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We investigated the biodistribution and radiation dosimetry of
the PET amyloid imaging agent 11C-PIB (11C-6-OH-BTA-1)
(where BTA is benzothiazole) in humans. Previous radiation ex-
posure estimates have been based on animal experiments. A do-
simetry study in humans is essential for a balanced risk–benefit
assessment of 11C-PIB PET studies. Methods: We used data
from 16 different 11C-PIB PET scans on healthy volunteers to es-
timate radiation exposure. Six of these scans were dynamic
imaging over the abdominal region: 3 covering the upper abdo-
men and 3 covering the middle abdomen. On average, 489
MBq of 11C-PIB (range, 416–606 MBq) were injected intrave-
nously, and dynamic emission scans were recorded for up to
40 min. Two subjects had whole-body imaging over the entire
body to illustrate the biodistribution. PET brain scans and blood
and urine radioactivity measurements from our previous 11C-PIB
studies were also analyzed. Thirteen source organs and the re-
mainder of the body were studied to estimate residence times
and mean radiation-absorbed doses. The MIRD method was
used to calculate the radiation exposure of selected target organs
and the body as a whole. Results: There is a high degree of con-
sistency between our human data and previous biodistribu-
tion information based on baboons. In our study, the highest
radiation-absorbed doses were received by the gallbladder wall
(41.5 mGy/MBq), liver (19.0 mGy/MBq), urinary bladder wall (16.6
mGy/MBq), kidneys (12.6 mGy/MBq), and upper large intestine
wall (9.0 mGy/MBq). The hepatobiliary and renal systems were
the major routes of clearance and excretion, with approximately
20% of the injected radioactivity being excreted into urine. The
effective radiation dose was 4.74 mSv/MBq. Conclusion: The es-
tablished clinical dose of 11C-PIB required for 3-dimensional PET
amyloid imaging has an acceptable effective radiation dose.
This dose is comparable with the average exposure expected in
other PET brain receptor tracer studies. 11C-PIB is rapidly cleared
from the body, largely by the kidneys. From the viewpoint of radia-
tion safety, these results support the use of 11C-PIB in clinical
PET studies.
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Deposits of amyloid b (Ab) in the brain appear to be
crucial in the pathogenesis of Alzheimer’s disease (AD) (1).
Amyloid-binding tracers for PET have been developed for
studying Ab plaques in AD (2), with 11C-PIB, or 11C-6-
OH-BTA-1 (where BTA is benzothiazole), being one of the
most promising compounds (3). It has been shown that 11C-
PIB readily crosses the blood–brain barrier and that it has
high affinity and selectivity for Ab (4,5). Its retention in
brain seems to be inversely related to cerebral glucose
metabolism measured with 18F-FDG (6), with increased
uptake in brain regions typically affected by Ab aggregates.

In ongoing clinical studies, 11C-PIB PET is being exam-
ined to determine whether the tracer has utility in the
differential diagnosis and follow-up of AD and in evaluat-
ing the efficacy of antiamyloid therapies. To enable the
continued use of 11C-PIB and to confirm safety, it is impor-
tant to determine the radiation exposure caused by such
studies. A radiation dosimetry study with baboons showed
that 11C-PIB was eliminated by the hepatobiliary and renal
systems and that the critical organ was the gallbladder wall
(7). In that study, data from 2 baboons were used to esti-
mate human radiation doses; as yet, to our knowledge, no
human data on 11C-PIB dosimetry are available. Therefore,
we investigated the biodistribution and excretion of 11C-
PIB in 6 healthy volunteers with a dynamic scanning pro-
tocol in the abdominal region. Three subjects had their
middle abdominal region in the tomography field of view to
measure radioactivity in the liver, kidneys, stomach, and
intestine. Three subjects were positioned for scanning ra-
dioactivity in the heart wall, lungs, and spleen. We also
observed the biodistribution in the entire body with 2
whole-body images. Also, 5 brain scans from a previous
study by our group (8) were reanalyzed. Absorbed dose
estimates were based on 11C-PIB residence times in source
regions, which were defined from dynamic radioactivity
concentration curves.

MATERIALS AND METHODS

Subjects
The protocol of this study was approved by the local ethics

committee and the Finnish National Agency for Medicines. Eight
healthy male volunteers, 22- to 42-y old (mean 6 SD, 27.5 6 6.7 y;
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median age, 27 y), were recruited for dynamic PET of the upper or
middle abdominal region or the entire body after written informed
consent was given. The subjects weighed 65–96 kg (mean 6 SD,
76.4 6 11.2 kg; median, 73 kg). These body weights are close to
the 70-kg Reference Man’s weight of the MIRDOSE3.1 software
(9). All subjects were free of somatic and neuropsychiatric illness,
according to history and thorough physical examination.

To estimate the absorbed dose in the brain, we reanalyzed the
brain images of 5 healthy control subjects (3 females) who partic-
ipated in a previous 11C-PIB imaging study on AD (8). The sub-
jects were 59- to 73-y old (mean 6 SD, 67.4 6 4.9; median, 70 y)
and weighed 59–101 kg (mean 6 SD, 79.0 6 20.6 kg; median,
75 kg).

During the data analysis, we discovered that additional gall-
bladder images at later time points would be needed because of
continuous uptake of tracer. Therefore, the study protocol was
amended to include another 3 healthy control subjects (age, 78,
78, and 82 y; weight, 68, 57, and 70 kg) participating in a 11C-PIB
brain study. An additional gallbladder scan was obtained after the
brain scans.

An intravenous line was inserted into each subject’s forearm for
the 11C-PIB injection. An arterial cannula was inserted into the
radial artery of the opposite arm for arterial sampling during the
PET scan. This sampling was done to acquire whole-blood time–
activity values for modeling and also to determine heart content
radioactivity in our dosimetry study.

Radiochemistry and Radioligand Purity
11C-6-OH-BTA-1 was produced by a reaction of 0.8 mg 6-OH-

BTA-0 and 11C-methyl triflate in 100 mL acetone for 3 min at
80�C. The crude product was purified using high-performance
liquid chromatography with a mBondapak column (Waters) using
an eluent of 0.01 mol/L phosphoric acid/acetonitrile (63:37) and a
flow of 5 mL/min. After addition of 0.3 mL of sterile propylene
glycol/ethanol (7:3, v/v), the fraction containing the product was
evaporated and redissolved in sterile propylene glycol/ethanol
(7:3, v/v)/physiologic phosphate buffer (0.1 mol/L, pH 7.4; 1.5:
8.0) and filtered through a 0.2-mm Acrodisc 4192 sterile filter
(Gelman). The radioligand purity in our study ranged from
95.5%–99.9%, averaging 98.2% (SD, 61.5%; median, 98.1%).
Specific radioactivity averaged 29.0 MBq/nmol (range, 15.4–37.3
MBq/nmol; SD, 65.7 MBq/nmol; median, 28.4 MBq/nmol).

MRI
Abdominal MRI was performed on 6 healthy volunteers with a

1.5-T Intera scanner (Philips) for anatomic reference. T1-weighted
3-dimensional scans with a voxel size of 1.56 · 1.57 · 4.00 mm
were obtained with subjects holding their breath. The location of
the kidneys was marked on the subjects’ skin based on the MRI
data to consider interindividual anatomic variance when position-
ing the subject for PET. The brain images were obtained with the
same scanner, with a voxel size of 0.50 · 0.50 · 1.00 mm. Metal
objects in the body and claustrophobia were contraindications to
MRI. The MR images were viewed simultaneously with the PET
image slices, and they aided in confirming the positions of some
source regions that were less visible on the PET images, when
drawing regions of interest (ROIs) on the PET sum images.

PET Imaging
PET was performed with an ECAT EXACT HR1 scanner

(CTI/Siemens) in 2-dimensional mode. The field of view on the
scanner consists of 63 image slices in 15.5 cm with 2.46-mm slice

separation (10). To enable attenuation correction of dynamic
images, a transmission scan of 5-min duration using 68Ge rod
sources was obtained before the injection of 11C-PIB. A rapid
bolus injection of 416–606 MBq (mean 6 SD, 489 6 61; median,
471) was given intravenously.

Upper abdominal scans were performed on 3 subjects to obtain
data for the heart wall, liver, stomach, spleen, and intestine. Three
subjects underwent middle abdominal imaging to investigate the
kidneys, liver, and back muscles. All abdominal regions included
vertebral bodies and the liver. When imaging either of the 2
abdominal regions, a 40-min emission scan consisted of 23 frames
(8 · 15, 6 · 30, 5 · 180, and 4 · 300 s) and was acquired with a
stable bed position. These dynamic acquisitions were recon-
structed with the filtered back projection algorithm using the
Hann filter and a 4-mm cutoff frequency.

A whole-body PET scan over the entire body was performed
with 2 different subjects to assess the distribution of 11C-PIB. The
first whole-body scanning was started 5 min after the 11C-PIB
injection and was acquired from the head to upper thigh. The other
whole-body imaging was started 11 min after bolus injection and
was acquired from the upper thigh to head . Each bed position had
an emission scan of 5 min and a transmission scan of 2 min.

We also included previously acquired 11C-PIB PET data from
an AD project (8) for brain, blood, and urine radioactivity analyses.
The brain images were attained with an Advance PET scanner
(GE Healthcare) and consisted of 35 image slices in a 15.2-cm-
long field of view, yielding 4.25-mm slice separation (11). Trans-
mission scans of 10–15 min were acquired before 90-min
3-dimensional emission scans. The dynamic images consisted of
28 frames (4 · 30, 9 · 60, 3 · 180, 10 · 300, and 2 · 600 s). The
injected activities were 285–332 MBq (mean 6 SD, 304 6 19
MBq; median, 304 MBq).

Arterial blood samples were taken during the scans as follows:
0–5 min with an online detector (ABSS, Allogg, on the HR1

scanner; or FRQ, GE Healthcare, on the Advance scanner) and
manually at 3, 8, 12, 25, and 40 min or at 3, 8, 12, 25, 45, 60, 75,
and 90 min after the tracer injection. Both online detectors and the
well counter (Wizard 1480; Wallac) for manual blood sample
measurements were cross-calibrated with the PET scanners via an
ionization chamber (Veenstra Instruments).

Urination was controlled during the 11C-PIB PET study. The
subjects were asked to void before the PET session and after
scanning was completed. We recorded the time of voiding through
a time stamp system in the lavatory. The urine samples were
acquired between 46 and 141 min after the injection of 11C-PIB.
After measuring the total volume of voided urine, a 2.5-mL
sample was taken with a dropper; this sample was measured in an
ionization chamber and this time was recorded to enable decay
calculation. The radioactivity in the urine at the time of voiding
was estimated as the fraction of the injected 11C-PIB radioactivity.

Dosimetry
Absorbed doses were calculated with the MIRD algorithm

(developed by the MIRD Committee of the Society of Nuclear
Medicine) for radiation dose calculations in internal exposure
(12). The equation for the mean absorbed dose (D) in a target
organ (rk) from injected radioactivity (A0) is:

DðrkÞ
A0

5 +
h

thSðrk ) rhÞ; Eq. 1
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where S contains the physical characteristics of 11C (half-life,
emission types and energies, and penetration ability of the radi-
ation) and the specific fraction of energy absorbed in each source–
target organ pair. Residence time (th) includes the kinetics of the
radionuclide in the source organ (rh).

The MIRD algorithm is implemented in the MIRDOSE3.1
program (Oak Ridge Institute for Science and Education, Oak
Ridge, TN) (9). We measured the residence time for a source
region as the ratio of accumulated to injected radioactivity. The
other values for absorbed dose calculation were tabulated in
MIRDOSE3.1 according to the selected radionuclide and phantom.

To measure the accumulation of 11C-PIB in selected source
regions, the PET images were studied with the image analysis
software Imadeus Academic 1.10 (Forima Inc.). ROIs were drawn
on representative parts of the liver, heart, kidney cortices (bilat-
erally), kidney pelvises (bilaterally), spleen, gallbladder, lungs
(bilaterally), stomach, large intestine, back muscles, and vertebral
bone (representing cortical bone). ROIs were drawn on the sum
images of either the first 4 min (frames 1–12) or the last 20 min
(frames 20–23). Some organs were more visible on the sum
images in the earlier part of the scan because of vascular activity,
and others were more visible in the later part of the scan because
of radiotracer uptake or metabolism.

The brains were analyzed with the same procedure as the other
organs despite different scanning duration and framing. The lung
ROIs were drawn according to anatomic landmarks on the trans-
mission images because of better contour visibility. The back
muscles and vertebral bodies lacked visible radioactivity on the
PET images, and their ROIs were drawn on sum PET images
while determining their positions by viewing corresponding MRI
slices and transmission slices simultaneously. The ROIs for each
source organ were drawn on 4 consecutive image planes on a
minimum of 3 different subjects’ images. The ROIs were drawn
manually, separately for each subject and for each plane consid-
ering interindividual variation in anatomy.

The subjects’ ROIs were imposed on their dynamic images, and
time–activity values were acquired with the Imadeus software.
The time–activity curves represented the radioactivity concentra-
tions of each organ plotted against time. They were normalized to
express the values for a 70-kg reference adult man and a 1-MBq
injection. The normalization formula is:

C9ðtÞ5 CðtÞ 1

A0

� �
W

W

� �
; Eq. 2

where C9(t) is the normalized radioactivity concentration in kBq/
mL, C(t) is the measured radioactivity concentration from the ROI
analysis, A0 is the injected radioactivity, W is the subject’s body
weight, and W is the reference body weight of 70 kg.

The decay corrections automatically calculated during image
reconstruction were reversed, and the normalized, nondecay–
corrected time–activity curves were fitted with 3-exponential
functions. The concentration curves were extrapolated to infinity.
The dynamic acquisition time of 40 min was not sufficient to
measure the clearance of 11C-PIB in the gallbladder and upper
large intestine. Physical decay according to the half-life of 11C
(20.4 min) was taken as the clearance of radioactivity in the upper
large intestine after the last measured value, because the curve was
already descending at 40 min. However, extrapolation of gall-
bladder radioactivity concentration with the physical decay func-

tion was not reasonable because of a still-ascending curve at
40 min. Therefore, additional measurements were required to predict
the clearance of 11C-PIB from the gallbladder. The gallbladder
regions of 3 healthy subjects participating in a 11C-PIB brain study
were scanned with the HR1 scanner at approximately 100 min
from injection, after their 90-min brain scans. The gallbladder data
with a 40-min dynamic phase and 3 later time points were fitted
with the 3-exponential function, and analysis was performed using
the same procedures as described earlier.

The blood radioactivity measurements by the online detector
and the manual samples were combined to form a continuous
curve of radioactivity concentration in kBq/mL as a function of
time. The values were normalized and the decay correction was
reversed. The descending part of the curve was then fitted into a
2-exponential function and the curve was extrapolated to infinity.

Urine radioactivity data from 16 different subjects were com-
bined into one dataset. These subjects were of different ages,
ranging from 22 to 73 y. Each measurement represented the
radioactivity in voided urine, whereas the radioactivity in the
residual (nonvoided) urine could not be estimated. Being aware of
this methodologic weakness, we modeled the values with the
empiric formula of exponential in-growth (13):

AðtÞ5 ABð12e2btÞ: Eq. 3

Equation 3 was used as a pattern of 11C-PIB excretion into urine.
The rate coefficient for clearance, b, was estimated by adjusting
the total excretion fraction of the injected radioactivity in urine,
AB, to different values between 15% and 40% to fit the measured
data. The mean sample volume of the measurements, V 5 384
mL, and the mean injected radioactivity were used to convert the
fractional data to radioactivity concentration data.

The residence time in each source region was acquired by
integrating the area under the fitted time–activity concentration
curve and multiplying that area by the source organ volume in a
70-kg Reference Man (14). The residence times for source tissues,
including blood, were entered into the MIRDOSE3.1 program.
Radioactivity in the remainder of the body (outside the measured
organs) was acquired by subtracting the source organ values from
the total decayed value of the injected radioactivity. The effective
dose was calculated from the target organ absorbed doses ac-
cording to the ICRP 60 recommendations (15).

RESULTS

Highest accumulation of 11C-PIB was visually observed
in the gallbladder, liver, and urinary bladder (Fig. 1). To
calculate absorbed doses in the target organs, we estimated
the residence times in the source regions as areas under the
time–activity curves. The time–activity curves of the pri-
mary source organs are presented in Figure 2. The liver
curve is a model case of fitting measured data with a
3-exponential function. The gallbladder curve (Fig. 2B)
includes both the dynamic phase during 40 min and 3
steady-state measurements at approximately 100 min. The
kidney cortex and kidney pelvis values did not differ
markedly, and the data of the 2 regions were combined
(Fig. 2D). Although there are no separate anatomic models
for kidney pelvis and cortex in MIRDOSE3.1, we ignored
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the slightly lower concentration in the kidney pelvis and
calculated one averaged residence time for the kidneys.

The urine time–activity values of all subjects are pre-
sented as one dataset in Figure 3. When fitting the dataset to
the exponential in-growth function, parameter AB received
the value 20%. This means the renal system excretes ap-
proximately 20% of the injected radioactivity.

The 11C-PIB residence times in the source regions are
given as hours in Table 1, in line with the requirements of

the MIRDOSE3.1 program. The absorbed doses given in
Table 2 were calculated for a 70-kg reference adult. The
organs with the greatest equivalent doses were the gall-
bladder wall, liver, urinary bladder wall, kidneys, and upper
large intestine wall. The critical organ, which received
0.042 mGy/MBq, was the gallbladder wall. The effective
radiation dose in a 70-kg adult man was 4.74 mSv/MBq.

DISCUSSION

11C-PIB has been validated as an imaging agent to
visualize Ab accumulation in the human brain (6), and it
is increasingly used in AD clinical research. The aim of this
study was to contribute to the further validation of the
clinical use of 11C-PIB by estimating the human radiation
exposure involved in 11C-PIB PET scans.

The gallbladder wall was determined to be the critical
organ for radiation safety, and this finding supports the
prediction from the preclinical baboon study (7). In our
study, initial results indicated the gallbladder accumulation
curve was still ascending at 40 min after the tracer injec-
tion. To estimate the 11C-PIB residence time in the gall-
bladder more accurately, we scanned 3 additional subjects
up to 100 min after the injection. The fit of a 3-exponential
curve to the gallbladder measurement points was assumed
to be a rough estimate of tracer kinetics because differences
in gallbladder physiology between individuals could be
anticipated. The tracer clearance through bile excretion
may vary greatly, depending on the quality and quantity of
postinjection food intake. Although variability is expected
in such measures, the provision of additional data was
deemed to be sufficient for predicting the decline in gall-
bladder radioactivity. Furthermore, the residence time of
the gallbladder radioactivity was nearly equal in the previ-
ous baboon study (7) and in our measurements; 0.018 h and
0.016 h, respectively.

FIGURE 1. Whole-body images of 2 subjects printed at
different brightness levels. Subject on left was scanned from
head to feet. Subject on right was scanned in opposite direction
to visualize the body before high amounts of 11C-PIB accu-
mulate in urinary bladder. There is no 11C-PIB binding to Ab

deposits in these healthy volunteers as they lack Ab aggre-
gates. Radioactivity on images is due to biodistribution of tracer
in the course of its metabolism and elimination.

FIGURE 2. Time–activity curves of liver
(A), gallbladder (B), upper large intestine
(C), and kidneys (D). Dots indicate mea-
sured data; line is a 3-exponential fitting
to those measurements, except in C,
upper large intestine, where the line is
average of measurements until 40 min
and after that it represents physical
decay of 11C.
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For the upper large intestine, the radioactivity concen-
tration after 40 min was estimated to continue in accor-
dance with the physical decay of 11C. This allowed an
estimation of the rate of decline in radioactivity without
including the effects of biologic clearance or bile excretion
into the small intestine and its transportation into the large
intestine. Cinematic rotating maximum intensity projec-
tions showed that the intestinal radioactivity did not orig-
inate in the small intestine. The residence time in the upper
large intestine was estimated as the sum of areas under the
average curve before 40 min and under the 11C decay curve
after 40 min. It remains unclear, however, why an important
fraction of 11C-PIB is cleared through bile excretion. Ex-
cluding the 20% excretion into urine, most of the remaining
radioactivity can be considered to stay within the body until
11C decays. Generally, there is a high degree of consistency between

our human biodistribution data and the baboon biodistri-
bution data (7), but the high 11C-PIB uptake seen in baboon
lungs was absent in humans. Also, the residence time of
11C-PIB in the kidneys of baboons was estimated to be 2.3
times longer than that in our human subjects—that is, 0.027 h
versus 0.012 h. The residence time of 11C-PIB in baboon
liver was estimated to be 2.7 times shorter than in our
measurements—that is, 0.039 h versus 0.107 h. These
differences probably reflect differences in physiology be-
tween species or possibly the effects of ketamine/isoflurane
anesthesia in the baboons (7).

We found the renal system to be an important route of
clearance of 11C-PIB from the body, excreting approxi-
mately 20% of the injected radioactivity. In baboons, also,
urinary excretion was estimated to account for 15% of the
injected radioactivity at 80 min after injection. The differ-
ence in urinary bladder content residence times in our
human data (0.022 h) and the baboon data (7) (0.041 h)
may be explained by the different methods of analysis. The
absorbed dose in the urinary bladder wall would have been
smaller if the subjects had had their bladders full at the time
of injection and during the PET. A fraction of the detri-
mental b1-radiation would be absorbed into a bigger

FIGURE 3. Excretion of 11C-PIB into urine expressed as
percentage of excreted radioactivity out of the injected dose.
Dots are individual measurements, and line is the fitted
exponential in-growth formula, which starts at zero.

TABLE 1
Residence Times in Source Regions and Number of

Subjects Contributing to Each Source

Source organ Residence time (h) No. of subjects

Brain 0.012 5

Gall bladder content 0.016 7*

Stomach 0.002 3

Upper large intestine 0.011 3
Heart content 0.002 7

Heart wall 0.004 3

Kidneys 0.012 4

Liver 0.107 6
Lungs 0.008 3

Muscle 0.066 3

Cortical bone 0.021 6
Spleen 0.002 5

Urinary bladder content 0.022 16

Remainder of body 0.206 —

*Four subjects were imaged at 0–40 min to represent the

dynamic phase and 3 subjects were scanned at steady state at

approximately 100 min after tracer injection.

TABLE 2
Radiation Doses in a 70-kg Reference Man

Target organ mGy/MBq

Adrenals 3.97

Brain 3.10

Breasts 2.33
Gallbladder wall 41.5

Lower large intestine wall 3.00

Small intestine 3.62

Stomach 3.46
Upper large intestine wall 9.00

Heart wall 4.76

Kidneys 12.6

Liver 19.0
Lungs 3.39

Muscle 1.83

Ovaries 3.24
Pancreas 4.06

Red marrow 2.84

Bone surface 2.71

Skin 2.10
Spleen 4.31

Testes 2.44

Thymus 2.54

Thyroid 2.35
Urinary bladder wall 16.6

Uterus 3.52

Total body 2.83
Effective dose 4.74 mSv/MBq*

*Effective dose is the organ-weighted sum of target organ
absorbed doses according to ICRP 60 (15).
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volume of urine and would possibly never reach the bladder
wall (16). However, such a radiation protection arrange-
ment might disturb scanning sessions by causing subject
discomfort.

The radiation dose results estimated by the MIR-
DOSE3.1 algorithm are for a reference 70-kg adult man.
Our subjects’ weights were close to 70 kg (range, 65–96 kg;
mean 6 SD, 76.4 6 11.2 kg; median, 73 kg). The organ
sizes of our healthy subjects were most likely in accordance
with those of the 70-kg Reference Man. Therefore, the
observed organ radioactivity concentrations and their rela-
tive distribution in the body were appropriately accounted
for by this 70-kg model. In spite of the rather limited
variance between the model and the study subjects, some
variation arises from the modeling of the data, and the
results must always be considered as estimates of average
radiation exposure.

The effective radiation dose estimate obtained here may
be used as a reference when estimating radiation exposure
in PET studies with 11C-PIB. An effective radiation dose
of 4.74 mSv/MBq is substantially less than the estimated
maximum radiation burden caused by 11C tracers, which
may be as high as 11.0 mSv/MBq (17), and is somewhat
less than the estimate based on a preclinical study with
baboons, 6.5 mSv/MBq (7). Thus, the exposure caused by
11C-PIB PET is comparable with the average effective
radiation dose in brain receptor PET tracer studies, which is
4.5 mSv/MBq (17).

CONCLUSION

The use of 11C-PIB for amyloid PET results in an
effective human radiation dose of 4.74 mSv/MBq, which
is within the conventional range of 11C tracer radiation
burden. From the viewpoint of radiation safety, our results
support the use of 11C-PIB in clinical PET studies. When
calculated using the effective dose estimated in this study, a
500-MBq injection of 11C-PIB—for example, would result
in a radiation dose of 2.37 mSv. These results may be used
as reference when evaluating permissible injected doses
and as information for ethical committees to judge the risk–
benefit ratio of 11C-PIB PET studies.

ACKNOWLEDGMENTS

We thank the medical laboratory technologists and radio-
graphers of Turku PET Centre for skilful assistance and
cooperation. The staff at the Turku University radiochemistry
laboratory is thanked for the production and delivery of this
new tracer. GE/Imanet Ltd. is thanked for supplying the PIB
precursor. This study was supported financially by the Acad-
emy of Finland (project 205954), the Sigrid Juselius Founda-
tion, and clinical grants (EVO) of Turku University Hospital.

REFERENCES

1. Hardy J, Selkoe DJ. The amyloid hypothesis of Alzheimer’s disease: progress

and problems on the road to therapeutics. Science. 2002;297:353–356.

2. Nordberg A. PET imaging of amyloid in Alzheimer’s disease. Lancet Neurol.

2004;3:519–527.

3. Mathis CA, Wang Y, Holt DP, Huang GF, Debnath ML, Klunk WE. Synthesis

and evaluation of 11C-labeled 6-substituted 2-arylbenzothiazoles as amyloid

imaging agents. J Med Chem. 2003;13:2740–2754.

4. Bacskai BJ, Hickey GA, Skoch J, et al. Four-dimensional multiphoton imaging

of brain entry, amyloid binding, and clearance of an amyloid-beta ligand in

transgenic mice. Proc Natl Acad Sci U S A. 2003;100:12462–12467.

5. Klunk WE, Wang Y, Huang GF, Debnath ML, Holt DP, Mathis CA. Uncharged

thioflavin-T derivatives bind to amyloid-beta protein with high affinity and

readily enter the brain. Life Sci. 2001;69:1471–1484.

6. Klunk WE, Engler H, Nordberg A, et al. Imaging brain amyloid in Alzheimer’s

disease with Pittsburgh Compound-B. Ann Neurol. 2004;55:306–319.

7. Parsey RV, Sokol LO, Belanger MJ, et al. Amyloid plaque imaging agent [C-11]-

6-OH-BTA-1: biodistribution and radiation dosimetry in baboon. Nucl Med

Commun. 2005;26:875–880.

8. Kemppainen NM, Aalto S, Wilson IA, et al. Voxel based analysis of amyloid

ligand [11C]PIB uptake in Alzheimer’s disease. Neurology. 2006;67:1575–1580.

9. Stabin MG. MIRDOSE: personal computer software for internal dose assess-

ment in nuclear medicine. J Nucl Med. 1996;37:538–546.

10. Brix G, Zaers J, Adam LE, et al. Performance evaluation of a whole-body PET

scanner using the NEMA protocol. J Nucl Med. 1997;38:1614–1623.

11. DeGrado TR, Turkington TG, Williams JJ, Stearns CW, Hoffman JM, Coleman

RE. Performance characteristics of a whole-body PET scanner. J Nucl Med.

1994;35:1398–1406.

12. Howell RW, Wessels BW, Loevinger R. The MIRD perspective 1999. J Nucl

Med. 1999;40(suppl):3S–10S.

13. Graham MM, Peterson LM, Link JM, et al. Fluorine-18-fluoroimidazole radi-

ation dosimetry in imaging studies. J Nucl Med. 1997;38:1631–1636.

14. Snyder WS, Cook MJ, Nasset ES, Karhausen LR, Howells GP, Tipton IH. Report

of the Task Group on Reference Man. New York, NY: Pergamon Press; 1974.

15. ICRP. 1990 Recommendations of the International Commission on Radiological

Protection. ICRP publication 60. Oxford, U.K.: Pergamon Press; 1991.

16. Dowd MT, Chen CT, Wendel MJ, Faulhaber PJ, Cooper MD. Radiation dose to

the bladder wall from 2-[18F]fluoro-2-deoxy-D-glucose in adult humans. J Nucl

Med. 1991;32:707–712.

17. Addendum 6 to ICRP Publication 53: Radiation Doses of Radiopharmaceuticals;

2002. Available at: www.icrp.org/docs/Add_5-7_to_P53.pdf. Accessed October

3, 2001.

RADIATION DOSIMETRY OF 11C-PIB • Scheinin et al. 133


