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In the past decade, the management of differentiated thyroid cancer
(DTC) underwent a paradigm shift toward the use of risk stratification
with the goal of maximizing the benefit and minimizing the morbidity
of radioiodine (131I) therapy. 131I therapy is guided by information
derived from surgical histopathology, molecular markers, postopera-
tive diagnostic radioiodine scintigraphy, and thyroglobulin levels. 131I
is used for diagnostic imaging and therapy of DTC based on physio-
logic sodium-iodine symporter expression in normal and neoplastic
thyroid tissue. We summarize the essential information at the core of
multidisciplinary DTC management, which emphasizes individualiza-
tion of 131I therapy according to the patient’s risk for tumor
recurrence.
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Standard-of-care management for differentiated thyroid cancer
(DTC) is risk-adapted and typically includes surgery, 131I therapy,
and thyroid hormone therapy. In rare cases of radioiodine-
refractory disease, symptomatic relief and slowing of metastatic
disease progression may be provided by external radiotherapy,
radiofrequency ablation, and multikinase or tyrosine kinase
inhibitors.

EPIDEMIOLOGY AND CLASSIFICATION

Thyroid neoplasms are the most common endocrine tumors
(annual incidence, 8–9 cases/100,000 people), and DTC accounts
for more than 90% of cases. The rising DTC incidence in recent
years may reflect a combination of increased imaging and a concom-
itant true rise in incidence (1). DTC is biologically and functionally
heterogeneous, with different molecular pathways impacting cancer
cell biology. In particular, BRAF V600E mutation is associated with
reduced expression of all thyroid-specific genes involved in iodine

metabolism, resulting in variable decreased responsiveness to
131I therapy (2). The clinical, pathologic, and molecular characteris-
tics of DTC are summarized in Supplemental Table 1 (supplemental
materials are available at http://jnm.snmjournals.org) (3).

DIAGNOSIS

The most common clinical presentation of DTC is as an inci-
dental thyroid nodule. Neck ultrasound, serum thyroid-stimulating
hormone (TSH), and thyroid scintigraphy are used to select high-
risk nodules for fine-needle aspiration. Sonomorphologic nodule
features are used in the Thyroid Imaging Reporting and Data Sys-
tem, a standardized risk assessment for thyroid malignancy. In the
absence of suggestive cervical lymph nodes, fine-needle aspiration
is discouraged for nodules smaller than 1 cm, and the decision to
aspirate larger nodules is guided by the Thyroid Imaging Report-
ing and Data System score in the context of nodule size.

SURGICAL TREATMENT

Traditionally, total or near-total thyroidectomy was performed
on most DTC patients, with lobectomy reserved for cytologically
indeterminate nodules or patients with unifocal microcarcinoma
(i.e., papillary thyroid carcinoma # 1 cm). Currently, lobectomy
is suggested for patients with unifocal intrathyroidal low-risk DTC
up to 4 cm in the absence of additional risk factors (i.e., no clinical
evidence of nodal metastases, cN0) (4). The management of low-
risk DTC between 2 and 4 cm remains a topic of debate, and total
thyroidectomy is still frequently advised (5). Active surveillance is
an alternative to lobectomy for unifocal papillary thyroid micro-
carcinoma with no extracapsular extension or lymph node metasta-
ses (6). The decision for active surveillance is based primarily on
age-related risk of progression, individual surgical risk factors,
and patient preference (7).
Cervical lymph nodal metastases occur in 20%–60% of patients

with DTC, and this nodal involvement varies from clinically rele-
vant macrometastases to seemingly clinically irrelevant microme-
tastases (8,9). When lymph nodal metastases are diagnosed
preoperatively, central or lateral neck compartment dissection
reduces the risk of locoregional recurrence. Prophylactic central
neck dissection may improve regional control for invasive tumors
(T3–T4) but is discouraged for low-risk DTC because potentially
associated morbidities (i.e., hypoparathyroidism and recurrent
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laryngeal nerve damage) are not justified by a significant clinical
benefit (10).

POSTOPERATIVE MANAGEMENT

Postoperative evaluation includes thyroglobulin measurement,
neck ultrasound, and diagnostic radioiodine (131I or 123I) whole-
body scanning (WBS), which is helpful to identify persistent
disease and characterize tumor 131I avidity. Tumor biology infor-
mation encrypted in the molecular profile may also help determine
indications for 131I treatment and modulate treatment intensity;
however, further studies are required before molecular profiling
can be incorporated into clinical practice. Institutional manage-
ment protocols are established by multidisciplinary teams based
on the local availability and expertise of the surgical, pathology,
radiology, and laboratory components integral to the DTC treat-
ment algorithm (11).

Postoperative 131I Therapy
The goal of 131I therapy is determined on integration of

clinical–pathologic, laboratory, and imaging information, using
standardized definitions as follows (12).
Remnant Ablation. Remnant ablation is intended to eliminate

postoperative normal thyroid tissue remnants in low-risk DTC in
order to achieve an undetectable serum thyroglobulin level, facili-
tating follow-up and early detection of relapse. Thyroid remnant
ablation also enables high-sensitivity posttherapy WBS for diagno-
sis and localization of any residual disease after surgery, such
as unsuspected regional cervical metastases or distant meta-
static disease.
Adjuvant Treatment. Adjuvant 131I treatment in patients with

suspected microscopic metastatic disease is based on histopatho-
logic risk factors that predict tumor spread beyond the thyroid
gland, with the intention of irradiating and eliminating occult
infraradiologic residual disease in the neck or other occult micro-
metastases to improve recurrence-free survival.
Treatment of Known Disease. 131I treatment in patients with

known residual or metastatic disease has the goal of eliminating
iodine-avid regional or distant metastases in order to achieve cure
or remission, reduce persistent or recurrent disease, and improve
overall prognosis.

Preparation for 131I Therapy
Evaluation with radioiodine scintigraphy and 131I therapy is

scheduled to take place at a minimum of 4 wk after surgery, which
allows time to prepare the patient and reach the necessary postoper-
ative thyroglobulin plateau levels, used as a marker for residual
thyroid tissue or metastatic thyroid cancer after total thyroidectomy.
Thyroglobulin levels must always be interpreted in the context of
concomitant TSH level (unstimulated vs. stimulated thyroglobulin)
and type of TSH stimulation (endogenous vs. exogenous) (13).
Patient preparation for optimal 131I uptake by residual thyroid tis-
sue and metastatic disease includes 1–2 wk of a low-iodine diet
(Supplemental Table 2) and adequate TSH stimulation (TSH $ 30
mIU/L, measured 1–3 d before 131I administration) by either thy-
roid hormone withdrawal (THW) or recombinant human TSH
(rhTSH) stimulation (14). For female patients of childbearing age
(12–50 y), a negative pregnancy test is required within 72 h of 131I
administration or before the first rhTSH injection (if used), unless
the patient has undergone hysterectomy or is postmenopausal.
There are 2 main approaches to TSH stimulation, which is nec-

essary for increasing Na-I symporter expression and function in

metastatic lesions (and residual thyroid tissue), with the goal of
increasing the diagnostic sensitivity of 131I scintigraphy and
absorbed radiation dose to target lesions.
Endogenous TSH Stimulation. Endogenous TSH stimulation is

through thyroid hormone deprivation after total thyroidectomy,
thus inducing a hypothyroid state: the hypothyroid stimulation
protocol (THW) has 2 variants: levothyroxine withdrawal for 4 wk
or levothyroxine/liothyronine substitution for the first 2 wk.
Exogenous TSH Stimulation. For exogenous TSH stimulation,

the patient continues levothyroxine treatment, and TSH is elevated
through administration of rhTSH (thyrotropin alfa [Thyrogen;
Genzyme] stimulation protocol): 0.9 mg of rhTSH administered
intramuscularly on 2 consecutive days, followed by 131I therapy
administered at 48–72 h.
The choice of preparation method (THW vs. rhTSH) needs to

be individualized for each patient. There is general agreement that
for normal thyroid tissue (i.e., thyroid remnant), rhTSH and THW
stimulation are equivalent, because normal thyroid tissue has con-
stitutive high expression of highly functional Na-I symporter and
does not require prolonged TSH stimulation for adequate 131I
uptake and retention. However, metastatic thyroid cancer is less
dense and has poorer functionality of the Na-I symporter; there-
fore, TSH elevation over time (area under the curve of TSH stimu-
lation) is important to promote increased 131I uptake and retention
in tumors (15,16). In the setting of distant metastases, THW prepa-
ration and dosimetry-guided 131I therapy are favored, when clini-
cally safe and feasible (17–19).

131I THERAPY

There are 2 approaches to delivering 131I therapy: the theranos-
tic approach, which integrates the information obtained with
postoperative diagnostic radioiodine (123I or 131I) scans in the
management algorithm, and the risk-based approach based on
clinical–pathologic factors and institutional protocols. Which of
these 2 approaches is chosen depends on local factors, including
the quality of surgery; the availability of, and expertise with, vari-
ous imaging modalities; and physician and patient preferences.
Each approach has strengths and limitations, and no conclusive
evidence regarding primary outcome measures is available for rec-
ommending one strategy over the other.

Management of the Integration of Functional Diagnostic
Radioiodine Imaging
This theranostic approach to 131I administration involves the

acquisition of a postoperative diagnostic radioiodine (123I, 131I, or
124I) scan for planning 131I therapy. Diagnostic WBS is performed
to identify and localize regional and distant metastatic disease and
to determine the capacity of metastatic deposits to concentrate
131I. Depending on institutional protocols, the findings on diagnos-
tic WBS may alter management, such as providing guidance for
additional surgery; altering the prescribed 131I therapy, either by
adjusting conventional 131I activity or by performing dosimetry
calculations to determine the maximum tolerated therapeutic 131I
activity for treatment of distant metastases; and avoiding unneces-
sary 131I therapy when diagnostic WBS finds no evidence of resid-
ual thyroid tissue or metastatic disease and the stimulated
thyroglobulin is less than 1 ng/mL in the absence of interfering
antithyroglobulin antibodies (the thyroglobulin cutoff should be
adapted locally depending on the stimulation protocol and thyro-
globulin assay) (17). Information acquired from the diagnostic
WBS may also lead to additional functional metabolic imaging
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with 18F-FDG PET/CT when non–iodine-avid metastatic disease
is suspected (on the basis of thyroglobulin elevation out of propor-
tion to the findings on the diagnostic WBS). It is preferable for
postoperative diagnostic scanning to be performed using integrated
multimodality imaging (i.e., SPECT/CT), whenever available.
SPECT/CT is relevant for assessing focal radioiodine uptake in
the neck, for differentiating thyroid remnant from nodal metasta-
sis, and for detecting metastases in normal-sized cervical lymph
nodes (not appreciated on postoperative neck ultrasound). Scinti-
graphic evaluation with diagnostic WBS can identify pulmonary
micrometastases (which are too small to be detected on routine
chest radiographs and may remain undetected on CT; Fig. 1) and
bone metastases at an early stage (i.e., before cortical disruption is
visible on bone radiographs or CT; Fig. 2). Most importantly,
since 131I therapy is most effective for smaller metastatic deposits,
early identification of regional and distant metastases is important
for successful therapy (20,21). In a group of 320 thyroid cancer
patients referred for postoperative 131I therapy, diagnostic WBS
with SPECT/CT detected regional metastases in 35% of patients
and distant metastases in 8% of patients. This scintigraphy infor-
mation changed staging in 4% of younger, and 25% of older,
patients (22). Clinical management was changed in 29% of
patients when information from diagnostic WBS and stimulated
thyroglobulin was integrated into the decision algorithm, as

compared with a management strategy based on clinical and histo-
pathology information alone (23). In 350 patients at intermediate
and high risk of recurrence, a single 131I therapeutic administration
guided by postoperative diagnostic WBS information resulted in a
complete response in 88% of patients with locoregional disease
and 42% of patients with distant metastases (median follow-up of
3 y) (24). The information obtained with the diagnostic WBS rea-
sonably predicts 131I therapeutic localization and can be used for
131I therapy planning in the paradigm of thyroid cancer radiothera-
nostics (22,25,26).

124I is a positron emitter isotope with a 4.2-d half-life that
has imaging characteristics superior to those of 123I and 131I scin-
tigraphy. 124I is expensive, with limited accessibility, and is
not widely available; however, on the basis of its PET imaging
capability, 124I is the ideal agent for pretherapy tumor and organ
dosimetry calculations (27). A standardized protocol for 124I PET/
CT acquisition, analysis, and quantification remains to be
established.

Risk-Adapted 131I Therapy Followed by 131I Scans with
Diagnostic Intent
The conventional approach, in which the nuclear medicine

physician chooses an 131I activity based on local protocols, avail-
ability, experience with various imaging modalities, and patient-

related parameters, is widely used for thy-
roid remnant ablation, adjuvant treatment,
and curative therapy of known structural
disease. With this therapeutic approach, the
prescribed 131I activity depends on the goal
of 131I therapy as determined by the esti-
mated risk for persistent or recurrent dis-
ease. Thyroid remnant ablation in low-risk
patients is typically performed with a low
131I activity (i.e., 1.1–1.85 GBq [30–50
mCi]). Adjuvant 131I therapy is performed
with a slightly higher activity (i.e.,
1.85–3.7 GBq [50–100 mCi], with some
institutions extending this range to 5.55
GBq [150 mCi]). Treatment of known dis-
ease is performed by administering a high
activity (i.e., 3.7–5.56 GBq [100–150 mCi]
for advanced locoregional disease and 5.6
27.4 GBq [150–200 mCi] for distant meta-
static disease) (28). However, when diag-
nostic scintigraphy demonstrates diffuse
homogeneous uptake throughout the lungs,
simplified whole-body dosimetry should be
performed to adjust the prescribed 131I activ-
ity so that pulmonary 131I retention does not
exceed 3 GBq (80 mCi) after 48 h, with the
goal of minimizing the risk of radiation-
induced lung toxicity (29). Administration of
therapeutic 131I activities of at least 7.4 GBq
(200 mCi) for treatment of diffuse distant
metastatic disease requires full whole-body
or blood dosimetry calculations (24). Table 1
shows a suggested 131I therapy framework
in DTC.
Posttherapy WBS is performed at 2–7 d

after 131I administration to localize the thera-
peutic 131I and assess for regional and distant

FIGURE 1. Radioiodine theranostics for 63-y-old man with 2.2-cm regionally advanced papillary
thyroid carcinoma and of 11 lymph nodes dissected, all 11 were positive for metastasis, in surgical
specimen of total thyroidectomy. (A) Diagnostic 37-MBq (1 mCi) 131I WBS, anterior projection,
depicts multifocal neck activity and diffuse lung activity. (B and C, different anatomic levels within
the neck, depicting lymph nodal metastases located in different cervical compartments) Neck
SPECT/CT demonstrates iodine-avid soft-tissue nodules consistent with cervical nodal metastases.
(D) Chest SPECT/CT demonstrates diffuse lung activity and branching pulmonary vasculature with-
out definite lung nodules identified. Patient received dosimetry-guided 12.6-GBq (340 mCi) 131I treat-
ment. (E) On posttherapy WBS at 3 d, anterior projection demonstrates therapeutic 131I localization
to cervical lymph nodal metastases and diffuse miliary pulmonary metastatic disease.
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metastases. Campenni et al. reported in a cohort of 570 DTC patients
at low risk or low-to-intermediate risk (pT1–pT3) that posttherapy
WBS with SPECT/CT demonstrated metastases in 82 (14.4%), of
whom 73 (90.2%) had a postsurgical nonstimulated thyroglobulin
level of no more than 1 ng/mL (30). Furthermore, in 44 patients
(54%), stimulated thyroglobulin remained at no more than 1 ng/mL,
despite the presence of metastases on posttreatment scans (30).
Therefore, postsurgical nonstimulated thyroglobulin levels cannot be
used independently in deciding whether to pursue therapeutic 131I
administration, mainly in patients assigned as low risk on the basis
of surgical pathology alone.

THYROID HORMONE REPLACEMENT THERAPY

After thyroidectomy, DTC patients require thyroid hormone
(levothyroxine) replacement. The TSH target for levothyroxine
therapy is based on a dynamic risk classification, thyroglobulin
level, thyroglobulin trend over time, antithyroglobulin antibodies,
and potential adverse effects of TSH suppression. For patients with
a structurally incomplete response, the serum TSH is suppressed to
less than 0.1mU/L. In the excellent treatment response category,
the serum TSH is maintained at 0.5–2mUI/L for intermediate-risk

patients and at 0.1–0.5mUI/L for high-risk
patients. For patients with biochemically
indeterminate or incomplete responses,
the recommended serum TSH target is
0.1–0.5mU/L (6).

DTC MANAGEMENT IN CHILDREN

DTC represents 1.8% of all cases of can-
cer in individuals less than 20 y old. The
incidence of pediatric thyroid cancer has
increased, in part because of better techni-
ques for diagnosis. A 4.43% increase in
all stages of primarily papillary histology
in 10- to 19-y-old non-Hispanic white
patients, non-Hispanic black patients, and
Hispanic patients was reported in a study
that included 39 U.S. cancer registries (31).
Although 50% of adults older than 60 y

have thyroid nodules, only 5%–7% of chil-
dren and young adults are diagnosed with
thyroid nodules. However, thyroid cancer
is diagnosed in 25% of thyroid nodules in
the pediatric population (as compared with
10%–15% of thyroid nodules in adults).
Assessment using the Thyroid Imaging
Reporting and Data System is not applied
in pediatric patients, as one study of 314
patients younger than 18 y showed that
22% of cancers would be missed (32).
Children with thyroid cancer have an
increased incidence of regional and distant
metastatic disease at presentation, as com-
pared with adults, with cervical lymph
nodal metastases diagnosed in 50% of
cases and lung metastases in 20%.
The recommended treatment for pediat-

ric thyroid cancer is total thyroidectomy
because of the higher incidence of bilateral

and multifocal disease (30% and 65%, respectively) than in adults,
as well as the greater likelihood for regional and distant metastasis
at presentation (33). Central node dissection is recommended in
the presence of locoregional cervical disease diagnosed by imag-
ing and confirmed on fine-needle aspiration or identified during
surgery. Although some have approached disease in a single lobe
with lobectomy or a phased approach, a recent study by Zong et al.
suggested that because of large lesions often involving both thy-
roid lobes in the pediatric age group, there is increased morbidity
in staged resection (34). Lobectomy may be indicated in cases of
follicular thyroid carcinoma that have certain characteristics,
including a size of less than 4 cm and invasion of fewer than 3
vessels (minimally invasive follicular thyroid carcinoma).
The American Thyroid Association pediatric guidelines identify

3 risk categories dependent on risk of persistent disease: low risk,
or disease confined to the thyroid with few central nodes and no
macroscopic metastases; medium risk, or significant central and
minimal lateral node involvement; and high risk, or either distant
metastases or locally invasive tumor with extensive involvement
of lateral neck lymph nodes (33).
Postoperatively, the use of diagnostic WBS and 24-h neck

uptake at 6–12 wk after surgery and thyroglobulin testing is

FIGURE 2. Radioiodine theranostics for 66-y-old woman with 2.5-cm widely invasive follicular thy-
roid carcinoma with osseous metastatic disease. (A–F) Diagnostic 37-MBq (1 mCi) 131I WBS, anterior
projection (A), depicts multifocal skeletal activity, which is further characterized on SPECT/CT as
iodine-avid lytic osseous metastases involving right humerus (B), vertebrae (C), pelvis (D) left femoral
neck (E), and left femoral diaphysis (F). Patient received dosimetry-guided 12-GBq (325 mCi) 131I
treatment. (G) Posttherapy WBS, anterior projection, obtained at 2 d demonstrates therapeutic 131I
targeting of extensive iodine-avid multifocal osseous metastatic disease involving axial and proximal
appendicular skeleton, with increased lesion conspicuity and numerous new foci detected as com-
pared with diagnostic scan.
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recommended. Although the American Thyroid Association guide-
lines suggest this for intermediate- and high-risk groups, many
pediatric centers extend it to all risk groups. Apart from the fact
that low-risk disease is less common in children, children have a
higher risk of recurrence of DTC (35). Diagnostic WBS is now
routinely performed with SPECT/CT (unenhanced CT) to evaluate
for cervical, upper mediastinal, and pulmonary metastatic disease.
Depending on the diagnostic WBS findings, the child may be
referred back to surgery for resection of unsuspected bulky resid-
ual nodal metastases in unexplored neck compartments or may
proceed with 131I therapy for remnant ablation or treatment of
locoregional or pulmonary metastatic disease, if present.
There is controversy as to how the 131I treatment activity is

determined. Some suggest an empiric dosing for initial 131I ther-
apy in pediatrics, with dosimetry possibly relegated if follow-up
131I therapy is needed. A weight-based dose calculated by multi-
plying a 70-kg adult by a 1–1.5 mCi/kg (37–56 MBq/kg) activity
has been used (36). American Thyroid Association guidelines do
not specify recommended therapeutic 131I activities. Parisi et al.
presented this algorithm: low-risk disease, 1.1–1.85 GBq (30–50
mCi); higher-risk locoregional disease, 5.6–6.5 GBq (150–175
mCi); and known or suspected pulmonary metastatic disease,
6.5–7.4 GBq (175–200 mCi). All these therapeutic 131I activities
are adjusted for body weight based on a 70-kg adult weight
(Table 1) (35). As with adults, routine posttherapy WBS is per-
formed at 5–7 d after therapy.
The overall prognosis for pediatric DTC is good, with greater

than a 98% 10-y survival rate (37). In the small subset of children
with refractory disease or disease that is not responsive to 131I
treatment, newer molecular therapies that target the known genetic
alterations and molecular mutations may be used (38).

RESPONSE ASSESSMENT AFTER PRIMARY TREATMENT
AND FOLLOW-UP

The combination of thyroglobulin measurement, neck ultra-
sound, and follow-up diagnostic WBS performed at 1–2 y after
primary therapy is used to restratify the risk of recurrence accord-
ing to the patient’s response to initial therapy. This process of risk
reassignment is called dynamic risk stratification and is predictive
of long-term clinical outcome. The criteria for treatment response
evaluation are summarized in Table 2 (4).

In patients with an excellent (complete) response, the risk of
disease recurrence is 1%–4%, which for intermediate-risk patients
(whose initial recurrence risk is 36%–43%) and for high-risk
patients (whose initial recurrence risk is 68%–70%) represents a
major change in risk. The clinical outcome in patients with a bio-
chemically incomplete response is usually good: approximately
60% of patients have no evidence of disease over long-term fol-
low-up; 20% of patients have persistently abnormal thyroglobulin
without a structural correlate, and 20% of patients develop struc-
turally identifiable disease over 5–10 y of follow-up. Patients with
a biochemically indeterminate response generally do well: in
80%–90% of patients, nonspecific biochemical findings either
remain stable or resolve over time with levothyroxine suppression
therapy alone; however, up to 20% of these patients will eventu-
ally develop functional or structural evidence of disease progres-
sion and require additional therapy. Patients with a structurally
incomplete response require multidisciplinary management tai-
lored to their disease status (e.g., regional vs. distant metastases
and iodine-avid vs. non–iodine-avid disease) (4); depending on the
results of additional treatment, patients are restratified according to
the criteria above.

TREATMENT OF ADVANCED DISEASE

Distant metastases develop in about 10% of DTC patients, com-
monly in the lungs, bone, brain, liver, and skin, and are the main
cause of death (i.e., overall mortality of 65% at 5 y and 75% at
10 years) (39).
The prognosis of metastatic DTC is variable, with 2 distinct

phenotypes identified: indolent and aggressive (40). Patients with
iodine-avid metastatic DTC tend to have a better prognosis, with
10-y survival greater than 90%, whereas non–iodine-avid meta-
static DTC has a dire 10-y survival of 10% (41). Younger patients
and those with single-organ metastases and a low disease burden
have the best outcome. The mainstay of treatment is TSH suppres-
sion and 131I therapy as long as the disease remains radioiodine-
avid. About two thirds of patients have radioiodine-avid distant
metastases, and one third of them will achieve remission after
multiple radioiodine treatments (20). Approximately 15%–20% of
patients with metastatic DTC and most patients with H€urthle cell
thyroid cancer are refractory to radioiodine, and overall survival
for these patients ranges between 2.5 and 4.5 y (20,42).

TABLE 1
Suggested Framework for 131I Therapy for DTC (28)

Strategy Prescribed 131I activity Clinical context

Risk-adapted 131I therapy 1.11–1.85 GBq (30–50 mCi) Remnant ablation

1.85–3.7 GBq (50–100 mCi) Adjuvant treatment

3.7–5.6 GBq (100–150 mCi) Treatment of small-volume locoregional
disease

5.6–7.4 GBq (150–200 mCi) Treatment of advanced locoregional
disease or small-volume distant
metastatic disease

Whole-body/blood dosimetry $7.4 GBq ($200 mCi), maximum tolerable
safe activity

Treatment of diffuse distant metastatic
disease

All pediatric therapeutic 131I activities are adjusted as multiplier based on 70-kg adult body weight.
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Determining when a patient no longer responds to 131I can be
challenging. Factors impacting the specific clinical situation such
as age, tumor histology, stage, residual radioiodine avidity, and
18F-FDG avidity should be evaluated (43). 18F-FDG PET/CT is
particularly useful for identifying and localizing non–iodine-avid
metastases and is used to evaluate patients with elevated thyro-
globulin along with negative results on diagnostic WBS (44). In
this setting, if lack of 131I uptake has already been established on
diagnostic WBS, a positive 18F-FDG PET/CT result strongly sup-
ports the suspicion of 131I-negative or 131I-refractory disease, lead-
ing to changes in management by identifying patients who are
unlikely to benefit from additional 131I therapy and instead qualify
for alternative therapy (45). In addition, 18F-FDG PET/CT has
shown prognostic value in metastatic DTC, predicting the course
of disease as aggressive or indolent (46). In radioiodine-refractory
metastatic DTC, there is a survival disadvantage for patients with
positive PET results as compared with those with negative PET
results (42).
Ablative treatment for locoregional disease control (i.e., resec-

tion, vertebroplasty, external-beam radiation therapy, and thermal
ablation) can provide symptomatic relief and delay the initiation
of systemic therapy, whereas bisphosphonate or denosumab can
delay the time to skeleton-related events (47). In cases of con-
firmed radioiodine-resistant metastatic disease progression, treat-
ment with multikinase inhibitors (e.g., lenvatinib, sorafenib,
vandetanib, cabozantinib, vemurafenib, dabrafenib/trametinib, and
others) may induce periods of progression-free survival (rarely
remission) without evidence of increased cancer-specific survival,
and these drugs may be associated with side effects, such as hyper-
tension, diarrhea, hand or foot skin reactions, rash, fatigue, muco-
sitis, loss of appetite, and weight loss (48). The optimal time to
start therapy, especially in asymptomatic patients, is unclear, nor
is it clear which patients are likely to benefit in terms of increased
quality-adjusted life years. As a rule, the decision to start molecu-
lar targeted therapies is based on a multidisciplinary team discus-
sion. Such therapies are more likely to be used in patients who
have negative findings on diagnostic WBS and symptoms that are
not amenable to local therapy or who have progression of measur-
able lesions as defined by RECIST over the previous 12 mo, tak-
ing into consideration the tumor burden and the risk of local
complications (49). The biologic mechanisms implicated in radio-
iodine refractoriness involve gain-of-function mutations in the
MAPK signaling pathway, resulting in reduced Na-I symporter
and other iodine-metabolizing gene expression. Experimental data
showed that MAPK signaling pathway inhibition using MEK or

BRAF inhibitors restored radioiodine avidity. Subsequent clinical
studies demonstrated that mutation-guided treatment using selec-
tive MEK inhibitors (selumetinib, trametinib), BRAF inhibitors
(dabrafenib, vemurafenib), or a combination of BRAF inhibitor
and MEK inhibitor is feasible and promising for redifferentiating
radioiodine-refractory DTC, thereby permitting reapplication of
131I therapy. Preliminary data obtained on a small clinical series
of 13 patients demonstrated restoration of 131I avidity in 62% of
patients who subsequently received 131I treatment (median activ-
ity, 7.6 GBq [204.4 mCi]; range, 5.5–9.4 GBq [150–253 mCi]),
resulting in durable disease control (median duration . 1 y) while
not receiving chronic, expensive multikinase inhibitor therapy
(50). 131I therapy remains the only known cure for metastatic
radioiodine-sensitive DTC, and the use of a redifferentiating
strategy to permit additional 131I treatment for patients with
radioiodine-refractory metastatic disease represents a promising
therapeutic approach while minimizing exposure to kinase inhibi-
tor therapy.

CONCLUSION

DTC is the most common endocrine malignancy. Although
standard management including surgery and radioiodine therapy is
successful in most cases, therapy should be tailored according to a
risk stratification integrating the information from histopathology,
molecular markers, postoperative thyroglobulin levels, and imag-
ing studies. Ultimately, local multidisciplinary teams consider the
availability of surgical, pathologic, nuclear medicine, and labora-
tory expertise and take into account individual patient preferences
to guide appropriate therapy.
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