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This work investigated whether '8F-FDG PET standardized
uptake value (SUV) is stable over time in the normal human liver.
Methods: The SUV-versus-time curve, SUV(t), of 18F-FDG in
the normal human liver was derived from a kinetic model anal-
ysis. This derivation involved mean values of '8F-FDG liver
metabolism that were obtained from a patient series (n = 11),
and a noninvasive population-based input function was used in
each individual. Results: Mean values (£95% reliability limits)
of the '8F-FDG uptake and release rate constant and of the
fraction of free tracer in blood and interstitial volume were
as follows: K = 0.0119 mL-min~'mL~" (*£0.0012), kg =
0.0065-min~" (*£0.0009), and F = 0.21 mL-mL~" (£0.11),
respectively. SUV(t) (corrected for '8F physical decay) was
derived from these mean values, showing that it smoothly
peaks at 75-80 min on average after injection and that it is
within 5% of the peak value between 50 and 110 min after
injection. Conclusion: In the normal human liver, decay-cor-
rected SUV(t) remains nearly constant (with a reasonable
+2.5% relative measurement uncertainty) if the time delay
between tracer injection and PET acquisition is in the range of
50-110 min. In current clinical practice, the findings suggest
that SUV of the normal liver can be used for comparison with
SUV of suspected malignant lesions, if comparison is made
within this time range.
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PET has become an indispensible component for cancer
management, allowing assessment of the uptake of !8F-
FDG in various tumors. The standardized uptake value
(SUV) is currently used in clinical practice (/). However,
this index is subject to some variability, which has led to
proposals that '8F-FDG accumulation in a malignant lesion
be compared with the background uptake in, for example,
the liver parenchyma (2—4). Indeed, it has been reported
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that SUV in the liver is quite stable over time. However,
I8F_FDG liver metabolism is known to involve both uptake
and release of the tracer, because of an increased glucose-
6-phosphatase activity (5), whereas '3F-FDG uptake by a
malignant lesion is usually considered irreversible. Another
characteristic feature of the liver is that it has a peculiar
dual blood supply, with an arterial (hepatic) input and a
portal vein input.

Besides the SUV index, compartmental analysis is
considered a gold standard for tracer quantification (6—11)
but requires invasive arterial blood sampling. To our knowl-
edge, these methods have been used by only a few authors
to investigate '®F-FDG metabolism in the normal liver of
animals (/2-14) and of humans (/5,16). In particular, the
increased glucose-6-phosphatase activity in the normal
liver does not allow implementation of Patlak compartmen-
tal analysis (2—4), which assumes irreversible trapping of
the tracer.

The aim of this work was to investigate whether '*F-FDG
PET SUV is stable over time in the normal human liver, by
deriving the SUV-versus-time curve, SUV(t), from a kinetic
model analysis. For ethical reasons, in each patient of a
series, it did not seem reasonable to regularly acquire data
over the liver through the whole '8F-FDG tissue time—activ-
ity curve, which may extend far beyond 2 h after injection
(15). Therefore, in this noninvasive study, a kinetic model
analysis was applied in each patient that involved a non-
invasive population-based input function (/7) and data from
only 2 PET scan acquisitions: a first static acquisition (cov-
ering a large part of the body, for diagnostic purposes) and a
second late dynamic acquisition over the liver (>2 h after
injection) (/8). Then, mean values of the '8F-FDG uptake
and release rate constant and of the fraction of free tracer in
blood and interstitial volume were assessed from the patient
series, and SUV(t) was derived from these mean values.

MATERIALS AND METHODS

Participants

The normal liver of 11 patients (4 women and 7 men; age
range, 39-82 y old; mean, 60 y) was investigated in the
framework of current clinical practice. This study con-
formed to the standards set by the Declaration of Helsinki
and was approved by the ethics committee of our university
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hospital complex. All patients gave informed consent
before undergoing imaging. Although the patients were
referred for suspected malignant hepatic nodules revealed
on MRI, CT, or sonography, only normal liver tissue distant
from the suspected nodule and exhibiting homogeneous
I8F-FDG uptake was investigated in this study. No patient
had cirrhosis or any other hepatic dysfunction (normal hep-
atic serology). No patient was receiving chemotherapy or
glucocorticoid steroid treatment. After a 6-h fast, preinjec-
tion blood glucose levels averaged 0.97 g/L, and an average
BE-FDG dose of 358 MBq (Table 1) was injected intra-
venously for less than 1 min, with no tissue-infiltrated dose
seen during any part of the scan.

18F-FDG Kinetic Modeling

Kinetic model analysis has been described in detail
elsewhere (/8) and will be described only briefly here.

A triexponential decay input function was arbitrarily
used in each individual from recently published data by
Vriens et al. (/7). In comparison with their results, the
decay constants have been modified to take into account
the '8F physical decay. Then, trapped '8F-FDG activity per
tissue unit volume, ACrp(t) (kBg-mL™!), was expressed as
18):

A Cr(t) =K Ay X
[0.2193(5 (At k)t — e*6‘1393‘>/<6.1393 —A- kR>
+ 0.0558(e~ (k)T — ¢ 0.2604¢ / (0.2604 - - kR)
+ 0.0608(e~ (Fke)t — = 0.0207¢ / <0.0207 - kR>]7
Eq. 1

where \ is the '8F physical decay constant (A = In2/
109.8 min~}), Ajy is the net injected dose (Table 1;
MBq), and K (mL-min~!"mL~') and kg (min~') are the
I8F.FDG uptake and release rate constants, respectively.
When the tracer is taken up in an irreversible manner
(kg = 0), and when the trapped '8F-FDG activity per tissue
unit volume is corrected for '8F physical decay (as is usu-
ally done by the manufacturer), Equation 1 becomes:

3 .
ACT(t)-e“ ) Ci(l — e @MYy Eq. 2

i=1

where C; is a constant derived from Equation 1. In other
words, the curve of the trapped '8F-FDG activity per tissue
unit volume strictly grows, reaching a plateau.

Now, let us consider the SUV at time t:

SUV(t) = ACroi(t)W/Auy, Eq. 3

where W is the patient’s mass, and ACry(t) is the whole
I8F-FDG activity per tissue unit volume at time t, which
includes trapped tracer and free tracer:

F (mL/mL)
0.35
0.36
0.29
0.25
0.10
0.03
0.09
0.67
0.02
0.15

Kgr (/min)
0.0083
0.0063
0.0068
0.0059
0.0066
0.0085
0.0062
0.0025
0.0062
0.0060
0.0082

K (mL/min/mL)
0.0146
0.0107
0.0146
0.0099
0.0144
0.0094
0.0126
0.0132
0.0133
0.0093
0.0093

SUV, (g/mL)
1.75
1.82
1.88
1.77
1.83
1.42
2.52
1.75
2.13
1.46

SUV;4 (g/mL)
2.27
2.26
2.46
2.25
2.15
1.78
2.93
2.02
2.84
2.03

to (Min)
130
131
158
152
148
149
160
175
194
176

TABLE 1
Patient Characteristics
ty (min)
65
68
58
55
76
61
88
89
79
77

Ainj (MBa)
294
285
320
384
291
394
437
215
460
428

Glycemia
(o/L)
1.03
0.97
0.91
0.96
0.98
0.99
1.26
0.80
0.92
0.98

Height
(cm)
167
180
172
180
165
180
181
150
156
170

Weight

(kg)
59
70
64
80
62
90
94
41

90
82

66
66
82

Age (y)
49
61
70
48
67
55
57

Patient no. (n = 11)
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0.05

1.45
1.80 = 0.32 0.0119 + 0.0022 0.0065 *= 0.0016 0.21 = 0.20

1.96

172

426

0.89 78
0.97 £ 0.12 358 =80 72 12 159 =20 2.27 = 0.36

160

39 95
60 =12 75 =17 169 = 11

Average * SD
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ACro(t) = A[Cr(t) + FCy(t) ], Eq. 4

where NC,(t) is the input function of Vriens et al. (17), F is
the fraction of the whole free '®F-FDG in blood and rever-
sible compartment in the tissue volume, and AFC,(t) is the
I8F_FDG time—activity curve in blood and reversible com-
partment.

Furthermore, relationships can be established between
the '8F-FDG transport rate constants of this study and those
of a 3-compartment model analysis (6-9):

K= K1k3/(k2+ k3) Eq 5

kp = koke/(k,+ k3), Eq. 6
where the rate constants K; and k, account for forward and
reversed transport between the blood and the reversible
compartment, respectively, and the rate constants k3 and
k4 account for forward and reversed transport between the
reversible and the trapped compartments, respectively.

Data Acquisition

PET acquisitions were achieved on a Discovery ST
scanner (GE Healthcare) in a manner similar to that
described in a published study (/8). A first PET static
acquisition was achieved at a mean time t; of 72 min after
tracer injection (range, 55-89 min; Table 1), involving sev-
eral steps to cover a large part of the body, for diagnostic
purposes. Then, a second PET dynamic acquisition (1 step
and 10 frames; 3-min acquisition per frame) was achieved
over the liver at a mean time t, of 159 min after tracer
injection (range, 130-194 min; Table 1), always under fast-
ing conditions and with identical acquisition parameters. In
implementing the model analysis, for the first static acquisi-
tion, we considered the time of the acquisition of the par-
ticular step involving the liver, not that of the beginning of
the entire scan.

Image Processing and Quantification of K, kg, and F

In each patient, 11 mean values of normal liver activity
(in kBg/mL) to input in the model were assessed using a
Xeleris workstation (GE Healthcare), from the early static
acquisition (n = 1) and from the delayed dynamic acquisi-
tion (n = 10). Each mean value was computed from 3
mean values obtained with a circular region of interest
(5-10 cm in diameter, depending on the patient) in 3 con-
tiguous slices over normal liver tissue at the same position
in each frame (Fig. 1; a color version of this figure is
available as a supplemental file at http://tech.snmjournals.
org.). These values were given by the manufacturer with
a decay correction that has been considered in the compu-
tation. K, kg, and F were computed on a calculation sheet,
using a solver program (Microsoft Excel). For each of the
11 experimental values of normal liver activity, the ratio of
the PET value (experimental) to the theoretic one given by
Equation 4 was assessed, leading to a mean ratio over the
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series (experimental vs. theoretic). The solver program was
used to target this mean ratio to a value of 1 by optimizing
K, kg, and F. This optimization required initial values of
K and kg, which were set to 0.0123 mL-min~!-mL~! and
0.0173 min~!, respectively, according to mean values of
the rate constants K;, k,, k3, and k, by Okazumi et al. in
humans (Egs. 5 and 6) (15). The parameter F (milliliter blood
per milliliter liver tissue) was initially set to 0.4 mL-mL™!,
according to the results of Munk et al. in pigs (/3).

Statistical Methods and Derivation of SUV(t)

Mean values and SD of K, kg, and F were assessed from
the patient series, after optimization in each patient. Then,
95% reliability limits were calculated for each mean value
and were compared with the results of Okazumi et al. (15)
for K and kg and with those of Munk et al. (13) for F (95%
reliability; Student 7 test). In particular, this comparison
required computation of the 95% reliability limits of the
macroparameters K and kg from Equations 5 and 6, respec-
tively, involving SD of the rate constants Ky, kj, ks, and k4
by Okazumi et al.

Furthermore, decay-corrected SUV(t) over the series was
derived from the mean values of K, kg, and F (Egs. 1, 3, and
4) and the population-based input function of Vriens et al.

7).
RESULTS

Patient characteristics are presented in Table 1, including
mean SUV in normal liver at t; (SUV;: early static acquisi-
tion) and t, (SUV;,: first point of the delayed dynamic
acquisition). These values are given with the decay correc-

PET Transaxiais

FIGURE 1. Axial slices over liver: CT image (top left), PET
image (top right), PET/CT merged image (bottom left), and
maximum-intensity projection (bottom right). Circular region of
interest 5-10 cm in diameter, depending on patient, was
positioned over normal liver in 3 contiguous slices that were
similar in each static or dynamic frame.
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tion made by the manufacturer. Table 1 shows that SUV,
was significantly greater than SUV, (P = 0.001: 2-tailed
sign test). The mean values (with 95% reliability limits) of
I8F-FDG uptake and the release rate over the series were
compared with those of Okazumi et al. (/5): K = 0.0119
mL-min~!mL~! * 0.0012 versus K = 0.0123 = 0.0047
mL-min~'mL~! and kg = 0.0065 * 0.0009 min~! versus
kg = 0.0173 = 0.0032 min~!, respectively. No significant
difference in K was found between the results of Okazumi
et al. (/5) and ours, whereas there was a significant differ-
ence in kg (95% reliability; Student ¢ test). No significant
correlation was found between K or kg and SUV, or SUV,.
No significant correlation was found between K or kg and
preinjection blood glucose level or any of the following
parameters: age, weight, height, injected activity, time
delay between injection and first static PET acquisition,
time delay between injection and second dynamic PET
acquisition, or time delay between the 2 acquisitions. The
part of the free tracer in blood and interstitial volume over
the series was assessed to be F = 0.21 mL-mL~! = 0.11
(95% reliability limits), which was not significantly differ-
ent from the value of F = 0.40 mL-mL~! *+ 0.10 found by
Munk et al. (13) (95% reliability; Student # test).

Figure 2 compares experimental and theoretic (Eq. 4) nor-
mal-liver mean activity versus time per tissue volume unit in
patient 3 (Table 1; after the optimization procedure). The
mean relative deviation of the experimental versus theoretic
data over the series was 3.8% (minimum to maximum,
1.6%—-5.7%). Figure 2 also shows the theoretic time—activity
curve of trapped '8F-FDG (Eq. 1) and the product A\ x F x Cp
(t), that is, the theoretic '®F-FDG time—activity curve in blood
and reversible compartment in normal liver tissue (Eq. 4).

Figure 3 shows mean '8F-FDG liver activity versus time
(over the series, in arbitrary units), which is proportional to
SUV(t) in the normal liver (Eq. 3). Mean values of '®F-FDG
metabolism (Table 1) and decay correction were used (as
is usually done by the manufacturer). SUV(t) smoothly
peaked at t = 75-80 min after injection, and SUV(t) assessed
between 50 and 110 min after injection was within 5% of the
peak value. As a consequence, decay-corrected SUV(t) can
be considered nearly constant between 50 and 110 min after
tracer injection, with a =2.5% relative measurement uncer-
tainty. Extending the range to 40-130 min after tracer injec-
tion, that is, SUV(t) within 10% of the peak value, increased
the relative measurement uncertainty from =2.5% to *5%.
For comparison, Figure 3 also simulates the '8F-FDG activ-
ity versus time for a possibly malignant lesion with irrever-
sible tracer trapping, of which tracer metabolism has been
arbitrarily set to K = 0.0095 mL-min~'mL~!, kg =
0O min~!, and F = 0.12 mL-mL™!, to exactly match that of
the normal liver tissue at 1 h after injection.

DISCUSSION

The aim of this work was to investigate whether '8F-FDG
PET SUV is stable over time in the normal human liver, by
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FIGURE 2. Time-activity curves for patient 3 (Table 1). Data
are not corrected for 8F physical decay. 1 = experimental (1 +
10 data points) and theoretic (solid line; Eq. 4) whole liver tissue
activity versus time (per tissue volume unit); 2 = theoretic time-
activity curve of trapped '8F-FDG (Eq. 1); 3 = theoretic '8F-FDG
time-activity curve in blood and reversible compartment.

deriving SUV(t) from a kinetic model analysis. It has been
reported that SUVs in normal tissues are usually not stable
with time (4), except for the liver SUV, which is quite stable
over time and therefore can be used for comparison with
suspected malignant lesions (3). Figure 3 illustrates this
feature, showing that decay-corrected SUV(t) is within
5% of the peak value if there is an injection-acquisition
time delay in the range of 50-110 min. This result suggests
that decay-corrected SUV(t) in the normal human liver can
be considered nearly constant between 50 and 110 min after
tracer injection, with a =2.5% relative measurement uncer-
tainty. Although this proposal is valid both for mean SUV
(over an area or a volume) and maximal SUV, the =2.5%
relative measurement uncertainty should be added to fur-
ther uncertainty related to quantitative '3F-FDG PET itself.
The latter is much lower for mean SUV (e.g., from large
liver volumes) than for maximal SUV (from 1 voxel),
which was therefore not recommended for normalization
(3,4). Furthermore, simulation of the irreversible 8F-FDG
uptake in a malignant lesion in Figure 3 also illustrates the
advantage of delayed PET for identifying liver metastases
(19,20). Indeed, in our simulation, although the normal
liver and the simulated malignant lesion have an identical
decay-corrected SUV at 1 h after injection, normal-liver
SUV(t) smoothly decays after the peak (t = 75-80 min
after injection), whereas SUV(t) of the malignant lesion
continues to grow, reaching a plateau.

SUV(t) was derived from mean values of '8F-FDG metabo-
lism that were assessed by means of late dynamic PET. For
ethical reasons, we did not acquire simple SUVs at different
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FIGURE 3. (Solid line) Simulation of decay-corrected mean '8F-
FDG liver activity vs. time (arbitrary unit), which is proportional to
decay-corrected SUV(t). Mean values of '8F-FDG metabolism in
normal liver over series were used. Vertical lines show 50-to 110-
min time range between tracer injection and acquisition, in which
SUV(t) is within 5% of peak value (t = 75-80 min). (Dotted line)
Simulation of decay-corrected '8F-FDG activity vs. time of
possibly malignant lesion with irreversible '8F-FDG trapping
exactly matching that of normal liver tissue at 1 h after injection.

time points, because the whole '8F-FDG tissue time-activity
curve may extend far beyond 2 h after injection (Fig. 2) (15).
No significant difference in the '8F-FDG uptake rate constant
was found between the results of Okazumi et al. (/5) and ours,
whereas there was a significant difference in the 'BF-FDG
release rate constant: K = 0.0123 = 0.0047 mL-min~-mL~!
versus K = 0.0119 * 0.0012 mL-min~!mL~"!, and kg =
0.0173 = 0.0032 min~! versus kg = 0.0065 = 0.0009 min~!,
respectively (95% reliability; Student # test). The discrepancy in
kr may be explained by considering that Okazumi et al. did not
implement a tumor-blood volume correction (15), that is, F was
set to zero, and therefore the apparent release rate constant was
increased. Indeed, both free and trapped '®F-FDG in a voxel are
involved in the PET measurements, and the free 8F-FDG
time—activity curve decreases much earlier and more strongly
than the trapped '3F-FDG time-activity curve. Furthermore, the
significant value of kg we found was in agreement with Gal-
lagher’s results showing a significant tracer clearance from nor-
mal liver (5), whereas it was not in agreement with the results
of Iozzo et al. (/4) who found that k,, and hence kg, was small
in comparison with the uptake rate constant K, under fasting
conditions. The findings suggest that, when kg is negligible,
Equation 2 would apply and therefore the slope of the trapped
IBE.FDG activity per tissue volume unit would strictly grow,
reaching a plateau. Such a feature is not in agreement with our
results (Table 1), which clearly show that SUV, at t; (early
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static acquisition) was always larger than SUV, at t, (first point
of the delayed dynamic acquisition) (P = 0.001: 2-tailed sign
test) (Fig. 3). The part of the free tracer in blood and interstitial
volume was assessed to be F = 0.21 = 0.11 mL-mL~!, which
was not significantly different from the F = 040 = 0.10
mL-mL~! found by Munk et al. in pigs (/3) (95% reliability;
Student 7 test). This nonzero value of F is not in agreement with
that fixed to zero by Okazumi et al. (/5) and Brix et al. (/2), a
setting discussed by Munk and Keiding (27). As a landmark,
Blustajn et al. found a value of 0.26 * 0.06 (SD) mL-mL ™! for
the liver blood volume in rats using the Evan blue dilution
technique, and a value of 0.28 = 0.02 (SD) mL-mL ™! using
a macromolecular MRI contrast agent at equilibrium (22).

SUV(t) was derived from a kinetic model analysis that
involved a population-based, and hence noninvasive, input
function in each individual (/7). Although reduced relative
deviations between experimental PET data and a theoretic
fitting were observed in each individual (range, 1.6-5.7;
mean, 3.8% over the patient series) (Fig. 2), it is suggested
that this population-based input function likely yielded a
large part of the measurement uncertainty of K, kg, and F
(K = 0.0119 = 0.0012 mL-min~'mL~!; kg = 0.0065 *
0.0009 min~!; F = 0.21 %= 0.11 mL-mL~! [95% reliability
limits]), and hence of SUV(t), because there are actual
variations in the input function between individuals. Never-
theless, despite this variability, the use of a population-
based input function has been sufficient for the aim of this
study, that is, to noninvasively derive SUV(t) from mean
values of '8F-FDG metabolism in the normal human liver.
Moreover, this variability reasonably increases the relative
measurement uncertainty of SUV(t) in the normal liver.
Indeed, our study has shown that extending the time range
for its assessment from 50-110 min to 40-130 min in-
creases the relative measurement uncertainty from *=2.5%
to *=5%. Furthermore, although individual invasive input
functions could be used in further experiments, the liver
has a peculiar dual blood supply, with an arterial (hepatic)
input and a portal vein input, and cannulation of the portal
vein in humans does not seem ethically reasonable (/12—
14,16). In addition, the average time for the '8F-FDG mol-
ecules to pass from the aorta to the portal vein (mean transit
time) was about 25 s (in foxhounds) (/2), which is much
less than the 3-min time per step of the acquisition, and a
single input model could be considered a good approxima-
tion for liver blood flow measurement (/4).

CONCLUSION

In the normal human liver, decay-corrected SUV(t)
smoothly peaked at an average of 75-80 min after '®F-FDG
injection and was within 5% of the peak value between 50 and
110 min. This finding suggests that in current clinical practice,
SUV of the liver can be used for comparison with SUV of
suspected malignant lesions (with a reasonable *=2.5% rela-
tive measurement uncertainty), if comparison is made within
this time range.

JoURNAL OF NUCLEAR MEDICINE TECHNOLOGY * Vol. 39 ¢ No. 4 ¢ December 2011



ACKNOWLEDGMENT

No potential conflict of interest relevant to this article

was reported.

REFERENCES

1.
2.

Huang SC. Anatomy of SUV. Nucl Med Biol. 2000;27:643—-646.
Paquet N, Albert A, Foidart J, Hustinx R. Within-patient variability of '3F-FDG:
standardized uptake values in normal tissues. J Nucl Med. 2004;45:784-788.

. Wahl RL, Jacene H, Kasamon Y, Lodge MA. From RECIST to PERCIST:

evolving considerations for PET response criteria in solid tumors. J Nucl Med.
2009;50(suppl):122S5-150S.

. Boellaard R. Standards for PET image acquisition and quantitative data analysis.

J Nucl Med. 2009;50(suppl):11S-20S.

. Gallagher BM, Fowler JS, Gutterson NI, MacGregor RR, Wan CN, Wolf AP.

Metabolic trapping as a principle of radiopharmaceutical design: some factors
responsible for the biodistribution of 18FDG. J Nucl Med. 1978;19:1154-1161.

. Sokoloff L, Reivich M, Kennedy C, et al. The ['“C]deoxyglucose method for the

measurement of local cerebral glucose utilization: theory, procedure, and normal
values in the conscious and anesthetized albino rat. J Neurochem. 1977;28:897-916.

. Phelps ME, Huang SC, Hoffman EJ, Selin C, Sokoloff L, Kuhl DE. Tomographic

measurement of local cerebral glucose metabolic rate in humans with (F-18)2-
fluoro-2-deoxy-D-glucose: validation of method. Ann Neurol. 1979;6:371-388.

. Patlak CS, Blasberg RG, Fenstermacher JD. Graphical evaluation of blood-to

brain transfer constants from multiple-time uptake data. J Cereb Blood Flow
Metab. 1983;3:1-7.

. Patlak CS, Blasberg RG. Graphical evaluation of blood-to-brain transfer con-

stants from multiple-time uptake data: generalizations. J Cereb Blood Flow
Metab. 1985;5:584-590.

. Hunter GJ, Hamberg LM, Alpert NM, Choi NC, Fischman AJ. Simplified mea-

surement of deoxyglucose utilization rate. J Nucl Med. 1996;37:950-955.

20.

21.

22.

. Sundaram SK, Freedman NMT, Carrasquillo JA, et al. Simplified kinetic analysis

of tumor '8F-FDG uptake: a dynamic approach. J Nucl Med. 2004;45:1328-1333.

. Brix G, Ziegler SI, Bellemann ME, et al. Quantification of '8FDG uptake in the

normal liver using dynamic PET: impact and modelling of the dual hepatic blood
supply. J Nucl Med. 2001;42:1265-1273.

. Munk OL, Bass L, Roelsgaard K, Bender D, Hansen SB, Keiding S. Liver

kinetics of glucose analogs measured in pigs by PET: importance of dual-input
blood sampling. J Nucl Med. 2001;42:795-801.

. Tozzo P, Jarvisalo MJ, Kiss J, et al. Quantification of liver glucose metabolism by

positron emission tomography: validation in pigs. Gastroenterology. 2007;132:
531-542.

. Okazumi S, Isono K, Enomoto K, et al. Evaluation of liver tumors using fluorine-

18-fluorodeoxyglucose PET: characterization of tumor and assessment of effect
of treatment. J Nucl Med. 1992;33:333-339.

. Cui Y, Bai J. Comparison of parameter estimations using dual-input and arterial-

input in liver kinetic studies of FDG metabolism. Conf Proc IEEE Eng Med Biol
Soc. 2005;3:2345-2348.

. Vriens D, de Geus-Oei L-F, Oyen WIJG, Visser EP. A curve-fitting approach to

estimate the arterial plasma input function for the assessment of glucose meta-
bolic rate and response to treatment. J Nucl Med. 2009;50:1933-1939.

. Laffon E, de Clermont H, Vernejoux JM, Jougon J, Marthan R. Feasibility of

assessing ['8F]FDG lung metabolism with late dynamic PET imaging. Mol Imag-
ing Biol. 2011;13:378-384.

. Messa C, Choi Y, Hoh CK, et al. Quantification of glucose utilization in liver

metastases: parametric imaging of FDG uptake with PET. J Comput Assist To-
mogr. 1992;16:684-689.

Kubota K, Itoh M, Ozaki K, et al. Advantage of delayed whole-body FDG-PET
imaging for tumor detection. Eur J Nucl Med. 2001;28:696-703.

Munk OL, Keiding S. Quantification of 18FDG uptake in the liver using dynamic
PET. J Nucl Med. 2002;43:439-441.

Blustajn J, Cuenod CA, Clement O, Siauve N, Vuillemin-Bodaghi V, Frija G.
Measurement of liver blood volume using a macromolecular MRI contrast agent
at equilibrium. Magn Reson Imaging. 1997;15:415-421.

I8E_FDG Liver Kinetics ¢ Laffon et al. 263



