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Background

Changes in the histological definition of follicular thyroid 
carcinoma (FTC)—from American Registry of Pathology 
(ARP) 2016 to to World Health Organization (WHO) 2017

FTC is a malignant epithelial tumor of the thyroid gland 

with follicular differentiation, which is characterized by 
the absence of the nuclear features typical of papillary 
thyroid carcinoma (PTC). In 2016, the ARP divided FTC 
into two main types: minimally invasive FTC and widely 
invasive FTC (1). The majority (approximately two thirds) 
of FTC belong to the minimally invasive type (2). This 
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subtype comprises “minimally invasive FTC with capsular 
invasion (not obvious invasion)”, “minimally invasive 
FTC with limited vascular invasion (< four vessels)” 
and “minimally invasive FTC with extensive vascular 
invasion (≥ four vessels)”. The current 2017 World Health 
Organization (WHO) classification of tumors of endocrine 
organs, however, describes three histological subtypes (3):  
minimally invasive FTC with capsular invasion only 
(miFTC), encapsulated angioinvasive FTC [eaFTC with 
limited vascular invasion (< four vessels) and with extensive 
vascular invasion (≥ four vessels)] and widely invasive FTC 
(wiFTC). In contrast to ARP, the WHO 2017 definition 
emphasizes the distinction between minimally invasive FTC 
with capsular invasion but absent vascular invasion and the 
encapsulated variant of FTC with angioinvasion. 

Epidemiology of FTC

FTC accounts for 10 to 15 per cent of differentiated 
thyroid carcinomas, following PTC (4,5). The majority of 
patients diagnosed with FTC is female (ratio approximately 
2.5:1), with an age peak in the fifth and sixth decade of life 
(6-9). Locoregional lymphatic spread is rare in FTC (1 to 7 
per cent) (10-12), whereas hematogenous metastases to the 
lung and bone are observed more frequently (6 to 20 per 
cent) (6,13). 

Dilemma of the adaption of the surgical strategy to a 
“follicular neoplasm”

In comparison to PTC, which—facilitated by fine-needle 
aspiration cytology (FNAC) and additional molecular 
genetic analysis (e.g., BRAFV600E mutation indicating 
PTC)—can be diagnosed prior to an operation, follicular 
thyroid lesions present a challenge to treating surgeons. 
There are currently no reliable means to preoperatively 
distinguish between follicular adenoma and the three 
variants of  FTC, as described in the 2017 WHO 
classification. Therefore, the surgical management cannot 
precisely be adapted to the underlying entity—neither pre- 
nor intraoperatively. Current guidelines of international 
expert associations as well as numerous studies published 
in the literature address this surgical dilemma of follicular 
thyroid neoplasms (14). So far, preoperative decision-
making can be based almost only upon patient stratification 
depending on clinical risk factors (advanced patient age, 
tumor size, presence of metastases). The recent changes 
of the WHO 2017 classification of endocrine neoplasms 

implicate that an optimized resection strategy, according 
to the subtypes miFTC, eaFTC and wiFTC, could avoid 
unnecessary radical resection with associated higher 
operative risk. 

Diagnostic workup of follicular lesions prior to 
surgery—limited by existing methods

FTCs usually appear as cold thyroid nodules on radionuclide 
scan (7). Yet, the positive predictive value of a “cold nodule” 
for FTC presence is low. Sonography can be helpful in 
distinguishing between FTC and follicular adenoma of the 
thyroid gland: larger lesion size, absence of a sonographic 
halo, hypoechoic appearance and absence of cystic 
changes favor the diagnosis of follicular carcinoma (15).  
However, compared to PTC, typical sonographic features 
are frequently absent, especially in case of miFTC and 
eaFTC. A standardized analysis of suspicious thyroid 
nodules, e.g., using the European Thyroid Association 
(ETA) Guidelines for Ultrasound Malignancy Risk 
Stratification (“Eu-TIRADS”) (16) or the American Thyroid 
Association (ATA) Management Guidelines for Adult 
Patients with Thyroid Nodules and Differentiated Thyroid 
Cancer (17)—facilitates the selection of patients with a 
potential benefit from undergoing FNAC. Yet, FNAC 
analysis frequently leads to indeterminate results [Bethesda 
category: III “atypia of undetermined significance or 
follicular lesion of undetermined significance”, IV “follicular 
neoplasm or suspicious for follicular neoplasm” (18)].  
Due to the methodological limitation of FNAC (and 
similarly intraoperative frozen section analysis), which 
does not allow for a conclusive evaluation capsular and 
vascular invasion (Figure 1), the diagnosis of FTC cannot 
unambiguously be established (19,20). Accordingly, only one 
third of patients with thyroid nodules of Bethesda category 
III actually harbor malignant diagnoses (21). To exclude 
potential malignancy in thyroid nodules with uncertain 
results in FNAC, the evaluation of mRNA expression 
using microarray gene expression classifier (GEC) also 
has diagnostic value (22). Drawbacks of the method—
in addition to cost—are that long-term outcome data of 
patients excluded from surgery, due to negative results 
in GEC, are not yet available (23,24). Furthermore, the 
predictive value depends on the prevalence of malignancy in 
the analyzed cohorts. The ETA recommends the additional 
molecular evaluation of BRAF, RET/PTC, PAX8-PPARγ 
and RAS in suspicious thyroid nodules (23). Still, molecular 
analysis only cannot serve to establish an indication for 
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surgery in case of follicular thyroid neoplasms, due to 
the ambiguous results regarding potential malignancy. 
Instead, all preoperatively available results including 
clinical features, sonographic and radionuclide imaging as 
well as cytological and molecular genetic findings must be 
interpreted in context with each other to establish a surgical 
treatment strategy. Moreover, the value of intraoperative 
frozen sections as an additional diagnostic tool during 
surgery, is controversially discussed for FTC. Only the 
histopathological evaluation of formalin-fixed, paraffin-
embedded tissue sections allows the doubtless diagnosis of 
FTC and the characterization of its subtypes (19,25,26). 
However, if vascular invasion can be diagnosed in frozen 
sections, it is usually associated with widely invasive FTC, 
directing the operation towards a more radical procedure. 
The German Association of Endocrine Surgeons (CAEK) 
acknowledged the importance of frozen section analysis for 
the exclusion of other malignant diagnoses in preoperatively 
diagnosed follicular neoplasms (7,27-29). 

Prognostic factors for FTC: clinical and 
histological criteria

In comparison to PTC, FTC is associated with a higher 
tumor-specific mortality rate (30). Yet, within the group 
of FTCs there is a large variety concerning long-term 
prognosis: whereas long-term survival rates in patients with 
metastatic FTC range from 31 per cent to 43 per cent (6),  
for miFTC without risk factors, an excellent outcome 
was demonstrated, with survival rates being similar to the 
average US population (31). Manifold studies, including 

uni- and multivariable analyses, were performed, to analyze 
risk factors for an impaired outcome in FTC. Prognostic 
factors, which had been detected in previous multivariable 
studies before 2008, were confirmed in the last decade (32) 
(Tables 1-3). These include distant metastasis, tumor size and 
extrathyroidal extension (32) (Table 1). Recent multivariable 
analyses, which focused on disease-free survival, identified 
widely invasive histology, tumor size, distant metastasis and 
extrathyroidal extension as defining risk factors (2,38,39) 
(Table 1). Advanced patient age, angioinvasion and initial 
lymph node metastasis were described as relevant for the 
development of distant metastases during postoperative 
follow-up (35). Overall survival was significantly influenced 
by patient age, tumor size, surgical margins, distant 
metastasis and locoregional recurrence (40). Recognizing 
the different tumor biology of FTC subgroups, different 
authors performed separate analyses of prognostic factors 
for FTCs with minimally invasive and widely invasive 
histology (Tables 2,3). In case of minimally invasive 
FTC, disease-free survival was significantly influenced 
by angioinvasion, tumor size and advanced patient age 
(37,43) (Table 2). For widely invasive FTC, tumor size and 
distant metastasis were relevant for disease-free survival 
(37,46). Generally, widely invasive FTC is associated 
with a significantly worse carcinoma-specific survival and 
disease-free survival than minimally invasive FTC (2,35). 
Whereas carcinoma-specific survival (10 years) was shown 
to be 93.5 per cent for minimally invasive FTC (ARP 
definition, comprising miFTC and eaFTC), for widely 
invasive FTC, 53.6 per cent were registered (2). Yet, most 
of the abovementioned analyses were primarily based on the 

Figure 1 Histological core criteria of follicular thyroid carcinoma. The defining criteria of follicular thyroid carcinoma are capsular (A, 
black arrow) and vascular (B, red arrow) tumor invasion. These can be assessed by final histology based on formalin-fixed paraffin embedded 
tissue, but not by fine-needle aspiration cytology. Hematoxylin-eosin stains, magnification: (A) ×4; (B) ×10. Source: Dr. Arno Schad, Institute 
of Pathology, University Medical Center Mainz, Germany.
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histological subgroups according to the ARP definition (1). 
The subgroup eaFTC, added by the WHO in 2017, is not 
yet well represented as an independent category of analysis, 
nor as a potential prognostic factor for FTC itself. 

An analysis of 39 cases of FTC, which was published in 
2018, showed that—compared to miFTC and eaFTC—
wiFTC had significantly higher American Joint Committee 
on Cancer (AJCC) stages at time of surgery and was 
associated with a higher likelihood of recurrence and of 
being cause of death (33). Though not significant, 10-year 
disease-specific survival was impaired in cases of eaFTC 
and wiFTC, but not in miFTC (33). Less aggressive 
therapy was already proposed for so-called low-risk FTCs 
in current expert recommendations (Table 4), although 
only further large-scale follow-up analyses will be able to 
prove adequateness of the surgical treatment options for the 
particular subgroups of FTC in the future. As histological 
FTC subtypes and clinical risk factors were shown to be 
associated with dissimilar prognosis and course of disease, 
different surgical treatment strategies are required in turn, 
once the diagnosis on the specific subtype is available. 
Addressing the issue, international expert societies have 
published recommendations based on FTC histology and 
clinical risk factors (Table 4).

Genetic background—a potential help for preoperative 
diagnosis and risk assessment?

PTC can be confirmed preoperatively by the detection 
of a BRAFV600E mutation in fine-needle aspirates (49). 
Furthermore, specific RET/PTC rearrangements indicate 
PTC (50). For FTC, mutations of RAS (NRAS, HRAS, 
KRAS) and/or a PAX8-PPARγ gene fusion are typical 
(33,49,51). Yet, their detection in fine-needle aspirates 
only gives a hint for the presence of malignancy, since 
benign follicular thyroid adenoma can harbor the very 
same molecular alterations (52,53). A potential adenoma-
carcinoma sequence is postulated for FTCs, especially for 
RAS-mutant tumors (51). RAS mutations can be associated 
with FTCs with a variable range of invasiveness (51). The 
PAX8-PPARγ gene fusion described relevant in FTC with 
“overtly invasive histology” (i.e., tumors confined to the 
thyroid gland and harboring at least three, typically more 
than five areas of capsular and vascular invasion) (51,52). 
Coexistence of HRAS, NRAS or KRAS mutations and a 
TERT promoter mutation were associated with advanced 
disease at time of diagnosis (41). Depending on the analyzed 
patient cohort, RAS mutations are detected in 40–50 per 

cent of FTC, whereas PAX8-PPARG fusion is present in 
25–63 per cent (51,54,55). Moreover, the following genes 
were described to potentially carry driver mutations for 
FTC: BRAF, BRIP1, CNOT1, DICER1, EIF1AX, EZH1, 
IDH1, IGF2BP3, KDM5C, KMT2C, MAP4K3, NF1, PTEN, 
PI3KCA, SOS1, SPOP, STAG2, TCF12, TP53 and TSHR 
(33,41,54,56). Microsatellite instability (MSI) as a result of 
DNA mismatch repair (MMR) inactivation was described to 
be present in 2.5 per cent of FTC cases, and nearly absent 
in other malignant tumors deriving from the thyroid (57). 
The coincidence of MSI and loss of heterozygosity (LOH) 
in several, different loci (= “overall frequency of allelic loss”, 
OFAL) was described as a biomarker to distinguish FTC 
and follicular thyroid adenoma from PTC and nodular 
goiter (58). Mutational burden—a biomarker measuring 
the total number of present mutations—was identified as a 
predictor for mortality and recurrence, independent from 
the histological subgroup of FTC (33). Nowadays, mRNA 
expression analyses of multiple, thyroid- or tumor-associated 
molecular genetic alterations by microarray GEC (based on 
Affymetrix Human Exon 1.0 GeneChip) (22) are available, 
yet without reimbursement of cost in most health insurance 
systems and uncertain value concerning the treatment of 
patients with suspicious follicular thyroid nodules (23). 
Since up to now, no molecular marker has been identified, 
which can reliably be used for preoperative diagnosis 
of FTC, the surgical strategy has to be established with 
clinical risk factors as a basis. However, in the last 10 years,  
in addition to the “classical” risk factors for a poorer 
outcome of FTC (based on clinical and histopathological 
criteria), novel molecular predictors are also taken into 
consideration by different study groups (Tables 1,2). 

Surgical treatment of FTC

Facing the difficulties of preoperative diagnosis, there is 
general consensus about how to surgically approach patients 
with follicular lesions. Basically, all patients diagnosed 
with solitary thyroid nodules with an indeterminate 
result in FNAC [Bethesda category III–IV (18)] and/
or the clinical suspicion of malignancy (e.g., tumor size, 
accelerated growth, ultrasound or other imaging indicators, 
pathological lymph node status or distant lesions suspicious 
of metastases), should receive comprehensive information 
about the therapeutic options. This includes the well-known 
limitations, e.g., to intraoperatively distinguish minimally 
invasive, angioinvasive and widely invasive subtypes (7). 
Before surgery, patients should be made aware that the 
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Table 1 Prognostic factors in follicular thyroid carcinoma (not subtype specific, 2008–2020)

Authors Year

Prognostic factor Endpoint

Patients 
included

Median/mean follow-up 
(months)Advanced 

patient age
Male 
sex

Female 
sex

Tumor size

Postoperative histology Metastasis 
Locoregional 
recurrence

Genetic disorder Survival Metastasis

Widely invasive 
histology

Angioinvasion
Capsular 
invasion

Multifocality
Extrathyroidal 

extension
Surgical 
margins

LNM DM
Mutational 

burden
Driver gene mutation 

for FTC (33)
Driver genes for 

cancer (34)
EIF1AX 

mutation
TERT promoter 

mutation
H/N/K-RAS 

mutation
DFS OS CSD CSS DMFS LNM DM

Alfalah et al. (10) 2008 – – – + – Xpr 70 Mean: 52 

Asari et al. (2) 2009 – – – – + + Xpr 207 86

+ – – + + – Xpr 207 86

+ – ⊕ ⊕ + + ⊕ X 207 86

O’Neill et al. (35) 2011 ⊕ – – – ⊕ ⊕ Xf 124 40

Sugino et al. (36) 2011 + – – – + – + + Xpr 134 150

+ – – – – – – – Xf 121 150

⊕ + + – ⊕ X 134 150

⊕ ⊕ ⊕ – X 134 150

Kim et al. (37) 2014 + – + ⊕ – + ⊕ X 204 55

Podda et al. (38) 2015 ⊕ X 71 Mean: 113/125

Rios et al. (39) 2015 + + + + + ⊕ X 66 Mean: 99

Su et al. (40) 2019 ⊕ – – ⊕ – + ⊕ + ⊕ ⊕ X 204 77

+ ⊕ – – – + ⊕ + ⊕ ⊕ X 204 77

Nicolson et al. (33) 2018 + – – – + + ⊕ + + X 39 69

Duan et al. (41) 2019 – – – – + + + + – X 51 56

Factors analyzed, but not confirmed as prognostically relevant, are marked with “–”. Factors confirmed in univariable analysis are marked with “+”. Factors proven as significant in multivariable analysis are marked with “⊕”. Analyzed endpoints are marked with “X”. The endpoint “metastasis” includes “Xpr” (diagnosis preoperatively, or immediately after primary surgery) and “Xf ” (diagnosis during follow-up). DFS, disease-free survival; OS, overall survival; CSD, cause-
specific death; CSS, cause-specific survival; DMFS, distant metastasis-free survival; LNM, lymph node metastasis; DM, distant metastasis.

Table 2 Prognostic factors in minimally invasive follicular thyroid carcinoma (2008 and 2020) 

Authors Year

Prognostic factor Endpoint

Patients included Median/mean follow-up (months)
Advanced patient age Male sex Female sex Tumor size

Postoperative histology Metastasis 
RNA H19 expression

Survival
DM

Angioinvasion Capsular invasion Multifocality LNM DM DFS CSD CSS DMFS

Asari et al. (2) 2009 + – + – X 127 86

– – – – + X 127 86

Sugino et al. (42) 2012 + – – – – + – Xpr 251 86

+ – – + – – – Xf 244 86

⊕ + – – + X 251 86

⊕ + – – X 251 86

Ito et al. (43) 2013 ⊕ – ⊕ ⊕ – – X 285 Mean: 117 

– – ⊕ ⊕ – – ⊕ X 292 Mean: 117

Kim et al. (37) 2014 – – – ⊕ – ⊕ X 165 55

Stenson et al. (44) 2016 + ⊕ – + + X 58 140

Dai et al. (45) 2019 ⊕ – + ⊕ ⊕ – – + Xf 186 109

Factors analyzed, but not confirmed as prognostically relevant, are marked with “–”. Factors confirmed in univariable analysis are marked with “+”. Factors proven as significant in multivariable analysis are marked with “⊕”. Analyzed endpoints are marked with “X”. The endpoint “metastasis” includes “Xpr” (diagnosis preoperatively, or immediately after primary surgery) and “Xf” (diagnosis during follow-up). LNM, lymph node metastasis; DM, distant metastasis; DFS, 
disease-free survival; CSD, cause-specific death; CSS, cause-specific survival; DMFS, distant metastasis-free survival.
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Table 4 Recommendations of international expert societies for operative treatment of follicular thyroid carcinoma (FTC) and FTC subtypes

Recommendations

Entity Society recommendations

WHO Definition 2017, (3)
German Association of Endocrine 

Surgeons (CAEK) 2013, (7)
European Society of Endocrine Surgeons (ESES) 

2014, (47)
British Thyroid Association (BTA) 2014, (48) American Thyroid Association (ATA) 2015, (17)

Recommended thyroid 
resection strategy

Minimally invasive FTC, 
capsular invasion only 
(miFTC)

Hemithyroidectomy or 
thyroidectomy (in cases of 
multinodular disease)

Hemithyroidectomy or thyroidectomy (if following risk 
factors are present: ≥45 years at presentation, tumor 
size ≥40 mm, vascular invasion present, positive 
lymph nodes, positive distant metastases)

Hemithyroidectomy or thyroidectomy (if following risk factors are present: 
age >45, widely invasive histology, lymph node/distant metastases, 
angioinvasion, tumor size >4 cm)

Lobectomy (for low- to intermediate-risk: unifocal tumors <4 cm, no 
evidence of extrathyroidal extension or lymph node metastases) or 
near-total/total thyroidectomy (if overall strategy includes RAI therapy. 
Tumors between 1 and 4 cm: bilateral procedure recommended if risk 
factors are present: older age (>45 years), contralateral thyroid nodules, 
a personal history of radiation therapy to the head and neck, familial 
differentiated thyroid carcinoma (because of plans for RAI therapy 
or to facilitate follow-up strategies or address suspicions of bilateral 
disease))

Encapsulated 
angioinvasive FTC (eaFTC)

Thyroidectomy Thyroidectomy Thyroidectomy Near-total/total thyroidectomy (high risk: >4 vessels with angioinvasion, 
justifies a more aggressive approach)

Widely invasive FTC—
grossly invasive (wiFTC)

Thyroidectomy Thyroidectomy Thyroidectomy Near-total/total thyroidectomy

Recommended lymph 
node resection strategy

All FTC types No prophylactic lymph node 
dissection; therapeutic lymph node 
dissection in case of evidence of 
lymph node metastasis before or 
during the operation (extent of 
resection depending on localization 
of proven lymph node metastases)

No prophylactic lymph node dissection; therapeutic 
lymph node dissection in case of evidence of lymph 
node metastasis before or during the operation

No prophylactic lymph node dissection; therapeutic lymph node dissection 
in case of evidence of lymph node metastasis before or during the operation 
(if there is preoperative or intraoperative suspicion of nodal disease, FNAC or 
frozen section should be performed prior to therapeutic node dissection)

No prophylactic lymph node dissection; therapeutic lymph node 
dissection in case of evidence of lymph node metastasis before 
or during the operation (therapeutic central-compartment (level VI) 
neck dissection for patients with clinically involved central nodes 
should accompany total thyroidectomy. Therapeutic lateral neck 
compartmental lymph node dissection should be performed for patients 
with biopsy-proven metastatic lateral cervical lymphadenopathy)

Recommended 
postoperative 
radioiodine (RAI) 
treatment

All FTC types RAI recommended for FTC with 
angioinvasion (independent from 
number of vessels affected) and for 
wiFTC

RAI indicated for elderly patients (>45 years), large 
tumor size (>40 mm), extensive vascular invasion, 
presence of distant synchronous or metachronous 
metastasis, positive nodes and if recurrence is noted 
in follow-up

No indication for RAI if all criteria are met: follicular carcinoma, tumor <1 cm, 
unifocal or multifocal, minimally invasive without angioinvasion, no invasion 
of thyroid capsule (extra thyroidal extension)

RAI recommended for high-risk DTC (e.g., eaFTC with >4 vessels 
affected), if the primary thyroid carcinoma is >4 cm, if there is gross 
extrathyroidal extension, or regional or distant metastasis, older 
age (>45 years), contralateral thyroid nodules, a personal history of 
radiation therapy to the head and neck or familial differentiated thyroid 
carcinoma

Definite indication if one criterion is met:  tumor >4 cm, any tumor size with 
gross extra thyroidal extension, distant metastases present

Uncertain indication if one of following criteria is met: large tumor size, 
extra-thyroidal extension, widely invasive histology, multiple lymph node 
involvement, large size of involved lymph nodes, high ratio of positive to 
negative nodes, extracapsular nodal involvement

Table 3 Prognostic factors in widely invasive follicular thyroid carcinoma (studies published between 2008 and 2020) 

Authors Year

Prognostic factor Endpoint

Patients included
Median/mean follow-up 

(months)Advanced patient age Male sex Female sex Tumor size
Postoperative histology Metastasis Survival

Angioinvasion Multifocality LNM DM DFS CSS

Asari et al. (2) 2009 + + – – – X 80 86

+ – ⊕ – – ⊕ X 80 86

Ito et al. (46) 2013 – – – ⊕ X 70 Mean: 117

– – – – ⊕ X 79 Mean: 117

Kim et al. (37) 2014 – – – – – – ⊕ X 39 55

Factors analyzed, but not confirmed as prognostically relevant, are marked with “–”. Factors confirmed in univariable analysis are marked with “+”. Factors proven as significant in multivariable analysis are marked with “⊕”. Analyzed endpoints are marked with “X”. LNM, lymph node metastasis; DM, 
distant metastasis; DFS, disease-free survival; CSS, cause-specific survival.
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decision whether to perform lobectomy or thyroidectomy 
can be made intraoperatively by the surgeon. Depending 
on the histopathological result, in case of an initial 
lobectomy, secondary surgery may be necessary to perform 
a completion thyroidectomy. 

Thyroid resection

Both the  BTA and the  ATA publ i shed  d i f ferent 
recommendations for surgical treatment of FTC based 
on the risk factor “tumor size” in combination with 
clinical and histological predictors. For FTCs with a 
diameter >4 cm, a total thyroidectomy is proposed (Table 4)  
(17,48). For FTCs with a tumor diameter >1 and ≤4 cm, 
hemithyroidectomy is considered a sufficient treatment, if 
the following risk factors (BTA) are absent: age >45 years, 
widely invasive histology (as judged visually in the operative 
situs, or by frozen section), lymph node/distant metastases, 
angioinvasion (48). According to the ATA, age (>45 years), 
contralateral thyroid nodules, personal history of head 
and neck radiotherapy and familial differentiated thyroid 
carcinoma are factors that should favor thyroidectomy, 
either because of plans for radioiodine (RAI) therapy or to 
facilitate follow-up strategies (17). The assessment of ATA 
risk factors is of course easier to perform preoperatively, 
while BTA risk factors may require an expert frozen section 
assessment. A consensus statement by the European Society 
of Endocrine Surgeons (ESES) recommends (completion) 
thyroidectomy followed by RAI treatment in minimally 
invasive FTC only in case of tumor size ≥4 cm, patients  
≥45 years of age and in case of vascular invasion and/or 
nodal/distant metastases (47). 

In contrast to the above-mentioned approaches, the 
practice guidelines of the German Society of Endocrine 
Surgery (CAEK) for the surgical treatment of malignant 
thyroid tumors are primarily based on histological 
patterns: for minimally invasive FTC with capsular 
invasion only, regardless of tumor size, hemithyroidectomy 
is  recommended (7) .  Also,  the ESES considered 
hemithyroidectomy a sufficient treatment for minimally 
invasive FTC (in absence of risk factors: <45 years at 
presentation, tumor size <4 cm and no angioinvasion or 
nodal/distant metastasis) (47). Yet, multinodular disease 
can be a reason for total thyroidectomy in patients with 
minimally invasive FTC with capsular invasion only (7). 
The CAEK recommends total thyroidectomy (including 
postoperative RAI treatment) in patients harboring FTC 
with proven angioinvasion as well as for widely invasive 

FTC (7,17,48). In case of an initially performed lobectomy, 
a completion thyroidectomy should be performed in these 
patients, to facilitate RAI treatment (7,17). Minimally 
invasive FTC with capsular invasion only, due to a low risk 
of metastasis, does not require completion thyroidectomy, 
independent from tumor size (Table 4) (7). In case of widely 
invasive FTC with extrathyroidal spread, the presence of 
invasion of the infrahyoid muscles or into perithyroidal 
veins and sometimes internal jugular veins can be identified 
preoperatively or intraoperatively. The veins can be filled 
with large tumor thrombi, sometimes extending into 
the upper chest; the surgical resection is performed with 
palliative intention in these difficult situations. 

A key factor for complete and successful locoregional 
tumor resection (local R0) is the timely recognition of the 
advanced tumor growth. Multivisceral en-bloc resections 
of the thyroid, infiltrated vessels and strap muscles can 
prevent invasion of the esophago-tracheal axis while distant 
metastases can be controlled with adjuvant radio-iodine 
treatment or targeted therapy concepts (Figure 2).

Lymph node dissection

Recognizing the fact that the driving prognostic factor 
for FTC is the presence of distant metastases instead of 
lymph node metastases, current recommendations of expert 
societies emphasize the limited value of a prophylactic 
central lymph node dissection, while therapeutic lymph 
node dissection is indicated (Table 4) (7,17,47,48). The BTA 
recommends frozen section analysis to evaluate the necessity 
of lymphadenectomy (48). According to the German CAEK, 
central lymphadenectomy may be performed in cases with 
intraoperative verification of thyroid carcinoma due to 
the fact that the differentiation between follicular variant 
of PTC and FTC is incorrect in many cases of frozen 
section (7). However, the new “low-risk” classification of 
the follicular variant of PTCs and the equally excellent 
prognosis of the encapsulated follicular variant of PTCs 
may prompt a revision of this recommendation, which is 
currently defined by an interdisciplinary expert panel. The 
ATA argues for a central and lateral lymph node dissection, 
in case of biopsy-proven lymph node metastases (17).

Conclusions 

In the majority of cases, preoperative radiological imaging, 
FNAC and molecular analysis cannot unambiguously 
distinguish between benign and malignant follicular 
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lesions. Yet, the malignant potential of a follicular thyroid 
lesions can be assessed by stratifying the patient according 
to clinical risk factors (presence of metastases, advanced 
patient age, tumor size). Based on verified risk factors, 
an individual approach should be chosen, following a 
stepwise, escalating surgical approach with restricted 
primary resection (hemithyroidectomy) and—if necessary—
completion surgery based on the definitive histopathology.
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Figure 2 Follicular thyroid carcinoma with lymph node metastases at initial diagnosis. The inspection of the neck region (A) showed a 
primarily right-sided swelling (arrow) in a male patient 50 years of age. The swelling had increased significantly over a period of 2 months. 
Initial radioiodine imaging revealed a cold thyroid nodule. Preoperative sonography suggested the presence of pathologically altered 
lymph nodes in the cervico-central and right cervico-lateral compartments. Thyroidectomy (B) was performed, including therapeutic 
lymphadenectomy of the cervico-central and right cervico-lateral compartments. Histology revealed a multifocal follicular thyroid 
carcinoma (6.0 cm right thyroid lobe, 0.7 cm left thyroid lobe) with capsular invasion and vascular invasion. Of 42 resected lymph nodes, 
5 harbored metastases. An R0 resection was achieved and radioiodine ablation was performed. Yet, local recurrence of follicular thyroid 
carcinoma required cervical re-exploration 8 years after primary surgery (C). Tumor resection required bilateral adhesiolysis of the carotid 
arteries (CA), allowing for a selective lymphadenectomy. Furthermore, metastases to the lung and bone were observed and treated with 
radiation and tyrosine kinase inhibitors in the further course.
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