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Purpose: To investigate the initial clinical value of fluorine 18 (18F) fluoro-
choline (FCH) dynamic positron emission tomography (PET)/
magnetic resonance (MR) imaging by comparing its parame-
ters with clinical-pathologic findings in patients with newly di-
agnosed intermediate- to high-risk prostate cancer (PCa) who 
plan to undergo radical prostatectomy.

Materials and 
Methods:

The institutional review board approved the study protocol, and 
informed written consent was obtained from all subjects for 
this HIPAA–compliant study. Twelve men (mean age 6 stan-
dard deviation, 61.7 years 6 8.4; range, 46–74 years) with un-
treated intermediate- to high-risk PCa characterized according 
to Cancer of the Prostate Risk Assessment (CAPRA) under-
went preoperative FCH dynamic PET/MR imaging followed by 
radical prostatectomy between April and November 2015. PET/
MR imaging parameters including average and maximum K1 
(delivery rate constant) and standardized uptake values (SUVs) 
and Prostate Imaging Reporting and Data System (PI-RADS) 
version 2 scores were measured and compared with clinical-
pathologic characteristics. For statistical analysis, the Spearman 
rank correlation and Mann-Whitney U tests were performed.

Results: Of the PET parameters, maximum SUV of primary tumors 
showed significant correlations with several clinical-pathologic 
parameters including serum prostate-specific antigen level (r = 
0.71, P = .01), pathologic stage (r = 0.59, P = .043), and post-
surgical CAPRA score (r = 0.72, P = .008). The overall PI-RADS 
score showed significant correlations with pathologic tumor vol-
ume (r = 0.81, P , .001), percentage of tumor cells with Glea-
son scores greater than 3 (r = 0.59, P = .02), and postsurgical 
CAPRA score (r = 0.58, P = .046). The high-risk postsurgical 
CAPRA score patient group had a significantly higher maximum 
SUV than did the intermediate-risk group. Combined PET and 
MR imaging showed improved sensitivity (88%) for prediction of 
pathologic extraprostatic extension compared with that with MR 
imaging (50%) and PET (75%) performed separately.

Conclusion: Maximum SUVs and PI-RADS scores from FCH PET/MR im-
aging show good correlation with clinical-pathologic charac-
teristics, such as postsurgical CAPRA score, which are related 
to prognosis in patients with newly diagnosed intermediate- to 
high-risk PCa.
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and reduced ionizing radiation, PET/
MR imaging has the potential to im-
prove the diagnosis and initial staging 
of various kinds of cancers when com-
pared with PET/CT (10). In patients 
with PCa, the fusion of 11C choline 
PET and multiparametric MR imaging 
showed better identification and local-
ization of clinically important primary 
tumors than did the use of either 11C 
choline PET or multiparametric MR 
imaging alone (11). Similar results 
were reported in recent integrated 
PET/MR imaging studies (12–14) with-
out the use of a time-of-flight capability 
with FCH.

Although there were several stud-
ies of the kinetics of FCH, the clinical 
importance of kinetic FCH PET param-
eters has not been evaluated well in 
patients with primary PCa, and to our 
knowledge, there are no studies to date 
in which an integrated PET/MR imaging 
system is used (15–17). Therefore, we 
investigated the initial clinical value of 
FCH-integrated dynamic PET/MR im-
aging by comparing its parameters with 
clinical-pathologic findings in patients 
with newly diagnosed intermediate- to 

imaging are used routinely for evaluation 
of PCa. However, accuracy for primary 
diagnosis and staging with these imaging 
modalities is limited (2,3).

Positron emission tomography 
(PET) and multiparametric MR imaging 
are emerging modalities with increasing 
utility for evaluation of PCa. PET is a 
noninvasive imaging method to evaluate 
metabolic or functional activity in vivo. 
Although fluorine 18 (18F) fluorodeoxy-
glucose PET is widely used in patients 
with various types of cancer with good 
results, it allows limited sensitivity for 
evaluation of PCa (4). There are prom-
ising results with carbon 11 (11C) and 
18F fluorocholine (FCH) PET for evalu-
ating PCa (3,4), which reflect increased 
choline transport and overexpression of 
choline kinase in cancer cells including 
PCa (5,6). FCH is more suitable for a 
routine clinical examination because of 
its longer half-life and the ease of its 
production for multiple doses prepared 
from a single batch. Multiparametric 
MR imaging of the prostate typically 
consists of T1- and T2-weighted, dif-
fusion-weighted, and dynamic con-
trast material–enhanced sequences 
performed by using a gadolinium-based 
contrast agent (2,7). In patients with 
PCa, multiparametric MR imaging ap-
pears to be superior to conventional 
T1- and T2-weighted MR imaging se-
quences for characterization of the pri-
mary tumor and staging (2,7,8).

After PET/CT, several kinds of inte-
grated PET/MR imaging systems were 
developed (9). With its excellent soft-
tissue contrast, complimentary multi-
parametric information of MR imaging, 
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Advances in Knowledge

 n The maximum standardized 
uptake value (SUV) of primary 
tumors at fluorine 18 fluorocho-
line (FCH) dynamic time-of-flight 
PET/MR imaging showed a signifi-
cant correlation with the serum 
prostate-specific antigen level(r = 
0.71, P = .01), pathologic stage (r 
= 0.59, P = .043), and postsur-
gical Cancer of the Prostate Risk 
Assessment (CAPRA) score (r = 
0.72, P = .008) in patients with 
newly diagnosed intermediate- to 
high-risk prostate cancer.

 n Both maximum and average K1 
values, which are kinetic param-
eters of primary tumors at dy-
namic PET, showed no significant 
correlation with clinical-patho-
logic characteristics (r = 20.46 
to 0.40, P . .05).

 n Prostate Imaging Reporting and 
Data System scores showed sig-
nificant correlation with patho-
logic tumor volume (r = 0.81, P 
, .001), percentage of tumor 
cells with Gleason scores greater 
than 3 (r = 0.59, P = .02), and 
postsurgical CAPRA score (r = 
0.58, P = .046).

 n Combined FCH PET/MR imaging 
showed an improved sensitivity 
of 88% (seven of eight) for pre-
diction of pathologic extrapros-
tatic extension compared with 
50% (four of eight) for MR im-
aging and 75% (six of eight) for 
PET performed separately.

 n The high-risk postsurgical 
CAPRA score patient group had 
a significantly higher mean 6 
standard deviation maximum 
SUV than did the intermediate-
risk group (9.53 6 1.48 vs 6.24 
6 1.26, P , .008).

Implication for Patient Care

 n Good correlation of FCH PET/
MR imaging parameters of pri-
mary tumors with clinical prog-
nostic factors suggests that fur-
ther studies should be performed 
with combined FCH PET/MR 
imaging parameters for evalua-
tion of prognosis and prediction 
of extraprostatic extension in 
patients with a new diagnosis of 
intermediate- to high-risk pros-
tate cancer.

Prostate cancer (PCa) is one of the 
most common cancers and a ma-
jor cause of morbidity and mortal-

ity in men (1). Currently, conventional 
imaging modalities such as endorectal 
ultrasonography, computed tomography 
(CT), and magnetic resonance (MR) 
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(PI-RADS), version 2 (22). Lesions with 
low signal intensity on T2-weighted im-
ages and restricted diffusion on diffu-
sion-weighted images were considered 
primary PCa matched with the patho-
logic tumor location. The presence of 
definite extraprostatic extension (EPE) 
was determined on the basis of T2-
weighted and diffusion-weighted im-
aging. To measure PET parameters of 
primary tumors, a volume of interest 
in the primary tumor was manually 
drawn on the apparent diffusion coef-
ficient map (b values = 1, 350, and 0 
sec/mm2), where the lesion was most 
clearly identified on the T2-weighted 
and diffusion-weighted images. When 
the T2-weighted and diffusion-weighted 
imaging did not allow localization of the 
tumor (PI-RADS score , 3), a spherical 
volume of interest with a 1-cm diame-
ter was placed over the area of highest 
focal FCH uptake on the 25–30–minute 
postinjection image, which was used 
for measuring PET parameters (n = 
3). The maximum and average SUVs 
(SUVmax, SUVavg) of the primary tumors 
were measured on the 25–30–minute 
postinjection images. For the kinetic 
analysis, an imaging-derived plasma in-
put function was estimated from man-
ually drawn volumes of interest (3 3 
3 3 1 voxels) of the bilateral internal 
iliac arteries on an early PET image 
in which the peak blood pool activity 
was the highest. We did not perform 
any partial volume corrections for the 
imaging-derived plasma input function. 
For the tracer kinetic modeling, the re-
versible one-tissue compartment model 
with blood volume parameter (one-
tissue compartment model), the irre-
versible two-tissue compartment model 
with a blood volume parameter (two-
tissue compartment model), and the 
Patlak graphical analysis were applied, 
which have been described previously 
(16,17,23). The last nine time points 
from 5 minutes to 30 minutes on the 
postinjection images were used to de-
termine the slope by means of linear re-
gression in the Patlak graphical analysis 
(23). As representative kinetic param-
eters reflecting FCH influx, the average 
and maximum K1 in the one-tissue com-
partment model and the Ki (net influx 

fat and water method was used (20). 
PET images were then reconstructed 
into dynamic multiframes (6 3 10 sec, 
8 3 30 sec, 5 3 1 min, and 4 3 5 min) 
with a matrix size of 128 3 128 (voxel 
size, 2.34 3 2.34 3 2.78 mm; transaxial 
field of view, 30 cm). A three-dimension-
al time-of-flight–enabled ordered subsets 
expectation maximization iterative algo-
rithm including a point-spread function 
kernel (28 subsets, two iterations, and 
a postreconstruction Gaussian filter of 
5-mm full-width at half-maximum) was 
applied. The standardized uptake values 
(SUVs) were calculated and adjusted by 
means of an injected dose according to 
tissue activity concentration and patient 
body weight.

For multiparametric MR imaging, 
an axial three-dimensional T1-weighted 
sequence, an axial three-dimensional T2-
weighted sequence, an axial T1-weight-
ed Dixon-type water and fat-separation 
sequence, an axial diffusion-weighted 
imaging (b = 0, 600 sec/mm2) sequence, 
an axial diffusion-weighted imaging (b 
= 0, 1350 sec/mm2) sequence, and a 
pre-gadolinium and dynamic contrast-
enhanced MR imaging sequence with 
differential subsampling and carte-
sian ordering (21) were performed 
by using an endorectal coil (MedRad; 
Bayer Healthcare, Whippany, NJ) in 
conjunction with external coil arrays. 
For dynamic contrast-enhanced MR im-
aging, gadobutrol (0.1 mL/kg) or gado-
pentetate dimeglumine (0.2 mL/kg) was 
administered intravenously, followed by 
a 30-frame dynamic acquisition for 5 
minutes with a differential subsampling 
with cartesian ordering sequence. The 
MR imaging pulse sequence details are 
shown in Table E1 (online).

PET/MR Image Analysis
Visual analyses of PET/MR imaging 
were performed independently, PET by 
a nuclear medicine physician (J.Y.C., 
with 15 years of experience) and MR 
imaging by a radiologist (S.B., with 9 
years of experience), blinded to clini-
cal-pathologic characteristics except 
the pathologic tumor location. The vi-
sual interpretation of multiparametric 
MR imaging was based on the Prostate 
Imaging Reporting and Data System 

high-risk PCa who planned to undergo 
radical prostatectomy.

Materials and Methods

This study was financially supported in 
part by GE Healthcare and the National 
Cancer Institute grant R01 CA148708. 
The authors had full control of the data, 
and the study was scientifically initiated 
by the authors, not by the industry.

Subjects
Our institutional review board approved 
the study protocol, and informed writ-
ten consent was obtained from all sub-
jects for this Health Insurance Portabil-
ity and Accountability Act–compliant 
study. This study was performed as a 
part of a prospective clinical trial re-
garding choline PET/MR imaging for 
PCa (NCT#02397408). Subjects were 
men with untreated biopsy-proven PCa 
who were prospectively enrolled in this 
study from April to November 2015. 
Inclusion criteria were as follows: (a) 
biopsy-proven PCa with an intermedi-
ate to high risk or recurrence or death 
characterized according to a Cancer of 
the Prostate Risk Assessment (CAPRA) 
score greater than or equal to 3 (18,19), 
(b) at least one tumor with an esti-
mated volume of greater than or equal 
to 1.0 cm3, and (c) plans to undergo 
radical prostatectomy with bilateral 
pelvic lymph node dissection within 1 
month after FCH PET and multipara-
metric MR imaging.

FCH PET/Multiparametric MR Imaging 
Protocol
After at least 4 hours of fasting, 3 MBq/
kg of FCH (mean 6 standard devia-
tion, 237 MBq 6 44; range, 155–307 
MBq) was administered intravenously. 
Immediately after the injection, simul-
taneous PET/MR imaging of the pelvis 
was performed with an integrated im-
ager (SIGNA PET/MR; GE Healthcare, 
Waukesha, Wis) with 3-T MR imaging 
and PET detectors and silicon photo-
multipliers as photodetectors.

Dynamic PET data were acquired 
for 30 minutes in list mode, covering a 
25-cm axial field of view. For attenuation 
correction, a four-class and continuous 
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the kinetic models, the Wilcoxon test 
was used. To correlate PET/MR imag-
ing parameters and clinical-pathologic 
characteristics, a Spearman rank corre-
lation test was performed. To measure 
the predictability of EPE according to 
PET parameters including K1 and SUV, 
a receiver operating characteristic curve 
analysis was performed. The PET pa-
rameter that showed the highest area 
under curve was used for combination 
with multiparametric MR imaging re-
sults to assess whether the combination 
improved the predictability of EPE. To 
compare measures between patients 
at intermediate and high risk, a Mann-
Whitney U test was performed. In the 
three patients in whom two primary 
tumors were identified, the tumor with 
EPE (n = 2) or a higher Gleason score 
(n = 1) was selected as the representa-
tive tumor for comparison with patient-
representative parameters such as age, 
serum prostate-specific antigen level, 
stage, and postsurgical CAPRA score. A 
P value less than .05 was considered to 
indicate a statistically significant differ-
ence. Data were expressed as means 6 
standard deviation. A commercial pro-
gram was used for all statistical analysis 
(MedCalc Version 15; MedCalc Soft-
ware, Mariakerke, Belgium).

Results

Patient Characteristics
Fifteen patients in whom FCH dynamic 
PET/MR imaging was performed met 
the inclusion criteria. Among them, 
three patients were excluded from 
further analysis: one declined surgery, 
another underwent surgery more than  
6 months after PET/MR imaging, and the 
dynamic acquisition was unsuccessful  
in the remaining patient. Therefore, 
a total of 12 men (mean age, 61.6 
years 6 8.4; range, 46–74 years) were 
finally included in this study. After 
surgery, three patients had two pri-
mary tumors with a pathologic volume 
greater than or equal to 1 cm3 each. 
The final study comprised 15 primary 
tumors in 12 patients. The patients’ 
clinical-pathologic characteristics are 
shown in Table 1.

milliliter) before surgery were the clin-
ical parameters recorded for the com-
parisons with PET/MR imaging. Path-
ologic parameters for the comparisons 
included the percentage of biopsy cores 
involved with cancer, Gleason score at 
surgery, TNM stage, EPE, tumor volume 
(in cubic centimeters), and estimated 
percentage of tumor cells with Gleason 
scores greater than 3 as evaluated by a 
pathologist. On the basis of imaging and 
clinical-pathologic findings, postsurgical 
CAPRA scores were determined (18,19).

Statistical Analysis
To compare the percentage of the stan-
dard errors of kinetic parameters from 

rate of the second compartment) in the 
two-tissue compartment model were 
calculated (15–17). To select the model 
for clinical-pathologic comparisons, the 
percentage of the standard error of 
measurement of the kinetic parameter 
reflecting the fitness of adjusted time-
activity curves was calculated. For the 
PET/MR image analyses, commercial 
software packages (Advantage Work-
station; GE Healthcare; PMOD version 
3.4; PMOD Technologies; Zürich, Swit-
zerland) were used.

Clinical-Pathologic Evaluation
Age and most recent total serum prostate 
specific antigen level (in nanograms per 

Table 1

Clinical-Pathologic Characteristics of Patients and Tumors

Characteristic Data

Patients (n = 12)
 Age (y) 61.7 6 8.4 (46–74)*
 Serum prostate-specific antigen level (ng/mL)† 21.1 6 18.5 (6.1–70)*
 Biopsy cores involved with cancer 54 6 25 (22–100)*
 Pathologic stage 
  T2b 1 (8)
  T2c 3 (25)
  T3a 6 (50)
  T3b 2 (17)
  N0 11 (92)
  N1 1 (8)
  IIa 1 (8)
  IIb 3 (25)
  III 7 (58)
  IV 1 (8)
  EPE
  Yes 8 (67)
  No 4 (33)
 Postsurgical CAPRA score
  4–5 4 (33)
  6–10 8 (67)
Tumors (n = 15)
 Gleason score of tumor after surgery 
  3+3 1 (7)
  3+4 5 (33)
  4+3 6 (40)
  4+5 3 (20)
 Pathologic tumor volume (cm3) 9.0 6 9.5 (1.0–32)*
 Tumor cells with Gleason score . 3 56.9 6 30.8 (5.0–100)*

Note.—Unless otherwise indicated, data are number of patients or tumors, with percentage in parentheses.

* Data are means ± standard deviation, with the range in parentheses.
† To convert to Systéme International units (micrograms per liter), multiply by 1.
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0.81, P , .001), percentage of tumor 
cells with Gleason scores greater than 
3 (r = 0.59, P = .02), and postsurgi-
cal CAPRA score (r = 0.58, P = .046). 
The results of all correlation analyses 
between PET/MR imaging parameters 
and clinical-pathological characteristics 
are shown in Table E2 (online).

The sensitivity and specificity of vi-
sually interpreted multiparametric MR 
imaging based on PI-RADS to identify 
EPE was 50% (4 of 8) and 100% (4 of 
4), respectively. The receiver operating 
characteristic areas under the curve of 
PET parameters to predict EPE were 
0.53 6 0.22 for average K1, 0.56 6 
0.20 for maximum K1, 0.63 6 0.19 for 
SUVavg, and 0.81 6 0.14 for SUVmax. The 
SUVmax of the primary tumor showed 
sensitivity of 75% (six of eight) and 
specificity of 100% (four of four) with 
the use of retrospectively determined 
optimal cutoff 8.5 with the highest ac-
curacy to predict the presence of EPE. 
When positive multiparametric MR im-
aging or SUVmax greater than 8.5 was 
considered positive for EPE prediction, 
PET/MR imaging showed improved sen-
sitivity of 88% (seven of eight) without 
a change in specificity of 100% (shown 
in Figure 3).

Table 3 shows the PET/MR imaging 
parameters in postsurgical intermedi-
ate and postsurgical high-risk CAPRA 
score patient groups. There were signif-
icant differences in SUVmax of primary 
tumors between the two groups; the 
high-risk CAPRA score patient group 
had a higher SUVmax than did the inter-
mediate risk group.

Discussion

In this study, we investigated the poten-
tial clinical utility of kinetic parameters 
from FCH-integrated dynamic PET/
MR imaging in patients with newly di-
agnosed intermediate- to high-risk PCa. 
Although both average and maximum 
K1 values from a kinetic analysis showed 
some correlation with SUVavg and/or 
SUVmax, there were no significant cor-
relations between kinetic PET param-
eters and multiparametric MR imaging 
PI-RADS score and clinical-pathologic 
characteristics. On the contrary, SUVmax 

correlations with maximum K1 (r = 0.86, 
P , .001) and with SUVavg (r = 0.76, P 
= .001). The maximum K1 of primary 
tumors showed significant correlations 
with SUVmax (r = 0.65, P = .008) and with 
SUVavg (r = 0.60, P = .019). There was a 
significant correlation between SUVmax (r 
= 0.65, P = .008) and SUVavg of primary 
tumors (r = 0.63, P = .013). There were 
no significant correlations between PET 
parameters and MR imaging PI-RADS 
scores. Table 2 shows the summary of 
PET/MR imaging parameters from the 
15 primary tumors.

Comparisons between PET/MR Imaging 
Parameters and Clinical-Pathologic 
Characteristics
PET/MR imaging parameters of all 15 
primary tumors were compared with 
tumor-specific parameters such as Glea-
son score. There were no significant 
associations of PET parameters with 
clinical-pathologic characteristics ex-
cept SUVmax of primary tumors. SUVmax 
showed significant positive correlations 
with serum prostate-specific antigen 
level (r = 0.71, P = .01), pathologic 
stage (r = 0.59, P = .043), and postsur-
gical CAPRA score (r = 0.72, P = .008). 
The PI-RADS score showed significant 
correlations with age (r = 20.62, P = 
.033), pathologic tumor volume (r = 

Selection of a Kinetic Model
The estimated average K1 value accord-
ing to the one-tissue component model 
was 0.562 min−1 6 0.201 (range, 0.269–
0.925; percentage of the standard er-
ror, 6.37% 6 1.65%). The estimated 
average net influx rate value according 
to the two-tissue component model and 
the Patlak graphical analysis were 0.128 
min−1 6 0.85 (range, 1.560 3 10–27 to 
0.265; percentage of the standard er-
ror, 4.89 3 1026% 6 1.40 3 1027%) 
and 0.161 min−16 0.074 (range, 0.053–
0.338; percentage of the standard er-
ror, 15.2% 6 12.4%), respectively. The 
percentage of the standard error from 
the one-tissue component model was 
significantly lower than that of the two-
tissue component (P , .001) model or 
that of the Patlak graphical analysis (P 
= .0215). Therefore, the kinetic param-
eter from the one-tissue component 
model was adopted for further analysis. 
The averaged time-activity curves of 
primary tumors and imaging-derived 
plasma input functions are shown in 
Figure 1.

Comparisons in PET/MR Imaging 
Parameters
A representative case of PET/MR im-
ages is shown in Figure 2. The average 
K1 of primary tumors showed significant 

Figure 1

Figure 1: Graph shows time-activity curves of primary tumors and image-
derived input function (IDIF, mean 6 standard error).
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and PI-RADS score showed good indi-
vidual correlations with several clinical-
pathologic characteristics such as age, 
pathologic tumor volume, percentage of 
tumor cells with Gleason scores greater 
than stage 3, or postsurgical CAPRA 
risk score. This suggests that kinetic 
FCH PET parameters may provide dif-
ferent information from other PET/MR 
imaging parameters and clinical-patho-
logic characteristics.

Although kinetic modeling by means 
of dynamic PET has an advantage to 
provide absolute quantitative values, it 
requires additional or lengthy dynamic 
imaging and is difficult to perform in a 
routine clinical setting. In a simultaneous 
PET/MR imaging device, a dynamic PET 
scan can be obtained without additional 
time during the focused, organ-specific 
MR imaging examination. In traditional 
kinetic modeling, a plasma-derived input 
function usually is obtained from arterial 
or arterialized venous sampling with a 
metabolite correction, which is relatively 
invasive and complex to perform in a 
routine clinical setting. On the contrary, 
obtaining an imaging-derived plasma in-
put function is simple and noninvasive, 
and it can be performed in a clinical set-
ting. Authors of a recent FCH PET study 
(17) reported that use of an imaging-de-
rived plasma input function was feasible 
for a kinetic analysis, although it allowed 
overestimation of whole blood activ-
ities at later time points. In this study, 
among three kinds of kinetic models, 
the 1T2k+VB model was selected for 
clinical-pathologic comparisons of ki-
netic parameters because its goodness 
of fit to estimate the parameters was the 
best. Authors of a previous study (17) 
also suggested that this model was suit-
able for FCH kinetic modeling due to its 
robustness and consistency in shorter 
examinations, which can be applied to 
PET/MR imaging.

Both average and maximum K1 did 
not show significant correlations with 
other PET/MR imaging parameters and 
clinical-pathologic characteristics except 
the moderate correlations with static 
PET parameters. A moderate correlation 
between kinetic parameters and static 
parameters such as SUVs in FCH PET 
was previously reported (R , 0.58) (17). 

Figure 2

Figure 2: Transaxial integrated dynamic PET/MR images in a 46-year-old man with left PCa (Gleason 
score, 4+3 = 7; pathologic stage III). (a) T2-weighted image shows areas of low signal intensity, with an 
EPE involving posterior capsule (arrow, PI-RADS version 2 score of 5) and (b) apparent diffusion coefficient 
map, and (c) high FCH uptake on fused T2-weighted/PET SUV image (SUV

avg
, 6.75; SUV

max
, 8.80) and (d) K1 

parametric map (average K1 value, 0.475 min21; maximum K1, 0.500 min21) in tumor. Surgical pathologic 
examination showed tumor involvement in left posterior capsule.

Table 2

PET/MR Imaging Parameters of Primary Tumors

Parameter Data

Average K1 (min21) 0.562 6 0.201 (0.269–0.925)
Maximum K1 (min21) 0.753 6 0.246 (0.315–1.202)
SUVavg 6.10 6 1.60 (3.80–9.81)
SUVmax 8.40 6 2.04 (5.45–11.93)
PI-RADS score*
 2 3/15 (20)
 4 5/15 (33)
 5 7/15 (47)

Note.—Unless otherwise indicated, data are means 6 standard deviation, with the range in parentheses.

* PI-RADS version 2. Data are proportions of tumors, with percentages in parentheses. 



Radiology: Volume 282: Number 2—February 2017 n radiology.rsna.org 435

GENITOURINARY IMAGING: 18F Fluorocholine Dynamic Time-of-Flight PET/MR Imaging  Choi et al

we know, ours may be the first study in 
which PET parameters were compared 
with PI-RADS scores, the current stan-
dard of multiparametric MR imaging 
interpretation for diagnosis of PCa. 
There were no significant correlations 
between all PET and multiparametric 
MR imaging parameters, which is plau-
sible, considering that FCH uptake is 
biologically different information from 
that obtained with multiparametric 
MR imaging. Our study showed good 
correlation between SUVmax and se-
rum prostate-specific antigen levels, al-
though there are contraversial results in 
a previous study (14,24) related to that 
correlation. The heterogeneity of study 
populations may contribute to such dis-
parate results.

The CAPRA score is one of the most 
validated risk assessment systems for 
PCa (18,19). In patients who underwent 
surgery, the postsurgical CAPRA score 
reflected the prognosis better than did 
the presurgical score because of the in-
clusion of additional and accurate path-
ologic information (25,26). In our study, 
SUVmax and PI-RADS scores showed good 
correlations with the postsurgical CAPRA 
scores. Specifically, SUVmax demonstrated 
the highest correlation with the postsur-
gical CAPRA score, and the highest area 
under the receiver operating character-
istic curve for prediction of EPE, a clin-
ically important prognostic factor (27). 
Also, it is possible that the combination 
of SUVmax and PI-RADS will improve risk 
assessment of individual patients with 
PCa. The improved prediction of EPE 
with the combination of SUVmax and PI-
RADS score and the lack of correlation 
between SUVmax and PI-RADS score sup-
port this possibility. Furthermore, single-
voxel PET/MR imaging parameters such 
as SUVmax are not affected by the deter-
mination of the tumor volume of interest, 
and thereby provide a more robust and 
convenient measurement.

This study had several limitations. 
First, the small number of subjects and 
lack of clinical patient outcome follow-up 
were the main limitations. Therefore our 
work was hypothesis generating; fur-
ther confirmatory studies are required. 
Second, an imaging-derived plasma in-
put function was used for the kinetic 

on the basis of our preliminary results. 
However, the value of dynamic FCH data 
must be investigated further.

The SUVmax, a conventional static 
PET parameter, showed good corre-
lation with serum prostate-specific 
antigen level, pathologic stage, and 
postsurgical CAPRA score. As far as 

This means that kinetic parameters may 
provide different metabolic information 
from that of static PET parameters. In 
our study, however, there were no signif-
icant correlations between kinetic PET 
parameters and clinical-pathologic char-
acteristics. Therefore, no clear clinical 
utility was found for these parameters 

Figure 3

Figure 3: Transaxial PET/MR images in a 58-year-old man with left PCa (Gleason score, 4+3 = 7; path-
ologic stage III; pathologic EPE involving left posterolateral capsule) show (a) a low–signal-intensity tumor 
on T2-weighted image with an EPE (PI-RADS score, 5), but (b) T2-weighted PET fused image only shows 
moderate focal FCH uptake of SUV

max
 of 7.20 (,8.5). PET/MR transaxial images in a 60-year-old man with 

left PCa (Gleason score, 4+3 = 7; pathologic stage III; pathologic EPE involving left posterolateral capsule) 
show (c) a low–signal-intensity tumor on T2-weighted image without a definite EPE (PI-RADS score, 4), but 
(d) high focal FCH uptake of SUV

max
 of 9.6 (.8.5) on T2-weighted PET fused image.

Table 3

PET/MR Imaging Parameters According to the Postsurgical CAPRA Risk Score Group

Parameter Intermediate Risk (n = 4) High Risk (n = 8) P Value

Average K1 (min21) 0.482 6 0.146 0.592 6 0.200 .360
Maximum K1 (min21) 0.587 6 0.215 0.837 6 0.234 .214
SUVavg 5.23 6 0.87 6.55 6 1.50 .214
SUVmax 6.24 6 1.26 9.53 6 1.48 .008
PI-RADS score* 3.5 6 0.6 3.5 6 1.3 .587

Note.—Unless otherwise indicated, data are means 6 standard deviation.

* PI-RADS version 2
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modeling instead of a conventional plas-
ma-derived input function. Third, for pre-
diction of EPE, the SUVmax threshold was 
determined retrospectively on the basis 
of the test data set with a small number 
of patients. Further study with a larger 
sample-size validation set is necessary.

In conclusion, the SUVmax and the 
PI-RADS version 2 score of the primary 
tumors from FCH PET/MR imaging 
showed good correlation with clinical-
pathologic characteristics such as post-
surgical CAPRA score related to prog-
nosis in patients with newly diagnosed 
intermediate- to high-risk PCa. Further 
studies regarding the prognostic signifi-
cance and EPE prediction of combined 
FCH PET/MR imaging parameters are 
warranted in patients with PCa.
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