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Usefulness of Ga-67 brain SPECT in patients with CNS
malignant lymphoma
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The efficacy of Ga-67 SPECT imaging of CNS malignant lymphoma was investigated in 14 studies
of 11 patients. As compared with planar images, the SPECT imaging improved the detectability of
the focus of CNS malignant lymphoma. All untreated cases showed L/N ratios higher than 3.0. And
the L/N ratios also changed according to remission or relapse of CNS malignant lymphoma.
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INTRODUCTION

IT 1s WELL KNOWN that gallium-67 (Ga-67) often exhibits a
high affinity for the focus of malignant lymphoma.! The
test with this radionuclide is also effective for evaluating
therapeutic efficacy in this disease entity.>™*

Although SPECT studies with Ga-67 have rarely been
performed due to the physical properties of Ga-67, which
are poorer than those of technetium-99m (Tc-99m),’
some more recent reports have shown that SPECT imag-
ing with Ga-67 is associated with higher sensitivity and
specificity than conventional planar Ga-67 imaging in the
diagnosis of malignant lymphoma involving the extracra-
nial region.>’

It has also already been reported that Ga-67 has an
affinity for intracranial malignant lymphoma comparable
to that observed at the extracranial site on planar images,*
but there have been only a few reports on SPECT imaging
of malignant lymphomas of the central nervous system
(CNS).?

In recent years, the number of patients suffering from
CNS malignant lymphoma has been increasing.'®!! As
malignant lymphoma is the second most common lesion
to form intracranial masses after toxoplasmosis in AIDS
patients, this disease entity has been attracting increasing
attention.'>"?
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In the present study, we examined Ga-67 SPECT
imaging for CNS malignant lymphoma to determine the
usefulness of this radionuclide strategy.

MATERIALS AND METHODS

Patients
Ga-67 studies were conducted between October, 1991
and April, 1994 on 11 patients (7 males and 4 females,
ages ranging from 38 to 81 years, with a mean of 58.2
years) with CNS malignant lymphoma. Fourteen brain
SPECT images of these 11 patients were obtained.
Among 11, 9 had primary CNS lymphoma and 2 had
lymphoma metastasizing to the CNS. Pathological ex-
aminations proved that 9 had non-Hodgkin’s lymphoma.
The other 2 were diagnosed as having lymphoma because
of their rapid response to steroid medication and radio-
therapy. Ten were examined before the initiation of the
treatment. One case (No. 5) was examined after the initial
treatment. Three patients underwent repeat studies. Two
(No. 1 and No. 10) were examined for the second time
immediately after the treatment, whereas the other (No. 5)
was examined after an 18 month interval, as she had
exacerbated symptoms. The results of these repeat studies
were used to compare the clinical symptoms and other
imagings to evaluate the change in the disease during the
interval. Planar images of 7 patients were examined.
Three were also subjected to thallium-201 (T1-201) brain
SPECT studies to compare with the efficacy of Ga SPECT.
The studies with both Ga-67 and T1-201 were performed
within a short interval without treatment. L/N ratios of
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Table 1 Results of 11 patients

No. i%i’ pathology ;?Zceat(lcorgl) planar L/N (Ga) L/N (Tl)
1. 8IE PML rtF/4x3 + 3.3
1-2. 8IF rtF/ 3 x 2 + 513 34l
2. 75M  M/NH 1tT/2x2 4.7
3. 53M M/NH WF/2x2 + 33
4. 4M  P/NH rtF/3x3 3.6
5. SI38E P/NH rtF/1x1 1.6
5-2. 39F rtF/ 4 x 2 3:3
6. 61IM P/NH rtPa/8x5 ++ 5.4
7. 4M  P/NH rtPa/4x1 3.9
8. . . 63F PML 1tB/2x2 - 3.0
9. 58M P/NH 1tO/3x3 1.2
10. 70M P/NH WtF/2x2 + 6.4 3.2
10-2. 71IM 1tF/0.5 < 0.5 153
115 US3F P/NH rtPa/3x3 9.5 3:2

- 2: the second study, P: primary, M: metastasis, ML: unclas-
sified malignant lymphoma, NH: non-Hodgkin lymphoma, F:
frontal, T: temporal, Pa: parietal, O: occipital, B: brain stem
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Fig.1 L/N ratios of Ga-67 and T1-201 SPECTs.
black column: Ga-67, white column: T1-201.

both isopotes were compared. Two patients (No. 4 and
No. 7) were HIV positive.

SPECT imaging
Three mCi (111 MBq) of Ga-67 citrate was injected intra-
venously 48 to 72 hours before the imaging procedure.

Three mCi (111 MBq) of TI-201 chloride was injected
intravenously. Early SPECT imagings were examined
10 min later.

SPECT was obtained with a dual head rotating camera
(TOSHIBA GCA 90A, Tokyo). A computer (TOSHIBA
GMS 55U, Tokyo) was employed for image processing.

Sixty projections were acquired during a 360° rotation,
with each projection lasting 30 seconds. A 64 X 64 matrix
was used to acquire the raw projections. The data col-
lected were reconstructed by means of a filtered back-
projection technique, with a Butterworth filter and Chesler
algorithm. Neither tissue attenuation correction nor scat-
ter subtraction was performed. The thickness of each slice
was 10.6 mm.

ROI was drawn over a lesion on the slice showing the

392 Hirofumi Fujii, Shigeru Kosuda, Kenzo Suzuki, et al

exacerbated
course

exacerbated
course

L/N ratio

14 \ improved
course

0 T ey

the 1st study the 2nd study
Fig. 2 Interval change of L/N ratios.
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Fig.3 70M (No. 10). The activity of the lesion almost disap-
peared after the completion of the treatment regimen including
chemotherapy and irradiation. L/N ratio decreased from 6.4 to
1.3. a: before treatment, b: after treatment.

greatest activity. The second ROI was determined on the
contralateral side by performing a horizontal flip. But a
ROI was created in the normal area adjacent to a lesion
when the latter was located on the midline.

The activity of the first ROI covering the lesion was L
(lesion); the second was N (normal); and the L/N ratio was
calculated by dividing L by N (L/N).'*

RESULTS

The results were summarized in Table 1.

SPECT and planar images of 7 patients were compared.
In 6 of these, the foci of malignant lymphoma could be
detected even on the planar images, and SPECT images
were able to show the locations and extent of the foci in all
6, thus proving its superiority to planar images. Ten
untreated patients showed high activity corresponding
with the foci on the CT or MRI and all their L/N ratios
exceeded 3.0. The other patient (No. 5), who underwent
successful previous treatment, had a lower L/N ratio than
310

The 3 patients who were also subjected to TI-201
examinations had high activities in the lymphoma foci in
both radionuclide studies; but their Ga-67 images showed
a lesion with stronger contrast than in the TI-201 images.
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Fig. 4 44M (No. 4). AIDS patient. CT image (a) showed the
central necrosis in the lesion. Ga-67 (b) was strongly accumu-
lated into the focus with a L/N ratio of 3.6.

The means of the L/N ratios on their Ga-67 SPECT
images and TI-201 images were 5.7 and 3.2, respectively,
with the former being about double the latter (Fig. 1).

For 3 patients who underwent repeat studies, the L/N
ratio increased in 2 patients who experienced exacerba-
tion, but a reduction was noted in this ratio in the other
patient who showed a marked response to the therapy
(Fig. 2 and Fig. 3). In the latter, a small enhanced area
persisted on the CT image after treatment but his symp-
toms remained unchanged for one year. We believe that
this enhanced area represented a necrotic change.

Two HIV-positive cases were included in this study.
For both, central low denisty areas were noted on the CT
and the L/N ratios exceeded 3.0 (Fig. 4).

DISCUSSION

In recent years the number of patients suffering from
malignant lymphoma of the CNS has increased.'®!!!3
With advances in diagnostic imaging techniques, oppor-
tunities to capture tomographic images of this lesion have
increased. CNS lymphomas have been shown as iso- to
hyper-dense lesions on precontrast CT images; and vari-
ous degrees of enhancement were noted on the contrast-
enhanced CT.'*!7 On MRI, CNS lymphoma shows iso- or
slightly hyper-intense signal relative to the gray matter on
T2-weighted images,'*'® but these tomographic findings
are not specific to CNS lymphoma and there are no
established methods to evaluate these lesions with radio-
nuclides. In this study, we conducted Ga-67 SPECT for
this type of lymphoma and evaluated its usefulness.

In 7 patients whose planar images were also available
for comparison, each SPECT image was found to visual-
ize the foci more clearly. In one patient, the lesion was
seen only on the SPECT image. In the others, the foci were
readily recognized, even on planar images but SPECT
facilitated the evaluation of the extent of the lesions.
Recently, radionuclide images have often been compared
with other tomographic images such as CT and MRI. In
this respect, SPECT imaging has also been shown to have
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an advantage over planar imaging. Although Ga-67 is
considered to be unsuitable for SPECT imaging due to its
physical properties, which are less desirable than those of
Tc-99m,* we came to the conclusion, based on the present
study, that Ga-67 can be used in SPECT imaging of the
brain.

Until recently, we have calculated L/N ratios for T1-201
SPECT studies to evaluate the viability of brain tumor
cells, mainly glioma, and reported the efficacy of this
method."In the present study, the L/N ratios from the Ga-
67 SPECT examinations were also calculated by employ-
ing a similar method to determine the validity of this
parameter as a quantitative index for the activity of CNS
malignant lymphoma. In 10 patients with untreated le-
sions, except No. 5, who were suspected of having a viable
tumor in the foci, all L/N ratios from Ga-67 SPECT
exceeded 3.0. These data suggested that the L/N ratio may
be a semi-quantitative index of the activity of CNS malig-
nant lymphoma.

Nevertheless, the L/N ratio may be underestimated due
to a partial volume effect when the size of the lesion is
small. Then, if a small tumor has a low L/N ratio, we
should evaluate the result carefully.

In 3 patients, TI-201 SPECT was also conducted within
a short interval without treatment. Although the number
of patients in this category was very small, we found that
all of the L/N ratios from the Ga-67 SPECT were about
twice as high as those obtained with TI-201. The finding
was reversed in glioma, where the L/N ratio was higher for
T1-201 SPECT than for Ga-67 SPECT." It has been
reported that Ga-67 has a high affinity for metastatic
tumors and abscesses in addition to lymphomas of intra-
cranial mass lesions.?” Metastatic lesions are suspected in
a history of malignant disease and abscesses often mani-
fest as inflammatory symptoms, but differentiating be-
tween lymphomas and gliomas remains an important
issue. Because other tomographic images of malignant
lymphomas of the CNS show non-specific findings, Ga-
67 SPECT may be an effective method to use in detecting
CNS lymphoma.

As for three patients whose changes on Ga-67 SPECT
could be traced, all exhibited changes in their L/N ratios
concomitant with the extent of exacerbation or remission
of CNS lymphomas. This suggested that the L/N ratio
may be used as an objective index for the evaluation of the
therapeutic efficacy in CNS lymphoma and for the detec-
tion of relapsed lymphoma. One patient with a good
response to the treatment (No. 10) manifested no exacer-
bation of clinical symptoms for one year. After remission,
a small enhanced area remained on the CT images, whereas
Ga-67 SPECT showed no active foci. Thus, like extracra-
nial lesions,* Ga-67 SPECT could express the therapeutic
effect of CNS lymphoma more precisely than enhanced
EIE

With the number of AIDS patients mounting, the inci-
dence of AIDS-related malignant lymphoma of the CNS
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is also increasing.'s It is known that half of the foci of
AIDS-related malignant lymphoma of the CNS show a
poorly enhanced area in the central portion on conven-
tional tomographic images such as CT and MRI, a feature
that distinguishes this clinical entity from non-AIDS
lymphoma.'? Our two patients with AIDS-related malig-
nant lymphoma of the CNS also exhibited central low
density, but their L/N ratios from Ga-67 SPECT, as well
as those of non-AIDS patients, exceeded 3.0. Ga-67
SPECT showed similar results for detection of CNS
malignant lymphoma even in AIDS patients as well as in
non-AIDS cases, differing from the results on CT or MRI.

In conclusion, SPECT studies with Ga-67 contribute to
improving the detectability of the focus for CNS malig-
nant lymphomas, as compared with planar images. Un-
treated cases of CNS malignant lymphoma showed high
L/N ratios and this index changed according to the status
of the lymphoma.
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