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INTRODUCTION

WHEN 99mTc bone scintigraphy is performed, we can often

detect extraosseous uptake by various organs or tumors.
Despite so many cases and so many studies conducted to
solve the mechanism of 99mTc extraosseous accumula-
tion, this phenomenon remains unexplained, and there
have been numerous explanations for extraosseous up-
take. Some authors have reported extraosseous accumu-
lation in brain tumors using 99mTc bone scintigraphy1–5

but no one evaluated extraosseous accumulation with
99mTc SPECT (single photon emission CT) . We exhibited
two cases of primary malignant brain tumor which showed
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extraosseous accumulation evaluated with 99mTc-methyl-
ene diphosphonate (MDP) or 99mTc-hydroxy methylene
diphosphonate (HMDP) (Tc) SPECT and 201Tl chloride
(Tl) SPECT in the previous case report.6 Although Tl
SPECT has been used in the differential diagnosis be-
tween recurrence of malignant brain tumor and necrosis,
it is not generally recognized as a definite modality to
distinguish them. We conducted a preliminary study
using Tl SPECT and Tc SPECT because extraosseous
accumulation is caused by calcium deposits in necrotic
tissues. In this study we compared Tc uptake with the
histopathological findings, and further performed semi-
quantitative evaluation using Tc SPECT and Tl SPECT to
investigate the mechanism of extraosseous uptake and the
correlation between extraosseous accumulation of bone-
scanning agent and tumor viability in malignant brain
tumor.

MATERIALS AND METHODS

Ten patients diagnosed as having intracranial extraosseous
uptake with Tc SPECT who had been investigated using
Tc bone scintigraphy between April, 2001 and Septem-
ber, 2002 were enrolled in this study. Those 10 patients
consisted of 7 males and 3 females, aged 49 to 74 years,
and 3 of the 10 patients had primary malignant brain
tumors and the other seven metastatic malignant brain
tumors (Table 1). All 10 patients were investigated using
Tl scintigraphy and contrast enhanced CT (CE-CT) or
contrast enhanced MRI (CE-MRI). As to 8 of 10 who
underwent tumor resection before treatment, Tc bone
scintigraphy, Tl scintigraphy and CE-CT or CE-MRI
were performed 1–16 days (mean 8 days), 3–22 days
(mean 9 days), and 1–14 days (mean 10 days) before
operation, respectively. Tc bone scintigraphy was per-
formed 2–3 hours after the intravenous injection of
740 MBq Tc. On the other hand, at 15 minutes and 120
minutes postinjection of 111 MBq Tl , early and delayed
Tl SPECTs were taken. SPECTs were obtained using a
triple head rotating gamma camera (GCA9300DI
TOSHIBA) equipped with a low-energy fan-beam colli-
mator, acquiring images every 4 degrees for 30 seconds
each in an acquisition matrix of 256 × 256 for Tc SPECT
and that of 128 × 128 for Tl SPECT. Acquisition time were
30 min for 360 degrees. Fan-beam data were converted to
parallel-beam projection data in a 128 × 128 and a 64 × 64
matrix for Tc and Tl SPECT, respectively. The slices were
reconstructed using the filtered back projection algorithm
with the Ramp and Butterworth filter. The photopeak
was set for 140 keV and 71 keV for Tc and Tl SPECT,
respectively. A 20% symmetric window was used for Tc
SPECT and Tl SPECT. In each slice where the highest
uptake of Tc or Tl was noted, regions of interest (ROI)
were drawn around the lesions with high activity of those
radiopharmaceuticals corresponding to tumors in CE-CT
or CE-MRI. When there was discordance between the

Table 1   Sex, age and histopathological diagnoses of 10 patients

sex age Histopathological findings

Case 1 male 54 Glioblastoma
Case 2 female 58 Malignant lymphoma (by biopsy)
Case 3 male 74 Metastatic SCC

    (esophageal Ca origin)
Case 4 female 51 Metastatic carcinoma

    (lung Ca origin, postradiotherapy)
Case 5 male 68 Glioblastoma
Case 6 male 61 Metastatic SCLC (lung Ca origin)
Case 7 female 49 Metastatic mucoepidermoidcarcinoma

    (uterine Ca origin)
Case 8 male 62 Metastatic adenocarcinoma

    (lung Ca origin)
Case 9 male 70 Metastatic adenocarcinoma

    (lung Ca origin)
Case 10 male 70 Metastatic tumor (lung Ca origin)

SCC = squamous cell carcinoma
Ca = carcinoma

Table 2   Morphological method, histopathological examination and Tc SPECT and Tl SPECT

Morphological
Necrosis

Increased
Bleeding

Tc uptake Tl uptake
method vascularity in LIL*** in LIL***

Case 1 CE-MRI + + − − −
Case 2 CE-CT −* +* −* + +
Case 3 CE-MRI + − + + −
Case 4 CE-MRI ** ** ** + +
Case 5 CE-MRI + − + + +
Case 6 CE-MRI + − + − +
Case 7 CE-MRI + − − + +
Case 8 CE-MRI + + − + −
Case 9 CE-MRI + + − − −
Case 10 CE-MRI + − + + +

* Histopathological finding of Case 2 was obtained by biopsy.
** Histopathological finding of Case 4 was not referred as tumor resection had been performed after radiotherapy.

*** LIL: low intensity lesion on morphological method.
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lesion with Tc uptake and that with Tl uptake, ROIs were
set up in different areas. All 10 cases had ring-like lesions
in CE-CT or CE-MRI, which showed as intense enhance-
ment as bone cortex of skull in CE-CT or bone medulla of
skull in CE-MRI. ROIs were automatically drawn by
setting a threshold value of 50% to the maximum count of
tumor in Tc SPECT and 80% in Tl SPECT. Regarding
normal region, on the contralateral side, oval area in
normal brain and a part of the scalp were selected in Tl
SPECT. In Tc SPECT normal region was set up in a part
of the skull on the contralateral side. Tc-T/N means the
ratio of counts of ROI corresponding to extraosseous
accumulation of Tc bone scanning agent to that   of normal
skull. As to Tl SPECT, T/N and T/S stand for the ratios of
counts of ROI of tumor to those of normal region in brain
and scalp, respectively. We evaluated whether Tc and Tl
accumulated in the region shown as necrotic area in CE-
CT or CE-MRI. Low density areas in ring-enhanced
lesion were necrosis verified by histopathological study.
If a patient had multiple lesions with extraosseous uptake,
we regarded the one which had the most intense uptake as
the focus. Furthermore Tc SPECT and Tl SPECT were
compared with histopathological findings consisting of 8
results by resected tumors. One case which had histo-
pathological finding by biopsy and one case which had
tumor extraction after radiotherapy were excluded. All
patients provided informed consent.

RESULTS

Table 2 shows the morphological methods, and the results
of histopathological examination, Tc SPECT and Tl
SPECT. All 10 cases showed intensely ring-enhanced
tumors in contrast enhanced CT (CE-CT) or contrast
enhanced MRI (CE-MRI). With respect to the histopatho-
logical findings, necrosis with hypervascularity (Cases 1,
8, 9) or bleeding (Cases 3, 5, 6, 10) was present in 7 of 10
cases with intensely ring-enhanced lesion in CE-CT or
CE-MRI. Of the remaining 2 cases, one case, malignant
lymphoma showed only increased vascularity by biopsy
and the other one (Case 4) was excluded because of
resection at postradiotherapy. So, in cases 2 and 4, their
low intensity area in CE-CT or CE-MRI could not be
investigated pathologically. Comparing CE-CT/CE-MRI
with Tc/Tl SPECT by visual evaluation, among 8 cases
showing ring-like enhanced lesion in CE-CT or CE-MRI,
3 cases showed Tc and Tl accumulation in the site appear-
ing like necrosis, 2 cases showed no Tc nor Tl uptake. Two
tumors exhibited only Tc uptake, and one tumor did only
Tl uptake in necrotic area (Table 2). Figure 1a showed
two ring-enhanced lesions in the right frontal lobe in CE-
MRI (TR: 500, TE: 11) of the patient diagnosed with glio-
blastoma (Case 5). The necrotic lesion of anterior tumor
took up Tc and Tl in Tc SPECT and Tl SPECT (Fig. 1b,
Fig. 1c). In Figure 2a, a ring-enhanced area of right occipi-
tal lobe was obtained in CE-MRI (TR: 500, TE: 11) of the

Fig. 1   a: Two ring-enhanced lesions were obtained in the right
frontal lobe in CE-MRI (TR: 500, TE: 11). b: Tc SPECT of
anterior tumor showed two sites with Tc uptake corresponding
to necrosis in CE-MRI. c: Tl SPECT of anterior tumor exhibited
two areas showing Tl activity corresponding to necrotic lesions
in CE-MRI.

a

b

c
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  a

patient diagnosed to have metastatic adenocarcinoma
(Case 9). Tc SPECT and Tl SPECT of the occipital lobe
exhibited increased uptake to the region shown as en-
hanced lesion on CE-MRI and no uptake in the necrotic
site (Fig. 2b, Fig.  2c). Correlation coefficients of early T/
N, delayed T/N, early T/S and delayed T/S to Tc-T/N were
0.0359, 0.0321, 0.1997 and 0.1293, respectively. Figure 3
shows the correlation between Tc-T/N and early T/S.

DISCUSSION

Extraosseous uptakes in 99mTc phosphate complexes scin-
tigraphy have been reported to be found in malignant
tumors,7 benign tumors,8 cerebral infarction,4 myocardial
infarction9 and ectopic calcinosis10,11 and so on. Numer-
ous hypotheses are available to explain the mechanism of
extraosseous accumulation. Increased vascularity, capil-
lary permeability, abnormal cellular calcium metabolism,
abnormality in binding of 99mTc phosphate complexes to
phosphate enzymes, and binding of 99mTc phosphate to

Fig. 2   a: There was an intensely contrasted area in the right occipital
lobe using CE-MRI (TR: 500, TE: 11). b: In Tc SPECT of occipital
tumor, there was no accumulation of Tc in the lesion corresponding to
necrosis in CE-MRI. c: In Tl SPECT of parietal tumor, doughnut-
shaped Tl uptake, which had no accumulation in the site appearing to
necrosis in CE-MRI, was disclosed.

Fig. 3   Correlation between Tc-T/N and early T/S.

  b

  c

immature collagen have all been proposed as the mecha-
nism.12

In this study, histopathological findings showed necro-
sis with hypervascularity or bleeding in 7 of 8 cases whose
tumors were resected without therapy. But the result
could not lead to the conclusion that extraosseous uptake
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was caused by the presence of calcium in necrotic lesion.
Our study showed 3 cases (Cases 1, 6, 9) of 8 cases with no
Tc uptake in necrotic lesion of CE-MRI. If accumulation
of Tc was caused only by calcium deposition in necrosis,
this result would not be obtained. 99mTc phosphate com-
plexes are useful in the diagnosis in acute myocardial
infarction.13–17 In previous studies about 99mTc-labeled
pyrophosphate in infarcted myocardium, the authors con-
cluded that the uptake of technetium chelates in myocar-
dial infarcts may be due to the formation of polynuclear
complexes with denatured macromolecules rather than to
the deposition of calcium in mitochondria.18 On the other
hand, Buja et al. noted concentration of 99mTc phosphorus
(99mTc-P) radiopharmaceutical in acute myocardial in-
farct results from selective adsorption of 99mTc-P with
various forms of tissue calcium stores but is reflected by
physicochemical properties of tissue calcium stores and
local blood flow.9

As to brain tumor, Tl SPECT has been used in evaluat-
ing the malignancy of tumors,19–22 differential diagnosis
between recurrence of tumor and necrosis,23,24 investiga-
tion of response to treatment25–27 and differential diagno-
sis28 because Tl is a radiopharmaceutical which accu-
rately reflects tumor viability.29 It is said that Na+-K+

ATPase pump, local blood flow and destruction of blood
brain barrier (BBB) affect the uptake of Tl.20,30 Ohnishi et
al. suggest that thallium index (early index and delayed
index) has a good correlation with intensity of enhance-
ment in CE-CT images caused by destruction of BBB.31

But our study revealed that concentration of Tc and Tl had
no correlation with intensity of tumor in CE-CT or CE-
MRI. Furthermore 4 (Cases 5, 6, 7, 10) of 8 cases which
had histopathological report of resected tumor before
therapy revealed Tl uptake in necrotic lesion of CE-MRI
and one (Case 6) of 4 cases showed no Tc uptake in the
area. In a previous study by Front,32 tumors with perme-
able vessel or increased vascularity were demonstrated
to invoke high uptake of Tc. Brain tumors have blood
vessels anatomically different from normal ones. High
grade malignant tumor has edema resulting from hyper-
permeability.33

Tc-T/N had no significant correlation with early T/N,
delayed T/N, early T/S or delayed T/S, but it is interesting
that there were inverse correlations in all comparison.
Sehweil et al. concluded that the mechanism of Tl uptake
of tumors is similar to that in myocardium, and sodium
potassium pump activity appears to be more important
than tumor blood flow.34 It is likely that uptakes of both Tc
and Tl preferentially depend on their peculiar biochemi-
cal mechanisms from our semi-quantitative study. So the
fact that semi-quantitative evaluation showed inverse
correlation suggests that the much more non-viable cells
a tumor had, the higher Tc-T/N was. In conclusion,
extraosseous accumulation was caused by not only a
single factor but multiple factors, such as necrosis, in-
creased vascularity, permeability of vessels, and Tc up-

take did not correlate with Tl uptake in semi-quantitative
study of malignant brain tumors. More studies in this area,
involving many cases or consisting of brain tumors with
the same pathological findings are needed.
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