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Abstract

The aim of this study is to assess the different metabolic activities characteristic of glioma recurrence and
radiation necrosis (RN) and to explore the diagnostic accuracy for differentiation of the two conditions
using “C-methionine (MET), **C-choline (CHO), and **F-fluorodeoxyglucose (FDG)-positron emission to-
mography (PET). Fifty patients with lesions suggestive of recurrent glioma by MRI underwent MET, CHO,
and FDG-PET. All patients who had previously been treated with radiotherapy for malignant glioma were
subjected to open surgery and pathological diagnosis (17 recurrent grade 3- gliomas (Gr.3s) comprising 7
anaplastic astrocytomas (AAs) and 10 anaplastic oligodendrogliomas (AOs), 17 recurrent glioblastomas
(Gr.4s), and 16 RNs). We measured the PET/Gd volume ratio, the PET/Gd overlap ratio, and the lesion/
normal brain uptake ratio (L/N ratio) and determined the optimal index of each PET scan. The PET/Gd
volume ratio and the PET/Gd overlap ratio for RN were significantly lower than those of glioma recur-
rence only with MET-PET (P < 0.05). The L/N ratio of RN was significantly lower than that of Gr.4 with
all PET imaging (P < 0.001) and was significantly lower than that of Gr.3, especially for AO, only with
MET-PET images (P < 0.005). Receiver operating characteristic (ROC) analysis showed that the area under
the curve of MET, CHO, and FDG was 92.5, 81.4, and 77.4, respectively. MET L/N ratio of greater than 2.51
provided the best sensitivity and specificity for establishing glioma recurrence {(91.2% and 87.5%, respec-
tively). These results demonstrated that MET-PET was superior to both CHO and FDG-PET for diagnostic
accuracy in distinguishing glioma recurrence from RN.
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Introduction
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Radiation necrosis (RN) is a serious clinical compli-
cation in the diagnosis and treatment of patients
with malignant gliomas. Because the imaging
features of most RN appear similar to those of
malignant gliomas by computed tomography (CT)
©or magnetic resonance imaging (MRI), it is difficult
to distinguish glioma recurrence from RN. Since
therapeutic strategies for these pathological enti-
ties are fundamentally different, their differential
gliagnosis is crucial. Recently, several clinical
studies using diffusion MRI*™ perfusion MRI?
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MR spectroscopy,®® and 2**thallium-SPECT® have
been undertaken in attempts to distinguish between
the two conditions. These modalities have made it
possible to easily diagnose some cases compared
to protocols from the previous era in which only
conventional CT or MRI was used. Furthermore,
“C-methionine (MET) and **F-fluorodeoxyglucose
(FDG)-positron emission tomography (PET) have
been reported to be more useful for differential
diagnosis between glioma recurrence and RN.5'9)
These PET methods were suggested to be superior
to other structural neuroimaging modalities from the
view-point of feasibility of quantitative evaluation
of MET or FDG metabolism in lesions. **C-choline
(CHO) is another tracer candidate which has been
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suggested to be useful for diagnosis of brain tumors
in recent PET studies.'*%)

It is still unclear which PET tracer is best for
distinguishing glioma recurrence from RN. We
hypothesized that MET-PET is superior to CHO
and FDG-PET in this regard, since previous reports
have shown the prominent high uptake of CHO may
not differentiate non-neoplastic brain lesions with
Gd-enhancement from malignant glioma on PET and
the high background uptake of FDG in the brain
may make it difficult to visually distinguish lesions
from normal brain tissue. In this study, the three
PET tracers, MET, CHO, and FDG, were compared
to determine which PET method was superior for
differentially diagnosing glioma recurrence from RN.

Materials and Methods

In this retrospective study from 2002 to 2008, we
examined PET scans from 50 consecutive patients
with supratentorial space-occupying lesions following
radiotherapy for malignant gliomas at the Chubu
Medical Center for Prolonged Traumatic Brain Dysfunc-
tion, Kizawa Memorial Hospital. All supratentorial
space-occupying lesions were Gd-enhanced, and
interpretation of the lesions as glioma recurrence
or RN was unclear. Presurgical radiologic evalu-
ation was performed with MET, CHO, FDG-PET,
and MR imaging in all patients. PET scans and MR
imaging were performed in a single day, and the
PET images were evaluated using the co-registered
MR images. All patients underwent open surgical
procedures within 4 weeks after PET scanning, and
tumors were classified upon histological examina-
tion using the World Health Organisation (WHO)
classification system.!® Of the 50 patients, 17 had
recurrent grade 3- glioma (Gr.3), 17 had recurrent
glioblastoma (Gr.4), and 16 had RN. The 17 Gr.3s
were further classified as 7 anaplastic astrocytomas
(AAs) and 10 anaplastic oligodendrogliomas (AOs).
RN was pathologically diagnosed in the limited
cases in which the surgical specimen showed typical
necrotic tissues including thickness and fibrinoid
necrosis of the vascular walls, multiple microcysts,
coagulation necrosis, endothelial proliferation, and
inflammatory cells interspersed with or without
scattered tumor cells. The clinical features of the
patients are summarized in Table 1. All patients gave
written informed consent, and the study protocol
was approved by the research committee of the
Kizawa Memorial Hospital Foundation.

The PET study was carried out according to
standardized procedures recommended by the Japan
Radioisotope Association.’”*® The PET scanner was
an ADVANCE NXi Imaging System (General Elec-

tric Yokokawa Medical System, Hino-shi, Tokyo),
which provided 35 transaxial images at 4.25 mm
intervals covering a 25.6 cm in-plane field of view.
The in-plane spatial resolution (full width at half
maximum) was 4.8 mm, and the scan mode was
the standard 2D mode. Before the emission scan
was performed, a 3 minute transmission scan was
performed to correct photon attenuation with a ring
source containing ®*Ge. Patients had fasted for at
least 4 hours before PET studies. A venous cannula
was inserted into the forearm for injection of radi-
opharmaceuticals. From this cannula, blood samples
could also be collected if necessary. A dose of 7.0
MBaqg/kg of MET, 7.0 MBq/kg of CHO, or 5.0 MBg/
kg of FDG was injected intravenously, depending on
the particular examination.'”'¥ Emission scans were
acquired as follows: (1) for 30 minutes, beginning
5 minutes after MET injection, (2) for 7 minutes,
beginning 2 minutes after CHO injection, and (3) for
7 minutes, beginning 35 minutes after FDG injec-
tion. During PET data acquisition, head motion was
continuously monitored using laser beams projected
onto ink marks drawn on the forehead and was
corrected manually, as necessary. Scan images were
reconstructed using the ordered-subsets expectation
maximization algorithm (2 iterations, 14 subsets).*®
Images were reconstructed into a 128 x 128 matrix
with a pixel size of 2 x 2 mm.

MR imaging was performed with a 1.5 T system
(Signa; GE Medical Systems, Milwaukee, Wisconsin,
USA). Axial T,-weighted images (TR/TE/NEX =
350/9/2), T,-weighted images (2300/100/2), and FLAIR
images (800/110/1, inversion time = 2400 ms) (FOV
24 x 24 cm, matrix size 512 x 256) were acquired.
The slice thickness was 6 mm, with a 3-mm slice
gap. For co-registration of metabolic and anatomic
data, 3D spoiled gradient-echo images were also
acquired after administration of 0.2 ml/kg of gado-
pentate dimeglumine (Gd-DTPA) (Magnevist; Nihon
Shering, Osaka) using the following parameters: no
gap, 1.0 mm thickness, TR/TE = 20.0/1.6 ms, flip
angle = 15°, NEX = 1, and axial views.

Tracer accumulation in the regions of interest
(ROIs) was analyzed as the standardized uptake
value (SUV), which is the activity concentration
in the ROI at a fixed time point divided by the
injected dose normalized to the patient’s meas-
ured weight. MET, CHO, and FDG lesion/normal
brain uptake ratios (L/N ratios) were calculated
by dividing the maximum SUV for the enhanced
lesion on the MR image by the mean SUV of the
contralateral normal frontal cortex. The lesion SUVs
were selected at the highest accumulation, and refer-
ence ROIs on each of the three axial planes were
drawn with a diameter of 10 mm. Co-registration
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Table 1 Summary of clinical features of patients

. Primary tumor Primary radiation Primary Time between RT
Pathology Nurgbeiof S?x (I:lage. M I:ngeD ) pathology therapy ™ Rngge Gy) chemotherapy and this study

patients emale ean = oL 300 (ng. of patients) (no. of patients) ean 2oL, Ly {no, of patients) (Mean + SD, months) E?
RN 16 7:9 49.1 +15.7 AA:9Q Ex-RT: 8 56.1+ 9.3 TMZ: 8 28.2 + 34.4 0§
AOC: 2 SRT: 5 ACNU + VCR: 2 15
GBM: 5 Proton therapy + RT: 3 PCV: 1 =
CBDCA+VP-16:1 N
None: 4 )
Q
Gr.3 g
17 12:5 45.7 +18.0 53.2x 4.4 39.8+41.8 5
AA 7 6:1 45.9 +19.2 AA:7 Ex-RT: 5 54.6 + 4.6 T™MZ: 1 34.0 £ 49.0 <
SRT: 2 MCNU: 1 g
CBDCA+VP-16: 1 3
None: 4 ‘gj;
AO 10 6:4 45.6 +18.1 AO: 10 Ex-RT: 10 52.2+ 4.2 PCV: 3 43.9+ 38.2 RS
MCNU+INF-8: 1 ™
TMZ: 1 =
None: 5 2
=
Gr.4 17 7:10 42.1 £15.6 AA:7 Ex-RT: 14 60.1 + 10.2 TMZ: 5 31.6 £ 42.0 3
GBM: 10 SRT: 2 ACNU+VCR: 4 >
Proton therapy + RT: 1 CBDCA+VP-16: 2 o
None: 6 3
2.
[}

AA: anaplastic astrocytoma, ACNU: nimustine, AO: anaplastic oligodendroglioma, CBDCA: carboplatin, Ex-RT: conventional external radiation therapy, GBM: glioblas-
toma, Gr.3: recurrent grade 3- glioma, Gr.4: recurrent glioblastoma, INF-p: interferon-f, MCNU: ranimustine, PCV: procarbazine-lomustine-vincristine sulfate therapy, RN:
radiation necrosis, RT: radiation therapy, SD: standard deviation, SRT: stereotactic radiotherapy, TMZ: temozoromide, VCR: vincristine sulfate, VP-16: etoposide, y.0.:
years old.
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of PET and MR imaging was accomplished with an
analysis software package (AJS, Tokyo), using the
method described by Kapouleas et al.2? We used
the L/N ratio instead of the absolute SUV because
of the high, unexplained intersubject variability
of the SUV.2Y We used the lesion maximum SUV
instead of lesion mean SUV to minimize the effect
of lesion heterogeneity. For each PET tracer, we
defined regions with L/N ratios greater than 1.5 as
PET abnormal high uptake regions and measured
the volumes of these regions in each PET image
and also the volumes of the Gd-enhanced area in
the MRI using an analysis software package (AJS,
Tokyo). The volume of the PET abnormal high
uptake region overlap with the Gd-enhanced area
was measured by the same method for each case.
The volume ratio of the PET abnormal high uptake
area to Gd enhanced MR area (PET/Gd volume ratio)
was calculated as follows: PET/Gd volume ratio
(%) = [PET abnormal high uptake area (volume) +
Gd-enhanced area (volume)] x 100.

The ratio of the PET abnormal high uptake area
overlapping the Gd-enhanced MR area (PET/Gd overlap
ratio) was calculated as follows: PET/Gd overlap
ratio (%) = [PET abnormal high uptake area over-
lapping Gd-enhanced area (volume) + Gd-enhanced
area (volume)] x 100.

Data are presented as means * standard devia-
tions (SDs). To compare the L/N ratios of the three
PET modalities at the best distinction between
glioma recurrence and RN, statistical analysis was
performed using analysis of variance and Tukey’s
test for multiple comparisons. Receiver operating
characteristic (ROC) curves were calculated to deter-
mine the cut off values for differential diagnosis of
glioma recurrence and RN. P values less than 0.05
were considered statistically significant.

Results

I. Volume comparison between MRI and PET studies

The MET-PET/Gd volume ratios of RN, AA, AO,
and Gr.4 were 21.7% + 20.9%, 164.3% = 158.5%,
185.5% + 162.6%, and 123.6% =+ 66.4%, respec-
tively (Fig. 1A). The MET-PET/Gd overlap ratios
of RN, AA, AO, and Gr.4 were 20.7% = 21.4%,
63.5% =+ 40.3%, 74.8% = 34.0%, and 64.6% =
29.4%, respectively (Fig. 1D). Both the MET-PET/
Gd volume ratio and the MET-PET/Gd overlap ratio
of RN were significantly lower than those of AA,
AQ, and Gr.4, respectively (P < 0.05).

The CHO-PET/Gd volume ratios of RN, AA, AQ,
and Gr.4 were 100.5% * 20.5%, 110.2% + 17.3%,
99.9% =+ 15.9%, and 104.1% =% 13.7%, respectively
(Fig. 1B). The CHO-PET/Gd overlap ratios of RN, AA,

AQO, and Gr.4 were 83.6% = 15.1%, 97.4% = 3.9%,
92.5% =+ 10.3%, and 96.1% =+ 7.1%), respectively
(Fig. 1E). There were no significant differences of
the CHO-PET/Gd volume ratios and the CHO-PET/
Gd overlap ratios among RN, AA, AO, and Gr.4.

The FDG-PET/Gd volume ratios of RN, AA, AQ,
and Gr.4 were 0.4% * 1.5%, 0.5% = 1.3%, 0.0% =
0.0%, and 12.1% = 20.6%, respectively (Fig. 1C).
The FDG-PET/Gd overlap ratios of RN, AA, AO, and
Gr.4 were 0.4% = 1.5%, 0.5% = 1.3%, 0.0% = 0.0%,
and 11.7% = 19.4%, respectively (Fig. 1F). Both
the FDG-PET/Gd volume ratio and the FDG-PET/
Gd overlap ratio of Gr.4 were significantly higher
than those of RN (P < 0.05).

II. Semiquantitative analysis of PET studies

The mean SUVs of MET, CHO, and FDG from the
contralateral normal frontal cortex were 1.30 + 0.25,
0.26 * 0.94, and 6.31 = 1.71, respectively. MET L/N
ratios of RN, Gr.3, and Gr.4 were 1.95 = 0.60, 3.40
+ 1.04, and 4.29 + 1.45, respectively. There was a
significant difference between the MET L/N ratios
of RN and CGr.3 (P < 0.005) and of RN and Gr.4
(P < 0.001). However, there was no significant differ-
ence between the MET L/N ratios of Gr.3 and Gr.4
(Fig. 2A). MET L/N ratios of AA and AO were 2.79
+ 0.68, and 3.83 + 1.06, respectively. There was a
significant difference between the MET L/N ratios
of RN and AO (P < 0.001) and AA and AQ (P <
0.05), but not of RN and AA (Fig. 2D).

CHO L/N ratios of RN, Gr.3, and Gr.4 were 6.90 +
4.30, 11.18 + 6.75, and 18.09 = 10.82, respectively.
There was a significant difference only between the
CHO L/N ratios of RN and Gr.4 (P < 0.001) and of
Gr.3 and Gr.4 (P < 0.05) (Fig. 2B). CHO L/N ratios
of AA and AO were 9.21 % 4.19, and 12.56 % 8.01.
There was no significant difference between CHO
L/N ratios of RN and any of the Gr.3 histological
types (Fig. 2E).

FDG L/N ratios of RN, Gr.3, and Gr.4 were 1.15
+ 0.50, 1.26 * 0.23, and 1.97 = 0.64, respectively.
There was a significant difference only between the
FDG L/N ratios of RN and Gr.4 (P < 0.001) and of
Gr.3 and Gr.4 (P < 0.001) (Fig. 2C). FDG L/N ratios
of AA and AO were 1.24 + 0.33, and 1.27 + 0.186,
respectively. There was no significant difference
between FDG L/N ratios of RN and any of the Gr.3
histological types (Fig. 2F).

Representative PET and MRI images from RN, AA,
AQ, and Gr.4 cases are shown in Fig. 3.

III. ROC analysis of PET studies

Fig. 2G shows the ROC curves of the 3 PET
modalities. The area under the curve of MET,
CHO, and FDG-PETs were 0.925, 0.814, and 0.774,
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Fig. 1 Graphs showing "C-methionine (MET)-PET/Gd (A), 'C-choline (CHO)-PET/Gd (B), and *F-fluorodeoxy-
glucose (FDG)-PET/Gd (C) volume ratios, and MET-PET/Gd (D), CHO-PET/Gd (E), and FDG-PET/Gd (F) overlap
ratios of radiation necrosis (RN}, anaplastic astrocytoma (AA), anaplastic oligodendroglioma (AO), and recur-
rent glioblastoma (Gr.4). The significant low values (P < 0.05) of both the PET/Gd volume ratio and the PET/
Gd overlap ratio of RN compared with glioma recurrence were shown to be characteristic only for MET-PET.

*P < 0.05, **P < 0.005, ***P < 0.001.

respectively. Table 2 shows the best cutoff values,
diagnostic sensitivities, and specificities of the 3
PET modalities for recurrent gliomas. The best MET
L/N ratio cutoff value was 2.51, which provided a
sensitivity of 91.2% and a specificity of 87.5% for
diagnosis of glioma recurrence. These results indicate
that MET-PET is the most informative method for
differentiating tumor recurrence from RN,

Discussion

Radiotherapy has been used for the past four decades
as a standard treatment following surgical mass reduc-
tion in malignant gliomas. More recently, conven-
tional external radiotherapy has been expanded to
include stereotactic radiotherapy, intensity modulated
radiotherapy, boron neutron captured therapy, and
radiotherapy using heavy ions.?*-*) The usefulness of
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radiotherapy for malignant gliomas is not in doubt
as it has been verified by improved patient survival
and local control. However, identifying RN, which
deteriorates the clinical condition of patients, is still
a critical problem.?® Normally, 60 Gy of whole brain
external irradiation induces necrosis in about 50%
of patients up to 5 years after irradiation. Although
the therapeutic strategy for RN is different from that
for glioma recurrence in most cases of malignant
gliomas, it has been difficult to distinguish these
pathological entities from each other even using
conventional neuroradiological modalities.

With advancements in metabolic neuroimaging,
201thallium-SPECT and FDG-PET have been antici-
pated to be useful for differential diagnosis between
glioma recurrence and Gémez-Rio et al. prospectively
evaluated ?°’thallium-SPECT and FDG-PET in 76
patients with suspicion of glioma recurrence after
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Fig. 2 Graphs showing *"C-methionine (MET) (A), *C-choline (CHO]} (B), and “F-fluorodeoxyglucose (FDG) (C)
lesion/normal brain uptake ratios (L/N ratios) of radiation necrosis (RN), recurrent grade 3- glioma (Gn3), and
recurrent glioblastoma {Gr.4), and MET (D), CHO (E), and FDG (F) L/N ratios of RN, anaplastic astrocytoma
(AA), and anaplastic oligodendroglioma [AO). The significant differences of tracer uptake intensity between Gr.4
glioma recurrence and RN were shown in MET (P < 0.001}, CHO (P « 0.001}, and FDG (P < 0.001) -PETs. Gr 3
glioma recurrence, especially for AQ, could be distingnished from RN only in MET-PET (P < 0.005). Graph (G)
shows receiver operating characteristic (ROC) curves for the three PET tracers for distinguishing glioma recur-
rence from RN. The areas under the curve of MET, CHO, and FDG are 0.926, 0.822, and 0.755, respectively.

*P < 0.05, **P < 0.005, ***P < 0.001.

surgical excision and radiotherapy.?” Their results
showed that although FDG-PET yielded a slightly
higher specificity for diagnosis of glioma recurrence,
the sensitivity was considerably lower than that of
201thallium-SPECT. This means that FDG-PET does
not clearly improve upon the diagnostic accuracy
of *'thallium-SPECT in glioma recurrence.

CHO is another PET tracer recently used for
neuroradiological evaluation of gliomas, and it was
reported to be a diagnostic agent which was able to
differentiate between low-grade gliomas and high-
grade gliomas in PET studies, but had not been
used for studies of RN.") Apart from RN, a high
uptake of CHO is also reported in non-neoplastic
lesions including brain abscess, inflammatory
granulomas, tuberculomas, and some demyelinating
diseases which present Gd-enhancement by MRI.%)
A study by Ohtani et al. showed that CHO-PET did
not differentiate, in particular, between low-grade
gliomas ‘and non-neoplastic lesions.’* Utriainen
et al. described that an association between CHO
uptake measured with PET and the concentration of
choline containing components measured by 1H-MR
spectroscopy was not statistically significant.?® This
data suggests that CHO uptake is scarcely related

to intracellular metabolite pools of phosphocholine
and glycerophosphocholine® In this study, both
the CHO-PET/Gd volume ratio and the CHO-PET/
Gd overlap ratio of RN, AA, AO, and Gr.4 were all
at levels near 100%. This suggests that there is a
regional correspondence between areas of high CHO
uptake on PET images and areas with Gd-enhance-
ment on the MRI. These results imply that CHO
uptake is mostly dependent on the enhancement
effect, which is related to the passive diffusion of
materials in regions with BBB distuption, rather
than tissue biological activity, which is related to
the active transport of materials.

One of the most promising modern neuroimaging
protocols in this regard is MET-PET, a popular
amino acid imaging modality in oncology indica-
tions. MET-PET has been a useful and reliable
neuroimaging modality for diagnosis of gliomas
because of the correlation of MET-uptake with
malignancy and proliferative activity in gliomas
and its accumulation during glioma cell inva-
sion.*%#Y Normally, MET uptake is reported to be
lower in RN than in glioma recurrence. Tsuyuguchi
et al. reported that the mean L/N ratios for RN
and glioma recurrence were 1.31 and 1.87.® In
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Fig. 3 Representative PET and MRI images of radiation necrosis (RN), anaplastic astrocytoma (AA), anaplastic
oligodendroglioma (AO), and glioblastoma (GBM) are shown. RN: A 45-year-old man. **C-methionine (MET)-PET/
Gd volume ratio = 57.0%, MET-PET/Gd overlap ratio = 57.0%, 'C-choline (CHO)}-PET/Gd volume ratio = 81.5%,
CHO-PET/Gd overlap ratio = 81.5%, “*F-fluorodeoxyglucose (FDG)-PET/Gd volume ratio = 0%, FDG-PET/Gd overlap
ratio = 0%, MET lesion/normal brain uptake ratio (L/N ratio) = 3.34, CHO L/N ratio = 2.03, and FDG L/N ratio =
1.57. AA: A 67-year-old man. MET-PET/Gd volume ratio = 189.4%, MET-PET/Gd overlap ratio = 100%, CHO-PET/
Gd volume ratio = 121.3%, CHO-PET/Gd overlap ratio = 100%, FDG-PET/Gd volume ratio = 0%, FDG-PET/Gd
overlap ratio = 0%, MET L/N ratio = 3.39, CHO L/N ratio = 7.7, and FDG L/N ratio = 1.65. AO: A 51-year-old
man. MET-PET/Gd volume ratio = 172.7%, MET-PET/Gd overlap ratio = 100%, CHO-PET/Gd volume ratio = 107.8%,
CHO-PET/Gd overlap ratio = 95.3%, FDG-PET/Gd volume ratio = 0%, FDG-PET/Gd overlap ratic = 0%, MET
L/N ratio = 5.03, CHO L/N ratio = 14.41, and FDG L/N ratio = 1.31. GBM: A 35-year-old man. MET-PET/Gd volume
ratio = 164.9%, MET-PET/Gd overlap ratic = 100%, CHO-PET/Gd volume ratio = 109.2%, CHO-PET/Gd overlap
ratio = 98.7%, FDG-PET/Gd volume ratio = 74.3%, FDG-PET/Gd overlap ratio = 67.5%, MET L/N ratio = 5.21,
CHO L/N ratio = 17.94, and FDG L/N ratio = 2.33.
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Table 2 The best cutoff values and diagnostic accuracy
for distinguishing glioma recurrence from RN

Index  Cutoff value Sen(s;/zl]vxty Spé((;iﬁ)mty
MET L/N > 2.51 91.2 87.5
CHOL/N > 8.92 73.5 87.5
FDG L/N >1.26 76.5 75.0

CHO: 'C-choline, FDG: #F-fluorodeoxyglucose, MET: “C-me-
thionine, L/N: lesion/normal brain uptake, RN: radiation ne-
crosis.

a comparative study, Sonoda et al. showed that
MET-PET was superior to **tallium-SPECT for the
differentiation of tumor recurrence from RN.% In
a comparative study of FDG and MET-PET, van
Laere et al. reported that MET was superior to
FDG as a diagnostic agent for the evaluation of
glioma recurrence because of its higher sensitivity
for differentiation from RN.

This is the first study directly comparing the
three PET tracers, MET, CHO, and ¥DG evaluating
the diagnostic accuracy in distinguishing glioma
recurrence from RN in the same clinical setting.
From the ROGC analysis of this study, MET-PET was
found to be the best of the three tracers in differen-
tiating glioma recurrence from RN with a sensitivity
of 91.2% and a specificity of 87.5% with a MET
max L/N ratio cutoff value of 2.51. Additionally,
only MET-PET could significantly differentiate Gr.3,
especially AO, as well as Gr.4 from RN, while FDG
and CHO-PET could differentiate only Gr.4 from
RN. The L/N ratio cutoff values in this study were
relatively higher than that of the previous studies,
because L/N ratios were calculated by dividing
the maximum SUV for the enhanced lesion on
MR imaging by the mean SUV of the contralateral
noemal frontal cortex. We used the maximum SUV
instead of lesion mean SUV to minimize the effect
of lesion heterogeneity.

This study showed the superiority of MET-PET for
distinguishing glioma recurrence from RN based on
evaluation of intensity of tracer uptake in agreement
with previous reports. The significant low values
of both the PET/Gd volume ratio and the PET/Gd
overlap ratio of RN compared with glioma recur-
rence were characteristic only with the MET-PET
and provide additional evidence for distinguishing
glioma recurrence from RN.

The main mechanism for MET accumulation in
RN; BBB disruption-related passive diffusion, is
presumed to differ from that in tumor recurrence
which is active transport affected by cell prolifera-
tion. The different mechanisms of MET accumulation

for the two pathological processes are the means of
potentially distinguishing glioma recurrence from RN
by MET-PET. However, because of the substantial
tissue biological activity in RN due to cells related
to immunological and inflammation reactions and
reactive glia cells with a high proliferation poten-
tial, some degree of active transport for MET may
increase the MET uptake in RN. Additionally, there
should be mixed tissues with both RN and residual/
recurrent tumor cells around the irradiated region,
because it is not feasible to completely kill the
malignant glioma cells by clinical irradiation doses.
These factors contribute to the continuing difficulty
of distinguishing glioma recurrence from RN even
using MET-PET in some cases, and further studies
for a resolution of this problem are needed.

Recently, 3,4-dihydroxy-6-*F-fluoro-L-phenyl-
alanine (FDOPA) has been utilized as another
promising amino acid PET tracer for distinguishing
tumor recurrence from RN. Chen et al. reported 98%
sensitivity and 86% specificity for the detection of
glioma recurrence using FDOPA-PET.? 3’-Deoxy-3’-*F-
fluorothymicine (FLT) is another recently developed
PET tracer for imaging tumor cell proliferation that
correlated with Ki-67 values.® These tracers appear
to be powerful predictors of tumor progression and
survival, and comparative studies to evaluate which
of the tracers, MET, FDOPA, and FLT, is the most
accurate for distinguishing glioma recurrence from
RN is needed.

In this study, three PET scans were taken on a
single day. This introduced an increase of radia-
tion exposure to patients compared with a single
PET scan. “Cross-talk” between PET tracers during
subsequent imaging was considered to be minimal,
because '!C-labeled tracers such as MET and
CHO have short half-lives and sufficient time was
allowed between PET scans. However, from this
minimal “cross-talk”, the order of PET scans (MET,
CHO, FDG) could have slightly contributed to our
observed result.

MET-PET appears to be superior to both CHO and
FDG-PET in diagnostic accuracy for distinguishing
glioma recurrence from RN on the basis of intensity
as well as extent of tracer uptake volume, and it
could play an important role in monitoring newly
appearing Gd-enhanced lesions on MRI following
radiotherapy in patients with malignant gliomas.
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Depa men'""

Avaﬂable ontine-2 May 201 3 4

‘t’nt'roduéﬁon! =

Background We- recently developed a surgxcal toupe system for observing the ftuorescencei
emitted by protoporphyrin IX (PpiX), & metabolite of S-aminolevulinic acid
Methods: This system used a.semiconductor laser as: the excitation ught source. A compact,
transparent, :and ultraviolet cut-off filter was mounted on ‘an eyepiece 1ens, which did rot
require filter on—off manipulation. -

Results: Good quality protoporphyrin IX fluorescence was acquxred using the surgtcat toupe
‘systern during glioblastoma resection, whichwas nearly identical to that acquired by fluorescent
microscopy. In addition, surgeons:-can perform ordinary surgical procedures using. th, surgtcal.
loupe system unider white tight.

Conctusion: This surgical loupe system enables ‘the detection of PpiX ﬂuorescence dunng;
resection of high-grade glioma. Further evaluations.of this system are requsred 16 determmei
the extent of st}rgtcal resectxon before its'practical. apphcatlon. :

Surglcal mlcmscopes with integrated protoporphynn x Therefore, this excitation light requires attenuation

ts usually accomphshed by using a band-pass ora {0“

jhght: exhibits a sharp peak»
‘case; filter on—off mampuiatron during’ observatzon is not
‘requ:red if an uttravso{et (UV) cut-off filter is mounted ‘on

1572-1000/$ —see front matter © 2013 Elsewer B.V. Altrights reserved

http://dx.doi.org/10.1016/1.pdpdt. 2013.03.004
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Figure1 (A) Laser device with 405 nm irradiation and its wavelength distribution. The output at the ﬁberend.is 300 mW. irradiation

of a 6-cm diameter area with light of 6 mW/cm? brightness is possible. (B) 405 nm excitation light, 635 nm fluorescence emitted by
pretoporphynn IX, and their relationship to an ultraviolet cut-off filter that blocks wavelengths less:than 410nm. (C) The: surglcal.

loupes are integrated w1th ultrawolet cut-off ﬁlters (arrows).

the eyepiece lens. We previously reported a neurcendoscope

that used this type of system [1].-We have developed a sur- -

gical loupe system-using an excitation laser that does not

require filter on—off manipulation during PpiX flusrescence

observations.

Materials and methods

Head-mounted x4 magnification loupes (HEINE HR® binoc-
ular loupes, Heine Optotechnik; Herrsching, Germany). and
a semiconductor laser exhibiting a sharp peak at approxi-
mately 405 nm (Fig. '1A) were used. as: the excitation light
source.- AUV - cut-off filter that attenuated light with
wavelengths less than 410 nm was used to.observe the flu-
orescence at 635nm. (Fig.. 1B). The surgical loupe ‘system
integrated with the UV cut-off filter (Fig. 1C)did not require
filter on—off mampulatlon because the filter was transpar-
ent.

When tms system was. used under an ordmary hght
source, surgical manipulations were.possible without being
affected by the UV cut-off filtef: When the ordinary light
‘source was turned off and the laser was used, PpIX fluores-
cence at 635nm could be observed.

We have used this system clinically after it was approved

by our institutional ethics committee. This laser was
rated lower than an FDA class llib by The Center for Devices

and Radiological Health 21 Code of Federal Regulations.

Therefore, it is recommended that laser eye protection
should be provided to all staff members m the operatmg
room when usmg ‘this laser.

Results-

The proposed laser system was used dunng glioma surgery-
for a patient with a  glioblastoma. A microscope (OPMI
Pentero, Carl Zeiss Meditec, Germany) and ouf surgical
loupe system were used during tumor resection. Silicone
fence-post tubes were ‘inserted around the tumor; and the:
tumor surrounded by the fence posts was resected. Fig, 2A
shows an intraoperative post-resection image. under white
light. Fig. 2B shows the same image captured through
a 410nm-low pass ﬁ[ter This image simulated the field
of vision that surgeons ‘would observe thh ‘the surgmal
toupes.

Fig. 2C and D show the images obtained with fluores-
cence microscopy (BLUE 400, Carl Zeiss Meditec, Germany)
without (Fig,.2C) and with the 405 nim laser (Fig. 2D). PpIX
fluorescence was more distinct when the laser was used.
Similar PpiX fluorescence intensity was obtained inan image
when the laser light was passed through the 410nm-low
pass filter (Fig. 2E). The res:dual fluorescent tumor was
resected.
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A surgical loupe system for observing protoporphyrin IX fluorescence

Figure2
violet: (UV) cut ff
(D) Fluorescence ima

 with af,{a'sfei";x‘siﬁrﬁg . microscope
Discussion

Fluorescence-guided glioma surgery initially used fluores-

cein sodium [2-5]. Recently, 5-aminolevulinic acid (5-ALA}

has. become widely used because PpiX has a theoreti-
cally higher selectivity than fluorescein sodium for tumor

fluorescence, A randomized controlled trial using 5-ALA

revealed a higher rate of complete resections and extended
progression-free survival for newly diagnosed malignant
gliomas [6]. Pathological examinations showed that 5:ALA
fluorescence had a higher predictive value for tumor cells
than white light [4].

With our system, the use of a laser as the excita-
tion hght source, which exhibits a sharp peak at 405nm,;
does not require filter on—off manipulation during obser-
vations. When a laser is used with. a surgical microscope,
filter on—off manipulation is: unnecessary as long as a UV
cut-off filter is ‘mounted on the eyepiece lens, Becatise
the UV cut-off filtter heeds to be mounted only on the
eyepiece lens, it can be used not only with a head-
mounted toupe but alsowith a glasses frame-type or alens
insertion-type loupe. In addition, ordinary surgical proce-
dures. can also be performed using the-surgical loupe under
white light because a low pass. UV cut-off filter at 410nm

does not alter the field of vision, particularly the color

tone.

This system enables more accurate glioma resection than
a regular surgical loupe because of the features of PpIX flu-
orescence technology. However, it is desirable that a video
camera is mounted on the loupes to display operative images

333"

rmg a glloblastoma resectxo
using the surgical loupes ( e
E) Fluorescence image using a laser and a._ ansparent UV cut-off ﬁlter.

on: a monitor for recording and education. Further evalua-
tions of this system are required to determine the extent of
surgical. resection before its practical application for high+
grade glioma.
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Abstract

Purpose To understand the influence of disease and
treatment on the health-related quality of life (HRQOL) of
children with brain tumors, compared to the HRQOL of
children with other cancers, from the viewpoints of chil-
dren and parents.

Methods A total of 133 children aged 5-18 years and 165
parents of children aged 2-18 completed questionnaires of
the Pediatric Quality of Life Inventory Cancer Module
(Pain and Hurt, Nausea, Procedural Anxiety, Treatment
Anxiety, Worry, Cognitive Problems, Perceived Physical
Appearance, and Communication scales); higher scores
indicate a better HRQOL. The Cancer Module scores,
weighted by age and treatment status, were compared to
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those obtained in a previous study of children with other
cancers (mostly leukemia).

Results The weighted mean scores for Pain and Hurt
(effect size d = 0.26) and Nausea (d = 0.23) from child
reports and the scores for Nausea (d = 0.28) from parent
reports were higher for children with brain tumors than
scores for children with other cancers. The scores for
Procedural Anxiety (d = —0.22) and Treatment Anxiety
(d = —0.32) from parent reports were lower for parents of
children with brain tumors than the scores for parents of
children with other cancers. The child-reported Pain and
Hurt score of the Cancer Module was higher (d = 0.29)
and in less agreement (infraclass correlation coeffi-
cient = 0.43) with scores from the Brain Tumor Module,
indicating that assessments completed with the Cancer
Module misesteem pain and hurt problems in children with
brain tumors.
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Conclusions The profiles of cancer-specific HRQOL in
children with brain tumors differ from those of children
with other cancers; we therefore suggest that these children
receive specific psychological support.

Keywords Brain neoplasms - Child - Japan -
Quality of life - Questionnaires

Introduction

While modern treatment methodologies have improved the
outcome for pediatric cancer survival to approximately
70-80 % [1, 2], managing health-related quality of life
(HRQOL) during and after treatment becomes a more
important part of treatment. Brain tumors are the second most
common (27 %) form of pediatric cancer after leukemia
(33 %) [3]. Children with brain tumors often experience pain,
nausea, lack of energy, and emotional distress [4, 5] and may
also experience late effects, such as endocrinological prob-
lems, cognitive impairment, neurological (motor and sen-
sory) disability, and postiraumatic stress symptoms [6-8].

Consequently, survivors of brain tumors who receive inten-
~ sive treatment [9, 10] are at higher risk of physical, psycho-
logical, social, and developmental difficulties than survivors
of other cancers [11-14]. By understanding the HRQOL
profile of these children, medical practitioners can design
targeted interventions to maintain and improve HRQOL in
this population during and after treatment.

Global profiles of HRQOL (for example, physical,
emotional, and social) in children with brain tumors are
lower than those of children with other cancers or without
cancer [15-18]. However, little information is available on
disease-specific HRQOL profiles in children with brain
tumors. Meeske et al. compared cancer-specific HRQOL
between children with brain tumors and those with acute
lymphoblastic leukemia (ALL) using the parent-reported
Pediatric Quality of Life Inventory (PedsQL) Cancer
Module [17], finding that parents of children with brain
tumors and acute lymphoblastic leukemia report different
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experiences for their children during and after treatment.
This highlights the need to understand how children with
brain tumors perceive their own HRQOL.

The disease-specific HRQOL of patients with brain
tumors can be measured with one of several cancer-specific
tools [19-21], such as the PedsQL Cancer Module, or with
a brain-tumor-specific tool [15, 22, 23], such as the PedsQL
Brain Tumor Module. Different tools may provide different
measures of HRQOL, as the questionnaire structure,
number, and time of the questions differ among available
tools. Here, we compared cancer-specific HRQOL in
children with brain tumors with the HRQOL of children
with other cancers, the reported views of children and their
parents, and the HRQOL as measured by two PedsQL
modules—the PedsQL Cancer and the PedsQL Brain
Tumor Modules.

Methods

This study was conducted jointly with the development of
the Japanese version of the PedsQL Brain Tumor Module
[24].

Study population

Children with brain tumors and their parents were recruited
from six hospitals across Japan and from the Children’s
Cancer Association of Japan (CCAJ) between September
and December 2008. Inclusion criteria were as follows: age
5-18 years for children (the parent was included if their
child was 2-18 years) and at least 1 month had passed
since diagnosis. Children and parents were excluded if
physicians at the hospital or social workers of the CCAJ
determined that the family found the subject of the child’s
condition too uncomfortable to discuss.

Procedure

Researchers presented the study aims to 101 children and
122 parents at participating hospitals verbally and in
writing, and the CCAJ sent a written notice to all families,
inviting them to a meeting regarding brain tumors. Of 55
families from the CCAJ that provided informed consent or
assent, 2 families were bereaved, 1 had an adult survivor, 6
children were aged 24 years, and 1 child old enough to
provide his own consent opted out. A total of 98 children
and 120 parents from the hospitals as well as 45 children
and 52 parents contacted directly by the CCAJ agreed to
participate. Questionnaires were distributed to 143 children
and 172 parents.

Questionnaires for children were either self-adminis-
tered or administered by an interviewer. When providing
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informed consent, parents determined whether or not their
child was able to self-administer the questionnaire. In
accordance with the PedsQL™ administration guidelines,
children aged 5-7 years or who were otherwise determined
incapable of self-administration were administered the
questionnaire by either their parents or a researcher (chil-
dren were allowed to decide). In both cases, the instruc-
tions and each item were read to the child. Parent report
questionnaires were simultaneously self-administered.

The questionnaires were returned by 138 children and
167 parents. We excluded questionnaires from 5 children
and 2 parents who did not answer any scales of the PedsQL
Cancer Module, and we analyzed answers from 133 chil-
dren and 165 parents. Next, we analyzed answers from 124
children and 143 parents after omitting questionnaires with
missing data for any scale of the PedsQL Cancer Module.
Given the lack of any significant differences between the
results of the former and latter analyses, we report only the
latter.

Ethical considerations

This study was approved by the review boards of all seven
participating institutions. Children aged >12 years and the
parents of all children provided written consent prior to
participation. Children aged <12 years provided informed
verbal assent.

Measurements

The cancer-specific HRQOL of the PedsQL Cancer Module
[21, 25] has eight scales: Pain and Hurt (two items), Nausea
(five items), Procedural Anxiety (three items), Treatment
Anxiety (three items), Worry (three items), Cognitive
Problems (five items), Perceived Physical Appearance (three
items), and Commumnication (three items).

Respondents were asked to describe the extent to which
each item troubled them over the past month. Although the
PedsQL Cancer Module comprises the standard (covering
the previous month) and acute versions (covering the pre-
vious 7 days), we used the standard version, because it
served as a historical control (described in the next sec-
tion). For the child reports for ages 818 and all parent
reports, a 5-point Likert response scale was used
(0 = never a problem; 1 = almost never; 2 = sometimes;
3 = often; 4 = almost always). For the child report for
children ages 5-7, a 3-point face scale was used. Items
were reverse scored and linearly transformed to a 0—~100
scale, with higher scores indicating a better HRQOL. To
account for missing data, scale scores were computed as
the sum of the items divided by the number of items
answered. If more than 50 % of the items were missing or
incomplete, the scale score was not computed.

Table 1 Characteristics of participants

This study Tsuji

et al. [25]
participants  participants
(N =165) (N =143

n % n %o n %

Gender

Male 91 555 & 592 135 551
Female 73 445 58 408 110 445
Age (years)

2-4 25 152 23 161 41 167
5-7 31 1838 21 147 62 253
8-12 56 339 48 336 75 306
13-18 53 321 51 357 67 273
Tumor pathology

Embryonal tumors 47 292 3% 279 - -
Germ cell tumors 36 224 34 243 - =
High-grade glioma 24 149 1% 136 - -
Low-grade glioma 3% 242 33 236 - -
Other tumors 15 93 15 107 - -
Treatment status

On-treatment 63 394 56 392 88 359

Off-treatment < 12 months 23 144 21 147 33 135
Off-treatment > 12 months 74 46.3 66 462 124 50.6
Age of guardian (years)

21-28 7 43 4 28 5 21
29-34 23 140 18 127 40 169
35-39 47 287 41 288 72 304
40-60 86 524 78 549 120 50.6
>61 1 06 1 0.7 0 00
Relationship to patient

Mother 152 921 133 930 230 96.2
Father 10 61 8 56 g 38
Other guardian 3 18 2 14 0 00
Guardian’s academic background

Junior high school 3 19 2 14 4 17
High school 63 389 49 350 87 366
Vocational school 28 173 27 193 44 185
Junior college 26 179 28 200 48 202
University 36 222 32 229 52 218
Graduate school 3 19 2 14 1 04
Other 0 00 0 00 2 08

Missing data were excluded

* Sample without missing data for any scale of the PedsQL Cancer
Module

The PedsQL Brain Tumor Module [15, 24] has six
scales. Questions about Nausea, Procedural Anxiety, and
Worry scales are identical to those in the PedsQL Cancer
Module, whereas questions on the Pain and Hurt scale
(three items) and Cognitive Problems scale (seven items)
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differ from those in the PedsQL Cancer Module. The
parent report for toddlers (ages 2—4) does not include the
Cognitive Problems scale. The Movement and Balance
scale is not reported here. Agreement between the parent
and child reports (intraclass correlation coefficient [ICC])
was described previously as follows: 0.41 (Pain and Hurt),
0.65 (Nausea), 0.62 (Procedural Anxiety), 0.18 (Worry),
and 0.49 (Cognitive Problems) [24].

Respondents were asked to describe the extent to
which each item troubled them over the previous 7 days.
Although the recall period of the questionnaire differed
from that of the Cancer Module, no published studies
using the Brain Tumor Module as the standard (1 month)
version were available when the present study was plan-
ned and designed. Because the PedsQL Brain Tumor
Module adopts the acute version (covering the previous
7 days) as a standard, we employed the acute version.
The respondents, response scale, and scoring method were
identical to the PedsQL Cancer Module. Parents were also
asked to record their child’s gender, date of birth, age,
tumor pathology, date of diagnosis, and date of therapy
completion.

Historical control

We used data reported by Tsuji et al. [25] as a control. This
study reported scores from for Japanese children with
cancer (67.8 % had leukemia, 9.0 % had malignant lym-
phoma, followed by neuroblastoma, Wilm’s tumor, rhab-
domyosarcoma, and hepatoblastoma) using the Japanese
version of the PedsQL Cancer Module. Children with brain
tumors were excluded in that study.

The average age of children with cancer was 10.5 years
(standard deviation [SD] = 3.9 years), and 55.1 % of
patients were boys (Table 1). Mothers answered 93.9 % of
the questionnaires, and parents’ ages ranged between 40
and 60 years.

Statistical analysis

Statistics were calculated using IBM SPSS software, version
19 (SPSS, Inc., Chicago, IL, USA), and the level of signifi-
cance was defined as 0.05. We calculated the sample char-
acteristics as follows: age distribution, disease, and treatment
characteristics; and scale characteristics as follows: mean,
SD, minimum and maximum scores. The internal consis-
tency of each subscale was estimated using Cronbach’s alpha
coefficient [26] (good consistency > 0.70). The agreement
between the child and parent reports was estimated using
ICC in a two-way mixed effects model [27] (ICC value of
0.20 indicates fair agreement, 0.40 moderate, 0.60 good, and
0.80 high agreement).

@ Springer

The cancer-specific HRQOL of children with brain
tumors was compared to the HRQOL of children with
other cancers. We compensated for the effect of age
(toddler, young child, school child, or adolescent) and
treatment status {(on-treatment, soon after treatment, or off-
treatment) differences using the weighted means and SDs
of the PedsQL Cancer Module scale scores, adjusted for
age and treatment status. The age distribution of leukemia
and brain-tumor onset differs [29, 30], and previous reports
have found that treatment status affects the PedsQL Cancer
Module score [21, 25]. We also found in this study that the
treatment status affected the PedsQL Cancer Module score
(see electronic Supplementary Table 1).

These values were calculated by dividing the total
sample into different groups based on age and treatment
status. The control study sample size (Ncoea) was 245, and
the brain-tumor sample size (M) was 165 if all respon-
dents completed the PedsQL Cancer Module scale. The
control and study populations were divided into groups
(Ncy; and Ny) separated by treatment status (on-treatment,
off-treatment <12 months, or off-treatment >12 months;
i =1-3) and by age (2-4, 5-7, 8-12, or 13-18 years;
Jj = 1-4). The weighted means [31] were calculated as
follows:

N Nigal
Weighted mean(X) = Y WiX/ > Wi
k=1 k—1

Neptar
(The common mean = Z X /Ntotal) .
—1

Ncs: N
e ) )
k (thotal / Niotal

where X; was the PedsQL Cancer Module scale score of
each respondent that belonged to treatment status i and age
J; the weights for each respondent (W) were calculated
from the ratio of the age and treatment status of the stan-
dard population, divided by the proportion of the age and
treatment status in this study.

The weighted SDs were calculated using the same
weight (Wy) as follows:

Neora Niota
Weighted SD = , | > Wi (X; — X)*/ (Z Wi — 1) .

—1 -1
Neota

The common SD = Z(Xk — X)2/(Ntotal -1).
=1

We compared the cancer-specific HRQOL using Welch’s
t test and calculated the effect size d from the difference
between the two means divided by the pooled SD of both
samples.
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Aable2 PedsQL Cancor & Mean SD Min.  Max.  Alpha*  ICC

brain tumors (N = 143) Child report (n = 124)
Pain and Hurt 90.4 176 0 100 0.62 0.20
Nausea 875 20.6 15.0 100 0.86 0.68
Procedural Anxiety 745 30.8 0 100 0.88 0.70
Treatment Anxiety 92.8 19.0 0 100 0.88 0.41
Worry 81.9 234 0 100 0.76 0.27
Cognitive Problems 73.6 224 0 100 0.78 0.44
Perceived Physical Appearance 73.8 26.3 0 100 0.71 0.28
Communication 68.5 299 0 100 0.77 0.45
Parent report (n = 143)
Pain and Hurt 84.5 20.0 0 100 0.83

. . Nausea 84.7 22,6 150 100 0.93

igffﬁ”c’g;}“’fﬁ ai"fnﬁﬁg"m Procedural Anxiety 59.8 354 0 100 0.96

Min. minimum, SD standard Treatment Anxiety 79.7 23.1 0 100 0.93

deviation Worry 78.3 22.3 0 100 0.86

* Cronbach’s alpha coefficient Cognitive Problems 66.0 23.8 0 100 0.89

® ICC values for child and Perceived Physical Appearance 70.6 24.6 0 100 0.81

parent reports in the two-way Communication 59.5 296 0 100 0.89

mixed effects model (n = 124)

The agreement of the two modules was evaluated using
paired t tests; the effect size d (the mean score difference
divided by SD of the mean score difference) [28] desig-
nated as small {0.20), medium (0.50), and large (0.80) in
magnitude and by the ICC calculated from a one-way
random effects model [27].

Results
Sample characteristics

The median age of the children with brain tumors was
10.0 years (range: 2-18) (Table 1), and the sample was
heterogeneous for tumor pathology. Most children pre-
sented with embryonal tumors, low-grade gliomas, and
germ cell tumors. Median age at diagnosis was 6.0 years;
63 children (39.4 %) were still receiving treatment, while
97 (60.6 %) had completed treatment, and the interval from
completion of treatment to the survey ranged from 0.1 to
13.3 years. Most children on treatment were younger than
the children who had completed treatment.

With the exceptions noted below, no significant differ-
ences were observed between the characteristics of the
children and their parents and those of the historical control
(Table 1). The differences were as follows: The present
study enrolled fewer children between the ages of 5 and
7 years and more between the ages of 13 and 18 years
(P = 0.069, Chi-square test).
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Scale descriptions

The child-reported scores were higher than parent-reported
scores on all scales of the PedsQL Cancer Module and
were internally consistent for all scales except for the Pain
and Hurt scale (Cronbach’s alpha coefficient = 0.62);
parent-reported scores were internally consistent for all
scales (Table 2). Agreement between the child and parent
reports was good for the Nausea and Procedural Anxiety
scales, moderate for the Treatment Anxiety, Cognitive
Problems, and Communication scales, and fair for the Pain
and Hurt, and Perceived Physical Appearance scales.

Cancer-specific HRQOL in children with brain tumors
compared with the HRQOL of children with other
cancers

We noted small but significant differences between the
children’s reports for Pain and Hurt (d = 0.26) and Nausea
(d = 0.23) and the parents’ reports for Nausea (d = 0.28),
Procedural Anxiety (d = —0.22), and Treatment Anxiety
{d = —0.32) (Table 3). The scores for Pain and Hurt and
Nausea were higher for children with brain tumors than for
children with other cancers, indicating better HRQOL.
However, the scores for Procedural Anxiety and Treatment
Anxiety were lower for children with brain tumors than for
children with other cancers, indicating worse HRQOL.. The
direction of the effects was the same for the scales reported
by parents and children.
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