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ABSTRACT 

Purpose: To generate parametric images of tumor hypoxia in a tumor-bearing rat model using voxel-based compart- 
mental analysis of dynamic fluorine-18 labeled misonidazole (18F-FMISO) microPET™ images, and to compare the 
parametric images thus derived with static “late” 18F-FMISO microPET™ images for the detection of tumor hypoxia. 
Materials and Methods: Nude rats bearing HT-29 colorectal carcinoma xenografts (≈1.5 - 2 cm in diameter) in the 
right hind limb were positioned in a custom-fabricated, animal-specific foam mold. Animals were injected via the tail 
vein with ≈55.5 MBq 18F-FMISO and continuously imaged for either 60 or 120 minutes, with additional late static im- 
ages up to 3 hour post-injection. The raw list-mode data was reconstructed into 37 - 64 frames with earlier frames of 
shorter time durations (12 - 15 seconds) and later frames of longer durations (up to 300 seconds). Time activity curves 
(TACs) were generated over regions encompassing the tumor as well as an artery, the latter for use as an input function. 
A beta version of a compartmental modeling package (BioGuide™, Philips Healthcare) was used to generate parametric 
images of k3 and Ki, rate constants of entrapment and flux of 18F-FMISO, respectively. Results: Data for 7 HT-29 tumor 
xenografts were presented, 6 of which yielded clear areas of tumor hypoxia as defined by Ki/k3 maps. Importantly, intra- 
tumoral foci with high 18F-FMISO uptakes on the late images did not always exhibit high Ki/k3 values and may there- 
fore represent false-positives for radiobiologically significant hypoxia. Conclusions: This study attempts to quantify 
tumor hypoxia using compartmental analysis of dynamic 18F-FMISO PET images in rodent xenograft tumor models. 
The results demonstrate feasibility of the approach in small-animal imaging studies, and provide evidence for the possi-
ble unreliability of late-time static imaging of 18F-FMISO PET in identifying tumor hypoxia. 
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1. Introduction 

There are now compelling evidences for the importance 
of hypoxia as an independent prognosticator of therapeu- 
tic outcome regardless of treatment modality [1-3]. A 
consequence of this has been a strong interest in methods 
to reliably quantify the distribution of tumor hypoxia and 
to potentially delineate radio-resistant hypoxic foci as in- 
tra-tumoral targets for intensity modulated radiation 
therapy (IMRT) [4-7]. Multiple methods were developed 
to detect hypoxia. These include direct measurements wi- 
th interstitial PO2 probes [8,9], immunohistochemistry  

[10], and in vivo imaging [11]. Of widest clinical appli- 
cability, however, is the imaging approach because of its 
noninvasive nature and potential to provide hypoxia im- 
ages of the whole tumor, thereby avoiding “sampling” 
errors potentially associated with the first two methods. 
The most widely investigated ones for the non-invasive 
imaging approaches to detect tumor hypoxia are the nu- 
clear methods using SPECT and PET. A number of hy- 
poxia radiotracers have been developed and evaluated for 
this purpose. Those which have been used clinically in- 
clude the single-photon emitter Iodine-124 labeled io- 
doazomycin arabinoside (124I-IAZA) [12] and the posi- 
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tron emitter Fluorine-18 labeled misonidazole (18F-FMI- 
SO) [13-15], Copper-60 and Copper-64 labeled Cu-dia- 
cetyl-bis(N4-methylthiosemicarbazone) (Cu-ATSM) [16], 
18F-labeld fluoroerythronitroimidazole (18F-FETNIM) [17], 
18F-labeled azomycin arabinoside (18F-FAZA) [18] and 
18F-labeled 2-(2-nitro-(1)H-imidazol-1-yl)-N-(2,2,3,3,3- 
pentafluoropropyl)-acetamide (18F-EF5) [19]. 

18F-FMISO was among the first hypoxia radiotracers 
proposed [11] and has been the most extensively investi- 
gated one to date. 18F-FMISO is a 2-nitroimidazole that 
undergoes irreversible electron reduction and eventual 
metabolic trapping at low PO2, i.e., at radiobiologically 
significant oxygen tensions of 5 mm Hg or less. Under 
such conditions, the radiotracer becomes bound to pro- 
teins or other macromolecules. At higher oxygen con- 
centrations, oxidation readily occurs and the 18F-FMISO 
reverts to its diffusible form and thus does not accumu- 
late in normoxic tissues. 

Because of its relatively short physical half-life of 110 
min, PET scans of 18F-labeled radiotracers generally mu- 
st be performed within about 3 hours of administration in 
order to obtain statistically reliable numbers of counts. 
Clinically, therefore, static PET scans of 18F labeled hy- 
poxia tracers have most commonly been performed be- 
tween 90 - 180 minutes post injection. The imaging time 
point represents a compromise among the available ima- 
ging signal (i.e., count statistics), which decreases with 
time, and the contrast between hypoxic and normoxic 
foci, which increases with time. The hypoxia-to-nor- 
moxia contrast increases over time because the amount 
of unfixed activity (i.e., activity not associated with hy- 
poxia) decreases and therefore imaging at later times 
post-injection should more specifically identify hypoxic 
foci. 

The practical advantages of single-time point imaging 
are the convenience and similarity to routine 18F-FDG 
PET. However, the identification of regions of hypoxia 
on single-time point images requires a criterion for 18F- 
FMISO PET image segmentation. The group at the Uni- 
versity of Washington, who pioneered 18F-FMISO PET 
imaging, has suggested that voxels whose intensities are 
1.3 times higher than that of blood correspond to hy- 
poxia [20]. This threshold value was based upon the 
finding that fewer than 5% of normal tissue voxels at late 
time point imaging exceeded this value. Thus contiguous 
intra-tumor 18F-FMISO PET voxel values greater than 
1.3 may identify tumor hypoxia [21]. 

However, recent kinetic studies showed that the rate 
and amount of 18F-FMISO uptake may vary among tu- 
mors and therefore a single hypoxia segmentation crite- 
rion may not unambiguously identify tumor hypoxia [22]. 
To quantitatively differentiate hypoxic from non-hypoxic 
tissue in tumors, and to determine if late PET images 
reliably identify tumor hypoxia, we performed either 

2-hour dynamic 18F-FMISO PET studies or 1-hour dyna- 
mic images followed by sequential 5-minute images at 
90, 120, 150 and 180 minutes post-injection on rodent 
xenografts. A static “late” 18F-FMISO PET image could 
be considered as the last scan of the sequential post-in- 
jection scans which constructing a dynamic study. These 
dynamic data were analyzed by compartmental modeling 
on a voxel-by-voxel basis to derive parametric maps of 
the rate of 18F-FMISO trapping in tissue and these maps 
were compared to the static “late” 18F-FMISO PET ima- 
ges. 

2. Material and Methods 

2.1. Animal Handling 

Nude rats were injected subcutaneously with 5 × 106 HT- 
29 colorectal carcinoma cells to establish a tumor in the 
right hind limb. After 5 weeks, tumors reached a size of 
≈2 cm in diameter. This site for the tumor xenograft was 
selected to minimize the effects of respiration and po- 
tential tumor motion during the dynamic scan. In addi- 
tion, each anesthetized animals (with 1.5% isoflurane/ 
compressed air) were immobilized in a custom-fabricated 
rapid-setting foam mold [23]. These molds maintained 
the animal’s position for the duration of the microPET™ 
scan as well as to facilitate accurate repositioning in se- 
rial scans. This animal protocol was approved by the In- 
stitutional Animal Care and Use Committees (IACUC) of 
Memorial-Sloan Kettering Cancer Center (MSKCC). 

2.2. MicroPET™ Imaging Protocol and Data  
Handling 

The fluorine-18 radioisotopes were produced in MSKCC 
in-house cyclotron (EBCO Technologies, Inc., Vancou- 
ver, Canada) by irradiating an enriched 18O-water target 
inside a titanium chamber with accelerated proton beams. 
18F-FMISO was synthesized accordingly as reported [24, 
25]. 

A total of 7 nude rats were scanned on a Focus 120 
microPET™ scanner (Concorde Microsystems, Knoxvil- 
le, TN) following tail vein injection of ≈55.5 MBq 
18F-FMISO. The animals were imaged using two differ- 
rent scanning protocols as depicted below. 

Five animals were imaged continuously for 2 hours 
starting at the time of injection. The list-mode data was 
divided into 40 - 50 durations, of 12 - 15 seconds for the 
first-minutes, and 300 second subsequently. Two animals 
were continuously scanned for 1 hour, and then for 5-min 
at 90, 120, 150 and 180 min post-injection. After each 
scan, the animal was returned to its cage (animals will be 
in very bad condition during the 3-hour scan without 
recovery between scans) after removal of anesthetic. For 
every subsequent scan the animal was re-anesthetized 
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and carefully repositioned in its custom mold before the 
scan. Similar to those 5 animals above, the 60-minute 
list-mode data was divided into 20 - 30 consecutive ima- 
ges of similar time durations, the 4 later scans were 
separated into 2 image frames, each of 300 seconds dura- 
tions. The image sets for the later 90 - 180 minute time 
points were co-registered using external fiduciary mar- 
ker-based registration. With each fiduciary rod occupy- 
ing several voxels in an image, the uncertainty of regis-
tration is less than 1 voxel (data not shown). The co-re- 
gistered scans were then combined to yield a temporal 
sequence of data spanning from the time of injection to 3 
hours post-injection. Studies of the accuracy in reposi- 
tioning animal into the foam mold have been reported by 
Zhang et al. [26]. 

The list-mode data were sorted into two-dimensional 
temporally sorted sonograms by Fourier re-binning and 
transverse images reconstructed in a 128 × 128 × 96 ma- 
trix (voxel size 0.87 × 0.87 × 0.80 mm3) by filtered back- 
projection (FBP) using a ramp filter with a cutoff fre- 
quency equal to the Nyquist frequency. Although no at- 
tenuation, scatter, or partial-volume correction was ap- 
plied, the reconstructed images were expressed in quan- 
titative terms (the activity per unit volume, Bq/ml, de- 
cay-corrected to the time of injection) using a system 
calibration factor measured by imaging a rat-size water- 
filled cylinder containing a known concentration of 18F. 
However, absolute quantification of 18F-FMISO was not 
required for this study, but rather relative changes over 
time. 

2.3. Compartmental Modeling 

The idea of compartmental modeling was first proposed 
for epidemiology analysis by Kermack & McKendrick in 
1937 [27], and was later applied to pharmacokinetics, 
including that in cancer studies [28]. Pharmacokinetic 
analysis of dynamic 18F-FMISO data was first performed 
using a simplified compartmental model by Casciari et al. 
in 1995 [29], and was adopted in this study (Figure 1). 

The time-dependent activity concentration (Bq/ml) in 
a given region of interest (ROI) was extracted from the 
sequential image frames and used to generate a time ac- 
tivity curve (TAC). A volume of interest (VOI) was used  

 

 

Figure 1. A conceptual 2-compartment model for 18F- 
FMISO uptake in tumor hypoxia. In this model the transfer 
rate constant k4 from C2(t) →C1(t) is set to zero. 

for the tumor and a region of interest (ROI) at the coronal 
section was used for the input function Cp(t). The vessel 
was readily discernible in the early frames (i.e. within the 
first minute post-injection) and its TAC exhibited a well- 
defined peak within the first one to two frames. The rate 
of metabolism (breakdown) of 18F-FMISO is slow in vivo 
(4% - 8% in 90 minutes [30]), and therefore metabolite 
correction of the input function was not considered in our 
analysis. 

The simplified 3-compartment 2-tissue model [29] can  
be described by the following partial differential equa- 
tions: 
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Here η is the fraction of the tissue volume occupied by 
extracellular space. The observed activity concentration 
for a given ROI is a linear combination of Cp(t), C1(t) and 
C2(t): 
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in which V is the observed volume and β fractional blood 
volume. By solving (1), Cobs(t) can be rewritten as a 
convolution of input function Cp(t): 
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The first term of Equation (3), representing the “tra- 
pped contribution”, models the progressive hypoxia-re- 
lated accumulation of tracer over time, the second repre- 
sents the “diffusible contribution” for normoxic tumor 
tissue, and the third the vascular contribution, with the 
trapped component presumably reflecting the degree of 
hypoxia. 

We define the flux Ki as follows: 
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Ki represents the flux, or overall “trapping rate,” of 
18F-FMISO in hypoxic tissue. Both Ki and k3 are indica- 
tors of hypoxia, where Ki ≈ 3  when 3 1 2  
The extra-cellular fraction  and V were kept fixed at 
typical values reported in the literature ( = 0.5, V = 1) 
[29], and the optimization scheme fitted the free parame- 
ters of the model namely, k1, k2, k3 and . 
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2.4. Parametric Images Verse Late-Time Image  
for Tumor Hypoxia  

As results of pharmacokinetic analysis, parametric images 
(Ki and k3) are deemed more convincing hypoxia in- 
dicators in theory than late-time 18F-FMISO microPET 
images [29]. To conduct compartmental modeling for 
microPET images, sequential scans are taken at different 
time spots within 2 - 3 hrs post-injection period in order 
to acquire differential uptake information of 18F-FMISO 
in hypoxia, thus the “late” 18F-FMISO microPET scan is 
actually the last scan of the entire dynamic sequential 
scans. Consequently, parametric images Ki and k3 are based 
on much more imaging information and hence more re- 
liable than the late-time image. 

The 18F-FMISO uptake in the “late” scan is the out- 
come of the entire post-injection 18F-FMISO uptake his- 
tory. In addition to hypoxia uptake, late-time microPET 
images may reveal 18F-FMISO concentration caused by 
other factors, such as temporary high-blood flow, or ne- 
crosis trapping 18F-FMISO in the early time that has 
much longer residual time. Parametric images Ki or k3, 
however, may filter out those “noises” against hypoxia 
uptake with compartmental modeling. 

2.5. The BioGuide Software Toolkit 

Kinetic analysis was performed using the proprietary 
BioGuide software package (Philips Healthcare) which 
provides the capability of performing compartmental mo- 
deling on a voxel-by-voxel basis as well as for conven 
tional ROIs. The BioGuide software package is part of 
the research version of Pinnacle3, the radiotherapy 
treatment planning program marketed by Philips Health- 
care. 

After fitting a TAC to blood time-activity data (de- 
rived by dynamic imaging or radio-assay of serial blood 
samples) the software optimizes the model parameters 
defined above in order to minimize the summed χ2 be 
tween the model fit and the measured data on a voxel by 
voxel basis. The Levenberg-Marquardt algorithm is used 
for the optimization. The results are generated as a set of 
voxel-by-voxel parameter maps. 

2.6. Regions of Interest Definition for Arterial  
Input Function 

The artery was contoured using a summed image of the 
first minute of acquisition post injection (Figure 2). To 
define the contours for tumor regions, the last 10 minutes 
of the acquisition (120 min post-injection) was used. 
Since 18F-FMISO targets hypoxic tissues, there is no 
clear contrast between normoxic tissues in tumor and 
surrounding normal tissue in 18F-FMISO PET images, 
thus regions of higher uptake in the late-time images 
were contoured as they were assumed to correspond to 

hypoxic foci. In addition, a much larger box containing 
the hypoxic foci in the 3D-image was also extracted as 
the volumes of interest (VOIs). These regions were then 
copied to the individual image time frames in order to 
generate the TAC data. Compartmental modeling was 
then applied to all voxels within an ROI corresponding to 
the whole tumor for each animal constrained within the 
physiological boundary conditions. The goodness of fit 
was evaluated using the χ2 test. 

3. Results and Discussions 

3.1. Validation of BioGuide  Software 

The precision and accuracy for BioGuide software 
which implements the irreversible one-plasma two-tissue 
compartmental model on simulated dynamic PET scans 
for hypoxic and normal tissue regions were validated to 
provide “ground truth” k1, k2 and k3 parameter constants 
and tissue activity curves i.e. input function. The initial 
dynamic dataset was produced without noise to deter- 
mine the accuracy of parameter estimation. The addition 
of Gaussian noise to this data was used to test the preci- 
sion of BioGuide under realistic PET noise levels. 
Furthermore, the impact of the sharpness, amplitude and 
bias of the arterial input function peak on the kinetic pa- 
rameter estimation was also studied. 

This study (Wang et al. [31]) showed that at a 15% ima- 
ge noise level, the standard deviation in the voxel based 
18F-FMISO-trapping rate constant k3 was 13.5%, but only 
about 5% for the influx rate constant Ki. The peak-to-tail 
affect the estimation precision of k3 and Ki. Simulation of 
high (18:1) and low (4.5:1) peak-to-tail input function  
 

 

Figure 2. A sagittal microPET image of an animal summed 
over the first minute post injection with 18F-FMISO. The 
hottest voxels, corresponding to linear structure within the 
circle is the artery. The arterial TAC derived from the 
counts within this region serves as the reference input of 
compartmental modeling. 
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resulted in a change in the percent standard deviation from 
9% to 20% for k3. The error for the more robust parame- 
ter Ki increased from 6% to 9% between the high and low 
peaked input functions. 

3.2. Tissue Activity Concentration Profiles and  
Parametric Maps of Tumor Hypoxia 

A good arterial TAC, Cp(t), is characterized by a sharp 
bolus injection peak followed by rapid wash out clea- 
rance. The TAC, Cobs(t), for an intra-tumor region of high 
“late” uptake, presumably corresponding to an hypoxic 
focus, is characterized by an initial rapid uptake over the 
several minutes followed by a more gradual but pro- 
gressive accumulation. In contrast, normoxic tumor areas 
exhibit an initial rapid uptake corresponding to the initial 
arterial bolus and diffusion into well-perfused tissue 
followed by a gradual clearance. Sample TACs corre- 
sponding to artery and a hypoxic tumor area are dis- 
played in Figures 3(a) and (b). 

By optimizing the model parameters k1, k2, k3 and β, 
BioGuide™ fits the model to the observed TAC, Cobs(t), 
resulting in voxelwise k3 and Ki maps. These maps may 
be displayed as parametric images in which each pixel or 
voxel intensity represents the magnitude of the respective 
rate constant. This analysis was conducted for 4 micro- 
PET tumor slices, selected from the regions of highest 
18F-FMISO uptake, for 7 tumor bearing rats. 

Images resulting from the analysis of the first rat 
(ID#1) are shown in Figure 4. This figure contains 4 
different panels of the same transaxial image plane: 1) 
the reconstructed microPET™ image of 18F-FMISO at 1 
minute post-injection; 2) the reconstructed microPET™ 
image at 3 hour post injection; 3) the k3 parametric ima- 
ge depicting the rate tracer entrapment; and 4) the para- 
metric image of the flux parameter Ki. 

The microPET™ 3-hour post injection image (deemed 
to represent tumor hypoxia) is complementary to the 1- 
minute post-injection image which depicts initial 18F-  
FMISO transport into tissue from the vasculature. Both 
k3 and in particular Ki correspond closely with the distri-
bution of 18F-FMISO in the late 3-hour image for this 
particular animal tumor. Thus for this tumor, the late 
18F-FMISO image provides a good representation of the 
location of tumor hypoxia relative to the model based 
parameters k3 and Ki. This is further analyzed in the form 
of scatter plots (Figure 5) in which the late-time pixel 
intensity is plotted on the originate verse the estimated k3 
and Ki value plotted on the abscissa. Voxel intensities of 
the late-time image correlate well to both Ki and k3 with a 
Pearson correlation coefficient rp(k3) = 0.960 and rp(Ki) = 
0.971. The Pearson correlation coefficients are above 0.9 
for all 4 tumor-slices analyzed (Table 1). 

For the second tumor bearing rat (ID#2), there was 
also close agreement between the late microPET™ ima- 

ges of 18F-FMISO distribution with rp(k3) and rp(Ki) > 0.9 
for all central tumor slices. For this tumor the hottest k3 
and Ki voxel intensities corresponded to the 18F-FMISO 
voxels of highest signal. 

Figure 6 shows a corresponding 4 panel image display 
for tumor for rat (ID#3) to that shown in Figure 4 for rat 
(ID#1). For this tumor neither of the parametric images 
of Ki nor k3 is similar to the late 3-hour post-injection 
microPET™ image. In this case, the rate of tracer en- 
trapment determined from the compartmental model is 
lower, suggestive of a lower level of hypoxia. The ap- 
pearance of the voxel-wise scatter plots between the pa- 
rametric rate parameters k3 and Ki and the late time point 
18F-FMISO microPET™ image intensities for this tumor 
are shown in Figure 7. This scatter plot contains a 
broader dispersion of the data and poorer correlation co- 
efficients ranging for rp(k3) from 0.507 to 0.714 and for 
rp(Ki) from 0.732 to 0.875 (Table 1). The study of the  

 

 
(a) 

 
(b) 

Figure 3. (a) A typical TAC for an ROI drawn over an 
artery (input function); (b) A typical TAC for an expected 
presumably hypoxic tumor region. 
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(a) 

 
(b) 

 
(c) 

 

 
(d) 

Figure 4. A transaxial image plane through the tumor for a 
selected case showing agreement between late time 18F- 
FMISO image and parametric images. (a) The one-minute 
data of post injection; (b) The last 10-minutes imaging ac- 
quired at 3-hour post-injection (representing the late imag- 
ing time point); (c) The k3 parametric map; and (d) The Ki 
parametric map. The integer values on the abscissa and 
ordinate represent the voxel location and the intensity scale 
bars are in units of Bq/ml ((a) and (b)) and s−1 ((c) and (d)). 
 
TAC for tumor voxels corresponding to high image in- 
tensity on the late microPET™ images, but with low k3 
and Ki values, suggests a clearance profile consistent  

 

Figure 5. Scatter plots for 3-hour post injection image voxel 
intensity versus k3 and Ki, respectively, for the same tumor 
section shown as in Figure 4. 
 
with regions of initial high blood pool activity. 

The tumor from rat #4 and #5 also display discordance 
between the parametric images of tumor hypoxia and the 
late 18F-FMISO images. Similar to tumor #3, both result 
in residual regions of high 18F-FMISO uptake on the late 
microPET™ images which do not appear on the k3 and Ki 
parametric maps. Tumors #6 showed closer agreement 
between the parametric k3 and Ki images and the late 
18F-FMISO microPET™ images. Tumor #7 exhibited 
close agreement between the late images and k3 but with 
a less good correlation with Ki. 

The data for all 7 tumors is summarized in Table 1. 
The mean values of Ki (columns 4) and k3 (column 5) are 
presented for the tumor ROIs for 4 selected contiguous 
tumor slices. The Pearson correlation coefficients (rp1 
and rp2) between the calculated voxel based estimates for 
Ki and k3 versus the late 18F-FMISO microPET™ image 
intensity for the corresponding voxels are given in colu- 
mns 6 and 7. In columns 8 and 9, the coefficient of varia- 
tion of Ki and k3 are provided for each of the tumor ROIs 
(again for 4 tumor slices). In the final tenth column, the 
coefficient of variation is given for the intensities from 
the late microPET™ image within the defined tumor 
ROI. One final observation is that the coefficientof va- 
riation for the microPET™ image data is smaller than for 
the derived parametric images and for some of the tumor 
considerably smaller. 

In summary, 4 of the 7 tumors resulted in spatial agre- 
ement between the late 18F-FMISO PET images and the 
derived parametric maps of k3 and Ki, and 3 showed a  
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 (a) 

 
(b) 

 
(c) 

  
(d) 

Figure 6. A transaxial image plane through the tumor for a 
selected case in which there is disagreement between late 
time 18F-FMISO image and parametric images. (a) The 
one-minute data of post injection; (b) The last 10-minutes 
imaging acquired at 2-hour post-injection (representing the 
late imaging time point); (c) The k3 parametric map; and (d) 
The Ki parametric map. 

 

Figure 7. Scatter plots for 2-hour post injection image ver- 
sus k3 and Ki respectively, for the same tumor section shown 
as Figure 6. 
 
mismatch between the late 18F-FMISO PET images and 
the parametric images of k3 and Ki. In the animal studies, 
only those tumors that exhibit the highest k3 and Ki valu- 
es result in the closest agreement with the late 18F-FMI- 
SO PET images. For tumors with a smaller hypoxia frac-
tion (higher blood flow) exhibiting a longer residual 
blood pool activity, there are distinctive mismatch be- 
tween late 18F-FMISO PET image and Ki/k3 maps in 
animal tumor models. 

4. Conclusions 

This study contrasted early and late post-injection 18F- 
FMISO microPET images with k3 and Ki parametric 
maps that define 18F-FMISO trapping rates in tumors as 
derived by compartmental modeling using the BioGuide™ 
software package (Philips Healthcare). This study showed 
a difference in regions of marked hypoxic between com- 
partmental modeling and late post-injection images eva- 
luation. This difference is a potential short-coming of the 
reliability of late time point imaging of 18F-FMISO for 
the determination of tumor hypoxia. Our confidence in 
the parametric image data, in spite of the high noise pre- 
sent in these images as reflected by the greater standard 
deviation of Table 1, arises from a study of the tumor 
time activity curves, which exhibit variable clearance 
slopes. Some regions of high activity on the late 18F- 
FMISO imaging scans appear to represent characteristic 
blood clearance curves. 

A recent study by Bartlett et al. [32] showed an im- 
pr ved correspondence betwe n parametric k3 values and  o e  
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Table 1. Compartmental modeling results for all 7 animals. For each animal, the 4 slices with the highest 18F-FMISO activity 

i 3 p1 i p2 3 i 3 T) 

were chosen for analysis. Column 1 contains the Rat ID#, column 2 is the number of frame durations (time bins) used for the 
compartmental analysis and column 3 is the microPET slice number for each tumor. In the table, (Ki) and (k3) are the 
standard deviation of Ki and k3, for the tumor ROI on 4 contiguous slices; rp1 and rp2 are the Pearson correlation coefficients 
between the voxel-based late 18F-FMISO microPET image intensity and either the corresponding Ki or k3 parametric image 
map. The final three columns represent the calculated coefficients of variation for Ki, k3, and the late microPET image. 

Rat 
No. of frames Slice ID (K ) (×10−2) (k ) (×10−2) r PET-K  r PET-k  / (K ) / (k ) / (PEID 

1 64 1 1.55 2.12 0.958 0.959 0.66 0.71 0.53 

  2 2.09 3.42 0.953 0.959 0.59 0.62 0.60 

  3 2.11 3.69 0.955 0.962 0.61 0.65 0.60 

  4 2.30 3.32 0.964 0.953 0.72 0.74 0.62 

2 6  

3  

4  

4  

3  

4  

4 5 2.18 3.47 0.917 0.753 0.68 0.53 0.72 

  6 2.20 3.57 0.918 0.801 0.75 0.64 0.81 

  7 2.23 3.55 0.910 0.835 0.76 0.65 0.81 

  8 2.28 3.88 0.910 0.807 0.83 0.72 0.87 

3 7 9 0.81 1.32 0.732 0.507 1.77 1.67 0.61 

  10 1.01 1.59 0.875 0.714 1.10 1.10 0.66 

  11 1.09 1.78 0.883 0.709 1.16 1.18 0.70 

  12 1.03 1.66 0.897 0.695 1.17 1.03 0.75 

4 2 13 0.17 0.36 0.698 0.340 0.64 0.78 0.34 

  14 0.17 0.41 0.751 0.256 0.59 0.76 0.42 

  15 0.18 0.43 0.726 0.317 0.61 0.78 0.42 

  16 0.16 0.33 0.713 0.353 0.58 0.76 0.34 

5 1 17 0.85 3.93 0.777 0.576 0.92 1.06 0.49 

  18 0.63 2.70 0.487 0.211 0.97 1.30 0.49 

  19 0.64 2.78 0.484 0.175 0.99 1.33 0.49 

  20 0.54 2.36 0.449 0.204 1.30 1.84 0.55 

6 7 21 1.04 4.62 0.807 0.821 0.63 0.83 0.52 

  21 1.44 4.66 0.719 0.841 1.10 0.88 0.56 

  23 1.46 3.77 0.688 0.704 1.03 1.03 0.45 

  24 2.10 4.62 0.681 0.738 0.92 0.93 0.47 

7 6 25 4.27 3.66 0.524 0.935 0.78 0.61 0.57 

  26 3.59 3.07 0.416 0.938 0.92 0.78 0.57 

  27 3.21 4.84 0.122 0.917 0.73 0.76 0.54 

  28 2.38 2.12 0.497 0.898 1.18 1.15 0.62 

 
irect PO2 measurements rather than late 18F-FMISO 

ion of this study is that “late” time 

point imaging should be as late as possible post injection 
co

d
PET image voxel intensities, which provides further sup- 
port of the significance of parametric hypoxia maps 
derived from compartmental analysis relative to single 
time point imaging. 

A further conclus

nsistent with statistically adequate counts for a PET 
image i.e. 3 hours is definitely to be preferred vis-à-vis 2 
hours. This is based on the observation that the two rats 
imaged out to 3 hour (ID #1 and #2) demonstrated the 
best agreement with the parametric hypoxia image map. 
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However, visualization of the TAC for the respective re- 
gions suggest that also the 2 hour data would have ex- 
hibited consistency with the parametric images.  
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