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*In-Vive Hmsuresent of Thorotraat

(THO;) by Whole-Baly Gamms Spec-
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Ob tective

The population receiving Thoretrast in the course of diagnostic radiological
procedures conprises an important ssurce of clinical data on the lats effects of
continuous low isvel ionizing radistion., The dosimetry of Thorotrast Ls vexy
complex and requires further dats wo the turnover of T332 azd its daughters.
The objsct of this study i3 te quantify the body burdens of mall doses of admin-
istered Tharotrast and its Tuxnover in msa.

Parllier quantitative studiss en the caiculatiom of absorded dose conducted
with Thorotrast-injosted patienta were not successfial, swing to the imdeguacies

growth and chemical bedlmvine of the varicus elsments of the chain., The
situation, bowever, Ims improved cansideradly and particularly due to the devel-
spaent of in-vive gammk-rsy spactrometry and computer techniques for analysis of
complex spectra. In this study, it i3 proposed to perform such apectral analyse
of the gasmm-exitting daughters of a8 distriduted in the whole body of
patients given smil amounts dmzumm.'

Investirators
Drs. S. H. Cahw, J. B. Jesseph and 5. W. Lippincott.

Iaotope

mimymdﬂ&hmmxmthAmy&tu pertin-
mt energies of its deughters is included in Table 1.

In the past, the aduinistersd dose hes umally bees 73 sl (15 gu TH0) for
hepatosplenography. Ye preposs to give omly 10 al (2.0 gu) iatravencusly, to the
three patisonts whs will comprine the study group. Thus the scomulated tissue
dose wiil be greatly lewer (by & factor of st least 7) than that sbsorbed when

diagnostically.

the agent was used
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Thousands of patients in the Unite! States and abroad have received Thorotrast
in diagnostic radiclogy batween 1930-1948 (1.7). Its use has since been largely
curtailed because of the recognitiom timt » belag & nember of & radionctive
chain, might, after sany years, be carcinogenic, similar to the action of radium

in bone.

In his detailed study of 35 patients, Looney (1) was wmable to establish a
causal relationstipy detwees Thoretrast aduinistration and later development of
mligmnt lesioms of the ratiowloendethelial systam. Partherrore, his cumulative
review of aprweximstely 3000 patient studies did not establish thet the incidence
of maligrancies wms different from that af the genaxal populatien. These studies

are tabulated in Table 3.

In spite of the extemsive use of Thacutrast simce 1931, enly comparatively
few cases have been repurtad whare & sarcinogenic effect could be demonstrated.
While it is cectainly possidlie that maiigmnt tumsts can be produced, the latent
period £8 long (15-20 years) and large doses are roguired - 300 mg/xg (12). This
dose is tenfold grexter than the dose costeaplated in o study,

Radiation Dase
The radiation doss to tismues from Tharotrist das ot been workead out oom-

are some of the unkpewns in the desimetry (1-6). Estimtes of the radiation dose
mterndisgrazide appeoaches bave been mde Snd sre eumnar~
by Loonsy (2). The estimmtes of the average dose te the liver dy a cowdina-
of methods vary widely, from 1-9 rad/week followimg deposition of 75 mi of
Thogotrast. The averagpe accumiisted dose to the liver, the priosry ocgan of
Thacotrast deposition, in 50 years was calculated te De 3500 rad (3). Tha averngs
dose to bane marrow over 30 years is 1710 of the aversge acamulated dose to the

i
i
|
k

A previcus study has beun sarrist out at DML i which 13 »i of Thorotrast
Other medical csuters are studying Thorotrast

5
4Mymamwummmmfcmmewm.

and indafivitely. After the first twe ts three wwsks, the mbdjects will be
followed as cutpatieats.
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TABLE 1

Radioactivity of Thorium 232 Decay Series

Alpha Beta Gamma
Energy Abundagce Energy Abundance Energy Abundagce
Isotope Half-Life MeV) Ol/Th23 o MeV) B/Th23za MeV) 'Y/Th23 o
Th232 1.39 x 1010 Y 3.98 1.00 -~ - - -
Ra%%g 6.7 Y - -- 0.012 1.00 -- --
Ac 6.12 h - - 0.46 0.13 0.058 0.003
0.66 0.08 0.129 0.034
0.15 0.53 0.209 0.04
1.72 0.07 0.270 0.03
1.85 0,09 0.328 0,032
2.18 0.10 0,338 0.092
‘ 0.779 0.008
0.790 0.045
0.831 0.016
0.908% 0.25
228 » 0.963% 0.19
Th- _ 1.9 vy 5.339 0.28 -- -- 0,084 0.02
224 5.423 0.72
®a 3.64 d 5.194 0.004 -- -- 0,241 0.046
5.448 0.046
5.681 0.95
anzo 54.5 s 6.282 1.00 - -- - -
Po2l6 _ 0.158 s 6.775 1.00 -- -- -- -
pb2l2 10.6 h 0.331 0.88 0.115 0.02
0.569 0.12 0.176 0.01
0.239% 0.80
212 : 0,300 0.05
Bi 60.6 m 5.603 0.0037 2,250 0.64 0,040 0,013
5,632 0.005 0.720% 0.126
5.765 0.0068 0.800% 0.109
6.047 0.238 1,03 0,037
6,086 0.092 1,34 0.034
1.61 0,047
1,81 0.047
2.20 0.018
PO;;; 3.04 x 10“7 s 8.78 0.66 - - T - -
TI 3.1m o . 1,8 0,36 0.277 0.035
0.510 0.087
. 0.582% 0.28
0.859 0.05
2.62 0.347

¢ Measured by whole body counter -

(The ratio of the daughters give a measurement of the radioactive equilibrium)
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LESALT I

CLINICAL FINDINGS FOLLOWING THOROTRAST ADMINISTRATION*

Table YEET T

Thorotrast Follow-Up Studies

Year

Reported of Patients

Total No,

Results

Investigator

Comments

1935

175

No deleterious effects found

Riglex, Koucky
and Abraham

3.5 year follow-up,

100 patients dead

from primary disease.
32 patients not traced,
43 patients living and
apparently unaffected.

1942

286

No deleterious effects found

Yater and Coe9

10 year follow-up. 189
patients dead. 67
patients not traced. 3!

patients examined.

1951

2,235

2 malignant tumors of liver,
and 1 leukemia

Thomas, Henry
and Kaplan

Questionnaires sent to
132 radiologists

1953

235

4 anemias and 2 leukemias

Johansen, Back-

er, Rundo and
Faberl0,11,12

* 1955

35

1 hemangioendothelioma of

liver. Indurxation at site
of injection in 4 patients.
Minor hematologic changes.

Looney, Hursh,
Colodzin and
Stedmanl3,l4

Retention approximately
15 years, 14 patients
dead, Mean age at
death, 62 years

1956

21

1 endothelial cell sarcoma of
liver. 1 primary hepatoma of
liver. 1 carcinoma of maxi-

llary sinus.

erythrocytes per mm, 3

9 of 12 -patients
studied had less than 4 million

Fruhling, Gross
Batzenschlager
and Dornert

Mean retention approxi-
mately 10 years. 12
patients dead

1958

136

3 patients dead from malignant

disease other than that for
which thorotrast was given
(i.e., carcinoma of stomach,
mouth and lung). None con-
sidered to be related to
thorotrast, Hematologic
gtudies on 26 patients showed
only low lymphocyte counts in
2 patients,

Berrett and Mac-
Rae16 :

Follow-up of 136
patients who had caroti
arteriographies between
1934 and 1950. Evalua-
tion of 134, 66 now
dead, None attribut-
able to complications
of thorotrast

*From:

Looney, W. B,
An investigation of the late clinical findings following Thorotrast (Thorium

Dioxide) administration.

Am. J. Roentgenol. 83:163, 1960
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