
Sixteen radiopitarmaceuticals for brain tumor
localization have been compared in a mouse

brain tumor model. A rating system is presented
for such intercomparison.The results indicate
that 1111n-chloride injected at pH .1.5 has the
most favorable biologic characteristics for brain
tumor imaging.

the time of scanning. Skull bone determinations,
although important, were not done because of tech
nical difficulties encountered in working with mice
at this age. Physical and radiobiologic properties
including radiation energy, physical half-life, and
absorbed radiation dose, also important, will be
considered separately.

MATERIALSANDMETHODS

Radiopharmaceuticals for the diagnostic delinea
tion of tumors have been selected rather empirically
based on availability of radionuclide and chemical
form and on the physical properties of the radio
nuclide. Recent publications have attempted to re
view and organize experimental results using various
animal tumor systems and radiopharmaceuticals
(1â€”6). However, these studies deal with a limited
number of compounds, use diverse techniques and
animal tumor systems for measurements, and, there
fore, exacting intercomparison of the numerous la
beled compounds may not be possible. The search
for a better scanning agent to detect and localize
brain tumors continues with the resultant addition
or suggestion of new compounds. DiChiro's question,
â€œWhichradioisotope for brain scanning?â€• (6) , is
just as timely now as when first proposed.

This paper reports on a controlled intercompara
tive study of 16 radiopharmaceutical preparations
using as a model a well-established transplantable
in situ mouse brain tumor technique. Time-course
tissue distribution studies of tumor, brain, blood, and

skin are reported as are tumor-to-tissue ratios, esti
mated total-body radiation dose, and the relation
ship between maximum tumor uptake and renal
blood clearance. When an attempt was made to
intercompare the results obtained from this series of
compounds, the need for a relative rating system
became apparent. The rating system reported here
takes into consideration (A) the amount of radio
activity in the tumor at the time of scanning and (B)
the background activity in brain, blood, and skin at

Radiopharmaceuticals. Radiopharmaceuticals used
in this study were : â€˜â€œIn-chloride(pH 1.5) , DDmTc_
Fe-ascorbic acid, Â°TGa-lactate,197Hg-chlormerodrin,
9ilmTc..Sn..DTPA,1111n-bleomycin, 1311-human serum
albumin, 169Yb-DTPA, ibmTc@Fe@ascorbic acid
DTPA,@ l3mIn..DTPA,6TGa-chloride,67Ga-citrate,
Â°7Ga-Fe-DTPA, and OomTc@pertechnetate.In addi
tion, ft9mTc..pertechnetate with perchlorate predose
and â€˜9THg-chloromerodrinwith meralluride predose
were studied. When possible, the radiopharmaceuti
cals were purchased from commercial suppliers;
otherwise, the material was prepared from commer
cial kits or prepared in our laboratory using accepted
manufacturing and quality-control procedures.

Mouse distributional studies. The mouse brain
tumor system (7) used was a methyicholanthrene
induced, transplanted cerebral sarcoma. The exact
technique followed and some of the specific data

relating to these compounds have appeared previ
ously (8â€”12). To summarize, following tail vein

injection of the radiopharmaceutical, time-course
distributional studies were performed in Yale-Swiss
mice at 10, 20, and 30 mm and at 1, 2, 3, 4, 6, 24,
and 48 hr. Tissues sampled were tumor, brain, blood,
and skin. Six mice were used for each point. Tissue
samples were weighed, dissolved in nitric acid,
counted for gamma activity in a scintillation well
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data point. On the basis of tissue distribution data,
a rating number was assigned for each radiopharma
ceutical for the 10â€”30mm, the 1â€”2,the 3â€”4or 3â€”6,
24-, and 48-hr time intervals. The compound having
the average highest dose percent per gram tumor was
assigned a value of one, with each one of the other
compounds being assigned a sequentially higher num
ber depending on its relative percent dose per gram
tumor value. In a similar manner, the compound
having the highest tumor-to-brain ratio was assigned
a value of one, with each one of the other compounds
being assigned a sequentially higher number as its
tumor-to-brain ratio decreased. Relative values were
assigned to tumor-to-blood and tumor-to-skin ratios
in a like manner. The sum of the four sequential
numbers then was used to determine the final dis
tributional rating number. The compound with the
lowest total sum was assigned the best final rating
number, one, and the compound with the highest
sum was given the poorest rating, 16. To remain in
a time-interval grouping, a compound had to localize
at least to the extent of 1% dose/gm tumor; other
wise it was dropped from that group.

Table 1 gives the average percent dose per gram
tumor and the tumor-to-brain, tumor-to-blood, and
tumor-to-skin ratios 10â€”30mm after intravenous
injection of the 16 radiopharmaceuticals. The values
listed are the average of measurements made on 18
mice. Standard deviations were determined for each
point ( 10, 20, and 30 mm), but are not given in
Table 1 since the data in this table represent an
average of the three points. Based on the relative
sequential number system described, the compounds

counter, and compared with a standard representa
tive of the total dose injected. Tumor-to-brain,
tumor-to-blood, and tumor-to-skin ratios were cal
culated. Results were averaged for the 10â€”30mm
and the 1â€”2and 3â€”4or 3â€”6-hrintervals. The 24- and
48-hr values were listed independently.

Renal blood clearance data. The method for meas
urement of renal blood clearance and most of the
values reported have been described previously in
detail (10â€”16)as special research projects have been
completed. Classic clearance methods were used with
the exception that quantitated urine collection was
assured by penis ligation and intact bladder dis
section.

Radiation dose calculations. The estimated radia
tion doses to the total human body from radioactivity
throughout the body for the various radiopharma
ceuticals were calculated using the methods proposed
by the Medical Internal Radiation Dose Committee
(MIRD) of the Society of Nuclear Medicine (17â€”19).
The activity-time integrals used in the dose calcula
tions for human beings were those calculated for
mice, using radioactive excretion measurements for
the 2â€”4-hr period after injection and total-body
radioactivity retention measurements for subsequent
time. Abundance and mean energies of emissions
from radionuclides (20) and absorbed fractions (21)
were taken from the MIRD pamphlets and from
Dillman (22).

RESULTS

Evaluation of results. The average value of data
obtained from at least six mice was used for each

TABLE 1. RADIOPHARMACEUTICAL RATING IN MOUSE BRAIN SARCOMA*

1 â€œ11n-chloride (pH 1.5)
2 SsmTcFeascorbic acid
3 â€œâ€˜Ga-lactate
4 â€œHg-chlormerodrin
5 â€˜Â°mTc-Sn-DTPA
6 â€œIn-bleomycin(pH 6.5)
7 1311-human serum albumin
8 â€œ'â€œYb.DTPA
9 â€œ'mTc-Fe-ascorbic acid-DTPA

10 115m1n-DTPA
1 1 â€œGo-chloride
12 â€œGo-citrate
13 â€œGa-Fe-DTPA
14 @@WTc.pertechnetate(perchlorate predose

3 @tg/gm 8W)
15 l@Hg@chlormerodrin (meralluride predose

0.56 @gHg/gm)
16 â€œâ€˜mlc-pertechnetate

9.02
2.78
5.58
3.04
1.49
2.71

7.03
1.32
2.34
1J5

7.5
9.1
6.1

6.8
7.4

11.8
6.3
8.2

8.6
6.8
5.6
53
7.6
5.6

0.19
0.49
0.27
0.25
0.84
0.63
0.13
032
0.52
0.61
0.22
0.18
0.36
0.24

2.08
0.74
0.79
1.13
0.75
0.54

2.81
0.69
0.57
0.59
0.67
1.02
0.51
0.64

5.32
4.53
1.94
434

2.80 6.6 0.21 0.56

3.28 6.0 0.21 0.49

S Ten to 30 mm after i.v. injection.
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technetate to the tenth place whereas the use of
meralluride predose increases the rating of 197Hg
chlormerodrin from fifth to second.

In Table 3 are presented the average percent dose
per gram tumor and the tumor-to-brain, tumor-to
blood, and tumor-to-skin ratios for the radiophar
maceuticals 3â€”4or 3â€”6hr postinjection. The average
values resulting from I 2 or I 8 animals were used
for each point. As with previous tables, the sub
stances are listed in order of increasing distributional
rating number.

For the 3â€”4or 3â€”6hr postinjection interval, again
@â€˜In-chloride(pH 1.5 ) occupies the first rating

position and 9DmTc@pertechnetateis found last. Pre
dosing with perchiorate elevates pertechnetate to the
tenth spot whereas â€˜9THg-chlormerodrinwith and
without meralluride predose occupies the second and
third rating positions, respectively. During the first
three time intervals, â€˜311-humanserum albumin is
found in positions seven, four, and five.

Table 4 gives the average percent dose per gram
tumor and the tissue ratios for the remaining radio
pharmaceuticals at 24 and 48 hr. Each value is the
average obtained from six mice. At 24 hr. only five
compounds are found in tumor concentration greater
than 1% dose/gm tumor; at 48 hr, only four com
pounds have an average tumor concentration in ex
cess of I % dose/gm tumor. As in previous tables,
the compounds are listed in order of increasing dis
tributional rating number.

At 24 hr, 6TGa-Iactate gives the best tissue distri
butional pattern for brain scanning. Indium-i 11-
chloride is second. In third rank is found 1311-human
serum albumin followed by Â°7Ga-chlorideand Â°TGa
citrate.

are presented in order of increasing biologic dis
tribution rating number. The compounds with better
imaging distributional patterns (lower sequential
numbers) appear in the upper part of the table
whereas those with poorer distributional patterns
(higher sequential numbers) appear near the bottom.

For the 10â€”30-mmpostinjection period, the best
biologic distribution for brain scanning is exhibited
by â€˜@In-chIoride(pH 1.5) and the worst rating is
obtained by the widely used 9omTc@pertechnetate.The
O9mTc.@Fe_ascorbicacid complex, as suggested by
Stapleton, Odell, and McKamey (23) and by Koni
kowski, et al (1 1 ) , ranks a surprising second rating,
with 8TGa-lactate third, and â€˜Â°7Hg-chlormerodrin
fourth. Predosing with perchiorate moves @@mTc@per@
technetate only from 16th to 14th position whereas
predosing with meralluride moves 197Hg-chlormero
drin from 4th to 15th rank. The other rankings are:
5th, @mTc@Sn@DTPA;8th, 189Yb-DTPA; 9th, 99mTc..
Fe-ascorbic acid-DTPA; 10th, @amIn@DTPA;and
13th, 6TGa-Fe-DTPA.

Table 2 gives the average percent dose per gram
tumor and the tumor-to-brain, tumor-to-blood, and
tumor-to-skin ratios for 13 radiopharmaceuticals 1â€”2
hr postinjection. These I 3 compounds gave an aver
age tumor uptake in excess of I % dose/gm tumor
for this time interval. Again, the compounds are listed
in order of increasing distributional rating number
with those having the best imaging properties being
represented by the smaller rating numbers. Each
value represents the average results from 12 animals.

For the 1â€”2-hrpostinjection period WIn@chloride
(pH 1.5) and oBmTc_pertechnetate still rank first and
last, respectively, in our distributional rating system.
The use of perchlorate predose elevates o9mTc_per_

TABLE 2. RADIOPHARMACEUTICAL RATING IN MOUSE BRAIN SARCOMA*

1 â€˜11ln-chloride(pH 1.5)
2 19'Hg-chlormerodrin(meralluridepredose

0.56 @igHg/gm)
3 â€œGo-lactate
4 â€œl.humanserum albumin
5 â€œ'Hg-chlormerodrin
6 â€œGa.chloride
7 â€œGo.citrate
8 mTc.Fe ascorbic acid
9 â€œmTc-Fe-ascorbicacid.DTPA

10 â€œmlc.pertechnetate (perchlorate predose
3 dig/gm BW)

mln.bleomycin (pH 6.5)
â€œGo.Fe-DTPA

@mTc.pertechnetate

14.56
2J0

11.4
13.6

0.46
0.59

2.22
2.41

6.08
11.24

3.06
6.51
4.78
1.82
1.48
4.70

8.8 0.89
7.8 0.24
9.9 0.55
7.5 0.67
8.2 0.66
7.4 0.74
7.0 1.20
9.0 0.32

0.66

3-34
1.60
0.82
0.54
1.11
1.37
033

1.63
1.43
2.43

7.1
5.1
6.8

0.84
0.61
0.33

0.94
0.69
0.34

11
12
13

* One to 2 hr after i.v. injection.
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TABLE 3. RADIOPHARMACEUTICAL RATING IN MOUSE BRAINSARCOMA*Average

Ratios
Rating (â€˜/0dose/gm

No. Radiopharmaceutical tumor) 1/Br 1/811/5k1

â€˜11ln-chloride (pH 1.5)â€• 15.70 14.0 0.89 1.85
2 â€œHg.chlormerodrinâ€• 2.20 12.5 0.92 3.64
3 â€œHg.chlormerodrinâ€•(meralluride predose 1.78 83 0.95 335

0.56 @gHg/gm)
4 â€œGa-lactate' 6.55 9.1 0.96 0.88
5 @â€˜l-humanserum albuminâ€• 15.69 8.0 0.39 3.33
6 â€œGo-citrateâ€• 5.76 11.1 0.93 0.80
7 â€œGo.chlorideâ€• 7.31 8.4 0.79 1.21
8 â€œâ€˜tmlc-Fe-oscorbicacid 1.40 8.0 1.41 1.42
9 â€œmlc.Fe-ascorbicacid-DTPA 1.16 5.8 1.83 1.68

10 â€œâ€˜mTc-pertechnetate(perchlorate predose 4.02 7.7 0.30 0.83
3 @tg/gm SW)

1 1 â€œâ€˜Go-Fe-DTPAâ€• 1.66 7.6 038 0.78
12 â€œln-bleomycin (pH 6.5) 1.03 7.1 0.90 0.74
13 â€œmTc-pertechnetateâ€• 1.46 6.5 0.28 0.25

S Three to 4 or 3 to 6 hr after i.v.injection.TABLE

4. RADIOPHARMACEUTICAL RATiNG IN MOUSE BRAINSARCOMAAverage

Ratios
Rating (0/, dose/gm

No. Radiopharmaceutical tumor) T/Bc T/5l 1/5k

1.6
0.8
1.2
1.9
1.1

0.3
1.1
0.9
0.5
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24 hr after iv injection
3.87

10.82
6.45
1.85
2.32

48 hr after iv injection
4.02
3.53
1.52
1.27

1 â€œGa.lactate
2 â€œIn-chloride(pH 1.5)
3 â€˜@â€˜l-humanserum albumin
4 â€œGo.chloride
5 â€œGa-citrate

1 â€˜â€œIn-chloride(pH 1.5)
2 â€œ'â€˜I-humanserum albumin
3 â€œGa-citrate
4 â€œGa-lactate

5.0 7.3
8.1 4.4
5.5 0.4
4.9 7.0
4.8 3.5

6.6 4.3
5.0 0.4
3.7 5j
4.9 4.0

Four compounds remain for evaluation at 48 hr.
In order of preferred distributional rating, these are
â€œ11n-chloride,â€˜311-humanserum albumin, Â°TGa
citrate, and Â°7Ga-lactate.

Table 5 gives the highest percent dose per gram
tumor uptake irrespective of time, the renal blood
clearance in milliliters per minute, and the maximum
tumor-to-brain ratios of the I6 radiopharmaceuticals.
The renal blood clearance data are standardized by
calculation to a uniform body surface area of I .73
m2. The compounds are listed in order of decreasing
maximum tumor uptake.

In Fig. 1, the highest percent dose per gram tumor
of each radiopharmaceutical is plotted on a log scale
against the average renal blood clearance in milliliters
per minute standardized to a uniform body surface
area of 1.73 m2.

Table 6 lists the estimated absorbed radiation

dose to the total human body based on biologic data
generated in these mouse studies. The absorbed total
body dose is given in units of millirads per millicurie
injected.

DISCUSSION

There are a number of ways in which the rela
tive merits of radiopharmaceuticals as scanning
agents may be assessed. Ideally, they should be inter
compared clinically in patients. They may be com
pared by lumping together large numbers of cases
from different investigators obtained from the litera
ture, or a single investigator can evaluate several
tracers in different groups of patients. A third ap
proach to comparison is to perform repeated scans
in the same patient using a different substance for
each scan before the tumor has undergone significant
change. A modification of this last approach is to
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liable, particularly in the case of brain tumors. When
biopsy samples of tumor and brain are obtained at
the time of surgery, a number of techniques and
clinical conditions must be accepted. Hepatic and
renal function and alterations in the blood-brain
barrier may be caused by intravenous infusions, cere
bral angiography, prolonged anesthesia, operative
procedures, and other necessary conditions. The
biopsy samples of normal brain must of necessity
be minute and located immediately adjacent to the
tumor. These small brain samples show large statis
tical and distributional variations and may be infil
trated with tumor.

The use of autopsy specimens for the intercom
parison of radiopharmaceuticals is also open to
serious questions. The number of samples available
is limited. In addition, the dying process, particularly
in patients with cancer, may be prolonged over a
period of time, leading to unusual distributional pat
terns caused by a failing heart and by drastic changes
in liver and kidney function.

Although the process is also subject to limitations,
there is a need for carefully controlled laboratory
intercomparison studies of radiopharmaceuticals in
the same biosystem. The suitability of tumor-bearing
mice for predicting relative usefulness of radionu
clides in brain tumors has been discussed and evalu
ated by Locksley, et a! (24) . The fact that the brain
tumor in our system is an in situ intracerebral tumor,
thus subject to the normal vasculature and pressures
of a brain tumor, dispels some of the questions pre
viously raised as to validity of results due to tumor
location (3,4).

A very important relationship in organ imaging

TABLE 5. RELATION OF BRAIN TUMOR
UPTAKE TO RENAL BLOOD CLEARANCE

IN MICE

â€œ11n-chloride(pH1.5)18.640.4517.2â€œil-human
serumalbumin14.920.149.8â€œGa.lactate7.903.810.6â€œGa-chloride

(pH3.0)7.866.19.9â€œâ€˜Ga-citrate5.920.712.5@@mTc@pertechnetate(perchlorate

predose3@g/gmBW)5.143.79Jâ€œâ€˜mTc-pertechnetate3.936.27.3â€œ'Hg-chlormerodrin3.678.214.5â€œHg-chlormerodrin(meralluride

predose0.56@igHg/gmBW)3.2411.614.2â€œâ€œ'ic-Fe-ascorbic

acidt3.1931.09.8â€œln-bleomycin2.9552.413.5@mTc.Fe.ascorbic

acid
DTPAt2.794639.9â€œGa-Fe-DTPA2.4233.88.7â€˜13mln-DTPA2.18136.610.0â€œÂ°mTc-Sn-DTPA2.09171.610.11@Yb-DTPA2.05275.99.4

* Extrapolated to 1 .73 m2 surface area.

t Commercialkit,thesamebatch.

use multiple tracers for each scan depending on
instrumentation and data handling to differentiate
results. All of these clinical approaches have obvious
shortcomings.

The surgical biopsy approach to the intercom
parison of radiopharmaceuticals is relatively unre

20 l@llI@@@ (pH1.5)

â€˜5 lodrne-131-humanserum al@amin

Technetium-99m(perchloratepredose3Oj.g/gmBW)

Technetium-99m-pertechnetote
Mercury-197-chlormerodrin

Mercury-t97(merolluride @edose0.56@.q/gmBW)
e Technetium-99m-iron-oscorbic odd

C lndwm-lll-bleomycin

I Technetium-99m-iron-oscorbic ocid-OTPA

Gollium-67-iron-OTPA lndium-ll3m@DT@

l0

9

8

7

6

5

4

3

2

.@
@Gollium.67-loctote

, Gollium-67-chloride (pH 3.0)

Gollium-61.citrote

Ytterbium-169-DTPA

Technetium-99m-Sn-DTPA-S FIG. 1. Tumor uptake of 16 radio
pharmaceuticals in highest percent dose
per gram tumor (log scale) plotted against

â€˜ I@@@ renal blood clearance in milliliters per

l00 ISO 200 250 300 minute standardized to body surface area
CLEARANCEmi/mm of 1.73 m'. Inverse relationship is noted.

0 l02030 50
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ground activity areas contributing to nontarget ac
tivity in brain scanning, skin cannot be overlooked
(29) . In an intercomparison of eight tumor-scanning
radiopharmaceuticals using the transplantable Yo
shida sarcoma, Emrich, et al (2) emphasize the
importance of blood background in the use of their
relative tumor index, which multiplies the percent
dose per gram tumor by the tumor-to-blood ratio.
They state that other biologic and radiologic factors
can be used as additional multipliers to develop ex
panded comparative tumor index values but limit
their use to the tumor-to-blood ratio. We have chosen
a different approach to comparative rating by using
a sequential numbering summation of four factors
for various time intervals. These four factors are the
target tumor concentration in percent dose per gram
tumor and the nontarget concentration as evidenced
by tumor-to-brain, tumor-to-blood, and tumor-to
skin ratios. The substances are rated for various time
periods to help determine the optimum time of scan
fling for each.

Of the eight radiopharmaceuticals studied in the
transplantable Yoshida sarcoma by Emrich, et al (2),
four are common to our studies at 6, 24, and 48 hr.
When their tumor index is used (tumor uptake times
tumor-to-blood ratio) , the ratings secured at 6 hr,
in order of decreasing effectiveness, were 67Ga
citrate, 1311-humanserum albumin, 203Hg-chlormero
drin, and oomTc@pertechnetate. Our rating system
using the additional parameters of tumor-to-brain
and tumor-to-skin ratios gives an order of preferred
biologic distribution for the 3â€”6-hrperiod for these
compounds of labeled chiormerodrin, 1311-albumin,
6TGa-citrate, and oomTc_pertechnetate. At 24 hr, their
rating system gives a compound order of Â°TGa-citrate,
chlormerodrin, and â€˜311-albumin;our order is 1311
albumin and Â°7Ga-citrate. At 48 hr, their relative
distributional order for brain-scanning effectiveness
does not change; neither does ours.

Attempts have been made by other investigators
to relate tumor uptake to blood supply. Emrich, et al
(2 ) have plotted their tumor uptake after 24 hr

against the blood biologic half-life for their eight
compounds and observed a straight line relationship
for the radiopharmaceuticals with the exception of
Â°7Ga-citrateand T5Se-selenite. This they attribute to
the intracellular deposition of the two compounds.
The extracellular deposition of the other radiophar
maceuticals would account for the observation that
the longer the substances remain in the blood, the
greater the tumor uptake. Matthews and Molinaro
(4) , in their brain tumor localizationstudieswith
seven intracellular, ten extracellular, and four arsenic
formulations, also noted that tumor concentration
independent of blood level suggested mainly intra

TABLE 6. ABSORBEDDOSES OF VARIOUS
RADIOPHARMACEUTICALSTO TOTALBODY

RANKED IN ORDER OF DECREASEDDOSE RATE

â€˜11ln-chloride(pH 1.5)
â€˜31l.humanserum albumin
â€œGa-citrate
â€œGa-lactate
â€œGa-chloride
â€œâ€˜Ga-Fe-DTPA
â€œln-bleomycin
â€œ'Hg-chlormerodrin
1â€•'Yb-DTPA
â€œ'Hg.chlormerodrin (meralluride predose

0.56 @zgHg/gm 8W)
gemTcO_

ssmTcO@(perchlorate predose
3 ag/gm 8W)

semTcFeascorbic acid
â€œâ€˜mTc-Fe-ascorbicacid-DTPA
â€œmln-DTPA
91@TcSn DTPA

395
329
209
180
112
82
74
38
34

33
8.2

7.5
4.5
4.2
2.5
1.1

is the time-course of the radiopharmaceutical in the
target organ compared with that of the adjacent non
target activity. The simple target-to-nontarget activity
ratio would be a useful criterion if measurements
were precise and not distorted by statistical varia
tion. If the ratio of target-to-nontarget activity is
high, then the activity in both the target and nontar
get areas can be small and amplification of the target
activity to any desired level can be made. However,
this is seldom the case and statistical variations of
lower count levels become very important. The in
vestigator must therefore be concerned with the
absolute values of target and nontarget activity. We
have thus set an arbitrary lower limit of I % dose/gm
tumor as the lower concentration limit for including
the radiopharmaceutical in our evaluation system
even though this limitation may not be necessary in
certain cases of high target-to-nontarget ratios.

The radiopharmaceutical figure of merit has been
introduced in various forms as a means of evalu
ating and intercomparing scanning agents (25â€”28).
The figure of merit is usually expressed as a ratio
(T â€”NT)@/(T + NT)â€•2where n = 1 or 2, and
T and NT are the target and nontarget activity values,
respectively. The figure of merit seeks to maximize
the difference between target and nontarget activity
and to minimize the error of difference. It takes into
account both the absolute and the relative counting
rate in the target and nontarget areas.

It is difficult to develop meaningful nontarget ac
tivity values from animal studies when the nontarget
data are segmented into compartments such as brain,
blood, skin, and others. Although blood and brain
are generally considered the most important back
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cellular deposition. In our studies, we have chosen
to relate tumor uptake to renal blood clearance since
the physiologic â€œpresenceâ€•of a radioactive substance
cleared principally by renal function is dependent
both on blood concentration and urinary excretion.
We have also chosen to use the highest tumor con
centration, regardless of time, rather than limit data
interpretation to one specific time period. When
the log of the maximum tumor uptake is plotted
against the renal blood clearance, as shown in Fig. I,
a rather remarkable inverse relationship is noted.
Gallium-67-citrate does diverge from this curve.

For relative comparison only, the estimated ab
sorbed radiation dose to the total human body was
calculated using mouse biologic data and human
absorbed fractions. Radiation dose is affected by
both clearance and radiation decay characteristics.
In general, the slower the clearance and the more
unfavorable the radiation decay characteristics, the
greater will be the total-body radiation dose. The
estimated absorbed total-body radiation doses range
from a high of 395 mrad/mCi injected, for 1111n-
chloride, to a low of 1.1 mrad/mCi injected, for

@ Although there can be no valid

direct comparison between the estimated relative
values reported here and the true human absorbed
total-body radiation dose, it is interesting to com
pare the estimated 0.21 rad/mCi injected value ob
tamed here with the 0.26 rad/mCi injected value for
humans for Â°TGa-citrate,as reported in a recent
MIRD publication (30).

Proper tissue distribution is essential for any
organ- or tumor-imaging compound. Other param
eters such as biologic clearance and radiation decay
characteristics that affect radiation dose to the pa
tient must be considered in any type of product
comparison. Frequently the product having good
radiation and clearance characteristics, i.e., Â°@Â°@Tc
pertechnetate, has poor tissue distribution and the
substance having the best distribution pattern, i.e.,
1111n-chloride, has other unfavorable properties.
Studies relating to these parameters in a mouse bio
system cannot be conclusive regarding a choice of
a clinical imaging agent. Nonetheless, if one were to
use this information as a guide to choosing agents
for clinical investigation, â€œ11n-chlorideinjected at
pH 1.5 would appear to have the most favorable
biologic characteristics for brain tumor imaging. We
are continuing pharmacologic studies with this corn
pound.
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