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Abstract

11¢-LY2795050 is a new antagonist PET radioligand for the kappa opioid receptor (KOR). In this
study, we assessed the reproducibility of the binding parameters of 11C-LY 2795050 in healthy
human subjects.

Methods—Sixteen healthy subjects (11 men, 5 women) underwent two separate 90-min PET
scans with arterial input function and plasma free fraction measurements. The two-tissue
compartment model and multilinear analysis-1 were applied to calculate five outcome measures in
14 brain regions: distribution volume (V), distribution volume normalized by plasma free fraction
(V1/fp), and three binding potentials (BPyp, BPp, BPg). Since KOR is distributed ubiquitously
throughout the brain, there are no suitable reference regions. We used a fixed fraction of
individual cerebellum V1 value as the non-displaceable distribution volume Vyp (= V1 cgr/1.17).
The relative and absolute test-retest variability and intra-class correlation coefficient were
evaluated for the outcome measures of 11C-LY2795050.

Results—The test-retest variability of 11C-LY 2795050 for V1 was < 10% in all regions, and 12%
in the amygdala. For binding potentials (BPnp and BPp), the test-retest variability was good in
regions of moderate and high KOR density (BPnp > 0.4) and poor in regions of low density.
Correction by fp (V1/fp or BPg) did not improve the test-retest performance.

Conclusion—Our results suggest that quantification of 11C-LY2795050 imaging is reproducible
and reliable in the regions with moderate and high KOR density. Therefore we conclude that this
first antagonist radiotracer is highly useful for PET studies of KOR.
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INTRODUCTION

The kappa opioid receptor (KOR) is one of at least three subtypes of the opioid receptors.
The KOR is known to be involved in various disorders, including anxiety (1), substance
abuse (2), major depression (3, 4), epilepsy (5), and Alzheimer’s disease (6). Several lines of
work provide support for KOR antagonists as potential therapeutic agents for depression (7)
and alcohol dependence (8).

The PET radioligand 11C-LY 2795050 is a recently developed antagonist radiotracer (9) that
binds selectively to the KOR. This new tracer has been examined in both nonhuman
primates (10, 11) and human subjects (12). Our previous analysis of human imaging data
found that 150 mg oral dose of naltrexone blocked ~90% KOR across all brain regions,
which suggests the absence of a suitable reference region for 11C-LY2795050 in the human
brain, and that the lowest inter-subject variability in three versions of binding potential
(BPnDs BPp, BPE) was observed when the non-displaceable distribution volume (Vyp) was
estimated as a fixed fraction of cerebellum V1 (V1,cer = 1.17 VNp). The uptake pattern

of 11C-LY 2795050 was in good accordance with the known KOR distribution, and 11C-
LY2795050 was confirmed to be suitable for imaging the KOR in vivo. The primary aim of
the present study was to assess the test-retest variability of 11C-LY2795050 binding
parameters derived from kinetic modeling in the human brain.

MATERIALS AND METHODS

Human Subjects

Sixteen healthy subjects (19-42 years of age; 11 men and 5 women, body weight 79 + 11
kg) were enrolled in a test-retest study. The study was approved by the Yale University
Human Investigation Committee and the Yale-New Haven Hospital Radiation Safety
Committee, and in accordance with federal guidelines and regulations of the United States
for the protection of human research subjects contained in Title 45 Part 46 of the Code of
Federal Regulations (45 CFR 46). All subjects signed a written informed consent. As part of
the subject evaluation, magnetic resonance (MR) images were acquired on all subjects to
eliminate those with anatomical abnormalities and for PET image registration. MR imaging
was performed using a 3D MPRAGE pulse sequence with TE = 2.78 ms, TR = 2500 ms, TI
= 1100 ms, and flip angle of 7 on a 3T whole-body scanner (Trio, Siemens Medical
Systems, Erlangen, Germany) with a circularly polarized head coil. The dimension and pixel
size of MR images were 256 x 256 x 176 and 0.98 x 0.98 x 1.0 mm3, respectively.

Radiotracer Synthesis

11C-1Y2795050 was synthesized as previously described (9). Radiochemical purity of 11C-
LY2795050 in the final product solution was > 98%.
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Test-retest Study

Each subject underwent two 90-min PET scans with 11C-LY2795050 on the same day. The
time difference between the two scans was 4.6 + 1.1 hour. PET scans were conducted on the
High Resolution Research Tomograph (HRRT) (Siemens Medical Solutions, Knoxville, TN,
USA), which acquires 207 slices (1.2 mm slice separation) with a reconstructed image
resolution of ~ 3 mm. Prior to tracer administration, a 6-min transmission scan was
conducted for attenuation correction. Each scan was acquired in list mode after intravenous
administration of 11C-LY 2795050 over 1 min by an automatic pump (Harvard PHD
22/2000, Harvard Apparatus Holliston, MA, USA). Dynamic scan data were reconstructed
in 27 frames (6 x 0.5 min, 3 x 1 min, 2 x 2 min, 16 x 5 min) with corrections for
attenuation, normalization, scatter, randoms, and deadtime using the MOLAR algorithm (13,
14). Motion correction was included in the reconstruction algorithm based on measurements
with the Polaris Vicra sensor (NDI Systems, Waterloo, Canada) with reflectors mounted on
a swim cap worn by the subject. The metabolite-corrected arterial input function and the
plasma free fraction (fp) were measured. The analysis procedures were previously reported
(12).

Image Registration and Definition of Regions of Interest

Regions of interest (ROI) were taken from the Automated Anatomical Labeling (AAL) for
SPM2 (15) in Montreal Neurological Institute (MNI) space (16). The template ROIs were
applied to the PET data. The details of the registration between MR and PET images were
reported previously (12). Using the combined transformations from template-to-PET space,
regional TACs were generated for 14 ROIs: amygdala, caudate, centrum semiovale,
cerebellum, anterior cingulate cortex, posterior cingulate cortex, frontal cortex, globus
pallidus (GP), hippocampus, insula, occipital cortex, putamen, temporal cortex, and
thalamus.

Quantitative Analysis

In our previous study (12), the two-tissue compartment (2TC) model and multilinear
analysis-1 (MA1) method (17) were both deemed as appropriate for analysis and
quantification of 11C-LY2795050 binding parameters in the human brain. Hence in this
study we applied 2TC and MAL1 (t* = 30 min) to the regional TACs using the arterial plasma
TAC as input function. Five outcome measures were calculated: distribution volume (V7),
distribution volume normalized by the plasma free fraction (V1/fp) and three binding
potentials: BPyp, BPp, and BPg (18). The non-displaceable distribution volume, Vyp, is
required for the calculation of the binding potentials. In our previous analysis with a
naltrexone-blocking study in human, the lowest inter-subject variability was observed when
Vnp Was estimated as a fixed fraction of cerebellum V1 (V1 cer = 1.17 Vnp). We thus
calculated Vp from individual VT cgg to estimate the binding potentials. All modeling was
performed with in-house programs written with IDL 8.0 (ITT Visual Information Solutions,
Boulder, CO, USA). For parameter estimation, data points were weighted based on noise
equivalent counts in each frame. Percentage standard error (%SE) was estimated from the
theoretical parameter covariance matrix.
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Statistical Analyses

Results

The reproducibility of the outcome measures was assessed by computation of the following
three parameters: relative test-retest variability (TRV), absolute test-retest variability
(@aTRV), and intra-class correlation coefficient (ICC). The TRV was calculated as follows:

_ test value—retest value
~ (test value+retest value) /2

TRV

The mean of TRV indicates the presence of a trend in the parameter of interest between the
two scans, and the standard deviation of TRV is an index of the variability of the percent
difference between the two measurements. The aTRV measure combines these two effects
into one value. To evaluate the within-subject variability relative to the between-subject
variability, the ICC was computed using the following equation:

BSMSS—WSMSS

ICC= oSS Twsnss

where BSMSS indicates the between-subject mean sum of squares and WSMSS indicates
the within-subject mean sum of squares.

Injection and Scan Parameters

Injection and scan parameters are listed in Table 1. The injected dose and injected mass did
not significantly differ between the test and retest scans (paired t-test, P > 0.05).

Plasma Analysis

Figure 1 displays the total plasma curves, parent fractions, and metabolite-corrected plasma
curves for the test and retest scans. There were no significant differences in the parent
fractions between the test and retest scans (Figure 1B). The parent fraction was 42% + 9%
and 19% + 6% at 30 and 90 min post-injection, respectively (n = 32). The plasma free
fraction (fp) of 11C-LY2795050 was 0.0094 + 0.0014 (n = 32). The TRV of fp was 5% *
12%, with no significant change between the test and retest scans (P = 0.11, paired t-test).

Uptake Images

Figure 2 shows template MR images and summed PET images averaged across all subjects
and scans. Similar uptake pattern of 11C-LY 2795050 was observed in the test and retest
scans. High uptake was seen in the amygdala, anterior cingulate cortex, insula, and GP.

Test-retest Variability and Reproducibility of Binding Parameters

Regional TACs for representative brain regions under test and retest conditions are shown in
Figures 3A and 3B, respectively. The 2TC and MAL (t* = 30 min) models provided good
fits to the regional TACs. MAL provided reliable V1 estimates with the relative standard
error (rSE; (standard error)/(estimated parameter)) < 10% in most regions and scans, except
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for the amygdala in two scans (rSE = 10% and 13%). The 2TC V estimates were somewhat
less stable, with rSE > 10% or k4 < 0.001 min~1 in 2.5 % of the fits [amygdala (n = 4), insula
(n=1), GP (n=1), putamen (n = 1), caudate (n = 3), and centrum semiovale (n = 1)].
Excluding these unreliable V1 estimates, V1 values from MA1 and 2TC were nearly
identical (V1 ma1 = 1.00 V1, 27¢c - 0.02, R2 = 0.99). The MA1 V7 estimates were used for
assessing the test-retest variability.

Table 2 shows the outcome measures of interest estimated with MAL under test and retest
conditions. Inter-subject variability was 9-16% in V1, 16-21% in V1/fp, 14-46% in BP\p,
8-41% in BPp, and 15-46% in BPg. Given the relatively small magnitude of BPyp (0.33 to
1.5) and BPp (0.52 to 2.42), higher inter-subject variability is expected. For the higher
binding regions (e.g. BPyp > 0.5), the variability of BPyp and BPp values was < 30% and <
20%, respectively.

Tables 3 and 4 list the test-retest statistics for distribution volumes and binding potentials,
respectively. For the VT estimates, the global mean of TRV and aTRV across all regions was
1% and 7%, respectively. ICC values of the V1 estimates were generally good (> 0.6) except
for the amygdala (0.41), thalamus (0.54), and centrum semiovale (0.57). The use of fp to
normalize V1 led to poorer reproducibility, with global means of TRV and aTRV at -4%
and 14%, respectively. In the regions with moderate to high KOR density (BPyp > 0.4) with
the exception of the amygdala and hippocampus, the TRV had a mean close to zero (no
trend between test and retest scans) and standard deviation of 3%, and aTRV of the BPyp
estimates was lower than 10%. ICC values for the BPyp estimates were greater than 0.8 in
all regions except the amygdala (0.56). The global mean of aTRV of BPg (21%) was
significantly higher than that of BPyp (13%) or BPp (15%).

Discussion

In this paper we present the test-retest variability and reproducibility of regional binding
parameters derived from the KOR antagonist tracer 11C-LY2795050 in human brain.

In accordance with our previous analysis, the 2TC and MA1 models showed similarly good
fits to regional TACs, and provided almost identical V1 values. However, V1 estimates with
the 2TC model were unstable in some regions. Hence, the MA1 estimates were used for test-
retest reproducibility assessment.

The small variability in the injected mass of 11C-LY2795050 is due to the mass limit of 10
ug, which was reached in most scans because of the narrow range in tracer specific activity
(Table 1). Receptor occupancy by the carrier mass was calculated from the equation: 100 x
F/(F + Kp), where F is the mean value (from 60 to 90 min after injection) of the protein-
unbound and metabolite-corrected plasma concentration. Using the in vitro (0.72 nmol/L
(9)) and in vivo (0.028 nmol/L (12)) Kp values, the occupancy by carrier mass in all scans
was calculated as <0.2% and <3%, respectively. In our previous study in rhesus monkeys
(11), the LY2795050 EDsgg at KOR was estimated as 15.6 ug/kg. Using this EDgg value, the
occupancy by LY2795050 was < 1.5% in all scans. In either way, the injected tracer
occupied < 5% of the targeted receptor and fulfilled the tracer dose criterion.
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The plasma free fraction was used to calculate the normalized distribution volume (V1/fp)
and binding potentials relative to free tracer in tissue (BPg). If fp was measured accurately
and the distribution volume varies linearly with fp, the use of fp for normalization would
reduce the TRV or aTRV. However, fp was too low (< 1%) to be measured accurately for
this tracer. Moreover, comparing distribution volume and binding potential with or without
correction by fp (V1 and V1/fp, and BPp and BPE), the absolute TRV was higher and ICC
lower for the estimates with fp correction in comparison to the estimates without fp
correction in all regions, because fp is higher in the test scan than the retest scan. Among the
three binding potentials, BPg showed the highest aTRV, which is twice of that for BPyp.
Normalization of V1 by fp or binding potential calculated with fp led to worse test-retest
reproducibility and reliability, possibly due to small errors in fp measurements.

Test-retest performance of 11C-LY 2795050 in VT estimates was excellent across all regions
with mean TRV close to 0%, and aTRV of <10%, except for the amygdala and centrum
semiovale (aTRV of 12% and 10%, respectively) (Table 3). Similarly, in regions with
moderate and high KOR densities, the test-retest variability of BPNp and BPp estimates was
also good. However, in regions with low KOR density (posterior cingulate cortex, thalamus,
centrum semiovale), not surprisingly, the variability of BPyp and BPp were higher than that
of V1. On the basis of these TRV values, the use of binding potentials would likely be
limited to regions with moderate to high KOR density. In this study, we calculated binding
potentials with a fixed fraction of individual cerebellum V1 as Vyp. An important
assumption here is that the fraction is not changed between the test and retest scans.
Obviously, the use of a fixed fraction of cerebellum Vy as Vyp will also need validation in
different patient populations by blocking experiments, and in subjects under drug challenge
conditions. The use of Vy instead of binding potentials is most appropriate, and preferred, if
this assumption of a fixed fraction of cerebellum Vv as Vyp is no longer valid, depending on
disease or experimental conditions.

The aTRV in the highest binding region, amygdala, was > 10% in all outcome measures
although it was lower in other high binding regions. This is likely due to its small size
leading to a noisy TAC.

The development of selective KOR imaging agents has been pursued for a long time (19).
Although several radiotracers have been developed over the years, thus far only the KOR
agonist 11C-GR103545 has been investigated extensively in vivo in nonhuman primates (20,
21) and humans (22), and was found to be a suitable radiotracer for KOR imaging and
quantification. As part of a comprehensive evaluation in humans, the test-retest performance
of 11C-GR103545 was assessed using methods similar to those described above for 11C-
LY2795050 (22). Mean aTRV of V1 estimates was about 15% for 11C-GR103545, as
compared with <10% for 11C-LY2795050. This difference in test-retest reproducibility of
VT estimates is most likely derived from the kinetic behavior of these two tracers: 11C-
LY2795050 has fast kinetics, while kinetics of 11C-GR103545 is protracted.

11C-GR103545 is the first KOR agonist radiotracer advanced to imaging applications in
human, and 11C-LY2795050 is the first KOR antagonist tracer evaluated in human, both
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from our laboratory. As a result we now have a pair of agonist and antagonist radiotracers
available for in vivo investigation of the KOR.

The opioid receptors belong to the superfamily of G-protein coupled receptors, and G-
protein coupled receptors are considered to have two states: a high affinity for agonists, and
a low affinity state. Agonists bind only to the high affinity state, while antagonists do not
distinguish the low and high affinity states and bind to both. Hence, the availability of a pair
of agonist (11C-GR103545) and antagonist (}1C-LY2795050) KOR tracers for use in human
will provide unique opportunities to assess the potential changes not only in total receptor
expression, but also in receptor state under disease conditions, as seen in the studies of
dopamine D,/D5 receptors with the agonist tracers 11C-(+)-PHNO, 11C-NPA or 11C-MNPA
and the antagonist tracer 11C-raclopride (23-30).

Given the excellent reproducibility of V1 estimates derived from PET imaging of KOR

with 11C-LY2795050 in the human brain and the involvement of KOR in a number of
neuropsychiatric disorders, 11C-LY2795050 is currently being used at our center in multiple
clinical imaging studies to investigate the role of KOR in depression, post-traumatic stress
disorder (PTSD)(31), cocaine addiction, and alcoholism.

Conclusions

In this report we evaluated the reproducibility of binding parameters with 11C-LY 2795050
in humans and found that this novel KOR antagonist radiotracer provides excellent test-
retest reproducibility, with absolute test-retest variability of < 10% in all brain regions
except the amygdala. Results from the present study strongly support the use of 11C-
LY2795050 as a PET radiotracer to image and quantitate KOR in human with high
reliability.
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Figure 1.
Mean + SD of (A) total plasma activity, (B) parent fraction in the plasma, and (C)

metabolite-corrected plasma activity over time after injection of 11C-LY2795050 in the test
(closed circles, n = 16) and retest (open circles, n = 16) scans. Panels (A) and (C) are
displayed in SUV units [concentration/(injected dose/body weight)].
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Figure 2.
MR images and co-registered PET images summed from 30 to 90 min after injection of 11C-

LY2795050: (A) MR images, (B) test scan, and (C) retest scan. PET images are displayed in
SUV units. SUV images were averaged across all the subjects.
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Figure 3.
Time-activity curves from six selected regions (amygdala, insula, putamen, frontal cortex,

caudate, cerebellum) after injection of 11C-LY2795050 at (A) test and (B) retest conditions
from one subject. The fits with MAZ1 (t*= 30 min) and 2TC models are displayed in solid
and dotted lines, respectively.
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Table 1

Subject information and PET scan parameters

Parameter Test (n=16) Retest (n =16)

Age (y) 28+7

Body weight (kg) 78.6+11.4

Injected dose (MBQq) 390+135 461+178

Specific activity (MBg/nmol)  18.0+6.4 21.849.6

Injected mass (ug) 9.1+1.2 9.1+1.3

Data are mean + SD.

J Nucl Med. Author manuscript; available in PMC 2016 February 01.

Page 13



Page 14

Naganawa et al.

'SURDS 1S813. PUE 1S3) U1 Ul 901M] PaINSeall anfeA Yyoea Yim s1oalgns 9T = U JO ueaw aJe sanfeA “(Aujiqerien 10lqns-1aiur) UOIBLIEA JO 1USIO1I802 Ul S| AOD%

(%92)1€ (%61)0e  (%97)820  (%91)820  (%0)LT0  (%0).T0  (%92)9T¢  (%6T)€0C  (%9T)Z6'T  (%9T)V6'T wn|[agaIsd
(%.¥)95 (%01)95  (%EV)0S0  (%8EWS0  (%8V)TE0  (%INVED  (WLa)Tve  (%STI0EZ  (%9TWTZ  (%IT)BT'Z  SleAOISS WNUa)
(%Sv)09 (%6€).S  (%eEV)ES0  (%L8)eS0  (%LIvE0  (weEP)veE0  (%edvve  (%STIoSC  (%6).T2  (%6)6T'C snwefey L
(%9v)6S (%8)95  (%e)ES0  (%98)e50  (%LWIvE0  (wev)eed  (wvedvve  (%LT)0€C  (WETILTZ  (%CT)BT'C  XaHOd ayenbuld 1sod
(%19)eL (%e1)99  (%er)e90 (%0190  (wiv)or o  (%SWoro  (%92)9se  (w9Tove  (wer)8ee  (%TT)8ze ayepne)
(%8¢€)5L (%92)eL  (%0€)990  (%52)0L'0  (%ve)zy'0  (%0E)vy0  (%Se)ese  (%STILve  (%TIT)0EC  (%TIT)SET sndweooddiH
(%€2)06 (%v2)s8  (%6T)T80  (%22)18'0  (%22)T650  (%0€)TS0  (%Tedvie  (%ST)6SC  (%0T)Sh'e  (%TT)LY'E X3109 [endi220
(we)ott  (wT2voT  (%rT)86'0  (%91)86'0  (%02)190  (%e2)190  (wealvee  (%91)8L  (%IT)e9e  (%TTIv9C Xal09 [eJuoi
(%02)TTT  (%02)¥0T  (%v1)66'0  (%.1)66'0 (%22)290 (%¥2)z90  (%T2)s6c  (%ST)8Lz  (%0T)W9C  (%TT)S9C X909 [elodwia L
(wv2)erT  (w6T)ZET  (wST)2T  (wvT)SZT  (%T2)6L0  (%02)2L0  (%e2)oze  (%91)S0e  (%0T)T6C  (%T1)06°C uaweind
(%0891 (%T2)9ST  (%02)9r'T  (%ITLY'T  (%12)160 (%E2)z6'0  (%92)eve  (%%91)62€  (%ETTTE  (%TITIET'E snpijjed snqojo
(%22)18T (W T)TLT  (WIT)TOT  (%2T)E9T  (%STIO0T  (%PT)00T  (%E2)S9E  (%9T)SvE  (%TT)9Z'e  (%2T)8C'€  Xauod aenbuld Uy
(%02)56T  (%ST)E8T  (968)W2'T  (WITIWL'T  (%vbT)80T  (%L1)20T  (%2a)ele  (wST)iSE  (%0T)8EE  (%IT)OV'E e|nsu|
(w0e)v9z  (wT2)59z  (wim)eee  (wSTZse  (%T12)sy'T  (WBT)SST  (%92)8vy  (%8T)6Ey  (%ETI8E'E  (WETILTY efepbiwy

=32 191 =3<Y! 1891 =3 191 =Y 1891 == 191
suoifey

(ANOD%) [gwo/Tw]3da  (AOD%) [gwo/Tw] 4dg (AOD %) INdg (AOD%) [gwo/qw] A (AOD %) [gwo/w] LA

poytaw (TWIN) T-SISAJeu Jeauljnjnw ayl wolj paALiap sialeweled Buipulg

¢ ?olgel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

J Nucl Med. Author manuscript; available in PMC 2016 February 01.



Page 15

Naganawa et al.

"sasayIuaIed UHM [EAIBIUI S0UBPIIUOD %456 40 spunog Jaddn
pue Jamo| yum paiuasaid s1 9D "s1oalgns uiyim sasenbs Jo Wwins ueaW 8yl S1 SSINSA Pue s108lgns Ussmlaq sasenbs Jo wins uesw sy} st SSINSE a18yM (SSINSM+SSINSE)/(SSINSM-SSINSE) = DI ¢

AY.L 10 8N[eA 3IN[0STe 8Y) S| AL PUB ‘Zx(8N[BA 1S318J + an[eA 1581)/(anjeA 15a1al — anjeA 1881) = AY J

"UOITRIN[ED WO} PAPNIOX3 3JOM _UILL TO0'0 > V31 10 960T< IS Ylim sarewnss LA 91z ayL
*

[sg0'eealy90 %LTFG- %eT  [96'0T2°0168°0 %8¥T %9  [¥6'0:€9:0158°0 %6F0 %L wnjjagasa)
[08'0:90°0l¢5 0 %02FE- %8T  [€8'0'¥T°0l25°0 %ETFE %0T  [€8'0'2T°0125°0 %ETFY %0T 3[eAOIWaS WNUID
[62°0:50°01T5°0 %8TFG- %ST  [18'0:60°01¥5°0 %6FT %,  [620%0°0]050 %670 %8 snwefey L
[r80'61°0lT9°0 %L TFG— %wyT  [16'0'G7°019L°0 %6FT w.  [680:2€0]2L0 %TTFT %6  XaW0d ale|nfuld 1sod
[¥8'0:81°0]09°0 %9TFG- %eT  [£6'0:95°0]28°0 %LF0 %9  [260t%er0lLL0 %8FZ- %L ajepned
[t8'0:0T°0l¥5 0 %8TFy- %ST  [28'0:82°0129°0 %6%¢C %8  [58'0'¢z'0l€90 %0TF %6 sndweooddiH
[0g0:20°0l250 %9TFG— %eT  [16°0'9v°012L°0 %LFT %9  [08'0:900]25 0 %TTF0 %6 XaH09 [end1200
[18'0:60°01%5°0 %LT¥G- %eT  [06°0'TY0lVL0 %8¥0 w.  [r80:0z'0l190 %0T+0 %8 X800 |ejuoi
[62°0:v0"0l0g"0 %LTFG- %eT  [88'0'c€0loL0 %8¥0 %,  [620%00]050 %TTF0 %6 X310 [esodwid L
[eg0'vT 012570 %9TF9- %eT  [£6'0'55°0]18°0 %LF0 %9  [06'0:2€0l€L°0 %8F¢— %L uaweind
[eg0TT 01550 %8T+y- %ST  [06°0'TY 0lvL0 %6FT %8  [68°0'ce0l0L0 %0T+0 %8 snpijred snqojo
[¥8'0:21°0l09°0 %9TFG- %vT  [26'0:05°018L°0 %8¥0 %9  [r80'61T°0119°0 %0TF0 %8 Xdu0d alenbuld Wy
[220'z00-19v0 %8TFG— %yl [280:T€0189°0 %6F0 %,  [¥80:€T0I85°0 %6FT— %L ensu|
[eg0TT 01550 %CTFI- %8T  [¥,°0'80°0-1T¥'0 %YTFS %t [220'8T0-16€0 %TTFE %6 elepbAwy
2013 [wlAdL, [w]Adle, 2013 [%lAdL ) [%]Adle 2013 [wlAdL) [w]Adle )
[gwo/qw] dy/4n [gwo/Tw] A [gwoyqw] LA suoioy
TVIN Ole

San|eA UoNNQLNSIP 10 8WN|OA Jo Aljigionpoidal 15a181-158 |

€9l|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

J Nucl Med. Author manuscript; available in PMC 2016 February 01.



Page 16

Naganawa et al.

"sasayjualed LM [eAIBIUI BOUBPIILIOD 9466 O spunog Jaddn
pue Jamo| Yim pajuasaid s1 DD "s108lgns ulyim sasenbs Jo WNS UBaW ay} s SSINSM PUe $103[gns usamiag saenbs Jo wins ueslw ay sl SSINST a19ym (SSINSM+SSINSE)/(SSINSM-SSINSE) = D21

1

AY.L J0 an[eA 3INj0sqe 8yl SI AY LB Pue ‘Zx(3nJeA 153191 + aNn[eA 1581)/(3N[eA 153184 — aNjeA 19)) = AYL

[28'0:62°0129'0 %Y9FTIT %wey  [88°0'v€0]0L0 %09¥ST %se  [£6°0'85°0128°0 %65F9T %EE  BleAOIWaS WNAUSD
[¥6'0:65°0l€8°0 %86%2C wsy  [L6°0:22°01T60 %98F7Z %9¢  [66°0:06'0196°0 %T8¥FCT %TE snurefey L
[e6'0:25°01¢8°0 %SFS %le  [96°0:99:0198°0 %vyFOT wve [26°0:080126°0 %Yy F6 %cZ  X3M0d ayeInfuld 1sod
[s6'0:69°0188°0 %LTFL- %ST  [66°0°06°0196°0 %yTFI- %0T  [66°0'56°0186°0 %9TFZ- %0T alepned
[8g0'ee 0loL0 %SCFC wee  [26°0'15°0162°0 %8TFL %.T  [96°0'2L 01680 %LTFL %ST sndwesoddiH
[68'0:9¢°01T2°0 %8TF9- %vT  [96°0:99:0198°0 %2TF0 %0T  [86°0:28°0156°0 %ETFI- %6 X802 [end1290
[s8'0:zz'0le90 %8TF9- %ST  [16°0'Gv°019L°0 %0T¥0 %8 [86°0'€8°0l6°0 %.LFT- %G X809 [ejuoi
[es0'91°0l65°0 %8TF9- %St [16°0:L°0122°0 %0TFT—- %6 [86°0:,8'0]560 %8FT- %9 X810 [eJodwid L
[28'0:22°0199°0 %STFL- %vT  [¥6°0'29:0158'0 %82 %, [86'0:28°0l€6°0 %8FZ- %L usweind
[s8'0:0z°0lc9°0 %0ZFY- %8T  [16°0'Gv°019L°0 %ETFT %0T  [96°0'T2°0168°0 %TTFI %6 snpijjed snqojo
[v80'0z°0l190 %ITFG— wvT  [1806201290 %6FT %8 [L6°0:9L°01160 %LF0 %G X8M0 alenfulo Juy
[oz0:2T°0-1€€0 %6TF9- %ST  [12°0'wT0-19g0 %TTFO %0T  [96°0'T2°0188°0 %8FT- %L e|nsu|
[08'0:20°0l€5°0 %.2%C %ee  [69°0'92°0-1vz0 %0¢F8 %9T  [28'0'2T°0195°0 %LTFL %ET elepbAwy

201 [wlAdL, [%w]lAdle, 201 [wlAdL, [%w]lAdle, 201 [wlAdL, [%w]lAdle,
suoifey

[ewo/qw] 4dg [ewo/qw] 4dg aNgg

sanjeA Jenualod Buipuiq o Ajigionpoadal 1581811531
¥ 9lqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

J Nucl Med. Author manuscript; available in PMC 2016 February 01.



