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The aim of this study was to compare radioactive iodine (I-131) biokinetics after re-
combinant human TSH stimulation (rhTSH) and thyroid hormone withdrawal (THW) 
in patients with differentiated thyroid cancer (DTC). External effective dose rates were 
measured using external detectors and imaged quantitatively at the time of discharge 
from the isolation wards. We retrospectively analyzed 32 patients who had been diag-
nosed with DTC, papillary or follicular, and underwent remnant ablation after either 
rhTSH stimulation (n=22) or THW (n=10). The uptake of I-131 by remnant thyroid tis-
sue was measured from 20.0 cm, 100.0 cm and 200.0 cm distances using a handheld 
external detector. The remnant thyroid tissue measured by the whole body images two 
to five days from administration was 10.7+26.0% (range 0.5 to 60.0%). The values meas-
ured at 20 cm were best correlated to the thyroid residual uptake measured by 
SPECT/CT. The half-lives of I-131washout (T1/2) in rhTSH group measured by ex-
ternal detector were shorter than those of THW group. T1/2 becomes longer when it 
was measured over longer distances. They were 10.9, 12.3 and 13.1 hours at distances 
of 20, 100, and 200 cm in rhTSH group, respectively. The TWH group showed 12.8, 14.9 
and 17.7 hours, respectively. We conclude that I-131 biokinetics can be measured by 
external detector after high dose I-131 therapy for DTC. It showed that washout of I-131 
was faster after rhTSH stimulation than THW, and slower in patients with distant 
metastasis than those without metastasis.

Key Words: Thyroid Neoplasms; Iodine Radioisotopes; Thyrotropin Alfa;
Thyroidectomy; Neoplasm, Residual

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial 
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, 
distribution, and reproduction in any medium, provided the original work is properly cited.

Article History:
Received October 12, 2018
Revised December 25, 2018
Accepted December 26, 2018

Corresponding Author:
Kalevi Kairemo
Molecular Radiotherapy & Nuclear 
Medicine, Docrates Cancer Center, 
Saukonpaadenranta 2, FI-00180, 
Helsinki, Finland
Tel: +358-10-773 2000
Fax: +358-10-773 2099
E-mail: kalevi.kairemo@docrates.com

Hee-Seung Bom
Department of Nuclear Medicine,
Chonnam National University Medical 
School, 160 Baekseo-ro, Dong-gu, 
Gwangju 61469, Korea
Tel: +82-61-379-7270
Fax: +82-61-379-7281
E-mail: henryhsbom@gmail.com 

INTRODUCTION

Ablation of remnant thyroid tissue by administration of 
radioactive iodine (I-131) after total thyroidectomy is a safe 
and effective treatment in patients with differentiated thy-
roid cancer (DTC), which provides a better prognosis and 
reliable follow-ups for DTC patients by measuring serum 
thyroglobulin (Tg).1-6 Successful ablation is usually de-
fined as no visible uptake in the thyroid bed in diagnostic 
scan or, if visible, a percentage uptake <0.1%, 6-8 months 
after radioiodine therapy, and/or a stimulated serum Tg 
concentration <1 ng/mL.7 Thyroid remnant may be defined 

as normal thyroid tissue or microscopic disease in the thy-
roid bed left by the surgeon after total or near-total 
thyroidectomy. 

Recombinant human TSH (rhTSH) is a convenient and 
safe tool to stimulate I-131 uptake by the remnant thyroid 
tissue.8,9 The preliminary results using rhTSH for remnant 
ablation (RA) were very encouraging. It was as effective as 
thyroid hormone withdrawal (THW) for RA, while the rem-
nant absorbed dose was higher, while the whole-body dose 
was lower. 

Biokinetics of I-131 can be reliably analyzed by measur-
ing radioactivities of blood by well counter as well as of 



21

Kalevi Kairemo, et al

TABLE 1. Characteristics of patients

rhTSH group THW group

N 22 10
Age (mean±SD, years) 54.0±14.4 43.5±16.7 p=0.107
Sex (male:female) 7:15 3:7
Stage I 4 1
Stage II 7 6
Stage III 5 1
Stage IV 6 2
Administered activity of 

I-131 (mean±SD, MBq)
3900±1630 4370±863 p=0.296

Pathology 
(Papillary:Follicular)

17:5 8:2

rhTSH: recombinant human thyroid stimulating hormone, THW:
thyroid hormone withdrawal, SD: standard deviation. FIG. 1. Experimental design of detector measurements.

whole body by serial quantitative gamma camera imaging. 
Radiation exposure to staff at the time of imaging and blood 
sampling is a major concern especially when they are done 
immediately after I-131 administration. Radioactivity of 
DTC patients after I-131 administration is routinely meas-
ured by hand-held external detector at the bedside until the 
patients are safely discharged from the isolation ward. The 
purpose of this study was to evaluate whether the I-131 bio-
kinetics can be analyzed by external detector measure-
ments of radioactivity in DTC patients. We compared the 
results of rhTSH and THW groups, based on the distances 
of measurement.

MATERIALS AND METHODS

We retrospectively analyzed 32 patients who had been 
diagnosed with DTC, papillary or follicular, and under-
went RA treatment after either rhTSH stimulation (n=22) 
or THW (n=10) from May 2013 to June 2015. The character-
istics of patients are summarized in Table 1. There were 
no differences between two groups including in hemody-
namic parameters. The patients followed-up for three 
years. This retrospective analysis was performed accord-
ing to the principles of the Declaration of Helsinki. The da-
tabase of this study was approved by the Finnish authority 
for the protection of privacy and personal data.

The rhTSH (Thyrogen®; Genzyme Corp., Boston, MA, 
USA) stimulation was performed 1 and 2 days before oral 
administration of I-131. THW was done for at least 4 weeks. 
Administered I-131 doses varied from 1054 to 6801 MBq. 
Nine patients had primarily metastatic disease at the time 
of ablation. Lower doses (1054 to 3684 MBq) were used for 
patients without metastases, and higher doses (5043 to 
6801 MBq) were used for patients with metastases.

We measured the effective dose rate outside the body 
with handheld external survey meters (Rados RDS-120, 
Rados, Turku, Finland) at a daily 20 cm distance from the 
jugulum, and 100 and 200 cm distances from the xiphoid 
process, which were measured by a laser distance meter 
(Bosch PLR 15, Robert Bosch, Stuttgart, Germany) until 

release from the isolation room (Fig. 1). The release criteria 
was 15 Sv/h from 1 meter based on the requirements of 
the Finnish Nuclear Safety Authority, STUK. The ex-
perimental design of the measurements is shown in Fig. 1. 
Although RDS-120 is not compliant with H*(10) dose 
equivalent measurement as per ICRU/ICRP recommen-
dations, our half-life determinations do not require H*(10) 
measurement. The background dose rate was about 0.1 
mSv/h, which is so low that it was not subtracted from the 
measurements. The 20 cm distance measurement was not 
corrected for high count rate losses, because the effect was 
estimated to be similar or less than the uncertainties of the 
distance during measurement for a quenched Geiger- 
Müller tube. The count rate effect was considered negligible 
at 100 cm or 200 cm. Single exponent fits in Excel (Microsoft 
Corp., Redmont, WA, USA) were used to obtain total radio-
nuclide half-lives. Whole body gamma camera imaging fol-
lowed by SPECT/CT of neck and thorax was acquired using 
Siemens Symbia gamma camera two to five days after the 
administration of I-131calculated quantitatively the re-
sidual disease using geometric mean. 

Patients were grouped according to TSH stimulation 
(rhTSH vs. THW) and distant metastasis (absent vs. pres-
ent). The statistical difference was analyzed using a paired 
t-test and multivariate analysis. The two-tailed test was 
used in all cases. A p value below 0.05 was considered stat-
istically significant.

RESULTS

The remnant thyroid tissue measured by the whole body 
images two to five days from administration was 10.7± 
26.0% (range 0.5 to 60.0%). The values measured at 20 cm 
were best correlated to the thyroid residual uptake meas-
ured by SPECT/CT. R square values were 0.63, 0.36, and 
0.24 at distances 20, 100 and 200 cm.

The half-lives of I-131washout (T1/2) in rhTSH group 
were shorter than those of THW group. T1/2 becomes lon-
ger when it was measured longer distances. They were 
10.9, 12.3 and 13.1 hours at distances of 20, 100, and 200 
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FIG. 2. Half-lives based on the distance of the measurement, THW (A) and rhTSH (B).

FIG. 5. Size of thyroid residue vs. dose rate from 20 cm and 100
cm distances (at the time of whole body gamma imaging).

FIG. 4. Half-lives vs. administered activity in THW and rhTSH 
groups.

FIG. 3. Half-lives based on the distance of the measurement in pa-
tients who were primarily metastatic.

cm in rhTSH group, respectively. TWH group showed 12.8, 
14.9 and 17.7 hours, respectively. The differences between 
20 cm, 100 cm and 200 cm measurements distances (20  
cm-2 m, 20 cm-1 m, 1 m-2 m) were all statistically sig-
nificant from each other within THW (Fig. 2A) group (p=0.01, 
0.007 and 0.01), and 20-100 cm and 20-200 cm in rhTSH 
group (p=0.02 and 0.0004), the data is shown in Fig. 2B. 

When patients had metastases, these between 20 cm, 100 cm 
and 200 cm were statistically significant (Fig. 3), p values 
are 0.01, 0.01 and 0.03 (20 cm-2 m, 20 cm-1 m, 1 m-2 m). 
The administered dose of I-131 was not related to the half- 
lives.

When patients did not have metastases, these between 
20 cm, 100 cm and 200 cm were not statistically significant 
(Fig. 3), p values are 0.05, 0.09 and 0.46 (20 cm-2 m, 20 cm- 
1 m, 1 m-2 m).

The kinetic parameters between the THW and rhTSH 
group did not differ from each other on average (Fig. 4). 
However, in the rhTSH group at activity levels 3-5.5 GBq 
there was one patient who had higher activity than others. 
Fig. 4 shows a trend that the half-life was shorter when 
treatment is combined with rhTSH.

The dose rate, if measured from 20.0 cm or 100.0 cm dis-
tance, does not correlate with thyroid residue activity (Fig. 5). 
T1/2 was longer in patients with distant metastasis than 
those without metastasis. T1/2 in metastasis group were 
13.9, 15.5 and 17.9 hours in 20, 100, and 200 cm, respect-
ively. They were 11.0, 13.1 and 14.5 hours, respectively in 
the non-metastasis group. A case with successful RA ther-
apy is shown in Fig. 6.
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FIG. 6. (A) Imaging with I-131-therapy 
dose. Patient with thyroid residue and
locoreginal neck metastases on the right
in the neck region at 46 hours after re-
ceiving 5177 MBq with rhTSH stimu-
lation. The effective half-lives were 17.8 h
(20 cm), 18.4 h (100 cm) and 23.4 (200 cm).
(B) Imaging with I-123-imaging dose. 
All the lesions in the thyroid bed and 
neck region disappeared 6 months later, 
as shown by imaging at 24 hours after 
iv-injection 200 MBq of I-123.

DISCUSSION

In this retrospective study of 32 patients at various clin-
ical stages we found that I-131 biokinetics could be meas-
ured by a handheld external detector after a high dose I-131 
therapy for DTC. The amount of the remnant thyroid tissue 
could be also assumed using the external detector. The val-
ues measured by external detector at 200 cm were best cor-
related to those measured by quantitative SPECT/CT, 
which ranged from 0.5 to 60% indicating a very heteroge-
neous patient population. The heterogeneity of the patient 
population is very understandable because the patients 
came from different institutions not only in Finland but 
from neighboring countries.

The feasibility of using a handheld external detector to 
analyze I-131 biokinetics has a practical meaning. It needs 
at least three values to analyze the biokinetics. Radioactiv-
ity from the residual thyroid tissue can be accurately meas-
ured by quantitative SPECT/CT imaging. Acquisition of 
whole-body imaging early after the high dose I-131 admin-
istration is practically impossible because of high radiation 
exposure to the hospital staff. Daily measurement of radio-
activity at 1 meter from the patient until the release from 
the isolation room is the current, routine clinical practice. 
This practice is mandatory to make sure that the radiation 
from the patient is lower than the release criteria, which 
is 15 Sv/h from 1 meter distance in Finland. 

One critical problem of biokinetic analysis by external 
detector is that the origin of the radioactivity cannot be 
clearly indicated. It is also not clear what distance is the 
best to analyze the I-131 biokinetics using an external 
detector. There were significant differences of T1/2 accord-
ing to distances of measurement. Radioactivity measured 
at 20 cm from the jugulum mainly reflects radiation from 
the residual thyroid tissue as well as cervical lymph nodes. 
Radioactivity measured at 1 and 2 meters from the xiphoid 
process contains radiation from the whole body. It is rea-

sonable that the values measured at shorter distances corre-
lated to better to the uptake measured by SPECT/CT as they 
reflect the cervical thyroid remnant activities. It is also reason-
able that I-131 washout is faster in rhTSH group as compared 
to the THW group as expected from the literature.10,11

It is noteworthy that there was no difference of T1/2 at 
20 cm in both rhTSH and THW groups. The half-life of 20 
cm uptake was lower than the 1 m uptake in both THW and 
rhTSH groups. The difference seems to be bigger in THW 
group. I-131 biokinetics in remnant thyroid tissue is not 
well understood.11-14 It has been postulated that I-131 dis-
charge from thyroid cancer cells could be faster than from 
normal thyroid cells.11,12 However, the 20 cm distance is not 
good enough to separate activity from salivary glands, thy-
roid remnants, nor neck metastases from each other. Fig. 
6 shows multiple radiation sources for external detectors 
from 20 cm distance, i.e. thyroid remnants, multiple neck 
metastases, and salivary glands. Additional disturbing 
factors, such as contaminations, may occur in the neck area 
and its effect has been described in the literature.15

North American studies16-18 showed that RA use was as-
sociated with a significantly decreased risk of locoregional 
recurrence and distant metastases which could be con-
firmed in later meta-analyses.19 This indicates that RA is 
an important daily practice and evidence-based medicine 
which can be applicable to special patient groups.20,21 
Although there are concerns of radiation safety and radia-
tion-induced secondary hematologic malignancies,22 many 
investigators emphasize the greater benefits as compared 
to the radiation risks.23,24

There are several limitations in this preliminary study. 
First of all, the patient group was heterogeneous because 
we collected data retrospectively from daily practice. Sec-
ondly, the sample size was small as the data come from one 
institute. That said, this practice is common in many nu-
clear medicine services in many countries in the world. 
This study can be meaningful if it can be applied to daily 



24

I-131 Biokinetics after rhTSH and THW

practice of RA therapy for DTC. 
From this study we conclude that I-131 biokinetics can 

be measured by external detector after high dose I-131 
therapy for DTC. It showed that washout of I-131 was faster 
after rhTSH stimulation than THW, and slower in patients 
with distant metastasis than those without metastasis. 
The gamma imaging has additional information to the ex-
ternal detector in terms of the location of residual thyroid 
tissue and metastasis. 
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