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Background

Immune checkpoint inhibitors (ICIs) have revolutionised the cancer treatment landscape in the last decades, improving the outcome of several tumours, such as cutaneous squamous cell carcinoma (cSCC). ICIs are antibodies blocking several immune checkpoint pathways, as cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) and programmed cell death 1 (PD-1) with its ligand PD-L1. However, the activation of immune response can cause a broad range of side effects, called immune-related adverse events (irAEs). Endocrine irAEs are mainly represented by thyroid dysfunctions (thyrotoxicosis or hypothyroidism) and hypophysitis, while adrenal insufficiency and diabetes mellitus (DM) are less common. Diabetic ketoacidosis (DKA) is a potential life-threatening presentation of ICI-induced insulin-dependent DM (IDDM). This report presents a rare case of DKA and IDDM secondary to anti-PD-1 antibody cemiplimab therapy, and this is the third described in the literature to date.





Case presentation

We describe the case of a 62-year-old female patient with metastatic perianal squamous cell carcinoma who developed DKA and IDDM after the fifth cycle of cemiplimab. Hyperglycemia (1187 mg/dL), metabolic acidosis (pH 7.27) with bicarbonate levels of 11.9 mmol/L, arterial partial pressure of carbon dioxide of 25.7 mmHg with increased anion gap (equal to 25), and hyperketonuria were present. Adequate glycaemic control was difficult to maintain, and intravenously therapy (insulin, sodium bicarbonate, potassium, and fluids) was required for a long time. Subcutaneous basal-bolus insulin treatment was started, but glycaemic control was scarce, also due to the concomitant administration of prednisone for immune-related hepatotoxicity, until the subject’s death.





Conclusion

This report underlines the importance of the awareness on endocrine irAEs with ICIs, particularly life-threatening DKA. A baseline assessment of glycemia and glycated hemoglobin is mandatory, and we recommend a close monitoring of glycemic trend over time during ICIs therapy. Patients and their caregivers should be informed and counselled to recognise DKA signs and symptoms.
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1 Introduction

Tumour immunotherapy, including immune checkpoint inhibitors (ICIs) and adoptive cell therapy, has radically changed the cancer treatment landscape, affording long-term benefits in metastatic patients and increasing the chances of cure in the adjuvant setting (1). Immune checkpoints are small molecules that play a crucial role in maintaining immune homeostasis and tolerance, thus modulating the duration and amplitude of the immune response. ICIs disrupt inhibitory signals from neoplastic cells to immune effector cells, allowing activated T-cells to target the neoplastic cells (2). They are antibodies blocking several immune checkpoint pathways, as cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) and programmed cell death 1 (PD-1) with its ligand PD-L1 (3).

Along with ICIs such as nivolumab and pembrolizumab, cemiplimab is a human recombinant monoclonal immunoglobulin G subclass 4 (IgG4) antibody targeted to the PD-1 receptor, first approved by the Food and Drug Administration (FDA) in 2018 and by the European Medicines Agency (EMA) in 2019 for locally advanced or metastatic cutaneous squamous cell carcinoma (NCT02760498) (4, 5). It has demonstrated efficacy with response rates of 47–50% (4). As stated, the PD-1 receptor is an immune checkpoint molecule expressed on effector T, B and NK cells. One of its ligands is PD-L1, expressed in various types of self-cells (as tubular epithelial, endothelial cells, fibroblastic reticular cells, pancreatic islet cells, astrocytes, and neurons), but it is often present also in tumour cells as a biological escape mechanism. Indeed, activation of the PD-1 receptor by PD-L1 down-regulates T cell responses, avoiding autoimmunity and host organ injury. The binding of anti-PD-1 antibody to the PD-1 receptor prevents PD-L1 action and activation of the programmed cell death pathways, resulting in the continued activation and proliferation of T cells against tumour cells (6).

Treatment with ICIs improved the outcome of several solid tumours, such as melanoma, breast cancer, non-small cell lung carcinoma, renal cell carcinoma, colorectal cancer and endometrial cancer (7–10). However, the immune response activation can cause specific side effects called immune-related adverse events (irAEs) (6). Almost all organs can be affected by irAEs, such as skin, gastrointestinal tract and liver, followed by endocrine organs, nervous system, lungs, heart, joints, pancreas and kidneys (11). Endocrine irAEs are mainly represented by thyroid dysfunctions (thyrotoxicosis or hypothyroidism) and hypophysitis, while adrenal insufficiency and diabetes mellitus (DM) are less common (12).

The incidence of ICI-induced DM ranges from 0.9 to 2%, and diabetic ketoacidosis (DKA) is reported in up to 70% of cases with DM at diagnosis (12). DKA is a life-threatening endocrine emergency along with hyperosmolar hyperglycaemic syndrome (13). According to the American Diabetes Association (ADA), DKA is defined by the triad of hyperglycaemia (blood glucose greater than 13.9 mmol/L or 250 mg/dL), anion gap metabolic acidosis [arterial pH less than or equal to 7.3, serum bicarbonate less than or equal to 18 mmol/L (mEq/L), blood anion gap greater than 10 mmol/L (mEq/L)] and ketosis (positive serum or urine ketone on a semi-quantitative test) (14). DKA most commonly occurs in type 1 diabetes mellitus (T1D) but may occur in subjects with type 2 diabetes mellitus (T2D) (13). It is caused by an absolute or relative insulin deficiency in T1D or a relative insulin deficiency associated with insulin resistance in T2D. Different conditions can precipitate the development of hyperglycemia and subsequent ketoacidosis, such as infections, non-adherence to insulin therapy, acute major illnesses (i.e. myocardial infarction, sepsis, pancreatitis), stress and trauma (15). Also, the use of certain medications, such as glucocorticoids (16), atypical antipsychotic agents (17), sodium-glucose co-transporter-2 (SGLT-2) inhibitors (18) or ICIs (19), may lead to DKA.

Cutaneous squamous cell carcinoma (cSCC) accounts for 20% of skin cancers (20). It often presents as a scaly, red, or bleeding lesion typically on sun-exposed areas. Diagnosis is made by skin biopsy; if needed, enhanced computed tomography (CT) may help to evaluate lymph nodes, soft tissue, or bone involvement. Surgery is the first-line treatment, while radiotherapy can be used as adjuvant therapy in case of perineural invasion or if the patient is not a surgical candidate. Until a few years ago, systemic therapies for advanced cSCC included platinum-based chemotherapies, capecitabine, and epidermal growth factor receptor inhibitors, such as cetuximab (21); however, none of these therapies provided long-term responses and the few benefits obtained were lost quickly. Recently, ICIs were approved for use in locally advanced and metastatic cSCC (4). This disease is characterized by a poor quality of life, and the advent of immunotherapy has afforded a high rate of objective responses which, in addition to increasing progression-free survival and overall survival, radically improve the quality of life of patients (22). Furthermore, immunotherapy replaces chemotherapy and radiotherapy in the metastatic disease, offering a better tolerability profile.

Herein, we describe the case of a female subject with a metastatic perianal squamous cell carcinoma (SCC) who developed DKA and insulin-dependent DM (IDDM) after the fifth cycle of cemiplimab. To date, only two case reports of DKA and IDDM in patients treated with cemiplimab are described (23, 24). This report underlines the need for baseline assessment of glycemia and glycated hemoglobin (HbA1c) and close monitoring of glycemic trend over time, which is recommended in candidates for cemiplimab therapy.




2 Case description

In March 2022, a 62-year-old Caucasian female was admitted to our hospital for altered mental status and vomiting. As concerns the clinical history, a diagnosis of vulvar lichen planus was made in 2017, unsuccessfully treated with platelet-rich plasma injections, and therefore a vulvoplasty was performed. Other patient co-morbidities included Hashimoto’s thyroiditis, osteoporosis, arterial hypertension well controlled with angiotensin-converting enzyme inhibitor, primary amenorrhea (unknown cause), and alopecia. She took combined estrogen-progestogen replacement therapy for 15 years, discontinued at the age of 35. There was no personal or family history of pancreatitis, diabetes (also gestational diabetes) or obesity. In November 2021, a large painful ulcerated perianal lesion extended to the gluteal region and to the vulva anteriorly associated with anal stenosis was found. The histological examination of the lesion led to the diagnosis of a moderately differentiated cutaneous SCC. The abdominal magnetic resonance imaging (MRI) performed at baseline showed the infiltration of the rectal fascia, which appeared thickened, and inflammation of the external anal sphincter. To define the best therapeutic work-up, a multidisciplinary discussion was started, leading to the choice of therapy with cemiplimab, an anti-PD-1 monoclonal antibody administered at the dose of 350 mg intravenously every three weeks, with complete resolution of the painful symptoms and partial response of the lesion after two cycles.

Before cemiplimab therapy started, the patient reported a weight loss of around 7 kg in the previous 6 months: her body weight was 42.5 kg for a height of 1.58 m with a body mass index (BMI) of 17 kg/m2. On blood tests, fasting blood glucose was 86 mg/dL with a HbA1c value of 36 mmol/L (5.5%) with haemoglobin 12.9 g/dL. Her liver function tests (LFTs) were normal: aspartate aminotransferase (AST; 18 UI/L [0.45 xULN]), alanine aminotransferase (ALT; 21 U/L [0.52 xULN]) and gamma-glutamyl transpeptidase (γGT; 8 U/L [0.16 xULN]).

The day after the fifth cemiplimab infusion (Figure 1), the patient was admitted to the emergency department for asthenia, vomiting, and lethargy. Physical examination revealed drowsiness and dry mucosa, tachycardia, and tachypnea; no fever or blood pressure alteration were found. Arterial blood gas analysis revealed metabolic acidosis (pH 6.8) with extremely low bicarbonate levels (HCO3-; 2.7 mmol/L) and low arterial partial pressure of carbon dioxide (PaCO2; 15.0 mmHg). Moderate-high potassium serum levels (5.5 mmol/L) and low sodium serum levels (123 mmol/L) were found. Glucose values were undetectable and a mild elevation of lactic acid (2.6 mmol/L) was detected. Therefore, treatment with intravenous insulin, sodium bicarbonate, potassium and fluids were immediately started. Blood tests revealed severe hyperglycemia (1187 mg/dL) and confirmed metabolic acidosis (pH 7.27) with HCO3- levels of 11.9 mmol/L, PaCO2 25.7 mmHg, characterized by an increased anion gap (equal to 25); a remarkable hyperketonuria was detected.




Figure 1 | Comparison timeline between case reports about DKA secondary to cemiplimab therapy published in the literature to date: development of DKA is different: one day after the fifth cycle of cemiplimab in our patient, after two months of ICI’s discontinuation after two cycles in patient described by Pyronneau and twenty days after the second cycle in patient described by Jouneghani.



A Naranjo nomogram with a score of 5 (range 0-13) indicated a probable relationship between cemiplimab and IDDM (Table 1); therefore, cemiplimab therapy was discontinued.


Table 1 | The Naranjo adverse drug reaction (ADR) probability scale questionnaire.



During hospitalization, the inadequate glycaemic control required persistent intravenous therapy with insulin, sodium bicarbonate, potassium, and fluids for more than two weeks. A following improvement of the clinical picture allowed the shift to subcutaneous administration of insulin, with a basal-bolus scheme at a medium daily dosage of 0.4 U/Kg. Blood sampling revealed a HbA1c of 52 mmol/mol (6.9%) with haemoglobin 12.1 g/dL, undetectable level C-peptide levels (both after eight hours fasting and on random sampling), and negative autoimmunity for anti-GAD (glutamic acid decarboxylase) and anti-insulin antibodies.

After two weeks of hospitalization, a significant increase of the liver enzymes AST (191 U/L [4.78 xULN]) and ALT (308 U/L [7.7 xULN]) was detected. Gamma-glutamyl transpeptidase (γGT) was within the normal range (22 U/L, 0.44 xULN). An evaluation for hepatotropic virus infection was carried out, although revealing only HbsAb (antibody of hepatitis B surface) positivity, suggestive for a previous immunization against hepatitis B virus. No signs of biliary sludge or cholestasis were detected at abdominal ultrasound, and no hepatotoxic drugs were recently administered. Antinuclear antibodies (ANA) were negative, while anti-smooth muscle antibody (ASMA), liver kidney microsome type 1 (anti-LKM-1) antibodies and antibodies against soluble liver antigen/liver-pancreas (SLA/LP) were not performed. A grade 3 immune-related hepatotoxicity was suspected, and prednisone 50 mg once a day was started, with consequent improvement of biochemical parameters (AST 26 UI/L [0.65 xULN], ALT 39 U/L [0.99 xULN], γGT 21 U/L [0.42 xULN]) within two weeks, so prednisone was reduced to 25 mg/day. However, the glycemic profile worsened, therefore the basal-bolus insulin therapy was increased to a medium daily dosage of 0.48 U/Kg, and a continuous glucose monitoring was started. Though the increase in medium daily insulin dose and reduction of prednisone to 25 mg/day after one week, it was hard to maintain adequate blood glucose control.

Since at this stage an autoimmune polyglandular syndrome was suspected, anti-ovarian, anti-adrenal, anti-endomysial, and extractable nuclear antigens (ENA) antibodies were assayed, but they all tested negative.

During hospitalization, elevated thyroid stimulating hormone (TSH, 16.82 mUI/L) with normal free thyroid hormones [free triiodothyronine (fT3) 1.09 ng/L, free thyroxine (fT4) 9.39 ng/L)] were found, despite the ongoing treatment for Hashimoto’s thyroiditis. Before starting the immune checkpoint inhibitor and before every treatment cycle, TSH was within the normal range with levothyroxine therapy. In suspicion of a worsening of the known thyroid dysfunction due to ICI treatment, levothyroxine was increased to 75 mcg daily.

Other pituitary hormones than TSH were evaluated during the hospitalization: the corticotrope axis was suppressed due to concomitant corticosteroid therapy; lactotroph and somatotroph axes were preserved with prolactin (PRL) 8.48 µg/L and insulin-like growth factor-1 (IGF-1) 66 µg/L; gonadotroph axis revealed a deficit, since luteinizing hormone (LH) was 2.37 U/L, and follicle-stimulating hormone (FSH) was 4.36 U/L (inappropriately low for the patient’s age). A brain CT detected a primary empty sella, but a contrast-enhanced pituitary MRI was not performed to further explore this finding.

Forty days after the onset of DKA, a tumor disease progression (increased size of the perianal-anal lesion) was noted, so after another multidisciplinary discussion, cemiplimab therapy was restarted.

After six cycles of cemiplimab, a new episode of elevation of liver enzymes (AST 181 U/L [4.52 xULN] and ALT 194 U/L [4.85 xULN]) and gamma-glutamyl transpeptidase (γGT 628 U/L [12.56 xULN]) occurred, so corticosteroid therapy with prednisone 50 mg daily was restarted. Despite treatment with prednisone, LFTs worsened (AST 758 U/L [18.95 xULN], ALT 527 U/L [13.18 xULN], γGT 1540 U/L [30.8 xULN]), leading to the initiation of intravenous methylprednisone at a dosage of 2 mg/kg daily. Methylprednisone was gradually reduced and, after ten days, switched to prednisone 25 mg/day with improvements in liver function tests. The glycemic profile worsened, prompting an increase in basal-bolus insulin therapy to a medium daily dosage of 1.35 U/Kg, alongside continued glycemic monitoring. Cemiplimab was permanently discontinued due to a lack of clinical improvement and the occurrence of a new episode of grade 3 immune-related hepatotoxicity.

From September 2022 chemotherapy with 5-fluorouracil and mitomycin associated with local radiotherapy for SCC was started with disease stability. Due to the poor performance status, salvage surgery was not performed, and from March 2023, chemotherapy with carboplatin and paclitaxel was started. Disease progression occurred, and the patient died of septic shock secondary to Staphylococcus hominis and Staphylococcus epidermidis infection in August 2023.

Table 2 shows the subject’s characteristics with ICI-associated DKA.


Table 2 | Characteristics of reported patient with ICI-associated DKA.






3 Discussion

This case report is an interesting example of the challenges met by clinicians in the management of immune-related adverse events secondary to ICIs, particularly in the case of ICI-related DM and its possible presentation as diabetic ketoacidosis.

DM is a rare irAE after ICI treatment, with an overall incidence between 0.9 to 2% (12). A female-to-male ratio ranges from 1:1.2 to 1:9, and the mean age at onset is over 60 years. Up to 76% of patients developing ICI-induced DM received anti-PD-1, 8% anti-PD-L1, while only 4% received anti-CTLA-4 antibodies. Up to 70% of ICI-induced DM cases present as DKA, which can occur from 7 to 25 weeks after treatment initiation (25). With anti-PD1 inhibitors, several case reports have reported new-onset DM following nivolumab and pembrolizumab treatment (26–28), but only two cases after cemiplimab treatment are described to date (23, 24).

As reported in Table 3, our patient is a Caucasian female diagnosed with squamous cell carcinoma who received cemiplimab therapy and had no prior history of diabetes who developed a severe diabetic ketoacidosis 12 weeks after starting cemiplimab therapy. She had not undergone previous treatment with other ICIs, unlike the patients in Pyronneau’s case report, who had received prior treatment with pembrolizumab. Furthermore, our patient is younger (62 years) than those described by Pyronneau and Jouneghani (77 and 74 years, respectively). She presented with metabolic acidosis characterised by an elevated anion gap, along with glycosuria and ketonuria, and her HbA1c value at irAE presentation (6.9%) was lower than those reported by Pyronneau and Jouneghani (8.3% and 8.4%, respectively). Anti-GAD antibodies were negative, as reported by Pyronneau.


Table 3 | Comparison between patients with ICI-associated DKA.



A relevant proportion of patients with ICI-induced DM have elevated HbA1c levels (>7.5%), low or undetectable C-peptide levels, and at least one positive DM-specific antibody at diagnosis (most commonly anti-GAD antibodies) (26, 29, 30). Similarly to T1D, an inappropriate hyperactivation of the immune system secondary to alteration in the PD-1/PD-L1 or CTLA-4 pathways may cause severe impairment and dysfunction of insulin-producing β-cells. To date, the mechanisms underlying ICI-T1D remain unclear. A T-cell-mediated insulitis is a possible mechanism hypothesised: after ICI treatment, PD-L1 molecules, expressed on the pancreatic β-cells, cannot bind the PD-1 receptor on autoreactive T cells (31). Therefore, PD-1/PDL1 inhibition induces pancreatic β-cell damage through activated autoreactive T-cells by releasing interferons and nitric oxide, which activate monocyte-derived macrophages, leading to insulin deficiency and low/undetectable C-peptide levels (32). Particularly, CD8+ cytotoxic T-cells, producing interferon-γ (IFN-γ) and tumor necrosis factor α (TNF-α), infiltrate the pancreatic β-cells (33) resulting in the possible direct cytotoxic killing of β-cells via the action of perforin-granzymes, as observed in non-obese diabetic mouse models (34). As some studies have reported that around 40% of cases are positive for islet-related autoantibodies (35), antibody-mediated β-cell damage is another possible mechanism. The relationship between islet-related autoantibodies and pathological conditions remains unclear, and further investigations are required (36).

A recent study analysed with immunohistochemistry pancreatic specimens from three individuals with ICI-related T1D, three patients who had received ICI therapy but did not develop T1D (non-T1D), and seven people without T1D who did not receive ICIs (controls) (37). In ICI-related T1D, the β-cell area decreased, and the α-cell area increased compared with non-T1D and control subjects. The number of CD3+ cells, primarily CD8+ cells, around the islets increased in ICI-related T1D and non-T1D subjects compared to control subjects. Meanwhile, the number of CD68+ cells, identified as macrophages, around the islets increased in ICI-related T1D compared to non-T1D and control subjects. Furthermore, in ICI-related T1D and non-T1D patients, CD8+ lymphocytes predominated over CD4+ lymphocytes, indicating T cell-mediated cytotoxicity. The expression ratios of PD-L1 on islets decreased in non-T1D cases and nearly disappeared in ICI-related T1D, unlike in controls. According to the authors, the absence of PD-L1 expression on β-cells and infiltration of macrophages and T cells around the islets may be responsible for ICI-related T1D onset (37).

Different scientific societies, such as the American Diabetes Association (ADA), the European Society for Medical Oncology (ESMO), the European Society of Endocrinology (ESE) and the American Society of Clinical Oncology (ASCO), have proposed clinical practice guidelines or practical recommendations for managing ICI-induced DM or DKA (12, 38–40). A recent review has been published on the pathophysiology, diagnosis, and management of ICI-induced DM (41).

Regular monitoring of blood glucose levels is essential for the early diagnosis of ICI-induced DM and for preventing DKA (12, 39, 41). While there is no specific timeline or target ranges for blood glucose assessments, various organisations, including the National Comprehensive Cancer Network (NCCN) and the Japan Endocrine Society, recommend evaluating blood glucose regularly at each treatment cycle or visit (42, 43). Furthermore, patients receiving ICIs, particularly anti-PD1 or PD-L1 treatments, should be educated about the acute symptoms of diabetes, such as polyuria, polydipsia, and weight loss, as well as the symptoms of ketoacidosis, including nausea, vomiting, and gastrointestinal disorders (44, 45). Our patient was carefully educated about the symptoms to be recognised, and her blood glucose levels were assessed before each cemiplimab infusion. No alteration was detected in blood tests before the onset of DKA.

Management of ICI therapy differs based on the blood glucose values and the severity of typical symptoms reported (39, 40):

- If the patient has no or mild symptoms, with fasting glucose levels ranging from 126 mg/dL to 160 mg/dL (grade 1), ICI therapy can be continued with close clinical follow-up and laboratory evaluation.

- If the patient has moderate symptoms and fasting glucose levels greater than 160 mg/dL (up to 250 mg/dL, according to ASCO guidelines) (grade 2), ICIs may be temporarily suspended until symptom resolution and glucose control are achieved. Close follow-up of pH, urine ketones and blood glucose levels, together with endocrine consultation, are recommended, along with initiating insulin therapy in case of persistent hyperglycemia. The usual dosage for insulin ranges from 0.3 to 0.4 units per kilogram of body weight daily, with half of the dosage administered as long-acting insulin and the remaining half as rapid-acting insulin at mealtimes. Insulin dosage will be adjusted according to blood glucose trends.

- If the patient experiences severe symptoms (with fasting glucose between >250 and 500 mg/dL according to ASCO guidelines) (grade 3) or life-threatening symptoms (with fasting glucose > 500 mg/dL, ketoacidosis, or other metabolic abnormalities according to ASCO guidelines), it is recommended suspending ICI until glucose control is achieved with a reduction of toxicity to ≤ grade 1. Endocrine consultation is recommended for all patients, and hospitalisation may be necessary, particularly in cases of DKA. It is advisable to initiate insulin therapy immediately. If DKA is diagnosed, it is recommended to refer to guidelines for DKA treatment (14, 46).

Insulin is the treatment cornerstone of ICI-induced DM: in case of DKA, intravenous hydration, insulin therapy, and the restoration of electrolyte balance are mandatory (12). In almost all cases, insulin treatment in ICI-induced DM is lifelong: to date, only four cases in which insulin therapy have been stopped are described (47–50). Unlike other irAEs, there is no evidence that high-dose glucocorticoids may improve DM or its management, while it is well-known that glucocorticoids may increase serum glucose levels. Our patient needed insulin therapy until death. When prednisone was administered to treat liver function tests (LFTs) elevation, worsening of glycaemic control and need for increased insulin dosage were observed.

Establishing biomarkers is important for identifying patients at risk of developing ICI-related DM or DKA before initiating treatment (51). A case series reported that the prevalence of HLA-DR4 was significantly higher in patients with ICI-induced DM (76%) than in U.S. Caucasians (17.3%) or even in patients with spontaneous type 1 DM (30). Other HLA susceptibility alleles (HLA-A2, HLA-DR3, HLA-DQ8) were not significantly higher or were of the same frequency in the U.S. general population (30). Additionally, positive islet autoantibodies at baseline, such as anti-GAD, anti-islet antigen 2 (IA2), anti-zinc transporter 8 (ZnT8), and islet cell antibodies, may serve as biomarkers for the development of ICI-induced DM. As reported by Stamatouli et al., in 27 patients who developed ICI-induced T1D, the prevalence of anti-GAD, anti-IA2, anti-ZnT8, and islet cell antibodies was 36% (9/25 patients), 21% (5/24 patients), 10% (2/20 patients), and 11% (2/19 patients), respectively (30). Our patient had undetectable C-peptide levels and negative DM autoimmunity (with the limitation that only anti-GAD and anti-insulin antibodies were assayed at our laboratory), as reported elsewhere (52). No sequencing of HLA alleles was performed.

DKA is linked to higher rates of morbidity, mortality, and healthcare costs (53). Recent estimates indicate that inpatient mortality rates during hospitalization for DKA range from 0.20% in individuals with T1D to 1.04% in those with T2D (54). Furthermore, individuals discharged after experiencing DKA have a one-year age-adjusted mortality rate that is 13 times higher than that of the general population (55). According to our knowledge, mortality secondary to ICI-induced DKA has not been assessed to date. People with diabetes have a 1.5- to 4-fold increased risk of infections, such as pyelonephritis, osteomyelitis, foot infection, pneumonia, skin infections, and sepsis (56). Our patient died one year and five months after the DKA episode due to septic shock; during hospitalization, maintaining adequate glycaemic control was challenging. The patient’s poor general clinical condition, due to the rapid progression of advanced cSCC, combined with poor glycaemic control, significantly contributed to the negative outcome. There is no evidence that intensive blood-glucose-lowering decreases infection rates in people with diabetes (57). A useful tool to prevent infections is vaccinations (COVID-19, hepatitis B, influenza, pneumococcal, tetanus, diphtheria, acellular pertussis and zoster in patients ≥ with 50 years) as recommended by the latest ADA guidelines (58).

A history of Hashimoto’s thyroiditis with thyroperoxidase antibody positivity required the evaluation of other associated autoimmune diseases as a part of a (suspect) polyglandular autoimmune syndrome (PAS). PAS is defined by the coexistence of at least two immune-mediated endocrinopathies, and different types are identified (59). In our patient, no signs or symptoms of hypoparathyroidism or Addison’s disease were present, as well as no gastrointestinal, rheumatological, dermatological, haematological, or neurological autoimmune diseases were detected. Her clinical history of primary amenorrhea gave rise to the suspicion of a primary ovarian insufficiency, but no additional clinical information could be retrieved, and anti-ovarian antibodies were negative.

This clinical case is also of interest since the patient was suspected for another endocrine irAE, namely hypothyroidism. Thyroid dysfunction represents the most common endocrine irAE: hypothyroidism has an estimated prevalence of 2.5-3.8% with anti-CTLA4 antibodies, 3.9–8.5% with anti-PD1/PDL1 antibodies and 10.2-16.4% with combination treatment. ICI-induced hypothyroidism is mainly due to a direct thyroid damage, while central hypothyroidism, secondary to hypophysitis, is rare (12). Controlled hypothyroidism is not a contraindication for the initiation of ICI therapy per se, but the patient needs to be carefully monitored, since it may need higher doses of levothyroxine after ICI initiation (12). After the fifth cycle of cemiplimab therapy, our patient showed a TSH elevation, although without hypothyroidism symptoms, and levothyroxine therapy was increased.

Finally, our case was likely to present another irAE, namely ICI-induced hepatotoxicity (ICH). Other causes of LFTs elevation were excluded, with the limitation that specific antibodies for autoimmune hepatitis and primary biliary cholangitis were not assayed. ICH has an overall prevalence ranging between 0% and 30% (60). CTLA-4 and PD-L1 inhibitors have the highest rate of hepatoxicity, with a reported prevalence between 3%-15% and 1%-17%, respectively, while PD-1 inhibitors have a lower incidence (0%-3%) (60). ICH is usually asymptomatic and detected incidentally on routine LFTs evaluation. The onset of ICH is typically between 8 and 12 weeks after ICI start (61). A hepatocellular pattern of LFTs elevation is common, with ALT typically being higher than AST, but a cholestatic or mixed pattern of LFTs damage can be often encountered with PD-1/PD-L1 inhibitors (62). Our patient manifested an ICI-induced hepatoxicity 14 weeks after starting cemiplimab therapy with a hepatocellular pattern, and 15 weeks after restarting cemiplimab with mixed pattern. To our knowledge, few case reports of metastatic cutaneous squamous cell carcinoma (63, 64) and one case of advanced cervical cancer (65) describes hepatotoxicity secondary to cemiplimab therapy.




4 Conclusion

ICIs have radically improved the prognosis of cancer patients and, as a consequence, have changed the treatment landscape in the last decades. However, the immune response activation may cause specific irAEs. Endocrine irAEs are mainly thyroid dysfunctions (thyrotoxicosis or hypothyroidism) and hypophysitis, while adrenal insufficiency and DM are less common. However, DKA, a potential life-threatening condition, is frequent at diagnosis of ICI-induced DM. Therefore, physicians should be aware of ICI-induced DM; beyond the baseline assessment of glycemia and HbA1c at ICI start, a close monitoring of glycemic values over time, although there is no defined timeline, is recommended during cemiplimab therapy. As DKA is a life-threatening condition, patients and their caregivers should be informed and counselled to promptly recognise DKA signs and symptoms, such as polyuria, polydipsia, weight loss, vomiting, dehydration, and change in cognitive state. If DKA develops, it is recommended to suspend ICI until glucose control is achieved with a reduction of toxicity to ≤ grade 1. The presence of positive islet autoantibodies and specific HLA susceptibility alleles may be a risk factor for developing ICI-related DKA; however, further studies are needed to clarify specific biomarkers. The development of risk-scoring tools could help to follow up more closely with those patients most at risk.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author/s.





Ethics statement

Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.





Author contributions

AA: Conceptualization, Data curation, Visualization, Writing – original draft. CP: Data curation, Visualization, Writing – original draft. AP: Writing – review & editing. ET: Writing – review & editing. LV: Supervision, Writing – review & editing. MB: Supervision, Writing – review & editing. FC: Supervision, Writing – review & editing. DM: Supervision, Writing – review & editing. DF: Supervision, Writing – review & editing. FG: Conceptualization, Supervision, Visualization, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.




Acknowledgments

The authors are grateful to the patient for consent to the publication of the clinical data.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

1. Houot, R, Schultz, LM, Marabelle, A, and Kohrt, H. T-cell–based immunotherapy: adoptive cell transfer and checkpoint inhibition. Cancer Immunol Res. (2015) 3:1115–22. doi: 10.1158/2326-6066.CIR-15-0190

2. Wang, SJ, Dougan, SK, and Dougan, M. Immune mechanisms of toxicity from checkpoint inhibitors. Trends Cancer. (2023) 9:543–53. doi: 10.1016/j.trecan.2023.04.002

3. Chhabra, N, and Kennedy, J. A review of cancer immunotherapy toxicity: immune checkpoint inhibitors. J Med Toxicol. (2021) 17:411–24. doi: 10.1007/s13181-021-00833-8

4. Migden, MR, Rischin, D, Schmults, CD, Guminski, A, Hauschild, A, Lewis, KD, et al. PD-1 blockade with cemiplimab in advanced cutaneous squamous-cell carcinoma. N Engl J Med. (2018) 379:341–51. doi: 10.1056/NEJMoa1805131

5. Markham, A, and Duggan, S. Cemiplimab: first global approval. Drugs. (2018) 78:1841–6. doi: 10.1007/s40265-018-1012-5

6. Franzin, R, Netti, GS, Spadaccino, F, Porta, C, Gesualdo, L, Stallone, G, et al. The use of immune checkpoint inhibitors in oncology and the occurrence of AKI: where do we stand? Front Immunol. (2020) 11:574271. doi: 10.3389/fimmu.2020.574271

7. Vaddepally, RK, Kharel, P, Pandey, R, Garje, R, and Chandra, AB. Review of indications of FDA-approved immune checkpoint inhibitors per NCCN guidelines with the level of evidence. Cancers. (2020) 12:738. doi: 10.3390/cancers12030738

8. Chen, Y, Shi, L, Yin, W, Xia, H, and Lin, C. PD−1/PD−L1 inhibitor−based immunotherapy in locally advanced or metastatic triple−negative breast cancer: A meta−analysis. Oncol Lett. (2024) 29:57. doi: 10.3892/ol.2024.14803

9. Lin, KX, Istl, AC, Quan, D, Skaro, A, Tang, E, and Zheng, X. PD-1 and PD-L1 inhibitors in cold colorectal cancer: challenges and strategies. Cancer Immunol Immunother. (2023) 72:3875–93. doi: 10.1007/s00262-023-03520-5

10. Rodak, O, Peris-Díaz, MD, Olbromski, M, Podhorska-Okołów, M, and Dzięgiel, P. Current landscape of non-small cell lung cancer: epidemiology, histological classification, targeted therapies, and immunotherapy. Cancers. (2021) 13:4705. doi: 10.3390/cancers13184705

11. Postow, MA, Sidlow, R, and Hellmann, MD. Immune-related adverse events associated with immune checkpoint blockade. N Engl J Med. (2018) 378:158–68. doi: 10.1056/NEJMra1703481

12. Husebye, ES, Castinetti, F, Criseno, S, Curigliano, G, Decallonne, B, Fleseriu, M, et al. Endocrine-related adverse conditions in patients receiving immune checkpoint inhibition: an ESE clinical practice guideline. Eur J Endocrinol. (2022) 187:G1–G21. doi: 10.1530/EJE-22-0689

13. Calimag, APP, Chlebek, S, Lerma, EV, and Chaiban, JT. Diabetic ketoacidosis. Disease-a-Month. (2023) 69:101418. doi: 10.1016/j.disamonth.2022.101418

14. Wolfsdorf, J, Glaser, N, and Sperling, MA. Diabetic ketoacidosis in infants, children, and adolescents. Diabetes Care. (2006) 29:1150–9. doi: 10.2337/dc06-9909

15. Karslioglu French, E, Donihi, AC, and Korytkowski, MT. Diabetic ketoacidosis and hyperosmolar hyperglycemic syndrome: review of acute decompensated diabetes in adult patients. BMJ. (2019) 365:l1114. doi: 10.1136/bmj.l1114

16. Cavataio, MM, and Packer, CD. Steroid-induced diabetic ketoacidosis: A case report and review of the literature. Cureus. (2022) 14(4):e24372. doi: 10.7759/cureus.24372

17. Newcomer, JW. Second-generation (Atypical) antipsychotics and metabolic effects: A comprehensive literature review. CNS Drugs. (2005) 19(Suppl 1):1–93. doi: 10.2165/00023210-200519001-00001

18. Mahfooz, RS, Khan, MK, Al Hennawi, H, and Khedr, A. SGLT-2 inhibitor-associated euglycemic diabetic ketoacidosis: A case report and a literature review. Cureus. (2022) 14(6):e26267. doi: 10.7759/cureus.26267

19. Hong, AR, Yoon, JH, Kim, HK, and Kang, H-C. Immune checkpoint inhibitor-induced diabetic ketoacidosis: A report of four cases and literature review. Front Endocrinol. (2020) 11:14. doi: 10.3389/fendo.2020.00014

20. Waldman, A, and Schmults, C. Cutaneous squamous cell carcinoma. Hematology/Oncology Clinics North America. (2019) 33:1–12. doi: 10.1016/j.hoc.2018.08.001

21. Chang, MS, Azin, M, and Demehri, S. Cutaneous squamous cell carcinoma: the frontier of cancer immunoprevention. Annu Rev Pathol Mech Dis. (2022) 17:101–19. doi: 10.1146/annurev-pathol-042320-120056

22. Gross, ND, Miller, DM, Khushalani, NI, Divi, V, Ruiz, ES, Lipson, EJ, et al. Neoadjuvant cemiplimab for stage II to IV cutaneous squamous-cell carcinoma. N Engl J Med. (2022) 387:1557–68. doi: 10.1056/NEJMoa2209813

23. Jouneghani, NS, Phillip, J, and Dasanu, CA. Diabetic ketoacidosis as a hallmark of autoimmune diabetes occurring after two cycles of cemiplimab. J Oncol Pharm Pract. (2022) 28:722–4. doi: 10.1177/10781552211060523

24. Pyronneau, A, Noronha, K, Zucker, A, Kennett, R, and Desai, P. Cemiplimab-induced hyperosmolar hyperglycemic state with concurrent diabetic ketoacidosis in a patient receiving treatment for cutaneous squamous cell carcinoma. Cureus. (2024) 15(5):e60565. doi: 10.7759/cureus.60565

25. De Filette, JMK, Pen, JJ, Decoster, L, Vissers, T, Bravenboer, B, van der Auwera, BJ, et al. Immune checkpoint inhibitors and type 1 diabetes mellitus: a case report and systematic review. Eur J Endocrinol. (2019) 181:363–74. doi: 10.1530/EJE-19-0291

26. Kotwal, A, Haddox, C, Block, M, and Kudva, YC. Immune checkpoint inhibitors: an emerging cause of insulin-dependent diabetes. BMJ Open Diabetes Res Care. (2019) 7:e000591. doi: 10.1136/bmjdrc-2018-000591

27. Pastor Alcaraz, A, Marín Martínez, L, Kyriakos, G, Álvarez Martín, MC, and Hernández Alonso, E. Abrupt-onset diabetes mellitus secondary to pembrolizumab. Endocrinología Diabetes y Nutrición (English ed). (2023) 70:71–3. doi: 10.1016/j.endien.2022.06.013

28. Zand Irani, A, Gibbons, H, and Teh, WX. Immune checkpoint inhibitor-induced diabetes mellitus with nivolumab. BMJ Case Rep. (2023) 16:e253696. doi: 10.1136/bcr-2022-253696

29. Tsang, VHM, McGrath, RT, Clifton-Bligh, RJ, Scolyer, RA, Jakrot, V, Guminski, AD, et al. Checkpoint inhibitor–associated autoimmune diabetes is distinct from type 1 diabetes. J Clin Endocrinol Metab. (2019) 104:5499–506. doi: 10.1210/jc.2019-00423

30. Stamatouli, AM, Quandt, Z, Perdigoto, AL, Clark, PL, Kluger, H, Weiss, SA, et al. Collateral damage: insulin-dependent diabetes induced with checkpoint inhibitors. Diabetes. (2018) 67:1471–80. doi: 10.2337/dbi18-0002

31. Cardona, Z, Sosman, JA, Chandra, S, and Huang, W. Endocrine side effects of immune checkpoint inhibitors. Front Endocrinol. (2023) 14:1157805. doi: 10.3389/fendo.2023.1157805

32. Cho, YK, and Jung, CH. Immune-checkpoint inhibitors-induced type 1 diabetes mellitus: from its molecular mechanisms to clinical practice. Diabetes Metab J. (2023) 47:757–66. doi: 10.4093/dmj.2023.0072

33. Yoneda, S, Imagawa, A, Hosokawa, Y, Baden, MY, Kimura, T, Uno, S, et al. T-lymphocyte infiltration to islets in the pancreas of a patient who developed type 1 diabetes after administration of immune checkpoint inhibitors. Diabetes Care. (2019) 42:e116–8. doi: 10.2337/dc18-2518

34. Hu, H, Zakharov, PN, Peterson, OJ, and Unanue, ER. Cytocidal macrophages in symbiosis with CD4 and CD8 T cells cause acute diabetes following checkpoint blockade of PD-1 in NOD mice. Proc Natl Acad Sci USA. (2020) 117:31319–30. doi: 10.1073/pnas.2019743117

35. Lo Preiato, V, Salvagni, S, Ricci, C, Ardizzoni, A, Pagotto, U, and Pelusi, C. Diabetes mellitus induced by immune checkpoint inhibitors: type 1 diabetes variant or new clinical entity? Review of the literature. Rev Endocr Metab Disord. (2021) 22:337–49. doi: 10.1007/s11154-020-09618-w

36. Tachibana, M, and Imagawa, A. Type 1 diabetes related to immune checkpoint inhibitors. Best Pract Res Clin Endocrinol Metab. (2022) 36:101657. doi: 10.1016/j.beem.2022.101657

37. Kawata, S, Kozawa, J, Yoneda, S, Fujita, Y, Kashiwagi-Takayama, R, Kimura, T, et al. Inflammatory cell infiltration into islets without PD-L1 expression is associated with the development of immune checkpoint inhibitor–related type 1 diabetes in genetically susceptible patients. Diabetes. (2023) 72:511–9. doi: 10.2337/db22-0557

38. American Diabetes Association Professional Practice Committee, ElSayed, NA, McCoy, RG, Aleppo, G, Balapattabi, K, EA, B, et al. 2. Diagnosis and classification of diabetes: standards of care in diabetes—2025. Diabetes Care. (2025) 48:S27–49. doi: 10.2337/dc25-S002

39. Paschou, SA, Stefanaki, K, Psaltopoulou, T, Liontos, M, Koutsoukos, K, Zagouri, F, et al. How we treat endocrine complications of immune checkpoint inhibitors. ESMO Open. (2021) 6:100011. doi: 10.1016/j.esmoop.2020.100011

40. Schneider, BJ, Naidoo, J, Santomasso, BD, Lacchetti, C, Adkins, S, Anadkat, M, et al. Management of immune-related adverse events in patients treated with immune checkpoint inhibitor therapy: ASCO guideline update. JCO. (2021) 39:4073–126. doi: 10.1200/JCO.21.01440

41. Kani, E-R, Karaviti, E, Karaviti, D, Gerontiti, E, Paschou, IA, Saltiki, K, et al. Pathophysiology, diagnosis, and management of immune checkpoint inhibitor-induced diabetes mellitus. Endocrine. (2024) 87:875–90. doi: 10.1007/s12020-024-04050-5

42. Thompson, JA, Schneider, BJ, Brahmer, J, Andrews, S, Armand, P, Bhatia, S, et al. Management of immunotherapy-related toxicities, version 1.2019, NCCN clinical practice guidelines in oncology. J Natl Compr Cancer Network. (2019) 17:255–89. doi: 10.6004/jnccn.2019.0013

43. Arima, H, Iwama, S, Inaba, H, Ariyasu, H, Makita, N, Otsuki, M, et al. Management of immune-related adverse events in endocrine organs induced by immune checkpoint inhibitors: clinical guidelines of the Japan Endocrine Society. Endocr J. (2019) 66:581–6. doi: 10.1507/endocrj.EJ19-0163

44. Puzanov, I, Diab, A, Abdallah, K, Bingham, CO, Brogdon, C, Dadu, R, et al. Managing toxicities associated with immune checkpoint inhibitors: consensus recommendations from the Society for Immunotherapy of Cancer (SITC) Toxicity Management Working Group. J immunotherapy Cancer. (2017) 5:95. doi: 10.1186/s40425-017-0300-z

45. Girotra, M, Hansen, A, Farooki, A, Byun, DJ, Min, L, Creelan, BC, et al. The current understanding of the endocrine effects from immune checkpoint inhibitors and recommendations for management. JNCI Cancer Spectr. (2018) 2:pky021. doi: 10.1093/jncics/pky021

46. Umpierrez, GE, Davis, GM, ElSayed, NA, Fadini, GP, Galindo, RJ, Hirsch, IB, et al. Hyperglycaemic crises in adults with diabetes: a consensus report. Diabetologia. (2024) 67:1455–79. doi: 10.1007/s00125-024-06183-8

47. Hansen, E, Sahasrabudhe, D, and Sievert, L. A case report of insulin-dependent diabetes as immune-related toxicity of pembrolizumab: presentation, management and outcome. Cancer Immunol Immunother. (2016) 65:765–7. doi: 10.1007/s00262-016-1835-4

48. Marchand, L, Thivolet, A, Dalle, S, Chikh, K, Reffet, S, Vouillarmet, J, et al. Diabetes mellitus induced by PD-1 and PD-L1 inhibitors: description of pancreatic endocrine and exocrine phenotype. Acta Diabetol. (2019) 56:441–8. doi: 10.1007/s00592-018-1234-8

49. Trinh, B, Donath, MY, and Läubli, H. Successful treatment of immune checkpoint inhibitor–induced diabetes with infliximab. Diabetes Care. (2019) 42:e153–4. doi: 10.2337/dc19-0908

50. Okubo, M, Hataya, Y, Fujimoto, K, Iwakura, T, and Matsuoka, N. Recovery from insulin dependence in immune checkpoint inhibitor-associated diabetes mellitus: A case report. J Diabetes Invest. (2023) 14:147–50. doi: 10.1111/jdi.13927

51. Iwama, S, Kobayashi, T, and Arima, H. Management, biomarkers and prognosis in people developing endocrinopathies associated with immune checkpoint inhibitors. Nat Rev Endocrinol. (2025). doi: 10.1038/s41574-024-01077-6

52. Daetwyler, E, Zippelius, A, Danioth, S, Donath, MY, and Gut, L. Nivolumab-induced diabetes mellitus—a case report with literature review of the treatment options. Front Immunol. (2023) 14:1248919. doi: 10.3389/fimmu.2023.1248919

53. Fernando, SM, Bagshaw, SM, Rochwerg, B, McIsaac, DI, Thavorn, K, Forster, AJ, et al. Comparison of outcomes and costs between adult diabetic ketoacidosis patients admitted to the ICU and step-down unit. J Crit Care. (2019) 50:257–61. doi: 10.1016/j.jcrc.2018.12.014

54. Shaka, H, Wani, F, El-Amir, Z, Dahiya, DS, Singh, J, Edigin, E, et al. Comparing patient characteristics and outcomes in type 1 versus type 2 diabetes with diabetic ketoacidosis: A review and a propensity-matched nationwide analysis. J Invest Med. (2021) 69:1196–200. doi: 10.1136/jim-2021-001901

55. Shand, JAD, Morrow, P, and Braatvedt, G. Mortality after discharge from hospital following an episode of diabetic ketoacidosis. Acta Diabetol. (2022) 59:1485–92. doi: 10.1007/s00592-022-01953-5

56. Holt, RIG, Cockram, CS, Ma, RCW, and Luk, AOY. Diabetes and infection: review of the epidemiology, mechanisms and principles of treatment. Diabetologia. (2024) 67:1168–80. doi: 10.1007/s00125-024-06102-x

57. Critchley, JA, Carey, IM, Harris, T, DeWilde, S, Hosking, FJ, and Cook, DG. Glycemic control and risk of infections among people with type 1 or type 2 diabetes in a large primary care cohort study. Diabetes Care. (2018) 41:2127–35. doi: 10.2337/dc18-0287

58. American Diabetes Association Professional Practice Committee, ElSayed, NA, McCoy, RG, Aleppo, G, Bajaj, M, Balapattabi, K, et al. 4. Comprehensive medical evaluation and assessment of comorbidities: standards of care in diabetes—2025. . Diabetes Care. (2025) 48:S59–85. doi: 10.2337/dc25-S004

59. Kahaly, GJ, and Frommer, L. Polyglandular autoimmune syndromes. J Endocrinol Invest. (2018) 41:91–8. doi: 10.1007/s40618-017-0740-9

60. Remash, D, Prince, DS, McKenzie, C, Strasser, SI, Kao, S, and Liu, K. Immune checkpoint inhibitor-related hepatotoxicity: A review. WJG. (2021) 27:5376–91. doi: 10.3748/wjg.v27.i32.5376

61. Suzman, DL, Pelosof, L, Rosenberg, A, and Avigan, MI. Hepatotoxicity of immune checkpoint inhibitors: An evolving picture of risk associated with a vital class of immunotherapy agents. Liver Int. (2018) 38:976–87. doi: 10.1111/liv.13746

62. De Martin, E, Michot, J-M, Papouin, B, Champiat, S, Mateus, C, Lambotte, O, et al. Characterization of liver injury induced by cancer immunotherapy using immune checkpoint inhibitors. J Hepatol. (2018) 68:1181–90. doi: 10.1016/j.jhep.2018.01.033

63. Marukian, NV, Lin, JQ, Colevas, AD, Coutre, S, and Chang, ALS. Metastatic cutaneous squamous cell carcinoma responsive to cemiplimab in a patient with multiple myeloma. JAAD Case Rep. (2020) 6:819–21. doi: 10.1016/j.jdcr.2020.06.036

64. Swanson, L, Kassab, I, Tsung, I, Worden, FP, and Fontana, RJ. Infrequent liver injury from cemiplimab in patients with advanced cutaneous squamous cell carcinoma. Immunotherapy. (2022) 14:409–18. doi: 10.2217/imt-2021-0191

65. Passarelli, A, Pisano, C, Coppola, E, Ventriglia, J, Cecere, SC, Di Napoli, M, et al. Complete and early response to cemiplimab associated to severe immune toxicity in advanced cervical cancer: a case report. Front Immunol. (2023) 14:1303893. doi: 10.3389/fimmu.2023.1303893




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Arecco, Petolicchio, Pastorino, Tanda, Vera, Boschetti, Cocchiara, Maggi, Ferone and Gatto. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.





Glossary

ADA: American Diabetes Association

ALT: alanine transaminase

ANA: antinuclear antibody

ASCO: American Society of Clinical Oncology

ASMA: anti-smooth muscle antibody

AST: aspartate aminotransferase

BMI: body mass index

CD8: cluster of differentiation 8

cSCC: cutaneous squamous cell carcinoma

CT: computed tomography

CTLA-4: cytotoxic T lymphocyte-associated antigen 4

DKA: diabetic ketoacidosis

DM: diabetes mellitus

EMA: European Medicines Agency

ENA: extractable nuclear antigens

ESE: European Society of Endocrinology

ESMO: European Society for Medical Oncology

FDA: Food and Drug Administration

FSH: follicle-stimulating hormone

fT3: free triiodothyronine

fT4: free thyroxine

GAD: glutamic acid decarboxylase

γGT: gamma-glutamyl transpeptidase

HbA1c: glycated haemoglobin

HbsAb: antibody of hepatitis B surface

HCO3-: bicarbonate

HLA: human leukocyte antigen

IA2: islet antigen 2

ICIs: immune checkpoint inhibitors

IDDM: insulin-dependent diabetes mellitus

IGF-1: insulin-like growth factor-1

IgG4: immunoglobulin G subclass 4

IFN-γ: interferon-γ

irAEs: immune-related adverse events

LFTs: liver function tests

LH: luteinizing hormone

LKM-1: liver kidney microsome type 1

MRI: magnetic resonance imaging

NCCN: National Comprehensive Cancer Network

NK: natural killer

NSCLC: non-small cell lung cancer

PaCO2: arterial partial pressure of carbon dioxide

PD-1: programmed cell death 1

PD-L1: programmed cell death 1 ligand

PRL: prolactin

SGLT-2: sodium-glucose co-transporter-2

SLA/LP: antibodies against soluble liver antigen/liver-pancreas

SSC: squamous cell carcinoma

T1D: type 1 diabetes mellitus

T2D: type 2 diabetes mellitus

TNF-α: tumor necrosis factor α

ZnT8: zinc transporter 8

TSH: thyroid stimulating hormone
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Reference

values
Age (year) 62
Sex Female
Underlying cancer Squamous

cell carcinoma

Type of ICI Cemiplimab

Previous history of DM No

HbA,. (%) 6.9 43-57
C-peptide (ng/mL) <0.0 0.8-4.2
Glucose (mg/dL) 1187 65-110
Serum pH 6.8 7.35-7.45
pCO, (mmHg) 15.0 23.0-27.0
Serum bicarbonate 2.7 22.0-25.0
(mmol/L)

Urine ketone 44+ Absent

Time to diagnosis after starting ICI

Number of doses 5
Onset in weeks 12

Beta-cell autoantibodies

GAD Ab (U/mL) 0.78 0.00-10.0

Anti-insula Ab (U/mL) 0.1 0.0-1.1

Other endocrinopathies

Thyroid dysfuntion Yes

Adrenal insuffiency Not valuable
Tumour response Progressive disease
ICI therapy after DKA Stop

ICI, immune checkpoint inhibitor; DM, diabetes mellitus; HbA,, glycated haemoglobin;
GAD, glutamic acid decarboxylase; Ab, antibody; DKA, diabetic ketoacidosis.
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Age (year) 62 77 74
Sex Female Female Female
Ethnicity Caucasian Caucasian Caucasian
Underlying cancer Squamous cell carcinoma Squamous cell carcinoma Squamous cell carcinoma
Type of ICI Cemiplimab Cemiplimab Cemiplimab
Previous other ICI No Pembrolizumab NA
Previous history of DM No NA No

Biochemical exams at the time of irAE presentation

HbA,. (%) 69 8.3 84
C-peptide (ng/mL) <00 NA 02
Glucose (mg/dL) 1187 1186 623
B-hydroxybutyrate (mg/dL) Not valuable Elevated Elevated
Serum pH 6.8 NA Acidosis
Serum bicarbonate (mmol/L) 27 15 NA
Anion gap (mmol/L) Elevated (25) Elevated (27) Elevated
Creatinine (mg/dL) 16 25 NA
Lactic acid (mmol/L) 26 5.4 NA
Urine glucose Positive Positive NA
Urine ketone Positive Positive NA

Time to diagnosis after starting ICI

Number of doses 5 3 2
Onset in weeks 12 16 6
Beta-cell autoantibodies

GAD Ab (U/mL) Negative Negative Positive

ICI immune checkpoint inhibitor; DM, diabetes mellitus; HbA, , glycated haemoglobin; GAD, glutamic acid decarboxylase; Ab, antibody; NA, not available; irAE, immune-related adverse event.
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To assess the adverse drug reaction, please answer the following questionnaire and give the pertinent score

Yes No Do not know
1. Are there previous conclusive reports on this reaction? +1 0 0 +1
2. Did the adverse event occur after the suspected drug was administered? +2 -1 0 +2
3. Did the adverse reaction improve when the drug was discontinued or a specific antagonist +1 0 0 0

was administered?

4. Did the adverse reaction reappear when the drug was readministered? +2 -1 0 -1
5. Are there alternative causes (other than the drug) that could have on their own caused the reaction? -1 +2 0 +2
6. Did the reaction reappear when a placebo was given? -1 +1 0 0
7. Was the drug detected in the blood (or other fluids) in concentrations known to be toxic? +1 0 0 0
8. Was the reaction more severe when the dose was increased or less severe when the dose was decreased? +1 0 0 0
9. Did the patient have a similar reaction to the same or similar drugs in any previous exposure? +1 0 0 0
10. Was the adverse event confirmed by any objective evidence? +1 0 0 +1

Total score = 5

Adapted from Naranjo CA, Busto U, Sellers EM, et al. A method for estimating the probability of adverse drug reactions. Clin Pharmacol Ther. 1981;30 (2):239-245. Scoring: = 9 = definite ADR;
5-8 = probable ADR; 1-4 = possible ADR; 0 = doubtful ADR.





