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1  |  INTRODUCTION

The presence of metastatic disease in differentiated thy-
roid cancer (DTC) occurs in approximately 20% of diag-
nosed patients, either locally or distant. The most common 
locations for distant metastases in DTC are the lungs, fol-
lowed by bone.1 However, the identification of metastatic 
disease in the central nervous system (CNS) is rare and is 
estimated to occur in less than 1% of patients.1 In addition 
to being considered a rare site of metastasis, the CNS is 
associated with the end stage of the disease and, therefore, 
with an unfavorable prognosis.

The CNS is considered a sanctuary organ with particu-
lar characteristics due to the clinical presentation that met-
astatic lesions produce in this location, the differentiated 
treatment required by lesions in this site, and the negative 

prognostic impact on patient survival.1 Additionally, pa-
tients with CNS metastases have not been included or have 
been under- represented in clinical trials. Consequently, the 
antitumor activity of the different treatment options has not 
been well addressed in this particular location.

Overall, there is an unmet clinical need for evidence- 
based recommendations on the optimal management of 
patients with advanced DTC. This article presents a com-
prehensive review of the current data available for the 
treatment of this particular clinical scenario.

2  |  HISTORICAL PERSPECTIVE

For many years, the treatment of patients with advanced 
DTC was based on surgery, radiotherapy, and radioiodine, 
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because low antitumor response was expected with clas-
sic chemotherapy in refractory patients. Therefore, the ap-
pearance of effective tyrosine kinase inhibitors (TKIs) has 
modified the current treatment landscape for patients with 
advanced radioiodine refractory (RAI) DTC.2 However, as 
previously mentioned, patients with CNS metastases are 
often not selected for clinical trials. The SELECT trial, 
which demonstrated the benefit of lenvatinib compared 
with placebo in RAI DTC patients, enrolled patients with 
known brain metastases, but they needed to be asympto-
matic or to have been treated and remained stable with 
whole brain radiotherapy (WBR), stereotactic radiosurgery 
(SRS), or complete surgical resection without concomitant 
corticosteroid treatment.2 However, the low incidence of 
this tumor spread limits the scientific evidence for defini-
tive conclusions in the overall management of this com-
plication. In fact, most data come from retrospective case 
series.3 Nevertheless, most of the evidence highlights the 
benefit of metastases- directed therapy even if the progno-
sis is unfavorable.3 In addition to local treatment, the ef-
fectiveness of systemic therapies is a matter of concern, 
particularly in relation to the blood– brain barrier for drug 
penetration. For this reason, preclinical studies have been 
carried out with new- generation TKIs, such as cabozan-
tinib or lenvatinib.4,5 Recently approved drugs with se-
lective RET or NTRK inhibitors have shown promising 
preclinical and clinical activity in metastatic CNS disease. 
For example, selpercatinib has shown activity in murine 
models of brain- implanted tumors that exhibit RET fu-
sion.6 However, few patients can benefit from these drugs 
because RET rearrangements have been described in ap-
proximately 10% to 20% of patients with papillary thyroid 
carcinoma and NTRK fusions in 5% to 25% of patients with 
DTC.7

3  |  CURRENT SITUATION

The worse survival of patients with radioiodine refractory 
DTC (RR- DTC) is related to symptomatic multifocal CNS 
lesions in the context of a high burden of extracerebral 
disease.1 Fortunately, in recent years, the inclusion of 
TKIs (mainly lenvatinib and sorafenib) in the therapeu-
tic armamentarium of RR- DTC has helped to improve 
the survival of these patients.2,8 In particular, lenvatinib 
activity has been analyzed in patients with brain metas-
tases. Post hoc analysis from the SELECT trial showed 
encouraging data from patients responding to lenvatinib 
treatment.9 Overall, the median duration of response was 
30.0  months (95% confidence interval [CI]: 18.4– 36.7). 
Among five patients with brain metastases, the median 
duration of response to lenvatinib was 9.3  months (95% 
CI: 0.9– 13.8).9 A high burden of disease, liver metastases, 

and brain metastases were related to a shorter response. 
A retrospective analysis from Australia reported a me-
dian overall survival (mOS) with lenvatinib of 12 months 
(range: 1– 22 months) in the subgroup of patients harbor-
ing brain metastases.10

Increasing experience with new surgical and radiation 
techniques, as well as image- guided neuro- navigation 
systems, have helped expand and increase the antitumor 
response rates in this metastatic location. Scientific evi-
dence for this locoregional approach comes from different 
retrospective series. The role of postoperative radiother-
apy was assessed in a series of 16 patients with thyroid 
cancer and brain metastases that showed a numerically 
superior median survival for patients receiving postoper-
ative radiotherapy compared to surgery alone (15 months 
vs. 27 months; p = 0.390).11 Additionally, for patients who 
are not candidates for a surgical approach, Bernad et al. 
reviewed the role of SRS in 15 patients, four of whom re-
ceived SRS in the surgical bed.12 The median number of 
lesions treated was 1.5 (range 1– 9). Although not statisti-
cally significant, a longer mOS was identified in patients 
receiving this treatment than for those who did not receive 
SRS (37.4  months vs. 12.3  months; p  =  0.29). Another 
study also supported the role of SRS in patients with brain 
metastases.13

Finally, the arrival of new- generation TKIs such as se-
lective RET and TRK inhibitors for molecularly selected 
patients have improved the antitumor response in this 
particular group of patients.14,15 Although only a small 
group of patients harbors these genetic alterations, the 
magnitude of benefit achieved with these molecularly se-
lected drugs highlights the need to perform a molecular 
assessment in the RR- DTC population.

Thus, the potential beneficial role of multimodal treat-
ment based on surgery/SRS and systemic therapy with a 
TKI has been endorsed.16 In a retrospective series of 24 
patients, the mOS of patients undergoing SRS compared 
with those not treated with SRS was 52.5 months versus 
6.7  months (p  =  0.11). For patients undergoing surgery, 
the mOS was 27.3  months versus 6.8  months for those 
who did not receive surgery (p = 0.15). In addition, for the 
12 patients treated with a TKI, the mOS was 27.2 months 
compared with 4.7 months for those who were not given 
a TKI (p < 0.05). In contrast, the mOS was similar for pa-
tients treated or not treated with WBR (21.3 months ver-
sus 19.1 months). Nevertheless, when interpreting these 
data and translating them into clinical practice, it is im-
portant to take into account selection biases in retrospec-
tive series, as well as the inclusion of different histology 
subtypes other than differentiated tumors.

Retrospective studies have tried to optimize treat-
ment decision- making based on key clinical variables 
[Table  11,3,11,16– 20]. Some prognostic factors have been 
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suggested to be related to improved survival, such as 
age ≤ 60 years, Eastern Cooperative Oncology Group 
(ECOG) Performance Status (PS) ≤2, up to three brain 
metastatic lesions, and the absence of extracranial me-
tastasis prior to brain metastases.3 Patients without risk 
factors exceed 30 months of survival. In contrast, patients 
with more unfavorable prognostic factors had a shorter 
survival below 2  months. ECOG PS was found to be an 
independent prognostic factor at the time of brain metas-
tases appearance. mOS was 27 months for patients with 
an ECOG PS <2 versus 3 months for patients with ECOG 
PS ≥2 (p = 0.0009).11 No clear differences have been iden-
tified according to histological subtypes.10 However, the 
number of patients are small.

4  |  TREATMENT 
RECOMMENDATIONS

In general, a local approach to disease in the CNS is rec-
ommended regardless of radioiodine avidity. In the ra-
dioiodine refractory setting, initiation of systemic TKI 
treatment is highly encouraged in addition to local ther-
apy.16 A therapeutic algorithm for patients with RR- DTC 
and CNS metastases is proposed in Figure 1.

On the one hand, if the lesion(s) (a single or limited 
number of brain metastases) are resectable, the patient 
should be offered surgical treatment.3 The additional 
benefit from subsequent radiotherapy after complete 
surgical resection remains controversial. On the other 
hand, if the lesions are not resectable or the patient is not 
amenable to a surgical approach, other options such as 
SRS or WBR should be offered. For example, WBR would 
be considered for patients with multiple metastases in 
the CNS, with disseminated disease, who are not candi-
dates for a local/locoregional approach and with a short 
life expectancy. As previously shown, in this context, TKI 
treatment should be considered in light of radiological 
progression in a new location related to poor survival 
and at high risk of serious complications. In addition, 
as reported in retrospective studies, most patients have 
extra- CNS metastases.16 More controversial is the case of 
a single, completely resected CNS lesion where no other 
evidence of disease is macroscopically identifiable. In 
those patients, variables such as the time to CNS lesion 
development, success of local therapy, histological sub-
type (i.e., aggressive variants), comorbidities, and ECOG 
PS should be taken into account. During TKI treatment 
in these patients, it will be important to monitor the risk 
of bleeding and adverse cardiovascular events.1

For those patients already receiving TKIs, concomi-
tant treatment with the local CNS approach should be 
avoided due to the involvement of antiangiogenic agents St
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in vascular integrity and wound healing. In this sense, 
extrapolated from the guidance given in a phase III 
study involving patients with advanced renal cell carci-
noma receiving lenvatinib, we recommend temporarily 
interrupting the TKI 7 days before any major procedure, 
such as surgery, and restarting it 7 days afterwards once 
proper healing is confirmed.21 For patients receiving 
radiotherapy, based on our experience, we recommend 
discontinuing lenvatinib at least 24 hours before radi-
ation. Once all doses have been administered, lenvati-
nib can be restarted 24 hours later. We also recommend 
closely monitoring any related toxicity during the first 
few days of systemic treatment reintroduction and local 
approach ending.

Recently, next- generation sequencing analysis has 
made it possible to identify potential therapeutic targets 
such as rearrangement in RET/PTC or alterations in 
NTRK. These patients are amenable to treatment with 
RET or TRK inhibitors. Early trials with these drugs and 
other directed therapies such as BRAF inhibitors, show 
promising results in patients with CNS disease.14,15,22 
These patients are likely to receive targeted systemic 
treatment initially in order to delay radiation-  or surgical- 
related complications.

5  |  CLINICAL CASE WITH 
DISCUSSION

A 68- year- old woman presented with a metastatic poorly 
DTC in September 2016. The patient underwent total thy-
roidectomy (pT3bN1a stage) and received one course of 
radioiodine (131I) 150 mCi, with a reduction in thyroglobu-
lin levels of >50% and tumor growth control of lung meta-
static bilateral lesions (up to 2 cm diameter).

After 18 months, the patient presented with biochemi-
cal progression, so a second course of 131I 150 mCi was ad-
ministered. Radioiodine refractory disease was diagnosed 
8 months later after new biochemical and radiological lung 
progression was confirmed. 18F- fluoro- 2- deoxy- D- glucose 
positron emission tomography- computed tomography (CT) 
identified lung lesions with high metabolic avidity.

In November 2018, the patient started treatment with 
lenvatinib 24 mg/day but, 2 months later, she presented to 
the emergency room with headache, gait disturbance, and 
loss of balance. The cranial CT showed a metastatic lesion 
of 2.2 cm in the left cerebellar hemisphere with vasogenic 
edema, and cranial magnetic resonance imaging confirmed 
this lesion (Figure 2A). At this point, a partial response of 
lung lesions to lenvatinib was confirmed in the body CT.

F I G U R E  1  A proposed algorithm for patients with radioiodine refractory differentiated thyroid cancer and metastases to the central 
nervous system. *Consider primarily starting selective RET or TRK inhibitors if clinically feasible according to the regulatory authorities 
(i.e., European Medicines Agency approval of these targeted drugs after first- line treatment). **If clinically indicated. Consider WBR or SRS 
according to ECOG PS. CNS, central nervous system; ECOG PS, Eastern Cooperative Oncology Group Performance Status; SRS, stereotactic 
radiosurgery; TKI, tyrosine kinase inhibitor; WBR, whole- brain radiotherapy.

131I Refractory Differen�ated Thyroid Cancer with Central Nervous System (CNS) Metastases

Presence of Extra-CNS metastases

YES NO

Extra-CNS metastases under response to TKI

NO YES

Mul�disciplinary assessment

Single lesion/OligometastasesMul�ple lesions

Poten�ally resectable

RET/PTC or NTRK altera�ons assessment*

YESNO

Surgery -> +/- Radia�onSRSWBR

ECOG PS ≥2ECOG PS ≥2 ECOG PS <2

Candidate for SRS

2nd line TKI**

YESNO

TKI

ECOG PS <2
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In the multidisciplinary committee, surgical resection of 
the lesion was considered and was carried out in January 
2019 after lenvatinib interruption 1 week previously. After 
recovery from surgery, the patient completed postoperative 
radiotherapy to the surgical bed. The day after finishing the 
local treatment and confirmation of the patient's clinical re-
covery, lenvatinib was reintroduced (Figure 2B).

After 30 months free of disease progression, the patient 
presented with growth of the metastatic lung lesions, sig-
nificant increase of mediastinal lymph node lesions, and 
metastatic pleural effusion. A next- generation sequenc-
ing assessment of tumor tissue identified a CCDC6- RET 
rearrangement, so the patient started treatment with a 
selective RET inhibitor. There is currently a significant 
reduction of all metastatic lesions, pleural effusion reso-
lution, and no recurrence of brain metastasis.

The presence of metastatic disease in the brain is 
a rare and late event in the natural history of RR- DTC. 
The available evidence from retrospective series or post 
hoc analysis underscores the benefit of a multimodal ap-
proach that includes local treatment with surgery or radi-
ation, if the clinical situation allows, with the addition of 
a systemic treatment with a TKI. Owing to the arrival of 
new- generation TKIs, these patients are benefiting from a 
trend for improved survival outcomes.

6  |  CONCLUSION

The optimal management of patients with DTC and CNS 
metastasis requires a multimodal approach combining 
local treatment and systemic TKI whenever possible. 
Novel- targeted agents may change, in the near future, the 
current management of this particular scenario due to a 
potentially greater intracranial antitumor activity.
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