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Abstract
BACKGROUND
[bookmark: _Hlk65061862]The management of metastatic progressive radioiodine-resistant differentiated thyroid cancer remains challenging for clinicians. The availability of tyrosine kinase inhibitors (TKIs), sorafenib and lenvatinib, within the last decade has expanded treatment options; however, these lead to significant adverse effects, which may curtail their use.

CASE SUMMARY
We report the case of a 47-year-old female with Hurthle cell thyroid cancer who underwent total thyroidectomy followed by radioiodine ablation. During follow-up, she developed noniodine-avid renal and pulmonary metastases. With respect to her pre-existing diabetes, hypertension, and polycystic kidney disease, the tumor board decided against performing renal metastasectomy because of the risk of future renal decline requiring dialysis. Metastases were treated using sorafenib, which provided stability followed by progression within a year. We switched to lenvatinib, which led to disease regression. However, the patient experienced severe adverse effects, including cardiomyopathy, bicytopenia, renal impairment, and the rarely reported nephrotic syndrome. Renal metastasis is a rare manifestation of Hurthle cell thyroid cancer with only two reported cases in literature. We report the experience of our first case of renal metastasis and its treatment with TKIs. This case serves as a reminder of the adverse drug reactions associated with TKI use.

CONCLUSION
We advocate close monitoring of patients’ hematological and renal profiles as well as their cardiac status using an echocardiogram.
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Core Tip: The present case study provides a unique learning and case management experience. Our patient had widespread metastasis from a histopathologically low-risk thyroid cancer coupled with two decades of survival despite noniodine-avid metastasis, treatment of renal metastasis with tyrosine kinase inhibitors, and the development of multisystem adverse events, including rare nephrotic syndrome.

INTRODUCTION
The worldwide annual incidence of thyroid cancer is increasing, and it is the most common cancer that involves the endocrine organs[1]. This increase is thanks to the improved availability and sophistication of imaging technologies, such as high-resolution ultrasonography of the neck. This has led to early detection of small tumors. According to the Surveillance, Epidemiology, and End Results database, the mortality rate of thyroid cancer is exceptionally low at 0.5 per 100000 individuals per year. Moreover, the 5-year survival rate of thyroid cancer is 98.3% because of early detection as well as a predominantly localized disease[2]. In Saudi Arabia, the incidence of thyroid cancer subtypes show a pattern similar to the rest of the world, with papillary thyroid cancer at 85%, follicular thyroid cancer at 5.7%, and medullary thyroid cancer at 3.1%. However, the incidence of thyroid cancer among Saudi citizens in 2015 was 8.5% of all newly diagnosed cancers[3]. This contrasts with a much lower annual rate of 2.9% in the United States[2]. The exact reason for this is unknown. However, possibilities include iodine deficiency in the region, exposure to depleted uranium in the previous Gulf war, and increasing prevalence of obesity in the area.
The prognosis for patients with radioactive iodine (RAI)-avid metastatic disease remains good, with a 56% 10-year survival in avid metastasis vs 10% 10-year survival in noniodine-avid metastasis[4]. Over time, nearly two-thirds of these distant metastases progress to RAI-nonavid disease, similar to our case. Such cases present a treatment challenge. Within the last decade, the US Food and Drug Administration (FDA) approved tyrosine kinase inhibitors (TKIs), sorafenib and lenvatinib, for treating RAI-resistant progressive metastatic differentiated thyroid cancers (DTC). Patients treated with multi-targeted TKIs have shown progression-free survival in the DECISION[5] and SELECT[6] phase 3 clinical trials, albeit the overall survival benefit was not reached in these trials. However, these treatment options have undesirable side effects, which were experienced by > 95% of patients in both trials. We describe a unique case who presented with a confluence of adverse events (AEs) associated with the use of lenvatinib, including nephrotic syndrome, renal impairment, cardiomyopathy, and bicytopenia.

CASE PRESENTATION
Chief complaints
A 47-year-old female patient presented to our clinic in January 2001 with a swelling on the left side of her neck.

History of present illness
The patient noticed that the swelling gradually increased over the preceding six months without any pain or pressure symptoms.

History of past illness
She had a history of hypertension (HTN) and type 2 diabetes (T2DM) that were being treated with oral agents.

Physical examination
Physical examination revealed a non-tender swelling on the left side of her neck. It moved during the swallowing, was firm in consistency, and had no tethering of overlying skin. In addition, no palpable cervical lymph nodes were detected.

Laboratory examinations
Her complete blood count parameters as well as renal and thyroid function tests were normal.

Imaging examinations
An ultrasound scan of the neck revealed a large solid hypoechoic lesion with ill-defined margins measuring a maximum of 2.8 cm in the left lobe of the thyroid gland.

Further diagnostic work-up
Fine needle aspiration cytology showed follicular cells (many of which demonstrated a Hurthle cell change), raising the suspicion of Hurthle cell neoplasm.

FINAL DIAGNOSIS
[bookmark: _Hlk65061658]She underwent total thyroidectomy in January 2001, and the procedure was uneventful. Histopathology showed Hurthle cell thyroid cancer (HCTC) with maximum tumor size of 2.5 cm. There was one focus of capsular and two foci of small vessel invasion, and the tumor extended to the perithyroidal soft tissue. One focus of micropapillary thyroid cancer, measuring 0.5 cm, was present in the left lobe without any invasion.

TREATMENT
She underwent diagnostic iodine 123 whole-body scan (WBS), which showed a tracer uptake of 1% in the thyroid bed. There was no uptake outside the neck. The stimulated thyroglobulin (TG) level upon thyroxine withdrawal was 723 mcg/L (reference 0-55 mcg/L) with thyrotropin stimulating hormone level of 59 mU/L (reference 0.35-5.5 mU/L) and free thyroid hormone (FT4) level of < 2 pmol/L (reference 11-23 pmol/L). Anti-TG antibodies were absent. She was administered a dose of 147 millicuries (mCi) radioiodine (RAI) ablation. Her post-therapy scans four days later did not show any new lesions.
In 2002, she had a recurrence in the neck, which was treated with bilateral neck dissection. Fourteen dissected lymph nodes were free of metastases. However, the pre-tracheal tissue deposit showed HCTC with prominent vascular invasion. This was followed by 60 Grays (Gy) of external beam radiotherapy to the neck delivered in two phases.
She continued to have an exceedingly high TG level, for which we performed diagnostic iodine 123 WBS that did not show any persistent or recurrent disease. In addition, 18F-fluorodeoxyglucose (FDG) positron emission tomography (PET) scan in 2003 showed no evidence of metastatic disease. In 2004, she underwent computed tomography (CT) scan of the chest, abdomen, and pelvis. CT revealed a solitary nodule (7 mm in size) in the middle lobe of the right lung, which remained stable on follow-up monitoring. Moreover, CT showed hepatic and bilateral renal cysts with radiological appearance consistent with polycystic kidney disease (PCKD). We administered another dose of 200 mCi RAI as empirical therapy in 2006 because of persistently elevated TG, although diagnostic iodine 123 WBS was negative. Her post-therapy scan did not show any radiotracer uptake.

OUTCOME AND FOLLOW-UP
She was continuously monitored, and in 2011, FDG PET scan showed FDG-avid right renal mass measuring 4 cm in size and multiple micronodules in both the lung parenchyma (Figure 1). Iodine 123 WBS did not show any iodine-avid metastases (Figure 2). CT-guided biopsy of the renal mass revealed a renal oncocytoma. Given the benign nature of this renal tumor, she was monitored by urologists with no intervention. Lung nodules continued to increase in number and size, with some increasing to > 1.5-2.0 cm in size. Given this progression, in 2015, we suggested sorafenib. She reported that she felt healthy and elected not to pursue this option and was lost to follow-up. She revisited the clinic toward the end of 2017 when CT of the trunk showed significant progression of the pulmonary metastasis with some nodules > 2.5 cm in size (Figure 3). The renal mass also progressed in size, reaching 6 cm with evidence of invasion to the right renal vein. This etiology was inconsistent with a benign tumor; therefore, we reviewed the original biopsy from the renal mass. Immunohistochemistry was positive for thyroid transcription factor 1, paired box 8, and TG, which confirmed metastases from HCTC to the kidney.
The urology tumor board decided against performing a right nephrectomy because it would have left the patient with a solitary kidney with large cysts. Because of existing T2DM and HTN, there was a significant risk of future renal decline requiring renal replacement therapy; hence, no intervention was offered.
She was prescribed sorafenib 400 mg twice a day in March 2018 and she tolerated it well with a transient mouth ulcer. The dose was briefly reduced to 200 mg twice a day until the ulcer subsided. Surveillance radiological imaging at 3 mo and 6 mo showed disease stability without a reduction in TG levels. At 12 mo, PET showed progression in the number and size of pulmonary metastases (Figure 4). In August 2019, we discontinued sorafenib because of disease progression and initiated lenvatinib 24 mg daily, which has been shown to improve progression-free survival even in patients who have previously progressed with another TKI[6]. She tolerated the medication well with occasional diarrhea. Radiological monitoring at 3 mo and 6 mo showed stability with some reduction in the size of pulmonary metastases. TG levels declined in tandem with radiological stability (Figures 5 and 6A).
The patient experienced asymptomatic bicytopenia with a decline in red blood cells and platelets 10 wk after initiating lenvatinib. Hematological markers, including Coombs test, haptoglobin, reticulocyte count, lactate dehydrogenase, and peripheral blood morphology, did not indicate hemolysis. We managed the condition as an AE of lenvatinib and reduced the dose to 14 mg, which led to an improvement in indices (Figure 6B and C).
Further monitoring showed increasing proteinuria and a new impairment in renal function; hence, treatment was discontinued for two weeks and restarted with a 10 mg daily dose in March 2020. In May 2020, she presented with a 3-d history of diarrhea and acute kidney injury. She was administered intravenous fluid replacement and symptomatic care during hospitalization. Her proteinuria progressed to the nephrotic range, reaching 6 g per 24 h, coupled with a decline in estimated glomerular filtration rate (eGFR) to < 30 mL/min per 1.73 m2 (reference eGFR > 90 mL/min per 1.73m2). At this stage, we discontinued lenvatinib. Five months later, we noticed a trend toward improvement with proteinuria reducing to 2.4 g per 24 h, plasma albumin rising to normal levels of 32 g/dL (reference 28-46 g/L) , and serum creatinine decreasing from 258 μmol/L to 160 μmol/L (reference 64-115 μmol/L) (Figure 6D and E). We have maintained regular telephone and clinic follow-up, and the patient continues to show improvement in the hematological and renal parameters, although the lung metastasis has shown a slight increase in size. She desires to restart TKI once her metabolic derangements normalize.

DISCUSSION
Our patient had a long history of T2DM, HTN, and PCKD, all of which can cause varying degrees of compromise to renal function as well as lead to proteinuria. However, she had normal baseline serum urea, creatinine, and eGFR levels. She had microalbuminuria before the initiation of lenvatinib. Renal indices worsened upon the initiation of lenvatinib but improved upon discontinuation, thus providing a clue toward a causal relationship of lenvatinib with respect to renal parameters in our patient.
Our patient had multiple large bilateral renal cysts. Moreover, the right kidney had a large metastatic tumor deposit from the thyroid cancer. In this context, performing a renal biopsy to determine the cause of nephrotic syndrome risked further compromise to an already impaired renal function. It was therefore deemed unsafe and not performed.
Renal impairment is a well-recognized side effect associated with TKI use. Both sorafenib and lenvatinib are FDA-approved TKIs for use in patients with progressive metastatic RAI-resistant thyroid cancer. The DECISION trial did not report on sorafenib-associated renal adverse effects[5]. However, the incidence of sorafenib-associated proteinuria of any grade was 11.6%, whereas the incidence of grade ≥ 3 was 0.9% in a recent meta-analysis[7].
In the SELECT trial involving lenvatinib, nearly one-third of all patients experienced some degree of proteinuria and 10% developed grade ≥ 3 proteinuria[6]. Some degree of renal impairment developed in 14% patients, while 1.9% developed grade ≥ 3 renal impairment. In a subgroup analysis of the Japanese population in the SELECT trial, the incidence of renal adverse effects was higher with any grade proteinuria of 63% and grade 3 proteinuria of 20%, even after adjusting the dose with weight[8].
The real-world experience of using lenvatinib and sorafenib in the Japanese population showed a much higher incidence of proteinuria (all grades) of 60.8% and 27.8%, respectively[9]. The mean change in eGFR was a decrease of 6.75% with lenvatinib vs an increase of 5.9% with sorafenib[9]. The median duration of treatment was 14.9 mo with lenvatinib and 4.6 mo with sorafenib in this retrospective study, which accounts for a higher incidence of proteinuria with lenvatinib. The authors reported five patients who developed nephrotic range proteinuria based on semiquantitative analysis using urine dipstick measurement, unlike our patient who had 24-h urine collection for estimating proteinuria.
An Italian real-life observational study that included 94 patients with DTC treated with lenvatinib reported reduced AE rates with grade ≥ 3 HTN of 4.7% and proteinuria of 1.7%[10]. These results are better than those observed in the SELECT trial[6]. The likely explanation for these superior results could be increased awareness, monitoring, and treatment of HTN and proteinuria by clinicians or gradual increase in the dose. A higher rate of AE observed in Japanese studies[8,9] and a lower rate of AE observed due to lenvatinib in the Italian study[10] suggest that different populations are distinctively predisposed toward AE risks with the same drug. Therefore, it is prudent to conduct an observational study in the Middle Eastern community to quantify the risk to our population.
A recent meta-analysis reported 18.7% of all grade and 2.4% of high-grade proteinuria with a nearly three-fold higher risk using anti-vascular endothelial growth factor (VEGF) TKI therapy[7]. The risk remained the same regardless of the renal or nonrenal site of the underlying cancer. Moreover, the risk varied depending on the use of different TKIs. However, the meta-analysis did not include any studies with lenvatinib. By contrast, Boursiquot et al[11] studied the use of anti-VEGF TKI therapy in patients with renal cell carcinoma. They found that it did not negatively impact the renal function of patients in the long term, even when used in patients with a pre-existing renal impairment or new development of HTN. They did not assess proteinuria pretreatment; however, only 7% of the patients had clinically relevant proteinuria during treatment.
Understanding the structure and normal function of glomeruli provides insight into the mechanism of TKI-induced renal injury. The fenestrated endothelium, the glomerular basement membrane, and the podocytes in the Bowman capsule form a physical barrier against the filtration of macromolecules in the glomeruli. The podocytes produce nephrin, podocin, and VEGF proteins that are essential for the development, maintenance, and function of the vascular endothelium within the glomeruli[12,13]. Anti-VEGF TKI therapies suppress the production of these proteins, which impair the normal morphology and function of glomeruli, causing glomerular injury that leads to renal impairment and proteinuria.
Treatment with anti-VEGF TKI therapies can lead to a new development or worsening of established HTN. Our patient had pre-existing HTN, and we optimized her medications as per requirement. There is some evidence that glomerular injury precedes the new development of HTN; therefore, HTN cannot be the sole trigger for proteinuria[12]. Moreover, some patients remain normotensive, yet they develop proteinuria. By contrast, some patients develop HTN without any accompanying proteinuria. This observation suggests that other factors may contribute to HTN development. Horowitz et al[14] demonstrated that anti-VEGF therapies could block the VEGF-mediated vasodilation via the activation of nitric oxide (NO) synthase within the endothelial cells. Therefore, HTN may be observed in patients on anti-VEGF TKI therapy. A more recent study evaluated lenvatinib-treated patients with DTC, all of whom developed new HTN. They reported a drop in serum NO levels coupled with an increase in VEGF levels 6 d after treatment, suggesting that HTN may be caused by a reduction in NO levels at the level of vascular endothelium due to anti-VEGF therapy[15]. HTN development is considered as a surrogate marker of the therapeutic effect of anti-VEGF therapy, and those who develop new or worsening HTN show a trend toward survival benefit[11].
These targeted TKIs are well known to cause cardiovascular toxicity[16]. This study also carried out a meta-analysis, which included only sorafenib among the FDA-approved therapies for thyroid cancer, showed that it increased the risk of myocardial infarction, HTN, and left ventricular systolic dysfunction[16]. Moreover, both the DECISION[5] and SELECT trials[6] reported cardiac dysfunction presenting as the prolongation of corrected QT as well as impairment of cardiac function. Our patient had a normal echocardiogram during sorafenib treatment. However, she developed mild to moderate left ventricular systolic and diastolic dysfunction and ejection fraction reduction to 40%-45% during lenvatinib treatment. The 12-lead electrocardiograph did not show any abnormality.
Jensen et al[17] demonstrated that sorafenib-treated mice experienced deleterious effects in the myocardial metabolic pathways leading to systolic cardiac dysfunction, as shown on their echocardiograms after just two weeks of exposure. They noted a significant reduction in the levels of various metabolites that are involved in the taurine and hypotaurine metabolism pathways in the myocardium. Taurine, an amino acid, is available in abundance within the myocardium that functions in reducing injury caused due to oxidants[18]. Moreover, Ramila et al[19] found that taurine-deficient hearts had reduced sarcoplasmic reticulum calcium ATPase activity that affected the calcium sensitivity of myofibril proteins. They concluded that this could be responsible for deleterious effects on myocardial contractility.
Hematological derangements are not uncommon with TKI use. Our patient developed transient anemia and thrombocytopenia. Thrombocytopenia was the most common grade ≥ 3 AE observed in 25% of the patients in the meta-analysis of lenvatinib trials[20]. This observation was in sharp contrast with the 1.5% rate of grade ≥ 3 thrombocytopenia observed in the SELECT trial[6]. These variations could be due to different populations, inclusion/exclusion criteria, durations of exposure, pre-existing comorbidities, and concomitant use of other drugs that could predispose patients to these AEs.
VEGF receptor is present on most hematopoietic cells and peripheral cells, including the platelets and monocytes. The inhibitory effect of these anti-VEGF TKIs on hematopoiesis and myelopoiesis probably causes cytopenia. In addition, these multikinases block the platelet-derived growth factor receptor present on the hematopoietic stem cells and megakaryocytes. This hampers the function of platelet-derived growth factor, which promotes the production of platelets by direct effects on the bone marrow[21]. There is some evidence that thrombocytopenia could be caused by drug-induced immune-mediated response, as shown by the presence of antiplatelet antibodies during TKI treatment[22].
Kidneys are an exceedingly rare metastatic site from HCTC with only two reported cases in literature[23,24]. Both patients had iodine-avid metastasis; one patient underwent nephrectomy and RAI ablation cleared metastases in the other patient. Neither of these cases required treatment with TKIs. Our patient’s cancer was noniodine avid and surgically unresectable, and she had PCKD. She required TKIs but experienced significant multiorgan AEs, all of which added more knowledge to the existing information regarding the treatment of such patients. Another unusual aspect of our patient was a progressive and metastatic tumor with a relatively low-risk pathology that otherwise carried a low risk of recurrence and metastasis[25].

CONCLUSION
In conclusion, the present case was unique and provided a unique learning and case management experience. The patient had widespread metastases despite a low-risk pathology, prolonged overall survival approaching two decades despite noniodine-avid distant metastases, and a confluence of multiorgan AEs with the use of lenvatinib.
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Figure Legends
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Figure 1 Positron emission tomography/computed tomography scan shows pulmonary metastases and new development of right renal metastasis.
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Figure 2 Diagnostic iodine-123 whole-body scan showing no tracer uptake in pulmonary and renal metastases. WBS: Whole-body scan.
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Figure 3 Chest computed tomography shows pulmonary metastases progression from Hurthle cell thyroid cancer.
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Figure 4 Positron emission tomography/computed tomography scan shows pulmonary metastases progression one year after treatment with sorafenib. PET: Positron emission tomography.
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Figure 5 Positron emission tomography/computed tomography scan shows regression of pulmonary and renal metastases with lenvatinib.
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Figure 6 Blood test trends during tyrosine kinase inhibitor treatment. A: Thyroglobulin; B: Hemoglobin; C: Platelet counts; D: Renal profile; E: Serum albumin levels during tyrosine kinase inhibitor therapy.
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