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Thyroid Hürthle cell carcinoma, known as thyroid eosinophilic carcinoma, is a rare pathological type of differentiated thyroid cancer (DTC), representing 3-4% of all thyroid cancers. However, given the high risk of invasion and metastasis, thyroid Hürthle cell carcinoma has a relatively poor prognosis. Traditional treatment methods have limited effects on patients with metastatic thyroid cancers. Developing a valuable therapy for advanced thyroid carcinomas is an unfilled need, and immunotherapy could represent another choice for these tumors. We herein reported the case of a patient with recurrent advanced thyroid Hürthle cell cancer and positive programmed death-ligand 1 (PD-L1) expression, who suffered tumor progression after re-surgery, radiotherapy, and targeted therapy. It is encouraging that PD-1 inhibitors in combination with GM-CSF and stereotactic body irradiation (SBRT) on metastatic disease have a significant anti-tumor effect.
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Introduction

Thyroid cancer is the most common endocrine malignancy, with an increasing global incidence in recent decades. It is mainly divided into four histological types, namely papillary thyroid carcinoma (PTC), follicular thyroid carcinoma (FTC), medullary thyroid carcinoma, and thyroid anaplastic carcinoma. The PTC and FTC are collectively referred to as differentiated thyroid cancer (DTC) (1, 2). Hürthle cell carcinoma (HCC) has been traditionally classified as a variant of follicular cancer (3). However, in the 4th edition of the WHO Classification, Non-invasive cases are called Hürthle cell adenoma, and cases with capsular or vascular invasion are called Hürthle cell carcinoma, both of which are composed of more than 75% oncocytic cells (1, 4).

Therapies for thyroid cancer mainly include surgery, radioactive iodine (RAI), and TSH Inhibition. Thyroid cancer is generally associated with a good prognosis, with a 5-year overall survival (OS) rate of 98%. Yet, roughly 10% of patients with DTC experience advanced invasive primary disease, 5% have distant metastases, and 20–30% experience disease relapse (5). Age, tumor size, and gender are prognostic factors of HCC, and tumor extension and recurrence are often associated with poor prognosis and increased mortality (6). Treatment protocols for recurrent thyroid cancer are finite. Sorafenib and lenvatinib are oral multikinase inhibitors targeting VEGFR and are approved for radioiodine(RAI)-refractory differentiated thyroid cancer. Besides, immunotherapy targeting the PD-1/PD-L1 axis inhibited tumor growth in several pre-clinical and clinical trials of aggressive thyroid cancers (7). The expected overall response rate of TC patients to immune checkpoint inhibitors is 20-40%, which is similar to other cancers (8).

The clinical use of immune checkpoint inhibitors has extended to a variety of malignancies, but are not yet approved for advanced thyroid carcinoma (9). We can see their indications in preclinical studies, a few case reports, and clinical trials (9). There is no standard treatment to improve immune response and correct drug resistance, the most important and effective measure is immunotherapy combined with other therapies, aiming to turn ‘cold’ tumors into ‘hot’ tumors (10). This case report demonstrated the effectiveness of immunotherapy combined with SBRT and GM-CSF for HCC (Figure 1), but the role of the combination therapy needs further study.




Figure 1 | Timeline of the case history.





Case Presentation

A 35-year-old man visited the clinic with a neck mass on October 20, 2010. Ultrasonography showed an abnormal mass in the right lobe of the thyroid gland. Thereafter, the patient underwent partial right thyroidectomy and the pathological examination revealed a thyroid follicular adenoma with hemorrhagic cystic degeneration. However, the pathology consultation in another hospital indicated Hürthle cell carcinoma (eosinophilic follicular carcinoma, poorly differentiated) and the immunohistochemistry results(Supplementary Figure 1) showed TTF-1 (+++), CK8/18 (++), PCK (+), VIM (+), TG (+), SYN (-), and CGA (-). Magnetic resonance imaging (MRI) and computed tomography (CT) one month later indicated a right inferior thyroid space-occupying lesion and multiple nodules in both lungs and the liver. Subsequently, the patient received eight cycles of chemotherapy consisting of docetaxel and carboplatin. About seven years later, on June 23, 2017, the patient underwent brain surgery and postoperative radiotherapy (45 Gy in 10 fractions) for a metastatic tumor in the left temporal lobe. Thereafter, the patient had a follow-up of about 1.5 years, with no clinical or radiographic evidence of recurrence and metastasis. On April 29, 2019, due to the enlargement of the neck mass, the patient underwent thyroid lobectomy on the left, resection of residual tissue on the right, bilateral recurrent laryngeal nerve exploration, and central lymph node dissection.

On April 10, 2020, the patient visited our hospital due to hemoptysis and bronchoscopy showed new cauliflower-like growth in the upper trachea about 2 cm from the glottis. The pathological examination indicated thyroid Hürthle cell carcinoma. The CT scan indicated multiple enhanced nodules in the endotracheal cavity, IV region of the right neck, and both lungs. These results indicated the recurrence and metastasis of thyroid cancer. To relieve the symptoms of bleeding and compression, oncologists administered tracheal local palliative radiotherapy (70 Gy in 35 fractions). Genetic tests were performed on June 8, 2020, and the heterozygous mutation c.2307G > T (p. Leu 769) was detected in the RET gene, while no mutation was detected in the BRAF gene, RAS (KRAS/NRAS) gene, PIK3CA gene and TP53 gene (wild-type). The patient was started on Sorafenib (400 mg, twice a day) as targeted therapy. One month later, a CT scan showed that the lung nodules were larger than before, and the patient was treated with radiotherapy (48 Gy in 6 fractions) for pulmonary metastases. After two cycles of targeted therapy, re-examination revealed that the original neck and lung lesions were smaller, but the soft tissue masses from the front lower neck to the front chest wall on the right side had enlarged. The multi-disciplinary team (MDT) suggested right neck exploration plus functional neck dissection. The postoperative pathology (Figure 2) indicated metastasis of thyroid Hürthle cell cancer, and the immunohistochemistry showed CK19 (-), P53 (+), PCK (+), Tg (-), TTF-1 (+) and Ki67 (+, 70%).




Figure 2 | Hisopathological and immunohistochemical examinations. (A) 100 times. Dense eosinophilic cytoplasm, with red staining and large obvious nucleous. (B) 200 times. Large cell with abundant eosinophilic cytoplasm and a large hyperchromatic nucleus with a prominent nucleolus, obvious nuclear heteromorphism, and visible mitotic strutures. (C) 400 times. (D) The positive rate of Ki67 is 70%. (E) TTF-I positive. (F) CK19 negative. (G) TG negative. (H) PCK focal positive. (I) P53 part positive.



Three months later, a CT scan showed more and larger nodules in both lungs, and newly enlarged nodules in the right adrenal gland (Figures 3, 4). The supplementary immuno-histochemical staining of the tumor tissue showed the PD-L1 expression is positive and the tumor proportion score is 80%(clone 22C3) (Supplementary Figure 2). In this subsequent visit, the tumor had progressed, and the MDT recommended triple therapy. On January 25, 2021, the patient received an intravenous PD-1 inhibitor (sintilimab, 200 mg) on the first day, followed by SBRT (32 Gy in 4 fractions) for the metastatic lesion in the right adrenal gland. After SBRT, GM-CSF was injected subcutaneously at a dose of 200 μg per day for 2 weeks. One week after the last dose, the patient had significant improvement in cough and dyspnea. Re-staging scans after two cycles of immunotherapy (three weeks per cycle) revealed a partial response (RECIST v1.1). The CT scans showed that the multiple nodules in the lungs and the right adrenal gland were smaller than before (Figures 3, 4). Moreover, no general adverse events were observed during the treatment. Though the chest CT showed lung inflammation (Supplementary Figure 3), the patient had no symptoms. The immunotherapy has been well-tolerated to date.




Figure 3 | Abdomen CT scans before and after one cycle of triple-combination therapy and two cycles of sintilimab treatment.






Figure 4 | Chest CT scans before and after one cycle of triple-combination therapy and two cycles of sintilimab treatment.





Discussion

Hürthle cell carcinoma of the thyroid (HCC), is a type of oncocytic or oxyphilic malignancy comprising of at least 75% Hürthle cells, and with capsular and/or vascular invasion (11). Compared to other types of DTCs, HCC has a higher risk of lymph node metastases and distant metastases and is less sensitive to radioiodine therapy. The 5-year mortality rate of HCC with distant metastases is up to 80% (12). The overall recurrence rate is 12-33%, and the meantime to recurrence is 90.74 months (13). A population-based study on thyroid cancer patients based on the data acquired from the SEER database between 1988 and 2009, analyzed 3311 patients with HCC and 59,585 patients with other types of DTCs (ODTCs). Compared with ODTC, patients with HCC were older (average age, 57.6 years vs 48.9 years; p < 0.001) and more likely to be male (31.1% vs. 23.0%; p < 0.001). The overall survival rate and disease-specific survival rate of HCC patients were both low (p < 0.001) (14). Vera Wenter et al. conducted a retrospective study in which 126 patients with oncocytic follicular Hürthle cell carcinoma (OFTC) and 252 patients with classical follicular thyroid carcinoma (FTC) were observed, OFTC patients had a significantly higher recurrence rate (17% vs. 8%; p = 0.037), while the mean disease-free survival (mDFS) was 20.1 years and 17.9 years separately (p = 0.027). Multivariate analysis showed OFTC (HR 0.502; 95% CI: 0.309–0.816) was the single independent prognostic factor for DFS (15).

Surgical resection is the standard treatment for most patients who suffer from thyroid cancers, while radioactive iodine therapy and TSH suppression treatment are required for those with high-risk factors (7). The therapies targeting MAPK pathway, PI3K/Akt-mTOR pathways, or VEGF, and immunotherapies such as CTLA-4 inhibitor and PD-1/PD-L1 inhibitor, have altered the therapeutic strategies for the aggressive types of thyroid cancer (16). However, due to the rarity of HCC, its pathological features and behavior are not yet clear, and there is currently no consensus regarding the optimal treatment modality. Immune checkpoint inhibitors have demonstrated remarkable efficacy in recent years in the treatment of advanced thyroid carcinoma. In the phase Ib KEYNOTE-028 clinical trial, the safety, tolerability, and anti-tumor activity of pembrolizumab(an anti-PD-1 antibody) were assessed in 22 patients with locally advanced or metastatic DTC and PD-L1 expression positive. Two patients with PTC achieved partial response after 4 and 5 months of treatment, and the response duration time was 20 and 8 months, separately. Moreover, stable disease (SD) was seen in 4 (57%) of 7 patients with follicular tumors and 9 (60%) of 15 patients with papillary tumors. The median progression-free survival (PFS) was 7 months (95% CI: 2-14 months) and the median overall survival (OS) was not reached (17).

Immunotherapy is one of the most successful cancer therapeutic strategies. This treatment approach aims to enhance the immune response of the host to tumors. Although dramatic tumor regression was seen in patients’ responses to ICIs, the majority of the patients show poor responses (18). Current evidence suggests that the efficacy of immunotherapy can be improved by combining other treatments, but the mechanism that drives effective tumor response has not been well elucidated. In NSCLC, a meta-analysis showed that immunotherapy combined with other treatments (e.g. chemotherapy, targeted therapy, double agent immunotherapy) significantly improved OS (HR = 0.74, 95% CI: 0.63–0.85, p = 0.001), PFS (HR = 0.74, 95% CI: 0.63–0.85, p = 0.001), and ORR (OR = 1.51, 95% CI: 1.02–2.00, p < 0.001) (19).

Traditionally, radiation therapy kills tumor cells mainly through direct cytotoxic effects including irreparable DNA damage induced by double-strand breaks, resulting in cell-cycle arrest and cell death (20). Accumulating evidence showed radiotherapy has immunomodulatory effects. Radiotherapy can induce immunogenic cell death and release tumor-associated antigens (TAAs), danger signals, and cytokines (21). Radiotherapy modulates the tumor immune microenvironment, especially the blood vessels, infiltration of lymphocytes, and expression of immune checkpoint ligands (22). Radiation activates dendritic cells and enhances tumor antigen cross-presentation, and increases tumor cell susceptibility to immune-mediated cell death when combined with checkpoint inhibitor immunotherapy (23). Additionally, radiotherapy combined with immune checkpoint blockers (ICBs) enhances both the local impact of radiation and the systemic effects of immunotherapy, which could help to overcome resistance to immune checkpoint inhibitors (24).

In the murine model of metastatic melanoma and renal cancer, stereotactic radiotherapy combined with anti-PD-1 treatment showed a complete regression of the irradiated tumor, and the volume of distant metastatic tumors was significantly reduced (25). A patient who suffered metastatic renal cell carcinoma (RCC) achieved a systemic complete response in only 2.2 months of concurrent treatment combined with SBRT and pembrolizumab (26), which indicated that the combination of radiotherapy and immunotherapy may be a promising method to improve anti-tumor response. In a secondary analysis of the Phase I KEYNOTE-001 study, among the patients who received pembrolizumab, PFS and OS were significantly longer in those who received prior radiation therapy than those who did not (27). To the best of our knowledge, the PEMBRO-RT study is the first randomized trial to assess the synergistic effect of SBRT combined with PD-1 blockade in patients with metastatic NSCLC, overall response rate (ORR) increased from 18% in the control arm to 36% in the experimental arm (28). Clinic trials are ongoing to evaluate the optimal radiation dose, timing, and sequencing of radiation therapy and immunotherapy.

The abscopal effect refers to the clinical phenomenon whereby radiotherapy at the irradiated field may lead to regression of tumors in the non-irradiated area (29). Long-term anti-tumor immunity is very rarely observed by radiotherapy alone. Hence, blocking the PD-1/PD-L1 axis could alleviate the immune limitations of RT in the current era of cancer immunotherapy (30). A retrospective single-center study was conducted to evaluate abscopal effects during anti-PD-1 therapy and irradiation. Among 126 cancer patients who treated with PD-1 inhibitors and RT, 67 (53%) of 126 patients received concurrent combination therapy, and 24 (36%) of 67 patients met inclusion criteria, namely RT started within a month from the first and last dose of PD-1 inhibitors (pembrolizumab or nivolumab) and at least one metastasis outside the irradiation field. Abscopal effects were observed in 29% (7/24) patients (31). In addition, absolute lymphocyte count after radiation therapy may influence the occurrence of abscopal effects and prognosis in patients treated with RT and immunotherapy (32). Many ongoing clinical trials combining radiotherapy with checkpoint inhibitors are currently recruiting for different types of tumors (33) (e.g., NCT03557411, NCT03042156).

The combination of radiotherapy and immunotherapy is one of the current research focuses, several cases have confirmed the synergistic effect of immunotherapy and radiation. RT plus ICIs can relieve the intratumoral immunosuppression, increase tumor immunogenicity and tumor antigens release and presentation, eventually induce systemic tumor control (34). Programmed death ligand-1 (PD-L1) expression and mismatch repair deficiency (or microsatellite instability high) are FDA-approved biomarkers that predict response to ICIs in solid tumors treatment (35). Recent studies showed the expression of PD-L1 in thyroid cancer ranging between 23% and 87% (36). Increasing PD-L1 expression in PTC patients is associated with higher a risk of recurrence and shorter DFS, and may serve as a prognostic marker (5). To our knowledge, higher levels of PD-L1 expression in tumor tissues were associated with response rates and better survival in some ICIs clinical trials.

Furthermore, biological immunomodulators can improve the clinical response to anti-cancer treatment. cytokines such as GM-CSF, TNF-α, IFN-α, IL-2, IL-15, IL-12, and radiotherapy have synergistic effects (37). GM-CSF is an important cytokine for the regulation of anti-tumor immune response, which participates in the activation of innate and adaptive immunity. Preclinical data showed that GM-CSF in combination with RT can boost the abscopal effect (38). A proof-of-principle study suggested that GM-CSF combined with local radiotherapy lead to abscopal effects in some patients with metastatic solid tumors, resulting in an overall responses rate of 26.8% (11 patients out of 41) (39). Similarly, animal experiments showed that GM-CSF in combination with ICIs can improve antigen presentation and recruit T cells to infiltrate the tumor microenvironment, and thereby enhancing the effectiveness of PD-1/PD-L1 inhibitors (40, 41). A randomized clinical trial reported that in patients with unresectable stage III or IV melanoma, sargramostim plus ipilimumab had longer OS and lower toxicity compared to ipilimumab alone, but PFS had no difference (42).

To the best of our knowledge, there was just one case report of a PD-L1-negative patient with refractory metastatic esophageal squamous cell carcinoma who experienced significant systemic effect after receiving triple therapy comprising of radiotherapy, a PD-1 inhibitor, and GM-CSF, which indicated that radio-sensitization of immunotherapy might be involved in the underlying mechanism (43). Herein, we reported a patient with recurrent Hürthle cell carcinoma who underwent re-operation, radiotherapy, and targeted therapy, but the metastatic lesions continued to progress. This recurrent HCC case did not benefit from sorafenib. Given that the disease progressed after multi-line therapies, our team recommended immunotherapy for the patient. Numerous cases have shown that combined radiotherapy and GM-CSF could enhance systemic immune response, which is a promising therapy for both primary and distant metastases tumors. Although combination therapy can improve the curative effect, tolerance and adverse reactions should be monitored. Another case report innovatively used triple-combination therapy in esophageal squamous cell carcinoma (ESCC) and obtained short-term benefits, but the patient died of severe pneumonia (43). A Phase I trial of cemiplimab, radiotherapy, cyclophosphamide, and GM-CSF in patients with recurrent or metastatic head and neck squamous cell carcinoma, did not demonstrate higher efficacy than other PD-1 inhibitor monotherapies but showed tolerability of the regimen, and the most common treatment-emergent adverse events (TEAEs) included fatigue (40%), constipation (26.7%), asthenia, dyspnea, maculopapular rash, and pneumonia (20% each) (44). The SWORD trial reported the preliminary results of feasibility and safety of the triple combination of a PD-1/PD-L1 inhibitor, SBRT and GM-CSF in advanced solid tumors (45).

HCC led to a worse prognosis in cases with widely invasive tumors, male patients, older age, more than four foci of angioinvasion, tumor larger than 4 cm, and/or TNM stage III-IV (46). According to the recent American Thyroid Association (ATA) guidelines and NCCN Thyroid Cancer guidelines, for recurrent or metastatic HCC, treatment options include radioiodine, radiofrequency ablation, ethanol ablation, external beam radiotherapy, and systemic therapy (3). Nonetheless, options such as tyrosine kinase inhibitors (levantinib or sorafenib) show benefits in PFS, but not in OS. Moreover, a case report of a patient with progressive and metastatic HCC, found that recurrent HCC cases did not benefit from panitumumab and the criterion of RAS wild-type status seems to be insufficient for these recurrent thyroid cancer cases (47). Therefore, this case report may provide a possible treatment method for patients with advanced thyroid Hürthle cell carcinoma.



Conclusion

This case report showed the efficacy of immunotherapy combined with distant radiotherapy and GM-CSF in a patient with thyroid Hürthle cell carcinoma. HCCs are poorly avid to radioiodine and poorly responsive to chemotherapy and radiation. A greater understanding of molecular pathogenesis and epigenomics will help to diagnose and manage thyroid cancers. Thyroid cancer is an immune-related tumor, and immunotherapy is a promising choice. ICIs are emerging as possible novel therapeutics for advanced thyroid carcinomas. The ongoing preclinical and clinical trials may prove the efficacy of immune monotherapy or combined with chemotherapy, radiotherapy, or targeted therapy.
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