
Whole-body biodistribution and the influence of body activity
on brain kinetic analysis of the 11C-PiB PET scan

Go Akamatsu1 • Tomoyuki Nishio1 • Kazuhiko Adachi1,2 • Yasuhiko Ikari1 •

Michio Senda1

Received: 16 June 2017 / Revised: 27 August 2017 / Accepted: 2 September 2017 / Published online: 11 September 2017

� Japanese Society of Radiological Technology and Japan Society of Medical Physics 2017

Abstract Dynamic 11C-PiB PET imaging with kinetic

analysis has been performed for accurate quantification of

amyloid binding in patients with Alzheimer’s disease

(AD). In this study, we measured the whole-body biodis-

tribution of 11C-PiB in nine subjects. We then evaluated the

effect of body activity on quantitative accuracy of brain
11C-PiB three-dimensional (3D) dynamic PET. Based on

clinical biodistribution data, we conducted phantom

experiments to estimate the effect of body activity on

quantification of the brain 3D dynamic 11C-PiB PET data

and the error introduced by body activity using six different

PET camera models. One of the PET cameras was used to

acquire 11C-PiB brain 3D dynamic PET data on a patient

with AD. We calculated the distribution volume ratio

(DVR) in two kinetic methods using both the original

human time-activity-curve (TAC) data and the TAC cor-

rected for the error caused by body activity. In the early

phase, both healthy subjects and patients with AD showed

a biodistribution of 11C-PiB that reflected regional blood

flow. In the simulated early phase of the phantom experi-

ments, activity outside the field of view led to a maximum

6.0% overestimation of brain activity in the vertex region.

Conversely, the effect of body activity on the DVR esti-

mate was small (B1.2%), probably because the tested

kinetic methods did not rely heavily on early phase data.

These results indicate that the effect of body activity on

brain 11C-PiB PET quantification is generally small and

that it depends on the method of kinetic analysis, the region

of interest, and the PET camera model used.

Keywords PET � 11C-PiB � Biodistribution � Activity
outside the field of view � Kinetic analysis

1 Introduction

Amyloid positron emission tomography (PET) imaging can

reveal in vivo brain amyloid-b plaques, a pathological

hallmark of Alzheimer’s disease (AD). The 11C-labeled

Pittsburgh Compound B (11C-PiB) is a widely used amy-

loid imaging agent in research [1]. Dynamic 11C-PiB PET

imaging with kinetic analysis has been performed for the

accurate quantification of amyloid deposition [2].

On a related note, PET/computed tomography (CT)

cameras with three-dimensional (3D) acquisition are

commonly used in oncological whole-body (WB) PET

imaging due to higher sensitivity and shorter scanning time

than cameras with two-dimensional (2D) acquisition.

However, 3D acquisition may be influenced by singles and

random coincidence, which diminish image quality and

quantitative capability [3–8]. In the brain 11C-PiB dynamic

scan using 3D acquisition, the injected activity is mostly

distributed throughout the body, particularly in the early

phase post-injection. Such activity outside the field of view

(FOV) can lead to errors in the quantification of brain PET

images within the FOV [9–12].

Despite this, the effect of body activity on brain 11C-PiB

dynamic scans has not been evaluated, because no studies

have gathered detailed data on 11C-PiB biodistribution in

the neck, chest, and WB, with the exception of one study

addressing radiation dosimetry [13].
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In the present study, we acquired the early phase

biodistribution data of 11C-PiB in various axial body areas

in subjects who had been enrolled in various brain research

protocols and had undergone a brain PET scan in the later

phase. We then performed phantom experiments based on

the actual human biodistribution data using a number of

PET cameras in 3D mode. Finally, based on these phantom

experiments, the effects of body activity on the quantitative

capability of brain 11C-PiB PET and on kinetic analysis

were estimated.

2 Materials and methods

2.1 Subjects

In the present study, a total of 10 subjects were enrolled in

various research protocols, each focusing primarily on the

acquisition of late-phase brain 11C-PiB PET images. In

addition, we took advantage of the accumulation phase and

set up an add-on protocol to measure sequential activity

over time in each axial body segment. Approval was

obtained from the ethics committee and informed consent

was obtained from each subject for the primary study, the

add-on protocol, and the subsequent data analysis.

The demographic profiles of the subjects and scans are

summarized in Table 1 and described below. Six subjects

with mild cognitive impairment (MCI) or suspected MCI

(mean age 72.2 years, range 65–82 years) underwent a 2D

WB or neck-to-chest dynamic scan with 11C-PiB. Two

healthy subjects and one patient with AD (mean age

59.9 years, range 51–64 years) underwent a 2D brain

dynamic scan with 11C-PiB. A tenth subject, a 63-year-old

patient with AD, underwent a brain 3D dynamic 11C-PiB

scan using another PET camera. None of the subjects had

any cardiovascular, respiratory, or renal diseases that could

have influenced WB biodistribution or pharmacokinetics.

2.2 PET scanner and scan mode

We used an ECAT EXACT HR ? scanner (Siemens/

CTI, Knoxville, TN) in 2D mode to acquire whole-body
11C-PiB biodistribution [14]. To allow quantitative

measurement of each axial body area, dynamic WB,

neck-to-chest, and brain PET scans were performed in

2D acquisition mode.

In the subsequent phantom study, we used six PET

camera models and performed phantom scans in 3D

mode. These six PET cameras were considered to be

used for brain 3D dynamic 11C-PiB PET scans in the

Japanese Alzheimer’s disease neuroimaging initiative (J-

ADNI) project [15]. These 3D scans were performed in

accordance with the standard PET imaging protocol

detailed in the J-ADNI. Table 2 shows the PET camera

specifications and scan parameters that were used in the

phantom study.

The tenth subject (J) underwent a 11C-PiB brain 3D

dynamic scan using a Shimadzu SET-3000G/X (Table 2)

to evaluate the effect of body activity on the brain PET

acquired and analyzed in the standard J-ADNI protocol.

2.3 Dynamic whole-body and neck-to-chest PET

scans to measure 11C-PiB biodistribution

Dynamic WB PET scans were performed on three subjects

(A, B, and C) to measure the biodistribution of 11C-PiB

from the top of the head to the mid-thigh. Dynamic neck-

to-chest scans were performed on another three subjects

(D, E, and F) to measure the 11C-PiB biodistribution from

the neck to the chest area in more detail.

A transmission scan was performed using a 68Ge/68Ga

rod source before 11C-PiB injection. The transmission scan

protocols were as follows: 3 min/bed 9 8 beds for the WB

scan and 3 min/bed 9 2 beds for the neck-to-chest scan. A

dynamic emission scan was performed for a total period of

Table 1 Subject data and scan information

Subject Axial scan range Injection dose (MBq) Scan mode Clinical diagnosis Brain PiB uptake read PET scanner

A Whole-body 548.1 2D MCI Positive ECAT EXACT HR?

B Whole-body 542.4 2D MCI Positive ECAT EXACT HR?

C Whole-body 567.0 2D MCI Positive ECAT EXACT HR?

D Neck-to-chest 541.8 2D MCI Negative ECAT EXACT HR?

E Neck-to-chest 514.1 2D MCI Positive ECAT EXACT HR?

F Neck-to-chest 542.9 2D MCI Positive ECAT EXACT HR?

G Brain 615.4 2D HC Negative ECAT EXACT HR?

H Brain 584.6 2D HC Negative ECAT EXACT HR?

I Brain 532.0 2D AD Positive ECAT EXACT HR?

J Brain 546.1 3D AD Positive SET-3000G/X

AD Alzheimer’s disease, HC healthy control, MCI mild cognitive impairment
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about 40 min starting immediately after injection of 11C-

PiB. The WB emission scan protocol was as follows: 30 s/

bed 9 8 beds, repeated six times, starting at approximately

0, 7, 14, 21, 27, and 35 min after injection. The neck-to-

chest emission scan protocol was as follows: 30 s/bed 9 2

beds, five repeats, 45 s/bed 9 2 beds, two repeats, 60 s/

bed 9 2 beds, two repeats, and 90 s/bed 9 2 beds, one

scan; therefore, the protocol consisted of a total of 10

repeats (starting at approximately 0, 2.25, 4.5, 6.75, 9, 12,

15.5, 19, 25, and 35 min after injection). Subsequently, a

20-min (4 frames 9 300 s) emission scan of the brain was

performed starting 50 min after injection to evaluate brain
11C-PiB uptake. Finally, a transmission scan of the head

was performed for 6 min.

The acquired WB dynamic data were reconstructed

using Fourier rebinning and a filtered back projection

(FBP) algorithm with a Gaussian post-filter [8-mm full-

width at half-maximum (FWHM)]. In addition, to locate

the regions of interest (ROIs), PET data were reconstructed

using the ordered-subset expectation–maximization

(OSEM) algorithm (4 iterations, 8 subsets) with a Gaussian

post-filter (8-mm FWHM). Late-phase brain data

(50–70 min after injection) were also reconstructed using

the OSEM algorithm (4 iterations and 16 subsets) without a

post-smoothing filter [12]. The brain images of 50–70 min

after injection were visually interpreted and classified as

either positive or negative by an expert 11C-PiB PET

physician in accordance with the J-ADNI criteria [16].

2.4 Dynamic brain PET scans to measure brain 11C-

PiB activity

The brain 2D dynamic PET scans were performed on three

subjects (G, H, and I) to measure the time course of brain
11C-PiB for a 90-min period after injection of 11C-PiB. The

2D emission scan protocol was as follows: 15 s 9 4,

30 s 9 8, 60 s 9 9, 180 s 9 2, 300 s 9 8, and 600 s 9 3

for a total of 34 frames. A 15-min transmission followed.

PET data were reconstructed using filtered back projection

with a Gaussian post-filter (8-mm FWHM). Images of

50–70 min after injection were generated and visually

interpreted in terms of brain 11C-PiB uptake.

Another subject (J) underwent a brain 3D dynamic

emission scan for 70 min starting immediately after

injection based on the standard J-ADNI protocol (10 s 9 6,

20 s 9 3, 60 s 9 2, 180 s 9 2, and 300 s 9 12 for a total

of 25 frames). A 6-min transmission scan followed. PET

data were reconstructed using the OSEM (4 iterations and

16 subsets) without a post-smoothing filter. Images of

50–70 min after injection were generated and visually

interpreted in terms of brain 11C-PiB uptake.

2.5 Phantom experiments

In the phantom experiments, we assumed a 11C-PiB

injection dose of 555 MBq and a 70-min dynamic scan. As

shown in Fig. 1, we designed a set of phantoms simulating

Table 2 PET camera specifications and scan parameters in the phantom study

Vender Shimadzu GE GE Siemens Siemens Siemens

PET scanner SET-3000

G/X

Discovery ST

elite

Advance Biograph Hi-

Rez

Biograph TruePoint

TrueV

ECAT

ACCEL

Detector material GSO BGO BGO LSO LSO LSO

Axial FOV (mm) 260 157 153 162 216 162

Scan mode 3D 3D 3D 3D 3D 3D

Matrix size 128 9 128 128 9 128 128 9 128 168 9 168 168 9 168 128 9 128

Pixel size (mm) 2.0 9 2.0 2.0 9 2.0 2.0 9 2.0 2.0 9 2.0 2.0 9 2.0 2.0 9 2.0

Slice thickness (mm) 2.60 3.27 4.25 2.00 2.027 3.375

Number of slices 99 47 35 81 109 47

Attenuation correction

method

137Cs CT 68Ge/68Ga CT CT 68Ge/68Ga

Scatter correction method HDE Model-based Tail fitting

(Bergstrom)

Model-based Model-based Model-based

Random correction

method

Delayed Singles Delayed Delayed Delayed Delayed

Reconstruction parameter FORE

?DRAMA

3D OSEM FORE

?OSEM

FORE

?OSEM

3D OSEM FORE

?OSEM

Subset (filter cycle)/

iteration

(0)/4 40/2 16/6 14/4 21/4 16/6

Other Z axis filter:

standard

Trim: off Trim: off
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the 11C-PiB biodistribution in the human body; these

consisted of a cylindrical phantom (16-cm diameter, 15-cm

length; Itoi Factory Inc.) for the head, three saline bags

(500 mL; Otsuka Pharmaceutical Co., Ltd.) for the neck, a

National Electrical Manufacturers Association/Interna-

tional Electrotechnical Commission body phantom (with-

out lung insert and spheres; Data Spectrum Corp.) for the

chest, and a cylindrical phantom (15-cm diameter and

20-cm length; Itoi Factory Inc.) for the upper abdomen.

These phantom sets entirely consisted of water; thus, other

structures (e.g., bone) were not taken into account.

Table 3 shows the target radioactivity of 18F that was

injected into each part of the phantom set, simulating the
11C-PiB biodistribution at the following three timepoints:

post-injection 1–2 min (early phase; early1–2), 10 min

(early phase; early10), and 50 min (late phase; late50). The

radioactivity in each phase was determined based on the

human WB, neck-to-chest, and brain dynamic scan data

(subjects A–I). The activity of the neck and chest phan-

toms was determined based on the mean %injected dose

(%ID) values in the neck and chest using the dynamic

WB and neck-to-chest data. The %ID was calculated as

follows:

% ID ¼ Tissue activity ðMBqÞ
Total injected dose (MBq)

:

The activity of the abdominal phantom was determined

based on the sum of mean %ID values in the liver, spleen,

and kidney using the dynamic WB data. Data from the first

WB and neck-to-chest scans were used as the early1–2 data,

and those from the second and third WB scans, and from

the fifth and sixth neck-to-chest scans, were used as the

early10 data. The final WB and neck-to-chest scan data

were corrected for decay and were used as the late50 data,

because WB and neck-to-chest data were only available up

to about 35 min after injection.

At first, a transmission or CT scan was performed with

all the phantoms aligned, so that the head phantom was

located in the center of the FOV (Fig. 1); an emission scan

followed. Next, after removing the neck, chest, and upper

abdomen phantoms, we performed emission scans of the

head phantom without body activity. We performed these

scans in three phantom conditions, simulating the activity

at early1–2, early10, and late50, respectively. The emission

data simulating early1–2 and early10 were acquired in

5 min 9 1 frame, and the late50 data were acquired in

5 min 9 4 frames.

2.6 Data analysis

2.6.1 Dynamic whole-body, neck-to-chest, and brain PET

data

Image analysis was performed using the PMOD software

ver.3.17 (PMOD Technologies Ltd., Switzerland). To

analyze the dynamic WB and neck-to-chest PET data

(subjects A–F), the ROIs were manually placed on the sum

images of all frames over the brain, thyroid, lungs, heart,

liver/gallbladder, spleen, kidneys, bladder, and intestine, as

well as over the entire neck area (from the lower border of

cerebellum to the lower border of the thyroid) and the

entire chest area (from the lower border of thyroid to the

upper border of the liver). A time-activity curve (TAC) was

obtained and the %ID was calculated based on the

radioactivity distribution in each organ and the injected

dose.

To analyze the 2D dynamic brain PET data (subjects G–

I), a whole-brain ROI was placed on the sum images of all

Fig. 1 Photograph and diagram

of the phantom alignment. The

head phantom was placed in the

center of the axial field of view.

The abdominal phantom was

placed in the liver position off

the midline. For the neck

phantom, of the three bags, the

one that was placed in the

middle was filled with

radioactivity
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frames. The whole-brain ROI value was then measured for

each frame of the dynamic data and the %ID was

calculated.

To analyze subject J, TACs were obtained using manual

ROIs placed over the frontal cortex, parietal cortex, and

cerebellum.

2.6.2 Phantom data with three types of activity

A 10-cm-diameter circular ROI was placed in the center of

the reconstructed images of the head phantom in the

early1–2, early10, and late50 image data. The ROI mean

value for each slice with and without body activity was

obtained and compared to evaluate the effect of body

activity.

2.6.3 Effect of body activity on quantitative values

Axial slices of the head phantom images were divided into

three parts (caudal, middle, and cranial), each covering an

axial length of about 3 cm (excluding the slices at both

ends). The distance from the caudal area to the middle was

about 3 cm. These three parts corresponded to the axial

level of the cerebellum, frontal cortex, and parietal cortex,

respectively. The estimated error (EE) was defined as the

percentage difference between the head phantom ROI

mean value with and without phantoms simulating body

activity as follows:

The EE was calculated in each slice of the brain phan-

tom and averaged to evaluate the effect of body activity on

the brain. All scan frames belonging to the late50 phase of

the phantom experiments were averaged to reduce the

effect of image noise. The EE at any timepoint was esti-

mated by linear interpolation of the EE at the measured

three timepoints.

TACs of the cerebellum, frontal cortex, and parietal

cortex were obtained from the brain dynamic PiB-posi-

tive PET data [subject J; measured TAC (TACmeas)].

Next, we corrected for the effect of body activity using

the EE of the TACmeas at each timepoint, as determined

using the SET-3000G/X camera. We then generated

corrected TAC data (TACcorr). We performed kinetic

analysis using both TACmeas and TACcorr, and then

compared the distribution volume ratios (DVRs). The

reference region was placed over the cerebellar cortex.

Multi-linear reference tissue model 2 (MRTM2) [17] and

Logan graphical analysis with reference tissue (LGAR)

[18] were used in the kinetic analysis. We used the TAC

data of 0–70 min to obtain the operational equation

model. Subsequently, the DVRs were estimated using

linear or multi-linear regression for t[ t*, where t* is

the equilibrium time for the regression. The LGAR

requires a fit to the latter linear portion of the plot only.

In contrast, the MRTM2 can include more data points,

since it uses a multi-linear approach [19]. Based on

these, we set t* equal to 1650 s for LGAR and 0 s for

MRTM2 (all data were used).

3 Results

3.1 Whole-body 11C-PiB biodistribution

Figure 2 shows the sequential WB and neck-to-chest

maximum intensity projection (MIP) images after

injection of 11C-PiB. Immediately after 11C-PiB injec-

tion, images reflecting blood perfusion were obtained.

The organ uptake was rapidly washed out, except for

that in the brain, liver, intestine, and urinary tract. The

biliary tracts and intestine gradually became intensely

visible over time. Figure 3 shows the TACs for the

whole brain, thyroid, neck, chest, liver/gallbladder,

spleen, kidneys, bladder, and intestine that were obtained

from the dynamic WB, neck-to-chest, and brain data.

Whole-brain uptake of 11C-PiB reached a maximum

about 2 min after injection. Uptake by the thyroid, chest,

spleen, and kidneys was at its highest in the first frame

of the dynamic data. Conversely, uptake by the liver,

bladder, and intestine gradually increased over time up

to 35 min after injection.

Table 3 Target activity injected into each phantom

Head

phantom

(MBq)

Neck

phantom

(MBq)

Chest

phantom

(MBq)

Upper abdominal

phantom (MBq)

Early1–2 33.0 18.0 160.0 93.0

Early10 19.0 12.0 56.0 90.0

Late50 3.0 1.0 7.0 15.0

Actual activities were within ±10% of the target activities

Estimated error (EE) ¼ Mean activity with phantoms ðBq=mLÞ �mean activity without phantoms ðBq=mLÞ
Mean activity without phantoms (Bq/mL)

:

468 G. Akamatsu et al.



Fig. 2 Serial whole-body (WB) maximum intensity projection (MIP) images after 11C-PiB injection. A WBMIP image from the head to femoral

region in subject B (a). Neck-to-chest MIP image in subject E (b)

Fig. 3 Time-activity curves (TACs) for each organ (whole-brain,

thyroid, neck, chest, liver/gallbladder, spleen, kidneys, bladder, and

intestine). Each line indicates single-subject data. The whole-brain

TAC was calculated from the dynamic brain scan. The other TACs

were calculated from the dynamic whole-body and neck-to-chest

scans
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3.2 Phantom experiments

Table 3 shows the radioactivity injected into each phan-

tom, determined based on the dynamic human PET scan

data. Figures 4, 5, 6 show the relative ROI value at each

slice level of the head phantom image with and without the

phantoms simulating body activity for the three phases of

post-injection. The EE calculated from the phantom

experiments is also shown in Table 4. The ROI value at

each slice level was generally constant without the body

activity for using each PET camera and during all phases.

However, using the ECAT ACCEL, an underestimation of

3.7% was observed at the caudal level during the early1–2
phase. Conversely, using the SET-3000G/X, there was a

maximum 6.0% overestimation at the cranial level. The

differences in the values measured in ROIs with or without

body activity were relatively small during the late50 phase

(Fig. 6).

3.3 Effect of body activity on kinetic analysis

Figure 7 shows TACmeas and TACcorr in the cerebellum,

frontal cortex, and parietal cortex of subject J. The TACcorr

values were lower than the TACmeas values. The DVR

calculated using TACcorr in the frontal and parietal cortexes

was slightly lower than that calculated using TACmeas. The

percentage differences in the frontal and parietal cortexes

calculated using MRTM2 were -0.9 and 0.0%, respec-

tively, and those calculated using LGAR were 0.0 and

-1.2%, respectively.

4 Discussion

In the present study, we measured the sequential whole-

body biodistribution of 11C-PiB over time. We also esti-

mated the effect of body activity on the quantified values of

Fig. 4 Plots of the head phantom region of interest values in the head

at each slice level; the values without body activity are used as a

baseline. The graphs show changes with and without body activity at

simulated 1–2 min after injection (early1–2). The PET camera models

used were the SET-3000G/X (a), Discovery ST Elite (b), Advance
(c), Biograph Hi-Rez (d), Biograph TruePoint TrueV (e), and ECAT

ACCEL (f). In the caudal, middle, and cranial areas, the EE was

calculated
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the brain 11C-PiB PET based on self-designed phantom

experiments using a number of PET camera models. We

found that body activity had only a small effect on mea-

sured brain activity, with exceptions in the cases of a few

PET cameras in the early post-injection phase. We also

found that the error of the estimated DVR value was rel-

atively small (B1.2%) when using one such camera (SET-

3000G/X scanner) based on the kinetic methods tested in

this study (MRTM2 and LGAR).

Sequential WB images of 11C-PiB distribution showed

activity in the heart and lungs, in a blood pool in the neck

and chest area, and in the kidney and intestine, for about

10 min after injection (Fig. 2). There was high consistency

among subjects, irrespective of whether they were positive

or negative for late-phase brain amyloid deposition. In the

early phase, uptake by the lungs, liver, and blood in the

neck and chest was much higher than in the brain. Uptake

in the neck and chest decreased by 20 min after injection

and fell further in the later phase. In contrast, uptake in the

bladder and intestine gradually increased. These results

were consistent with a previous dosimetry study [13].

Because activity in the neck-to-chest area is considered the

main source of error in brain quantitation, late-phase

images, which are routinely used for visual interpretation

and standardized uptake value ratio (SUVR) measurement,

are minimally affected by the body activity.

Using self-designed phantom experiments that were

based on the measured human whole-body distribution of
11C-PiB, we estimated the error caused by the body activity

at each axial level of the brain using various PET cameras.

We also evaluated the effect of such activity on kinetic

analysis using the SET-3000G/X camera. The results

showed that body activity caused non-uniform errors that

depended on the axial localization within the brain and on

the PET camera model. This result corroborated the pre-

vious studies [10, 12]. When radioactivity exists outside

the FOV, single gamma rays from outside the FOV can be

detected, especially at the far end of the axial FOV. This

radiation increases singles and random coincidence, and

they might influence brain PET camera uniformity, as

Fig. 5 Plots of the head phantom relative values measured in regions

of interest at each slice position with or without body activity at

simulated 10 min after injection (early10). The PET camera models

used were the SET-3000G/X (a), Discovery ST Elite (b), Advance
(c), Biograph Hi-Rez (d), Biograph TruePoint TrueV (e), and ECAT

ACCEL (f)
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shown in Fig. 4 [5, 10, 12]. It should be noted that an end

shield may be available that can be attached to the gantry

[9]. This would be effective in blocking those gamma rays

from the body. However, such a shield was not used in the

present study.

Furthermore, in the present study, the quantitative value

of DVR was scarcely affected by the body activity.

Specifically, the effect of body activity on the DVR esti-

mate was small, because the kinetic analyses performed in

this study did not rely heavily on early phase data, which

Fig. 6 Plots of the head phantom relative values measured in regions

of interest at each slice position with or without body activity at

simulated 50 min after injection (late50). The PET camera models

used were the SET-3000G/X (a), the Discovery ST Elite (b), Advance
(c), Biograph Hi-Rez (d), Biograph TruePoint TrueV (e), and ECAT

ACCEL (f)

Table 4 Estimated error (EE) calculated from the phantom data

Scan

phase

Axial

level

SET-3000

G/X (%)

Discovery

ST elite (%)

Advance

(%)

Biograph

Hi-Rez (%)

Biograph TruePoint

TrueV (%)

ECAT

ACCEL (%)

Early1–2 Caudal ?1.5 -1.1 -1.2 -1.3 ?1.6 -3.7

Middle ?3.8 -1.2 -0.1 ?3.4 ?2.3 -0.8

Cranial ?6.0 -1.8 -0.1 ?3.0 ?1.1 ?1.0

Early10 Caudal ?2.5 ?2.9 -0.9 -2.2 ?1.2 -2.1

Middle ?4.4 ?1.7 -0.5 ?1.8 ?2.3 ?0.2

Cranial ?3.9 ?0.1 ?0.3 ?1.3 ?1.0 ?1.1

Late50 Caudal ?2.4 ?2.1 0.0 ?1.7 ?0.8 -0.4

Middle ?3.4 ?0.4 ?0.9 ?0.6 ?1.4 0.0

Cranial ?3.6 ?1.0 ?0.2 ?0.8 ?1.7 ?1.2
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were more influenced by body activity in a non-uniform

way. If we use the smaller t* timepoint for the LGAR

model, or if we use other kinetic models [2, 19–21], body

activity may influence the quantified estimates derived by

the kinetic analysis. Conversely, simple ratio quantifica-

tion, such as SUVR, is considered robust for body activity,

because it does not use the early phase data. However, the

activity outside the FOV may influence image noise level,

although we did not evaluate the effect of body activity on

the image noise. Therefore, a further study is required to

examine the effect of activity outside the FOV on the

voxel-based analysis, because it is sensitive to the image

noise level.

In the results of the present study, the influence of body

activity on the quantitative accuracy of 11C-PiB PET was

generally small when we did not use much early phase

data. Conversely, several previous studies have reported

that an external shield is useful in eliminating the effect of

body activity [9, 10, 12, 22–24]. However, this carries an

additional cost and may potentially limit the flexibility of

subject positioning.

5 Conclusion

We measured the serial, whole-body biodistribution of 11C-

PiB in detail. In addition, we evaluated the effect of body

activity on brain 11C-PiB PET quantification and kinetic

analysis. Our results indicate that the effect of body activity

on the quantitative capabilities of brain 11C-PiB PET is

generally small and that it depends on the method of

quantitative analysis, the location of the axial FOV, and the

PET camera model. Therefore, when using early phase

PET data from the brain, it may be prudent to evaluate the

effect of activity outside the FOV using appropriate

phantoms beforehand.
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