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Abstract
BACKGROUND
Anaplastic thyroid carcinoma (ATC), also called undifferentiated thyroid cancer, is the least common but most aggressive and deadly thyroid gland malignancy of all thyroid cancers[1]. It has poor prognosis, and is the leading cause of death from malignant thyroid tumors. The one-year survival rate is 20%, with a median overall survival (OS) of only 5 mo[2]. The aim of this report is to provide our experience in the diagnosis and treatment of ATC.

CASE SUMMARY
A patient with a thyroid mass underwent surgical treatment after developing symptoms of hoarseness. The resected tumor was pathologically diagnosed as ATC. Imaging examination revealed organ and lymph node metastasis. After multiple cycles of chemotherapy and local radiotherapy, the metastases were not relieved and gradually increased in size and new metastases appeared. The patient immediately received immunotherapy combined with targeted therapy. During treatment, immune-related adverse reactions occurred, which were improved after symptomatic treatment, and tolerated by the patient. The OS of the patient was more than 30 mo after immunotherapy combined with targeted therapy.

CONCLUSION
For metastatic ATC, surgical treatment, radiotherapy and chemotherapy have no significant effect on remission of the disease.  However, immunotherapy has made a breakthrough in the treatment of ATC.
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Core Tip: Anaplastic thyroid carcinoma (ATC) is a rare thyroid malignancy, it is extremely aggressive and has a very low survival rate. Immunotherapy combined with targeted therapy results in prolonged survival and good quality of life. We summarize the relevant clinical data and review the literature. This report aims to provide clinical experience in the treatment of an ATC patient by immunotherapy combined with targeted therapy.


INTRODUCTION
Anaplastic thyroid carcinoma (ATC) is an undifferentiated tumor which is derived from follicular epithelial cells of the thyroid. The annual incidence of ATC is 1-2/1 000000 and accounts for 1%-2% of all thyroid carcinomas[3]. The prognosis of patients is associated with age, socioeconomic status, distant metastases, surgery, chemotherapy, etc[4,5]. At present, there is no definite or standardized treatment for ATC in order to prolong the survival of patients. Treatments include surgery, radiation, chemotherapy, immunotherapy, and targeted therapy. Patients are often diagnosed at advanced stages of the disease and it is difficult to completely remove ATC by surgery[6]. As a result, the overall response rate is usually very low, so is the overall survival rate. Due to the poor prognosis and lack of treatment, molecular characterization of the tumor may provide more targets and provide patients with more therapeutic options[7]. We here summarize the clinical diagnosis and treatment of an ATC patient. The patient showed significant improvement in survival following targeted therapy and immunotherapy. 

CASE PRESENTATION
Chief complaints
A 65-year-old man was admitted to hospital due to hoarseness, cough and expectoration for 3 mo.

History of present illness
He was found to have a thyroid mass on physical examination.

History of past illness
The patient had no relevant medical history

Personal and family history
There was no personal history of tobacco or alcohol consumption or any other family medical history.

Physical examination
Neck examination showed no abnormal sign.

Laboratory examinations
Laboratory examination were unremarkable.

Imaging examinations
He was found to have thyroid nodules on thyroid ultrasound. And underwent thyroidectomy. Pathological diagnosis of the resected tissue suggested the possibility of ATC (Figure 1). Ten days later, positron emission tomography-computed tomography (PET-CT) showed multiple metastases in the right hilar and mediastinal lymph nodes, and left adrenal metastases (Figure 2). One month later, CT re-examination showed that mediastinal lymph node and left adrenal metastases were larger than before (Figure 3A). During chemotherapy, repeated CT showed that the mediastinal lymph nodes were not significantly changed, and left adrenal metastases were larger (Figure 3B). Brain magnetic resonance imaging (MRI) showed a cerebellar mass, which was considered to be metastasis (Figure 3C). In these two years of combination therapy, the results of regular review of brain MRI are as follows (Figure 4).

FINAL DIAGNOSIS
The patient was diagnosed with ATC with brain and adrenal metastases.

TREATMENT
The patient received multiple cycles of chemotherapy after thyroidectomy. During this period, the patient received radiotherapy to the thyroid tumor bed and metastases, with a planned prescribed dose of 2.0 Gy/fraction × 28 fractions. After the appearance of brain metastases, He then received radiotherapy for cerebellar metastases at a prescribed dose of 3.0 Gy/fraction × 14 fractions. After recurrence of metastasis, nivolumab (240 mg every two weeks) was administered in combination with cabozantinib (40 mg) for two years. During the treatment, the patient experienced some immune-related adverse events (irAEs) and vascular endothelial growth factor receptor-tyrosine kinase inhibitor toxicity, mainly gastrointestinal toxicity and pneumonia, manifested as abdominal pain, diarrhea, cough and dyspnea, However, the patient developed arteriovenous thrombotic events, which were considered to be caused by cabozantinib, so the drug was discontinued. But the patient insisted on anti-programmed death-1 (PD-1) therapy for two years, during which time, after symptomatic treatment with glucocorticoids, the grade of irAEs could be controlled below grade 1[8]. After re-follow-up, the dose of nivolumab was changed to 200 mg once every three weeks.The whole treatment process of patients is shown in Table 1.

OUTCOME AND FOLLOW-UP
The patient's cerebellar and adrenal lesions were significantly reduced, and the corresponding symptoms also disappeared gradually. Clinical benefit was observed over 30 mo.

DISCUSSION
ATC has a high degree of malignancy and rapid progression, and its imaging diagnosis is difficult[9]. The positive rate of fine needle aspiration cytology is not high, and confirmation of the diagnosis mostly relies on postoperative pathology[10]. The patient in this report developed hilar and mediastinal lymph node and adrenal metastases, and was treated with chemotherapy, palliative radiotherapy and targeted therapy, but the disease was not controlled. He was subsequently treated with targeted therapy combined with immunotherapy. Nivolumab is a monoclonal antibody that can bind to the PD-1 receptor, which can block the interaction between PD-1 and PD-L1/PD-L2, alleviates inhibition of the PD-1 pathway-mediated immune response, and restores tumor-specific T cell immunity. This combination allows the tumor cells that are otherwise induced by T cells to be released, in order to re-identify the tumor cells and attack and kill them[11]. By targeted therapy, it means that appropriate anti-cancer drugs are used to precisely hit cancer cells, thereby killing tumor cells and preventing continued tumor growth[12]. The targeted anti-cancer drug can specifically select the carcinogenic site and combine with it to produce an effect in vivo, inducing apoptosis of tumor cells, but does not affect the normal tissue cells around the tumor; thus, it will not damage the normal cells of the body[13]. However, a single targeted therapy does have some limitations. Cancer cells can become resistant; the targets themselves change due to mutation, so that targeted therapy does not interact well with them[14]. Similarly, after long-term immunotherapy, tumor cells may undergo further variation, thereby evading the inhibition effect of immunotherapy. In addition, targeted therapies can also modulate immune responses. By analyzing the advantages and disadvantages of targeted drugs and immunotherapy, we have realized that these two therapies may have complementary effects in cancer treatment, and the combination of the two may increase the therapeutic effect[15]. In the present case, The resected tumor tissue was sent for immunohistochemical analysis and targeted next generation sequencing. However, only the RET gene was mutated. Treatment with Immunologicals may not have a significant therapeutic effect. So we used Cabozantinib. At that time, Nivolumab was relatively mature, more experiments were performed in other cancers, the safety was high, and furthermore, the subjective willingness of patients was strong, and the drugs were purchased and used on their own. the patient was treated with cabozantinib and nivolumab, and clinical benefit was seen over 30 mo. At present, the patient is alive and regularly followed up. In this patient, it was confirmed that immunotherapy and/or targeted therapy against PD-1 may be an effective treatment strategy for ATC, which can prolong survival of patients with ATC and may provide more treatment possibilities. Of course, there are still some issues to be resolved. While immunotherapy can relieve the disease and improve the patient survival, it will also cause immune-related adverse reactions. Therefore, to select a more appropriate treatment strategy according to individualized risk and benefit is important. However, it is expected that the survival rate of ATC can be improved by immune combined targeted therapy.

CONCLUSION
In this case report, it was confirmed that immunotherapy and/or targeted therapy against PD-1 may be an effective treatment strategy for ATC, which can prolong the survival of patients with this disease and provide more treatment possibilities. Finally, it is hoped that some treatment options can be better improved through immune combined targeted therapy to improve the survival rate of ATC.
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Figure Legends
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Figure 1 Pathological features. A: First, the border was unclear, invasive growth was wide, and there was no capsule, and second, the tumor was extensively necrotic; B: Nuclear pleomorphism was evident, cells were small, and diffusely distributed, and finally, mitotic activity was high and invasion was strong.
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Figure 2 Positron emission tomography-computed tomography showed left adrenal metastases (On September 14, 2017). A: Computed tomography (CT) showed left adrenal metastasis; B: Cross-sectional positron emission tomography (PET) showed left adrenal metastasis; C: PET and CT fused layer showed left adrenal metastasis; D: Coronal PET-CT showed left adrenal metastasis. 
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Figure 3 Metastasis during chemotherapy. A: Left adrenal lesion after two cycles of TP chemotherapy; B: Significant enlargement of the left adrenal lesion after chemotherapy; C: Brain metastases.
C: Brain metastases.)
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Figure 4 Changes in brain metastases during combined immune and targeted therapy. A: Brain magnetic resonance imaging in October 2018; B: Brain magnetic resonance imaging in January 2019; C: Brain magnetic resonance imaging in June 2019; D: Brain magnetic resonance imaging in December 2019.



Table 1 Summarize the treatment of this case
	Treatment mode
	Starting and ending time
	Efficacy

	Surgery
	August 30, 2017
	Tumor resection; Disease progression

	Chemoradiotherapy
	October, 2017-April, 2018
	Brain metastasis

	Targeted therapy (Cabozantinib)
	May, 2018-April, 2020
	Organ metastases gradually shrink

	Immunotherapy (Nivolumab)
	July, 2018-
	Prolonged progression-free survival
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