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Abstract

Purpose—The aim of this study is to examine the reproducibility of ant/-1-amino-3-
[*8F]fluorocyclobutane-1-carboxylic acid (anti-3-[18F]FACBC) quantitative measurements in key
background structures and untreated malignant lesions.

Procedures—Retrospective review of 14 patients who underwent follow-up anti-3-[18F]FACBC
positron emission tomography-X-ray computed tomography (PET-CT) for prostate carcinoma
recurrence. Standard uptake values (SUV) were measured in both original and follow-up scans in
key background structures and untreated malignant lesions. Absolute and percent mean difference
in SUV between scans and interclass correlation coefficients (ICC) were also computed.

Results—Mean (xSD, range) scan interval was 17.4 months (7.1, 4-29). %Mean difference in
SUV nean Was <20 % in background structures with low absolute differences. ICCs were >0.6
except for early-phase blood pool (ICC=0.4). SUVnax in malignant lesions without interim
therapy increased or remained stable over time.

Conclusions—Despite variable time interval between scans, FACBC PET-CT demonstrates
acceptable reproducibility in key background structures. Untreated malignant lesions showed
stable or increased uptake over time. A formal test-retest study is planned.
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Introduction

Radiolabeled amino acid imaging targets the upregulation of amino acid transport and
utilization in neoplastic cells [1]. Anti-1-amino-3-[18F]fluorocyclobutane-1-carboxylic acid
(anti-3-[18F]FACBC) is an investigational synthetic amino acid analog which has been
studied in the diagnosis of prostate and other cancers [2-11]. Anti-3-[18F]FACBC has been
studied most extensively in the restaging of recurrent prostate cancer where it has
demonstrated enhanced lesion detection compared with other imaging modalities such as
indium-111 capromab-pendetide single-photon emission computerized tomography/
computerized tomography (SPECT-CT) (ProstaScint; Jazz Pharmaceuticals, Dublin, Ireland)
and 11C-choline positron emission tomography-X-ray/computed tomography (PET-CT) [4,
6, 10-12].

The PET radiopharmaceutical 2-deoxy-2-[*8F]fluoro-D-glucose ([18F]FDG), a glucose
analog, is used extensively in oncologic imaging as well as functional imaging in the brain
and heart [13, 14]. Several studies have explored the repeatability and reproducibility of
[18F]FDG uptake in background structures and various tumors [15-20]; however, the
reproducibility of anti-3-[28F]JFACBC quantitative parameters has not been studied. In our
ongoing and completed clinical trials with anti-3-[18F]FACBC in prostate cancer, 14 patients
underwent repeat scanning. Thus, we were presented with an opportunity to perform an
exploratory analysis of the reproducibility and reliability of scan to scan measurements of
uptake in key background structures and untreated malignant lesions. This exploratory data
may then be utilized to design a formal prospective test-retest study.

Materials and Methods

Patient Population

After institutional review board (IRB) approval, we performed a retrospective review of 115
patients who had anti-3-[18FJFACBC PET-CT at Emory University Hospital as part of two
prostate carcinoma clinical trials from November 28, 2007 to June 18, 2013. Fourteen of
these 115 patients underwent follow-up anti-3-[*8F]JFACBC PET-CT for suspected prostate
carcinoma recurrence and were thus included in our analysis. Patients were enrolled based
on inclusion criteria which have been previously reported [4, 11]. Informed consent was
obtained from all individual participants included in these studies. All procedures performed
in studies involving human participants were in accordance with the ethical standards of the
Emory University IRB.

Imaging Protocols

Preparation of anti-3-[18F]JFACBC and acquisition protocols have been described elsewhere
[4, 21]. The radiotracer was produced under investigational new drug (IND) application
72,437. Scanning was conducted on a Discovery DLS in 13 patients and 690 PET-CT
scanner in one patient (GE Healthcare; Milwaukee, WI). All repeat scans were performed on
the same scanner. Images were interpreted on a MimVista workstation (MimSoftware,
Cleveland, OH). Patients fasted for 4-6 h before the anti-3-[18F]FACBC scan. Anti-3-
[*8F]JFACBC (dose ranging from 292.3 to 418.1 MBq) was injected IV over 2 min. After a
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3-min delay for blood pool clearance, abdominopelvic PET-CT imaging was completed with
5-16-min (early) and 17-28-min (delayed) acquisitions [11]. Visual inspection of the PET-
CT images was performed by a board certified nuclear radiologist. Semi-quantitative
measurements were computed using standardized uptake values (SUV). SUV is defined as
tissue concentration (MBg/ml) divided by activity injected per body weight (MBg/g) [22].

Mean SUV (SUV nean) for background structures including blood pool (abdominal aorta),
liver, bone marrow (L3), pancreas (measured at pancreatic head), muscle (gluteus), and
spleen were recorded. Maximum SUV (SUVnpax) of untreated target lesions within the
prostate bed or lymph nodes were also obtained for each acquisition time point. We believe
that SUV nean reflects overall uptake in background structures while SUV 4y is best
employed for target lesions. Regions of interest (ROI) conforming as best as possible to the
organ to be measured were utilized in order to decrease variation introduced from noise and
then propagated through all the scans in that patient. For malignant lesions, the MimVista
PET-EDGE tool was used which draws a conforming region of interest based on the
differences in intensity between a lesion and background structures and SUV 5y Was
recorded. Simultaneous quantitative measurements of the same structures were undertaken at
baseline (test) and second scan (retest) using a customized workflow designed by MimVista
(MimSoftware, Cleveland, OH).

Statistical Analysis

Results

Analysis of reproducibility of anti-3-[18FJFACBC PET quantitative parameters was done on
a per lesion/background structure basis. The difference between both tumor and background
structure uptake in both scans (initial and follow-up) was compared on a per lesion basis
using the two-tailed pairwise ftest and Wilcoxon signed rank test (when the number of
patients was too small for comparison with a ftest). Absolute SUV yeqn differences in
background structures and SUVax for untreated malignant lesions were computed.
Intrasubject variability (relative differences) of all background structure parameters was
assessed by calculating percent change in mean which is the difference between test and
retest values divided by the mean of both values as described by Minn et al. [23]. Analysis
of the reliability of PET pharmacokinetic parameters was done on an organ basis by
computing Pearson’s correlation coefficients and interclass correlation coefficients (ICCs).
The ICC is a scale free reliability ratio which ranges between 0 and 1 where 0 represents an
independence of measurements (measurements are dissimilar) and 1 indicates perfect
reliability of the measurements under consideration [24]. For the purpose of this paper, we
considered ICC values <0.20 as low, 0.40 to 0.59 as moderate, 0.60-0.79 as high, and ICC
values between 0.80 and 1.00 as being very high. Statistical significance was determined
using a type | error rate of a=0.05, all p values are two-tailed and are reported with the
results. Statistical analyses were done using statistical analyses software (SAS version 9.3
SAS Institute Inc., Cary, NC, USA).

The 14 patients ranged in age from 57 to 74 years (mean+ SD, 67.2+5.3). The average
injected dose of ant-3-[18F]FACBC was 366.3+29.6 MBq for the initial scan and
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362.6+33.3 MBq for the follow-up scan (no significant difference; p=0.9). The time interval
between both scans ranged from 4 to 29 months (mean£SD, 17.4+7.1).

Background Structures

Table 1 contains the average SUV neqn for background structures on both initial and follow-
up scans at early and delayed time points. There was no statistically significant difference in
the average SUVmean ON both initial and follow-up scans at early and delayed imaging
except in the marrow at 4 min (p=0.04). The average absolute mean differences (£SD) in
background SUV nean Uptake on both scans ranged from 0.1 (20.1) at 4 min and 0.1 (£0.2) at
17 min in blood pool to 1.2 (£0.8) at 4 min and 0.9 (x0.7) at 17 min in the liver.

The percent mean differences (£SD) in SUV pean at 4 min was 14.2 (£11.1) in blood pool,
14.9 (£9.2) in the liver, 10.7 (x6.5) in the marrow, 7.2 (¥8.1) in the pancreas, 18.2 (£17.8) in
the muscle, and 10.6 (£7.3) in the spleen, while at 17 min, the percent mean differences
(£SD) in SUVmean Was 13.3 (£10.1), 12.5 (£7.1), 6.9 (+6.6), 13.8 (+13.4), 13.8 (x13.3), and
14.9 (x11.0) in those same background structures, respectively (Table 1).

At 4 min, all ICCs were >0.6 with the exception of blood pool, which was 0.4 (moderate to
very high reliability). At 17 min, there was high to very high reliability of antr-3-
[18F]FACBC quantitative measurement with 1CCs in background structures ranging from 0.7
to 0.9 (Table 1). Scatterplots of the correlation of background SUV across initial and follow-
up scans at early and delayed imaging are shown in Figs. 1 and 2, respectively.

Untreated Malignant Lesions

SUV nax and SUV pean in five malignant lesions (two prostate; three lymph nodes) in four
patients without interim therapy increased or was essentially stable in the time interval
between initial and follow-up scans on early and delayed imaging (Table 2). Table 2 also
contains reasons for lack of interim treatment in those malignant lesions. Figure 3 shows
images from both initial and follow-up scans in the same patient, illustrating the similarities
in background uptake and the appearance of a malignant lymph node without interim
treatment between scans.

Discussion

We set out to examine the test-retest reproducibility and reliability of quantitative
measurements in key background structures and untreated malignant lesions among patients
with prostate cancer recurrence. We found acceptable reproducibility of anti-3-[18F]FACBC
measurements on initial and follow-up imaging. The percent mean difference in SUVnean
was less than 20 % in all background structures with relatively low absolute SUV mean
differences. There was also no statistically significant difference between SUV on both
original and follow-up scans except in the marrow at 4 min (p=0.04); however, this had a
low absolute mean difference (0.3). There was generally high reliability of ant/-3-
[18F]FACBC measurements with all ICCs being >0.6 with the exception of aortic blood pool
on early imaging which had an ICC of 0.4. We also found that radiotracer uptake in
malignant lesions without interim therapy increased or remained stable over time at both
early and delayed imaging.
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Our findings are important as they will facilitate the development of objective quantitative
criteria for interpretation of anti-3-[18F]JFACBC PET-CT scans especially as its use migrates
toward influencing clinical decisions in recurrent prostate cancer diagnosis and possibly for
therapy response monitoring. The precise quantification of radio-tracer uptake measurement
reliability, reproducibility, and variability is a vital step in the clinical interpretation and
utilization of any imaging test, including anti-3-[18FJFACBC PET-CT. Although this
retrospective analysis was not meant to replace a formal prospective test-retest, this data will
be helpful in designing such a study.

While the ICC of most key background structures was high or very high, we noted an ICC of
0.4 in blood pool (aorta) on early imaging which is a moderate value. We believe this is
likely due to the fact that at early imaging, blood pool is still clearing and is thus more
sensitive to small changes in acquisition timing [9]. Even so, absolute difference of SUV
was quite low (0.1) and blood pool ICC subsequently improved at delayed imaging to 0.7.
Although we observed a significant difference in average marrow SUV pean at 4 min
(0=0.04), the average absolute mean difference was minimal (0.3), mean percent difference
was 10.7 %, and there was a very high ICC (0.8).

Test-retest reliability and variability of quantitative parameters have been studied mostly for
[18F]FDG and in a more limited manner for most radiotracers, including amino acid based
radiotracers [15, 17-20, 25-29]. In examining within patient variability of [\8F]FDG
standardized uptake values in normal tissues, Paquet found stable uptake in the liver (0.6
ICC) and mediastinum over time [30]; in our population, we found similar reliability of
anti-3-[18F]FACBC liver uptake measurements (ICC 0.6 at early and 0.7 at delayed imaging
for anti-3-[18F]JFACBC) [30].

We found that SUV a4 OF untreated malignant lesions on repeat studies either increased or
was essentially stable, as expected. Several studies have examined the reliability of
[18F]FDG parameters in malignant lesions [15, 17—20]. Nahmias and Weber in separate
studies with [*8F]JFDG found reproducible SUVs in malignant lesions [18, 20]. In both
studies, patients were scanned <10 days apart and had various cancers [18, 20]. Since there
was a greater time difference between scans and only patients with prostate cancer were
studied, our findings are not directly comparable.

The limitations of our study include its retrospective nature and that the study was not a
formal test-retest protocol. The time between the first and second scans was variably
lengthy. Though firm conclusions cannot be made due to the prolonged time differences
between studies, reliability of quantitative measurements in key background structures and
reproducibility of uptake in lesions was acceptable. In addition, this study had a limited
sample size and was carried out in patients only with prostate cancer. Ideally, a test-retest
study for background structures is best performed on normal volunteers within a short
temporal sequence. Another limitation of our analysis is that we did not account for partial
volume effects in small lesions which can affect SUV, especially in lesions that grew with
time. In spite of these limitations, our study provides preliminary data on the reliability of
anti-3-[18F]FACBC quantitative measurements as it moves into multicenter clinical trials
and also supplies information that would be useful in the design of a formal test-retest study.
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Conclusion

Despite variable time interval between scans, anti-3-[*8FJFACBC PET-CT demonstrates
acceptably reproducible uptake in key background structures and malignant lesions. A
formal test-retest study is being planned.
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Fig. 3.

a gT, b FACBC PET, and c co-registered image from initial study in a patient with recurrent
prostate carcinoma (patient 4 in Table 2) demonstrates abnormal uptake in a 0.6x0.7 cm
aortocaval node (arrow). Follow-up study obtained 14 months later with d CT, e FACBC
PET, and f co-registered image demonstrates similar uptake in the node (arrow), as well as
visualized background structures. The node was biopsy proven to be metastatic prostate
carcinoma.

Mol Imaging Biol. Author manuscript; available in PMC 2016 April 26.



Page 11

Odewole et al.

(6'0-€0) L0
(6'0-50)80
(01-2'0) 60
(07-80) 60
(6'0-€0) L0
(6'0-20) L0
(12 % S6) 201

(8'0-10) 90
(6'0-¥'0) 80
(01-80)60
(6'0-9'0) 80
(6'0-2'0) 90
(Lo-T0-) 70
(12 % S6) D01

(ot 69T

(eeT) 8°€T

(reT) g€t

(99)6'9

(Toser

(Tot) eet

(@s) ulw /T 18 80UBIBYIP UBSIN %

(e2) 90T
(8L1) 28T
(t8)zL
(59) 0T
(z6) 6T
(T Ty

(@s) uiw ¥ e 3ow BHIP UEB N %

(co)eo 020 (ec0)8T°C (15°0) 50'C uasds
(e0)zo z€0 (19°0) €5'T (Lr0) vr'T 319snIA
rortr €e0 (092) 82'8 (sLe)elLs sealoued
(To)zo 00T (95°0) 99°C (59°0) 99'C MOLIBIN
(20) 60 G0 (88'1) 62°L (801) 8T'L Jann
(zo)to 160 (9g0) 2Tt (ov'0) eT'T  (j00d poojq) enoy
(@s) utw 2T e 80UBIayIp aINjosae abesaAy  (UOXOIJIAN J01s8}]) anjead  (QS) uesw ‘z ueds  (QS) Uesw ‘T Ueds ueblo

sueas dn-mojjoy 03 feulbrio Buredwod usym Buibewn (ulw 2 T) pake|ap 1e sainjonis punolboeq jo "UANS

(zo)eo AN (se0)1Te (¥v'0) 96'C uaa|ds
(zo)zo AN (r'0) S2'T (ser0)eT'T 319sNIN
(emoT 80 (eee) LLeT (z6'€) 91°€T sealoued
(zo)eo ¥0'0 (tLro)9ze (85'0) 90°€ MOLIEIN
(80)eT 70 (T6'1) S8°L (9T'T) ¥5'L Jann
(To)to Ly'0 (61°0) v7'T (sT0) Tr'T  (j00d poo|q) eHoy
(as) uiw ¢ ye 0w oI BINOSGR BB JBAY  (UOXOD|IM J0 1Se13)anfend  (AS) Uesw ‘g Uess  (AS) Uesw ‘T Ueos ueBio

sueds dn-mo|jo} 01 reulbilio Buiredwod uaym BuiBew (uiw ) A|res Te s8unjn s punoJbxoeq jo BWANS

SISAjeue

Aiorelo|dxe ue :ewourored ayeisold Ul 1 9-13d dn-mojjo) uo suoiss| Jurubifew pue sainjonuis punoibsoeq ul axeldn OgovH[dg;]-e#we Jo Aupiqronpoidey

Author Manuscript

T alqeL

Author Manuscript Author Manuscript Author Manuscript

Mol Imaging Biol. Author manuscript; available in PMC 2016 April 26.



Page 12

‘Asdoiq a1doosolede| 01 paaibe
jusiled ‘UOI1eI0| BWES Je aA1NISod Sem UBIS DGV PUOISS pue 8s0J Sd
13y "dn-mojjo4 aney 0} asoyd juaired pue Asdoiq papinb-1 D Aq 8]qIssadde

apou

Mol Imaging Biol. Author manuscript; available in PMC 2016 April 26.

10U B3JR ‘IBASMOY ‘UBDS 1811 1B DDV U0 dAlsod (WD G'0x9°0) 8PON '€ 79 € L'y L'E L'S 6°¢C 8V [eAed0LOR (7 Juslled
"01jeISRIAW 3 0} panaljaq Ajjealul|o ‘paisdoiq
10U Sem apou siy} ybnoy | "apou del|i [eussiul B 03 axeIdn Je[ILIS YHM apou Jojelniqo
SUBdS U10g U0 gDV U0 aAsod (Wwo T°Zx€°Z) 9PON "anoge se juslied awes 1A% S 1A% €6 09 €17 99 1T 3] € Jualted
‘108ds0.38.
u1 uoisa| ajdwes Jou pip Asdoiq [eulBIIQ "UOITRIO| BWES Je UBdS DGOV
puodas yeadal Jaye annisod sem Ajpuanbasgns Asdoig “anijefau sem Asdoiq |eusajul
o1doasodede| ‘JaAaMOY ‘UBDS IS1lf 1o DGOV U0 dAIsod (W 8'TXT'E) SPON e 6'G 9C TG 8v 70T (134 7’6 W6 € Jusired
ueas Jeadal Jayge Asdolg annisod usnbasqng uoliss|
"3S1l 01 PaNUNUOD \Sd pue ‘aA1zefau sem ueds 1Sl ay) Jaye Asdoig [ 06 IN% 1’9 ¥'S ¥'8 6'c 9'G areisoud :z Juaired
ueos yeadal Jayye Asdoiq aanisod jusnbasgns uoiss|
"8S1J 0} PANUNUOD \Sd PuUe ‘aA1jefiau sem Ueds 1Sl ay3 Jaye Asdoig 12 9'€ 97T %4 'z k4% 8T 12 areysoud :T Juaired
Emw_._._\/a me\/a :mm_.t\/:w Xm_.:\/a _._.$F_>a XNE>8 Eme\/Dw Xm_.:\/a
JUSLUIED U] JO M| JOJ UOSESY  UIW /T Je UBJS pUOJSS  UIW /T T Ueds ISUi4  UlW ¢ e UeJS pUOdSS  UIW 7 Te ueds S114 uolsa

Odewole et al.

SuR3s Y10q uo sjutod awi paAe|ap pue AjJes 1e suolsa] ueubijew pajeanun Jo ANS

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



	Abstract
	Introduction
	Materials and Methods
	Patient Population
	Imaging Protocols
	Statistical Analysis

	Results
	Background Structures
	Untreated Malignant Lesions

	Discussion
	Conclusion
	References
	Fig. 1
	Fig. 2
	Fig. 3
	Table 1
	Table 2

