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Early prediction of treatment 
response in advanced gliomas 
with 18F-dopa positron-emission 
tomography

chemoradiotherapy (external-beam radiotherapy of 
60 Gy in 30 fractions or 40 Gy in 15 fractions, with 
concurrent temozolomide), and 4 weeks’ recovery to 
minimize potential treatment-induced variations in 
metabolism. (Figure 1 provides a schematic outline.) 
The pet intensities were normalized to the ipsilateral 
cerebellum and reported as standardized uptake value 
ratios. One patient did not receive chemoradiotherapy.

After rigid registration, the most metabolically 
active voxel in each post-treatment tumour was se-
lected from the pet image. Using nearby anatomic 
features from the fused mri, the corresponding loca-
tion was selected on the pre-surgery image under the 
guidance of experienced specialists (PT, MF, RLJ, 
CW, AC) blinded to the pre-treatment pet image and 
patient outcome. The mean 18F-dopa uptake within 
a 1-cm radius sphere centred on each landmark was 
calculated before computing the difference between 
baseline and follow-up. The 1-cm radius traded off 
the typical statistical variation in pet intensities and 
potential inaccuracies in spatial correspondences 
with the size of metabolically active regions. A Cox 
proportional hazards analysis model was used to 
evaluate the relationship between variations in 18F-
dopa uptake and survival.

Survival times, plotted in Figure 2 as a function 
of change in 18F-dopa uptake, ranged from less than 
30 weeks to more than 110 weeks. At last report, 3 
patients remained alive. Variations in 18F-dopa uptake 
ranged from less than –50% to more than +20%. 
The results, summarized in Table  ii, demonstrate 
that a decrease in 18F-dopa uptake is a predictor of 
extended survival. For interest, the selected regions 
in each patient are shown in Figures  3–5. A Cox 
proportional hazards model fitted the data closely 
(r = 0.65), and showed that the hazard to the patient 
declined by 10.3% with each 1% decrease in local 
18F-dopa uptake. The null hypothesis—that changes 
in 18F-dopa are not related to survival—was rejected 
with some significance (p < 0.032).

A second model, incorporating age and sex, was 
compared with the first using analysis of variance 
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Imaging markers that enable prediction of survival 
are of interest for aiding clinical decision-making 
for patients with advanced glioma. However, cur-
rent imaging methods based on the use of contrast-
enhanced magnetic resonance imaging (mri) and 
18F-fludeoxyglucose positron-emission tomography 
(pet) applied in the early stages after treatment are 
not strongly correlated with patient outcome. In con-
junction with mri, amino-acid pet tracers have shown 
promise for this application, including variations in l-
[methyl-11C]-methionine uptake1 and 3′-dexoy-3′-[18F]
fluorothymidine (flt)2 uptake, and volume variations 
of regions with high flt and 6-[18F] fluoro-l-dopa 
(18F-dopa)3 uptake.

Uptake of flt is predictive of survival in recurrent 
advanced glioma, even when chemotherapy renders 
mri unreliable2. However, previous serial assessments 
have typically considered global uptake within the 
tumour1,2,4, even though treatment failure frequently 
occurs locally within areas of existing abnormality5.

The hypothesis explored here is that poor patient 
survival is directly related to the extent of the most 
treatment-resistant cluster of malignant cells exhib-
iting persistent metabolic activity. Apart from the 
use of 18F-dopa as an early surrogate marker, a key 
difference between this study and previous work is 
the longitudinal comparison of metabolic activity 
within focal peritumoural regions.

The study enrolled 9 patients (7 men; age range: 
52–71 years), summarized in Table i, with histopatho-
logically confirmed high-grade brain tumour (World 
Health Organization grade iv). The institutional ethics 
review board approved the study, and patients provided 
informed written consent. Patients received mri and 
18F-dopa pet scans at two time points: a baseline im-
mediately before tumour resection, and a follow-up at 
12 weeks after resection. The post-resection interval 
consisted of 2 weeks’ recovery, a 6-week course of 
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(Table iii). The comparison showed that the models 
largely overlapped (p  > 0.7), and consecutive in-
creases for log likelihood (4.74 for change in local 
18F-dopa, 0.24 for age, and 0.23 for sex) indicated 
that age and sex had a more limited influence on the 
results. Finally, global 18F-dopa uptake (mean over 
the entire tumour) was compared with survival. 
Compared with local 18F-dopa, global 18F-dopa was 
less correlated with survival (5.2% decline in hazard 
for 1% decrease in uptake), had a poorer fit (r = 0.33), 
and was less significant (p < 0.1).

table i	 Values extracted from each dataset

Pt
id

Age
(years)

Sex 18F-dopa standardized uptake value ratioa Survival
(weeks)

Local Global

Baseline Follow-up Δ (%) Baseline Follow-up Δ (%)

01 69.5 Male 1.93 1.81 –6 1.84 1.47 –18 45
02 56.8 Female 1.73 1.48 –14 1.34 1.27 –16 56
03a 71.4 Male 1.91 0.91 –52 1.28 0.89 –2 114
04 62.1 Male 1.49 1.59 7 1.19 1.28 –26 33
05a 70.7 Female 2.00 1.29 –36 1.74 1.15 –8 97
06 71.3 Male 1.54 1.39 –9 1.26 1.26 –11 89
07 62.3 Male 1.61 2.02 26 1.40 1.50 –38 42
08 64.8 Male 1.19 1.11 –7 1.78 1.20 5 50
09a 52.6 Male 1.24 1.24 –0 1.29 0.99 –19 42

a	 In units normalized to ipsilateral cerebellum.
b	 Patient alive at last report.
Pt = patient.

figure 1	 Timing of magnetic resonance imaging (mri) and 18F-dopa positron-emission tomography (fdopa). Both modalities were used at 
two time points: once before surgery and once 12 weeks after surgery. Chemo-rt = chemoradiation therapy.

figure 2	 Plot of survival versus local change in the spherical re-
gion centred on the point of greatest metabolism after treatment. 
A value of 0% (dotted line) indicates no change in 18F-dopa uptake. 
Chemo-rt = chemoradiation therapy. a Patient was alive at last 
report.

table ii	 Statistics extracted from all patients

Statistic Locala Globalb

Hazard ratio (%/unit Δ) 10.3 5.2
r2 0.65 0.33
p Value (Wald test) 0.032 0.10
p Value (likelihood ratio) 0.002 0.056

a	 Spherical region of interest.
b	 Entire tumour.
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figure 3	 The spherical region of interest (green circles) superimposed on the 18F-dopa positron-emission tomography (pet) and contrast-
enhanced magnetic resonance imaging (mri) images for patients 1–3 at baseline and follow-up. Baseline images were acquired before 
tumour resection (left side of image pairs) and at 4 weeks after chemoradiation therapy (right side if image pairs). In pet images, the 
standardized uptake value ratio is in the 0–3 range, normalized by ipsilateral cerebellum. The initial point was centred on the highest 
uptake point in the follow-up pet image and propagated to the follow-up mri image. While blinded to the pet images and patient outcomes, 
the reader selected the corresponding point in the baseline mri image. The selected point was propagated to the fused baseline pet image. 
rt = radiation therapy; tmz = temozolomide.
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figure 4	 The spherical region of interest (green circles) superimposed on the 18F-dopa positron-emission tomography (pet) and contrast-
enhanced magnetic resonance (mr) images for patients 4–6 at baseline and follow-up. Baseline images were acquired before tumour 
resection (left side of image pairs) and at 4 weeks after chemoradiation therapy (right side of image pairs). In pet images, the standardized 
uptake value ratio is in the 0–3 range, normalized by ipsilateral cerebellum. The initial point was centred on the highest uptake point in 
the follow-up pet image and propagated to the follow-up mr image. While blinded to the pet images and patient outcomes, the reader se-
lected the corresponding point in the baseline mr image. The selected point was propagated to the fused baseline pet image. rt = radiation 
therapy; tmz = temozolomide.
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figure 5	 The spherical region of interest (green circles) superimposed on the 18F-dopa positron-emission tomography (pet) and contrast-
enhanced magnetic resonance (mr) images for patients 7–9 at baseline and follow-up. Baseline images were acquired before tumour 
resection (left side of image pairs) and at 4 weeks after chemoradiation therapy (right side of image pairs). In pet images, the standardized 
uptake value ratio is in the 0–3 range, normalized by ipsilateral cerebellum. The initial point was centred on the highest uptake point in 
the follow-up pet image and propagated to the follow-up mr image. While blinded to the pet images and patient outcomes, the reader se-
lected the corresponding point in the baseline mr image. The selected point was propagated to the fused baseline pet image. rt = radiation 
therapy; tmz = temozolomide.



DOWSON et al. 

e177Current Oncology—Volume 21, Number 1, February 2014
Copyright © 2014 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).

The more significant correlation between 18F-dopa 
variations locally within tumours (rather than glob-
ally), supports the hypothesis that patient survival 
might be linked to focal points of treatment failure 
within peritumoural colonies of malignant cells that 
exhibit enhanced amino-acid uptake after therapy. 
Hence, variations in 18F-dopa are potentially indicative 
of a genetic predisposition in certain tumours toward 
treatment sensitivity, with the resulting delay before 
disease progression leading to extended survival.

These results motivate for the use of 18F-dopa–
based response criteria as endpoint markers and extend 
the concept of using 18F-dopa–based response criteria 
to as early as 12 weeks after surgery. Earlier prediction 
of response could potentially enable early transfer to 
palliative care if appropriate, early enrolment of pa-
tients into therapeutic trials for recurrent tumour, and 
rapid screening of new therapeutic agents.
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table iii	 Crudea analysis of variance that considers additional 
effects of age and sex

Property Log likelihood of deathb

Cumulative Δ

Baselinec –10.16 —
Δ 18F-dopa uptake (% of baseline) –5.42 4.74
Age (years) –5.18 0.24
Sex –4.95 0.23

a	� The analysis is considered “crude” because the number of 
samples is too low for such an analysis. Values in this table 
should therefore be considered indicative only. Even so, the 
results indicate that a change in 18F-dopa uptake could be more 
strongly linked with outcome than either sex or age.

b	 Lower is better.
c	 Hazard conferred by membership in cohort.
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