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Background

It is not clear whether the administration of radioiodine provides any benefit to 
patients with low-risk thyroid cancer after a complete surgical resection. The admin-
istration of the smallest possible amount of radioiodine would improve care.

Methods

In our randomized, phase 3 trial, we compared two thyrotropin-stimulation methods 
(thyroid hormone withdrawal and use of recombinant human thyrotropin) and two 
radioiodine (131I) doses (i.e., administered activities) (1.1 GBq and 3.7 GBq) in a 2-by-2 
design. Inclusion criteria were an age of 18 years or older; total thyroidectomy for 
differentiated thyroid carcinoma; tumor–node–metastasis (TNM) stage, ascertained 
on pathological examination (p) of a surgical specimen, of pT1 (with tumor diam-
eter ≤1 cm) and N1 or Nx, pT1 (with tumor diameter >1 to 2 cm) and any N stage, or 
pT2N0; absence of distant metastasis; and no iodine contamination. Thyroid ablation 
was assessed 8 months after radioiodine administration by neck ultrasonography and 
measurement of recombinant human thyrotropin–stimulated thyroglobulin. Com-
parisons were based on an equivalence framework.

Results

There were 752 patients enrolled between 2007 and 2010; 92% had papillary cancer. 
There were no unexpected serious adverse events. In the 684 patients with data that 
could be evaluated, ultrasonography of the neck was normal in 652 (95%), and the 
stimulated thyroglobulin level was 1.0 ng per milliliter or less in 621 of the 652 
patients (95%) without detectable thyroglobulin antibodies. Thyroid ablation was 
complete in 631 of the 684 patients (92%). The ablation rate was equivalent between 
the 131I doses and between the thyrotropin-stimulation methods.

Conclusions

The use of recombinant human thyrotropin and low-dose (1.1 GBq) postoperative 
radioiodine ablation may be sufficient for the management of low-risk thyroid can-
cer. (Funded by the French National Cancer Institute [INCa] and the French Minis-
try of Health; ClinicalTrials.gov number, NCT00435851; INCa number, RECF0447.)
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Radioiodine (131i) is administered to 
patients with thyroid cancer after total thy-
roidectomy for three reasons1-3: first, to 

eradicate normal-thyroid remnants (ablation) in or-
der to achieve an undetectable serum thyroglob-
ulin level; second, to irradiate any neoplastic focus 
in order to decrease the risk of recurrence; and 
third, to perform 131I total-body scanning for per-
sistent carcinoma.

Successful ablation is defined by the combi-
nation of undetectable serum thyroglobulin 
levels after thyrotropin stimulation and normal 
results on neck ultrasonography 6 to 12 months 
after 131I administration.2,3 When these criteria 
are met, approximately 1% of patients have a re-
currence.4-6

In patients with low-risk thyroid cancer, it is 
unclear whether the administration of radioiodine 
provides any benefit after a complete surgical re-
section, and radioiodine is not recommended in 
patients with disease that is categorized as consist-
ing of a tumor less than 1 cm in diameter and 
clinical stage N0.7-9 Therefore, radioiodine should 
be used with great care to minimize harm, admin-
ister the minimal amount of radioactivity, and 
involve the best-tolerated methods. Radioiodine 
may induce lacrimal and salivary-gland distur-
bances, depending on the amount of radioactivity 
administered.10,11 High radioactivity is most effec-
tive for the ablation of large normal-thyroid rem-
nants and the eradication of micrometastases.12,13 
However, low radioactivity may be just as effec-
tive to ablate small normal-thyroid remnants after 
total thyroidectomy.13

The method used for thyrotropin stimulation 
is also a matter of debate. The use of recombinant 
human thyrotropin maintains quality of life,14 is 
cost-effective,15 and reduces the radiation dose 
delivered to the body as compared with the 
amount delivered with thyroid hormone with-
drawal.16 Recombinant human thyrotropin and 
thyroid hormone withdrawal provide similar ab-
lation rates at a dose (i.e., administered activity) 
of 3.7 GBq.17 However, the intensity of stimula-
tion may be lower with recombinant human thy-
rotropin, and discrepant results have been reported 
with recombinant human thyrotropin when lower 
doses (1.8 GBq or 1.1 GBq) are administered, 
with ablation rates either similar to or lower 
than those obtained with withdrawal.18-20

This absence of consensus appears to be large-
ly due to the lack of large, randomized studies.21-24 

Furthermore, most patients with thyroid cancer 
are currently treated with total thyroidectomy and 
have small normal-thyroid remnants; thus, retro-
spective studies of patients who had been treated 
with radioiodine for large thyroid remnants are 
not relevant to current clinical management. Fi-
nally, the criteria for ablation have changed, and 
a diagnostic total-body scan at 6 to 12 months is 
no longer routinely performed in patients with a 
normal total-body scan after therapy.2-5

Our randomized, open-label, phase 3 trial in-
volving 24 French centers aimed to determine 
whether the rate of successful postoperative thy-
roid ablation would be similar among euthyroid 
patients receiving recombinant human thyrotro-
pin or among hypothyroid patients undergoing 
thyroid-hormone withdrawal and among those 
receiving low (1.1 GBq) or high (3.7 GBq) 131I ra-
dioactivity.

Me thods

Study Conduct

All patients provided written informed consent. 
The study was sponsored by Institut Gustave Rous-
sy. The study was conducted in accordance with 
the protocol (available with the full text of this 
article at NEJM.org), which was approved by eth-
ics committees, national authorities, and by each 
center’s institutional review board. The authors 
vouch for the completeness and accuracy of the 
data and analyses.

Study Patients

The inclusion criteria were as follows: an age of 
18 years or older, low-risk differentiated thyroid 
carcinoma (papillary or follicular, excluding ag-
gressive histologic subtypes),25 tumor–node–
metastasis (TNM) stage, ascertained on patho-
logical examination (p) of a surgical specimen, 
of pT1 (tumor diameter ≤1 cm) and N1 or Nx or 
pT1 (tumor diameter >1 to 2 cm) and any N or 
pT2N0,26 absence of distant metastasis, Eastern 
Cooperative Oncology Group performance status 
score of 0 or 1 (i.e., fully active and able to carry 
on all predisease performance without restriction, 
and restricted from physically strenuous activity 
but ambulatory, respectively), no major coexist-
ing conditions (including other cancers) within 
the previous 5 years, and a negative pregnancy 
test for women. Patients with a recent history of 
iodine contamination were excluded.
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All patients underwent total thyroidectomy. 
Lymph-node dissection was performed in patients 
with evidence of lymph-node involvement, as well 
as in some patients with no evidence of lymph-
node involvement, if part of local practice.2,3

Patients were randomly assigned to undergo 
one of four strategies, each combining one of two 
methods of thyrotropin stimulation ― adminis-
tration of recombinant human thyrotropin or thy-
roid-hormone withdrawal ― and one of two 131I 
activities (1.1 GBq or 3.7 GBq). Randomization 
was performed between 30 and 120 days after 
surgery, during which time patients received le-
vothyroxine therapy for at least 28 days (or levotri-
iodothyronine therapy for 14 days).

Recombinant human thyrotropin (Thyrogen, 
Genzyme) was administered during treatment 
with thyroid hormone, at a dose of 0.9 mg intra-
muscularly on 2 consecutive days, and radioiodine 
was administered on the day after the second in-
jection. Thyroid-hormone withdrawal consisted of 
discontinuation of levothyroxine treatment for at 
least 28 days (or levotriiodothyronine treatment 
withdrawal for 14 days), with administration of 
radioiodine when the serum thyrotropin concen-
tration was higher than 30 mIU per liter. Serum 
thyrotropin, thyroglobulin, and antithyroglobu-
lin antibody levels were measured before radio-
iodine administration. A 131I total-body scan was 
performed 72 to 120 hours after radioiodine ad-
ministration. The uptake of radioiodine in the 
thyroid bed (where the thyroid gland was located 
before its removal) was measured by delineating 
the thyroid bed on the gamma camera image and 
comparing the count in this region of interest with 
that of an external radioactive source with a 
known activity. Suspicious findings on any total-
body scan were reviewed by two of the authors, 
independently of one another, each of whom was 
unaware of the treatment assignments. Data from 
patients with confirmed persistent disease were 
excluded from the main analysis, because man-
agement of their disease may have differed from 
the planned management.1-3

Outcome Assessment

The primary outcome was thyroid ablation, as-
sessed at 8±2 months after radioiodine adminis-
tration with the use of neck ultrasonography27 and 
determination of the level of recombinant human 
thyrotropin–stimulated serum thyroglobulin28,29 
or a diagnostic 131I total-body scan with 148 to 

185 MBq in patients with detectable antithyroglob-
ulin antibody.

Serum thyroglobulin and antithyroglobulin an-
tibody levels were measured 3 days after the sec-
ond injection of recombinant human thyrotropin 
at each center. At the completion of the study, se-
rum thyroglobulin measurements were also per-
formed in a central laboratory (Bio-Pathology 
Department, Institut Gustave Roussy) using the 
immunometric thyroglobulin Access Immunoas-
say kit (Beckman-Coulter; functional minimum 
level of detection, 0.11 ng per milliliter) in sam-
ples from patients who had no detectable antithy-
roglobulin antibody.28,30

Neck ultrasonography included the analysis of 
the thyroid bed and the lymph-node regions.  
A normal result on ultrasonography was defined 
by an empty thyroid bed with the jugular and ca-
rotid vessels in a medial location or a hyperechoic 
zone between the trachea and the carotid artery 
and by the absence of suspicious lymph nodes.

Ablation was considered complete if both the 
neck ultrasound was normal and the level of re-
combinant human thyrotropin–stimulated thyro-
globulin was less than or equal to 1 ng per mil-
liliter (or, in cases of detectable antithyroglobulin 
antibody, if the control 131I total-body scan was 
normal). Ablation was considered incomplete if 
suspicious findings on neck ultrasonography were 
confirmed by cytologic examination and thyro-
globulin determination in needle washout fluid 
or if the level of recombinant human thyrotropin–
stimulated thyroglobulin was greater than 1 ng 
per milliliter (or, in cases of detectable antithyro-
globulin antibody, if the control 131I total-body 
scan was abnormal ― i.e., had abnormal foci of 
uptake outside the thyroid bed or uptake in the 
thyroid bed of >0.5%). If any diagnostic test was 
not performed, the ablation was considered not 
able to be evaluated. The thyroglobulin levels used 
to assess thyroid ablation were obtained from 
each center. Sensitivity analyses were performed 
with the use of thyroglobulin levels obtained at 
the central site, with a cutoff level of 1.4 ng per 
milliliter considered as the optimal threshold to 
predict long-term recurrence.30

Secondary outcomes were symptoms of hy
pothyroidism, as defined by Billewicz and col-
leagues31; adverse events; and quality of life, ascer-
tained on the basis of the 36-Item Short-Form 
Health Survey (SF-36) (on which scores range from 
0 to 100, with higher scores indicating better 
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health status).32 These outcomes were evaluated 
at the time of randomization, the time of 131I ad-
ministration, and 3 and 8 months after 131I admin-
istration.

Statistical Analyses

Our trial was designed as an equivalence study, 
with a 2-by-2 factorial design, to answer two ques-
tions — first, whether the rate of thyroid abla-
tion with the administration of recombinant hu-
man thyrotropin was within 10 percentage points 
(absolute difference) of the rate obtained with the 
use of thyroid hormone withdrawal, and second, 
whether the rate of thyroid ablation with low-dose 
131I (1.1 GBq) was within 10 percentage points of 
the rate obtained with high-dose 131I (3.7 GBq). 
Assuming a two-sided alpha level of 0.05, 80% 
statistical power, and an ablation rate of 80% in 
patients treated with 3.7-GBq 131I or with thyroid-
hormone withdrawal, we calculated that we would 
need to enroll 175 patients per group. Random-
ization was performed with the use of a variable 
block size (of 4 or 8),33 according to study center.

Descriptive quantitative data are expressed as 
means ±SD; qualitative data are expressed as per-
centages. Significant differences between groups 
were ascertained by means of analysis of variance 
(for quantitative variables) or a chi-square test (for 
qualitative variables). The difference in observed 
ablation rates and its 95% bilateral confidence 
interval are also presented. If the confidence in-
terval does not include an absolute difference of 
10 percentage points between administration of 
recombinant human thyrotropin and thyroid hor-
mone withdrawal or between 1.1 GBq and 3.7 GBq, 
the compared treatments are considered to be 
equivalent.

The primary analysis was per protocol, con-
sidering patients who could be evaluated (i.e., eli-
gible patients without persistent disease and with 
an assessment of thyroid ablation by means of 
both types of diagnostic tests). Intention-to-treat 
analyses included data for patients who could not 
be evaluated as well as for patients with persis-
tent disease. In sensitivity analyses, thyroid abla-
tion of patients with persistent disease was first 
considered as incomplete; a maximum-bias hy-
pothesis was also applied, in which thyroid abla-
tion of patients who could not be evaluated or 
those with persistent disease was considered in-
complete in the groups receiving recombinant hu-
man thyrotropin or 1.1 GBq and as complete in 

groups receiving thyroid hormone withdrawal or 
3.7 GBq. Statistical analyses were performed with 
the use of SAS software (version 9.1).

R esult s

From April 2007 through February 2010, 752 pa-
tients were enrolled (Table 1). Twenty-three did 
not receive radioiodine ablation as defined in the 
protocol: 11 withdrew their consent, 9 were con-
sidered ineligible after randomization, and 3 could 
not be treated with radioiodine (1 for technical 
reasons and 2 for clinical reasons [insufficient thy-
rotropin level and myocardial infarction]) (Table 1 
and Fig. 1).

Radioiodine Administration

After surgery and before radioiodine administra-
tion, the 729 remaining patients received thyroid 
hormone therapy for a mean (±SD) of 91±43 days 
in the groups receiving recombinant human thy-
rotropin and 70±32 days, followed by withdrawal 
of thyroid hormone for 20±8 days, in the groups 
undergoing thyroid hormone withdrawal.

At the time of 131I administration, the serum 
thyrotropin level was greater than 30 mIU per li-
ter in 343 of the 360 patients (95%) in the thyroid-
hormone withdrawal groups. Radioiodine uptake 
in the thyroid bed was greater than 0.5% of the 
administered radioactivity in 590 of the 729 pa-
tients (81%) (Table 2).

Persistent Disease at Ablation

Persistent disease was diagnosed in 27 patients 
with the use of post-ablation total-body scanning 
(14 patients), post-ablation total-body scanning and 
neck ultrasonography (8), or neck ultrasonogra-
phy only (5). As specified in the protocol, data 
for these patients were excluded from the main 
analysis.

Follow-up Testing of Thyroid Ablation

For the 684 patients who could be evaluated,  
a follow-up study was performed between 6 and 
10 months (average, 8.3±1.6 months) after 131I ad-
ministration; there were no significant differences 
in the time after 131I administration in the four 
groups receiving treatment (two 1.1-GBq groups 
and two 3.7-GBq groups).

On the basis of the local thyroglobulin deter-
minations, thyroid ablation was considered com-
plete in 631 (92%) of the 684 patients: 600 patients 
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without detectable antithyroglobulin antibody and 
with a thyroglobulin level of 1 ng per milliliter or 
less and normal neck ultrasonography, 23 patients 
with detectable antithyroglobulin antibody and a 
normal neck ultrasonography and normal diag-
nostic total-body scan, and 8 patients with a suspi-

cious neck ultrasonography but with benign cy-
tologic findings and a negative thyroglobulin 
measurement in the needle washout (Table 3). Thy-
roid ablation was incomplete in 53 (8%) of the 
684 patients: 1 patient with an abnormal diagnos-
tic total-body scan as well as 27 patients with an 

Table 1. Initial Characteristics of the 752 Randomized Patients, According to Thyrotropin-Stimulation Method 
and 131I Dose.*

Characteristic
Recombinant Human  

Thyrotropin
Thyroid Hormone  

Withdrawal

1.1 GBq 
(N = 187)

3.7 GBq 
(N = 187)

1.1 GBq 
(N = 189)

3.7 GBq 
(N = 189)

Age ― yr 51±13 48±14 49±13 49±14

Female sex ― no. (%) 154 (82) 144 (77) 144 (76) 148 (78)

Days from thyroidectomy to randomization 50±21 50±22 52±21 48±21

Histologic finding ― no. (%)

Papillary 173 (93) 167 (89) 176 (93) 177 (94)†

Follicular 14 (7) 20 (11) 13 (7) 11 (6)

TNM stage and tumor diameter ― no. (%)‡

T1, ≤1 cm 56 (30) 54 (29) 52 (28) 39 (21)

T1, >1 to 2 cm 114 (61) 110 (59) 109 (58) 121 (65)

T2, >2 to 4 cm 17 (9) 23 (12) 26 (14) 27 (14)

T3 or T4 0 0 2 (1) 0

pTNM stage ― no. (%)§

pT1N0 58 (31) 53 (28) 56 (30) 59 (31)

pT1N1 28 (15) 35 (19) 37 (20) 32 (17)

pT1Nx 84 (45) 75 (40) 67 (35) 69 (37)

pT2N0 16 (9) 22 (12) 25 (13) 26 (14)

Other

pT2Nx 1 (<1) 0 1 (<1) 1 (<1)

pT2N1 0 1 (<1) 0 0

pT3 0 0 1 (<1) 0

pT4 0 0 1 (<1) 0

M1 0 1 (<1) 0 0

Renal carcinoma 0 0 0 1 (<1)

Incomplete surgery 0 0 1 (<1) 0

*	Plus–minus values are means ±SD.
†	One of the 177 patients with papillary histologic findings had a renal papillary carcinoma.
‡	The tumor–node–metastasis (TNM) stage for a tumor (T) can range from T0 to T4, with a higher stage indicating 

worse disease. T3 indicates a tumor with a diameter of more than 4 cm or with minimal extrathyroid extension, and T4 
a tumor with more than minimal extrathyroid extension. Tumor diameter could not be determined for one patient in 
the thyroid hormone–withdrawal group who received 3.7 GBq of 131I (because the TNM stage was not known), and an-
other patient in the same group was excluded from the analysis owing to renal carcinoma.

§	The TNM stage ascertained on pathological examination of a surgical specimen is shown for the tumor (pT) and lymph 
node (N). Stage Nx indicates that the lymph nodes could not be evaluated; stage N0, that tumor cells were absent 
from regional lymph nodes; and stage N1, that tumor cells were present in regional lymph nodes. Data were missing 
for one patient in the thyroid hormone–withdrawal group who received 3.7 GBq of 131I. The nine patients with “other” 
stages were withdrawn from the study after local pathological review revealed their ineligibility.
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elevated thyroglobulin level, 17 with a suspicious 
neck ultrasonography, and 8 with both.

The rates of complete ablation were estimated 
at 91.7% and 92.9% in the groups receiving re-
combinant human thyrotropin and those under-
going thyroid hormone withdrawal, respectively 
(Table 3), for a difference of −1.2 percentage points 
(95% confidence interval, −4.5 to 2.2), showing 
that the two treatments were equivalent. Equiva-
lence was also shown between the two 131I doses 
used (see Table 2 in the Supplementary Appen-
dix, available at NEJM.org). There was no inter-
action between 131I radioactivity and thyrotro-
pin-stimulation method.

Sensitivity Analyses

Central determination of the serum thyroglobu-
lin level was available for 618 of the 652 patients 

without antithyroglobulin antibody (Table 3). Re-
sults with central recombinant human thyrotro-
pin-stimulated thyroglobulin determinations or 
from intention-to-treat analysis were in accordance 
with those estimated in the per-protocol analysis. 
For the analysis performed under maximal bias, 
the 95% confidence interval was just above the 
margin.

Follow-up of Patients with Incomplete 
Ablation

Forty-six of the 53 patients with incomplete abla-
tion (on local determination) had follow-up tests. 
A second 131I treatment was administered in 11 
of the 46 patients. Four underwent surgery, 3 of 
whom were found to have recurrent disease. Among 
the remaining 43 patients, all diagnostic tests 
were normal in 26 patients, whereas suspicious 

752 Patients underwent randomization

189 Were assigned to thyroid-
hormone withdrawal and

131I activity, 3.7 GBq

19 Were not included 
in follow-up

2 Had been included in
error (1 with pT2Nx
and 1 with renal
carcinoma)

5 Withdrew consent
11 Had persistent

disease
1 Had myocardial

infarction

16 Were not included 
in follow-up

4 Had been included
in error (1 with pT4,   
1 with pT3, 1 with
pT2Nx, and 1 with
incomplete surgery)

5 Withdrew consent
5 Had persistent

disease
1 Had insufficient

thyrotropin level
1 Was lost to

follow-up

12 Were not included 
in follow-up

2 Had been included in 
error (1 with M1 and  
1 with pT2N1)

1 Withdrew consent
7 Had persistent

disease
1 Could not be given

131I
1 Was lost to

follow-up

6 Were not included in
follow-up 

1 With pT2Nx had been
included in error

4 Had persistent
disease

1 Was lost to
follow-up

187 Were assigned to recom-
binant human thyrotropin
and 131I activity, 1.1 GBq

181 Were included
in follow-up

187 Were assigned to recom-
binant human thyrotropin
and 131I activity, 3.7 GBq

189 Were assigned to thyroid-
hormone withdrawal and

131I activity, 1.1 GBq

177 Could be evaluated

175 Were included
in follow-up

173 Were included
in follow-up

170 Were included
in follow-up

171 Could be evaluated 170 Could be evaluated 166 Could be evaluated

Figure 1. Randomization and Follow-up of the Study Patients.

The tumor–node–metastasis (TNM) stage noted was ascertained on pathological examination of a surgical specimen of the tumor (pT) 
and lymph node (N). Stage Nx indicates that the lymph nodes could not be evaluated; stage N0, that tumor cells were absent from re-
gional lymph nodes; and stage N1, that tumor cells were present in regional lymph nodes. Fifteen patients could not be evaluated be-
cause not all diagnostic tests were performed.
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findings (suspicious neck ultrasonography or thy-
roglobulin level >1 ng per milliliter) were still 
present in 17.

Hypothyroidism Symptoms and Quality  
of Life at Time of Radioiodine Administration

The proportion of patients with symptoms of hy-
pothyroidism was significantly higher in the 
groups undergoing thyroid-hormone withdrawal 
than in the groups receiving recombinant human 
thyrotropin, as measured across all the items on 

the Billewicz scale. The SF-36 scale showed that 
thyroid hormone withdrawal was associated with 
deterioration of the quality of life, as compared 
with recombinant human thyrotropin. Three 
months after ablation, there was no significant 
difference in the SF-36 or Billewicz scores be-
tween the two thyrotropin-stimulation groups 
(Table 1 in the Supplementary Appendix).

The incidence of salivary problems did not 
differ significantly between groups, but lacrimal 
dysfunction (watery eyes) was more frequent 

Table 2. Radioiodine Ablation in the 729 Study Recipients, According to Thyrotropin-Stimulation Method and 131I Dose.*

Characteristic
Recombinant Human 

Thyrotropin
Thyroid Hormone 

Withdrawal

1.1 GBq 
(N = 186)

3.7 GBq 
(N = 183)

1.1 GBq 
(N = 179)

3.7 GBq 
(N = 181)

131I dose — GBq

Mean ±SD 1.1±0.2 3.7±0.3 1.1±0.2 3.7±0.1

Range 1.0–3.7 1.1–4.3 1.0–3.7 3.5–4.8

Local determination of antithyroglobulin antibody ― no. (%)

Presence 17 (9) 18 (10) 21 (12) 21 (12)

Absence 169 (91) 165 (90) 158 (88) 160 (88)

Thyroglobulin level at time of 131I administration in the absence 
of antithyroglobulin antibody ― no./total no. (%)

≤1 ng/ml 98/169 (58) 97/165 (59) 58/158 (37) 62/160 (39)

>1 ng/ml 68/169 (40) 65/165 (39) 97/158 (61) 96/160 (60)

Missing data 3/169 (2)   3/165 (2) 3/158 (2) 2/160 (1)

Days between 131I administration and total-body scan 2.4±1.0 3.5±0.9 2.5±1.1 3.6±0.9

Thyroid uptake ― no. (%)

None 11 (6) 4 (2) 4 (2) 6 (3)

Visible (<0.5%) 26 (14) 33 (18) 24 (13) 26 (14)

0.5% to 2% 115 (62) 134 (73) 106 (59) 137 (76)

>2% 33 (18) 10 (5) 44 (25) 11 (6)

Not measured 1 (<1) 2 (1) 1 (<1) 1 (<1)

Pathologic uptake ― no. (%)

Lymph node 1 (<1) 5 (3) 4 (2) 6 (3)

Lung 0 0 0 2 (1)

Both 1 (<1) 0 0 0

Bone 0 2 (1) 0 1 (<1)

Physiological uptake ― no. (%) 149 (80) 154 (84) 148 (83) 153 (85)

Salivary glands 90 (48) 91 (50) 92 (51) 104 (57)

Esophagus 11 (6) 8 (4) 20 (11) 14 (8)

Stomach 125 (67) 120 (66) 132 (74) 129 (71)

Colon 116 (62) 110 (60) 118 (66) 126 (70)

*	Plus–minus values are means ±SD.
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among patients undergoing thyroid hormone 
withdrawal along with low-dose 131I (19%) or high-
dose 131I (25%) than among patients receiving 
recombinant human thyrotropin (10%) (Table 4). 
Five unexpected serious adverse events occurred; 
these are enumerated in Table 4.

Discussion

The benefits of postoperative radioiodine admin-
istration in terms of rates of recurrence and sur-

vival have not been clearly shown in patients with 
low-risk thyroid cancer after complete surgical re-
section.7-9 Because of the unclear degree of ben-
efit, therefore, any therapeutic radioiodine inter-
vention should at least be nontoxic and should 
maintain the quality of life.

Our randomized, multicenter study of a large 
number of patients with thyroid cancer shows 
similar efficacy of thyroid radioablation after prep-
aration with the use of either recombinant human 
thyrotropin in the euthyroid state or withholding 

Table 3. Follow-up Testing of Thyroid Ablation 6–10 Months after 131I Administration in the 684 Patients Who Could Be 
Evaluated, According to Thyrotropin-Stimulation Method and 131I Dose.

Characteristic
Recombinant Human 

Thyrotropin
Thyroid Hormone  

Withdrawal

1.1 GBq 
(N = 177)

3.7 GBq 
(N = 171)

1.1 GBq 
(N = 170)

3.7 GBq 
(N = 166)

Neck ultrasonography ― no. (%)

Normal 171 (97) 161 (94) 163 (96) 157 (95)

Suspicious 6 (3) 10 (6) 7 (4) 9 (5)

Cytologic test normal 1 (<1) 3 (2) 1 (<1) 3 (2)

Cytologic test abnormal 0 1 (<1) 0 2 (1)

Cytologic test not performed 5 (3) 6 (4) 6 (4) 4 (2)

Presence of antithyroglobulin antibody ― no. (%) 10 (6) 4 (2) 10 (6) 8 (5)

Total-body scan normal 6 (3) 3 (2) 7 (4) 7 (4)

Total-body scan abnormal 0 0 1 (<1) 0

Total-body scan not performed* 4 (2) 1 (<1) 2 (1) 1 (<1)

Absence of antithyroglobulin antibody

Local determination

Thyroglobulin ≤1 ng/ml ― no./total no. (%) 157/167 (94) 160/167 (96) 152/160 (95) 152/158 (96)

Central determination

Thyroglobulin ≤1 ng/ml ― no./total no. (%) 148/158 (94) 155/160 (97) 146/152 (96) 142/148 (96)

Thyroglobulin ≤1.4 ng/ml ― no./total no. (%) 150/158 (95) 156/160 (98) 146/152 (96) 143/148 (97)

Missing data — no. 9 7 8 10

Thyroid ablation

With local thyroglobulin determination ― no. (%)

Complete 160 (90) 159 (93) 156 (92) 156 (94)

Incomplete 17 (10) 12 (7) 14 (8) 10 (6)

With central thyroglobulin determination ― no./ 
total no. (%)†

Complete 151/168 (90) 154/164 (94) 150/162 (93) 145/156 (93)

Incomplete 17/168 (10) 10/164 (6) 12/162 (7) 11/156 (7)

*	A total-body scan was not performed in patients with a suspicious finding on neck ultrasonography or a thyroglobulin 
level greater than 1 ng per milliliter.

†	For each column, the total number of patients includes both patients for whom central thyroglobulin determination 
was available (and who had no detectable antithyroglobulin antibody) and patients with antithyroglobulin antibody.
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of thyroid hormone. The efficacy was also equiva-
lent with either low-dose 131I (1.1 GBq) or high-
dose 131I (3.7 GBq).

The 8-month assessment of ablation included 
serum thyroglobulin levels measured after the 
administration of recombinant human thyrotro-
pin in the absence of antithyroglobulin antibodies 
and neck ultrasonography, on the basis of previ-
ous evidence that this is the most reliable com-
bination for assessing ablation.2,3 The ablation 
rate in our cohort was higher than the rates re-
ported in previous studies,12,13 for at least three 
reasons. First, a total thyroidectomy was per-
formed in all patients, resulting in small remnants 
of normal thyroid tissue, as shown by the low up-
take of 131I on total-body scan and the low se-
rum thyroglobulin levels at 131I administration. 
Second, our patients had low-risk disease, with 
small T1 or T2 thyroid tumors, with no extension 
beyond the thyroid capsule and no aggressive his-
tologic subtypes. Third, we did not consider the 
faint uptake in the thyroid bed that is frequently 
found on control diagnostic 131I total-body scans 
and that has no clinical importance.4,5

It is also reassuring that over half our patients 
with incomplete ablation had a normal evaluation 
1 year later, in accordance with a previous study.34 
Thyroglobulin disappears over time, showing that 
thyroid cells may survive for months after irra-
diation and may then disappear. Neck ultrasonog-
raphy findings became normal in some patients, 
highlighting the fact that abnormalities on ultra-
sonography should be considered with caution in 
patients who have undergone total thyroidectomy.

Symptoms of hypothyroidism and quality of 
life were significantly better in the euthyroid 

groups than in the hypothyroid groups, confirm-
ing previous results.14 Lacrimal complications 
were more frequently observed in patients under-
going thyroid-hormone withdrawal and in those 
receiving high-dose rather than low-dose 131I, in-
dicating a relationship with the radiation dose.35 
Conversely, the 131I radioactivity administered had 
no apparent effect on symptoms of hypothyroid-
ism or quality of life. Persistent disease was found 
on ablation in 3% of patients, a rate similar to 
those in previous studies of patients with low-risk 
cancer.36-38

Whether preparation with recombinant human 
thyrotropin followed by 1.1-GBq 131I radioactivity 
affects long-term outcomes will be revealed only 
by following patients over time. However, the cur-
rently available data are reassuring in showing 
that less than 1% of patients with low-risk cancer 
who had normal neck ultrasonography and an 
undetectable thyrotropin-stimulated serum thyro-
globulin level will have a clinical recurrence over 
a 10-to-15-year period.4-6 The effect of ablation on 
the serum titer of antithyroglobulin antibodies has 
not yet been shown.39

In conclusion, this study shows similar rates 
of thyroid-remnant ablation among patients with 
thyroid cancer, without evidence of residual dis-
ease after surgery, when either 1.1-GBq or 3.7-GBq 
131I is used and when the patient is prepared by 
means of either recombinant human thyrotropin 
or withholding of thyroid hormone. A similar on-
going study reached the same conclusions.40 Thus, 
the use of recombinant human thyrotropin and 
a low dose of 131I for postoperative radioiodine 
ablation represents an effective and attractive op-
tion for the management of low-risk thyroid can-

Table 4. Adverse Events, According to Thyrotropin-Stimulation Method and 131I Dose.*

Adverse Event Recombinant Human Thyrotropin Thyroid Hormone Withdrawal

1.1 GBq 
(N = 186)

3.7 GBq 
(N = 183)

1.1 GBq 
(N = 179)

3.7 GBq 
(N = 181)

Lacrimal dysfunction at time 
of ablation ― no. (%)

18 (10) 19 (10) 35 (20) 43 (24)

Salivary dysfunction at time 
of ablation ― no. (%)

19 (10) 26 (14) 24 (13) 29 (16)

Serious adverse events† One hysterectomy None One renal stone related to 
hypercalcemia, one uri-
nary infection, and one 
case of hypocalcemia

One case of cardiac insuf-
ficiency leading to 
death

*	Adverse events related to hypothyroidism are listed in Table 1 in the Supplementary Appendix.
†	The serious adverse events were not thought to be related to treatment.
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cer that reduces the amount of whole-body irra-
diation and maintains the quality of life. Future 
randomized studies in patients with low-risk thy-
roid cancer should be permitted to restrict ra-
dioablation to patients in whom it is beneficial.
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