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PET/CT with the glucose analog '8F-FDG has several potential
applications for monitoring tumor response to therapy in patients
with non-small cell lung cancer (NSCLC). A prerequisite for many of
these applications is detailed knowledge of the repeatability of
quantitative parameters derived from '8F-FDG PET/CT studies.
Methods: The repeatability of the '8F-FDG signal was evaluated
in 2 prospective multicenter trials. Patients with advanced NSCLC
(tumor stage IlI-1V) underwent two 8F-FDG PET/CT studies while
not receiving therapy. Tumor '8F-FDG uptake was quantified by
measurement of the maximum standardized uptake value within a
lesion (SUVmax) and the average SUV within a small volume of in-
terest around the site of maximum uptake (SUVca). Analysis was
performed for the lesion in the chest with the highest 8F-FDG up-
take and a size of at least 2 cm (target lesion) as well as for up to 6
additional lesions per patient. Repeatability was assessed by Bland—
Altman plots and calculation of 95% repeatability coefficients (RCs)
of the log-transformed SUV differences. Results: Test-retest re-
peatability was assessed in 74 patients (34 from the ACRIN 6678
trial and 40 from the Merck MK-0646-008 trial). SUVpeac Was 11.57 £
7.89 g/mL for the ACRIN trial and 6.89 + 3.02 for the Merck trial. The
lower and upper RCs were -28% (95% confidence interval [Cl],
-35% to —23%) and +39% (95% ClI, 31% to 54%) in the ACRIN
trial, indicating that a decrease of SUVeax by more than 28% or an
increase by more than 39% has a probability of less than 2.5%. The
corresponding RCs from the Merck trial were =35% (95% Cl, -42%
to —29%) and +53% (95% Cl, 41% to 72%). Repeatability was similar
for SUVhax Of the target lesion, averaged SUV,,.x, and averaged
SUVeak Of Up to 6 lesions per patient. Conclusion: The variability
of repeated measurements of tumor 8F-FDG uptake in patients
with NSCLC is somewhat larger than previously reported in
smaller single-center studies but comparable to that of gastrointestinal
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malignancies in a previous multicenter trial. The variability of mea-
surements supports the definitions of tumor response according to
PET Response Criteria in Solid Tumors.
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Lung cancer continues to be the leading cause of cancer
deaths in the United States: more patients die of lung cancer than
of breast cancer, prostate cancer, colorectal cancer, and lymphoma
combined (/). Most patients present with advanced disease and un-
dergo palliative chemotherapy. However, only about one third of pa-
tients respond to chemotherapy (2). Novel targeted therapies directed
at the epidermal growth factor receptor do have higher tumor response
rates but only in small subgroups of patients with activating mutations
of the epidermal growth factor receptor kinase domain (3).

PET with the glucose analog '®F-FDG has shown encouraging
results for monitoring tumor response to treatment (4). Quantitative
changes in tumor '8F-FDG uptake a few weeks after the start of therapy
have been shown to correlate well with subsequent tumor shrinkage
and patient survival (4). Thus, '8F-FDG PET has the potential to im-
prove patient management by signaling the need for early therapeutic
changes in nonresponders, thereby avoiding the side effects and costs of
ineffective treatment. Analogously, early response biomarkers such as
8F.FDG PET could also accelerate oncologic drug development by
decreasing the length of time on trial per subject and reducing the
number of subjects required to demonstrate a statistically significant
difference between the arms of a randomized phase II trial (5).

Clinical use of '8F-FDG PET as a biomarker for tumor re-
sponse to therapy requires a high degree of test-retest reproduc-
ibility (repeatability). Six single-center studies have evaluated the
test—retest repeatability of quantitative parameters derived from '8F-
FDG PET (6-12). The coefficient of variation for changes in tumor
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TABLE 1
Physiologic and Imaging Parameters for Patients in ACRIN and Merck Trials

ACRIN (n = 34) Merck (n = 40)
Scan 1 Scan 2 Scan 1 Scan 2
Parameter Mean + SD  Median Range Mean + SD  Median Range Mean + SD Median Range Mean + SD Median Range

Age (y) 59.5 + 10.0 59.0 40.0-83.0 59.6 +11.2  61.0 29.0-83.0
Weight (kg) 75.5+17.6 74.7 45.5-112.7 579 +10.5 58.0 32.0-87.0
Glucose (mg/dL)  103.8 + 21.7 98.0 74.0-174.0 105.8+20.0 1020 73.0-151.0 98.4+159 95.0 76.0-149.0 97.4 +15.1 97.0 71.0-141.0
Activity (MBQq) 500 + 78 514 333-714 503 + 70 533 344-611 359 + 70 366 215-581 359 + 74 352 215-588

(13.5 £ 2.1) (13.9) (9.0-19.3)  (13.6+1.9) (14.4)  (9.3-16.5) (9.7 £ 1.9) 9.9 (5.8-15.7) (9.7 £ 2.0) 9.5) (5.8-15.9)
Uptake time (min)  61.9 £ 9.3 60.0 52.0-99.0 62.4 + 8.9 60.0 50.0-98.0 61.0+7.0 60.0 49.0-97.0 62.1+12.3 60.0 51.0-141.0

Data in parentheses are mCi.

I8F.FDG uptake was about 10%-15% when patients were scanned
twice within 2-3 wk. A larger variability was reported when the
baseline and follow-up scans were obtained on different scanners
3).

Velasquez et al. have reported the results of a multicenter trial
evaluating the repeatability of '3F-FDG PET in patients with met-
astatic cancers of the gastrointestinal tract (/4). A dual-center study
has also evaluated the repeatability of various quantitative indices
derived from '8F-FDG PET studies in patients with ovarian cancer
(11). However, similar data from multicenter studies are still needed
for non—small cell lung cancer (NSCLC). Therefore, repeatability
of tumor '3F-FDG uptake was assessed as part of a prospective
multicenter trial (ACRIN 6678, NCT00424138) conducted by the

American College of Radiology Imaging Network (ACRIN, now
part of the Eastern Cooperative Oncology Group [ECOG]-ACRIN
Cancer Research Group). In the present analysis, the data from
ACRIN 6678 were analyzed together with unpublished data from
a clinical trial performed by Merck & Co Inc. (MK-0646-008,
NCT00729742) that addressed the same question in a similar pa-
tient population. A prespecified objective of both trials was to cor-
relate changes in tumor '8F-FDG uptake during chemotherapy with
patient survival. In the Merck trial, characterizing the repeatability
of measurement was the primary objective, whereas in the ACRIN
trial, this was a secondary objective. Data on the correlation be-
tween tumor response to therapy on PET and patient outcomes will
be reported separately.

TABLE 2
Summary of PET Quantitative Measures

PET/CT 1 PET/CT 2 Pairwise difference (D) Log difference (d)
Parameter Average SD Average SD Average SD Average SD
Liver
SUVmean-A 2.24 0.46 2.16 0.43 -0.08 0.25 -0.035 0.12
SUVmean-M 2.09 0.32 2.04 0.37 -0.05 0.31 -0.030 0.15
SUVmean-P 2.15 0.39 2.09 0.40 -0.06 0.29 -0.032 0.13
Tumor
SUVax-A 14.93 10.05 14.46 10.15 -0.47 2.03 -0.038 0.16
SUVax-M 9.06 4.04 9.39 3.28 -0.26 1.69 -0.010 0.18
SUVax-P 11.62 7.81 11.72 7.67 -0.36 1.84 -0.023 0.17
SUVpeak-A 11.57 7.89 11.02 7.44 -0.56 1.66 -0.047 0.17
SUVpeak-M 6.89 3.02 7.32 2.66 0.00 1.44 0.021 0.22
SUVpear-P 8.93 6.10 9.02 5.68 -0.26 1.56 -0.010 0.20
aSUVmax-A 13.00 9.09 12.52 8.95 -0.48 1.86 -0.048 0.16
aSUVmax-M 7.30 2.93 7.64 2.45 -0.07 1.32 0.010 0.17
aSUVmax-P 9.78 6.95 9.88 6.74 -0.26 1.59 -0.017 0.16
aSUVpeak-A 9.86 7.53 9.37 712 -0.49 1.32 -0.044 0.15
aSUVpeak-M 5.34 2.09 5.65 1.83 0.03 1.03 0.026 0.19
aSUVpeak-P 7.31 5.64 7.36 5.31 -0.21 1.19 -0.006 0.17

Results of ACRIN trial are denoted with -A, those from Merck trial with -M, and those from pooled ACRIN and Merck data with -P.
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FIGURE 1. Bland-Altman plots showing repeatability of tumor '8F-
FDG uptake measured by SUV,e.« for most active target lesion (top)
or SUV,eax averaged for several lesions (@aSUVpeak, bottom). SUV unit is
g/mL. LRC = lower RC; URC = upper RC.

MATERIALS AND METHODS

The Merck and ACRIN trials both included patients aged 18 y or older
with locally advanced or metastatic stage III or IV NCSLC (/5). Other
inclusion criteria included a performance status of 0-2 on the ECOG scale
and the presence of measurable disease on CT according to the Response
Evaluation Criteria in Solid Tumors 1.0 (/6). For the ACRIN trial, this
was either the primary tumor or a metastatic lesion in the chest. Exclusion
criteria included previous chemotherapy within 2 wk of study entry, ra-
diotherapy or surgery of the chest within 3 mo before entering the study,
pregnancy, breastfeeding, and poorly controlled diabetes mellitus. The
ACRIN trial additionally excluded patients with postobstructive pneumo-
nia and patients with pure bronchioloalveolar carcinoma. The institutional
review board of each participating site approved the study, and all subjects
signed a written informed consent form.

PET/CT Imaging

To participate in the ACRIN trial, sites had to meet all of the criteria
described in the ACRIN PET Qualifying Application (www.acrin.org/
6678_protocol.aspx). Qualification included tests for correct PET/CT
scanner calibration as well as submission of test images to ACRIN.
The test images were reviewed by staff of the ACRIN imaging core
laboratory for quality control and compliance. Merck used a similar
process of site training and qualification that required phantom scans
to be submitted to an imaging contract research organization before first-
subject enrollment. PET/CT images were acquired in accordance with
guidelines of the National Cancer Institute (/7). The imaging procedure
is described in the Supplemental Methods section (supplemental materi-
als are available at http://jnm.snmjournals.org).

Image Analysis

Activity concentrations in the attenuation-corrected PET images
were converted to standardized uptake values (SUVs) normalized to patient
body weight. For analysis of test-retest repeatability, the intrathoracic
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lesion with a diameter of more than 2 cm on CT that showed the
highest '8F-FDG uptake on the baseline scan was studied (target lesion).
A user-defined volume of interest (VOI) was placed around this lesion,
and the maximum SUYV of target lesion (SUV ,.x) within this volume
was determined. If the SUV . was less than 4.0 g/mL, the patient was
excluded from analysis. This threshold value was based on previous
studies that indicated that the repeatability of SUVs (expressed as rel-
ative changes from baseline) deteriorates with decreasing tumor '8F-
FDG uptake (12,18).

A cylindric VOI 1.5 cm in diameter and 3 slices in height was
centered on the voxel with maximum '8F-FDG uptake using an
automated program (written in MIMVista; MIM Software) (/9). The
SUVux (representing the single voxel with the highest activity con-
centration) and average SUV (SUV ) within this VOI were deter-
mined for further analysis. VOIs were placed in the same way in up to
6 additional lesions. In participants with more than 6 metastatic lesions,
a maximum of 3 lesions were analyzed in the same organ. In each organ,
the lesions with the highest '8F-FDG uptake were selected for analysis.
No minimum SUV or minimum size was required for those additional
lesions.

For quality control purposes, a large circular region of interest
(ROI) (diameter, =5 cm) was placed in normal liver tissue. The av-
erage SUV in liver (SUV ean) in this ROI was recorded. When it was
not feasible to place 1 large ROI in normal liver tissue because of
multiple metastases, several small ROIs, comprising approximately
the same number of pixels as one 5-cm ROI, were placed in normal
liver tissue. '8F-FDG uptake within these ROIs was then averaged for
further analysis.

The ACRIN 6678 and the Merck images were analyzed in the ACRIN
Imaging Core Laboratory by 1 of 3 nuclear medicine physicians with at
least 5 y of experience in assessing PET/CT scans. Both PET/CT studies
of individual patients were always analyzed by the same observer.
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FIGURE 2. Bland-Altman plots showing repeatability of tumor '8F-
FDG uptake measured by SUV .« (top) or SUV o« averaged for several
lesions (@SUVmax, bottom). SUV unit is g/mL. LRC = lower RC; URC =
upper RC.

Weber et al. 1139


http://www.acrin.org/6678_protocol.aspx
http://www.acrin.org/6678_protocol.aspx
http://jnm.snmjournals.org

TABLE 3
RCs and Their 95% Cls

Parameter Lower 95% RC Upper 95% RC 95% CI for lower RC 95% CI for upper RC
SUVnax-A -27% 37% -34% to -23% 29% to 52%
SUVnax-M -29% 1% -36% to -25% 32% to 55%
SUVhax-P -28% 39% -33% to -25% 33% to 48%
SUVpeak-A -28% 39% -35% to -23% 31% to 54%
SUVpea-M -35% 53% -42% to -29% 41% to 72%
SUVpeak-P -32% 47% -37% to -28% 39% to 59%
aSUVmax-A -27% 36% -34% to -22% 28% to 51%
aSUVmax-M -28% 38% -34% to -23% 30% to 52%
aSUVmax-P —27% 38% -32% to -24% 32% to 47%
aSUVpeak-A -25% 33% -31% to -21% 26% to 46%
aSUVpeak-M -31% 45% -38% to —26% 36% to 62%
aSUVpeak-P -29% 1% -33% to -25% 34% to 50%

Results of ACRIN trial are denoted with -A, those from Merck trial with -M, and those from pooled ACRIN and Merck data with -P.

Statistical Analysis
The data from the 2 studies were first analyzed separately. An analysis
of the pooled data was also performed. For each analysis, variability was
assessed by calculating the difference of paired SUV ;. and SUV ey
measurements at the time of the 2 PET/CT studies:
D; = up — u;, Eq. 1
where u;; and u;, are the SUV measurements for a lesion at the time of
the baseline and the follow-up scan, respectively. The parameter D was
plotted against various parameters with potential influence on the repeat-
ability of the SUV measurements. Then quantile—quantile plots were
generated to determine whether the distribution of D deviated from a nor-
mal distribution. As this was found to be the case, further analyses were
performed on the differences of log-transformed SUV measurements:

di = ln(u,-z) - ln(uil). Eq. 2
Because
In(u) — In(usr) = In (”—2> Eq. 3
Ui

analysis of differences of log-transformed data provides information
on the repeatability of relative changes in SUVs.

To quantify the test-retest repeatability of SUV measurements, repeat-
ability coefficients (RCs) and their 95% confidence intervals (Cls) were
calculated (20). This calculation was performed on the log-transformed
data using the formula

RCy, = 1.96sd(d), Eq. 4

with sd being the SD of d. Assuming a normal distribution of d, the
probability that measurements of d are larger than +RC;, or smaller than
—RC, is about 5%. To express the repeatability coefficient as a percentage
change of SUVs, RCy, was exponentiated using the following formula:

RC = (exp(RCy,) — 1) x 100%. Eq. 5

RC is the repeatability coefficient for the percentage change of SUVs.

1140

The 95% CI of RC was calculated using the x? distribution as
previously described (/4). The repeatability of SUV,,c and SUV eqi
was also displayed graphically by Bland—Altman plots of SUV differ-
ences on the original and the log scale.

These analyses were performed for SUV ., and SUV ey In addition,
SUVmax and SUV e of all measured lesions in an individual patient were
averaged, and the repeatability of these parameters (aSUV peqr, aSUV o)
was determined in the same way as for the target lesion.

0.6
—_— A
= A
E 04 T AT
: — e e e
2 024 on ¥ o PO
E {.‘A 2% Lees
' gt ity = gl Yeie i ot e Sl et
~ 00 ——A—A —n—‘.—ho.—-——————lMean
é A A . . L]
g 0.2 A a - .
> . ®
8 N e P e A e e
£
0.6+ .
T T T T
1 2 3 4
Mean(In(SUV peak 1), In(SUV peak 2))
~ 06
- A
E 4 A
©
K - S arienie i i R R e
=
- 02 — - —  —uRC
“E’ ’ A o A4 B ‘. .
0 A, 8 L, %0 A
& 00 haet ARl L e T eMean
x T A A Ly e e
E. A “ f‘ L
= -0.2 i o
?J e e e e e e e e e LR
8 -0.4- . A ¥
.
A
T T T T
1 2 3 *
Mean(In(aSUV peak 1), In(aSUV peak 2))
[Legend @ ACRIN A Merck — — ACRIN ------- Merck |

FIGURE 3. Bland-Altman plots showing repeatability of tumor
18F-FDG uptake measured by log-transformed SUVpeax (top) or log-
transformed SUV ..« averaged for several lesions (aSUVpeak, bottom).
SUV unit is g/mL. LRC = lower RC; URC = upper RC.
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FIGURE 4. Bland-Altman plots showing repeatability of tumor '8F-FDG
uptake measured by log-transformed SUV,,.« (top) or log-transformed
SUVax averaged for several lesions (aSUVmax, bottom). SUV unit is
g/mL. LRC = lower RC; URC = upper RC.

Quantitative parameters are presented as mean = SD and 95% Cls of
the mean, as indicated. The correlation between SUV ,cqx and SUV .
was evaluated by Spearman correlation coefficients. Systematic changes
in quantitative parameters between the first and second PET scans were
analyzed by the Wilcoxon signed-ranked test. Statistical analyses were
generated using SAS/STAT software (version 9.3; SAS Institute Inc.).

RESULTS

Ninety-six patients were accrued at 17 sites (Supplemental
Table 3) for the ACRIN 6678 trial. Of these, 45 (recruited at 10
sites) consented to participate in the evaluation of test-retest re-
peatability; evaluable data are available for 34 of these patients
(Supplemental Fig. 1).

Merck provided data from 47 patients who were accrued at 14
centers in Europe and Asia from February 2009 to May 2010.
Evaluable data are available for 40 of these patients (Supplemental
Fig. 2). Table 1 summarizes the body weight, uptake time, blood
glucose level, and injected activity for the ACRIN and Merck studies.

To evaluate changes in the whole-body distribution of '®F-FDG
between the 2 PET/CT studies, '8F-FDG uptake in the liver was
analyzed. As shown in Table 2, liver '8F-FDG uptake remained
stable at the time of the 2 PET/CT scans, with low interpatient
variability in both the Merck and the ACRIN trials (Table 2).

SUVpeak and SUV,,, parameters for the target lesion showed
no systematic increase or decrease from the first to the second
PET/CT scan. Overall, SUV ¢ and SUV ., differences demon-
strated similar variability as evident from the Bland—Altman plots
(Figs. 1 and 2) and the correlation coefficients shown in Supple-
mental Table 1. Also, averaging SUV . and SUV ., for all
lesions in an individual patient to calculate aSUVmax and aSUV-
peak had no major relevant effect on the repeatability of the mea-

ISE_.FDG PET/CT RePEATABILITY IN NSCLC

surements (Figs. 1 and 2; Table 3; Supplemental Table 1). The
distribution of the SUV differences in the original scale was sim-
ilar for the ACRIN and Merck trials. Because lesion SUVs were,
on average, more than 1.6 times lower for the Merck than for the
ACRIN trial, the difference of log-transformed SUVs was larger
for the Merck trial than for the ACRIN trial (Figs. 3 and 4). The
higher tumor SUVs of the ACRIN patients may be related to
differences in the biodistribution of '3F-FDG because body weight
of the ACRIN patient population was 1.3 times higher than that of
the Merck patient population (27). However, additional factors are
likely involved, because tumor SUVs normalized to lean body
mass (2/) were also markedly higher for the ACRIN patients
(average SUV 10.6 for the ACRIN population, compared with
6.8 for the Merck population, at the time of the first PET/CT scan).

To identify factors that may explain the variability of SUV
measurements, we correlated the differences in SUV ., measure-
ments with various parameters that potentially affect tumor '3F-
FDG uptake. Specifically, we analyzed whether body weight, age,
clinical stage, blood glucose levels, location of the target lesion,
and number of lesions are correlated with the variability of SUV
differences. Supplemental Figure 3 indicates that none of these
factors had a clear impact on the variability of SUV measure-
ments, although there was a trend of higher variability for the
pulmonary lesions. In addition to these patient-related factors,
we also analyzed whether differences in uptake time had an im-
pact on the variability of SUV measurements. As shown in Figure
5, no correlation between differences in uptake time and differ-
ences in SUV ,.,c measurements was observed. Thus, differences
in radiotracer uptake time over the range encountered in our study
population had no major influence on the observed variability of
SUVs in this study.

The log-transformed SUVs were used to define the 95% RC for
the various studied parameters (Table 3). Supplemental Table 2
shows the corresponding coefficients of variation for comparison
with prior studies. Overall, all parameters demonstrated similar
RCs, with widely overlapping CIs. Figure 6 shows that, in most of
the patients, SUVs of the target lesion and additional lesions changed
in the same direction, which explains why the analysis of multiple
lesions only slightly reduced the variability of the measurements.
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ces in uptake time for target lesions. SUV unit is g/mL.
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lesions (red) and additional lesions (blue) by patient ID. In many cases,
SUV differences are in same direction and of similar magnitude for target
lesion and additional lesions.

DISCUSSION

The variability of SUVs observed in this study is slightly higher
than in previous single-center studies of patients with lung cancer
and other malignancies but similar to the results of a previous
multicenter study in patients with gastrointestinal malignancies
(14). There are several potential reasons why the repeatability in
NSCLC may be better or worse than in other tumors. On the one
hand, the high metabolic activity of most NSCLCs may facilitate
quantitative measurements (/8). On the other hand, respiratory
movement may cause errors in quantitative parameters because
the PET signal is averaged over several breathing cycles and mis-
registration of the liver on PET and CT scans can result in con-
siderable underestimation of tumor '®F-FDG uptake (22). Respi-
ratory gating can minimize these measurement errors, but because
it is not yet widely used clinically, it was not applied in this study
(22).

To understand the variability of SUV measurements in our
patient population, we investigated several clinical factors that
may affect the measurements (23). We observed only a trend of
higher SUV measurement variability in the lungs (Supplemental
Fig. 3), which may be due to respiratory movement.

There is a longstanding discussion on how tumor '8F-FDG
uptake should be measured on PET/CT studies. Phantom studies
have indicated that SUV ,,,, measurements are more influenced by
variations in acquisition and reconstruction protocols than mea-
surements averaging the information of several voxels (24,25),
although the differences are mitigated by the noise correlations
introduced during image reconstruction (26). On the other hand,
measurement of mean tumor '8F-FDG uptake requires defining
tumor borders, which may introduce interobserver variability.
SUV,cax measurements represent a compromise between SUV .«
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and SUV ..., measurements and have been used in several studies
to assess tumor response to therapy (/9). In the present study, we
did not observe differences in the test—retest variability of SUV .«
and SUV ., measurements. Similarly, a recent study in patients
with ovarian cancer (/) has reported almost identical repeatabil-
ity for SUV 1.« and SUV .., measurements, suggesting that for
the typical count statistics of whole-body '8F-FDG PET studies,
the repeatability of SUV,,,, and SUV ..., measurements are not
fundamentally different.

A related question is whether to use measurements of tumor
IBF-FDG uptake for a single lesion or to average SUV ., or
SUV ean/SUV peax measurements for multiple lesions. Most pre-
vious studies on the test-retest variability of tumor '8F-FDG
uptake have used data for a single lesion (7,9,12). In the present
study, averaging SUV ¢, or SUV,,,, measurements for several
lesions in an individual patient (aSUVmax and aSUVpeak) had
no major impact on the test-retest repeatability of these measure-
ments, because in many patients all lesions changed in a similar
way between the first and second PET/CT scan (Fig. 6). Never-
theless, parameters that average information from several lesions
may correlate more strongly with patient outcome (27). There-
fore, further studies on treatment monitoring with '8F-FDG PET
should systematically compare measurements of single and mul-
tiple lesions.

The test-retest repeatability of SUVs can be analyzed on the
basis of either SUV differences or SUV ratios. We focused on
SUV ratios because tumor response has generally been defined
as a percentage change in pretreatment SUVs and calculated
95% RCs for percentage changes in SUVs. RCs allow an objec-
tive definition of criteria for tumor response or progression: if
tumor '8F-FDG uptake after therapy decreases by more than the
RC, there is a less than 2.5% probability that this decrease is due
to variability of the measurement process. Such a change in '3F-
FDG uptake most likely indicates an effect of therapy. There-
fore, our findings indicate that a decrease in '®F-FDG uptake by
30% likely reflects a metabolic response to therapy. A larger
relative increase in '8F-FDG uptake is needed for confidence
that the change represents metabolic progression (Table 3).
The asymmetry of the RCs is a consequence of the log trans-
formation of the original measurements and exponentiation in
Equation 5 (/4). At first glance, the asymmetry may seem coun-
terintuitive, but it is the appropriate way to express the repeat-
ability of relative SUV changes, as seen in the following exam-
ple: a decrease in SUV from 5 to 4 represents a relative change
of 20%, whereas an increase in SUV from 4 to 5 represents
a 25% relative change, although both pairs of SUV measurement
have the same variability. Therefore, symmetric RCs are not
suitable for changes of a parameter relative to a baseline mea-
surement.

CONCLUSION

Both trials of patients with advanced NSCLC suggest that
for lesions greater than 2 cm in size and with SUV ., greater
than 4.0, decreases in tumor '8F-FDG uptake by more than
30% and increases by more than 40% are unlikely to reflect
variability of the measurement process and could therefore be
used to define metabolic response and metabolic progression,
respectively. Thus, our data support the recently published PET
Response Criteria in Solid Tumors for assessing tumor re-
sponse on PET (/9).
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