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Abstract
Well-differentiated thyroid carcinoma has a favorable prognosis with a 5-year survival rate of over 95%. However, the undifferentiated or anaplastic type accounting for < 0.2%, usually in elderly individuals, exhibits a dismal prognosis with rapid growth and disappointing outcomes. It is the most aggressive form of thyroid carcinoma, with a median survival of 5 mo and poor quality of life (airway obstruction, dysphagia, hoarseness, persistent pain). Early diagnosis and staging are crucial. Diagnostic tools include biopsy (fine needle aspiration, core needle, open surgery), high-resolution ultrasound, computed tomography, magnetic resonance imaging, [(18)F]fluoro-D-glucose positron emission tomography/computed tomography, liquid biopsy and microRNAs. The BRAF gene (BRAF-V600E and BRAF wild type) is the most often found molecular factor. Others include the genes RET, KRAS, HRAS, and NRAS. Recent management policy is based on surgery, even debulking, chemotherapy (cisplatin or doxorubicin), radiotherapy (adjuvant or definitive), targeted biological agents and immunotherapy. The last two options constitute novel hopeful management modalities improving the overall survival in these otherwise condemned patients. Anti-programmed death-ligand 1 antibody immunotherapy, stem cell targeted therapies, nanotechnology achievements and artificial intelligence implementation provide novel promising alternatives. Genetic mutations determine molecular pathways, thus indicating novel treatment strategies such as anti-BRAF, anti-vascular endothelial growth factor-A, and anti-epidermal growth factor receptor. Treatment with the combination of the BRAF inhibitor dabrafenib and the MEK inhibitor trametinib has been approved by the Food and Drug Administration in cases with BRAF-V600E gene mutations and is currently the standard care. This neoadjuvant treatment followed by surgery ensures a two-year overall survival of 80%. Prognostic factors for improved outcomes have been found to be younger age, earlier tumor stage and radiation therapy. A multidisciplinary approach is necessary, and the therapeutic plan should be individualized based on surveillance and epidemiology end results.
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Core Tip: Anaplastic thyroid carcinoma is uncommon but one of the most lethal neoplasms. The optimal management remains unclear. The addition of novel targeted therapy and immunotherapy to the traditional management of surgery, radiation and chemotherapy has improved the outcomes. Multimodality management and the emerging use of individualized treatment based on novel therapeutic agents offers promising results. However, further research efforts involving the molecular microenvironment and biological drivers should be made.

INTRODUCTION
Τhyroid carcinoma incidence is increasing, but that of the anaplastic and medullary types remains rather stable. The overall increase is due mainly to the rise of the most commonly occurring papillary carcinoma, which is associated with the best prognosis[1-3]. The incidence of anaplastic carcinoma in Europe has been assessed to be far less than 6 cases per 100000 population, more precisely, 0.1-0.3 cases per 100000 population in Denmark, the Netherlands and Wales[2,4,5] and 0.12-0.2 cases per 100000 population in the United States[3]; thus, it has been characterized as a rare disease[6].
The 5-year survival of a well-differentiated thyroid carcinoma exceeds 95%[7]. In contrast, the undifferentiated form, also called by a revised and better term, anaplastic carcinoma determined from World Health Organization classification[8], accounts for less than 0.2%[9] or as much as 1%-2% of all thyroid malignancies[10,11]. It comes from the follicular epithelium and constitutes one of the most lethal neoplasms related to disappointing outcomes[4,9,11]. Its median survival is restricted to only 4 to 6 mo, accompanied by poor quality of life[4,10].
Rapidly growing neck tumors are often accompanied by devastating and occasionally life-threatening events. They may invade the trachea, causing airway obstruction and asphyxia; the esophagus, causing dysphagia; the recurrent laryngeal nerve, causing paralysis and hoarseness; major vessels, causing manifestations of superior vena cava syndrome or brain intermittent ischemia; and neural plexuses, causing persistent pain. Additionally, at the time of diagnosis, metastases are found in half of cases, mainly pulmonary metastases (40%), followed by brain metastases (10%)[4,9,12-14].
A long existing untreated nodular goiter (30% of cases) or known history of papillary carcinoma is usually found mainly in the elderly with female predominance[3,4]. Preexisting papillary carcinoma may indicate a potent divergent transformation[15,16]. Early diagnosis based mainly on ultrasound (US) and core needle biopsy is crucial[17-21]. The following staging after the initial diagnosis of anaplastic carcinoma is of great importance and can be achieved by computed tomography (CT), magnetic resonance imaging (MRI)[18,19], and preferably positron emission tomography/CT (PET-CT)[17,22,23]. Modern molecular testing by revealing implicated genes, basically the BRAF gene (BRAF-V600E and BRAF wild type), and other molecules[24-27] can contribute to more accurate diagnosis but most importantly determine molecular pathways indicating novel treatment strategies by targeted biological factors, i.e., anti-BRAF, anti-vascular endothelial growth factor (VEGF)-A or anti-epidermal growth factor receptor (EGFR) agents[24].
Nanotechnology achievements may offer either a vehicle for advanced drug delivery systems promoting targeted therapy[28,29] or a core for chemo-photothermal (lenvatinib-laser irradiation) therapy[30]. Additionally, these advances may provide tools for diagnosing disease progression in the form of magnetic or radiolabeled probes[29]. Immunotherapy with an anti-programmed cell death-ligand 1 (PD-L1) monoclonal antibody (atezolizumab) may increase the action of radiotherapy on cancer cells and is a novel innovation[31]. Stem cell-targeted therapies are other novel emerging alternatives with promising perspectives[24,32,33].
Machine learning with deep learning along with artificial intelligence implementation has provided preliminary encouraging results for diagnosis, imaging assessment, treatment and outcome prediction. It now remains to be used in clinical practice[10,34]. A multidisciplinary approach must be followed with an individualized therapeutic plan based on surveillance and epidemiology end results (SEER)[3,9,35-37].
The management policy constitutes the standard treatment, including surgery first of all, even debulking surgery, adjuvant chemotherapy that mainly uses cisplatin or doxorubicin and docetaxel-paclitaxel, and accelerated hyperfunctional external beam radiotherapy, preferably neo-adjuvant and definitive. It can increase the median survival up to 10 mo[24]. The novel hopeful management by targeted biological agents and immunotherapy has further improved the overall survival in these otherwise condemned patients[4,9,24,38,39].
Treatment with the combination of the BRAF inhibitor dabrafenib and the MEK inhibitor trametinib was approved by the Food and Drug Administration (FDA) of the United States in 2014 for mutated melanoma and in 2018 for mutated anaplastic thyroid carcinoma; thus, it has already been used successfully in cases of metastatic or locally advanced inoperable anaplastic thyroid carcinoma with BRAF-V600E gene mutation. This targeted therapy has been recommended as neoadjuvant treatment followed by surgery. It constitutes the standard care and ensures a two-year overall survival of 80%[4,24,40,41].
The main prognostic factors for improved outcomes have been younger age, earlier tumor stage, tumor size, multifocality, radiation therapy and novel targeted therapy[10,42]. This narrative review evaluates the current knowledge on anaplastic thyroid carcinoma with extreme aggressiveness and a dismal prognosis, emphasizing proper diagnosis and management. This study was based on the data of an extensive literature review from PubMed extending to September 2023, focusing particularly on full-text papers published only in the English language over the last five years.

DIAGNOSIS
The diagnostic steps are shown schematically in Figure 1.

Presentation
The anaplastic thyroid carcinoma exhibits a rapid onset with a large, hard, painful neck mass, cough with or without hemoptysis and dyspnea (35%) in cases of trachea invasion, hoarseness (40%) or dysphagia (40%), with local spread in over 50% of cases, lymph node involvement, possible skin invasion, and rapid evolution with dramatic invasion of adjacent structures that may need urgent intervention as mentioned above in the introduction section[4,6,43].
A recent large study from the United States including 5359 patients with anaplastic thyroid carcinoma provides an analysis of several presentation characteristics. The majority of patients were women (58%), non-Hispanic white (80%), with a median age of 70 ± 12 years, a median tumor size of 6.1 cm (range 4.5-8 cm), and distant metastases (29%)[44].
It is important for rapidly growing neck swelling to differentiate anaplastic thyroid carcinoma from thyroid lymphoma by biopsy[45] since they have completely different management strategies. The lymphoma requires no surgical intervention but only R-CHOP chemotherapy (rituximab, cyclophosphamide, doxorubicin, vincristine or otherwise called oncovin, and prednisolone) accompanied by immediate extreme volume reduction and long-term excellent outcomes[46].

Imaging
US can be used to detect heterogeneous echogenicity, abnormal shape, calcifications, increased vascularity, diffuse infiltration of adjacent tissues and regional lymph node involvement. US plain or preferably high resolution is the first step of exploration[18,19], followed preferably by core needle biopsy[21]. After establishing the diagnosis of the primary tumor of anaplastic thyroid carcinoma, staging imaging is necessary for local tumor extension assessment and revealing distant metastases.
Contrast-enhanced CT or MRI and magnetic resonance angiography can reveal any involvement of major vessels or lymph nodes and any other local involvement or distant metastases. CT can be used to detect heterogeneous tumor appearance, necrosis, calcifications, hypervascularity, and possible infiltration of the trachea and esophagus. CT is preferred over MRI[18,19]. Additionally, fiberoptic laryngoscopy for vocal cord evaluation, bronchoscopy and esophagoscopy are necessary prerequisites[20,43].
However, more precise assessment has been offered by [(18)F]fluoro-D-glucose PET-CT, which ensures better anatomic location with active metabolic uptake detecting occult deposits[17,23,47]. It can be especially valuable in elderly patients for accurate disease setting assessment that can precisely determine the appropriate management strategy[22].

Molecular testing for implicated genes and other molecules
Prompt diagnosis and on-time management without any delay are imperative tasks, particularly in severe life-threatening complications. Molecular testing is indicated to better determine mutations and proper targeted therapy either as neo-adjuvant in unresectable cases or adjuvant after surgical excision[48], especially in cases of refractory carcinoma[49]. The American Thyroid Association (ATA) recent guidelines include recommendations for molecular testing for anaplastic thyroid carcinoma[50].
The BRAF gene mutation (BRAF-V600E and BRAF wild type) is the most important molecular factor found in 40%-50% of patients with anaplastic thyroid carcinoma[4,6,51]. The MEK gene has a close connection to the BRAF gene. Both are responsible for mitogen-activated protein kinase that promotes cell proliferation, tumor growth and angiogenesis[41,52,53]. Other mutations found involve the following genes: p53 in 63% of cases, RET, RAS (KRAS, HRAS, NRAS) in 22% of cases, TERT promoter in 75% of cases, PIK3CA in 18% of cases, EIF1AX in 14% of cases, PTEN in 14% of cases[6,24,50], and NESTIN, CCND1, POU5F1, MCL1, MYBL2, MCL1, IQGAP1, SOX2, and NANOG[33]. Additionally, epigenetic-related genes, i.e., the chromatin remodeling SWI/SNF complex in 36% of cases, histone methyltransferases in 24% of cases, and DNA mismatch repair pathway genes in 10%-15% of cases, were found[6]. Gong et al[54] recognized 10 hub genes for anaplastic thyroid carcinoma: CXCL8, CDH1, AURKA, CCNA2, FN1, CDK1, ITGAM, CDC20, MMP9, and KIF11. RAS gene mutations have been reported to correlate with increased aggressiveness and increased mortality[55]. Unfortunately, targeted therapy is not yet available[50]. A positive result for mutated neurotrophic tyrosine receptor kinase (NTRK) gene testing is valuable to select patients for therapy by tropomyosin receptor kinase inhibitors (larotrectinib, entrectinib)[56]. miRNA-506 downregulation has been found in anaplastic thyroid carcinoma. This molecule normally regulates the WNT and NOTCH signaling pathways to adjust cell proliferation and migration. Thus, in practical view, as a new therapeutic targeted biological agent, it could suppress tumor progression and dissemination[25].
In an experimental model, intercellular adhesion molecule-1 (ICAM1) was an attractive target for anaplastic and papillary thyroid carcinoma by a monoclonal antibody; its distribution was explored by MRI[57]. Another molecule, collagen triple helix repeat containing-1 (CTHRC1), has been found to decrease the survival of patients with anaplastic thyroid carcinoma by promoting its progression and invasion via the WNT pathway and epithelial-mesenchymal transition. Blocking its action could be particularly useful[58]. Histone lysine lactylation represents a novel epigenetic mark that can boost the proliferation of anaplastic thyroid carcinoma. Blocking this protein may increase the action of BRAF-V600E gene inhibitors, thus preventing the progression of the mutated malignancy[51]. PD-L1 expression was found to be positive in a high proportion in papillary 87% but with weaker and patchy expression, and in anaplastic thyroid carcinoma 73%, indicating that the latter can exhibit a better response to immunotherapy[59].

Biopsy
It is obvious, that in cases of rapidly enlarging neck nodules, the necessary first step is an US imaging performance. Advances in the US technology provide precise diagnostic capability by high resolution US. However, then biopsy is fundamental to make the diagnosis. Fine needle aspiration (FNA) cytology using a 21-25 gauge needle under US guidance has been widely used as an initial step in diagnosis by cytologic examination[20,21,34,45,60]. However, due to its high false-negative results, low sensitivity of 54%-61% vs 77%-80% of core needle biopsy (CNB), and specificity of 87% vs 100% of CNB[20,21] or often inconclusive results, this option tends to be omitted recently in favor of CNB. Because of performance, using it is considered a vain spending of time[21,45].
CNB is performed under US guidance and by local anesthesia using a 16-20 Ga needle to take at least 2-3 tissue samples by separate punctures for histopathologic examination[20,21,45]. In addition, the sample can be immediately used for molecular testing[20]. CNB yields the most accurate diagnostic ability and thus constitutes the method of first choice instead of its application after nondiagnostic FNA, which, in contrast to current guidelines, is advised. There was no patient discomfort or malignant cell seeding or notable complications. A little bleeding requiring simple compression or hematoma formation may occur rarely[20,21,45].
Incision biopsy or open surgery biopsy under local or even general anesthesia and skin incision takes 2-3 cm3 of tissue, avoiding any necrotic area. However, it has been abandoned and substituted by CNB[21]. Liquid biopsy is a new noninvasive genotyping diagnostic method that can detect malignant cells in serum and tumor DNA or other extracellular parts, providing valuable information. It may contribute to diagnosis, prognosis, and follow-up for assessment of the response to treatment or relapse[26,27]. All the abovementioned diagnostic tools are shown in Table 1.

Pathological staging
[bookmark: _Hlk151653302]By definition, all anaplastic thyroid carcinomas are considered advanced and classified in stage IV by the American Joint Committee on Cancer (AJCC) and Union for International Cancer Control (UICC) according to the tumor-node-metastasis (TNM) system (tumor size and local extension, regional lymph node status and distant metastases). The 8th edition of TNM classification and staging by the AJCC and UICC are shown in Tables 2 and 3[6,8,61].

MANAGEMENT
There have been several management options, including novel targeted therapy and immunotherapy[4,6,24,44,62]. They are presented below. In a recent cohort study including 97 patients, these options were presented in combination as follows: (1) Surgical intervention in 45% of cases; (2) Chemotherapy in 41% of cases; (3) Neoadjuvant or definitive radiotherapy in 35% of cases; and (4) Targeted therapy in 29% of cases. The median overall survival was 6.5 mo, and it was inferior in those who did not undergo surgery. Multivariate analysis showed that stage IVC and lack of radiotherapy were associated with worse overall survival[42].
This multimodality management, including additional tyrosine kinase inhibitors, could provide a survival of more than one year[63]. Given that in 433 studied patients with advanced metastatic anaplastic thyroid carcinoma (stage IVC), there was a median overall survival of 2 mo and a one-year overall survival of 6.9%[64], better multimodality management including novel therapeutic agents is needed, especially for this most lethal form[65]. The optimal combination of multimodality treatment[63,66] and mainly the new tyrosine kinase inhibitor lenvatinib yields encouraging results[11].

Surgery
Surgery constitutes the cornerstone of treatment despite the existing debate. It may range from palliative debulking intervention to more radical resections, including total or near total thyroidectomy and extended lymphadenectomy, including the central and lateral lymph node level either unilaterally or bilaterally[6,8,36,53,61]. The above curative surgery may be performed in some patients with earlier disease and may provide, accompanied by adjuvant chemotherapy, occasional long survival over 5 years[18,19]. By multivariate analysis in a systematic review and meta-analysis, surgery and radiotherapy were found to be independent factors predicting increased overall survival[36]. Complete surgical excision followed by adjuvant therapy is the optimal opportunity for cure[4,47]. However, in general, extreme radical resection, such as laryngectomy, tracheal resection, esophagectomy or complete neck dissection without notable oncological contribution, is not indicated[47]. Tumor removal increases the benefits of the treatment. In combination with radiation, new chemotherapy and novel gene targeted therapy can achieve locoregional disease control and improve survival and quality of life[36,41,53,65,67]. The guidelines of the National Comprehensive Cancer Network and ATA recommend surgical resection by lobectomy or near total thyroidectomy with wide lymphadenectomy in stage IVA and IVB, even in stage IVC when an R0 or at least R1 intervention could be achieved in locally resectable tumors[36,43,68-70]. However, many locally unresectable cases may respond to neoadjuvant external beam radiation, chemotherapy or even targeted therapy (dabrafenib and trametinib) for BRAF gene mutation, thus becoming resectable and ensuring surgical excision[43]. Timely detection and proper treatment reduce the number of advanced cases with distant metastases[9].
As shown in Figures 2 and 3, the current best practice for respectable tumors is surgery with adjuvant chemotherapy, radiation therapy and targeted therapy-immunotherapy such as dabrafenib and trametinib but immunotherapy if BRAF and MET gene mutations exist; for unresectable tumors, current best practice involves palliative surgery and targeted therapy-immunotherapy in combination with chemoradiation therapy[47].
Patients with inoperable disease may undergo palliative surgery to improve morbidity and avoid complications and life-threatening urgent events[48,71]. Unless there is debulking surgery for decompression, it includes the performance of tracheostomy and gastrostomy, preferably percutaneous by endoscopy assistance for feeding in case prior to radiation, which may cause esophageal stricture[36,48]. In cases of esophageal invasion or stenosis, feeding tube placement by an interventional radiologist can ensure enteral feeding[43].
Palliative airway management for symptom relief must be based on multidisciplinary team collaboration by designing the plan carefully. It is well known that tracheostomy may be related to morbidity and problems affecting quality of life[43]. It should be emphasized overall that patients undergoing extended surgical intervention and receiving adjuvant radiation and chemotherapy gain the chance of the best overall survival[9,48]. Aggressive locoregional surgery and radiotherapy must be performed whenever possible, and adding chemotherapy can lead to further improvement; however, in unresectable cases, radiotherapy and chemotherapy must be preferred[9].

Chemotherapy
Taxanes (paclitaxel, docetaxel, and cabazitaxel) can be effectively used to treat various forms of cancer by replicating inhibition. Doxorubicin (adriamycin) is an anthracyclin that inhibits cancer cell growth by topoisomerase II activation in the process of DNA repair. Platinum-based chemotherapy (cisplatin, carboplatin, oxaliplatin) is widely used. Attachment to DNA causes destruction of cancer cells by replicating inhibition. These chemotherapeutic drugs have been used in various cancers, including anaplastic thyroid carcinoma[6,53,67].
The ATA guidelines recommend adjuvant or neoadjuvant chemotherapy by combination of: (1) Paclitaxel with carboplatin; (2) Doxorubicin with cisplatin; (3) Doxorubicin with docetaxel; or (4) Paclitaxel alone or doxorubicin alone[6]. Unfortunately, chemoresistance often occurs in anaplastic thyroid carcinoma even in the most effective regimen of paclitaxel[6,72]. Adjuvant chemotherapy increases the median survival and the survival rate[48,67].
Subsequently, other drugs enhancing chemotherapy efficiency have been added. The combination with targeted biological agents such as dabrafenib and trametinib, in cases of mutated BRAF and MEK genes, respectively, may overcome this resistance[6,12,72]. In unmutated cases, novel immunotherapy (anti-PD-1 and anti-PD-L1) has been a recent revolution[6,12,72].
Chemotherapy added to radiation therapy further improves survival compared to radiation alone in resected cases as well as in unresected cases[73]. A randomized controlled phase II trial from 34 centers in the United States including 89 patients showed that the combination of paclitaxel chemotherapy with pazopanib, a multitargeted inhibitor of tyrosine kinase receptors and radiation therapy, was feasible, safe and promising[74].
Anlotinib, another new multitargeted inhibitor of tyrosine kinase receptors [VEGF, FGFR, platelet-derived growth factor receptor (PDGFR), c-kit] approved by the United States FDA, in combination with chemotherapy with paclitaxel, capecitabine or paclitaxel, capecitabine, and carboplatin as first-line therapy is a safe and effective treatment for locally advanced or metastatic thyroid carcinoma. As reported, it had an objective response rate of 60%, a disease control rate of 88%, and provided a progression-free survival of 25.1 wk and a median disease specification survival of 96 wk[75,76].

Radiotherapy
Local rapid progression of anaplastic thyroid carcinoma and recurrence are related to the extreme malignancy of the disease. Subsequently, local control is of great importance. Radiation therapy is the main stem of every potent successful management, providing cessation of progression and regression of the tumor extent before surgery as well as prevention of recurrence after attempted surgical resection[6].
Radiotherapy can be applied as a neoadjuvant or definitive adjuvant modality generally by external beam radiation therapy (EBRT), which accelerates hyperfunction and improves median overall survival[24,48,77]. It is a necessary part of the current multimodality treatment combined with surgery, chemotherapy, targeted therapy and novel immunotherapy[9,42,63,73,74].
EBRT was assessed by a multivariate analysis in 433 stage IVC patients with anaplastic thyroid carcinoma as an independent prognostic factor of survival along with surgery and chemotherapy[24]. The optimal dose of hyperfunction EBRT varies between 45-70 G, and a subsequent hypofunction dose > 5 G can prevent local recurrence and death[6]. A retrospective study including 491 patients with anaplastic thyroid carcinoma found that the combination of radiation therapy and chemotherapy provided better overall survival than radiotherapy alone regardless of surgery and distant metastases. Prognostic factors for survival were older age, single marital status, local extension, distal metastases and surgery[73]. Among various management modalities, adjuvant chemoradiation after surgical intervention seems to be the better modality for prolonged survival in stage IVA resectable tumors without negative prognostic factors[67]. Radiotherapy may have synergy with immunotherapy by modulating microenvironmental immunity[62]. Brain metastases account for up to 10% of metastatic cases, with an overall survival of 3 mo[13]. Radiation therapy and lenvatinib targeted therapy have been reported in such cases, but with limited efficacy[14].

Targeted therapies
Targeted therapy by biological agents is based on monoclonal antibodies and is intended to block certain cancer development pathways[56,78-81]. The drugs for mechanisms of some implicated gene mutations include the following: (1) Angiogenesis-lenvatinib, sorafenib, sunitinib, vandetanib, combretastatin; (2) EGFR-docetaxel, gefitinib; (3) BRAF-dabrafenib, vemurafenib, encorafenib; and (4) MEK-trametinib, cobimetinib, binimetinib[24]. The combination of the BRAF inhibitor dabrafenib with the MEK inhibitor trametinib is the most widely used because it is considered more effective than each drug alone[6,24,41,82,83]. Combretastatin targets tumor vascularity. It has been used as adjuvant treatment in combination with paclitaxel - carboplatin but without notable results. Likewise, sorafenib had limited usefulness; instead, other anti-angiogenetic agents, such as vandetanib, sunitinib, and lenvatinib, exhibited significant anti-neoplastic efficacy[24]. Vandetanib, a multitarget tyrosine inhibitor that acts mainly against EGFR and VEGF receptor (VEGFR), promotes apoptosis (programmed cell death) and inhibits tumor growth, migration and invasion[62,84]. Sunitinib, another multitarget tyrosine inhibitor, acts mainly against VEGFR and PDGFR to inhibit tumor growth by deprivation of its blood supply[62]. Lenvatinib is an inhibitor of kinase that inactivates VEGFRs (VEGFR 1, VEGFR 2, and VEGFR 3) and subsequently prevents angiogenesis and tumor growth. It has been used in anaplastic and well-differentiated thyroid carcinoma as an alternative to radioactive iodine, in inoperable hepatocellular carcinoma, and in advanced renal cell carcinoma in combination with everolimus[11,30,85]. Carfilzomib, a proteasome inhibitor approved by the United States FDA for multiple myeloma, is the most effective such drug for treating anaplastic thyroid carcinoma; by acting on cell proliferation and p27 gene overexpression, which promotes apoptosis and cell death[62]. Suberoylanilide hydroxamic acid, a histone deacetylase inhibitor approved by the United States FDA for skin T-cell lymphoma, causes p21 gene overexpression that promotes apoptosis and cell death[62].
A recent study from Japan including 36 patients with unresectable anaplastic thyroid carcinoma treated initially with lenvatinib showed an average survival of 5.8 mo, longer than the 2-mo survival from paclitaxel initial treatment, a response rate of 33% and a median overall survival of 5 mo[86].
Glutamin metabolism and subsequent glutaminolysis are biological features that are highly increased in anaplastic thyroid carcinoma and modulate cancer cell survival by sustaining mitochondrial function and oxygen balance. Glutaminolysis inhibition causes cell death. The tyrosine kinase inhibitors lenvatinib and sorafenib affect this signaling pathway of oncogenesis and enhance the efficiency of conventional chemotherapy, such as doxorubicin or taxanes, which otherwise may have minimal influence on patient survival[12]. ICAM1 is an interesting target of monoclonal antibodies with promising results[57]. The polo-like kinase 4 inhibitor has anticancer efficacy and synergy with sorafenib[87]. CTHRC1 promotes the progression of anaplastic thyroid carcinoma and is associated with worse outcomes[58]. The depletion of fibronectin may overcome resistance to BRAF gene inhibitor treatment. It can be targeted by MARK (ERK) pathway inhibition (ipilimumab, vemurafenib)[88]. Additionally, diclofenac added to BRAF gene inhibitors by targeting metabolism overcomes any resistance and maximizes the treatment effect[89]. Targeting the EZH2 complex promotes anticancer activity and can be a promising strategy[90]. Recent research data showed that one-carbon metabolism had a possible role in metabolic stress, and its targeting would be a valuable promising therapy[12].

Immunotherapy
Immunotherapy has been applied increasingly on a preliminary experimental basis but with promising future perspectives. Thus, it has been included in many research protocols. The existing immunotherapy regimens in combination with targeted therapy (dabrafenib - trametinib) can provide a further potential increase in effectiveness and improved survival benefits[41,91,92]. It is undoubted that the multimodality current treatment plan is accompanied by the best outcomes of this otherwise lethal disease[40]. However, unfortunately, for the mutated BRAF gene wild type, there has not yet been effective treatment[4].
Since the recent innovation of targeted PD-1 and PD-L1 interaction by monoclonal antibodies atezolizumab, spartalizumab and pembrolizumab, the application of immunotherapy has been increasing[6,12,93]. It may be a promising therapeutic choice, especially in those with high PD-1 and PD-L1 expression without BRAF gene mutations[4,40,48,59,94]. Atezolizumab, a monoclonal antibody against PD-L1, gives encouraging results in combination with radiation therapy[31]. Spartalizumab and pembrolizumab are monoclonal antibodies against PD-1[4]. Spartalizumab has been used in a phase II clinical study in unresectable locally advanced or metastatic cases, showing a one-year survival of 40% and a median overall survival of 5.9 mo. Among the side effects, diarrhea, pruritus, fever, and fatigue have been reported[95]. Pembrolizumab has been used in likewise unresectable cases, showing a one-year survival of 38% and a median overall survival of 4.4 mo[96].
Various tumor experimental models of anaplastic thyroid carcinoma microenvironment in mice have been developed for scientific research and monoclonal antibody or other innovative drug production[30,97]. Novel promising therapies, including immunotherapy, multikinase inhibitors, aurora kinase inhibitors, gene therapy by oncolytic viruses, epigenetic modulators, and apoptosis-inducing agents, have been introduced[40,72,76,98,99].

Prognosis and survival
Early diagnosis and treatment yield the best outcome and prognosis[100-102]. A study from the United States including 719 patients found that racial, ethical and socioeconomic status seems to influence survival and prognosis. Nonwhite patients had a lower likelihood of receiving treatment and poorer survival; those living in high poverty had a worse prognosis[103]. A large cohort study from China including 735 patients with multidisciplinary management of anaplastic thyroid carcinoma found an overall survival of 10.7% at 2 years and 8.1% at 5 years. By stage, survival at 2 years was 36.5% (IVA), 15.6% (IVB), and 1.4% (IVC)[9]. A large single institution 20-year study from the United States including 479 patients with multimodality management of anaplastic thyroid carcinoma found a constantly increasing overall survival among three periods of treatment due to progression improvement by the addition of targeted therapy and immunotherapy. The overall survival for 2000-2013 was 35% at 1 year and 18% at 2 years; for 2014-2016, it was 47% at 1 year and 25% at 2 years; for 2017-2019, it was 59% at 1 year and 42% at 2 years[104]. A nationwide cohort study from the Netherlands including 812 patients with management of anaplastic thyroid carcinoma during the period 1989-2016 found a median overall survival of 2.2 mo, overall one-year survival of 12%, and one-year survival of 21.6% in those without distant metastases. Prognostic factors for better survival were age < 65 years, treatment based on more than two to three modalities, without distant metastases and bilateral lymph node involvement[5]. A recent large study including 5359 patients with anaplastic thyroid carcinoma found a total one-year survival of 23%[44]. A nationwide cohort study from Denmark including 320 patients with management of anaplastic thyroid carcinoma during the period 1980-2014 found a 1-year survival of 18% and a 5-year survival of 12%[2].
Another recent large study from China including 1080 patients with stage IVA: 6.3%, IVB: 21.9%, IVC: 71.8% anaplastic thyroid carcinoma management found disease specific survival at 1 mo of 83.1%, at 6 mo, 37.5%, and at 12 mo, 21%. The 1-year disease specific survival was 53.3% for stage IVA, 36.5% for IVB and 13.1% for IVC[35]. A recent study from a tertiary academic hospital in the United States including 45 patients found a median survival of 6.1 mo; smaller tumors and chemotherapy were related to better survival[105]. It was found by regression analysis that age, distant metastases and tumor size were independent factors of worse prognosis[106].
It was found by univariate analysis that distant metastases, lymph node involvement, tumor > 5 cm in size, and local infiltration were predictive factors for worse prognosis[107]. Multivariate analysis showed that the absence of both symptoms and distant metastases was related to longer survival. The asymptomatic patients were younger (≤ 60 years) and had smaller tumors (≤ 5 cm) than symptomatic patients with anaplastic thyroid carcinoma[108]. Another study found by multivariate analysis that age, sex, marital status, multiple primary tumors, distant metastases, and therapy type were independent prognostic factors for cancer-specific survival[109]. A recent large study from China including 1140 patients with anaplastic thyroid carcinoma management found an overall survival of 27.6% at 6 mo, 15.1% at 1 year, and 6.2% at 2 years. The age cutoff was 65 years as a significant predictive factor of improved survival[110]. The predictive factors for favorable prognosis are shown in Table 4.
It has been reported that age ≥ 65 years, palliative surgery and white cell count ≥ 10000/mm3 are predictive factors for worse prognosis[67]. Despite proper management, recurrence with a high incidence may occur. An overall survival of 5-6 mo (specifically 9 mo for stage IVA, 4.8 mo for stage IVB and 3 mo for stage IVC) and a one-year survival of 20% have been reported[43]. Although, the overall prognosis of anaplastic thyroid carcinoma is very poor, in some cases is relatively good. There is evidence that patients with anaplastic carcinoma clearly transformed from papillary thyroid carcinoma, or those with mutated BRAF gene had a significantly better prognosis than other patients. Despite, the conflicting aspects for the above mentioned, it could be possibly explained by the higher expression of PD-L1 in papillary than in anaplastic carcinoma and response to immunotherapy[59] and anti-BRAF targeted therapy[24]. A long-term survival reaching above 5 years has been reported in isolated cases after surgical excision and adjuvant chemotherapy[18,19].

CONCLUSION
Anaplastic thyroid carcinoma is a rare, rapidly growing and extremely aggressive neoplasm with a dismal prognosis. The correct early diagnosis and treatment are important perquisites for the management of an otherwise lethal condition. US and core needle biopsy are used to make the diagnosis. Preoperative imaging, histopathology and molecular testing establish an accurate natural status and determine the therapeutic strategy plan. Complete surgical resection with wide lymphadenectomy whenever possible is the main step followed by chemoradiation therapy, targeted therapy and immunotherapy. Palliation management may improve the quality of an otherwise unbearable life. Novel multimodal treatment that must be personalized offers the best chance to manage this incurable disease.
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Figure Legends
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Figure 1 Scheme of diagnostic steps for anaplastic thyroid carcinoma. CT: Computed tomography; MRI: Magnetic resonance imaging; PET-CT: Positron emission tomography/computed tomography; TNM: Tumor-node-metastasis.
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Figure 2 Scheme of treatment steps for resectable anaplastic thyroid carcinoma.
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Figure 3 Scheme of treatment steps for unresectable anaplastic thyroid carcinoma.

Table 1 Used diagnostic tools for anaplastic thyroid carcinoma
	n
	Modality

	1
	Plain ultrasound or preferably high resolution ultrasound

	2
	Core needle biopsy under ultrasound guidance preferably

	3
	FNA cytology under ultrasound guidance

	4
	Staging imaging (CT, MRI-MRA, 18F-FDG PET-CT)

	5
	Bronchoscopy

	6
	Esophagoscopy

	8
	Fiberoptic laryngoscopy

	9
	Molecular testing (BRAF, MEK, NTRK, RET, RAS, p53 genes)

	10
	MicroRNAs

	11
	PD-L1 expression

	12
	Liquid biopsy

	13
	Histopathology

	14
	Pathological TNM staging


FNA: Fine-needle aspiration; CT: Computed tomography; MRI-MRA: Magnetic resonance imaging/magnetic resonance angiography; 18F-FDG PET-CT: [(18)F]fluoro-D-glucose positron emission tomography/computed tomography; PD-L1: Programmed death-ligand 1; TNM: Tumor-node-metastasis.

Table 2 T classification in tumor-node-metastasis system for anaplastic thyroid carcinoma of American Joint Committee on Cancer and Union for International Cancer Control 8th edition
	T
	Size
	Extension

	T1
	≤ 2 cm
	Limited into thyroid

	T1a
	≤ 1 cm
	Limited into thyroid

	T1b
	> 1 cm and ≤ 2 cm
	Limited into thyroid

	T2
	> 2 cm and ≤ 4 cm
	Limited into thyroid

	T3
	> 4 cm
	Limited into thyroid or extrathyroid macroscopic invasion only of thyroid muscles and subcutaneous tissue

	T3a
	> 4 cm
	Limited into thyroid

	T3b
	Any size
	Extrathyroid macroscopic invasion only of thyroid muscles and subcutaneous tissue

	T4
	Any size
	Macroscopic invasion of major adjacent structures

	T4a
	Any size
	Macroscopic invasion of larynx, trachea, esophagus, recurrent laryngeal nerve

	T4b
	Any size
	Macroscopic invasion of carotid artery, major vessels in mediastinum, prever-tebral fascia




Table 3 Tumor-node-metastasis staging for anaplastic thyroid carcinoma of American Joint Committee on Cancer and Union for International Cancer Control 8th editiona
	Stage
	IVA
	IVB
	IVC

	Parameters
	T1-T3a, N0, M0
	T1-T3a, N1, M0
	Any T, any N, M1

	
	
	T3b, any N, M0
	

	
	
	T4, any N, M0
	


T: Tumor size; N0: Negative regional lymph nodes; N1: Positive regional lymph nodes; M0: Without any distant metastases; M1: Presence of distant metastases.

Table 4 Predictive factors for favorable prognosis of anaplastic thyroid carcinoma
	n
	Factor

	1
	Female patients

	2
	Age ≤ 60 yr

	3
	Married patients

	4
	Asymptomatic patients

	5
	Tumor ≤ 5 cm in size

	6
	Single primary tumor

	7
	Without local tissue invasion

	8
	Without lymph node involvement (N0)

	9
	Without distant metastases (M0)

	10
	Kind of therapy

	11
	Multimodality treatment
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