
Page 1/15

Worse Prognosis for IDH Wild-Type Diffuse Gliomas
With Larger Residual Biological Tumor Burden
Hiroyuki Tatekawa 

University of California, Los Angeles
Hiroyuki Uetani 

University of California, Los Angeles
Akifumi Hagiwara 

University of California, Los Angeles
Shadfar Bahri 

University of California, Los Angeles
Catalina Raymond 

University of California, Los Angeles
Albert Lai 

University of California, Los Angeles
Timothy Cloughesy 

University of California, Los Angeles
Phioanh Nghiemphu 

University of California, Los Angeles
Linda Liau 

University of California, Los Angeles
Whitney Pope 

University of California, Los Angeles
Noriko Salamon 

University of California, Los Angeles
Benjamin Ellingson  (  bellingson@mednet.ucla.edu )

University of California, Los Angeles

Research Article

Keywords: OS, IDH, FLAIR, WHO

Posted Date: January 22nd, 2021

DOI: https://doi.org/10.21203/rs.3.rs-148651/v1

https://doi.org/10.21203/rs.3.rs-148651/v1
mailto:bellingson@mednet.ucla.edu
https://doi.org/10.21203/rs.3.rs-148651/v1


Page 2/15

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://creativecommons.org/licenses/by/4.0/


Page 3/15

Abstract
This study aimed to assess the association between biological tumor burden in pre- and post-operative
status and overall survival (OS) in isocitrate dehydrogenase (IDH) wild-type gliomas, and to evaluate
which volume was the best predictor of OS. Thirty-four patients with treatment-naïve IDH wild-type
gliomas (grade II, 6; III, 15; IV, 13) were retrospectively included. Three pre-operative tumor regions of
interest (ROIs) were segmented based on the contrast-enhanced (CE), �uid-attenuated inversion recovery
(FLAIR) hyperintense, and 3,4-dihydroxy-6-[18F]-�uoro-L-phenylalanine (FDOPA) hypermetabolic regions.
Resected ROIs were segmented from the post-operative images. Residual CE, FLAIR hyperintense, and
FDOPA hypermetabolic ROIs were created by subtracting resected ROIs from pre-operative ROIs. Cox
regression was conducted to investigate the association of OS with the volume of each ROI. Residual CE
volume had a signi�cant association with OS (hazard ratio [HR] = 1.26, P = 0.039), but this effect
disappeared when controlling for tumor grade. Residual FDOPA hypermetabolic volume was signi�cantly
associated with OS (HR = 1.18, P = 0.008), even when controlling for tumor grade. FLAIR hyperintense
volume showed no signi�cant association with OS. Residual FDOPA hypermetabolic burden predicted OS
for IDH wild-type gliomas, regardless of tumor grade. Furthermore, removing hypermetabolic and CE
regions may improve the prognosis.

Introduction
In 2016, the World Health Organization (WHO) classi�cation of Tumors of the Central Nervous System
reclassi�ed gliomas by integrating molecular status, such as isocitrate dehydrogenase (IDH) gene
mutation and chromosomal 1p/19q co-deletion 1. Overall, approximately 90% of glioblastomas are IDH
wild-type, whereas the remaining 10% are IDH mutant 2. About 30% of grade II and III gliomas are IDH
wild-type, whereas the remaining 70% are IDH mutant 3,4. Although treatment methods vary depending on
patient prognostic factors, including histology, tumor grade, age at diagnosis, Karnofsky performance
status, �rst presenting symptom, extent of resection, and tumor size and location, as well as the
molecular status, the standard treatment for patients with newly diagnosed high-grade gliomas remains
surgical resection followed by radiotherapy in combination with the DNA-alkylating agent temozolomide
3.

Regardless of tumor grade, patients with IDH wild-type gliomas present with a median overall survival
(OS) < 2 years, which is signi�cantly shorter than that of IDH mutant gliomas 4. The extent of surgical
resection of contrast-enhanced (CE) regions on T1-weighted magnetic resonance imaging (MRI) has been
associated with longer survival 5, and a more aggressive resection beyond CE regions was recently
suggested for a better prognosis 6. On the other hand, amino acid positron emission tomography (PET),
including 3,4-dihydroxy-6-[18F]-�uoro-L-phenylalanine (FDOPA) and O-(2-[18F]-�uoroethyl)-L-tyrosine (FET),
provides metabolic information to complement MRI-derived information. Several PET imaging metrics,
including standard uptake value (SUV) and hypermetabolic volume (referred to as biological tumor
volume [BTV]), were investigated to predict prognosis for gliomas. The BTV for glioblastomas with post-
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operative pre-radio-chemotherapy and for recurrent high-grade gliomas were reported to be a signi�cant
predictor of OS 7–11.

To date, no studies have evaluated the association of tumor burden, including CE volume, �uid-
attenuated inversion recovery (FLAIR) hyperintense volume, and BTV, with OS focusing exclusively on IDH
wild-type gliomas, although patients with IDH wild-type gliomas are known to have a poor prognosis,
regardless of tumor grade. The purpose of the current study was to assess whether the tumor burden,
including CE, FLAIR hyperintense, and FDOPA hypermetabolic regions, in pre- and post-operative exams
are associated with OS in patients with IDH wild-type gliomas. We hypothesize that hypermetabolic tumor
burden may be a strong predictor of OS compared with volume of CE or FLAIR hyperintense regions.

Results
The current study included 34 treatment-naïve IDH wild-type glioma patients (13 females) with a mean
age ± standard deviation of 61.0 ± 10.8 years at the time of the PET examination. Nine patients
underwent partial resection/biopsy, 19 underwent subtotal resection, and 6 underwent gross total
resection. According to the 2007/2016 WHO criteria, 6 gliomas were grade II, 15 were grade III, and 13
were grade IV. Detailed patient demographics are shown in Tables 1 and 2. Seventeen patients did not
have CE regions on pre-operative images (grade II, 5; grade III, 10; grade IV, 2), while six patients did not
have FDOPA hypermetabolic regions (grade II, 2; grade III, 3; grade IV, 1).

Cox univariate analysis (Table 3) showed signi�cant associations of OS with the residual CE volume
(hazard ratio [HR] = 1.26, 95% con�dence interval [CI] = 1.01–1.57 P = 0.039) and residual FDOPA
hypermetabolic volume (HR = 1.18, 95% CI = 1.04–1.33, P = 0.008). The Akaike information criterion (AIC)
was the lowest for residual FDOPA hypermetabolic volume (AIC = 87.15), indicating that residual FDOPA
hypermetabolic volume is the best predictor of OS. These associations remained signi�cant when
controlling for age (residual CE volume: HR = 1.26, 95% CI = 1.01–1.56, P = 0.037, AIC = 91.94; residual
FDOPA hypermetabolic volume: HR = 1.21, 95% CI = 1.06–1.37, P = 0.004, AIC = 88.17). Only residual
FDOPA hypermetabolic volume showed signi�cant associations when controlling for tumor grade
(residual CE volume: HR = 1.2, 95% CI = 0.92–1.55, P = 0.18, AIC = 91.25; residual FDOPA hypermetabolic
volume: HR = 1.16, 95% CI = 1.01–1.34, P = 0.044, AIC = 88.97) or controlling for age and tumor grade
(residual CE volume: HR = 1.19, 95% CI = 0.93–1.53, P = 0.17, AIC = 93.12; residual FDOPA
hypermetabolic volume: HR = 1.19, 95% CI = 1.02–1.37, P = 0.023, AIC = 89.95). Even when tumor grade
was treated as a binary variable (WHO grade II vs. III and IV, or WHO grade II and III vs. IV), the
signi�cances did not affect the ability to predict OS. The AIC remained lower for residual FDOPA
hypermetabolic volume than residual CE volume when controlling for clinical information, indicating that
residual FDOPA hypermetabolic volume is a better predictor of OS.

Discussion
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This study evaluated whether the tumor burden, including pre- or post-operative CE, FLAIR hyperintensity,
or FDOPA hypermetabolic volume, was associated with OS in IDH wild-type gliomas. Residual FDOPA
hypermetabolic volume after surgery was the strongest predictor of OS when controlling for age and
tumor grade.

Previous studies using FET PET showed that BTV before radio-chemotherapy was a signi�cant predictor
of OS for glioblastoma, but did not evaluate whether this applied to other tumor grades 7,8. Another study
using 11C-methionine PET also described BTV as a signi�cant predictor of OS for recurrent gliomas of
grade III/IV 9. No studies, to the best our knowledge, have yet evaluated the association of OS with BTV
speci�cally within IDH wild-type gliomas. This study revealed that residual BTV after surgery was
signi�cantly associated with OS for IDH wild-type gliomas regardless of tumor grade. Since most newly
diagnosed glioblastomas are biologically IDH wild-type 2, our results are consistent with the �ndings of
previous studies evaluating higher grade gliomas using amino acid PET 7,8. Coversely, due to the
biological similarities to glioblastomas 12, patients with lower-grade IDH wild-type gliomas also showed
shorter survival than patients with IDH mutant gliomas. As such, residual BTV could be a crucial
biomarker to predict prognosis for IDH wild-type gliomas regardless of tumor grade.

This study suggests that CE volume may not be an appropriate biomarker to predict prognosis especially
for lower-grade gliomas with IDH wild-type due to the relatively low rate of contrast enhancement. Several
previous studies have documented an association of OS with residual CE volume on post-operative
images for glioblastomas 5,13. However, the residual CE volume, which showed a signi�cant association
with OS in Cox univariate regression analysis, was not signi�cantly associated with OS when controlling
for tumor grade. A small population size may have in�uenced the statistical power. Meanwhile, 71%
(15/21) of grade II/III IDH wild-type gliomas showed no contrast enhancement, and 15% (2/13) of grade
IV glioblastomas showed no contrast enhancement in this study. Less than half of grade II/III IDH wild-
type gliomas are reported to show contrast enhancement 4,14, and not all grade IV glioblastomas showed
contrast enhancement. Therefore, CE volume should be paid particular attention in order to best predict
prognosis in lower-grade IDH wild-type gliomas.

The gross macroscopic resection of the CE component of glioblastomas was associated with longer
survival 13,15. A recent large cohort study supported this association 2. MRI is the �rst choice for treatment
planning, and the maximal resection of CE regions represents the neurosurgical standard, when safely
feasible. A more aggressive resection of FLAIR hyperintense regions was also suggested 6. However,
contrast enhancement is seen in areas with disrupted blood-brain barrier; additionally, FLAIR hyperintense
regions can re�ect tissue edema, and thereby do not necessarily correspond to the extent of tumor cells.
Furthermore, due to the inherent trade-off between the extent of the resection of the tumor region and
postoperative functional status, aggressive regression requires su�cient attention. Meanwhile, amino
acid tracer accumulates in tumor cells and could de�ne tumor extension more accurately, especially in
metabolically active non-CE FLAIR hyperintense regions 16–18. Our results suggest that maximal surgical
reduction of the BTV may contribute to the better prognosis of patients with resectable gliomas, and that
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residual hypermetabolic volume is a more useful biomarker to predict prognosis than CE volume.
Therefore, the maximal removal of both hypermetabolic and CE regions may improve the prognosis of
patients with IDH wild-type gliomas with relatively small functional defects.

There are a number of limitations to our study. First, for gliomas with large necrotic regions or mass
effects, the resected cavity may shrink or move from pre-surgical locations after surgery, incurring
di�culties in segmentation. To mitigate this problem, two neuroradiologists validated the resected
regions-of-interest (ROIs) by consensus using all available images. Alternatively, we calculated all
imaging metrics from pre-operative images; thus, the strength of our method lies in the fact that imaging
metrics do not suffer from post-surgical effects, such as blood-brain barrier breakdown or a postoperative
�are phenomenon, which may incur additional contrast enhancement or amino acid tracer uptake 19.
Second, due to the retrospective nature of the study, the parameters of MRI sequences and the term
between PET examination and surgery or between surgery and post-operative imaging examination were
not consistent. In particular, the time period between surgery and post-operative imaging is associated
with post-surgical contrast enhancement or edema, which may affect the segmentation of resected ROIs
20,21. The third limitation is the small population size. A larger study with an external dataset to validate
the association between the extent of resection of hypermetabolic regions is warranted. Fourth, additional
clinical information, including Karnofsky performance status and clinical symptoms, and tumor markers,
including O(6)-methylguanine-DNA methyltransferase (MGMT) methylation and epidermal growth factor
receptor (EGFR) mutation/ampli�cation, are important to evaluate survival; however, they were not
available for all subjects, and were not analyzed in this study. Furthermore, this study did not take post-
operative treatment methods nor tumor location into account, although these factors may affect
prognosis.

In conclusion, residual FDOPA hypermetabolic tumor burden after surgery was signi�cantly associated
with OS for IDH wild-type gliomas, even when controlling for age and tumor grade. In the context of
surgical planning, the maximal removal of hypermetabolic regions as well as CE regions may improve the
prognosis of patients with IDH wild-type gliomas.

Methods
Patient Selection

A total of 37 patients with treatment naïve and histologically con�rmed gliomas who underwent pre-
operative FDOPA PET and MRI scans between 2007 and 2020 were retrospectively selected. MRI scans
were performed within 2 months of the corresponding PET scans. All patients were diagnosed with IDH
wild-type gliomas based on IDH1 mutational status. No patients underwent stereotactic biopsy prior to
FDOPA PET or MRI scans. Among them, one patient was excluded from this study because the period
between their FDOPA PET and surgery exceeded half a year, and two patients were excluded because they
did not undergo a follow-up MRI examination after surgery. Finally, 34 patients with IDH wild-type glioma
were included in this study. OS was measured from the time of the PET scan until death or the censored
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date (median time, 617 days; range, 29–2241). The median time between PET scan and surgery was 18
days (range, 1–178 days), while the median time between surgery and the �rst post-operative MRI was 18
days (range, 0–101 days).

This retrospective study was approved by the “Medical IRB #2” at the University of California Los
Angeles. All procedures performed in studies involving human participants were in accordance with the
ethical standards of the institutional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards. Written informed consent was
obtained from all individual participants to have their advanced imaging, clinical, and molecular data
included in our IRB-approved research database according to IRB#10-000655. Some subjects were also
included in a previous study 22, which evaluated voxel-wise imaging correlations between FDOPA and
MRI.

FDOPA PET Image Acquisition

A full-ring PET/computed tomography (CT) scanner (ECAT-HR; Siemens, Knoxville, TN, USA) was used to
obtain PET images after the subjects fasted for more than four hours. A CT was performed before the
PET scan for attenuation correction. FDOPA was synthesized and injected intravenously, following
previously reported procedures 23,24. Three-dimensional FDOPA emission data were obtained for 30
minutes, and the data were integrated between 10 and 30 minutes following the injection to obtain 20-
minute static FDOPA images after reconstruction. FDOPA PET images were reconstructed using an
ordered-subset expectation maximization iterative reconstruction algorithm with six iterations and eight
subsets 25,26. Then, a Gaussian �lter with a full width at half maximum of 4 mm was applied. The
resulting voxel sizes were 1.34 × 1.34 × 3 mm for FDOPA PET images. SUV maps of FDOPA were
calculated based on the radioactive activity divided by the decay-corrected injected dose per body mass.
Resulting SUV maps were subsequently normalized (nSUV) relative to the median value of the normal-
appearing striatum 22,27.

Magnetic Resonance Image Acquisition

The anatomical MRI scans consisted of standard T1-weighted pre- and post-contrast images (2D axial
turbo spin echo with a 3-mm slice thickness and no interslice gap, or 3D inversion-prepared gradient echo
images with 1–1.5 mm isotropic voxel size) 28. The T2-weighted FLAIR images were acquired with a 3-
mm slice thickness and no interslice gap using a 1.5-T or 3-T clinical MRI scanner. Anatomical images
were obtained after surgery (closest date to the surgery), as well as before surgery.

Postprocessing and ROI Analysis

Pre-operative MRI and PET images were registered to the pre-operative post-contrast T1-weighted images
for each patient using a rigid transformation with 6-degree of freedom and a mutual information cost
function using FMRIB Software Library (FSL) software (�irt; FMRIB, Oxford, UK;
http://www.fmrib.ox.ac.uk/fsl/). Post-operative MRI scans were also registered to the post-operative post-
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contrast T1-weighted images, and then registered to the pre-operative post-contrast T1-weighted images
using a rigid transformation with 6-degree of freedom and a mutual information cost function.

Figure 1 illustrates the process of ROI analysis. Using pre-operative images, three tumor ROIs were
segmented based on (1) the CE regions on post-contrast T1-weighted images, (2) the hyperintense
regions on T2-weighted FLAIR images, and (3) the FDOPA hypermetabolic regions on PET images by a
board-certi�cated neuroradiologist (H.T. with 12 years of clinical experience) using Analysis of Functional
NeuroImages software (AFNI; NIMH Scienti�c and Statistical Computing Core; Bethesda, MD, USA;
https://afni.nimh.nih.gov). For the segmentation of CE and FLAIR ROIs, a semi-automatic method was
employed in which a large ROI was drawn over a CE or FLAIR hyperintensity region 29. Intensity
thresholds were then chosen on each patient to extract only CE regions and hyperintense regions from the
post-contrast T1-weighted and FLAIR images, respectively. For FLAIR hyperintense ROIs, necrotic areas
were not excluded if they showed hyperintensity on FLAIR images. FDOPA hypermetabolic ROIs within
FLAIR hyperintense ROIs were extracted with a higher threshold than the median uptake value of the
striatum.

Using post-operative images, which were registered to pre-operative images, a single ROI corresponding to
the resected tumor was segmented based on the cavity of removed lesions. For gliomas with a large
necrotic region or mass effect, the segmentation of resected ROIs was complicated since the cavity may
have moved from the pre-surgical regions. The resected ROIs were, therefore, determined by using all
available pre- and post-operative images, including CE-T1WI, non-CE-T1WI, T2WI, and FLAIR images, to
differentiate the resected ROIs from adjacent brain regions by referring to normal brain structures as well
as resected cavities. Then, the ROIs were validated by another board-certi�cated neuroradiologist (H.U.
with 14 years of clinical experience) by consensus.

Finally, the registered resected ROIs were subtracted from the CE ROIs, FLAIR ROIs, and FDOPA
hypermetabolic ROIs, resulting in residual CE ROIs, residual FLAIR ROIs, and residual FDOPA
hypermetabolic ROIs, respectively. All volumes of tumor ROIs are reported in milliliters (mL). The
maximum nSUV (nSUVmax) within the FLAIR ROIs and residual FLAIR ROIs was also calculated.

Statistical Analyses

Cox univariate proportional hazards regression analyses were conducted to investigate the association
between OS and predictor variables including clinical information, such as age and tumor grade, and
imaging metrics, such as the CE volume, residual CE volume, FLAIR volume, residual FLAIR volume,
FDOPA hypermetabolic volume, residual FDOPA hypermetabolic volume, nSUVmax, and residual nSUVmax.
All variables, including tumor grade, were treated as continuous variables. When the CE or FDOPA
hypermetabolic regions were unidenti�able or completely resected, the volumes represented zero mL. For
imaging metrics showing a signi�cant association in the Cox univariate regression, Cox multivariate
regression analyses controlling for age, tumor grade, or both age and tumor grade were performed
separately. To compare the �tness of the regression model, the AIC was calculated. The most �tted model
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is the one with the minimum AIC among all models. Statistical analysis was performed using R software
(version 3.5.2; http://www.r-project.org/), and statistical signi�cance was de�ned at P < 0.05.
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Tables

Table 1 Patient demographics and imaging metrics for IDH wild-type gliomas

Number of patients   34

Female   13 (38%)

Age ± SD (year)   61.0 ± 10.8

WHO classi�cation grade II 6 (18%)

  III 15 (44%)

  IV 13 (38%)

Surgical procedure Biopsy/partial resection 9 (26%)

  Subtotal resection 19 (56%)

  Gross total resection 6 (18%)

Contrast enhanced volume ± SD (mL) 1.31 ± 2.84

Residual contrast enhanced volume ± SD (mL) 0.78 ± 2.13

FLAIR hyperintense volume ± SD (mL) 44.90 ± 47.99

Residual FLAIR hyperintense volume ± SD (mL) 38.05 ± 44.51

FDOPA hypermetabolic volume ± SD (mL) 4.63 ± 5.53

Residual FDOPA hypermetabolic volume ± SD (mL) 2.77 ± 3.80

nSUVmax ± SD   1.65 ± 0.75

Residual nSUVmax ± SD   1.58 ± 0.68

SD = standard deviation; IDH = isocitrate dehydrogenase; nSUVmax = maximum normalized standard
uptake value; WHO = World Health Organization; FLAIR = �uid-attenuated inversion recovery; FDOPA =
3,4-dihydroxy-6-[18F]-�uoro-L-phenylalanine
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Table 2 Detailed patient demographics for IDH wild-type gliomas  

Patient
ID

Sex Age WHO
grade

Surgical
procedure

Date between PET scan and
censored date (day)

Final
status

1 Female 63 II Biopsy/PR 2241 Deceased

2 Male 63 II STR 763 LFU

3 Male 61 II STR 1441 Deceased

4 Male 64 II Biopsy/PR 344 Alive

5 Female 50 II GTR 95 Alive

6 Male 69 II STR 388 Alive

7 Male 63 III Biopsy/PR 70 LFU

8 Female 63 III Biopsy/PR 490 LFU

9 Female 60 III Biopsy/PR 377 Deceased

10 Male 68 III GTR 1421 LFU

11 Female 60 III STR 771 Deceased

12 Male 60 III STR 771 Deceased

13 Male 48 III STR 504 Deceased

14 Female 59 III STR 730 Deceased

15 Female 61 III STR 1351 LFU

16 Male 58 III STR 857 Deceased

17 Male 53 III STR 391 LFU

18 Male 59 III STR 1014 Deceased

19 Female 68 III STR 39 Deceased

20 Male 62 III STR 226 LFU

21 Male 64 III GTR 287 Alive

22 Male 76 IV Biopsy/PR 78 Deceased

23 Female 65 IV STR 854 Alive

24 Female 47 IV STR 1675 Deceased

25 Female 26 IV Biopsy/PR 745 Deceased

26 Male 64 IV GTR 1770 Deceased

27 Male 69 IV Biopsy/PR 962 Deceased
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28 Male 77 IV STR 729 Deceased

29 Male 74 IV Biopsy/PR 39 Deceased

30 Female 55 IV STR 828 LFU

31 Male 74 IV GTR 29 LFU

32 Male 36 IV STR 404 Deceased

33 Male 56 IV STR 217 LFU

34 Female 76 IV GTR 189 Deceased

IDH = isocitrate dehydrogenase; WHO = World Health Organization; PR = partial resection; STR =
subtotal resection; GTR = gross total resection; LFU = lost to follow-up

 

Table 3 Cox univariate regression and Akaike information criterion    

  Hazard
ratio

95% con�dential
interval

P
value

AIC

Age (year) 1.00 0.95–1.06 0.99 93.18

Tumor grade 1.66 0.85–3.23 0.14 90.75

Contrast enhanced volume (mL) 1.05 0.90–1.22 0.56 92.86

Residual contrast enhanced volume
(mL)

1.26 1.01–1.57 0.039* 89.98

FLAIR hyperintense volume (mL) 1.01 0.99–1.03 0.21 91.75

Residual FLAIR hyperintense volume
(mL)

1.01 0.99–1.03 0.30 92.21

FDOPA hypermetabolic volume (mL) 1.05 0.98–1.13 0.14 91.24

Residual FDOPA hypermetabolic volume
(mL)

1.18 1.04–1.33 0.008*     
87.15†

nSUVmax 1.06 0.59–1.91 0.84 93.15

Residual nSUVmax 1.16 0.63–2.16 0.64 92.97

AIC = Akaike information criterion; nSUVmax = maximum normalized standard uptake value; FLAIR =
�uid-attenuated inversion recovery; FDOPA = 3,4-dihydroxy-6-[18F]-�uoro-L-phenylalanine

* shows signi�cant difference. † shows the lowest AIC value, indicating the best �t among all the
regression models.

Figures
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Figure 1

Processing of region-of-interest (ROI) analysis. Contrast-enhanced ROIs (yellow areas), �uid-attenuated
inversion recovery (FLAIR) ROIs (blue areas), and 3,4-dihydroxy-6-[18F]-�uoro-L-phenylalanine (FDOPA)
hypermetabolic ROIs (green) are created from pre-operative images. Resected ROIs (red) are created from
post-operative images, which have been registered to the pre-operative images. Residual contrast-
enhanced ROIs, residual FLAIR ROIs (blue), and residual FDOPA hypermetabolic ROIs (green) are created
by subtracting resected ROIs from pre-surgery ROIs. In this slice, the contrast-enhanced ROI is completely
resected.


