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Radioiodine therapy is a matter of controversy because different

opinions exist about its use for differentiated thyroid carcinoma. The
following article sheds light on the different opinions and explains

why we advocate the use of radioiodine therapy in more than only

high-risk patients. In comparison to other malignancies, differentiated

thyroid carcinoma has a different tumor biology due to its usually
slow growth pattern. Radioiodine therapy was first used about 75 y

ago and provided cure at a time when prospective randomized

controlled trials had yet to be developed. Large patient cohorts and

usually at least a decade of clinical follow-up are needed to demon-
strate a benefit from radioiodine therapy. Thus, especially in low-risk

patients, many factors define an individual treatment decision, includ-

ing tumor stage, extent of surgery, tumor biology, clinical and imaging

data, life expectancy, and patient preferences.
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After the discovery of 131I by Glenn Seaborg and John Livingood
at the University of California, Berkley, in 1938, Saul Hertz ad-
ministered the first therapeutic dose of cyclotron-produced 131I to
a human patient in January 1941 (1). To remember the founder of
radioiodine therapy, the 2016 congress of the European Associa-
tion of Nuclear Medicine in Barcelona held a symposium on Saul
Hertz, in the presence of his daughter Barbara Hertz. Today, there
is strong controversy over whether to use radioiodine in patients
with differentiated thyroid carcinoma (DTC). The following article

presents the different views on radioiodine therapy and explains why
we advocate the use of radioiodine.

DTC HISTOPATHOLOGY, METASTATIC PATTERNS, AND

TREATMENT AIMS

DTC consists of two histologic types, papillary thyroid carcinoma
(PTC) and follicular thyroid carcinoma (FTC). In general, both entities
are slowly growing. Prognosis is good if completely eradicated, but
the metastatic patterns of these two types of carcinoma differ. FTC
metastasizes predominantly to distant organs such as lungs and bones,
whereas PTC shows a high incidence of lymph node metastasis,
ranging from 30% to 80% of patients (2,3). Surgery has the goal of
removing the tumor, and radioiodine therapyhas twogoals: ablationof
thyroid remnants to facilitate follow-up and—more importantly—de-
struction of microscopic tumor tissue as an adjuvant therapy (4). DTC
in pregnant women is, fortunately, rare, as pregnancy is an absolute
contraindication to the use of radioiodine therapy.

TOTAL THYROIDECTOMY VERSUS LOBECTOMY

Thyroid lobectomy alone is also sufficient for minimally invasive
FTC without angioinvasion (5,6) and for encapsulated follicular-pat-
terned thyroid tumors of uncertain malignant potential according to
the 4th edition of the World Health Organization classification of
tumors (e.g., noninvasive follicular thyroid neoplasm with papillary-
like nuclear features [NIFTP]) (7). The presence of the remaining lobe
of the gland does not allow for the use of radioiodine remnant abla-
tion. Follow-up management consists of neck ultrasonography and
serial thyroglobulin measurements. For patients with an unequivocal
thyroid cancer larger than 1.0 cm, we recommend a near-total or total
thyroidectomy. Then, the question arises of whether radioiodine
ablation may improve recurrence-free or overall survival.

METHODOLOGIC ASPECTS OF RADIOIODINE THERAPY

There are several reasons for controversy in the use of radio-
iodine. There is a lack of prospective randomized controlled trials,
and data on clinical outcomes are taken mostly from retrospective
series. To set up prospective randomized trials with radioiodine is
not an easy task, requiring long-term follow-up because of the
slowly growing tumor biology and the low event rate. In a review
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by Sawka et al., only studies with an observation period of more than
10 y showed a benefit for patients treated with radioiodine, and
sample sizes required recruitment of at least 1,500 patients (8,9).
There are ongoing prospective clinical trials aiming to further clarify
the indication for radioiodine therapy, such as the French multicenter
‘‘Etude Stimulation Ablation’’ (ESTIMABL trial) (10), the British
‘‘Is Ablative Radio-Iodine Necessary for Low Risk Differentiated
Thyroid Cancer Patients’’ (IoN trial) (11,12), and the German ‘‘I-124
PET/CT Based Remnant Radioiodine Ablation Decision Concept
in Differentiated Thyroid Cancer’’ (CLERAD-PROBE trial)
(13), which include low-risk patients. Results are expected be-
ginning in 2020. The difficulty in planning prospective studies can
be exemplified by considering the feasibility of designing a multi-
institutional prospective randomized controlled trial of prophylac-
tic central lymph node dissection in cN0 PTC. Carling et al.
calculated that a total of 5,840 patients would have to be included
in such a study to achieve at least 80% statistical power. Thus, such
a study was considered not readily feasible (14).

GUIDELINES OF AMERICAN THYROID ASSOCIATION (ATA)

AND BRITISH THYROID ASSOCIATION

In 2015, the ATA published version 3 of the guidelines dealing
with the diagnosis and treatment of DTC (6). The recurrence risk
was expanded from the basic 3-tiered system of low, intermediate,
and high risk for locoregional recurrence or distant metastases to a
broader risk continuum that incorporates actual risk percentages
from several cited studies (6,15). In version 3 of the ATA guide-
lines, patients with lymph node metastases can be categorized into
each of the 3 risk groups rather than simply placing all patients
with lymph node disease into the intermediate-risk category
(6,15). Only patients who have tumors with gross extrathyroidal
invasion (T4)—together with pN1 with extranodal extension and
at least 3 lymph nodes involved, any lymph node larger than 3 cm,
or distant metastases—are definite candidates for radioiodine ther-
apy, whereas T1b and T2 tumors are not considered routine indi-
cations. Patients with other T categories such as T3 or T1–3 N1a
or N1b are candidates in whom radioiodine therapy could be
considered. The authors of the ATA guideline state that of the
191 individual recommendations, only 11 were based on high-
quality evidence whereas 97 were based on low-quality evidence
(6). Haugen et al. aimed to reduce what they consider excess
therapy and rather want to monitor patients with a few, small
lymph node metastases who are now categorized in the low-risk
category (6,15). Noteworthy are considerations concerning rem-
nant ablation, adjuvant therapy, and therapy of metastases. Pa-
tients who are considered for remnant ablation are treated with
radioiodine to ablate normal thyroid tissue, and the ablation
should improve the sensitivity and specificity of subsequent
monitoring tools. Patients considered for adjuvant therapy are
those who have undergone a complete resection of their disease
and have no known residual disease but are at high risk of de-
veloping recurrent disease. Patients who receive radioiodine
therapy are those who have known residual locoregional or met-
astatic disease and who need therapy in an attempt to eradicate
or control the disease. Haugen et al. suggested that those patients
who are considered for remnant ablation should be considered
for only a lower administered activity of radioiodine (i.e., 1.1
GBq [30 mCi] of 131I), reserving higher administered activities
for those patients receiving radioiodine for adjuvant therapy or
therapy of metastases. These approaches aim to reduce the risk

of potential side effects (e.g., sialadenitis, xerostomia, epiphora, or sec-
ondary malignancy) in patients with low- or intermediate-risk DTC.
The British Thyroid Association guideline (4) gave similar rec-

ommendations on the use of radioiodine in DTC patients but used
the term selective use instead of may be considered. Questions
remain about the precise specification of selection criteria.

POSITION OF EUROPEAN ASSOCIATION OF NUCLEAR

MEDICINE AND EUROPEAN COUNTRIES

In 2016, Verburg et al. published an article on why the Euro-
pean Association of Nuclear Medicine declined to endorse the
2015 ATA guidelines (16). In most cases, the objections were
based on differences in the interpretation of the available evi-
dence, especially where the role of nuclear medicine is concerned.
The objections start with the acceptance of incomplete resection.
The ATA recommendation either to perform a bilateral near-total
or total thyroidectomy or to limit the initial procedure to lobec-
tomy for tumors larger than 1 cm but smaller than 4 cm, and with
no extrathyroidal extension or clinical evidence of lymph node
metastases (cN0), is a shift from previous clinical practice and
would make adjuvant radioiodine therapy not feasible in the pres-
ence of a large thyroid remnant. This recommendation would result
in a definite change in medical practice concerning state-of-the art
follow-up examinations, because thyroglobulin would no longer
have the significance it has today. For the entire population of
patients with DTC exceeding 1 cm in diameter, the usefulness of
postoperative 131I ablation is evident from retrospective studies
(8,9). The expertise of the surgeon is an important parameter, and
postoperative serum thyroglobulin may be an indicator of the com-
pleteness of thyroid tissue removal, helping to identify patients who
may benefit from 131I therapy (16).
In Germany, it is recommended that patients be advised to

undergo radioiodine therapy unless they have papillary thyroid
microcarcinoma (PTMC) (17). Patients considered at low risk for
recurrent disease (pT1b–pT2 cN0 M0; risk of recurrence, 2%–7%)
are usually treated with radioiodine therapy. In our institution, 2.0
GBq of 131I are usually administered in this situation. The ATA
limited its own recommendation by judging it as weak, as based
on low-quality evidence, and as lacking inclusion of more aggres-
sive variants of DTC. The results of large retrospective studies in
the United States are in contrast to the ATA recommendations.

Low-Risk Patients

The U.S. National Cancer Database from 1998 to 2006 indi-
cates that radioiodine therapy significantly improved overall sur-
vival in 61,775 patients with PTC diameters of 1.0–2.0 cm and
2.1–4.0 cm (18). When average mortality was assigned a value of
1.0, mortality decreased in the radioiodine therapy group to a
value of 0.77 (95% confidence interval [CI], 0.68–0.87) in pT1b
and to a value of 0.86 (95% CI, 0.76–0.98) in pT2. The clinical
benefit of radioiodine therapy versus no radioiodine therapy was
higher than the clinical benefit of total thyroidectomy versus sub-
total thyroidectomy. Total thyroidectomy did not improve overall
survival in comparison to subtotal surgical procedures. These ther-
apeutic results were not attributable to one fixed radioiodine ac-
tivity but resulted from mean applied activities over 2 decades
(Table 1) (18,19).
The U.S. Surveillance, Epidemiology, and End Results (SEER)

Database from 1973 to 2009 indicates that omission of radioiodine
therapy increased disease-specific mortality in 61,049 patients.
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Male patients under 45 y old with pT2 N0 M0 disease had a
significantly higher hazard ratio (HR), 1.3, if they did not receive
radioiodine therapy (P , 0.002), while female sex showed a sig-
nificant protective effect (HR, 0.7; P 5 0.001) (Table 1) (20). In a
study from Hong Kong with 855 patients, recurrence-free survival
increased from 82.5% to 95% after 10 y when radioiodine was
included in the therapeutic concept (21). These data demonstrating
a benefit for DTC patients were from retrospective series with very
large patient collectives and a long follow-up.

Intermediate-Risk Patients

Adam et al. analyzed the prognostic value of lymph node
metastases in a cohort of 47,902 patients from the SEER Database
(19). Overall survival was compromised for patients with nodal
metastases (HR, 1.32; 95% CI, 1.04–1.67; P , 0.021), compared
with patients who did not have them (HR, 1.29; 95% CI, 1.08–
1.56; P , 0.006). After adjustment, an increase in the number of
metastatic lymph nodes was associated with a decrease in overall
survival in patients with up to 6 metastatic nodes (HR, 1.12; 95%
CI, 1.01–1.25; P , 0.03).
The National Cancer Database contained 21,870 patients with

pT3 N0 M0 or pT1–pT3 N1 M0 disease. Mortality was reduced by
29% among the 15,418 patients who were treated with radioio-
dine, compared with 6,452 patients who were not referred for
radioiodine therapy. This advantage in favor of radioiodine ther-
apy was found despite the remarkable fact that disease was more
advanced in the patients who had radioiodine treatment: 51% of
the patients had multifocal disease in the radioiodine group, versus
47% in the nonradioiodine group. Both lymph node metastases
(74% vs. 68%) and R1 resections (19% vs. 15%) were more fre-
quent in the radioiodine group. Despite the less favorable patient
population, radioiodine therapy could decrease mortality (Table 1)
(22).
The statistical calculations presented by Adam et al. (18,19), Oro-

sco et al. (20), and Ruel et al. (22) were published after the ATA
guidelines but should receive an adequate appraisal in a futureversion.
French societies, which essentially share the viewpoint of the

European Association of Nuclear Medicine on radioiodine ther-
apy, published the following recommendations: in multifocal pT1a
with a total lesion size of less than 1 cm, in pT1b N0/Nx without
extrathyroidal extension, in pT1a N0/Nx with minor extrathyroi-
dal extension, and in FTC without vascular invasion, the use of ra-
dioactive iodine is optional. In other patients with a low risk of relapse
(apart from R1 and R2), including pT1b Nx/N0 with minor extrathy-
roidal extension, radioactive iodine treatment is recommended (23).
Patients with an intermediate risk of relapse have at least one of

the following criteria, and radioiodine treatment is recommended:

• pT2 N0/Nx with minor extrathyroidal extension, or pT3a
(tumor size . 4 cm, other than NIFTP) N0/Nx with or
without minor extrathyroidal extension

• pT2/pT3a N1a with limited lymph node involvement (#5
metastatic nodes and tumor size , 2 mm)

• pT1a/pT1b/pT2/pT3a N1 (N1a or N1b) with involvement of
intermediate to large lymph nodes, the largest metastatic
node being smaller than 3 cm

• cN1 disease at diagnosis (e.g., metastatic cervical lymph node
confirmed by ultrasound-guided fine-needle aspiration biopsy)

• An unfavorable histologic aspect (e.g., tall cell, hobnail, or
columnar cell variant of PTC; oxyphilic Hürthle cell variant
of FTC)

• PTC with limited vascular invasion (,4 emboli)
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• In cases of radioiodine administration, positive cervical lymph
nodes on posttherapy scan

SPECIAL TUMOR ENTITIES

PTMC

The British Thyroid Association (4) commented about the use
of radioiodine therapy in PTMC, which is defined as a carcinoma
no more than 10 mm in greatest dimension. PTMCs constitute
approximately 30% of all DTCs and are largely responsible for
the rise in the incidence of thyroid cancer seen in many countries
over the last few decades. In 15 studies with 4,096 patients and a
follow-up of 3.7–11.2 y, the risk for distant metastasis was 0.4%.
In 16 studies with 5,256 patients, there was a risk of 2.5% for
locoregional recurrence and 12.3%–50% for locoregional lymph
node involvement. Today, systematic lymph node dissection of the
central compartment is no longer standard therapy, and the pres-
ence of occult lymph node metastases is therefore usually not
known (cNx). The clinical outcome of PTMC is almost always
very good, but there are a few exceptions: a metaanalysis that
included 9,379 patients identified 32 deaths (24). Because long-
term survival is nearly 100%, the objective of any treatment is to
reduce the small risk of locoregional recurrence and distant me-
tastases while minimizing iatrogenic morbidity. The British Thy-
roid Association recommended a risk-adapted approach in PTMC.
Risk factors include a tumor diameter of 6–10 mm, multifocal or
bilateral tumors, an unfavorable histology with a poorly differen-
tiated component, tumor desmoplasia or infiltrative tumor growth
or incidental discovery on 18F-FDG PET/CT, and lymph node
involvement at diagnosis. Nonincidental, that is, clinically de-
tected, PTMC had an increased risk for lymph node metastases
in comparison to cases discovered incidentally (25). Under these
circumstances, an individual decision about radioiodine therapy
can be made.

NIFTP

Diagnosing the new entity NIFTP, previously termed non-
invasive follicular variant of papillary thyroid carcinoma, requires
exhaustive analysis of the nodule capsule (23,26), which can be
difficult in large tumors and is not always included in current
histologic analysis (23). In the recently published study of Thomp-
son (7) including 94 patients with NIFTP, all patients were without
evidence of disease after a median follow-up of 11.8 y. In this

cohort, the diameter of the follicular neoplasms ranged from 0.5 to
9.5 cm. All NIFTPs showed benign behavior, supporting limited
surgical procedures without radioiodine ablation (7).

RISK ASSESSMENT OF RADIATION EXPOSURE

Rubino at el. reported a small risk of second malignancies for
cumulated activities of more than 7.4 GBq of 131I (27). Data from
the SEER Database are difficult to assess because most secondary
malignancies were detected within 1 y of radioiodine therapy,
making a causal relationship unlikely. It seems more likely that
these patients had access to improved diagnostic facilities,
explaining a higher diagnostic yield of malignancies (28). Hirsch
et al. reported on 1,943 patients, of whom 1,574 (81%) were treated
with radioiodine and 1,467 were followed for at least 2 y, and of
these, 1,145 (78%) received a cumulative dose of more than 7.4
GBq (200 mCi) of radioiodine. In patients followed for 2 y, second
malignancies were diagnosed in 9% of radioiodine-treated patients
and 10.5% of non–radioiodine-treated patients (29). Data from
Korea on 211,360 patients analyzed the dose-dependent risk be-
tween radioiodine and leukemia (Table 2) (30). In the group treated
with activities of up to 3.7 GBq, no increase in the incidence of
leukemia was observed. However, there was an increased risk in
the group treated with more than 3.7 GBq (100 mCi), meaning that
1 in 2,000 patients treated with a radioiodine activity of more than
3.7 GBq may develop leukemia as a second malignancy. As a new
aspect, the latency period before the statistically increased risk of
leukemia was first observed (;8 mo) is shorter than previously
assumed (30).

CURRENT TREATMENT STRATEGIES

Two important prospective randomized controlled trials have
compared recombinant thyroid stimulating hormone (rhTSH) with
hypothyroidism and 1.1 GBq (30 mCi) versus 3.7 GBq (100 mCi)
of radioiodine for ablative radioiodine therapy: the ESTIMABL
trial (31) and the British study ‘‘High- Versus Low-Dose Radio-
iodine’’ (HiLo trial) (32). The authors concluded that rhTSH and
hypothyroidism were equally effective and that 1.1 GBq was not
inferior to 3.7 GBq. However, the trials had some drawbacks re-
lated in part to the definition of endpoints. In the ESTIMABL
trial, success was defined as a stimulated thyroglobulin level of
less than 1 ng/mL. The authors did not report the percentages of

TABLE 2
Risk of Secondary Leukemia After Radioiodine Treatment (30)

Cumulative activity

Parameter

,1,110 MBq

(,30 mCi)

1,110–3,700 MBq

(31–100 mCi )

.3,700–5,500 MBq

(101–150 mCi)

.5,500 MBq

(.150 mCi)

Subjects (n) 23,547 28,397 28,441 23,356

Median cumulative activity 1,110 MBq (30 mCi) 3,330 MBq (90 mCi) 5,550 MBq (150 mCi) 7,400 MBq (200 mCi)

Leukemia

Cases (n) 4 6 21 15

Cumulative incidence* 6.1 [1.7–15.7] 8.6 [3.2–18.7] 29.5 [18.3–45.1] 20.9 [11.7–34.4]

HR 0.62 [0.22–1.77], P 5 NS 0.88 [0.36–2.14], P 5 NS 3.09 [1.74–5.51], P , 0.001 2.08 [1.09–3.94], P 5 0.025

*Per 100,000 person-years at risk.

NS 5 not significant.

Data are for 211,360 subjects: 107,619 without radioiodine (reference cohort) and 103,741 with radioiodine. Data in brackets are 95% CIs.
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patients in whom a thyroglobulin level below the assay sensi-
tivity was reached. A modern thyroglobulin assay with a lower
functional sensitivity of 0.2 ng/mL was used. Only 24 of 684
patients underwent diagnostic whole-body scintigraphy, and
neck uptake as high as 0.5% was accepted as success. In the HiLo
trial, 1.1 GBq was 5.9% less effective than 3.7 GBq in the rhTSH
group, and a second ablation was necessary in 9.5% of the 1.1-GBq
group versus 4.1% in the 3.7-GBq group, indicating initial ablation
failure. A stimulated thyroglobulin level of less than 2.0 ng/mL and
thyroid uptake still as high as 0.1% were considered to indicate
successful ablation. However, 68 of 438 patients had incomplete
laboratory tests. Thus, the HiLo trial showed inferior results for
the low-risk group (32).
The success of radioiodine therapy is critically dependent on the

surgeon’s experience. The more total the thyroidectomy is and the
lower the remnant volume, the lower is the activity of radioiodine
required for successful therapy. The clinical aim is to treat patients
with the lowest single dose of radioiodine activity necessary to
achieve cure. However, this is a difficult aim and the above-men-
tioned trials used a surrogate parameter as endpoints (i.e., stimu-
lated thyroglobulin [rhTSH]) 8 mo after radioiodine therapy.
Patients treated in Poland (33), Turkey (34), and Iran (35) needed
increased rates of second ablative therapies when lower initial
activities of radioiodine were used. In all 3 studies, the cumulative
activities of 2 ablative therapies were higher than the radioiodine
dose in the standard arm (3.7 GBq of 131I). To answer questions on
disease-specific and overall survival, long-term follow-up is nec-
essary. In our institution, low-risk patients (pT1–pT2 cN0) are
treated with 2.0 GBq of 131I if larger thyroid remnants do not exist
before the radioiodine ablation. The concept of a 2-GBq dose of
131I was recently confirmed by retrospective data from Munich:
Todica et al. demonstrated an equally high success rate with 2
GBq (90%, n 5 135) versus 3.7 GBq (91%, n 5 137) using a
thyroglobulin threshold of 0.5 ng/mL (36).

Hypothyroidism Versus rhTSH

To achieve sufficient radioiodine uptake, either hypothyroidism
or rhTSH is required. rhTSH is indicated for pretherapeutic
stimulation in combination with a range of 1.1–3.7 GBq (30–
100 mCi) of radioiodine for ablation of thyroid tissue remnants
in patients who have undergone a near-total or total thyroidectomy
for DTC and do not have evidence of distant metastatic thyroid
cancer (37). Hypothyroidism may decrease renal clearance, which
is unaffected when rhTSH is used. In a study from Hänscheid et
al., rhTSH reduced whole-body exposure by 35%. Within the
thyroid remnant, uptake after 48 h and residence time were not
different. The specific absorbed dose to the blood was significantly
(P , 0.0001) lower after administration of rhTSH (mean, 0.1096
0.028 mGy/MBq; maximum, 0.18 mGy/MBq) than after thyroid
hormone withdrawal (mean, 0.167 6 0.061 mGy/MBq; maxi-
mum, 0.35 mGy/MBq) (38).

Ongoing Studies

Because there were no prospective randomized trials comparing
ablative radioiodine therapy with relinquishment of radioiodine,
the following studies have been initiated:
ESTIMABL2 Trial. In the ESTIMABL2 trial (ClinicalTrials.gov

identifier NCT01837745) (10,11), patients with PTC, FTC, or
Hürthle cell carcinoma can be included if in stage pT1am N0
or Nx M0 with a sum of lesion size greater than 1 cm but not
more than 2 cm, or in stage pT1b N0 or Nx M0 (2010 TNM

classification). Patients are randomized to receive 1.1 GBq (30
mCi) of radioiodine therapy or no radioiodine therapy. Adverse
events after 3 and 5 y are the primary endpoints.
IoN Trial. In the IoN trial (ClinicalTrials.gov identifier

NCT01398085) (12), patients with PTC can be included if in stage
pT1am, pT1b, pT2, or pT3 (intrathyroidal) pN0 or pN1a, and
patients with minimally invasive FTC or Hürthle cell carcinoma
can be included if in stage pT1b or pT2 without angioinvasion
(32). Patients are randomized to receive 1.1 GBq of 131I or no
radioiodine. After 6–9 mo, diagnostic radioiodine whole-body
scintigraphy is planned. rhTSH-suppressive levothyroxine therapy
is performed. The endpoint is progression-free survival after 5 y.
CLERAD-PROBE Trial. In the CLERAD-PROBE trial (Clin-

icalTrials.gov identifier NCT01704586) (13), patients with DTC
(including Hürthle cell carcinoma) can be included if in stage
T1b–T4 N0–N1 M0–M1 and are randomized to the competing
guideline groups. In the 124I arm, patients are treated following
the ATA guideline risk stratification (no 131I ablation in the low-
risk group; 131I ablation in the high-risk group or if uptake on
124I-PET is seen outside the thyroid bed). In the standard arm,
131I ablation is performed according to the European Associa-
tion of Nuclear Medicine guidelines. The primary effectiveness
endpoint is mean blood dose after complete remission or after 18 mo.
Secondary endpoints are quality of life (radiation side effects), tumor
recurrence or progression after 3 and 10 y, and the prognostic value
of thyroglobulin.
There are foreseeable problems with these 3 trials: the duration

of follow-up may be too short to detect significant differences.
Sawka et al. found an improved recurrence-free and overall
survival only in studies with a follow-up of 10 y or more (8,9).
Life expectancy is an important aspect in the decision on whether
to advise the use of radioiodine therapy, especially in the younger
patients—having a life expectancy of decades—in whom most
cases of DTC are detected today. An open issue is survival when
low activities of radioiodine are used for treatment. Verburg et al.
showed that the use of more than 2 GBq of 131I resulted in an
improved survival in the low- and high-risk groups, in comparison
to the use of lower activities (#2 GBq) (39). Thus, it is uncertain
whether the aim of reducing morbidity and mortality can be re-
alized when low activities of radioiodine are used.

TREATMENT RECOMMENDATIONS

Recommendations on whether to advise the use of radioiodine
therapy have changed over time and vary among countries. The
ATA guidelines on the use of radioiodine in the United States
became increasingly restricted, whereas other countries are more
open to recommending radioiodine therapy. Prospective random-
ized trials are lacking. In addition, because most of the tumors are
slow-growing, studies with several thousands of patients and
decades of follow-up would be needed (40). In the United States,
about 50% of patient in stage I (pT1a–pT1b N0 M0 in patients .
45 y old and pT1–pT3 N0–N1 M0 in patients , 45 y old) receive
radioiodine treatment. The most recent ATA guidelines did not
include the latest and largest studies (18–20,22). Data from the
National Cancer Database showed a reduced risk for the endpoint
mortality even for DTC tumors between 1 and 2 cm in size. Radio-
iodine treatment has been found to be more important for prog-
nosis than is the extent of resection (18,19). Other strategies, such as
delayed radioiodine treatment in cases of increasing thyroglobulin
level, have not found clinical acceptance yet. In intermediate-risk
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patients, postoperative monitoring of thyroglobulin levels alone
was found to be insufficient for detection of patients with me-
tastases (41,42). Without adjuvant radioiodine therapy, thyroglobulin
production by a thyroid remnant will mask early detection of re-
current disease—a particular problem because of the decreasing use
of central lymph node dissection. Microscopic nodal disease will no
longer be detected or treated. For intermediate-risk patients, a
significant survival advantage was found for the radioiodine
treatment group (22). In multifocal PTMC, the risk for recur-
rence was estimated to be 4%–6% by the ATA. Shattuck et al.
analyzed the patterns of X-chromosome inactivation of multiple
distinct foci of well-differentiated multifocal PTC and showed
that individual tumor foci in patients with multifocal PTC often
arise as independent tumors (43). Thus, in viable thyroid rem-
nants there may be an increased risk of the de novo appearance
of tumor cells, which would be controlled by radioiodine treat-
ment. Risks and side effects of radioiodine treatment exist but
are neither frequent nor of impressive clinical severity. Radia-
tion-induced inflammation of the thyroid is among the more
frequent side effects and is usually easy to treat by application
of cooling ice packs or nonsteroidal antiinflammatory drugs. The
Korean data indicated that leukemia occurred as a side effect only
when treatment activities were above 3.7 GBq, and the likelihood
was only 1 in about 2,000 therapies. In low-risk patients, adjuvant
radioiodine therapy is given once with 2.0 GBq of 131I. Response
assessment 6–9 mo after radioiodine therapy by whole-body
scintigraphy using very low activities and stimulated thyroglob-
ulin have shown results equal to those from 3.7 GBq. Adjuvant
radioiodine therapy and response assessment providing impor-
tant information about the future risk of disease-specific survival
should aim to routinely obviate a second ablation. Because of the
difficulties with setting up prospective studies with decades of
follow-up, it would be highly desirable to have a cancer registry
at, minimally, a national or European level (30).

CONCLUSION

In our view, the 2015 ATA guidelines are too reluctant to
recommend radioiodine treatment. Retrospective studies with large
cohorts showed that patients with 1- to 2-cm PTC, and patients
at intermediate risk, benefited from adjuvant radioiodine therapy
regarding hard endpoints such as recurrence-free and overall
survival. Radioiodine therapy is highly effective for micrometasta-
ses, which are present in a considerable number of patients, even
those with low-risk tumors. DTC is a special tumor entity because of
its usually slow growth pattern, often requiring many years before
micrometastases have grown to clinically detectable disease. To
prospectively demonstrate a benefit in hard end-outcome parameters,
several thousands of patients and at least a decade of follow-up
would be required. It appears questionable whether such studies will
ever be performed. At present, recent studies not included in most
guidelines justify the use of radioiodine not only in high-risk patients
but also in those at low or intermediate risk (18,20,22).
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