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This ESMO Clinical Practice Guidelines provide updated state-of-the-art recommendations 

on management of thyroid cancer (diagnosis, treatment and follow-up), compiled by a 

multidisciplinary author panel and accompanied by level of evidence and grade of 

recommendation, depending on the strength of supporting data and magnitude of benefit 

from particular interventions.

Introduction

The aim of clinical practice guidelines is to provide physicians with the best 

available evidence on particular issues and recommendations for the best standards of 

care. They help health professionals weigh the benefits and the risks of available 

diagnostic or therapeutic options. Randomised clinical trial (RCT) data on the management 

of thyroid cancer (TC) are relatively scarce, and the quality of available evidence is 

suboptimal. Retrospective analyses of treatment efficacy frequently show favourable 

outcomes, but it is difficult to discern the extent to which these results are due to the 

natural history of the disease. The number of cases retrospectively analysed is not an 

index of the quality of the data or the absence of biases. Consequently, large, well-

planned RCTs managed within a network of coordinated centres are urgently needed.

The main goals of any cancer treatment are to improve overall survival (OS) and 

quality of life (QoL). Persistent disease in low-risk TC patients is often associated with 

prolonged survival. The indolent behaviour of the tumours in these individuals—the vast 

majority of the patients seen by clinicians—argues for the use of less aggressive 

diagnostic and therapeutic approaches than those reserved for higher-risk patients. 

Therefore, clinical practice guidelines are also intended to provide oncologists with cost-

effective strategies that will minimise the risks associated with overtreatment.
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Incidence and epidemiology

The last three decades have witnessed steady, worldwide increases in the 

incidence of TC [1, 2]. Figures from the European Network of Cancer Registries show 

estimated incidence rates among females in 2012 that were approximately three-fold 

higher than those for males (9.3 and 3.1 cases per 100 000 person-years, respectively) 

[1]. Rates vary widely from country to country, with the highest figures (per 100 000 

person-years) reported in Lithuania (15.5), Italy (13.5), Austria (12.4), Croatia (11.4) and 

Luxembourg (11.1). Estimated TC-related mortality rates, by contrast, are low (0.7 and 0.5 

cases per 100 000 person-years for women and men, respectively) with considerably less 

regional and temporal variation [3].

The rising incidence rates are almost entirely due to the increased diagnosis of 

differentiated thyroid cancers (DTCs) and papillary thyroid cancers (PTCs) in particular. 

Incidence rates for follicular (FTC), anaplastic (ATC) and medullary (MTC) thyroid cancers 

have remained relatively stable over the past 30 years. The expanding use of imaging 

techniques, biopsy procedures [e.g. fine-needle aspiration (FNA)] and medical 

surveillance, along with improved access to healthcare, has facilitated the detection of 

small, subclinical PTCs [4]. The resulting overdiagnosis has invariably been accompanied 

by overtreatment [5]. According to the United States Preventive Services Task Force, the 

risks associated with TC screening in asymptomatic adults are likely to outweigh its 

potential benefits [6]. Support is also growing for more conservative, risk-tailored strategies 

for TC management (including watchful waiting) [7-10]. 
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Differentiated and poorly differentiated thyroid cancer

Diagnosis and pathology/molecular biology

The diagnostic work-up of DTCs (including poorly differentiated forms) comprises 

pre- and postoperative pathological and molecular assessments. Preoperative FNA for 

cytology is not required for nodules measuring 1 cm. Decisions to aspirate larger nodules 

should be guided by lesion size and sonographic appearance [8]. Cytology findings are 

classified into diagnostic categories associated with different risks of malignancy [11]. Most 

malignant thyroid tumours can be identified cytologically. Notable exceptions are FTCs 

and the newly defined ‘non-invasive follicular thyroid neoplasm with papillary-like nuclear 

features’ (NIFTP), which are usually classified as indeterminate in the various thyroid 

cytology reporting schemes [12]. FNA-based diagnosis of poorly differentiated carcinoma 

is also challenging unless there is obviously increased mitotic activity and/or necrosis. FNA 

diagnosis can be facilitated by assessment of malignancy markers (including proteins 

commonly overexpressed in tumours, e.g. HBME1 or galectin-3) and molecular alterations 

specifically associated with malignancy (e.g. BRAF mutations, RET fusions, other novel 

gene alterations). Specifically designed gene panels are reportedly useful for identifying 

malignancy when cytology samples are morphologically indeterminate [13].

Resected DTCs are histologically classified according to the World Health 

Organization (WHO) criteria (updated in 2017 - Table 1). Based on clinical evidence of 

their low-grade behaviour during long-term follow-up, encapsulated non-invasive follicular 

PTC variants are now referred to as NIFTPs. They account for up to 20% of cases in 

Europe [14]. Elimination of the term ‘carcinoma’ from the definition of this PTC variant 

underscores its excellent prognosis: NIFTP is associated with no reports of cancer-related 

deaths and an estimated risk of recurrence (ERR) of <1%. This new entity shows partial 
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overlap with the group of tumours defined in Europe as ‘well-differentiated tumours of 

uncertain malignant potential’ [15]. Diagnosis of NIFTP requires a scrupulous pathological 

examination of the follicular-pattern nodule to confidently exclude the presence of capsular 

invasion (even microscopic) and papillary formations. RAS but not BRAF mutations 

characterise NIFTPs. Correct identification of NIFTPs should reduce the unnecessary use 

of radical surgical procedures and the needless administration of radioiodine after a 

completion thyroidectomy. NIFTP follow-up strategies should mimic those of very-low risk 

carcinomas (see following sections). There are numerous other PTC variants, including 

some that are particularly aggressive and associated with higher tumour stages and lymph 

node metastases at diagnosis. The best-known of these are the tall cell, columnar, hobnail 

and solid variants [16, 17].

The WHO currently recommends reporting FTCs as ‘minimally invasive’ when 

capsular penetration is present without vascular involvement (a condition associated with 

an extremely good prognosis). The terms ‘angioinvasive’ and ‘widely invasive’ should be 

reserved for follicular cancers with neoplastic emboli involving <4 or ≥4 blood vessels, 

respectively.

The diagnostic criteria for poorly differentiated carcinomas remain controversial. A 

consensus conference in 2006 yielded the Turin proposal [18], which restricts this 

diagnosis to invasive tumours with a solid/trabecular/insular growth pattern plus at least 

one of the following: 

• mitotic index ≥3 per 10 high-power fields;

• necrosis;

• convoluted nuclei (slightly smaller and darker than those typically seen in PTC, with 

irregular contours).

This definition delimits a category of TCs that behave aggressively while maintaining some 
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degree of functional differentiation [e.g. thyroglobulin (Tg) production].

Hürthle cell carcinomas are no longer classified as ‘follicular tumours’, which are 

generally much less aggressive and less likely to present with lymph node metastases 

[16]. Hürthle cell carcinomas associated with extensive vascular and/or capsular invasion 

should be managed like other high-risk carcinomas (see following sections). ‘Pure’ Hürthle 

cell carcinomas (i.e., those with a Hürthle-cell component exceeding 75%) also present 

molecular abnormalities that distinguish them from conventional follicular carcinomas. As 

for oncocytic PTCs and oncocytic variants of poorly differentiated carcinomas, they are no 

more aggressive than their conventional counterparts.

Molecular profiling has distinguished two major classes of PTCs characterised by 

BRAF-predominant and RAS-predominant molecular signatures (Table 1) [19]. BRAF 

V600E mutations are frequently reported in a subgroup of PTCs with more aggressive 

clinicopathological behaviours, but the need for routine BRAF genotyping of PTCs has not 

been established. The fatal forms of non-anaplastic thyroid carcinoma are generally PTC 

variants harbouring BRAF or RAS mutations plus other genomic alterations (e.g. mutations 

involving the TERT promoter, TP53, POLE, PI3K/AKT/mTOR pathway effectors, SWI/SNF 

subunits and/or histone methyltransferases), some of which are potential therapeutic 

targets [20]. The molecular profiles of follicular and Hürthle cell carcinomas are less well-

defined. Work is underway to define the genomic and transcriptomic profiles of poorly 

differentiated and anaplastic TCs [21, 22].

Staging and risk assessment

Mortality risk 

The Union for International Cancer Control (UICC) tumour, node, metastasis (TNM) 

classification of malignant tumours stages lesions based on their mortality risks. The 8th 
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edition [23] introduced important changes for thyroid tumours, including the downstaging 

of extrathyroidal extension that is not macroscopically evident (pT3b) (Table 2). Primaries 

with extrathyroidal spread that is exclusively microscopic are now staged solely on the 

basis of tumour size as pT1, pT2 or pT3a. TNM staging requires a complete review of 

prognostically relevant morphological and immune-phenotypic parameters [20]. A checklist 

containing these parameters can be included in the final pathology report [IV, A] to supply 

details on the extent of invasion (capsular versus vascular, including number of affected 

vessels), tumour size and architecture, presence of necrosis, proliferative activity, etc [10].

Risk of persistent or recurrent disease 

Table 3 summarises the system developed in 2015 by the American Thyroid 

Association (ATA) to estimate the risk of persistent or recurrent TC based on data 

available shortly after treatment of the primary cancer [8, 24-26]. These criteria have now 

been revised and refined based on emerging evidence. The likelihood of 

persistent/recurrent disease after an apparently complete resection depends on several 

factors. The overall ERR ranges from <1% to 55% and is classified as low (≤5%), 

intermediate (6%–20%) or high (>20%). A high-quality pathology report is crucial for 

proper risk stratification.

The initial risk class assignment is revised during follow-up to reflect the evolution of 

the disease and responses to treatments (dynamic risk stratification) [IV, A] [27-30]. 

Treatment responses are defined as excellent, biochemical incomplete, structural 

incomplete or indeterminate based on imaging findings [mainly neck ultrasound (US)] and 

serum Tg and anti-Tg antibody (TgAb) levels (see Table 4) [8].

Primary tumour management
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Surgery 

Primary tumour management will be determined by the results of the preoperative 

risk assessment (Figure 1). Active US surveillance of the thyroid and neck lymph nodes 

(every 6–12 months) can be proposed for unifocal papillary microcarcinomas (≤10 mm) 

with no evidence of extracapsular extension or lymph node metastases [III, B] [31]. In 

these cases, the only known predictor of significant tumour growth (≥3 mm) or the onset of 

lymph node metastasis is age (10-year estimated risks: 36% in patients <30 years old, 

14% in those aged 30–50, 6% in patients 50–60 years old) [32].

For other TCs, total thyroidectomy is still considered the standard surgical 

treatment. Two large database studies on surgical management strategies found that, for 

selected low-risk tumours (T1a-T1b-T2, N0), lobectomy alone does not reduce OS [IV, B] 

[33, 34], but it may be associated with a slightly higher local recurrence [8]. However, even 

large database studies are subject to biases. In risk-benefit analyses, it is important to 

recall that total thyroidectomy can cause recurrent laryngeal nerve injury (2.5%, bilateral in 

rare cases) and temporary or permanent hypoparathyroidism (8.1%) [35]. The risk (even 

when done by high-volume surgeons) is almost twice that of lobectomy alone, and 

postoperative complications are generally more likely with low-volume surgeons [36]. 

The use of prophylactic central neck dissection for low-risk tumours (T1b-T2, N0) 

varies from centre to centre [IV, C] [37-39]. Evidence of its effect on recurrence-free 

survival (RFS) is conflicting, and there is no high-level evidence for or against its 

usefulness for low-risk tumours. Studies supporting prophylactic neck dissection for low-

risk tumours have shown moderate reductions in central neck recurrence (5%–10%) but 

no improvement in OS. Prophylactic neck dissection does allow more complete staging of 

neck nodes, including identification of micrometastases not visible on preoperative US, 

and this information can be used to refine the prognosis and guide subsequent treatment 
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and follow-up. Risks, however, include temporary hypoparathyroidism and overdiagnosis 

and overtreatment of subclinical micrometastases. The potential benefits of prophylactic 

neck dissection for low-risk tumours are now being evaluated in an RCT (NCT03570021 - 

ESTIMABL3). For more invasive tumours (T3-T4), prophylactic neck dissection may 

improve regional control [IV, C] [40].

Radioactive iodine therapy 

Radioactive iodine (RAI) is administered after total thyroidectomy for several 

reasons: 

• to eliminate the normal thyroid remnant, thereby ensuring undetectable serum 

Tg levels (in the absence of neoplastic tissue), which facilitate follow-up 

(remnant ablation);

• to irradiate presumed foci of neoplastic cells, thereby reducing the recurrence 

risk (adjuvant therapy); and/or

• to treat persistent or recurrent disease (treatment of known disease) [8].

In all three cases, RAI administration must be followed by an iodine-131 (131I) 

whole-body scan (WBS) to stage the disease and document the 131I avidity of any 

structural lesion. The estimated level of risk for persistent/recurrent disease will determine 

whether and how much RAI is given. Low activities are usually given for remnant ablation 

(30mCi, 1.1GBq); high activities (≥100 mCi, 3.7 GBq) are used for treatment purposes. To 

optimise isotope uptake, RAI should be given after thyroid-stimulating hormone (TSH) 

stimulation, which can be achieved by withdrawing levothyroxine for 4–5 weeks, ideally 

until serum TSH levels reach ≥30 µIU/mL. Alternatively, recombinant human TSH (rhTSH) 

can be given (2 daily injections of 0.9 mg of rhTSH followed by RAI on day 3). The 
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resulting TSH level is not usually measured (unless doubts arise as to whether the 

injections have been properly administered). Levothyroxine withdrawal is preferred if 

distant metastases are present. The use of rhTSH is associated with superior short-term 

QoL [41].

As shown in Figure 2, practice guidelines unanimously recommend treatment with 

high RAI activities (≥100 mCi, 3.7 GBq) for patients with high risk of recurrence [IV, A] [7-

10, 42]. RAI administration is not recommended for certain low-risk patients [i.e. those with 

a small (≤1 cm) intrathyroidal DTC and no evidence of locoregional metastases] [II, E] [43]. 

The term ‘very low-risk’ is often applied to these patients in the literature [7, 44]. There is 

less consensus regarding other low-risk DTC patients [IV, C] (see Table 3). In 2015, the 

ATA guidelines advised against the systematic use of RAI in the latter group [8]. However, 

the European Association of Nuclear Medicine (EANM) has not endorsed this 

recommendation [45], mainly because prospective RCT data showing that surveillance is 

non-inferior to RAI administration are lacking. The ATA, the EANM, the Society of Nuclear 

Medicine and Molecular Imaging (SNMMI) and the European Thyroid Association (ETA) 

have recently published a joint statement acknowledging the absence of high-quality 

evidence either for or against the postoperative use of 131I in low-risk patients [46]. They 

conclude that decisions should be taken on an individual basis, depending on tumour 

features (e.g. risk of recurrence) (see Table 3), patient-related factors (e.g. comorbidities, 

motivation, emotional concerns), healthcare setting (e.g. availability and quality of thyroid 

surgeons, US, RAI imaging, Tg assays) and the local management team’s preferences. 

Lastly, the expected benefits of a given RAI dose should outweigh the risks associated 

with its administration, which include adverse events (AEs) and diminished QoL [43]. The 

usefulness of 131I therapy in low-risk TC patients is now being assessed in two large RCTs 

(NCT01837745 - ESTIMABL2, NCT01398085 - IoN). Two other RCTs (ESTIMABL1 and 
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HiLo) conducted in low-risk DTC populations showed that, if RAI is given in these cases, 

low activities (30 mCi, 1.1 GBq) following rhTSH and high activities (100 mCi, 3.7 GBq) 

following levothyroxine withdrawal are equally likely to produce successful ablation [I, A] 

[47, 48]. This equivalence is also evident at the level of RFS, as demonstrated by long-

term follow-up data from the ESTIMABL1 and HiLo trials [49, 50]. RAI adjuvant therapy 

can be considered for intermediate-risk patients. Decisions on RAI dosage and TSH 

stimulation modalities are based on case features—surgical, clinical and pathological 

(particularly the extent of lymph node involvement and the aggressiveness of the 

pathological subtype) [IV, B] [43]. In these patients, the ATA recommends individualised 

decision-making [8]. 

Follow-up, long-term implications and survivorship

Follow-up tools and schedules (Figure 3) vary according to the tumour histotype, 

initial treatment, initial risk of persistent/recurrent disease (Table 3) and responses to 

treatment (Table 4). Serum Tg assays and neck US are the mainstays of DTC follow-up 

[51]. Patient management can be improved when health professionals collaborate as 

members of a multidisciplinary team.

Serum thyroglobulin

Serum Tg is a sensitive marker for the presence of thyrocytes, but it cannot 

discriminate between normal and malignant cells. Undetectable levels thus have high 

negative predictive values, but detectable values can be false-positives. To minimise 

variability, Tg levels should ideally be measured with the same assay [52]. Concomitant 

assessment of serum TgAb is mandatory, as these antibodies can interfere with Tg 

assays, causing false-negative or, less commonly, false-positive results [53]. Serum Tg 
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can be assayed under basal conditions (i.e., during levothyroxine treatment) or after 

endogenous (levothyroxine withdrawal) or exogenous (rhTSH injection) TSH stimulation. 

In patients treated with total thyroidectomy plus RAI remnant ablation, stimulated serum Tg 

levels <1 ng/mL are highly predictive of an excellent response to therapy, and subsequent 

stimulated Tg assays are unnecessary [54]. High-sensitivity (<0.2 ng/mL) assays of basal 

Tg levels can also be used to verify the absence of disease (excellent response) [II, B] 

[55]. If negative imaging findings are accompanied by detectable Tg levels, the treatment 

response is classified as indeterminate or biochemical incomplete (Table 4). In this case, 

the positive predictive value increases with the serum Tg level or, if serial measurements 

are available, with levels that increase over time. Almost 60% of patients who have total 

thyroidectomy without postoperative RAI administration will have basal serum Tg levels 

≤0.2 ng/mL [56, 57], which indicates an absence of disease (i.e. an excellent response to 

therapy). When serum Tg levels are detectable, serial measurements of Tg should be 

obtained on levothyroxine treatment [IV, B] [56, 57]. A similar approach might be used 

following lobectomy [IV, C] [28]. Increasing Tg levels are highly suspicious for 

persistent/recurrent DTC, and the same may be true for rising TgAb levels. 

Neck ultrasound

Neck US is the most effective tool for detecting structural disease in the neck, 

particularly when remnants of normal thyroid tissue are present. Combined with the results 

of FNA cytology [58] and serum Tg assays, neck US findings can achieve an accuracy of 

nearly 100% [59]. The shortcomings of US include substantial operator dependency [60], a 

high frequency of non-specific findings [61] and the possibility of unsatisfactory 

visualisation of deep structures and those acoustically shadowed by bone or air. The latter 

sites are better explored with cross-sectional imaging modalities (see below). Abnormal 
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US findings can be classified as indeterminate or truly suspicious (Table 5) [62, 63]. Unlike 

PTC, FTC metastasis is typically haematogenous and rarely involves the locoregional 

lymph nodes, so neck US in these cases serves mainly to exclude residual/recurrent 

thyroid-bed disease.

Other imaging studies

Other imaging studies should be ordered if locoregional and/or distant metastases 

are known to be present [IV, A] or suspected (based, for example, on rising serum Tg or 

TgAb levels in the absence of sonographically identifiable neck disease or in patients with 

intermediate-to-high risks of persistent/recurrent disease, irrespective of the neck US 

findings) [IV, B] [8].

A WBS can be carried out after the administration of diagnostic or therapeutic 

doses of radioiodine. Because its sensitivity is low (27%–55%), diagnostic WBS is not 

indicated during follow-up [IV, A] [64]. Uptake is highly specific (91%–100%) for the 

presence of thyroid tissue, but false-positive results are possible. In these cases, single-

photon emission computed tomography (SPECT) or computed tomography (CT) offer 

better anatomic resolution [64].

Fluorodeoxyglucose-positron emission tomography (FDG–PET) combined with CT 

is useful for assessing the extent of disease and defining the prognosis [65, 66]. Its 

sensitivity is around 94%, specificity between 80%–84%. FDG–PET is more sensitive than 

therapeutic WBS for detecting persistent disease in patients with negative cross-sectional 

imaging studies, serum Tg levels >10 ng/dL, and/or aggressive histotypes (e.g. aggressive 

PTC, poorly differentiated thyroid carcinoma, widely invasive follicular carcinoma) [67]. 

FDG uptake is associated with a worse prognosis and refractoriness to radioiodine 

treatment [68, 69] but it is not a reliable predictor of tumour growth [70]. FDG–PET is the 
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first-line isotopic imaging technique for patients with radioiodine-refractory disease. 

Cross-sectional imaging modalities should be chosen on the basis of the anatomic 

region to be explored. CT is best for neck and chest imaging. Contrast enhancement is 

used for studies of the neck and mediastinal lymph nodes but not for the lungs. All forms 

of RAI treatment should be deferred for at least 6 weeks after administration of any 

iodinated contrast medium. Contrast-enhanced magnetic resonance imaging (MRI) is 

appropriate for exploring the neck, liver, bones and brain [64]. MRI of the neck is subject to 

substantial image degradation due to respiratory motion, and a CT scan is often a better 

alternative. Suspected aerodigestive-tract involvement should always be assessed 

endoscopically. 

Follow-up strategies

All patients with DTC should have neck US and serum Tg and TgAb assays 6–18 

months after primary treatment (surgery ± RAI therapy). The subsequent follow-up 

schedule will depend on the initially estimated risk of persistent/recurrent disease and 

responses to therapy (Figure 3).

PTC patients at low risk for recurrence who have no evidence of structural disease 

at the first follow-up visit can be monitored with periodic (12–24 months) Tg and TgAb 

assessments. Repeat neck US scans can be carried out as needed, depending on serum 

Tg and TgAb levels [71]. The same schedule can be adopted for intermediate-risk PTC 

patients with excellent responses to treatment [IV, A] [27, 30, 44]. TSH levels should be 

maintained in the low-normal range (0.5–2 µIU/mL) [IV, B] [8]. The follow-up protocol for 

minimally invasive FTCs is often the same one used for low-risk PTCs, although the 

evidence supporting such an approach is insufficient [V, C] [24].

Low- or intermediate-risk PTC patients with a biochemical incomplete or 
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indeterminate response to treatment should have serum Tg and TgAb assays and a neck 

US every 6–12 months. Rising Tg or TgAb levels warrant further imaging studies [72]. Mild 

TSH suppression should be considered (0.1–0.5 µIU/mL) in patients at intermediate-risk of 

recurrence [IV, B] [8].

In patients with high-risk PTCs, poorly differentiated TCs or widely invasive 

FTCs, serum Tg and TgAb levels should be assessed every 6–12 months if the response 

to therapy is excellent or biochemical indeterminate/incomplete. Cross-sectional or 

functional imaging studies should be repeated if detectable Tg levels persist [IV, B] [27, 

30]. For patients whose recurrence risk is initially classified as high, a more in-depth 

imaging work-up may be advisable even if serum Tg levels remain or become 

undetectable, since the absence of the circulating Tg may simply reflect the 

dedifferentiation of any residual tumour tissue that might be present [8]. Serum TSH levels 

should be suppressed in all patients with biochemical incomplete or indeterminate 

responses to treatment (0.1–0.5 µIU/mL) [IV, B] [8]. Patients with structural incomplete 

responses can be placed on active surveillance or referred for local or systemic 

treatments. 

Management of advanced/metastatic disease 

Distant metastases occur in fewer than 10% of patients with DTC. Half are present 

when the tumour is first discovered; the others are found later, sometimes decades after 

initial treatment. Metastases are observed most frequently in patients with aggressive 

histological subtypes (e.g. tall-cell, hobnail, solid, diffuse sclerosing and columnar-cell 

variants), vascular invasion, large primary tumours, macroscopic extrathyroidal extension, 

bulky locoregional nodal disease [8]. The most common sites are lungs and bones 

(involved in 49% and 25% of all cases, respectively), and in 15%, both are affected [73]. 
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Bone metastases are more common in FTC than in PTC (55.5% versus 31.5%, 

respectively). Spinal (34.6%) and pelvic (25.5%) bones are the most frequently involved, 

followed by those of the chest (18.3%), extremities (10.2%), shoulder girdle (5.4%) and the 

craniomaxillofacial bones (5.4%) [74]. Brain, liver and skin involvement is less common. 

The overall mortality rates 5 and 10 years after diagnosis of distant metastases are 65% 

and 75%, respectively [75]. 

Distant metastases are usually diagnosed because of clinical symptoms or 

suspicious imaging/laboratory findings (abnormal uptake on a post-ablation WBS, or a 

positive finding on an FDG–PET-CT scan or a cross-sectional study prompted by elevated 

Tg levels in patients whose post-ablation WBS is negative). 

Radioactive iodine therapy

Patients with distant metastases should receive 100 to 200 mCi (3.7–7.4 GBq) of 

131I after TSH stimulation [IV, A] [73]. The latter can be achieved with levothyroxine 

withdrawal or, if withdrawal is clinically contraindicated or the patients has hypopituitarism, 

with injections of rhTSH (Figure 2). One-third of patients have lesions that are not RAI-avid 

and are considered RAI-refractory [IV, A] (Figure 2) [73, 76]. If the distant metastases are 

RAI-avid, 131I is administered every 6 months for 2 years and less frequently thereafter. 

Between treatments, suppressive doses of levothyroxine are given to maintain serum TSH 

levels below 0.1 µIU/mL (unless there are specific contraindications) [III, B] [77-79]. Data 

from some prospective cohort studies suggest that disease progression, recurrence and 

death rates are reduced in patients undergoing TSH suppression for structurally 

identifiable disease [77, 79], but it is still unclear how much suppression is appropriate 

[78]. Between treatments, efficacy should be verified with periodic cross-sectional imaging 

studies. Compared with repeated administrations of standard doses of RAI (100 mCi or 3.7 
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GBq), use of higher, dosimetrically determined activities appears to offer no benefits in 

terms of OS [80]. When distant metastases lose their ability to concentrate RAI or 

structural progression occurs within 6–12 months after RAI administration, the disease is 

considered RAI-refractory [IV, A] (Figure 2) [73, 76]. A cure is unlikely if lesions persist 

after administration of a cumulative dose of 600 mCi 131I, and decisions on whether to 

continue RAI therapy will be based on tumour burden, RAI-uptake intensity and responses 

to previous RAI administrations [73].

Overall, one out of three patients with distant metastases will be cured with RAI and 

have a near-normal life expectancy [73]. These are usually young individuals with well-

differentiated TC and small non-FDG-avid metastatic lesions. The other patients will at 

some point be classified as RAI-refractory; the prognosis in these cases will vary, 

depending mainly on the tumour burden and growth rate. Overall, their 5-year survival is 

<50%. RAI refractoriness, however, remains uncommon, with an estimated incidence of 

4–5 cases per million population. Drugs for re-inducing or increasing RAI uptake by the 

tumours are currently under investigation. The selective kinase inhibitors, dabrafenib [81], 

vemurafenib [82] and selumetinib [83], can reportedly restore RAI uptake and tumour 

responses in selected patients, especially in those with small tumour burden and low 

progression rate. Several trials are underway to validate these preliminary data 

(NCT03244956, NCT02456701, NCT02145143, NCT02152995, NCT03363347), but thus 

far, none of the three drugs has been approved for this indication.

Locoregional therapy 

Several locoregional approaches can be used to treat TC. The data and indications 

discussed below, however, are based mainly on studies of other solid tumours. Specific 

recommendations are lacking for DTC or MTC patients; therefore, the indications for 
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locoregional treatments of these tumours will be discussed together. ATC patients will be 

discussed separately since their poor prognosis is a major factor in all treatment decisions.

Bone metastases

The relatively long survival perspective places TC patients with bone metastases at 

high risk of skeletal-related events (SREs), i.e. pathological fractures, spinal cord 

compression, need for radiation (for pain or impending fracture) or surgery and 

hypercalcaemia. Up to 37% of TC patients experience SREs, and they are associated with 

poorer prognoses [84, 85].

There is a strong rationale and some clinical data supporting the roles for bone 

resorption inhibitors (bisphosphonates or denosumab) [V, B], external beam radiotherapy 

(EBRT) or other locoregional treatments in reducing SREs [86]. Bisphosphonates and 

denosumab have each been shown to decrease SRE rates and bone pain associated with 

breast, prostate and lung cancers. Inhibition of bone resorption should be considered in 

TC patients with multiple bone metastases. Treatment can be administered every 4 weeks 

(bisphosphonates and denosumab) or every 3 months (bisphosphonates). The optimal 

duration of treatment is unknown, but in other more thoroughly studied tumours (e.g. 

breast, prostate, lung), a minimum of 2 years is recommended. Adequate calcium and 

vitamin D levels should be maintained during treatment. The most significant AE of these 

drugs is jaw osteonecrosis, and the risk is increased in patients receiving antiangiogenic 

therapy [87]. A baseline dental evaluation is thus mandatory before starting treatment with 

bone resorption inhibitors, and regular check-ups are recommended during treatment. 

If the bone metastases are RAI-avid, RAI therapy may control the disease for some 

time and alleviate or delay symptoms, but it is unlikely to eliminate these lesions. 

Locoregional treatments may allow longer progression-free intervals and even cures in 
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patients with targetable, oligometastatic bone disease. Surgery followed by EBRT is 

associated with the best outcomes, at least for limb lesions [88]. If surgery is not feasible, 

bone lesions associated with pain or a high fracture risk should be treated with 

fractionated (20 Gy in 5 fractions or 30 Gy in 10 fractions) or single-fraction (8 Gy) EBRT 

and/or with interventional radiology techniques, including cementoplasty and thermal 

ablation [89]. For spinal cord compression in a patient whose life expectancy exceeds 6 

months, longer fractionation schedules (e.g. 30 Gy in 10 fractions over 2 weeks) are 

recommended. If the life expectancy is ≤6 months, a single fraction of 8 Gy or 20 Gy in 5 

fractions should be used to minimise hospitalisation [II, B] [90].

Percutaneous vertebroplasty can reduce the pain and deformity associated with 

vertebral body fractures. The efficacy of this innovative approach has not been directly 

compared with surgery and should only be done in high-volume centres to minimise the 

risk of complications (e.g. cement leakage outside the bone). There is limited evidence 

that other conservative techniques [radiofrequency ablation (RFA), cryotherapy] are 

effective for treating TC-related bone lesions [V, B] [91].

Palliative EBRT alleviates pain and neurological complications. Pain relief is often 

achieved 48–72 hours after treatment, although it may take up to one month. 

Lung metastases

The lung is a common site of TC metastasis. The lesions are usually multiple, 

bilateral, of varying size (from a few millimetres to one centimetre) and asymptomatic. 

Metastasectomy is not the standard approach for these lesions, but it may be considered 

for oligometastasis in patients with good performance status (PS) [V, C]. RFA is also a 

possibility for solitary lesions or those causing a specific symptom due to their volume and 

location [V, C]. RFA is considered for lesions <2–3 cm in patients not eligible for surgery or 
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those requiring an extensive resection [92].

Liver metastases

Liver metastases are rare in DTC but more common in MTC. Liver involvement 

usually presents with multiple lesions, but if true solitary lesions are detected, they may be 

candidates for local ablation. In MTC patients with a dominant lesion that is growing more 

rapidly than the background disease, local ablation (e.g. RFA) may be useful for controlling 

symptoms, systemic ones in particular, such as diarrhoea. The outcome of RFA will 

depend on the size of the lesion (optimally <30 mm), its location (at least 3 mm from all 

vessels) and its visibility on US. Direct comparisons of surgery and RFA are lacking. In 

general, individuals who are ineligible for surgery are not the best candidates for 

percutaneous ablation. If both surgery and RFA are contraindicated, hepatic intra-arterial 

embolisation with drug-eluting beads might be an option: it has been used in other solid 

tumours [93] but its efficacy in TC has not been validated.

Invasion of upper aerodigestive tract

Invasion of the upper aerodigestive tract should always be excluded in TC patients 

with locoregional disease. Suspicious symptoms include haemoptysis and dysphagia. 

Contrast-enhanced CT and/or MRI are helpful for exploring suspicious cases, although 

endoscopy is more definitive. In selected cases (e.g. bleeding, exophytic lesions), local 

treatment (e.g. laser excision) is advisable before starting antiangiogenic multikinase 

inhibitor (MKI) therapy. 

Systemic therapy and personalised medicine 

TSH suppression (serum level <0.1 μU/mL) is recommended for all TC patients with 
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persistent structural disease in the absence of specific contraindications [III, B] [77]. Not all 

patients with RAI-refractory disease require systemic MKI therapy immediately. The 

treatment strategy should be based on multiple factors, including symptoms, tumour 

burden, the Eastern Cooperative Oncology Group (ECOG) PS, lesion characteristics (e.g. 

paratracheal location or other features likely to cause symptoms) and disease progression 

[defined using Response Evaluation Criteria in Solid Tumours (RECIST) v1.1 as a 20% 

increase in the sum of target lesions or the appearance of new lesion] [94] (Figure 4). 

Importantly, decisions on whether or not to use MKIs must always be based on patient 

preference after a careful discussion with the managing physician of the expected benefits 

and risks associated with specific drugs. Temporal trends in the levels of serum tumour 

markers (e.g. Tg doubling time) can be used to support and help decision-making [95]. 

Importantly, however, an increase in serum Tg levels in the absence of radiologically 

evident disease progression should not be used to select patients requiring systemic 

therapy. A complete cross-sectional imaging assessment of the extent of the disease is 

mandatory for any treatment decisions. RECIST v1.1 are used to define target lesions and 

measure responses to systemic treatment [94]. The imaging assessment should be 

repeated every 3–12 weeks during treatment. Reductions in serum Tg are expected in 

responders, but clinical decisions cannot be based on this parameter alone.

First-line systemic therapy

Lenvatinib and sorafenib should be considered the first-line systemic therapy for 

RAI-refractory DTC [I, A; ESMO-Magnitude of Clinical Benefit Scale (ESMO-MCBS) v1.1 

score: 3 for lenvatinib, 2 for sorafenib]. Lenvatinib and sorafenib have been approved by 

the European Medicines Agency (EMA) and the United States Food and Drug 

Administration (FDA) for progressive, metastatic, RAI-refractory DTC. Both drugs have 
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been investigated in two large, randomised phase III trials (sorafenib in DECISION [96], 

lenvatinib in SELECT [97]). Head-to-head comparisons of the two agents have not been 

undertaken. They cannot be compared based on their performances in the RCTs cited 

above, which differed substantially in terms of enrolment criteria. Unlike the DECISION 

population, participants in SELECT underwent mandatory assessment of radiological 

disease progression at entry by an independent committee, and pre-treated patients were 

not excluded. In addition, progression-free survival (PFS) in the placebo arm of SELECT 

was shorter than that of DECISION, which also suggests that the SELECT trial population 

may have had more advanced or more active disease than that of the DECISION study.

In the DECISION trial, 417 patients were randomised (1:1) to treatment with 

sorafenib (400 mg twice daily) or placebo, with crossover permitted at disease progression 

[96]. The study demonstrated that sorafenib significantly prolongs PFS [median PFS 

(mPFS) 10.8 months versus 5.8 months with placebo, hazard ratio (HR) 0.59, 95% 

confidence interval (CI) 0.45–0.76, P=0.001]. Objective responses (all partial) occurred in 

12% of the sorafenib group and 0.5% of placebo-treated patients (P<0.0001). The median 

response duration was 10.2 months (95% CI 7.4–16.6). Stable disease lasting ≥6 months 

(post hoc analysis) was observed more frequently with sorafenib (82/196 patients, 41.8% 

versus 67/202 patients, 33.2% in the placebo group). Disease control (partial response or 

disease stability lasting ≥6 months; post hoc analysis) was achieved in 106/196 patients 

(54.1%) treated with sorafenib and 33.8% (68/201 patients) of those receiving placebo 

(P<0.0001). Most (71.4%) patients receiving placebo crossed over to sorafenib, and 

20.3% of patients in sorafenib arm and 8.6% of patients in placebo arm received additional 

therapies. OS was similar in the two arms (HR 0.80, 95% CI 0.54–1.19, P=0.14), and the 

median OS (mOS) had not been reached at the data cut-off (Aug. 31, 2012). The median 

durations of treatment were 10.6 months [interquartile range (IQR) 5.3–15.7] with 
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sorafenib and 6.5 months (3.3–12.9) with placebo. 

In the SELECT trial, 392 patients were randomised 2:1 to receive lenvatinib or 

placebo [97]. The study met the primary aim, demonstrating that lenvatinib significantly 

prolonged PFS compared with placebo, as first-line therapy (mPFS 18.3 months versus 

3.6 months in the placebo arm, HR 0.21, 99% CI 0.14–0.31, P<0.001) and in pre-treated 

patients (mPFS 15.1 months). The 6-month PFS rates were 77.5% (lenvatinib group) and 

25.4% (placebo group). Responses to lenvatinib (complete in 4 cases) were observed in 

64.8% patients (compared with 1.5% in the placebo group) (OR 28.87, 95% CI 12.46–

66.86, P<0.001). Responses occurred rapidly (median time to objective response: 2 

months, 95% CI 1.9–3.5). The drug’s activity varied with the site of disease, with lung and 

lymph node lesions responding very well, and liver and bone metastases less so [98]. 

mOS rates in the two arms were not significantly different (HR 0.73, 95% CI 0.50–1.07, 

P=0.10), but subgroup analysis revealed significantly improved OS in patients >65 years 

treated with lenvatinib (HR 0.53, 95% CI 0.31–0.91, P=0.020). In this trial, TC appeared to 

be more aggressive in older people, as reflected by the mOS of 18.4 months (95% CI 

13.3–20.3) reached in placebo-treated patients over 65 years compared with that in 

younger subjects, which had not been reached when the results were published [99].

The optimal sequence of MKIs in RAI-refractory DTC cannot be determined based 

on currently available evidence. Previous MKI therapy is not a contraindication for 

subsequent use of these drugs, but data on second-line efficacy are scarce [II, C]. MKIs 

should be continued until the disease progresses, unacceptable toxicities occur or the 

patient asks to stop treatment. In the presence of single-site progression, locoregional 

treatment (e.g. EBRT, embolisation, percutaneous treatment modalities) can be done for 

local control, without discontinuing MKIs [V, C]. Data on real life experiences with 

lenvatinib in DTC patients are now available and as expected, the drug’s efficacy was not 
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as good as that observed in highly selected RCT populations [100, 101]. Other 

antiangiogenic agents have been tested as first-line therapy in phase II trials, with widely 

varying response rates (Table 6) [102-106, 107 2018, 108-110]. None of these agents has 

been approved yet for RAI-resistant DTC. MKIs with specific targets [e.g. BRAF, 

tropomyosin receptor kinase [TRK]) have also been used. Vemurafenib has reportedly 

displayed activity against BRAF V600E TCs in both MKI-naive (overall response rate 

[ORR] 38.5%, 95% CI 20.2–59.4) and pre-treated patients (ORR 27.3%, 95% CI 10.7–

50.2) [81, 111]. Larotrectinib has been recently approved by the FDA and the EMA for all 

paediatric and adult cancers expressing the TRK gene fusion protein. Partial responses 

were observed in all five TC patients treated with this drug in a recently reported phase I/II 

trial [112]. There is a biological rationale for treating advanced TCs with antiangiogenetic 

agents plus immune checkpoint inhibitors [113], and an RCT is currently underway to 

assess the activity of lenvatinib plus pembrolizumab in this setting (NCT02973997).

Adverse events of multikinase inhibitors

AEs occurred in 98.6% of patients receiving sorafenib during the DECISION trial 

[96]: hand-and-foot skin reactions, diarrhoea, alopaecia, rash or desquamation, fatigue, 

weight loss and hypertension were the most common. Serum TSH levels exceeding 0.5 

µIU/mL were observed in 33.3% patients (69/207) in the sorafenib arm. TSH increases are 

a recognised AE of sorafenib and other MKIs, and levels should be checked monthly to 

ensure that suppression is maintained.

Serious AEs were documented in 37.2% (77/207) of the sorafenib-treated 

participants. Nine developed a second malignancy: squamous-cell skin cancer in 7 cases 

(one patient also had melanoma), acute myeloid leukaemia and bladder cancer in the 

remaining 2 cases. Skin cancer is a consequence of sorafenib’s paradoxical activation of 
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mitogen-activated protein kinase signalling in keratinocytes harbouring mutated or 

activated RAS. In clinical practice, skin cancer can be resected surgically with curative 

intent and sorafenib continued, but monitoring and early intervention for skin lesions is 

essential. The high rate of AEs inevitably diminishes treatment compliance. In DECISION, 

where the mean daily dose was 651 mg, AEs frequently led to treatment interruptions 

(137/207 patients, 66.2%), dose reductions (133 patients, 64.3%) or drug withdrawals (39 

patients, 18.8%). 

In SELECT, at least one side effect also occurred in all lenvatinib-treated patients 

[114], the most common being hypertension, diarrhoea, fatigue, proteinuria, rash and 

hand-foot syndrome. Treatment interruptions (82.4% of patients) and dose reductions 

(67.8%) led to a mean daily lenvatinib dose of 17.2 mg [97]. AEs generally occurred during 

the first few weeks of treatment and decreased rapidly after treatment is interrupted. A trial 

comparing lenvatinib starting doses of 24 mg versus 18 mg is currently recruiting 

[NCT02657369]. More selective agents such as larotrectinib for TRK fusion-positive 

cancers and highly selective RET inhibitors (e.g. LOXO 292, BLU 667) have better toxicity 

profiles. Off-target side effects are uncommon with these drugs, and toxicities are mild and 

manageable, mostly of grade 1 and 2 [112, 115].

Physicians, patients and caregivers should be aware of these AEs. Caught early, 

they can be effectively managed, but prevention, when feasible, is always advisable [116]. 

The aim should be to manage the side effects successfully without resorting to dose or 

treatment schedule adjustments, which can have detrimental effects on treatment efficacy. 

A post hoc analysis of the impact of dose interruption on lenvatinib efficacy in SELECT trial 

participants revealed that longer interruptions and lower mean dose intensities may 

diminish the potential benefit conferred by the drug [117]. Since MKIs may cause fatal 

harm when administered to a pregnant woman and may result in reduced fertility in both 
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sexes, fertility preservation approaches should be discussed before treatment starts [118].

Conventional cytotoxic therapy

The results of chemotherapy (ChT) administration (e.g. doxorubicin) in RAI-

refractory DTC are disappointing; therefore, it is not recommended unless MKI therapy is 

contraindicated. 

Anaplastic thyroid cancer

Diagnosis and pathology/molecular biology 

Anaplastic thyroid carcinomas are very rare tumours that usually present at an 

advanced stage, display extremely aggressive behaviour, and are associated with a very 

poor prognosis. They are morphologically heterogeneous and must be distinguished from 

other neck tumours, including squamous carcinoma of the larynx, sarcomas and 

lymphomas. Preoperative biopsy assessment includes diagnostic immunomarkers that can 

differentiate ATC from large cell lymphoma or pleomorphic sarcoma. The molecular profile 

of ATC includes mutations of the TERT promoter (associated with BRAF or RAS 

mutations) and TP53 [21, 22], as well as targetable abnormalities (e.g. NTRK and ALK 

rearrangements). 

Staging and risk assessment 

In the 8th edition of the UICC TNM staging system [23], diagnosis of ATC is no 

longer associated with pT4 stage by default. Cases treated with resection are staged like 
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other TC histotypes, based on tumour size and extension (Table 2). 

ATCs are considered one of the most aggressive solid tumours in humans. The 

median survival after the initial diagnosis is approximately 4 months and only one out of 

five patients survives more than 12 months (1-year survival rates: 10%–20%). Long-term 

survival has been reported, but the estimated rate at 10 years is less than 5%. The dismal 

prognosis stems from the fact that over 40% of the patients present at diagnosis with large 

primary tumours (mean size: 6 cm), gross extrathyroidal extension and locoregional and 

distant metastases, which make complete resection unlikely [119]. A thorough imaging 

work-up should be carried out soon after the diagnosis. The FDG–PET-CT scan is the 

most sensitive tool for documenting the extent of disease. Scans should be repeated at all 

stages of treatment [120].

Management of local/locoregional disease

Surgery 

ATC is rarely amenable to complete resection (Figure 5). Total thyroidectomy with 

bilateral central neck dissection may be carried out in those very rare cases of localised 

ATC in M0 patients. Extensive resection with total laryngectomy, oesophagectomy and/or 

resection of the great vessels has been reported in highly selected cases in specialised 

centres, but postoperative mortality and morbidity are high and there is no high-level 

evidence to indicate that this approach improves survival. The prognosis is also unaffected 

by incomplete palliative resection (R2) or ‘debulking’, which is not generally recommended 

[IV, E] [121]. Tracheostomy may be needed to alleviate symptoms in patients with 

moderately-progressive disease, but the impact of tracheostomy on QoL must be 

considered. Given the technical complexity, the procedure is generally done under general 
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anaesthesia. An experienced team of surgeons and anaesthesiologists is essential, as is a 

complete preoperative cross-sectional imaging assessment of the trachea and tumour.

Radiotherapy 

Optimal outcomes in terms of survival and local disease control in ATC require 

complete or near-complete [no residual tumour (R0) or microscopic residual tumour (R1)] 

resection followed by high-dose EBRT, with or without concomitant ChT [V, A] [122, 123]. 

However, this multimodal approach can strongly impact QoL and should be reserved for 

carefully selected patients to ensure clinical benefit. Timely discussion within a 

multidisciplinary team setting is strongly recommended [V, A] (Figure 5).

Analysis of 1200 ATC cases in a large national database [121] revealed significantly 

better outcomes when multimodality therapy included radical surgery (HR 0.35, 95% CI 

0.28–0.43, P<0.0001 versus no surgery or palliative surgery), 40 Gy of EBRT (HR 0.46, 

95% CI 0.38–0.56, P<0.0001 versus no ERBT or <40 Gy EBRT) and ChT of any type (HR 

0.63, 95% CI 0.52–0.76, P<0.0001 versus no ChT). Outcomes also varied with UICC 

stage. For stage IVA disease, the benefit from additional therapies was nonsignificant. For 

stage IVB disease; however, radical surgery followed by both EBRT and ChT significantly 

improved cause-specific survival compared with radical surgery alone or with EBRT (HR 

0.45, 95% CI 0.25–0.81, P=0.0083).

A meta-analysis of 17 retrospective studies including 1147 patients looked at the 

impact of postoperative radiotherapy (PORT) after radical ATC resection and found that it 

significantly reduced the risk of death as compared with radical resection alone (HR 0.556, 

95% CI 0.419–0.737, P<0.001) [124]. Exploratory analyses demonstrated that PORT 

might also confer a survival benefit in patients with stage IVA (HR 0.364, P=0.012) or IVB 

(HR 0.460, P=0.059) disease but not for stage IVC. For best outcomes, PORT must be 
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delivered as soon as possible after surgery [IV, A], but the patient must have recovered 

from surgery sufficiently to be able to lie flat and tolerate immobilisation. 

Because of the improved dose distribution and the ability to reduce toxicity, 

intensity-modulated radiotherapy (IMRT) is the recommended approach [IV, C] [125]. 

There is some evidence of a dose-response relation. Outcomes in ATC are improved with 

doses exceeding 45–50 Gy [126, 127]. An analysis of the United States National Cancer 

Database showed maximal benefits with doses >60 Gy [128]. Evidence that 

hyperfractionated accelerated radiotherapy (RT) (i.e. delivery of two or more fractions per 

day over a shorter treatment time) improved survival over that obtained with conventional 

fractionation is insufficient, whereas it was clearly associated with increased toxicity [129-

131].

For stage IVA or IVB disease, concomitant ChT (usually with doxorubicin or a 

platinum agent) has been used. Most of the data reported on this approach came from 

single-institution series and the clinical benefits reported have been variable. It has been 

shown that concomitant taxane therapy has radio-sensitising effects [132].

Palliative external beam radiotherapy

In patients with unresectable disease, EBRT has a role in symptom control [V, C] 

[133]. The aim is usually to reduce the rate of growth of the neck mass and thereby the 

pressure symptoms. Fractionation schedules vary according to the individual patient (most 

commonly from 20 Gy in 5 fractions to 30 Gy in 10 fractions). These fractionation regimens 

allow simple beam arrangements such as parallel opposed or simple three-dimensional (3-

D) conformal techniques, so that RT can be started as soon as possible.

Management of advanced/metastatic disease 
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Systemic therapy and personalised medicine 

Novel systemic therapies are urgently needed to improve the generally poor 

outcomes associated with ATC. Clinical trial enrolment should therefore be encouraged for 

patients with good clinical PS [V, B]. For patients ineligible for systemic treatments or 

clinical trials, best supportive care should be discussed (Figure 5) [133].

To date, cytotoxic ChT has been the primary treatment for metastatic disease, but it 

is associated with very low response rates and significant toxicities [133]. Recommended 

regimens consist of single-agent therapy with paclitaxel or doxorubicin or combined 

treatments (e.g. carboplatin/paclitaxel, docetaxel/doxorubicin) administered weekly or 

every 3–4 weeks [134-136]. No data are aavailable to guide decisions on second-line 

therapy [133]. Chemoradiotherapy can be considered for local control of unresectable 

stage IVB disease, ideally with weekly administration of radio-sensitising ChT (see above). 

Several novel approaches (targeted therapy, immunotherapy) are being studied, 

alone or in combination, to improve the poor response rates achieved with current 

strategies. The efficacy of lenvatinib in ATC is controversial. In 2015, the drug was 

approved by the Japanese regulatory agency for treatment of TCs, including ATC, based 

on data from a single-arm, open-label, phase II study conducted on a population of 51 

patients [137], 17 of whom had ATC. The primary aim was to establish the drug’s safety in 

this setting. The ATC patients had an mPFS of 7.4 months (95% CI 1.7–12.9), an mOS of 

10.6 months (95% CI 3.8–19.8) and an objective response rate of 24%. These findings 

prompted an international, multicentre, phase II trial, but the trial was stopped early due to 

futility (NCT02657369).

Molecular profiling studies have begun to elucidate the molecular drivers and the 

multistep dedifferentiation associated with ATC tumourigenesis [21, 22]. Early mutation of 
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BRAF and RAS has been reported in 25% and 28% of the cases, respectively [138]. In a 

phase-II, open-label basket trial, patients with BRAF V600E-positive malignancies 

(including 16 with ATC) were treated with the BRAF inhibitor dabrafenib (150 mg twice 

daily) plus the MEK inhibitor trametinib (2 mg once daily). The ORR was 69% (11/16; 95% 

CI 41%–89%), and the treatment was well-tolerated [139]. In May 2018, this combination 

received FDA approval for the treatment of locally advanced or metastatic ATC with the 

BRAF V600E mutation. If available, this should be the first-line therapy for advanced 

BRAF V600E ATC patients [V, B]. Other rare mutations and genetic aberrations may also 

prove to be druggable, such as ALK translocations [21, 22]. Extended molecular profiling 

of ATCs should be strongly encouraged as it may reveal promising possibilities for 

targeted therapies. 

In the presence of non-druggable mutations, targeting the tumour microenvironment 

or common cancer signalling pathways is an alternative approach. ATC immunoprofiling 

has revealed high numbers of tumour-infiltrating lymphocytes in the tumour and tumour 

cell expression of programmed death ligand 1 (PD-L1) [138]. Immunotherapy with 

antibodies targeting programmed cell death 1 (PD-1) receptor or PD-L1 has produced 

impressive results in many malignancies, but few data are available on their use in ATC. 

The anti PD-1 monoclonal antibody spartalizumab was tested in 41 heavily pre-treated 

patients with advanced ATC, and responses were observed in 19.5%, opening the road to 

the use of immunotherapy in ATC [140].

Inclusion of targeted therapy, immunotherapy, ChT and/or RT, administered in 

combination or sequentially, in multidisciplinary ATC management regimens may improve 

patient outcomes (NCT 03181100). 

Medullary thyroid cancer
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Diagnosis and pathology/molecular biology 

MTC is morphologically heterogeneous and can mimic virtually all other primary 

thyroid tumours. Demonstration of calcitonin (Ctn) expression is mandatory for the 

diagnosis. Rare primary Ctn-negative neuroendocrine carcinomas of the thyroid exist and 

must be distinguished from metastases from neuroendocrine neoplasms of the lung. In 

these cases, carcinoembryonic antigen (CEA) determination can be useful, being the only 

neck tumour expressing this marker. The preoperative diagnosis can also be challenging 

in the absence of a consistent immunophenotype. 

RET and RAS proto-oncogene mutations are detected in approximately 90% of 

MTCs and are considered the predominant drivers of these tumours [141]. RET mutations 

occur sporadically, as somatic events, or can be inherited as germline events associated 

with familial MTC or the multiple endocrine neoplasia syndromes type 2A and 2B (MEN2A 

and MEN2B). A quarter of MTCs occur as part of an inherited syndrome, and germline 

RET mutations are present in up to 10% of the patients presenting with apparently 

sporadic MTCs. All patients with MTC should thus be offered genetic counselling and be 

screened for germline RET mutations [IV, A] [142, 143]. Strong genotype–phenotype 

associations affecting age at onset (most MTC occur either in childhood or early 

adulthood) and tumour aggressiveness have been reported for specific germline RET 

mutations. MTCs harbouring somatic RET mutations are also commonly associated with 

more aggressive behaviour than that of their wild-type RET counterparts. The vast majority 

(91.4%) of sporadic MTCs with distant metastases harbour such mutations, in most cases 

RET M918T (93.8%) [144]. There is currently no evidence supporting the value of routine 

screening of MTC patients for somatic RET mutations. However, if treatment of advanced 

MTCs is being planned with selective RET inhibitors, RET testing for somatic mutations is 
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needed to individualise therapy [III, C].

Staging and risk assessment

The UICC system is recommended for staging all MTC patients, based on its utility 

in predicting disease-specific mortality [IV, A] [23]. The 8th edition of this system has 

introduced some important changes in the criteria used for staging thyroid tumours, 

including MTCs. Extrathyroidal extension, for example, is now important only when it is 

macroscopically evident (pT3b) [23]. In the absence of gross extracapsular extension, the 

primary will be staged solely on the basis of its size (pT1, pT2 or pT3a) (Table 2).

Ctn and CEA are valuable diagnostic, prognostic and predictive markers for use 

with MTC. Their serum concentrations are directly related to the C cell mass [145, 146]. 

Preoperative Ctn levels correlate strongly with tumour diameter and postoperative Ctn 

levels. They can also provide useful preoperative information on the extent of the disease. 

An analysis of 300 consecutive cases of MTC treated with total thyroidectomy and 

compartment-oriented lymph node dissections found that preoperative serum Ctn levels 

<20 pg/mL (normal reference range: <10 pg/mL) were associated with almost no risk of 

nodal metastases [147]. Basal serum Ctn levels exceeding 20 pg/mL were associated with 

nodal metastases to the ipsilateral compartments of the neck (central and lateral); higher 

levels were associated with increasingly extensive locoregional spread (levels >50 pg/mL: 

nodes of the contralateral central compartment of the neck; levels >200 pg/mL: nodes of 

the contralateral lateral compartment; levels >500 pg/mL: upper mediastinal nodes). 

Serum Ctn levels exceeding 500 pg/mL suggest distant metastatic disease and should be 

explored with additional whole-body imaging procedures. Serum Ctn should be measured 

60–90 days after thyroidectomy. Patients whose postoperative basal serum Ctn level is 

normal (<10 pg/mL) are considered ‘biochemically cured’ and have a 10-year survival rate 
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of 97.7%. However, 3% of patients with normal basal serum Ctn levels following 

thyroidectomy experience biochemical recurrence within 7.5 years [143]. CEA is not a 

specific biomarker for MTC, and serum assays are not informative for the early diagnosis 

of MTC. However, they are useful for monitoring the progression of clinically evident MTCs 

[IV, B] [148-150].

Doubling times for postoperative serum Ctn and CEA levels (defined as the interval 

of time in which the tumour markers levels have doubled) are established prognostic 

markers in MTC [IV, B] [148-150]. They are currently considered the best available 

predictors of tumour behaviour, recurrence and cancer-related death. A Ctn doubling time 

exceeding 6 months is associated with 5-year and 10-year survival rates of 92% and 37%, 

respectively; shorter doubling times predict markedly worse survival (25% and 8% at 5 and 

10 years, respectively) [148]. In patients with poorly differentiated and aggressive MTCs, 

Ctn values may actually decrease over time while CEA levels increase [151]. Details on 

the use of Ctn and CEA doubling times are available below in the ‘Follow-up, long-term 

implications and survivorship’ section.

Management of local/locoregional disease

Surgery 

Preoperative screening for pheochromocytoma and hyperparathyroidism is highly 

recommended for all patients with MTC (except in those already known to have MEN2B) 

[IV, A] [142, 143]. Neck US should be carried out to identify regional metastases; if 

sonographic (or clinical) findings are suspicious, contrast-enhanced CT of the neck and 

chest is indicated. Workup for distant metastases, including chest CT, liver and axial bone 

MRI and 6-fluoro-(18F)-L-dihydroxyphenylalanine (FDOPA)-PET scan (if available), should 
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be done if serum Ctn levels exceed 500 pg/mL or clinical findings are suspicious. Neck 

dissection, when needed, should be done by surgeons with substantial experience in TC 

surgery. The initial approach will depend on preoperative serum Ctn levels and neck 

imaging findings (Figure 6) [IV, B]. The guidelines in the algorithm are based on 

retrospective cohort studies [147, 152]. The grade B recommendation is based on the 

clinical benefits of elective neck dissection in patients with serum Ctn levels <500 pg/mL, 

for whom surgery may be curative.

For carriers of germline mutations, the recommended age for prophylactic total 

thyroidectomy depends on the type of mutation. Individuals with germline M918T 

mutations should undergo total thyroidectomy within the first year of life. For those with a 

C634F or A883F mutation (also considered high-risk), surgery can be postponed until age 

5 unless Ctn levels increase. Those with other mutations should be monitored from age 5 

on with Ctn assays and neck US, and surgery should be done if Ctn levels increase or if 

the parents request it [143].

Follow-up, long-term implications and survivorship

Ctn and CEA monitoring should both be included in the early and long-term 

postoperative staging work-ups [IV, B] [150]. Serial measurements allow the calculation of 

doubling times, which provide useful information as described above. Currently available 

data indicate that Ctn doubling times should be based on at least 4 consecutive 

measurements, preferably obtained over a 2-year period [IV, C] [142, 143]. All 

measurements must be made by the same laboratory using the same assay. The ATA 

provides an online calculator for rapid determination of doubling times from user-supplied 

series of serum Ctn or serum CEA levels [153]. Figure 7 summarises MTC management 

strategies guided by Ctn and CEA levels and doubling times. Clinically relevant disease 
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sites are rarely detected in patients with Ctn levels <150 pg/mL, but the likelihood of 

structural disease increases as Ctn and CEA levels rise. 

Multiple imaging modalities should be used to identify locoregional and/or distant 

metastases [IV, B] [142, 143]. Contrast-enhanced whole-body (brain, neck, thorax, 

abdomen and pelvis) CT with ultra-thin reconstructions is sensitive and specific enough to 

allow one to estimate the burden of systemic disease and to assess and identify target 

lesions. Target and non-target lesions to assess are measured using RECIST v1.1 [94]. 

Contrast-enhanced MRI is more sensitive in identifying liver lesions, which can be 

misdiagnosed on CT or US as benign cystic lesions. US is useful for assessing neck 

lymph node involvement, although, as mentioned before, it sometimes provides 

inadequate visualisation of deep structures and those acoustically shadowed by bone or 

air. For these structures, CT and MRI are more sensitive, provide greater morphological 

detail, and are recommended when surgical interventions, EBRT or other locoregional 

ablative approaches are being planned. MRI is recommended for identifying or excluding 

brain metastases. Bone scans in MTC patients are high in sensitivity but low in specificity. 

Whole-body bone MRI without contrast medium offers higher specificity, particularly for 

osteoblastic lesions. Contrast enhancement is recommended when extraosseous 

extension or compression of the spinal cord or other neurological structures is suspected. 

Endoscopic exploration of the upper digestive tract and airways is mandatory whenever 

there is a high suspicion of infiltration.

As indolent tumours, MTCs generally display low avidity for FDG, so FDG–PET-CT 

is not recommended for their staging, but it can be useful for assessing advanced disease 

characterised by dedifferentiation and rapid progression [151]. FDOPA-PET has high 

sensitivity and specificity in MTC [154, 155] and it can reveal unidentified metastases or 

small lesions, but cost and availability issues make it unsuitable. Gallium-68 (68Ga) 
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somatostatin analogue PET-CT is relatively insensitive and is not useful for staging, but it 

does reflect expression of somatostatin receptors, which is useful information when the 

feasibility of radionuclide therapy is being explored [156]. 

Management of advanced/metastatic disease 

Distant metastases are present at diagnosis in roughly 10% of all MTC patients, but 

higher rate (19%–38%) are encountered during follow-up [157]. Disease behaviour varies 

widely—indolent in some cases, rapidly progressive in others—and can be reliably 

predicted by Ctn and CEA doubling times. Advanced MTCs are invariably associated with 

the secretion of a variety of peptides (e.g. prostaglandins, kinins, vasoactive intestinal 

peptide, serotonin, histaminase), which can cause unpleasant symptoms such as flushing 

and diarrhoea. Management of these symptoms should be the first goal of treatment.

The systemic therapies currently approved for MTC have not been shown to 

improve OS, so evidence-based guidance is lacking on when to start these drugs and how 

patients with indolent disease should be followed. Decisions are based mainly on 

clinicians’ experience. Multidisciplinary input (e.g. from surgeons, endocrinologists, nuclear 

medicine physicians, medical and radiation oncologists, pain therapists and palliative care 

specialists) is strongly recommended to ensure optimal care for these patients. Active 

treatment (e.g. locoregional or systemic MKI administration) should be considered in the 

presence of symptoms, lesions close to vital structures, high-tumour burdens, or disease 

progression (as defined by RECIST v1.1) [94].

Systemic therapy and personalised medicine 

First-line systemic therapy
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Cabozantinib [I, A] and vandetanib [I, A; ESMO-MCBS v1.1 score: 2] are the first-

line systemic treatments for progressive metastatic MTC. Their EMA and FDA approval for 

these cases was based on their documented ability to improve PFS [158, 159]. Both drugs 

inhibit RET kinase activity to some extent, and this was the major reason they were 

originally proposed for treating MTC patients. However, their anti-tumour effect is mainly 

due to their strong inhibition of key angiogenic pathway components, including vascular 

endothelial growth factor receptor type 2 (VEGFR2).

The ZETA trial compared vandetanib (300 mg daily) with placebo (2:1) in 331 

patients with symptomatic and/or metastatic MTC [158]. Radiological evidence of disease 

progression was not an enrolment requirement, and placebo-to-vandetanib crossover was 

allowed if disease progression occurred. The predicted mPFS in the vandetanib arm was 

significantly longer than that observed in the placebo group (30.5 months versus 19.3 

months; HR 0.46, 95% CI 0.31–0.69, P<0.001). The ORR was also higher in the 

vandetanib arm (45% versus 13% for placebo, OR 5.48, 95% CI 2.99–10.79, P<0.001), 

and all but one of the responses in the placebo arm were recorded after crossover to 

vandetanib. Radiological responses were accompanied by significant biochemical 

responses (reductions in Ctn and CEA levels in 69% and 52% of cases, respectively). 

Vandetanib exhibited activity independently of the tumour’s RET status, previous 

treatment, metastasis site(s), disease progression status and tumour burden. When the 

ZETA data were first published, no survival advantage was reported for patients managed 

with vandetanib and no updates have been published since then. In a phase I/II trial of 

vandetanib in children with MTC (two courses at 100 mg/day, then 150 mg/day), partial 

responses were seen in 47% patients, and the AE profile resembled that observed in 

adults [160].

In the EXAM trial, cabozantinib (140 mg daily) was tested against placebo (2:1) in 
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330 patients with metastatic MTC [159]. The main inclusion criterion was disease 

progression within the 14 months preceding study entry. Prior therapy, including MKIs, 

was allowed, and crossover was not permitted. Compared with placebo, cabozantinib was 

associated with a significantly longer mPFS (11.2 months versus 4.0 months, HR 0.28, 

95% CI, 0.19–0.40, P<0.001) and a higher rate of responses (all partial) (28% versus 0%, 

median duration 14.7 months). Efficacy was observed across all subgroups, regardless of 

age, tumour location, tumour burden, progression rate, prior kinase inhibitor treatment (in 

20% of patients) or RET/RAS mutation status. mOS rates were similar in the two arms 

(26.6 months versus 21.1 months, HR 0.85, 95% CI 0.64–1.12, P=0.024), but in the 

subgroup with RETM918T-positive MTCs, cabozantinib was associated with significantly 

longer survival (44.3 months versus 18.9 months with placebo, HR 0.60, 95% CI 0.38–

0.94, P=0.03). PFS was consistent with OS in the RETM918T-positive cases (HR 0.15, 

95% CI 0.08–0.28, P<0.0001) [161].

Although the ZETA and EXAM trials both focused on patients with advanced and/or 

metastatic disease, their designs and inclusion criteria were different. The markedly longer 

mPFS in the placebo arm of the ZETA trial—19.3 months [158] versus 4 months in EXAM 

[159] —suggests population differences. Indeed, unlike ZETA participants, those enrolled 

in EXAM had to meet RECIST criteria for disease progression and were thus likely to have 

more advanced disease. The results of the two trials are therefore not comparable, and 

there is no clear evidence supporting vandetanib over cabozantinib as first-line treatment. 

Both are active in first- and second-line regimens, both prolonged PFS compared with 

placebo and both displayed RET/RAS status-independent efficacy. The choice of which 

drug to use as first-line treatment may be based on potential toxicity in each patient (see 

below). However, cabozantinib, in a subgroup analysis, demonstrated a significant 

advantage in PFS and OS in patients with RETM918T or RAS-mutant MTCs [II, C] [161]. 
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As noted for lenvatinib, recently released real world data (RWD) on the efficacy of 

vandetanib in MTC patients are somewhat less encouraging than those generated in the 

highly selected population of RCTs [162].

Other anti-angiogenic MKIs (e.g. sorafenib, motesanib, pazopanib, sunitinib, 

lenvatinib) have already undergone phase II testing in advanced MTC patients. The most 

interesting results regarded sunitinib and lenvatinib, which were associated with response 

rates of 50% and 36%, respectively [157]. Thus far, however, no MKIs have been 

approved for second-line use. A randomised trial assessing the efficacy of nintedanib as 

second-line MKI therapy was prematurely closed due to flat enrolment (NCT01788982). 

The more selective RET inhibitors (e.g. LOXO-292-NCT03157128, BLU-667-

NCT03037385) appear promising and are now under investigation. The RET-suppressing 

activity of these drugs is essential to their anti-tumour effects in MTC, while their anti-

angiogenic activity is negligible.

Management of side effects

AEs are very common during MKI therapy, and their management is critical for 

optimising these compounds’ therapeutic ratios. In the ZETA trial, 35% of the patients in 

the vandetanib arm required dose reductions and 12% discontinued treatment due to 

toxicity [158]. The most common AEs (reported in >30% of patients receiving vandetanib) 

were diarrhoea, rash, nausea and hypertension. Corrected QT interval (QTc) prolongation 

was a severe, unexpected side effect in 8% of cases. Attempts to reduce the rate of grade 

2 or higher AEs with an active support program (including patient contact/visit every 2 

weeks and supportive agents such as sunscreen and loperamide) have been unsuccessful 

[163]. AEs were also common in the EXAM trial, with grade 3 or 4 AEs in 69% of patients 

receiving cabozantinib. The most common were diarrhoea (15.9%), hand-foot syndrome 
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(12.6%) and fatigue (9.3%). Pre-existing disease-related diarrhoea can be worsened by 

MKI therapy (as a drug-related AE) or improved as a direct effect of the drug’s activity. 

Increased TSH levels were reported in 57% of the cabozantinib-treated patients. TSH 

levels should be monitored continuously during treatment since these patients are 

generally on hormone-replacement therapy if they have undergone total thyroidectomy. 

Levels should be kept within the normal range: TSH suppression produces no benefits in 

patients with MTC (unlike those with DTC). AEs associated with VEGF-pathway inhibition 

(e.g. hypertension, haemorrhage, fistula formation, gastrointestinal perforation), occurred 

more frequently among cabozantinib-treated patients than in those treated with placebo. 

In the EXAM trial, 79% of patients in the cabozantinib arm had dose reductions, 

65% interrupted treatment due to AEs, and 16% stopped treatment because of toxicities. 

Randomised trials are underway to assess the activities of lower, potentially less toxic 

doses of vandetanib (150 mg versus 300 mg, NCT01496313) and cabozantinib (140 mg 

capsules versus 60 mg pills, NCT01896479). 

The preliminary results comparing the effects of the two doses of vandetanib in 

patients with advanced MTC have been posted on ClinicalTrials.gov and showed that the 

starting dose of 150 mg is equally effective as the high 300 mg dose in term of ORR.

Interruption of treatment and dose reductions are the most common means for 

managing AEs. Most decrease in intensity after a few days of withdrawal, but vandetanib 

AEs may be more persistent, given the drug’s 19-day half-life. However, frequent 

interruptions might reduce the efficacy of MKIs and/or trigger certain escape mechanisms. 

Most AEs (e.g. hypertension, diarrhoea) are well-known and preventable. Useful 

guidelines for preventing and managing treatment-related AEs in these complex cases 

have been published by several societies. As for fertility preservation, the same measures 

taken for DTC patients are valid for those with MTC.
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Conventional systemic chemotherapy and radionuclide therapy

Systemically administered ChT has historically yielded poor results in MTC. The 

available data have been generated by retrospective analyses of small, single-institution 

cases series. The most active drugs have been doxorubicin alone or combined with 

cisplatin, which achieved a response in around 20% at best, or as a combination with 5-

fluorouracil (5-FU) and dacarbazine which did not result in much greater responses [157]. 

Radionuclide therapy is an option in selected cases [III, C]. The activity of yttrium-

90--DOTA-[D-Phe1-Tyr3]-octreotide (90Y-DOTATOC) was tested in a phase II trial 

including 31 patients with metastatic MTC and increasing Ctn levels. Post-treatment 

decreases in Ctn levels (the primary endpoint) occurred in 29% of the patients treated, and 

survival benefits were also observed in the responders [164]. RCTs have not been carried 

out to compare the efficacies of radionuclide and MKI therapies. Ideally, this comparison 

should be done within a clinical trial setting. In short, there is little evidence to support the 

use of either ChT or radionuclide therapy in patients with MTC, although either might be 

considered when MKIs are contraindicated.

Methodology

These Clinical Practice Guidelines were developed in accordance with the ESMO standard 

operating procedures for Clinical Practice Guidelines development, 

http://www.esmo.org/Guidelines/ESMO-Guidelines-Methodology. The relevant literature 

has been selected by the expert authors. A summary of recommendations is provided in 

Table 7. A MCBS table with ESMO-MCBS scores is included in Table 8. ESMO-MCBS 

v1.1 was used to calculate scores for new therapies/indications approved by the EMA 

[165]. Levels of evidence and grades of recommendation have been applied using the 
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system shown in Table 9 [166]. Statements without grading were considered justified 

standard clinical practice by the experts and the ESMO faculty. This manuscript has been 

subjected to an anonymous peer review process.
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Figure 1. Recommendations for surgical management of DTC patients

aActive surveillance may be the preferred option in older patients, at high surgical risk. Informed consent must be obtained for all 

subjects opting for an active surveillance programme.

bPatients requiring neck dissection should be referred to high-volume specialised surgeons.

cAs determined by preoperative contrast-enhanced CT or MRI and/or endoscopy; R0/R1 resection is preferable with preservation of 

function.

CND, central neck dissection; CT, computed tomography; DTC, differentiated thyroid carcinoma; EBRT, external beam 

radiotherapy; ETE, extrathyroidal extension; LND, lateral neck dissection; MRI, magnetic resonance imaging; N0, no evidence of 

locoregional lymph node metastasis; N1, regional lymph node metastasis; R0, no residual tumour; R1, microscopic residual tumour; 

TT, total thyroidectomy; US, ultrasound.
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Figure 2. Recommendations for RAI administration in DTC patients

aOther criteria, but controversial: high FDG uptake, aggressive histology, persistence of disease after several RAI treatment 

courses.

bAn increase of 20% in the sum of target lesions or the appearance of new lesions.

cRepeat RAI administrations every 6 to 12 months as long as RAI uptake is present. Carry out cross-sectional imaging between RAI 

administrations to insure RAI efficacy. Repeating RAI administrations after a cumulative activity of 600 mCi should be given on a 

per patient basis.

DTC, differentiated thyroid carcinoma; FDG, fluorodeoxyglucose; M1, distant metastasis; N0, no evidence of locoregional lymph 

node metastasis; NX, regional lymph nodes cannot be assessed; RAI, radioactive iodine; RECIST, Response Evaluation Criteria in 

Solid Tumours; rhTSH, recombinant human thyroid stimulating hormone; TT, total thyroidectomy.
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Figure 3. Recommendations for postoperative management of DTC patients

aIsolated measurements of serum Tg cannot be reliably interpreted in the presence of normal thyroid tissue. The trend over time of 

basal Tg should be used in patients with residual thyroid tissue and might also be used in case of lobectomy. Rising Tg is highly 

suspicious for persistent/recurrent disease, and the same may be true for rising TgAb levels.

bHighly sensitive (<0.2 ng/mL) assays of basal Tg can be used in lieu of TSH-stimulated Tg to verify the absence of disease.

cIn patients with serum TSH level of 0.5–2 µIU/mL after lobectomy, levothyroxine replacement therapy is not mandatory.

dIn patients with excellent response to therapy, repeat neck US may be avoided.

eShort serum Tg doubling time (<1 year) is associated with poor outcome in DTC patients [72] and should prompt imaging staging.

fShort tumour growth doubling time (<1 year) may guide the choice of starting a treatment [95].

gIf FDG is normal, WBS can be carried out after the administration of a therapeutic activity.

DTC, differentiated thyroid carcinoma; FDG, fluorodeoxyglucose; FDG-PET, fluorodeoxyglucose-positron emission tomography; 

ON-LT4-Tg, thyroglobulin measurement on levothyroxine; q x months, every x months; RAI, radioactive iodine; rhTSH, recombinant 

human thyroid stimulating hormone; RRA, radioiodine remnant ablation; RxWBS, therapeutic whole-body iodine-131 scan; Tg, 

thyroglobulin; TgAb, serum thyroglobulin antibody; TSH, thyroid stimulating hormone; TT, total thyroidectomy; US, ultrasound; 

WBS, whole-body scan.
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Figure 4. Recommendations for management of RAI refractory, advanced/metastatic DTC patients

aA large tumour burden may warrant either a locoregional or systemic therapy.

bAs assessed by the RECIST v1.1 [94].

cThe trend overtime of serum Tg or TgAb levels and the uptake at FDG-PET may predict disease progression and outcome.

dESMO-MCBS v1.1 score for new therapy/indication approved by the EMA since 1 January 2016. The score has been calculated by 

the ESMO-MCBS Working Group and validated by the ESMO Guidelines Committee.

DTC, differentiated thyroid carcinoma; ESMO-MCBS, ESMO-Magnitude of Clinical Benefit Scale; FDG–PET, fluorodeoxyglucose-

positron emission tomography; FDG–PET-CT, fluorodeoxyglucose-positron emission tomography-computed tomography; MCBS, 

Magnitude of Clinical Benefit Score; RAI, radioactive iodine; RECIST, Response Evaluation Criteria in Solid Tumours; Tg, 

thyroglobulin; TgAb, serum thyroglobulin antibody.
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Figure 5. Recommendations for management of ATC patients

aWith at least a core biopsy. Cytology is not sufficient to exclude differential diagnoses such as lymphoma, medullary or poorly-

differentiated thyroid cancer.

bStaging must not delay definitive treatment.

cLaryngectomy not appropriate. Elective tracheostomy should be avoided.

dConcomitant ChT should be offered in patients who have good PS.

ePreferably within 3 weeks of surgery. IMRT is the recommended approach.

fA next-generation sequencing analysis targeting cancer-associated genes is the preferred approach if available.

gIn the presence of druggable mutations (other than BRAF V600E), a targeted therapy may be advocated. In the absence of 

druggable mutations, immunotherapy is an alternative approach. Ideally, these approaches should be tested within the context of a 

clinical trial. Palliative ChT may be proposed in the absence of other therapeutic approaches.

ATC, anaplastic thyroid carcinoma; ChT, chemotherapy; EBRT, external beam radiotherapy; FDG–PET-CT, fluorodeoxyglucose-

positron emission tomography-computed tomography; IMRT, intensity-modulated radiotherapy; M0, no distant metastasis; M1, 

distant metastasis; PS, performance status; R0, no residual tumour; R1, microscopic residual tumour; TT, total thyroidectomy.
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Figure 6. Recommendations for surgical management of MTC patients

aPreoperative neck US is recommended for all patients:

• US negative patients: elective neck dissection based on Ctn levels.

• US positive patients: bilateral CND plus therapeutic neck dissection of involved levels plus contralateral LND if serum Ctn 

>200 pg/mL.

bIf MTC is discovered after lobectomy, consider completion thyroidectomy unless postoperative serum Ctn is undetectable, neck US 

normal and no germline RET mutation is found.

cIn patients with distant metastases (M1), decision for surgery may be based on tumour burden in the neck as compared with 

tumour burden outside the neck.

CND, central neck dissection; Ctn, calcitonin; LND, lateral neck dissection; M0, no distant metastasis; M1, distant metastasis; MTC, 

medullary thyroid carcinoma; TT, total thyroidectomy; US, ultrasound.
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Figure 7. Recommendations for postoperative management of MTC patients

aMultimodality imaging should be used to identify and to follow locoregional and/or distant metastases (see ‘Follow-up, long-term 

implications and survivorship’ section).

bBased on own institution cut-off.

cSerum Ctn and CEA doubling times are efficient tools for predicting tumour progression. Doubling times shorter than 24 months 

are associated with progressive disease [149].

dClinically relevant disease sites are rarely detected in patients with Ctn levels < 150 pg/mL.

eStable or progressive disease according to RECIST 1.1 [94]. In patients with stable disease, a large tumour burden may warrant 

either a locoregional or systemic therapy.

fESMO-MCBS v1.1 score for new therapy/indication approved by the EMA since 1 January 2016. The score has been calculated by 

the ESMO-MCBS Working Group and validated by the ESMO Guidelines Committee.

CEA, carcinoembryonic antigen; Ctn, calcitonin; ESMO-MCBS, ESMO-Magnitude of Clinical Benefit Scale; MCBS, Magnitude of 

Clinical Benefit Score; MTC, medullary thyroid carcinoma; US, ultrasound.
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Table 1. WHO classification for differentiated follicular-derived thyroid 
carcinomas: morphological parameters and molecular markers

Tumour type Morphology Molecular markers

NIFTP Encapsulated, clear nuclei, 

no papillae

RAS, BRAF K601E

Papillary carcinoma
• Classical Papillae and clear nuclei BRAF V600E, RET/PTC fus, 

NTRK fus, ALK fus, 1q amp

• Follicular variant Follicles and clear nuclei BRAF K601E, RAS, 

PAX8/PPARγ, EIF1AX, 

THADA fus, 22q del 

• Tall, columnar, solid, 
hobnail variants

Special structural and cell 

features

BRAF V600E, 1q amp, 

TERT promoter, TP53, 

PIK3CA, CTNNB1

Follicular carcinoma Capsular invasion (MI), 

vascular invasion >4 blood 

vessels (angioinvasive), 

extrathyroidal invasion (WI)

RAS, PAX8/PPARγ, PTEN, 

PIK3CA, TSHR, TERT 

promoter, CNA

Hürthle cell carcinoma Capsular invasion (MI), 

vascular invasion >4 blood 

vessels (WI)

RAS, EIF1AX, PTEN, TP53, 

CNA, mtDNA

Poorly differentiated 
carcinoma

Invasion, mitoses >3, 

necrosis, convoluted nuclei

RAS, TERT promoter, 

TP53, PIK3CA, PTEN, 

CTNNB1, AKT1, EIF1AX, 

ALK fus, histone 

methyltransferases, 

SWI/SNF chromatin 

remodelling complex
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amp, amplification; CNA, copy number alteration; del, deletion; fus, fusion; MI, 
minimally invasive; NIFTP, non-invasive follicular thyroid neoplasm with papillary-like 
nuclear features; SWI/SNF, switch/sucrose non-fermentable; WHO, World Health 
Organization; WI, widely invasive.
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Table 2. Thyroid gland UICC TNM 8 staging system [23] 

TNMa

T—primary tumour1

TX Primary tumour cannot be assessed

T0 No evidence of primary tumour

T1 Tumour 2 cm or less in greatest dimension, limited to the thyroid

T1a Tumour ≤1 cm in greatest dimension limited to the thyroid

T1b Tumour >1 cm but ≤2 cm in greatest dimension, limited to the thyroid 

T2 Tumour >2 cm but ≤4 cm in greatest dimension, limited to the thyroid 

T32 Tumour more than 4 cm in greatest dimension, limited to the thyroid 

or with gross extrathyroidal extension invading only strap muscles 

(sternohyoid, sternothyroid, or omohyoid muscles)

T3a3 Tumour >4 cm in greatest dimension, limited to the thyroid

T3b4 Tumour of any size with gross extrathyroidal extension invading 

strap muscles (sternohyoid, sternothyroid, or omohyoid muscles)

T4a Tumour extends beyond the thyroid capsule and invades any of the 

following: subcutaneous soft tissues, larynx, trachea, oesophagus, 

recurrent laryngeal nerve

T4b Tumour invades prevertebral fascia or encasing the carotid artery or 

mediastinal vessels from a tumour of any size 
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N—regional lymph nodes

NX Regional lymph nodes cannot be assessed 

N0 No evidence of locoregional lymph node metastasis

N1 Regional lymph node metastasis

N1a5 Metastasis to Level VI (pretracheal, paratracheal and 

prelaryngeal/Delphian lymph nodes) or upper/superior mediastinum

N1b Metastasis in other unilateral, bilateral or contralateral cervical 

compartments (Levels I, II, III, IV or V) or retropharyngeal

M—distant metastatis

M0 No distant metastasis

M Distant metastasis

Stage—papillary or follicularb <55 years6

I Any T Any N M0 

II Any T Any N M1 

Stage—papillary or follicularb ≥55 years6

I T1a/b

T2

N0/NX

N0/NX

M0

M0

II7 T1a/b

T2

T3a/b

N1a/b

N1a/b

Any N

M0

M0

M0
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III T4a Any N M0 

IVa T4b Any N M0 

IVb Any T Any N M1 

Stage—medullary 

Stage I T1a, T1b N0 M0

Stage II T2, T3 N0 M0

Stage III T1–T3 N1a M0

Stage 

IVA

T1–T3 N1b M0

T4a Any N M0

Stage 

IVB

T4b Any N M0

Stage 

IVC

Any T Any N M1

Stage—anaplastic

Stage 

IVA

T1, T2, T3a N0 M0

Stage 

IVB

T1, T2, T3a N1a M0

Stage 

IVB

T3b, T4a, 

T4b

N0, N1a M0
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Stage 

IVC

Any T Any N M1

aIncluding papillary, follicular, Hürthle cell, poorly differentiated, anaplastic and 

medullary carcinomas.
bIncluding papillary, follicular, Hürthle cell and poorly differentiated carcinomas. 

The pT and pN categories correspond to the T and N categories. 

pN0 histological examination of a selective neck dissection specimen will ordinarily 

include 6 or more lymph nodes. If the lymph nodes are negative, but the number 

ordinarily examined is not met, classify as pN0. 

The 8th edition of the UICC TNM staging system introduced several changes 

compared with the 7th edition. The main changes are noted with superscript numbers 

and are described in detail below: 
1Any T is accepted for ATC, in the previous edition, ATCs were only staged as T4a 

(limited to the thyroid) or T4b (extended beyond thyroid capsule). 
2Minor extrathyroidal extension was removed from the definition of T3 disease.
3,4Two new categories, T3a and T3b were introduced.
5N1a was expanded to include the upper mediastinum (previously included in the N1b 

category).
6The age cut-off at diagnosis used for staging was increased from 45 years to 55 years
7In patients with papillary, follicular, Hürthle cell and poorly differentiated carcinomas, 

the T3, N1a and N1b categories were downstaged from stages III–IVa to stage II.

TNM, tumour, node, metastasis; UICC, Union for International Cancer Control.

Adapted from [23] with permission from John Wiley & Sons, Inc.
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Table 3. Risk stratification system for the prediction of persistent or recurrent 
disease in DTC patientsa 

Level of risk 
[ERR]

Histology Definition ERR

NIFTP Non-invasive follicular thyroid neoplasm with 

papillary-like nuclear features, formerly referred to 

as ‘non-invasive encapsulated follicular-variant 

PTC’

<1%

PTC With all of the following:

 No macroscopic tumour-tissue remnants 

after resection

 No locoregional invasion or local 

metastases 

 Clinical N0 or pathological N1 disease (<5 

micrometastases, each measuring <0.2 cmb)

 No distant metastases

 No RAI-avid metastatic foci outside the 

thyroid bed on first post-treatment whole-

body RAI scan (if 131I is given)

 No vascular invasion

 Non-aggressive histologyc

BRAF V600E mutant PTCs can be assigned to the 

low-risk category only if the tumour is <1 cm

1%–6%d

Low (≤5%)

FTCe Intrathyroidal, well-differentiated FTC with capsular 

invasion and minimal (<4 foci) or no vascular 

invasion 

2%–3%

With at least one of the following:Intermediate 
(6%–20%)

PTC

 Microscopic invasion of perithyroidal soft 

tissues 

3%–8%
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 Tumour-related symptoms 9%

 Intrathyroidal tumour measuring <4 cm, 

BRAF V600E-mutated (if known)

10%

 Aggressive histologyc ≈15%

 Vascular invasion 15%–30%

 Multifocal papillary microcarcinoma with ETE 

and known BRAF V600E mutation

20%

 Clinical N1 or pathological N1 disease (>5 

involved lymph nodes, each measuring <3 

cm) 

20%

 RAI-avid metastatic foci in the neck on the 

first post-treatment whole-body RAI scan

-

With at least one of the following:

 Clinical N1 or pathological N1 disease (>5 

involved lymph nodes, each measuring <3 

cm)

20%

FTCe

 RAI-avid metastatic foci in the neck on the 

first post-treatment whole-body RAI scan

-

With at least one of the following:

 Gross ETE (macroscopic invasion of 

perithyroidal soft tissues)

30%–40%

 Pathological N1 disease: one or more nodal 

metastases measuring >3 cm

30%

 Extranodal extension 40%

 Concomitant BRAF V600E and TERT 

mutationsf

>40%

 Postoperative serum Tg suggestive of 

distant metastases

Virtually 

100%

High  (>20%) PTC

 Incomplete tumour resection 100%
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 Distant metastases 100%

With at least one of the following:

 Widely invasive or extensive vascular 

invasion (>4 foci)

30%–55%

 Postoperative serum Tg suggestive of 

distant metastases

Virtually 

100%

 Incomplete tumour resection 100%

FTCe

 Distant metastases 100%

aBased on the 2015 ATA risk stratification staging system [8].
bAll tumour sizes refer to largest diameter.
cAggressive histologies: tall cell, hobnail variant, columnar cell carcinoma, squamous 

differentiation, diffuse sclerosing variant, solid/trabecular variant.
dIf the tumour is >4 cm, the ERR increases to 8%–10%, but the tumour is nevertheless 

classified as low-risk.
eFormerly considered a type of FTC, Hürthle cell carcinoma has distinct clinical, 

biological, and genetic features [24] that justify its recognition as a distinct type of DTC 

by the WHO [16]. Some authors consider it a more aggressive form of DTC. When 

associated with extensive vascular and/or capsular invasion, the recurrence risk 

should be classified as high. For minimally invasive Hürthle cell carcinoma, robust data 

are lacking on the true risk of recurrence.
fThe BRAF V600E mutation is associated with aggressive histologic features, lymph 

node metastases and ETE, but its relative contribution to the risk of recurrence is not 

well-defined. Co-existing BRAF V600E and TERT mutations act synergically to 

increase the risk of recurrence [25, 26]. 

ATA, American Thyroid Association; DTC, differentiated thyroid cancer; ERR, 

estimated risk of recurrence; ETE, extrathyroidal extension; FTC, follicular thyroid 

cancer; 131I, iodine-131; NIFTP, non-invasive follicular thyroid neoplasm with papillary-

like nuclear features; PTC, papillary thyroid cancer; RAI, radioactive iodine; Tg, 

thyroglobulin; WHO, World Health Organization.
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Table 4. Response to treatment categories in DTC patientsa

TreatmentsResponses 
to treatment

TT+RRA TT alone Lobectomy

Negative imaging 

and

Negative imaging 

and

Negative imaging 

and

undetectable TgAb 

and

undetectable TgAb 

and

undetectable TgAb 

and

Excellent 

Tg <0.2 ng/mL or 

stimTg <1 ng/mL

Tg <0.2 ng/mL stable Tg levels

Biochemical 

incomplete 

Negative imaging 

and

Tg ≥1 ng/mL or 

stimTg ≥10 ng/mL or 

rising TgAb levels

Negative imaging 

and

Tg >5 ng/mL or rising 

Tg values with similar 

TSH levels or rising 

TgAb levels

Negative imaging 

and

rising Tg values with 

similar TSH levels or 

rising TgAb levels

Structural 

incomplete 

Imaging evidence of disease (regardless of Tg or TgAb levels)

Nonspecific imaging 

findings 

or

Nonspecific imaging 

findings 

or

Nonspecific imaging 

findings 

Indeterminate

Faint uptake in 

thyroid bed on RAI 

scanning 
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or

Tg 0.2–1 ng/mL or 

stimTg 1–10 ng/mL or 

TgAb stable or 

declining in patient 

with no imaging 

evidence of disease

Tg 0.2–5 ng/mL or

TgAb levels stable or 

declining in the 

absence of structural or 

functional disease

aModified from the 2015 ATA ongoing risk stratification (response to therapy) system 

[8].

ATA, American Thyroid Association; DTC, differentiated thyroid cancer; RAI, 

radioactive iodine; RRA, radioactive iodine remnant ablation; stimTg, TSH-stimulated 

serum thyroglobulin; Tg, thyroglobulin; TgAb, anti-serum thyroglobulin antibody; TT, 

total thyroidectomy.
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Table 5. Classification of neck ultrasound findingsa 

Thyroid bed Neck lymph nodes

Normal findings

Triangular area that is uniformly 

hyperechoic versus surrounding muscle 

tissue

Elongated shape

Hilum visible on gray-scale examination 

Absent or hilar vascularisation on colour 

Doppler 

Indeterminate findings

Lesions displaying hypoechogenicity 

alone

Absence of hilum

Rounded shape

Suspicious findings

Increased vascularisation Microcalcifications

Microcalcifications Cysts

Cystic changes Peripheral vascularisation on colour 

Doppler

Irregular margins

Taller-than-wide in transverse plane

Solid thyroid-tissue-like appearance

aAdapted from [63].
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Table 6. Phase II trials with antiangiogenic agents in RAI-refractory 
differentiated thyroid cancer
 

Name of the drug Author, year [reference] Patients (N) Response 
rate (%)

Median PFS 
(months)

Axitinib Cohen EE, 2008 [102] 45 30 18

Axitinib Locati LD, 2014 [103] 52 35 16

Cabozantiniba Cabanillas ME, 2017 [104] 25 40 12.7

Cabozantinib Brose MS, 2018 [105] 35 54 Not reached 

yet

Motesanib Sherman SI, 2008 [106] 93 14 9

Nintedaniba Schlumberger M, 2018 

[107]

70 0 3.71

Pazopanib Bible KC, 2010 [108] 37 49 12

Sunitinib Carr LL, 2010 [109] 28 31 13

Vandetanib Leboulleux S, 2012 [110] 145 <5 11

aSecond-line therapies.

PFS, progression-free survival; RAI, radioactive iodine.
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Table 7. Summary of recommendations 

Diagnosis and pathology/molecular biology
• Pathological diagnoses should be made according the 2017 WHO classification 

[IV, A]

• All patients with MTC should be offered genetic counselling and screened for 

germline RET mutations [IV, A]

Staging and risk assessment
• The UICC TNM staging system (8th edition) provides an estimated mortality 

risk. All prognostically relevant morphological parameters should be reviewed 

and described in the final pathology report [IV, A]

• The initial estimate of the risk of persistent/recurrent disease should be revised 

during follow-up to reflect the clinical course of the disease and responses to 

treatments [IV, A]

• Doubling times for postoperative serum Ctn and CEA levels are established 

prognostic markers in MTC [IV, B] 

Primary tumour management
DTC

Surgery

• Active surveillance based on US evaluation of the thyroid and lymph node 

basins (every 6–12 months) can be proposed for unifocal papillary 

microcarcinomas (≤10 mm) with no evidence of extracapsular extension or 

lymph node metastases [III, B]

• Lobectomy (instead of total thyroidectomy) may be proposed for selected low-

risk (T1a-T1b-T2, N0) tumours [IV, B]

• Decisions to carry out prophylactic neck dissection for low-risk (T1b-T2, N0) 

tumours can be based on the treating centre’s preferences [IV, C]. It may 

improve regional control for more invasive tumours (T3-T4) [IV, C]

Radioactive iodine therapy

• RAI administration is not recommended for small (≤1 cm) intrathyroidal DTC 

with no evidence of locoregional metastases (classified as low-risk cases) [II, 

E]. There is less consensus regarding other low-risk DTCs [IV, C]: if RAI is 

given, low-activities (30 mCi, 1.1 GBq) following rhTSH administration are 

recommended [I, A]
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• RAI therapy may be considered in intermediate-risk patients (30mCi, 1.1GBq 

to 100 mCi, 3.7 GBq; rhTSH administration or levothyroxine withdrawal) [IV, B]

• Treatment with high RAI activities (≥100 mCi, 3.7 GBq; rhTSH administration 

or levothyroxine withdrawal) is recommended for patients at high risks of 

recurrence [IV, A]

ATC

Surgery

• ATC is rarely amenable to complete resection. Incomplete palliative resection 

or ’debulking‘ does not affect prognosis and is not recommended [IV, E]

Radiotherapy

• Optimal outcomes in terms of survival and local disease control in ATC require 

complete or near-complete (R0 or R1) resection followed by high-dose EBRT, 

with or without concomitant ChT [IV, A]

• For best outcomes, PORT must be delivered as soon as possible after surgery 

[IV, A]. IMRT is the recommended approach [IV, C]

• Timely discussion by a multidisciplinary team is strongly recommended [V, A]

MTC

Surgery

• The initial surgical approach depends on preoperative serum Ctn levels and 

neck imaging [IV, B]

Follow-up, long-term implications and survivorship
DTC

• High-sensitivity (<0.2 ng/mL) assays of basal Tg can be used in lieu of TSH-

stimulated Tg testing to verify the absence of disease (excellent response) [II, 

B]

• Serial measurements of basal Tg should be obtained in patients with residual 

thyroid tissue (i.e. those treated with total thyroidectomy and RAI remnant 

ablation that proved incomplete or with total thyroidectomy alone) [IV, B]. A 

similar approach might be used following lobectomy [IV, C]

• Neck US is the most effective tool for detecting structural disease in the neck, 

particularly when residual thyroid tissue is present

• Imaging studies are indicated if locoregional and/or distant metastases are 

suspected [IV, B], or in patients with known metastases [IV, A]

• TSH should be suppressed when structural disease persists or when high-risk 
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patients have a less-than-excellent response to therapy [IV, B]

MTC

• Ctn and CEA monitoring should both be included in the early and long-term 

postoperative staging work-ups [IV, B]

• Multimodality imaging should be used to identify locoregional and/or distant 

metastases [IV, B]

Management of advanced/metastatic disease
DTC

Radioactive iodine therapy

• Patients with distant metastases should receive 100 to 200 mCi (3.7–7.4 GBq) 

of 131I after TSH stimulation [IV, A]

• Non-RAI-avid lesions and those that lose their ability to concentrate RAI or 

progress despite RAI avidity should be considered RAI-refractory [IV, A] 

Locoregional therapy

• Single lesions that are symptomatic or progressive may be eligible for 

locoregional treatments (e.g. palliative surgery, EBRT, percutaneous therapies)

• Bone resorption inhibitors (bisphosphonates and denosumab) can be used 

alone or combined with locoregional treatments in the management of thyroid 

cancer-related bone metastases [V, B]

Systemic therapy and personalised medicine

• Lenvatinib and sorafenib should be considered the first-line systemic therapy 

for RAI-refractory DTC [I, A; ESMO-MCBS v1.1 score: 3 for lenvatinib, 2 for 

sorafenib]

ATC

Systemic therapy and personalised medicine

• Clinical trial enrolment should be encouraged for patients with good clinical PS 

[V, B]

• Patients with BRAF V600E positive malignancies should be treated with the 

BRAF inhibitor dabrafenib (150 mg twice daily) plus the MEK inhibitor trametinib 

(2 mg once daily) if they are available [V, B]

MTC

Systemic therapy and personalised medicine

• Cabozantinib [I, A] and vandetanib [I, A; ESMO-MCBS v1.1 score: 2] should be 

considered the first-line systemic therapy for patients with progressive, 
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metastatic MTC 

• In patients with RETM918T or RAS-mutant MTCs, cabozantinib offers 

significant PFS and OS advantages over wild-type MTCs [II, C]

131I, iodine-131; ATC, anaplastic thyroid carcinoma; CEA, carcinoembryonic antigen; 

Ctn, calcitonin; DTC, differentiated thyroid carcinoma; EBRT, external beam 

radiotherapy; ESMO-MCBS, ESMO-Magnitude of Clinical Benefit Scale; IMRT, 

intensity-modulated radiotherapy; MTC, medullary thyroid carcinoma; OS, overall 

survival; PFS, progression-free survival; PORT, postoperative radiotherapy; PS, 

performance status; R0, no residual tumour; R1, microscopic residual tumour; RAI, 

radioactive iodine; rhTSH, recombinant human thyroid-stimulating hormone; Tg, 

thyroglobulin; TNM, tumour, node, metastasis; TSH, thyroid-stimulating hormone; 

UICC, Union for International Cancer Control; US, ultrasound; WHO, World Health 

Organisation.
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Table 8. ESMO-MCBS table for new therapies/indications in thyroid cancera

Therapy Disease 
setting

Trial Control Absolute 
survival gain

HR (95% CI) QoL/ Toxicity ESMO-MCBS 
scoreb

Differentiated thyroid cancer

Lenvatinib
(MKI targeting 
VEGFR1,
VEGFR2 and 
VEGFR3)

Progressive 
thyroid cancer 
that was 
refractory to 
iodine-131

Lenvatinib 
versus placebo 
in radioiodine-
refractory 
thyroid cancer 
[97]

Phase III 
SELECT
NCT01321554

Placebo
mPFS: 3.6 
months

PFS gain:                    
14.7 months 

OS immature, 
not significant

PFS HR: 0.21 
(0.16–0.28)

3c (Form 2b)

Sorafenib
(MKI targeting 
VEGFR, 
PDGFR and 
Raf family 
kinases)

Radioactive 
iodine-
refractory, 
locally
advanced or 
metastatic 
differentiated 
thyroid cancer

Sorafenib in 
radioactive 
iodine-
refractory, 
locally 
advanced or 
metastatic 
differentiated 
thyroid cancer: 
a randomised, 
double-blind, 
phase 3 trial 
[96]

Phase III,
DECISION
NCT00984282

Placebo
mPFS: 5.8 
months 

PFS gain:                               
5.0 months

OS immature, 
not significant

PFS HR: 0.59 
(0.45–0.76)

Increased 
toxicity

2 (Form 2b)
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Medullary thyroid cancer

Vandetanib 
(MKI targeting 
RET, VEGFR2 
and EGFR)

Unresectable 
locally 
advanced or 
metastatic 
hereditary or 
sporadic 
medullary 
thyroid cancer

Vandetanib in 
patients with 
locally 
advanced or 
metastatic 
medullary 
thyroid cancer: 
a randomised, 
double-blind 
phase III trial 
[158]

Phase III
ZETA
NCT00410761

Placebo
mPFS: 19.3 
months

PFS gain:                             
11.2 months 
(reported 
estimate)

OS immature, 
not significant 

PFS HR: 0.46 
(0.31–0.69)

Increased 
toxicity

2 (Form 2b)

aEMA approvals since January 2016.
bESMO-MCBS version 1.1 [165]. The scores have been calculated by the ESMO-MCBS Working Group and validated by the ESMO 

Guidelines Committee.
cSubstantial toxicity was reported but this was not captured by the current ESMO-MCBS toxicity penalty criteria and, consequently, 

toxicity adjustment could not be applied.

CI, Confidence Interval; EMA, European Medicines Agency; ESMO-MCBS, ESMO-Magnitude of Clinical Benefit Scale; HR, hazard 
ratio; MKI, multikinase inhibitor; mPFS, median progression-free survival; OS, overall survival; PDGFR, platelet-derived growth 
factor receptor; PFS, progression-free survival; QoL, quality of life; VEGFR, vascular endothelial growth factor receptor.
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Table 9. Levels of evidence and grades of recommendation (adapted from the 
Infectious Diseases Society of America-United States Public Health Service 
Grading Systema) 

Levels of evidence

I Evidence from at least one large randomised, controlled trial of 
good methodological quality (low potential for bias) or meta-
analyses of well-conducted randomised trials without 
heterogeneity

II Small randomised trials or large randomised trials with a 
suspicion of bias (lower methodological quality) or meta-
analyses of such trials or of trials with demonstrated 
heterogeneity

III Prospective cohort studies

IV Retrospective cohort studies or case–control studies

V Studies without control group, case reports, experts opinions

Grades of recommendation

A Strong evidence for efficacy with a substantial clinical benefit, 
strongly recommended

B Strong or moderate evidence for efficacy but with a limited 
clinical benefit, generally recommended

C Insufficient evidence for efficacy or benefit does not outweigh the
risk or the disadvantages (adverse events, costs, . . .) optional

D Moderate evidence against efficacy or for adverse outcome, 
generally not recommended

E Strong evidence against efficacy or for adverse outcome, never 
recommended

aBy permission of the Infectious Diseases Society of America [166].
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Figure 1. Recommendations for surgical management of DTC patientsaActive surveillance may be the 
preferred option in older patients, at high surgical risk. Informed consent must be obtained for all subjects 
opting for an active surveillance programme.bPatients requiring neck dissection should be referred to high-

volume specialised surgeons.cAs determined by preoperative contrast-enhanced CT or MRI and/or 
endoscopy; R0/R1 resection is preferable with preservation of function. CND, central neck dissection; CT, 
computed tomography; DTC, differentiated thyroid carcinoma; EBRT, external beam radiotherapy; ETE, 

extrathyroidal extension; LND, lateral neck dissection; MRI, magnetic resonance imaging; N0, no evidence 
of locoregional lymph node metastasis; N1, regional lymph node metastasis; R0, no residual tumour; R1, 

microscopic residual tumour; TT, total thyroidectomy; US, ultrasound. 
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Figure 2. Recommendations for RAI administration in DTC patients
aOther criteria, but controversial: high FDG uptake, aggressive histology, persistence of disease after 

several RAI treatment courses.
bAn increase of 20% in the sum of target lesions or the appearance of new lesions.

cRepeat RAI administrations every 6 to 12 months as long as RAI uptake is present. Carry out cross-
sectional imaging between RAI administrations to insure RAI efficacy. Repeating RAI administrations after a 

cumulative activity of 600 mCi should be given on a per patient basis.
DTC, differentiated thyroid carcinoma; FDG, fluorodeoxyglucose; M1, distant metastasis; N0, no evidence of 
locoregional lymph node metastasis; NX, regional lymph nodes cannot be assessed; RAI, radioactive iodine; 

RECIST, Response Evaluation Criteria in Solid Tumours; rhTSH, recombinant human thyroid stimulating 
hormone; TT, total thyroidectomy. 
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Figure 3. Recommendations for postoperative management of DTC patients
aIsolated measurements of serum Tg cannot be reliably interpreted in the presence of normal thyroid tissue. 

The trend over time of basal Tg should be used in patients with residual thyroid tissue and might also be 
used in case of lobectomy. Rising Tg is highly suspicious for persistent/recurrent disease, and the same may 

be true for rising TgAb levels.
bHighly sensitive (<0.2 ng/mL) assays of basal Tg can be used in lieu of TSH-stimulated Tg to verify the 

absence of disease.
cIn patients with serum TSH level of 0.5–2 µIU/mL after lobectomy, levothyroxine replacement therapy is 

not mandatory.
dIn patients with excellent response to therapy, repeat neck US may be avoided.

eShort serum Tg doubling time (<1 year) is associated with poor outcome in DTC patients [72] and should 
prompt imaging staging.

fShort tumour growth doubling time (<1 year) may guide the choice of starting a treatment [95].
gIf FDG is normal, WBS can be carried out after the administration of a therapeutic activity. 

DTC, differentiated thyroid carcinoma; FDG, fluorodeoxyglucose; FDG-PET, fluorodeoxyglucose-positron 
emission tomography; ON-LT4-Tg, thyroglobulin measurement on levothyroxine; q x months, every x 

months; RAI, radioactive iodine; rhTSH, recombinant human thyroid stimulating hormone; RRA, radioiodine 
remnant ablation; RxWBS, therapeutic whole-body iodine-131 scan; Tg, thyroglobulin; TgAb, serum 

thyroglobulin antibody; TSH, thyroid stimulating hormone; TT, total thyroidectomy; US, ultrasound; WBS, 
whole-body scan. 
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Figure 4. Recommendations for management of RAI refractory, advanced/metastatic DTC 
patients

aA large tumour burden may warrant either a locoregional or systemic therapy.
bAs assessed by the RECIST v1.1 [94].

cThe trend overtime of serum Tg or TgAb levels and the uptake at FDG-PET may predict disease progression 
and outcome.

dESMO-MCBS v1.1 score for new therapy/indication approved by the EMA since 1 January 2016. The score 
has been calculated by the ESMO-MCBS Working Group and validated by the ESMO Guidelines Committee.
DTC, differentiated thyroid carcinoma; ESMO-MCBS, ESMO-Magnitude of Clinical Benefit Scale; FDG–PET, 
fluorodeoxyglucose-positron emission tomography; FDG–PET-CT, fluorodeoxyglucose-positron emission 
tomography-computed tomography; MCBS, Magnitude of Clinical Benefit Score; RAI, radioactive iodine; 
RECIST, Response Evaluation Criteria in Solid Tumours; Tg, thyroglobulin; TgAb, serum thyroglobulin 

antibody.
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Figure 5. Recommendations for management of ATC patients 
aWith at least a core biopsy. Cytology is not sufficient to exclude differential diagnoses such as lymphoma, 

medullary or poorly-differentiated thyroid cancer. 
bStaging must not delay definitive treatment. 

cLaryngectomy not appropriate. Elective tracheostomy should be avoided. 
dConcomitant ChT should be offered in patients who have good PS. 

ePreferably within 3 weeks of surgery. IMRT is the recommended approach. 
fA next-generation sequencing analysis targeting cancer-associated genes is the preferred approach if 

available. 
gIn the presence of druggable mutations (other than BRAF V600E), a targeted therapy may be advocated. 

In the absence of druggable mutations, immunotherapy is an alternative approach. Ideally, these 
approaches should be tested within the context of a clinical trial. Palliative ChT may be proposed in the 

absence of other therapeutic approaches. 
ATC, anaplastic thyroid carcinoma; ChT, chemotherapy; EBRT, external beam radiotherapy; FDG–PET-CT, 

fluorodeoxyglucose-positron emission tomography-computed tomography; IMRT, intensity-modulated 
radiotherapy; M0, no distant metastasis; M1, distant metastasis; PS, performance status; R0, no residual 

tumour; R1, microscopic residual tumour; TT, total thyroidectomy. 
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Figure 6. Recommendations for surgical management of MTC patients 
aPreoperative neck US is recommended for all patients: 

• US negative patients: elective neck dissection based on Ctn levels. 
• US positive patients: bilateral CND plus therapeutic neck dissection of involved levels plus contralateral 

LND if serum Ctn >200 pg/mL. 
bIf MTC is discovered after lobectomy, consider completion thyroidectomy unless postoperative serum Ctn is 

undetectable, neck US normal and no germline RET mutation is found. 
cIn patients with distant metastases (M1), decision for surgery may be based on tumour burden in the neck 

as compared with tumour burden outside the neck. 

CND, central neck dissection; Ctn, calcitonin; LND, lateral neck dissection; M0, no distant metastasis; M1, 
distant metastasis; MTC, medullary thyroid carcinoma; TT, total thyroidectomy; US, ultrasound. 
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Figure 7. Recommendations for postoperative management of MTC patientsaMultimodality imaging 
should be used to identify and to follow locoregional and/or distant metastases (see ‘Follow-up, long-term 

implications and survivorship’ section).bBased on own institution cut-off.cSerum Ctn and CEA doubling times 
are efficient tools for predicting tumour progression. Doubling times shorter than 24 months are associated 

with progressive disease [149].dClinically relevant disease sites are rarely detected in patients with Ctn 
levels < 150 pg/mL.eStable or progressive disease according to RECIST 1.1 [94]. In patients with stable 
disease, a large tumour burden may warrant either a locoregional or systemic therapy.fESMO-MCBS v1.1 

score for new therapy/indication approved by the EMA since 1 January 2016. The score has been calculated 
by the ESMO-MCBS Working Group and validated by the ESMO Guidelines Committee.CEA, 

carcinoembryonic antigen; Ctn, calcitonin; ESMO-MCBS, ESMO-Magnitude of Clinical Benefit Scale; MCBS, 
Magnitude of Clinical Benefit Score; MTC, medullary thyroid carcinoma; US, ultrasound. 
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