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Objective: The current study aimed to determine the efficacy of radioiodine-131 (131I) ablation therapy with thyroid hormone replace-
ment one day before 131I administration in patients with well-differentiated thyroid cancer (DTC).
Methods: This retrospective study included 29 patients who underwent 131I therapies twice for DTC during 6-12 months.  Since all the 
patients obviously had residual lesions by their serum thyroglobulin levels or their scintigrams at the first therapies, they underwent 
the second 131I therapies without diagnostic scintigraphy after the first therapies. After confirming the sufficient elevation of TSH con-
centration, thyroid hormone replacement was resumed one day before 131I administration (3.7-7.4GBq). The ablation rate of thyroid 
remnant at the first 131I therapy was evaluated by comparing 131I post-therapeutic images of the two treatments.
Results: Three patients were administrated thyroid hormone after 131I therapy because of insufficient TSH concentration under thy-
roid hormone withdrawal. In the remaining 26 patients, 41 thyroid remnant accumulations were detected in all 26 patients at the first 
131I therapy. Based on the second 131I post-therapeutic images, successful ablation was confirmed in 24 of 26 patients (92.3%) and 38 of 41 
sites (92.7%), which was comparable with historically reported ablation rates. 
Conclusion: Thyroid hormone replacement one day before 131I therapy could provide a sufficiently high ablation rate in patients with 
DTC.

Introduction
Radioiodine-131 (131I) therapy has been commonly used 

for well-differentiated thyroid cancer (DTC). This proce-
dure is clinically beneficial in reducing recurrence and 
increasing the sensitivity of serum thyroglobulin, which 
reflects tumor activity of DTC (1-3).

To achieve sufficient 131I uptake in residual thyroid tis-
sues and tumors, 131I therapy for DTC requires thyroid-

stimulating hormone (TSH) elevation. Thyroid hormone 
replacement must be withheld for a certain amount of 
time in order to permit an adequate rise in TSH, ideally 
higher than 30mIU/L on the day of 131I administration. 
The duration of thyroid hormone withdrawal requires at 
least 2 weeks for triiodothyronine (T3) and 4 to 6 weeks 
for thyroxine (T4) (4-5). Meanwhile, thyroid hormone re-
placement is conventionally resumed several days after 131I 
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administration. ATA guidelines and EANM guidelines rec-
ommended that thyroid hormone replacement should 
be resumed 2 or 3 days after 131I administration (1, 4). Un-
der thyroid hormone discontinuation, most patients suf-
fer from hypothyroid symptoms, such as fatigue, lethar-
gy, cold intolerance, weight gain and nonpitting edema 
and their quality of life (QOL) is impaired. Moreover, el-
evated TSH may stimulate the growth of residual lesions. 
To palliate hypothyroid symptoms and eliminate unnec-
essary TSH stimulation to residual lesions, shortening 
the term of thyroid hormone withdrawal is desirable. If 
thyroid hormone replacement started earlier than usual, 
patients could obtain better QOL during their prepara-
tion of 131I therapy.

After the initiation of thyroid hormone replacement, 
TSH concentration gradually dissolves. It was experi-
enced that TSH concentration was mostly higher than 
30mIU/L for one or two days after the initiation of thyroid 
hormone replacement. For this reason, patients whose 
TSH levels sufficiently elevated routinely resumed thy-
roid hormone one day before 131I administration in our 
institution. The current study determined the efficacy of 
131I ablation therapy with thyroid hormone replacement 
one day before 131I administration.

Methods

Patients
 Twenty nine consecutive patients who underwent 131I 

therapies twice during 6-12 months for DTC between June 
2008 and November 2010 were studied. Since all patients 
obviously had residual lesions by their serum thyroglob-
ulin levels or their scintigrams at the first therapies, they 
underwent the second 131I therapies without diagnostic 131I 
scintigraphy after the first therapies. The patients com-
prised 10 males and 19 females, and the age range was 24 
to 74 years (mean = 52.3 years). Twenty-eight were papil-
lary carcinoma (three had the predominant follicular 
patterns) and one was a follicular carcinoma. All patients 
underwent total or near total thyroidectomy by experi-
enced surgeons. No diagnostic 131I scintigraphy was per-
formed before the first 131I therapy. All patients gave their 
informed consent for their 131I therapies.

Preparation for 131I therapy (Figure 1)
All patients were prepared by switching from T4 to T3 

4 weeks before 131I therapy. T3 withdrawal and low iodine 
diet were started 2 weeks before 131I therapy. Serum TSHs 
were measured twice at 3-6 days before (TSH1) and at the 
day of 131I therapy (TSH2). After confirming the sufficient 
elevation of TSH1 concentration, T3 replacement was re-
sumed one day before 131I administration. To ensure TSH2 
of more than 30mIU/L, patients whose TSH1 concentra-

tions were less than 40mIU/L were administrated T3 after 
131I therapy.

Figure 1. Study protocols. TSH values measured at 3-6 days before and at 
the day of 131I administration are defined as TSH1 and TSH2, respectively. 
T3 medications are resumed one day before 131I therapy. TSH, thyroid-
stimulating hormone; T3, triiodothyronine; T4, thyroxine.
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131I therapy and post-therapeutic scintigraphy
Therapeutic doses of 131I were administrated. 131I doses 

were classified according to the patient’s condition: 
3.7GBq for patients with lymph node metastases or 
without metastases, 5.55GBq for patients with lung me-
tastases and 7.4GBq for patients with bone metastases. 
Post-therapeutic scintigrams were acquired 3 days af-
ter administrations, using a dual-head gamma camera 
equipped with high energy collimators and 3/8 inch NaI 
crystals, which was combined to a low-dose spiral CT in 
the same gantry (Symbia®, Siemens Medical Solutions). 
Whole body planar images were acquired 3 days after 131I 
therapy at scanning speed of 15 cm/min. Following pla-
nar imaging, SPECT images of the neck and chest were ob-
tained. Additional SPECT images were acquired to cover 
the areas suspected of abnormal tracer accumulations 
in whole body planar images. SPECT data were acquired 
from 60 projections (20 seconds per view) with 128 × 128 
matrix and reconstructed using a 3-dimensional ordered-
subset expectation-maximization algorithm. As soon as 
SPECT data acquisition was finished, patients underwent 
CT transmission scans for tomography. SPECT and CT data 
were analyzed and co-registered using an e-soft worksta-
tion (Siemens Medical Solutions).

Image interpretation
Two experienced nuclear medicine physicians, who 

were blinded to the findings of the other imaging modal-
ities, assessed thyroid remnant accumulation at the first 
and second post-therapeutic scintigraphy. An ablation 
rate of the first 131I therapy was determined by comparing 
the scintigraphic findings of the first therapy and those 
of the second therapy. When their interpretation was dis-
cordant, they obtained consensus after conference. 
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 The Student’s t-test was employed to compare the con-
tinuous variables. The Fisher exact test was used to com-
pare the ablation rates between two groups. A p value of 
less than 0.05 was considered as a significant difference.

Results
At the first 131I therapy, TSH1 values ranged from 16.56 to 

283.30mIU/L (mean = 98.98mIU/L) in the 29 patients. T3 
replacement was started in twenty-six patients with TSH1 
values more than 40mIU/L (TSH1 ≧ 40mIU/L) one day 
before 131I therapy. T3 was administered to the remaining 
three patients with TSH1 values less than 40mIU/L (TSH1 < 

40mIU/L) (16.56, 20.21, 35.16mIU/L) after 131I therapy.
At the second 131I therapy, 5 of 29 patients were adminis-

trated T3 after 131I therapy (3.7-5.55GBq, mean = 4.07GBq), 
because TSH1 concentrations were less than 40mIU/L 
(29.58, 31.38, 33.66, 34.36, 35.96mIU/L). T3 replacement was 
started in the remaining 24 patients one day before 131I 
therapy and 3.7-5.55GBq (mean = 4.32GBq) of 131I was ad-
ministered to them.

TSH changes between TSH1 and TSH2 were analyzed. In ad-
dition, the ablation rate was evaluated in 26 patients with T3 
replacement one day before the first 131I therapy compared 
to 3 patients with T3 replacement after the first 131I therapy.

Table 1. TSH1 and TSH2 values at the first and the second 131I therapies

First 131I therapy Second 131I therapy

Patient Number Age Gender TSH1 (mIU/L) TSH2 (mIU/L) TSH1 (mIU/L) TSH2 (mIU/L)

1 24 F 142.79 175.53 69.32 103.62

2 37 M 98.84 88.88 86.49 109.98

3 32 F 133.66 44.93 102.81 117.45

4 67 F 138.7 141.19 88.84 113.9

5 40 F 78.52 96.47 78.54 89.78

6 29 F 88.72 99.38 84.21 103.19

7 66 F 46.55 56.95 59.78 74.79

8 68 M 99.14 87.54 77.36 90.72

9 46 F 110.29 137.09 59.24 80.1

10 28 F 71.56 101.16 35.96 58.46

11 33 F 174.34 172.93 162.25 160.84

12 63 M 70.84 93.83 55.41 77.26

13 73 F 116.97 114.25 94.93 111.5

14 66 F 156.59 158.96 142 171.83

15 46 F 74.03 79.33 61.2 87.99

16 59 F 148.2 229.11 29.58 112.32

17 48 M 91.04 99.66 76.1 76.29

18 67 F 48.24 85.32 45.37 65.44

19 60 F 40.82 78.77 31.38 55.56

20 39 M 283.3 271.04 178.13 203.61

21 74 M 86.48 72.57 34.36 60.94

22 52 M 50.43 80.45 81.8 107.6

23 49 M 94.05 145.71 125.9 146.6

24 61 F 45.39 63.5 45.92 50.5

25 62 F 202.78 206.22 288.55 253.45

26 52 M 106.15 90.98 53.37 88.89

27 43 F 35.16 85.81 33.66 71.11

28 67 M 20.21 37.38 63.02 75.21

29 66 F 11.57 44.37 59.13 104.85
TSH values less than 40mIU/L are indicated by boldface. F, female; M, male; TSH, thyroid-stimulating hormone.
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TSH changes between TSH1 and TSH2
Table 1 shows TSH1 and TSH2 at the first and the second 

therapies in all patients. The mean time periods from T3 
discontinuation to TSH1 measurement in patients with 
TSH1 ≧ 40mIU/L (n=50) and in patients with TSH1 < 
40mIU/L (n=8) were 10.2 days (8 to 11 days) and 10.4 days 
(10 to 11 days) respectively. There was no significant differ-
ence between the two periods. 

Figure 2 shows the changes between TSH1 and TSH2 
in patients with TSH1 < 40mIU/L of the first (n = 3) and 
the second (n = 5) therapies. TSH2 was significantly 
higher than TSH1 (p < 0.05), because T3 replacement was 

started after measurement of TSH2 and 131I therapy. Fig-
ure 3 shows the changes between TSH1 and TSH2 in pa-
tients with TSH1 ≧ 40mIU/L of the first (n = 26) and the 
second (n = 24) therapies. TSH1 and TSH2 ranged from 
40.82 to 288.55mIU/L (mean = 100.76mIU/L) and 44.93 to 
271.04mIU/L (mean = 114.74mIU/L), respectively. There was 
no significant difference between TSH1 and TSH2 in the 50 
paired TSH measurements. However, in 40 of 50 measure-
ments, TSH values increased in spite of T3 replacement 
one day before measurement of TSH2 and 131I administra-
tion. In the remaining 10 patients, although TSH values 
decreased, no TSH level at the day of 131I therapy was less 
than 30mIU/L. 

Table 2. The administrated doses and the number of thyroid remnants detected at the first and the second 131I therapies in patients with T3 replacement 
one day before the first 131I therapy

First 131I therapy Second 131I therapy

Patient Number Age Gender Dose (GBq) The number of thyroid remnants Dose (GBq) The number of thyroid remnants

1 24 F 5.55 1 5.55 0

2 37 M 3.7 1 3.7 0

3 32 F 5.55 2 5.55 0

4 67 F 7.4 1 3.7 0

5 40 F 3.7 3 3.7 0

6 29 F 3.7 2 5.55 0

7 66 F 3.7 1 3.7 0

8 68 M 5.55 2 5.55 0

9 46 F 3.7 1 3.7 1

10 28 F 3.7 1 3.7 0

11 33 F 3.7 2 3.7 0

12 63 M 3.7 1 3.7 0

13 73 F 3.7 1 3.7 0

14 66 F 3.7 1 3.7 0

15 46 F 5.55 3 5.55 0

16 59 F 3.7 1 3.7 0

17 48 M 5.55 1 5.55 0

18 67 F 5.55 3 5.55 0

19 60 F 3.7 1 3.7 0

20 39 M 3.7 2 3.7 2

21 74 M 5.55 2 5.55 0

22 52 M 3.7 3 3.7 0

23 49 M 3.7 2 3.7 0

24 61 F 3.7 1 3.7 0

25 62 F 3.7 1 3.7 0

26 52 M 3.7 1 3.7 0

Total 41 3
F, female; M, male; TSH, thyroid-stimulating hormone.



24

Kayano D et al.

Asia Oceania J Nucl Med Biol. 2013;1(1)

Hormone replacement before 131I

Figure 2. The changes between TSH1 and TSH2 in patients with TSH1 < 
40mIU/L (n=8). TSH values measured at 3-4 days before and at the day of 
131I administration represent as TSH1 and TSH2, respectively. TSH, thyroid-
stimulating hormone.
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Figure 3. The changes between TSH1 and TSH2 in patients with TSH1 ≧ 
40mIU/L (n=50). TSH values measured at 3-6 days before and at the day 
of 131I administration represent as TSH1 and TSH2, respectively. There are 
no patients with TSH2 < 30mIU/L. TSH, thyroid-stimulating hormone; n.s, 
not significant.
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Table 3. The administrated doses and the number of thyroid remnants detected at the first and the second 131I therapies in patients with T3 replacement 
after the first 131I therapy

First 131I therapy Second 131I therapy

Patient Number Age Gender Dose (GBq) The number of thyroid remnants Dose (GBq) The number of thyroid remnants

27 43 F 3.7 3 3.7 0

28 67 M 5.55 3 5.55 0

29 66 F 3.7 1 3.7 1

Total 7 1
F, female; M, male; TSH, thyroid-stimulating hormone.

thyroid remnant accumulations were detected in all 26 
patients at the first 131I therapies and 3 thyroid remnant 
accumulations were detected in 2 patients at the second 
131I therapies. Successful ablation of the first 131I therapy 
was confirmed in 24 of 26 patients (92.3%) and 38 of 41 
sites (92.7%) as judged by the second 131I post-therapeutic 
images. Figure 4 and Figure 5 show the representative 
scans of successful and unsuccessful ablation cases. 

Table 3 shows the number of thyroid remnants in the 
two treatments in patients with T3 replacement after the 
first 131I therapy because of TSH1 at the first therapies < 
40mIU/L. Seven thyroid remnant accumulations were de-
tected in all 3 patients at the first therapies and one thy-
roid remnant accumulation was detected in one patient 
at the second therapy. Successful ablation of the first 131I 
therapy was confirmed in 2 of 3 patients (66.7%) and 6 of 
7 sites (85.7%).

Thyroid remnant accumulations in the post-therapeutic 
images of two treatments

Table 2 shows the number of thyroid remnants in the 
first and the second 131I therapies in patients with T3 re-
placement one day before the first 131I therapy. Forty-one 

Figure 4. A 48-year-old male with papillary carcinoma, patient number 
17 in table 1 and 2. A vertically long accumulation in the neck (wide arrow), 
a point-like accumulation in the left head (arrow head) and multiple ac-
cumulations in the lungs (narrow arrows) are seen with the whole body 
imaging obtained after the first therapy. With the SPECT/CT, the neck ac-
cumulation (wide arrows) is considered as a thyroid remnant and the left 
head accumulation (arrow heads) is suspected of a skin metastasis. The 
latter is surgically resected and proved to be a skin metastasis. The post-
therapeutic scintigraphy of the second therapy detects no accumulation 
in the neck and can verify successful ablation. Only two faint accumula-
tions considered as lung metastases are seen in the right lung (narrow 
arrows).

1st Therapy 2nd Therapy

Anterior Anterior
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Successful ablation rate was higher in patients with T3 
replacement one day before 131I therapy than in patients 
with T3 replacement after 131I therapy. However, there was 
no significant difference between the ablation rates.

Discussion
We demonstrated that T3 replacement one day before 131I 

therapy could achieve sufficient TSH concentration and a 
good successful ablation rate in patients with DTC. A suc-
cessful ablation rate in patients with T3 replacement one 
day before 131I therapy, more than 90%, was comparable 
with historically reported ablation rates (6-10).  The cur-
rent study results indicate that T3 replacement one day 
before 131I therapy could be a clinically useful method in 
patients with DTC.

Therapeutic use of 131I is widely accepted for DTC; how-
ever, some problems arise such as decrease in patient’s 
QOL and stimulation to residual lesions by elevated TSH 
during thyroid hormone withdrawal (11-12). Recombi-
nant human TSH (rhTSH) is available for thyroid remnant 
ablation and can resolve these problems (12-15). In the fu-
ture, rhTSH may become the main modality of choice for 
131I therapy. However, thyroid hormone withdrawal will 
be the mainstream method for a while because of insuffi-
cient evidence for rhTSH in DTC patients with metastases 
or recurrence. In addition, especially in developing coun-
tries, thyroid hormone withdrawal is an indispensable 
method because of the high price of rhTSH.

To shorten the period of the hypothyroid state and to 
raise TSH level, various studies have reported about thy-
roid hormone withdrawal, investigating, for example, its 
duration and timing, using at times T4 only, and at other 

times using T3 and T4 together (16-20). In one study (19), 
TSH values were repeatedly measured after total thyroid-
ectomy or after withdrawal of suppressive T4 therapy 
in preparation for 131I therapy. The time required for TSH 
levels to reach more than 30mIU/L was 8-26 days after 
thyroidectomy and 9-29 days after T4 withdrawal. An-
other study (18) investigated the TSH concentration with 
a conventional, widely used regimen of substitution of 
T3 for T4, 6 weeks prior to 131I therapy and then its subse-
quent discontinuation 2 weeks prior to therapy. In this 
report, 6 (11.5%) of 52 patients did not achieve a TSH level 
of 30mIU/L two weeks after T3 withdrawal. These reports 
indicated the difficulty of changing the initiation time of 
thyroid hormone withdrawal because of wide inter-indi-
vidual variation in TSH concentration.

In this study, the time periods between discontinuing 
of T3 and TSH1 measurement were 8 to 11 days (mean = 
10.2 days). Although the period of T3 discontinuation was 
short, 93.1% of the patients in the first therapy and 96.6% 
of the patients in the second therapy had TSH1 ≧ 30mIU/L 
under normal low iodine diet (Table 1). These results in-
dicated that hypothyroid state during thyroid hormone 
withdrawal could be shortened further. Further study is 
needed in this subject.

As for the initiation time of thyroid hormone replace-
ment, ATA guidelines and EANM guidelines stated that 
thyroid hormone replacement should be resumed 2 or 
3 days after 131I therapy for DTC (1, 4). The current study 
demonstrated that the initiation time of T3 replacement 
could be moved forward several days compared with the 
conventional method. T3 replacement one day before 131I 
therapy would shorten the period of the hypothyroid 
state and decrease unnecessary TSH stimulation to resid-
ual lesions during patients’ preparation for 131I therapy. 
Considering the difference of pharmacokinetics between 
T4 and T3, the initiation time of T4 replacement might be 
earlier than that of T3.

In the current study, to ensure that TSH values at the 
day of 131I administration (TSH2) be more than 30mIU/L, 
the TSH changes analysis was excluded and T3 was start-
ed after 131I therapy in 3 patients at the first therapy and 
5 patients at the second therapy whose TSH values at 
3-6 days before the first 131I therapy (TSH1) were less than 
40mIU/L. In the 50 patients whose TSH1 values were more 
than 40mIU/L, 10 (20%) patients had decrease in TSH2 
values because of T3 replacement one day before 131I ther-
apy. However, TSH2 values did not decrease to less than 
30mIU/L in any patient on the day of 131I therapy. These re-
sults would validate the exclusion criterion in this study. 
However, the exclusion criterion should be further evalu-
ated in a large cohort.

An issue may arise as to whether thyroid hormone inter-
rupts 131I uptake in thyroid remnants and residual tissues, 
since thyroid hormone transmutes into iodine. However, 
many reports on the utility of rhTSH under thyroid hor-

Figure 5. A 39-year-old male with papillary carcinoma, patient number 
20 in table 1 and 2. Three accumulations are detected in the neck with 
the SPECT/CT obtained after the first therapy. One of them is located in 
the left upper neck and is suspected of a lymph node metastasis (narrow 
arrows). Others are considered as thyroid remnants because of their loca-
tions (wide arrows). With the SPECT/CT obtained after the second therapy, 
no accumulation is seen in the left upper neck. However, two accumula-
tions considered as thyroid remnants still exist (wide arrows).

1st Therapy 2nd Therapy

Anterior Anterior
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mone continuation for 131I therapy suggest that early thy-
roid hormone replacement would not interfere with 131I 
accumulation (14-15). 

There were some limitations in the current study. The 
study was a retrospective study with small population. 
It did not evaluate patients’ symptoms and QOL after 131I 
therapy. To resolve these problems, further studies are 
needed.

Conclusion
Thyroid hormone replacement one day before 131I ther-

apy could provide a sufficiently high ablation rate in 
patients with DTC. Compared with thyroid hormone re-
placement several days after 131I therapy, this alternative 
method would be beneficial in shortening hypothyroid 
periods and eliminating unnecessary TSH stimulation to 
residual lesions.
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