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The occurrence of fulminant type 1 diabetes mellitus as an adverse event during cancer immunotherapy has been previously reported. However, little is known about the causal relationship between the coronavirus disease 2019 (COVID-19) vaccination and fulminant type 1 diabetes mellitus. A 60-year-old man with advanced gastric cancer, receiving S-1 + oxaliplatin and nivolumab therapy, followed by nab-paclitaxel + ramucirumab as a second-line treatment, with steroid supplementation for complications of hypopituitarism-induced hypoadrenocorticism, was administered a COVID-19 vaccine after three cycles of nab-paclitaxel + ramucirumab. Two days later, he developed severe malaise and anorexia, which required emergency admission to our hospital for suspected adrenal insufficiency. Despite increasing steroids, his general condition changed suddenly after 12 hours leading to his death. Histopathological analysis of autopsy samples revealed loss of the islets of Langerhans, indicating fulminant type 1 diabetes mellitus. We failed to recognize the onset of fulminant type 1 diabetes mellitus because its symptoms were similar to those of adrenal insufficiency. The number of reports on the onset of fulminant type 1 diabetes mellitus after COVID-19 vaccination has been increasing, and in this case, the onset occurred on the second day after COVID-19 vaccination, suggesting an association between vaccination and fulminant type 1 diabetes mellitus. Clinicians should be aware of the risk of fulminant type 1 diabetes mellitus, although rare, after COVID-19 vaccination.
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1 Introduction

In treatment for advanced gastric cancer, recently, the approval of combination therapy involving, nivolumab, an immune checkpoint inhibitor (ICI) that blocks programmed cell death-1, and chemotherapy as first-line treatment has resulted in the increased overall survival and progression-free survival of patients (1, 2). ICIs, such as nivolumab, can cause imbalances in the immunological tolerance of patients and inflammatory side effects known as immune-related adverse events (irAEs), including pneumonitis, colitis, hepatitis, pancreatitis, and hypophysitis (3). While appropriate management can ameliorate most irAEs, severe irAEs can be fatal (4).

The COVID-19 pandemic is now a global public health problem; as the COVID-19 pandemic continues, COVID-19 vaccine development has progressed rapidly and several COVID-19 vaccines are now approved worldwide (5). Many cancer patients and healthy people have been vaccinated. In recent years, there have been increasing reports of patients developing fulminant type 1 diabetes mellitus (DM) after receiving the COVID-19 vaccine (6–12). However, no report has yet clarified the pathological findings of fulminant type 1 DM.

Here, we report the case of a patient who received the COVID-19 vaccine during steroid replacement therapy for hypopituitarism induced by immunotherapy for advanced gastric cancer and subsequently developed fulminant type 1 DM, resulting in death.




2 Case description

A 60-year-old Japanese man with unresectable advanced gastric cancer with multiple liver metastases (TNM cT3N3M1, stage IVB, well-differentiated adenocarcinoma) presented to our hospital in December 202X. The patient was initially treated with the SOX (S-1 + oxaliplatin) + nivolumab regimen (consisting of oral S-1 40 mg/m2 twice daily on days 1–14, intravenous oxaliplatin 130 mg/m² on day 1, and nivolumab 360 mg/body every 3 weeks) as first-line chemotherapy + immunotherapy. However, during the first cycle, the patient experienced grade 3 (CTCAE, version 5.0) diarrhea as an adverse event related to S-1; therefore, the chemotherapy regimen was changed to CAPOX (consisting of oral capecitabine 1000 mg/m² twice daily on days 1–14 and intravenous oxaliplatin 130 mg/m² on day 1, every 3 weeks). However, 4 months later, computed tomography revealed progressive disease due to primary tumor growth. The chemotherapy regimen was thus switched to nab-paclitaxel (100 mg/m² intravenously on days 1, 8, and 15) + ramucirumab (8 mg/kg intravenously on days 1 and 15) as second-line chemotherapy in April 202X+1. After the second cycle of treatment was initiated, anorexia, fatigue, and hyponatremia (116 mmol/L, reference interval: 138–145 mmol/L) were observed. His serum cortisol (0.36 μg/dL, reference interval: 6.24–18.00 μg/dL) and adrenocorticotropic hormone (ACTH) levels (<1.5 pg/mL, reference interval: 7.2–63.3 pg/mL) had decreased. The patient was referred to an endocrinology and metabolism specialist, who conducted a loading test and diagnosed him with hypopituitarism-induced adrenocortical hypofunction as an irAE at 5 months after the initial administration of nivolumab. Steroid therapy (hydrocortisone 20 mg/day) was immediately initiated, and his anorexia and fatigue improved. Consequently, steroid and nab-paclitaxel + ramucirumab therapy were continued. During the treatment course, the patient received the third dose of the COVID-19 vaccine (Pfizer-BioNTech, NY, USA). However, on the second day after vaccination, he suddenly developed severe anorexia and fatigue, requiring urgent admission to our hospital in June 202X+1 (6 months after the initial administration of nivolumab). The laboratory and genetic data obtained upon admission are detailed in Table 1.


Table 1 | Laboratory data upon admission.



The symptoms of appetite loss and fatigue and laboratory findings indicating hyponatremia meant that he was in a state of adrenal insufficiency. We, therefore, increased the hydrocortisone dose to 50 mg/day and initiated infusions to correct the hyponatremia. However, the patient’s symptoms did not improve and his fatigue worsened. Twelve hours after starting the treatment, sudden decline in his consciousness level and blood pressure was observed. His blood glucose level at this time was markedly elevated, exceeding 1,000 mg/dL. Insulin was immediately administered, but he soon experienced cardiopulmonary arrest. Despite attempting cardiopulmonary resuscitation, his heartbeat did not resume and he died (Figure 1). With the family’s consent, an autopsy was performed to determine the cause of death.




Figure 1 | Clinical course of the patient. ACTH, adrenocorticotropic hormone; SOX, S-1 + oxaliplatin; CAPOX, capecitabine + oxaliplatin; HbA1c, hemoglobin A1c; AE, adverse event; irAE, immune-related AE.



Histopathological examination of the anterior pituitary gland revealed the presence of a focal lymphocytic infiltrate comprising CD3+ T cells (CD4<CD8). Negative periodic acid-Schiff staining and negative T-Pit expression indicated a decrease in ACTH-producing cells (13). Hence, the diagnosis of hypopituitarism due to selective disruption of ACTH-producing cells, an irAE induced by nivolumab, was established (Figure 2A). However, the absence of severe inflammation and necrosis indicated that it was not the direct cause of death. The structure of the adrenal cortex was intact, no inflammatory cells were observed, and mild lymphocytic infiltration was observed in the adrenal medulla; these were considered physiological occurrences and not the cause of death. The pancreas exhibited marked interstitial fibrosis, moderate CD3+ T-cell infiltration, with a similar pattern to that of the pituitary gland (CD4<CD8), and absence of synaptophysin- and insulin-positive cells and the islets of Langerhans (Figure 2B). More than two-thirds of the cancer cells in the primary gastric lesion were pathologically necrotic, and the liver metastases were completely necrotic. Therefore, the patient was diagnosed with fulminant type 1 DM. Considering the histopathological findings and clinical course, we concluded that the patient developed severe diabetic acidosis due to rapid hyperglycemia that led to circulatory failure and death.




Figure 2 | Pathological findings at autopsy. (A) Anterior pituitary gland. Histopathological findings showing focal lymphocytic infiltration comprising CD3+ T cells, suggesting cellular damage to the anterior pituitary gland. The number of infiltrating cells was 1, 0 and 1 per three high power fields (HPFs) for CD4+ T-cells and 62, 44, and 57 three HPFs for CD8+ T-cells. In addition, the negative periodic acid-Schiff (PAS) staining and negative T-Pit expression suggested that the number of ACTH-producing cells was reduced. (B) Pancreas. The pancreas showing marked interstitial fibrosis and moderate CD3+ T-cell infiltration (CD4<CD8), suggesting cellular damage to the pancreas. The number of infiltrating cells was 28, 14, and 13 per three HPFs for CD4+ T-cells and 107, 52 and 71 per three HPFs for CD8+ T-cells. Moreover, there were no synaptophysin- and insulin-positive cells, and the islets of Langerhans were completely absent. ACTH, adrenocorticotropic hormone; HE, hematoxylin and eosin staining.






3 Discussion

Nivolumab + chemotherapy has become the standard first-line treatment for advanced gastric cancer after improved outcomes were observed in the CheckMate 649 and ATTRACTION-4 trials (1, 2). However, ICIs such as nivolumab can cause immune activation in non-target tissues, leading to irAEs in some patients (3). In the ATTRACTION-4 study, irAEs involving endocrine disturbance were reported in 11.4% of the patients, with 2.2% experiencing irAEs of grade 3–4 severity (2). Pituitary insufficiency, often presenting as ACTH deficiency, occurs in approximately 6% of the patients on ICIs (14, 15). The most severe form of pituitary insufficiency is ACTH insufficiency; it can lead to acute adrenal insufficiency and be fatal if treatment is delayed. Further, the prevalence of type 1 DM as an endocrine-related irAE due to nivolumab is <0.2% (16). Therefore, type 1 DM is considered a rare irAE. Although there are several reports of hypopituitarism and DM as irAEs caused by ICI (17, 18), to our knowledge, there is no report of hypopituitarism-induced adrenal hypofunction combined with fulminant type 1 DM.

Fulminant type 1 DM, a subtype of type 1 DM, was first identified in Japan and is commonly diagnosed in Asian populations (19). It is characterized by severe hyperglycemia with ketosis, nearly normal hemoglobin A1c (HbA1c) level, and lack of insulin secretion at onset. Other features include absence of detectable levels of islet autoantibodies, elevated levels of pancreatic enzymes, and frequent influenza-like symptoms before DM onset (14). In our patient’s case, although the HbA1c level was within the normal range, since the tests for acidosis and insulin secretory capacity were not performed and the diagnostic criteria for fulminant type 1 DM (16) were not met, hyperglycemia was observed just before death. Pathological findings from the autopsy revealed the near-complete disappearance of the islets of Langerhans, leading to the diagnosis of fulminant type 1 DM. In addition, no insulin antibodies were present in the islets of Langerhans, suggesting endogenous insulin deficiency. The presence of CD3+ T cells and predominance of CD8+ cells in the pancreatic tissue suggest that an immune response contributed to the destruction of pancreatic beta cells and development of fulminant type 1 DM. However, cases of fulminant type 1 DM after COVID-19 vaccination even without prior ICI treatment has been reported (Table 2), and these findings alone cannot distinguish between fulminant type 1 DM due to irAE and fulminant type 1 DM as a pure adverse event of COVID-19 vaccination. In the future, the histopathology of fulminant type 1 DM should be carefully monitored.


Table 2 | Reports of fulminant type 1 DM after COVID-19 vaccination.



The initial irAE was adrenal insufficiency due to hypopituitarism, which showed improvement with hydrocortisone administration. The patient’s chief complaint was anorexia and fatigue, and blood tests revealed decreased cortisol, ACTH, and sodium levels, supporting the diagnosis of severe adrenal insufficiency. In addition, we did not suspect type 1 DM, which is an infrequent complication, as there were no findings suggestive of metabolic ketoacidosis, such as Kussmaul breathing or acetone odor. However, pathological findings from the autopsy revealed no adrenal insufficiency, and hypopituitarism caused by irAEs was mild and not a direct cause of death. Consequently, the increased hydrocortisone dose may have aggravated the type 1 DM, leading to death.

As shown in Table 2, an increasing number of reports has recently suggested an association between COVID-19 vaccination and fulminant type 1 DM (6–12). Hence, the disease may develop relatively early and with a variety of symptoms, regardless of the type of vaccine, number of vaccinations, history of DM, and prior treatment. The vaccine may have triggered the disease in this case as well. Although recent reports suggest that the COVID-19 mRNA vaccine sometimes exacerbates autoimmune diseases (15), the mechanism by which the COVID-19 vaccination causes fulminant type 1 DM remains unclear.

Our patient who received the COVID-19 vaccine during steroid replacement therapy for advanced gastric cancer subsequently developed fulminant type 1 DM. Had we been aware of the possibility of fulminant type 1 DM, we could have detected it early and saved the patient. Clinicians should keep in mind the possibility of their patient developing fulminant type 1 DM, although rare, after COVID-19 vaccination.
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