V‘_’uuhcal agents, permits the accurate localization of intra- * sents a bone tumor ora nonneoplashclesxon. oA
"“cranial lesions. Bone scanning, with radioactive strontium, - Using ‘selenite Se 75 as a scanning agent, we
“allows the detection of localized disease of the skeleton. - ‘have accurately localized intracranial tumors as
" tumors. In an attempt to improve the diagnostic accuracy  ers have also shown localization of selenite Se 75 -

_selenite Se 75, has been studied in patients with intra- * might allow improved diagnostic accuracy in radi-

-~

“"’“‘bra‘in and bom. -

d menomphyaswﬂ-’ S R
A in the early detection of metastatic tumors of . m -t G

. enite was equally effective in detecting intracranial tumors ~ selenite and convenhonal scanmng agenh in ﬂ:e
“and yielded Yewer abnormal scans in cases of cerebro- g .
" vascular disease. Tn the patients with bone lesions, focali- %~ = .~ = >
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Brain scanning, wi‘th any of several rad»oactive pharma ; roentgenography or hy xitronhum scanmng, “fepre-"

However, none of the agents in current use is specific for - well as thoracxc and abdominal neoplasms.**-Oth-

of radioisotope scanning, the usefulnéss of a new agent,  in human tumors.** "The possibility ‘that this agent

cranial disease and in cases of localized lesions of bone.  oisotope scanning for tumors of brain and bone -
Compared with conventional brain-scanning agents, sel- ~ prompted us to compare the resilts using “both®

“ mation of selenfte occurred in tumors and uniformly mor- R ' '
mal scans were obtained in nonneoplastic disease. Be- 'Fifty-two pahents mth mbacramtﬂ disease weré_
“cause of s relative specificity for tumors, selenite is of ~ studied. There were 28 patients with brain tumons;”
“walue, particularly when used in combination with conven- = including 14 with me‘ashﬁc lesions. All but fve -
_“tional scanning agents. in the dsagnos:s of tumors of _cases were _proved at operahon ‘or at autopsy. Im =
L L ““$hese five patients, the Ziagnosis of metastatic ¥o- o
A ‘ R morwasestabhsheglcﬂ:wfhﬂoettamtym&e E
adioisotope smnmng ‘has an estabhsbed phce - ¥inical picture, troencephilography, - apioal ;..
R in the diagnosis of focal disease of the brain . ﬂmd exammahon,m;ﬂ in two ?wm ‘*“i:-

‘bone. Among the seversl radioactive _pharmaceuti-
cal agents now in scanning, however,

, bnormal concentration of strontium 85
-ﬂxes‘keletonoocmm a wide variety of localized
“bone lesions, mcluding tmumahc and inflamma-
1ory conditiona™ -
One is tmquenﬁy oontronted wnth the ‘problem
of determining whether a lesion demonstrated on a Sigrere als perforthed.
bommsﬁczm1s4l'tumorm'acerebralarterym!al'c't., *"‘Selenious’acid,' iy ;
or wbeﬂxer a lswn in the skeleton, detected by htained Trom Coramerel a!"sﬁpphers. < pemﬁc Activi<:
?rom he RadnoisotopeSenme. Veterans Admiristration Hos =8y tanged from 20 060 ‘me/mg ‘of ‘selenium. The
&falli or:nnd, oo Radioactivity Research Center, Univenilty of ‘c’}ﬁs“’al Mmed"‘,"ge s ’}hzo days. 'I';e radxoinu-
ues!'m” Center, i ‘ eemlixyan ys. There js no emlsson.
Av,’““.nd“‘o'tim:’s?sfmaﬁi“;ﬁz‘??s‘; ‘é.“”“‘ £20d g fsbration; The gelerfious aci
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.. .verted to sodium selenite Se 75 as described pre-.
. viously.® The isotope remains in the selenite form .
¥ “for at least two months, provided the solution is . -§
~ - kept at or below pH 6 and refrigerated during stor- -

Scans were done routinely at intervals of one o R
six days following intravenous injection of selenite
Se 75 in a dose of 4.c/kg of body weight. A com-
mercial photo-scanner was used, with a 3-inch de-
= -hole focusing collimator. e
=*  ‘The window of the pulse-height analyzer was set
., between 249 and 289 kev. The scanning speed was
C i ing upon the counting rate.
T scans were performed either
¥ - with chlormerodrin Hg 197 (four hours following a -
L %" dose of 10uc/kg of body weight) or with sodium
+ ., pertechnetate Tc 99m (one hour following a dose
- _of 100uc/kg). Routine bone scans were made at
... .intervals from 48 to 96 hours following administra-
<. . tion of 100.c strontium nitrate Sr 85. The bladder
. ..,8nd bowels were emptied before the bone scans
" 'were performed. - L o

Results

rain Tumors.—Figure 1 compares the results
. obtained with ™ T¢ and "Se in a patient with a
~_ 1arge meningioma. Although the lesion is visible in
~ both scans, there is greater contrast between the
tumor and the normal vascular structures of the
_ head in the scan made after administration of sele-
- n;te Sl:n 75 than in that made after adminisil:ration ‘ : g
. of tec etiumTcQBm.Thisisatleastpartydue e : "“‘“ z . :
.~ to the longer interval between the injection of the - é&:ﬁ"ﬁ“&,}:ﬁﬁm Te m&m&%
t _ drug and the performance of the scan in thecaseof - {bottom). Latter scan was Gone 24 hours after dng
> ™Be. In general, the counting rate over tumors re- . Was gven. el
- tmains relatively unchanged while that over the | T e R N N T Ny
++-Dackground areas decreases with time following ad- o 2527 Table 1.-Resufts of Bone Scant Performed With.
- mlstratlon Ofwle!lltese75. . S R, - Se 75 and Strontium SrEs
..~ Table 2 summarizes the results in 28 patients . —
with brain tumor, All but two patients in this --
group showed localization with both **Se and the -
' tonventional agents {**=Tc or **"Hg). Both falsely *~
“Z” normal scans were obtained in patients with well-
& - differentiated astrocytoma. In these two cases,
{ . neither ™Se nor the conventional agent detected
.. Jhe lesion. In all 14 cases of metastatic disease, the
“““esions were localized by both agents.. ... . ...
*" Cerebrovescular Lesions.—~Among 24 patients
- with recent cerebrovascular accidents, a scan made
-+ after selenite Se 75 was administered was sbnormal .
. “1a five patients, all of whom ‘had abnormal BCans
. with The conveptional ';ﬁen:h:: ‘b‘:]:z’d, Nineteen of -
i These 24 patients, on the othes yielded ab- =
=, .ormal scans after technetium Tc 99m or chlor-
. merodrin Hg 197 was given (Table 2). Figure 2
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Sros
i abnormal, The scan made four hours
afte nite Se 75 was given is only weakly ab-

ormal, and that made 24 hours after the latter
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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 was 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.

cLaoall
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Table 2.—Results of Brain Scans With Both
Selenite Se 75 and a Conventional Agent (197Hg or 99mTc)

No. Abnormal/No. Scanned
No.of —A

Patients Sodium
Scanned Pertech-
by Two Selenite Chiormerodrin  netate
Diagnosis Agents Se 75 Mg 197 Tec 99m
Primary tumors 14 12/14 8/9 4/5
Metastatic tumors 14 14/14 12/12 2/2
Tota! 28 26/28 20/21 6/7
Cerebravascular
tesions 24 5/24 15/19 4/5

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 **Sr 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 Bone.—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 re-
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

Sodium Selenite Se 75—Cavalieri & Scott 593




Yy

PO A S

oy - rer e e e B e ;s -t -
. I . L o
R hk ‘ g 2 it - 5

e

e e R

O N—
e

e

e A P+ o - Ko - oo B e e e BN

AR A 4

ST 7 ——

e

i

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 facto: may invoive 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

594 JAMA, Oct 14, 1968 e Vol 206, No 3

3. Scan made 48 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

i e g Vg e pE—

4 Tl

sacrum, metastatic from lung. Tumor is visualized
equally well with both agents. Note uptake of 7Se in
kidneys, a normal phenomenon.
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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 neo-
plastic cells. Thus, selenite would accumulate in &
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 so-
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 radio-
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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
»»T¢, by permitting serial scanning for several
days following injection of a single dose.

The relative nonspecificity of strontium for var-
jous 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 at 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 negligible. 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 it 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
Tec 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 Te 99m-—Neimotec, Pertgen-99m, Technekow-CS
Generator, Technekow Generator, Technetope.
Sodium pertechnetate Tc 99m-—Pertscan-99m, Neipertec 99m.
Chlormerodrin Hg 197-Neohydrin-197.
Selenomethionine Se 75—Sethotope.
Strontium nitrate Sr 85~Strotope.
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