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ABSTRACT

Tumor imaging agents suitable for use with positron emission tomographs
are constantly sought. We have perf Tied studies with animal-tumor-bearing
models that have demonstrated the rapid uptake of copper-64. The radiation
dose estimates for man indicate that the intravenous administration of 7.0
mCi would result in radiation doses to the kidney of 9.8 to 10.5 rads with
other organs receiving substantially less radiation.

INTRODUCTION

The role of copper in health and disease is, with few exceptions, not
clearly defined. The notable exceptions are Wilson's disease and Menkes1 kinky
hair syndrome. In the former, patients have an excess of tissue copper that
results in cirrhosis and a deterioration of the central nervous system result-
ing in movement disorders as well as a diminution of intellectual capacities.
The Menkes' syndrome derives part of its name from the abnormal texture of the
hair. Unlike Wilson's disease, Menkes' syndrome results from a deficiency of
tissue copper. In addition to the changes in hair texture, seizures, growth
and mental retardation as well as a progressive cerebral and cerebellar degen-
eration, all contribute to the early demise of the affected individual.

Pertinent to the role of copper in the development of cardiovascular
disease in man are those findings pointing out the striking similarities
between copper deficient rats and individuals with cardiac and/or vascular
disease (1). These similarities include sudden death, electrocardiographic
changes and fibrotic hearts and blood vessels.

Perhaps most intriguing of all, are those investigations that have sought
to link changes in serum copper concentrations with progression or remission of
lymphomatous disease activity. This, coupled with reports of an avidity of
tumors for copper (2), led to the present investigation.

MATERIALS AND METHODS

Copper-64 was obtained as the chloride in 0.2 N KC1 from Oak Ridge National
Laboratory, Oak Ridge, Tennessee. The eilCu is produced by neutron activation
of CuO enriched in °3Cu. The specific activity of the 6t*Cu chloride solution
was approximately 1 mCi/jjg Cu. For our studies the ̂ Cu was converted to the
citrate form by adding sodium citrate to appropriate volumes of the radioactive
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material and neutralizing with 0.2 N NaOH. This solution was filtered through
a sterile 0.22 y Millipore^ filter to remove any particulate material.

Copper-64 as the citrate was administered by tail vein injections to adult
tumor bearing rats. Tissue distribution studies were performed utilizing
three different strains of rats and three different tumor lines. The Morris
5123C hepatoma is a subline of the original 5123 tumor induced by the ingestion

of N-2-fluorenylphthalic acid and was transplanted to the Buffalo rat. The
Reuber H-35 hepatoma was transplanted in the American Cross Irish (ACT) rat.
The R-4047 (Ward colon tumor) is a tumor originally induced by the oral admin-
istration of dimethylhydrazine and was utilized as a transplantable tumor in
the Fischer 344 rat. The size of the experimental groups of animals was
limited to four. Serial timed experiments for maximum uptake were performed
only with the 5123C hepatoma. The animals were sacrificed by exsanguinatlon
under light anesthesia. The tissue samples were weighed and assayed by gamma
counting. The results were normalized to a body weight of 250 grams and
averaged.

For calculations of the estimated radiation dose to Reference Man from
administration of copper-64, tissue distribution data for all tissues were
pooled. The normalized data were extrapolated to man as follows:

% admin, activity _ % admin, activity . TB mass (animal) . organ mass (man)
organ (man) g tissue (animal) TB mass (man)

where TB represents total body and organ mass in man is expressed in grams.

The MIRD technique (3) was used for the calculations, and correction for
activity in surrounding organs and the remainder of the body was made according
to the technique described by Cloutier et al. (4). The S values were taken
from MIRD Pamphlet No. 11 (5).

The calculations were based on the assumption that uptake was immediate
and that the percentage of the administered activity measured in each tissue
at 30 minutes was the initial uptake. The distribution was assumed to remain
the same until total decay of the radionuclide occurred; thus, the effective
half-time in each organ would be equal to the physical half-life.

RESULTS AND DISCUSSION

The distribution data for the three transplanted tumor animal studies are
shown in Table 1. The Reuber H-35 hepatoma and the Morris 5123C exhibited the
highest levels of copper-64 uptake. The R-4047 transplanted colon carcinoma
had the lowest tumor concentration of copper-64, taking up only 40% as much of
the radioactive copper as the Reuber hepatoma which exhibited the highest con-
centration. The data in Table 1 confirms other investigators findings that
copper radionuclldes have tumor seeking properties (2). Timed, sequential
tissue distribution studies of copper-64 in Buffalo rats bearing the Morris
hepatoma are shown in Table 2. The results revealed uptake at two hours wi ":h
little change over a 24-hour time period.

As noted in Table 1, the tumor-to-blood ratio is low. However, this is
not especially troublesome since the copper-64 is used in positron emission
studies using the ECAT-II™ positron tomograph.
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Table 1

The 24-Hour Distribution of Copper-64 in Rats Bearing Various
Transplanted Tumors

Tissues
Tumor concentration (%/g)*

Ratio tumor concentration
to that in:

Liver
Spleen
Kidney
Lung
Muscle
Femur
Marrow
Blood

Morris 5123C
Hepatoma
2.0

1.0
3.3
0.4
3.6

25.0
11.0
1.6
3.5

+ 0.2

± 0.1
± 0.6
+ 0.0
± 0.5
+ 3.6
± 1.1
± 0.2
± 0.8

Reuber ]H-35
Hepatoma
3.0 ±

1.8 +
3.2 ±
0.8 ±
6.3 ±

61.0 +
12.0 ±
2.3 ±
6.8 +

0.2

0.1
0.3
0.1
0.4
7.5
0.8
0.1
0.6

R-4047 Colon
Cancer
1.2 ± 0.1

0.8 ± 0.0
3.0 ± 0.2
0.7 ± 0.1
2.7 ± 0.2
19.0 ± 1.2
5.2 ± 0.1
1.6 ± 0.0
2.7 ± 0.2

* Percent administered dose/g normalized to body weight of 250 g.
Four animals per group.

Table 2

Tissue Distribution of Copper-64 in Rats Bearing Morris 5123C
Hepatomas at Various Time After Intravenous Administration

of Copper-64 Citrate

Time (hrs)
Tissues 12 24

Tumor concentration (%/g)*

Ratio tumor concentration
to that in:

Liver
Spleen
Kidney
Lung
Muscle
Femur
Marrow
Blood

1.6 1.8 1.6 1.7 2.0

0.8
3.7
0.1
3.1
13.0
7.3
2.1
2.4

1.1
3.5
0.2
3.8

24.0
8.3
2.1
2.3

0.9
2.5
0.3
3.1

23.0
9.1
1.6
2.5

0.8
2.9
0.2
3.4

21.0
8.8
1.3
2.0

1.0
3.3
0.4
3.6

26.0
10.6
1.6
3.5

* Percent administered dose/g normalized to body weight of 250 g.

The estimated radiation dose to the organs listed in Table 3 for copper-64
are low enough that the Food and Drug Administration has granted an Investi-
gational New Drug exemption for the intravenous administration of 7.0 mCi per
subject which would result in radiation doses to th<= kidney of 9.8 to 10.5 rads.
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Table 3

Radiation Dose Estimates for the Administrating of
Copper-64 Citrate to the Standard Man*

Organ Rads/mCi mGy/MBq

Heart Wall 0.10 0.028
Kidneys 1.4 0.39
Liver 0.44 0.12
Lungs 0.12 0.033
Muscle 0.047 0.013
Ovaries 0.11 0.030
Skeleton 0.084 0.023
R̂ .d Marrow 0.18 0.048
Spleen 0.14 0.037
Testes 0.12 0.032
Total Body 0.098 0.026

* Based on tissue distribution of copper-64 citrate in the rat.

SUMMARY

Copper-64, a positron emitter, can be reactor produced in a high specific
activity form. We have confirmed its tumor seeking properties in transplanted
tumor animal models. Also, it has been demonstrated that the uptake by tumor
tissue is rapid compared to gallium-67. Due to its relatively long half-life
(12.7 hrs), it could be transported to positron emission tomography centers
for use as a tumor seeking agent.
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DISCUSSION

MARCUS: Have you Investigated the possibility of long-lived radiocontaminants
in your Cu-6JJ? I have followed a patient for some years who many years ago
volunteered for a CuSk study and ended up several months later with a body
burden of europium-15^, a bone-seeker with a long half-life and a hard beta
emission. His was also a reactor-produced product and I wondered if you had
any long-lived contaminants. Europium-151* is a terrible thing to have sitting
in your bones.

CROOK: Yes, I should have pointed that out. We looked into the problem in
preparing the IND. We have not had any problems, but we are certainly
exquisitely -ware of the possibility and want to continue to watch for it.

ZANZONICO: A European group recently reported in Cancer Research on the
subcellular distribution of radiocopper in tumor-bearing rodents as determined
by cell fractionation. These studies Indicated that a significant amount of
copper is associated with DNA. In view of the electron mode of decay of
copper-64, and the associated emission of very short range and very densely
ionizing Auĝ r* electrons, have you performed any microdosimetric calculations
to estimate tne absorbed dose specifically to the DNA?

CROOK: I haven't and we've not focused on that particular point- One thing I
didn't point out is a potential mechanism of action for Cu-61). The heart is
the most heartily endowed organ with mitochondria which use copper as- part of
the cytochrome oxidase change, so it may well be a reflector mirror of
mitochondrial activity in the myocardial cells, but concerning your particular
question we haven't entertained that.

MARCUSE: By what criteria do you select the pixels in your tomograms as
belonging to the localization where radioactive uptake is to be measured and
what kind of background subtraction is appropriate for your studies? If you
have a cross section through the lung or another part of the thorax, the amount
of background subtraction is critical. How do you do your edge detection? In
our institution, we have the most trouble with this. If we do more background
subtraction, we have a smaller volume with a higher amount of activity and get
a higher dose.

CROOK: Well, I think you shouldn't feel as though you are the lone oarsman in
your boat. As I understand the second part of your question, it partly depends
on how valiant and stalwart a defender of your data you choose to be. I didn't
point out these were attenuation corrected and nongated studies. A tremendous
amount of effort is needed for work in the thorax and certainly all the
problems aren't solved. As far as your particular question concerning
techniques for edge detection, the problems with PET are not short-lived.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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