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 Introduction

Well differentiated thyroid cancer (WDTC) typically presents with cancer limited to 
the thyroid gland with or without spread to regional lymph nodes of the central or 
lateral neck [1–3]. Patients who present with distant metastatic disease have out-
comes that are less favorable and associated with a higher morbidity and mortality 
[1–5]. Distant metastatic disease can be divided into metastatic pulmonary disease 
and extra-pulmonary disease, which may include primarily brain and skeletal dis-
ease. An aggressive management strategy is recommended by current national and 
international guidelines which includes locoregional control with surgery and post-
operative radioactive iodine (RAI) therapy for [1–3]. Treatment recommendations 
consist of total thyroidectomy, lymphadenectomy if indicated by presence of dis-
ease in the central and/or lateral neck, and subsequent adjuvant treatment with RAI 
therapy with varying possible dosing regimens. Distant metastases are uncommon 
but reportedly occurs in 1–23% of patients with well differentiated thyroid cancer 
[3–5]. Although an uncommon entity, distant metastatic disease is the most frequent 
cause of cancer related death among these patients. Long term disease specific sur-
vival is estimated to be 23–35% in those patients diagnosed with distant metastases 
secondary to well differentiated thyroid carcinomas [4].

The objective of this chapter was to review the current evidence in managing 
patients with WDTC with distant metastatic spread and to present our practice 
experience.
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 Literature Search Strategy

Based on the PICO table (Table 13.1), Pubmed and CENTRAL searches incorporat-
ing the terms “differentiated thyroid carcinoma”, “papillary”, and “follicular” and 
“distant metastatic disease” were used to review the literature. The bibliography of 
articles was also reviewed, and papers were reviewed and incorporated when appli-
cable. The search was narrowed to focus on management and outcomes of differen-
tiated thyroid carcinoma with distant metastatic spread in primarily adults. Studies 
were included if they were published from 1997–2017. The majority of the data on 
this subject matter arises from retrospective studies and single or multi-institutional 
studies. Current national and international association guidelines were included. We 
elected to focus on pulmonary metastases and extra-pulmonary metastases, includ-
ing skeletal and brain disease.

 Result

 Pulmonary Metastases

Distant metastatic disease can be divided into metastatic pulmonary and extra- 
pulmonary disease, which can include primarily skeletal and brain disease. The man-
agement of the patient with pulmonary metastases is dependent on several factors 
which includes the size of the nodules, macronodular or micronodular, and tumor avid-
ity for RAI treatment [1–5]. While many dosing regimens exist, there is no current 
consensus. According to recent guidelines, the generally recommended dose for both 
macronodular or micronodular pulmonary metastases ranges from 100–200 mCi when 
RAI is administered empirically to patients aged <70 years old, and lower range of 
100–150 mCi to patients aged ≥70 years old [2]. In order to limit RAI retention, dosim-
etry estimates may be employed to limit retention to 80 mCi at 48 h and 200 cGy to 
bone marrow and this recommendation has not changed over the last 10 years [1, 2].

Macronodular pulmonary metastases can be managed with RAI when shown to 
be iodine avid [1–7]. One study involving 444 patients with well differentiated 
thyroid cancers treated for distant metastases every 3–9  months with 100  mCi 
during the first 2 years and then annually until no uptake was visualized on scan. 

Table 13.1 How should well differentiated thyroid cancer with distant metastatic disease be 
managed?

Population Intervention Comparison Outcomes
Adults with 
WDTC and 
distant metastatic 
disease

Radioactive iodine 
treatment
Metastasectomy
Clinical trials

No radioactive iodine 
treatment, surgical 
intervention, or clinical 
trial interventions

Incidence of distant 
metastatic disease in 
WDTC
Survival
Prognostic factors
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In patients who achieved negative studies who had lung metastases only, the 
median cumulative activity given to patients was 220 mCi, ranging from 65 to 
700 mCi [7]. The particular treatment regimen is determined by several factors 
such as age, response to treatment, and any evidence of disease progression 
between treatment administrations [2, 7]. The response to treatment of macronod-
ular metastases may be demonstrated by following objective clinical variables in 
order to guide therapy such as thyroglobulin levels or change in lesion size [7]. 
Remission is less likely with macronodular metastases than with micronodular 
metastases [2]. RAI therapy is strongly recommended for the treatment of pulmo-
nary micronodular metastases. RAI should be repeated at intervals of approxi-
mately 6–12 months while response to treatment and progression of disease is 
monitored [1–3]. RAI treatment was found to be more effective in younger 
patients (<40 years of age) and smaller pulmonary metastasis [7].

Pulmonary metastases which do not demonstrate RAI avidity are an entity that 
remains a therapeutic challenge for clinicians [1, 4–9]. RAI is not recommended 
as a treatment modality in this disease subgroup, and there are no set guidelines 
for the management of this disease. Interestingly, a lack of RAI avidity may not 
be the only predictive factor for disease progression. One retrospective study of 
199 patients with follicular cell-derived thyroid cancer with lung metastases dem-
onstrated that there was a strong correlation with overall survival and clinical 
progression free survival (defined as a 30% increase in longest diameter of the 
lesion or new lesions), which was shorter not only in RAI refractory disease, but 
also poorly differentiated cancers, males, older age patients >45 years old, metas-
tases greater than 1 cm, and fluorodeoxyglucose avid lesions [8]. When these 
factors are taken together, they may identify a subset of patients that benefit from 
early discussion of other novel treatment modalities. Systemic cytotoxic chemo-
therapeutic agents, specifically doxorubicin, have been studied as monotherapy or 
used in combination with another agent. The use of chemotherapeutic options in 
distant metastatic disease is limited by their toxic profiles and provide little impact 
on survival or remission [9]. Combination of chemotherapeutic agents does not 
appear to add significant benefit. Several clinical trials involving anti-angiogenic 
agents are available for eligible patients with non-RAI avid pulmonary metasta-
ses. For patients with symptomatic disease, such as pain or bleeding secondary to 
pulmonary metastases, resection of metastases, ablative therapies, and external 
beam radiation may be used [1–4]. In RAI non-avid metastatic lesions, novel 
therapeutic targets such as kinase inhibitor sorafenib is a potential treatment 
option. In recent randomized controlled trial phase 3 study, sorafenib demon-
strated improved progression free survival of 10.8 months compared to placebo 
5.8  months (hazard ration 0.59; 95% CI, 0.45–0.75, p  <  0.0001), however no 
overall survival difference was demonstrated [10]. Another potential therapeutic 
agent is lenvatinib the oral tyrosine kinase inhibitor to several targets including 
vascular endothelial growth factor rector, platelet derived growth factor, fibroblast 
growth factor receptor, and RET and KIT proto-oncogenes. In a randomized dou-
ble-blind phase 3 trial, patients with RAI refractory disease who took lenvatinib 
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dosage 24 mg/day demonstrated improved progression free survival compared to 
placebo. Two treatment arms stratified patients by age (median age 56 and 71 years 
of age) and in both arms there was a statistically significant improvement in pro-
gression free survival with lenvatinib of 20.2 months compared to 3.2 months for 
those who took placebo (HR 0.27; 95% CI, 0.17–0.27; p < 0.001) [11].

 Bone Metastases

Extrapulmonary metastases include bone metastases and are associated with a 
worsened prognosis. Patients with resectable disease who undergo surgery experi-
ence improved survival [12]. For patients with symptomatic isolated bone metasta-
sis, surgery is recommended [1–3]. Survival is improved in this patient population. 
One retrospective study of 245 differentiated thyroid cancer patients with bone 
metastases evaluated skeletal events, demonstrated the increased morbidity of this 
disease. The majority of patients presented with a skeletal event, defined as spinal 
cord compression, pathological fracture, requirement for external beam radiation or 
surgery, and malignancy related hypercalcemia, at the time of their diagnosis while 
the remainder presented at a median of 5 months from the time of initial diagnosis 
[13]. Unresectable disease may be palliated with external beam radiation therapy, 
RAI, or bisphosphonate infusions. Selective arterial embolization and/or external 
radiation may also be used; however, these modalities are not associated with 
improved survival [12]. Iodine-avid lesions should be treated with RAI for improved 
survival after resecting gross disease. One single institution study evaluating prog-
nostic factors and treatment strategy for patients with bone metastases in 52 of 1398 
patients who underwent initial thyroidectomy for WDTC demonstrated a significant 
5-year survival advantage in patients who underwent RAI therapy at 59% compared 
to 23% for those who did not undergo RAI therapy (p = 0.0028) [14]. This improved 
prognosis appeared dependent on the dose of RAI with a cumulative RAI dose rang-
ing from 100 to 600 mCi [14].

Pulmonary micronodular metastases should be treated with radioactive iodine 
(RAI) therapy (quality of evidence moderate; conditional recommendation).

Pulmonary macronodular metastases should be treated with RAI therapy if 
shown to be RAI (quality of evidence low; conditional recommendation).

RAI is recommended for RAI-avid tumors metastatic to the bone (quality of 
evidence moderate; conditional recommendation).

Surgical resection is recommended for isolated resectable bone metastases 
(quality of evidence moderate; conditional recommendation).
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 Brain Metastases

Brain metastases associated with well differentiated thyroid cancer are rare and esti-
mated to range from 0.5–1% of patients [1–3, 15, 16]. The treatment of brain metastases 
has few options and there is limited data which arises from retrospective analyses and 
single institution studies. Surgery is associated with improved survival for both RAI 
avid and non-avid disease [1]. If surgical resection is not possible, external beam radia-
tion therapy may be employed. RAI therapy is recommended for RAI avid lesions [1, 3]. 
In one retrospective series of 16 patients with brain metastases treated with local thera-
pies, resection of brain metastases was associated with a longer survival of 20.8 months 
(n = 13 patients, ranging, 5.2–55.3 months), compared to 2.7 months (n = 3, ranging, 
0–6.4 months). Of note while the majority of the patients had either papillary or follicu-
lar carcinomas, this series included 3 of 16 patients with medullary thyroid cancer, 
Hurthle cell, or anaplastic carcinomas [15]. In another single institution study of 25 
patients, 16 patients had metastases to the brain, while 9 patients had metastases to the 
skull. A total of 96% of patients (24 of 25 patients) had extracranial disease at the time 
of the initial diagnosis of cranial metastases. The factors associated with improved sur-
vival were the metastatic site involving only skull (p < 0.006), well differentiated histol-
ogy (p < 0.001), and surgical resection (p < 0.001) [16].

 A Personal View of the Data

The approach to treatment of patients with well differentiated thyroid cancer and 
distant metastatic disease at our institution is in keeping with the current national 
guidelines. Our institutional practice is to take a multidisciplinary approach to the 
patient’s care. From a surgical standpoint, our practice is to resect all detectable 
disease, with total thyroidectomy and locoregional lymph node dissection of the 
central and lateral neck when indicated. Surgical resection of distant metastasis is 
recommended if the lesion is amenable to resection and when the patient’s perfor-
mance status is amenable for undergoing the procedure. While the recommenda-
tions for pulmonary metastases which are RAI avid are stronger and demonstrate an 
improved survival, particularly in younger patients (<45) with lower metastatic dis-
ease burden, there is unfortunately limited data regarding treatment of RAI non-avid 
metastases. It is in this patient population where significant research is needed in the 
form of clinical trials targeting cell cycle, angiogenesis, and signaling pathways. 
Overall, there is a paucity of data on how best to manage these challenging well- 
differentiated thyroid cancer patients with distant metastases and more data is nec-
essary to make strong recommendations.

Surgical resection is recommended for resectable brain metastases (quality of 
evidence low; conditional recommendation).
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