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In this issue of The Journal of Nuclear Medicine, Azad et al.
compare quantitation of the response of breast cancer bone me-
tastases to therapy via SUV versus metabolic flux (Ki or plasma
clearance) using a Ki estimation method that has been designed to
ease the clinical burden of data collection from serial 18F-fluoride
PET scans (1). This perspective summarizes previous associations
of changes in primary breast cancer tumor Ki and SUV with pa-
tient outcome from serial 18F-FDG PET scans and describes the
development of Ki estimation methods designed to ease the clin-
ical burden of acquiring the data required for traditional Ki anal-
ysis methods.
Overall survival (OS) and disease-free survival (DFS) from

locally advanced breast cancer in 75 patients were associated with
the posttherapy change in 18F-FDG delivery (K1: OS, P 5 0.005;
DFS, P 5 0.001) and metabolic flux (Ki: OS, P 5 0.006; DFS,
P 5 0.01) from compartmental analyses of dynamic PET scans,
whereas change in SUV (P 5 0.02) was associated only with OS
(OS, P 5 0.02; DFS, P 5 0.08) (2). The same study also observed
that a prediction model including 18F-FDG delivery and Ki mea-
sures had a significantly larger 0.97 area under the receiver-oper-
ating-characteristic curve (AUC) than the 0.84 AUC for a model
including SUV (P 5 0.005) (2), indicating that the percentage
change in Ki may be more sensitive to measurement of cancer re-
sponse to therapy than SUV (3). Although more sophisticated kinetic
PET measures, such as delivery and Ki, may be more sensitive
indicators of response to therapy (3), the need for longer dynamic
PET acquisition time and potential requirement for repeated blood
sampling are often impractical in a typical PET clinical setting.
Estimation of both PET radiotracer delivery (K1) and Ki gener-

ally requires compartmental kinetic analysis (e.g., Hawkins et al.
(4) for analyses of 18F-fluoride PET scans) or spectral analysis of a
dynamic PET acquisition (5). However, Ki can alternatively be
calculated via the graphical Patlak method (6) provided assump-
tions such as a second irreversible binding compartment are valid
for your application. There has been an evolutionary series of

modifications to the graphical Patlak method (6) to ease the clin-
ical burden by decreasing the typical 1-h PET acquisition duration
or reducing the number of blood samples required for analysis. In
1994, Ishizu et al. proposed the fractional uptake rate (FUR) (7),
which replaced the 1-h dynamic acquisition with a single 20-min
PET image and calculated the FUR Ki by ignoring the Patlak
intercept by assuming the distribution volume is equal to zero.
The FUR Ki method had 2 advantages over traditional Patlak
Ki: a shorter PET scan duration and the capability to measure
Ki from all areas of a static whole-body PET scan without the
limitation of a typical axial field of view of 18 cm or less. How-
ever, the FUR Ki method still required radioactive count data from
arterial blood samples drawn from the time of radiotracer injection
to the end of the static PET scan. In 1996, Hunter et al. proposed
the simplified kinetic method (SKM), which made assumptions
similar to the FUR method for approximating the Patlak Ki with
the SKM Ki. The SKM method further reduced the clinical burden
by replacing the many blood samples required for the FUR
method with 1 blood sample (8). This allows estimation of the
area under a blood activity curve from a scaled population blood
input function, assuming the new input function would have the
same shape as in the Hunter et al. studied cohort. The SKM meth-
od’s requirement to collect blood during the middle of the static
scan limits calculation of SKM Ki to a single PET bed position,
unlike the FUR Ki method.
Siddique et al. proposed another modified Patlak analysis method

for 18F-flouride PET scans of bone regions (9,10). This method re-
places the measured blood input function in the Patlak method with
a semipopulation blood input function adjusted using 2 venous blood
measures, and unlike the FUR and SKMKi approaches, the Siddique
Ki method retains input from the Patlak intercept using a population
mean volume of distribution that varies by bone region (9,10). The
Siddique Ki approximation of the Patlak Ki requires 1 venous
blood sample taken at least 30 min after radiotracer injection and
before the start of a single static 18F-fluoride PET scan and a second
venous blood sample after completion of the PET scan (9,10). The
Siddique Ki method combines the advantage of the FUR Ki method
to estimate Ki from multiple PET scanner bed positions with the
advantage of the SKM Ki method of only a limited venous blood
sampling requirement. The clinical requirements for the Siddique
Ki method (10) of a single static PET scan acquired between 30 min
to 2 h after injection and venous blood samples collected before and
after the PET scan could make this method practical to perform in
any nuclear medicine clinic with the capability to count blood
samples. Implementation of this method requires that a semipopu-
lation blood input function and regional volume of distributions
have already been determined for the selected radiotracer and study
cohort.
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Azad et al. (1) report in this issue on the use the Siddique
Ki method (10) to calculate Ki for 52 lesions from whole-body
18F-fluoride PET scans of 12 breast cancer patients. The static
PET scan was acquired 60 min after radiotracer injection, and 2
venous blood samples were drawn before and after the PET scan
at 55 and 85 min after injection. Percentage changes in Siddique
Ki, SUVmax, and SUVmean values from before and after 8 wk of
endocrine therapy were compared for 4 patients with clinical pro-
gressive disease (PD) within 24 wk and for 8 non-PD patients (up
to 5 bone metastases were selected for each subject). Azad et al.
reported that the mean 90% increase in Siddique Ki for the PD
patients was significantly greater than the 42% and 44% increases
in SUVmax and SUVmean, respectively (P , 0.001) (1). The dif-
ference in mean percentage increase in Ki for PD versus non-PD
patients was significant (90% vs. 11%, P , 0.01), whereas the
differences in mean percentage increases in SUVmax and SUVmean

for PD versus non-PD patients were not (P $ 0.07). The greater
magnitude of reported percentage change in Siddique Ki relative
to SUVmean (90% vs. 44%) (1) is consistent with the greater reported
magnitude of percentage change in kinetic Ki relative to SUV cal-
culated from dynamic 18F-FDG PET scans of 75 patients with locally
advanced breast cancer (2). These reported differences in the magni-
tudes of Ki versus SUV changes with therapy suggest that percent-
age changes in Ki from serial 18F-fluoride or 18F-FDG may be more
sensitive PET measures than SUV for evaluating response to therapy
(3) regardless of whether Ki is calculated via full compartmental
kinetic analysis of dynamic PET images (2) or calculated using the
Siddique Ki method on static PET images (1). However, a larger
prospective clinical trial quantitating patient response to therapy via
serial PET scans using both Ki and SUV is required to determine
which PET measure is more predictive of patient outcomes.
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