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Abstract. The standardized uptake value (SUV) and the
slope of the Patlak plot (K) have both been proposed as
indices to monitor the progress of disease during cancer
therapy. Although a good correlation has been reported
between SUV and K, they are not equivalent, and may
not be equally affected by metabolic changes occurring
during disease progression or therapy. We wished to
compare changes in tumor SUV with changes in K dur-
ing serial positron emission tomography (PET) scans for
monitoring therapy. Thirteen patients enrolled in a proto-
col to treat renal cell carcinoma metastases were studied.
Serial dynamic fluorodeoxyglucose (FDG) PET scans
and computed tomography (CT) and magnetic resonance
(MR) scans were performed once prior to treatment,
once at 36±2 days after the start of treatment, and (in
7/13 subjects, 16/27 lesions) a third time at 92±9 days
after the start of treatment. This resulted in a total of 
33 scans, and 70 tumor Patlak and SUV values (one value
for each lesion at each time point). SUV and K were
measured over one to four predefined tumors/patient at
each time point. The input function was obtained from
regions of interest over the heart, combined, if necessary,
with late blood samples. Over all tumors and scans, SUV
and K correlated well (r=0.97, P<0.0001). However,
change in SUV with treatment over all tumor scan pairs
was much less well correlated with the corresponding
change in K (r=0.73, P<0.0001). The absolute difference
in % change was outside the 95% confidence limits ex-
pected from previous variability studies in 6 of 43 pairs
of tumor scans, and greater than 50% in 2 of 43 tumor
scan pairs. In four of the six cases, the two indices pre-
dicted opposing therapeutic outcomes. Similar results
were obtained for SUV normalized by body weight or
body surface area and for SUVs using mean or maxi-

mum count. Changes in CT and MR tumor cross-product
dimensions correlated poorly with each other (r=0.47,
P=NS), and so could not be used to determine the “cor-
rect” PET index. Absolute values of SUV and K correlat-
ed well over the patient population. However, when
monitoring individual patient therapy serially, large dif-
ferences in the % changes in the two indices were occa-
sionally found, sometimes sufficient to produce oppos-
ing conclusions regarding the progression of disease.
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Introduction

The ability to monitor a tumor’s response to therapy is of
great importance. If success or failure of response could
be assessed early in the course of treatment, the treat-
ment could possibly be altered accordingly. Positron
emission tomography (PET) with fluorodeoxyglucose
(FDG) is particularly suitable for therapy monitoring
since it can quantify changes in metabolism with time,
and such changes are thought to precede changes in le-
sion morphology as measured by conventional imaging
modalities like computed tomography (CT) and magnetic
resonance imaging (MRI) [1, 2].

The two most widely used quantitative indices of
FDG metabolism are the standardized uptake value
(SUV) [3, 4, 5] and the rate of FDG uptake as measured
by the Patlak slope, K [6, 7]. SUV is a simple semiquan-
titative index, calculated by measuring the activity con-
centration in the tumor during a short-duration (typically
10–15 min) static scan acquired late (typically 45–
60 min) after injection, and then normalized for the in-
jected dose and either patient weight or lean body mass
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terleukin-2 therapy (IL-2), and had failed to respond. IL-2 was
discontinued at least 4 weeks prior to the baseline PET scan. In
this protocol a single index lesion (>2 cm longest dimension) was
selected for study, prior to the first PET scan, based on CT and
MRI data. However, often other lesions were also in the field of
view. For the purposes of the present study all additional lesions in
the field of view at the time of the first PET scan were also stud-
ied. A total of 27 lesions were followed over time, ranging in size
at baseline (as determined by CT) from 7.0 cm to 1.9 cm (longest
dimension). Six patients had only one tumor, three had two tu-
mors, one had three tumors and three had four tumors. Fourteen
lung, seven mediastinal, and six retroperitoneal metastases were
studied. Dynamic FDG PET scans as well as CT and MR scans
were performed prior to treatment, at ~5 weeks after the start of
treatment, and (in 7/13 subjects, 16/27 lesions) at ~13 weeks after
the start of treatment. This resulted in a total of 33 scans, and 
70 tumor Patlak and SUV values (one value for each lesion at each
time point). This protocol was approved by the National Cancer
Institute’s Institutional Review Board, and written informed con-
sent was obtained from all patients before entry.

Image acquisition. All PET scans were acquired on a GE Advance
PET scanner [14] producing 35 slices over an approximately 
15-cm axial field of view. In-plane and axial reconstructed resolu-
tion was ~6.5 mm full-width at half-maximum (at the center of the
field of view), with a slice separation of 4.25 mm. Images were re-
constructed into a 256 by 256 array (2 mm/pixel), using filtered
back-projection for dynamic data and iterative reconstruction
(OSEM – 28 iterations, 4 subsets) for static images; reconstructed
resolution was the same for both reconstruction methods. Patients
fasted for at least 6 h. Approximately 10 mCi (370 MBq) fluorine-
18 FDG was injected over a 2-min period using a constant infu-
sion pump, and dynamic PET scans were acquired as follows. If
both the heart and the tumor could be included in the same single
field of view then the dynamic acquisition began at injection, with
scan times of 30 s/frame for the first 4 min, 3 min/frame for the
next 18–21 min and 5 min/frame thereafter for an average of 
58 (±3.6) min total. In three of the 13 patients, the heart was not in
the field of view of the tumor. In this case the initial 30 min of
data were acquired with the patient’s heart in the field of view
(scan times as described above). The bed was then moved so that
the tumor was in the field of view, and dynamic scanning was re-
sumed (with the same scan times as described above). This per-
mitted the early portion of the FDG input function always to be
obtained from the cardiac image data regardless of whether the tu-
mor was in the field of view of the heart or not. Venous blood
samples were acquired at an average of 17.6, 20.8, 24.0, 30.2,
39.1, and 55.1 min. Samples from 25 min on were used to contin-
ue the image-based input function when the tumor was not in the
field of view of the heart. Samples from <25 min were used for
quality control to ensure venous blood samples agreed with im-
age-based values. Absolute activity concentrations were deter-
mined from these weighed blood samples using a well counter. All
data were corrected for attenuation using an 8-min measured
transmission scan. The late dynamic images were summed, yield-
ing a static image with an average duration of 18.4±4.3 min, and a
scan mid time of 48.9±2.0 min post injection.

Regions of interest (ROIs) were drawn over the tumors on
each patient from the static scan using MedX (Sensor Systems,
Inc, Reston, Va.) and a three-dimensional, automatic threshold-
based, region growing program. All ROIs were confirmed visual-
ly. These three-dimensional regions were then used both for calcu-
lation of the SUVs and to generate time-activity curves for the
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[8, 9] or body surface area [10, 11]. To calculate the
Patlak slope, K, dynamic imaging is required. Both a tu-
mor time-activity curve and an arterial input function
(i.e., the arterial FDG blood concentration as a function
of time) must be measured. Patlak analysis is therefore
much more demanding than SUV in both the acquisition
and the computation stage of the process. For these rea-
sons, patient throughput can be much higher if SUV
rather than Patlak analysis is used, accounting for the
wide use of the SUV method. Unfortunately, the two
methods do not measure exactly the same quantity.
There are three important differences between SUV and
the Patlak slope. First, SUV measures the total activity in
the tumor, and includes both metabolized FDG and any
unmetabolized FDG in the blood, in the intracellular
spaces, or in the cell (e.g., unphosphorylated FDG).
Patlak analysis separates these two components out – the
Patlak slope is determined only by metabolized FDG.
The second important difference is that SUV often de-
pends strongly on how long after injection the static scan
is acquired. Patlak slope avoids this time dependence.
Finally, Patlak slope uses the integral under the arterial
input function (i.e., the sum of all the FDG available to
the tumor – the “available dose”) for normalization.
SUV approximates this integral by the injected dose di-
vided by the body weight (or lean body mass or body
surface area).

These three differences make it possible that changes
observed in SUV with therapy may not agree with the
changes observed in the Patlak slope with therapy. It is
the purpose of this paper to investigate whether such dis-
cordances occur in practice, and if so, to examine their
causes and to determine whether the magnitudes of the
discordances might affect the ability of PET to accurate-
ly monitor therapy.

To do this, we performed both SUV and Patlak analy-
sis on 13 patients undergoing therapy for metastases
from clear cell renal carcinoma. Each subject was stud-
ied at baseline and at one or two times during the course
of therapy. We compared the changes in SUV with thera-
py to the changes in Patlak K with therapy.

Note that the intent of this paper was not to determine
which method is “best” for monitoring changes. Rather it
was to assess whether differences between the two meth-
ods occur, and to gain insight into the reasons behind
those differences. This information would permit a better
understanding of recent [12, 13] and future data assess-
ing the relative clinical efficacy of the two methods.

Materials and methods

Patient population. Serial FDG PET scans were acquired on 
13 patients as part of a larger protocol to monitor the effects of
therapy on metastases from clear cell renal carcinoma. All patients
had undergone nephrectomy for removal of the primary tumor.
Therapy consisted of either anti-vascular endothelial growth factor
(anti-VEGF) or placebo. All subjects had previously received in-
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Patlak analysis. We deliberately used the same ROIs for both SUV
and Patlak in order to eliminate any effect of variability due to
ROI size or placement on the comparison of serial changes in
SUV and Patlak. Small ROIs (1.68 cm2 average) were drawn man-
ually on the cardiac left atrial cavity (visualized from the early
FDG images) to obtain an image-based input. The regions were
small and far from the myocardial wall, to minimize spillover and
partial volume effects.

SUVs were calculated using both the mean activity concentra-
tion within the ROIs and (after performing a 5-mm three-dimen-
sional gaussian smooth to avoid bias due to image noise) using the
maximum activity concentration within the ROI. Activity concen-
trations within the ROI were normalized by the injected dose, and
by using each of three different corrections for body habitus: lean
body mass (LBM), body surface area (BSA) and weight (WT) in
kg. LBM was calculated for male and female patients from the
formulae:

where the patient weight is given in kg, and height in cm [15].
BSA was given by the following formula [16]:

SUVs computed from mean or maximum counts and normalized
to body weight, BSA, or LBM are referred to as SUVmean-WT or
SUVmax-WT, SUVmean-BSA or SUVmax-BSA, and SUVmean-LBM or
SUVmax-LBM.

Patlak analysis was performed using the input function and tu-
mor time-activity curves. The data from 10 min (to allow for
equilibration) to the end of acquisition were used to obtain the
slope K and intercept V0 (the FDG volume of distribution), as well
as to determine the estimated errors in those two parameters. All
computations and linear regressions were performed using IDL
[Research Systems Inc., Boulder, Colo.].

Results

At the times of the three serial scans, means (and stan-
dard deviations) of SUVmean-LBM were 4.58 (2.74), 4.66
(2.94), and 3.43 (1.29) respectively, while corresponding
values for Patlak slope, K, were 0.029 (0.022), 0.029
(0.022), and 0.022 (0.014) respectively (P=NS for all
pairs of study times). Table 1 summarizes SUVmean-LBM
and Patlak slope values for all tumor studies, pre and
post therapy. Differences between pre- and post-therapy
values were not significant; differences between post-
placebo and post-anti-VEGF were also not significant.
Figure 1 compares the Patlak slopes, K, with the corre-
sponding SUVmean-LBM values for all 70 tumor studies,
demonstrating a good correlation (r=0.97, SEE=0.0053,
P<0.0001) over a wide range of SUVmean-LBM and K val-
ues. Similar results (r=0.93, SEE=0.0078, P<0.0001)
were found when SUVmax-LBM rather than SUVmean-LBM
was used. The correlations remained high when the anal-
ysis was done on a per patient basis, rather than per tu-
mor (13 index lesions, r=0.98, P<0.0001 for SUVmean-LBM).
Correlation was not significantly different for pre- and

post-therapy studies with placebo or with anti-VEGF.
Despite overall good agreement, Fig. 1 shows that some
data points do not lie near the predicted straight line and
a few of the measured SUVs deviate by as much as 50%
from the predicted values. 

Mean absolute percent changes in SUV and Patlak K
between serial scans for individual tumors were 19.7%
(SD 14.8%) and 26.0% (SD 22.1%) respectively. Fig-
ure 2 shows these percent changes in SUV (%∆SUV) be-
tween serial scans for each tumor, compared with the
corresponding changes in K (%∆K). Although the corre-
lation in %∆SUVmean-LBM versus %∆K is still significant,
it is much poorer (r=0.73) than the correlation between
K and SUVmean-LBM (Fig. 1), with a large scatter of the
data about the line (SEE=0.23). When only one lesion
per patient was considered, the correlation remained
poor (r=0.68). Examining Fig. 2, occasional large differ-
ences are seen between the serial changes in FDG uptake
predicted by SUVmean-LBM and those predicted by the
Patlak slope. The average absolute % difference was
15.2% over all tumor pairs.

Weber et al. (and others) [17, 18] estimated the vari-
ability in K or SUV values of tumors by using the meth-
od of repeated measures. Figure 3 in Weber’s paper indi-

Table 1. SUV and Patlak K: summary: (no significant differences
were observed between columns)

Before therapy Post anti-VEGF
(baseline + placebo) therapy

SUV, mean±SD 4.25±2.55 4.44±2.66
SUV, range 1.49–9.81 1.64–11.04
Patlak K, mean±SD 0.026±0.021 0.029±0.020
Patlak K, range 0.005–0.074 0.005–0.074
SUV vs K correlation 0.977 0.960

coefficient, r
No. of observations 34 36

All SUV values shown are SUVmean-LBM

Fig. 1. Regression line (K=0.0077×SUV–0.006) for Patlak slopes,
K, vs SUVmean-LBM values for all the 70 tumor studies (27 tumors
studied two to three times each)
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cates the % change in K (or SUV), which could be con-
sidered a “true” change in glucose metabolism, at the
95% confidence level. In the present paper, when dis-
crepancies between %∆K or %∆SUV occurred, we de-
fined those discrepancies as “large” if they were at least
as big as the % changes indicated as significant in
Weber’s Fig. 3. Weber’s Fig. 3 indicated that for low K
values, %∆K needed to be very high in order for a meta-
bolic change to be considered a “true” change while for
high K’s the %∆K could be much lower. To be conserva-
tive, we never counted a discrepancy of less than 20% to
be a true discrepancy, but for tumors with lower meta-
bolic rates we required the discrepancy to be much larger,
just as specified in Weber’s Fig. 3.

Defined in this way, “large” discrepancies between
%∆K and %∆SUVmean-LBM were found in 6/43 tumor
scan pairs (average absolute difference 44.2%) and oc-
curred in four of the 13 patients. The discrepancies were
greater than 50% in 2 of 43 pairs (average absolute dif-
ference 79.9%), in two separate patients. In four of the
six cases where the discrepancy was “large”, the two in-
dices predicted opposing therapeutic outcomes. Large
discrepancies between %∆K and %∆SUVmean-LBM were
not confined to tumors with low initial uptake; range of
initial SUVmean-LBM in these six tumors was 1.95–7.61.
When changes in SUVmax-LBM, instead of SUVmean-LBM,
were compared to changes in K, similar results were
found (Table 2).

Changes in CT and MR tumor cross-product dimen-
sions were computed in one tumor (the index lesion)
from each patient. Changes in CT size correlated poorly
with both %∆K and %∆SUVmean-LBM (r=0.49, P=0.06
and r=0.45, P=0.08). The changes in CT tumor cross-
product size ranged from a decrease of 54% to an in-
crease of 20%, but the average absolute change was only
16.9%. The changes in CT and MR dimensions also cor-
related poorly with one another (r=0.47, P=NS).

In keeping with recommendations [5] for obtaining
reproducible measures of SUV, the static scan time was
kept quite constant (48.9±2 min) for all studies. For
some but not all the tumors, FDG uptake was still rising
at that time. However, there was no significant relation-
ship between whether the curve was rising or not and
magnitude of difference between %∆SUV and %∆K.
Mean discrepancies were 18.9% and 10.8% for rising

Fig. 2. Regression line (∆K=1.01×∆SUV+0.034) for % change in
SUVmean-LBM vs % change in K from the first to the second scan in
each scan pair for each tumor

Table 2. Effect of normaliza-
tion on correlation of %∆SUV
with %∆Patlak K

%∆SUVmean-LBM %∆SUVmax-LBM %∆SUVmean-WT %∆SUVmean-BSA

Correlation 0.732 0.718 0.737 0.745
coefficient, r

SEE 0.230 0.235 0.228 0.225

P <0.0001 <0.0001 <0.0001 <0.0001

No. of “large” 6 7 6 6
discrepancies

Fig. 3. Patlak plots for a tumor (A) pre-therapy and (B) during
therapy; slopes (K values) and corresponding SUVmean-LBM values
are also indicated. A(t) and T(t) are the arterial concentration and
tumor concentration of activity as a function of time
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and flat curves respectively (P=NS), and both discrepan-
cies >50% occurred in cases where the curves were flat.
Nor was there any relationship between the magnitude of
the discrepancy and tumor size on PET (r=0.097,
P=NS).

We also examined the effect of the error caused by
statistical fluctuation when estimating the Patlak slope
from relatively noisy dynamic data. The average error in
slope was 4.1%±4.7%, too low to explain the observed
discrepancies. Figure 3 shows the Patlak plots, before
and during therapy, for a tumor with a large discrepancy
between %∆SUV and %∆K. The Patlak slope increased
by more than 50%, from 6.35 (±0.4)×10–3 to 10.5(±0.5)×
10–3, while the SUV increased by only 7%, from 2.7 to
2.9. The uncertainties in fitting a line to the data, as seen
in Fig. 3, are far too small to explain the discrepancy be-
tween the observed %∆K and %∆SUV, even though the
errors in fitting the Patlak slope in this case were larger
than the average error. Note that while this large discrep-
ancy occurred for low K, some discrepancies also oc-
curred at higher K.

Having investigated these possible “technical” rea-
sons for discrepancy between %∆SUV and %∆K, we
next examined the relative contributions of two of the
fundamental differences between SUV and Patlak K, as
described in the Introduction. The Patlak slope, K, indi-
cates only the rate of uptake of metabolized FDG, while
SUV includes metabolized and unmetabolized FDG. The

fraction of unmetabolized activity can be calculated from
the intercept of the line on the Patlak plot. This “unme-
tabolized fraction” varied considerably between tumors,
ranging from 6% to 67% at the time of the static scan.
The unmetabolized fraction also often changed between
serial scans, with a mean change of 9.1% (SD 7.1%).
Correcting SUV values for the unmetabolized activity
reduced some but not all discrepancies, and markedly
improved the correlation between %∆SUV and %∆K,
from r=0.73 to r=0.88 (Fig. 4). The average absolute dif-
ference in % discrepancy was reduced slightly from
15.2% to 14.5%, but with considerably reduced variation
(Table 3). 

The last fundamental difference between Patlak anal-
ysis and SUV is that the former properly accounts for the
FDG available to the tumor, the so-called available dose,
through the ∫A(t) term in the Patlak equation. In the
SUVmean-LBM the available dose is assumed to be 1/[(in-
jected dose)×LBM]. Correction of the SUVs for the
available dose [using the measured A(t)] also improved
the correlation (r increased from 0.73 to 0.85), and
reduced the average % discrepancy (from 15.2% to
12.4%).

To determine whether these two factors together
might explain the majority of the discrepancies, we also
looked at the result of correcting both for unmetabolized
fraction and for the available dose. The result was a dra-
matic improvement (Table 3), with correlation of serial
changes up from 0.73 to 0.97, mean % discrepancy down
from 15.2% to 7.2%, standard deviation now only 5.3%,
and no “large” discrepancies. The results of all the cor-
rections attempted are summarized in Table 3. Of course,
neither of these corrections is practical without a dynam-
ic acquisition, but making them gives insight into the
cause of the discrepancies.

Discussion

FDG PET is increasingly used to monitor changes in tu-
mor FDG metabolism with therapy. Such changes are a
possible surrogate marker for tumor response and could
perhaps assist in making early decisions regarding the

Fig. 4. Regression line (∆K=0.708×∆SUV+0.012) for % change in
SUV corrected for unmetabolized activity vs % change in K

Table 3. Effect of correction of
SUV for unmetabolized FDG
and available dose on correla-
tion between changes in SUV
and Patlak K

SUVmean-LBM SUVmean-LBM SUVmean-LBM SUVmean-LBM,
uncorrected corrected for corrected for both corrections

unmetabolized available dose
fraction

Correlation 0.733 0.884 0.849 0.975
coefficient, r

Mean discrepancy 15.2% 14.5% 12.5% 7.2%

SD discrepancy 17.0% 13.3% 15.6% 5.3%

No. of “large” 6 6 5 0
discrepancies



course of therapy. The SUV is an objective quantitative
measure and is easy to determine. However, this simple
measure of activity concentration in a tumor at an arbi-
trary time post injection, normalized for injected tracer
dose/patient weight, may not always accurately reflect
tracer metabolism [4, 5]. Figure 1 echoes the findings of
others [19, 20, 21] that SUV correlates well but not per-
fectly with glucose metabolic rate, as estimated by
Patlak analysis. The rationale for our study was to deter-
mine whether the changes in SUV with therapy agree
with changes in tumor metabolism as measured by
Patlak analysis, and if not, to determine why, and whether
these discrepancies would affect decisions regarding
therapy regimen.

Despite the good correlation between SUV and Patlak
K for single studies (Fig. 1), when we compared serial
changes in these two indices following therapy, we
found occasional large discrepancies between the chang-
es in SUV compared with the changes in Patlak K. Such
discrepancies occurred both for small and for large initial
SUVs, and were not confined to one or two patients, but
affected measurements from 4 of the 13 patients in this
study. They were sufficiently large that they could have
resulted in different conclusions about the response to
therapy, according to the criteria of Weber et al. (and
others) [17, 18].

Weber et al. [17] indicated that the principal sources
of variability in measurement of SUV and Patlak K were
methodological issues such as accuracy of placement of
ROIs and uncertainty in fitting the Patlak curve, as well
as the day to day physiologic fluctuations in FDG up-
take. While accurate placement of ROIs may affect the
absolute values of SUV and Patlak K, it will have no im-
pact on our comparison of the changes in these two indi-
ces, since exactly the same ROIs and the identical FDG
data set were used for both. In addition, if physiologic
variability affected both Patlak and SUV in the same
way, then our comparisons of the change in SUV with
the change in Patlak slope would be unaffected by such
variability. Our variability, then, might be even smaller
than the values reported by Weber et al.

Having identified clinically meaningful discrepancies
between %∆SUV and %∆K in 4/13 subjects, we asked
what factors might cause these discrepancies. We noted,
interestingly, that a discrepancy which occurred in one
tumor in a subject, did not necessarily occur in other tu-
mors in the same subject. This implies that errors in the
input function, or in the LBM normalization, or in other
patient-wide measures, could not be the sole cause of the
discrepancies. We further investigated the effect both of
patient-wide factors and of factors which might affect in-
dividual tumors, even in a single scan.

Within the category of patient-wide factors, we found
that normalization of SUV for body weight or BSA rather
than LBM did not significantly alter the discrepancies.
This may be because neither changes in body weight nor
changes in LBM nor changes in BSA (all used in the

∆SUV calculation) are likely to consistently represent
the changes in the dose available to the tumor as de-
scribed by the area under the input function, ∫A(t) (used
in the ∆K calculation), that occur from one serial scan to
the next. We often found substantial changes in available
dose between serial scans, as estimated from the input
function, when there was no substantial change in (in-
jected dose)/LBM. Changes in available dose can occur
as a consequence of changes in a subject’s physiologic
state and metabolic status from one study to the next.
Such changes would not be unexpected as a result of dis-
ease progression and/or effects of therapy in cancer pa-
tients. Correcting the SUV values for the available dose
obtained from the integral of the input function resulted
in a significantly improved correlation (from r=0.73 to
r=0.85, P=0.078) and reduced average discrepancy. This
suggests that an important contribution to the observed
discrepancies may be the fact that SUV does not account
for available dose while Patlak K does.

Among the factors which are unique to each tumor,
we investigated the effects of using mean versus maxi-
mum counts for SUV, slope of tumor time-activity curve,
partial volume effect (i.e., tumor size), accuracy of Patlak
fit, and fraction of unmetabolized tracer in the tumor
ROI.

Use of maximum rather than mean counts for the
SUV did not alter the correlation between changes in
SUV and Patlak K. This was true despite the fact that the
time-activity curves used for the Patlak analysis were
based on mean counts.

The attraction of SUV, i.e., the simplicity of using on-
ly one “static” image, is also its limitation. Often the tu-
mor time-activity curves were still rising even at 1 h.
The rate of this rise may differ for the same tumor pre
and post treatment. Unless the tumor time-activity curve
has reached a plateau, this will cause errors in the change
in SUV measured at a fixed time post injection. Despite
this, we found no consistent relationship between whether
the curves were rising or flat, and the discrepancy be-
tween changes in SUV and Patlak K.

Likewise, we could find no relationship between the
discrepancies and the tumor sizes, which might have
been caused by the partial volume effect. Presumably
this was because the loss in counts produced by the blur-
ring out of counts from the ROI would have exactly the
same effect on the mean SUV values as on the Patlak
slopes. It is possible, however, that blurring of counts
into the tumor ROI might be time dependent, thereby
affecting the K value and the SUV in different ways.

There is always some error in estimating the Patlak
slope using points calculated from relatively noisy dy-
namic data. However, these errors were found to be very
small, and could not therefore explain the observed dis-
crepancies.

On the other hand, the fraction of unmetabolized trac-
er in tumors was seen to have a substantial effect on the
discrepancies. Possibly this was due to changes in tumor
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structure with time or therapy. Correction for the unme-
tabolized FDG reduced some though not all discrepan-
cies, and markedly improved the correlation of the % se-
rial changes (from r=0.73 to r=0.88, P=0.020), indicat-
ing that unmetabolized FDG might be one of the major
factors causing the discrepancies between %∆SUV and
%∆Patlak for predicting response.

Since some patients in our study were treated with an-
ti-VEGF, while others received placebo, we wondered
whether the possible effects of anti-VEGF on body dis-
tribution of FDG uptake (and therefore on the input
function) and/or on the unmetabolized fraction of FDG
in tumors might give rise to increased discrepancies be-
tween %∆SUV and %∆Patlak. However some large dis-
crepancies also occurred in the placebo patients, and
there was no difference between the two groups in the
correlation between %∆SUV and %∆Patlak. While a
treatment such as anti-VEGF might potentially increase
such discrepancies, it appears that they can also occur
without such a specific cause, presumably as a result of
metabolic variation or disease progression.

In summary, two effects stood out as having a major
impact on the discrepancies between SUV and Patlak K
for predicting response – the available dose and the un-
metabolized fraction. Correcting the SUV for each of
these factors separately improved the correlation be-
tween %∆SUV and %∆K, and correcting for both of
them together resulted in a dramatic improvement, with
excellent correlation of serial changes (r=0.97), much re-
duced average discrepancy, and no clinically significant
discrepancies. This finding is not surprising since these
factors both appear in the Patlak equation, while the
SUV equation ignores unmetabolized FDG and assumes
available dose can be approximated with injected dose
and body composition. These findings support the hy-
pothesis that these two factors together may account for
most of the discrepancies. Since both of these factors are
in theory essential to accurate determination of glucose
metabolic rates, we hypothesize that the Patlak values
would be the better of the two indices for monitoring
therapy. Unfortunately, we had no definitive data to veri-
fy this hypothesis. Comparison with size changes seen
on CT and MR did not provide clarification, since
changes on CT correlated equally poorly with changes in
Patlak K and in SUV, and there was sometimes disagree-
ment between MR and CT, even in cases where one mo-
dality indicated quite a large change. Discordance be-
tween change in tumor size on MR and CT may have
been due to the fact that many changes were small, or
may have resulted from the difficulty in defining exact
tumor extent on MR. Discordance between FDG PET
and CT or MR may have arisen because the follow-up
studies were performed early during therapy (there was
only 5 weeks and 8 weeks between studies), when mor-
phologic changes might not yet have occurred.

Another limitation of the study was its relatively
small sample size, and its restriction to one tumor type.

Despite the small size, however, the finding of such large
discrepancies in four of the 13 subjects is strong evi-
dence that the discrepancies may be clinically important.
We cannot, of course, be certain that similar discrepan-
cies would be seen for all tumor types, but at least one of
the underlying causes of the discrepancies (the available
dose) might well be independent of tumor type.

It is unfortunate that occasional discrepancies occur
between serial change measured by SUV and by Patlak
K. If both indices were equally reliable for measuring se-
rial change in FDG tumor uptake, then one could safely
use the much simpler SUV method. It is also unfortunate
that no easy method comes to mind that would allow us
to correct the SUV (assuming it is the SUV that is incor-
rect) without a dynamic acquisition. Our data investigat-
ing the causes of the discrepancy can at least guide us in
exploring this possibility in the future. Presumably wait-
ing a considerably longer time before static imaging
would minimize the unmetabolized FDG component of
the discrepancy. Proposed “simplified kinetic analysis”
methods [22, 23] might also be able to correct for some
but not all the causes of discrepancy, and perhaps some
combination of these methods may be found which can
compensate for changes in the available dose and mini-
mize unmetabolized FDG without a full dynamic study.

Conclusion

Absolute values of SUV and the Patlak slope K correlat-
ed well over the patient population. However, when us-
ing SUV and Patlak K to monitor therapy, the changes
observed in the two indices were occasionally discrep-
ant. These discrepancies were often sufficient to produce
differing conclusions regarding the progression of dis-
ease. Our data suggest the discrepancies are primarily
due to the unmetabolized FDG measured by SUV, and
the inability of SUV to account for the available dose.
Both these factors are in theory important to the accurate
determination of glucose metabolic rates, suggesting (but
not confirming) that Patlak slope is the more accurate in-
dex. Further research would be necessary to determine
whether this increased accuracy translates into improved
clinical efficacy. Our results suggest that further efforts
in improving SUV calculations should focus on better
approximations for available dose, or on methods to re-
duce the effects of unmetabolized FDG.
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