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INFLUENCE OF HETEROGENOUS ALPHA IRRADIATION OF CHINESE HAMSTER LIVER

ON SURVIVAL AND THE INDUCTION OF CANCER. IV.

Abstract -- Estimation of risk to the human liver

from deposited alpha-emitting radionuclides current- PRINCIPAL INVESTIGATORS

ly is based on epidemiological data accumulated from N. A. Gillett

patients that received injections of the X-ray con- R. A. Guilmette

trast medium Thorotrast. These exposures resulted A. F. Eidson

in highly focal distributions of radiation dose, W. C. Griffith

primarily around the liver sinusoids. It is, impor- A. L. Brooks

tant to understand the applicability of these human

data for extrapolating risk to people that are exposed to other liver-seeking alpha emitters, such

as plutonium (Pu), where the distribution of alpha dose may be much more uniform and uncomplicated

by the presence of large colloid masses in the liver tissue. In this study, Chinese hamsters

received Intravenous injections of Thorotrast 74, 1.5 or 030 Bqlg body weight) or monomeric

239pu citrate 74 Bqlg), and were held for life-span observation. Using Cox proportional hazards

analysis of the dose response for several neoplastic and hyperplastic lesions observed in the

liver, it was found that the relative risk for each endpoint was increased in a dose related

manner for all three dose levels of Thorotrast, and that the risks for the Pu-injected animals

(7.4 Bq1g) were similar to those of the hamsters Injected with 1.5 Bqlg Thorotrast. Dosimetry and

pathological analyses are being continued to examine the dose-response relationships for these two

patterns of alpha irradiation in greater detail, particularly as they affect the liver.

Estimation of the risk of liver cancer from internally deposited alpha-emitting radionuclides

currently is based on epidemiological data accumulated from patients that received injections of

the X-ray contrast medium Ihorotrast.1 This material, a colloidal suspension of small particles

(- 10 nm diameter) of 232ThO2, was injected intravenously and deposited primarily in tissues rich

in reticuloendothelial cells. The pattern of deposition of the relatively large mass of

Thorotrast was heterogeneous, resulting in a highly nonuniform alpha irradiation of these

tissues. In contrast, deposition of comparable levels of activity of other hepatotropic alpha

emitters, such as 239pu or 241Am, would involve much smaller masses of radionuclide and more

uniform distributions of alpha irradiation.2,3 Therefore, it is important to determine the

appropriateness of using results obtained from epidemiological studies of humans exposed to

Thorotrast for estimating the risk of alpha-radiation-induced liver disease from other liver-

seeking alpha emitters.

The study described here was designed to compare the carcinogenicity of a low-mass, uniformly

distributed alpha emitter, 239pu, with that of a high-mass, nonuniformly distributed alpha-

emitting substance, lhorotrast. Since the dosimetric and pathological evaluations for this study

are still in progress, the results presented here must be considered preliminary with respect to

the analysis of the whole study. However, by focusing on the effects seen in the liver - an

important target tissue for both intravenously injected 1horotrast and plutonium - we are able to

make some useful conclusions.
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MATERIALS AND METHODS

The colloidal 232 ThO2 used in this study was prepared at the Institute (ITR1) according to

procedures supplied by Dr. W. Riedel, Free University of Berlin, Federal Republic of Germany.

Detailed description of its preparation and characterization has been previously published

(1983-84 Annual Report, LMF-113, pp. 258-262). Characterization of the ITRI lhorotrast was done

by wavelength-dispersive X-ray fluorescence for concentration measurements, X-ray diffraction for

chemical form determinations, alpha spectroscopy for 22BTh/2321h ratio assays, and transmission

electron microscopy for particle size measurements.

Chinese hamsters of both sexes, 90 to 120 days of age and derived from the ITRI colony were

used in this study. The animals were maintained individually in solid-bottom cages on ground

corncob bedding, in rooms held at 14-22'C, and with a 12 h light/12 h dark schedule. They were

given food (Wayne Mouse Breeder Blok) and water ad libitum. The experiment was constructed as a

randomized block design to facilitate the entry of blocks of animals into the study as they became

available from te ITRI colony. Litter mates were considered to be a partial block and were not

assigned to the same dosage group.

The intravenous injection of Thorotrast suspension was done using the technique of Brooks et

91.4 The dextrin- and citrate-injected controls, and the Pu-injected animals were injected in the

same manner. The number of animals in each experimental group is summarized in Table I There

were three levels of horotrast 74, 1 .5 and 030 Bq/g body weight), one dosage level of 239pu

citrate 74 Bq/g), and citrate- and dextrin-injected control groups. The hamsters that received

7.4 Bq horotrast/g were given this dosage in two equal injections, one week apart. Dosage

fractionation was necessary because of the acute toxicity of the dosage administered as a single

injection. All other groups received single injections. Since two different vehicles, citrate

and dextrin, were used in this study, it was considered prudent to divide the control groups

approximately equally between the two substances. No differences in response between the two

control groups were noted. hus, for analysis, the two control groups were combined.

Table I

Summary of Lesions Observed in Chinese Hamster Livers

Animals With

Dose Group Animals Cervical Diaqnosis a

(Bq/q) on Study Fibrosarcoma HCC BDC HSA NHY NHY NA

Thorotrast 74) 54 29 6 0 0 20 6

lhorotrast (1.5) 100 7 9 0 1 77 19

Thorotrast 030) ]Do 3 3 0 1 66 5

Pu Citrate 74) 97 0 8 3 3 83 13

Citrate Control 58 0 1 1 0 32 2

Dextrin Control 51 0 0 0 0 28 1

aLegend for diagnoses of liver lesions:
HCC; Hepatocellular carcinoma.
BDC: Bile duct carcinoma.
HSA: Hemangiosarcoma.
NHY: Nodular hyperplasia.
NHY NA: Nodular hyperplasia with nuclear atypia of grade 3 or 4.
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Following injection, the animals were maintained for their I i f espan . Each animal was

observed twice daily to determine its health status. When animals were found to be moribund, they

were euthanized by exsanguination under deep pentobarbital anesthesia. Complete gross necropsies

were performed on all animals. Tissue samples from major organ systems and all lesions were fixed

in 10% neutral buffered formalin. Sections of liver, lung, spleen, kidney, adrenal, decalcified

femur and all lesions were embedded in paraffin, sectioned at 5 thickness and stained with

hematoxylin and eosin for histopathological evaluation.

Sii mle Ra�doassay

Tissue samples (liver, spleen, kidney, abdominal lymph nodes, lung, femurs and carcass) were

assayed for both 232Th and Th daughter content by a combination of alpha spectroscopy and

sequential gamma spectroscopic measurements.5

Exposure Response Analysis

lhe Cox proportional hazards model was used to relate the age-specific incidence rates for a

particular lesion observed in exposed groups to the incidence of that lesion in control animals.

This model assumes that the two incidence rates are a constant multiple of each other at all times

after exposure; the method adjusts for competing risks. The time of natural death or euthanasia

of the animal was used as the time of occurrence for the lesion based on the assumption that te

lesions occurred near the time of death. Individual coefficients for each lesion or group of

lesions for each exposed group were fit simultaneously using the model

Xi(t = t) e0i,

where t is time after injection in days, k(t) is the age-specific incidence rate for a particular

lesion in the dextrin and citrate controls, ki(t) is the age-specific incidence rate in the group

exposed to toxicant i , and Pi is the natural log of the relative risk coefficient for te group

exposed to toxicant i6

RESULTS

The focus of this report is the occurrence of proliferative and neoplastic lesions within the

livers of exposed and control animals. Nonneoplastic lesions in the liver, with te exception of

hepatocellular nodular hyperplasia, are not included here. Lesions in other organs are also not

included in the present discussion. A summary of the proliferative and neoplastic liver lesions

is shown in able 

Grading the degree of nuclear atypia present in hyperplastic nodules revealed a clear

exposure-response relationship, as shown in Table 1. Nodular hyperplasia in the livers of control

animals typically had nuclear atypia grades of two or less, in contrast to the higher nuclear

atypia grade seen in the exposed animals (Figure 1A, B, Q. Nodular hyperplasia having nuclear

atypia of grade 3 had many criteria of malignancy; however, because of the high incidence of

nodular hyperplasia within these animals, the judgment was made to be conservative in the

designation of hepatocellular carcinoma. Proliferative hepatocellular foci were designated

hepatocellular carcinoma if evidence of local invasion, metastasis or a nuclear atypia grade 4 was

present. Because of the subjectivity inherent in this decision, an analysis for the incidence of

nodular hyperplasia with nuclear atypia of grade 3 or 4 was also done. As shown in the following

section, these results were similar to those for the analysis of malignant liver tumors.

Also included in Table is the incidence of cervical fibrosarcomas that occurred adjacent to

the injection sites in the Thorotrast groups. Frequency of occurrence was directly related to the

injected dose level. Because of their location, the neoplasms resulted in the death of the

animals from times as early as 177 days after injection to 1288 days after injection.
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Figure I A. Photomicrograph of a liver from a dextrin-injected control animal. Nodular
hyperplasia with a nuclear atypia grade of I is present. 45OX
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Figure 18. Photomi c rograph of a hype rpl a s t i c I i ve r nodu I f rom an anima 1 rece i vi ng 1 .5 Bq
Thorotrast/g. This nodule had a nuclear atypia grade of 3 Note the extensive megalocytosis
present. Megalocytosis was common in many hyperplastic hepatocellular nodules and did not
correspond to the degree of nuclear atypia present. 45OX
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Figure 1C. Photomicrograph of a proliferative hepatocellular lesion from an animal receiving 1.5
Bq Thorotrast/g. Nuclear atypia was graded as 4 in this lesion, and therefore the lesion was
classified as a hepatocellular carcinoma. 45OX

Exposure Response Analyses of Incid�nce of Lesions

Kaplan-Meier estimates of the incidence of lesions, corrected for competing risks, were made

for the following diagnoses: hepatocellular carcinoma, hepatocellular carcinoma or bile duct

carcinoma or hemangiosarcoma, nodular hyperplasia, and nodular hyperplasia concurrent with nuclear

atypia of grade 3 or 4 The results of the analyses were similar for all groups of liver lesion

shown in able 1, and indicated that the response of the Thorotrast groups injected with either

1.5 or 74 Bq/g, and the Pu group given 74 Bq/g were different from the control groups. The

citrate and dextrin control groups were not different from each other, nor were they different

from the Thorotrast group given 030 Bq/g. In addition, the survival of the 74 Bq Thorotrast/g

group was also different from that of the 1.5 Bq Thorotrast/g and the 74 Bq Pu/g groups. The

latter two groups were not different from each other.

The results obtained from proportional hazards analysis of the same effects groupings were

consistent with the Kaplan-Meier analyses. The relative risk coefficients and their associated

standard errors, obtained by using the simple relative risk model previously described, are

summarized in Table 2. For hepatocellular carcinoma, the relative risk for the 030 Bq

Thorotrast/g group was not different from that of the controls. The coefficients for the 1.5 Bq

Thorotrast/g and the 74 Bq Pu/g groups were similar, and were between 7 and 20 times the control

group incidence rate. The coefficient for the 74 Bq Thorotrast/g group was the highest, - 53.

For the other groupings of diagnoses, the results were similar. With respect to hepatocellular

carcinoma or bile duct carcinoma or hemangiosarcoma, the 1.5 Bq Thorotrast/g and the 74 Bq Pu/g

groups were similar, with approximately seven times the control group incidence rate; the 74 Bq

Thorotrast/g group incidence rate was 90 times that of the control group. The coefficient for the

0.30 Bq Thorotrast/g group, although more than that of the control groups, was not statistically

significantly different. For nodular hyperplasia, only the 74 Bq lhorotrast/g group had a
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Table 2

Relative Risk Coefficients for Various Lesions From

Proportional Hazards Model Analysis Relative to the Combined

Risk for the Citrate and Dextrin Control Groups

Dose Group Grouping for Analysis a

(Bq/q) HCC HCC+BDC+HSA NHY NHY+NA

lhorotrast (7.4) 5.33 ± 1.12 4.46 : 083 2.46 + 0.29 4.67 7 076

lhorotrast (1.5) 2.60 i 0.56 2.00 - 078 0.72 i 0.18 2.29 + 0.62

Thorotrast (0.30) 1.06 ± 1.16 0.39 ± 0.91 0.02 ± 0.19 0.21 ± 0.76

Pu Citrate (7.4) 2.75 t 1.07 2.49 i 077 0.96 ± 0.18 2.09 : 065

aDiagnosis groupings:
HCC: Hepatocellular carcinoma.
HCC+BDC+HSA: Hepatocellular carcinoma or bile duct carcinoma
or hemangiosarcoma.
NHY: Nodular hyperplasia.
NHY+NA: Nodular hyperplasia with nuclear atypic grade 3 or 4.

significantly greater risk coefficient. The results for nodular hyperplasia concurrent with

nuclear atypia of grade 3 or 4 were the same as those for the summed malignant tumors.

DISCUSSION

The results of the dose-response analyses for the age-specific occurrence of hyperplastic and

neoplastic lesions in the livers of the Chinese hamsters injected with either Thorotrast or 239pu

has shown this animal to be a reasonable model for alpha-radiation-induced liver carcinogenesis,

notwithstanding the difficulties in differentiating between "naturally occurring" hyperplastic

lesions and those that were most likely radiation-induced. The relationship of nodular

hyperplasia to hepatocellular carcinoma in the Chinese hamster is not clear. In other species

such as the rat, hyperplastic foci have been shown to be preneoplastic precursors of the

hepatocellular carcinomas.7,8 The higher incidence of both hepatocellular carcinomas and nodular

hyperplasia with higher grades of nuclear atypia in the exposed animals supports the presumption

of a relationship between these two lesions.

The decision was made to classify the proliferative hepatocellular lesions into different

categories of nodular hyperplasia and hepatocellular carcinoma, as described above, because of the

difficulty in determining criteria that definitively identified a lesion as being neoplastic.

Hence an "adenoma" classification was not used. Classifying the lesions in the manner described

assured the reproducibility of diagnoses of the hepatocellular lesions. The category "nodular

hyperplasia with nuclear atypia grade 3 corresponds to the adenoma classification as used by

Brooks et al-4 The risk coefficients for each dosage group were similar regardless of whether a

liberal or conservative approach was used to determine the grade of nodular hyperplasia that

should be classified as neoplastic.

It is premature to compare te tumorigenic potentials of horotrast and 239pu, primarily

because the proper assessment of alpha radiation dose for the Thorotrast-exposed animals has not

been completed. Thus, risk estimation based on cumulative dose was not done. Additionally, a

more general analysis that includes other types of observed lesions, i.e., nonneoplastic lesions

in the liver and other organ systems, as well as nonhepatic neoplastic lesions, must also be

done. However, with these caveats in mind, we can tentatively conclude that if our preliminary
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dose es ti mates for Tho rotrast are con f i rmed , Thorotrast may be more ef f icient in producing iver

tumors than plutonium, thus suggesting that the direct application of risk factors derived from

the data on humans injected with Thorotrast to those exposed to soluble forms of Pu or Am might be

very conservative.
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