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Recently, immune checkpoint inhibitors have been drawing much attention as cancer immunotherapy, but it has been shown that various immune-related adverse events (irAEs) are induced by immune checkpoint inhibitors in various organs, which has become one of the serious issues at present. A 58-year-old Japanese male with malignant melanoma was treated with nivolumab and/or ipilimumab. During the period of treatment, he suffered from various irAEs. Firstly, about 1 month after starting nivolumab monotherapy, destructive thyroiditis was induced, and so we started replacement therapy with levothyroxine. Secondly, about 1 month after starting nivolumab and ipilimumab combination therapy, aseptic meningitis was induced. We stopped both drugs and started steroid therapy with prednisolone. Finally, about 9 months after restarting nivolumab, isolated adrenocorticotropic hormone (ACTH) deficiency was induced, and so we started replacement therapy with hydrocortisone. Taken together, we should bear in mind the possibility of a variety of irAEs when we use immune checkpoint inhibitors.
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Introduction

Immune checkpoint inhibitors are monoclonal antibodies that exert antitumor effects through the activation of T cells; recently, such inhibitors have been drawing much attention as cancer immunotherapy (1). Monoclonal antibodies against programmed cell death-1 (PD-1) and its ligand PDL-1 and against cytotoxic T-cell antigen-4 (CTLA-4) have been developed, and it has been demonstrated that such antibodies are effective in a variety of malignancies. On the other hand, it has been shown that various immune-related adverse events (irAEs) are induced by immune checkpoint inhibitors in several organs and cells in the whole body, which has become one of the serious issues at present (1). The frequency of endocrine disorders induced by such antibodies is relatively high, and several endocrine organs are damaged in a variety of forms (2). Therefore, we have to perform appropriate therapy for each patient. Here, we show a subject who continuously experienced several irAEs with monotherapy of the anti-PD-1 antibody nivolumab and combination therapy of nivolumab and the anti-CTLA-4 antibody ipilimumab.



Case Description

In February, 2018, a 58-year-old Japanese male was diagnosed with malignant melanoma (pT4b, N3, M0, stage IIIC) in the right toe in our dermatology. Tumor resection was performed. He did not have any medical history relevant to this disease and adverse effects. However, since multiple lung and liver metastases were found during the Feron maintenance therapy after the operation, this subject was treated with nivolumab in July 2018 (week 0) (Figure 1). The PD-L1 level at the time of treatment was less than 1%, and BRAF was negative in this case. About 4 weeks later, thyrotoxicosis was induced [free T4 (FT4) = 3.67 ng/dl, thyroid-stimulating hormone (TSH) < 0.01 μU/ml], and about 10 weeks later, hypothyroidism was observed (FT4 = 0.55 ng/dl, TSH = 22.10 μU/ml) (Figure 1). Therefore, we diagnosed him with nivolumab-induced destructive thyroiditis and started replacement therapy with 50 μg/day of levothyroxine, increasing up to 100 μg/day (Figure 1).




Figure 1 | Time course of the clinical parameters, diagnosis, and treatment for this subject. Firstly, about 4 weeks after starting nivolumab monotherapy for malignant melanoma, he suffered from destructive thyroiditis, and so we started replacement therapy with levothyroxine. Secondly, about 4 weeks after starting combination therapy of nivolumab and ipilimumab, he suffered from aseptic meningitis. Thereafter, we stopped both drugs and started steroid therapy with prednisolone. Finally, about 9 months after starting nivolumab, he suffered from isolated adrenocorticotropic hormone (ACTH) deficiency, and so we started replacement therapy with hydrocortisone.



In November 2018, nivolumab monotherapy was changed to a combination therapy of nivolumab and ipilimumab in order to enhance the antitumor effect of such medication (Figure 1). About 4 weeks later, he had fever and a headache. In the cerebrospinal fluid test, a mononucleosis-dominated cell number increase was observed. Thereby, he was diagnosed with aseptic meningitis induced by the combination therapy of nivolumab and ipilimumab (Figure 1). We stopped both drugs and started steroid therapy with 30 mg of prednisolone. We gradually decreased the dose of prednisolone and stopped it in April 2019. Thereafter, we started nivolumab once more because the metastatic tumors were not altered. At that time, we started nivolumab together with prednisolone, just in case, in order to reduce the possibility of recurrence of the adverse effects triggered by nivolumab (Figure 1). After stopping prednisolone, however, he felt general fatigue, appetite loss, and nausea, and he had fluid replacement therapy in an outpatient department. Also, the percentage of eosinophils gradually increased up to 10.5% (Figure 1).

About 9 months after starting nivolumab, he was hospitalized due to pneumonia. After admission, adrenal insufficiency and hypoglycemia were observed [adrenocorticotropic hormone (ACTH) < 1.5 pg/ml, cortisol = 3.3 μg/dl, postprandial plasma glucose = 64 mg/dl]. Eosinophil was increased to 9.3% [white blood cell (WBC) = 5,390/μl]. In addition, in the rapid ACTH load test, there was no cortisol response. After the diagnosis of adrenal insufficiency, we started replacement therapy with 15 mg of hydrocortisone. After recovery from pneumonia, he was discharged. Since the metastatic tumors in this subject were substantially reduced by the above-mentioned immune checkpoint inhibitors, it seemed that the pathological course of malignant melanoma was relatively favorable, except for the appearance of several adverse effects with the use of such inhibitors.

Thereafter, he was hospitalized again for further examination of adrenal deficiency. On admission, he continued to take 15 mg (10 mg in the morning and 5 mg in the evening) of hydrocortisone and 100 μg of levothyroxine. His height, body weight, and BMI were 168.3 cm, 86.8 kg, and 30.6 kg/m2, respectively. The blood pressure, heart rate, and body temperature were 166/99 mmHg, 88bpm, and 36.9°C, respectively. The clinical parameters on admission under replacement therapy with hydrocortisone were as follows: eosinophil, 4.5% (WBC = 7,930/ml); plasma glucose, 95 mg/dl; and HbA1c, 5.5%. Slight hypokalemia was observed (3.3 mmol/L), but renal and liver functions were normal and the lipid parameters were within the normal range. Endocrine system tests at rest revealed low levels of ACTH (<1.5 pg/ml), cortisol (0.3 μg/dl), and dehydroepiandrosterone sulfate (DHEA-S; 6 μg/dl); high levels of luteinizing hormone (LH; 9.77 mIU/ml) and follicle-stimulating hormone (FSH; 26.8 mIU/ml); and normal levels of TSH (4.54 μIU/ml), growth hormone (GH; 0.04 ng/ml), and prolactin (12.1 ng/ml). There was no abnormality in the chest X-ray and electrocardiogram. In sonography, the thyroid size was at the lower limit of normal, and the echo levels were low. In brain computer tomography at the onset of aseptic meningitis, there were no intracranial hemorrhage, space-occupying lesions, or other abnormalities. In contrast-enhanced magnetic resonance imaging (MRI), there were no signs of pituitary swelling, stalk thickness, or space-occupying lesions.

All load tests were performed in the morning in a fasting state. As shown in Figure 2, in the corticotropin-releasing hormone (CRH) stimulation test, there was no reaction in both the ACTH and cortisol levels, which was compatible with ACTH deficiency. In the GH-releasing peptide 2 (GHRP2) load test, GH showed a normal response, but ACTH did not respond at all, which was also compatible with ACTH deficiency. In addition, as shown in Figure 2, in the thyrotropin-releasing hormone (TRH) load test, excess reaction of TSH and normal reaction of prolactin were observed. No increase in FT3 secretion was observed in response to TRH. In the gonadotropin-releasing hormone (GnRH) load test, the levels of LH and FSH were normally increased. Based on these findings, we diagnosed this subject with isolated ACTH deficiency and destructive thyroiditis induced by immune checkpoint inhibitors taken for malignant melanoma.




Figure 2 | In the corticotropin-releasing hormone (CRH) load test, both the adrenocorticotropic hormone (ACTH) and cortisol levels were not increased at all. In the growth hormone-releasing peptide 2 (GHRP2) load test, the GH level was normally increased, but the ACTH level was not increased at all. In the thyrotropin-releasing hormone (TRH) load test, both the thyroid-stimulating hormone (TSH) and prolactin levels were increased. In the gonadotropin-releasing hormone (GnRH) load test, both the luteinizing hormone (LH) and follicle-stimulating hormone (FSH) levels were normally increased. All load tests were performed in the morning in a fasting state.





Discussion

Here, we showed our experience with a subject who had several irAEs with monotherapy of the anti-PD-1 antibody nivolumab and combination therapy of nivolumab and the anti-CTLA-4 antibody ipilimumab. This subject suffered from destructive thyroiditis, aseptic meningitis, and isolated ACTH deficiency, all of which were induced by the use of immune checkpoint inhibitors.

It is known that the anti-PD-1 antibody nivolumab and the anti-CTLA-4 antibody ipilimumab can bring about hypopituitarism, thyroid disorder, adrenal cortex dysfunction, and type 1 diabetes mellitus. Among them, hypothyroidism is mainly induced by anti-PD-1 antibody treatment, and pituitary disorder is mainly induced by anti-CTLA-4 antibody treatment (3). The combination therapy of the anti-PD-1 and anti-CTLA-4 antibodies is expected to show more favorable antitumor effects, but the frequency and the severity of irAEs tend to be higher than those of each agent (4). Indeed, in this subject, aseptic meningitis was induced about 4 weeks after the combination therapy of nivolumab and ipilimumab. Aseptic meningitis has been reported to develop between 1 and 7 weeks after administration of immune checkpoint inhibitors, and it occurs in approximately 0.1%–0.2% of patients treated with ipilimumab (5). Thyroid dysfunction caused by immune checkpoint inhibitors is thought to be mainly destructive thyroiditis, and thyrotoxicosis usually develops as early as 2–6 weeks after the start of administration, followed by hypothyroidism in general. A systematic review reported that the incidences of hypothyroidism and thyrotoxicosis were 3.8% and 1.7% after treatment with an anti-CTLA4 antibody, 7.0% and 3.2% after treatment with an anti-PD-1 antibody, and 13.2% and 8.0% after treatment with anti-CTLA4 and anti-PD-1 antibodies, respectively (3, 6). Indeed, in this subject, about 4 weeks after starting nivolumab, thyrotoxicosis was induced, and 10 weeks later, hypothyroidism was observed.

It is known that the average periods between the start of immune checkpoint inhibitors and the onset of pituitary disorder are about 10 weeks for ipilimumab and several months for nivolumab (7, 8). A systematic review reported that the incidences of pituitary disorders induced by anti-CTLA-4, anti-PD-1, and the combination of anti-CTLA4/anti-PD-1 antibodies were 3.2%, 0.4%, and 6.4%, respectively (3). It is also known that ipilimumab causes multiple anterior pituitary hormone disorders due to hypophysitis (9). In addition, while both nivolumab and ipilimumab can induce isolated ACTH deficiency (8), nivolumab more often causes isolated ACTH deficiency (10, 11). Furthermore, enlargement of the pituitary gland may be observed with ipilimumab administration, but it is rare with nivolumab (8). In our patient, no pituitary swelling was observed. In this case, 3 months after the re-administration of nivolumab (38 weeks after ipilimumab administration), adrenal disorder symptoms appeared at the same time as prednisolone discontinuation. As mentioned above, the MRI scans showed no morphological abnormalities of the pituitary gland. Therefore, this patient was diagnosed with isolated ACTH deficiency due to immune checkpoint inhibitors. From the clinical course, it is probable that the isolated ACTH deficiency in this case developed between the re-administration of nivolumab and the discontinuation of prednisolone, and it was considered that the corticoid effect of prednisolone masked the symptoms of adrenal disorder and delayed the detection. In addition, since there was no evidence that the pharmacological dose of glucocorticoid showed improvements in prognostic effects in pituitary dysfunction triggered by immune checkpoint inhibitors, we used a physiological dose of hydrocortisone. After starting this medication, however, the symptoms promptly disappeared and the subject’s condition stabilized.

In general, the prognosis of malignant melanoma is quite poor, especially when distant metastasis is observed. In this subject, however, it seemed that the pathological course of malignant melanoma was relatively good, except for the appearance of various adverse effects triggered by the aforementioned inhibitors. It was reported that when several side effects were brought about by immune checkpoint inhibitors, the prognosis of the original malignant tumor is relatively good (8, 12, 13), although its precise molecular mechanism remains unknown. Therefore, although speculative, we assume that some modifications in the immune system from the use of the aforementioned immune checkpoint inhibitors contributed to the relatively good prognosis of malignant melanoma in this subject as well. Needless to say, it would be necessary to perform various basic experiments in order to clarify the molecular mechanism how the appearance of adverse effects with the use of such inhibitors leads to exerting some favorable effects on the original malignant tumor.

Taken together, we should bear in mind the possibility of a variety of irAEs, including destructive thyroiditis, aseptic meningitis, and isolated ACTH deficiency, when immune checkpoint inhibitors such as an anti-PD-1 antibody and/or an anti-CTLA-4 antibody are used in subjects with malignant melanoma or other malignant tumors.
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