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Purpose: We describe anatomical sites of recurrence in patients with prostate
cancer who had biochemical recurrence following radical prostatectomy and who
received radiotherapy and/or androgen deprivation therapy postoperatively. We
performed 11C-choline positron emission tomography/computerized tomography
and multiparametric magnetic resonance imaging.

Materials and Methods: After radiotherapy and/or androgen deprivation ther-
apy patients who underwent radical prostatectomy were evaluated by
11C-choline positron emission tomography/computerized tomography and mul-
tiparametric magnetic resonance imaging to determine recurrence patterns and
clinicopathological features. Recurrent sites were described as local only (semi-
nal vesicle bed/prostate fossa, vesicourethral anastomosis and bladder neck) or
distant metastatic disease. Features associated with the identification of any
distant metastatic disease were evaluated by multivariable logistic regression.

Results: A total of 550 patients were identified. Treatment included androgen
deprivation therapy in 108, radiotherapy in 201, and androgen deprivation
therapy and radiotherapy in 241. Median prostate specific antigen at evaluation
was 3.9, 3.6 and 2.8 ng/ml in patients treated with androgen deprivation therapy,
radiotherapy and a combination, respectively. Recurrence developed locally in 77
patients (14%), as distant metastasis only in 411 (75%), and as local and distant
metastatic disease in 62 (11%). On multivariable analysis treatment with
radiotherapy (OR 7.18, 95% CI 2.92e17.65), and radiotherapy and hormonal
therapy (OR 9.23, 95% CI 3.90e21.87, all p <0.01) was associated with increased
odds of distant failure at evaluation.
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Abbreviations

and Acronyms

ADT ¼ androgen deprivation
therapy

BCR ¼ biochemical recurrence

CT ¼ computerized tomography

MDT ¼ metastasis directed
therapy

mpMRI ¼ multiparametric mag-
netic resonance imaging

PET ¼ positron emission
tomography

PSA ¼ prostate specific antigen

RP ¼ radical prostatectomy

RRP ¼ radical retropubic
prostatectomy

RT ¼ radiotherapy
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Conclusions: The combination of 11C-choline positron emission tomography/computerized tomography and
multiparametric magnetic resonance imaging successfully identified patterns of recurrence after post-
operative radiotherapy and/or androgen deprivation therapy at a median prostate specific antigen of less than
4 ng/ml. Half of this cohort had local only recurrence and/or a low disease burden limited to pelvic lymph
nodes. These patients may benefit from additional local therapy. These data and this analysis may facilitate
the evaluation of such patients with biochemically recurrent prostate cancer.
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PROSTATE cancer is the most common visceral ma-
lignancy in men in the United States and the third
most common cause of death. In 2017 it was esti-
mated that 161,360 new cases would be diagnosed
and there would be 26,370 deaths from prostate
cancer.1 RP provides excellent long-term oncologic
outcomes in clinically localized cases but BCR de-
velops in approximately 40%.2e5

Management of biochemically recurrent prostate
cancer after RP varies. Currently there is evidence
to support the role of RT to the prostatic fossa in the
adjuvant and salvage settings6e8 as well as ADT,
particularly in patients at high risk who have
locally advanced disease.9 More recently the out-
comes of 2 randomized clinical trials revealed the
benefit of combined RT and ADT in the manage-
ment of post-RP recurrence.10,11

Unfortunately recurrences still develop following
adjuvant and salvage therapies. Current guidelines
recommend treatment with ADT in this setting12

predicated on the assumption that failures cannot
be targeted in a meaningful way. This may in part
be due to the limited value of conventional imaging
(eg bone scintigraphy and computerized tomogra-
phy) when the disease burden is lower.13,14 How-
ever, advanced imaging modalities offer improved
detection. Local recurrences after RP can be
detected by mpMRI.15 Furthermore, 11C-choline
PET/CT has been useful for detecting metastatic
recurrences, particularly at PSA greater than 1
ng/ml.16 Consequently NCCN� (National Compre-
hensive Cancer Network�) and EAU (European
Association of Urology) recognize the usefulness of
11C-choline PET/CT in the evaluation of biochemi-
cally recurrent prostate cancer.17,18 Together
mpMRI and 11C-choline PET/CT have improved
the localization of disease recurrence at a lower
disease burden19e22 and aided in guiding directed
therapies.23

Given the existing evidence supporting mpMRI
and 11C-choline PET/CT for evaluating patients with
biochemically recurrent prostate cancer we evalu-
ated anatomical sites of recurrence and how prior
treatment influences recurrence patterns among
heavily pretreated patients in whom biochemical
failure developed after RP with ADT and/or RT.

MATERIALS AND METHODS
After obtaining institutional review board approval we
identified patients who underwent RP and were previ-
ously treated with RT and/or ADT, and restaged with
11C-choline PET/CT and mpMRI for biochemical recur-
rence between 2008 and 2016. Patients were selected
based on certain study inclusion criteria, including 1) RP
performed as the definitive treatment for clinically local-
ized prostate cancer, 2) subsequent BCR after RP (PSA
0.2 ng/ml),24 3) administration of postoperative ADT or
RT and 4) lesion visualization on 11C-choline PET/CT
and/or mpMRI after BCR.

Clinical variables included age and PSA at surgery,
pathological Gleason score, AJCC (American Joint Com-
mittee on Cancer) pathological tumor and nodal stage,25

surgical margin status, PSA at positive 11C-choline PET/
CT and mpMRI, the interval from BCR to positive imag-
ing and the sites of recurrence in patients who received
ADT, RT and RT plus ADT. RT and ADT were classified
as adjuvant or salvage.26,27

Our institutional methods of performing 11C-choline
PET/CT and mpMRI after RP were previously
described.19 For PET/CT the patients received intrave-
nous injection of 11C-choline (370 to 740 MBq) followed by
imaging within 5 minutes of injection. When acquiring
mpMRI, 1.5 or 3 Tesla scanners were used to evaluate
BCR in the prostate fossa, pelvic lymph nodes and bones
using T2-weighted, diffusion-weighted and dynamic
contrast enhanced imaging. The number and location of
lesions on PET/CT were documented by a radiologist
specializing in nuclear medicine.

Local recurrence involved the seminal vesicle bed and/
or the prostate fossa, the vesicourethral anastomosis and
the bladder neck. Metastatic recurrences included those
in pelvic lymph nodes (perirectal, presacral, obturator,
common iliac, internal iliac and external iliac), inguinal
nodes, perirectal nodes and retroperitoneal nodes, and
visceral and osseous disease. Patients were further clas-
sified by disease volume using the CHAARTED (Chemo-
Hormonal Therapy versus Androgen Ablation
Randomized Trial for Extensive Disease in Prostate
Cancer) trial definition applied to PET/CT with high vol-
ume disease classified as visceral metastases, or 4 or more
bone lesions with 1 more beyond the vertebral bodies and
pelvis as detected by PET/CT.28

Patients were stratified by treatment type at BCR,
including ADT and/or RT. Variables are summarized as
the frequency and percent, or the median and IQR. The
association between clinical and pathological features
with any metastatic recurrence compared to local only
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