
Using uptake and retention data from patients treated
at the Harbor UCLA Medical Center, we have derived a
simple model that may be used to estimate the radiation
dose to the hyperthyroid patient from administration of
iodine-l3 1 (â€˜@â€˜I).We segregated the patients into groups
according to maximum thyroid uptake, which were di
vided further according to sex and, in the case of females,
according to age. Biologic kinetics were studied as a func
tion of maximum thyroid uptake. Radiation dose esti
mates were derived for the major organs of the body. The
radiation dose to the fetus was of special concern, as a
majority of hyperthyroid patients are female and may be
of childbearing age. In radioiodine therapy studies, the
amount of radioiodine administered may be so high that
the dose to the fetus from the urinary bladder and other
organs may be appreciable. The dose to the fetal thyroid,
which may begin to concentrate iodide as early as the tenth
week of gestation (7), may be extremely high, as this tiny
organ concentrates iodide that is available from the moth
er's bloodstream (8).

Through a study of the iodine kinetics of 127 patients, we
have developed radiation dose estimates to major organs and
thefetus for patients with varying degrees of hyperthyroidism.
We observed a negative correlation between maximum thy
roid uptake and biologic half-time of iodine in the thyroid and
used this correlation to predict the biologic half-time at fixed
values of maximumthyroiduptake. Dose estimates to the
bladder,gonads, marrow, thyroid, uterus, and whole body
were estimatedfor maximumthyroiduptakes from 20% to
100%. Bladderdose varied from 0.6 to 1.0 mGy/MBq and
dose to the uterus varied from 0.036 to 0.063 mGy/MBq
under different model assumptions. Dose estimates to the
fetus and fetal thyroidwere approximatedat all stages of
pregnancy. Average fetal dose was a maximum between 0
and 2 mo of pregnancy,with the maximum rangingfrom
0.048 mGy/MBq to 0.083 mGy/MBq, dependingon model
assumptions.Some radiationrisksfor irradiationof the fetus
and the fetal thyroid are discussed.
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diation dose estimates have been calculated for eu
thyroid individuals for several isotopes of iodine by a
MIRD Committee Task Group (1). This document is very
useful for predicting the radiation dose to the thyroid and
other major organs from radioiodine administrations.
However, the differences in iodine metabolism in patients
with Graves' disease are not considered in this model.
Although several authors (2â€”6)have estimated doses to
the thyroid and some other organs for selected groups of
patients with Graves' disease, no comprehensive dosimetry
has been done as for the euthyroid case. As radiopharma
ceuticals are sometimes accidentally or intentionally ad
ministered to pregnant patients, dose estimates for the
embryo or fetus may be needed occasionally for the preg
nant patient with Graves' disease.

METHODS

Thyroid uptake and biologic half-time measurements were
made on 127 patients treated for hyperthyroidism at the Harbor
UCLA MedicalCenter. No distinctionwas made betweenthose
with Graves' disease and those with hot nodules, but the majority

had Graves' disease. Most uptakes and biologic half-times were
measured with 1231,although some measurements were made
with 1251Uptakes were measured at either 2 or 4 hr, and then at
24, 48, and 72 hr. No data on urine clearanceor total-body
retention were obtained.

The thyroid biologic half-times were determined for all patients
through linear regression analysis of the log-transformed data.
The biologic half-times were plotted versus maximum percent
uptake (rather than 24-hr uptake, as the maximum may occur
much earlier then 24 hr in patients who are severely hyperthyroid)
to see if the biologic half-time varied with higher maximum
percent uptake. The patients were then segregated into groups of
maximum thyroid uptake of 20%-30%, >30%â€”40%,>40%â€”
50%, >50%â€”60%, >60%â€”70%, >70%-80%, >80%â€”90%, and

>90%. The patients were further segregated by sex, and then the
females were segregated into two groups (those of age less than
45 yr and those aged 45 yr or more) to see whether or not a clear
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difference could be detected between the biology of pre- and
postmenopausal women. (This break point is rather arbitrary,
and could result in a misclassification of some patients. The
specific diagnosis of women as pre- or postmenopausal was not
available from the medical records.) The average biologic half
time for each group was estimated from the peak and later thyroid
uptake values; the maximum thyroid uptake was assumed to be
the largest value between 0 and 24 hr. Regression curves of
biologic half-time versus maximum thyroid uptake were derived
for each group.

Radiation doses were estimated using the standard MIRD
technique (9) for the adult female phantom (10). Radiation dose
estimates for the adult male or large adult female will be slightly
lower, as the organ masses are slightly larger. As in MIRD Dose
Estimate Report No. 5 (1), the total-body residence times were
derived from the uptake and elimination biologic half-times in
the thyroid. Residence times in the urinary bladder were esti
mated from the assumed whole-body retention using the dynamic
bladder model of Cloutier et al. (11). The dose to the nongravid
uterus was used to estimate the dose to the embryo during the
first month. The dose to the fetus from the urinary bladder was
estimated from the results ofthe model of Cloutier et al. (11) for
months 1 through 9. As absorbed fractions from other organs for
all nine months are not available, the fetal dose from maternal
organs was approximated by assuming that the bladder contrib
uted a constant percentage ofthe total dose for a given maximum
thyroid uptake (i.e., if the bladder contributed 70% of the total
dose in the nongravid model for a given maximum thyroid
uptake, each of the fetal doses from the bladder in months 1
through 9 were divided by 0.7 to obtain the estimate for total
fetal dose). Fetal dose from placental crossoverof radioiodide
(assumed to be significantafter month 2) was estimated by
assuming that the fetal concentration of iodide was 75% of that
in the mother's whole body (12) and using the absorbed fractions
for photon dosimetry in MIRD Pamphlets 3 and 8 (13,14).
Radiation dose estimates for the fetal thyroid for months 3
through 9 were taken from two sources: Watson (8), who assumed
a constant biologic half-time in the fetal thyroid at all ages, and
Elsasser et al. (15), who assumed a variable biologic half-time
over the gestation period.

RESULTS

Figure 1 shows the regression ofbiologic half-time versus
maximum thyroid uptake for all patients and the results
of the regression analyses. In this plot, the intercept has
no physical meaning, but is merely part of the expression
that may be used to predict biologic half-time at a given
value of maximum thyroid uptake. The data were nega
tively correlated, but the scatter of data about the regres
sion line was considerable (R2 = 0. 1). The scatter led us to
investigate the significance of the negative slope; for the
number ofdata points available, the slope was significantly
less than zero at the 0.001 level. We also plotted the
biologic half-time versus maximum thyroid uptake for
males, females under 45, and females over 45 using average
values within each thyroid uptake interval. All of these
plotsshoweda negativecorrelation,but only the slopes
for males and females under 45 were significantly less than
zero. Although the slope for females over 45 was not

V

0

40 60
Maximum Thyroid Uptake (â€˜6)

FIGURE 1. Regressionof biologichalf-time
thyroid uptakefor all patients.

significantly less than zero, it was also not significantly
different than slope of the average line for all patients, at
the 0.05 level. In fact, none of the slopes were different
than the average at the 0.05 level. Therefore, the three
slopes were not significantly different from each other.

Table 1 gives the residence times derived from the
metabolic models for the different values of maximum
thyroid uptake and thyroid uptake half-time. Table 2
shows radiation dose estimates for the adult female for the
urinary bladder, thyroid (12.4 g), and total body as well as
for uterus, gonads, and red marrow at five discrete values
of maximum thyroid uptake. The thyroid biologic half
times were derived from the equation which described this
parameter as a function of maximum thyroid uptake for
all patients. As shown in Table 2, two values of thyroid
uptake biologic half-time were chosen: 6. 1 hr, which was
taken directly from the value in MIRD Dose Estimate
Report No. 5 for a maximum thyroid uptake of25%, and
2.9 hr, which was chosen to represent the individual whose
maximum thyroid uptake occurs earlier than 24 hr. The

TABLE I
Residence Times Used in the Various Models

versus maximum
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FIGURE 2. Averagewhole-bodydoseto thefetusat allstages
of pregnancyfor patientswith maximumthyroid uptakesof 20%,
60%, and 100% and a thyroid uptake half-timeof 2.9 hr.

results in a lower radiation dose to the fetus, as more of
the iodine is held up in the thyroid and decays before
reaching the urinary bladder. Radiation dose estimates for
the fetal thyroid have been estimated by Watson (8) and
Elsasser et al. (15). Watson assumed a constant biologic
half-time in the infant's thyroid, while Elsasser et al. as
sumed that the biologic half-time increased with gesta
tional age. Watson's estimates of fetal thyroid dose per
unit activity administered to the mother were: month 3,
260 mGy/MBq; month 4, 550 mGy/MBq; month 5, 640
mGy/MBq; month 6, 1200 mGy/MBq; month 7, 810
mGy/MBq; month 8, 620 mGy/MBq; month 9, 490
mGy/MBq. Elsasser et al. estimated the fetal thyroid dose
per unit activity administered to the mother to be: month
3, 43 mGy/MBq; month 4, 220 mGy/MBq; month 5, 370
mGy/MBq; month 6, 840 mGy/MBq; month 7, 620
mGy/MBq; month 8, 520 mGy/MBq; month 9, 430
mGy/MBq. In both sets of estimates, the maximum thy
roid dose per unit activity given to the mother is seen in
month 6. This is the time at which the fetal thyj@oid

* Adult female (58 kg).

t Maximum thyroid uptake (%).

t 1 = thyroid uptake half-time 2.9 hr; and 2 = thyroid uptake half

time 6.1 hr.

total-body biologic half-times were used as input into the
dynamic bladder model (11).

Table 3 shows the radiation doses to the fetus for max
imum thyroid uptakes of 20%, 60%, and 100% and for
both thyroid uptake biologic half-times. These values are
plotted as a function ofstage ofgestation in Figures 2 and
3. The figuresclearlyshowthe slightincreaseduringthe
first month, as the growth of the fetus causes a higher
fraction of the photon energy emitted from activity in the
bladder to be absorbed, and a steady decrease after this, as
the increase in fetal mass offsets the increase in absorbed
fraction. The figures also show that a higher thyroid uptake

TABLE 3
Radiation Dose Estimates for the Fetus at All Stages of Pregnancy from Administration of 1311to the Mother
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mate average radiation dose to major organs or a fetus
once the patient's maximum thyroid uptake is known.
The negative correlation between biologic half-time and
maximum thyroid uptake is certainly reasonable, and the
expression derived from the regression analysis has been
used to give some idea of the change in radiation dose to
the major organs as a function of the extent of hyperthy
roidism. As noted in Table 2, some of the estimated doses
do not change greatly with thyroid uptake. This is partly
because the residence times for the remainder of the body
(which contributes significantly to the dose for some of
the body organs) remain constant (Table 1).

Differences in this patient population as a function of
sex or age, according to the groupings employed, were not
clearly discernable. Although some differences could be
seen in the regressions between males and females, the
individual variations masked any real differences between
the groups.

Table 2 shows that the radiation dose to the bladder,
ovaries, testes, and uterus decreases with increasing maxi
mum thyroid uptake. The thyroid uptake half-time has a
more pronounced effect on the radiation dose to these
organs than to other organs. The increase at the longer
uptake half-time is due to the increased contribution from
activity in the remainder of the body. The radiation doses
to the total body and red marrow, on the other hand,
increase with increasing maximum thyroid uptake and are
not highly dependent on thyroid uptake half-time.

The average absorbed dose to the whole fetus is highest
at 1 mo, and then decreases steadily over the period of
gestation. This work predicts that the highest absorbed
dose to the fetus from administration of 1311to a pregnant
female would occur at 1 mo into the pregnancy with a
6. 1-hr biologic half-time for uptake into the mother's
thyroid and 20% maximum thyroid uptake. The estimated
absorbed dose to the fetus under these assumptions would
be 0.03 1 Gy from 370 MBq of â€˜@â€˜Iadministered to the
mother. NCRP Report 54 (17) states: â€œ[Therisk of con
genital effects] is considered to be negligible at 5 rad [0.05
Gy] or less when compared to the other risks of pregnancy,
and the risk ofmalformation is significantly increased over
control levels only at doses above 15 rad [0. 15 Gy].â€•Otake
and Schull (18), from an analysis of mental retardation
data from the atomic bombing survivors, predicted a prob
ability of occurrence of mental retardation of 0.40 Gy@.
In more recent re-analyses of those data (19), they found
essentially the same relationship for doses received in the
8th to 15th week of gestation (the most radiosensitive
time), with a linear, nonthreshold model fitting the data
well. For doses received during 16â€”25wk, however, a
quadratic or linear-quadratic model appeared to fit the
data better, suggesting a threshold of 0.2â€”0.7Gy. The
recent BEIR V report (20), in its conclusions about these
effects, support these observations, suggesting a frequency
ofsevere mental retardation of43% at 1 Gy, with a possible
threshold at 0.2â€”0.4Gy. It should be noted that fetal dose
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FIGURE3. Averagewhole-bodydoseto thefetusat allstages
of pregnancyfor patientswith maximumthyroid uptakesof 20%,
60%, and100% anda thyroiduptakehalf-timeof 6.1 hr.

concentration (% of injected activity per gram) is the
highest, according to Evans et al. (16).

DISCUSSION

The purpose of this paper is not to give radiation dose
estimates for the thyroid ofthe hyperthyroid patient. There
are many variables not treated in this paper that may
influence the thyroid dose estimate; this can best be cal
culated on a patient-specific basis by the attending nuclear
medicine physician. For instance, if the thyroid is greatly
enlarged, the radiation dose estimates given in Table 2 will
overestimate the true value, as the radiation dose is ap
proximately an inverse function of mass. The dose esti
mates given in the tables are meant to be representative
averages for patients of certain characteristics that may be
used by the attending physician to estimate some of the
radiation hazards associated with administration of thera
peutic amounts of â€˜@â€˜IThus, the values of radiation dose
to the bladder, gonads, uterus, and total body are useful
in determining a representative value for a patient once
the thyroid metabolism is known. The values of radiation
dose to the fetus and fetal thyroid similarly may be consid
ered to be typical values for persons with characteristics
similar to those described in the model.

The considerable scatter about the regression line in the
curve for all patients (Fig. 1) indicates that the simple

expression given for biologic half-time as a function of
maximum thyroid uptake does not completely describe
the relationship between the variables. A third variable,
probably associated with the patients' normal iodine diet,
would most likely clarify the true dependence of these
variables on the state of the individual patient. Such data
were not available from this patient data base. Further
more, in the clinical setting, the physician does not have
the time to extract this kind of information from the
patient before proceeding with therapy. Therefore, the
values in this paper are useful in determining an approxi
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estimates given in this paper between the 8th and 15th
week of pregnancy would predict doses around these
thresholds for therapeutic administrations of 1311(3700â€”
7400 MBq).

The dose to the fetal thyroid is predicted to be highest
when administration occurs during the sixth month of
gestation, although the magnitude ofthe dose is somewhat
in doubt. The absorbed dose is very high, and various
incidents involving pregnant women treated with thera
peutic amounts of @Ihave resulted in infants having
depressed or absent thyroid function at birth (21â€”24).
Pfannenstiel et al. (24) concluded that depressed thyroid
function in a newborn was due to administration of radi
oiodine to the mother at a fetal age of 72 days. Therefore,
extreme care should be taken to ensure that pregnant
women are not inadvertently given therapeutic quantities
of 1311Mossman (25) concluded that it is not cost-effective
to use pregnancy testing to screen all potentially pregnant
patients before exposure to ionizing radiation in radiodi
agnostic procedures. In the case of therapeutic use of
internally administered radiopharmaceuticals, however,
the risks are greater, and pregnancy testing may be a
valuable tool in preventing unwanted exposure to the fetus.

CONCLUSIONS

1. A reasonable picture of the radiation dosimetry for
hyperthyroid patients from â€˜311-sodiumiodide may be
obtained by assuming a negative correlation between max
imum thyroid uptake and biologic half-time.

2. In this patient population, no differences were seen
in the biologic half-times as a function of sex or age.

3. Radiation dose estimates for the urinary bladder
decrease with increasing maximum thyroid uptake. The
thyroid uptake half-time has little effect on the radiation
dose received by the urinary bladder wall, red marrow, or
total body. The uptake half-time has a more pronounced
effect on the dose received by testes, ovaries, and uterus.

4. The radiation dose to the nongravid uterus decreases
as the maximum thyroid uptake increases.

5. Radiation doses to the fetus from activity in the
mother's body are highest at one month's gestation and
then decrease over the period of gestation. The highest
radiation dose estimate generated from these data is for
20% maximum thyroid uptake and a thyroid uptake bio
logic half-time of6. 1 hr: 0.083 mGy/MBq. Because of the
potential risks of physical malformation and mental retar
dation, great caution must be exercised to prevent thera
peutic administrations of â€˜â€˜ito the pregnant patient.

6. Radiation dose estimates for the fetal thyroid are
highest at 6 mo. Therapeutic administrations of â€˜@â€˜Ito
pregnant women have been shown to produce depressed
or nonexistent thyroid function in the infant whenever the
administration occurs while the fetus' thyroid is function
ing.
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Discussion
Our results indicate that the iodinated

bleomycins are unsatisfactory for tumor
imaging. Although both directly and in
directly iodinated bleomycin were stable
in vitro, neither compound was stable in
vivo, and by 24 hr after injection in rab
bits, nearly halfofthe remaining plasma
activity was in the form of iodide. The
tumor-to-bloodratiosachievedwith iodin
ated bleomycins were substantially lower
than those with 57Co-bleomycin.The io
dinated bleomycinconcentrations in both
tumor andblooddecreasedwith time from
2 to 24 hr, in contrast, the tumor concen
tration of 57Co-bleomycinwas essential
ly the same at 2 and 24 hr. while the blood
concentration decreased . Thus, the
tumor-to-blood ratio for 57Co-bleomycin
increased with time, while this ratio for
the iodrnatedcompoundschangedvery lit
tle. Additionofcarrier cobalt to iodinated
bleomycindid not materially enhance its
relative tumor concentration.

The unsatisfactorytumor localizationof
iodinated bleomycin and bleomycin Ia
beled with other metal radionuclides sug
gests that cobalt-labeledbleomycinhas
unique properties, most likely relating to
the chelated cobalt, which are important
in determining the high tumor-to-non
targetratiosachievedwiththisradiophar
maceutical . U

in the field has become evident.

Therefore, we should be pleased that we
can nowbe of help to others, but we must
remember that our chief reason for being

a society is to promote scientific and in

vestigationalprogress. Individual profes
sional gains must be secondary, and local
problems should be settled in light of na
tional policy.

During the past year, the Journal fin

ished its â€œshakedowncruiseâ€•and is now
â€œAtSea Under Full Steam.â€•Our finances
are in good shape, but we must be pre
pared to expect additional expenses as

pages in the Journal increase in the corn
ing years.

The meetings of the Executive Corn
rnittee have been extremely well attended

and all chapters have been represented.
The spirit and efficiency with which the
committees worked on the affairs of the
Society is worthy of deep appreciation.

I wish to express my confidence in the
new President , Dr. Lindon Seed, and to
congratulate him and the Society as he
takes over and to assure him of my and
your continued support during the com
ing year. U
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bleomycin and chloramine-T then were
added. The solution was mixed for 60 sec
and then Na2S2O5wasaddedto reduceany
remaining iodine. The yield was calcu

latedas the percentoftotal iodideincorpo
rated into bleomycin, and from this and
the initial molar ratios of iodide to
bleomycin the percentage of labeled
bleomycin molecules was calculated.

The N-succinmidyl 3-(4-hydro
zyphenyl)propionatewas iodinatedby the
method ofBolton and Hunter. lodination
also wasattemptedusing lactoperoxidase.

Cobalt-57-bleomycin was prepared by
addingcarrier-free 57CoCl2to bleomycin.
Totest the effect ofchelated cobalt on the
distribution of iodinated bleomycin, equi

molar amounts of 57CoCl2 and directly io

dinated bleomycin were mixed.

Tissue Distribution Studies
The distributions of the radiolabeled

bleomycin compounds were determined
in female Fischer-344 rats implanted with

13762mammary adenocarcinoma.

MAY 1976
lodinated Bleomycin: An Un
satisfactory Radiophar
maceutical for Tumor
Localization

WillIamC.Eckelman,HaruyoKubota,
Barry A. Siegel, Toru Komai, Waclaw
J. Rzeszotarski,andRichardC.Reba

Bleomycin is widely used for cancer
chemotherapy.Cobalt-57-labeledbleomy
cm localizesin tumor tissueand is a useful
radiopharmaceutical for clinical tumor
imaging. However,the longphysicalhalf
lifeof57Cohasdiscourageditswidespread
acceptance. Bleomycin compounds la
beled with radionuclides of indium, cop
per, gallium, and technetiumare less
stablechemicallyandgivelesssatisfactory
results than 57Co-bleomycin.As an alter
native to metal binding, we studied the

properties of iodinated bleomycin. Our
results suggest that it will not be satisfac
tory for tumor imaging.

lodination
Bleomycinwas iodinated both direct

ly in the imidazole ring and indirectly by
reaction with N-succinmidyl 3-(4-hydro
zyphenyl)propionate.All the direct iodin
ations were performed with 1251in 0.1 N
NaOH and chloramine-T. In a typical re
action, 70 @lof 1Mphosphate buffer was
added to the vial containing the 125!.The

MAY 1961
President's Annual Report
TitusC.Evans,President,TheSociety
of NuclearMedicine

We have beome a large and influential
Society.Wemust realize our responsibil
ityandconducttheaffairsandpoliciesfor
the common good. In additionto our orig
inal aim of exchanging information about

techniques and uses of radioisotopes, we
are now confronted with requests for ad
vice and cooperationfromother societies.
Also, the need for training and standards


