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Abstract

Purpose—Accurate identification of the source of a detectable serum PSA in the
postprostatectomy setting is a major challenge amongst the urologic community. The aim of this
study was to assess positivity rates of imaging examinations performed in patients with early PSA
rise after prostatectomy; and to summarize the management strategies adopted in this clinical
scenario.

Methods—IRB-approved retrospective study of 142 post-prostatectomy patients with PSA rise
up to 1 ng/mL who underwent evaluation with combination of multiparametric pelvic MRI +/-
whole-body or bone MRI, bone scintigraphy (BS), CT chest-abdomen-pelvis (CT-CAP), FDG-
PET/ CT and/or NaF-PET/CT at a single tertiary cancer center. Imaging results were summarized
per modality and compared to pathology findings.

Results—Pelvic MRI was positive in 15/142 (11%) patients (14 patients with local recurrence in
the surgical bed and 1 patient with pelvic osseous metastases). Ten of these 15 patients underwent
additional imaging exams; none revealed positive findings. Of the 127 patients with negative
pelvic MRI, 54 (43%) underwent additional imaging exams; only 1/54 had positive findings (false
positive T8 lesion on BS and FDG-PET/CT-biopsy negative for cancer). 12/16 patients with
positive imaging findings and 75/126 (60%) patients with negative imaging received treatment
(radiation, hormones and/or chemotherapy).

Conclusion—conventional imaging identified sites of disease, almost always in the form of local
recurrence, in a minority of patients with early PSA rise post-prostatectomy.
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INTRODUCTION

Radical prostatectomy is an established option for the definitive treatment of clinically
significant prostate cancer. Despite the adequate oncologic control and low complication
rates achieved with the current surgical approaches, a percentage of patients are faced with
disease recurrence, usually manifesting first as detectable serum prostate-specific antigen
(PSA) levels. Accurate identification of the source of a rising PSA in the post-prostatectomy
setting is currently a major challenge amongst the urologic oncology community. Current
guidelines recommend the consideration of salvage radiotherapy (SRT) to the prostate bed in
patients with biochemical recurrence after prostatectomy [1-3]. Several reports have found
that SRT is more effective in achieving durable PSA suppression when treating patients with
lower PSA levels, and thus SRT is being increasingly administered to patients with the initial
manifestation of a rising detectable PSA [4]. Despite this, the likelihood of maintaining an
undetectable PSA at two years after such treatment is often less than 40%, especially among
high-risk patients with elevated Gleason scores [5; 6]. A number of factors may contribute to
the failure of SRT, one of which is the presence of undetected metastatic sites of disease
outside of the pelvic radiation treatment field.

Conventional imaging modalities for the detection of post-prostatectomy recurrence include
magnetic resonance imaging (MRI), bone scintigraphy (BS), computed tomography (CT)
and positron-emission tomography (PET). A combination of these is typically applied, and
there are many reports documenting the use of these techniques, in particular MR, for the
detection of recurrent disease [7—13]. However, all of these studies include patients with
relatively high PSA levels, although some do document less optimal performance in patients
with lower PSA values. It is clear that better techniques for disease localization in patients
with early PSA rise are desirable, and several experimental approaches are undergoing initial
evaluation for use in this context. Before implementing new strategies, better understanding
of the baseline scenario with the current standard of care tools is necessary for
benchmarking. To date, no studies have reported on the use of conventional imaging
specifically for the assessment of early postprostatectomy PSA rise. Thus, the purpose of
this study was to assess the positivity rates of imaging examinations performed in patients
with early PSA rise (1.0 ng/mL) after radical prostatectomy; and to summarize the
management strategies (e.g. biopsies, treatments) adopted in parallel with imaging in this
patient population.

METHODS

Patients

The Institutional Review Board approved this retrospective study and issued a waiver of
informed consent. Inclusion criteria were: (i) Radical prostatectomy with subsequent serum
PSA drop to undetectable levels; (ii) Imaging performed for the evaluation of early PSA rise
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< 1 ng/mL between October 2014 and August 2015. 285 patients fulfilled these inclusion

criteria. Patients with prior pelvic radiation and/or hormone therapy within 90 days prior to
imaging (n=143) were excluded. Thus, the final study population consisted of 142 patients.
Clinical and demographic characteristics of the patient population are presented in Table 1.

Imaging
The use of MRI, bone scintigraphy, CT and PET is not standardized at our institution with
regards to the optimal timing for performing them or the preferred imaging modality. In
general, patients undergo a combination of these studies to assess for local recurrence (i.e
prostatectomy bed) and distant disease. mp-MRI was performed using a standard acquisition
protocol (see supplementary methods) which includes axial T1-weighted, multiplanar T2-
weighted, diffusion-weighted (DW) and contrast-enhanced sequences. Whole body bone
scintigraphy was performed approximately 3 hours following the 1V injection of 25 mCi
MDP-2"T¢, 18FFluorodeoxyglucose (FDG) PET/CT was acquired approximately 60 min
following the 1V injection of 12 mCi FDG and 8F-sodium fluoride (NaF) PET/CT was
acquired approximately 60 min following the 1V injection of 10 mCi NaF.

The imaging reports issued as part of standard clinical care were reviewed in consensus by 3
urologic oncology fellows. At our institution, all radiology reports indicate the radiologist’s
subjective level of certainty for the presence of recurrent disease using a lexicon scale as
previously reported [14; 15]. This Lexicon has been in place for all radiologic examinations
(except breast imaging) since 2009 and consists of a 5-point scale ranging from 1:
recurrence unlikely (<10% probability) to 5: findings consistent with recurrence (>90%
probability).

Statistical Analysis

For analysis, imaging findings were dichotomized as positive (score of 4-5) versus negative
(scores of 1-3) according to our institutional lexicon. The proportion and nature of positive
imaging findings for each imaging modality were described using summary statistics. The
clinical strategies adopted within 1 month of the first imaging study performed are also
reported using a similar approach. When biopsies were performed, the official pathology
report was reviewed and compared to the imaging findings reported. Odds ratio with 95% ClI
is reported for the association between serum PSA levels and positive imaging findings.

RESULTS

The median PSA at the time of imaging was 0.21 ng/mL (interquartile range 0.15-0.36 ng/
mL). There was a significant association between higher PSA levels and positive imaging
findings (Odds Ratio: 26.6 (95% ClI: 3.1-230.6); p=0.0029) (Figure 1). Radical
prostatectomy Gleason Score was 3+3 in 8 patients; 3+4 in 53 patients; 4+3 in 51 patients;
>4+4 in 28 patients and not available in 2 patients. There was extracapsular extension at
prostatectomy in 99/142 patients and seminal vesicle invasion in 28/142 patients. The
median interval between radical prostatectomy and imaging was 933 days (range 59-5572
days).
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All 142 patients underwent at least one imaging exam. Pelvic MRI was performed in all
patients; and was positive in 15/142 (11%) patients (in 14 patients it showed local recurrence
in the prostatectomy bed and in 1 patient it showed a pelvic osseous metastasis [Figure 2]).
None of these patients had abnormal lymph nodes on pelvic MRI. The median PSA of
patients with positive pelvic MRI findings was 0.18 ng/mL (range 0.07-0.9); and their
median time from prostatectomy to imaging was 983 days (range 152-4288 days).
Prostatectomy Gleason score was 3+4 in 6/15 patients, 4+3 in 6/15 patients, =4+4 in 2/15
patients and unknown in 1/15 patient. 13/15 patients had extracapsular extension; 5/15
patients had seminal vesicle invasion and 7/15 patients had positive surgical margins on the
radical prostatectomy specimen. Ten of these 15 patients underwent additional imaging
exams; none revealed local recurrence in the prostatectomy bed or additional positive
findings. Prostatectomy bed biopsy was performed in 5 of the 14 patients with local disease
identified on MRI; pathologic evaluation was positive for recurrence in 4/5 of these patients.
Of the 15 patients with positive imaging findings on pelvic MRI, 12 received treatment (3/12
received salvage radiation, 8/12 received combined salvage radiation and androgen
deprivation therapy and 1 received systemic chemotherapy), 1 patient declined treatment, in
1 patient salvage radiation was considered but withheld due to toxicity risk in view of
coexisting inflammatory bowel disease; and 1 patient was lost to follow-up.

Of the 127 patients with negative pelvic MRI, 54 (43%) underwent additional imaging
exams; which were positive in 1/28 BS (thoracic spine lesion, outside the field of view of
prostate MRI, biopsy negative for malignancy), 0/18 CT chest-abdomen-pelvis (CAP), 0/14
MRI (whole body or abdominal or spine), 1/4 FDG PET (same patient with false positive T8
lesion on BS) and 0/10 NaF PET. Of the 126 patients with negative findings on imaging, 75
(60%) were treated with salvage radiation with or without androgen deprivation therapy, 46
(37%) were managed with observation. Five patients with negative imaging were lost to
follow-up. The median PSA of patients with negative imaging findings was 0.14 ng/mL
(range <0.05-0.93).

DISCUSSION

In this study we document that conventional imaging studies have a low yield for localizing
sites of recurrent disease in patients with early PSA rise after radical prostatectomy. Local
recurrence in the prostatectomy bed was identified in 14/142 patients, while distant disease
(pelvic osseous metastasis), was only detected in 1/142 patients. Despite this, the majority of
patients with negative imaging went on to have empirical salvage radiation treatment, alone
or in combination with androgen deprivation therapy.

This finding is relevant as it highlights the fact that salvage RT is often done empirically
without clear evidence of potential sites of disease recurrence. Although several studies have
found associations between improved outcomes and lower PSA levels at the time of SRT
[16] [17] [18], SRT failure rates are as high as 40% have also been reported [19].

Several factors have been implicated in this relatively poor performance, one of the most
intuitive being the inclusion of patients with extra-pelvic metastatic disease that is not
detected with conventional imaging techniques, and remains untreated after SRT due to its
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location outside of the pelvic template used for SRT. It is postulated that if such patients
could be identified prior to treatment, the increased risk for radiation-related morbidities and
the health care costs incurred for expensive courses of SRT which would ultimately prove
ineffective would be avoided. At the same time, applying SRT to patients with disease
localized to the pelvis would ultimately improve the local control rates.

Prior reports have hinted at the relatively limited use of bone scans and CT in the post-
prostatectomy setting, even though these studies often evaluated patients with much higher
PSA levels than the ones reported in our study as they were not specifically focusing on the
setting of early biochemical recurrence. In a study by Moreira et al, bone scans were positive
in <5% of post-prostatectomy patients with a PSA <4.9 ng/mL [20]. Dotan et al reported
bone scan positivity in 4% of post-prostatectomy patients with PSA <10 ng/mL (median 8.4
ng/mL) [21]. A study evaluating the CT appearance of 22 cases of pathologically confirmed
local recurrence after radical prostatectomy, positive findings on CT were found in only 8/22
patients (36%), all of which had recurrent masses = 2cm. [22]. Serum PSA was not reported
in that study. MRI is considered the imaging modality of choice for the evaluation of local
recurrence. In one study, for detecting recurrence in the prostate bed after RP, the area under
the curve for a combined T2-weighted and contrast-enhanced approaches were 0.86 and 0.88
for two independent readers [13]. Other groups have also reported a high sensitivity of MRI
to identify local recurrence after prostatectomy; the median PSA levels of patients included
in those studies are substantially higher than the PSA levels in patients with early PSA rise
reported in this manuscript [7; 23; 24]. Our patient population is more comparable to 11
patients with suspected post-RP recurrence and a mean PSA of 0.24+0.13 ng/mL reported
by Rischke et al. [12], all of whom had a negative prostate MRI as part of their pre-SRT
workup. We did not find any imaging evidence of metastatic lymphadenopathy in our patient
population, but others have reported their presence in other cohorts. Kitajima et al. have
investigated the use of MRI to identify local recurrences and lymph node metastases in a
retrospective series of 115 patients with recurrent prostate cancer using histology as a
reference standard [9]. A subset of 70 patients (median PSA 2.5 ng/mL) was studied by
contrast-enhanced and diffusion-weighted MRI acquired on 1.5 T and 3 T scanners. The
sensitivity of MRI for local recurrence and pelvic lymph node metastases was 89% and
64%, respectively [9]. Hernandez et al evaluated 70 patients with a median PSA of 0.38
(range 0.00-8.05), and identified 7 (10%) of patients with nodal metastases [25]. There was
no pathologic correlation for the nodal findings, and it is unclear if patients receiving ADT
at the time of imaging were included in the analysis.

In addition to its use for local staging of PCa, MRI is considered the most sensitive
conventional imaging modality for the detection of bone marrow involvement by PCa.
Despite this, technical factors have limited its use to single anatomical areas (e.g., pelvis or a
specific bone). More recently, technological advances have led to the feasibility of
examining multiple anatomical stations using MRI in under one hour. Although the state-of-
the-art equipment and technical expertise for acquisition and interpretation of whole-body
MRI (WB-MRI) surveys is not yet universally available, its value is being increasingly
identified in the literature [26-28]. However, specifically in the context of early PSA rise
after prostatectomy, none of the whole-body MRIs performed in our study yielded a positive
finding.
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PET/CT has also been evaluated in the context of post-prostatectomy recurrence. Although
FDG PET has limited usefulness in the assessment of localized newly-diagnosed prostate
cancer, Schoder et al reported a serum PSA of 2.4 ng/mL as best cutoff for the detection of
local recurrence or metastatic disease after prostatectomy by FDG PET [29]. Other PET
tracers have also been investigated. The diagnostic accuracy of choline PET/CT in recurrent
prostate cancer has been summarized in two meta-analyses [30; 31]. Umbehr et al. analyzed
the results of 12 studies including 1,095 patients and found a pooled sensitivity of 85% on a
patient basis, but the mean PSA level in these studies was 7.9 ng/mL [31]. Evangelista et al.
analyzed 19 studies including 1,555 patients. They report a pooled sensitivity/specificity for
local recurrence and lymph node metastases of 75%/82% and 100%/82%, respectively.
However, the authors also emphasize that the frequency of positive choline PET/CT is low
(£ 20%) if the PSA is less than 1.0 ng/mL or if the PSA doubling time is more than three
months [32; 33].

PET imaging using the leucine analog 18F-FACBC (1-amino-3-fluorine 18-
fluorocyclobutane-1-carboxylic acid) has been studied in both primary and recurrent PCa
[34; 35]. FACBC PET/CT was found to perform significantly better than SPECT with the
prostate-specific membrane antigen (PSMA) antibody 111In-capromab for detection of local
recurrence and extraprostatic disease in a group of 93 patients with biochemical recurrence
after primary therapy [36]. The median PSA in this study was 4.0 ng/mL and therefore
markedly higher than the target population in our study. In a study of 28 patients with
biochemical recurrence after primary therapy, FACBC PET/CT visualized prostate cancer
with higher contrast than 11C-choline PET/CT [35]. Mean PSA in this study was 2.9 ng/mi
(range of 0.2-14.6), again markedly higher than the patients included in the current study.

A recent study included a subpopulation of 12 patients with a PSA of less than 0.2 ng/ml
undergoing 88Ga-HBED-CC-PSMA PET/CT in the setting of biochemical recurrence of
prostate cancer. The population was heterogeneous including a combination of post-
prostatectomy and post-radiation patients. PSMA PET/CT was positive in 13 cases (48%).
This positivity rate is markedly higher than reported for any other imaging modality. While
these results are highly promising, the study did not perform systematic pathologic
verification of the positive imaging findings, nor did it describe the location of the positive
findings to determine if recurrence was due to pelvic vs extra-pelvic sites of disease.
Furthermore, the analysis included patients with castration-resistant prostate cancer
receiving ADT and patients that had received radiotherapy prior to the PET scan.

Our study had several limitations. Most importantly, it is retrospective, and since there were
no standardized indications for imaging there is heterogeneity with regards to the timing,
frequency and choice of imaging modalities applied. Also, pathologic confirmation of
positive findings was not performed in all patients. While it is certainly a limitation, this
reflects actual practice where biopsy confirmation, although desirable, is not always possible
or feasible for management decision-making. In addition, although 4 out of 5 biopsies
performed in patients with MR detected local recurrences were positive, the biopsy was
negative in 1 patient. This highlights the fact that specificity is also important, although it
must also be acknowledged that small recurrences may be difficult to target with biopsy and
therefore a negative biopsy does not completely rule out the presence of local recurrence.
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Finally, some patients in our study had an undetectable PSA at the time of MRI. Typically,
these patients have been assessed for suspicious symptoms and/or a detectable PSA at an
outside laboratory, however repeat PSA at our institution closer to the time of the MRI is
undetectable. None of these patients had positive imaging findings.

In summary, our study documents the suboptimal performance of standard of care imaging
techniques for localizing sites of disease in patients with early PSA rise after prostatectomy.
The findings highlight the need for more accurate assessment methods in this patient
population and provide baseline data relevant to the design of prospective trials evaluating
the incremental value of novel techniques used to be used in this scenario. A recently
published study suggests a diagnostic technology capable of identifying whether men with
biochemical recurrence after radical prostatectomy have localized versus metastatic disease
would be a cost-effective alternative to current standard work-up. The results support
additional investment in development and validation of such a diagnostic [37].
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Highlights
In patients with early PSA rise (<1 ng/mL) after prostatectomy:
- Pelvic MRI was positive in 15/142 (11%) patients
- 14/15 patients had local recurrence and 1/15 had osseous metastases

- No patient with a negative pelvic MRI had metastases on other imaging
exams

Urol Oncol. Author manuscript; available in PMC 2017 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Vargas et al. Page 11

Probability of detection of local recurrence
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Figure 1.
Logistic regression depiction of the probability of detection of local recurrence according to

serum PSA level
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Figure 2.
Axial T1-weighted image of a 75 year old man with PSA 0.71 9 years after radical

prostatectomy (Gleason 4+3; positive extracapsular extension; no seminla vesicle invasion)
showing multiple pelvic bone metastases (arrows).
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Table 1

Summary statistics of the patients’ clinical characteristics

Clinical Characteristic

Summary Statistics

Age Median 64 years

Range 46-71 years
PSA (ng/mL) Median 0.21

IQR 0.15-0.36
PSA doubling time (months) Median 6.5

Range 0-37.9

Radical Prostatectomy

Gleason Score

3+3 8 (6%)
3+ 53 (37%)
4+ 51 (36%)
>4+4 28 (20%)
N/A 2 (1%)
Pathologic stage 99 (70%)
<pT2 43 (30%)
pT3a 71 (50%)
>pT3b 28 (20%)
Surgical Margins
Negative 79 (56%)
Positive 61 (43%)
N/A 2 (1%)
Interval prostatectomy to Imaging (days) | Median 933 days
Range 59-5572 days

PSA: prostate specific antigen; IQR: inter-quantile range
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