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Abstract

Purpose: Diffusion magnetic resonance imaging (MRI) and 6-['®F]fluoro-L-dopa (['®F]JFDOPA)
positron emission tomography (PET) are used to interrogate malignant tumor microenvironment.
It remains unclear whether there is a relationship between ["®F]JFDOPA uptake, diffusion MRI
estimates of apparent diffusion coefficient (ADC), and mitotic activity in the context of recurrent
malignant gliomas, where the tumor may be confounded by the effects of therapy. The purpose
of the current study is to determine whether there is a correlation between these imaging
techniques and mitotic activity in malignant gliomas.

Procedures: We retrospectively examined 29 patients with recurrent malignant gliomas who
underwent structural MRI, diffusion MRI, and ['®FJFDOPA PET prior to surgical resection.
Qualitative associations were noted, and quantitative voxel-wise and median measurement
correlations between ['®FJFDOPA PET, ADC, and mitotic index were performed.
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Results: Areas of high ["®F]FDOPA uptake exhibited low ADC and areas of hyperintensity T2/
fluid-attenuated inversion recovery (FLAIR) with low ['®F]FDOPA uptake exhibited high ADC.
There was a significant inverse voxel-wise correlation between ['®F]FDOPA and ADC for all
patients. Median ['®F]FDOPA uptake and median ADC also showed a significant inverse
correlation. Median ['®F]JFDOPA uptake was positively correlated, and median ADC was
inversely correlated with mitotic index from resected tumor tissue.

Conclusions: A significant association may exist between ['®F]FDOPA uptake, diffusion MRI,
and mitotic activity in recurrent malignant gliomas.

Key words: Diffusion MR, [18F]FDOPA PET, Malignant glioma, Proliferation, ADC

Introduction

liomas are a common type of neuroepithelial tumor

occurring during adulthood. Diffuse astrocytomas,
anaplastic astrocytomas, and glioblastoma multiforme
(GBM) are the most common neuroepithelial tumors, with
an annual age-adjusted incidence of approximately 4.1 per
100,000 people in the USA [1]. Malignant gliomas, which
constitute World Health Organization [WHO] grade IIT and
IV gliomas, are rapidly growing and are uniformly fatal.
Despite the recent advances in neurosurgery and adjuvant
therapies, the median survival of patients diagnosed with
gliomas WHO grades III-IV has improved only slightly and
remains relatively poor.

Currently, contrast-enhanced magnetic resonance imag-
ing (CE-MRI) plays a significant role in the evaluation of
therapeutic response in recurrent malignant gliomas; how-
ever, contrast enhancement with gadolinium is relatively
nonspecific for mitotically active tumor. Instead, the degree
of contrast enhancement is dependent on the increased
permeability of the blood-brain barrier (BBB) from angio-
genesis that accompanies aggressive tumor. Because of this
nonspecificity, alterations in enhancing tumor on CE-MRI
can occur for a variety of reasons unrelated to growing
tumor, including after radiation or immunotherapy.
Additionally, CE-MRI remains insensitive to subclinical
changes that may occur within the tumor, such as changes in
metabolism, cellularity, or proliferation rate. Therefore,
advanced imaging techniques have been explored as
possible methods for interrogating the internal biology of
malignant gliomas.

Diffusion MRI and amino acid positron emission tomogra-
phy (PET) have been proposed as techniques that can provide
noninvasive, spatially specific information about tumor cellu-
larity and metabolism, respectively. For example, diffusion
MRI estimation of the apparent diffusion coefficient (ADC), a
measure of the magnitude of water diffusion within a tissue,
has been shown to be negatively correlated with tumor cell
density [2-9], presumably due to an increase in boundaries to
diffusion within tightly packed tumors leading to a decrease in
water mobility. Additionally, studies have shown that changes
in ADC are predictive of response to therapy [6, 10—15], where

increasing ADC is reflective of tumor cell destruction in
successful cytotoxic therapy and a decrease in ADC may be
attributed to nonresponding, growing tumor. Despite initial
studies showing a relationship between tumor cellularity and
ADC, no studies have examined whether ADC estimates are
reflective of mitotically active tumor cell density or whether
ADC is sensitive to all cell types.

Amino acid PET techniques, including the use of
6-["®F]fluoro-L-dopa (['*FJFDOPA), have been shown to be
beneficial for identifying metabolically active tumor [16—18].
Amino acid transport is increased in malignant cells [19, 20],
which is hypothesized to be due the net result of increased
demand for amino acids for amino acid synthesis for
proliferation [21, 22], transamination, and transmethylation
[23, 24]; the use of amino acids as glutamine for fuel [25]; and
as precursors for other biochemical syntheses. Previous studies
have shown that there to be a relationship between
["*F]FDOPA uptake and mitotic activity in newly diagnosed
tumors; however, this relationship is less clear in the recurrent
setting where uptake may be influenced by other factors
including inflammatory processes, such as sarcoidosis [26] and
brain abscesses [27], and it may be difficult to differentiate
recurrent tumor from background tissue in many cases [28].

It remains unclear whether there is a relationship between
["®FJFDOPA uptake, diffusion MRI estimates of ADC, and
mitotic activity in the context of recurrent malignant
gliomas, where the tumor microenvironment may be
confounded by the effects of treatment. In the current
retrospective study, we examined 29 patients with recurrent
malignant gliomas who underwent MRI and ['*F]JFDOPA
PET prior to surgical resection in order to determine whether
there is a spatial correlation between these imaging
techniques, suggesting that they may provide similar
information, and whether these measurements reflect the
underlying mitotic activity of these tumors.

Materials and Methods

Patients

A total of 110 retrospective enrolled patients with malignant gliomas
(WHO IIHV) received ["*FJFDOPA PET scans for suspected tumor
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recurrence since 2006. A total of 29 out of these 110 patients had (1)
preoperative ['*FJFDOPA PET scans and high-quality diffusion MR
images within 2.5 months of surgical resection, (2) treatment and
subsequent failure of concurrent radiation and temozolomide followed
by adjuvant temozolomide, (3) suspected recurrence more than 12 weeks
from end of concurrent radiochemotherapy, (4) no bevacizumab or
immunotherapies prior to PET and MRI, and (5) surgical resection as a
result of suspected recurrent disease with no notable change in tumor
histology. There were 22 men and 7 women, with a mean age of
49.4+12.7 years, ranging from 23 to 72 years. By the time of this study, 22
patients have died and 7 remain alive. The time between preoperative
['|FJFDOPA PET acquisition and subsequent histological diagnosis was
1.1440.69 months. Twenty patients were diagnosed with GBM (WHO
grade IV), and 9 patients were diagnosed with WHO grade 1l tumors
(three patients with anaplastic oligodendroglioma, five patients with
anaplastic astrocytoma, and one patient with anaplastic mixed glioma). All
patients presented with tumor recurrence at the time of PET and MRI and
underwent subsequent surgical resection. In addition to surgery, all
patients had received radiation and chemotherapy prior to recurrence. The
median time from completion of radiotherapy to PET imaging was 12.6
months. This prospective analytical study was conducted after obtaining
the approval of the University of California, Los Angeles, Office for
Protection of Research Subjects. Written informed consent was obtained
from all patients. Additional patient characteristics are described in
Table 1.

6-['°FJF. luoro-.-Dopa Positron Emission
Tomography

['"|*FJFDOPA PET scans were acquired for all 29 patients using a high-
resolution full-ring PET scanner (ECAT-HR; CTI/MIMVista). Patients
were instructed to fast for more than 4 h prior to PET acquisition.
['"®FJFDOPA was synthesized and injected intravenously; injected doses
averaged 125.4422.9 MBgq, 1.5440.37 Bg/kg. A CT scan was acquired
prior to PET for attenuation correction. Three-dimensional ['*FJFDOPA
emission data were acquired 10 min after radiotracer injection for a total of
30 min. Data was integrated between 10 and 30 min from injection to
obtain a 20-min static ["*FJFDOPA images following reconstruction. PET
images were reconstructed using an ordered-subset expectation maximi-
zation iterative reconstruction algorithm consisting of six iterations with
eight subsets [29, 30]. Lastly, a Gaussian filter with a full width at half
maximum of 4 mm was applied. The resulting voxel sizes were
1.34 mmx1.34 mmx3 mm for ["*FJFDOPA PET standard uptake volume

(SUV) maps.

Magnetic Resonance Imaging

All MR data were collected on a 1.5T MR system (General Electric
Medical Systems or Siemens Medical). Standard anatomical MRI
sequences included axial T1-weighted, T2-weighted, and fluid-
attenuated inversion recovery (FLAIR) images. In addition, gadopentetate
dimeglumine-enhanced (Magnevist; 0.1 mmol/kg) axial and coronal T1-
weighted images (T1 + C) were acquired after contrast injection.
Diffusion tensor images (DTIs) were collected on a 1.5T MR system
(General Electric Medical Systems or Siemens Medical) in 20 equidistant
diffusion-sensitizing directions with #=1000 s/mm’, along with a single
b=0 s/mm> image, with a resolution of 2 mmx2 mmx2 mm. The diffusion
tensor was estimated using TrackVis (Martinos Center for Biomedical

Imaging/MGH; http:/trackvis.org), and mean diffusivity maps were used
as estimates of ADC.

Image Registration

All PET and MRI images for were registered to the post-contrast T1-
weighted images for each respective patient using a 12-degree of freedom
affine transformation and a mutual information cost function. (FSL;
FMRIB, Oxford, UK; http:/www.fimrib.ox.ac.uk/fsl/). If required, manual
alignment was subsequently performed (tkregister2, Freesurfer;
surfer.nmr.mgh.harvard.edu; Massachusetts General Hospital, Harvard
Medical School). To register the ADC maps, we rigidly aligned b0 images
acquired during DTI sequence to the CE-MRI using the FSL Linear
Image Registration Tool. Regions of T2 or FLAIR signal abnormality as
well as regions of T1 contrast enhancement were contoured and masked
using a semiautomated thresholding technique for each patient.
Radiotracer concentration within the ROIs was normalized to the injected
dose per kilogram of patient’s body weight to derive SUV. Additionally,
PET SUV images for each patient were normalized to the areas of normal-
appearing basal ganglia selected from the corresponding aligned MR
images. ['SFJFDOPA PET uptake higher than the basal ganglia has been
shown to be predictive of active tumor with high sensitivity and specificity
[31]. The volume of tumor was defined as the area of contrast
enhancement on CE-MR images. On FLAIR sequences, the region of
abnormally increased signal intensity encompassing both the volumes of
enhancing tumor and surrounding edema were contoured. Necrotic areas
were excluded from the analysis. We chose to include contrast-enhancing
tumor within our FLAIR-defined regions of interest in order to ensure a
wide range of both PET and ADC measurements for correlation purposes
(i.e., to make sure that the analysis contains both aggressive or enhancing
tumor as well as edematous tissues, which both appear abnormal on
FLAIR). Median SUVs of ['*FJFDOPA along with median ADC values
were calculated in the regions of contrast enhancement on T1 image
sequences and in the areas of T2 or FLAIR abnormalities using
normalized PET data.

Histopathology and Immunohistochemistry

A total of 20 of the 29 patients had tissue available for evaluation.
All tissue was obtained from contrast-enhancing regions via biopsy
and under image guidance, but stereospecificity of the tissue was
not retained for precise matching with imaging data. All tumors
were graded using the WHO grading system and stained for Ki-67
expression. The samples from the surgery were divided into
different blocks. Histology section and microscopic examination
are performed over all those different blocks. Sections of 5 um
were cut from formalin-fixed paraffin-embedded (FFPE) blocks of
tumors (known to have tumor) and processed for immunohisto-
chemical detection of Ki-67. Appropriate positive and negative
controls were used to ensure good immunohistochemical staining.
Measurement of proliferation from Ki-67-stained slides was
performed manually by board certified neuropathologists. For
manual scoring in each specimen, the number of tumor cells with
distinct nuclear staining of Ki-67 as well as the total number of
cells was manually counted in 20 x200 fields reflecting the areas of
highest Ki-67 labeling from contrast-enhancing regions obtained
from resected tumor tissue under image guidance. The percentages
of Ki-67-immunopositive cells were calculated for each field, and
the average of these percentages was used for analysis.
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Table 1. Patient characteristics

Patient ~ Gender  Age Weight KPS Tumor WHO  Prior Time between PET Enhancing tumor ~ T2/FLAIR
no. (kg) grade recurrences and histology (months) volume (cc) volume (cc)
1 M 66 92.986 60 AO 3 1 0.07 6.21 71.01
2 M 47 80.910 90 GBM 4 1 0.16 291 4534
3 M 45 88.984 90 GBM 4 1 0.2 12.19 46.21
4 M 72 80.000 60 GBM 4 1 0.23 17.60 106.39
5 M 59 86.260 90 GBM 4 1 0.43 0.40 20.42
6 F 49 62.000 80 GBM 4 2 0.49 41.07 241.22
7 F 45 59.029 90 GBM 4 2 0.49 20.46 65.27
8 F 56 112.500 60 AO 3 8 0.52 43.70 94.58
9 M 41 88.984 100  AO 3 1 0.52 2.01 32.35
10 F 41 58.112 80 GBM 4 2 0.75 11.47 24.03
11 M 56 98.518 80 GBM 4 1 0.79 2.36 68.49
12 M 45 98.064 100 AMG 3 1 0.89 0.13 10.96
13 M 61 81.720 80 GBM 4 1 0.92 1.54 29.33
14 M 43 85.352 90 GBM 4 1 1.11 0.82 3.10
15 M 66 118.040 90 GBM 4 1 1.15 1.23 1.16
16 M 47 63.560 90 AO 3 3 1.15 0.11 18.23
17 M 31 94.886 100  GBM 4 1 1.34 24.27 19.38
18 M 41 95.340 90 GBM 4 2 1.34 8.83 4537
19 F 65 59.928 60 GBM 4 2 1.34 13.30 48.98
20 M 68 117.934 90 GBM 4 1 1.44 6.68 43.58
21 M 62 95.340 90 GBM 4 1 1.51 10.60 64.84
22 M 42 75.300 90 AA 3 1 1.54 5.69 14.06
23 M 62 99.880 90 GBM 4 2 1.9 0.30 0.93
24 F 41 72.640 100 AA 3 1 1.93 6.93 95.11
25 M 37 78.542 80 GBM 4 1 2.07 24.69 229.77
26 M 23 89.000 90 AA 3 1 2.1 0.24 21.61
27 M 45 85.000 90 AA 3 1 2.16 1.68 9.87
28 F 51 59.020 90 GBM 4 3 2.16 6.33 32.15
29 M 26 62.270 100  GBM 4 1 2.33 0.93 1.17

M male, F female, AO anaplastic oligodendroglioma, 44 anaplastic astrocytoma, KPS Karnofsky performance score

Statistical Analysis

Voxel-by-voxel correlation between ['*F]JFDOPA uptake and ADC
was performed for FLAIR-hyperintense regions in each patient at
the resolution of the ['*FJFDOPA PET scans to examine general
trends between these two modalities. FLAIR-hyperintense regions
were chosen in order to include regions of contrast-enhancing
tumor, peritumoral edema, and nonenhancing tumor. Regions of
necrosis were excluded from the analysis. The slopes of the
regression lines comparing ["*FJFDOPA-normalized SUV and
["*F]JFDOPA-normalized ADC for each patient were then grouped
to determine whether these were significantly different from zero
using a ¢ test. Additionally, the correlations between median
["®F]FDOPA uptake, median ADC values, and tumor proliferation
(KI-67) were calculated using linear regression analysis. All
statistical tests were performed using GraphPad Prism, version 4.0
(GraphPad Software).

Results

In general, areas of elevated ['*FJFDOPA uptake within
contrast-enhancing tumor regions appeared to also have a
low ADC on diffusion MRI (Fig. 1), consistent with the
hypothesis that regions of low ADC may reflect active
tumor. Additionally, regions within FLAIR-hyperintense
regions exhibiting low ['*FJFDOPA uptake relative to the
basal ganglia demonstrated elevated ADC, consistent with a

lower tumor cellularity in these regions. This was expected,
since FLAIR-hyperintense regions can contain a mixture of
peritumoral edema as well as nonenhancing tumor.

The association between ['*FJFDOPA uptake and ADC
was verified by examining the voxel-wise correspondence
within each patient. As illustrated in Fig. 2a—h, we observed
a statistically significant correlation between ['*FJFDOPA
uptake and ADC for all 29 patients examined (Pearson’s
correlation coefficient, P<0.05). Interestingly, we also
observed deviation of this linear trend for regions with low
ADC in many cases. In particular, many patients demon-
strated a spike in ['*FJFDOPA uptake in regions with a low,
but constant ADC. These trends may suggest a practical
minimum ADC within the tumor, perhaps corresponding to
maximum cell packing, regardless of metabolic activity.
Generally speaking, we observed a significant negative
correlation between ['*FJFDOPA uptake and ADC for each
patient within FLAIR-hyperintense regions (Fig. 2i; mean
slope=—0.2523+0.0167 SEM ['®F]DOPA-normalized SUV/
[um?/ms]; ¢ test, observed slope vs. slope=0; P<0.0001).
Consistent with voxel-wise trends within the tumor, median
["*FIFDOPA uptake relative to the basal ganglia, and
median ADC calculated in each patient within FLAIR-
hyperintense regions exhibited a significant negative corre-
lation (Fig. 3a; slope=—0.3609+0.1227 SEM ['SF]DOPA-
normalized SUV/[um?*/ms]; R?=0.4240, P=0.0006).
Additionally, we observed a significant, but relatively weak
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T1+C FLAIR ADC PET
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ADC [um2/ms] [Relative to BG]
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Fig. 1 Post-contrast T1-weighted images, T2-weighted FLAIR, diffusion MRI estimates of ADC, and ['®F]FDOPA PET SUV
images in five patients (a—e) with malignant gliomas. Regions of high ["®F]FDOPA uptake appear to be spatially correlated with
areas of relatively low ADC within FLAIR-hyperintense regions (red arrows), whereas areas of low ['®FJFDOPA uptake appear to
be localized to areas of high ADC (white arrows).
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negative trend between the median ['*FJFDOPA uptake and
median ADC within areas of contrast-enhancing tumor
(Fig. 3b; slope=—0.7648+0.3083 SEM ['*F]FDOPA-normal-
ized SUV/[um?/ms]; R*=0.2658, P=0.0239).

Consistent with the hypothesis that ['*FJFDOPA PET
uptake reflects general mitotic activity of the tumor, we
observed a significant positive correlation between average
mitotic activity within resected enhancing tumor, as estimat-
ed from manual counts of average Ki-67-positive cells per
x20 field and median ['*FJFDOPA uptake within areas of
contrast enhancement (Fig. 3c; slope=61.63+27.24 SEM
Ki-67-positive cells per x200 field per normalized
["|FIFDOPA SUV; R*=0.2215, P=0.0362). No statistically
significant correlation was observed between ['*FJFDOPA
PET SUV and mitotic activity when patients were split into
WHO IV (N=15, R?=0.2231, P=0.0754) and WHO III (N=>5,
R*=0.2570, P=0.3834) grade tumors. Additionally, we
observed a significant linear correlation between mitotic
activity within the enhancing tumor and median ADC within
enhancing tumor (Fig. 3d; slope=—86.85+32.84 Ki-67-
positive cells per x200 field per [pm?/ms]; R*=0.2799,
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P=0.0165). The correlation between ADC and mitotic
activity was statistically significant for WHO III tumors
(N=5, R®=0.9828, P=0.001) but only trended toward
significance in WHO IV tumors (N=15, R2=0.2512,
P=0.057). Important to note is that these trends were
relatively weak and there appeared to be a subset of data
exhibiting a relatively strong association between imaging
measurements and mitotic activity (arrows in Fig. 3c, d),
while a few outliers with high focal mitotic activity may
have skewed the general associations observed.

Discussion

Histology of excised tissue remains the gold standard for
identifying biological characteristics pertinent to the aggres-
siveness and treatment sensitivity of the tumor, including
estimates of cellular proliferation. The antigen Ki-67 has
been reported as the most reliable marker for cellular
proliferation because of its expression in almost all phases
of the cell cycle, except for the GO phase [32, 33]. Therefore,
a noninvasive method of assessing glioma proliferation
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Fig. 3 a Correlation between median normalized ['®F]JFDOPA SUV and median ADC within T2/FLAIR-hyperintense regions
evaluated across all patients (slope=—0.3609+0.1227 SEM ['®F]DOPA-normalized SUV/[um?/ms]; R®=0.4240, P=0.0066). b
Correlation between median normalized ['®FJFDOPA SUV and median ADC within contrast-enhancing regions evaluated across
all patients (slope=-0.7648+0.3083 SEM ['®F]FDOPA-normalized SUV/[um?/ms]; R?=0.2658, P=0.0239). ¢ Correlation between
median normalized ['®FJFDOPA uptake and mitotic activity (slope=61.63+27.24 SEM Ki-67-positive cells per x200 field per
normalized ['®FJFDOPA SUV; R?=0.2215, P=0.0362). d Correlation between median ADC and mitotic activity (slope=—86.85
+32.84 Ki-67-positive cells per x200 field per [um?/ms]; R?=0.2799, P=0.0165). Arrows highlight a subset of data that appears
to exhibit a relatively strong association between imaging measurements and mitotic activity.

should demonstrate an association with mitotic index or
proliferation rate as assessed using Ki-67.

Amino acid and amino acid PET tracers are particularly
useful for imaging of brain tumors because of their low
uptake in normal brain and high uptake in tumor.
["*FJFDOPA is an amino acid tracer for PET synthesized
in mammalian cells from L-tyrosine, by the enzyme tyrosine
hydroxylase, and is a precursor of the neurotransmitters
dopamine, norepinephrine, and epinephrine. ['*FJFDOPA
PET is believed to label tumor cells due to increased demand
for amino acid synthesis for proliferation [21, 22], transam-
ination, and transmethylation [23, 24]; the use of amino
acids as glutamine for fuel [25]; and as precursors for other
biochemical syntheses. As such, previous studies have
shown that there to be a relationship between ["*FIFDOPA
uptake and mitotic activity in newly diagnosed tumors;
however, this relationship is less clear in the recurrent setting
where uptake may be influenced by other factors including
inflammatory processes [28]. Additionally, diffusion MRI
has been shown to be negatively correlated with tumor cell
density [2-9] and restricted diffusion is thought to occur in
the most aggressive areas of the tumor. Despite this
association in newly diagnosed tumors, to our knowledge,
no studies have explicitly examined whether ADC estimates

are reflective of mitotically active tumor cell density in the
context of recurrent malignant gliomas. Thus, we hypothe-
sized that a strong inverse association would exist between
["*F]JFDOPA PET uptake and ADC within these tumors and
that tumors with elevated ['*FJFDOPA PET and/or low
ADC would exhibit the highest mitotic index.

Results from the current study support the hypothesis that
high ['*F]FDOPA uptake is generally localized to areas of
low ADC and that these results reflect areas of tumor with
high mitotic activity in recurrent tumor. The correlation
between amino acid PET uptake and proliferation has been
well documented in newly diagnosed brain tumors using a
variety of amino acid tracers [22, 34-36]; however, this
association has not been well established in recurrent
tumors. For example, a previous study by Fueger et al.
[28] found a correlation between ['*FJFDOPA SUV mea-
surements and the mitotic index in newly diagnosed tumors
but failed to find a significant association with recurrent
tumors. However, this study (and many other PET studies)
only examined a region of interest placed over the area of
highest uptake on the PET images and did not examine
['®F]JFDOPA uptake localized to areas of contrast enhance-
ment. Therefore, it is conceivable that the current study more
concisely captures the metabolic characteristics of the tumor
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regions being evaluated via histology. Similar to amino acid
PET, diffusion MRI estimates of ADC have been shown to
be correlated with tumor cellularity [2-9] and mitotic index
[37, 38], but again only in newly diagnosed brain tumors. To
the best of our knowledge, no studies have observed an
association between ADC and mitotic index in recurrent
high-grade gliomas.

Voxel-wise correlations between [ *FIFDOPA uptake and
ADC in the current study suggest a general linear association
between these imaging measurements but interestingly also
illustrated areas of high ['*F]JFDOPA uptake with a constant,
low ADC. This latter observation is consistent with the
hypothesis that there may be a lower limit to tumor ADC and
metabolic activity may vary even within these highly dense
tumors. It is conceivable that this low ADC limit may possibly
reflect the maximum cell packing possible within the respective
tumor, and this limit may occur regardless of whether the tumor
is actively proliferating.

Study Limitations

There are a few limitations to the current study that should
be addressed. First, the current retrospective study lacked a
degree of stereospecificity for the histological samples taken;
therefore, the correlation between imaging measurements
and mitotic index on Ki-67 may be lesser than would be
expected with a higher degree of spatial localization. It is
important to note that mitotic index measurements were
taken from various slides throughout contrast-enhancing
tumor regions, which were subsequently correlated with
median measurements of imaging features in within the
same general areas. Additionally, Ki-67 staining is not
necessarily specific to tumor cells undergoing cell prolifer-
ation but can also stain other cells that proliferate rapidly,
including immune cells. The observed association between
["®FJFDOPA uptake and mitotic index in the current study
may be associated with both tumor proliferation and
treatment-related changes, since elevated ['*FJFDOPA up-
take can also occur during inflammation.

Conclusion

Regions exhibiting high ['"*F]JFDOPA uptake on PET scans
are typically localized to areas of low ADC on diffusion
MRI, and these regions typically have a high mitotic index
in recurrent malignant gliomas.
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