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Abstract Radioactive iodine therapy is administered to
patients with differentiated thyroid cancer (DTC) for eradi-
cation of thyroid remnant after total thyroidectomy or, in
patients with metastatic disease, for curative or pallia-
tive treatment. In past years, thyroid remnant ablation was
indicated in almost every patient with a diagnosis of DTC.
Nowadays, careful revision of patients’ outcome has intro-
duced the concept of risk-based selection of patients candi-
date to thyroid remnant ablation. The present review aims
to underline the indications for thyroid remnant ablation
and to address methodologies to be employed.
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Introduction

Differentiated thyroid carcinoma (DTC), including papil-
lary and follicular histotypes and their variants, accounts
for more than 90 % of all thyroid cancers. An increasing
incidence of DTC over the last decades worldwide has
been reported and is mainly due to papillary histotype [1].
Such increase may be attributable to a better detection of
small papillary thyroid carcinomas (PTC) as a result of an
improved diagnostic accuracy (neck ultrasound and fine
needle aspiration cytology) [2].

Currently, about 70-85 % of thyroid carcinomas referred
to thyroid cancer centers are PTC with an excellent long-term
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prognosis intrinsic to their favorable biological properties [3].
Recently, observation without immediate surgery has been
proposed for low-risk papillary thyroid microcarcinoma [4].

The aim of this review is to discuss which patients are
candidate for ablation and which activities of radioio-
dine (RAI) (low vs. high activities) and which modalities
of preparation [recombinant human TSH administration
(rhTSH) vs. hypothyroidism] should be employed.

Postsurgical thyroid remnant ablation

Postsurgical ablation of thyroid remnant with RAI (remnant
ablation) is aimed to facilitate the early detection of recur-
rence based on serum thyroglobulin (Tg) measurement and/
or RAI whole-body scan (WBS) and to obtain a post-therapy
WBS, whose results may change the initial staging by identi-
fying previously undiagnosed disease. In addition, RAI abla-
tion may represent an adjuvant therapy by cleaning persis-
tent microscopic foci of cancer, which can be present in the
thyroid remnant especially in PTC, which is frequently mul-
tifocal, and by destroying small-volume microscopic lymph
node metastases (present in up to 80 % of PTC). While the
first aim, remnant ablation, is related to follow-up in any
patient regardless of his specific risk, the second one, adju-
vant therapy, is advocated as a tool to reduce disease recur-
rence and cause-specific mortality [5], and thus its use must
be justified according to a real risk of recurrence.

Risk stratification to asses the need for thyroid
remanant ablation

In past years, RAI ablation was indicated in almost every
patient with a diagnosis of DTC. Nowadays, careful
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revision of patients’ outcome has introduced the concept of
risk-based selection of patient candidate to RAI ablation.
The individual risk depends on initial prognostic indicators
obtained at surgery and on results of serum Tg measure-
ments and neck ultrasonography obtained after surgery [3,
6]. According to these parameters, the American Thyroid
Association (ATA) has defined three groups of patients
with different risks of recurrence and the benefits of post-
operative "' differ among these groups [3].

ATA high-risk category

DTC patients are defined at high risk if they have: (1)
macroscopic invasion of tumor into the perithyroidal soft
tissues; (2) incomplete tumor resection; (3) distant metas-
tases; (4) postoperative serum Tg suggestive of distant
metastases; (5) pathologic N1 with any metastatic lymph
node >3 cm in largest dimension; (6) follicular thyroid
cancer with extensive vascular invasion (>4 foci of vascular
invasion) [3].

The published literature supports '*'T ablation for high-
risk patients. Disease-specific survival, as well as disease-
free survival, is improved after postsurgical '*'I therapy in
TNM stage III and IV patients [7]. In a meta-analysis of
79 studies, Sakcs et al. [8] concluded that there was suf-
ficient evidence of improved cause-specific survival asso-
ciated with radioiodine ablation in AJCC TNM stage IV
patients. There was also evidence of a benefit for patients
aged <45 years with significant extrathyroidal extension
or distant metastases. Thus, routine postsurgical '*'I treat-
ment with high activity is recommended in high-risk DTC
patients.

ATA intermediate-risk category

DTC patients are defined at intermediate risk if they have
(1) microscopic invasion of tumor into the perithyroidal
soft tissues; (2) RAI-avid metastatic foci in the neck on the
first post-treatment WBS; (3) aggressive histology (e.g., tall
cell, hobnail variant, columnar cell carcinoma); (4) PTC
with vascular invasion; (5) clinical N1 or >5 pathologic N1
with all involved lymph nodes <3 cm in largest dimension;
(6) multifocal papillary microcarcinoma with microscopic
invasion of tumor into the perithyroidal soft tissues and
BRAFV600E mutation (if known) [3].

For patients with ATA intermediate-risk DTC, lim-
ited risk-group-specific data examining RAI efficacy are
available. Sacks et al. [8] found that cause-specific sur-
vival was improved in patients with AJCC TNM stage III
DTC, which includes patients aged >45 years with primary
tumors >4 cm, microscopic extrathyroidal invasion and/
or lymph node metastases. It is not clear whether younger
patients with lymph node metastases benefit similarly from
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BIT therapy. In their meta-analysis, Sacks et al. [8] con-
cluded that '*'T remnant ablation did not improve survival
or recurrence in patients aged <45 years with microscopic
central compartment lymph node metastases, whereas
benefit was uncertain in the setting of lateral or macro-
scopic lymph node metastases. More recently, some stud-
ies in which only intermediate-risk patients were evalu-
ated, have been published [9-14]. Aggressive variant of
PTC, such as diffuse sclerosing (DSV) and tall cell (TCV)
variants, has a worse prognosis than classic PTC vari-
ant [9, 10]. Recently, it has been reported that aggressive
histologic variant (DSV and TCV) was independently
associated with reduced overall survival in intermediate-
risk PTC patients. Patients with DSV and TCV who did
not receive RAI are 4.9 and 2.1 times more likely to die
compared with patients who received RAI [9]. The clini-
cal importance of minimal extrathyroidal extension on
outcome of PTC is not well established. However, several
recent studies reported no significant difference in recur-
rence or recurrence-free survival between patients with and
without minimal extrathyroidal invasion [11-13]. Nixon
et al. [12] reported no significant difference in 10-year OS,
DSS or RFS between the pT1/pT2 and pT3 groups (OS:
93 vs. 88 %, p = 0.129; DSS: 99 vs. 100 %, p = 0.733;
RFS: 98 vs. 95 %, p = 0.188, respectively). In addition, the
administration of postoperative RAI in patients with mini-
mal extrathyroidal invasion does not impact on survival or
recurrence [12]. However, due to the slow progression of
PTC and the short-term nature of these studies, long-term
prospective studies should be conducted to confirm the
prognostic role of minimal extrathyroidal invasion. After
exclusion of aggressive variants, overall survival was bet-
ter in intermediate-risk patients (lymph node metastases
and/or extrathyroidal invasion) treated with RAI [14]. RAI
was associated with a 29 % reduction in the risk of death,
with a hazard ratio of 0.71. RAI improved overall survival
also in patients younger than 45 years (36 % reduction in
risk of death with a hazard ratio of 0.64) [14]. However, it
is important to note, that in this study the overall survival
rate was very high in <45 year DTC patients treated (99 %)
or not (98 %) with radioiodine ablation after a median
follow-up period of 6.8 years. The absolute risk difference
for overall survival would be estimate to be 1 and 4 % in
younger (<45 years) and older (>65 years) DTC patients,
respectively. In addition, an important limitation of this
study is that the number and the dimension of lymph node
metastases were not available [14]. Recent studies reported
that macroscopic lymph node metastases and increasing
number of lymph node metastases were associated with
decreasing overall survival [15, 16]. In PTC, BRAF V600E
mutation is associated with increased disease-specific mor-
tality [17] and a significantly higher risk of recurrence than
BRAF wild-type tumors (24.9 vs. 12.6 %, p < 0.00001)
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[18]. The risk of recurrence in BRAF V600E-positive
tumors ranged from 11 to 40 % (median 26.5 %), while the
risk of recurrence in BRAF wild-type tumors ranged from
2 to 36 % (median 9.5 %) [18]. However, because BRAF
V600E mutation is associated with aggressive histologic
phenotypes, lymph node metastases and extrathyroidal
extension, it is difficult to determine the proportion of risk
attributable to the BRAF mutation versus that attributable
to the other clinicopathologic features. In a cohort of low-
risk patients with intrathyroidal PTC (<4 cm), the overall
risk of having structural disease recurrence over 5 years of
follow-up was 3 % and BRAF V600E-mutated tumors had
a recurrence rate of 8 % compared with only 1 % in BRAF
wild-type tumors (p = 0.003) [19]. In multivariate analy-
sis, the only significant predictor of persistent disease after
5 years of follow-up was the presence of mutated BRAF
[19]. Differently, no association between BRAV600OE muta-
tion and recurrent disease has been reported in 203 low-
risk DTC patients in multivariate analysis [20]. In a recent
meta-analysis, the BRAFV606E mutation was also strongly
associated with aggressive clinicopathologic behavior of
papillary microcarcinoma, including extrathyroidal exten-
sion, lymph node metastases and advanced stage [21].
BRAF V600E-mutated multifocal papillary microcarci-
noma with extrathyroidal extension demonstrated a 20 %
recurrence rate [22]. However, there are currently no suf-
ficient data to establish whether the presence or absence of
BRAFV600E mutation should dictate the need of remnant
ablation in PTC.

In conclusion, for patients with ATA intermediate-risk
DTC, limited risk-group-specific data examining RAI effi-
cacy are available, but existing data suggest that the greatest
potential benefit may be observed with adverse thyroid can-
cer histologies, increasing volume of nodal disease, lymph
node metastases outside the central neck and advanced
patient age [3]. In the other conditions (i.e., minimal
extrathyroidal invasion, microscopic lymph node metasta-
ses and intrathyroidal PTC with BRAFV600E mutation),
postoperative Tg together with neck ultrasound can be used
to select intermediate-risk patients for RAI ablation.

How can we select intermediate-risk DTC patients for RAI
ablation?

Stimulated serum Tg < 2 ng/ml and negative neck ultra-
sound were associated with very high negative predic-
tive value (~98 %) for biochemical or structural disease
6—-12 months after RAI ablation in intermediate-risk
DTC patients [23-25]. In ATA low- and intermediate-risk
patients who did not receive RAI remnant ablation, a non-
stimulated postoperative Tg < 1 ng/ml was also associ-
ated with excellent clinical outcomes and recurrence rates
<1 % [26]. Several studies have confirmed an increased

risk of recurrence in patients who had a postoperative TSH
stimulated Tg > 2 ng/ml at the time of ablation [27-30].
In addition, high levels of postoperative stimulated Tg val-
ues (>10-30 ng/ml) were associated with poorer survival
[23, 31]. Postoperative Tg can also be used to predict the
presence of metastatic disease on the post-therapy WBS
performed at the time of remnant ablation. Metastatic dis-
ease were detected in 12 % of patients with a suppressed
Tg < 0.6 ng/ml [32], in 6 % of patients with suppressed
Tg < 1.0 ng/ml in another retrospective series [33] and in
7 % of T1-T2, N1 patients with stimulated Tg < 1.0 ng/
ml in a different study [34]. However, within the cohort of
patients who demonstrated a postsurgical Tg < 0.6 ng/ml,
uptake outside the thyroid bed was associated with more
aggressive histologies and larger size of metastatic lymph
node [32]. Conversely, a postoperative Tg values greater
than 5-10 ng/ml increase the likelihood of identifying RAI-
avid metastatic disease on the post-therapy WBS (25 % of
cases) [32]. It does appear that a postoperative Tg value
(either TSH stimulated or non-stimulated) is an important
prognostic factor that can be used to guide clinical manage-
ment. In intermediate-risk patients, postoperative Tg values
<1 ng/ml are reassuring but do not completely rule out the
presence of small-volume RAI-avid metastatic disease at
least in patients with aggressive histology or large lymph
node metastases. Conversely, a postoperative Tg value
>5-10 ng/ml may lead to selection of RAI ablation in ATA
intermediate-risk patient that otherwise would not have
required RAI ablation (selective use) in order to improve
initial staging and facilitate follow-up.

ATA low-risk category

DTC patients are defined at low risk if they have: (1)
intrathyroidal PTC without vascular invasion, with or
without small-volume lymph node metastases (clinical NO
or <5 pathologic N1 micrometastases, <0.2 cm in largest
dimension); (2) intrathyroidal encapsulated follicular vari-
ant of papillary thyroid cancer or intrathyroidal well differ-
entiated follicular cancer with capsular or minor vascular
invasion (<4 vessels involved); and (3) intrathyroidal pap-
illary microcarcinomas that are either BRAF wild type or
BRAF mutated [3].

In the low-risk category, RAI ablation is not recom-
mended, because the risk of disease-specific mortality and
persistent/recurrent disease is so low, that it is unlikely that
may be improved by RAI administration [3, 6]. A retro-
spective study by Schvartz et al. [35] assessed the effect of
1311 on survival in patients with pT1 or pT2 tumors without
nodal or distant metastases. After a median follow-up of
10.3 years, there was no difference in overall or disease-free
survival between 911 patients who received ! treatment
and 387 patients who did not. Prospective data suggest that
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overall and disease-specific mortality are not improved by
RALI treatment in stage I and II patients [7, 36]. The risk
of persistent disease is even lower in low-risk patients [37,
38]. Rosario et al. [38] evaluated the clinical outcome of
136 patients with intrathyroidal (<2.0 cm) PTC submit-
ted to total thyroidectomy without VI level neck dissec-
tion. Over 6.2 years of mean follow-up, a complete clinical
remission (defined as stimulated Tg < 1.0 ng/ml, undetect-
able thyroglobulin antibodies and negative imaging) was
observed in 89 % of patients treated with RAI and in 83 %
of patients not treated with RAI, without significant differ-
ence between the two groups (p = 0.4) [38]. More recently,
Nixon et al. [39] evaluated 490 patients affected by low-
risk DTC. RAI ablation was performed on 178 patients
(36 %). There were only four regional recurrences (4/490,
1 %) and two distant recurrences (2/490, 2 %). The 5-year
disease-specific survival (DSS) was 100 % and recurrence-
free survival (RFS) was 92 % in the total group. Stratifying
by RAI ablation, the 5-year regional RFS and distant RFS
for patients that did not have RAI ablation were 98 and
100 %, respectively, not significantly different from that
observed in patients treated with RAI ablation (100 and
99 %, respectively) [39]. No indication for RAI ablation is
reported in ATA guidelines [3] for low-risk patients also in
the presence of microscopic lymph node metastases when
less than 5 lymph node metastases were involved. Although
the rate of microscopic histologic lymph node metastases
can be found in as much as 62 % of PTC > 1 cm, the recur-
rence rate is only 1-6 % [16]. Sugitani et al. [40] demon-
strated that the risk of recurrent disease was significantly
higher in patients with >5 lymph node metastases (19 %)
than in those with <5 lymph node metastases (8 %). RAI
remnant ablation is unlikely to improve the outcome of
papillary microcarcinoma (<1 cm, uni- or multi-focal), in
the absence of other higher-risk features [41, 42].

In conclusion, there is little evidence to suggest that in
low-risk patients '*'I may improve disease-specific mor-
tality and risk of recurrence, and thus, 31T should not be
administered. The overall risk of persistent disease is 3 %
and is even lower when serum Tg is undetectable. In this
patients category, thyroid ablation may be considered only
when serum Tg values are >5-10 ng/ml, when the likeli-
hood of finding foci of radioiodine uptake outside the thy-
roid bed is significant [27, 43].

Radioiodine dosing and treatment procedures
Preparation for RAI ablation
Remnant ablation has been traditionally performed after

thyroid hormone withdrawal to increase endogenous thy-
roid-stimulating hormone (TSH) to levels sufficient to
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induce robust RAI uptake in thyroid cells. Empirically, it is
estimated that a TSH > 30 mU/1 is a good cutoff [44], but
no comparative study has ever been done to document this
assumption. For thyroid hormone withdrawal, two possible
approaches are used: (1) switch from levothyroxine (LT,)
to trilodothyronine (LT;) for some weeks [3, 5] and then
stop LT; for 2 weeks, or (2) stop LT, for 34 weeks with-
out switching to LT;. A slighter hypothyroidism (reducing
LT, to one half) has also been proposed [45]. Since several
years, the alternative way of preparation for RAI ablation
is the administration of rhTSH. A prospective, multicenter,
randomized study has, demonstrated that 31T remnant abla-
tion with 100 mCi is equally effective after thTSH stimula-
tion or thyroid hormone withdrawal [46]. In another study,
ablation rates were similar with either withdrawal or prepa-
ration with thTSH using 50 mCi of '*'I [47]. Recently, two
randomized non-inferiority trials comparing low and high
activities of radioiodine, each in combination with either
rhTSH or hypothyroidism, have been published [48, 49].
The majority of patients were “low risk,” but patients at
“intermediate risk” (with lymph node metastases or mini-
mal extrathyroidal invasion) were also included [48, 49].
The ablation rate was similar in the groups despite the
thyrotropin stimulation method used, and the authors con-
cluded that the use of rhTSH could be sufficient for the
management of low-risk patients. In addition, short-term
recurrence rates have been found to be similar in patients
prepared with thyroid hormone withdrawal or thTSH both
in low-risk [50, 51] and intermediate-risk patients [52].
The preparation with rthTSH significantly improves qual-
ity of life [46, 53] and reduces both whole-body irradiation
[54, 55] and hospitalization time [56]. A recent meta-anal-
ysis confirmed the above results [57]. Nowadays, the use
of thTSH is approved for remnant ablation, with any '*'I
activity, in both the USA and Europe.

Activity of '*' to be employed for postsurgical thyroid
remnant ablation

Although there is a trend toward higher ablation rates
with higher activities, similar rates of successful rem-
nant ablation have been reported using activities ranged
from 30 to 100 mCi of '3'T [58—60]. A randomized study
using preparation with rh'TSH showed that ablation rates
were comparable between 50 and 100 mCi [61]. A pro-
spective, randomized study performed in 160 patients,
comparing ablation with 30 and 100 mCi, after prepa-
ration with thyroid hormone withdrawal, found no dif-
ference in the ablation rate [62]. Recently, two prospec-
tive randomized studies in very large number of patients
conducted in France and in the UK found no signifi-
cant difference in the remnant ablation rate using 30 or
100 mCi of ', either after preparation with thyroid
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Table 1 Postoperative administration of radioactive iodine (RAI): indication and procedures

Risk class Indication for remnant ablation Activity of '*'I when indicated Preparation
Low Not routinely recommended 30 mCi rhTSH
Intermediate May be considered 30 mCi (if low-volume central neck nodal metastases ~ rhTSH

with no other known residual disease are present)
30-150 mCi (if extensive lymph node disease, multiple

clinically involved LN or suspected or documented

microscopic residual disease are present)

High Routinely recommended 100-150 mCi

Thyroid hormone withdrawal or thTSH

hormone withdrawal or rhTSH [48, 49]. It is worth not-
ing that these two studies included not only low-risk
patients, but also patients at intermediate risk of recur-
rence, including those showing minimal extrathyroi-
dal extension of the primary tumor [49] or lymph node
metastases [48, 49]. Also in this category, the authors
found no difference between low and high RAI activi-
ties in terms of ablation success rates. This finding has
been confirmed in a retrospective study including only
patients at intermediate risk, treated with low or high
RALI activities [52]. Concerning the issue of the follow-
up of patients treated with low activity of '*'I, a prospec-
tive, randomized study comparing the rate of recurrent
disease in low-risk patients ablated with 30 or 100 mCi
showed that in 10 years of follow-up, the rate of per-
sistent disease was similar in both groups [62]. Also in
225 intermediate-risk DTC patients, the final outcome
was similar between patients treated with low and high
activities of '3'T at ablation [52]. On the contrary, it has
been recently reported an higher DTC-related mortality
in low- and high-risk patients treated with low activities
of *'T at ablation (<2000 MBq) when patients were at
least 45 years of age at diagnosis and an higher recur-
rence rate in older high-risk patients without distant
metastases [63].

Indications for activity and for preparation according
to ATA risk class

In patients with ATA low-risk and ATA intermediate-risk
DTC without extensive lymph node involvement in whom
radioiodine remnant ablation is planned, preparation with
rhTSH stimulation is an acceptable alternative to thyroid
hormone withdrawal for achieving remnant ablation and
a low administered activity of approximately of 30 mCi
(1.11 GBq) is generally favored over higher administered
activities [3, 6] (Table 1).

In patients with ATA intermediate-risk DTC who have
extensive lymph node disease (multiple clinically involved
LN) in the absence of distant metastases, preparation with
rhTSH stimulation may be considered as an alternative to

thyroid hormone withdrawal using either low or high RAI
activities [3, 6] (Table 1).

In patients with ATA high-risk DTC, more data from
long-term outcome studies are needed, before thTSH prep-
aration can be recommended. When RAI is used to treat
suspected or documented residual disease in ATA high-risk
patients, administered activities of 100—150 mCi are gener-
ally recommended [3, 6] (Table 1).

No definitive studies are available in pediatric patients.
For every age patients, some authors have suggested
to use a lesion dosimetry; others suggest empiric dos-
ages based on the patient’s body weight (1 mCi/kg body
weight) [64-66]. When available, a '**I PET/CT could
be used to perform dosimetry, to tailor treatment, instead
of using fixed activities, and to evaluate mean absorbed
doses both to target lesions and to nontarget organs (sali-
vary glands) [67].

Should a diagnostic RAI scanning be performed
before ablation?

A diagnostic RAI WBS provides information on the pres-
ence of iodine-avid thyroid tissue, both normal or tumoral.
There is an increasing trend to avoid diagnostic RAI WBS
because of its low impact on the decision to ablate and
because of concerns over '*!I-induced stunning of normal
thyroid remnants [68] and distant metastases from thyroid
cancer [69, 70]. The alternative radiopharmaceutical for
staging, '21, is not readily available and has a short half-
life [71]. More recently, the contribution of preablative '3'I
scans with SPECT/CT to the postoperative risk stratifica-
tion in DTC patients has been evaluated [72]. The combi-
nation of stimulated serum Tg and imaging data provide
information that changes risk stratification in 15 % of
patients as compared to recurrence risk estimation based
on histopathology and induce modifications in manage-
ment decision in 31 % of cases [72]. However, only in 7 %
of patients changes in management were due to imaging
alone, whereas in the majority of cases it was due to con-
tribution of both imaging and Tg information (88 %) or Tg
alone (5 %) [72].
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Is a low-iodine diet necessary before remnant ablation?

Contamination with stable iodine might theoretically influ-
ence the uptake of diagnostic or therapeutic activities of RAI
[73]. Based on this assumption, several centers advocate
preparation of the patients with a low-iodine diet (LID) and
recommend avoiding iodine contamination (intravenous con-
trast agents, amiodarone or other iodine-containing drugs)
prior to RAI therapy. However, no prospective study has ever
determined the cutoff at which interference may actually
occur.

In a recent systematic review, a LID allowing for <50 ug/
day of iodine for 1-2 weeks appeared to be associated with
an increase in RAI uptake, compared with no LID [74], but
there is conflicting evidence on the impact of LID on the
remnant ablation success. In a retrospective study, aimed to
compare different levels of urinary iodine excretion on the
results of thyroid ablation in patients not prepared with low-
iodine diet, the authors found no influence of different levels
of urinary iodine on the outcome of thyroid ablation up to
urinary iodine levels exceeding 350 pg/day of dietary iodine
[75]. In any case, measurement of urinary iodine excre-
tion (when available) before remnant ablation may help in
detecting the few cases with significant iodine contamina-
tion [6].

Post-therapy WBS after remnant ablation

It is recommended to perform a post-therapy WBS within
1 week after RAI therapy. This imaging technique is of
paramount importance in confirming the presence and the
extent of the thyroid remnant and may disclose the pres-
ence of unsuspected metastatic foci in 10-26 % of the
cases [76], thus allowing the reclassification of disease
stage [77]. Whenever possible, a SPECT-CT can be useful
instead of a planar WBS to better define the neck uptake
and distinguish the remnant from local lymph node or para-
tracheal tumor.

Conclusions

In past years, thyroid remnant ablation was indicated in
almost every patient with a diagnosis of DTC. Nowadays,
careful revision of patients’ outcome has introduced the
concept or risk-based selection of patients candidate to thy-
roid remnant ablation. According to this concept, RAI abla-
tion is recommended based on the individual recurrent risk
assessed using the ATA stratification system.
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