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Nanchang, China

Objective: This study aimed to summarize the clinical characteristics of
programmed death receptor 1 (PD-1) inhibitor-associated type 1 diabetes so
as to improve the ability of clinicians to correctly diagnose and treat it.

Methods: We reported a case of a 70-year-old woman with gastric cancer
who developed hyperosmolar hyperglycemic coma during camrelizumab (a
PD-1 inhibitor) treatment and was diagnosed with PD-1 inhibitor-associated
type 1 diabetes. We conducted a systematic review of 74 case reports of type
1 diabetes associated with PD-1 inhibitor therapy published before June 2022.

Results: The patient developed type 1 diabetes with hyperosmolar
hyperglycemic coma after receiving camrelizumab chemotherapy for 6
months (9 cycles). We searched 69 English articles comprising 75 patients, all of
whom had been treated with a PD-1 inhibitor (nivolumab or pembrolizumab)
and progressed to diabetes after an average of 6.11 (1-28) cycles. Nivolumab
combined with ipilimumab (a cytotoxic T lymphocyte-associated protein 4
inhibitor) had the shortest onset (4.47 cycles on average). A total of 76%
(57/75) of patients developed diabetic ketoacidosis (DKA) at onset, and 50.67%
(38/75) of patients had C-peptide <0.1 ng/mL. Most of the patients were tested
for insulin autoantibodies, with a positive rate of 33.33% (23/69); of these,
86.96% (20/23) were tested for glutamate decarboxylase antibody and 46.67%
(35/75) were tested for human leukocyte antigen (HLA). HLA-DR4 was the most
common type.

Conclusions: The progression of type 1 diabetes induced by PD-1 inhibitors is
relatively rapid. Islet failure often occurs when detected, seriously endangering
patients’ lives. Patients treated with PD-1 inhibitors should closely monitor their
plasma glucose level during treatment to detect, diagnose, and treat diabetes
on time.

PD-1 inhibitors, diabetes, immune checkpoint inhibitor, camrelizumab, insulin

Introduction

Immune checkpoint inhibitors play an important role in immune tolerance
through negative regulation of the immune system. Common immune checkpoints
include programmed death receptor 1 (PD-1) and cytotoxic T lymphocyte-associated
protein 4 (CTLA-4). PD-1 belongs to the B7-CD28 family in the —-immunoglobulin
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superfamily. However, PD-1 does not share ligands with
CD28 (1). The specific ligands of PD-1 include PD-L1
(B7-H1) and PD-L2 (B7-DC). The binding of PD-1 and its
ligand can prevent T-cell proliferation, cytokine production,
and cell decomposition. Camrelizumab is a novel immune
checkpoint inhibitor (PD-1
intellectual property rights in China. A highly humanized

inhibitor) with independent

monoclonal antibody, IgG4 is widely used in tumor treatment.
Its pharmacological action is to block the PD-1/PD-L1 pathway
by binding to PD-1 and hence promote T-cell activation and
proliferation, thereby inhibiting tumor growth (2). A PD-1
inhibitor overactivated the immune system and its ligand
is widely expressed in hematopoietic cells, pancreatic cells,
macrophages, and dendritic cells (3, 4). Therefore, may affect
other tissue cells during treatment. A series of immune-related
adverse events (irAEs) are induced, the most common of
which are pituitary and thyroid dysfunction, diabetes, and
adrenal hypofunction (5). In type 1 diabetes (T1DM), an
autoimmune disease, the destruction of islet B cells leads to
absolute insulin deficiency (6). Type 1 diabetes, a rare irAE
associated with PD-1 inhibitors, has an estimated incidence
of 0.2-1.4% (7-9). PD-1 inhibitors indirectly damage many
islet P-cells after the overactivation of the autoimmune
system, resulting in the development of diabetes. We reported
a case of a 70-year-old woman with gastric cancer who
developed type 1 diabetes complicated by hyperosmolar
hyperglycemic coma 6 months after receiving camrelizumab
chemotherapy. Subsequently, we conducted a systematic
review and summary of published case reports to draw the
attention of clinicians to this disease and thus its diagnosis
and treatment.

Case presentation

A 70-year-old female patient underwent a total gastrectomy
for gastric cancer in 2017. Multiple lymph node metastases of
gastric cancer were found in August 2019. Since April 2020,
she has regularly received 200 mg camrelizumab intravenously,
21 days/cycle, combined with apatinib mesylate tablets 850
mg/day at a local cancer hospital. No obvious adverse reactions
were noted, except pancytopenia, during the treatment. On
the night of October 12, 2020, the patient drank many sugary
drinks. The next morning, her family found her unconscious
and took her to a local hospital. The auxiliary examination
revealed the following: random plasma glucose was 1,082 mg/dL,
HbAlc was 7.88%, fasting C-peptide was 0.04 ng/mL, blood
sodium was 140.6 mmol/L, blood potassium was 6.46 mmol/L,
blood chlorine was 97.4 mmol/L, effective plasma osmotic
pressure was 354.22 mOsm/L (>320 mOsm/L), urine glucose
was (3+), and urine ketone body was (4-); arterial blood
gas: pH 7.44, bicarbonate (HCO;) 19.7 mmol/ L, and base
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excess —3.3 mmol/L. The diagnosis included the following:
(1) hyperosmolar hyperglycemic coma; (2) hyperkalemia; (3)
diabetes; (4) metabolic acidosis. The patient was treated for
fluid replenishment, hypoglycemia, and correction of water
and electrolyte disorders. After discharge, the patient received
insulin glargine 8U to lower hyperglycemia, but the patient had
poor plasma glucose control. On October 26, 2020, she was
admitted to our outpatient department for further diagnosis and
treatment. The physical examination showed the following: body
temperature 36.2°C, pulse 64 beats/min, 20 breaths/min, blood
pressure 110/62 mm Hg (1 mm Hg = 0.133 kPa), height 150 cm,
body weight 41kg, and body mass index (BMI) 18.22 kg/m?.
The examination of the heart, lung, and abdomen revealed no
abnormality, with no edema in both lower extremities. The
family denied a history of diabetes. During admission, the fasting
plasma glucose was 440 mg/dL, 1-h postprandial plasma glucose
level was 239 mg/dL, 2-h postprandial plasma glucose level
was 212 mg/dL, HbAlc was 11.1%, IA-2A was positive, serum
C-peptide (0, 60, and 120 min) was <0.1ng/mL, and urinary
ketone body was (=) (Tables 1, 2). Combined with the fact
that no report on diabetes caused by apatinib mesylate tablets
was shown, this patient was diagnosed with PD-1 inhibitor-
associated type 1 diabetes. The patient’s islet function was poor,
and the presentation was marked by brittle diabetes. Therefore,
intensive treatment with an insulin pump was given after
admission: 10 units of basal insulin and 4 units of insulin aspart
before breakfast, lunch, and dinner. The patient’s plasma glucose
level was continuously monitored, and the insulin dose was
adjusted according to the plasma glucose level. After the plasma
glucose level was stable, the patient was treated with low-dose
rapid-acting insulin before three meals and long-acting insulin
before sleep, including 6 units of insulin aspart before breakfast,
5 units before lunch, and 5 units before dinner, together with 6
units of insulin degludec before bed.

Methods

We searched English-language case reports on PD-
1 inhibitors and diabetes published before June 2022,
inhibitor”,
“Pembrolizumab”, or “Immune checkpoint inhibitor” and
“Diabetes”, “Diabetes Mellitus”, “diabetic ketoacidosis”,
“ketoacidosis” and “DKA”. A total of 69 reports (10-78),
were retrieved. The following information was extracted

using the search terms “PD-1 “Nivolumab”,

from each case: author, year of publication, patients age,
gender, tumor type, type of immune checkpoint inhibitor,
onset cycle, plasma glucose level, HbAlc, C-peptide, presence
of DKA, islet autoantibodies, and human leukocyte antigen
(HLA) genotypes (Supplementary Table S1). The informed
consent of the patient herself has been obtained for this
case report.
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TABLE 1 Laboratory parameters at the time of hospital admission.

Laboratory Test Value Reference range
Plasma glucose (mg/dL) 440 70-110
HbAlc (%) 11.1 3-6
Na* (mmol/L) 131.72 137-147
K* (mmol/L) 4.49 3.5-5.3
CI* (mmol/L) 103.62 99-110
CO,CP (mmol/L) 21.42 23-29
WBC (109/L) 1.99 3.5-9.5
RBC (1012/L) 2.59 3.8-5.1
Hb (g/L) 88 110-150
PLT (109/L) 112 125-350
Urinary glucose 2+

Urinary ketone

Urinary pH 6.0 4.5-8.0
Urinary ACR (mmol/L) 9.25 <30

HbAlc, Glycated hemoglobin; CO,CP, CO, combining power; WBC, white blood cell;
RBC, red blood cell; Hb, hemoglobin; PLT, platelets; ACR, albumin-creatinine ratio.

TABLE 2 Related autoantibodies and islet function.

Laboratory test Value Reference range
GADA

ICA

TA-2A +

TAA

ZnT8A

Plasma glucose 0 min (mg/dL) 440 70-110
Plasma glucose 60 min (mg/dL) 239 79.2-140.4
Plasma glucose 120 min (mg/dL) 212 79.2-140.4
Serum C peptide 0 min (ng/mL) 0.06 1.1-4.4
Serum C peptide 60 min (ng/mL) 0.04

Serum C peptide 120 min (ng/mL) 0.07

GADA, Glutamic acid decarboxylase antibody; ICA, islet-cell antibodies; IA-2A,
insulinoma-associated antigen-2; IAA, insulin autoantibody; ZnT8A, zinc transporter
8 antibody.

Results

We searched 69 English articles, comprising 75 patients. All
patients received PD-1 inhibitors therapy, with a female/male
ratio of 23/52 and an average age of 63 (12-85) years
(Supplementary Table S2). Tumor types included melanoma
36% (27/75), non-small-cell lung cancer 16% (12/75), renal
cell carcinoma 12% (9/60), and other types 36% (27/75)
(Supplementary Table S2). It was preferable to calculate by
cycle due to the inconsistent duration of drug use, with an
average of 6.11 (1-28) cycles for the diagnosis of diabetes
(Supplementary Table S2). The mean plasma glucose level
was 656 (271-1,298) mg/dL, and the mean HbAlc was
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7.85% (6.1%—11.1%) (Supplementary Table S2). A majority
of patients, 76% (57/75), had DKA at the onset. The
reference range of C-peptide detection was inconsistent
in most patients; except for some for whom the value
was not explained, 59.38% (38/64) of patients had C-
peptide <0.1 ng/mL or undetectable (Supplementary Table S2).
A total of 93.33% (70/75) of patients were tested for
insulin autoantibodies, with a positive rate of 32.86% (23/70)
(Supplementary Table S2). The average progression of diabetes
was 3.39 cycles in patients who were antibody positive and
7.5 cycles in patients who were antibody negative. Glutamate
decarboxylase antibody (GADA) accounted for 86.96% (20/23)
of the autoantibodies (Supplementary Table S2). Two or more
antibodies were positive in 30.43% (7/23) of patients. About
46.67% (35/75) of the patients were tested for HLA genotypes,
mainly HLA-DR4 (37.14%) (Supplementary Tables S1, S2). HLA
gene testing was not performed in the present case. Also, further
analysis of the use of immune checkpoint inhibitors suggested
that patients receiving nivolumab developed diabetes in an
average of 6.47 cycles, whereas those receiving pembrolizumab
developed diabetes in a longer duration (6.5 cycles). Nivolumab
also resulted in lower mean plasma glucose level and
HbAlc than pembrolizumab. Patients treated with the PD-1
inhibitor nivolumab in combination with the CTLA-4 inhibitor
ipilimumab had the shortest time to diagnose of diabetes
(4.47 cycles on average) (Supplementary Table S3). Among
the cases we collected, two patients received PD-1 inhibitor
treatment and were diagnosed with diabetes after a period
of drug withdrawal (61, 73). The guidelines promulgated by
the European Society for Medical Oncology note that another
plasma glucose measurement 4-6 weeks after the last cycle of
immunotherapy may be necessary (79).

Discussion

The irAEs induced by ICPIs mainly include thyroid
dysfunction, hypophysitis, adrenal hypofunction, diabetes, etc.,
(5). Multiple endocrinopathies induced by PD-1 inhibitors can
possibly occur at the same time, despite the low frequency
of adverse events in each endocrine organ. Our results
showed that 41.33% (31/75) patients were complicated with
other endocrine gland abnormalities, among which thyroid
dysfunction (34.67%) was the most common, followed by
adrenal hypofunction (19.23%) and infrequent hypopituitarism
(2.67%) (Supplementary Table S3). In addition, A meta-analysis
by Barroso-Sousa et al. (80). showed that combination therapy
with immune checkpoint inhibitors was more likely to involve
other endocrine glands.

Type 1 diabetes caused by PD-1 inhibitors is relatively rare,
with an estimated incidence of 0.2-1.4% (7-9). DKA is the most
common onset (10-24), but the patient in this study presented
with hyperosmolar hyperglycemic coma at the onset. Although
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the overall frequency of type 1 diabetes in irAEs is relatively low,
PD-1 inhibitor-associated type 1 diabetes progresses rapidly to a
critical illness and may endanger patients’ lives if not promptly
diagnosed and treated (5, 81). Clinicians should inform patients
of the potential risk of diabetes with PD-1 inhibitors, train
them in recognizing the symptoms of hyperglycemia and
DKA, and enhance the knowledge of patients with diabetes.
Currently, the Food Drug Administration-approved PD-1
inhibitors include nivolumab and pembrolizumab. Studies have
shown that nivolumab is associated with an increased risk of
type 1 diabetes (16, 82, 83), and the cases may increase with
the more widespread use of nivolumab. Our results showed that
nivolumab monotherapy had a slower progression to diabetes
than pembrolizumab. In addition, patients treated with PD-
1 inhibitors combined with CTLA-4 inhibitors progressed to
diabetes at an earlier time.

Based on this report and a systematic review of previous
related cases, the pathogenesis of PD-1 inhibitor-associated type
1 diabetes can be summarized as follows:

(1) Activation of proliferating T cells destroys islet § cells:
Several animal studies have demonstrated the role of PD-1
in type 1 diabetes. For example, PD-1 transgenic mice had a
reduced incidence of type 1 diabetes (84), and PD-1 blockade
led to the faster progression of diabetes in mice with prediabetic
nonobese diabetes (NOD) (85, 86), mainly occurring through
the PD-1/PD-L1 pathway; the PD-1/PD-L2 pathway is rare
(87). The PD-1 expression rate on T cells (mainly CcD8t T
cells) of patients with type 1 diabetes was lower than that of
healthy persons or patients with type 2 diabetes (88, 89). PD-
1 inhibitors block the PD-1/PD-L1 pathway, increasing the
number of T cells or maintaining higher activity and leading
to the accelerated destruction of islet B cells (87). Figure 1
provides an overview of the mechanism of action of PD-1
inhibitors and the hypothesis of an association between PD-
1 inhibitors and type 1 diabetes mellitus. The PD-1/PD-L1
pathway is crucial in maintaining islet -cell antigen tolerance,
and B-cell destruction leads to faster progression to diabetes in
genetically predisposed individuals (90); that is, patients with a
family history of diabetes may progress to diabetes faster when
treated with PD-1 inhibitors. Among the retrieved cases, two
had a family history of diabetes (47, 55); they were diagnosed
with diabetes after 1 cycle of treatment with a PD-1 inhibitor,
with severely impaired islet function, and became dependent on
insulin treatment.

(2) Increase in insulin autoantibodies: Currently, insulin
autoantibody inhibitors correlate with PD-1 in the development
of type 1 diabetes, yet the mechanism is not clear. An
autoimmune diabetes NOD mouse model was established by
Ansari et al. (87). found that some had autoantibody-negative
diabetes while some had autoantibody-positive diabetes. The
positive rate of GADA was the highest in patients with positive
insulin autoantibodies. However, GADA was also found in other
autoimmune endocrine diseases, such as Graves disease (91),
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FIGURE 1

Mechanism of action of PD-1 inhibitor and hypothesis of
association between PD-1 inhibitors and type 1 diabetes. (A)
Tumor cells can inactivate T cells and evade the immune system
by expressing PD-L1. This leads to the enhanced survival of
tumor cells. (B) Anti—-PD-1 can block the PD-1 receptor and
restore immune response. This leads to the apoptosis of tumor
cells. (C) Pancreatic B-cells express PD-L1 and thereby evade
the immune response. (D) During anti-PD-1 therapy, in certain
susceptible persons, T cells are activated and develop an
immune response to pancreatic B-cells. MHC, major
histocompatibility complex; TCR, T-cell receptor.

and hence it was not specific. In addition, Gauci et al. (92).
found that the time interval between the occurrence of type
1 diabetes induced by PD-1 inhibitors was related to GADA
positivity. Usui et al. (93). indicated that GADA positivity could
accelerate the progression of type 1 diabetes associated with PD-
1 inhibitors, which was also supported by our systematic review.
In other words, patients positive for insulin autoantibodies
were diagnosed with diabetes after receiving PD-1 inhibitors
treatment, and the average medication period was significantly
shorter than that of patients negative for autoantibodies. We
considered that besides cellular immunity, humoral immunity
was involved in antibody-positive patients, leading to more
rapid islet failure.

(3) HLA genotype increases susceptibility to type 1
diabetes: HLA-specific alleles are associated with increased
susceptibility to T1DM, account for 30-50% of the genetic
risk of TIDM (94), especially HLA-DRB1, HLA-DQBI and
HLA-DQA1 (95). Different combinations of HLA-DRBI,
DQBI, and DQAI determine the extent of haplotypic risk.
There is research shows that the most susceptible HLA
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haplotypes are ~ DRB1%04:05-DQA1*03:01-DQB1%03:02,
followed by DRB1*04:01-DQA1*03:01-DQB*03:02,
DRB1*03:01-DQA1*05:01-DQB1*02:01, and DRB1%04:02-
DQA1*03:01-DQB1*03:02 (94). Stamatouli et al. (96) reported
that HLA-DR4 was dominant in patients with type 1 diabetes
associated with immune checkpoint inhibitors. We also found
that HLA-DR4 had the highest association rate. Several case
reports have shown an established high-risk allele for T1IDM
(HLA-II DR4 haplotype) present in the majority of patients
for whom HLA typing was available (11, 57). Additionally, a
recent report indicated that the frequencies of the DRB1*04:05-
DQB1%04:01 and DRB1%09:01-DQB1*03:03 haplotypes were
significantly higher than the other haplotypes (97), which
was in agreement with our findings. The patient in this
case did not undergo HLA genetic testing, and if HLA was
performed, it might be a predictor of TIDM episodes caused by
camrelizumab. Further research is needed to determine whether
HLA genotyping should be performed in all patients treated
with PD-1 inhibitors to predict the risk of type 1 diabetes.

(4) Increased levels of inflammatory cytokines: Existing
evidence indicates that the expression of PD-L1 can be
induced by multiple inflammatory factors (98, 99). These
factors mainly include interferon (IFNs), interleukin-1 B (IL-
1B), interleukin-6 (IL-6), interleukin-10 (IL-10), interleukin-12
(IL-12), interleukin-17 (IL-17), transforming growth factor-$
(TGF-B), and tumor necrosis factor-a (TNF-a). Colli et al. (90).
suggested that IFN-y and IFN-o upregulated the expression
of PD-L1 in islet B cells of patients with diabetes to reduce
susceptibility to autoimmune cells. Hence, it was speculated that
islet B cells could inhibit destruction by autoimmune T cells

Frontiersin Public Health

05

in this way. Figure 2 illustrates the pathophysiology of PD-1
inhibitor-associated type 1 diabetes.

Different clinical phenotypes have been identified in type
1 diabetes. PD-1 inhibitor-associated diabetes is considered a
novel form of type 1 diabetes that is specifically triggered by
the use of PD-1 inhibitors. Reviewing the recently published
literature on the subject, most agree that diabetes caused by
PD-1 inhibitors is immune-mediated type 1 diabetes. There
is increasing evidence that PD-1 inhibitor-associated type
1 diabetes has some specificity compared to conventional
type 1 diabetes, but there are also some common diagnostic
features. In addition, we refer to Wu et al. (100) summary
of comparison of disease phenotypes in checkpoint inhibitor
associated autoimmune diabetes versus traditional type 1
diabetes (Supplementary Table S4).

In the present case, a 70-year-old female patient denied
a history of diabetes and had no obvious symptoms of
hyperglycemia. At the onset of the disease, the plasma
glucose level significantly increased, islet failure occurred,
and the patient was dependent on insulin treatment.
Combined with previous reports of related cases (10-24),
of PD-1

diabetes can be summarized as follows: (1) Late-onset age.

the characteristics inhibitor-associated type 1
More common in elderly people; (2) Fast islet failure. Most
patients have C-peptide < 0.1ng/mL at onset; (3) Diverse
clinical manifestations. Including polydipsia, polydipsia,
polyuria, nausea, vomiting, dizziness, fatigue, abdominal pain,
diarrhea, and even coma; (4) Potential combination with other
endocrine gland dysfunctions. Which is often associated with

thyroid dysfunction.
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PD-1 inhibitor-associated type 1 diabetes progresses rapidly
and causes critical illness. If the diagnosis and treatment are
not timely, it may endanger the patient’s life. Clinicians should
inform patients about the potential risks of PD-1 inhibitors
in diabetes and the ways to identify hyperglycemia and DKA
symptoms, enhance diabetes-related knowledge, and regularly
detect plasma glucose level, urine glucose level, blood ketones,
urine ketone, electrolyte, arterial blood gas, and so forth.
Moreover, most reports stated that there were no remissions
of type 1 diabetes regardless of cessation of PD-1 inhibitor
treatment (64). That is, stopping the PD-1 inhibitor will
not influence the recovery of P-cells, requiring long-term
insulin therapy (101). Whether to continue PD-1 inhibitor
treatment once glycemic control has been attained has not yet
been established. The American Society of Clinical Oncology
and National Comprehensive Cancer Network guidelines
recommend withholding therapy until glucose control is
achieved (102). This patient continued to receive camrelizumab
after stable glycemic control.

In addition, PD-1
treating patients with type 2

inhibitors are also used for
diabetes
with tumors. We reviewed the cases of six patients
with a history of type 2 diabetes who developed
DKA after two treatment cycles with PD-1 inhibitors
(11, 27, 36, 44, 68, 72) and had positive insulin autoantibodies
and low C-peptide levels. Whether such patients are

complicated

more sensitive to immune checkpoint inhibitors needs
further exploration.

Conclusion

In summary, as PD-1 inhibitors are widely used by
patients with cancer, the reports of type 1 diabetes should
attract the attention of clinicians. Further, they should
help improve the recognition of hyperglycemia or DKA
symptoms in patients, necessitating the close follow-up of
patients during treatment, regular monitoring of plasma
glucose level, prompt detection, and correct diagnosis and
treatment of diabetes. Further, novel biomarkers of susceptibility
should be identified to better guide drug treatment in
the future.

References

1. Chang LS, Barroso-Sousa R, Tolaney SM, Hodi FS, Kaiser UB, Min L.
Endocrine toxicity of cancer immunotherapy targeting immune checkpoints.
Endocr Rev. (2019) 40:17-65. doi: 10.1210/er.2018-00006

2. Zak KM, Kitel R, Przetocka S, Golik P, Guzik K, Musielak B, et al. Structure of
the complex of human programmed death 1, PD-1, and its ligand PD-L1. Structure.
(2015) 23:2341-8. doi: 10.1016/j.str.2015.09.010

Frontiersin Public Health

10.3389/fpubh.2022.885001

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.

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

All authors listed have made a substantial, direct,
and intellectual contribution to the work and approved it
for publication.

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.

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.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpubh.
2022.885001/full#supplementary-material

3. Keir ME, Liang SC, Guleria I, Latchman YE, Qipo A, Albacker LA, et al.
Tissue expression of PD-L1 mediates peripheral T cell tolerance. ] Exp Med. (2006)
203:883-95. doi: 10.1084/jem.20051776

4. Araki K, Youngblood B, Ahmed R. Programmed cell death 1-directed
immunotherapy for enhancing T-cell function. Cold Spring Harb Symp Quant Biol.
(2013) 78:239-47. doi: 10.1101/sqb.78.019869

frontiersin.org


https://doi.org/10.3389/fpubh.2022.885001
https://www.frontiersin.org/articles/10.3389/fpubh.2022.885001/full#supplementary-material
https://doi.org/10.1210/er.2018-00006
https://doi.org/10.1016/j.str.2015.09.010
https://doi.org/10.1084/jem.20051776
https://doi.org/10.1101/sqb.78.019869
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Lin et al.

5. Byun DJ, Wolchok JD, Rosenberg LM, Girotra M. Cancer immunotherapy
- immune checkpoint blockade and associated endocrinopathies. Nat Rev
Endocrinol. (2017) 13:195-207. doi: 10.1038/nrendo0.2016.205

6. Fierabracci A. The potential
1 diabetes prediction strategies.
27:216-29. doi: 10.1002/dmrr.1165

7. Akturk HK, Kahramangil D, Sarwal A, Hoffecker L, Murad MH, Michels AW.
Immune checkpoint inhibitor-induced Type 1 diabetes: a systematic review and
meta-analysis. Diabet Med. (2019) 36:1075-81. doi: 10.1111/dme.14050

8. 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

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

10. Gaudy C, Clévy C, Monestier S, Dubois N, Préau Y, Mallet S, et al. Anti-PD1
pembrolizumab can induce exceptional fulminant type 1 diabetes. Diabetes Care.
(2015) 38:e182-3. doi: 10.2337/dc15-1331

11. Hughes J, Vudattu N, Sznol M, Gettinger S, Kluger H, Lupsa B, et al.
Precipitation of autoimmune diabetes with anti-PD-1 immunotherapy. Diabetes
Care. (2015) 38:e55-7. doi: 10.2337/dc14-2349

12. Aleksova ], Lau PK, Soldatos G, McArthur G. Glucocorticoids
did not reverse type 1 diabetes mellitus secondary to pembrolizumab
in a patient with metastatic melanoma. BMJ] Case Rep. (2016)
2016:bcr2016217454. doi: 10.1136/bcr-2016-217454

of multimer technologies in
Diabetes Metab Res  Rev.

type
(2011)

13. Humayun MA, Poole R, A. case of multiple immune toxicities
from Ipilimumab and pembrolizumab treatment. Hormones. (2016) 15:303-
6. doi: 10.14310/horm.2002.1656

14. Lowe JR, Perry DJ, Salama AK, Mathews CE, Moss LG, Hanks BA.
Genetic risk analysis of a patient with fulminant autoimmune type 1 diabetes
mellitus secondary to combination ipilimumab and nivolumab immunotherapy.
J Immunother Cancer. (2016) 4:89. doi: 10.1186/s40425-016-0196-2

15. Miyoshi Y, Ogawa O, Oyama Y. Nivolumab, an anti-programmed cell
death-1 antibody, induces fulminant type 1 diabetes. Tohoku J Exp Med. (2016)
239:155-8. doi: 10.1620/tjem.239.155

16. Okamoto M, Okamoto M, Gotoh K, Masaki T, Ozeki Y, Ando H, et al.
Fulminant type 1 diabetes mellitus with anti-programmed cell death-1 therapy. J
Diabetes Investig. (2016) 7:915-8. doi: 10.1111/jdi.12531

17. Changizzadeh PN, Mukkamalla SKR, Armenio VA. Combined checkpoint
inhibitor therapy causing diabetic ketoacidosis in metastatic melanoma. |
Immunother Cancer. (2017) 5:97. doi: 10.1186/s40425-017-0303-9

18. Godwin JL, Jaggi S, Sirisena I, Sharda P, Rao AD, Mehra R, et
al. Nivolumab-induced autoimmune diabetes mellitus presenting as diabetic
ketoacidosis in a patient with metastatic lung cancer. ] Immunother Cancer. (2017)
5:40. doi: 10.1186/540425-017-0245-2

19. Kapke J, Shaheen Z, Kilari D, Knudson P, Wong S. Immune
checkpoint inhibitor-associated type 1 diabetes mellitus: case series,
review of the literature, and optimal management. Case Rep Oncol. (2017)
10:897-909. doi: 10.1159/000480634

20. Kumagai R, Muramatsu A, Nakajima R, Fujii M, Kaino K, Katakura Y,
et al. Acute-onset type 1 diabetes mellitus caused by nivolumab in a patient
with advanced pulmonary adenocarcinoma. J Diabetes Investig. (2017) 8:798—
9. doi: 10.1111/jdi.12627

21. Li L, Masood A, Bari S, Yavuz S, Grosbach AB. Autoimmune diabetes
and thyroiditis complicating treatment with nivolumab. Case Rep Oncol. (2017)
10:230-4. doi: 10.1159/000456540

22. Marchand L, Paulus V, Fabien N, Pérol M, Thivolet C, Vouillarmet
J, et al. Nivolumab-induced acute diabetes mellitus and hypophysitis in a
patient with advanced pulmonary pleomorphic carcinoma with a prolonged
tumor response. J Thorac Oncol. (2017) 12:e182-e4. doi: 10.1016/j.jtho.
2017.07.021

23. Akturk HK, Alkanani A, Zhao Z, Yu L, Michels AW. PD-1 Inhibitor
immune-related adverse events in patients with preexisting endocrine
autoimmunity. J Clin Endocrinol Metab. (2018) 103:3589-92. doi: 10.1210/
jc.2018-01430

C. New
Rep.

24. Capitao R, Bello C, Fonseca R, Saraiva
diabetes  after  nivolumab  treatment. = BMJ  Case
2018:bcr2017220999. doi: 10.1136/bcr-2017-220999

25. Chokr N, Farooq H, Guadalupe E. Fulminant diabetes in a patient
with advanced melanoma on nivolumab. Case Rep Oncol Med. (2018)
2018:8981375. doi: 10.1155/2018/8981375

onset
(2018)

Frontiersin Public Health

07

10.3389/fpubh.2022.885001

26. Gunawan FE George E, Roberts A. Combination immune
checkpoint inhibitor therapy nivolumab and ipilimumab associated with
multiple endocrinopathies. Endocrinol Diabetes Metab Case Rep. (2018)
2018:17-0146. doi: 10.1530/EDM-17-0146

27. Lee S, Morgan A, Shah S, Ebeling PR. Rapid-onset diabetic ketoacidosis
secondary to nivolumab therapy. Endocrinol Diabetes Metab Case Rep. (2018)
2018:18-0021. doi: 10.1530/EDM-18-0021

28. Li S, Zhang Y, Sun Z, Hu J, Fang C. Anti-PD-1 pembrolizumab induced
autoimmune diabetes in Chinese patient: a case report. Medicine. (2018)
97:€12907. doi: 10.1097/MD.0000000000012907

29. Matsumura K, Nagasawa K, Oshima Y, Kikuno S, Hayashi K, Nishimura A,
et al. Aggravation of diabetes, and incompletely deficient insulin secretion in a case
with type 1 diabetes-resistant human leukocyte antigen DRB1*15:02 treated with
nivolumab. J Diabetes Investig. (2018) 9:438-41. doi: 10.1111/jdi.12679

30. Sakurai K, Niitsuma S, Sato R, Takahashi K, Arihara Z. Painless
thyroiditis and fulminant type 1 diabetes mellitus in a patient treated with an
immune checkpoint inhibitor, nivolumab. Tohoku ] Exp Med. (2018) 244:33-
40. doi: 10.1620/tjem.244.33

31. Scott ES, Long GV, Guminski A, Clifton-Bligh R], Menzies AM, Tsang
VH. The spectrum, incidence, kinetics and management of endocrinopathies with
immune checkpoint inhibitors for metastatic melanoma. Eur ] Endocrinol. (2018)
178:173-80. doi: 10.1530/EJE-17-0810

32. Shiba M, Inaba H, Ariyasu H, Kawai S, Inagaki Y, Matsuno S, et
al. Fulminant type 1 diabetes mellitus accompanied by positive conversion
of anti-insulin antibody after the administration of Anti-CTLA-4 antibody
following the discontinuation of Anti-PD-1 antibody. Intern Med. (2018) 57:2029-
34. doi: 10.2169/internalmedicine.9518-17

33. Tzoulis P, Corbett RW, Ponnampalam S, Baker E, Heaton D,
Doulgeraki T, et al. Nivolumab-induced fulminant diabetic ketoacidosis
followed by thyroiditis. Endocrinol Diabetes Metab Case Rep. (2018)
2018:18-0111. doi: 10.1530/EDM-18-0111

34. Zaied AA, Akturk HK, Joseph RW, Lee AS. New-onset insulin-dependent
diabetes due to nivolumab. Endocrinol Diabetes Metab Case Rep. (2018) 2018:17-
0174. doi: 10.1530/EDM-17-0174

35. Abdullah HMA, Elnair R, Khan UI, Omar M, Morey-Vargas OL.
Rapid onset type-1 diabetes and diabetic ketoacidosis secondary to nivolumab
immunotherapy: a review of existing literature. BMJ Case Rep. (2019)
12:€229568. doi: 10.1136/bcr-2019-229568

36. Alrifai T, Ali FS, Saleem S, Ruiz DCM, Rifai D, Younas S, et al. Immune
checkpoint inhibitor induced diabetes mellitus treated with insulin and metformin:
evolution of diabetes management in the era of immunotherapy. Case Rep Oncol
Med. (2019) 2019:8781347. doi: 10.1155/2019/8781347

37. 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 ] Endocrinol. (2019) 181:363-
74. doi: 10.1530/EJE-19-0291

38. Edahiro R, Ishijima M, Kurebe H, Nishida K, Uenami T, Kanazu M, et al.
Continued administration of pembrolizumab for adenocarcinoma of the lung after
the onset of fulminant type 1 diabetes mellitus as an immune-related adverse effect:
A case report. Thorac Cancer. (2019) 10:1276-9. doi: 10.1111/1759-7714.13065

39. Hakami OA, Ioana J, Ahmad S, Tun TK, Sreenan S, McDermott JH. A
case of pembrolizumab-induced severe DKA and hypothyroidism in a patient
with metastatic melanoma. Endocrinol Diabetes Metab Case Rep. (2019) 2019:18—
0153. doi: 10.1530/EDM-18-0153

40. Saito D, Oikawa Y, Yano Y, Ikegami Y, Satomura A, Isshiki M, et al.
Detailed time course of decline in serum C-peptide levels in anti-programmed
cell death-1 therapy-induced fulminant type 1 diabetes. Diabetes Care. (2019)
42:e40-el. doi: 10.2337/dc18-1673

41. Sakaguchi C, Ashida K, Yano S, Ohe K, Wada N, Hasuzawa N, et al. A case of
nivolumab-induced acute-onset type 1 diabetes mellitus in melanoma. Curr Oncol.
(2019) 26:e115-€8. doi: 10.3747/c0.26.4130

42. Tohi Y, Fujimoto K, Suzuki R, Suzuki I, Kubota M, Kawakita
M. Fulminant type 1 diabetes mellitus induced by pembrolizumab in a
patient with urothelial carcinoma: a case report. Urol Case Rep. (2019)
24:100849. doi: 10.1016/j.eucr.2019.100849

43. Yamamoto N, Tsurutani Y, Katsuragawa S, Kubo H, Sunouchi T, Hirose R,
et al. A patient with nivolumab-related fulminant type 1 diabetes mellitus whose
serum C-peptide level was preserved at the initial detection of hyperglycemia.
Intern Med. (2019) 58:2825-30. doi: 10.2169/internalmedicine.2780-19

44. Zezza M, Kosinski C, Mekoguem C, Marino L, Chtioui H, Pitteloud N, et al.
Combined immune checkpoint inhibitor therapy with nivolumab and ipilimumab
causing acute-onset type 1 diabetes mellitus following a single administration: two
case reports. BMC Endocr Disord. (2019) 19:144. doi: 10.1186/s12902-019-0467-z

frontiersin.org


https://doi.org/10.3389/fpubh.2022.885001
https://doi.org/10.1038/nrendo.2016.205
https://doi.org/10.1002/dmrr.1165
https://doi.org/10.1111/dme.14050
https://doi.org/10.1210/jc.2019-00423
https://doi.org/10.1136/bmjdrc-2018-000591
https://doi.org/10.2337/dc15-1331
https://doi.org/10.2337/dc14-2349
https://doi.org/10.1136/bcr-2016-217454
https://doi.org/10.14310/horm.2002.1656
https://doi.org/10.1186/s40425-016-0196-z
https://doi.org/10.1620/tjem.239.155
https://doi.org/10.1111/jdi.12531
https://doi.org/10.1186/s40425-017-0303-9
https://doi.org/10.1186/s40425-017-0245-2
https://doi.org/10.1159/000480634
https://doi.org/10.1111/jdi.12627
https://doi.org/10.1159/000456540
https://doi.org/10.1016/j.jtho.2017.07.021
https://doi.org/10.1210/jc.2018-01430
https://doi.org/10.1136/bcr-2017-220999
https://doi.org/10.1155/2018/8981375
https://doi.org/10.1530/EDM-17-0146
https://doi.org/10.1530/EDM-18-0021
https://doi.org/10.1097/MD.0000000000012907
https://doi.org/10.1111/jdi.12679
https://doi.org/10.1620/tjem.244.33
https://doi.org/10.1530/EJE-17-0810
https://doi.org/10.2169/internalmedicine.9518-17
https://doi.org/10.1530/EDM-18-0111
https://doi.org/10.1530/EDM-17-0174
https://doi.org/10.1136/bcr-2019-229568
https://doi.org/10.1155/2019/8781347
https://doi.org/10.1530/EJE-19-0291
https://doi.org/10.1111/1759-7714.13065
https://doi.org/10.1530/EDM-18-0153
https://doi.org/10.2337/dc18-1673
https://doi.org/10.3747/co.26.4130
https://doi.org/10.1016/j.eucr.2019.100849
https://doi.org/10.2169/internalmedicine.2780-19
https://doi.org/10.1186/s12902-019-0467-z
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Lin et al.

45. Cuenca JA, Laserna A, Reyes MP, Nates JL, Botz GH. critical care admission
of an HIV patient with diabetic ketoacidosis secondary to pembrolizumab. Case
Rep Crit Care. (2020) 2020:8671530. doi: 10.1155/2020/8671530

46. Haque W, Ahmed SR, Zilbermint M. Nivolumab-induced
autoimmune diabetes mellitus and hypothyroidism in a patient with rectal
neuroendocrine tumor. | Community Hosp Intern Med Perspect. (2020)
10:338-9. doi: 10.1080/20009666.2020.1771126

47. Hughes MS, Pietropaolo M, Vasudevan MM, Marcelli M, Nguyen
H. Checking the checkpoint inhibitors: a case of autoimmune diabetes

after PD-1 inhibition in a patient with HIV. J Endocr Soc. (2020)
4:bvaal50. doi: 10.1210/jendso/bvaal50

48. Keerty D, Das M, Hallanger-Johnson J, Haynes E. Diabetic
ketoacidosis: an adverse reaction to immunotherapy. Cureus. (2020)

12:¢10632. doi: 10.7759/cureus.10632

49. Kichloo A, Albosta MS, McMahon S, Movsesian K, Wani E Jamal SM, et al.
Pembrolizumab-induced diabetes mellitus presenting as diabetic ketoacidosis in a
patient with metastatic colonic adenocarcinoma. J Investig Med High Impact Case
Rep. (2020) 8:2324709620951339. doi: 10.1177/2324709620951339

50. Kurihara S, Oikawa Y, Nakajima R, Satomura A, Tanaka R, Kagamu H,
et al. Simultaneous development of Graves disease and type 1 diabetes during
anti-programmed cell death-1 therapy: a case report. J Diabetes Investig. (2020)
11:1006-9. doi: 10.1111/jdi.13212

51. Kusuki K, Suzuki S, Mizuno Y. Pembrolizumab-induced fulminant type 1
diabetes with C-peptide persistence at first referral. Endocrinol Diabetes Metab Case
Rep. (2020) 2020:19-0152. doi: 10.1530/EDM-19-0152

52. Kyriacou A, Melson E, Chen W, Kempegowda P. Is immune checkpoint
inhibitor-associated diabetes the same as fulminant type 1 diabetes mellitus? Clin
Med (Lond). (2020) 20:417-23. doi: 10.7861/clinmed.2020-0054

53. Marshall S, Kizuki A, Kitaoji T, Imada H, Kato H, Hosoda M, et al. Type
1 diabetes, ACTH deficiency, and hypothyroidism simultaneously induced by
nivolumab therapy in a patient with gastric cancer: a case report. Case Rep Oncol.
(2020) 13:1185-90. doi: 10.1159/000510044

54. Miyauchi M, Toyoda M, Zhang ], Hamada N, Yamawaki T, Tanaka J, et al.
Nivolumab-induced fulminant type 1 diabetes with precipitous fall in C-peptide
level. J Diabetes Investig. (2020) 11:748-9. doi: 10.1111/jdi.13143

55. Ohara N, Kobayashi M, Ikeda Y, Hoshi T, Morita S, Kanefuji
T, et al. Non-insulin-dependent diabetes mellitus induced by immune
checkpoint inhibitor therapy in an insulinoma-associated antigen-2
autoantibody-positive patient with advanced gastric cancer. Intern Med. (2020)
59:551-6. doi: 10.2169/internalmedicine.3208-19

56. Porntharukchareon T, Tontivuthikul B, Sintawichai N, Srichomkwun P.
Pembrolizumab- and ipilimumab-induced diabetic ketoacidosis and isolated
adrenocorticotropic hormone deficiency: a case report. ] Med Case Rep. (2020)
14:171. doi: 10.1186/s13256-020-02502-w

57. Samoa RA, Lee HS, Kil SH, Roep BO. Anti-PD-1 therapy-associated type 1
diabetes in a pediatric patient with relapsed classical hodgkin lymphoma. Diabetes
Care. (2020) 43:2293-5. doi: 10.2337/dc20-0740

58. Singh V, Chu Y, Gupta V, Zhao CW, A. Tale of immune-related adverse events
with sequential trials of checkpoint inhibitors in a patient with metastatic renal cell
carcinoma. Cureus. (2020) 12:e8395. doi: 10.7759/cureus.8395

59. Wen L, Zou X, Chen Y, Bai X, Liang T. Sintilimab-induced autoimmune
diabetes in a patient with the anti-tumor effect of partial regression. Front
Immunol. (2020) 11:2076. doi: 10.3389/fimmu.2020.02076

60. Baroud S, Mirza L. New-onset type 1 diabetes mellitus after treatment with
nivolumab for melanoma. Cureus. (2021) 13:€18679. doi: 10.7759/cureus.18679

61. Boswell L, Casals G, Blanco J, Jiménez A, Aya F, de Hollanda A, et al. Onset
of fulminant type 1 diabetes mellitus following hypophysitis after discontinuation
of combined immunotherapy. A case report. J Diabetes Investig. (2021) 12:2263—-
6. doi: 10.1111/jdi.13604

62. Glibka AA, Mel Nichenko GA, Mikhina MS, Mazurina NV, Kharkevich
GY. [Development of destructive thyroiditis and diabetes mellitus after three
injections of pembrolizumab for skin melanoma]. Probl Endokrinol. (2021) 67:20-
7. doi: 10.14341/probl12698

63. Hernandez A, Zeidan B Jr, Desai P, Frunzi J. Diabetic ketoacidosis secondary
to new onset type 1 diabetes mellitus related to pembrolizumab therapy. Cureus.
(2021) 13:€13302. doi: 10.7759/cureus.13302

64. Huang X, Yang M, Wang L, Li L, Zhong X. Sintilimab induced diabetic
ketoacidosis in a patient with small cell lung cancer: A case report and literature
review. Medicine. (2021) 100:€25795. doi: 10.1097/MD.0000000000025795

65. Jessel S, Austin M, Kluger HM. Mycophenolate as primary treatment for
immune checkpoint inhibitor induced acute kidney injury in a patient with

Frontiersin Public Health

08

10.3389/fpubh.2022.885001

concurrent immunotherapy-associated diabetes: a case report. Clin Oncol Case Rep.
(2021) 4:156.

66. Kedzior SK, Jacknin G, Hudler A, Mueller SW, Kiser TH, A. Severe
case of diabetic ketoacidosis and new-onset type 1 diabetes mellitus associated
with anti-glutamic acid decarboxylase antibodies following immunotherapy with
pembrolizumab. Am J Case Rep. (2021) 22:€931702. doi: 10.12659/AJCR.931702

67. Kikuchi F Saheki T, Imachi H, Kobayashi T, Fukunaga K, Ibata
T, et al. Nivolumab-induced hypophysitis followed by acute-onset type 1
diabetes with renal cell carcinoma: a case report. ] Med Case Rep. (2021)
15:214. doi: 10.1186/s13256-020-02656-7

68. Oldfield K, Jayasinghe R, Niranjan S, Chadha S. Immune checkpoint
inhibitor-induced takotsubo syndrome and diabetic ketoacidosis: rare reactions.
BM]J Case Rep. (2021) 14:€237217. doi: 10.1136/bcr-2020-237217

69. Saleh AO, Taha R, Mohamed SFA, Bashir M. Hyperosmolar hyperglycaemic
state and diabetic ketoacidosis in nivolumab-induced insulin-dependent diabetes
mellitus. Eur ] Case Rep Intern Med. (2021) 8:002756. doi: 10.12890/2021_002756

70. Sankar K, Macfarlane M, Cooper O, Falk J]. Pembrolizumab-
induced diabetic ketoacidosis: a review of critical care case. Cureus. (2021)
13:€18983. doi: 10.7759/cureus.18983

71. Wu L, Li B. A case of severe diabetic ketoacidosis associated with
pembrolizumab therapy in a patient with metastatic melanoma. Diabetes Metab
Syndr Obes. (2021) 14:753-7. doi: 10.2147/DMS0.5297709

72. Yamaguchi H, Miyoshi Y, Uehara Y, Fujii K, Nagata S, Obata Y, et al. Case
of slowly progressive type 1 diabetes mellitus with drastically reduced insulin
secretory capacity after immune checkpoint inhibitor treatment for advanced renal
cell carcinoma. Diabetol Int. (2021) 12:234-40. doi: 10.1007/s13340-020-00459-1

73. Yaura K, Sakurai K, Niitsuma S, Sato R, Takahashi K, Arihara
7. Fulminant type 1 diabetes mellitus developed about half a year after
discontinuation of immune checkpoint inhibitor combination therapy with
nivolumab and ipilimumab: a case report. Tohoku J Exp Med. (2021) 254:253-
6. doi: 10.1620/tjem.254.253

74. Alchalabi H, Albustani S, Fareen N, Udongwo N, Chaughtai S, Holland S. An
unusual etiology of hypothyroidism and new-onset insulin-dependent diabetes: a
rare side effect of nivolumab. Cureus. (2022) 14:¢24463. doi: 10.7759/cureus.24463

75. Ganta N, Alnabwani D, Keating S, Patel V, Bommu V]JL, Dawoud R, et al.
Rare adverse events related to nivolumab, an immune checkpoint inhibitor: a case
series. Cureus. (2022) 14:e22070. doi: 10.7759/cureus.22070

76. Hatayama S, Kodama S, Kawana Y, Otake S, Sato D, Horiuchi T, et al. Two
cases with fulminant type 1 diabetes that developed long after cessation of immune
checkpoint inhibitor treatment. J Diabetes Investig. (2022). doi: 10.1111/jdi.13807

77. Sato T, Kodama S, Kaneko K, Imai J, Katagiri H. Type 1 diabetes mellitus
associated with nivolumab after second SARS-CoV-2 vaccination, Japan. Emerg
Infect Dis. (2022) 28:1518-20. doi: 10.3201/e1d2807.220127

78. Yang J, Wang Y, Tong XM. Sintilimab-induced autoimmune diabetes: a
case report and review of the literature. World J Clin Cases. (2022) 10:1263-
77. doi: 10.12998/wjcc.v10.i4.1263

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

80. Barroso-Sousa R, Barry WT, Garrido-Castro AC, Hodi FS, Min L, Krop IE,
et al. Incidence of endocrine dysfunction following the use of different immune
checkpoint inhibitor regimens: a systematic review and meta-analysis. JAMA
Oncol. (2018) 4:173-82. doi: 10.1001/jamaoncol.2017.3064

81. Wang Y, Zhou S, Yang E Qi X, Wang X, Guan X, et al
Treatment-related adverse events of PD-1 and PD-L1 inhibitors in
clinical trials: a systematic review and meta-analysis. JAMA Oncol. (2019)
5:1008-19. doi: 10.1001/jamaoncol.2019.0393

82. Nishijima TE, Shachar SS, Nyrop KA, Muss HB. Safety and
tolerability of PD-1/PD-L1 inhibitors compared with chemotherapy
in patients with advanced cancer: a meta-analysis. Oncologist. (2017)
22:470-9. doi: 10.1634/theoncologist.2016-0419

83. Wright JJ, Salem JE, Johnson DB, Lebrun-Vignes B, Stamatouli A, Thomas
JW, et al. Increased reporting of immune checkpoint inhibitor-associated diabetes.
Diabetes Care. (2018) 41:e150-el. doi: 10.2337/dc18-1465

84. Won TJ, Jung Y], Kwon SJ, Lee Y], Lee DI, Min H, et al. Forced expression
of programmed death-1 gene on T cell decreased the incidence of type 1 diabetes.
Arch Pharm Res. (2010) 33:1825-33. doi: 10.1007/s12272-010-1115-3

85. Kochupurakkal NM, Kruger AJ, Tripathi S, Zhu B, Adams LT,
Rainbow DB, et al. Blockade of the programmed death-1 (PDI) pathway
undermines potent genetic protection from type 1 diabetes. PLoS One. (2014)
9:¢89561. doi: 10.1371/journal.pone.0089561

frontiersin.org


https://doi.org/10.3389/fpubh.2022.885001
https://doi.org/10.1155/2020/8671530
https://doi.org/10.1080/20009666.2020.1771126
https://doi.org/10.1210/jendso/bvaa150
https://doi.org/10.7759/cureus.10632
https://doi.org/10.1177/2324709620951339
https://doi.org/10.1111/jdi.13212
https://doi.org/10.1530/EDM-19-0152
https://doi.org/10.7861/clinmed.2020-0054
https://doi.org/10.1159/000510044
https://doi.org/10.1111/jdi.13143
https://doi.org/10.2169/internalmedicine.3208-19
https://doi.org/10.1186/s13256-020-02502-w
https://doi.org/10.2337/dc20-0740
https://doi.org/10.7759/cureus.8395
https://doi.org/10.3389/fimmu.2020.02076
https://doi.org/10.7759/cureus.18679
https://doi.org/10.1111/jdi.13604
https://doi.org/10.14341/probl12698
https://doi.org/10.7759/cureus.13302
https://doi.org/10.1097/MD.0000000000025795
https://doi.org/10.12659/AJCR.931702
https://doi.org/10.1186/s13256-020-02656-7
https://doi.org/10.1136/bcr-2020-237217
https://doi.org/10.12890/2021_002756
https://doi.org/10.7759/cureus.18983
https://doi.org/10.2147/DMSO.S297709
https://doi.org/10.1007/s13340-020-00459-1
https://doi.org/10.1620/tjem.254.253
https://doi.org/10.7759/cureus.24463
https://doi.org/10.7759/cureus.22070
https://doi.org/10.1111/jdi.13807
https://doi.org/10.3201/eid2807.220127
https://doi.org/10.12998/wjcc.v10.i4.1263
https://doi.org/10.1016/j.esmoop.2020.100011
https://doi.org/10.1001/jamaoncol.2017.3064
https://doi.org/10.1001/jamaoncol.2019.0393
https://doi.org/10.1634/theoncologist.2016-0419
https://doi.org/10.2337/dc18-1465
https://doi.org/10.1007/s12272-010-1115-3
https://doi.org/10.1371/journal.pone.0089561
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Lin et al.

86. Wang J, Yoshida T, Nakaki F, Hiai H, Okazaki T, Honjo T. Establishment of
NOD-Pdcd1-/- mice as an efficient animal model of type I diabetes. Proc Natl Acad
Sci US A. (2005) 102:11823-8. doi: 10.1073/pnas.0505497102

87. Ansari MJ, Salama AD, Chitnis T, Smith RN, Yagita H, Akiba H, et al. The
programmed death-1 (PD-1) pathway regulates autoimmune diabetes in nonobese
diabetic (NOD) mice. ] Exp Med. (2003) 198:63-9. doi: 10.1084/jem.20022125

88. Perri V, Russo B, Crino A, Schiaffini R, Giorda E, Cappa M, et al. Expression
of PD-1 molecule on regulatory T lymphocytes in patients with insulin-dependent
diabetes mellitus. Int ] Mol Sci. (2015) 16:22584-605. doi: 10.3390/ijms160922584

89. Fujisawa R, Haseda E Tsutsumi C, Hiromine Y, Noso S, Kawabata Y, et al.
Low programmed cell death-1 (PD-1) expression in peripheral CD4(+) T cells
in Japanese patients with autoimmune type 1 diabetes. Clin Exp Immunol. (2015)
180:452-7. doi: 10.1111/cei.12603

90. Colli ML, Hill JLE, Marroqui L, Chaffey J, Dos Santos RS, Leete P, et
al. PDLI is expressed in the islets of people with type 1 diabetes and is up-
regulated by interferons-a and-y via IRF1 induction. EBioMedicine. (2018) 36:367-
75. doi: 10.1016/j.ebiom.2018.09.040

91. Kawasaki E, Takino H, Yano M, Uotani S, Matsumoto K,
Takao Y, et al. Autoantibodies to glutamic acid decarboxylase in
patients with IDDM and autoimmune thyroid disease. Diabetes. (1994)
43:80-6. doi: 10.2337/diabetes.43.1.80

92. Gauci ML, Laly P, Vidal-Trecan T, Baroudjian B, Gottlieb J, Madjlessi-Ezra N,
et al. Autoimmune diabetes induced by PD-1 inhibitor-retrospective analysis and
pathogenesis: a case report and literature review. Cancer Immunol Immunother.
(2017) 66:1399-410. doi: 10.1007/s00262-017-2033-8

93. Usui Y, Udagawa H, Matsumoto S, Imai K, Ohashi K, Ishibashi M, et al.
Association of serum Anti-GAD antibody and HLA haplotypes with type 1 diabetes
mellitus triggered by nivolumab in patients with non-small cell lung cancer. |
Thorac Oncol. (2017) 12:e41-e3. doi: 10.1016/j.jtho.2016.12.015

94. Erlich H, Valdes AM, Noble ], Carlson JA, Varney M, Concannon P, et
al. HLA DR-DQ haplotypes and genotypes and type 1 diabetes risk: analysis

Frontiersin Public Health

09

10.3389/fpubh.2022.885001

of the type 1 diabetes genetics consortium families. Diabetes. (2008) 57:1084-
92. doi: 10.2337/db07-1331

95. Koeleman BP, Lie BA, Undlien DE, Dudbridge F Thorsby E, de Vries
RR, et al. Genotype effects and epistasis in type 1 diabetes and HLA-
DQ trans dimer associations with disease. Genes Immun. (2004) 5:381-
8. doi: 10.1038/sj.gene.6364106

96. 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/
dbil8-0002

97. Tsutsumi C, Imagawa A, Ikegami H, Makino H, Kobayashi T, Hanafusa T.
Class II HLA genotype in fulminant type 1 diabetes: a nationwide survey with
reference to glutamic acid decarboxylase antibodies. ] Diabetes Investig. (2012)
3:62-9. doi: 10.1111/j.2040-1124.2011.00139.x

98. Leiter EH. The NOD mouse: a model for insulin-dependent
diabetes  mellitus. Curr  Protoc  Immunol. (2001) Chapter 15:Unit
15.9. doi: 10.1002/0471142735.im1509s24

99. Anderson MS, Bluestone JA. The NOD mouse: a model
of immune dysregulation. Annu Rev  Immunol. (2005)  23:447-

85. doi: 10.1146/annurev.immunol.23.021704.115643

100. Wu L, Tsang VHM, Sasson SC, Menzies AM, Carlino MS, Brown
DA, et al. Unravelling checkpoint inhibitor associated autoimmune diabetes:
from bench to bedside. Front Endocrinol. (2021) 12:764138. doi: 10.3389/fendo.
2021.764138

101. Quandt Z, Young A, Anderson M. Immune checkpoint inhibitor diabetes
mellitus: a novel form of autoimmune diabetes. Clin Exp Immunol. (2020) 200:131-
40. doi: 10.1111/cei.13424

102. Brahmer JR, Lacchetti C, Schneider BJ, Atkins MB, Brassil KJ, Caterino
JM, et al. Management of immune-related adverse events in patients treated
with immune checkpoint inhibitor therapy: american society of clinical oncology
clinical practice guideline. J Clin Oncol. (2018) 36:1714-68.

frontiersin.org


https://doi.org/10.3389/fpubh.2022.885001
https://doi.org/10.1073/pnas.0505497102
https://doi.org/10.1084/jem.20022125
https://doi.org/10.3390/ijms160922584
https://doi.org/10.1111/cei.12603
https://doi.org/10.1016/j.ebiom.2018.09.040
https://doi.org/10.2337/diabetes.43.1.80
https://doi.org/10.1007/s00262-017-2033-8
https://doi.org/10.1016/j.jtho.2016.12.015
https://doi.org/10.2337/db07-1331
https://doi.org/10.1038/sj.gene.6364106
https://doi.org/10.2337/dbi18-0002
https://doi.org/10.1111/j.2040-1124.2011.00139.x
https://doi.org/10.1002/0471142735.im1509s24
https://doi.org/10.1146/annurev.immunol.23.021704.115643
https://doi.org/10.3389/fendo.2021.764138
https://doi.org/10.1111/cei.13424
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	PD-1 inhibitor-associated type 1 diabetes: A case report and systematic review
	Introduction
	Case presentation
	Methods
	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	Supplementary material
	References


