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The utility of the peripheral type benzodiazepine site ligand
1'C-PK 11195, for imaging human glioma in conjunction with
Positron Emission Tomography, relies on a high specific
binding of the tracer to tumoral peripheral type benzodiaze-
pines sites. In a patient with gliobtastoma, we found that '*C-
PK 11195 binding was two-fold higher in the tumor than in
normal gray matter and that 30% of tumoral binding could be
displaced by a large excess of unlabeled drug. These findings
suggest that tumoral retention of the ligand is due, in part, to
specific binding.
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Allhough computed tomography (CT) and magnetic
resonance imaging (MRI) provide accurate detection of
brain tumor, for discriminating between edema and neo-
plastic tissue or between tumor recurrence and radione-
crosis, these methods may be inconclusive. Experimental
and postmortem human studies have shown a high density
of peripheral type benzodiazepine binding sites (PTBS) in
brain tumors, suggesting that they could be used as marker
of cell density in human brain tumors (/-6). PK 11195. a
specific ligand of PTBS, has been labeled with ''C (7). and
the labeled ligand has recently been used in combination
with PET for imaging human glioma though, definitive
evidence of the specificity of the ""C-PK 11195 binding to
tumoral PTBS was not provided (8). In this case, a patient
with glioblastoma, we show '""C-PK 11195 uptake that is
increased two-fold in the tumor with respect to the normal
contralateral gray matter. About 30% of tumoral ''C-PK
11195 was displaced by an excess of unlabeled PK 11195,
as a result of the competitive inhibition between the tracer
and the excess of unlabeled drug. These data suggest that
increased uptake of ''C-PK 11195 by malignant brain
tumor in this patient may represent. in part, increased
specific binding of the tracer to PTBS.
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CASE REPORT

Patient

The subject was a 69-yr-old, right-handed man with a 1-mo
history of progressive altered mental status and right hemiparesis.
CT and MRI provided images consistent with a left frontal
malignant tumor. The patient was treated by corticosteroids
without any benefit and died suddenly 1 mo later. Neuropatho-
logic examination revealed a large tumor in the left frontal lobe,
extending into the basal ganglia and through the genu of the
corpus callosum to the contralateral cingulate gyrus. Microscopic
examination showed a diffusely infiltrating and highly cellular
glial tumor with marked pleomorphic features, necrosis, and
endothelial proliferation. consistent with a diagnosis of multiform
glioblastoma.

PET

Two PET studies were carried out in this patient during
consecutive weeks. These studies were approved by the ethics
commitiee of our institution. In the “control” study, 22 mCi of
"'C-PK 11195 labeled at a specific radioactivity (SRA) of 135
mCi/umol (corresponding to 164 nmol) was injected intrave-
nously. In the “displacement™ study, a large amount of unlabeled
PK 11195 (56.7 pmol) was injected intravenously 10 min after
""C-PK 11195 (26 mCi. SRA:397 mCi/pmol).

A 7-slice LETI time-of-flight assisted positron camera (spatial
resolution: 12 mm. slice thickness: 13 mm) was used as previously
described (9). The subject’s head was positioned in the head
holder. by means of a crossed laser beam system so that the
lowest slice was 10 mm above the orbitomeatal plane. Special
care was taken to ensure reproducible positioning in the repeated
study. Before radiologand injection, a **Ge-**Ga transmission
scan was done for the correction of attenuation. A dynamic series
of 18 (“control” study) and 23 (“displacement” study) scans were
acquired over 60 min, the acquisition time being progressively
increased from 0.5 to 10 min. Images were automatically cor-
rected for ''C decay.

Data Analysis

Regions of interest (ROIs) were placed on the tumoral area
and the normal contralateral gray matter. We define the tumoral
ROI as the area outlined by an isocontour set at 85% of the
maximal pixel value in the image of the “control” study at level
OM+25mm and at t=60 min. This level was selected because of
the small amount of intratumoral necrosis found at neuropath-
ological examination. The same ROI was copied on the remaining
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Carbon-11-PK 11185 distribution in the brain of a patient with a glioblastoma. (the left side of the images corresponds

to the right side of the brain). (Left) PET images (OM+25 mm) obtained 60 min after the injection of ''C-PK 11195 at high-specific
activity (“control” study), showing relatively increased activity in the tumor. (Right) PET image at the same level obtained 50 min after
the injection of the excess (20 mg: 0.3 mg/kg) of unlabeled PK 11195 (“displacement” study). The unlabeled PK 11195 was injected
10 min after the injection of trace amount of "'C-PK 11195. Gompared to “control” (left), this image shows a large decrease of ''C-
PK 11195 in the tumor. Note, however, the radioactivity in the tumor remained higher than in the normal brain tissue. The color scale
is arbitrary with white corresponding to the higher radioactivity. Both images are normalized to the same maximum (2.2% ID/liter).

images of the “control” study and on the whole set of the
“displacement” study images. The normal contralateral gray mat-
ter was defined on the early images (t=10 min) of each study at
two different levels (OM+40 and OM+355 mm) as a hemispheric
cortical ribbon (thickness 1.6 cm). The averaged normal gray
matter radioactivity was calculated by combining the data from
both levels. Regional brain radioactivity values were expressed as
percentage of the injected dose per liter of tissue (% I.D./1) and
plotted versus time. The tumor to contralateral gray matter
radioactivity ratios were subsequently calculated in both “con-
trol” and “displacement” studies at different times. Finally, dis-
placement indices were calculated after normalization of the time-
activity curves of both “control” and “displacement” studies to a
value of 100% at t=10 min (which is the time immediately before
the injection of unlabeled PK 11195). These indices were defined
as (C-D)/C x 100, where C is the averaged value of the regional
radioactivity measured between 40 and 60 min during the “con-
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FIGURE 2. Regional time-activity curves in the control and the
displacement studies. The injection of uniabeled PK 11195 was
done at t=10 min. The displacement was much larger in the
tumor than in the normal gray matter.
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trol” study and D is the regional radioactivity measured at the
same time during the “displacement” study.

RESULTS

Control Study

Carbon-11-PK 11195 uptake was higher in the tumor
than in the remaining brain (Figs. 1 and 2). In the tumor
area, the maximal uptake of ''C-PK 11195 (2.46% ID/
liter) was reached 10 min after the tracer injection (Fig. 2)
and the radioactivity decreased slowly to 1.85% ID/liter
at 60 min. In the normal gray matter area, the peak activity
(1.16% 1D/liter) was reached 7 min after the tracer injec-
tion, and was followed by a similar decrease. The tumor/
normal gray matter ratio was 2.12 at 10 min and remained
quite constant until the end of the study.

Displacement Study

The initial uptake of ''C-PK 11195 was similar to the
“control” study. While the tumoral radioactivity was
2.42% ID/liter 10 min after the injection of ''C-PK 11195,
it decreased to 1.32% ID/liter 50 min after the injection
of 56700 nmol of unlabeled PK 11195. The displacement
indices were 28% in the tumor and 6% in the normal gray
matter. Tumor to normal gray matter ratios decreased
from 2.16 before PK 11195 injection to 1.62 at 20 min
after the injection of unlabeled drug, and remained roughly
constant until the end of the study.

DISCUSSION

In the present study, ""C-PK 11195, injected at high
SRA in a patient with glioblastoma, accumulated more in
the tumor than in the normal cerebral cortex. We observed
values close to 2 for the tumor to normal gray matter ratio
in agreement with previous findings (8). In the previous
report, the authors suggested that the retention of ''C-PK
11195 by the tumor represented ''"C-PK 11195 specific
binding to PTBS, since the tumor/normal gray matter
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ratios correlated with the SRA at injection (8). However,
this was done by comparing data from different patients
and using variable SRAs (from 193 to 20 mCi/umol). In
the present study, we showed that by decreasing the SRA
in the same patient from 397 to 0.46 mCi/umol, the
concentration of "C-PK 11195 was reduced of 28% in the
tumor and of 6% in the normal cerebral cortex.

Although our observation was limited to only one pa-
tient, these findings suggest, first, that the specific binding
of the tracer to PTBS is greater in the tumor area than in
the normal gray matter. This is consistent with the increase
of PTBS density reported in experimental and human
tumoral material (/-6). Second, in accord with experi-
mental results (3), our study in human shows that PK
11195 appears to have a rapid in vivo dissociation rate
since the tumor to gray matter ratio decreased rapidly
from 2 (before displacement) to 1.6 (10 min after the
displacement), and then was stable until the end of the
sampling period. Third, the nondisplaceable binding of
"C-PK 11195 was apparently higher than expected from
rat and human in vitro studies (/-6). This may be attrib-
utable to (1) high in vivo nonspecific binding of ''C-PK
11195; (2) redistribution of the tracer displaced from kid-
ney and heart PTBS (/0); (3) a high intravascular pool of
radioactivity in the tumor; or (4) a dose of unlabeled PK
11195 insufficient to achieve complete saturation of tu-
moral PTBS. Using this novel approach, we are currently
investigating the kinetics of in vivo specific binding of this
tracer to tumoral PTBS in order to improve this technigque
for imaging human brain tumors.
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