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Background—Management of recurrent prostate cancer (CaP) after radiotherapy (RT) is 

dependent on accurate localization of the site of recurrent disease.

Objective—To describe the anatomic patterns and clinical features associated with CaP 

recurrence following RT identified on advanced imaging.

Design, setting, and participants—Retrospective review of 184 patients with a rising 

prostate-specific antigen (PSA) after RT for CaP.

Intervention—C-11 choline positron emission tomography/computed tomography (CholPET).

Outcome measurements and statistical analysis—Recurrence patterns were classified as 

pelvic soft tissue only (as a surrogate for potentially salvageable disease) versus any extrapelvic 

disease, and clinical features were compared between patterns. Multivariable logistic regression 

was used to generate a predictive nomogram for extrapelvic recurrence. Discrimination was 

assessed with a c-index.

Results and limitations—Recurrence site was identified in 161 (87%) patients, with 95 (59%) 

sites histologically confirmed. Factors associated with the detection of recurrence included the 

difference between PSA nadir and PSA at CholPET (odds ratio: 1.30, p < 0.01) and National 

Comprehensive Cancer Network high-risk classification (odds ratio: 10.83, p = 0.03). One hundred 

(54.3%) patients recurred in the pelvic soft tissue only, while 61 (33%) had extrapelvic recurrence. 

Of 21 patients who underwent CholPET prior to meeting the Phoenix criteria of biochemical 

failure, 15 (71%) had recurrence identified on CholPET with 11 localized to the pelvis. On 

multivariable analysis, PSA at CholPET, time from RT, and National Comprehensive Cancer 

Network risk group were predictive of recurrence outside of the pelvis, and a nomogram was 

generated with a c-index of 0.79.

Conclusions—CholPET identified the site of recurrence in 87% of patients with a rising PSA 

after RT; most commonly within the pelvis in potentially salvageable locations. A predictive 

nomogram was generated, and pending external validation, this may aid in assessing the risk of 

disease beyond the pelvis. These findings underscore the importance of advanced imaging when 

considering management strategies for patients with a rising PSA following primary RT.

Patient summary—We identified anatomic patterns of recurrence in patients with a rising 

prostate-specific antigen after radiotherapy using C-11 choline positron emission tomography/

computed tomography. Most recurrences were localized to the pelvis and we were able to generate 

a tool to aid in disease localization prior to evaluation with advanced imaging.
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1. Introduction

A rising serum prostate-specific antigen (PSA) after radiation therapy (RT) for prostate 

cancer (CaP) may be a harbinger of local, regional, or distant failure. While the Phoenix 

definition is the current standard to define biochemical recurrence (BCR) in patients with a 

rising PSA after primary RT [1], it represents a threshold value which has known limitations 

with respect to establishing disease recurrence and outcome [2]. Other biochemical metrics
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—such as nadir PSA, PSA velocity, and PSA doubling time—may provide additional 

prognostic information [3,4]; however, no biochemical threshold has been proven to localize 

recurrence and, with the exception of nadir PSA, all require longitudinal PSA measures. 

Given that local salvage treatment of recurrent CaP can result in cancer-specific survival of 

up to 70–83% at 10 yr [5], accurate localization of recurrence site is critically important for 

the optimal management of patients with a rising PSA after RT.

In order to accurately localize the site of disease recurrence, numerous advanced imaging 

modalities—those modalities beyond conventional computed tomography (CT) and bone 

scan— are being studied, including multi-parametric magnetic resonance imaging (MRI), 

MR-spectroscopy, MRI-lymphangiography, and numerous radio-isotopes for positron 

emission tomography (PET)/CT imaging [6,7]. A common conclusion drawn from these 

studies is that advanced imaging has the potential to alter the management of biochemically 

recurrent CaP. Given the inability of PSA to localize disease recurrence after primary RT and 

the promise of advanced imaging, we sought to: (1) describe our experience with C11 

choline PET/CT (CholPET) in patients with a rising PSA after primary RT, including the 

description of features which are associated with finding recurrence at evaluation with 

CholPET, (2) define anatomic patterns of recurrence as identified on CholPET, and (3) 

evaluate potential clinical features which may improve localization of recurrence, thereby 

guiding the utilization of advanced imaging.

2. Materials and methods

After Institutional Review Board approval, patients who underwent CholPET for a rising 

PSA after primary RT for CaP between 2007 and 2015 were identified and retrospectively 

analyzed. The goal of the present analysis was to characterize recurrence among patients 

presenting with a rising PSA prior to the development of widespread disseminated disease or 

a castration-resistant state. Therefore patients were excluded if they had a PSA >20 ng/ml at 

CholPET, were actively managed with androgen deprivation therapy (ADT) at the time of 

CholPET, or had clinical evidence of castration-resistant CaP at the time of evaluation, 

defined by a rising PSA despite castrate testosterone levels or by treating physician 

diagnosis.

Treatment related variables included age at RT, pretreatment PSA, Gleason score, grade 

group, clinical stage, National Comprehensive Cancer Network (NCCN) risk-group [8], type 

of RT, target and dose of RT, and the use of hormone suppression during RT. Biochemical 

variables included PSA nadir, time to nadir from RT, PSA at CholPET, PSA doubling time at 

CholPET (in months), PSA velocity (in ng/ml/yr) at CholPET, and time to CholPET from 

RT. An additional calculated variable—ΔPSA—was generated from the difference between 

nadir PSA and PSA at evaluation with CholPET. When performed, the results of pelvic MRI 

obtained at the time of CholPET evaluation were abstracted and compared with the CholPET 

findings. Patients were further classified by BCR status as defined by the Phoenix criteria 

(PSA nadir + 2.0ng/ml) [1]. The primary outcome was the description of sites of recurrence 

following RT. Our technique for performing CholPET has been previously described [9], 

with 555–740 MBq of C11 choline administered prior to image acquisition. CholPET scans 

were classified as either positive or negative based on the presence of identified lesions by 
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reviewing radiologists. True positive (diagnostic) scans were defined as biopsy confirmation 

of recurrent disease of an identified PET-avid lesion, progression of PET-avid lesions on 

follow-up imaging without treatment, or biochemical improvement with adjuvant therapy 

and/or a subsequent decrease in PET-avidity on follow-up imaging [10]. A PET-avid lesion 

which was biopsy confirmed negative was defined as a false positive. Negative 

(nondiagnostic) CholPET scans were defined as no evidence of PET avidity and no disease 

progression during follow-up (true negative) or absence of PET avidity but with subsequent 

identification of a site of recurrence within 1 yr (false negative). Patients who were identified 

with PET avid sites of recurrence but did not have follow-up at our institution following 

their CholPET were unable to be evaluated with respect to classification of findings as true 

or false positives and were excluded from analysis. Patterns of recurrence were classified as 

pelvic soft tissue including the prostate, seminal vesical, or pelvic lymph nodes, and any 

extrapelvic disease, inclusive of any osseous recurrence (pelvis or beyond).

Categorical variables were summarized using frequencies/percentages and continuous 

variables were summarized with medians and interquartile ranges. Missing data were 

summarized with frequencies and were excluded from subsequent logistic regression 

analyses. Univariable and multivariable logistic regression analyses were performed to 

identify clinical features associated with the likelihood of identifying recurrence at CholPET, 

reported with odds ratios and 95% confidence intervals.

The association of the site of recurrence (extrapelvic versus pelvic soft tissue) with clinical 

features was assessed using multivariable logistic regression with backward selection based 

on lowest Akaike information criterion correction for generation of a predictive nomogram. 

We chose backward selection based on the number of evaluable PSA metrics which are 

colinear in order to identify those metrics most associated with the outcome of interest. 

Components of the NCCN risk group (clinical stage, diagnostic PSA, and Gleason score) 

were not included as the risk group captured these components in an aggregate score and 

was evaluable on the majority of patients. Assessment of calibration and discrimination are 

summarized by a calibration plot and c-index, respectively. In order to assess the influence 

of the predictive model at informing decisions, a decision curve analysis was performed as 

previously described [11], comparing our model to commonly used PSA thresholds for the 

initiation of ADT (3 ng/ml and 10 ng/ml) and to PSA considered as a continuous adjustment 

[12,13]. All analyses were performed using SPSS 22.0 (IBM Corp, New York, NY, USA) or 

R version 3.2.3 (R-Foundation, Vienna, Austria) with two-sided p-values reported and 

significance considered at p <0.05.

3. Results

A total of 198 patients were identified with a rising PSA following primary RT and with a 

PSA <20ng/ml. Of these, 14 were missing confirmation of disease recurrence and thus 

excluded. Median age at RT was 65 (interquartile range [IQR]: 60–70) yr, with a median 

time to CholPET from RT of 68 (IQR: 39–104) mo. Median PSA at the time of CholPET 

was 5.7 (IQR: 3.4–8.9) ng/ml (Table 1). Of the 184 patients, 161 (87%; 95% confidence 

interval [CI]: 83–92%) had an identified site of recurrence. The sensitivity, specificity, 

positive predictive value, and negative predictive values for CholPET on a per patient basis 
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in our cohort were 95% (95% CI: 91–98%), 73% (95% CI: 45–92%), 98% (95% CI: 94–

99%), and 58% (95% CI: 33–80%), respectively. Compared with patients with a negative 

CholPET, positive CholPET findings were more often identified in patients with higher 

pretreatment PSA, NCCN risk-group, PSA level at CholPET, ΔPSA, PSA doubling time, 

and PSA velocity (Table 1). On multivariable logistic regression, ΔPSA (odds ratio: 1.30 per 

1 ng/ml increase in ΔPSA) and NCCN high risk group (odds ratio: 10.83) were 

independently associated with CholPET positivity (Table 2). Notably, no patient with a PSA 

>10 ng/ml had a negative CholPET, and when restricted to patients with a PSA <10 ng/ml at 

CholPET, only the NCCN risk group was associated with positive scans (Supplementary 

Table 1).

Of the 161 patients with a positive CholPET, 95 (59.0%) had histologic confirmation at a 

median of 80 (IQR: 48–112) mo after RT (Table 3). Additionally, 111 patients underwent 

multi-parametric MRI, of whom 82 (76%; 95% CI: 68–84%) had findings concordant with 

the CholPET. In total, 100/184 (54%; 95% CI: 47–61%) patients had recurrence localized to 

the pelvic soft tissue, compared with 61/184 (33%; 95% CI: 26–40%) patients who had 

either extrapelvic metastatic and/or pelvic osseous disease. Table 4 summarizes the clinical 

characteristics associated with the pattern of recurrent disease.

Twenty-one (11%) patients underwent CholPET prior to meeting Phoenix criteria for BCR, 

of whom 15 had an identified site of recurrence (Supplementary Table 2). Median PSA at 

CholPET in the 21 patients was 1.9 ng/ml, with a median ΔPSA of 1.4 (IQR: 0.6–1.7) ng/ml. 

In total, nine of the 15 recurrences were histologically confirmed, at a median of 82 (IQR: 

60–90) mo from RT. Notably, 11 of the 15 had recurrences localized to the pelvis, with an 

additional four having extrapelvic metastatic disease. No clinical feature was associated with 

the pattern of recurrence in this subgroup of patients.

On multivariable logistic regression, ΔPSA and NCCN risk group were associated with 

extrapelvic recurrence (Table 5). A nomogram was generated (Fig. 1A, Supplementary Fig. 

1) from this model, with a c-index of 0.79 (95% CI: 0.72–0.86). When restricted to patients 

with histologically confirmed recurrence, model performance improved, with a c-index of 

0.84. Using a decision curve analysis, the model was superior to PSA thresholds and 

assuming all patients had extrapelvic disease at evaluation beginning at a threshold 

probability of 13% (Fig. 1B).

4. Discussion

Herein we report our experience with CholPET for the evaluation of patients with a rising 

PSA after primary RT for CaP. We found that CholPET had a high sensitivity (95%) and 

specificity (73%) for the detection of recurrence, with ΔPSA and NCCN risk groups 

associated with identification of a recurrence site at CholPET, which may aid in defining 

who should be referred for advanced imaging with CholPET. Furthermore, we identified the 

anatomic patterns of recurrence after RT, noting that most patients (54%) in our series 

recurred within pelvic soft tissue. A nomogram based on information routinely available at 

evaluation prior to CholPET was generated to aid in the localization of recurrence site with a 

c-index of 0.79.
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Prior research has documented similar diagnostic characteristics for CholPET as our 

findings reported here. In a meta-analysis evaluating the role of choline (C11 and F18) radio-

isotopes in PET/CT for prostate cancer, the pooled sensitivity and specificity when 

evaluating recurrence after a primary treatment was 85% (95% CI: 79–89%) and 88% (95% 

CI: 73–95%), respectively [14]. Similarly, in Giovacchini et al’s [10] analysis of 358 patients 

undergoing CholPET after prostatectomy, the detection rate was 82% at a PSA >3 ng/ml, 

compared with a detection rate of 93% using the same cut-off in our cohort here. However, a 

previous report from our institution assessing all patients with BCR after a primary curative 

intervention for CaP, found different detection rates within PSA thresholds (Supplementary 

Fig. 2), likely a result of our inclusion of only postprimary RT patients [9].

Additionally, our finding that most patients recurred within the pelvis is corroborated by a 

prior report on 474 patients with a clinically detectable recurrence after RT as evaluated 

using standard imaging, which identified 55% of patients with recurrence in the pelvis at 8-

yr post-RT [15]. However, our finding of a similar frequency for the detection of local 

recurrence occurred at only 6-yr post-RT, an important distinction given that anatomic 

patterns of recurrence are associated with survival [15], and theoretically intervention prior 

to the development of more aggressive anatomic phenotypes may improve patient outcome. 

Conversely, the largest reported series of CholPET for the evaluation of biochemically 

recurrent CaP—after any prior treatment—found that local recurrence was detected in only 

22.1% of their 4426 CholPETs performed, with an overall detection rate of only 52.8% [16]. 

This discrepancy versus the 87% detection rate in our series, may be partially explained by 

our higher dosages of C11 choline (555–740 MBq) compared with those used in that series 

(370–555 MBq), which may yield a higher photon flux and an increased signal-to-noise 

ratio.

Our results have some important implications. Currently, ADT represents the primary 

management strategy for patients with a rising PSA after RT, with over 90% of such patients 

receiving ADT in the CaPSURE database [17]. This approach is predicated on the 

assumption that recurrence after RT is systemic, and patients may be subjected to lifelong 

continuous or intermittent ADT, many of whom subsequently fail [13,17]. Furthermore, 

ADT can adversely affect quality of life [18], and is associated with the risk of osteoporosis 

and cardiovascular mortality [19]. As such, efforts to minimize the utilization of ADT and 

treat salvageable recurrences with definitive therapy are important to consider. While 

biochemical thresholds have been suggested—such as 3 ng/ml as used in the landmark 

intermittent ADT trial [13] or 10 ng/ml as identified by Canadian urologists [12]—to 

identify candidates for initiation of ADT, PSA cutoff points alone fail to localize disease. 

Specifically, in our cohort, 83 of 149 (56%) patients evaluated at a PSA ≥3 ng/ml had 

potentially salvageable recurrences localized to the pelvis.

In order to inform decision making prior to implementing ADT, here we report a nomogram 

for determining the likelihood of finding extrapelvic recurrence with CholPET. This 

nomogram is based solely on information available at the time of evaluation and without 

requiring repeated PSA measures to ascertain biochemical kinetics [20]. Our finding of 

improved discrimination when utilizing absolute PSA values as opposed to kinetics is 

similar to the analysis reported by Eiber and colleagues [21] with 68Ga prostate-specific 
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membrane antigen scanning, whereby PSA velocity and PSA doubling time were not 

associated with diagnostic PET scans. Furthermore, using a decision curve analysis, this 

nomogram performed better than using PSA threshold metrics alone (Fig. 1C) beginning at a 

threshold probability of 13%, below which all models performed similarly. This is an 

important point, as most patients and providers would require greater than 13% probability 

of extrapelvic disease prior to initiating systemic therapy when effective alternative therapies 

exist. Furthermore, using a net reduction approach, the advantage of using our model over 

PSA thresholds alone is equivalent to a reduction in the use of ADT in between one and 16 

patients per 100 patients presenting with a rising PSA following RT (Supplementary Fig. 3) 

if salvage is to be considered. These data and analyses demonstrate a high sensitivity of 

CholPET in the identification of extrapelvic recurrence following primary RT. Thus, through 

the use of this nomogram, it may be feasible to inform decisions on which patients should 

undergo further pelvic imaging and/or confirmatory biopsy if local salvage treatments are 

being considered [14] and conversely to initiate upfront ADT for those with a high 

probability of extrapelvic disease.

We acknowledge certain limitations in our findings. This study includes data from a heavily 

selected population of patients, and as such the generalizability of the diagnostic 

characteristics of CholPET is limited. While our study includes a relatively high rate of 

biopsy confirmation, similar to all studies of this type we included patients without 

histologic confirmation of recurrence, using previously defined clinical measures [10] which 

may have influenced our findings. In an attempt to control for any bias introduced through 

the inclusion of patients without histologically confirmed recurrences, a separate subgroup 

analysis of those patients with histologic confirmation was performed. This resulted in an 

increase in the performance of our model (c-index 0.84 vs 0.79). Furthermore, we 

acknowledge there are other advanced imaging modalities available—such as 68Ga prostate-

specific membrane antigen scanning and 18-F fluorocyclobutane-1-carboxylic acid PET/CT 

[22–25]—which were not assessed here. Nevertheless, we have found CholPET to be very 

useful in identifying patients eligible for local or regional salvage treatments, or those to be 

considered for systemic therapy only.

We limited our data analysis to disease localization only, with local soft tissue recurrence in 

the pelvis being used as a surrogate for potentially salvageable disease, despite not all 

patients undergoing surgical, ablative, or radiation salvage. While not all patients’ local 

recurrence in our sample met the recommended criteria for local salvage, as has been 

previously described [5], it has been suggested that for trials assessing salvage ablative 

therapy, the only firm criteria for entry is histologic confirmation of local relapse [26]—a 

feature which a majority of patients in our series met compared to existing CholPET studies 

[10,16]. Additionally, we are not advocating specific salvage modalities, as choice of salvage 

therapy is dependent on prior radiation fields and patient/provider preference. Rather, our 

assertion is that there is growing evidence of the role of salvage therapy for select patients 

with recurrent CaP [27,28]. Furthermore, we were unable to include survival data as it was 

beyond the scope of the present analysis and limited by the short follow-up duration. Finally, 

while we have attempted to comprehensively evaluate all potential covariates which may 

influence disease recurrence and localization, the tertiary nature of our practice limited the 

ascertainment of certain measures, such as duration of hormonal therapy and subsequent 
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testosterone recovery, radiation fields, and total radiation dosimetry. Despite these 

limitations, we have reported here, what is to our knowledge, the largest single center 

experience with advanced imaging in the evaluation and detailed analysis of patients with a 

rising PSA following primary RT.

5. Conclusions

In patients with a rising PSA after RT for CaP, C11 Choline PET/CT identified a site of 

recurrence in a large majority of patients, with local pelvic recurrence representing the most 

common site. A predictive nomogram for the identification of extrapelvic recurrence, using 

the difference between nadir PSA and PSA at evaluation, time from completion of RT to 

evaluation, and NCCN risk group was developed, which after additional validation may 

prove useful in clinical decision making. Based on the findings of this study, C11 choline 

PET/CT is a useful means to enhance staging and treatment selection in primary RT patients 

experiencing a post-treatment rising PSA who are being evaluated for local salvage and/or 

systemic therapies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Take Home Message

Using C-11 choline positron emission tomography/computed tomography we were able 

to identify the sites of recurrence in most patients presenting with a rising prostate-

specific antigen following primary radiotherapy. Using these data we generated a 

predictive model for the identification of recurrence outside of the pelvis which, pending 

validation, may aid in the treatment of patients with a rising prostate-specific antigen 

following radiotherapy.
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Fig. 1. 
Nomogram analysis (A) calculating the probability of identifying extrapelvic and/or osseous 

disease on C-11 choline positron emission tomography/computed tomography at time of 
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evaluation with a rising prostate-specific antigen (PSA) after primary radiotherapy (RT). 

Points are assigned by drawing a vertical line from each variable (ΔPSA, time from RT, and 

National Comprehensive Cancer Network [NCCN] risk group) to the “Points” line and 

adding the cumulative points. A line is then drawn down from the “Total Points” line at the 

corresponding point value. Where this line intersects with the “Probability of Extrapelvic 

Recurrence” line corresponds to the estimated probability of extrapelvic disease. (B) 

Decision-curve analysis comparing the net-benefit of using the nomogram (black dashed 

line) depicted above to the strategy of using PSA as a continuous predictor (red dashed line), 

a PSA cut-off of 3 ng/ml (green dashed line), or a PSA cut-off of 10 ng/ml (blue dashed line)
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Table 1

Pretreatment and treatment characteristics of patients with a rising prostate-specific antigen (PSA) after 

primary radiotherapy (RT) for prostate cancer

Whole cohort
(n = 184)

Positive scan
(n = 161)

Negative scan
(n = 23)

p value

Age at RT

  Median 65 65 64 >0.9

  IQR 60–70 60–70 57–73

PSA at diagnosis (ng/ml), n =169

  Median 7.8 8.1 6.0 0.01

  IQR 5.6–10.5 5.7–11.7 4.7–8.2

Gleason pattern, n = 178 (%)

  ≤6 58 (33) 47 (30) 11 (48) 0.1

  7 82 (46) 71 (46) 11 (48)

  8–10 38 (21) 37 (24) 1 (4)

Grade group, n = 178 (%)

  1 (≤3+3) 59 (33) 48 (31) 11 (48) 0.2

  2 (3+4) 52 (29) 44 (28) 8 (35)

  3 (4+3) 29 (16) 26 (17) 3 (13)

  4 (8) 19 (11) 19 (12) 0 (0)

  5 (9 and 10) 19 (11) 18 (12) 1 (4)

Clinical stage, n = 124 (%)

  T1c 63 (51) 50 (48) 13 (65) 0.4

  T2a–c 48 (39) 43 (41) 5 (25)

  T3a–b 13 (10) 11 (11) 2 (10)

NCCN risk group, n = 170 (%)

  Low risk 42 (25) 33 (22) 9 (41) 0.02

  Intermediate risk 82 (48) 70 (47) 12 (55)

  High/very high risk 46 (27) 45 (30) 1 (5)

Type of therapy, n = 183 (%)

  EBRT alone 104 (57) 92 (58) 12 (52) 0.7

  BT as part of therapy 79 (43) 68 (43) 11 (48)

HT during RT, n = 179 (%) 55 (31) 49 (30) 6 (33) 0.8

Dose of RT, n = 89 (Gy)

  Median 75.6 75.8 75.6 0.1

  IQR 75.0–80.0 75.2–83.7 72.9–75.6

Target (n = 169)

  Prostate 137 (81) 125 (82) 12 (75) 0.7

  Prostate + SV 19 (11) 17 (11) 2 (13)

  Prostate + SV + pelvic nodes 13 (8) 11 (7) 2 (13)

PSA nadir, ng/ml (n = 178)

  Median 0.5 0.5 0.4 0.4

  IQR 0.2–1.1 0.2–1.2 0.2–0.9
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Whole cohort
(n = 184)

Positive scan
(n = 161)

Negative scan
(n = 23)

p value

PSA at CholPET scan (ng/ml)

  Median 5.7 6.3 2.9 <0.01

  IQR 3.4–8.9 3.9–9.6 2.2–7.1

ΔPSA, ng/ml (n = 178)a

  Median 5.1 5.4 2.6 <0.01

  IQR 2.9–7.9 3.2–8.2 1.9–5.2

Time to CholPET from RT (mo)

  Median 68 67 70 0.7

  IQR 39–104 37–104 44–101

Time to CholPET from nadir PSA, mo (n =
172)

  Median 47 43 50 0.4

  IQR 25–77 24–74 30–79

PSA doubling time, mo (n = 151)

  Median 11 10 15 0.01

  IQR 6–20 5–20 11–25

PSA velocity, ng/ml/yr (n = 169)

  Median 1.3 1.4 0.7 0.01

  IQR 0.6–2.9 0.6–3.1 0.3–1.8

BT = brachytherapy; CholPET = C-11 choline PET/CT; EBRT = external beam radiation therapy; HT = hormonal therapy; IQR = interquartile 
range; NCCN = national comprehensive cancer network; PET/CT = positron emission tomography/computed tomography; SV = seminal vesical.

a
Difference between PSA at C11 choline PET/CT and PSA nadir.
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Table 3

Characterization of positive C-11 choline positron emission tomography/computed tomography (PET/CT) 

scans

N or median % or IQRa

Total 161

Histologic confirmation 95 59

Sites of confirmationb

  Prostate 71 44

  Seminal vesical 5 3

  Pelvic lymph node(s) 15 9

  Distant 10 6

    Retroperitoneal node(s) 4 2

    Mediastinal node(s) 3 2

    Osseous site(s) 1 1

    Other 2 1

Method of confirmation

  Transrectal biopsy 64 38

  Surgical excision 16 10

  CT-guided biopsy 9 5

  Transbronchial biopsy 4 2

Time to biopsy (mo) 80 48–112

Multi-parametric MRI positive (n =108) 82 76

No. of lesions on CholPET

  Median (IQR) 1 1–2

  1 83 52

  2 39 25

  3 23 14

  4 7 4

  5+ 7 4

Locations of lesions

  Prostate 105 66

  Seminal vesical 17 11

  Perirectal lymph nodes 3 2

  Presacral lymph nodes 2 1

  Pelvic lymph nodes 47 29

  Common iliac lymph nodes 23 14

  Retroperitoneal lymph nodes 29 18

  Distant lymph nodes 9 6

  Pelvic bones 14 9

  Vertebral column 10 6

  Ribs, sternum, scapula 6 4

  Appendical skeleton 2 1
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N or median % or IQRa

  Lung 2 1

  Skull 1 1

Patterns of recurrence

  Prostate/seminal vesical only 74 46

  Pelvic soft tissue onlyc 100 62

  Extrapelvic 61 38

  Lymphotropic 29 18

  Osseous 6 4

CholPET = C-11 choline PET/CT; IQR = interquartile range; MRI = magnetic resonance imaging.

a
Percentage represents percentage of those patients with a positive scan (n =167).

b
Sum of sites is greater than 95 as some patients had multiple sites confirmed.

c
Pelvic soft tissue only = prostate, seminal vesical, perirectal, presacral, or pelvic lymph node only.
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Table 4

Clinical and biochemical features associated with pelvic soft tissue versus extrapelvic and/or osseous 

recurrence as identified by C-11 choline positron emission tomography/computed tomography (CholPET) 

scans

Pelvic soft tissue Extrapelvic/osseous p value

Total 100 61

Median age at RT (IQR) 65 (60–70) 65 (60–70) 0.6

Median PSA at diagnosis, ng/ml (IQR) 7.5 (5.7–10.0) 8.9 (5.8–14.0) 0.1

Total Gleason score (IQR) 7 (6–7) 7 (7–8) <0.01

Primary Gleason score (IQR) 3 (3–4) 4 (3–4) <0.01

Gleason score (%)

  ≤6 34 (35) 13 (22) <0.01

  7 47 (49) 24 (41)

  8–10 15 (16) 22 (37)

Grade group (%)

    1 (≤3+3) 35 (37) 13 (22) <0.01

    2 (3+4) 33 (34) 11 (19)

    3 (4+3) 13 (14) 13 (22)

    4 (8) 9 (9) 10 (17)

    5 (9 and 10) 6 (6) 12 (20)

Clinical stage (%)

  T1c 34 (52) 16 (41) 0.04

  T2a–c 28 (43) 15 (38)

  T3a–b 3 (5) 8 (21)

NCCN risk group (%)

  Low risk 25 (28) 8 (14) 0.03

  Intermediate risk 45 (49) 25 (44)

  High/very high risk 21 (23) 24 (42)

Type of therapy (%)

  EBRT 57 (57) 35 (58) 1.0

  BT or combination with BT 43 (43) 25 (42)

HT during RT (%) 26 (26) 23 (38) 0.7

Target (%)

    Prostate 84 (87) 41 (73) 0.1

    Prostate + SV 7 (7) 10 (18)

    Prostate + SV + pelvic lymph nodes 6 (6) 5 (9)

PSA nadir, ng/ml (IQR) 0.5 (0.3–1.2) 0.5 (0.1–1.2) 0.6

PSA at CholPET scan, ng/ml (IQR) 5.3 (3.6–8.2) 8.0 (4.7–12.4) <0.01

ΔPSAa, ng/ml (IQR) 4.5 (3.0–7.4) 6.9 (3.9–10.7) <0.01

Time to CholPET from RT, mo (IQR) 77 (49–116) 50 (26–90) <0.01

Time to CholPET from nadir, mo (IQR) 51 (29–79) 32 (15–67) <0.01

PSA doubling time, mo (IQR) 13 (8–26) 6 (4–13) <0.01
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Pelvic soft tissue Extrapelvic/osseous p value

PSA velocity, ng/ml/yr (IQR) 1.2 (0.5–2.2) 2.7 (1.0–5.6) <0.01

BT = brachytherapy; EBRT = external beam radiation therapy; HT = hormonal therapy; IQR = interquartile range; NCCN = national 
comprehensive cancer network; PSA = prostate-specific antigen; RT = radiation therapy; SV = seminal vesical.

a
Difference between PSA at C11 choline PET/CT and PSA nadir.
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Table 5

Multivariable logistic regression model predicting extrapelvic recurrence

c-index: 0.79 (95%: CI 0.72–0.86) OR 95% CI p value

ΔPSAa (ng/ml) 1.24 1.13–1.38 <0.01

Time from RT (yr) 0.84 0.73–0.94 <0.01

NCCN risk group (ref. low risk)

  Intermediate risk 1.30 0.47–3.80 0.6

  High risk 4.71 1.58–15.41 <0.01

CI = confidence interval; NCCN: national comprehensive cancer network; OR = odds ratio; PSA: prostate-specific antigen.

a
Difference between PSA at C-11 choline positron emission tomography/computed tomography and PSA nadir.
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