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To determine the cytogenetic and genotoxic risk associated with
therapeutic exposure to 131I(3.7GBq) in 50 patientswith differenti

ated thyroid carcinoma, we estimated the dosimetrie index that
reflects the dose to the circulating lymphocytes on Day 4 and
at several time intervals after exposure over a period of 2 yr.
Methods: Chromosomalaberrationswere scored in peripheral
lymphocytesobtained beforeand then 4 days, 3 mo, 6 mo, 1 yr and
2 yr after the first administration of 3.7 GBq 131Iaccording to two

methods: conventional cytogenetics and chromosome 4 painting.
Results:The dosimetrieindexwas 0.52 Gy on Day4, 0.49 Gy at 3
mo, 0.45 Gy at 6 mo, 0.44 Gy at 1 yr and 0.42 Gy at 2 yr by
conventionalcytogenetics and 0.47 Gy on Day4, 0.45 Gy at 3 mo,
0.44Gy at 6 mo, 0.43Gy at 1 yr and 0.42Gy at 2 yr by chromosome
4 painting.We found a decrease in the frequency of chromosomal
aberrationsbetween Day 4 and 3 mo after exposure. This may
be due to the decrease of lymphocyte counts shortly after 131I
administration,which will recoverlateron. Incontrast, the numberof
anomaliesremainedconstant starting 3 mo after 131Iadministration.
Conclusion:Thesetechniquespermitretrospectivebiologicaldo-
simetry for up to 2 yr after therapeutic exposure to 131I.
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Ahe scoring of chromosomal aberrations in human lympho
cytes is a well-established method for personal dosimetry in
radiological protection (7). The dicentric chromosome is con
sidered the aberration of choice because its production is nearly
specific for ionizing radiation, and its natural occurrence is low.
However, its unsuitability for measuring a dose received some
years prior to the blood sampling is a major drawback. This
drawback may now be overcome by scoring stable transloca
tions by fluorescence in situ hybridization (FISH) with whole
chromosome probe libraries (2,3). The persistence of these
radiation-induced translocations may be used for retrospective
biological dosimetry (4,5).

Chromosomal changes have been described following treat
ment with ionizing radiation (6-9), but up to now, only few
quantitative studies have been performed in thyroid cancer
patients (7-9).

In our recent study (70), biological dosimetry based on
scoring of chromosomal aberrations in peripheral lymphocytes
has been applied to 30 thyroid cancer patients treated with I.
On Day 4 after the first administration of 3.7 GBq I3ll, the

mean dosimetrie index that reflects the mean dose to the
circulating lymphocytes was 0.54 Gy (95% CI; 0.45-0.62 Gy)
by conventional cytogenetics and 0.48 Gy (95% CI; 0.42-0.61
Gy) by chromosome 4 painting.

We have extended this study to a larger series of thyroid
cancer patients. Furthermore, we have followed these patients
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for up to 2 yr after the first treatment with 131I to ascertain

whether: (a) results of biological dosimetry performed 4 days or
several months after therapy with 131Iare similar and (b) biological

dosimetry based on counting stable and unstable anomalies leads
to similar dose estimates over this period of time.

METHODS

Patients
The study was performed in 50 patients (8 men, 42 women; age

25-78 yr; mean age 46 yr) treated for differentiated thyroid cancer.
All patients had undergone total thyroidectomy. None of these
patients had been treated with external radiotherapy or 131Itherapy
before study. A standard treatment dose of 3.7 GBq 131I was
administered 4-5 wk after total thyroidectomy for ablation of
thyroid remnants while the patient was hypothyroid. A total-body
scan was performed on Day 4 after the treatment. Patients then
underwent clinical follow-up and biological evaluation at 3 mo, 1
and 2 yr and total-body scanning performed with 37 to 185 MBq
131Iat 6 mo post-treatment.

A blood sample was obtained from each patient before treatment
and on Day 4. A blood sample was then drawn at 3 mo in 21
patients, at 6 mo in 23 patients, at 1 yr in 5 patients and at 2 yr in
18 patients after the first administration of 3.7 GBq I31I.

A total-body scan was performed 4 days after administration of
3.7 GBq 131Iusing a homemade digitized whole-body rectilinear

scanner. This scanner measures radioactive uptake in any focus as
well as whole-body retention of 131I.

This study was performed in accordance with local ethical rules,
and all patients gave informed consent.

Conventional cytogenetics methods were applied to score unsta
ble aberrations (dicentrics, rings and breaks) and chromosome 4
painting (FISH) to score stable aberrations (translocations, inser
tions and deletions). Two hundred metaphases per blood sample
were scored for each method.

Lymphocyte Culture and Chromosome Preparation
Five milliliters of medium were added to 0.5 ml of blood sample

and incubated. The medium consisted of 5 ml RPMI 1640
supplemented with 10% fetal calf serum, 0.1 ml phytohemagglu-
tinin M (Gibco, BRL, Grand Island, NY), 1% glutamin, 1 mM
sodium pyruvate, 1% BrdU and antibiotics (penicillin and strepto
mycin). Colcemid (0.1 ju.g/ml) was added 2 hr before harvesting,
and slides with chromosomes in metaphase were prepared follow
ing the standard methanol/acetic (3/1, v/v) procedure. The slides
were stored at â€”20Â°Cuntil use (3).

Conventional Cytogenetics
The slides were stained by Fluorescent Plus Giemsa coloration.

Only complete metaphases (46 centromeres) were scored for
dicentrics, rings and breaks under a light microscope (7).

Fluorescence In Situ Hybridization
Whole chromosome 4 painting was performed with a specifi

cally labeled FITC probe (Spectrum green, GIBCO) (5,6). The
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Deer lym = decrease of lymphocytes after iodine administration (%); 131Iret = 131Iwhole-body retention measured 4 days after 131Iadministration.

slides were analyzed under a fluorescence microscope by visual
scoring of translocations, insertions, deletions and breaks.

Statistical Analysis
The dosimetrie index was obtained by plotting the number of

chromosomal aberrations in peripheral lymphocytes on the dose-
effect curve established by ml in vitro exposure (dose rate ranged

from 0.3 10 3 to 14.7 10 3 cGy/min) of normal lymphocytes (70).

We compared this curve to that obtained by external irradiation
with 60Co (dose rate 0.1 Gy/min). No significant differences were

detected in the frequency of aberrations induced by in vitro
irradiation, with either 60Co or 131I.In fact, previous studies have

shown that the dose response curve is not significantly modified by
the type of energy nor by the dose rate of ionizing radiation
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TABLE 2
Mean Dosimetrie Index at Several Time Intervals after

Administration of 3.7 GBq lodine-131

Conventional cytogenetics Chromosome 4 painting

Time Dose (Gy) 95% CI (Gy) Dose (Gy) 95% CI (Gy)

4days3
mo6
mo1yr2yr0.520.490.450.440.420.47-0.550.43-0.580.41-0.500.32-0.600.34-0.490.470.450.440.430.420.42-0.510.33-0.500.34-0.560.32-0.610.30-0.49

(12,13). The reproducibility of this assay was assessed by measur
ing the dosimetrie index in lymphocytes of five healthy donors
irradiated with 60Co (dose rate 0.1 Gy/min) at known doses: the

coefficient of variation was 14.8% for 0.2 Gy, 12.2% for 0.5 Gy
and 4.3% for 1 Gy. Therefore, the reproducibility of the assay
system appears to be acceptable even for low doses.

RESULTS
Table 1 shows the frequency of unstable anomalies detected

by conventional cytogenetics and stable anomalies detected by
chromosome 4 painting at different sampling times before, 4
days, 3 mo and up to 2 yr after treatment with 131I.

The mean dosimetrie index of the 50 patients on Day 4 after
administration of 3.7 GBq was equal to 0.52 Gy (95% confi
dence interval (CI): 0.48-0.60 Gy) by conventional cytogenet
ics and 0.47 Gy (95% CI: 0.42-0.51 Gy) by chromosome 4
painting (Table 2). This is in accordance with our previous data
(70).

Iodine-131 retention on Day 4, as measured by a total-body
scan, ranged from 1% to 23% of the administered activity, and
13'l uptake in thyroid remnants and in mÃ©tastasesranged from

0% to 9% of the administered activity. A close relationship was
found between the dosimetrie index estimated by both conven
tional cytogenetics and chromosome 4 painting and total-body
retention of1311 on Day 4 after 131Iadministration. In contrast,

no relationship was found on Day 4 between the dosimetrie
index and I uptake in the thyroid remnants and distant
mÃ©tastases.

The follow-up of these patients showed the persistence of all
kinds of anomalies with both methods for up to 2 yr (Fig. 1).
Table 2 shows the mean dosimetrie index at several times after
the administration of 3.7 GBq 13IIby conventional cytogenetics

and chromosome 4 painting. A mean decrease in the frequency
of chromosomal aberrations was found between Day 4 and 3

0.5 :
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â€¢â€”Tranitocitlons+lnicrtlont
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FIGURE 1. Variation of unstable and stable anomalies with time.

mo after exposure. This may be related to a 1% to 24.1%
decrease in lymphocyte counts on Day 4 starting 3 mo after
exposure; the number of anomalies remained constant with both
methods for up to 2 yr. During this time, the number of
reciprocal translocations increased compared to terminal trans-
locations.

DISCUSSION
Physical dosimetry estimates of the absorbed dose by circu

lating lymphocytes are similar for the blood and bone marrow.
As a result, the dosimetrie index of the circulating lymphocytes
reflects the dose to the bone marrow (14).

The present study confirms our previous report on a larger
series of patients (10):

1. The dosimetrie index at Day 4 is 2-4 times higher than
that derived from mathematical models in euthyroid
subjects (14).

2. It is closely related to whole-body retention of I31I at

Day 4.
3. Results of both methods are in close agreement.

Furthermore, this study shows that chromosomal anomalies
induced by radiation persist over long periods of time (2 yr) and
that retrospective biological dosimetry can be established in
patients exposed to ionizing radiations.

According to the literature, a marked decrease in dicentric
chromosomes should occur with time (/5) because these
anomalies are lethal. However, translocations should persist
with time (5). Our results demonstrate the persistence of
dicentric chromosomes for up to 2 yr, which is in agreement
with the average life of lymphocytes which is 3 yr. Thus, both
methods are suitable for retrospective dosimetry during this
time frame. In fact, both methods provided similar results at
each time point. Furthermore, dose estimates did not vary with
time and their apparent decrease at 3 mo may be attributed to
the decrease in lymphocytes after the administration of 13II and

to lymphocytes from less irradiated regions that subsequently
enter the circulation (16). This decrease is proportional to the
mean absorbed body dose (17). To make up for the decrease in
lymphocyte counts after administration of 131I,either the stem

cells may accelerate their mitotic activity, or lymphocytes from
other organs such as the spleen, which are less exposed to
irradiation, may migrate into the bloodstream. This lowers the
frequency of chromosomal anomalies found in lymphocytes
(18).

Blood samples taken at 3 and 6 mo and 1 and 2 yr after
administration of 131Idemonstrated more reciprocal transloca

tions than those taken at 4 days. Stem cells produce new
lymphocytes to make up for the loss after 131Itreatment (Table

1). These new lymphocytes will carry the reciprocal transloca
tions induced by irradiation in the stem cells, and the terminal
translocations, which are less viable, will not be present in the
blood samples beyond 4 days. These methods appear more
suitable for retrospective dosimetry than scoring of micro-
nuclei, which are eliminated after 1 yr (19,20).

CONCLUSION
The present study needs to be extended to larger time

intervals after exposure to confirm the reliability of chromo
some painting for the detection of past exposures and to define
the limits of its resolving power. The spectrum of aberrations
detected with chromosome painting after long intervals from
radiation exposure favors the use of this analysis (21).
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Autopsy of a Cadaver Containing Strontium-89-
Chloride
Frank V. Schraml, Laurence F. Parr, Sawson Ghurani and Eugene D. Silverman
Nuclear Medicine Division and Anatomic Pathology, National Naval Medical Center, Bethesda, Maryland; and Radiology and
Nuclear Medicine Department, Uniformed Services University of the Health Sciences, Bethesda, Maryland

An autopsy was performed on a patient who died after receiving
89Sr-chloride for treatment of bone pain from metastatic prostate

carcinoma. Coordination between nuclear medicine physicians,
radiation safety division personnel and pathologists resulted in
minimal radiation exposure and the acquisition of dosimetry data.
Key Words: strontium-89-chloride; metastatic carcinoma; autopsy;
biodistribution studies

J NucÃMed 1997; 38:380-382

Ã¶trontium-89-chloride has proven efficacy in the treatment of
bone pain associated with metastatic prostate (1,2) and meta
static breast carcinoma (1-3). Patients who receive 89Sr therapy

have advanced metastatic disease, and many are markedly
debilitated. Although K9Sr-chloride is generally reserved for

patients who have a life expectancy of at least a few months,
occasional deaths may occur soon after treatment.
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CASE REPORT
An 83-yr-old man with Stage C prostate carcinoma and pain

associated with widespread bony mÃ©tastases[confirmed by bone
scan (Fig. 1)] was referred to the nuclear medicine division for
89Sr-chloride therapy. The patient had no other known significant

medical problems. He was treated with 162.1 MBq (4.38 mCi)
89Sr-chloride [T[l/2], 50.5 days, beta Emax 1.463 MeV(100%)],

intravenously, given over 2 min. Because of difficulty adequately
managing the patient's pain at home, prior arrangements had been
made for the patient's admission to the hospital after administration

of strontium. The patient was therefore admitted to the hospital, in
stable condition, after his discharge from the nuclear medicine
clinic. He died approximately 4 days later.

The body was not moved until the radiation safety staff arrived
and performed appropriate safety surveys with a thin window
"pancake" Geiger-Mueller detector to determine levels of contam

ination. The body was then tagged, wrapped in bed linens,
transported to the morgue using universal precautions and autop-
sied.

Two pathologists and a technologist conducted the autopsy 1 day
after the patient's death (i.e., 5 days after 89Sr treatment). Before

proceeding, each member of the pathology staff donned two pairs
of standard latex surgical gloves, a standard polyester surgical
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