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A modified short dynamic protocol was defined and evaluated
to predict kinetic parameters of '8F-FDG metabolism from a
dynamic data acquisition. Methods: The evaluation included
151 datasets obtained from 60 patients examined with '8F-FDG
and a dynamic data acquisition protocol of 60 min. Standard-
ized uptake values (SUVs) were calculated for the individual time
frames, and a 2-compartment model was applied to the data.
The kinetic parameters and the '8F-FDG influx, calculated from
the model data, served as the reference for the analysis. Cor-
relation was analyzed for the SUVs and the reference data.
Subset analysis identified time intervals that can be used to
predict the reference parameters based on a second-order
polynomial function. Results: Significant correlations were
noted for SUVs and '8F-FDG influx, vascular fraction (VB), and
the rate constant k1. The influx was associated mainly with
SUVs of late acquisition times, whereas higher correlations were
noted for early acquisition intervals and VB, as well as k1. A
short dynamic acquisition protocol was defined on the basis of
a short dynamic sequence 1-10 min after tracer injection and a
static acquisition 56-60 min after tracer application. The cor-
relation coefficients exceeded 0.9 for influx, VB, and k1 when
the SUVs of the input area (blood) and the target area were used
to predict the kinetic parameters. Conclusion: A short dynamic
data acquisition protocol can be used to obtain more detailed
information about 8F-FDG kinetics. The results demonstrate
that '8F-FDG influx, VB, and k1 can be estimated with high
accuracy from SUVs.
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PET with 18F-FDG is frequently used for oncologic and
nononcologic applications to assess tissue viability. Al-
though simple visual evaluation is most common for routine
PET studies, interest in a more quantitative approach is
increasing. One parameter for the quantitative evaluation is
based on the normalization of tracer concentrations for the
injected dose and body weight, for which the term stan-
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dardized uptake value (SUV) was introduced more than
13y ago (1). However, the 18F-FDG uptake 1 h after tracer
injection is the result of a dynamic process. Therefore,
dynamic measurements are the most accurate approach to
quantify 8F-FDG kinetics. Although static measurements
1 h after tracer injection reflect the globa 8F-FDG accu-
mulation at a single time point, more information is pro-
vided with dynamic data acquisitions.

Several attempts have been made to reduce the complex-
ity of dynamic data acquisition, which demands more time
for the data acquisition and also more sophisticated software
for the data evaluation than does a simple static measure-
ment. Matthies et al. performed dual-point measurements on
patients with pulmonary nodules and found a high sensitiv-
ity (100%) for the detection of malignant tumors, whereas
the specificity was 89% (2). Hubner et al. compared visual
evaluation, SUV, and Patlak analysis in patients with ma-
lignant lung lesions and reported that accuracy improved
when both SUV and Patlak values were used for the eval-
uation (3).

Gupta et al. performed 8F-FDG studies on patients with
malignant lung and mediastinal lesions and noted that, in
patients with borderline SUV's, kinetic data may provide
further help in differentiating the lesions (4). Dimitrakopou-
lou-Strauss et al. used dynamic PET studiesin patients with
soft-tissue sarcomas and evaluated the impact on diagnosis
and the correlation to grading (5). The authors noted some
overlap when SUVs were used to differentiate benign from
malignant lesions. Furthermore, SUV was helpful to iden-
tify grade 111 tumors, but use of the full kinetic information
permitted differentiation of further classes. The authors
concluded that evaluation of the full 8F-FDG kinetics is
necessary for these tumors and is superior to a single static
data acquisition (5). Similar results were reported by
Nieweg et al., who showed a correlation between metabolic
rate and tumor grade in soft-tissue sarcomas (6).

Besides being applied for diagnostic purposes, dynamic
PET has been used to evaluate chemotherapeutic effects.
Using SUV and Patlak analysis, Romer et al. assessed
changes in 8F-FDG metabolism in patients receiving che-
motherapy because of Non-Hodgkin's lymphoma (7). The
authors emphasized that “in NHL, dynamic acquisition
combined with Patlak analysis of FDG kinetics may provide
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superior information in therapy monitoring.” These results
support the use of dynamic data acquisition, especialy for
evaluating therapeutic effects.

The literature data direct to the combined evaluation of
PET studies, based on visual assessment as well as on a
quantitative approach. In particular, the analysis of tracer
kinetics based on the Patlak approach or compartment mod-
eling provides superior information. The magjor limitation of
both methods is the 1-h dynamic data acquisition and the
requirement of an input function for the quantification of
1BE-FDG kinetics. Ohtake et al. showed that the arterial
input function can be replaced by image-derived data (8).
However, the dynamic data acquisition for 1 h prolongs the
overall scanning time significantly and can produce diffi-
culties with scanning time if awhole-body scan is needed in
addition to the dynamic acquisition.

The primary aim of the study was to investigate if a short
acquisition protocol yields information about 8F-FDG ki-
netics exceeding the information based on SUV. For this
purpose, we compared the 8F-FDG kinetic data derived
from a 60-min full dynamic acquisition with those obtained
from amodified, short acquisition protocol. A main aim was
to reduce the number of frames for the data acquisition in
order to achieve a protocol suitable for routine application.
The classic 2-compartment model was used as the reference,
and the following parameters were cal culated: vascular frac-
tion (VB), rate constants k1—k4, and 8F-FDG influx, which
was calculated from the compartment data. We identified
the contribution of the SUVs for the individual time frames
of the dynamic 18F-FDG study to the quantification param-
eters. Based on the results, we propose a simplified method
for the prediction of quantitative parameters.

MATERIALS AND METHODS

The study included 151 dynamic datasets obtained from 60
oncologic patients referred for 18F-FDG PET examinations for
primary tumor diagnostics or evaluation after chemotherapy. The
histology comprised 24 bone tumors, 14 colorectal carcinomas, 7
non-small cell lung tumors, 7 soft-tissue sarcomas, 4 breast car-
cinomas, and 4 patients with liver metastases from colorectal
carcinoma. Tumor and scar tissue (if available) wasincluded in the
evaluation to cover a wide range of uptake data. Dynamic PET
studies were performed for 60 min after the intravenous applica-
tion of 300-370 MBq 8F-FDG using a 23-frame protocol (10
frames of 1 min, 5 frames of 2 min, and 8 frames of 5 min). A
dedicated PET system (ECAT EXACT HR+; Siemens Co.) with
an axial field of view of 15.3 cm, operated in septa-extended
(2-dimensional) mode, was used for patient studies. The system
allowed the simultaneous acquisition of 63 transverse slices with a
theoretic dlice thickness of 2.4 mm. For attenuation correction of
the acquired emission tomographic images, transmission scans
were obtained for a total of 10 min before the radionuclide was
applied. All PET images were attenuation corrected, and an image
matrix of 256 X 256 pixels was used for iterative image recon-
struction. The reconstructed images were converted to SUV im-
ages on the basis of the following formula (1): SUV = tissue
concentration (Bg/g)/(injected dose [Bg]/body weight [q]).
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The dynamic PET data were evaluated using the software
package PMod (University of Zurich) (9,10). Hypermetabolic ar-
eas on the transaxial, coronal, and sagittal images were evaluated
visually. Time—activity curves were created using volumes of
interest (VOIs). A VOI consisted of several regions of interest
(ROIs) over the target area. Irregular ROIs were drawn manually.
To compensate for possible patient motion during the acquisition,
the original ROIs were visually repositioned but not redrawn. A
detailed quantitative evaluation of tracer kinetics requires the use
of compartment modeling. A 2-tissue-compartment model is the
standard methodology for the quantification of dynamic 8F-FDG
studies (11,12). We use the term target for the VOI of a space-
occupying lesion (e.g., tumor or scar) and the term input for the
VOI of an arteria vessel. So as not to cover only a small group of
tumors with high 8F-FDG uptake, both tumors with high meta-
bolic activity and scar tissue were included in the evaluation.

One problem in patient studies is accurate measurement of the
input function, which theoretically requires arterial blood sam-
pling. However, the input function can be retrieved from theimage
datawith good accuracy (8). For the input function, the mean value
of the VOI data obtained from a large arterial vessel, such as the
descending aorta, was used. A vessel VOI consisted of at least 7
ROIls in sequential PET images. The descending aorta was pref-
erentially used for this purpose, because the spillover from other
organs is low and the descending aorta extends from the upper
chest to the lower abdomen. The recovery coefficient is 0.85 for a
diameter of 8 mm and for the system described above. To avoid
spillover from the myocardium, we did not use VOIs of the heart
for the input function. Noise in the input curve affects the param-
eter estimates. Therefore, we used a preprocessing tool, available
in the PMod software, which allows afit of the input curve, namely
by a sum of up to 3 decaying exponentials, to reduce noise. k1-k4
were calculated using a 2-compartment model implemented in the
PMod software, taking into account the VB in a VOI as an
additional variable. Details about the applied compartment model
are described by Burger and Buck (9). One magjor advantage of the
PMod software is the graphical interface, which allows interactive
configuration of the kinetic model by the user and applies some
preprocessing steps, such as setting up initial values and limits for
the fit parameters. Each plot was evaluated visually for quality of
fit. Each model curve was compared with the corresponding time—
activity curve, and the total summed squares (X?) difference was
used as the cost function, where the criterion was to minimize the
X2 of the differences between the measured and the model curve
(X2 was usually less than 1). This means that the squared residuals
(measured value minus estimated value) are multiplied by weights.
In theory, the weight should be related to the SE of a measurement.
The distribution at each individual point is taken to be gaussian,
with an SD to be specified. The residual covariance was dependent
on the kinetic parameter and typically less than 10% for k1. The
model parameters were accepted when k1-k4 was less than 1 and
the VB values exceeded 0. The unit for k1-k4 is 1/min, whereas
VB reflects the fraction of blood within the evaluated volume.
After compartment analysis, we calculated the global influx of
18E-FDG from the compartment data using the following formula:
influx = (k1 X k3)/(k2 + k3).

Statistical analysis was performed using the Statistica software
package (version 6.0; StatSoft Co.) on a personal computer (Pen-
tium 1V [Intel Corp.], 1.8 GHz, 512 MB RAM) running with
Windows XP professional (Microsoft Co.). First, alinear correla-
tion analysis was performed for the SUV of each individual time
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frame and the kinetic parameters of the 2-compartment model,
which served as the reference. Then, best-subset analysis was used
to select those acquisition intervals that were most suitable to
predict the influx and the kinetic constants obtained by the 2-com-
partment analysis. The second demand was that the data acquisi-
tion be confined to a maximum of 2 short dynamic or static
acquisitions to achieve a protocol that can be used routinely for
patient examinations. Based on the subset analysis, a second-order
polynomial regression function was fitted to the SUV of the
selected time frames in order to accurately predict the kinetic
parameters and the influx.

RESULTS

The 56- to 60-min SUV was highly variable, with arange
of 0.11-10.44 (median: 1.66). The correlation coefficients
of the target area SUVs for the individual acquisition inter-
vals with the 8F-FDG influx and the rate constants of the
compartment model are presented in Table 1. The correla-
tion coefficient for the SUV of each individual time frame
and the 8F-FDG influx exceeded 0.7 for acquisition times
later than 20 min (Table 1). The highest correlation was
obtained for the SUV of the time interval 56—60 min after
injection and influx (Table 1). Generally, influx correlated
with acquisition times longer than 1 min, and the correlation

TABLE 1
Correlation Coefficients for SUV and Parameters
of 18F-FDG Kinetics

Minutes VB k1 k2 k3 k4 Influx
1 0.63 0.46 013 -0.06 -0.18 0.13

2 0.65 0.63 013 —-0.06 -0.15 0.32

3 0.67  0.69 014 -0.06 —-0.15 0.32

4 0.66  0.68 0.12 —0.05 -0.16 0.36

6 0.66  0.66 0.07  —0.02 -0.15 0.41

6 0.66 0.68 0.05 —0.03 —0.15 0.45

7 0.62 0.63 0.08  —-0.03 -0.15 0.46

8 0.60 0.61 0.01 —0.01 -0.15 0.50

9 0.59 0.59 —0.02 —0.01 —0.16 0.53

10 0.59 0.57 —0.04 0.00 -0.14 0.54
11-12 0.60 0.57 —0.07 0.01 -0.15 0.58
13-14 059 0.57 —0.04 0.03 —0.15 0.62
15-16 0.56  0.55 —0.05 0.04 —-0.15 0.65
17-18 0.56  0.55 —0.02 0.06 —0.16 0.66
19-20 0.53  0.51 —0.06 0.07 —0.16 0.68
21-25 0.52  0.50 —-0.07 0.09 -0.16 0.71
26-30 0.49 0.51 —0.02 0.11 -0.17 0.72
31-35 048 0.48 —0.03 0.12 -0.18 0.74
36-40 0.47 0.49 —0.01 0.14  -0.18 0.75
41-45  0.46  0.46 —0.03 0.14  —-0.18 0.75
46-50 044 0.44 —0.03 0.13 -0.19 0.75
51-55 043 0.45 —0.02 0.13 -0.19 0.75
56-60 0.43 0.45 —0.02 0.14  —0.21 0.75

The following kinetic parameters were assessed: VB, k1-k4, and
influx for each individual acquisition interval. All correlation coeffi-
cients for VB and k1 are significant on P < 0.01 level. Correlation
coefficients for influx are significant for 2-60 min. Although influx
was correlated mainly with late acquisition times, VB and k1 were
correlated with early acquisition times.
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coefficients were significant (P < 0.01) for 2-60 min after
tracer injection. In contrast, the highest correlation coeffi-
cients were observed for SUV, VB, and k1 for acquisition
times less than 10 min after tracer injection. All correlation
coefficients for SUV, VB, and k1 were significant on the
P < 0.01 level for 1-60 min after tracer application. No
significant correlation was observed for SUV and the con-
stants k2—k4.

Best-subset analysis was used to select those frames that
were best suited for prediction of the kinetic parameters,
based on a limited number of PET acquisition frames. On
the basis of the subset analysis, we defined a short acquisi-
tion protocol consisting of a dynamic acquisition of ten
1-min frames and alate static image 56—60 min after tracer
injection. Regression functions, using a second-order poly-
nomial, were calculated using the SUV s of the selected time
frames of the dynamic series as independent variables and
using the parameters influx, VB, and k1 as dependent vari-
ables. Functions were calculated for the combined use of
input and target data, for the use of target data alone, and for
the use of a summed 10-min image for the input and target
region together with a 56- to 60-min image for the target
area (Table 2). Using the input data for 1-10 min, the data
for atarget area from 1 to 10 min, and the data for a target
area from 56 to 60 min, a correlation coefficient of 0.9028
was achieved for the 8F-FDG influx (Table 2). The corre-
lation was lower (r = 0.8520) when only the data for the
target area were used to predict the influx (Table 2). The
easiest procedure was the acquisition of one 10-min frame
immediately after tracer injection and a second 5-min frame
at 56—60 min. The correlation coefficient was 0.8302 for
this procedure.

A correlation coefficient of 0.9195 was found for VB
when the input (1-10 min) and target data (1-10 min and
56—60 min) were used (Table 2). The correlation coefficient
decreased to 0.7484 when only the data of the target area
were used to estimate the parameter. The use of a summed
1- to 10-min frame for both the input and the target area, as
well as alate frame 56—60 min after injection for the target
region, resulted in a low correlation coefficient of 0.7974.

k1 showed the highest correlation coefficient, with r =
0.9305 when both the input and target data were used (Table
2). The correlation coefficient was 0.8084 when only the
target datafor 1-10 min and 56—60 min after injection were
used. The use of the SUV of a summed image for 1-10 min
and the SUV of a late image for 56—60 min resulted in a
low correlation coefficient of 0.8424.

A scatter diagram of the best results for VB, k1, and
influx are shown in Figures 1-3.

DISCUSSION

One important aspect of PET is the possibility of per-
forming highly accurate, noninvasive quantitative measure-
ments of tracer concentration in patients. Because of the
high sensitivity, even positron-emitting radionuclides gen-
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TABLE 2
Prediction of Influx, Vessel Density, and k1 from SUV

Parameter Input + target Target Summed image
Influx 0.9028 0.8520 0.8302
VB 0.9195 0.7484 0.7974
k1 0.9305 0.8084 0.8424

Data are correlation coefficients for polynomial regression func-
tion (second order) using SUV data as independent variables and
influx, VB, or k1 as dependent variable. All correlation coefficients
are significant for P < 0.01. Best results were obtained for influx, VB,
and k1 when both dynamic data of input region and target area were
used to estimate parameters. Input + target = SUVs 1-10 min for
input area and 1-10 min as well as 56-60 min for target area;
target = SUVs 1-10 and 56-60 min for target area; summed im-
age = summed 10-min image (1-10 min) for input area and summed
10-min image (1-10 min) as well as 56-60 min for target area.

erated during radiotherapy can be measured (13). In an
experimental study, Haberkorn et al. showed that quantita-
tive analysis of 8F-FDG kinetics provided information
about biologic processes and that 8F-FDG kinetics were
dependent on the expression of glycolysis-associated genes
(14). The use of a 2-compartment model is generaly ac-
cepted to assess the kinetics of 8F-FDG. Twenty years ago,
Sokoloff and Smith provided solutions for the application of
the 8F-FDG model and reported the rate constants (12).
Limited studies were performed on humans to assess the
rate constants in malignant tumors.

Quantitative dynamic PET 8F-FDG studies were per-
formed by Dimitrakopoulou-Strauss et a. on patients with
bone lesions (15). The authors used compartment modeling,
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model (VB [observed) and predicted VB (VB [predicted]) using
short acquisition protocol. Input data from 1 to 10 min (10
frames) and target area from 1 to 10 min (10 frames) and from 56
to 60 min (1 frame) were used for prediction, based on polyno-
mial function (degree 2) for data fitting. Correlation coefficient of
0.9195 was obtained.

noncompartment modeling, and simple static uptake mea-
surements to analyze the data. They applied the Bayesian
analysis to their results and showed that best results were
obtained with full compartment modeling. Wu et al. evalu-
ated the SUV and metabolic rate in bone lesions (16). When
acutoff of 1.8 of the average SUV was used, the sensitivity
and specificity for discrimination of malignancy from be-
nign disease were 85% and 82.4%, respectively. The met-
abolic rate for ¥F-FDG showed a comparable sensitivity
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FIGURE 1. Correlation of 8F-FDG influx as calculated by
2-compartment model (influx [observed]) and predicted influx
(influx [predicted]) using short acquisition protocol. Dynamic
input data from 1 to 10 min (10 frames) and target area from 1
to 10 min (10 frames) and from 56 to 60 min (1 frame) were used
for prediction, based on polynomial function (degree 2) for data
fitting. Correlation coefficient of 0.9028 was obtained.
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FIGURE 3. Correlation of k1 as calculated by 2-compartment
model (k1 [observed) and predicted k1 (k1 [predicted]) using
short acquisition protocol. Input data from 1 to 10 min (10
frames) and target area from 1 to 10 min (10 frames) and from 56
to 60 min (1 frame) were used for prediction, based on polyno-
mial function (degree 2) for data fitting. Correlation coefficient of
0.9305 was obtained.
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(82.4%) and a higher specificity (92.9%). Their results
demonstrated that the use of kinetic data enhances the
diagnostic accuracy of ¥F-FDG PET.

The correlation between 8F-FDG kinetics and tumor
grading was evaluated in soft-tissue sarcomas (5). Again,
the results showed that mainly grade Il tumors could be
differentiated when a compartment analysis of the 8F-FDG
data was used. By limiting the complexity of the data
evaluation, calculation of global influx may help to improve
diagnostic results. The authors showed that influx is a dis-
criminant variable for grade 111 sarcomas and for lipomas
and inflammatory lesions (5). Therefore, use of the influx as
a parameter for routine diagnostic approaches in oncologic
patients would be helpful.

PET follow-up examinations were performed on patients
undergoing chemotherapy to assess response or nonre-
sponse. However, because of the prolonged scanning time,
it is difficult to perform dynamic studies on these patients
routinely. Therefore, shortened procedures that provide in-
formation about the 8F-FDG kinetics are needed. Our re-
sults showed that a short, 10-min, acquisition followed by a
late static image 56—60 min after tracer injection provided
accurate data for estimating 18F-FDG influx and the param-
eters k1l and VB. The initia 10-min data acquisition can be
obtained immediately after the 8F-FDG injection, and the
patient can then be removed from the PET system. How-
ever, ageneral limitation of dynamic studies is the need to
focus on a single target area because of the limited field of
view of current PET scanners. Therefore, appropriate a
priori information must be available to select the target
region for the dynamic data acquisition, particularly for
multifocal disease. This is especially important in patients
who are evaluated for treatment response, in order to obtain
data from the same anatomic region when follow-up studies
are performed. If multiple lesions are present, one can use a
maodified whole-body protocol consisting of ashort dynamic
acquisition over the target area, which is most important for
therapy management, followed by additional multiple bed
positions using static acquisitions with short emission/trans-
mission measurements to detect other possible lesions.

In most cases, the patient will be repositioned after 1 h to
acquire the late scan for the dynamic evaluation, and addi-
tional bed positions will be used to obtain a partial body
scan. Repositioning is a possible source of error for quan-
titative evaluation; therefore, skin markers must be used to
maximize accuracy. To minimize error, a second transmis-
sion scan should be obtained. Through the use of iterative
reconstruction methods for both emission and transmission
data, the time for the transmission scan can be reduced up to
3-5 min. Repositioning errors in the reconstructed images
should be taken into consideration when the data are eval-
uated, and if errors are present, the ROIs for the quantitative
evaluation must be adjusted accordingly. Based on our PET
system and the procedure used, the repositioning error is
less than 2 cross-sections (slice thickness, 2.4 mm) in most
patients when early and late images are compared.

SHORTENED PET DATA AcqQuisiTioN ¢ Strauss €t al.

Positioning of the patient in the PET system for tracer
injection and initial data acquisition requires some changes
in patient management. In our opinion, patients should be
selected for the shortened dynamic protocol if a more de-
tailed quantitative analysis of 8F-FDG kinetics will likely
be helpful for differential diagnostics or for assessment of
the response to chemotherapy. In our experience, dynamic
data can be helpful for differentiating soft-tissue sarcomas
by grade (5). SUV was accurate in detecting grade |11
tumors (positive predictive value, 92%) but detected only
50% of grade | tumors. The kinetic data, in contrast, were
helpful in the detection of 80% of grade | tumors and 84%
of grade 11l tumors, as well as 50% of lipomas and 38% of
grade Il tumors. Furthermore, bone tumors may provide
diagnostic difficulties, and kinetic data can help to differ-
entiate benign from malignant lesions more accurately
(15,16). Response to chemotherapy should be evaluated on
the basis of dynamic PET studies to more accurately assess
even small changes in 8F-FDG kinetics. Our results indi-
cate that a quantitative approach can improve the assess-
ment of therapy response in patients with metastatic colo-
rectal carcinoma (17,18).

Sugawara et al. used ¥F-FDG kinetic modeling in 21
patients with untreated and treated germ cell tumors (19).
The magjor aim of the study was to evaluate the use of
kinetic analysis for differentiating mature teratomas. The
authors could differentiate viable tumors using the semi-
quantitative SUV approach, but they did not find significant
differences for mature teratomas and necrosis when SUV or
visual analysis was used. In contrast, statistically significant
differences were found for k1 and for global 8F-FDG influx
(19). The results demonstrated that compartment analysis
can provide additional information for the differentiation of
tumors—information that cannot be obtained by visual anal-
ysis or static uptake measurements. We were able to show
that, besides 8F-FDG influx, VB and k1 can also be esti-
mated using the shortened acquisition protocol. With regard
to the results of Sugawara et al., the shortened acquisition
protocol and the estimation of k1 from the dynamic data can
be expected to be helpful in detecting and differentiating
teratomas (19).

As shown by Sugawara et al., besides k1, the global
BE-FDG influx (Ki), as calculated using the formula Ki =
(k1 X k3)/(k2 + k3), dso provides vauable information
(19). In contrast to the compartment model, Ki can be
calculated from a dynamic series using a graphical solution
(20,21). Heiss et al. calculated the cerebral metabolic rate of
glucose use in healthy human volunteers and noted a cor-
relation to k1 (r = 0.88) and k3 (r = 0.90) (22). We noted
lower correlation coefficients, probably because of the
highly variable SUV's caused by the inclusion of various
tumors as well as scar tissue, in contrast to the study of
Heiss et a., who evaluated only normal brain structures.
However, our results demonstrated that influx, k1, and VB
can be estimated using the modified acquisition protocol.
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The evaluation of dynamic PET studies can be especially
helpful for assessing treatment effects. Avril et al. per-
formed a prospective study on 73 patients with breast le-
sions suggestive of malignancy and performed a quantita-
tive evaluation using the 8F-FDG influx rate (23). The
authors reported that the quantitative approach was helpful
for differentiating benign from malignant lesions. Paramet-
ric imaging of the 8F-FDG influx was performed by Zas-
adny and Wahl (24). They used a correlation coefficient—
based filtering of the images and reported an enhancement
of tumor—to—normal-tissue contrast for ¥F-FDG PET that
may improve lesion detectability. Gupta et al. compared
quantification with SUV and 8F-FDG influx in patients
with indeterminate lung lesions (4). Although a correlation
existed between SUV and 8F-FDG influx, the influx values
were of additional clinical benefit in confirming a malignant
or benign lesion in 3 patients with SUV's ranging from 2.0
to 2.39 (4). We noted a moderate correlation coefficient of
0.75 for the 56- to 60-min SUV and influx, which may be
helpful for diagnosis but is of limited value for assessing
response to treatment. Romer et al. performed dynamic PET
studies with 8F-FDG on patients with lymphoma and re-
ported a larger change for influx data than for SUV (7).
Indeed, according to our experience, influx data are more
reproducible than is 60-min SUV and should be preferred.
Even divergent results can be obtained for SUV and influx
in some patients, as reported by Freedman et a. for a study
on patients with renal cell carcinoma (25). These results
direct to amore detailed analysis of PET data, which can be
performed using the shortened acquisition protocol.

Several authors have attempted to solve the problem of
the greater complexity of acquiring data for calculating
BE-FDG influx, as compared with static SUV measurement.
Minn et al. compared the 45- to 60-min postinjection SUV
with the 8F-FDG influx in 46 patients (26). They found a
correlation coefficient of 0.91 for dose- and weight-normal-
ized SUV and 8F-FDG influx. The authors concluded that
the single-scan SUV approach can be used for the assess-
ment of 18F-FDG uptake in tumors but that glucose concen-
tration in blood must be monitored in patients with possible
abnormalities of glucose metabolism. Actually, this limits
the routine use of the SUV evauation in oncologic patients.
Suhonen-Polvi et a. reported a simplified quantification for
the measurement of cerebral glucose use in children, using
both an image-derived blood input curve and venous blood
sampling for calculation of the metabolic rate (27). The
authors found a correlation coefficient of 0.83 for SUV and
the metabolic rate of glucose. Suhonen-Polvi proposed us-
ing the image-derived input function and 2—3 venous blood
samples at the end of the study. SUV should be used as an
aternative only if blood cannot be sampled. However, as
already shown in the literature, input data can be retrieved
from image data with high accuracy; therefore, blood sam-
pling can be avoided (8). Sadato et al. performed 8F-FDG
studies on adults and proposed using the influx constant
instead of SUV for diagnostic purposes (28). Again, they
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sampled blood for up to 60 min, limiting the routine use of
dynamic '8F-FDG PET. Furthermore, a comparison with the
full kinetic model was not done in that study.

Torizuka et a. used a short dynamic data acquisition for
0-30 min after 18F-FDG injection (29). The authors applied
a 2-compartment model to their data and calculated k1—k3.
Interestingly, the rate constants were in excellent agreement
with those obtained for 0—60 min. The lowest correlation, at
r = 0.886, was observed for k3, giving evidence that the
short acquisition protocol may be limited. How well a
complete 2-compartment model, including VB and k4, will
perform using the short dynamic acquisition was not shown.
Our results show that, besides the influx constant, VB and
k1 can be estimated from the data. However, an input VOI
is needed to improve the estimation of influx, VB, and k1.
VB and k1 were especially sensitive for the input data, and
the use of target-area data alone limits the accuracy of the
estimation.

CONCLUSION

The results show that a short dynamic data acquisition
protocol can be used to obtain more detailed information
about 8F-FDG kinetics. 8F-FDG influx, VB, and k1 can be
estimated from SUVs with high accuracy.
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