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Abstract

Purpose—18F-FDG-PET/CT is used to characterize many malignancies, but is not recommended 

for localized prostate cancer. This study explores the value of multi-parametric MRI (mpMRI) in 

characterizing incidental prostate 18F-FDG uptake.

Methods—Thirty-one patients who underwent 18F-FDG-PET/CT for reasons unrelated to 

prostate cancer and prostate mpMRI were eligible for this retrospective study. The mpMRI 

included T2-weighted (T2W), dynamic contrast enhancement (DCE), apparent diffusion 

coefficient (ADC), and MR spectroscopy (MRS) sequences. 14 patients were excluded (n=8 

insufficient histopathology, n=6 radical prostatectomy before PET), and final analysis included 17 

patients. A nuclear medicine physician, blinded to clinicopathologic findings, identified suspicious 

areas and maximum standardized uptake values (SUVmax) on 18F-FDG-PET/CT. Sector-based 

imaging findings were correlated with annotated histopathology from whole-mount or MRI/

transrectal ultrasound fusion biopsy samples. Positive predictive values (PPVs) were estimated 

using generalized estimating equations with logit link. Results were evaluated with Kruskal-Wallis 

and Dunn’s multiple comparisons tests.

Results—The PPV of 18F-FDG-PET alone in detecting prostate cancer was 0.65. 

Combining 18F-FDG-PET as a base parameter with mpMRI (T2W, DCE, ADC, and MRS) 

increased the PPV to 0.82, 0.83, 0.83, and 0.94, respectively. All benign lesions had SUVmax<6. 
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Malignant lesions had higher SUVmax values that correlated with Gleason scores. There was a 

significant difference in SUVmax per prostate between the Gleason≥4+5 and benign categories 

(p=0.03).

Conclusions—Focal incidental prostate 18F-FDG uptake has low clinical utility alone, but 

regions of uptake may harbor high-grade prostate cancer, especially if SUVmax>6. Using mpMRI 

to further evaluate incidental 18F-FDG uptake aids the diagnosis of prostate cancer.
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Introduction

Positron emission tomography using fluorodeoxyglucose (18F-FDG) is widely performed to 

stage many types of cancer since metabolically active cancers tend to utilize the glycolytic 

pathway. 18F-FDG PET/CT allows cancers to be located for tumor detection, staging and 

treatment monitoring. While 18F-FDG PET/CT is widely used to characterize many types of 

cancer, current guidelines recommend against using 18F-FDG PET/CT in prostate cancer 

(PCa). Activity spillover from adjacent bladder and potential residual urine in prostatic 

urethra can complicate image evaluation. Nonetheless, many 18F-FDG PET/CT scans are 

performed for reasons other than prostate cancer in patients with known or suspected 

prostate cancer. The implications of an incidental positive 18F-FDG PET/CT in such patients 

are not well understood [1–4].

Gaining a better understanding of incidentally detected focal prostate 18F-FDG uptake may 

have clinical utility for many patients, especially considering that there were 2.3 million 18F-

FDG PET/CT scans performed in 2012, with the volume expected to reach 11 million 18F-

FDG PET/CT scans by 2021 in the U.S. [5]. Since 18F-FDG is the most common agent 

utilized for PET/CT imaging, improving the characterization of incidental focal prostatic 

uptake on 18F-FDG PET/CT scans performed for other indications may provide clinical 

benefit, particularly because prostate cancer is very common, affecting 1 in every 7 

American men [6].

18F-FDG PET/CT currently plays no role in the detection of prostate cancer. A study by 

Jadvar et al. indicated that 18F-FDG PET/CT may serve as a biomarker in castrate-resistant 

metastatic PCa but its use in primary disease is rare [7]. Aiming to explore the biomarker 

potential of 18F-FDG PET/CT further, Bartoletti et al. examined a group of patients with 

normal PSA and 18F-FDG PET/CT scans performed for other reasons. The six patients in 

this case series were all found to have PCa, with Gleason scores ranging from 3+3 (n=1) to 

≥4+3 (n=5), with one patient having Gleason 5+3 disease [8]. However, it was difficult to 

ascertain whether the uptake on 18F-FDG PET/CT corresponded to the tumor. In surveying 

our patient population we found 17 patients with 18F-FDG uptake in the prostate. These 

patients also had mpMRI of the prostate, and thus it was possible to correlate the uptake 

with histology. Therefore, this study explores the value of mpMRI in better characterizing 

incidentally detected focal prostate 18F-FDG uptake. The main goal of our study was to 
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correlate focal uptake of 18F-FDG uptake in the prostate with findings from mpMRI and 

histopathology to better understand the significance of incidental prostate uptake.

Materials and Methods

Study Design and Patient Population

This single-institution retrospective study was approved by the local institutional review 

board. The study was compliant with the Health Insurance Portability and Accountability 

Act and informed consent was obtained from each patient, though for this type of 

retrospective study formal consent is not required. We searched our local picture archiving 

and communication system (PACS) for male patients having both prostate MRI and 18F-

FDG PET/CT examinations from March 2008 to May 2013. Thirty-one patients were found 

to have both of these imaging studies. Inclusion criteria aside from the 18F-FDG PET/CT 

and multi-parametric MRI of the prostate included available MRI/transrectal ultrasound 

(TRUS) fusion guided biopsy and/or whole-mount prostate histopathology. Of the 31 

patients, 6 were excluded for having had radical prostatectomy prior to 18F-FDG PET/CT 

imaging, and 8 patients were excluded for lack of sufficient histopathology data. Thus, a 

total of 17 patients were included in the final analysis [Figure 1].

Image Acquisition

The 18F-FDG PET/CT imaging was performed using a GE Discovery ST PET/CT (General 

Electric Medical Systems, Milwaukee, WI, USA), and a low-dose, non-contrast CT scan 

(120 kVp, 60 mAs) was obtained for attenuation correction and co-registration, as described 

previously [9]. The indications for obtaining 18F-FDG PET/CT examinations for each 

patient included in the study are listed in Table 1. Six patients underwent prostate mpMRI 

after 18F-FDG PET/CT for metastatic workup of pheochromocytoma (n=2), lymphoma 

(n=2), thyroid cancer (n=1), or thymoma (n=1). The remaining 11 patients underwent 

prostate mpMRI before their 18F-FDG PET/CT exams.

The MRI scans were acquired using a 3.0 Tesla clinical MR scanner (Achieva 3.0T-TX, 

Philips Healthcare, Best, NL) with the anterior half of a 32-channel SENSE cardiac coil 

(Invivo, Gainesville, FL, USA) positioned over the pelvis and an endorectal coil (BPX-30, 

Medrad, Pittsburgh, PA, USA), as described previously [10]. The multi-parametric MRI 

sequences used for lesion detection included triplanar (coronal, sagittal and axial) T2-

weighted (T2W), diffusion-weighted MRI (DW-MRI) and corresponding apparent diffusion 

coefficient (ADC) maps, multi-voxel 3-dimensional localized magnetic spectroscopy and 

axial 3-dimensional fast field echo dynamic contrast enhanced sequences, as previously 

reported [11]. The indications for obtaining the prostate mpMRI included elevated PSA 

(n=11), elevated PSA with prior negative 12-core systematic TRUS biopsy (n=3), abnormal 

digital rectal exam (n=1), and incidental 18F-FDG uptake in the prostate on PET/CT (n=2) 

[Table 1].

Data Analysis

FDG PET/CT—An experienced nuclear medicine physician (MLL), who was blinded to 

histology and clinical information, prospectively identified suspicious areas on attenuation-
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corrected 18F-FDG PET/CT scans. Volumes of interest were manually drawn to delineate the 

suspicious areas from which the maximum standardized uptake values (SUVmax) could be 

calculated. The SUVmax values were recorded for each focus of abnormal 18F-FDG uptake 

in the prostate as well as for each patient’s whole prostate.

mpMRI—The MR images were assessed for target lesions as documented in each patient’s 

prostate MRI report. Each of the four mpMRI parameters (T2W, DCE, ADC, and MRS) was 

independently scored by an experienced radiologist (BT).

18F-FDG PET/CT and mpMRI correlation with histopathology—In the initial step 

of imaging and histopathology correlation, mpMRI and 18F-FDG PET/CT were registered 

using a commercial software tool that fuses anatomic axial T2W MRI to the CT component 

of the 18F-FDG PET/CT scan (MIM 5.2, Cleveland, OH, USA). Then, the prostate was 

divided into 6 sectors (right and left at apex, mid and base portions of the prostate) on fused 

T2W MRI and CT images to perform sector-based analysis [Figure 2] for correlation of 18F-

FDG PET/CT and mpMRI with histopathology. Each sector was analyzed with respect to the 

presence or absence of the 18F-FDG PET/CT positive lesions volumes of interest and the 

radiologist-defined mpMRI lesions. Lesion-based analysis was also performed for mpMRI 

and 18F-FDG PET/CT based on suspicious lesions identified on the 18F-FDG PET/CT scans. 

Both sector-based and lesion-based imaging findings were correlated with annotated 

histopathology from whole-mount prostatectomy specimens processed within patient 

specific MRI based customized molds [12] or MRI/TRUS fusion biopsy [10].

Statistical Analysis

Generalized estimating equations (GEEs) with logit link and working independence 

correlation structure were used to estimate sector-based sensitivity and specificity, and 

lesion-based positive predictive values (PPV). Robust variance estimate and delta method 

were used to calculate the standard errors (SE). The Wald test was used to calculate the p-

values of the pairwise differences in sensitivity, specificity, and PPV between different 

imaging modalities. GraphPad Prism (ver 6.01, San Diego, CA) was used to conduct the 

Kruskal-Wallis and Dunn’s multiple comparisons tests in comparing mean SUVmax with 

respect to each patient’s worst Gleason score.

Results

The seventeen patients analyzed in this study had a mean age, mean serum PSA, and mean 

prostate SUVmax of 65 years (range 49 – 77), 11.17 ng/mL (range 2.64 – 39.64), and 8.40 

(range 2.99 – 25.35), respectively [Table 1]. The median time interval between the 18F-FDG 

PET/CT scan and prostate MRI scan was 48 days (range 1 day to 3.9 years, standard 

deviation 11.6 months). Benign lesions were found in 3 of the 17 patients (18%), consisting 

of primarily inflammatory changes, while the remaining 14 of 17 patients (82%) had 

prostate cancer lesions. An example of a patient with a prostate cancer lesion detected 

incidentally is shown in Figure 3. The sector-based sensitivity, specificity, PPV, and NPV of 

each imaging modality alone for detecting prostate cancer are shown in Table 2. All 

modalities except magnetic resonance spectroscopy (MRS) had higher sensitivity than 
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specificity values. MRS had a high specificity of 0.92 while T2, ADC, and DCE had 

specificity values of 0.72, 0.73, and 0.74, respectively. 18F-FDG PET had the lowest 

specificity value of 0.52. The PPV and NPV for 18F-FDG PET were also comparatively 

much lower, 0.65 and 0.62, respectively.

We observed that the sector-based PPV of 18F-FDG PET/CT alone in detecting prostate 

cancer was 0.65. Combining the results from the 18F-FDG PET/CT as a base parameter with 

each of the mpMRI modalities (T2, DCE, ADC, MRS) increased the PPV of 18F-FDG PET 

to 0.82, 0.83, 0.83, and 0.94, respectively [Table 3].

The sector-based sensitivity of each imaging modality was estimated in the subgroups of 

patients with lower grade Gleason score (3+3 or 3+4) and higher grade Gleason score 

(≥4+3). These differences in sensitivity were not significant for any parameter except DCE 

MRI, where the sensitivity was 0.85 versus 0.61 for higher compared to lower Gleason score 

tumors, respectively (p=0.0496) [Figure 4]. Although it was not significant (p=0.23), the 

sensitivity for 18F-FDG PET was also higher for the higher grade Gleason scores, 0.82 

compared to 0.61 for the lower grade Gleason score sectors.

The lesion-based analysis allowed for determination of PPVs for each modality and between 

different modalities. The results were identical for T2W MRI and ADC images. The PPV 

was highest for MRS, at 0.75, but also had the greatest variability, with standard error 0.16. 

PPV estimates and standard error values for T2W MRI, DCE MRI, and 18F-FDG PET were 

0.59 ± 0.10, 0.62 ± 0.10, and 0.51 ± 0.09, respectively. The p-values of the lesion-based 

PPVs were not significant for any of the pairwise differences (P>0.05).

Further lesion-based analysis revealed that the mean SUVmax values were less than 6 for all 

benign lesions. The malignant lesions had increasingly higher mean SUVmax values that 

correlated with Gleason scores. Similar results were obtained for SUVmax per prostate 

compared to the worst Gleason score per prostate. The trend between SUVmax and worst 

Gleason score was not statistically significant (p=0.072). However, there was a statistically 

significant difference between the mean SUVmax of benign lesions and very high-grade 

(Gleason ≥4+5) lesions (p=0.03) [Figure 5].

We observed that patients’ serum PSA levels were generally higher with higher grade 

Gleason scores; however, this trend was not statistically significant (p=0.13), although a 

significant difference was found between the mean PSA values of the benign and 

Gleason≥4+5 categories (p=0.03). PSA density was also observed to increase with higher 

grade Gleason scores. While the categorical trend was non-significant (p=0.055), there were 

two significant differences between the benign and low-grade (Gleason 3+3 and 3+4) 

categories as compared to patients with worst Gleason≥4+5, with p-values of 0.027 and 

0.048, respectively [Figure 6].

Discussion

This retrospective study aimed to address the need for further evaluation of incidentally 

detected focal 18F-FDG uptake in the prostate in patients who have had 18F-FDG PET/CT 

scans performed for other reasons. Our results suggest that such patients may benefit from 
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multi-parametric MRI (mpMRI) to improve the detection of prostate cancer and potentially 

reduce the uncertainty associated with focal incidental uptake of 18F-FDG within the 

prostate. Our results indicate that 18F-FDG PET/CT has higher sensitivity for higher 

Gleason score lesions compared to lower Gleason score lesions. This result was not 

significant likely due to the increased standard error compared to DCE MRI, which did have 

a significant result and similar sensitivity values. Thus, a region that shows up positively in 

the prostate on 18F-FDG PET/CT, even if it is found incidentally, can be clinically 

significant and should be further evaluated with mpMRI. Due to the overlap between 

SUVmax values between benign lesions and low-grade (Gleason 3+3 or 3+4) lesions, it is 

possible that 18F-FDG PET/CT will fail to detect lower grade Gleason score cancer. 

However, this may actually be a clinically useful feature since current diagnostic strategies 

for prostate cancer already result in overdiagnosis and overtreatment of clinically indolent 

cancers. It is more important that the highly malignant prostate tumors are not missed, and 

our results indicate promise for using mpMRI to find highly malignant lesions among areas 

of incidental 18F-FDG uptake in the prostate. Multi-parametric MRI of the prostate is also 

useful because it can be used to guide biopsies to high-risk locations in the prostate.

In a prospective study by Minamimoto et al., regions of focal 18F-FDG PET uptake 

(SUVmax cutoff >2.9) were biopsied under TRUS guidance, and they concluded that 18F-

FDG PET/CT could potentially detect prostate cancer with 80.0% sensitivity and 87.0% 

PPV in cases with Gleason score ≥7. They proposed that a positive finding of 18F-FDG-

PET/CT in the prostate with a PSA value ≥10.0 ng/mL may suggest that the lesion contains 

prostate cancer with a Gleason score of 7 or greater. Thus, they concluded that 18F-FDG-

PET/CT was an accurate method of assessing a patient with a greater than intermediate risk 

for prostate cancer [13]. On the other hand, Hwang et al. reported their experience of 

incidental uptake in 120 patients, 23 of whom were diagnosed with prostate cancer via 

TRUS guided biopsy after depiction of the incidental uptake in the prostate. The SUVmax 

was higher in the cancer group (5.7 ± 5.1) than in the benign group (4.8 ± 2.7), but the 

difference was not statistically significant (p=0.37). Moreover, they did not identify a 

significant correlation between SUVmax and Gleason score (correlation coefficient 0.315, 

p=0.143) [2]. None of these studies included mpMRI, MRI targeted biopsy or whole mount 

histology correlation. We observed significant differences between benign and high-grade 

(Gleason≥4+5) tumors on the basis of SUVmax, PSA, and PSA density. These parameters 

can be used to create a diagnostic flowchart that uses SUVmax, PSA, and PSA density 

thresholds to categorize patients with incidentally found focal prostatic 18F-FDG uptake as 

having benign or malignant lesions. The important thresholds were found to be SUVmax >6 

for malignant areas, and SUVmax <6 combined with either PSA density less than 0.14 or 

PSA less than 5 ng/mL for benign areas [Figure 7]. Based on our findings, we recommend 

that men with focal incidental prostatic FDG uptake are further evaluated by urologists, who 

can perform a digital rectal exam and determine the serum PSA. Depending on these clinical 

findings, a prostate mpMRI may be warranted, and can improve the characterization of the 

incidental FDG uptake. Naturally, these conclusions are limited by the relatively small size 

of this cohort.

Our study has several limitations. First, it was retrospective in nature and 18F-FDG PET/CT 

studies were done for the workup of several other primary malignancies but not for prostate 
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mpMRI findings in the majority of patients. However, the uptake depicted on 18F-FDG 

PET/CT was not found to correspond to prostatic metastases either in biopsy or whole 

mount histology. Second, our study included a limited number of eligible patients. However, 

the sector and lesion-based analysis enabled us to perform a correlation between 18F-FDG 

PET/CT, mpMRI and histology. Moreover, our findings demonstrate a relatively high 

percentage of malignant lesions (82%) compared to other studies that reported a 

predominance of benign lesions in areas with incidental 18F-FDG uptake in the prostate 

[14]. One reason for this finding includes three patients with known prostate cancer at the 

time of PET imaging who were undergoing 18F-FDG PET/CT as part of a metastatic workup 

for another cancer. A more likely reason for the high percentage of malignant lesions found 

in our study is that all patients had to have undergone mpMRI scans based on a suspicion of 

prostate cancer. Finally, the high prevalence of prostate cancer in our patient cohort may 

limit the applicability of our PPV and NPV estimates to a more generalized patient 

population since these metrics are prevalence dependent.

In conclusion, focal incidental prostate 18F-FDG PET/CT uptake has low clinical utility 

alone, but areas with incidental 18F-FDG uptake may harbor high-grade prostate cancer, 

especially if the SUVmax value is greater than 6. Our study indicates that mpMRI of the 

prostate is a useful further step in evaluation after PSA and DRE following the detection of 

an area of incidental intra-prostatic 18F-FDG uptake, as mpMRI better characterizes 

suspicious areas resulting in higher positive predictive values compared to 18F-FDG PET/CT 

alone.
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Figure 1. 
Flowchart demonstrating the inclusion criteria for this study. Seventeen patients who 

had 18F-FDG PET/CT scans performed with prostate glands present and who had undergone 

prostate MRI with subsequent targeted biopsy or whole mount histopathology available were 

ultimately included in the study. Six patients were excluded for having radical prostatectomy 

prior to 18F-FDG PET/CT exam and eight patients excluded for insufficient histopathology.
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Figure 2. 
Schematic diagram of the six sectors used in the sector-based analysis for this study. Midline 

along with apical, mid, and base divisions were utilized to represent the prostate in six 

approximately equal sections.
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Figure 3. 
Images shown are from a 61 year old patient with serum PSA 2.64 ng/mL who 

underwent 18F-FDG PET/CT for staging of metastatic papillary thyroid cancer and was 

found to have a significant increase in metabolic activity of a left-sided prostate focus 

warranting further evaluation. He subsequently underwent multi-parametric MRI of the 

prostate, which identified a suspicious lesion in the left apical mid peripheral zone that was 

positive on T2W MRI (a), ADC map of DW MRI (b), and DCE MRI (c). The left apical mid 

peripheral zone lesion (white arrows in a-c) corresponded to the high uptake area on the 18F-

FDG PET/CT scan (black arrow on the PET scan in d and white arrow on the PET/CT in e), 

which had an SUVmax of 25.35. This lesion corresponded to Gleason 4+4=8 prostate 

adenocarcinoma on MRI/ultrasound targeted biopsy and radical prostatectomy.
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Figure 4. 
Sensitivity estimates for the use of single imaging modalities to detect prostate cancer. 

Results are stratified into patients with lower grade cancers (Gleason score 3+4 and below) 

and higher grade cancers (Gleason score greater than or equal to 4+3). The only statistically 

significant difference was for DCE, with sensitivity values of 0.85 ± 0.06 for detecting high 

Gleason score PCa compared to 0.61 ± 0.10 for lower grade cancer and a p-value of 0.0496. 

All other comparisons had p-values > 0.05.
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Figure 5. 
(a) Mean SUVmax and Gleason score for individual lesions, with SUVmax increasing with 

higher Gleason scores. (b) Mean SUVmax and worst Gleason score per prostate. The trend 

between SUVmax and worst Gleason score was not statistically significant on the Kruskal-

Wallis test (p=0.072). The Dunn’s multiple comparison test revealed a statistically 

significant difference between the mean SUVmax of benign lesions and very high grade 

(Gleason ≥ 4+5) lesions (p=0.03).
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Figure 6. 
(a) Mean serum PSA obtained at the time of MRI examination compared to the worst 

Gleason score obtained for each patient’s prostate cancer. The trend between PSA and 

Gleason was not significant, with p=0.13 on the Kruskal-Wallis test. The serum PSA values 

of benign and Gleason ≥ 4+5 disease were found to be significantly different with p=0.03 on 

the Dunn’s multiple comparison test. (b) Mean serum PSA density calculated at the time of 

MRI based on the planimetric MRI prostate volume compared to the worst Gleason score 

per patient. The trend between PSA density and Gleason score approached significance 

(p=0.055) on the Kruskal-Wallis test and there were statistically significant differences 

observed between PSA density in patients with benign disease compared to both the Gleason 

4+4 and Gleason ≥ 4+5 categories, with p=0.048 and p=0.027 on the Dunn’s multiple 

comparison tests, respectively.
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Figure 7. 
Decision flowchart for characterizing incidental 18F-FDG uptake in the prostate. Lesions 

with SUVmax ≥6 were all malignant. All of the benign lesions had SUVmax <6. However, 

there were also several malignant lesions that had SUVmax <6. Further stratification of to 

determine the likelihood of malignant or benign findings in each prostate could be made on 

the basis of PSA and PSA density. Patients who had PSA <5 ng/mL had only benign 

findings. Those with PSA ≥5ng/mL could be further separated into predominantly benign or 

malignant categories on the basis of PSA density. Patients who had PSA density <0.14 

within the lower SUVmax category had predominantly benign findings. Conversely, patients 

with PSA density ≥0.14 had predominantly malignant findings. This flowchart may serve as 

a decision aide in patients with incidental 18F-FDG uptake in the prostate gland to better 

evaluate these lesions for malignancy.

Brown et al. Page 15

Abdom Imaging. Author manuscript; available in PMC 2017 September 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Brown et al. Page 16

Ta
b

le
 1

Pa
tie

nt
 c

ha
ra

ct
er

is
tic

s 
an

d 
in

di
ca

tio
ns

 f
or

 18
F-

FD
G

 P
E

T
/C

T
 s

ca
ns

P
t

18
F

-F
D

G
 P

E
T

/C
T

 in
di

ca
ti

on

P
ro

st
at

e 
m

pM
R

I 
be

fo
re

 o
r 

af
te

r 
P

E
T

?

P
ro

st
at

e 
m

pM
R

I 
in

di
ca

ti
on

W
or

st
 G

le
as

on
A

ge
 (

yr
)

P
SA

 (
ng

/m
L

)
P

ro
st

at
e 

vo
lu

m
e 

(m
L

)
P

SA
D

SU
V

m
ax

, p
ro

st
at

e

1
M

et
as

ta
tic

 R
C

C
be

fo
re

A
bn

or
m

al
 D

R
E

B
en

ig
n

53
2.

65
45

0.
06

3.
33

2
Ph

eo
ch

ro
m

oc
yt

om
a

af
te

r
E

le
va

te
d 

PS
A

B
en

ig
n

49
4.

48
35

0.
13

5.
90

3
R

C
C

be
fo

re
E

le
va

te
d 

PS
A

B
en

ig
n

72
4.

43
15

2
0.

03
4.

70

4
L

un
g 

no
du

le
be

fo
re

E
le

va
te

d 
PS

A
3+

3
56

13
.1

0
75

0.
17

4.
10

5
M

an
tle

 c
el

l l
ym

ph
om

a
af

te
r

E
le

va
te

d 
PS

A
 a

nd
 p

ri
or

 n
eg

at
iv

e 
T

R
U

S 
bi

op
sy

3+
4

70
9.

64
36

0.
27

4.
61

6
M

et
as

ta
tic

 R
C

C
be

fo
re

E
le

va
te

d 
PS

A
3+

4
75

7.
50

54
0.

14
4.

96

7
M

G
U

S
be

fo
re

E
le

va
te

d 
PS

A
3+

4
73

8.
72

40
0.

22
3.

98

8
H

C
C

be
fo

re
E

le
va

te
d 

PS
A

3+
4

55
8.

60
32

0.
27

7.
24

9
L

ar
ge

 c
el

l l
un

g 
ca

nc
er

be
fo

re
E

le
va

te
d 

PS
A

4+
4

59
8.

58
26

0.
33

2.
99

10
L

un
g 

ad
en

oc
ar

ci
no

m
a

be
fo

re
E

le
va

te
d 

PS
A

 a
nd

 p
ri

or
 n

eg
at

iv
e 

T
R

U
S 

bi
op

sy
4+

4
67

14
.1

0
32

0.
44

6.
25

11
M

et
as

ta
tic

 p
ap

ill
ar

y 
th

yr
oi

d 
ca

nc
er

af
te

r
In

ci
de

nt
al

 18
F-

FD
G

 p
ro

st
at

e 
up

ta
ke

4+
4

61
2.

64
41

0.
06

25
.3

5

12
Fo

lli
cu

la
r 

ly
m

ph
om

a
af

te
r

E
le

va
te

d 
PS

A
4+

4
70

8.
28

38
0.

22
5.

63

13
Ph

eo
ch

ro
m

oc
yt

om
a

af
te

r
E

le
va

te
d 

PS
A

4+
4

72
14

.9
5

28
0.

53
7.

00

14
M

et
as

ta
tic

 w
or

ku
p

be
fo

re
E

le
va

te
d 

PS
A

 a
nd

 tw
o 

pr
io

r 
ne

ga
tiv

e 
T

R
U

S 
bi

op
si

es
4+

5
77

27
.1

0
57

0.
48

16
.8

5

15
M

et
as

ta
tic

 th
ym

om
a

af
te

r
In

ci
de

nt
al

 18
F-

FD
G

 p
ro

st
at

e 
up

ta
ke

4+
5

66
8.

53
33

0.
26

6.
64

16
M

et
as

ta
tic

 w
or

ku
p

be
fo

re
E

le
va

te
d 

PS
A

5+
4

72
6.

90
45

0.
15

19
.3

1

17
M

et
as

ta
tic

 w
or

ku
p

be
fo

re
E

le
va

te
d 

PS
A

5+
5

51
39

.6
4

60
0.

66
13

.9
1

M
ea

n
65

11
.1

7
49

0.
26

8.
40

M
in

49
2.

64
26

0.
03

2.
99

M
ax

77
39

.6
4

15
2

0.
66

25
.3

5

Pt
 =

 p
at

ie
nt

; y
r 

=
 y

ea
rs

; P
SA

D
 =

 P
SA

 d
en

si
ty

; R
C

C
 =

 r
en

al
 c

el
l c

ar
ci

no
m

a,
 M

G
U

S 
=

 m
on

oc
lo

na
l g

am
m

op
at

hy
 o

f 
un

de
te

rm
in

ed
 s

ig
ni

fi
ca

nc
e,

 H
C

C
 =

 h
ep

at
oc

el
lu

la
r 

ca
rc

in
om

a;
 D

R
E

 =
 d

ig
ita

l r
ec

ta
l e

xa
m

; 
T

R
U

S 
=

 tr
an

sr
ec

ta
l u

ltr
as

ou
nd

Abdom Imaging. Author manuscript; available in PMC 2017 September 25.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Brown et al. Page 17

Ta
b

le
 2

Se
ct

or
-b

as
ed

 a
na

ly
si

s 
re

su
lts

 f
or

 d
et

ec
tio

n 
of

 p
ro

st
at

e 
ca

nc
er

 u
si

ng
 a

 s
in

gl
e 

m
od

al
ity

E
st

im
at

es
 ±

 S
E

T
2W

A
D

C
D

C
E

M
R

S
F

D
G

Se
ns

it
iv

it
y

0.
80

 ±
 0

.0
4

0.
78

 ±
 0

.0
5

0.
75

 ±
 0

.0
6

0.
44

 ±
 0

.1
2

0.
73

 ±
 0

.0
9

Sp
ec

if
ic

it
y

0.
72

 ±
 0

.0
4

0.
73

 ±
 0

.0
5

0.
74

 ±
 0

.0
4

0.
92

 ±
 0

.0
5

0.
52

 ±
 0

.0
9

P
P

V
0.

78
 ±

 0
.0

7
0.

78
 ±

 0
.0

7
0.

78
 ±

 0
.0

7
0.

87
 ±

 0
.1

0
0.

65
 ±

 0
.0

9

N
P

V
0.

75
 ±

 0
.0

7
0.

73
 ±

 0
.0

8
0.

71
 ±

 0
.0

8
0.

58
 ±

 0
.0

9
0.

62
 ±

 0
.1

2

Abdom Imaging. Author manuscript; available in PMC 2017 September 25.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Brown et al. Page 18

Ta
b

le
 3

Po
si

tiv
e 

Pr
ed

ic
tiv

e 
V

al
ue

 e
st

im
at

es
 a

nd
 s

ta
nd

ar
d 

er
ro

r 
va

lu
es

 f
or

 th
e 

se
ct

or
-b

as
ed

 a
na

ly
si

s 
of

 m
ul

tip
le

 s
in

gl
e 

im
ag

in
g 

m
od

al
iti

es
 a

lo
ng

 w
ith

 c
om

bi
na

tio
n 

m
od

al
iti

es
 w

ith
 18

F-
FD

G
 a

s 
a 

ba
se

 p
ar

am
et

er

P
P

V
F

D
G

T
2

D
C

E
A

D
C

M
R

S
F

D
G

+T
2

F
D

G
+D

C
E

F
D

G
+A

D
C

F
D

G
+M

R
S

E
st

im
at

e
0.

65
0.

78
0.

78
0.

78
0.

87
0.

82
0.

83
0.

83
0.

94

SE
0.

09
0.

07
0.

07
0.

07
0.

10
0.

07
0.

07
0.

08
0.

07

Abdom Imaging. Author manuscript; available in PMC 2017 September 25.


	Abstract
	Introduction
	Materials and Methods
	Study Design and Patient Population
	Image Acquisition
	Data Analysis
	FDG PET/CT
	mpMRI
	18F-FDG PET/CT and mpMRI correlation with histopathology

	Statistical Analysis

	Results
	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Table 1
	Table 2
	Table 3

