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Abstract
Background: In men with a rising PSA following radical prostatectomy, salvage radiation therapy (SRT) offers a
second chance for cure. Hormonal therapy can be combined with SRT in order to increase prostate tumor control,
albeit with associated higher rates of treatment side effects. This trial studies the effectiveness of SRT combined
with hormonal therapy using a more potent anti-androgen with a favorable side effect profile. Enzalutamide, a next
generation selective androgen receptor antagonist, is approved by the Food and Drug Administration for the
treatment of metastatic castrate-resistant prostate cancer (CRPC) where it has been shown to improve overall
survival in combination with androgen deprivation therapy. The primary objective of this study is to evaluate the
efficacy of combination SRT and enzalutamide for freedom-from-PSA-progression. Secondary objectives include
time to local recurrence within the radiation field, metastasis-free survival and safety as determined by frequency
and severity of adverse events.
(Continued on next page)
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Methods/design: This is a randomized, double-blind, phase II, prospective, multicenter study in adult males with
biochemically recurrent prostate cancer following radical prostatectomy. Following registration, enzalutamide 160
mg or placebo by mouth (PO) once daily will be administered for 6 months. Following two months of study drug,
external beam radiotherapy to 66.6–70.2 Gray (Gy) will be administered to the prostate bed over 7–8 weeks while
continuing daily placebo/enzalutamide. This is followed by two additional months of placebo/enzalutamide.
Discussion: The SALV-ENZA trial is the first phase II placebo-controlled double-blinded randomized study to test
SRT in combination with a next generation androgen receptor antagonist in men with high-risk recurrent prostate
cancer after radical prostatectomy. The primary hypothesis of this study is that clinical outcomes will be improved
by the addition of enzalutamide compared to standard-of-care SRT alone and pave the path for phase III evaluation
of this combination.
Trial registrations: ClinicaltTrials.gov Identifier: NCT02203695 Date of Registration: 06/16/2014. Date of First
Participant Enrollment: 04/16/2015.
Keywords: Recurrent prostate cancer, Salvage radiation therapy (SRT), High-risk prostate cancer, Enzalutamide,
Prostatectomy

Background
Prostate cancer is the second leading cause of cancer
deaths in men. According to American Cancer Society
estimates in 2018, as many as 164,690 American men will
be diagnosed with prostate cancer, and nearly 29,430 will
die of the disease [1]. The course of prostate cancer, from
diagnosis to death, is best categorized as a series of clinical
states. These clinical states involve the complex interplay
of a network of signaling molecules that collectively promote net cell proliferation relative to cell death. Based on
the extent of disease, hormonal status, and absence or
presence of detectable metastases on an imaging study,
the states are: localized disease, rising levels of prostatespecific antigen (PSA) after radiation therapy or surgery
with no detectable metastases, and clinical metastases in
the non-castrate or castrate state. Most men that ultimately die of prostate cancer die from metastatic castrateresistant disease [2]. However, of the approximately 30,
000 men that die of prostate cancer per year, the majority
of these men originally presented with localized prostate
carcinoma, which failed local therapy such as radical
prostatectomy and progress. While a significant proportion of patients with clinically localized prostate cancer
will be cured with definitive local therapy, those patients
with high-risk features such as Gleason grade 8–10, positive lymph nodes, positive surgical margins or seminal
vesicles invasion have a 50–75% chance of disease recurrence in 10 years [3–8]. Men who undergo prostatectomy
and are found to have any of these features have cure rates
of less than 25% after long-term follow-up [4, 9, 10].
Importantly, these men at the time of initial PSA relapse
following surgery still represent potentially curable patients with salvage radiation [9].
The rate of post-prostatectomy salvage radiation
therapy (SRT) has increased over the past 10 years in
conjunction with increasing use of prostatectomy in

men with high-risk localized prostate cancer. In these instances RT is an established standard of care salvage
therapy in men with a persistently detectable post prostatectomy PSA or a delayed increase in PSA without evidence of metastatic disease on imaging [9, 11–18].
Given the lack of randomized trials evaluating SRT, its
adoption as a standard therapy has mostly come from
retrospective series, the largest of which was reported
by Tendulkar et al., [9] which examined predictors of
PSA control following SRT and demonstrated higher
Gleason score, higher pre-SRT PSA, negative prostatectomy surgical margins, extra-prostatic extension, ADT
use, SRT dose, and seminal vesicle involvement were
associated with poor outcomes. Even with these improvements in identifying whom to select for salvage
therapy, high quality evidence on SRT (e.g., RT
technique, addition of androgen deprivation/androgen
receptor blockade) is still absent [2]. Regardless, it is
clear that SRT alone is not likely to afford high levels of
Freedom from PSA progression (FFPP) or cure in highrisk individuals. In these individuals the addition of androgen deprivation therapy (ADT) can lower rates of
biochemical failure, lower distant metastases and improve overall survival particularly in certain high-risk
subsets of men with biochemical failure [19, 20]. Some
controversy exists regarding the clinical benefit of
hormonal therapy with SRT in more contemporary
men who present with low pre-SRT PSA prior to initiation of SRT [2]. Regardless of whether the addition of
ADT may increase the efficacy of SRT in modern
patients, ADT is associated with the side-effects of hot
flashes,, bone and muscle loss, fatigue, weight gain,
sexual dysfunction and decreases in global quality of
life often making it difficult for men to tolerate [2].
Enzalutamide is a second-generation androgen
receptor signaling inhibitor with demonstrated activity
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in cells that overexpress the androgen receptor. Unlike
previous androgen receptor blocker (ARB) agents,
enzalutamide does not display any agonist properties
and blocks translocation of the ligand-receptor complex
into the nucleus preventing DNA binding [21–23].
Enzalutamide is currently approved for use in men with
metastatic castrate-resistant prostate cancer where it has
been shown to significantly prolong survival in patients
who have progressed on ADT [21, 22, 24] and in this
setting is superior to bicalutamide [25]. Enzalutamide is
also generally well tolerated with improved quality of life
metrics when compared to bicalutamide [25, 26]. There
is also promising intermediate-term data on enzalutamide alone in men with biochemically recurrent prostate
cancer following prostatectomy [27]. Furthermore, a recent preclinical study demonstrated potent enzalutamide
radiosensitization of androgen-sensitive prostate cancer
cells in vitro [28]. These properties make enzalutamide
an ideal candidate to combine with SRT in biochemically
recurrent prostate cancer with the hopes of improving
outcomes while minimizing toxicity.

Methods/design
This study was approved by the Research Ethics Boards
of Johns Hopkins Hospital and all collaborating
institutions. The SALV-ENZA Trial is registered at the
US National Institutes of Health (ClinicalTrials.gov)
#NCT02203695.
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Objectives

The primary efficacy endpoint is the rate of Freedomfrom-PSA-progression (FFPP). FFPP is defined as the time
from randomization to the date of PSA progression.




Secondary Objectives:
 Local recurrence within the radiation field

(confirmed pathologically)
 Metastasis-free survival (MFS) rates. Metastasis-free

survival will be defined as the time from the date of
registration to date of evidence of systemic disease
on bone scan or cross sectional imaging or time to
death, which occurs first.
 Safety, feasibility, and tolerability as assessed by
National Cancer Institute (NCI) Common Toxicity
Scales (v4.0), quality of life (EPIC survey), and
achievement of accrual goals.
Inclusion criteria

To be included in this study, adult male patients should
meet all of the following criteria:
 Willing and able to provide written informed

consent and Health Insurance Portability and




Accountability Act (HIPAA) authorization for the
release of personal health information.
Males aged 18 years of age and above.
Patients must have histologically confirmed
adenocarcinoma of the prostate gland.
Patients must have received primary treatment with
radical prostatectomy.
Patients must have evidence of biochemical (PSA)
relapse after prostatectomy, defined by one rise in
PSA above a baseline detectable value (≥0.05 ng/mL)
using measurements taken at least 4 weeks apart
from each other (all PSA values must be within 12
months of study entry).
Patients must have pathological Gleason (pG) sum
8–10; or pG sum 7 and either pT3 or R1 disease
(i.e. positive margins.).
Patients must have an absolute PSA level
between > 0.1 and < 0.7 ng/mL at the time of
study entry.
Patients must have non-metastatic (M0) disease, as
defined by a lack of metastases seen on CT scan of
the abdomen/pelvis and whole-body radionuclide
99
Tc bone scan, (or sodium fluoride PET scan) taken
within 3 months of study entry.
Patients must have had node negative (pN0) disease
found at the time of surgery. If a nodal dissection
was not performed at the original surgery then
patients must be N0, as defined by a lack of
radiographic or clinical evidence of local-regional
tumor recurrence, including pelvic lymph nodes ≥2
cm in short-axis diameter.
Patients must have non-castrate levels of serum
testosterone (≥ 150 ng/dL).
Patients must not have previously received
hormonal therapy (LHRH agonist, antiandrogen, or
both), with the exception of neoadjuvant or adjuvant
hormones given in conjunction with prostatectomy.
In such cases, hormone therapy must have been
administered for ≤6 months, discontinued ≥6
months ago, and serum testosterone must be ≥150
ng/dL.
Patients must have ECOG performance status
of 0–1, and life expectancy ≥3 years.
Patients must have laboratory test results within the
ranges listed below within 4 weeks of enrollment:
 WBC ≥ 3000/mm3
 Granulocytes ≥1500/mm3
 Hemoglobin≥9 g/dL
 Platelets ≥100,000/mm3
 Bilirubin ≤1.8 mg/dL
 ALT and AST ≤ 2.5 times the institutional upper
limit of normal
 Creatinine ≤1.8 mg/dL OR a calculated creatinine
clearance ≥60 mL/hr.
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 Patients must be disease-free from prior malignancies

for ≥3 years, with the exception of non-melanoma
skin cancers and superficial urothelial cancers.
 Patients must have the ability to swallow the study
drug whole as a tablet or capsule.
 Throughout study, male patient and his female
partner who is of childbearing potential must use 2
acceptable methods of birth control (1 of which
must include a condom as a barrier method of
contraception) starting at screening and continuing
throughout the study period and for 3 months after
final study drug administration or per local
guidelines where these require additional description
of contraceptive methods. Two acceptable methods
of birth control thus include the following:
 Condom (barrier method of contraception); AND
 One of the following is required:
 Established and ongoing use of oral, injected,
or implanted hormonal method of
contraception by the female partner.
 Placement of an intrauterine device or
intrauterine system by the female partner.
 Additional barrier method: Occlusive cap
(diaphragm or cervical/vault caps) with
spermicidal foam/gel/film/cream/suppository
by the female partner.
 Tubal ligation in the female partner.
 Vasectomy or other procedure resulting in
infertility (e.g., bilateral orchiectomy),
for > 6 months.
 Throughout the study, patients must use a condom
if having sex with a pregnant woman.



Exclusion criteria

Patients that meet any of the criteria listed below will
not be eligible for study entry:




 Currently active second malignancy
 Primary treatment with radiation therapy.
 Radiographic or clinical evidence of regional tumor

nodal recurrence, including pathological pelvic
lymph nodes ≥2 cm in short-axis diameter.
Radiographic evidence of distant metastases is also
an exclusion.
 Concurrent use of other antiandrogens, estrogenlike agents, or 5 alpha-reductase inhibitors.
 Use of systemic corticosteroids equivalent to
prednisone 10 mg/day or higher at the time of study
entry (inhaled corticosteroids are permitted).
 Concurrent use of other anti-cancer agents or
treatments.
Serious concurrent medical illnesses (including
uncontrolled major cardiac, pulmonary, Child-Pugh



C liver or psychiatric diseases) or active major
infections (including HIV, Hepatitis A-C).
Clinically significant cardiovascular disease
including:
 Myocardial infarction within 6 months of
screening visit.
 Uncontrolled angina within 3 months of
screening visit.
 Congestive heart failure New York Heart
Association (NYHA) class 3 or 4, or subjects with
history of congestive heart failure NYHA class 3
or 4 in the past, or history of anthracycline or
anthracenedione (mitoxantrone) treatment,
unless a screening echocardiogram or multi-gated
acquisition scan (MUGA) performed within three
months of the screening visit results in a left
ventricular ejection fraction that is ≥45%.
 History of clinically significant ventricular
arrhythmias (e.g., ventricular tachycardia,
ventricular fibrillation, torsade de pointes).
 Prolonged corrected QT interval by the Fridericia
correction formula (QTcF) on the screening
electrocardiogram (ECG) > 470 msec.
 History of Mobitz II second degree or third
degree heart block without a permanent
pacemaker in place.
 Hypotension (systolic blood pressure < 86 mmHg
or bradycardia with a heart rate of < 50 beats per
minute on the Screening ECG, unless
pharmaceutically induced and thus reversible
(i.e. beta blockers).
 Uncontrolled hypertension as indicated by a
resting systolic blood pressure > 170 mmHg or
diastolic blood pressure > 105 mmHg at the
screening visit.
Medications which lowers seizure threshold.
History of seizure or any condition that may
predispose to seizure including, but not limited to
underlying brain injury, stroke, primary brain
tumors, brain metastases, or alcoholism. Also,
history of loss of consciousness or transient
ischemic attack within 12 months of enrollment
(Day 1 visit).
Patients taking medications that may have adverse
interactions with enzalutamide.

Evaluation of randomization and blinding

This study is a multi-center, double-blind, placebo
controlled, randomized Phase II trial in patients with
non-castrate PSA-recurrent prostate cancer after radical
prostatectomy. Patients were recruited from within the
United States. Eligible patients will be randomized in a
1:1 ratio to one of two treatment arms: SRT plus placebo
(Arm A) or SRT plus enzalutamide (Arm B) (Fig. 1).

Kapoor et al. BMC Cancer

(2019) 19:572

Page 5 of 10

Fig. 1 SALV-ENZA Study Schema. Subjects who meet eligibility criteria and qualify for enrollment will be stratified and randomized as demonstrated

The study coordinator will use an interactive web
response system (IWRS) will be utilized to obtain the
patient’s randomization assignment. The randomization
will be stratified by: center, surgical margin status (R0
vs R1), PSA prior to salvage treatment (PSA ≥0.5 vs
< 0.5 ng/mL), and pathologic Gleason score (7 vs 8–
10). Minimization approach (22) will be applied to
ensure balanced assignment to each treatment arm.
The investigator and the patient will be blinded to
treatment assignment. The on-study date for protocol
entry will be the day that the study subject is
randomized. The principal investigator will be
unblinded only if a patient progresses at any time
during the study.
Interventions

The screening/baseline procedures will determine
patient eligibility according to the inclusion and
exclusion criteria. The following evaluations/assessments will be performed at this visit within 90 days
of Day 1:

 Obtain informed consent and research authorization.
 Obtain histologic and radiologic confirmation of






disease.
Collect details and dates of the primary therapy
(e.g., pathologic stage, dose and type of radiation
therapy) and prior hormonal and non-hormonal
therapies.
Record PSA and Gleason score at the time of
diagnosis
Determine suitability for salvage prostate bed
radiation therapy
Assess presence or absence of disease in the
primary site

 Imaging
 Chest by plain radiograph or computerized

tomography (CT)
 Abdomen/pelvis by CT or magnetic resonance

imaging (MRI)
 Radionuclide bone scan

The following assessments must occur within 30 days
of registration/randomization:
 Physical exam (vital signs, height/weight, ECG, etc.)
 Laboratory tests (CBC w/diff, PSA, testosterone,

comprehensive chemistry panel, including bilirubin,
creatinine, SGOT[AST], SGPT[ALT])
 ECOG performance status
 Review of concurrent medications

The following procedures are to be conducted each
study visit on visit on Day 1, 61, 91, 120, 151 and 180
days while on study. Day 1, 61, 120 procedures should
be done within seven days prior; day 91,151 and 180
procedures should be done +/− 14 days:







Review concurrent medications
Physical exam (vital signs, weight)
ECOG performance status
Adverse events evaluation
Review pill diary
Laboratory tests (CBC w/diff, PSA, testosterone,
comprehensive chemistry panel, including bilirubin,
creatinine, SGOT[AST], SGPT[ALT]
 Quality of Life (QoL) questionnaires
 Decipher Test (Will only be completed once before
treatment ends on Day 180. This test will not be
repeated.)
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The following procedures are to be conducted at each
follow-up visit every 3 months ±1 month up to 24
months:






Review concurrent medications
Physical exam (vital signs, weight)
ECOG performance status
Adverse events evaluation
Laboratory tests (CBC w/diff, PSA, testosterone,
comprehensive chemistry panel, including bilirubin,
creatinine, SGOT[AST], SGPT[ALT]
 QoL questionnaires
The following procedure is to be conducted at each
follow-up visit every 3 months ±1 month past the first
24 months and up to 42 months:
 Laboratory test (PSA)

Patients will be followed for > 2 years (and up to 42
months total) after removal from treatment or until
death. Patients withdrawn from the study because of
adverse events (AE) will be followed until the adverse
event has either resolved or stabilized. Reasons for premature withdrawal should be determined and noted.
AEs will be monitored at each scheduled visit and
throughout the study. Toxicity will be assessed using the
most recent NCI guidance: the most recent version of
Common Terminology Criteria for Adverse Events
(CTCAE). All nonserious AEs and serious adverse
events, regardless of relationship to study treatment, will
be collected from registration through the posttreatment visit and will be recorded in the subject’s
medical record and on the case report form (CRF).
Following the post-treatment visit, only new treatmentrelated AEs and SAEs will be recorded. Seizures (regardless of causality) will be recorded throughout the study.
Radiation planning and dosage

Radiation planning and dosage are based off of postoperative salvage radiation consensus guidelines and
RTOG 0534 [29].
A treatment planning CT scan will be used to define
the clinical and planning target volumes, and the critical
normal structures. The treatment planning CT will be
acquired with the patient supine, set up in the same
position as for daily treatments, and immobilized using a
combi-fix. The CT scan of the pelvis should start at or
above the iliac crest down to below the perineum (below
the ischial tuberosities). All tissues to be irradiated must
be included in the CT scan. CT scan thickness should be
≤0.5 cm through the region that contains the target
volumes (i.e., from the bottom of the sacroiliac joints
down to the penile urethra). The regions above and
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below the target volume region may be scanned with
slice thickness ≤ 1.0 cm. Contrast may be used for
simulation but can distort the anatomy slightly and so is
not recommended. The bladder should be reasonably
full for simulation, keeping in mind that patients may
not be able to maintain as full a bladder during
radiotherapy. Having a full bladder at simulation ensures
that the clinical target volume (CTV) will be of maximal
dimensions.

Clinical target volume (CTV) (prostate bed)

The CTV will extend from the top of the penile bulb
inferiorly, or 1.5 cm below the urethrogram peak if done,
to just above the pubic symphysis superiorly (at least for
the anterior-most portion of the bladder). Laterally, the
CTV will extend from the medial edge of one obturator
internus muscle to the other. Anteriorly the CTV will
include the entire bladder neck until the mid-pubic
symphysis, where a gradual reduction off of the anterior
bladder is made. Posteriorly, the CTV is defined by the
anterior-most aspects of the anus-rectum. The CTV
may be increased (not decreased) beyond these limits
based on pre-prostatectomy imaging information. The
seminal vesicles or remnants thereof, if identified on CT
or MRI as being present, will receive the full dose. The
immediate periprostatic bed surgical clips should receive
the full dose. The pelvic lymph nodes are not to be included in the CTV on this protocol.

Planning target volume (PTV)

The PTV margins should be a 0.5–1.5 cm in all dimensions. 95% of the PTV must receive the prescribed dose.
Care should be taken to conform the prescribed dose as
closely to the PTV as possible, so as to avoid including
the entire width of the rectum in the posterior blocked
margin at the bladder neck-rectum interface. The maximum dose heterogeneity allowable in the PTV will be
10%; a variation will be > 10% and a violation > 15%.
The critical normal structures are the bladder, rectum,
and femoral heads. The normal tissues will be contoured
and considered as solid organs.
 The bladder should be contoured from its base to

the dome, excluding the CTV (the CTV includes
the bladder neck).
 The rectum should be contoured from the anus
(at the level of the ischial tuberosities) to the
rectosigmoid flexure (this is roughly at about 10 cm)
or for a maximum length of 15 cm if the sigmoid
flexure if felt to be higher.
 Each femoral head should be outlined down to the
interface between the greater and lesser trochanters.
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Early stopping guidelines

In the absence of treatment delays because of adverse
events, treatment will continue for 6 months or until
one of the following criteria applies:






Patient decides to withdraw from the study
Disease progression
Symptomatic disease progression at any time
Objective clinical disease progression
Intercurrent illness that prevents further
administration of treatment
 Unacceptable adverse event(s) that may or may not
be directly related to treatment but that, in the
judgment of the treating physician, makes it
dangerous for the patient to be retreated
 General or specific changes in the patient’s condition
that render the patient unacceptable for further
treatment, in the judgment of the investigator
Because an excessive rate of withdrawals can render
the study uninterpretable, unnecessary withdrawal of
patients should be avoided. When a patient discontinues
treatment early, the investigator should make every effort to contact the patient and to perform a final evaluation. The reason(s) for withdrawal should be recorded.
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24 months of additional follow-up to reach 39 events.
Because the study duration is as long as 3.5 years,
some patients may be lost to follow-up before that
and their time to PSA progression will be censored at
the last date of PSA measurement. A non-evaluable
and loss-to-follow-up rate of 15% is used to estimate
the total number of participants.
Data analysis
 FFPP will be summarized using Kaplan-Meier








Statistical analysis
Sample size and accrual

Based on the largest multi-institutional SRT series
published at the time of this study design in which patients received SRT followed by observation until the
PSA reached ≥0.2 ng/mL above the post-SRT nadir, the
2-year FFPP was approximately 60% with SRT [30]. For
our primary endpoint of 2-year FFPP we expect an
absolute 20% improvement with the treatment of SRT+
enzalutamide (2-year FFPP 80%) over SRT alone (2-year
FFPP 60%).
We assume an accrual time of 18 months, with > 24
months of additional follow-up time. FFPP at 2 years improved from 60 to 80%, a 20% increase (corresponding
to a hazard ratio of 0.44 under the assumption of exponential distribution of event times) corresponds to 39
events total of PSA progression (for example 26 in Arm
A, and 13 in Arm B) with a 90% power to detect an improvement of, using a one-sided log-rank test at significance level 0.1. Adjusting for 15% non-evaluable or
dropout patients, we will randomize a total of 122
patients (61 patients in each arm).
The power of the study is driven by the number of
PFS progression events. The design requires 39 events
when the analysis of the primary endpoint is
conducted. Under the assumption that there are not
non-evaluable patients or no dropout, a total of 102
patients need to be enrolled over 18 months with >

method by treatment arms. FFPP curves will also be
displayed graphically. Differences in FFPP between
treatment arms will be compared by the log rank
test. The Cox proportional hazards model will be
fitted, and the estimated hazard ratio (Arm B/Arm
A) and corresponding 95% CI will be provided.
FFPP probability will be estimated using the
Kaplan-Meier method
Additionally, Cox regression models will be used to
explore the potential influences of the other factors
on the primary FFPP endpoints.
Time-to-event endpoints, time to local recurrence,
and radiographic MFS will be analyzed similarly as
described for the FFPP.
For safety analysis, overall safety profile and
toleration of Arm A and Arm B will be
characterized by type, frequency, severity, timing
and relationship of study therapy of adverse events
and laboratory abnormalities. Adverse events will be
summarized by the frequency of patients
experiencing treatment emergent adverse events
corresponding to body systems and by worst NCI
CTCAE (version 4.0) grade.

Response criteria
Analysis of the primary endpoint

The primary objective of the study is to evaluate the
efficacy of the two treatment regimens based on
freedom-from-PSA-progression (FFPP). FFPP is defined
as the time from randomization to the date of PSA progression. A subject who does not have PSA progression
at the time of the analysis will be censored at the last
date of PSA measurement. In patients who achieve an
undetectable PSA value (defined as ≤0.1 ng/mL), PSA
progression is defined as a detectable PSA value (≥0.2
ng/mL) that is confirmed by a second consecutive PSA
value obtained ≥8 weeks later which is higher (and ≥ 0.4
ng/mL). In patients who do not achieve an undetectable
PSA, PSA progression is defined as a 0.2 ng/mL increase
from nadir that is confirmed by a second consecutive
PSA value obtained ≥8 weeks later which is higher.
It is very unlikely that deaths in the time frame of this
trial will be from prostate cancer. Censoring the subjects
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that have died at the date of the last PSA measurement
before death will be performed (as we will not know if
PSA changes in the interval) unless there is clear
evidence of death from prostate cancer or treatment per
the treating physician and/or by autopsy.
Analysis of secondary endpoints

The first secondary endpoint is time to local recurrence
within the radiation field, defined as the time from
randomization to the date of local recurrence of disease.
Subjects who do not have local recurrence will be
censored on the date of their last evaluable tumor
assessment for local recurrence. Subjects who start any
subsequent anti-cancer therapy without a prior reported
local recurrence will be censored at the last evaluable
tumor assessment prior to initiation of the subsequent
anti-cancer therapy.
The second secondary endpoint is MFS, defined as the
time from randomization to the date of metastasis or
death from any cause up to 90 days following the last
response assessment, whichever occurs first. A subject
who does not have metastasis and is alive will be
censored at the last date of tumor assessment.
Time-to-event endpoints (time to local recurrence and
MFS) will be analyzed similarly as described for the
primary endpoint (FFPP).
Adverse events will be summarized by the frequency
of patients experiencing treatment emergent adverse
events corresponding to body systems and by worst NCI
CTCAE (version 4.0) grade.

Discussion
Certain high-risk features, such as Gleason score 8–10,
positive lymph nodes, positive surgical margins or seminal vesicles invasion, will put men with prostate cancer
at high risk for disease recurrence following radical prostatectomy [3–8]. In these individuals with biochemically
recurrent disease, SRT offers a second chance for cure.
However, despite this, rates of failure after SRT remain
high [9]. The addition of ADT to this regimen may improve its clinical effectiveness and decreases the risk of
biochemical failure, but does so at the cost of increased
side effects. The SALV-ENZA trial builds on the prior
RTOG 96–01 and GETUG-16 studies, while using a
newer more potent anti-androgen enzalutamide.
Whether the addition of hormonal therapy to SRT improves distant metastases and survival in a more
contemporary high-risk cohort of men who present with
low pre-SRT PSA is an area in need of investigation [2].
SALV-ENZA is investigating the safety and effectiveness
of adding enzalutamide to SRT for just such a high-risk
cohort of men who have rising PSA levels following
prostatectomy. SALV-ENZA is among the first phase II
placebo-controlled double-blinded randomized studies
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to test SRT in combination with a next generation antiandrogen receptor antagonist in men with contemporary
high-risk recurrent prostate cancer after radical prostatectomy. However, a number of additional SRT phase II
randomized studies investigating other next generation
anti-androgen receptor antagonists are now activated or
soon will be (NCT03141671 and NCT03371719). We
hope together these collective trials illuminate possibly
better treatment options for these high-risk men with
biochemical failure following prostatectomy and facilitate further interrogation in the phase III setting.
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LHRH: Luteinizing hormone-releasing hormone; M0 : Non-metastatic;
MFS: Metastasis-free survival; MRI: Magnetic resonance imaging;
MUGA: Multi-gated acquisition scan; NCI: National Cancer Institute;
NYHA: New York Heart Association; pG: Pathological Gleason; pN0: Node
negative; PO: Per os (by mouth); PSA: Prostate-specific antigen;
PSADT: Prostate-specific antigen doubling time; PTV: Planning target volume;
QoL: Quality of life; SAE: Serious adverse event; SGOT: Serum glutamic
oxaloacetic transaminase; SGPT: Serum glutamic-pyruvic transaminase;
SKCCC: Sidney Kimmel Comprehensive Cancer Center; SRT: Salvage
radiotherapy; WBC: White blood cell
Acknowledgements
We would like to thank the following team members for their contribution
to the success of this on-going trial: Helen Kim, Terry Caldwell, Loretta
Hollifield, Ella-Mae Shupe and Shirl Dipasquale.
Author’s contributions
Study conception: ESA & PTT. Study design: HW, ESA & PTT. Revision of the
study: TMB, DYS, TLD, CD, MG, SG, NBD, EIH, SL, AYH, HW, ESA, & PTT.
Drafting manuscript: RK, MPD, RM, NR, MK, IC, MG. All authors have approved
the manuscript.
Funding
Astellas Pharma Inc. PTT is also funded by the Nesbitt-McMaster Foundation,
Ronald Rose & Joan Lazar; Movember Foundation, Prostate Cancer Foundation; Commonwealth Foundation; NIH/NCI (R01CA166348 and
U01CA2120007). The study funder had no role in the study design; collection,
management, analysis, and interpretation of data; writing of the report; and
the decision to submit the report for publication, including whether they will
have ultimate authority over any of these activities.
Availability of data and materials
Raw data is not currently available for publication as the trial is still accruing
patients and has not undergone interim analysis.
Ethics approval and consent to participate
This study will be carried out in compliance with the protocol and Good
Clinical Practice, as described in: ICH Harmonized Tripartite Guidelines for
Good Clinical Practice 1996; US 21 Code of Federal Regulations dealing with
clinical studies (including parts 50 and 56 concerning informed consent and
Institutional Review Board (IRB) regulations); and the Declaration of Helsinki,
concerning medical research in humans (Recommendations Guiding
Physicians in Biomedical Research Involving Human Subjects, Helsinki 1964,
amended Tokyo 1975, Venice 1983, Hong Kong 1989, Somerset West 1996).
The investigator agrees to adhere to the instructions and procedures
described in it and thereby to adhere to the principles of Good Clinical
Practice. Written informed consent is obtained from each patient before any

Kapoor et al. BMC Cancer

(2019) 19:572

study-specific procedure takes place. Participation in the study and date of
informed consent are being documented appropriately in each patient’s files.
A Data Monitoring Committee is in place to monitor the trial. Data and
safety monitoring oversight is conducted by the Sidney Kimmel
Comprehensive Cancer Center (SKCCC) at Johns Hopkins Safety Monitoring
Committee. Per the SKCCC at Johns Hopkins Safety Monitoring plan, the
CRO AQ will forward summaries of all monitoring reports to the Safety
Monitoring Committee for review.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Department of Radiation Oncology and Molecular Radiation Sciences,
Sidney Kimmel Comprehensive Cancer Center, Johns Hopkins Hospital, 1550
Orleans Street, CRB2 Rm 406, Baltimore, MD 21231, USA. 2Department of
Medical Oncology, Sidney Kimmel Comprehensive Cancer Center, Johns
Hopkins Hospital, 1650 Orleans Street, CRB1 Rm 1M45, Baltimore, MD 21231,
USA. 3The James Buchanan Brady Urological Institute and Department of
Urology, Johns Hopkins University School of Medicine, Baltimore, MD, USA.
4
Department of Pathology, Johns Hopkins University School of Medicine,
Baltimore, MD, USA. 5OHSU Knight Cancer Institute, Oregon Health & Science
University, Portland, OR, USA. 6Department of Radiation Oncology, University
of Michigan, Ann Arbor, MI, USA. 7Department of Radiation Oncology,
University of Texas Southwestern Medical Center, Dallas, TX, USA. 8Karmanos
Cancer Institute, Department of Oncology, Wayne State University School of
Medicine, Detroit, MI, USA. 9Department of Radiation Oncology and Cellular
Oncology, University of Chicago, Chicago, IL, USA. 10Department of Radiation
Medicine, OHSU Knight Cancer Institute, Oregon Health & Science University,
Portland, OR, USA.
Received: 12 June 2018 Accepted: 6 June 2019

References
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin. 2018;
68(1):7–30.
2. Spratt DE, Dess RT, Zumsteg ZS, Lin DW, Tran PT, Morgan TM, Antonarakis
ES, Nguyen PL, Ryan CJ, Sandler HM, et al. A systematic review and
framework for the use of hormone therapy with salvage radiation therapy
for recurrent prostate Cancer. Eur Urol. 2018;73(2):156–65.
3. Anscher MS, Clough R, Robertson CN, Prosnitz LR, Dahm P, Walther P,
Donatucci CF, Albala DM, Febbo P, George DJ, et al. Timing and patterns of
recurrences and deaths from prostate cancer following adjuvant pelvic
radiotherapy for pathologic stage T3/4 adenocarcinoma of the prostate.
Prostate Cancer Prostatic Dis. 2006;9(3):254–60.
4. Carver BS, Bianco FJ Jr, Scardino PT, Eastham JA. Long-term outcome
following radical prostatectomy in men with clinical stage T3 prostate
cancer. J Urol. 2006;176(2):564–8.
5. D'Amico AV, Chen MH, Catalona WJ, Sun L, Roehl KA, Moul JW. Prostate
cancer-specific mortality after radical prostatectomy or external beam
radiation therapy in men with 1 or more high-risk factors. Cancer.
2007;110(1):56–61.
6. Dong F, Kattan MW, Steyerberg EW, Jones JS, Stephenson AJ, Schroder FH,
Klein EA. Validation of pretreatment nomograms for predicting indolent
prostate cancer: efficacy in contemporary urological practice. J Urol.
2008;180(1):150–4 discussion 154.
7. Roehl KA, Han M, Ramos CG, Antenor JA, Catalona WJ. Cancer progression
and survival rates following anatomical radical retropubic prostatectomy in
3,478 consecutive patients: long-term results. J Urol. 2004;172(3):910–4.
8. Stephenson AJ, Scardino PT, Eastham JA, Bianco FJ Jr, Dotan ZA, DiBlasio CJ,
Reuther A, Klein EA, Kattan MW. Postoperative nomogram predicting the
10-year probability of prostate cancer recurrence after radical
prostatectomy. J Clin Oncol. 2005;23(28):7005–12.
9. Tendulkar RD, Agrawal S, Gao T, Efstathiou JA, Pisansky TM, Michalski JM,
Koontz BF, Hamstra DA, Feng FY, Liauw SL, et al. Contemporary update of a
multi-institutional predictive nomogram for salvage radiotherapy after
radical prostatectomy. J Clin Oncol. 2016;34(30):3648–54.

Page 9 of 10

10. Han M, Partin AW, Pound CR, Epstein JI, Walsh PC. Long-term biochemical
disease-free and cancer-specific survival following anatomic radical
retropubic prostatectomy. The 15-year Johns Hopkins experience.
Urol Clin North Am. 2001;28(3):555–65.
11. Parker C, Warde P, Catton C. Salvage radiotherapy for PSA failure after
radical prostatectomy. Radiother Oncol. 2001;61(2):107–16.
12. Catton C, Gospodarowicz M, Warde P, Panzarella T, Catton P, McLean M,
Milosevic M. Adjuvant and salvage radiation therapy after radical
prostatectomy for adenocarcinoma of the prostate. Radiother Oncol.
2001;59(1):51–60.
13. Choo R, Hruby G, Hong J, Hong E, DeBoer G, Danjoux C, Morton G, Klotz L,
Bhak E, Flavin A. Positive resection margin and/or pathologic T3
adenocarcinoma of prostate with undetectable postoperative prostatespecific antigen after radical prostatectomy: to irradiate or not? Int J Radiat
Oncol Biol Phys. 2002;52(3):674–80.
14. Taylor N, Kelly JF, Kuban DA, Babaian RJ, Pisters LL, Pollack A. Adjuvant and
salvage radiotherapy after radical prostatectomy for prostate cancer.
Int J Radiat Oncol Biol Phys. 2003;56(3):755–63.
15. Zelefsky MJ, Aschkenasy E, Kelsen S, Leibel SA. Tolerance and early outcome
results of postprostatectomy three-dimensional conformal radiotherapy. Int
J Radiat Oncol Biol Phys. 1997;39(2):327–33.
16. Chawla AK, Thakral HK, Zietman AL, Shipley WU. Salvage radiotherapy after
radical prostatectomy for prostate adenocarcinoma: analysis of efficacy and
prognostic factors. Urology. 2002;59(5):726–31.
17. Song DY, Thompson TL, Ramakrishnan V, Harrison R, Bhavsar N, Onaodowan
O, DeWeese TL. Salvage radiotherapy for rising or persistent PSA after
radical prostatectomy. Urology. 2002;60(2):281–7.
18. Liauw SL, Webster WS, Pistenmaa DA, Roehrborn CG. Salvage radiotherapy
for biochemical failure of radical prostatectomy: a single-institution
experience. Urology. 2003;61(6):1204–10.
19. Shipley WU, Seiferheld W, Lukka HR, Major PP, Heney NM, Grignon DJ,
Sartor O, Patel MP, Bahary JP, Zietman AL, et al. Radiation with or without
antiandrogen therapy in recurrent prostate Cancer. N Engl J Med.
2017;376(5):417–28.
20. Carrie C, Hasbini A, de Laroche G, Richaud P, Guerif S, Latorzeff I, Supiot S,
Bosset M, Lagrange JL, Beckendorf V, et al. Salvage radiotherapy with or
without short-term hormone therapy for rising prostate-specific antigen
concentration after radical prostatectomy (GETUG-AFU 16): a randomised,
multicentre, open-label phase 3 trial. Lancet Oncol. 2016;17(6):747–56.
21. Scher HI, Beer TM, Higano CS, Anand A, Taplin ME, Efstathiou E, Rathkopf D,
Shelkey J, Yu EY, Alumkal J, et al. Antitumour activity of MDV3100 in
castration-resistant prostate cancer: a phase 1-2 study. Lancet.
2010;375(9724):1437–46.
22. Scher HI, Fizazi K, Saad F, Taplin ME, Sternberg CN, Miller K, de Wit R,
Mulders P, Chi KN, Shore ND, et al. Increased survival with
enzalutamide in prostate cancer after chemotherapy. N Engl J Med.
2012;367(13):1187–97.
23. Vickers AJ. How to randomize. J Soc Integr Oncol. 2006;4(4):194–8.
24. Beer TM, Armstrong AJ, Rathkopf DE, Loriot Y, Sternberg CN, Higano CS,
Iversen P, Bhattacharya S, Carles J, Chowdhury S, et al. Enzalutamide in
metastatic prostate cancer before chemotherapy. N Engl J Med.
2014;371(5):424–33.
25. Shore ND, Chowdhury S, Villers A, Klotz L, Siemens DR, Phung v OS,
Hasabou N, Wang F, Bhattacharya S, et al. Efficacy and safety of
enzalutamide versus bicalutamide for patients with metastatic prostate
cancer (TERRAIN): a randomised, double-blind, phase 2 study.
Lancet Oncol. 2016;17(2):153–63.
26. Heidenreich A, Chowdhury S, Klotz L, Siemens DR, Villers A, Ivanescu C,
Holmstrom S, Baron B, Wang F, Lin P, et al. Impact of enzalutamide
compared with Bicalutamide on quality of life in men with metastatic
castration-resistant prostate Cancer: additional analyses from the TERRAIN
randomised clinical trial. Eur Urol. 2017;71(4):534–42.
27. Tombal B, Borre M, Rathenborg P, Werbrouck P, Van Poppel H,
Heidenreich A, Iversen P, Braeckman J, Heracek J, Baron B, et al. Longterm antitumor activity and safety of enzalutamide monotherapy in
hormone naive prostate Cancer: 3-year open label Followup results.
J Urol. 2018;199(2):459–64.
28. Ghashghaei M, Paliouras M, Heravi M, Bekerat H, Trifiro M, Niazi TM, Muanza
T. Enhanced radiosensitization of enzalutamide via schedule dependent
administration to androgen-sensitive prostate cancer cells. Prostate.
2018;78(1):64–75.

Kapoor et al. BMC Cancer

(2019) 19:572

29. Michalski JM, Lawton C, El Naqa I, Ritter M, O'Meara E, Seider MJ, Lee WR,
Rosenthal SA, Pisansky T, Catton C, et al. Development of RTOG consensus
guidelines for the definition of the clinical target volume for postoperative
conformal radiation therapy for prostate cancer. Int J Radiat Oncol Biol Phys.
2010;76(2):361–8.
30. Stephenson AJ, Scardino PT, Kattan MW, Pisansky TM, Slawin KM, Klein EA,
Anscher MS, Michalski JM, Sandler HM, Lin DW, et al. Predicting the
outcome of salvage radiation therapy for recurrent prostate cancer after
radical prostatectomy. J Clin Oncol. 2007;25(15):2035–41.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 10 of 10

