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Single-Photon Emission CT in the Evaluation of Recurrent Brain
Tumor in Patients Treated with Gamma Knife Radiosurgery or
Conventional Radiation Therapy

J. L. Kline, R. B. Noto, and M. Glantz

PURPOSE: To differentiate radiation necrosis from tumor recurrence using single-photon emission
CT (SPECT).METHODS: Forty-two thallium-201 SPECT scans were obtained in 33 adult patients.
All patients had previously been treated with either conventional external-beam radiation therapy
(XRT) (26 patients) or gamma knife radiosurgery (16 patients) and had subsequent contrast-
enhanced MR examinations before nuclear medicine imaging. Patients were injected intravenously
with 4 mCi of thallous chloride Tl 201 with rapid acquisition of SPECT scans thereafter. Findings
on thallium-201 SPECT scans were categorized as either positive or negative on the basis of an
abnormal focus of increased activity in the area of the known lesion. Evaluation of the accuracy of
the thallium-201 SPECT scan was made by correlation with subsequent histologic or cytologic
analysis (28 cases) or, in cases in which biopsy was not performed, by subsequent clinical course
or MR findings (14 cases). RESULTS: For all patients in this series, the sensitivity and specificity
of thallium-201 SPECT scans in detecting tumor recurrence were 94% and 63%, respectively. The
sensitivity and specificity for patients who had been treated with XRT were 95% and 60%, respec-
tively. The sensitivity and specificty for patients who had been treated with gamma knife therapy
were 92% and 67%, respectively. Tumor/scalp (T/S) ratios were calculated for all patients. High
T/S ratios (.2.0) had a positive predictive value for tumor recurrence of 92%. T/S ratios less than
0.5 had a negative predictive value for tumor recurrence of 83%. CONCLUSION: Thallium-201
SPECT is a sensitive and accurate test to differentiate tumor recurrence from radiation necrosis in
a population of patients with abnormal MR findings. This technique was equally efficacious in
patients who had undergone gamma knife radiosurgery and in those who had received XRT.

Index terms: Brain neoplasms, computed tomography; Radiation, gamma knife; Radiation, necro-
sis; Single-photon emission computed tomography
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Current advances in the treatment of primary
brain neoplasms have created a unique prob-
lem in the subsequent evaluation of the tumor
bed. Tumor recurrence and radiation necrosis
cannot be reliably distinguished by either con-
trast-enhanced computed tomography (CT) or
magnetic resonance (MR) imaging, since both
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processes produce disruption of the blood-brain
barrier (1, 2). Previous studies have shown
positron emission tomography to be effective in
distinguishing recurrent tumor from radiation
changes; however, the cost is high and avail-
ability limited to only a few institutions (3).
Thallous chloride Tl 201 (thallium-201) is a

radiopharmaceutical that is used in both planar
imaging and single-photon emission computed
tomography (SPECT). Thallium-201 has been
shown to be effective not only in differentiating
radiation necrosis from recurrent tumor but also
in predicting the histologic grade of astrocytic
tumors (4–6).
Previous reports have described the use of

thallium-201 SPECT in patients with primary
brain neoplasms who have been treated with
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surgery, conventional external-beam radiation
therapy (XRT), and chemotherapy (6–8). We
studied a group of 33 patients with pathologi-
cally proved primary brain neoplasms who all
had thallium-201 SPECT brain scans after treat-
ment by either XRT or the newer technique of
gamma knife radiosurgery. We examined the
overall accuracy of thallium-201 SPECT in dif-
ferentiating radiation necrosis from recurrent tu-
mor. We then divided the patients into two
groups, those treated with conventional XRT
and those treated with gamma knife radiosur-
gery, to determine whether the accuracy of thal-
lium-201 SPECT is dependent on the type of
radiation treatment received.

Materials and Methods

Patient Population

Fifteen women and 18 men with a mean age of 55 years
underwent thallium-201 SPECT imaging. A total of 42
scans were obtained. Each patient had prior pathologic
confirmation of primary brain neoplasm. At the time of
initial diagnosis, 21 patients had glioblastoma multiforme,
eight patients had anaplastic astrocytoma, and four pa-
tients had low-grade glioma.

Twenty-one patients had been treated with conven-
tional XRT with or without paclitaxel chemotherapy and 12
patients had undergone gamma knife therapy. A total dose
of 60 Gy fractionated over 6 weeks was administered to
those receiving conventional XRT. For the gamma knife
patients, a single dose of 40 Gy was prescribed to the 50%
isodose line, corresponding to the enhancing margin of the
tumor. Patients were examined with MR imaging 1 month
after completing treatment and every 2 to 3 months there-
after. In all cases, MR images obtained before the thallium-
201 SPECT scan revealed an abnormal area that could
have represented recurrent tumor or radiation necrosis.

Eight patients had more than one thallium-201 SPECT
scan, including seven patients with two scans and one
patient with three scans. Each scan was classified as pos-
itive or negative on the basis of subsequent pathologic or
clinical follow-up. Serial thallium-201 SPECT scans were
obtained in these patients when there were symptoms of
clinical progression with an equivocal MR finding. The time
interval between thallium-201 SPECT scans ranged from 1
month to 15 months, with a mean of 6.2 months.

Imaging Protocol

SPECT imaging was initiated 10 minutes after the in-
travenous administration of 4 mCi of thallium-201. Images
of the brain were acquired with a continuous 3608 rotation
for 30 minutes on a dual-head camera. A 128 3 128
matrix was used with a 20% symmetric window centered at
80 keV. Images were reconstructed using a filtered back-
projection technique with a Wiener filter. Each scan sec-
tion was equal to one pixel in thickness, or 4.67 mm.

1682 KLINE
Images were subsequently reconstructed in the transverse
oblique (parallel to the canthaomeatal line), coronal, and
sagittal planes.

Thallium-201 Data Analysis

The thallium-201 transverse oblique, coronal, and sag-
ittal scans were assessed qualitatively for areas of abnor-
mal tracer uptake. These were graded as either positive or
negative for abnormality on the basis of visual analysis. In
addition, a circular region of interest with a diameter of 14
mm was placed over the area of maximal thallium-201
activity on the transaxial scans. If no abnormality could be
detected, a circular region of interest of the same size was
placed over an area corresponding to the MR abnormality.
A circular region of interest was then placed over the area
of maximal contralateral scalp activity. In concordance
with prior studies (5, 6), uptake was determined to be high,
moderate, or low in comparison with maximal scalp up-
take in the contralateral hemisphere, according to a thal-
lium-201 tumor/scalp ratio. The ratio was calculated as
average counts per pixel in the region of interest for the
tumor divided by average counts per pixel in the contralat-
eral scalp area. Areas were categorized as having no sig-
nificant uptake (ratios , 0.5), low uptake (ratios ranging
from 0.5 to 0.9), moderate uptake (ratios ranging from 1.0
to 1.9), or high uptake (ratios . 2.0) (5). All thallium-201
studies were compared with the abnormal MR images.
Interpretations were performed by two experienced nu-
clear medicine radiologists.

Pathologic Analysis

In 25 cases, tissue samples were obtained after thalli-
um-201 SPECT imaging by either stereotactic biopsy or
resection. Three patients had positive cerebrospinal fluid
cytologic results.

Clinical Diagnosis

In 11 cases, a clinical diagnosis of tumor recurrence
was made on the basis of the patient’s clinical course after
the thallium-201 scan. All patients with a clinical diagnosis
of tumor recurrence had compelling clinical or follow-up
MR evidence of recurrent tumor, and all patients with the
clinical diagnosis of tumor recurrence died within a mean
period of 7 months.

Three patients considered to be clinically tumor-free
have been followed up for an average of 11 months and
have shown no clinical or MR evidence of recurrent tumor.

Results

True-Positive Studies

The overall number of true-positive studies
irrespective of prior treatment was 32. In 22 of
these studies there was positive histologic or
pathologic correlation. Ten of these patients
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Fig 2. Thirty-seven-year-old man with
a glioblastoma multiforme.

A, Contrast-enhanced T1-weighted im-
age shows an area of abnormal enhance-
ment in the left posterior frontal lobe.

B, Thallium-201 SPECT scan shows no
corresponding increase in thallium uptake.

Fig 1. Thirty-eight-year-old man with
glioblastoma multiforme.

A, Contrast-enhanced T1-weighted MR
image shows an abnormal area of en-
hancement in the right parietal lobe.

B, Thallium-201 SPECT scan shows a
corresponding area of increased activity.
T/S ratio is 3.5.
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were considered to have tumor recurrence on
the basis of clinical follow-up studies.
Twenty of the 32 patients had been treated

with XRT. Thirteen had histologic correlation,
seven had positive clinical studies, and the re-
maining 12 had been treated with gamma knife
radiosurgery. Nine of those 12 patients had his-
tologic correlation, and the other three had pos-
itive clinical findings. Figure 1 shows a true-
positive thallium-201 SPECT scan.

True-Negative Studies

The overall number of true-negative studies
irrespective of prior treatment was five (Fig 2).
Two of these scans had histologic correlation
and three had clinical correlation.
Three of the above patients received prior

treatment with XRT. All were considered to be
tumor-free on the basis of clinical findings. The
remaining two patients had received gamma
knife treatment. These patients all had histo-
logic correlation.

False-Positive Studies

Overall, three patients had false-positive find-
ings on thallium-201 SPECT scans. Of these,
two patients had been treated with XRT and one
had received gamma knife treatment. All three
scans were discordant with subsequent stereo-
tactic biopsy results.

False-Negative Studies

Overall, two patients had false-negative find-
ings on thallium-201 SPECT scans. One had
received treatment with XRT, and SPECT stud-
ies were discordant with subsequent pathologic
findings; the other had received gamma knife
treatment, and was thought to have recurrent
tumor on the basis of clinical follow-up evi-
dence.



Of the 42 scans, 35 were interpreted qualita-
tively as positive and seven were interpreted as
negative. Pathologic and clinical follow-up re-
sults for all patients are shown in Table 1. Twen-
ty-six patients had been treated with XRT and
16 had received gamma knife treatment. These
findings translate into a sensitivity of 94% and
specificity of 63% for thallium-201 SPECT
scans in detecting tumor recurrence. The over-
all accuracy was 88%. Among patients who had
been treated with XRT, the sensitivity and spec-
ificity of thallium-201 SPECT scans in the de-
tection of tumor recurrence were 95% and 60%,
respectively, with an accuracy of 89%. For pa-
tients who had received gamma knife radiosur-
gery, sensitivity and specificity of thallium-201
SPECT scans in the detection of tumor recur-
rence were 92% and 67%, respectively, with an
accuracy of 88%.

Tumor/Scalp Ratios

Of the 42 thallium-201 scans, 12 showed a
tumor/scalp (T/S) ratio consistent with high up-
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take of thallium-201 (.2.0), 13 showed a mod-
erate uptake of thallium-201 (1.0 to 1.9), and
five showed a low uptake of thallium-201 (0.5
to 0.9). Six scans showed a T/S ratio of less
than 0.5. Six scans were not evaluated quanti-
tatively, as the data were irretrievable. The dis-
tribution of T/S ratios and predictive values by
treatment group are shown in Table 2. The re-
lationship between T/S ratio and tumor type at
the time of initial biopsy is shown in Table 3.
The positive predictive value for scans with

high and moderate T/S ratios was 96%. For low
T/S scans, positive predictive value was 60%.
For scans in which the T/S ratio was less than
0.5, the negative predictive value was 83%.

Discussion

Thallium is a potassium analog that has been
used for many years in myocardial perfusion
imaging. Although the precise mechanism of
uptake into tumor cells is unknown, it appears
to rely on a combination of factors, including
disruption of the blood-brain barrier, cellular
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TABLE 1: Pathologic and clinical correlation with thallium-201 SPECT scans for patients who received prior treatment with external-beam
radiation therapy (XRT) or gamma knife radiosurgery (GKR)

Positive
Pathologic
Correlation

Positive Clinical
Correlation

Negative
Pathologic
Correlation

Negative Clinical
Correlation

XRT GKR XRT GKR XRT GKR XRT GKR

Positive thallium-201 SPECT studies 13 9 7 3 2 1 0 0
Negative thallium-201 SPECT studies 1 0 0 1 0 2 3 0

TABLE 2: Tumor/scalp (T/S) ratios for patients who received prior treatment with external-beam radiation (XRT) or gamma knife radio-
surgery (GKR)

T/S Ratio

True-Positive
Studies

False-Positive
Studies

True-Negative
Studies

False-Negative
Studies

XRT GKR XRT GKR XRT GKR XRT GKR

High 7 4 1 0 0 0 0 0
Moderate 7 6 0 0 0 0 0 0
Low 2 1 1 1 0 0 0 0
Less than 0.5 0 0 0 0 3 2 0 1
Not obtained 4 1 0 0 0 0 1 0

TABLE 3: Tumor/scalp (T/S) ratio with respect to patient’s tumor type at time of initial biopsy

T/S Ratio

High Moderate Low Less than 0.5 No Data

Glioblastoma multiforme 9 7 3 3 4
Anaplastic astrocytoma 1 6 1 1 1
Low-grade glioma 2 0 1 2 1
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metabolic activity, and Na1, K1-ATPase (ad-
enosinetriphosphatase) activity (6, 9, 10). The
latter two components allow the distinction of
viable tumor cells from such changes as radia-
tion necrosis, since radionecrotic tissue does
not have an active transport mechanism or the
necessary enzyme for thallium-201 uptake.
Kasarov et al (11) found an increased level of
the Na1, K1-ATPase enzyme in transformed
fibroblasts, suggesting that this enzyme is
present in increased levels in tumor cells. The
enzyme is also believed to be present in increas-
ing amounts as histologic grade increases.
Thus, studies of the preoperative use of thalli-
um-201 have shown a positive correlation be-
tween the amount of thallium-201 uptake and
the histologic grade of tumor (2).
In the past, positron emission tomography

with fludeoxyglucose F 18 (FDG) was the only
technique available that could be reliably used
to differentiate radiation necrosis from recurrent
or residual brain tumor. This functional tech-
nique demonstrates the glucose metabolic state
in an area of parenchymal abnormality detected
by CT or MR imaging. FDG uptake in a lesion
that was greater than or equal to uptake in an
adjacent area of cerebral cortex was interpreted
as evidence of active tumor. Decreased uptake
was interpreted as evidence of no residual or
recurrent tumor. Positron emission tomography
enables the clinician to distinguish radiation ne-
crosis from active tumor with a quoted sensitiv-
ity of 88% and specificity of 81% (3, 12). Unfor-
tunately, the technique is expensive and
availability is limited. These problems spurred
the development of alternative imaging meth-
ods, such as thallium-201 SPECT.
The gamma knife delivers a single, high dose

of ionizing radiation from 201 fixed cobalt-60
sources (13). Only at the point where all 201
beams converge into a finely focused beam is
enough radiation delivered to injure pathologic
tissue, thus sparing adjacent healthy brain tis-
sue and other neural structures. Target location
is accomplished with the use of MR imaging,
CT, or arteriography, along with a specially de-
signed stereotactic head frame attached to the
patient’s scalp. The gamma knife is used most
effectively in the treatment of intracranial tu-
mors with a size of up to approximately 3 cm. A
conceptually related technique, LINAC radio-
surgery, uses a modified conventional linear ac-
celerator to accomplish the same goal. To-
gether, these two methods of stereotactic
radiosurgery have become widespread in the
treatment of primary and metastatic brain tu-
mor (13, 14).
Previous studies have shown that imaging

with thallium-201 SPECT is an efficacious and
much less costly method of differentiating radi-
ation necrosis from tumor recurrence than
positron emission tomography (5–7). Those
studies, however, contained fewer subjects than
ours and looked only at patients who had re-
ceived conventional XRT. In our evaluation of
26 scans obtained in patients who had received
XRT and 16 scans obtained in patients who had
undergone gamma knife radiosurgery, we did
not find statistically significant differences be-
tween the two groups in the sensitivity, speci-
ficity, or accuracy of thallium-201 SPECT in
differentiating radiation necrosis from tumor re-
currence. The low specificity of thallium-201
SPECT as compared with its high sensitivity is
attributed to the aggressive nature of the dis-
ease process being evaluated. Furthermore,
only a few of the patients scanned (eight) had
no clinical evidence of recurrent disease, and
this small number may partially account for the
low specificity.
As shown in Table 3, we did not find a con-

sistent correlation between the T/S ratio and
histologic grade of tumor. This differs from find-
ings in previous studies. We suspect that this is
because the patients in our study, unlike those
reported by others, were treated before their
evaluation with thallium-201 SPECT (2). The
tumor cells remaining after conventional or
gamma knife radiation probably differ in many
ways from the cells composing the original tu-
mor.
Overall, we found that thallium-201 SPECT

scans had an excellent predictive value for dif-
ferentiating residual or recurrent tumor from ra-
diation necrosis, especially when quantitative
techniques were used. In addition, one of the
three false-positive thallium-201 SPECT scans
was necessarily considered false positive be-
cause results of a subsequent stereotactic bi-
opsy showed radiation necrosis only. However,
this patient had a rapid clinical deterioration,
and follow-up thallium-201 SPECT imaging 1
month later showed even higher T/S ratios in
the same area. Results of a repeat stereotactic
biopsy 1 month after the initial negative biopsy
findings were positive for recurrent tumor. In
retrospect, this case probably represented a
false-negative sterotactic biopsy result rather



than a false-positive thallium-201 SPECT find-
ing. This occurrence points out a second poten-
tial benefit of thallium-201 SPECT imaging.
Stereotactic brain biopsies obtain small tissue
samples from very small areas of brain. The
thallium-201 SPECT scan can be used to help
direct the stereotactic biopsy to an area of ab-
normal thallium-201 uptake, especially when
coregistration techniques are used, and thereby
potentially decrease the frequency of false-neg-
ative results.
Of the three-false positive scans, two showed

a low T/S ratio. These scans were visually cat-
egorized as positive. Results of a subsequent
biopsy were negative for tumor recurrence. This
discrepancy may reflect criteria that are too
strict for tumor recurrence. On the basis of our
results, scans with a T/S ratio between 0.5 and
0.9 should actually be considered indetermi-
nate, since the positive predictive value for
these was only 60% whereas the positive pre-
dictive value for T/S ratios greater than or equal
to 1.0 was 96%. This finding emphasizes the
benefit of performing quantitative analysis
rather than visual analysis alone.
The single false-positive result in which the

T/S was greater than 1.0 is an enigma. The
initial T/S ratio was high (2.2). Results of a
stereotactic biopsy showed radiation necrosis
only, and the patient is doing well clinically 3
years after biopsy, with no MR evidence of tu-
mor progression.
There were two false-negative scans in our

study. In one of these patients, we were unable
to evaluate the scan retrospectively or to gen-
erate a T/S ratio, as the data were irretrievable.
The second patient had progressive clinical
symptoms, but the SPECT findings were nega-
tive, with a T/S ratio equal to 0. A repeat SPECT
scan 1 month later showed positive findings,
with a T/S ratio equal to 1.7. The patient’s initial
symptoms occurred 9 months after gamma
knife therapy and may have been partially at-
tributable to radiation necrosis. The rapid pro-
liferation and progression of glioblastoma mul-
tiforme, however, is well documented, and
during the 1-month interval the tumor may have
grown rapidly, producing a subsequent positive
thallium-201 SPECT finding. Of note, in all pa-
tients who had serial SPECT scans that showed
disease recurrence, the subsequent scans
showed increasing T/S ratios. This correlated
with the continued progression of disease.
In summary, we found that scanning with
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thallium-201 SPECT was a sensitive and accu-
rate method for differentiating radiation necro-
sis from recurrent tumor. The sensitivity and
accuracy of the study did not differ whether
prior treatment was with XRT or gamma knife
radiosurgery. Quantitative analysis is very help-
ful, with a positive predictive value of 96% for
those with a T/S greater than or equal to 1.0 and
a negative predictive value of 83% for those with
a T/S less than 0.5. Of the five patients with T/S
ratios of 0.5 to 0.9, only three were positive, and
these cases should probably be categorized as
indeterminate.
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