
allows the detection d kcaried disease of the skeleton. 
However, none d the agents in current use is specific for ' 

selenite Se IS, Itas been studied in patients with intra- 
mnial disease and in cases of localized W i n s  of ban& 

combination rith eonven- 
diagnosis of tumors of 

L 

L 





. . ,  

2. Occlusion of right middle cerebral artery with onset 
of clinical symptoms 16 days prior to study. Scan made 
four hours after chlormerodrin Hg 197-was given (top), 
four hours after selenite Se 75 was given (middle), 
and 24 hours after selenite Se 75 w?s given (bottom). 
Note that scan made after administration of chlor- 
merodrin Hg 197 is definitely abnormal, that made 
four hours after administration of selenite Se 75 .IS 
faintly abnormal, and that made 24 hours after Selenite 
Se 75 was given is normal. 
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Table 2.-Results of Brain Scans With Both 
Selenite Se 75 and a Conventional Agent (197Hg or ggmlc) 

No. Abnormal/No. Scanned 
NO. Of r . 

Patients Sodium 
Scanned Pettech- 
by Two Selenite Chlormerodrin netate 

Dil&n08i8 Agent. -76 Hg197 Tc99m 
Primary tumors 14 12/14 0 / 9  4/5  
Metastatic tumors 14 14/14 12/12 2 /2 

Total a 26/28 20/21 6/7 

lesions 24 5/24 15/19 415 
Cerebravascular 

drug was given is normal. All of the scans in this 
patient were performed within a period of 48 hours. 

In general, scans made after selenite Se 75 was 
given, which were “abnormal” in cases of vascular 
disease, showed less radioactivity over the lesion 
than over background areas of the face. Further- 
more, they tended to become less abnormal when 
repeated 48 or 72 hours after administration of the 
drug. The  optimal interval between the injection 
of selenite Se 75 and brain scanning was found to 
be 48 hours. 

Bone Tumors.-Of 16 primary and secondary tu- 
mors within bone, all but one were visualized ac- 
curately with selenite Se 75 (Table 1). The falsely 
normal scan occurred in the case of a chondrosar- 
coma of the ischium. Biopsy of this tumor showed 
a large amount of cartilage and relatively few cells. 
All of the metastatic tumors were visualized with 
‘“Se; five of these were also studied with *“SI and 
all showed localization. Figure 3 shows scans made 
after administration of selenite Se 75 and strontium 
nitrate Sr 85 to a patient with a tumor of the 
sacrum, metastatic from the lung. In  general, the 
best results in bone scanning were obtained at in- 
tervals from three to five days following admin- 
istration of selenite Se 75. 

Nonneoplastic Lesions of Bom.-As controls, 
nine patients with various types of nonmalignant 
lesions of bone were studied. None showed signifi- 
cant uptake of selenite Se 75. In contrast, five out 
of six of these patients yielded abnormal scans 
with strontium nitrate Sr  85 (Table 1). The rei 
sults in a patient with an osteomyelitis of the distal 
part of the femur are shown in Fig 4. 

Comment 
The results demonstrate that  selenite Se 75 bet- 

ter differentiates between brain tumors and vascu- 
lar lesions than either sodium pertechnetate Tc  
99m or chlormerodrin Hg 197. The latter agents 
and ‘“Se were equally effective in localizing brain 
tumors. Among patients with cerebrovascular ac- 
cidents, the conventional agents yielded abnormal 
scans in nearly 80% (19 of 24 cases), but scans 
made after administration of selenite Se 75 were 
abnormal in only 21% (five of 24 cases). Thus, 
while the tumor-specificity of selenite Se 75 is sig- 
nificant, it is not absolute. 

Similarly, the differentiation of bone tumors 
from nonneoplastic lesions was more successful 
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3. Scan made 4.8 hours after administration of stron- 
tium nitrate Sr 85 (left) and five days after selenite 
Se 75 was given (right) to  patient with carcinoma of 

4. Scans made after strontium nitrate Sr 85 was 
given (left) and selenite Se 75 (right) in patient 
with osteomyelitis of femur. Latter scan was 

with selenite than with strontium. Among 16 cases 
of bone tumor, all but one yielded an abnormal 
scan with selenite. None of the nine patients with 
nonneoplastic lesions showed significant uptake of 
"Se. The Occurrence of strontium uptake in var- 
ious nonneoplastic lesions of bone, already pointed 
out by others,' was again demonstrated in this 
small series of cases. 

Although a full explanation for the relatively 
high tumor-specificity of selenite is not yet possi- 
ble, one important factar imy  iiivoive the mecha- 
nism of uptake. Recent studies have shown that 
selenite is incorporated into human leukocytes in 
vitro by an active metabolic process.' It is likely 
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sacrum, metastatic from lung. Tumor is visualized 
equally well with both agents. Note uptake of '%e in 
kidneys, a normal phenomenon. 

made first, three days after selenite Se 75 was 
given; then scan at left was performed four days 
after administration of strontium. 

that a similar mechanism operates in vivo in n e  
plastic cells. Thus, selenite would accumulate in a 
cellular lesion, such as a brain tumor, and tend not 
to accumulate in an acellular area, such as a cere 
bral artery infarct. Other agents, particularly 80- 
dium pertechnetate Tc  99m, which diffuse passive- 
ly into diseased areas of brain, could not allow 
differentiation among various types of lesions. 

Another possible factor may be the interval be- 
tween injection of the agent and the performance 
of the scan. For an agent such as selenite which 
remains in a tumor for a prolonged period, during 
which radioactivity in the blood declines, the long- 
er the interval, the greater the contrast in radb 
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activity between tumor and normal vascular areas 
of the head. In this respect, "Se has an inherent 
advantage over short-lived radionuclides, such as 
OPrnTc, by permitting serial scanning for several 
days following injection of a single dose. 

The relative nonspecificity of strontium for var- 
ious kinds of bone lesion has been attributed to the 
fact that strontium uptake in the skeleton is a 
function of the rate of new bone formation or 
mineral accretion in the area.' Thus, localization 
by strontium of a metastatic tumor depends on the 
reaction of the bone to the lesion. The concentra- 
tion of selenite, in contrast, seems to depend upon 
the cellular composition of the lesion itself. It may 
be relevant to note that the only falsely normal 
scan made after administration of selenite Se 75 
to our patients with bone tumors occurred in a 
relatively acellular chondrosarcoma. Other factors, 
such as blood supply to the lesion, may also be 
important. 

The cumulative radiation dose to the patient 
from a single dose of selenite Se 75 (4pc/kg) has 
been estimated a t  1.1 rads to the whole body, 4.8 
rads to the liver, and 6.1 rads to the kidneys, 
into which organs selenite is normally concentrat- 
ed.' Because of the long effective half-life (45 days) 
the average dose-rate is only 0.018 rads/day, whole 
body exposure. The dose to the skeleton is no 
greater than that to the whole body. We consider 
this radiation dose to be permissible especially in 
view of the diagnostic advantages offered by this 
agent. The chemical toxicity is negligibla. A single 
dose of selenite Se 75 contains less than 0.02 mg 
selenium, which is less than the amount taken in 
each day by humans living in areas without se- 
lenium,* 

Selenite Se 75 should not be confused with se- 
lenomethionine Se 75, an amino acid analogue used 

mainly for pancreas scanning. The two compounds 
differ both in biochemical properties and in tissue 
specificity." 

Our experience to date indicates that selenite 
Se 75 can provide improved diagnostic accuracy 
in the differentiation between brain tumors and 
cerebrovascular lesions and in the identification of 
bone tumors. Other advantages of this agent in- 
clude the following: ready availability, low cost, 
radiochemical stability, long "shelf-life," and a con- 
venient y-energy spectrum for scanning with pres- 
ent-day instruments. Because of its relatively pro- 
longed retention in the body, we do not recommend 
that selenite Se 75 be employed in brain scanning 
in place of short-lived radionuclides but, rather, 
that i t  be used as a secondary scanning agent to 
improve the diagnostic accuracy of the procedure. 
The idea that the combined use of two radionu- 
clides with different tissue-specificities may in- 
crease the diagnostic value of scanning has also 
been proposed by Tow and Wagner." These au- 
thors suggested the use of sodium pertechnetate 
Tc 99m and strontium 87m to differentiate lesions 
in the brain from localized disease of the skull. 

Selenite appears to be especially promising in 
the differential diagnosis of bone lesions. The re- 
sults of the present, limited study demonstrate its 
effectiveness in localizing metastatic tumors. Fur- 
ther experience is needed in order to define more 
precisely the capabilities and limitations of this 
agent. 

Generic and Trade Names of Drugs 
Technetium Tc 99m-Neimotec, Per:gen-99m, Technekow-CS 

Sodium pertechnetate Tc 99m-Pertecan-99m, Neipertec 99m. 
Chlormerodrin Hg 197-Neohydnn-197. 
Selenomethionine Se 75-Sethotope. 
Strontium nitrate Sr &-Strotope. 

Generator, Technekow Generator, Technetope. 
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