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Although 5-Fluorouracil (5-FU) is widely used in the oncological
clinic for palliative therapy of advanced colorectal and breast tu-
mors, its efficacy in such patients is only about 30% (1,2). We had
observed that a differential distribution of F-18 occurred in mice
bearing the L-1210 Lymphocytic Leukemia tumor following administra-
tion of F-18 labeled 5-FU, when the responsive variant was compared
to' the non-responsive tumor (3). We had suggested that the differen-
tial distribution, kinetics and/or metabolism of this drug in pa-
tients might be of use in predicting individual response to chemo-
therapy with 5-FU, and subsequently perhaps of determining the opti-
mal dosage and dosage regimen required.

The labeling of 5-FU with the positron emitting radionuclide F-18
(whose t% is 110 minutes) can readily be accomplished in high yields
and in a manner suitable for humans (4).

In the following study the projected internal radiation dose to
different human organs per millicurie of injected F-18-5-FU is calcu-
lated from rat distribution studies and human urinary excretion data.
These calculations assume a similar distribution of labeled drug in
humans as in rats, inasmuch as our preliminary human distribution
studies appear to validate the use of the rat model for human dosi'm-
etry calculations (5).

METHODS

Animal Distribution. Organ distribution of F-18, when administered
as F-18—5-FU, was studied in six groups of 12 rats each bearing vari-
ous types of solid tumors and in two groups of healthy rats, up to 2
hours after the drug had been administered. F-18-5-FU was injected
at a dose of 10 yCi per animal, and each series of 12 rats was then
sub-divided into three groups and sacrificed 30, 60 and 120 minutes
after the injection. Blobd was withdrawn by heart puncture, and 11
organs and tissues (liver, muscle, kidney, blood, bone, lungs, pan-
creas, spleen, heart, genitals, thyroid and adrenals) were sampled and
counted in a gamma-counter. Details of these F-18 distributions were
reported in a former publication (6). From those results initial or-
gan uptakes as well as biological and effective half-lives were cal-
culated.

Urinary Excretion. Urine samples were not usually collected when ,;;;;
studying the body distribution of F-18-5-FU in rats. However, this "-|j
route of excretion eliminates a major fraction of the injected radio— Kg
activity. Urine was collected from patients and dosimetry calcula- ff
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tions were made based on the total cumulated activity in the urine of
a patient with normal renal function. In this way, the worst possible
dose from bladder content to other organs was calculated.

Radiation Dosimetry. These dosimetry calculations make the following
assumptions: 1) That 5-FU clears the plasma rapidly (7), and hence
rapid tissue uptake will follow. Some of this activity, following 5-
FU metabolism, may leave the tissue, but some of the metabolites
formed may be reabsorbed by them. Therefore, the assumption of an
instantaneous uptake of the total administered dose will give an upper
limit, a "worst possible case;" 2) That the extrapolated initial
fraction values are correct for practical purposes, thus assuming a
possible overestimation rather than underestimation of the dose; 3)
That there is a homogeneous distribution of the label within each or-
gan studied; 4) That the remainder of the activity, not found in the
total activity recovered from the blood and the 11 organs sampled
(48.06% recovered 30 min post injection, 41.6% after one hour, and
28.82% after two hours), was either excreted from the body or depos-
ited in other organs in minute amounts; and, above all, 5) That the
distribution of the drug in rats is similar enough to that in humans
to allow such a comparison. The internal radiation doses were calcu-
lated according to the MIRD technique (8).

Human Distribution. The distribution of F-18 was studied in six pa-
tients possessing different types of neoplastic disease (e.g., colo-
rectal, breast, liver). Each patient was administered intravenously
a dose of 5 to 6 mCi of F-18-5-FU containing 30-70 mg of 5-FU. The
distribution of the radioactive material was studied using an Ohio
Nuclear Rectilinear Scanner equipped with a high energy 511 keV col-
limator. The patients were scanned immediately after injection and
every two hours thereafter, up to 12 hours post injection. The total
urine excreted was collected and counted, whenever the patient's con-
dition allowed adequate collection.

RESULTS

The initial organ uptake of F-18 in rats at injection times, as
well as the biological and effective half-lives of the label in the
above organ was determined, and used to calculate the cumulative ac-
tivity (A). Utilizing the tables of absorbed doses to the main organs
per unit of cumulated F-18 activity (8) as they refer to the standard
man, we calculated the radiation doses to the organs counted, accord-
ing to the following equation: ,, , ̂  ,N y o . A

DT(mRad) = ^ ji>NT Aj

where DT is the dose to the target organ due to the presence of unit
cumulated activity (1 millicurie-hour) in the j_th source organ, and
A. is the cumulated activity (in millicuries) from the jĵ h source or-
gan. The sum of multiplications of the cumulative activity (in mCi-h/
mCi administered) by the absorbed dose of the various organs (in Red/
yCi-h) will yield the dose to the target organ (mRad per each mCiF-18
administered) as tabulated in Table 1.

The urinary excretion of one patient with normal renal function
gave a fractional excretion dose of 15.75%. (0-1 hr), 18.9% (1-2 hr),

f 14.55% (2-4 hr), 17.17% (4-8 hr) and 7.05% (8-13 hr), from which the
|; cumulated activity was calculated. .Based on the total cumulated ac-
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fcivity of .413 mCi-h/mCi administered, the additional radiation dose
to relevant organs due to the activity accumulated in the bladder is
given in Table 2.

Table 1. Activities Cumulated in 12 Target Organs for 18F and the
l> Radiation Doses Absorbed in Each Case

Source Organ

Liver
Muscle
Kidney
Blood
Bone
Lungs
Pancreas
Spleen
Heart
Genitals
Thyroid
Adrenals
Total Body

Cumulated activity Dose/Target Organ
(mCi-h/mCi administered) (mRad/mCi administered)

2.3 x 10"l

1.8 x 10 1

7.9 x 10 2

5.9 x 10 2

8.9 x 10 2

6.3 x 10~3

2.1 x 10 3

3.0 x 10~3

2.2 x 10r3

2.8 x 10~3

8.2 x 10 *
4.2 xlO""4

—

113.5
10.4

182.6
11.0
26.2
12.2
29.1
21.6
10.3
52.6
28.0
37.8
14.7

Table 2. Radiation Dose to Several Abdominal Organs (as generated
from bladder contents) Following Administration of F-18-5-FU

Target
Organ (T)

Liver
Kidney
Pancreas
Spleen
Ovary
Uterus
Testes
Adrenals
Bladder Wall

q
T-t-Bladder

contents
Rad/mCi-h

2.1 x 10~3

2.8 x 10~3

1.9 x 10~3

1.7 x 10~3

4.5 x 10~2

1.1 x 10 *
3.7 x 10~2

1.7 x 10~3

1.8 x 10 °

Dose to target organ from
bladder content

mRad/mCi administered

.87
1.16
.78
.70

18.60
45.60
15.20
.70

729

DISCUSSION

The distribution of F-18-5-FU in humans appears to be similar to
the drug distribution in rats, with the liver, the kidney, and the
urinary bladder being the critical organs. While the uptake of ra-
dioactivity by the gallbladder as seen in patients may be important
in determining the most effective dose of the drug (9), its impor-
tance in calculating the radiation dose appears to be negligible.
Therefore, we believe that the premise that the drug distribution in
the rat is similar to that of the human appears to be a valid assurap-

f, tion.
Although the dosimetry calculations are based on the biodistri-

| bution of the label in tumor-bearing rats, it was noted that the dif-
|g ferences in tissue uptake and clearance of F-18 in the organs when
i£ comparing the tumor-bearing and control rats, were small, if any.
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The average tumor uptake, seemingly independent of the tumor type
used, was about 0.8% per gram at 2 hrs post injection, and the few
small differences between retention of F-18 in organs of both groups
studied were of no significant impact insofar as the present dosimet-
£i\c calculations are concerned. For this reason we chose the distri-
bution in rats rather than in mice for our dosimetry calculations, as
the uptake in the rat tumors was considerably less than in mouse tu-
mors (about 7% per gram) and, thus, more radioactive material is
available for organ uptake. Thus, again, the dose calculated here
is the "worst possible case."

Because 5-FU is rapidly metabolized in the liver followed by
fast renal excretion (10), the highest doses are expected to be in
the bladder wall, th» liver and the kidney. This, in fact, appears
to be the case. Our calculationss reveal that the kidney and liver
receive a dose of 182.6 and 113.5 mRad/mCi administered, respectively.

Assuming that 20 mCi will probably be the maximum dose of F-18-
5-FU to be administered, the absorbed dose to the bladder wall, kid-
ney, liver, testes and ovaries is about 14.6, .37, .23, .14 and .14
Rads respectively. These values represent the upper limit and while
they are high, they are still not unusual for nuclear medicine pro-
cedures. As these studies are intended to be performed in patients
with a fully diagnosed tumor, and these results of the F-18 study
are to be used to decide on the appropriateness of a therapeutic reg-
imen, the risk/benefit considerations are clearly acceptable. The
radiation absorbed by the body will thus not be a limiting factor in
the use of F-18-5-FU for the prediction of chemotherapy response and
optimization of the dosage regimen of 5-fluorouracil.
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