement with our findings,
caution is necessary when interpreting a review of this
topic. The current literature has markedly variability of
the definitions of both ART and SRT, which confound
generalizability and interpretation. Our study included
strict inclusion criteria for analysis, including only patients
with adverse pathologic features following RP and an
undetectable post-RP PSA. Of the 18 studies included in
the review above, eight did not require an undetectable
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post-RP PSA for SRT patients and four allowed ART
patients to have a detectable post-RP PSA. While SRT
may be administered in a different settings (e.g.,
detectable PSA immediately post-RP, rising PSA from
undetectable post-RP), ART should be administered
within 6-12 mo post-operatively with an undetectable
PSA. It is important to strictly define these criteria prior
to analysis in order to compare treatment effects on
comparable baseline patient cohorts.

Of the retrospective studies available, three deserve
special mention and represent the best evidence to date
regarding ART vs SRT in post-RP patients with adverse
pathologic features and an undetectable PSA. Trabulsi
et al™® reported on 449 patients received postoperative
RT for adverse pathologic features with an undetectable
postoperative nadir PSA. After propensity score
matching, 96 patients remained in each treatment group
(ART and SRT). With a median follow-up of 73 mo from
RT, there was improvement in five-year BCR-free survival
in the ART group (73% vs 50%; HR = 2.3; P = 0.007).
Comparable to the present study, pathologic Gleason
score 8-10 was found to be associated with BCR (HR =
2.5; P=0.005).

Ost et al''”! and coworkers reported a comparable
match-controlled analysis of 178 patients, with 89 in each
group. Three-year BCR-free survival was improved for
ART vs SRT (90% and 65%, P < 0.05) in this analysis
as well. Further, patients with Gleason score = 4 + 3,
preoperative PSA > 10 ng/mL, and omission of conco-
mitant androgen deprivation therapy had an increase in
risk for BCR.

Briganti et al'”! performed a multi-institutional retro-
spective review of 390 patients who received ART. These
patients were matched in a one-to-one fashion based on
pathologic Gleason score, pathologic stage and surgical
margin status, with patients who underwent initial
observation and SRT as needed for BCR. Kaplan-Meier
analysis indicated comparable BCR-free survival between
the ART and observation/SRT matched cohorts. While this
analysis does examine optimal patient management with
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post-RP SRT prior to PSA 0.5 ng/mL, exclusion of patients
who may have presented with a recurrence PSA of = 0.5
ng/mL may omit more aggressive cases, and artificially
improve BCR-free survival rates in the observation/SRT
cohort. Further, Briganti's study assesses time to BCR
following RP, while Ost, Trabulsi, and the present study
assess time to BCR following RT, limiting the ability to
make comparisons between the studies.

Taken together with the present studies, it appears
that when patients are compared following the receipt of
RT, there is improvement in BCR-free survival with ART
compared to SRT. The randomized, controlled trials above
will hopefully provide definitive evidence regarding the
timing of RT following RP, as well as define the patients
who are adjuvant therapy candidates (adverse pathologic
features with an undetectable post-RP PSA) who will or
will not ultimately experience a BCR necessitating RT.

The primary limitation of our study is selection bias,
specifically how patients arrived at the decision to pursue
ART vs SRT. This decision is not solely dependent on
pathologic and laboratory values, and patients may have
been counseled to either of these treatment strategies
based on personal preference, physician preference,
their recovery from surgery, and convenience of
therapy availability. Further, the potential side-effects
of RT (including urethral stricture disease, hematuria,
proctitis, cystitis, secondary malignancy, etc.) are well
documented®>”, and play an integral role in the decision
making process for both the patient and provider. These
subjective choices are not reflected in our analysis. This
analysis also does not have the denominator for how
many patients elected for observational follow-up and
did not recur. Avoiding overtreatment of patients with RT
is @ commendable goal, however until prospective trials
are completed it is difficult to characterize which patients
will or will not experience BCR. Finally, there was greater
SVI in the ART compared to the SRT group. While this
difference between treatment groups does exist, it
should not influence the reported results as the greater
SVI should have negatively impacted outcomes in the
ART cohort, which was not seen.

COMMENTS

Background

Radiotherapy (RT) for prostate cancer (PCa) following RT is a treatment option
available for patients with adverse pathologic features (positive surgical margins,
seminal vesicle invasion, extracapsular extension, a Gleason score = 8, and/or
pathologic adjacent organ invasion. While prior prospective, randomized trials
have shown improved biochemical recurrence (BCR) free survival following
adjuvant radiotherapy (ART) (immediately following recovery from prostatectomy)
compared to observation, the comparison of adjuvant compared to salvage
radiotherapy (SRT) [after postoperative prostate specific antigen (PSA) has risen
from an undetectable level] has yet to be as rigorously studied.

Research frontiers

While adjuvant post-prostatectomy RT is known to improve BCR free survival, the
optimal timing of administration RT is yet to be determined. Given the additional
morbidity of RT and potential overtreatment of patients who may never recur with
adjuvant radiation, the results of this study contribute to the understanding of
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outcomes between early (adjuvant) RT compared to delayed (salvage) RT in the
post-prostatectomy population.

Innovations and breakthroughs

In this study, patients who received either adjuvant or SRT following radical
prostatectomy with the presence of adverse pathologic features and an
undetectable PSA were identified. This was a well-matched group when
comparing baseline and pathologic characteristics. It is clear that patients who
received ART had an improved BCR free survival at 5 years (78%) compared to
those who received SRT (50%).

Applications

This study suggests that the receipt of ART for post-prostatectomy adverse
pathologic features improved BCR free survival compared to patients who receive
salvage radiation following a rise in PSA from undetectable.

Terminology

PSA: Prostate specific antigen, a serum marker produced only by prostate
and PCa cells. Adverse pathologic features: Poor prognostic findings on the
prostate specimen including positive surgical margins, seminal vesicle invasion,
extracapsular extension, a Gleason score = 8, and/or pathologic adjacent organ
invasion. ART: The administration of radiation to the prostatectomy surgical
bed following recovery of surgery, while the patient has an undetectable PSA.
SRT: The administration of radiation to the prostatectomy surgical bed following
recovery of surgery, following an increase in PSA from undetectable to a
detectable value.

Peer-review

This is an interesting retrospective study comparing the effects of adjuvant vs
SRT on BCR free survival of high risk PCa pts with initially undetectable post-op
PSA. This is well-written work and both the results and limitations of the study
are adequately documented.
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