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Abstract

Introduction—To report the potential value of pre-operative 18F-FDOPA PET and anatomic
MRI in diagnosis and prognosis of glioma patients.

Methods—Forty-five patients with a pathological diagnosis of glioma with pre-operative 18F-
FDOPA PET and anatomic MRI were retrospectively examined. The volume of contrast
enhancement and T2 hyperintensity on MRI images along with the ratio of maximum 18F-FDOPA
SUV in tumor to normal tissue (T/N SUVnax) Were measured and used to predict tumor grade,
molecular status, and overall survival (OS).

Results—A significant correlation was observed between WHO grade and: the volume of
contrast enhancement (r=0.67), volume of T2 hyperintensity (r=0.42), and 18F-FDOPA uptake
(r=0.60)(P < 0.01 for each correlation). The volume of contrast enhancement and 18F-FDOPA T/N
SUVnax were significantly higher in glioblastoma (WHO 1V) compared with lower grade gliomas
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(WHO I-111), as well as for high-grade gliomas (WHO I11-1V) compared with low-grade gliomas
(WHO I-I1). Receiver-operator characteristic (ROC) analyses confirmed the volume of contrast
enhancement and 18F-FDOPA T/N SUV .« could each differentiate patient groups. No significant
differences in 18F-FDOPA uptake were observed by IDH or MGMT status. Multivariable Cox
regression suggested age (HR = 1.16, P = 0.0001) and continuous measures of 18F-FDOPA PET
TIN SUVnax (HR = 4.43, P = 0.016) were significant prognostic factors for OS in WHO 1-1V
gliomas.

Conclusions—Current findings suggest a potential role for the use of pre-operative 18F-FDOPA
PET in suspected glioma. Increased 18F-FDOPA uptake may not only predict higher glioma grade,
but also worse OS.
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18F_.FDOPA PET; biomarker; glioma; MRI

INTRODUCTION

Gliomas are the most common primary brain tumors in adults, and the survival rates for
patients with glioblastoma (GBM) have remained grim for decades. According to the
Central Brain Tumor Registry of the United States, the 1995-2012 survival rates for patients
with GBM were 37.2% and 5.1% at 1-year and 5-years after diagnosis, respectively [1], and
median survival for GBM is approximately 12-16 months [2—4]. At initial presentation,
contrast-enhancement (CE) on the magnetic resonance imaging (MRI) scan, the gold
standard for diagnosis and response assessment in malignant gliomas [5], may suggest a
high-grade glioma (HGG), and up to 51% of newly-diagnosed GBMs may contain non-
enhancing cortical signal abnormality [6]. In a prospective study of 53 newly-diagnosed
brain tumor patients with non-CE lesions on MRI, 34% were found to have histologically-
proven high-grade glioma [7].

The use of positron emission tomography (PET) molecular imaging can provide metabolic
information that can complement MRI in questionable lesions. In 2016, the Response
Assessment in Neuro-Oncology (RANO) working group and European Association for
Neuro-Oncology (EANO) emphasized amino acid PET as a critically important imaging tool
for diagnosis, response assessment, and clinical management of glioma patients [8].
Compared to traditional FDG PET, which maintains high uptake in normal neural tissues,
amino acid PET tracers including methyl-L-[*1C]-methionine (1C-MET), [*8F]-fluoro-
ethyl-tyrosine (1F-FET), and 3,4-dihydroxy-6-[18F]-fluoro-L-phenylalanine (18F-FDOPA)
exhibit high tumor-to-background ratios and have exquisite specificity for identifying areas
of active tumor [9-16]. The high level of amino acid uptake is in part due to the unique
metabolic characteristics of cancer cells, which utilize neutral amino acids for fuel, cellular
maintenance, and a variety of enzymatic processes. While 18F-FET PET is a preferred
radiotracer in much of the world including Europe and Australia due to its long half-life and
relatively simple synthesis [16], 18F-FDOPA PET is gaining traction because of its regular
clinical use in the diagnosis of movement disorders. 18F-FDOPA PET/CT has been shown to
change the intended management of 41% of patients with brain tumors [17]. When used
together, 18F-FDOPA PET and MRI are believed to provide superior ability to diagnose [7],
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predict the degree of malignancy, improve stereotactic guidance for biopsies, and
differentiate pseudoprogression from true tumor progression in brain tumors [18-20].

Although some studies have examined 18F-FDOPA PET characteristics in treatment-naive
glioma [7, 12, 19-30], few have examined 18F-FDOPA PET combined with anatomic MRI
features and even fewer have evaluated their ability to predict overall survival (OS). Such
experience, even in small cohorts, is important to better understand the potential to change
clinical decisions including treatment strategies. Thus, the purpose of the current
retrospective study was to report our experience using 8F-FDOPA PET and MRI in
preoperative, treatment-naive patients with suspected glioma with regards to differences in
diagnosis and prognosis.

METHODS

Patient Selection

The UCLA Medical Center institutional review board approved this study (IRB
IRB#15-000467). Consecutive patients from 2003 to 2016 with suspected glioma who
underwent 18F-FDOPA PET scan prior to biopsy or resection, radiation therapy, and
chemotherapy were eligible for inclusion. A total of 73 consecutive scans were identified as
being pre-intervention (e.g. prior to biopsy, resection, radiation therapy, and chemotherapy).
Ten scans were excluded due to sequences with unusable radiotracer dose/timing header
information (n=2), unavailability in the archival system (n=4), patients receiving carbidopa
prior to the scan (n=2) [29], and lack of a post-scan tissue biopsy in patients who had a
seizure (n=2). Thus, 63 upfront 18F-FDOPA PET scans were identified in 59 unique patients.
Of the 59 suspected glioma patients whose 18F-FDOPA PET scans were initially identified,
45 patients had confirmed gliomas and available pre-operative anatomic MRI including post-
contrast T1-weighted images and either T2-weighted turbo spin echo or T2-weighted fluid-
attenuated inversion recovery (FLAIR) images. Of these patients, the mean age was
46.4+16.2 years and 51% were female. The distribution of World Health Organization
(WHO) grade I (ganglioglioma), I1, 111, and 1V gliomas was 4.4%, 35.6%, 31.1%, and
28.9%, respectively. OS was measured as the time interval from pathology-proven diagnosis
until death or the last known alive time on the censor date (August 31, 2017). When
available, isocitrate dehydrogenase 1/2 (IDH1/2) mutational status, 1p19q deletion status,
and O8-methylguanine-DNA methyltransferase (MGMT) promoter methylation results were
obtained from the patient’s clinical chart. Table 1 summarizes these patient demographics
and glioma molecular status.

Magnetic Resonance Imaging Acquisition and Analysis

Anatomic MRI consisted of at least standard anatomic T1-weighted pre- and post-contrast
images (2D axial turbo spin echo with 3 mm slice thickness and no interslice gap or 3D
inversion-prepared gradient echo images with 1-1.5 mm isotropic voxel size), and 2D axial
T2-weighted or T2-weighted FLAIR images acquired at 3 mm slice thickness with no
interslice gap. The presence or absence of nodular CE on post-contrast T1-weighted images
within the lesion was determined by the official clinical radiology report. A total of 23 of 45
patients (51%) lacked CE on post-contrast T1-weighted images.
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Two regions of interests (ROI) were segmented by a single investigator (A.C.) and
confirmed by another investigator (B.E.) using a semi-automatic procedure documented
previously [31-33] and the Analysis of Functional Neurolmages (AFNI) software (NIMH
Scientific and Statistical Computing Core; Bethesda, MD, USA). These investigators were
blinded to the PET data and survival results. These regions of interest comprised 1) CE
tumor from post-contrast T1-weighted images and 2) regions of T2 hyperintensity on T2-
weighted or T2-weighted FLAIR images. For the segmentation of CE and T2 ROIs, a semi-
automatic method was employed in which a large ROI was drawn over both CE regions on
the post-contrast T1-weighted images (including necrosis) and T2 hyperintensities on the T2
or FLAIR images (i.e. non-CE tumor plus edema). Then, an intensity threshold was
manually chosen to extract the CE tumor, plus any CE central necrosis, from the post-
contrast T1-weighted images. Similarly, regions of T2 hyperintensity were segmented with
manual thresholds on the T2 or FLAIR images, including areas of CE. All volumes are
reported in cubic centimeters (cc).

18F-FDOPA PET Image Acquisition and Analysis

18F_.FDOPA PET scans were acquired for all 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. 18F-FDOPA was synthesized and injected intravenously. A CT scan was
acquired prior to PET for attenuation correction. Three-dimensional 8F-FDOPA emission
data were acquired for a total of 30 min. Data were integrated between 10 and 30 min from
injection to obtain 20-min static 18F-FDOPA images following reconstruction. PET images
were reconstructed using an ordered-subset expectation maximization (OSEM) iterative
reconstruction algorithm consisting of six iterations with eight subsets [34, 35]. Lastly, a
Gaussian filter with a full width at half maximum of 4 mm was applied. The resulting voxel
sizes were 1.34 mm x 1.34 mm x 3 mm for 18F-FDOPA PET standard uptake volume (SUV)
maps.

A 1 cm diameter spherical region of interest (ROI) analysis at the suspected tumor site (T)
and contralateral normal-appearing white matter at the level of the centrum semiovale
(NAWM) was performed on 18F-FDOPA PET scans to calculate the quantitative measure of
the metabolic activity of the radiotracer (SUV in g/mL) using the standard body weight
method as previously reported [19]. The ratio of maximum SUV within the tumor to
maximum SUV in NAWM was calculated (T/N SUVax) and used for subsequent analyses.
This was first done in a blinded fashion (without using lesion location information from the
MRI scan), followed by an unblinded fashion in which the ROl was centered in the region of
maximum 18F-FDOPA uptake within the lesion as defined by the preoperative CE MRI
closest in time to the 18F-FDOPA scan. In cases of non-CE lesions, the T2-weighted MRI
scan was used to guide the placement of the tumor ROI on the 18F-FDOPA PET scan during
the unblinded analysis.

Receiver Operator Characteristic (ROC) Analysis

The receiver operating characteristic (ROC) curve was used to determine whether the
volume of CE, volume of T2 hyperintensity, and/or 18F-FDOPA PET T/N SUV y ratio
could discriminate between either (a) GBM (WHO 1V) and lower grade gliomas (WHO |-
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[11) and (b) high-grade gliomas (HGGs; WHO I11-1V) from WHO I-Il gliomas. The area
under the curve (AUC) of each of the resulting ROC curves was further used to discriminate
the outcomes.

Statistical Analyses

RESULTS

Statistical analysis was performed in Intercooled Stata version 9.2 (Stata Corp., College
Station, TX) or Prism (Version 7.0c; GraphPad Software, La Jolla, CA). The Shapiro-Wilk
test was used to test for normally-distributed data. For normally-distributed data, Student’s t-
test or analysis of variance (ANOVA) was performed. For non-normally-distributed data, a
Mann-Whitney or Wilcoxon rank-sum analysis of medians was performed. Pearson or
Spearman correlation coefficients were used to assess correlations between MRI
measurements, 18F-FDOPA PET T/N SUVa ratio, and tumor grade. For AUC analysis of
the ROC curves, logistic regression was used. Multivariable Cox regression was used to
determine whether clinical covariates and continuous values of imaging measurements were
significant predictors of OS. Kaplan-Meier curves were used to display differences in OS,
and the log-rank test was used to compare survival when appropriate. Statistical significance
was defined as alpha = 0.05. Bonferroni correction was used for multiple comparisons,
resulting in a required level of significance of P < 0.017. Results are presented as
percentage, meanzstandard deviation, median with interquartile range (IQR), or range.

In general, the volume of CE, volume of T2 hyperintensity, and 18F-FDOPA PET T/N

SUV max ratio increased with increasing glioma grade (Fig 1). Spearman rank correlation
confirmed this general observation, showing a strong and significant correlation between the
volume of CE and WHO grade (r = 0.67, P < 0.00001), volume of T2 hyperintensity and
WHO grade (r = 0.42, P = 0.0041), and 18F-FDOPA T/N SUV,ax and WHO grade (r = 0.60,
P < 0.00001). Pearson analysis revealed that the volume of CE and 18F-FDOPA T/N
SUVnax demonstrated a strong positive linear correlation (r = 0.65, P < 0.00001) across
patients, but no such association was observed between the volume of T2 hyperintensity and
18F_.FDOPA T/N SUV max (7 = 0.08, P = 0.59), or between the volumes of CE and T2
hyperintensity (r = 0.22, P = 0.16).

The volume of CE (Fig 2A,; 7.5%6.3 cc vs. 0.2+0.3 cc, Mann-Whitney, P < 0.00001) and
18F_.FDOPA PET T/N SUVmax (Fig 2C; 2.7+0.9 vs. 1.520.5, P = 0.0002), but not the
volume of T2 hyperintensity (Fig 2B; 47.0+36.0 cc vs. 32.8450.7 cc, P = 0.04), were
significantly higher in GBM (WHO 1V) gliomas compared to lower grade gliomas (WHO I-
[11), respectively, after Bonferroni correction. Similarly, ROC analysis indicated that the
volume of contrast enhancement (AUC = 0.95+0.05, P < 0.00001) and 18F-FDOPA PET T/N
SUVax (AUC = 0.86£0.06, P < 0.00001), but not the volume of T2 hyperintensity (ROC
AUC = 0.70+0.08, P = 0.37), could differentiate GBM from WHO I-I111 gliomas with high
sensitivity and specificity (Fig 2D). A volume of contrast enhancement larger than 1.2 cc
had a 92% sensitivity and 100% specificity, and an 18F-FDOPA PET T/N SUVnax > 1.8 had
a sensitivity of 85% and specificity of 78%, in differentiating GBM from lower grade (WHO
I-111) gliomas.
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Likewise to the previous analysis, the volume of CE (Fig 2E; 3.7+5.7 cc vs. 0.1+0.3 cc,
Mann-Whitney, P < 0.00001) and 18F-FDOPA PET T/N SUV max (Fig 2G; Mann-Whitney,
2.2+0.9 vs. 1.4+0.4, P = 0.0002), but not the volume of T2 hyperintensity (Fig 2F; 44.5+50.1
cc vs. 25.6+40.4 cc, Mann-Whitney, P = 0.04), were significantly higher in HGG (WHO Il1-
IV) compared to low-grade glioma (LGG, WHO I-II), respectively, after Bonferroni
correction. ROC analysis (Fig 2H) indicated that 18F-FDOPA PET T/N SUV pax (AUC =
0.8620.06, P < 0.00001) and the volume of contrast enhancement (AUC = 0.95+0.05, P <
0.00001) could significantly differentiate HGG from LGG, but the volume of T2
hyperintensity could not (AUC = 0.70+0.09, P = 0.37). Notably, the volume of contrast
enhancement appeared to have high sensitivity and the volume of T2 hyperintensity had a
high specificity for differentiating HGG from LGG, while 18F-FDOPA PET T/N SUV jax
had a balance of high sensitivity and specificity (T/N SUVpax > 1.7 [median value] had a
70% sensitivity and 78% specificity for differentiating HGG from LGG).

Among the 39 patients with available IDH mutation status, the volume of CE was
significantly higher (Fig 3A; 3.5£4.9 cc vs. 0.1+0.3 cc, Mann-Whitney, P = 0.0001) in IDH
wild-type compared with IDH mutant gliomas, respectively; however, no difference in the
volume of T2 hyperintensity (Fig 3B; 33.0+30.8 cc vs. 47.7+64.9 cc, P = 0.84) or 18F-
FDOPA PET T/N SUVay (Fig 3C; 2.240.9 vs. 1.520.5, P = 0.022) was observed after
Bonferroni correction, respectively, although IDH wild-type tumors tended to have a higher
18F_.FDOPA uptake. Among the 33 patients with available MGMT promoter methylation
status, no detectable difference in CE volume (Fig 3D; 3.0+5.0 cc vs. 1.7+4.0 cc, Mann-
Whitney, P = 0.37), volume of T2 hyperintensity (Fig 3E; 40.4+62.2 cc vs. 45.6+39.6 cc, P =
0.12), or 18F-FDOPA PET T/N SUVmax (Fig 3F; 2.0+1.0 vs. 1.80.9, P = 0.66) was
observed between MGMT promoter methylated and unmethylated gliomas, respectively.

Multivariable Cox regression including age, WHO grade, volume of CE, volume of T2
hyperintensity, and 18F-FDOPA PET T/N SUVa ratio indicated that age (hazard ratio
[HR] = 1.16, P=0.0001) and 18F-FDOPA PET T/N SUVmax (HR = 4.43, P = 0.016) were
significant independent predictors of OS (Table 2). Identification of “high-risk” glioma
patients (n=14) as patients having both a volume of MRI CE greater than 1 cc (i.e.
“measurable” tumor) and 18F-FDOPA PET T/N SUV .,y greater than 1.7 (group median)
resulted in a significantly shorter survival compared with all other glioma patients (Fig 4;
log-rank, HR = 3.05, P = 0.012).

During the blinded analysis of the 18F-FDOPA scans, the region of maximum 18F-FDOPA
uptake in the entire extrastriatal brain was determined without using lesion location
information from the corresponding MRI scan. Interestingly, we observed significant uptake
in the posterior fossa, particularly the cerebellum and midbrain, which exhibited the highest
18F_.FDOPA SUVmax among all extrastriatal brain regions in 9 of the cases (20%) analyzed.
Among the patients whose blinded and unblinded tumor ROls (based on 18F-FDOPA
SUVnax) did not co-localize (n=11 total, the additional two cases included maximum uptake
in the right occipital lobe [in a patient with a right frontal lobe grade 11 glioma] and superior
frontal gyrus [in a patient with a left parietal grade 111 glioma]), four went on to have
recurrent glioma. However, tumor recurrence did not occur in the region of maximum 18F-
FDOPA uptake on blinded analysis (i.e. the non-co-localizing region).
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DISCUSSION

Previous studies in recurrent glioma have used similar techniques to determine the predictive
capability of a T/N SUV ratio threshold in delineating HGG from LGG [19, 21], while
others evaluated the lesion SUV alone (mean or maximum) [27] or rate constants calculated
from dynamic 18F-FDOPA PET scans [29]. In the current study we showed that the T/N
SUVnax ratio greater than 1.7 (series median) could best differentiate HGG from other
lesions, which is slightly lower than prior studies [18, 20, 26]. Fueger ef a/. studied upfront
18F_.FDOPA PET in 22 newly-diagnosed glioma cases, reporting a significant difference in
SUV nax in tumor alone among grade I, 111, and 1V gliomas, and that a SUV 55 within the
tumor greater than 2.72 discriminated HGG vs. LGG with a sensitivity of 85% and a
specificity of 89% [19]. This is comparable to the work of Pafundi et a/. in a small cohort of
newly-diagnosed glioma cases, which showed that a T/N SUVyax ratio threshold of 2
delineated between HGG and LGG [21]. In a study of 20 newly-diagnosed glioma cases,
Nioche et al. similarly reported that an upfront tumor SUV yeqn threshold of 2.5 could
distinguish HGG vs. LGG with a sensitivity of 70% and a specificity of 90% [27].

In a prospective study of 16 glioma patients with <10% MRI CE tumor volume who also
underwent preoperative 11C-methionine PET and 18F-FDG PET, the tissue from lesions
positive for CE, T2 hyperintensity, 11C-methionine signal, and 18F-FDG signal gave an
accurate diagnosis of grade in only 40% of cases [36]. Taken together with previous
investigations[6, 7], these studies highlight the diagnostic dilemma of determining high-
grade glioma based on MRI alone, or in combination with 11C-methionine PET and 18F-
FDG PET, in the newly-diagnosed setting. Results from the current study suggest combined
information from both MRI and 18F-FDOPA PET may improve this prediction. This finding
is similar to Bund et a/., who reported a tumor to normal brain SUV o ratio larger than 2.16
could differentiate between non-CE HGG and non-CE LGG with a sensitivity and
specificity of 60% and 100%, respectively [7]. As lower grade diffuse glioma patients are
more often monitored prior to initial therapeutic interventions, the current study suggestions
18F_.FDOPA PET in patients lacking contrast enhancement may increase the ability to detect
HGG, which may expedite effective treatment.

The absence of a significant difference in the 18F-FDOPA T/N SUV .,y ratio based on IDH
mutational status and MGMT promoter methylation status is the second report of such an
attempt at correlating 18F-FDOPA uptake with these molecular subtypes of glioma.
Although not significant, it is notable the T/N SUV .« ratio was elevated within IDH wild
type tumors compared with IDH mutant tumors. Verger and colleagues retrospectively
analyzed preoperative 18F-FDOPA uptake in 43 treatment-naive grade 11/111 glioma patients
and found a significantly higher T/N SUV ,ax ratio in IDH-mutated compared to wild-type
tumors [37]. Further studies are needed to confirm these observations, as well as the
exploration of 18F-FDOPA uptake among patients with other molecular markers including
TP53 mutations and loss of heterozygosity of 1p and 19q.

Results from the current study suggest the 18F-FDOPA PET T/N SUV .« ratio may be a
significant independent predictor of OS in glioma patients, regardless of tumor grade or
lesion size. Although previous studies have indicated that enhancing tumor volume was
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predictive of OS [5, 31], this evidence appears to be largely restricted to malignant gliomas
including GBM and may not extend to lower grade gliomas as indicated by the lack of
correlation with OS in the current study. However, when MRI features of contrast
enhancement were combined with 18F-FDOPA PET uptake, high-risk glioma patients had
approximately three times shorter overall survival compared to that of all other patients.

Study Limitations

The findings of this study should be interpreted in the context of its limitations. The
retrospective nature of the study did not allow for the control of potential confounding
variables in the analysis (e.g. physician biases regarding when to order the 18F-FDOPA
scan). Additionally, the use of SUV 5 within the tumor region instead of strictly examining
the distribution in MR-defined regions (e.g. CE or T2/FLAIR hyperintense regions) was a
potential limitation, but was chosen based on similar approaches [19, 21] and the ease of
rapid evaluation in clinical contexts.

The highest 18F-FDOPA extrastriatal uptake was noticed outside of the MRI-based tumor
region in 11 cases (24.4%) during the blinded analysis, and 9 of these instances occurred in
the posterior fossa in normal brain tissue. This may represent a pattern of normal brain
biodistribution of 18F-FDOPA uptake. The reasons for this finding of increased 18F-FDOPA
uptake in the posterior fossa despite absence of glioma remain unclear. Previous studies in
canine [38] and rodent [39] brain have identified expression of the L-type amino acid
transporter 1 (LAT1, the primary transporter responsible for 18F-FDOPA uptake in the brain)
in the cerebellum, which is found to correlate with 18F-FDOPA uptake [40]. The fact that no
recurrences occurred in the non-co-localizing regions (predominantly posterior fossa)
suggests that high 18F-FDOPA uptake in the posterior fossa should not pose a clinical
concern if the suspected glioma is outside of the posterior fossa based on MRI.

Future prospective studies evaluating the utility of upfront 18F-FDOPA in suspected newly-
diagnosed glioma [20] could consider standardizing the time window between the upfront
18F_.FDOPA PET scan and the biopsy/resection, time between radiotracer injection and
image acquisition, and integrating the 18F-FDOPA PET scan data into the neurosurgical
navigation software to ensure optimal tissue sampling. Wider adoption of upfront 18F-
FDOPA PET scans in suspected glioma will depend on their utility in clinical decision-
making, the number-needed-to-scan to avoid an unnecessary biopsy/resection, and their
ability to predict OS.

CONCLUSION

In conclusion, current findings suggest a role for the use of preoperative 18F-FDOPA PET in
suspected glioma. Increased 18F-FDOPA uptake not only predicted higher tumor grade, but
also worse outcome. In combination with contrast-enhanced MRI, 18F-FDOPA PET
identified a subgroup of high-risk patients whose OS was one-third the OS of all other
patients. Prospective studies are needed to validate these observations and to determine the
impact of routine preoperative implementation of 18F-FDOPA PET scanning combined with
MRI in clinical decision-making, cost of care, and patient outcomes.
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Fig. 1. Post-contrast T1-weighted images, T2-weighted turbo spin echo or fluid attenuated
inversion recovery (FLAIR) images, and 18F_FDOPA PET SUV maps for representative patients

A) 19-year-old female with a World Health Organization (WHO) grade | ganglioglioma. B)
24-year-old female with a WHO grade |1 diffuse astrocytoma. C) 32-year-old male with
WHO grade |11 anaplastic oligodendroglioma. D) 74-year-old male with WHO 1V

glioblastoma.
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Fig. 2. Anatomic MRI and 18F-FDOPA PET measurementsin glioma patients
A) Volume of contrast enhancement, B) volume of T2 hyperintensity, and C) 18F-FDOPA

PET T/N SUVax ratio comparisons between World Health Organization (WHO) IV
glioblastoma (GBM) and lower grade gliomas (WHO I-I11). D) Receiver-operator
characteristic (ROC) curves illustrating sensitivity and specificity of anatomic MRI and 18F-
FDOPA PET measurements to differentiate WHO IV GBM from lower trade gliomas (WHO
I-111). E) Volume of contrast enhancement, F) volume of T2 hyperintensity, and G) 18F-
FDOPA PET T/N SUV,x ratio comparisons between high-grade gliomas (HGG; WHO Il1-
IV) and low-grade gliomas (LGG; WHO I-IlI). H) ROC curves illustrating sensitivity and
specificity of anatomic MRI and 18F-FDOPA PET measurements in discriminating HGG
from LGG.
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Fig. 3. Anatomic MRI and 18E_FDOPA PET measurements across | DH mutation status and
MGMT promoter methylation status

A) Volume of contrast enhancement, B) volume of T2 hyperintensity, and C) 18F-FDOPA
PET T/N SUV\ax ratio comparisons between isocitrate dehydrogenase (IDH) mutant
(IDHMUT) and wild type (IDHWT) gliomas (n=39 evaluable). D) Volume of contrast
enhancement, E) volume of T2 hyperintensity, and F) 18F-FDOPA PET T/N SUV/a ratio
comparisons between O8-methylguanine-DNA methyltransferase (MGMT) promoter
methylated and unmethylated gliomas (n=33 evaluable).
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Fig. 4. Kaplan-Meier survival curvesfor composite MRI and 18F_FDOPA PET index of high-risk
glioma patients
High-risk patients (N=14) were defined as those with volume of contrast enhancement (CE)

greater than 1 cc (“measurable tumor”) and 18F-FDOPA PET T/N SUV/a ratio greater than
1.7 (group median). Results demonstrate a significantly shorter OS in high high-risk patients
(Log-rank, HR = 3.05, P=0.012).
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Table 2
Multivariable Cox Regression Results.

Variable Coefficient  Hazard Ratio 95% C.I. P-Value
Age 0.15+0.04 1.16 (1.07-1.25) 0001 **
WHO Grade 0.19+0.42 1.20 (0.53-2.72) 0.66
Contrast Enhancing MRI Volume [cc] (Continuous)  -0.18+0.10 0.84 (0.69-1.02) 0.08
T2 Hyperintense MRI Volume [cc] (Continuous) 0.011+0.009 1.01 (0.99-1.03) 0.20
18F_.FDOPA PET T/N SUV/,5 Ratio (Continuous) 1.490.62 4.43 (1.32-14.85) 016"

*
P<0.05,

Aok

*
P<0.001
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