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In tumor response monitoring studies with '8F-FDG PET, max-
imum standardized uptake value (SUV,,ax) is commonly applied
as a quantitative metric. Although it has several advantages due
to its simplicity of determination, concerns about the influence
of image noise on single-pixel SUV o« persist. In this study, we
measured aspects of bias and reproducibility associated with
SUVmax and the closely related peak SUV (SUVeqx) Using real
patient data to provide a realistic noise context. Methods: List-
mode 3-dimensional PET data were acquired for 15 min over
a single bed position in twenty '8F-FDG oncology patients. For
each patient, data were sorted so as to form 2 sets of images:
respiration-gated images such that each image had statistical
quality comparable to a 3 min/bed position scan, and 5 statis-
tically independent (ungated) images of different durations (1, 2,
3, 4, and 5 min). Tumor SUVnax and SUVea (12-mm-diameter
spheric region of interest positioned so as to maximize the
enclosed average) were analyzed in terms of reproducibility
and bias. The component of reproducibility due to statistical
noise (independent of physiologic and other variables) was mea-
sured using paired SUVs from 2 comparable respiration-gated
images. Bias was measured as a function of scan duration.
Results: Replicate tumor SUV measurements had a within-patient
SD of 5.6% = 0.9% for SUVmax and 2.5% = 0.4% for SUVpeax.
SUVnmax had average positive biases of 30%, 18%, 12%, 4%, and
5% for the 1-, 2-, 3, 4-, and 5-min images, respectively. SUVeax
was also biased but to a lesser extent: 11%, 8%, 5%, 1%, and 4%
for the 1-, 2-, 3-, 4-, and 5-min images, respectively. Conclusion:
The advantages of SUV 4« are best exploited when PET images
have a high statistical quality. For images with noise properties
typically associated with clinical whole-body studies, SUVeax
provides a slightly more robust alternative for assessing the most
metabolically active region of tumor.
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Standardized uptake value (SUV) analysis (/,2) of 8F-
FDG PET images is increasingly applied as a practical and
effective method to characterize lesions and monitor response
to therapy (3,4). SUVs have been used in PET for more than
20y (5), but although significant efforts have been made to
ensure more consistent patient preparation and data acquisi-
tion (6,7), there remain some differences in the practical im-
plementation of the technique (8). One such area is the method
of image analysis and, specifically, the influence of region-of-
interest (ROI) definition (9—11).

A range of different ROI methods has been reported for
SUV determination, including manual definition of tumor
boundaries (/2), automated and semiautomated tumor seg-
mentation algorithms (/3), and fixed-size ROIs that sample
the tumor but do not attempt to conform to the precise tumor
outline (peak SUV [SUV .a]) (I4). Another method, which
has been widely adopted, involves determination of SUV
using the maximum pixel within the tumor (maximum SUV
[SUV, . (I5). SUV,,.« has several attractive features, in-
cluding the fact that it reflects the most metabolically active,
and possibly most clinically significant, part of a potentially
heterogeneous mass. SUV ., is also less susceptible to par-
tial-volume effects than are other, more extended, ROIs (/6).
SUVax can be determined without precise definition of the
tumor boundaries and thus has a significant practical advan-
tage. In addition, the maximum pixel value within a tumor
can easily be obtained with most existing commercial work-
stations, making SUV,,,., particularly convenient. A recent
review (/7) found that SUV,,,, was by far the most widely
used method of analyzing tumors in quantitative '®F-FDG
oncology studies, but despite this wide use, concern remains
regarding the vulnerability of single-pixel measurements to
image noise (/6).

SUV ax can usually be measured with high reproducibility
(18) when different readers review the same imaging study
(interobserver reproducibility). However, a measure of repro-
ducibility that is more relevant for the task of monitoring re-
sponse using multiple sequential imaging studies is interstudy
reproducibility. Replicate studies performed on the same
patient within a short period using identical technique often
show poorer interstudy reproducibility for SUV .« than do
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SUVs based on the mean within larger ROIs (/0,19). This
quality can be attributed to the single-pixel nature of SUV ..
There is little volume averaging, making SUV,,,,, more vul-
nerable to statistical noise in the image data. In addition, com-
puter simulation (9) has shown that SUV .« is associated with
an increasing positive bias as image noise increases. Use of an
SUV index with poor interstudy reproducibility limits the abil-
ity to reliably quantify real changes in tumor metabolism. Addi-
tionally, noise-dependent bias presents a potential problem for
the standardization of data collection in multicenter trials be-
cause the statistical quality of PET images varies considerably
among sites, and data from different centers may not be directly
comparable.

Recent work (20) has suggested that tumor SUVs are
consistent over a range of noise levels, allowing scope for
lower administered activities during follow-up PET studies.
Although the intention to reduce patient radiation exposure
is worthy, the detrimental effect of a loss of statistical im-
age quality has also been noted (27). In the present study,
we focused specifically on these noise issues, with partic-
ular reference to the SUV,,,, and SUV ., metrics because
they may be particularly sensitive to image statistical qual-
ity. Although SUV .« is known to be more vulnerable to
noise than SUVs based on larger ROIs, the significance of
this issue in the context of numerous other sources of var-
iability and bias has not been established. Some investiga-
tors have found that the reproducibility of SUV ., was
broadly similar to SUV metrics based on larger ROIs (22)
or that reproducibility of SUV,,,x was only modestly worse
(23). In the former report, data were acquired in a multicen-
ter setting and the influence of different ROI methodologies
may have been obscured by other effects. In the latter re-
port, a series of phantom experiments was performed that
provided valuable insight but may not have fully reflected
the noise properties associated with clinical images. In the
current paper, we measure aspects of bias and reproducibil-
ity for both SUV 5 and SUV ¢, using real patient data to
provide a realistic noise context.

MATERIALS AND METHODS

Data Acquisition

A Discovery VCT (RX) (24) PET/CT system (GE Healthcare) was
used to acquire image data for 20 patients with known or suspected
malignancies in the chest or abdomen (lung, n = 6; liver, n = 7;

A B

FIGURE 1. Example images from repre-
sentative patient study showing how respi-
ration-gated images were used to obtain
statistically independent SUV estimates for
assessment of reproducibility. Panels A, B, .
C, D, and E show images derived from re-
spiratory gates 1, 2, 3, 4, and 5, respec- Gate 1

tively. Red arrow in A indicates target Slice 11

lesion. Slice that contained SUV.x is indi- GUnis =247 gimL
cated below images in panels A-E and, as

SUVpy = 21.7 gimL

pancreas, n = 7). Patients (mean weight = SD, 74 = 14 kg) were
prepared according to a standard oncology protocol, and whole-
body PET/CT data were acquired approximately 1 h after admin-
istration of 624 * 83 MBq of '®F-FDG. After completion of the
whole-body study, additional image data were acquired over the
tumor site using a single PET bed position (15 cm in the axial
direction). These localized PET data were acquired in list mode,
and an external camera system (Varian Medical Systems) was
used to monitor respiratory motion. The list-mode PET data were
acquired without septa for 15 min, starting 147 % 37 min after
injection. CT data were acquired over the same scan range using
the following parameters: 64-slice multichannel CT, 120 kVp, ap-
proximately 150 mA, 0.5-s tube rotation, and pitch of 0.984. In-
stitutional review board approval was obtained for a retrospective
analysis of these single-bed-position data.

Phase-based respiration-gated PET images were reconstructed
using a total of 5 gates over the respiratory cycle. PET images were
reconstructed according to our current clinical oncology protocol,
which involves 3-dimensional ordered-subset expectation maximi-
zation, 2 iterations, 21 subsets, a gaussian filter of 3 mm in full width
at half maximum, model-based scatter correction (25), and CT-based
attenuation correction (26). The standard 128 x 128 image matrix
(4.7 x 4.7 x 3.3 mm voxel size) and a separate 256 x 256 (2.3 x 2.3 x
3.3 mm voxel size) matrix were used. As well as the respiratory-
gated images, the 15-min list-mode data were sorted so as to form
multiple (ungated) images of different statistical quality. Five sino-
grams of different durations (1, 2, 3, 4, and 5 min) were formed,
along with an additional, summed, 15-min sinogram. The data were
sorted in the following order (ignoring the respiratory triggers): 01,
1-3, 3-6, 6-10, 10-15, and 0—15 min. The first 5 frames were thus
statistically independent, whereas the last 15-min dataset included all
data and formed a low-noise reference. Images were reconstructed
using the technique described above and a 128 x 128 image matrix.

Reproducibility

Test—retest studies (10,19,27-30) allow assessment of the overall
interstudy reproducibility of the SUV technique, which includes
numerous physiologic and methodologic sources of variability. To
isolate the contribution of only statistical noise, we analyzed pairs
of images extracted from the same respiration-gated image series.
For each patient study, images from gates 3 and 4 were extracted
from the respiration-gated series. Selection of these data was based
on a visual assessment that these gates captured the tumors in ap-
proximately the same position (Fig. 1). Each image was effectively
acquired for one fifth of the total acquisition time (1/5 X 15 min =
3 min) and thus had a statistical quality that was representative of
typical whole-body protocols (3 min/bed position). Furthermore, be-
cause of the nature of the gated acquisition, any 2 images from the

. . . .
. . . .
Gate 2 Gate 3 Gate 4 Gate 5
Slice 12 Slice 13 Slice 13 Slice 12

SUVpey = 23.4 g/mL SUVp = 24.4 g/mL SUVpnae = 23.0 g/mL

expected, occurred in slightly different slices for each gate. Gates 3 and 4 reflected similar degrees of respiratory motion and were used to obtain
2 statistically independent SUV measurements. Main images are shown in same linear color scale, which was arbitrarily limited to a 0-8 g/mL
range. Inset images are enlarged versions of target lesion, displayed in expanded color scale (0-22 g/mL), with maximum pixel highlighted in red.
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respiration-gated series were acquired over essentially the same
period. Therefore, problems associated with tracer redistribution
and radioactive decay were avoided. A quantitative assessment of
the extent to which tumor SUVs derived from these 2 images were
comparable and an estimate of their variability was determined in the
following way.

SUV.x Was measured for the target lesion in both images ex-
tracted from each patient’s respiratory series. A large, spheric ROI
was defined so as to encapsulate the entire tumor, and SUV,,,,x was
determined (PMOD Technologies Ltd.). In addition to generating
SUV data using the maximum pixel value (SUV,,,,), we also used
the SUV,,cox methodology. SUV .. was determined by averaging
the image data within a 12-mm-diameter spheric ROI (strictly
volume of interest) that was positioned within the tumor so as
to maximize the enclosed average. In general, this ROI included
the maximum pixel but was not constrained to do so. This analysis
was performed separately for the PET images reconstructed with
128 x 128 and 256 x 256 image matrices. In this way, the com-
ponent of SUV reproducibility that can be attributed to statistical
noise was estimated under 4 conditions: SUV .y, 128 X 128 image
matrix; SUV .y, 256 X 256 image matrix; SUV e, 128 X 128
image matrix; and SUV e, 256 X 256 image matrix.

For each of these 4 reconstruction and analysis conditions, the
difference between corresponding SUV measurements was recorded
for each patient and reproducibility was assessed using the Bland—
Altman approach (37). To reflect the way that SUVs are commonly
used in response-monitoring studies, we selected 1 measurement as
the baseline and present the difference between the 2 measurements
as a percentage of this baseline value. The relative difference d is
thus defined as

_ SUVGute 4 = SUVGate 3

d
SUVGate 3

x 100, Eq. 1

where the SUV subscripts, in this case, denote the respiration-gated
images from which the SUVs were determined. Reproducibility
(strictly, repeatability, but we retain the word reproducibility for
compatibility with previous reports) was quantified using 3 related
metrics. The within-patient SD was the SD of d over all patients
divided by +/2 and reflects variability in a single measurement.
The coefficient of repeatability was defined as 1.96 x+/2 X within-
patient SD and reflects the 95% limits of agreement that can be
expected for the difference between 2 repeated measurements. For
comparison with some previous reports, we also quote the mean ab-
solute percentage difference, which is the absolute value of d averaged
over all patients.

Bias

SUV bias was determined as a function of image statistical quality
using the ungated images of different durations (1, 2, 3, 4, 5, and
15 min). For each image, both SUV ,, and SUV ., were deter-
mined using the ROI methods described above. In addition, a third
SUV measurement was made using a large, 36-mm-diameter, spheric
ROI centered on the tumor. In this case, SUV ., Was determined
using the average of the pixels encompassed by this ROI. Whereas
the 2 smaller ROIs may be vulnerable to image noise, these effects
were expected to be substantially suppressed by volume averaging
with the 36-mm ROL. The purpose of this large ROI was to serve as
a quality assurance tool to confirm that bias seen with the smaller
ROIs was due to statistical effects associated with image sampling
and not systematic bias in the underlying image data. To account
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for variations in the absolute magnitude of the tumor SUVs between
the different patients, the SUVs determined from the low-noise 15-min
data were used to normalize each of the corresponding SUVs from the
shorter-scan-duration images. Mean bias was then estimated for each
ROI method by averaging the normalized SUV data from all patients
at each scan duration.

RESULTS

Reproducibility

Two patient studies were excluded from the reproducibi-
lity analysis, one because the respiratory gating failed and
the other because the tumor was not evaluable because of
low tracer uptake (SUV a4, 1.8 g/mL; SUV ey, 1.2 g/mL).
Mean SUV ., for all tumors was 9.1 £ 6.3 g/mL for re-
spiratory gate 3 and 9.0 = 6.3 g/mL for respiratory gate 4,
using the 128 x 128 images. For the 256 x 256 images,
mean SUV ., was 9.3 * 6.2 g/mL and 9.3 = 6.5 g/mL for
gates 3 and 4, respectively. Mean SUV ¢, was 6.9 * 4.8 g/mL
for respiratory gate 3 and 6.8 = 4.9 g/mL for respiratory gate
4, using the 128 x 128 images. For the 256 x 256 images,
mean SUV e was 6.8 = 4.6 g/mL and 6.7 = 4.7 g/mL for
gates 3 and 4, respectively. In each case, paired 7 tests indicated
no statistically significant differences (P > 0.23) between
the SUV measurements obtained from the 2 respiration-
gated images, supporting our use of these data as statisti-
cally independent replicates. Reproducibility of the tumor
SUV measurements is shown in Figure 2 for the various cases
considered. Table 1 quantifies the mean absolute percentage
difference, the within-patient SD, and the repeatability, which
is approximately equal to the 95% limits of agreement indi-
cated in Figure 2. Within-patient SD of SUV ., was 5.6% =
0.9% for the 128 x 128 image matrices and 6.5% = 1.1% for
the 256 x 256 image matrices. Compared with SUV ..,
SUV,cak gave rise to improved within-patient SD: 2.5% =
0.4% for the 128 x 128 image matrices and 2.4% = 0.4% for
the 256 x 256 image matrices.

Bias

Figure 3 shows the effect of decreasing scan duration
(degrading image statistical quality) on tumor SUV mea-
surements. Relative to the low-noise 15-min images, SUV .«
was on average biased by factors of 1.30, 1.18, 1.12, 1.04,
and 1.05 for the 1-, 2-, 3-, 4-, and 5-min images, respectively.
Expressed as percentages, SUV,,,x had positive biases of
30%, 18%, 12%, 4%, and 5%, whereas SUV e, Was also
biased but to a lesser extent: 11%, 8%, 5%, 1%, and 4% for
the 1-, 2-, 3-, 4-, and 5-min images, respectively. The differ-
ence between the bias for SUVy,,x and SUV e, was signif-
icant for the 1-, 2-, 3-, and 4-min images (paired ¢ test, P <
0.001) but was not significant for the 5-min images (P =
0.19). In individual patient studies, the bias observed with
SUVax and SUV ¢, could be substantially higher than the
average. The SD of the bias was 26%, 14%, 8%, 6%, and 9%
with SUV .« and 16%, 12%, 7%, 3%, and 8% with SUV peqy
for the 1-, 2-, 3-, 4-, and 5-min images, respectively. Average
bias was lower with SUV ¢, obtained from the 36-mm ROI
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(3%, 3%, 2%, 0%, and 0%, respectively) and was not sig-
nificantly different from zero (single-sample ¢ test, P > 0.05).

DISCUSSION

The statistical limitations of SUV, and in particular SUV s,
have been appreciated for some time (9). However, recent
interest in the role of PET for monitoring tumor response to
treatment has generated renewed interest in the topic (32),
partly because the reproducibility of the method imposes
a minimum change in SUV that is required to indicate a sta-
tistically significant change in the tumor. Overall SUV repro-
ducibility includes components due to biologic and protocol
issues, but much recent work (23,33,34) has focused on the
instrument and analysis components of reproducibility. These
studies used phantom experiments that approximated the noise
environment encountered in clinical imaging and assessed
bias and reproducibility in single-center and multicenter
settings. The data presented in the current paper augment these
studies by measuring aspects of reproducibility and bias in real
patient images, thus accurately reflecting the statistical quality
that is encountered in the clinical environment. Because the
numerous factors that influence image statistical quality, and

their variability between patients, are hard to accurately cap-
ture with current phantom designs, the use of real patient
data in the present study is significant.

In this study, we found the within-patient SD for tumor
SUVhax to be 5.6% = 0.9% under conditions typical of
whole-body oncology protocols. Comparing this value with
previously published data for the overall reproducibility of
SUV hax is slightly complicated by the use of different met-
rics, but despite this complication, the literature is quite con-
sistent. The mean absolute percentage difference between
successive SUV .« measurements has been reported by 3
studies to be 11.3% = 8.0% (29), 13% = 12% (10), and
16.1% = 10.5% (35). The higher value in the last study
may be due to the fact that the measurements were made on
2 different scanner systems: one PET/CT and the other PET
only. Because the mean absolute percentage difference approxi-
mates the within-patient SD (Table 1), these data are in good
agreement with 2 other publications, which quoted 11%-12%
(22) and 11.8% (within-patient SD, 16.7%//2 = 11.8%) (30).
Direct comparison of these data with those of Nahmias and
Wahl (79) is not possible because their results are presented in
absolute SUV units, as opposed to a relative change. However,

TABLE 1
Reproducibility of Tumor SUV Measurements (n = 18) for 4 Combinations of ROI Definition and Image Matrix Size

Combination Mean absolute difference (%) Within-patient SD (%) Repeatability (%)
SUVax, 128 x 128 6.1 £ 52 5.6 = 0.9 15.6 + 2.6
SUV nax, 256 x 256 6.6 + 6.2 6.5 = 1.1 18.0 = 3.0
SUVpear, 128 x 128 33+23 25+ 0.4 7.0 +1.2
SUVpeak, 256 x 256 27 *+22 24 +04 6.6 = 1.1
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their 95% confidence intervals of £2.23 SUV units (within-
patient SD, 2.23/2.77 = 0.80) and a mean SUV,,,, of ap-
proximately 8 SUV units indicate reproducibility results that
are consistent with the previously mentioned publications.
The within-patient SD of 5.6% = 0.9% for tumor SUV .«
measured in the present study is lower than the literature
values because the reports mentioned above include variabi-
lity due to multiple sources, not simply image noise. These
factors include differences in patient preparation, plasma
glucose levels, and tracer uptake periods, as well as poten-
tially real changes in tumor metabolism between studies
performed on separate days. In addition, technical errors
related to such things as scanner calibration and clock syn-
chronization may also contribute. It is worth noting that for
SUV ax, the component of variability that can be attributed
to image noise accounts for approximately half the overall
variability. Image statistical quality is therefore not a negli-
gible consideration, at least when uptake measurements are
derived from single-pixel SUV ... Although the previously
reported values of 11%-13% for overall within-patient SD
may seem relatively low, they imply 95% limits of agree-
ment for the difference between repeated measurements of
around =30% (2.77 X 11% = 30%). In other words, re-
peated SUV ..« measurements that differ by up to 30% should
be expected simply from measurement error. The excellent
interobserver reproducibility that has been reported (/8) for
SUV hax should not be confused with the within-patient SD,
which better reflects the variability that is encountered in
response-monitoring studies involving sequential imaging.
SUV,cax provides a mechanism for improving reproduc-
ibility for SUV measurements of the most metabolically active
tumor region. The component of the overall within-patient SD
due to image noise was reduced from 5.6% * 0.9% with
SUVpmax t0 2.5% * 0.4% with SUV eqx (128 x 128 image
matrix). SUV e,y is by no means a new proposal, and its use
predates by many years the adoption of the term SUV,,, 4.
In this work, we have implemented SUV ¢, using a fixed-
size 12-mm-diameter spheric ROI (/7), positioned so as to
maximize the enclosed average. Compared with SUV .y,
larger bias due to the partial-volume effect is expected for
small tumors, and this is clearly a limitation of the SUV e,
approach. However, greater volume averaging with SUV ¢,
was seen to improve reproducibility and offers a slightly
more robust alternative to SUV .. Achieving this advan-
tage in clinical practice requires consistent placement of the
peak ROI, something that is not trivial if performed manu-
ally. Fortunately, the inclusion of automated SUV ¢, algo-
rithms in the software of many commercial vendors promises
to make this index more widely available and potentially as
convenient to use as SUV .. Another potential advantage of
SUVeak over SUV ., suggested by the data in Figure 2 and
Table 1 may be that the reproducibility of SUV ey is less
affected by changes in pixel size. If confirmed, this property
could have advantages for multicenter studies, in which images
from different sites are likely to have pixels of different sizes.
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In addition to limiting the reproducibility of SUV mea-
surements, image noise also has the potential to introduce
bias. Figure 3 provides clinical data confirming the poten-
tial for significant positive bias when the maximum pixel
value is used to characterize PET uptake measurements.
This trend is a consequence of the way SUV .., is defined.
In a region of uniform tracer accumulation, statistical noise
gives rise to a range of nonuniform pixel values. When one
is considering the mean within an extended ROI, these
pixels tend to average out, resulting in an unbiased estimate
of the underlying signal (not withstanding other sources of
error). SUV,..x, however, consistently takes the highest
pixel value and therefore tends to overestimate the under-
lying average. Figure 3A shows a mean positive bias for
SUVpax 0f 30% * 26% for 1-min acquisitions. SUV pe,y, in
contrast, was biased by only 11% * 16% for the same 1-min
images (Fig. 3B). Noise-dependent bias of SUV,,, has
been previously reported in relation to computer simulations
(9), experimental phantoms (20), and respiration-gated pa-
tient studies (36). Murray et al. (20) noted this bias effect in
phantom studies with a time-of-flight PET system but did not
observe it in their patient data. A possible explanation might
be that, although their phantom images were statistically in-
dependent, their patient images may not have been and a po-
tentially misleading correlation between SUVs may have
resulted.

We acknowledge several limitations in our present work.
The list-mode data were acquired 147 * 37 min after !8F-
FDG administration, and thus significant additional radio-
active decay of the tracer (additional decay factor, 0.58)
would be expected, compared with the more conventional
oncology start time of 60 min. Our protocol attempted to
compensate for this additional decay via the higher '3F-
FDG activities that were administered. To approximate a typi-
cal patient administration of 370 MBq, an activity of 638 MBq
would be required (370 MBg/0.58). In the present study, an
average of 624 = 83 MBq was administered, suggesting
that the effect of delayed scanning may have been adequa-
tely compensated. Another limitation of our protocol was the
use of nongated CT for attenuation correction of the respira-
tion-gated PET series. Ideally, the CT data would have been
gated in a similar way to the PET, allowing more accurate
attenuation correction. This approach was not adopted be-
cause of the increased patient radiation dose that would have
resulted. At least for the abdominal lesions, we believe that
this may not have been a major limitation, because although
respiratory motion can be significant in the abdomen, at-
tenuation differences between abdominal organs are small
and errors due to slightly misaligned CT are expected to
be minimal. A further limitation is the fact that we do not
present data for the various different tumor segmentation
algorithms that have been proposed. Although we recognize
this limitation, it was our intention to focus on SUV ,,, and
SUV,cax, because they are widely used metrics that may be
particularly vulnerable to image noise. Finally, the data
presented in this report are strictly applicable only to the
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scanner model and protocol that were used. Although sim-
ilar trends are expected on other scanner systems, the mag-
nitude of the effects may differ if different acquisition and
reconstruction protocols are used.

Although the issue of statistical noise and its effect on
SUV...x has been previously explored (9,10), the subject
bears reexamination in light of moves toward lower-activity
protocols (20) and shorter data acquisitions (37). Although
both developments are welcome in principle, the potential
for increased image noise should not be overlooked when
SUV ..« is to be used. Given the current interest in tumor
quantification and the fact that SUV .« has become the
quantitative metric of choice for many centers, additional
data on the influence of image noise in real patient studies
is timely. This report serves as a reminder of these statisti-
cal limitations and we hope will contribute to improved
accuracy and reproducibility of quantitative PET studies.

CONCLUSION

The advantages of SUV,,,« are best exploited when PET
images have a high statistical quality. For images with noise
properties typically associated with clinical whole-body
studies, SUV peqk provides a slightly more robust alternative
for assessing the most metabolically active region of tumor.
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