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BACKGROUND

Thorium dioxide preparations were first introduced
clinically some 38 vyears ago,1'2 and eventually
became rather widely used for a great variety of
roentgenographic procedures, the most popular of
which were hepatolienography and angiography. The
properties, uses, and fates of this macerial have
been discussed in detail by others.3-0 The
materials frequently used consisted of a colloidal
suspension containing 25% thorium dioxide, and
20% dextrin, with 0.15% methyl-p-hydrobenzoate as
a preservative, and this material was marketed as
Thorotrast and Umbrathor. Following intravenous
administration, these compounds were deposited in
the reticuloendothelial system, principally in the
liver and spleen, where their radioactive effects
were exerted mainly in the form of alpha rays, and
to a much lesser extent, beta and gamma components
(approximately 90%, 10% and 10% respectively).

Despite early warnings concerning possible damag-
ing effects, based on laboratory studies and
clinical use,” 11 and although these materials were
found to have potent radioactive properties,12 some
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early reports of clinical use, 13,14 and the facc that
at least small quantities of the radioactive materials
were excreted from the bodyl® were reassuring and
to some extent encouraged many to continue using
these compounds clinically.

In 1947, the first neoplasm artributable to the
clinical use of Thorotrast was reportedl6 and
since then additional cases have been sum-
marized.17,18 In some cases, there is some doubt
as to cause-effect relationship:1?  Though the
number of cases in which a cause-effect relationship
can be demonstrated is not great and not staristical-
ly significant, there is no reason to believe thar
the same carcinogenic effect does not occur in
humans as has been demonstrated in laboratory
animals, and there is general agreement at this
time that thorium dioxide media is to be regarded a
truly hazardous agent from these standpoints. The
long delay in the increase of radioactivity due to
the achievement of equilibrium of the parent
material and its daughters following injection,2?
and the fact that individuals who have received
these compounds intravenously usually do not live
through the latent-period required for the develop-
ment of tumors,?! probably are the reasons why
more cases of neoplasia attributable to these
compounds have not been found.

In addition to being responsible for the develop-
ment of neoplasms in organs and tissues where it
is selectively absorbed, thorium dioxide media
which has been extravasated at the time of injection
has caused deformities which have been truly
incapacitating?2-24  and  which have required
surgical procedures for alleviation. Granulomatous
lesions have resulted in some cases,25,206 neoplasms
in others,27 in regions of extravasation. Other
conditions, such as aplastic anemia®829 have been
actributed to thorium dioxide administration, as well.

In cases where it can be established that a thorium
dioxide-containing  agent has been injected,
certain criteria should be fulfilled in attempting to
prove that it could have caused neoplasia, namely:
the rthorium dioxide particles must be demonstrated
in the vicinity of the tumor; there must be a suf-
ficient latent period for a neoplasm to have develop-
ed since injection of the material; and there must
be a sufficiently high dose administered to the
tissue.!8 Certain factors complicate the determina-
tion of dose to the tissues: the time from the
preparation of the compound to its injection;? the
distribution of the compound in the tissues and
organs; the migration during life from one site in the
body to another; the uneven distribution of material
in tissues and organs and consequent self-absorption
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of energy; the excretion from the body;39-33 a4
the lapse of time from the removal of tissues from
the cadaver until their analysis34 are all factors
which are important in dose determinations. Al-
though certain assumptions must be made in
determining dose to the tissues, estimates neverthe-
less serve a useful purpose. Using autoradiography
and chemical analysis, doses of the same order
have been estimated,35 but a variety of methods
have been used.30-33

CASE REPORT

A 47-year-old Japanese male, received a bullet
wound to the right side of the neck during military
service in China 26 years previously. Two years
later he was admitted to Tokyo Central Red Cross
Hospital for treatment of the wound; was also noted
to have a low grade fever and splenomegaly, and
was treated for kala-azar. One year later in 1941,
an aneurysm of the right internal carotid artery was
diagnosed, presumably secondary to the trauma, and
thorium  dioxide-containing media in unknown
quantity was used for right carotid angiography.
By April 1942, three operative procedures to the
right cervical region were performed, during one of
which the right clavicle was removed, followed by
residual paralysis and loss of sensation in the
right arm. In spite of motor and sensory discurbance
of the right arm, the patient was fairly well until
June 1964, when he developed intermittent dull
aching low back pain which became increasingly
severe, and was suspected related to a malignant
abdominal tumor because of the increased density
of the liver and spleen on roentgenography. There
was a mass in the epigastrium and enlarged left
cervical lymph nodes. Upper gastrointestinal
series was essentially negative. Cervical node
biopsy in October 1964 revealed adenocarcinoma.
X-ray therapy was administered, with air doses of
2000 R to the abdomen and 4000 R to the left cervi-
cal region. Low back pain persisted and anorexia
and rapid weight loss followed. Several days prior
to admission to the ABCC inpatient ward, the
patient developed a hydrocele and bilateral hydro-
thorax which interfered with his maintaining
recumbent positions. Several times, 500-600 cc of
fluid each were removed from the pleural and
abdominal cavities. Emaciation and general
deterioration followed.

The patient was admitted to the ABCC ward on 5
November 1964. Physical examination revealed a
normally developed, but emaciated and chronically
ill, Japanese male with dyspnea and low back
pain. His skin was dry and generally dark, espe-
cially around the neck and mid-abdomen. Vital
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signs were normal. The right clavicle was absent,
a hard mass was palpable extending from right
cervical scars to the right supraclavicular fossa.
One hard 1.5 cm fixed lymph node was palpable in
the left side of the neck, and a tiny lymph node in
the left axilla and several small superficial lymph
nodes were near the umbilicus. At the 5th inter-
costal space anteriorly and at the level of the
7th thoracic vertebra, there was increased dullness
with diminished breath sounds bilaterally. A
nontender liver was palpable one finger breadth
below the right costal margin. A 5 cm mass
seemingly connected with the liver was palpable
in the right side of the epigastrium. The scrotum
was markedly distended with fluid bilaterally.
There was bilateral 3+ edema of the legs, the
right side more marked than the left. There was
hypesthesia and impairment of active and passive
movement of the right upper extremity.

Hospital Course  Chest and lumbosacral spine
roentgenograms revealed a bilateral pleural effusion
and left lower cervical mass, and retained contrast
material in the right cervical region, liver, spleen,
and in the perigastric, portal, and pelvic regions.
Prothrombin time was 81% of normal. Laboratory
studies were within normal limits except for alkaline
phosphatase 14.4, CCF (24 hours) 2+, and chloride
88 mEq/L. One hundred cc of extracted yellowish,
cloudy right pleural fluid removed on admission
day showed a toral protein of 3.3 g/dl, the white
blood cell count was 460/mm3 and red blood cell
count 1025/mm? but no definite malignant cells.

Widespread carcinomatosis was suspected, and
treatment was conservative. Removal of 800 cc
fluid from the left pleural space on 6 November
and 1140 cc from the right side on 7 November
relieved the dyspnea, and many malignant cells
were identified in the specimens. Intermittent
hematuria occurred from the 3rd to the 9th day of
admission, with some dysuria. Dysphagia and low
back pain became more intense. Pleural fluid
recurred rapidly despite frequent removal. Five-
fluorouracil and prednisone 50 mg/day were given
during hospitalization. Hematological studies after
S-fluorouracil showed an initial shift to the left,
then a rather rapid fall in the total WBC to 950/mm3
over 9 days, attributed to depletion of the bone
Marrow. The patient’s condition continued to
deteriorate, and he expired on the 13th post
admission day.

Autopsy at ABCC (_) showed coagulation

necrosis localized in the soft tissue of the right
supraclavicular region, with a thick fibrous capsule.
Large deposits of thorium dioxide media were
present in the liver, spleen, and right kidney.
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FIGURE 1 RADIOGRAPH, THORIUM-DIOXIDE IN LIVER AND SPLEEN
F1l fFhsd CREIZETS BIEFY) Y20 XBER

Carcinoma of the biliary duct system was identified,
with marked adhesions to the stomach and left lobe
of the liver. Moderate cirrthosis was present.
There was metastatic carcinoma in the left supra-
clavicular lymph nodes, mesenteric, greater omental
and paraaortic lymph nodes, and in the lymph nodes
about the inferior vena cava. There was also
metastatic carcinoma to the pleura bilaterally, the

lungs, spleen, right kidney, and to the diaphragm.

Radiography Fresh sections of the liver and spleen
1.5 em in thickness each were used for the roent-
genograms shown in Figure 1. These roentgenograms
were made using 58 kvp, 5 mas, and employing
ordinary processing techniques. There is a relative
increase in the amount of dense tissue in the
affected liver and spleen, representing fibrosis and
deposits of thorium dioxide media. Deposits of
opaque media appear nearly uniform in the spleen,
but not in the liver. This was confirmed by the
histological and autoradiographic studies.

Autoradiography Sections of the liver and spleen
5t in thickness were used for the autoradiograms,
employing Fuji autoradiographic plate for stripping
method (EM Type ET-2E, 15 microns). Alpha tracks
were visualized on the emulsion, and are shown in
Figure 2. A number of tumor cells is also seen on
the same emulsion.

Bt by o AFAEFELTCVS. EERIIE LSRG, Z
NIEE S LU ARECER S L Tws. hEEORE
ZHEWH D, EHEELEY o080, BEBY 288, Kk
) w3, KBRS Y v NEi B & T REIREEY
SR, MERE R AR AL WMIEDRE, NG, MR, A%
BEUMRBEIC EREE D 5.

XIBER FE 15O 2T BB Icow
TRLIIZART &) 2 XHBMEETL- 2. Zo®mP I,
WEESSkvp, WK S mas THEEORRIZL - TIHAE-
Foo AZ S AT IR & MR VR T AR AR O AR AP RV BI AN & 3R
B, ZORIE, BHEELEFE S TS EE MY Y LFH
DILFEERTEOTH S, TBEMEERA LW 12 IR
FPOTRIEELAY—HTHEY, FRIZBPVTIHZEST
Zw, ZOfRIE, HEBEFZEMNRERLIUA -7 V45
574 —MEILE - THEEs N,

F—-b5VHFT5T+— BLE7 4 VAR EHBA b
Jy ¥y FB4+—-b53 V475574 —-HBH7 104 (EME
ET-2E, 15¢ )% HwT, £ 5px O & MED D)
Fox—=t59V4557 4 —%1Th- . BEILANI,
a MBABRDHENAD, ThER2IZERT. 74V AIC
3, FLoMEBMRLRBD s NS,



FIGURE 2 AUTORADIOGRAPH OF LIVER SPECIMEN
H2 HREAOF—-r3VF7357

Chemical Analysis The method used was that
described by Ishibashi and Azuma,34 in which
ashed samples of the organs were acidified and
dissolved, and the thorium precipitated by centri-
fugation. The precipitate was analyzed by colori-
metric method. Results are shown in Table 1.

In the present study the wet liver specimen weighed
1050 g; the wet spleen specimen, 50 g. By chemical
analysis calculations showed a deposition of 25.2 mg
of thorium per gram of spleen, 5.6 mg of thorium per
gram of liver, and 40.8 mg of thorium per gram of
neck tissue. The total thorium in the spleen was
1.26 g while that in the liver was 5.88 g. The
total thorium in the neck tissue, including tumor,
was not determined because it was not confined to
the excised portion.

According to the following formula:

Ci = activity in curies

W = radioisotope weight in grams
6.02 x 1023
3.7x1010x 1.44

K = constant =
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TABLE 1 SCINTILLATION STUDIES AND CHEMICAL ANALYSIS
Fl Yy FlL—va vHEBICLANEDS L ULENRE

Scintillation Counter Study

Chemical Analysis

Sample wzf“ YU FL—Y s HEBIESHE fep s
nt (8) cpm* ThO; (mg)** ThO3 (mg)**  ThO2 (L Ci)

Spleen M 50 2220 20.2 25.2 2.8 % 10°3
Liver Fik& 1050 600 5.5 5.6 6.2 x 104
Neck Tumor %6k 4990 45.4 40.8
0.025 ml thorotrast (standard)

0.025ml @ bo b7 A b (BEEE) 693

*Background subtracted HEHEMREEZE LGV D

**Estimated dose per gram of tissue #ifi 1 g% /2~ 0 #EE it

A = mass number A =it

T = half-life in seconds

the amount of thorium in the spleen was calculated
to be 0.14 pCi, while that in the liver was 0.65 pCi.

Dose (rem) was obtained by the following formula:

T =k BN TR L 7 P E

2 OFE, M TI130.144Ci, B TIR0.654Ci Th

Ty

A (rem ) 1E, KORXizk - THL.

(disintegrations/sec /pCi) (effective energy) (Ci thorium/organ) (time in sec) (erg /MEV )

(KA %, uCi)
REM =

(BHZANF—) (RED LYo ARaC) (BEEEM) — oo

organ weight in grams

Making appropriate substitutions, the dose per gram
of organ tissue was calculated as follows:

77 LAHRAATRLAEEOES

WY LHEERALT, WEMBL g b0 0ffits K
DEEHFELE.

P 0.65 ; 1.6x10~6 ’
i 1 1% 1 7.1 =1.
L.nl/er (3.7 x 104) x XIOSO X ®x108% 100 1.06 x 104 rem
ik
0.14 1.6x 106
Spleen: (3.7 x 104) x 41 x ><7-1><108><T= 4.82 x 104 rem

e

Dose to the spleen was 48200 rem, while that to the
liver was 10600 rem.

Scintillation Counter Study Using a thorium standard
of 0.025 ml (Thorotrast, Heyden Chemical Corpora-
tion, New York; 12 cc vials, lot 172-1), and a well
scintillation counter (Atomic, Model 1016A), the
activity of splenic, hepatic and cervical tissues
were determined.

PUEE c x4 S AL, 48,200 rem T - A%, AFMELC &t
+ 484, 10,600rem TH - 7.

SVUFL=a VEEBICLIAE 0.025ml oY)
% LfEHEER L ( New York 7 Heyden Chemical Corpora-
tion # Thorotrast ; 12cc7 ¥ 7, EIHFE 172 — 1)
HEOYIVEY v FL— 3 g v i EEE ( Atomic B, 1016
ARD) BH VT, MEERE, FREESs & omitdso
MaTHE & JIE L 72,



As shown in Table 1, the thorium dioxide per gram
of tissue in the liver and spleen were found to be
5.5 mg and 20.2 mg respectively by scintillation
counter.  Since, in this counting procedure, it is
difficult to estimate the radioactivity of daughters
in organs which have been removed, the results of
scintillation counting are considered only a sup-
plemental reference.

Spectral Analysis In order to determine the kind of
nuclide present in various tissue specimens and
organs of the deceased patient, they were assessed
for the gamma ray energies of the radioactive
materials they contained using a scintillation
detector. The scintillation studies were not used to
quantitate the radioactive material. The tissues so
studied were: some from the cervical injection site;
portions of tumor in or adjacent to liver; a portion
of liver grossly free of tumor; spleen; lung; kidney;
urinary bladder; and spinal bone marrow.

A 512 channel pulse height analyzer (Toshiba
Model EDS-34204), and a well-type gamma ray
scintillation detector (Atomic Model 810) with a
2 inch Nal crystal, were used. The formalin-fixed
tissues in glass receptacles were inserted into the
measuring chamber of the scintillation detector.
Without alteration of geometrical conditions of the
detector or amplification rate of the circuit, the
counting time (live time) was adjusted according to
the intensity of the radioactivity in each specimen
(i.e., increased counting time with low intensity;
decreased, with high intensity).

Figure 3a shows that no definite spectrum was
found in the background count. Figure 3b shows the
gamma spectrum of Cs!37 and Figure 3¢ shows that
of 1131 The relation between pulse height and
gamma ray energy was then determined using the
0.663 MeV peak of Csl37 (Figure 3b), three 1131
peaks of 0.364 MeV, 0.284 MeV, and 0.080 MeV,
and the 0.163 MeV peak of Xel3l (Figure 3c).
Using the pattern of gamma rays of the standard
(Figure 3d), the pulse height zero point did not
correspond to the energy zero point, and it was
assumed thac the energy zero point was correct.

The gamma ray energy of the Thorotrast standard
was then analyzed, and its spectrum established as
a standard spectrum for the thorium and its daughter
nuclides. In Figure 3d, there are two distinct peaks
(I and II) and two relatively indistinct peaks (III
and IV). Peak I with a pulse height of 30 corres-
ponds to 0.084 MeV of Th228; peak II with a pulse
height of 80 corresponds ta 0.239 MeV of Pb212 or
0.241 MeV of Ra224. The relatively indistinct peak
III at a pulse height of 110 corresponds to 0.338
MeV of Ac228; peak IV with a pulse height of 185
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TAZERHRBETHEIOT, YrFL—3 3 yEHESBIC
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corresponds to 0.582 MeV of TI1208 and/or 0.590
MeV of Ac228, After the gamma spectrum of each
sample was determined, it was compared with the
spectrum of the Thorotrast standard. Figures 3e-31

show the gamma spectra for these organs and
tissues.
The spectrum pattern for tissue near the thorium

dioxide injection site is shown in Figure 3e; that of
the liver in Figure 3f; liver tumor in Figure 3g; and
that of the spleen in Figure 3h. Their peaks
coincide exactly with those of the standard shown
in Figure 3d. Though their energy peaks coincide
when the intensity (count) of peak I is compared with
that of peak II, the intensity of peak II is less than
that of the standard spectrum in Figure 3d. The
gamma ray of Pb212 is responsible for peak II. It
was not established whether the deposit of the
daughter nuclide of Th232, Pb212 was appreciable
in these specimens. Since these determinations
were made 5 days following the removal of the
specimens from the body, accumulation of daughcer
elements may have been insufficient to establish a
ratio as existing in the old Thorotrast standard.

Figure 3i shows peaks of 0.084 MeV and 0.24 MeV
in spinal bone marrow. Since some of the daughters
of thorium are some
trabecular structures were probably included in the
tissue analyzed, the results obrained may not
be due entirely to retained material

‘bone-seekers,’ and since

in marrow
only.
specimens of urinary bladder, kidneys or lungs, as
shown in Figures 3j-31, ‘Therefore, either thorium
and its daughter nuclides were not present in these
organ specimens or, if they were,
were too small to be detected.

No thorium spectrum was detected in the

their amounts

DISCUSSION

Calculation of dose to organs and tissues in which
thorium dioxide has been deposited cannot be made
accurately in this case, because of time lapse after
distribution  and
migration in tissues following injection, the lack of

manufacture,  its subsequent
homogeneity of deposits and resulting self-absorption
of energy, partial excretion of material from the
body, and the time lapse from removal of specimens
until their analysis,

It is useful to identify retained material whenever
possible, and to make estimates of dose to tissues
in which it is deposited, not only for academic
but in attributing neoplasia to thorium
dioxide-containing media. In this case, the time of
injection of the contrast media, as well as the
purpose for its administration was rather well

reasons,
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Thorium dioxide was identified
radiographically, autoradiographically, chemically
and spectrometrically. Not only @ tracks but also
thorium dioxide granules were identified autoradio-
graphically in the proximity of malignant cells.
Dose to the liver and spleen were estimated to be
10600 rem and 48200 rem respectively, and there

documented.

was good correlation of quantitative estimates by
chemical analysis and scintillation counting.

In view of the above, all criteria as advanced by
Dahlgren — namely, a sufficient dose, a sufficient
latent-period, and demonstration of the material
in proximity to malignant cells have been fulfilled.

Certain points of interest in this case from a
pathological standpoint  have  been reported
elsewhere.37

SUMMARY

A case is presented of a 47-year-old Japanese male
who received thorium dioxide media for angiography
23 years prior to death from cholangiocarcinoma.
Analysis of various autopsy specimens radio-
graphically, autoradiographically, spectrometrical-
ly, chemically, and by scintillation counter confirmed
the presence of the media in liver, spleen and
cervical tissue. Dose to the liver and spleen was
estimated as 10600 rem and 48200 rem respectively.

gehTtwad., XMEHIZLIHHE, A— L5475
74—, EEMARESIVARY PAGHFIIE ST, T
B Y LAEEMTEL, A -3 VF 5574 -7
&, BEAROMAE I, e R T, Z/#E LY
TARFEEERLAZ, T & MBIz E 12852
M Z 410600 rem &5 & 1F 48200 rem & HEFE x 41, fih )5,
EFENMEE LY v FL—Y s vHEBCL3NET
E, BAHEEME 12 L VHBEAFEDL S 7.

Ll ko gi#» 5 & T, Dahlgren AR08 U A s, +
Zhs, Le ) RALKER, CodAiBREb LU
B O E 12 51 5 LEME O & v o5 &,
TART AL E N,

AR THRMBENRMES CHIEOH 3R I220 T
, BICREAF T2 bhTwa. YT

E I

23FHIIC ML Y 7 AR & B MR A T
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