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This study aimed to test and validate a dual-time-window (DTW) pro-
tocol for 6-(fluoro-'8F)-3-('H-pyrrolo[2,3-c]pyridin-1-yl)isoquinolin-5-
amine (["®F]MK6240) dynamic PET imaging in experimental datasets
acquired in human subjects. Methods: DTW protocols were tested
and validated in datasets previously collected in 25 participants:
13 were cognitively normal, 10 had mild cognitive impairment, and
2 had Alzheimer disease. Participants underwent full 120-min
['®FIMK6240 dynamic PET scans as well as structural MRI. Intermedi-
ary 3-dimensional volumes were removed from the acquired dynamic
PET images to emulate DTW acquisitions consisting of an early phase
and a late phase. Five break durations (30, 40, 50, 60, and 70 min)
were investigated to determine the optimal break for 2 study durations
(120 and 110 min). Regional brain time—activity curves were extracted
using atlases available in the Montreal Neurologic Institute template
space and using the FreeSurfer parcellation. Interpolation strategies
were tested to recover the missing time points. Distribution volume
ratio (DVR) estimates obtained from the DTW time-activity curves
were compared with those obtained from the full time—activity curves
as reference. Parametric maps were generated for the selected proto-
col and evaluated. Results: The correlation and agreement between
DVR values obtained from the DTW method and the full time-activity
curves were overall very good. The DTW protocol with a 60-min break
using a biexponential model fit as the interpolation method provided
the best compromise between practicality and quantitative accuracy.
The mean differences between this DTW and the full acquisition, aver-
aged across brain regions and all subjects, were less than 1% with a
corresponding SD of less than 4%, and DVR estimates were not
statistically different from those obtained from the full acquisition
(P > 0.05). DVR parametric images were visually and quantitatively
consistent with those obtained from the full acquisition. Conclusion:
This study presents strong support for the use of a DTW protocol with
['®F]MK6240. Such a protocol would be well suited to allow for both
quantification of tau and derivation of an index of cerebral perfusion
while reducing patient discomfort and increasing scanning efficiency
in comparison to a full dynamic acquisition.
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The radiotracer 6-(fluoro-'8F)-3-(*H-pyrrolo[2,3-c]pyridin-
1-yl)isoquinolin-5-amine (['*F]MK6240) was developed for in vivo
imaging and quantification of hyperphosphorylated tau (/,2),
a key neuropathologic hallmark of Alzheimer disease (AD).
['8F]MK6240 is one of the most characterized tau tracers to date
(3—10). 1t has been extensively used in research studies and is also
currently being used in clinical trials testing disease-modifying
therapeutic agents against AD (/7). Recent studies demonstrated
that the early phase of ['®F]MK6240 dynamic PET imaging can
provide valuable information on cerebral perfusion, thus potentially
offering complementary information to the measurement of tau
load obtained with this tracer (/2,13). Since cerebral blood flow
and brain metabolism are coupled, this early phase may also be
viewed as a potential surrogate for ['®F]FDG imaging to inform on
patterns of neurodegeneration as previously proposed by other
investigators for other tau and amyloid PET tracers (/4—19).
Although a full dynamic PET acquisition is ideal for obtaining
both quantitative measurements of tau burden and an index of cere-
bral perfusion, such long dynamic scanning protocols are impractical
in clinical settings and may result in patient discomfort and low scan-
ning efficiency. Consequently, late static ['*F]MK6240 scans may be
preferred and the SUV ratio (SUVR) calculated, typically using
imaging windows of 90—110 min or 90-120 min after tracer injec-
tion, as a surrogate measure of tau burden. However, although late
SUVR correlates well with the quantitative distribution volume ratio
(DVR) obtained with dynamic scan protocols (3—6), this metric is
only semiquantitative—that is, full equilibrium between the target
and reference regions may not be completely achieved, particularly
in high-binding target regions (20,21)—and may require strict adher-
ence to the specified imaging time window, especially in longitudinal
studies (6). More generally, SUVR may also be sensitive to changes
in cerebral blood flow (22,23), thus potentially introducing another
confounding effect in the quantification of tau. Lastly, late static
scans cannot inform on cerebral perfusion, which can add useful
information on brain function in clinical trials or for diagnosis and
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staging following the amyloid/tau/neurodegeneration classification
scheme (24-26).

Alternatively, previous works have demonstrated the usefulness
and practicality of dual-time-window (DTW) acquisition protocols
for various PET tracers, including those that target amyloid and
other tau tracers (27—30). Such protocols consist of an early imag-
ing phase and a late imaging phase separated by a break during
which the scanner can be used to interleave another imaging study.
These protocols demonstrated a good compromise between a late
static acquisition and a full dynamic acquisition while retaining
good quantitative accuracy. Such protocols are, in theory, applica-
ble for ['*FIMK6240 tau imaging and would allow both quantita-
tive measurements of tau load and cerebral perfusion by tracer
kinetic modeling. However, DTW protocols need to be validated
and optimized on a tracer-by-tracer basis because of differences in
pharmacokinetic properties. Recently, Kolinger et al. presented
a pilot study toward the validation of a DTW protocol for
['8F]MK 6240 using simulations (31). The authors generated noise-
less ['®FIMK6240 brain time-activity curves based on kinetic
parameters as well as arterial blood and plasma data obtained from
a small subset of human studies. Although their results were
encouraging, the authors acknowledged that additional validation
studies are needed with larger cohorts.

The aim of the present work is to validate a DTW ['8F]MK6240
dynamic imaging protocol in datasets acquired in human subjects. We
investigated different break durations and tested 2 interpolation meth-
ods to determine the optimal balance between quantitative accuracy
and practicality in 2 different study duration (120 and 110 min). In
addition, we applied the method at the voxel level to generate DVR
parametric maps, evaluated their quantitative accuracy, and tested the
feasibility of generating model-based SUVR images within the break.

MATERIALS AND METHODS

Participants

Only datasets consisting of a full dynamic ['*F]MK6240 acquisition
(i.e., no break during the acquisition) were included in this work to
serve as a reference. In total, 25 subjects, consisting of 13 who were
cognitively normal (CN), 10 who had mild cognitive impairment
(MCI), and 2 who had AD, were included. Two of the CN subjects
also underwent a retest dynamic ['*F]MK6240 scan acquired within
3 wk of the first scan. All subjects were identified by physicians at
Massachusetts General Hospital and underwent at least 1 comprehen-
sive medical and neurologic evaluation using tests that included the
Mini-Mental State Examination. Clinical status (MCI, AD, or CN)
was determined clinically by established criteria (32). All subjects
signed an informed-consent form, and the study was approved by the
institutional review board at Massachusetts General Hospital.

Data Acquisition

Data acquisition, image reconstruction, and processing for extrac-
tion of regional brain time—activity curves were previously described
in detail elsewhere (/2) and are briefly summarized here. Each subject
had a full 120-min dynamic PET scan that started immediately with
the intravenous injection of ['*FIMK6240, as well as structural MRI
with a Tl-weighted magnetization-prepared rapid gradient-echo
sequence for anatomic reference. Time bins used to frame the full
120-min PET emission data were 6 X 10s,8 X 15s,6 X 30 s, 8 X
60 s, 8 X 120 s, and 18 X 300 s bins. Subjects also underwent a
60-min dynamic ['!C]Pittsburgh compound B (PiB) PET scan to
determine PiB score and amyloid status (33). Participants were
scanned on a Discovery MI (GE HealthCare) PET/CT scanner (34).
["®FIMK6240 and [''C]PiB were synthesized as previously described

(35,36). Injected ['*FIMK6240 activities at the time of injection were
179.3 = 12.4 MBq (range, 156.5-200.9 MBq). The molar activity of
['®FIMK6240 at the time of injection was 70.7 + 56.6 GBg/wmol
(range, 16.3-291.4 GBg/pmol). The total injected mass was 1,115.7 *
847.8 ng (range, 176.0-3,165.9 ng), corresponding to 4.0 = 3.0 nmol
(range, 0.6-11.4 nmol).

Image Processing

As previously described in detail by Guehl et al. (/2), each dynamic
dataset was corrected for motion, PET and MR images were aligned,
and regional brain time—activity curves were extracted from the full
dynamic PET data using the Montreal Neurologic Institute (MNI) tem-
plate space and the FreeSurfer parcellation (37). The MNI regions of
interest (ROIs) surveyed in this work were the precuneus cortex,
mesial temporal cortex, hippocampus, thalamus, frontal cortex, occipi-
tal cortex, parietal cortex, temporal cortex, white matter, and whole
brain. FreeSurfer-derived ROIs are listed in Supplemental Table 1
(supplemental materials are available at http://jnm.snmjournals.org).

DTW dynamic images were created by removing intermediary
3-dimensional volumes from the motion-corrected reconstructed full
dynamic images. Five break durations were tested (30, 40, 50, 60, and
70 min) while the time window of the late dynamic phase was kept to
90-120 min (i.e., corresponding to break intervals of 60-90, 50-90,
40-90, 30-90, and 20-90 min after tracer injection). A late time win-
dow of 90-110 min was also investigated by removing the last 10 min
of the PET acquisition. The 2 dynamic segments were then concatenated
to form a single dynamic dataset, and regional DTW time-activity curves
were extracted using the same masks and FreeSurfer parcellation as for
the set of full dynamic images. For reference, a 60-min break 120-min
DTW protocol comprises an early-phase dynamic PET acquisition with
corresponding time bins of 6 X 10's, 8 X 15,6 X 30s, 8 X 60 s, and
8 X 120 s, followed by a 60-min break and a late-phase dynamic PET
acquisition with corresponding time bins of 6 X 300 s. Other DTW pro-
tocols were obtained in a similar fashion, that is, by removing the PET
volumes at relevant time bins.

Analysis of DTW Regional Time-Activity Curves

The missing PET data in the gap of the DTW time—activity curves
(i.e., between the early and late dynamic phases) were interpolated
using 2 methods: by simple linear interpolation as in Kolinger et al.
(31) and by fitting a sum of 2 exponentials (i.e., in the form: PET(¢) =
A1 + 4™, where ¢ is time, 4; and 4, are amplitude terms, and \;
and \, are decay constants) to the decreasing part of the DTW time—
activity curves. The biexponential method was fitted starting 2 min
after the peak to the end of the time—activity curve (i.e., to either 120
or 110 min), and the model fit was used to recover the gap of the
DTW by interpolating at the missing time points. Supplemental Figure
1 shows examples of interpolated brain time—activity curves.

The Logan graphical method with a reference region input (38) was
used to analyze the time—activity curves for direct estimation of DVR
as a measure of tau load using the cerebellar gray matter as a reference
region (6). DVR estimates obtained from the DTW time-activity
curves were compared with those obtained from the full dynamic
time—activity curves (i.e., either 0-120 or 0—110 min) as a reference.

Parametric Mapping

Dynamic ['®F]MK6240 images were smoothed with a gaussian fil-
ter of 4 mm in full width at half maximum, and parametric DVR
images were computed using the Logan graphical method with a refer-
ence region input. DVR images were computed with the selected
DTW protocol by applying the interpolation method to the reference
region time—activity curve and to each voxel of the image. Resulting
DVR images were compared with those computed from the full
dynamic acquisition as a reference.
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Model-Based SUVR Maps

Since several groups use a late static imaging window of 70-90 min
for SUVR calculation (SUVR7p99) (3,39,40), we also investigated
whether model-based SUVR;999 images could provide accurate
SUVRg.99 estimates in light of a potential need for data harmonization
across imaging sites. Briefly, the selected interpolation method was
applied voxel by voxel to recover the missing volumes of the DTW
dynamic images, and static model-based SUVR7(.9y images were com-
puted from the corresponding recovered frames. The resulting model-
based SUVR79.99 images were compared with the original SUVR79.99
images (i.e., generated from the acquired data).

Statistical Analysis

Scatterplots with total least squares regressions were presented
along with the line of identity to indicate the correlation between DVR
measurements obtained from the DTW method and the full acquisi-
tion. Bland—Altman plots were used to assess agreement between
DVR measurements. The Pearson correlation coefficient, », was used
to assess the strength of the total least squares linear regressions. All
data were expressed as mean value = SD unless otherwise specified.
Paired 2-tailed ¢ testing assuming equal variance was used to compare
regional DVR and SUVR values between the DTW protocol and the
full acquisition. A P value of 0.05 or less was considered statistically
significant. Bonferroni adjustment was applied for multiple compari-
sons within the same datasets when appropriate. In the 2 CN subjects
with retest acquisition, test—retest (T-RT) reliability was calculated as
%T-RT = 100 X 2x |(test — retest|/(test + retest).

RESULTS

Participant Demographics

Subject demographics are shown in Table 1. CN subjects (n = 13)
had a Mini-Mental State Examination ranging from 25 to 30. The
other subjects were classified as having MCI or AD according to the
National Institute of Aging research criteria. Eleven subjects (3 CN,
6 MCI, and 2 AD) were amyloid-positive as defined by a [''C]PiB
DVR greater than 1.2 calculated in a large cortical ROI (frontal, lat-
eral temporal, and retrosplenial cortices) (33). The CN and MCI/AD

groups were well matched in age (65.2 = 13.2 y vs. 694 £ 8.1y,
P = 0.3526; unpaired 2-sample ¢ test).

Comparison of Regional DVR Estimates Between DTW and
Full Time-Activity Curves

Overall, for both the 120-min and the 110-min study durations,
the biexponential method applied to DTW acquisitions provided
DVR estimates that were highly correlated and in very good agree-
ment with DVR values obtained from the full dynamic acquisition
(Supplemental Figs. 2A—2E and 3A-3E for the FreeSurfer analy-
sis; Supplemental Figs. 4A—4E and 5A-5E for the MNI analysis).
With the exception of the 70-min break in the FreeSurfer analysis,
all other breaks showed a mean difference, as calculated across all
brain regions and subjects, smaller than 1%, with a corresponding
SD smaller than 4%. Those DVR estimates were not statistically
different from those obtained from the full acquisition (P > 0.05).
The 70-min break, however, showed slightly increased variability
in the Bland—Altman plots, and differences in DVR were statisti-
cally significant for both study durations and analysis methods
(P < 0.05) (Supplemental Figs. 2E, 3E, 4E, and 5E).

In contrast, whereas the DTW protocol using linear interpola-
tion showed a strong correlation and good agreement in DVR
values for the 30- and 40-min breaks, its performance tended to
decrease as break duration increased (Supplemental Figs. 2F-2J
and 3F-3J for the FreeSurfer analysis; Supplemental Figs. 4F—4]
and SF-5J for the MNI analysis). Indeed, the slope of the total
least squares regressions became gradually lower than unity, and
trends in Bland—-Altman plots became more pronounced with
increasing break duration. Altogether, these results indicated that
the biexponential method with a DTW protocol consisting of a
60-min break may provide the best compromise between quantita-
tive accuracy and practicality (i.e., the longest break providing
DVR estimates equivalent to those derived from full dynamic
scans). Figures 1 and 2 show the correlation and Bland—Altman
plots for the 60-min DTW protocol using biexponential fits for the
120- and 110-min scan analyses, respectively. Analyses performed

TABLE 1
Participant Demographics and Clinical Characteristics

Characteristic All MCI/AD grouped CN MCI AD
Total patients (n) 25 12 13 10 2
Age (y) 67.2 (11.0) 69.4 (8.1) 65.2 (13.2) 71.0 (7.8) 61.5 (4.9)
Weight (kg) 82.5 (19.2); 1* 79.6 (18.4); 1* 85.1 (20.3) 82.5 (18.0); 1* 66.5 (19.6)
Sex (n)

Male 15 8 7 7 1

Female 10 4 6 3 1
MMSE 26.0 (4.4) 23.3 (5.0) 28.4 (1.4) 25.2 (2.6) 14.0 (1.4)
MMSE range 13-30 13-29 25-30 21-29 13-15
Education (y) 16.1 (2.8) 16.6 (3.1) 15.7 (2.7) 16.2 (3.2) 18.5 (2.1)
PiB status (n)

Positive 11 8 3 6 2

Negative 14 4 10 4

*Number of participants for which information was not available.
MMSE = Mini-Mental State Examination.
Data in parenthesis are SD.
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FIGURE 1. Comparison of DVR estimates computed for 60-min break in
120-min scan analysis with biexponential fit with DVR estimates obtained
from full 120-min scan duration. (A and B) Correlation and modified
Bland-Altman plots of DVR estimates for analysis performed using atlases
from MNI template space. (C and D) Correlation and modified Bland-
Altman plots of DVR estimates for analysis performed using FreeSurfer
parcellation. In correlation plots (A and C), solid red lines represent total
least squares regressions and black dashed lines are lines of identity. In
Bland-Altman plots (B and D), solid red lines represent mean differences,
dashed red lines show mean differences = 1.96 SDs, and black dashed
lines are zero lines for references. Blue dots represent CN subjects, and
orange dots represent MCI/AD subjects. Data points are for all subjects
and regional brain time-activity curves. FS = FreeSurfer.

using atlases from the MNI template space and those using the Free-
Surfer parcellation both indicated a strong correlation and a very
good agreement between the DVR of that DTW protocol and the
DVR from the full dynamic PET acquisition. As expected, the analy-
ses using the FreeSurfer parcellation demonstrated slightly more vari-
ability than did the analyses using the MNI atlases, likely because of
the increased number of small ROIs. Likewise, the 110-min scan
analysis demonstrated slightly more variability in DVR estimates
than the 120-min scan analysis for both the FreeSurfer parcellation
(mean difference, —0.02% = 3.37% vs. 0.11% = 2.76%) and the
comparison using the MNI atlases (mean difference, 0.20% =
2.34% vs. 0.26% = 1.82%), likely because the method relies on less
dynamic data. For completeness, the comparisons between DVR esti-
mates computed for the 60-min break in the 110-min scan analysis
with biexponential fit and DVR estimates obtained from the full
120-min scan duration are shown in Supplemental Figure 6.

Region-by-region differences in DVR estimates obtained for the
120- and 110-min scan analyses for the FreeSurfer parcellation are
presented in Supplemental Tables 1 and 2. Statistically significant
differences were observed in only a few regions, notably for the
CN group; however, most of those differences did not survive
after Bonferroni adjustment. Overall, these results demonstrate
that the 60-min DTW protocol using the biexponential fit provides
accurate DVR estimates.

T-RT Studies
Figure 3 and Supplemental Figure 7 show the T-RT variability
obtained with the different break durations (30, 40, 50, 60, and

MHNI analysis in 110 min protocol with 60 min break
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FIGURE 2. Comparison of DVR estimates computed for 60-min break in
110-min scan analysis with biexponential fit with DVR estimates obtained
from full 110-min scan duration. (A and B) Correlation and modified
Bland-Altman plots of DVR estimates for analysis performed using atlases
from MNI template space. (C and D) Correlation and modified Bland-
Altman plots of DVR estimates for analysis performed using FreeSurfer
parcellation. In correlation plots (A and C), solid red lines represent total
least squares regressions and black dashed lines are lines of identity. In
Bland-Altman plots (B and D), solid red lines represent mean differences,
dashed red lines show mean differences + 1.96 SDs, and black dashed
lines are zero lines for references. Blue dots represent CN subjects, and
orange dots represent MCI/AD subjects. Data points are for all subjects
and regional brain time-activity curves. FS = FreeSurfer.

70 min) tested in this work and the T-RT variability of the full-scan
analyses for reference. Our results were consistent between the 120-
and 110-min scan analyses and on average indicated T-RT perfor-
mance comparable to the full scan for all break durations, except for
the 70-min break protocol, which showed increased variability nota-
bly in the FreeSurfer analyses. The linear interpolation method pro-
vided overall similar T-RT performance but slightly less variability
in the 70-min break protocol (Supplemental Fig. 8).

These results demonstrated that, in addition to providing the
best compromise between quantitative accuracy and practicality,
the biexponential method with a 60-min break DTW protocol
also provides precise quantification. Therefore, this protocol was
selected as the method of choice for the computation of parametric
maps and model-based SUVR maps.

Parametric Imaging

Figures 4 and 5 show DVR parametric maps computed for the
120- and 110-min scan analyses, respectively, along with the
structural MR images, and DVR images computed from the full
dynamic acquisition for reference. Visually, the parametric DVR
images generated from the DTW protocol closely resembled those
obtained from the full dynamic scan. The difference maps showed
only small differences inside the brain, and most of the differences
were actually observed in extracerebral structures where off-target
binding has been reported for this tracer (meninges, ethmoid sinus,
retina) (3,6). Comparisons of regional DVR values between the
DTW and full-scan parametric maps demonstrated strong correla-
tions and good agreements despite some overestimation by the
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FIGURE 3. T-RT variability in 2 CN subjects for different break durations (30, 40, 50, 60, and
70 min) of DTW protocol with biexponential fit, compared with full scan acquisition (no break).
(A) T-RT performance for 120-min scan analysis. (B) T-RT performance for 110-min scan analysis.
(A and B) Analyses performed using FreeSurfer parcellation. Analyses performed using atlases from
MNI template space are in Supplemental Figure 10. Each data point represents a brain region sur-
veyed in this study. Yellow and orange dots correspond to regional data for 2 different CN subjects.
In panel B, 2 data points for 70-min break condition do not appear on graph as they lie outside graph

an increment of 10 min—and 2 interpola-
tion methods to recover the missing data:
a simple linear interpolation and a biexpo-
nential model. We used the full dynamic
datasets as a reference to evaluate the
accuracy of the DVR estimates derived
from the DTW protocols, and we aimed to
select the protocol providing the best com-
promise between practicality in a clinical
setting (i.e., maximizing break duration)
and quantitative accuracy. We first per-
formed our evaluation for regional analy-
ses (i.e., at the ROI level) using atlases
from the MNI template as well as the

limits. FS = FreeSurfer.

DTW maps, which was more pronounced in the 110-min scan
analysis (Supplemental Figs. 9 and 10).

Model-Based SUVR Maps

Figures 6 and 7 show model-based SUVR¢.99 images computed
with the 60-min break DTW protocol for the 120- and 110-min
scan analyses, respectively, along with the structural MR images,
and the original SUVR;q99 images for reference. Overall, the
model-based images were visually consistent with the original
SUVR70.99 images, and regional comparisons demonstrated good
quantitative accuracy (Supplemental Figs. 11 and 12).

DISCUSSION

In this work, we evaluated different DTW imaging protocols for
['8F]MK 6240 using datasets acquired in CN, MCI, and AD parti-
cipants, focusing on their impact on DVR quantification. We per-
formed our investigation for 2 study lengths (120 and 110 min),
testing different break durations—ranging from 30 to 70 min by

FreeSurfer parcellation, and then we com-
puted DVR parametric maps using the
selected DTW protocol.

Regional Quantification of DVR
Our results showed that both interpolation methods were quanti-
tatively accurate for relatively small breaks (30 and 40 min), but
the biexponential method outperformed the simple linear interpo-
lation for larger breaks—that is, when the tracer distribution is
changing significantly during the break. This finding was
expected, and the choice of a biexponential function is consistent
with the fact that the kinetics of ['®F]MK6240 are best described
by a 2-tissue compartmental model (4,6). In fact, DTW protocols
using the biexponential fit and breaks shorter than or equal to
60 min provided DVR values that were not statistically different
from those obtained from the full acquisition. Moreover, our T-RT
studies performed on 2 CN subjects suggested that those DTW
protocols were also precise in low-binding brain regions. Alto-
gether, these findings led us to select the 60-min break DTW pro-
tocol with biexponential fitting as the best compromise between
quantitative performance and practicality. It should be noted, how-
ever, that the selection of a given DTW protocol may be driven by
the application and underlying goal of a

120-min protocol

AD subject
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particular study (i.e., according to the level
of quantitative accuracy needed in a given
setting). The selection of a preferred break
duration of 60 min is consistent with the
study of Kolinger et al., who also selected
a DTW protocol with a 60-min break as
their optimal protocol, but our works pre-
sent some differences and complementary
results (37). First, their work was based
solely on simulations, where noiseless
time—activity curves were derived from
human datasets acquired in only 8 sub-
jects. Second, their range of DVR spanned
values up to 3 (up to 5 in the present
work). Third, they used only linear inter-
polation to recover the missing data in the
DTW break.
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Parametric Mapping and Model-Based

FIGURE 4. DVR maps computed for 60-min break with biexponential fit and 120-min scan analy-
sis, and corresponding MR structural images in AD subject and CN subject. First row shows
magnetization-prepared rapid gradient echo MRI for anatomic reference. Second row shows para-
metric DVR images generated from DTW images. Third row shows parametric DVR images gener-
ated from full 120-min dynamic images for comparison. Fourth row shows images of difference
(DVR DTW - DVR full scan).

SUVR Images

The DTW protocol provided DVR para-
metric maps that were visually consistent with
those obtained from the full dynamic scans,
and regional analyses of those parametric
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FIGURE 5. DVR maps computed for 60-min break with biexponential fit and 110-min scan analy-
sis, and corresponding MR structural images for same AD and CN subjects as shown in Figure 4.
First row shows magnetization-prepared rapid gradient echo as anatomic reference. Second row
shows parametric DVR images generated from DTW images. Third row shows parametric DVR
images generated from full 110-min dynamic images for comparison. Fourth row shows images of

used to predict SUVR;99 images with
good quality and accuracy. Such surrogate
SUVR7g.99 images may be useful for post
hoc multicenter analyses when pooling data-
sets with institutions using such static time
window protocols.

Limitations

Our study presents some limitations.
First, the dynamic DTW datasets used in
this work were not directly acquired as such
but were obtained post hoc by removing
intermediary 3-dimensional volumes from
the full dynamic PET acquisitions. Although
this strategy enabled us to use the full
dynamic PET acquisitions as reference for
validation, it does not necessarily fully repli-
cate the experimental conditions of an actual
DTW protocol. For instance, in practice,
some degree of misalignment would occur
between the early and late dynamic seg-
ments of the DTW acquisition because of
the subject’s repositioning between the 2

difference (DVR DTW — DVR full scan).

maps demonstrated strong correlations in DVR values despite some
slight overestimation, which was more apparent at increasing DVR
values—that is, in brain regions with slower kinetics (in high-
binding brain regions of MCI/AD subjects). This observation is
likely related to the artificially reduced statistical noise level in the
DTW voxel time-activity curves (i.e., compared with the original
full acquisition) due to using the model fits to recover the missing
data. Thus, this finding is consistent with the notion that Logan plots
are known to suffer from a noise-induced negative bias that is more
pronounced in high-binding regions than in low-binding regions
(41). Lastly, we also showed that the biexponential model can be

acquisition phases. Although an accurate

late-PET—to—early-PET registration may be
challenging because of the widely different tracer distribution
between the 2 acquisition phases, the 2 low-dose CT scans—which
would be required for attenuation correction of each PET segment—
could be used for registration purposes as well. Such registration
should be relatively straightforward and robust; however, future
works may include assessing the impact of such a procedure on the
quantitative DVR measurements. Another limitation relates to poten-
tial physiologic changes—such as variations in cerebral blood
flow—due to a subject’s moving between the acquisition of the 2
DTW phases as opposed to staying still on the scanner bed during a
full acquisition. In practice, this would be no different from late static

imaging protocols if SUVR is used as a

120-min protocol

AD subject CN subject

soualaylq

semiquantitative index to quantify tau bur-
den. Likewise, although standard kinetic
modeling techniques typically assume the
physiologic system to be in steady state dur-
ing the entire dynamic acquisition, DVR
measurements should not be affected by
such cerebral blood flow changes, as this
metric is typically insensitive to changes in
tracer delivery. Moreover, since our group
previously demonstrated that only a few
minutes are required to obtain a surrogate
measure of cerebral perfusion, those mea-
surements would be derived directly from
the early-phase dynamic PET segment and
would not be affected either (/2). Lastly,
our datasets included a total of 25 subjects,
with approximately half classified as
2 MCI/AD but only 2 as AD. Although our
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sample size was relatively small, we chose

FIGURE 6. Model-based SUVR;q.g90 maps computed for 60-min break with biexponential fit and
120-min scan analysis as well as corresponding MR structural images for same AD and CN subjects
as shown in Figure 4. First row shows magnetization-prepared rapid gradient echo as anatomic refer-
ence. Second row shows parametric SUVR7q.90 images generated from DTW images. Third row
shows original (i.e., from acquired data) SUVR;q.go images for comparison. Fourth row shows images
of difference (SUVR7.go DTW — SUVR;q.go Original).
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to include only subjects with a full—that is,
uninterrupted—dynamic acquisition for refer-
ence to avoid potential biases or limitations
that may be introduced by partial datasets.
Nonetheless, these datasets covered a broad
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FIGURE 7. Model-based SUVR;q g9 maps computed for 60-min break with biexponential fit and
110-min scan analysis as well as corresponding MR structural images for same AD and CN subjects
as shown in Figure 4. First row shows magnetization-prepared rapid gradient echo as anatomic refer-
ence. Second row shows parametric SUVR7q.oo images generated from DTW images. Third row
shows original (i.e., from acquired data) SUVR;q.go images for comparison. Fourth row shows images

of difference (SUVR70.90 DTW — SUVR7¢.go Original).

range of ['®F]MK6240 brain kinetics, with corresponding regional
DVRs reaching values of up to 5, thus allowing us to evaluate DTW
protocols across a wide range of tau levels. Although we are confident
that our findings would generalize well in a larger cohort, additional
studies on AD subjects with high tau levels (i.e., brain regions with
very slow kinetics) may help confirm the method’s applicability in
this clinical population. On the contrary, our T-RT analysis was lim-
ited to only 2 CN subjects, thus restricting the validity of our T-RT
findings to low-binding regions. Moreover, ideally a greater number
of participants would be needed to allow reliable and more conclusive
T-RT calculations.

CONCLUSION

Our study demonstrated that a DTW dynamic protocol offers a
practical and quantitatively accurate alternative to a full ['*FIMK6240
dynamic scan. The approach allows for both the quantification of tau
burden and an index of cerebral perfusion while improving scanning
efficiency and reducing patient discomfort compared with a full
dynamic acquisition.

KEY POINTS

QUESTION: Can a DTW dynamic imaging protocol provide
accurate quantitative measurements of tau burden with the
second-generation tau tracer ['®FIMK6240?

PERTINENT FINDINGS: Robust and accurate quantitative measure-
ments of tau were obtained using a DTW protocol with an optimal
break of 60 min. Such a protocol offers a practical and quantitatively
accurate alternative to a full ['®FJMK6240 dynamic scan.

IMPLICATIONS FOR PATIENT CARE: This approach enables the
quantification of both tau and cerebral perfusion while reducing
the total acquisition time compared with a full dynamic acquisition,
making it suitable for a clinical setting.
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