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It is not known whether low-dose radioiodine (1.1 GBq [30 mCi]) is as effective as
high-dose radioiodine (3.7 GBq [100 mCi]) for treating patients with differentiated
thyroid cancer or whether the effects of radioiodine (especially at a low dose) are
influenced by using either recombinant human thyrotropin (thyrotropin alfa) or
thyroid hormone withdrawal.
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Methods
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At 29 centers in the United Kingdom, we conducted a randomized noninferiority
trial comparing low-dose and high-dose radioiodine, each in combination with either
thyrotropin alfa or thyroid hormone withdrawal before ablation. Patients (age range,
16 to 80 years) had tumor stage T1 to T3, with possible spread to nearby lymph nodes
but without metastasis. End points were the rate of success of ablation at 6 to 9 months,
adverse events, quality of life, and length of hospital stay.
Results

A total of 438 patients underwent randomization; data could be analyzed for 421. Ablation success rates were 85.0% in the group receiving low-dose radioiodine versus 88.9%
in the group receiving the high dose and 87.1% in the thyrotropin alfa group versus
86.7% in the group undergoing thyroid hormone withdrawal. All 95% confidence intervals for the differences were within ±10 percentage points, indicating noninferiority.
Similar results were found for low-dose radioiodine plus thyrotropin alfa (84.3%) versus
high-dose radioiodine plus thyroid hormone withdrawal (87.6%) or high-dose radioiodine plus thyrotropin alfa (90.2%). More patients in the high-dose group than in the
low-dose group were hospitalized for at least 3 days (36.3% vs. 13.0%, P<0.001). The
proportions of patients with adverse events were 21% in the low-dose group versus 33%
in the high-dose group (P = 0.007) and 23% in the thyrotropin alfa group versus 30% in
the group undergoing thyroid hormone withdrawal (P = 0.11).
Conclusions

Low-dose radioiodine plus thyrotropin alfa was as effective as high-dose radioiodine,
with a lower rate of adverse events. (Funded by Cancer Research UK; ClinicalTrials.gov
number, NCT00415233.)
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hyroid cancer is the most frequently occurring endocrine cancer, with more
than 2100 new cases each year in the United
Kingdom and more than 48,000 in the United
States.1,2 Most cases are differentiated thyroid cancer, which is associated with a high 10-year survival rate (90 to 95%).3
Many patients with differentiated thyroid cancer undergo radioiodine ablation to remove residual normal thyroid tissue after surgery. Some
nonrandomized studies have suggested that radioiodine ablation reduces rates of death and recurrence.4-7 However, there is uncertainty over the
dose (administered activity) of radioiodine required for effective ablation. A systematic review
of randomized and observational studies (many
small) was inconclusive as to whether low-dose
radioiodine (1.1 GBq [30 mCi]) was associated
with rates of ablation success that were similar to
or lower than rates with high-dose radioiodine
(3.7 GBq [100 mCi]).8 In the United Kingdom,
2007 guidelines recommend the use of high-dose
radioiodine.9 Guidelines of the U.S. National Comprehensive Cancer Network (2010), the American
Thyroid Association (2009), and a European consensus report (2006) indicate that clinicians can
choose between the low dose and the high dose;
the authors could not stipulate which to use
without reliable evidence from large randomized studies.10-12
The use of a reduced dose of radioiodine has
important advantages. Patients, many of whom are
women with children, would spend less time in
hospital isolation and have fewer side effects, especially a reduced risk of a second primary cancer
caused by exposure to radioactive substances.13,14
Lower-dose radiation also reduces financial costs
incurred by the health service provider and reduces exposure to radioactive iodine in the environment.
Another important issue is that patients must
undergo temporary thyroid hormone withdrawal
2 to 4 weeks before ablation. During this time,
hypothyroidism develops in many patients, which
reduces their quality of life and ability to function
at home and work.
Thyroid hormone withdrawal can be avoided
with the use of recombinant human thyrotropin
(thyrotropin alfa). However, there is uncertainty
over whether the use of thyrotropin alfa reduces
rates of ablation success, especially with low-dose
radioiodine.8
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In this randomized, noninferiority, factorial
study, called the HiLo trial, we aimed to determine
whether low-dose radioiodine could be used instead of high-dose radioiodine and whether patients could receive thyrotropin alfa before ablation
instead of thyroid hormone withdrawal.

Me thods
Study Design

From January 2007 through July 2010, we conducted the study in 29 centers in the United Kingdom
National Cancer Research Network. Approval was
obtained from the national research ethics panel. All patients provided written informed consent to participate in the study. The study protocol is available with the full text of this article at
NEJM.org.
Patients

Eligibility criteria were an age of 16 to 80 years,
a performance status of 0 to 2 (with 0 indicating
normal function, 1 indicating that the patient is
restricted in strenuous activity but ambulatory, and
2 indicating that the patient is capable of self-care
but is unable to work), histological confirmation
of differentiated thyroid cancer (including Hürthlecell carcinoma) requiring radioiodine ablation9,11;
tumor stage T1 to T3 with the possibility of
lymph-node involvement but no distant metastasis and no microscopical residual disease (i.e., N0,
NX, N1, and M0 in the tumor –node–metastasis
[TNM sixth] staging system), and one- or two-stage
total thyroidectomy, with or without central
lymph-node dissection.
Exclusion criteria were the presence of aggressive malignant variants, including tall-cell, insular, poorly differentiated, and diffuse sclerosing
thyroid cancer; anaplastic or medullary carcinoma;
pregnancy; severe coexisting conditions; previous cancer with limited life expectancy; previous
iodine-131 or iodine-123 preablation scanning;
and previous treatment for thyroid cancer except
surgery.
Randomization and Study Treatment

Patients were randomly assigned to one of four
study groups: low-dose or high-dose radioiodine,
each combined with thyrotropin alfa (Thyrogen,
Genzyme) or thyroid hormone withdrawal. Randomization was performed centrally, with stratification according to center, tumor stage, and nod-
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Assessments

al stage. All patients were instructed to follow a
low-iodine diet for 3 weeks before ablation.
Radioiodine ablation was recommended 1 to
6 months after surgery. Thyrotropin alfa was administered on each of the 2 days before ablation
by intramuscular injection (0.9 mg). Among the
patients undergoing thyroid hormone withdrawal,
thyroxine (average dose, 200 μg per day) was discontinued 4 weeks before ablation in 11 patients,
and triiodothyronine (average dose, 60 μg per day)
was discontinued for 2 weeks in 204 patients; data
were missing for 4 patients. Thyrotropin levels
were similar in the thyroxine and triiodothyronine groups (median, 80.5 mU and 61.5 mU per
liter, respectively; P = 0.56).
Radioactive iodine-131 was administered at a
dose of 1.1 GBq or 3.7 GBq, depending on the
study group. Patients remained in hospital isolation until an assessment of radiation risk and
clinical conditions permitted discharge.

Patients underwent physical examination and
biochemical evaluation before surgery or ablation. A central review of a representative paraffin
tumor block confirmed the histologic diagnosis.
On the day of ablation, preablation radionuclide scanning with 80 MBq technetium-99m
pertechnetate given intravenously was performed
to assess remnant size, and the results were
subsequently reviewed centrally. The use of
technetium-99m, instead of iodine-131 or iodine-123, prevents stunning (i.e., a lower uptake
of radioiodine by thyroid cells during the subsequent ablation dose, which can reduce ablation
success rates, particularly with lower doses,
such as 1.1 GBq); imaging was performed 20
minutes later.15 Also, thyrotropin was measured
in the group undergoing thyroid hormone withdrawal to check that the level exceeded an empirical 30 mU per liter, a prespecified cutoff

Table 1. Baseline Characteristics of the Patients.*
Characteristic

Thyrotropin Alfa
Low-Dose
Radioiodine
(N = 110)

High-Dose
Radioiodine
(N = 109)

Thyroid Hormone Withdrawal
Low-Dose
Radioiodine
(N = 110)

High-Dose
Radioiodine
(N = 109)

Age — yr
Median

44

44

45

43

Range

20–82

21–76

17–73

18–77

Male

33 (30)

17 (16)

30 (27)

31 (28)

Female

77 (70)

92 (84)

79 (72)

78 (72)

Sex — no. (%)

Not reported

0

0

1 (1)

0

Tumor stage — no. (%)
T1

32 (29)

31 (28)

33 (30)

32 (29)

T2

52 (47)

53 (49)

53 (48)†

51 (47)

T3

25 (23)

25 (23)

24 (22)

26 (24)

Not reported

1 (1)

0

0

0

Nodal stage — no. (%)
N0

66 (60)

62 (57)

66 (60)

63 (58)

N1

17 (15)

18 (17)

17 (15)

17 (16)

NX

27 (25)

29 (27)

27 (25)

29 (27)

Previous thyroid surgery — no. (%)
Near-total thyroidectomy

0

0

1 (1)

Total thyroidectomy

46 (42)

34 (31)

31 (28)

49 (45)

Completion thyroidectomy

62 (56)

72 (66)

75 (68)

58 (53)

3 (3)

4 (4)

1 (1)

Not reported

1676
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Table 1. (Continued.)
Characteristic

Thyrotropin Alfa
Low-Dose
Radioiodine
(N = 110)

Thyroid Hormone Withdrawal

High-Dose
Radioiodine
(N = 109)

Low-Dose
Radioiodine
(N = 110)

High-Dose
Radioiodine
(N = 109)

Time from surgery to ablation — days
Median

83

85

87

90

Range

29–532

15–317

32–369

28–354

100

100

68

68

2

2

2

2

Median — ng/ml

2.3

1.6

3.8

1.5

No. of patients with <2.0 ng/ml

25

30

23

33

Thyrotropin level on the day of ablation‡
Median — mU/liter
No. of patients with <25 mU/liter
Thyroglobulin level on the day of ablation§

* A low dose of radioiodine was defined as 1.1 GBq, and a high dose was defined as 3.7 GBq. There were no significant
differences between the groups at baseline, except for thyrotropin levels, as indicated.
† In one patient, the tumor stage was later revised to T4.
‡ P<0.001 for the comparison among the four groups. Patients with a thyrotropin level of less than 25 mU per liter were
included in the intention-to-treat analysis but were excluded from the sensitivity analysis. The protocol stated that only
patients with a thyrotropin level of more than 30 mU per liter would be eligible for ablation, but those who had a level
of more than 25 mU per liter were included in the analysis to account for assay imprecision.
§ This category includes only patients who were negative for thyroglobulin antibody. A total of 111 patients with a thyroglobulin level of less than 2.0 ng per milliliter were included in the sensitivity analysis, in which ablation success was
based only on the diagnostic scan at 6 to 9 months. Each center used its own commercial thyroglobulin assay, with the
lower limit of sensitivity ranging from less than 0.2 µg per liter to 5 ng per milliliter. P = 0.16 for the between-group difference in median thyroglobulin levels. After ablation, 70 of the 111 patients had neck uptake on an iodine-131 scan, 22
(in whom iodine-131 scanning was not performed or the results were not available) had positive results on a technetium-99m scan, 12 had no uptake on the iodine-131 scan but had a positive technetium-99m scan, 2 had no uptake on
the iodine-131 scan or the technetium-99m scan, and 5 had missing data.

value that was required for ablation (though patients with a thyrotropin level of more than 25 mU
per liter were included in the analysis to allow for
assay imprecision). In the thyrotropin alfa group,
blood was obtained approximately 24 hours after
the second injection.
Whole-body iodine-131 scanning was performed 3 to 7 days after ablation with the use of
a gamma camera with high-energy collimators.
Diagnostic whole-body scanning was performed
6 to 9 months after ablation with the use of iodine-131 (140 to 185 MBq). Uptake of iodine-131
in the thyroid bed was measured 48 hours after
administration. Patients were instructed to start
a low-iodine diet 3 weeks before the diagnostic
scan and were given an intramuscular injection of
0.9 mg of thyrotropin alfa on days 1 and 2 before
the scan. (A total of 140 patients had undergone
thyroid hormone withdrawal before Genzyme began its participation in June 2009.) An iodine-131
capsule was administered on day 3, and the
scanning and stimulated thyroglobulin testing
were performed on day 5.
n engl j med 366;18

Serum samples were taken on the day of the
diagnostic scanning. Thyroglobulin and thyroglobulin antibody were measured by immunometric assay (Tg-pluS, BRAHMS [analytical sensitivity, 0.08 ng per milliliter, functional sensitivity,
0.2 ng per milliliter]; and Tg-Ab, Roche) at a central laboratory; thyroglobulin was measured by
radioimmunoassay at another central laboratory.
Discordant results of immunometric assay and
radioimmunoassay among patients who were positive for thyroglobulin antibody (>46 kU per liter)
on the immunometric assay suggested assay interference, indicating that the thyroglobulin levels
could be unreliable.16
The Medical Outcomes Study 36-Item ShortForm Health Survey (SF-36) was used to evaluate
patients’ quality of life,17 with surveys completed
at the time of consent, on the day of ablation before radioiodine administration, and 3 months
after ablation. On the day of ablation, patients also
completed a questionnaire about thyroid cancer–
specific symptoms and economic indicators, covering the previous 4 weeks. (The questionnaire is
nejm.org
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provided in the Supplementary Appendix, avail- Statistical Analysis
The sample size was based on the difference in
able at NEJM.org.)
rates of ablation success between patients receivStudy End Points
ing low-dose radioiodine and those receiving highThe primary end point was the success rate for dose radioiodine or between those receiving thyroablation, which was defined as both a negative tropin alfa and those undergoing thyroid hormone
scan (<0.1% uptake on the basis of the region-of- withdrawal. We assumed an ablation success rate
interest method drawn over the thyroid bed) and of 80% for the high dose of radioiodine (or thya thyroglobulin level of less than 2.0 ng per mil- roid hormone withdrawal) and a maximum allowliliter at 6 to 9 months.18,19 One of these criteria able difference of 10 percentage points (i.e., lowwas used if the other was not available. The thyro- dose radioiodine or thyrotropin alfa should not
globulin level on immunometric assay was used have a success rate of less than 70%); independent
if patients were antibody-negative (331 patients) peer reviewers agreed on the difference. We deor if they were antibody-positive and the results of termined that an enrollment of 421 patients with
immunometric assay and radioimmunoassay were nonmissing data would provide a power of 82%,
concordant (13 patients) — in other words, if the with a one-sided P value of 0.05.
The differences between the two success rates
level on immunometric assay was less than 2.0 ng
per milliliter and the level on radioimmunoassay are provided for each of the two main compariwas less than 5.0 ng per milliliter. Only the scan sons: low-dose versus high-dose radioiodine and
result was considered for ablation success or fail- thyrotropin alfa versus thyroid hormone withure for 94 patients: 22 patients who were anti- drawal. Two additional comparisons reflected clinbody-positive with discordant thyroglobulin mea- ical practice: low-dose radioiodine plus thyrotrosurements, 4 patients with an unknown antibody pin alfa versus high-dose radioiodine plus thyroid
status, and 68 patients for whom a serum sample hormone withdrawal and low-dose radioiodine
plus thyrotropin alfa versus high-dose radioiodine
was unavailable.
Sensitivity analysis was performed for patients plus thyrotropin alfa. Sensitivity analyses were
whose thyroglobulin level on the day of ablation performed to allow for 17 patients who did not
(on the basis of local assays) was less than 2.0 ng undergo assessment at 6 to 9 months.
per milliliter in the absence of thyroglobulin antibodies (i.e., only the scan at 6 to 9 months was
R e sult s
used to determine ablation success or failure).
All but two of these patients had neck uptake on Patients
the technetium-99m scan or postablation io- Data on enrollment and outcomes are provided
in Figure 1 in the Supplementary Appendix. The
dine-131 scan.
Secondary end points were the number of days patients’ characteristics were well balanced at baseof hospitalization; adverse events during ablation line (Table 1). Of the 438 patients, 23% had stage
and 3 months after ablation, according to the T3 tumors, and 16% had lymph-node involvement;
Common Terminology Criteria for Adverse Events, 17% had T1 tumors without lymph-node involveversion 3.020; tumor recurrence; quality of life; and ment, 5% had T1 tumors with lymph-node involvement, and 7% had T1 tumors with nodal insocioeconomic factors.
volvement that could not be assessed; for patients
Study Oversight
with T2 tumors, the proportions were 30%, 5%,
In 2009, Genzyme began providing the thyrotro- and 12%, respectively.
pin alfa that was used in the study but had no other
involvement. The data were gathered by the Can- Hospital Isolation
cer Research UK and University College London Patients receiving low-dose radioiodine spent less
Cancer Trials Centre (UCL Cancer Institute). All time in hospital isolation than did those receiving
the authors vouch for the completeness and accu- high-dose radioiodine, with 39.6% versus 7.1% reracy of the data and were responsible for trial quiring only 1 day in hospital isolation and 13.0%
coordination. All authors were involved in the writ- versus 36.3% requiring 3 days or more (P<0.001
ing of the manuscript and the decision to submit for both comparisons) (Fig. 1). Table 1 in the Supplementary Appendix shows the distribution of
it for publication.
1678
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Ablation Success

Only 2.3% of patients had a large remnant (multiple foci or one large focus) on the basis of preablation scanning, and the thyroglobulin level on the
day of ablation was not strongly correlated with
the outcome. For every increase of 0.5 ng per milliliter in the thyroglobulin level, the odds ratio for
ablation failure was 1.02 among all patients (1.09
in the group receiving low-dose radioiodine plus
thyrotropin alfa).
Ablation was successful in 182 of 214 patients
(85.0%) in the group receiving low-dose radioiodine versus 184 of 207 patients (88.9%) in the
group receiving the high dose (Table 2). The difference in the success rate for this comparison was
−2.7 percentage points on the basis of scanning
results alone and −3.8 percentage points on the
basis of both scanning results and thyroglobulin
level. The 95% confidence intervals were within
the allowable difference of ±10 percentage points,
so the success rate with low-dose radioiodine was
considered to be noninferior to that with highdose radioiodine.
The success rates were also similar in the comparison of thyrotropin alfa and thyroid hormone
withdrawal, with successful ablation in 183 of 210
patients (87.1%) in the thyrotropin alfa group versus 183 of 211 patients (86.7%) in the group undergoing thyroid hormone withdrawal. The difference in the success rate for this comparison
was 0.4 percentage points, and the 95% confidence interval was within ±10 percentage points.
Results for low-dose radioiodine plus thyrotropin alfa, as compared with either high-dose radioiodine plus thyrotropin alfa or high-dose radioiodine plus thyroid hormone withdrawal, were
consistent with the main comparisons (with wider
confidence intervals because of smaller sample
sizes). There was no evidence of an interaction
between radioiodine dose and method of preparation (thyrotropin alfa or thyroid hormone withdrawal) on success rates (P = 0.51).
Table 2 in the Supplementary Appendix shows
sensitivity analyses for patients for whom neither
scanning results nor thyroglobulin levels were
n engl j med 366;18

Low-dose
radioiodine

60

High-dose
radioiodine

50

Patients (%)

hospital stay in each of the four trial groups. The
proportion of patients who spent 3 days or more
in hospital isolation was lower in the group given
thyrotropin alfa than in the group that underwent
thyroid hormone withdrawal, regardless of the
radioiodine dose.

40
30
20
10
0

1

2

3

≥4

No. of Days in Hospital Isolation

Figure 1. Days of Hospital Isolation, According to
Radioiodine Dose.
Shown are the proportions of patients receiving lowdose radioiodine (1.1 GBq) or high-dose radioiodine
(3.7 GBq) who spent 1 to 4 or more days in hospital isolation after ablation (P<0.001 by the chi-square test).

available. None of the rounded 95% confidence
intervals had lower limits that exceeded −10 percentage points (i.e., all limits were consistent with
noninferiority).
The treatment effects for patients with stage T3
tumors or lymph-node involvement were consistent with those for all patients (Table 3 in the
Supplementary Appendix). The wider confidence
intervals among results for these patients reflect
smaller sample sizes. The difference in success
rate with low-dose radioiodine versus high-dose
radioiodine was −0.7 percentage points for patients with stage T3 tumors and 4.9 percentage
points for those with lymph-node involvement.
Logistic-regression analyses indicated that success
rates did not differ significantly between the low
dose and the high dose on the basis of either tumor stage (P = 0.71 for interaction) or nodal stage
(P = 0.27 for interaction) (Table 4 in the Supplementary Appendix).
Retreatment and Recurrence

A total of 21 patients (9.5%) receiving low-dose
radioiodine were given a subsequent second dose,
as compared with 9 patients (4.1%) receiving highdose radioiodine (P = 0.02). Among the 21 patients
in the low-dose group, the second radioiodine
doses were 1.1 GBq in 1 patient, 3 to 4 GBq in
8 patients, and more than 4 GBq in 12 patients.
Among the 9 patients in the high-dose group, all
second doses were more than 4 GBq. The second
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Table 2. Ablation Success Rates at 6 to 9 Months, According to Four Comparisons of Radioiodine Doses and Methods of Preparation.*
Variable

Comparison 1

Ablation success based on diagnostic scan alone — no./
total no. (%)
Risk difference (95% CI) — percentage points

Low-Dose
Radioiodine

High-Dose
Radioiodine

Thyrotropin Alfa

Thyroid
Hormone
Withdrawal

198/214 (92.5)

197/207 (95.2)

197/210 (93.8)

198/211 (93.8)

−2.7 (−7.2 to 1.9)

−0.03 (−4.6 to 4.6)

0.26

0.99

P value
Ablation success based on thyroglobulin alone — no./
total no. (%)

159/186 (85.5)

Risk difference (95% CI) — percentage points

Comparison 2

153/173 (88.4)

−2.9 (−9.9 to 4.0)

P value

Risk difference (95% CI) — percentage points†

182/214 (85.0)

0.70

184/207 (88.9)

183/210 (87.1)

183/211 (86.7)

−3.8 (−10.2 to 2.6)

0.4 (−6.0 to 6.8)

0.24

0.90

−4.9 (−11.2 to 1.4)

0.4 (−6.0 to 6.8)

P value
Risk difference on sensitivity analyses‡

150/174 (86.2)

1.4 (−5.6 to 8.3)

0.41

Ablation success based on both diagnostic scan and thyroglobulin — no./total no. (%)

162/185 (87.6)

* Patients were excluded from each comparison if they had neither diagnostic scanning nor thyroglobulin testing. Ablation success rates on
the basis of both diagnostic scanning and thyroglobulin testing were similar between patients who were prepared for the diagnostic scan at
6 to 9 months with the use of thyrotropin alfa or thyroid hormone withdrawal plus either low-dose radioiodine (86.1% vs. 81.3%, P = 0.37) or
high-dose radioiodine (88.2% vs. 89.2%, P = 0.89). CI denotes confidence interval.
† When patients with T3 or T2N1 disease were excluded from the analysis, the risk differences were −6.2% for comparison 1, +0.2% for comparison 2, −6.2% for comparison 3, and −7.6% for comparison 4.
‡ The sensitivity analyses excluded 8 patients who had a thyrotropin level of less than 25 mU per liter at the time of ablation, and only the diagnostic scan was used for 111 patients who were negative for thyroglobulin antibody and had a thyroglobulin level of less than 2.0 ng per
milliliter on the day of ablation.

radioiodine dose was given mainly because clinicians were concerned about an initially positive
scan or an increase in the thyroglobulin level at 6
to 9 months in patients receiving low-dose radioiodine, even though such results have been
shown to normalize spontaneously over time.21,22
After a median follow-up of 13 months (with ≥24
months of follow-up in 21% of patients), six recurrences were detected (three in each radioiodinedose group) according to a combination of results
on ultrasonography, fine-needle aspiration, and
computed tomography.
Adverse Events

During ablation and up to 1 week after the procedure, no patient had an adverse event with a
severity grade of more than 2 (Tables 5 and 6 in
the Supplementary Appendix). The proportion of
patients who had any adverse event was 21%
among those receiving low-dose radioiodine versus 33% among those receiving high-dose radioiodine (P = 0.007), with rates of neck pain (7% vs.
17%) and nausea (4% vs. 13%) favoring the low1680
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dose group. Rates of adverse events were similar
in the thyrotropin alfa group and the group undergoing thyroid hormone withdrawal, though there
was a trend favoring the thyrotropin alfa group
(23% vs. 30%, P = 0.11). Three months after ablation, the rates of adverse events were 27% in the
low-dose group versus 24% in the high-dose group
(P = 0.55) and 27% in the thyrotropin alfa group
versus 24% in the group undergoing thyroid hormone withdrawal (P = 0.34).
Six patients had a serious adverse event with
one in the low-dose group (a spinal fracture) and
five in the high-dose group (vomiting of blood,
chest pain [in two patients], pelvic pain, and
acute renal failure). None of the events were
deemed by the clinician in charge of the patient’s
care to be causally related to the trial interventions on the basis of clinical assessment. The
rate of adverse events was lower for patients receiving low-dose radioiodine plus thyrotropin
alfa (16%) than for those receiving either highdose radioiodine plus thyroid hormone withdrawal (35%, P = 0.001) or high-dose radioiodine
nejm.org
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Comparison 3

Comparison 4

Low-Dose Radioiodine
plus Thyrotropin Alfa

High-Dose Radioiodine
plus Thyroid
Hormone Withdrawal

Low-Dose Radioiodine
plus Thyrotropin Alfa

High-Dose Radioiodine
plus Thyrotropin Alfa

100/108 (92.6)

100/105 (95.2)

100/108 (92.6)

97/102 (95.1)

−2.6 (−9.0 to 3.7)

−2.5 (−9.0 to 4.0)

0.42

0.45

81/96 (84.4)

72/84 (85.7)

81/96 (84.4)

−1.3 (−11.8 to 9.1)

−6.6 (−16.0 to 2.8)

0.80
91/108 (84.3)

81/89 (91.0)

0.17
92/105 (87.6)

91/108 (84.3)

92/102 (90.2)

−3.3 (−12.7 to 6.0)

−5.9 (−14.9 to 3.0)

0.48

0.20

−4.4 (−13.5 to 4.6)

−6.1 (−14.9 to 2.7)

plus thyrotropin alfa (30%, P = 0.01) (Table 7 in hormone withdrawal than among those receiving
thyrotropin alfa (51.1% vs. 29.7%). Fewer patients
the Supplementary Appendix).
who were receiving thyrotropin alfa had difficulty
Quality of Life and Economic Indicators
performing usual household activities or taking
There were no significant differences in quality- care of their children than did those who were
of-life scores on the SF-36 between patients re- undergoing thyroid hormone withdrawal; among
ceiving low-dose radioiodine and those receiving patients who were employed, fewer who were rehigh-dose radioiodine (Tables 8 and 9 in the Sup- ceiving thyrotropin alfa had difficulty concentratplementary Appendix). Before ablation, there were ing at work (9.4% vs. 22.1%, P = 0.004) (Table 3,
clear benefits among patients receiving thyrotro- and Table 10 in the Supplementary Appendix).
pin alfa, as compared with those undergoing thyOn the basis of data in Figure 1 and an asroid hormone withdrawal — namely, in physical signed cost of £443 ($704) per patient per day in
and social functioning, role limitations, and en- hospital isolation (National Health Service tariff
ergy or fatigue (P<0.001 for most comparisons). and itemized costs from Freeman Hospital), the
Similar differences were observed when the low- estimated total costs for hospital stays for all 438
dose group receiving thyrotropin alfa was com- patients were £169,000 ($268,677) for those receivpared with the high-dose group undergoing thy- ing low-dose radioiodine and £222,000 ($352,936)
roid hormone withdrawal. These effects were large: for those receiving high-dose radioiodine, for a
30 to 40 units in favor of thyrotropin alfa with relative reduction of 24% in the low-dose group.
respect to combined categories of physical func- Among patients receiving low-dose radioiodine,
tioning and 38 to 40 units for combined catego- the mean cost per patient was £1,356 ($2,156)
ries of psychological functioning. No differences among those receiving thyrotropin alfa and £776
were seen 3 months after ablation for any com- ($1,234) among those undergoing thyroid horparison.
mone withdrawal; among patients receiving highThe thyroid cancer–specific survey showed that dose radioiodine, the mean cost was £1,582 ($2,515)
fewer patients receiving thyrotropin alfa than among those receiving thyrotropin alfa and
those undergoing thyroid hormone withdrawal £1,056 ($1,679) among those undergoing thyroid
had symptoms associated with hypothyroidism hormone withdrawal, on the basis of the costs of
(P<0.001 for most comparisons) (Table 3). The thyrotropin alfa (£583 [$927] per patient) and the
proportion of patients with three or more symp- hospital stay. Cost estimates depend on the duratoms was higher among those undergoing thyroid tion and costs of the hospital stay and the cost of
n engl j med 366;18
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Table 3. Symptoms Reported by Patients during the 4 Weeks before Ablation.*
Thyrotropin
Alfa
(N = 219)

Symptom

Thyroid
Hormone
Withdrawal
(N = 219)

Risk Difference
(99% CI)†

percent
Anxiety

P Value

percentage points

15.1

18.3

−3.2 (−12.4 to 6.0)

0.37

Changes in menstrual cycle

4.1

5.5

−1.4 (−6.6 to 3.9)

0.50

Constipation

6.9

15.1

−8.2 (−15.8 to −0.6)

0.006

Depression

9.6

12.8

−3.2 (−10.9 to 5.7)

0.29

Increased sensitivity to cold temperatures

15.1

23.7

−8.6 (−18.3 to 1.0)

0.02

Difficulty concentrating

18.3

36.5

−18.2 (−29.0 to −7.5)

<0.001

Dry skin

14.2

20.1

−5.9 (−15.2 to 3.3)

0.10

Fatigue

29.7

48.9

−19.2 (−31.0 to −7.4)

<0.001

Hoarseness

11.0

18.3

−7.3 (−15.9 to 1.3)

0.03

Mood swings

14.6

16.9

−2.3 (−11.2 to 6.7)

0.51

4.1

21.9

−17.8 (−25.8 to −9.8)

<0.001

Puffy face and hands
Reduced sexual activity

19.6

21.0

−1.4 (−11.3 to 8.5)

0.72

Sleep disturbance

19.2

40.2

−21.0 (−31.9 to −10.1)

<0.001

Weight gain

12.8

23.7

−10.9 (−20.3 to −1.5)

0.003

15.5

9.1

6.4 (0.3 to 12.5)

0.04

No. of symptoms‡
1
2

8.7

11.4

≥3

29.7

51.1

−21.4 (−30.4 to −12.5)

<0.001

Difficulty in performing usual activities at home

−2.7 (−8.4 to 2.9)

0.34

13.2

19.2

−6.0 (−15.0 to 3.1)

0.09

Difficulty in taking care of children at home§

8.1

14.5

−6.4 (−19.3 to 6.4)

0.19

Difficulty in performing usual activities at work¶

9.4

22.1

−12.7 (−23.9 to −15.6)

0.004

* Symptoms were reported in a questionnaire that was specific for thyroid cancer, which was completed on the day of ablation. Data shown are for patients who described their symptoms as either “moderate” or “a lot.”
† A negative difference indicates that patients receiving thyrotropin alfa had better scores for symptoms or quality of life
than did those undergoing thyroid hormone withdrawal. To allow for multiple comparisons, 99% confidence intervals
were used.
‡ After consultation with their clinician, patients who underwent thyroid hormone withdrawal may have expected to have
symptoms of hypothyroidism, which may have influenced the overall number of symptoms reported.
§ The percentages in this category are based on responses from 87 patients in the thyrotropin alfa group and 76 patients
in the group undergoing thyroid hormone withdrawal.
¶ The percentages in this category are based on responses from 139 patients in the thyrotropin alfa group and 136 patients in the group undergoing thyroid hormone withdrawal.

thyrotropin alfa in a particular region; for example, in the United States, the list price for thyrotropin alfa is approximately $2,000, but for uninsured patients (approximately 16% or more of all
patients), the direct charge could be greater.
The patient survey, which included questions
about current employment, revealed that 44.6% of
patients receiving thyrotropin alfa versus 28.7% of
those undergoing thyroid hormone withdrawal
continued to work without taking time off dur1682
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ing the 4 weeks before ablation (P<0.001). The
median number of days absent from work was
1 among patients receiving thyrotropin alfa versus 5 among those undergoing thyroid hormone
withdrawal (P = 0.17).

Discussion
Our study answers two central questions involving radioiodine ablation of thyroid remnants after
nejm.org
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surgery for differentiated thyroid cancer: namely,
that the efficacy of low-dose radioiodine is similar to that of high-dose radioiodine, and that the
efficacy of low-dose radioiodine ablation is not
compromised by the use of thyrotropin alfa instead of thyroid hormone withdrawal. Previous
small studies had conflicting results on both
counts.8,23
Ablation success rates were similar for lowdose and high-dose radioiodine with either thyrotropin alfa or thyroid hormone withdrawal, including in subgroups of patients with T3 stage
tumors and lymph-node involvement. We confirmed that patients receiving low-dose radioiodine and thyrotropin alfa had fewer early side
effects, reported having a significantly better quality of life, and spent less time in hospital isolation
than those receiving the high dose with either
thyrotropin alfa or thyroid hormone withdrawal.19,24 Outpatient ablation has been proposed for
low-dose radioiodine.24-26 This would reduce costs
further, and the renal clearance of iodine-131 is
faster with thyrotropin alfa than with thyroid hormone withdrawal. A combination of low-dose radioiodine and thyrotropin alfa would pose fewer
radiation-protection issues, and the lower radiation exposure is likely to reduce the risk of late
second cancers, satisfying the principle of exposure that is “as low as reasonably achievable” (referred to as ALARA).19,23,24 As with other curable
cancers (e.g., childhood cancers and lymphomas),
it is important to reduce the risk of a radiationinduced second cancer, which might be less curable than the primary thyroid cancer.
The incidence of thyroid cancer is increasing
worldwide (213,000 new cases in 2008),27 including an increase by a factor of 2.6 in the United
States from 1973 through 2006.28,29 Unlike most
other cancers, thyroid cancer affects young adults.
Our findings have potential implications for improvements in treatment by making therapies safer, more cost-effective, and more convenient.
Our findings relate to ablation success at 6 to
9 months and do not address future recurrences.
Long-term follow-up will be required to examine
recurrence rates, which have previously been reported to be low in studies involving patients receiving low-dose radioiodine.30,31
Our study has several key strengths. We included T3 and lymph-node–positive tumors, and
we avoided design limitations of previous studies
as follows: histopathological findings were ren engl j med 366;18

viewed by central independent evaluators, only
specialist surgeons were involved to reduce variation in the extent of surgery, and preablation
scanning was performed with technetium-99m to
assess remnant size by central review. Thyroglobulin levels were measured in two central laboratories by means of immunometric assay with thyroglobulin-antibody levels in one laboratory and
by radioimmunoassay in the other. Furthermore,
we assessed thyroid-specific symptoms and economic indicators on the basis of a fixed timeline
(6 to 9 months) after ablation, using a specific
definition of ablation success on the basis of
both stimulated thyroglobulin testing and diagnostic scanning, and we collected tumor blocks
for translational research.
We recommend surgery by specialist surgeons
because in such cases a smaller thyroid remnant
is generally found, as confirmed by the low percentage of patients (2.3%) with large remnants in
our study and by consequently decreased levels of
stimulated thyroglobulin at ablation. In our study,
increased thyroglobulin levels were not strongly
associated with ablation failure, as has been reported previously.32
Radionuclide scans were used for assessing
ablation success, as reported previously.19 Obtaining standardized results from high-resolution
ultrasonography among all participating centers
is difficult, since such findings are operatordependent. Also, whether ultrasonography is superior to radionuclide scanning in assessing ablation success remains controversial.33 We did not
measure urinary iodide levels because patients
followed a strict 3-week low-iodine diet, and the
body iodine content does not affect the ablation
outcome in such patients.34
A similar trial in France (ClinicalTrials.gov
number, NCT00435851), involving 753 patients,
had findings similar to those of our study regarding low and high doses of radioiodine and thyrotropin alfa and thyroid hormone withdrawal.35
In that study, the design was similar to ours but
patients with stage T3 tumors or stage T2 tumors with lymph-node involvement were excluded. Further differences are associated with the
above-mentioned design strengths of our study.
The results of a recent randomized, single-center
trial involving 160 patients and comparing lowdose radioiodine with the high dose, with both
groups undergoing thyroid hormone withdrawal, were similar to our findings.36 Long-term
nejm.org
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results of a randomized study involving 309 patients that compared radioiodine doses of 1.1,
2.2, and 3.7 GBq, with all patients undergoing
thyroxine withdrawal, showed a similar rate of
local relapse at 5 years, although more patients
in the group receiving 1.1 GBq required a second radioiodine treatment.37 In a trial involving
291 patients, 89 were randomly assigned to thyroxine withdrawal, 133 were assigned to triiodothyronine withdrawal, and 69 were assigned to
receive thyrotropin alfa before receiving low-dose
radioiodine; ablation success rates were similar
in the three groups.38 Nonrandomized studies
of low-dose radioiodine and thyrotropin alfa had
similar findings.39
Our study shows that for patients meeting our
inclusion criteria, low-dose radioiodine plus thyrotropin alfa is an effective and convenient treatment with reduced radiation exposure, providing
benefits to both patients and health care provid-
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ers. Radioiodine use is increasing in the United
States, with concern over who should receive it,
particularly among patients with low-risk tumors.40 Therefore, reducing the radiation exposure is a major step forward. The question about
whether radioiodine ablation can be safely avoided in low-risk patients is currently being addressed
in a randomized trial in the United Kingdom
(NCT01398085).41
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