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Abstract: FACBC (anti-1-amino-3-18F-fluorocyclobutane-1-carboxylic acid) is a FDA-approved PET-tracer in patients 
with suspected recurrent prostate cancer. In the diagnostic work-up of primary prostate cancer, accurate localiza-
tion of the index tumor is needed for image-guidance of biopsies. We therefore assessed the performance of FACBC 
PET/CT to detect and localize the index tumor and compared it to multiparametric MRI (mpMRI) using whole-mount 
histopathology as reference standard. Twenty-three patients with biopsy-proven prostate cancer had FACBC PET/CT 
and mpMRI within two weeks prior to prostatectomy. FACBC PET/CT was acquired as 14 minutes list-mode and re-
binned into seven 2-minutes intervals. Static FACBC was the acquired data from 4-6 minutes, whereas the dynamic 
FACBC included all seven intervals. Two radiologists and two nuclear medicine physicians independently interpreted 
the images and consensus was reached in case of discrepancy. Static PET detected 15 of 23 (65%) of the index 
tumors, dynamic PET detected 14 of 22 (64%), and MRI detected 20 of 23 (87%). To assess the extent of the tumor, 
the interpreters delineated the tumor in a 12-regions sector-based template. True positive, true negative, false posi-
tive and false negative sectors were recorded based on the template drawings and whole-mount histopathology. 
Both static and dynamic FACBC PET had sensitivity of 40% and specificity of 99%, whereas MRI had sensitivity of 
81% and specificity of 100%. Our data indicate that FACBC PET/CT may be useful but that mpMRI is better for local-
izing the index tumor in patients with prostate cancer.
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Introduction

FACBC (anti-1-amino-3-18F-fluorocyclobutane-
1-carboxylic acid) was in May 2016 approv- 
ed by the U.S. Food and Drug Administration 
(FDA) as a 18F-labelled positron PET-tracer for 
use in patients with suspected recurrent pros-
tate cancer (https://www.fda.gov/newsevents/
newsroom/pressannouncements/ucm5039- 
20.htm). In this setting, FACBC has been shown 
to be superior to 11C-Choline [1], 111In-capro- 
mab pendetide single photon emission com-
puterized tomography [2] and computed tomog-
raphy (CT) [3].

In the diagnostic work-up of prostate cancer, 
accurate localization of the index tumor is need-
ed for image-guidance of biopsies. Based on 
the promising results from Turkbey et al. who 
detected 19 of 21 index lesions [4] and the high 
sensitivity in the study from Schuster et al. [5], 
we set out to investigate the performance of 
FACBC PET/CT and compare it to mpMRI, which 
is the commonly used modality to localize the 
index tumor and target the biopsies in primary 
prostate cancer.

We have recently shown that there is a strong 
correlation between the early uptake character-
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istics of dynamic contrast-enhanced MRI (DCE-
MRI) and dynamic FACBC PET [6]. Adding DCE-
MRI to morphological imaging has been 
reported to improve the sensitivity of tumor 
detection [7, 8] and is included in PI-RADS v2 
(Prostate Imaging-Reporting And Data System). 
In PI-RADS v2 early contrast enhancement 
increases the suspicion of cancer and upgrad- 
es a lesion from PI-RADS 3 to PI-RADS 4 [9]. 
Therefore, we wanted to investigate if including 
the early dynamic phase of FACBC PET in addi-
tion to the static 4-6 minutes acquisition, rec-
ommended by the tracer manufacturer, would 
translate into improved prostate cancer de- 
tection.

The aim of the study was to assess the perfor-
mance of static and dynamic FACBC PET/CT to 
detect the index tumor of primary prostate can-
cer and to compare it to that of multiparametric 
MRI. We used a cohort of patients referred to 
prostatectomy, which provides the optimal his-
topathological reference standard.

prostate region in line with the technical  
recommendations of PI-RADS [10]. The MRI 
sequences and acquisition parameters are 
summarized in Supplementary Table 1. The 
patients were given laxative to empty the rec-
tum one hour prior to MRI. Peristalsis was sup-
pressed by intravenous administration of 1 mg 
butyl scopolamine (Buscopan®, Boehringer 
Ingelheim, Germany) and intramuscular ad- 
ministration of 1 mg glucagon (Novo Nordisk, 
Bagsværd, Denmark). Two experienced radiolo-
gists (KHH and JSR, 11 and 10 years of pros-
tate MRI experience) independently assessed 
the MRI images and the localization and extent 
of the index lesion were drawn on template 
schematic of the prostate gland and the vesi-
cles [11]. The interpretation of the multipara-
metric MRI (mpMRI) examination was based  
on the guidelines presented in the first version 
of PI-RADS [10]. The readers knew that the 
patients had cancer but were blinded to the 
results from PET/CT and preoperative histopa-

Table 1. Patient and tumor characteristics

ID Age 
[years]

PSAb 
[ng/mL]

Prostate 
volume [ml]

Pathological 
T stagec

Gleason 
score

1 70 8.7 52 T3a 9
2 61 9.3 32 T2c 7b
3 58 12.0 39 T3a 7b
4 60 8.7 31 T3a 7b
5 65 8.5 54 T2 6
6 74 4.7 48 T3a 9
7 66 11.0 40 T3a 9
8 68 9.6 38 T2 7a
9 68 5.0 24 T3a 8
10 57 9.1 57 T3a 7a
11 61 8.7 33 T3a 7b
12 58 4.6 44 T2c 7a
13a 63 8.2 28 T2c 7b
14 74 12.0 50 T2c 7b
15 66 7.1 42 T3a 7b
16 73 8.3 43 T2c 7a
17 68 37.0 57 T3b 8
18 46 27.0 34 T3a 8
19 71 8.4 58 T2a 6
20 71 16.0 46 T3b 8
21 65 12.0 47 T3a 8
22 67 9.0 36 T3a 7a
23 59 5.4 39 T3a 8
a, Failed dynamic acquisition; b, PSA = Prostate Specific Antigen; 
c, Local tumor extent according to the TNM classification system 
(AJCC/UICC 7th edition).

Materials and methods

Patient population and study design

This prospective single-institution study 
(ClinicalTrials.gov NCT01464216) was app- 
roved by the institutional review board and 
the national regional ethics committee 
(2010/1656), and written informed con-
sent was obtained from all participants. 
Eligible participants were men with biopsy-
proven, intermediate or high-risk prostate 
cancer referred to prostatectomy. Exclusion 
criteria were contraindications to MRI or 
PET/CT or prior cancer treatment. Patient 
and tumor characteristics of the 23 includ-
ed patients are shown in Table 1. All 
patients had MRI and PET/CT prior to sur-
gery. The mean number of days between 
MRI and surgery was 4.4 days (range 0-23) 
and the mean number of days between PET 
and surgery was 9.8 days (range 1-18).

MRI

All MRI examinations were performed using 
a 1.5T General Electric Discovery scanner 
and a 32 channels phased array coil. The 
MRI examination was performed for TNM-
staging and consisted of anatomical T1- 
and T2-weighed sequences covering the 
pelvis and the lower abdomen, and func-
tional imaging (DWI and DCE-MRI) of the 
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thology. In three cases of discordant findings, 
consensus was reached.

FACBC PET/CT

All FACBC PET/CT examinations were acquired 
using a Biograph40 mCT PET/CT (Siemens, 
Erlangen, Germany). The patients fasted for at 
least four hours and voided the bladder before 
the examination. A helical CT scan of the pelvis 
for attenuation correction was followed by an 
intravenous bolus administration of 281-301 
MBq FACBC (MAPP Medical Technologies, 
Tikkakoski, Finland and Norwegian Medical 
Cyclotron Centre, Oslo, Norway) and saline 
flush of 10-20 ml. A 14-minutes list-mode PET 
acquisition of one bed position (axial field of 
view (FOV) of 21.6 cm centered above the sym-
physis, FOV of the PET ring diameter 70 cm) 
was started before administration of FACBC. 
The list-mode data was reconstructed into 7 
image time frames of 2 minutes each. The 
images were reconstructed using 3D itera- 
tive ordered-subset expectation maximization 
(OSEM) with two iterations and 21 subsets, 
time of flight (TOF), point-spread function (PSF)-
correction, slice thickness 1.5 mm, matrix size 
200×200, and a Gaussian post-reconstruction 
convolution kernel with full width at half maxi-
mum (FWHM) of three millimeters. Two experi-
enced nuclear medicine physicians (MER and 
EH, 14 and 7 years of PET experience, respec-
tively) independently interpreted the FACBC 
PET/CT images using the SyngoVia software. A 
combination of maximum intensity projections 
(MIPs), PET, CT and fused PET/CT were used. 
Without existing guidelines for interpretation, 
PET was interpreted as positive where tracer 
uptake was higher than the background pros-
tate tissue, also taken into account typical 
localizations, uptake pattern, and the possibili-
ty of benign hyperplasia. First, the static FACBC 
PET/CT images acquired 4-6 minutes after 
FACBC administration was reviewed. The local-
ization and extent of the lesions were drawn on 
the template [11]. Next, the additional 2-min-
utes intervals (0-2, 2-4, 6-8, 8-10, 10-12, and 
12-14 minutes) were separately interpretated 
and a second drawing of tumor location and 
extent was recorded. The readers knew that 
the patients had cancer, but were blinded to 
other imaging, clinical and histopathological 
findings. After each nuclear medicine physi-
cians individually had interpreted all FACBC 

PET/CT exams, a consensus meeting was held 
in order to decide on a common PET report.

Robot-assisted laparoscopic prostatectomy

Robot-assisted laparoscopic prostatectomy 
was performed with a three-armed robotic 
DaVinci® system (Intuitive Surgical, Sunnyvale, 
CA, USA) and a surgical approach based on the 
Vattikutti Institute technique [12]. The entire 
prostate and seminal vesicles were removed.

Histopathology

The resected prostate gland was coated with 
three different inks and fixed in 10% buffered 
formaldehyde for at least two days. Gross sec-
tioning was performed according to a standard-
ized protocol where total prostate with seminal 
vesicles were embedded in paraffin blocks [13, 
14]: The apex and base of the prostate as sagit-
tal sections with the cone method. The remain-
ing body was sectioned serially at 3-4 mm inter-
vals in the transverse plane and prepared as 
whole-mount sections. 5 µm hematoxylin and 
eosin (HE)-stained sections from each block 
were examined by one of two experienced uro-
pathologists (LV and AKL). All individual tumor 
foci were outlined in the sections. T-classifica- 
tion was recorded according to AJCC/UICC 7th 
edition and Gleason graded according to the 
update on the Gleason grading system [15]. 
The index lesion was defined, in descending 
order, by T-stage, Gleason score, and largest 
diameter [16]. Tumor was drawn using the 
same template as for imaging [11].

Data analyses

For data analyses the 27-regions of interest 
template was reduced to 12 sectors. The loca-
tion of the index tumor was coded into three 
levels (apex, mid, base) and four quadrants 
(anterior, posterior, right, left). A consensus 
meeting including radiologist and nuclear medi-
cine physicians was held to define true positive, 
true negative, false negative and false positive 
sectors. More than one sector was defined as 
positive if (I) the drawing of the index tumor 
occupied more than 1/3 of a neighboring 
sector(s) or (II) more than 1/3 of the index 
tumor extended into neighboring sector(s) as 
illustrated in Figure 1. Because the aim was to 
localize the index tumors, correctly localized 
non-index tumors were considered as true neg-
atives in the analyses. If discordance between 
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the template drawings from MRI, PET and histo-
pathology, the pathologist’s outlining on the HE 
slides were used as reference. We investigated 
both if the index tumor was detected, and if  
the extent of the index tumor was recognized. 
The performance was compared by calculating 
sensitivity and specificity.

Results

Figure 2 shows the PET and MRI images of a 
patient with concordant findings at imaging and 

histopathology. All seven time frames from  
the dynamic PET acquisition are shown in 
Supplementary Figure 1. The corresponding 
schematic drawings are shown in Figure 3. 
Figure 4 shows two discordant cases, one with-
out pathologic FACBC uptake in the tumor and 
one where the uptake in tumor could not be dif-
ferentiated from high uptake in benign tissue.

Static PET4-6 min detected 15 of 23 (65%) of the 
index tumors, dynamic PET7×2 min detected 14 of 
22 (64%), and MRI detected 20 of 23 (87%). 

Figure 1. Definition of positive sectors. If a tumor extends beyond one sector we defined the neighboring sector(s) as 
positive in two situations: (I) The tumor occupies more than one third of the neighboring sector. (II) More than one 
third of the tumor extends into the neighboring sector. E.g. the right upper sector in (I) contains tumor but is negative 
because it does not fulfill any of these two criteria.

Figure 2. Concordant image findings at MRI and FACBC PET/CT of a 60-year-old man with a T3a Gleason score 4+3 
tumor located posteriorly in the right side of the prostate (arrows). Axial MRI images: T2W (A), DWI b1400 (B), early 
enhancement DCE (C) and ADC (D). Axial FACBC images: Fused FACBC PET/CT (E) and attenuated-corrected FACBC 
PET (F). Corresponding whole-mount H&E stained prostatectomy specimen with the tumor borders drawn in black 
ink (G).
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Seven index tumors were missed at both static 
and dynamic PET. One index tumor was detect-
ed at static PET only (ID 6) and one at dynamic 
PET only (ID 17). Three index tumors were 
missed at MRI, of which one was detected at 
PET (ID 19).

In the sector-based analyses static PET4-6 min 
detected 23 of 57 (40%) of the index tumor 
positive sectors, dynamic PET7×2 min detected 
22 of 55 (40%), and MRI detected 46 of 57 
(80%). The results from the sector-based analy-
ses are summarized in Table 2 and presented 
for individual patients in Supplementary Tables 
2, 3, 4.

Discussion

In this study of 23 patients with primary pros-
tate cancer, we found that FACBC PET/CT had 
high specificity, but lower sensitivity compared 
to multiparametric MRI for localization of the 

index tumor. Furthermore, dynamic acquisition 
did not improve the performance of FACBC 
PET/CT. PET detected 65% of the index tu- 
mors. In the sector-based analyses, PET cor-
rectly localized 23 of the 57 positive sectors 
and 217 of the 219 negative sectors, which 
gives sensitivity of 40% and specificity of 99%.

We have found four other studies that have 
investigated FACBC PET/CT for localization of 
tumor in a cohort of patients with known pros-
tate cancer [4, 5, 17, 18]. In line with our stu- 
dy, all four had sector-based assessment and 
histopathology as reference standard, which 
makes them relevant for comparison. Jambor 
et al. used 12-regions sector-based analyses  
in 26 patient and found higher sensitivity (87%) 
and lower specificity (56%) [17]. One explana-
tion, as stated by the authors, was that high 
FACBC uptake in benign hyperplasia was cate-
gorized as positive sectors. Turkbey et al. used 
20-regions sector-based analyses in 21 pati- 

Figure 3. The original schematic drawings of the tumor extent of the patient in Figure 2. Digitally painted by the 
radiologist (A). Hand-drawn by the nuclear medicine physician (B) and the pathologist (C). This is an example where 
the nuclear medicine physician correctly localized the index tumor but underestimated the extent of the tumor. 
Extraprostatic extension (EPE) was detected by the radiologist (arrow) and confirmed by the pathologist (“EPE” in 
handwriting).
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ents and found higher sensitivity (67%) and 
lower specificity (66%) [4]. Similar to Jambor et 
al. they included not only the index tumor, which 
may contribute to the different results from 
ours. In addition, Turkbey et al. reported that 
FACBC PET/CT localized 90% of the dominant 
tumors, whereas we localized 65%. Schuster et 
al. used 12-regions sector-based analyses in 
10 patients and found much higher sensitivity 
(80-90%) and much lower specificity (18-50%) 
[5], indicating that they used a lower cut-off for 
interpretation of pathological uptake. The main 
aim of their study, however, was to investigate 

patients, and that the primary lesions were 
large.

Only two of the four studies compared the per-
formance of FACBC PET/CT with MRI [4, 17]. In 
our study mpMRI detected 87% of the index 
tumors. In the sector-based analyses, mpMRI 
correctly localized 46 of the 57 positive sectors 
and there were no false positive sectors, which 
gives sensitivity of 81% and specificity of 100%. 
Our results are in accordance with the two 
other studies. Jambor et al. found substantially 
higher specificity of mpMRI (99%) compared to 

Figure 4. Discordant image findings at FACBC PET/CT. Upper row: A 58-year-old man with a Gleason score 3+4 
tumor located posteriolaterally on the right side and a Gleason 3+3 tumor located posteriorly on the left side. The 
FACBC uptake was low and uniform in the entire prostate, both in the tumor and in the benign tissue. Lower row: A 
66-year-old man with a Gleason score 4+3 tumor located posteriorly on the left side and a small Gleason 3+3 tumor 
located anteriorly. The FACBC uptake in the index tumor (white arrow) could not be differentiated from the uptake in 
benign cellular tissue (yellow arrows and circles).

Table 2. Diagnostic performance using sector-based analy-
sis of all index tumors

FACBC  
PET4-6 min

FACBC  
PET7×2 min

Multiparametric 
MRI

True Positives 23 22 46
True Negatives 217 206 219
False Positives 2 3 0
False Negatives 34 33 11
Sectors (N) 276 264a 276
Sensitivity (%) 40.4 40.0 80.7
Specificity (%) 99.1 98.6 100
a, dynamic acquisition failed for one patient.

optimal timepoint and establish a 
cut-off value for SUVmax. They set 
out to determine if FACBC uptake 
correlated with presence or absence 
of tumor but found substantial over-
lap between malignant and non-
malignant tissue. Suzuki et al. used 
6-regions sector-based analyses in 
43 patients and found clearly higher 
sensitivity (93%) and slightly lower 
specificity (90%) [18]. Probable ex- 
planations for the high sensitivity,  
as stated by the authors, are that 
they divided the prostate into fewer 
segments, almost all were high-risk 
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FACBC (56%), and the sensitivity of PET was  
significantly improved (96%) by adding MRI  
to the interpretation (FACBC PET/MR) [17]. 
Turkbey et al. reported their results for each of 
the MRI sequences separately, and not as a 
multiparametric interpretation as in PI-RADS. 
Nevertheless, the performance of T2-weighted 
imaging and apparent diffusion coefficient 
maps was better than FACBC [4].

In the diagnostic work-up of patients with sus-
pected prostate cancer it is important to reli-
ably detect clinically significant cancers, and at 
the same time avoid unnecessary biopsies and 
avoid diagnosing clinically insignificant cancer 
[19]. High sensitivity as well as high specificity 
is required. In FACBC PET, defining the cut-off 
for pathological uptake seems to be a trade-off 
between false positives and false negatives. 
The varying results from the different studies 
illustrate this challenge: We obtained high 
specificity (99%) at the expense of sensitivity 
(40%), whereas Jambor et al. obtained high 
sensitivity (87%) at the expense of specificity 
(56%) [17]. The varying results indicate that a 
defined cut-off for pathological uptake and 
guidelines on interpretation of FACBC PET are 
needed, such as PI-RADS for mpMRI. Therefore, 
the current potential use of FACBC in the work-
up of patients with suspected prostate cancer 
seems to be limited to situations when mpMRI 
is unavailable or contraindicated. However, in 
such cases other tracers such as prostate-spe-
cific membrane antigen (PSMA) may also be 
considered.

Our study had strengths and limitations. All 
patients had MRI and PET shortly prior to pros-
tatectomy, which is the optimal reference stan-
dard, and experienced readers interpreted the 
examinations independently. Thus, the study 
design is well suited for comparison of the 
modalities. However, the number of patients is 
limited, considering the biologically heteroge-
neity of the disease. In lack of established 
threshold for pathological FACBC uptake, the 
interpretation was qualitative. Furthermore, our 
study cohort, similarly to the four other studies, 
consisted of patients with histologically con-
firmed prostate cancer and relatively high 
Gleason score. Therefore, the results may not 
be transferable to cohorts of biopsy-naïve 
patients.

In conclusion, in this study of 23 patients, we 
found that FACBC PET/CT had high specificity 
but limited sensitivity for localization of the 
index tumor in primary prostate cancer. 
Multiparametric MRI performed better than 
FACBC PET/CT. Dynamic acquisition did not 
improve the performance of FACBC PET/CT.
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Supplementary Table 1. The MRI protocol and acquisition parameters
Acquisition parameters T2W FSE ADC DWI T2W CUBE T1W CUBE DCE T1W post Gd
Pulse sequence 2D SE SE-EPI SE-EPI 3D SE 3D SE 3D Spoiled GE-Dixon 3D Spoiled GE-Dixon

Acquisition plane sagittal/transversal/coronal transversal transversal transversal coronal transversal coronal

Echo time (ms) 99 59 64 89 8.0 3.1 3.6

Repetition time (ms) 3376/2954/2954 3000 6000 1200 400 5.8 7.9

Flip anlge 90 90 90 variable variable 15 15

Slice thickness

    Acquired 3 4 4 1 2 2.6 2.0

    Interpolated 1

Slice gap 1 1 1 0 0 0 0

Number of excitations 6 2 16 2 1 1 1

Inplane resolution (mm × mm)

    Acquired 0.56×0.56 1.96×1.96 1.96×1.96 1.00×1.00 1.20×1.20 1.50×1.50 1.00×1.00

    Interpolated 0.35×0.35 0.70×0.70 0.70×0.70 0.63×0.63 0.90×0.90 0.94×0.94 0.86×0.86

Echo train 28 92 92 90 30 1

Bandwidth (Hz/pixel) 325 1953 1953 488 488 325

FOV (mm × mm) 180×180 180×180 180×180 320×320 460×460 240×240 440×440

Matrix size (pixels × pixels)

    Acquired 320×320 92×92 92×92 320×320 384×384 160×160 440×440

    Interpolated 512×512 256×256 256×256 512×512 512×512 256×256 512×512

Parallell imaging factor 2 1 1 2.5×2 2×2 2 3×2

Motion correction PROPELLER no no no no yes* no

b-values (s/mm2) NA 0-100-200-300-400-500-600-700-800-900-1000 1500 NA NA NA NA

Time resolution (sec) NA NA NA NA NA 11.4

Acquisition time 4:37/4:02/4:02 4:09 6:30 7:33 2:56 5:43 1:13
ADC: Apparent Diffusion Coefficient; DCE: dynamic contrast-enhanced; Diffusion-Weighted Imaging: EPI: echo planar imaging; FSE: Fast Spin Echo; FOV: field of view; MR: Magnetic Resonance; T2W: T2 weighted; DWI: PROPELLER: Periodically 
Rotated Overlapping ParallEL Lines with Enhanced Reconstruction; SE: spin echo; GE: gradient echo. *, performed using nICE (Nordic Neurolab, Bergen, Norway).
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Supplementary Table 2. Performance of static FACBC PET/CT4-6 min for detection of the extent of the 
index tumor in primary prostate cancer

ID
Index tumor at H&E Localization of index tumor at static FACBC PET/CT

TP TN FP FNd1 
(mm)

d2 
(mm)

Gleason 
grade BRA BRP BLA BLP MRA MRP MLA MLP ARA ARP ALA ALP

1 18 9 4+4 TN TN TN TN TN TN TN TP TN TN TN TN 1 11 0 0

2 23 10 4+3 TN TN TN TN TN TN TP TN TN TN TN TN 1 11 0 0

3 20 15 7b TN TP TN TN TN TN TN TN TN TN TN TN 1 11 0 0

4 32 21 7b TN FN TN TN TN TP TN TN TN TP TN FN 2 8 0 2

5 12 7 3+3 TN TN TN TN TN TN FN TN TN TN FN TN 0 10 0 2

6 33 18 4+5 TN FN TN TN TP TP TN TN FN TP TN TN 3 7 0 2

7 29 12 4+5 TN FN TN TN TN TP TN TN TN TN TN TN 1 10 0 1

8 22 15 3+4 TN TN TN TN FN TN FN TN FN TN TN TN 0 9 0 3

9 25 13 4+4 TN TN TN TP TN TN TN TP TN TN TN TN 2 10 0 0

10 29 18 3+4 TN TN TN TN TN FN TN TN TN FN TN TN 0 10 0 2

11 22 16 4+3 TN TN TN TN TN TN TN TP TN TN TN FN 1 10 0 1

12 15 13 3+4 TN TN TN FN TN TN TN FN TN TN TN TN 0 10 0 2

13 18 11 4+3 TN TN TN TN TN FN TN TN TN TP TN TN 1 10 0 1

14 17 5 4+3 TN TN TN TN FN TN TN TN TN TN TN TN 0 11 0 1

15 20 12 4+3 TN TN TN FN TN TN TN FN TN TN TN TN 0 10 0 2

16 33 20 3+4 TN TN TN TN TP TN FN TN FN TN TP TN 2 8 0 2

17 37 8 4+4 TN TN TN TN TN FN TN FN TN FN TN FN 0 8 0 4

18 25 16 4+4 TN TP TN TN FP TP TN TN TN TN TN TN 2 9 1 0

19 14 7 3+3 TN TN TN TN TN TN TP TN FN TN TP FP 2 8 1 1

20 35 10 4+4 TN TN TN FN TN TN TN TP TN TN TN TN 1 10 0 1

21 33 25 4+4 TN TN TN FN TN TN TN TP TN FN TN TP 2 8 0 2

22 30 25 3+4 FN FN TN TN FN FN TN TN TN TN TN TN 0 8 0 4

23 13 6 4+4 TN FN TN TN TP TN TN TN TN TN TN TN 1 10 0 1
H&E = Hematoxylin and Eosin, BRA = basis right lobe anterior, BRP = basis right lobe posterior, BLA = basis left lobe anterior, BLP = basis left lobe posterior, MRA = 
mid right lobe anterior, MRP = mid right lobe posterior, MLA = mid left lobe anterior, MLP = mid left lobe posterior, ARA = apex right lobe anterior, ARP = apex right lobe 
posterior, ALA = apex left lobe anterior, ALP = apex left lobe posterior, TP = true positive, TN = true negative, FP = false positive, FN = false negative.

Supplementary Figure 1. Dynamic FACBC PET/CT images for the seven 2-minutes time frames of the patient in 
Figure 2. Gleason score 4+3 tumor located posteriorly in the right side of the prostate. Corresponding whole-mount 
H&E stained prostatectomy specimen with the tumor borders drawn in black ink. Notably, the FACBC uptake seems 
to be more prominent in benign tissue at the earliest time points and more prominent in tumor at later time points.
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Supplementary Table 3. Performance of dynamic FACBC PET/CT7×2 min for detection of the extent of 
the index tumor in primary prostate cancer

ID
Index tumor at H&E Localization of index tumor at dynamic FACBC PET/CT

TP TN FP FNd1 
(mm)

d2 
(mm)

Gleason 
grade BRA BRP BLA BLP MRA MRP MLA MLP ARA ARP ALA ALP

1 18 9 4+5 TN TN TN TN TN TN TN TP TN TN TN TN 1 11 0 0

2 23 10 4+3 TN TN TN TN TN TN TP TN TN TN TN TN 1 11 0 0

3 20 15 7b TN TP TN TN TN TN TN TN TN TN TN TN 1 11 0 0

4 32 21 7b TN FN TN TN TN TP TN TN TN TP TN TP 3 8 0 1

5 12 7 3+3 TN TN TN TN TN TN FN TN TN TN FN TN 0 10 0 2

6 33 18 4+5 TN FN TN TN FN FN TN TN FN FN TN TN 0 7 0 5

7 29 12 4+5 TN FN TN TN TN TP TN TN TN TN TN TN 1 10 0 1

8 22 15 3+4 TN TN TN TN FN TN FN TN FN TN TN TN 0 9 0 3

9 25 13 4+4 TN TN TN TP TN TN TN TP TN TN TN TN 2 10 0 0

10 29 18 3+4 TN TN TN TN TN FN TN TN TN FN TN TN 0 10 0 2

11 22 16 4+3 TN TN TN TN TN TN TN TP TN TN TN TP 2 10 0 0

12 15 13 3+4 TN TN TN FN TN TN TN FN TN TN TN TN 0 10 0 2

13 18 11 4+3                 

14 17 5 4+3 TN TN TN TN FN TN TN TN TN FP TN TN 0 10 1 1

15 20 12 4+3 TN TN TN FN TN TN TN FN TN TN TN TN 0 10 0 2

16 33 20 3+4 TN TN TN TN TP TN FN TN FN TN TP TN 2 8 0 2

17 37 8 4+4 TN TN TN TN TN FN TN TP TN FN TN TP 2 8 0 2

18 25 16 4+4 TN TP TN TN FP TP TN TN TN TN TN TN 2 9 1 0

19 14 7 3+3 TN TN TN TN TN TN FN TN FN TN TP FP 1 8 1 2

20 35 10 4+4 TN TN TN FN TN TN TN TP TN TN TN TN 1 10 0 1

21 33 25 4+4 TN TN TN FN TN TN TN TP TN FN TN TP 2 8 0 2

22 30 25 3+4 FN FN TN TN FN FN TN TN TN TN TN TN 0 8 0 4

23 13 6 4+4 TN FN TN TN TP TN TN TN TN TN TN TN 1 10 0 1
H&E = Hematoxylin and Eosin, BRA= basis right lobe anterior, BRP= basis right lobe posterior, BLA = basis left lobe anterior, BLP = basis left lobe posterior, MRA = mid 
right lobe anterior, MRP = mid right lobe posterior, MLA = mid left lobe anterior, MLP = mid left lobe posterior, ARA = apex right lobe anterior, ARP = apex right lobe poste-
rior, ALA = apex left lobe anterior, ALP = apex left lobe posterior, TP = true positive, TN = true negative, FP = false positive, FN = false negative.
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Supplementary Table 4. Performance of multiparametric MRI for detection of the extent of the index 
tumor in primary prostate cancer

ID
Index tumor at H&E Localization of index tumor at multiparametric MRI

TP TN FP FNd1 
(mm)

d2 
(mm)

Gleason 
grade BRA BRP BLA BLP MRA MRP MLA MLP ARA ARP ALA ALP

1 18 9 4+4 TN TN TN TN TN TN TN TP TN TN TN TN 1 11 0 0

2 23 10 4+3 TN TN TN TN TN TN TP TN TN TN TN TN 1 11 0 0

3 20 15 7b TN TP TN TN TN TN TN TN TN TN TN TN 1 11 0 0

4 32 21 7b TN TP TN TN TP TN TN TN TN TP TN TP 4 8 0 0

5 12 7 3+3 TN TN TN TN TN TN FN TN TN TN FN TN 0 10 0 2

6 33 18 4+5 TN TP TN TN TP TP TN TN TP TP TN TN 5 7 0 0

7 29 12 4+5 TN TP TN TN TN TP TN TN TN TN TN TN 2 10 0 0

8 22 15 3+4 TN TN TN TN TP TN TP TN TP TN TN TN 3 9 0 0

9 25 13 4+4 TN TN TN TP TN TN TN TP TN TN TN TN 2 10 0 0

10 29 18 3+4 TN TN TN TN TN TP TN TN TN FN TN TN 1 10 0 1

11 22 16 4+3 TN TN TN TN TN TN TN TP TN TN TN TP 2 10 0 0

12 15 13 3+4 TN TN TN TN TN TN TN FN TN TN TN TP 1 10 0 1

13 18 11 4+3 TN TN TN TN TN FN TN TN TN TP TN TN 1 10 0 1

14 17 5 4+3 TN TN TN TN FN TN TN TN TN TN TN TN 0 11 0 1

15 20 12 4+3 TN TN TN TP TN TN TN TP TN TN TN TN 2 10 0 0

16 33 20 3+4 TN TN TN TN FN TN TP TN TP TN TP TN 3 8 0 1

17 37 8 4+4 TN TN TN TN TN TP TN TP TN TP TN TP 4 8 0 0

18 25 16 4+4 TN TP TN TN TN TP TN TN TN TN TN TN 2 10 0 0

19 14 7 3+3 TN TN TN TN TN TN FN TN FN TN FN TN 0 9 0 3

20 35 10 4+4 TN TN TN TP TN TN TN TP TN TN TN TN 2 10 0 0

21 33 25 4+4 TN TN TN TP TN TN TN TP TN FN TN TP 3 8 0 1

22 30 25 3+4 TP TP TN TN TP TP TN TN TN TN TN TN 4 8 0 0

23 13 6 4+4 TN TP TN TN TN TP TN TN TN TN TN TN 2 10 0 0
H&E = Hematoxylin and Eosin, BRA = basis right lobe anterior, BRP = basis right lobe posterior, BLA = basis left lobe anterior, BLP = basis left lobe posterior, MRA = 
mid right lobe anterior, MRP = mid right lobe posterior, MLA = mid left lobe anterior, MLP = mid left lobe posterior, ARA = apex right lobe anterior, ARP = apex right lobe 
posterior, ALA = apex left lobe anterior, ALP = apex left lobe posterior, TP = true positive, TN = true negative, FP = false negative.


