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Thyroid Cancer Patients Treated with '3'I:
Radiation Dose to Relatives After Discharge from the Hospital
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Background: Thyroid cancer patients treated with radioiodine are potential source of radiation exposure for
other individuals. Thus, we evaluated the radiation dose received by family members of thyroid cancer patients
treated with "' after hospital discharge.

Materials and Methods: Seventy-six family members of 56 thyroid cancer patients were included in the study.
Thyroid cancer patients were given 3.7GBq of '*'I and remained in a radiation protection ward for 3 days.
Radiation protection recommendations were given to patients and relatives. Life conditions were recorded and
radiation doses were monitored using a personal dosimeter.

Results and Discussion: At discharge, the mean residual activity was 188 MBq. The mean radiation dose de-
livered to relatives during the 7 days after discharge was low (51.5 uSv) and was similar with either recombinant
human thyrotropin (thTSH) (59 uSv) or withdrawal (50 uSv) (p =0.37).

Conclusion: With our current practice, radiation doses to relatives are low and well below international

recommendations.

Introduction

THYROID CARCINOMA Is diagnosed each year in 35,000
people in the United States and in a similar number of
patients in Western Europe. Many of these patients are treated
postoperatively with radioiodine (**'I) and are potential
source of radiation exposure for other individuals.

For any individual, the magnitude of exposure is related
to the patient’s residual activity of radioiodine, the time
spent nearby the patient, and the distance during contacts.
Recommendations of the National Council on Radiation
Protection Measurements (NCRP) state that at the time of
discharge from the hospital the dose rate at 1m from the
patient should be <70 uSv/h, corresponding to a residual
activity of 1.2 GBq, and that radiation protection instructions
should be given when the dose rate exceeds 20 uSv/h (1).
The International Atomic Energy Agency (IAEA) and the
International Commission on Radiological Protection (ICRP)
state that for individuals directly responsible for care of
patients, a dose constraint of 5000 uSv (5 mSv) per episode is
reasonable, and that higher doses may be acceptable for
parents of very sick children (2,3). All these previous data are
reported in Table 1. The European Commission states that
the dose constraint during each treatment with "'T is
3000 uSv (3 mSv) for adult family members and 1000 uSv for

children (4). Reported radiation doses to relatives varied
among studies, because a wide range of 131 activities was
administered, patients were treated either as outpatients (5—
8) or remained for a few days in the hospital (9-13), radiation
protection recommendations were delivered only in some
studies, and various methods were used to measure the ra-
diation dose to relatives.

In some studies, the radiation dose to relatives was esti-
mated by combining the patient’s dose rate and a behavioral
model describing contacts between the patient and relatives
(5,9,10). In these studies, the highest dose received by relatives
ranged from 1000 to 51,800 uSv for an administered activity of
1 to 9.3 GBq. In other studies, the radiation dose to relatives
was directly measured using thermoluminescent dosimeters
(6-8,11-14], and ranged from 59 to 22,200 uSv for an admin-
istered activity ranging from 0.9 to 7.4 GBq.

Reports of high radiation doses to relatives and potential
exposure of the public due to ignorance or nonappliance of the
rules to minimize exposure raised concern in patients and
relatives, in the media, and among politicians (15).

To provide reliable information in relation with our current
clinical practice, we measured with an operational dosimeter
the radiation dose received by 76 relatives of 56 thyroid cancer
patients who remained in the hospital for 3 days after the
administration of 3700 MBq "*'1.
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TABLE 1. INTERNATIONAL RECOMMENDATIONS REGARDING PATIENT RELEASE
AFTER "*'I TREATMENT FOR THYROID CANCER
Residual activity Dose rate at 1m Radiation safety instructions
at hospital from the patient Dose constraint should be given when
discharge (MBgq) (uSv/h) (uSv) annual the dose rate exceeds (uSv/h)
Recommendations 1200 (30 mCi) 70 5,000 or more for parents 20
of the NCRP" of very sick children
3,000 for adult family
members
1,000 for children and public
International 800 (20 mCi) 40 5,000 or more for parents —
Atomic Energy of very sick children
Agency (IAEA)? 3,000 for adult family
members
1,000 for children and public
European 800 (20 mCi) 40 15,000 for adults aged —
Commission* over 60 years

3,000 for adult family
members aged <60 years
1,000 for children and public

In our study, residual activity at hospital discharge was 188 MBq, dose rate at 1 m from the patient was 5.8 uSv/h, and radiation safety
instructions were given to all patients, even when the dose rate was <20 uSv/h.

NCRP, National Council on Radiation Protection Measurements.

Materials and Methods

Fifty-six consecutive thyroid cancer patients treated with
1317 and 76 relatives gave their written informed consent and
participated in the study. This study was approved by the
Institution Review Board of the Institut de Cancérologie
Gustave Roussy and by the ethics committee of Bicétre Hos-
pital (Kremlin-Bicétre; No. 2008-A01229-46).

Radioiodine (3.7 GBq of *'I; Capsion® Cis Bio-IBA) was
administered at day 0 (d0) in 36 patients after thyroid hor-
mone withdrawal (THW) with a serum thyrotropin (TSH)
level above 30mU/L, and in 20 patients on the day after the
second recombinant human TSH (rhTSH) injection (0.9 mg

intramuscular, for 2 consecutive days, Thyrogen®; Genzyme)
during levothyroxine treatment. Patients were hospitalized in
dedicated rooms and released at day 3 (d3). Oral and written
recommendations derived from the report “Radiation pro-
tection 97” (4) were delivered to each patient and relatives, to
be observed during the hospital stay and after returning home
(Table 2). Patients received a hyperhydration by drinking at
least 1.5L per day.

During hospitalization, whole-body retention according to
time after administration was measured by external counting
using an automatic, dedicated system equipped with an
Nal(Tl) crystal, and the effective half-life of "*'T was deter-
mined (16).

TABLE 2. ORAL AND WRITTEN RADIATION SAFETY RECOMMENDATIONS

Limit the duration of contact and try to maintain a distance over 1m

Try to avoid close and long contacts (stay at >1m and for <1 hour).

Limit any contact with pregnant women (stay at >2m and for the shortest possible duration).

Avoid close contact with children (do not stay with children younger than 2 years during the week after discharge).
For 1 week, limit the use of public transportations, which should not exceed 2 hours. Longer trips should be undertaken

only if unavoidable; in this case ask your doctor.

Avoid conception within 6 months after treatment because of the increased risk of miscarriage for women, and possible

impairment of sperm for men.

Awvoid contamination by saliva, sweat, and urine

Limit close contact such as hugging and sexual intercourse.

Avoid kissing, sharing dishes, towels, etc.
Stop breastfeeding completely.

Avoid splashing of urine. You must sit to urinate (male or female). Always wipe with toilet paper, and then flush. Wash
your hands immediately, even if you only have urinated.

Work

Most people can work. If your job requires you to stay within a meter of the same persons for more than 2 hours a day, or if
you work in close contact with young children, you should be on sick leave. Your doctor will tell you how long this
restriction should apply.




131 RADIATION DOSE TO RELATIVES

Dose rates were measured at 1 and 2 m from the patient at
the level of the thyroid gland and of the pelvis using 2 cali-
brated rate meters, an Nal(Tl)-based detector (identiFINDER,
fieldSPEC-N; Target Systemelectronics GmbH) and a 500 cm®
ionization chamber (RAMDA 2000-IC10-A probe; Rotem
Industries). Values read on the rate meter were corrected
from background noise. A mean value of 12 measurements
and the associated standard deviation were obtained for
each patient at discharge from the hospital (d3) and 7 days
later (d10).

One to three persons living with the patient each received
an individual operational dosimeter (DMC 2000X, MGP In-
strument; range of measurement 1uSv—10 Sv). As natural
background of radioactivity combined to electronic noise of
the device leads to an integrated mean value of 1 uSv per 24
hours, raw readings were corrected. At home, each relative
had to wear the dosimeter at the level of the chest when the
P -treated patient was present. The dosimeter was posi-
tioned at the headboard during the night. The dose displayed
by the dosimeter was recorded each day at 8:00 pm.

Information on violations of the recommendations, home
description, and contacts with the patient was collected each
day on a questionnaire.

At d10, the patient brought back the dosimeter and the
questionnaire, and underwent another dose rate measure-
ment, using only the sensitive Nal detector.

All relatives were recruited over early 2009 and late 2010.

Statistical analysis

Quantitative data were expressed as mean and standard
deviation; qualitative data were expressed as number and
frequency. All tests were two sided, and significance was
assumed at p < 0.05. Quantitative variables were compared
with Student’s t-test or with Wilcoxon’s test when the groups
were too small or when data were not normally distributed.
Qualitative parameters were compared with the y*-test for
theoretical group sizes above 5, and with Fisher’s test in other
cases. Statistical analyses were performed with SAS software
version 8.02 (SAS Institute, Inc.).

Results
Thyroid cancer patients

For the 56 patients, the mean age was 48 years (range: 18-73
years), with 19 men and 37 women. At discharge, the mean
residual activity was 188 MBq (range: 36-529 MBq), which
represented 5% of the administered '*' activity. The residual
activity was >400 MBq in 8% of patients who had functioning
metastases (Fig. 1). At d3, the mean dose rate at 1 and 2m
from the thyroid gland was 5.8 and 2.1 uSv/h, respectively,
and at 1 and 2m from the pelvis was 5.3 and 1.9 uSv/h, re-
spectively. At d10, at 1 m from the thyroid gland and from the
pelvis, the mean dose rate was 0.6 and 0.5 uSv /h, respectively.

At discharge, the mean residual activity (113MBq) in
rhTSH patients was significantly lower than in THW patients
(253 MBq) (p =0.015), in accordance with the shorter effective
half-life of "' in rhTSH patients (0.43 and 0.64 day
[p =0.017]) (1). The mean dose rate was significantly lower for
rhTSH patients (p <0.0001) than for THW patients, being,
respectively, 3.3 uSv/h (range: 0.9-7.9 uSv/h) and 8.1 uSv/h
(range: 2.5-22.3 uSv/h) at 1m from the thyroid gland and
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FIG. 1. Percentage of patients according to the residual
activity at discharge (in MBq). The residual activity was
<200 MBq in 58% of patients and >400 MBq in 8% of patients
who had functioning metastases.

2.9 (range: 0.8-6.6 Sv/h) and 7.3 uSv /h (range: 2.3-20.0 uSv /
h) at 1 m from the pelvis.

Relatives

For the 76 relatives (Table 3), the mean age was 40.7 years
(range: 12-73 years), with 51 males and 25 females; 85%
completed the questionnaire but reported that the time spent
nearby the patient and behavioral changes were difficult to
record precisely, but all relatives claimed that they have fol-
lowed radiation safety guidelines and did not report any vi-
olation to these guidelines.

The mean time spent nearby the patient was 47 hours
(range: 3-138 hours), and was shorter than 20 hours during
the first 3 days in all cases.

The average housing area was 97 m? (range: 29-180 m?),
being similar for thTSH patients (mean: 101 m?% range: 43—
173) and for THW patients (mean: 95 m? range: 29-180).

The mean cumulated radiation dose delivered to relatives
during the 7 days after discharge was 51.5uSv (range: 3-
382 uSv), being <50 uSv in 77% of relatives and <25 uSv in
15% (Fig. 2). Of the total radiation dose, almost half was de-
livered on the day of discharge and about 15% on the second
day, with 70% of the total dose being delivered during the first
3 days.

The mean cumulative radiation dose received by relatives
was similar in thyroid cancer patients treated with rhTSH
(59 uSv; range: 11-260 uSv) or after THW (50 uSv range: 3—
382 uSv) (p=0.37), and this is related to a longer time spent
nearby rhTSH patients (mean: 57.2 hours; range: 9-136) than
THW patients (mean: 42.6 hours; range: 3-138) (p = 0.04).

Discussion

In this study, the mean radiation dose to relatives over 7
days was 51.5uSv, well below the European recommen-
dations (3000 uSv) (3), the NCRP (5000 uSv) (1), and the
annual ICRP recommendation for the public (1000 uSv) (3).
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TABLE 3. CHARACTERISTICS OF THE PATIENTS, HOUSING AREAS, AND MEAN CUMULATIVE DOSE TO RELATIVES
AND TIME SPENT WITH THE PATIENT DURING 7 DAYS

All relatives

Relatives of rhTSH patients

Relatives of withdrawal patients

Relatives Mean SD Mean SD Mean SD

Age (years) 40.7 19.2 41.2 20.9 40.9 18.3

Average housing area (m?) 97 34 101 33 95 38

Cumulative radiation dose 51.5 69.7 58.9 72.0 49.6 71.2
received during 7 days (uSv)

Time spent nearby the patient 47.2 345 57.2 32.7 42.6 35.1

for 7 days (h)

rhTSH, recombinant human thyrotropin.

Interestingly, even the highest measured radiation dose
(382 uSv) was lower than these recommendations.

These radiation doses are lower than those reported in
previous studies that used other methods for dose measure-
ment (5-7,9-13), but is in agreement with the average dose of
98 uSv over 7 days reported in the only study that used an
operational dosimeter (8).

These low radiation doses may have been related to our
routine practices. These were hyperhydration; a stay in a ra-
diation protection ward for 3 days after the administration of
3700 MBq "I to avoid any exposure when the dose rate was
high and to avoid spreading of radioactivity into the en-
vironment; and internal contamination of populations. Also,
radiation safety instructions were delivered to all patients and
relatives; this was not only done when the dose rate exceeded,
at 1 m from the patient, 20 uSv/h (1). It was stressed that these
instructions be strictly adhered to during the first days after
hospital discharge.

Inevitable biases should be kept in mind: patients and
relatives who accepted to enter the study may be more
concerned by radiation protection, and therefore could be
more careful than others, but no patient who was invited to
participate to the study refused to do so. Also, because rela-
tives were recording their habits, they may have been more
cautious to minimize the time spent near the patient and to
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FIG. 2. Radiation dose (in uSv) to relatives during the 7
days after discharge: 77% of relatives received a total radia-
tion dose <50 uSv, and the maximal dose was 382 uSv.

optimize the distance from the patient. Finally, the immediate
readability of operational dosimeters by relatives may have
led to changing their attitudes toward the patient.

Our study is based only on the measurement of the external
exposure to relatives and does not take into account the po-
tential internal contamination. However, the '3'I intake by
inhalation for persons in close contact to patients is very low
after dismissal of a patient who remained for 3 days in a
therapy ward after administration of 1Bl during which over
95% of the administered activity is eliminated (1,17), and
recommendations were given to avoid contamination
through direct contact (Table 2).

Recording the time spent in contact with the patient and
behavioral changes may have been assessed differently by
relatives. Indeed, a cinema session or a long travel by car or by
any public transportation should be avoided. Similarly, it was
recommended that contact with pregnant women and young
children be avoided. However, the compliance to these rec-
ommendations may be imperfect, and this is a further reason
to maintain patients in a radiation protection ward for few
days after treatment.

The use of rhTSH that leads to a shorter effective half-life
(16) and thus to a lower dose rate did not result in a lower
radiation exposure to relatives than that delivered by THW
patients. This is related to the longer time spent nearby the
patient (p = 0.04), which is probably related to less restrictive
recommendations, and this further emphasizes the relevance
of these recommendations.

Conclusion

The present results are reassuring and highlight the low
level of radiation received by relatives of patients treated with
3700MBq "I for a thyroid cancer when the patient is dis-
charged from the radiation ward 3 days after being treated
and when radiation protection recommendations are clearly
explained.
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