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On successful completion of this activity one should be able to judge

the prognosis of patients harboring metastasized differentiated thyroid

cancer (DTC); identify suitable treatment regimens, taking into account
the characteristics of the tumor and the patient’s general condition;

and know the basics of radioiodine treatment, tyrosine kinase treat-

ment, and redifferentiation treatment for metastasized DTC.
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In the United States, thyroid cancer (TC) is the fifth most com-
mon cancer in women; a total of about 57,000 new cases occurred
in women and men in 2015 (1). The worldwide rise in the incidence
of differentiated TC (DTC) during the last few decades has been
attributed mostly to an increased use of diagnostic imaging, espe-
cially ultrasound. However, recently published data from the Sur-
veillance, Epidemiology, and End Results registry clearly indicate
that it is not only the incidence of small TC that is increasing but the
incidence of larger tumors as well (2). Therefore, a screening effect
is not likely to be the only explanation for the rising incidence.
Moreover, Lim et al. (2) observed an increase in disease-specific
mortality, which is somewhat surprising because treatment has im-
proved during the last few decades. Therefore, it is even more
important to have a profound knowledge of the characteristics of
the disease, especially in an advanced stage, since these tumors

often require multidisciplinary management using multiple imaging
and treatment modalities. DTCs exhibit a broad range of clinical
behavior—from indolent tumors with a high affinity to radioiodine
and a low mortality to a rather aggressive behavior with low or no
uptake of radioiodine, that is, in poorly differentiated TC.
In this continuing education article, we describe the treatment

modalities available for patients with metastasized DTC.

BACKGROUND ON ADVANCED/METASTASIZED DTC

About 10% of patients with DTC have distant metastases at
presentation or develop distant metastases during follow-up. When
distant metastases are discovered, they are usually in the lungs or
bones (3). In less than 5% of patients presenting with distant
metastases are other organs involved, especially liver, brain,
and skin. Some patients with oligometastases can still be cured by
local therapeutic measures (surgery or radiofrequency/cryoablation);
in other cases, systemic treatment may be postponed this way (4,5).
In general, in metastatic DTC, the extent of radioiodine uptake

plays a crucial role in the prognosis (6). Extent is variable, depend-
ing on the histologic subtype (papillary, follicular, or poorly differ-
entiated). Radioiodine therapy is without doubt the most effective
treatment in metastasized DTC, with limited side effects (Table 1).
If tumor deposits take up radioiodine, this treatment is possibly
curative. The overall survival after diagnosis of metastatic disease
in patients with radioiodine uptake in the tumor was 56% at 10 y,
45% at 15 y, and 40% at 20 y, compared with 10% at 10 y and 6% at
15 y in patients without iodine uptake (6). If the metastases can be
completely cured by radioiodine therapy, the overall 10-y survival
is 92%, compared with 29% in patients with residual disease.
Also, thyroid-stimulating hormone (TSH) suppressive therapy

(TSH , 0.1 mU/L) is known to delay or slow progression in me-
tastasized TC, resulting in an improved overall survival as com-
pared with patients without TSH suppression (7).
Besides histology, a variety of biomarkers, such as high 18F-FDG

avidity, have also been associated with an increased aggressiveness
in DTC (8). In the last decade, significant knowledge has been gained
on the tumorigenesis of DTC. Especially, mutations of the oncogene
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BRAF-V600E and the TERT promoter are known to convey a more
aggressive tumor spread and reduced or absent uptake of radioiodine,
as well as a reduced overall survival (9–11).
New targeted drugs have recently been registered for the treatment

of advanced, progressive disease. Also, new ways of redifferentiation
treatment were successfully evaluated, along with other experimental
approaches.
Overall, the treatment modalities available for DTC patients can

be classified as TSH-suppressive therapy, radioiodine treatment,
locoregional and adjuvant/adjunctive treatments, targeted sys-
temic treatment, or redifferentiation and other novel therapeutic
approaches.

TSH-SUPPRESSIVE THERAPY

In patients with distant metastases, TSH-suppressive therapy has
been shown to prolong progression-free survival (7,12). However,
long-term TSH suppression may increase the incidence or severity of
cardiac arrhythmias and reduce bone density (13,14). The dose of
levothyroxine should be adjusted to obtain a TSH value of 0.1 mU/L
or slightly below, since further suppression to an undetectable level
has not been shown to further improve clinical outcomes (15).

TREATMENT WITH RADIOIODINE

Even though radioiodine treatment has now been applied for
more than 70 y, most of the data come from relatively small and
retrospective series, without randomization between various strate-
gies. Therefore, many issues are not (completely) clear and treat-
ment practices vary widely (16).
Both iodide uptake and metabolism are decreased to a variable

extent in DTC, in comparison with the normal thyroid, but can be
stimulated by increasing TSH (17). For high-risk patients, there is
strong evidence that disease-specific survival and disease-free sur-
vival are improved by treatment with high-dose radioiodine after
surgery (7,18). Patients with small, distant metastases with high
iodide uptake and retention can even be cured by 131I treatment,
particularly in adolescents and young adults with papillary TC
who present with diffuse micronodular lung metastases. In pa-
tients with larger distant metastases, it is more difficult to reach
a cure, but good and long-lasting partial remissions can often be
achieved with several treatments with high-dose radioiodine (6).
Complete responses and a good prognosis are associated with

younger age, well-differentiated histology, limited tumor size and
extent of metastases, and high 131I uptake.
In patients with a complete response on imaging, the unstimu-

lated thyroglobulin level may remain detectable in about 50% of
cases. In many cases, thyroglobulin levels are low and stable or
even decrease without further treatment (19). In a study in 124
patients in complete (morphologic) remission after 131I treatment
for distant metastases who were followed up for a mean of 8 y,
only 7 relapses occurred (6).
In most centers, radioiodine treatments are performed with a

fixed dose. In cases of widespread distant metastases, usually an
empiric dose of 3.7–7.4 GBq of 131I is applied. There are no
studies directly comparing 3.7, 5.5, and 7.4 GBq as the first radio-
iodine treatment in metastatic DTC. However, it is logical that the
higher the dose is to the metastatic deposit, the more pronounced
will be the expected biologic effect. Sublethal dosing may lead to
the survival of the more radioiodine-resistant tumor cell clones and
reduce the effect of subsequent therapies. The frequency and inter-
vals of radioiodine treatments remain variable, with some centers
continuing radioiodine treatments as long as there is visible uptake
in the metastases on posttreatment scans, but evidence that contin-
uation of radioiodine improves prognosis is lacking. One dosimetry
study reported that after 4 or more 3.7- to 7.4-GBq 131I treatments, a
lesion dose of more than 20 Gy could hardly ever be achieved (20).
Another study showed that after a cumulative activity of 22 GBq of
131I, no complete response could be achieved (6).
An empirically fixed dose does not consider the inter- or

intraindividually variable uptake of radioiodine, which can be
assessed by pre- and intratherapeutic dosimetry. Two aspects are
important in this context: the lesion dose and the maximum safe
dose (MSD). The effect of radioiodine treatment on a metastasis
depends on the effective dose obtained (measured in Gy) and its
sensitivity to ionizing radiation. Lymph node and lung metastases,
which receive more than 80–100 Gy, are likely to achieve a com-
plete response. Lesions reaching 20–80 Gy will probably partially
respond, and lesions that reach less than 20 Gy will probably not
respond (21–23). Regarding safety, the maximum dose that can be
tolerated by the dose-limiting organ, mainly the bone marrow,
should not be exceeded. The MSD is estimated to be around
2 Gy to the blood and bone marrow. Standard operational proce-
dures for blood dosimetry (measuring activity in blood samples and
in the whole body at several time points) have been published (24).
Measurements show that fixed-dose treatments with 3.7–7.4 GBq
of 131I may exceed the MSD in a subgroup of patients, especially
in elderly patients (25,26). However, in most patients the MSD is
above 7.4 GBq (26), and therefore, in selected patients, higher
activities might be administrated as a single treatment (instead
of fractionating the treatment). There are data showing good re-
sponses using a MSD in heavily pretreated patients (mean cumula-
tive activity, 31 GBq) who were resistant to conventional fixed dose
therapy, with 15% complete responses, 32% partial responses, and
40% stable disease (26). The most common side effects of radio-
iodine treatment are summarized in Table 2 (27).

RADIOIODINE-REFRACTORY (RAIR) DISEASE

RAIR disease is that for which treatment with 131I is no longer
effective and discontinuation has to be considered. Thus, this is an
important landmark in the evaluation of metastasized DTC pa-
tients. The definition of RAIR TC is, however, somewhat vague.
Currently, patients with one or several RAIR tumor manifestations

TABLE 1
Dosage and Side Effects for Sorafenib and Lenvatinib

Parameter Sorafenib Lenvatinib

Dose 2 · 400 mg orally 1 · 24 mg orally

Most higher-grade

(3 1 4) toxicities

Hand–foot

syndrome, 20.3%

Hypertension,

41.8%

Hypertension, 9.7% Proteinuria, 10%

Diarrhea, 5.8% Diarrhea, 8.0%

Fatigue, 5.8% Weight loss, 9.6%

Weight loss, 5.8% Fatigue, 4.6%

Dose modification 78%

Cessation 19% 14%

Reduction 64% 68%

Pausing 66% 82%
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are considered as 131I refractory. Another criterion is progression
of lesions on cross-sectional imaging within a short period, that is,
6 or 12 mo after radioiodine therapy, regardless of radioiodine avid-
ity. Moreover, patients with disease progression after radioiodine
treatment with a cumulative activity of 22.2 GBq or patients showing
highly 18F-FDG–avid lesions on PETare considered as RAIR as well
(28). A disadvantage of these definitions is the lack of knowledge
about the amount of 131I taken up by the target lesion. The need for a
dosimetry approach in these patients and its application was dis-
cussed in a review recently published in this journal (29).
As long as disease is stable or only slowly progressing, and

tumor load is low, patients can remain without treatment with a
good quality of life. If disease progresses rapidly (reflected by a
thyroglobulin doubling time , 1 y or a significant increase in
tumor volume on imaging) or is symptomatic and cannot be han-
dled by local treatments, other options are needed, such as targeted
treatment with tyrosine kinases (TKIs) or experimental redifferen-
tiation treatment, which will be discussed later.

LOCOREGIONAL AND ADJUVANT OR ADJUNCTIVE

TREATMENTS

Various locoregional treatment options are available to address
metastases to different organs, such as surgery, radiotherapy, thermal/
ethanol ablation or cryoablation, and embolization. However, in
most patients with distant metastases of DTC, these treatments have
to be considered palliative. Also, the data on all these measures are
scarce, and no treatment modality has yet shown a survival benefit
in the setting of metastatic DTC.
In cases of oligometastatic RAIR disease, cure might be achiev-

able with local treatment, but staging should be thorough, preferably
including 18F-FDG PET/CT, to exclude more widespread metastatic
disease.
In a palliative setting, local interventions should be limited to

either addressing the pacemaker lesion, that is, a single rapidly
progressive metastasis, or to obtaining control in an area at risk for

tumor-associated complications, such as the neck, especially near
vulnerable structures such as vessels, esophagus, and trachea.
External-beam radiotherapy is an effective way to treat not only

bone metastases but also tumor deposits in the neck (30). Especially
in cases of multiple recurrence after neck lymph node dissections
or in cases of diffuse extranodal localizations, external-beam radio-
therapy of the neck should be considered.
Lung metastases rarely lead to loss of organ function and often

respond well to radioiodine treatment; therefore, local interven-
tions, except for histologic verification, are usually not necessary.
Brain metastases should, if not radioiodine-avid, be treated by

resection or external-beam radiotherapy (31).
In terms of adjuvant or adjunctive treatments, antiresorptive

therapy should be considered in patients with bone metastases,
even though the data on this topic are limited (32). Also, according
to the current American Thyroid Association guideline, peri- and
postmenopausal women at risk for bone loss should be considered
for adjunctive therapy with calcium supplements, vitamin D, and
other bone-enhancing agents (31).

TKI TREATMENT OPTIONS

In the last decade, significant knowledge has been gained,
particularly in the alteration of signaling pathways in DTC (33,34).
New inhibitors have been developed in the past few years targeting
multiple TKIs. A selection of new substances can be found in Table 3.
Multiple phase 2 and 3 clinical trials using TKI have been

performed on RAIR advanced differentiated TC. The results of the
phase 3 trials can be found in Table 4.
Sorafenib was studied in 417 patients worldwide with progress-

ing DTC. Response rates using RECIST 1.0 were 12% on verum as
compared with 0.5% on placebo (35). The treatment prolonged
progression-free survival from 5 to 11 mo. No significant benefit
in overall survival was observed, as can at least in part be attributed
to a significant number of patients receiving open-label medication
after progression. Dose modifications due to toxicities were necessary

TABLE 2
Possible Side Effects and Their Treatment in Patients Undergoing Radioiodine Therapy

Side effect Incidence Treatment

Nausea (usually without vomiting) ∼30% of patients; incidence related to 131I

activity administered

Self-limited; resolves within a few days;

antiemetic medication diminishes symptoms

Tenderness in neck/thyroiditis Rare in cases of small remnants Self-limited; may require symptomatic

treatment only in cases of large remnants

Sialadenitis/salivary gland

dysfunction

Measurable in most patients; also 6–12 mo

after treatment, but usually leading to

chronic symptoms only after high
cumulative activities (30)

Sour liquids and sweets may reduce incidence,

although there are conflicting data; these

should not be used in first 24 h after 131I
administration (31,32)

Bone marrow dysfunction Transient decrease in thrombocytes/
leukocytes, with nadir at 4–6 wk in up to

25% of patients (especially elderly)

Usually resolves spontaneously within a few
weeks; chronically suppressed bone marrow

function may be observed in (especially

elderly) patients who received high
cumulative activities

Gonadal dysfunction In 30% of men, transient oligospermia with
increased FSH (33)

After single dose, is usually (but not always)
reversible; may become definitive after

several treatments; pretreatment sperm

banking may be offered
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in 78% of patients. The drug was approved in October 2013 by the
Food and Drug Administration for the treatment of locally recurrent or
metastatic, progressive RAIR DTC.
Data from a phase 3 trial using lenvatinib in advanced DTC were

published more recently (36). Here, the overall response rate, using
RECIST 1.1, was 65% in the treatment group versus 2% on placebo,
and the median progression-free survival was 18 versus 4 mo. Also,
in this trial significant differences in the overall survival could not be
observed because of confounding by patients who switched to open-
label drug after progression. However, in subgroup analysis, an im-
proved overall survival was found in patients 65 y or older in the
verum group as compared with placebo (35). An example of the
effect of lenvatinib can be found in Figure 1. Because of toxicities,
dosing had to be modified in 82%. The drug has been approved in
the United States since February 2015 for the treatment of patients
with locally recurrent or metastatic, progressive RAIR DTC. Cur-
rently, a phase II clinical trial of lenvatinib in patients with RAIR

DTC is ongoing to evaluate whether an oral starting dosage of 18 mg
daily will provide comparable efficacy to the regular 24-mg starting
dosage while improving the toxicity profile.

Practical Aspects of TKI Treatment in Advanced TC

Systemic therapy with TKI is a purely palliative, resulting in
tumor shrinkage or a prolongation of progression-free survival in a

TABLE 3
Inhibiting Concentrations (IC50) for Various Targets of TKIs

Drug VEGFR1 VEGFR2 VEGFR3 BRAF RET PDGFRβ EGFR c-KIT Reference

Sorafenib 90 20 22 47 57 68 (43)

Lenvatinib 22 4.0 5.2 39 6,500 5.2 (44)

Vandetanib 1,600 40 110 130 500 (36,45)

Cabozantinib 0.035 4 234 (46)

Pazopanib 10 30 47 2,800 84 74 (47)

Sunitinib 2 4–9 17 41–100 2 1–10 (36,48,49)

PDGRF 5 platelet-derived growth factor receptor; EGFR 5 epithelial growth factor receptor.

Lower IC50 values indicate stronger inhibition.

TABLE 4
Results of Phase 3 Studies in DTC

Agent n Best result Reference

Sorafenib 417 Verum: partial response,

12%*; median PFS,

10.8 mo*

(50)

Placebo: 0.5%*; median

PFS, 5.8 mo*

Lenvatinib 392 Verum: overall response

rate, 65%*; median

PFS, 18.3 mo†

(51)

Placebo: 2%*; median

PFS, 3.6 mo*

Vandetanib 145 Verum: median PFS,

10.0 mo‡
(presented

on ETA)

Placebo: median PFS,

5.7 mo‡

*P , 0.05.
†P , 0.001.
‡P 5 nonsignificant.
PFS: progression-free survival; ETA 5 European Thyroid

Association.

FIGURE 1. A 75-y-old woman with radioiodine-negative metastasized

follicular TC. (A) Maximum-intensity projection of 18F-FDG PET (top)

and CT of lung before start of TKI therapy. (B) Maximum-intensity

projection of 18F-FDG PET (top) and CT of lung after 3 mo of lenvatinib,

20 mg daily. Highly 18F-FDG–avid lung metastases (red arrows) show

strong decrease in glucose metabolism, many becoming undetectable

on PET. Significant decrease in size can be observed on CT. Soft-

tissue metastasis in left breast (blue arrow) is no longer visible on

follow-up PET.
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variable percentage of treated patients. Toxicities may severely impair
quality of life if they are not addressed adequately. First, it is im-
portant to determine whether a patient definitely requires systemic
therapy. In patients with locally progressive TC, locoregional
therapies such as radiotherapy or palliative surgery should be preferred
because of their favorable spectrum of side effects. The labels for
both approved drugs are similar, indicating that these substances
should be used only in advanced and progressive RAIR disease.
Education of the patient before the start of therapy plays an

important role because the probability and severity of the most
frequent toxicities of TKIs may be lowered by preventive measures,
that is, manicure, pedicure, or proper treatment of preexisting arterial
hypertension. Also, general supportive means are to be considered to
maintain the patient’s quality of life (37).
In general, it is advisable to discuss all DTC cases with a potential

indication for TKI in an interdisciplinary tumor board and have
systemic therapies performed or overseen by specialized centers.

During TKI Treatment

Side effects, which often occur during the course of TKI treatment,
have to be addressed appropriately to maintain quality of life
because the drugs need to be administered continuously to keep
the tumor under control (37). Many toxicities such as diarrhea,
hypertension, fatigue, weight loss, and hand–foot skin reaction are
also observed with other antitumor drugs and in other cancers, and
their management is alike. Especially for sorafenib, which has
long been approved for the treatment of other malignancies, there
is considerable knowledge of how to treat side effects once they
occur (37–39). On the management of lenvatinib therapy, recently
a comprehensive review article was published (40). However, the
frequency and spectrum of side effects and the percentage of
patients needing dose modification or cessation of therapy vary
between different TKIs (Table 2). TSH should be monitored every
4 wk at the beginning of therapy, since TKI therapy is known to
produce elevated TSH levels.
Restaging has to be performed regularly, every 3–6 mo, depending

on the clinical situation. Because many of the DTCs that require TKI
treatment have antibodies interfering with determination of thyro-
globulin or are poorly differentiated with often inadequately low
thyroglobulin levels, imaging plays an important role in addition
to the thyroglobulin. More details on the management of advanced
DTC may be found in the current American Thyroid Association
guideline (31).

Pausing, Stopping, or Switching TKI Therapy

Because of side effects, dose modifications are common in TKI
therapies. There is no clear recommendation on how to proceed if
tumor progression under TKI is observed. Out of common sense,
treatment should be stopped and possibly switched if progress is
generalized or if complications are expected from progressing
tumor manifestations that cannot be controlled by local therapeu-
tic options. It remains open how a slow, general progression after
an initial good response, or how an oligotropic or localized
progression, should be handled. Data from other tumor entities
suggest that a progression according to RECIST does not
necessarily go along with a clinically relevant progression, because
patients potentially might still benefit if most lesions are stable
during systemic therapy (41).
Data published for DTC indicate that cancers that have

become resistant to the first line of TKI therapy may show a
response to a second line of TKI (42–44). Also, data from the

phase 3 lenvatinib trial indicate efficacy of the drug as a second-
line treatment (36).

REDIFFERENTIATION

Experimental approaches for restoring radioiodine avidity have
historically yielded disappointing results (45–47). Recently,
MAPK signaling moved into the focus as an effective treatment
option for patients with RAIR TC, mainly because of convincing
preclinical results (48,49).

MAPK Pathway Critical for Dedifferentiation of TC

Increasing understanding of the underlying mechanism re-
sponsible for development of RAIR and identifying targetable
drivers supporting this conversion lead to a change in treatment
concepts (34,50). The BRAFV600E mutation is the most common
genetic alteration in PTC, not only showing a more aggressive
clinical behavior but also being a major driver for developing
RAIR through suppression of key genes involved in iodine uptake
and metabolism (51,52). Additionally, RAS mutations are found in
approximately 10%–20% of PTCs and 40%–50% of FTCs, which
are responsible for suppression of these genes as well, resulting in
dedifferentiation (53).

Inhibition of MAPK Restores Sodium Iodide Symporter

Expression in RAIR TC

Preclinical studies revealed that MAPK inhibition leads to
restoration of sodium iodide symporter expression in previously
RAIR TC (48,49). The inhibition of MAPK signaling can be
pharmacologically performed through inhibition of BRAF or
downstream of BRAF. Chakravarty et al. and Nagarajah et al.
demonstrated in in vitro and in vivo TC models that inhibition of
MAPK signaling results in upregulation of iodine metabolism–
related genes and, consequently, that these tumors become sensi-
tive to radioiodine treatment (48,49).

Clinical Studies

Two prospective studies have been published to date investi-
gating the inhibition of MAPK signaling to redifferentiate RAIR
TC patients.
Ho et al. included 20 patients in a prospective study on RAIR

disease (54). 124I PET dosimetry was performed before and after
4 wk of treatment with selumetinib, a selective inhibitor of mitogen-
activated protein kinase. Of the 20 evaluable patients, 12 (60%)
had new or increased 124I incorporation after selumetinib. For 8
(40%) patients, the second 124I PET scan predicted that the
lesional absorbed radiation dose would be at least 20 Gy; these
patients were continued on selumetinib and went on to receive
therapeutic 131I. All 5 study patients with NRAS mutant tumors
were treated with 131I, too. By contrast, only 1 of 9 BRAFV600E

patients had selumetinib-induced increases in 124I incorporation
warranting 131I treatment. Two of 3 RET/PTC and 1 of 3 wild-type
patients also had greater iodine incorporation on the second 124I
PET scan, and one of each of those genotypes went on to be
treated with 131I. Reduction in tumor size by RECIST was
achieved in all 8 patients who received 131I with selumetinib; there
were 5 confirmed partial responses and 3 with stable disease. Sub-
stantial decreases in thyroglobulin after radioiodine therapy were
also achieved in all patients. All evaluable patients completed the
full course of selumetinib without dose reduction or delay. These
data provide the proof of concept that MAPK pathway inhibition
can clinically reverse radioiodine resistance in BRAFV600E tumors
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but also argues that mitogen-activated protein kinase inhibitors
may not be the most effective approach for inhibiting the pathway
and enhancing iodine avidity in BRAFV600E tumors.
In another study Rothenberg et al. included 10 RAIR BRAFV600E

patients (55). They were treated with a selective BRAF inhibitor,
dabrafenib, 150 mg orally twice daily, for 25 d. Six of 10 patients
(60%) developed new radioiodine uptake while on dabrafenib and
were treated with a fixed dose of 5.5 GBq of 131I. Six months after
treatment with radioiodine, 2 patients showed progression and 4 had
stable disease. It is noteworthy that 3 patients who did not show any
new radioiodine-avid lesions after dabrafenib showed stable disease
as well. The differences in the measured thyroglobulin concentra-
tions were not statistically significant.
Taken together, both studies demonstrate that pharmacologic

inhibition of MAPK in RAIR TC patients opens a novel therapeutic
option. However, the design of both studies needs to be analyzed
critically to optimize the treatment for future studies. For instance,
preclinical experiments show that sodium iodide symporter upregu-
lation in RAIR TC is time-sensitive (49). In both presented clinical
studies, the radioiodine treatment was applied after about 5–6 wk,
which may have reduced the therapeutic effect of radioiodine because
of reduced sodium iodide symporter expression in this time window.
Patients included in the study by Ho et al. (54) underwent an 124I
PET–based dosimetry after 4 wk, and in cases of radioiodine-positive
lesions, the patients underwent an additional 131I-based dosimetry as
well. Here, stunning effects may have reduced the 131I therapeutic
effect. Rothenberg et al. (55) did not perform a dosimetry and used a
standard activity of 5.5 GBq of 131I. This amount of activity may be
insufficient to treat these patients effectively, given the fact that met-
astatic radioiodine-avid TC patients are usually treated with 7.4 GBq
of 131I or more. Particularly, after redifferentiation even higher activ-
ities should be considered, as demonstrated by Ho et al.

Side Effects

Toxicities attributed to selumetinib or dabrafenib were grade
1 or 2 in both studies and were consistent with adverse events
reported in larger studies. Even though small-molecule inhibitor
therapy is coupled with side effects, severe side effects are less
likely because of the short period of treatment for RAIR patients.

Practical Aspects of Redifferentiation Treatment in RAIR TC

To date, redifferentiation treatment using MAPK inhibitors has
to be considered an experimental approach. Therefore, there is no
general recommendation yet in terms of either an optimal time
window or an appropriate patient selection process. In some centers
in Europe, patients with a low tumor load and no tumor-related
symptom—patients who are not considered for TKI therapy—are
deemed to be eligible for a redifferentiation therapy with MAPK
inhibitors. However, patients in a progressive disease state showing
no response to TKIs or in whom TKIs have to be discontinued
because of side effects may be eligible for a redifferentiation treat-
ment with MAPK inhibitors followed by a potential radioiodine
therapy to slow or stabilize tumor progression. Because of the
short-term drug treatment and most likely absence of severe side
effects related to MAPK inhibitors in this setting, there is less risk to
patients for this experimental approach.

OTHER NOVEL TREATMENT APPROACHES

Besides the above-discussed therapeutic approaches, there are
a few reports about targeting other receptors, such as somato-
statin receptors or prostate-specific membrane antigen, in RAIR

TC. Among the few studies reporting about somatostatin re-
ceptor expression on 68Ga-DOTATOC PET/CT imaging, only
one published study has presented treatment data with 90Y-
DOTATOC so far (56–58).
Prostate-specific membrane antigen was identified as another

possible target in progressive RAIR TC; however, there have been
only a few studies and case reports showing increased PSMA
expression on 68Ga-PSMA ligand PET/CT, and no therapy data are
available yet (59,60). Therefore, the role of 177Lu-PSMA ligands as
a treatment option has to be further elucidated.

CONCLUSION

Treatment of advanced thyroid cancer gets challenging once the
tumors turn irresponsive to radioiodine. Currently, there are 2
registered TKIs for these patients; however, due to response rates
and side effects, most of the centers apply these TKIs mostly for
symptomatic patients. Redifferentiation, which is currently an ex-
perimental approach and needs further research, offers a promising
approach for these patients.
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