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Mutatis Mutandis: Harmonize the Standard!

Quantitative imaging is taking
a more prominent role in the clinical
arena as well as in research (1,2).
There is increased interest both from
the radiology and nuclear medicine
fields and from pharmaceutical com-
panies to use quantitative reads from
clinical images, such as for diagnosis/
stratification or treatment response
assessment (3–5). In fact, PET/CT
examinations are already used as im-
aging biomarkers. Staging based on
PET/CT examination may be used
to assess patient eligibility for trial
participation. Quantitative reads—
such as for tumor size or 18F-FDG or
18F-FLT uptake—may be used as a tool
for assessing prognostic factors and
treatment response as well (6).
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Any quantitative read from any type
of image data is affected by the quality
of the acquired images and the meth-
ods used to extract quantitative
measures from them. For example, 1-
dimensional, 2-dimensional, or volu-
metric tumor size measurements from
diagnostic CT images will differ nu-
merically by definition. Consequently,
when tumor size is used as a prognostic
factor or when changes in tumor size
are used to assess treatment response,
the thresholds applied (e.g., response
classification) need to be adapted or

recalibrated for the way quantitative
reads are generated.

Whole-body 18F-FDG and 18F-FLT
PET/CT studies are usually quantified
using standardized uptake values
(SUVs). SUVs may differ in the nor-
malization factor being used (e.g.,
body weight or lean body mass) or in
whether corrections for blood glucose
are applied (7). In all cases, SUVs are
derived from a PET study by first plac-
ing a 2-dimensional region of interest
(ROI) or 3-dimensional volume of in-
terest (VOI) in or around the tumor.
The most commonly derived SUVs
are maximum, peak, and mean SUV
(SUVmax, SUVpeak, and SUVmean, re-
spectively).

SUVmean is the average value within
a manually or automatically defined
VOI. At present, however, there is
not a widely available and accepted
automated VOI method allowing
SUVs to be obtained in a consistent
manner across sites (8). As a result,
SUVmax has become the standard in
many quantitative PET studies. SUVmax

is defined as the SUV derived from
a single voxel showing the highest up-
take across the tumor. SUVmax exhibits
several benefits. For example, it can be
fairly easily derived from a VOI encom-
passing the tumor and may therefore be
nearly free of observer variability. Sec-
ond, it may represent the metabolically
most active part of the tumor, which
could be considered the best index for
use as a prognostic or predictive factor.
Finally, it may suffer least from partial-
volume effects or patient motion, al-
though this depends strongly on the
tumor shape and tracer uptake hetero-
geneity. Mainly the ease of obtaining
SUVmax, as well as its being represen-
tative of the most active part of the tu-
mor, has made it one of the most
commonly used parameters. Yet, draw-
backs of using SUVmax arise from the
single-voxel VOI definition. This can

result in noise-induced upward bias
(9) and voxel sizes and thus VOI sizes
are different between various PET/CT
systems having different default image
reconstruction methods and settings.
These drawbacks of SUVmax have
resulted in the use of SUVpeak, as was
also suggested in the PET Response
Criteria in Solid Tumors (PERCIST)
(10). SUVpeak is defined as a circular
ROI or spheric VOI having a fixed, pre-
defined diameter. These ROIs and VOIs
can be centered on SUVmax or localized
such that SUVpeak is highest across all
locations within the tumor. SUVpeak

may be less sensitive to noise because
SUVpeak is based on the average value
within an ROI or VOI. Moreover, SUVs
are derived from an ROI or VOI having
the same size regardless of the PET/CT
system and reconstruction settings
being used. Finally, recently it was
shown that SUVpeak may be less sen-
sitive to variability in image character-
istics (resolution) than is SUVmax,
likely because of the inherent smooth-
ing that occurs when a fixed-size VOI
is used (11). A drawback is the non-
standardized use of various peak ROI/
VOI definitions or the lack of proper
peak ROI/VOI implementations in im-
age-viewing and analysis software.

The paper of Vanderhoek et al. (12)
in this issue of The Journal of Nu-
clear Medicine explores the impact
of SUVmax and SUVpeak definition
on the quantification of 18F-FLT up-
take and its change during treatment.
Vanderhoek et al. showed that 18F-
FLT SUVs derived with various ROI
or VOI definitions (SUVmax and sev-
eral SUVpeaks) can be substantially
different from one another. This ob-
servation by itself is not surprising, as
changing the size of the peak VOI
will change the average SUV by def-
inition. However, the authors showed
that by varying the peak VOI diame-
ter across the range seen in the liter-
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ature, SUV varied from 49% above to
46% below the mean SUV averaged
across all SUVpeaks. More impor-
tantly, it was found that the definition
of SUVpeak also affected observed
treatment responses derived using rel-
ative (percentage) SUV changes, even
when the same ROI or VOI method
was applied to all PET scans of the
same subject. That observation is of par-
ticular interest because it is generally
assumed that the procedures followed
to acquire PET images and the methods
applied to obtain SUV have a minor ef-
fect on observed relative SUV changes
(13,14). That assumption turned out to
be correct, on average; that is, the aver-
age tumor response seen across all
lesions and subjects was not signifi-
cantly affected by changing the SUVpeak

definition.
The observations in the paper of

Vanderhoek et al. may have several
implications. It is not always realized
that absolute, or baseline, SUVs are
being used in treatment response stud-
ies. For example, in trials, SUVs may
be used for assessing subject eligibil-
ity or for stratification. Recently, PER-
CIST (10) suggested using the 5
hottest lesions per scan as the set of
target lesions for response assessment.
SUV in these target lesions should also
exceed a minimal uptake threshold de-
fined, for example, as 1.5 · liver SUV
1 2 · liver SUV noise (as determined
by SUV SD within a VOI). This mini-
mal uptake threshold corresponds in
practice to an SUV of about 3.5–4.0.
Moreover, apart from a percentage
change in SUV, a minimal change of
0.8 SUV (normalized using lean body
mass) is considered. These absolute
thresholds or minimal uptake changes
are sensible and valid only for specific
definitions of SUVs. Although PER-
CIST applies to 18F-FDG PET, similar
criteria—minimal thresholds for target
lesion selection and a mixture of relative
and absolute changes for response clas-
sification—are likely needed for 18F-
FLT PET as well. The huge variability
from 246% to 149% in SUVpeak by
changing its definition, as observed by
Vanderhoek et al., illustrates that we can
no longer afford to just derive SUV

from PET scans in a nonharmonized
manner. This will obscure the definition
of any clinically useful threshold or re-
sponse classification from literature or
data that multicenter studies may provide.

When only relative or percentage
SUV changes are considered as an
index for treatment response or drug
efficacy between populations of sub-
jects, the specific definition of SUVpeak

seems less relevant. Vanderhoek et al.
showed that population differences in
responses or response classifications
using different SUVpeak definitions
were not statistically different. This ob-
servation is consistent with observa-
tions of Yap et al. (15). In fact, that
recent study demonstrated an extremely
high correlation and correspondence
between percentage SUV changes de-
rived using SUVmax and SUVpeak.
Although the study of Yap et al. con-
cerned only 18F-FDG, their obser-
vations seem to be valid for 18F-FLT
as well because a high correlation
between various SUV responses was
also seen in the study of Vanderhoek
et al. (12). Yet, Vanderhoek et al.
showed that in individual cases, 18F-
FLT SUV responses (relative changes)
could differ substantially depending on
the VOI definition being used. This
finding may have implications in, for
example, a crossover trial design in
which subjects may cross over to the
best-of-standard-care arm, such as
might happen when a patient treated
within an experimental arm experien-
ces metabolic progression. Second,
thresholds and criteria that have and
will be derived from data collected dur-
ing trials are and will be used clinically.
In that case, translation of trial-based
information and criteria into the clinic
would require the use of the same SUV
and VOI definitions. Moreover, we
need to derive the SUV definition that
provides the most robust and best pre-
dictive information that can be used in
practice for our patients, not only at
a group level but also in individual
cases. Studies that directly compare
use of these standardized SUV methods
in combination with proposed criteria
for response assessment (10,16) are
needed to address these issues.

Evolution comes from diversity, and
only those species that are best fitted
to their surroundings will survive.
PET/CT vendors and institutions oper-
ate in a competitive market and con-
sequently need to continuously enhance
and change their procedures and the
performance of their systems. Striving
to enhance image quality, image accu-
racy, and precision of PET quantifica-
tion is a shared goal, not only for PET/
CT vendors to survive but also for
academia and practitioners to obtain
the best results for their studies or best
care for their patients. However, how do
we assess accuracy and precision, and
how do we collect evidence to demon-
strate that improvements in accuracy
and precision result in clinical benefit
(evidence-based medicine)? One of the
requirements to solve this question is
the use of standards. As an example, we
can take the evolution of the standard
meter. Use of thumbs, feet, knots, etc.,
made it impossible to assess the size of
any object, although at that time also
there likely was a lot of debate about
which method was best. The nonstan-
dardized way of measuring length ham-
pered trade and the gain of scientific
knowledge, as data collected in one
institution or country could not be used
elsewhere. This had already been re-
alized more than 200 years ago, in
1795, when the first definition of the
standard meter was proposed. New,
more accurate and precise standard
meters were developed as technology
moved forward, with the latest standard
defined in 1983 (17). From the standard
meter example, we learn 2 things. First,
it is absolutely essential to have a stan-
dard for use as a reference in order to
further develop the field; that is, only by
performing measurements in a consis-
tent and calibrated manner across the
field can we move forward. It allows
comparison of other measures and
methods against the common standard
and direct linkage of results obtained in
different studies. Although we still use
various units for length (meters, inches,
miles), they can be directly converted
into one another, as they are all cali-
brated to the same standard. Likewise,
we can use different PET/CT systems,
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provided harmonization is in place.
Second, as technology improves as
a result of competitive markets,
standards will be enhanced as well,
just as the definition of the meter
evolved as well. In this way, we can
benefit from improvements in technol-
ogy while at the same time having
standards to collect clinical evidence
from and for our studies. Change or
possible future improvements in tech-
nology therefore cannot be used as an
excuse not to harmonize or standard-
ize our PET/CT procedures and
methodology but are required to dem-
onstrate the clinical benefits of these
improvements. Mutatis mutandis, the
evolution of technology should not be
held back, but standards will become
more accurate and precise over time
as well. The challenge here is to evolve
standards in a harmonized manner
along with technologic developments.
The need for harmonized PET/CT

study procedures and scanner perfor-
mance not only is realized by in-
dividual investigators but also is
acknowledged by various scientific
societies (13). Clinical validation of
quantitative 18F-FDG PET/CT by use
of standards is at this moment even
more important than achieving the
best possible image quality in individ-
ual cases (patients, scanners, institu-
tions). Harmonization and standards
are required for making PET/CT a val-
idated quantitative imaging biomarker
tool. The paper of Vanderhoek et al.

(12) demonstrates that harmonization
of our data analysis procedures in or-
der to harmonize results obtained with
our PET/CT studies is needed as well.
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