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18F-NaF, a PET radiotracer of bone turnover, has shown potential
as an imaging biomarker for assessing the response of bone me-
tastases to therapy. This study aimed to evaluate the repeatability
of '8F-NaF PET-derived SUV imaging metrics in individual bone
lesions from patients in a multicenter study. Methods: Thirty-five
castration-resistant prostate cancer patients with multiple metas-
tases underwent 2 whole-body (test-retest) '8F-NaF PET/CT
scans 3 + 2 d apart from 1 of 3 imaging sites. A total of 411 bone
lesions larger than 1.5 cm® were automatically segmented using
an SUV threshold of 15 g/mL. Two levels of analysis were per-
formed: lesion-level, in which measures were extracted from
individual-lesion regions of interest (ROI), and patient-level, in
which all lesions within a patient were grouped into a patient
ROI for analysis. Uptake was quantified with SUV ax, SUVeans
and SUV,q,. Test-retest repeatability was assessed using Bland—
Altman analysis, intraclass correlation coefficient (ICC), coeffi-
cient of variation, critical percentage difference, and repeatability
coefficient. The 95% limit of agreement (LOA) of the ratio between
test and retest measurements was calculated. Results: At the
lesion level, the coefficient of variation for SUVmax, SUVmean,
and SUViota was 14.1%, 6.6%, and 25.5%, respectively. At the
patient level, it was slightly smaller: 12.0%, 5.3%, and 18.5%,
respectively. ICC was excellent (>0.95) for all SUV metrics.
Lesion-level 95% LOA for SUVmax, SUVmean, and SUVigta wWas
(0.76, 1.32), (0.88, 1.14), and (0.63, 1.71), respectively. Patient-level
95% LOA was slightly narrower, at (0.79, 1.26), (0.89, 1.10), and
(0.70, 1.44), respectively. We observed significant differences in
the variance and sample mean of lesion-level and patient-level
measurements between imaging sites. Conclusion: The repeat-
ability of SUVmax, SUViean, and SUV,e, for 18F-NaF PET/CT was
similar between lesion- and patient-level ROIs. We found significant
differences in lesion-level and patient-level distributions be-
tween sites. These results can be used to establish '8F-NaF
PET-based criteria for assessing treatment response at the le-
sion and patient levels. '8F-NaF PET demonstrates repeatability
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levels useful for clinically quantifying the response of bone le-
sions to therapy.
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Prostate cancer is distinct among solid tumors in that its ad-
vancement presents largely as clinically detectable osteoblastic
bone metastases (/). Currently, there are no established tools to
reliably and quantitatively measure functional changes in bone
metastases in response to therapy (2). The development of imag-
ing biomarkers to measure response by bone can improve clinical
care, particularly in advanced prostate cancer.

Radiolabeled sodium fluoride, '8F-NaF, was first introduced
by Blau et al. in 1972 (3) for the detection of bone lesions with
PET. However, '8F-NaF was largely replaced by bone scinti-
graphy using °°™Tc¢ because of superior imaging characteristics
with conventional y-cameras and the readily available supply of
99mT¢ (3-6). With recent technologic advances in PET, '8F-NaF
PET has been increasingly used for detecting bone metastases
because of its higher specificity and sensitivity as compared
with planar bone scintigraphy and SPECT (4,5,7-10). '8F-NaF
PET shows potential for longitudinal disease assessment, as its
SUV in both normal and pathologic bone is representative of
changes in bone metabolism (//-13).

To accurately assess tumor response it is necessary to measure a
biomarker’s repeatability, defined as the variation in measurements
when an experiment is repeated under the same conditions (/4). The
repeatability of 8F-FDG PET based on double-baseline studies has
been well studied, permitting the development of PERCIST (15—
17). No such criteria exist for evaluating quantitative '8F-NaF PET
response.

A previous study on '8F-NaF PET evaluated the repeatability
of bone uptake within the whole body (/8). However, the repeat-
ability of uptake in individual bone-lesion regions of interest
(ROIs) can also be evaluated, allowing assessment of how a
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tumor’s response may uniquely contribute to the disease burden
on the patient as a whole. The ability to evaluate the repeatability
of uptake in an individual lesion would allow for assessment of
response heterogeneity within the patient.

Here, we report on the first (to our knowledge) multicenter study
assessing the repeatability of '8F-NaF PET uptake at the lesion
level. In addition, we compared repeatability between 3 sites in a
multicenter trial.

MATERIALS AND METHODS

Patient Population and Study Design

This was a prospective, nonrandomized, 2-arm, multicenter
pharmacodynamic-imaging trial with the primary objective of de-
termining the repeatability of '8F-NaF PET/CT imaging for evaluat-
ing osseous metastases in patients with metastatic castration-resistant
prostate cancer. Eligible patients aged 18 y or older with progressive
metastatic castration-resistant histologically proven prostate adeno-
carcinoma and bone scan—confirmed osseous metastases were enrolled
for either docetaxel-based chemotherapy or androgen receptor—directed
therapy between February 2012 and September 2014 at the Uni-
versity of Wisconsin Carbone Cancer Center (UWCCC), Memorial
Sloan Kettering Cancer Center (MSKCC), or the National Cancer
Institute (NCI). The exclusion criteria included active systemic treat-
ment for prostate cancer, palliative radiation within 4 wk of regis-
tration, or any prior radioisotope treatment for prostate cancer. The
Institutional Review Board and Radiation Safety Committee of each
participating institution approved this study, and all subjects signed a
written informed consent form. A sample size of 20 patients per site
was proposed to evaluate repeatability. This sample size provided
sufficient power (=80%) to detect the anticipated excellent level
of repeatability at each of the 3 study sites at the 1-sided 0.0167
significance level.

Quantitative Image Acquisition

Test-retest '8F-NaF PET/CT whole-body scans were to be per-
formed 2-5 d apart and before the start of therapy. Patients were
injected intravenously with a bolus of 111-185 MBq (3—-5 mCi) of
I8F-NaF and imaged 60 min after injection for 3 min per bed position
from feet to skull vertex. Scans at UWCCC and MSKCC were ac-
quired on a Discovery VCT PET/CT scanner (GE Healthcare), and
scans at NCI were acquired on a Gemini PET/CT scanner (Philips
Healthcare). The PET images were corrected for attenuation and
scatter.

Scanner Harmonization

The scanners were quantitatively harmonized to obtain equiva-
lent image quality and quantitative accuracy across scanners. The
Discovery VCTs were harmonized to the Gemini using a uniform
phantom (the National Electrical Manufacturers Association In-
ternational Electrotechnical Commission body phantom) to measure
the signal-to-noise ratio. Absolute calibration was measured by the
recovery coefficient, defined as the ratio of the mean measured
activity concentration to the true activity concentration in the ROI.
Differences in recovery coefficient and signal-to-noise ratio between
scanners were minimized by systemically varying the reconstruction
parameters, such as number of iterations, number of subsets, and
postreconstruction filter.

ROI Definition

Lesions were automatically identified and segmented by applying a
CT mask to exclude soft-tissue uptake, followed by application of an
SUV threshold of 15 g/mL to exclude additional activity with a low
statistical likelihood of being malignant (/8,19). Lesion contours on
PET/CT images were verified by an experienced nuclear medicine

physician, and contours smaller than 1.5 ¢cm?® as measured by PET
volume were excluded. Corresponding lesions were automatically
matched between paired scans using articulated registration (20).

Two levels of SUV analysis were performed: lesion level, in
which SUV metrics were extracted from each lesion ROI, and
patient level, in which all lesions for a single patient were grouped
into a patient ROI before SUV analysis. For both ROI levels,
SUV ..« Was defined as the maximum SUV of the ROI and SUV
was defined as the total summed SUV of the ROI normalized to
voxel volume. SUV .., Was defined as the mean SUV within the
lesion ROI or the mean of the SUV .., of all lesions within the
patient ROI. The 2 levels of analysis are differentiated here using
the terms lesion SUV for lesion-level SUV metrics and patient SUV
for patient-level SUV metrics.

Statistical Analysis

The primary outcome measures for evaluating the repeatability of
SUV metrics were intraclass correlation coefficient (ICC) and re-
peatability coefficient. Repeatability coefficient was calculated at an
a-level of 0.05. ICC was estimated using a 2-way mixed-effects
model.

We also investigated additional statistical measures for the repeat-
ability of quantitative imaging biomarkers as recommended by the
Quantitative Imaging Biomarkers Alliance or as previously reported in
the literature (27). Test-retest agreement for each ROI was evaluated
using Bland—Altman analysis for repeated observations (22,23).

Because the distribution of SUV metrics was highly skewed, statistical
analyses were performed on natural-log transformations of measurements
(21,22,24). Statistical analysis was conducted using MATLAB (The
MathWorks), version R2014B; R (R Development Core Team), version
3.0; and SPSS (IBM Corp.), version 22.

For lesion-level analysis, ANOVA with repeated measurements was
used to account for correlations between multiple lesions within the
same patient and to calculate o, the SD of differences between test and
retest measurements (23).

The coefficient of variation of within-subject measurements was
calculated as the ratio of o to the grand mean. The critical percentage
difference is the minimum percentage change needed to designate a
change as significant (18), defined as [exp(1.96v/2 a) — 1] x 100%.

The 95% limit of agreement (LOA) was calculated for the ratio
between test (m4) and retest (mz) measurements. Within the 95% LOA
lies the ratio of mpg/m, with a probability of 95%:

95% LOA = (eB~RC) B+ RO, Eq. 1
where the bias B is the mean ratio between test and retest measure-
ments. The 95% LOA is reported as the ratio of measurements in
original units such that it can be applied to evaluate SUV data in
original units (e.g., 95% LOA of (0.80, 1.20) would indicate that with
95% frequency, the ratio mpg/m4 will fall within this interval).

One-way ANOVA with pairwise comparisons and 2-sample # testing
were used to assess whether the bias for each SUV metric significantly
differed between sites. Two-sample F' testing was used to evaluate
variability across sites.

RESULTS

In total, we evaluated 411 '8F-NaF-avid bone lesions from 35
patients with metastatic castration-resistant prostate cancer im-
aged at 1 of the 3 sites (Fig. 1). The patients were injected in-
travenously with 159.8 + 9.7 MBq (mean * SD) of '3F-NaF, and
test-retest '8F-NaF PET/CT whole-body scans were performed
63 = 7 min after injection (3 = 2 d apart). Dose infiltration near
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FIGURE 1. Whole-body paired baseline '8F-NaF PET/CT scans of

men with metastatic castration-resistant prostate cancer: a 74-y-old
imaged 3 d apart at UWCCC (A), a 57-y-old imaged 2 d apart at MSKCC
(B), and a 69-y-old imaged 1 d apart at NCI (C).

the injection site was minimal in all scans. Two of the 35 patients
underwent partial whole-body scans because the patient was repo-
sitioned during the scan. The lesion and patient characteristics are
summarized in Table 1. The harmonization reconstruction param-
eters, including reconstruction method, grid size, subset, iteration,
and postreconstruction filter, for each of the scanners are summa-
rized in Table 2.

The median number of lesions per patient at baseline was 8 (range,
1-69). The lesions were located across the skeleton, with the pre-
dominant site being the spine. For all lesions, median SUV .« was
448 (range, 19.6-225.5), SUV pean 23.7 (16.7-75.8), and SUV g
116.7 (26.4-5,628.0) g/mL. For all patients, median SUV,,, was
86.4 (29.6-225.5), SUV pean 25.4 (18.4-51.1), and SUV oy 2,429.3
(47.7-21,447) g/mL.

The relative difference between test and retest scans tended to
be slightly greater at the lesion level than at the patient level. For
all SUV metrics, relative difference had a narrower distribution for
patient ROI than for lesion ROI (Fig. 2). SUV cay had the smallest
relative difference for both ROI levels. For lesion ROI, SUV ,c.n
was the most repeatable (interquartile range, 2.5%) followed by
SUVnax (4.4%) and SUV g (5.1%). For patient ROI, SUV ean
was the most repeatable (2.0%), followed by SUV 41 (2.6%) and
SUVnax (3.3%).

Figure 3 shows Bland—Altman plots for each lesion SUV met-
ric. SUV ean had the smallest variability (repeatability coefficient,
0.13), followed by SUV,,.x (0.27) and SUV 4y (0.49). Figure 4
shows Bland-Altman plots for each patient SUV metric; again,
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SUViean Was the most repeatable (0.10), followed by SUV,..
(0.24) and SUV y, (0.36). Both mean and difference values have
been log-transformed from SUV (g/mL). Both lesion-level and
patient-level distributions had approximately normal distributions
and heteroscedasticity.

According to the repeatability coefficient, coefficient of varia-
tion, and critical percentage difference, SUV .., Was the most
repeatable, followed by SUV ,,x and SUV ., at both the lesion
level and the patient level (Tables 3 and 4). The 95% LOA defines
the interval containing the test-to-retest measurement ratio for
each SUV metric. At each site, there was a wide overlap in 95%
LOA for all 3 metrics. At the lesion level, the 95% LOA was the
narrowest for SUV c.n (test-to-retest ratio, 1.00; 95% LOA,
(0.88, 1.14)), followed by SUV ,.x (1.00; (0.76, 1.32)) and SUV oy
(1.04; (0.63, 1.71)). At the patient level, the overall test-to-retest
ratio was 0.99 for SUV pean (95% LOA, (0.89, 1.10)), 1.00 for
SUV hax (0.79, 1.26), and 1.00 for SUV, 4 (0.70, 1.44). Across

TABLE 1
Patient Demographics

Demographic UWCCC MSKCC NCI
Patients (n) 18 11 6
Age (y)

Median 72.5 75.0 68

Range 47-87 57-81 57-83
Height (cm)

Median 178 177 171

Range 166-191 162-191 161-189
Weight (kg)

Median 92.3 94.0 84.6

Range 70.7-145.0 73.0-119.0 75.4-91.6
PSA

Median 71.2 8.1 85.9

Range 1.6-310.0 2.5-246.8 32.0-460.7
Gleason score (n)

6 1 (6%) 2 (18%) 1 (17%)

7 7 (39%) 5 (45%) 2 (33%)

8 4 (22%) 1 (9%) 2 (33%)

9 3 (17%) 3 (27%) 1 (17%)
LDH (U/L)

Median 200 219 264

Range 139-470 157-251 119-903
Hemoglobin (g/dL)

Median 12.8 13.8 11.8

Range 7.7-14.9 11.3-15.3 9.0-13.9
Lesions (n)

=5 6 (33%) 5 (45%) 2 (33%)

6-10 0 (0%) 4 (36%) 1 (17%)

11-20 10 (56%) 2 (18%) 2 (33%)

20 2 (11%) 0 (0%) 1 (17%)

PSA = prostate-specific antigen; LDH = lactic acid dehydro-
genase.
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TABLE 2
Scanner Harmonization Parameters

Parameter UWCCC MSKCC NCI
Scanner Discovery VCT Discovery VCT  Gemini
Reconstruction 3D OSEM 3D OSEM 3D OSEM
Grid size 256 x 256 256 x 256 144 x 144
Subset 14 14 33
Iteration 2 2 2
Postprocessing 4 mm 4 mm —

filter

3D OSEM = 3-dimensional ordered-subsets expectation
maximization.
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FIGURE 2. Box plots of relative differences in each SUV metric (log-
transformed) for lesion-level ROIs (left; 411 lesions) and patient-level
ROlIs (right; 35 patients). Whiskers extend from minimum to maximum
values.

SUV metrics, the 95% LOA was consistently narrowest for SUV ean.
Across sites, the 95% LOA was consistently narrowest, though not
significantly different, for UWCCC.

A comparison of overall coefficient of variation and ICC is shown
in Figure 5. At both the lesion level and the patient level, ICC was the
highest for SUV i, followed by SUV ean and SUV .. Consistently,
patient-level SUV metrics presented a lower coefficient of variation
than did lesion-level metrics.

Shown in Figure 6 are Bland—Altman plots of lesion-level
SUViax by site. Both mean and difference values have been log-
transformed from SUV (g/mL). MSKCC had a sample mean that
was statistically significantly different (P = 0.004) from the other
sites, and UWCCC had a significantly smaller variance (P < 0.001).
In addition, the variance in SUV ean (P < 0.001) and SUV 1 (P <
0.001) was significantly smaller at UWCCC than at the other sites.

At the patient level, the sole difference between sites was a
significantly smaller variance in SUV 4, at UWCCC (P = 0.003)
than at the other sites.

DISCUSSION

To our knowledge, this was the first multicenter study with
results demonstrating the repeatability of multiple '3F-NaF PET
SUV metrics—SUV ax, SUV hean, and SUV,;—for both lesion-
level and patient-level ROIs.

Although different guidelines exist for the interpretation of ICC,
one of the most common guidelines defines an ICC range of 0.40—
0.75 as moderate repeatability and an ICC higher than 0.75 as
excellent repeatability (25). Although, at the lesion level, the
95% confidence intervals of the ICC for SUV,,.x, SUV jcan, and
SUV, 1 Were excellent for all sites, those at the patient level for
SUV ean and SUV,,.« at MSKCC and NCI were not fully con-
tained within the region of excellent repeatability. The patient
accrual goal was not met because of an imbalance in accrual be-
tween the two arms of therapy, thus decreasing the statistical
power for evaluating ICC.

In many cases in this study, there were multiple lesions per patient.
As shown in the lesion-level Bland—Altman plots of SUV . in
Figure 6, multiple lesions within the same patient tended to
show correlated repeatability. Thus, it was not possible to regard
each lesion as independent. The intrapatient correlations were

A B C
06 v L) v L) v L) A B B ) v 03 L) L] L) L] L] L 1': L B B ) L) L) L) A
0.4 0.2 1.0 " -
@© 0.2 @ 0.1 @© 0.5
[&] Q (&)
[ - = - c -
2 0.0+ goo_ 2 0.0
£ 1 £ £
0 -0.2- 0-0.1- " 0 -0.5-
L — A o l‘._, _______________
1 1 ¢ - -0.131 - . -
0.4t -0.2.- - -1.0- -
Y [ ]
- - - - - - -
-0.6 L I B B LN BN LA -0.3 LEN DA A A A B B -1.5 LI DL LN L DL LA
25 30 35 40 45 50 55 6.0 27 30 33 36 39 42 45 48 3 4 5 6 7 8 9 10
Mean Mean Mean

FIGURE 3. Bland-Altman plots of SUV metrics for all lesion-level ROIs (411 lesions): SUVpax (A), SUVmean (B), and SUV 4 (C). Different sites are
indicated by different symbols (B = UWCCC, ® = MSKCC, and A = NCI). Solid line denotes mean difference, and dotted lines denote upper and
lower 95% LOA. Both mean and difference uptake values have been log-transformed.
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FIGURE 4. Bland-Altman plots of SUV metrics for all patient-level ROlIs (35 patients): SUV hax (A), SUVean (B), and SUV,q, (C). Different sites are
indicated by different symbols (B = UWCCC, ® = MSKCC, and A = NCI). Solid line denotes mean difference, and dotted lines denote upper and
lower 95% LOA. Both mean and difference values have been log-transformed.

considered by implementing the Bland—Altman analysis for repeated
measures (23).

Our repeatability results at the patient level support those of a
previous '8F-NaF PET study on bone lesions by Kurdziel et al.
(18). Despite differences in lesion segmentation methods, our ICC
and critical percentage difference findings for SUV p.x, SUVnean,
and SUV,,,; were similar to those of the previous study.

The application of both an uptake threshold and a volume
threshold was used to minimize the probability of identifying benign
disease. Although Kurdziel et al. used a segmentation SUV
threshold of 10 (/8), a later study by Rohren et al. showed that
lesion ROIs identified using this threshold still included normal bone
activity (/9). One study showed that a lesion SUV ,,, of less than
12 g/mL always represented a site of benign disease (26). Another

TABLE 3
Repeatability of Lesion '8F-NaF PET SUV Metrics
Metric RC IcCC* CV (%) CPD (%) Bt

UWCCC (265 lesions)

SUVinax 0.23 0.980 (0.974, 0.984) 11.7 37.5 1.00 (0.79, 1.25)

SUVean 0.10 0.983 (0.979, 0.987) 5.5 15.9 1.00 (0.90, 1.11)

SUViotal 0.40 0.990 (0.987, 0.992) 20.7 75.9 1.04 (0.69, 1.56)
MSKCC (78 lesions)

SUVmax 0.31 0.958 (0.935, 0.973) 16.8 54.3 1.04 (0.75, 1.45)

SUVmean 0.14 0.970 (0.953, 0.981) 7.8 22.2 1.03 (0.88, 1.19)

SUViotal 0.60 0.990 (0.985, 0.994) 32.7 133.6 1.08 (0.57, 2.06)
NCI (68 lesions)

SUVmax 0.37 0.865 (0.791, 0.915) 20.6 69.2 0.97 (0.65, 1.46)

SUVnean 0.16 0.876 (0.807, 0.922) 9.2 26.2 0.98 (0.82, 1.17)

SUViotal 0.65 0.993 (0.989, 0.996) 36.6 151.4 1.00 (0.49, 2.06)
All sites (411 lesions)

SUVmax 0.27 0.969 (0.963, 0.975) 141 47.2 1.00 (0.76, 1.32)

SUVihean 0.13 0.975 (0.970, 0.980) 6.6 19.6 1.00 (0.88, 1.14)

SUViotal 0.49 0.990 (0.988, 0.992) 25.5 100.4 1.04 (0.63, 1.71)

*Data in parentheses are 95% confidence intervals.

TData in parentheses are 95% LOA.

RC = repeatability coefficient for a = 0.05 (log-transformed SUV); CV = log-transformed coefficient of variation; CPD = critical
percentage difference; B = ratio of test-to-retest bias.

B and 95% LOA have been back-transformed to original units.
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TABLE 4

Repeatability of Patient 18F-NaF PET SUV Metrics

Metric RC ICC* CV (%) CPD (%) Bt

UWCCC (18 patients)

SUVmax 0.17 0.984 (0.959, 0.994) 8.8 27.6 1.00 (0.84, 1.19)

SUVmean 0.08 0.990 (0.974, 0.996) 4.2 12.3 1.01 (0.93, 1.09)

SUViotal 0.20 0.993 (0.981, 0.999) 10.1 32.2 1.05 (0.86, 1.28)
MSKCC (11 patientst)

SUVax 0.30 0.965 (0.874, 0.990) 15.5 53.8 0.96 (0.71, 1.32)

SUVnean 0.13 0.920 (0.731, 0.978) 6.3 19.0 0.99 (0.87, 1.11)

SUViotar 0.45 0.950 (0.825, 0.986) 23.1 89.9 0.96 (0.61, 1.51)
NCI (6 patients)

SUVmax 0.28 0.921 (0.548, 0.989) 14.4 49.2 1.03 (0.77, 1.36)

SUVmean 0.13 0.826 (0.190, 0.974) 6.7 20.2 0.97 (0.85, 1.11)

SUViotar 0.54 0.985 (0.895, 0.999) 27.6 115.0 0.95 (0.55, 1.63)
All sites (35 patients)

SUVpax 0.24 0.974 (0.949, 0.987) 12.0 39.5 1.00 (0.79, 1.26)

SUVmean 0.10 0.981 (0.962, 0.990) 5.3 16.0 0.99 (0.89, 1.10)

SUViotar 0.36 0.989 (0.978, 0.994) 18.5 67.1 1.00 (0.70, 1.44)

*Data in parentheses are 95% confidence intervals.
TData in parentheses are 95% LOA.
*Two patients underwent partial whole-body scans.

RC = repeatability coefficient for a = 0.05 (log-transformed SUV); CV = log-transformed coefficient of variation; CPD = critical

percentage difference; B = ratio of test-to-retest bias.
B and 95% LOA have been back-transformed to original units.

study showed that the lesion SUV ., for benign degenerative dis-
ease was 11.1 = 3.8 g/mL (27). Therefore, in this study, we applied
an SUV threshold of 15 to minimize the inclusion of benign disease.
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FIGURE 5. Overall ICC plotted against overall coefficient of variation
of lesion-level (black) and patient-level (red) SUV metrics.

The '8F-NaF PET findings were more repeatable than the find-
ings of a multicenter '8F-FDG PET study on patients with lung
cancer and gastrointestinal malignancies (/7). Such effects as re-
spiratory motion may lead to increased random error in '3F-FDG
PET images of certain regions, more so in soft tissue than in bone
(17). In comparing the repeatability of SUV metrics, one study
also found SUV .., to be more repeatable than the SUV,,,, of
individual lesions (28).

One important aspect of this multicenter study was that
although the PET scans were acquired on different scanners
with different acquisition parameters, the scanners were harmo-
nized. Despite image harmonization, we found that for all 3 SUV
metrics, the variance in lesion-level test-retest measurements
was significantly smaller at UWCCC than at the other sites. The
repeatability differences between sites might have been due to
physiologic factors such as circadian rhythm or different degrees
of conformation to the imaging protocol (29,30). For example,
the mean (=SD) postinjection time (61 = 1 min at UWCCC vs.
69 = 9 min at MSKCC) and injected dose (178 = 9 MBq at
UWCCC vs. 136 £ 32 MBq at NCI) varied by site (Supplemental
Table 1; supplemental materials are available at http://jnm.
snmjournals.org).

There is active discussion on whether it is lesion or patient
measurements that should be used to assess treatment response.
In '8F-FDG PET, there are previous studies on the test-retest
variability in uptake for individual lesions and for the whole
patient (37). Weber et al. found that averaging the measurements
of several lesions in a patient did not significantly affect the
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FIGURE 6. Bland-Altman plots of lesion SUV .« by site: UWCCC (265 lesions) (A), MSKCC (78 lesions) (B), and NCI (68 lesions) (C). Each point
represents a lesion, and different subjects are indicated by different colors. Solid lines denote site-specific mean difference, and dotted lines denote
site-specific upper and lower 95% LOA. Both mean and difference uptake values have been log-transformed.

repeatability of the SUV metrics (/7). Our study confirmed similar
repeatability between lesion and patient ROIs. Measuring the re-
peatability of lesion ROIs enables evaluation of the lesion-specific
response to therapy and may more comprehensively represent
patient response.

The statistical limits of agreement for '8F-NaF PET SUV met-
rics were established at both the lesion level and the patient level
such that 95% LOA (a = 0.05) could be applied to reflect true
changes in uptake. An SUV percentage decrease to less than the
95% LOA lower limit can be considered response, and an increase
to more than the upper limit can be considered progression.

CONCLUSION

The repeatability of '®F-NaF PET/CT-derived SUV a1, SUV means
and SUV,,, was assessed for both lesion-level and patient-level
ROIs in a multicenter prospective study on CRPC metastatic to
bone. Low repeatability coefficients, high ICCs, and small coef-
ficients of variation in test-retest scans were found. Patient-level
repeatability was slightly superior to lesion-level repeatability,
justifying the use of SUV both in individual lesions and across
the whole body. These results can be used to establish quantita-
tive criteria for '8F-NaF PET assessment of treatment response in
patients with CRPC metastatic to bone.
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