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Immune checkpoint inhibitor (ICI)- and phosphatidylinositol-3-kinase inhibitor

(PI3Ki)-related diabetes mellitus are common side effects of anti-tumor drug use

that present mainly as hyperglycemia. Here, we present two case reports of

diabetes mellitus caused by the use of tremelimumab and apalutamide,

respectively, in cancer treatment, and a comprehensive, comparative review of

the literature on these forms of diabetes. Case 1 presented with diabetic

ketoacidosis and was diagnosed with ICI-related diabetes mellitus and treated

with insulin. Case 2 was diagnosed with PI3Ki-related diabetes mellitus, and her

blood glucose level returned to normal with the use of metformin and

dapagliflozin. We systematically searched the PubMed database for articles on

ICI- and PI3Ki-related diabetes mellitus and characterized the differences in

clinical features and treatment between these two forms of diabetes.

KEYWORDS

immune checkpoint inhibitor, phosphatidylinositol-3-kinase inhibitor, diabetes
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Introduction

Immune checkpoint inhibitor (ICI)-related diabetes mellitus is a rare but severe side

effect of the use of cytotoxic T lymphocyte–associated antigen 4 (CTLA-4), programmed

cell death receptor 1 (PD-1), and programmed cell death receptor-ligand 1 (PD-L1)

inhibitors, with a reported incidence of 0.2–1.27% (1). Changes in immune checkpoints

lead to the abnormal proliferation and activation of T cells, which attack pancreatic beta

cells, causing endogenous insulin deficiency. If this deficiency is not detected and treated

with insulin in a timely manner, the risk of diabetic ketoacidosis (DKA) is high. At the time

of ICI-related diabetes onset, 50–71% of patients have DKA (2).
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Phosphatidylinositol-3-kinase inhibitor (PI3Ki)-related

diabetes mellitus is a glucose metabolism abnormality caused by

the use of PI3Kis in malignant tumor treatment, which results in

PI3K-AKT–mammalian target of rapamycin (mTOR) signaling

pathway blockade and insulin resistance (3). The incidence of

diabetes caused by the use of apalutamide to treat hormone

receptor (HR)+ human epidermal growth factor receptor 2

(HER2)– phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic

subunit alpha (PIK3CA)-mutant breast cancer can reach 65% (4).

In this article, we present two cases with a comprehensive

literature review and comparative analysis of these two types of

diabetes caused by different types of anti-tumor drug to improve

doctors’ understanding.
Case reports

Case 1: ICI-related diabetes mellitus

A 47-year-old man presented with dry mouth, polydipsia,

polyuria, and blurred vision and was admitted to the hospital. He

had been diagnosed with melanoma in the right maxilla 5.5

months previously, and had undergone one cycle of docetaxel

chemotherapy followed by lesion resection and neck lymph-node

dissection. He had begun to take toripalimab (a monoclonal anti–

PD-1 antibody; 210 mg every 2 weeks; Shanghai Junshi Bioscience

Co., Ltd., Shanghai, China) 2.5 months previously, and was on the

fifth cycle of treatment. He had no history of diabetes.

On admission, the patient’s body temperature was 36.2°C, his pulse

rate was 92 beats/min, his respiratory rate was 20 breaths/min, and his

blood pressure was 113/76 mmHg. Laboratory tests revealed a blood

glucose level of 19.03 mmol/L (normal, <11.1 mmol/L), ketone level of

2.8 mmol/L (normal, <0.3 mmol/L), and glycosylated hemoglobin

percentage of 8% (normal, <6.0%; Table 1). The results of an oral

glucose tolerance test (OGTT), serum C-peptide measurement, and

insulin release test (IRT) revealed blood glucose elevation and insufficient

insulin and C- peptide secretion (Figure 1). Urinalysis revealed positivity

for ketone bodies and strong positivity for glucose. The patient was

negative for insulin-related antibodies. Electrocardiographic, chest

computed tomographic, and liver, gallbladder, spleen, pancreas, and

kidney ultrasonographic findings were normal, and no exudation or

bleeding was observed in the fundus retina.

On the first day of hospitalization, the patient was asked to stop

using toripalimab. During hospitalization, he was given insulin

lispro (8–10 IU subcutaneously, three times/day; Lilly Suzhou

Pharmaceutical Co., Ltd., Suzhou,China) and insulin glargine (16

IU subcutaneously once a day; SanofiWanante Pharmaceutical Co.,

Ltd., Beijing, China) injections and saline infusions. At 3 days, his

blood ketone level had returned to normal, but his blood glucose

level remained high despite the cessation of the anti–PD-1

treatment. With continued insulin treatment, his blood glucose

level had stabilized at 7 days. Considering the patient’s medical

history and auxiliary examination findings, the diagnosis of ICI-

related diabetes mellitus was made. At 10 days, the patient’s

condition was controlled and he was discharged. He resumed the

toripalimab treatment and continued the hypoglycemic treatment.
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On a 1-month follow-up telephone consultation, he reported that

his condition was stable.
Case 2: PI3Ki-related diabetes mellitus

A 49-year-old menopausal woman with HR+ HER2– PIK3CA-

mutant breast cancer and bone metastasis presented with 2.5 kg weight

loss in the previous 2weeks for hypoglycemic treatment adjustment. She

had no dry mouth, polydipsia, polyuria, or history of diabetes. Two

months previously, she had begun to take alpelisib (a PI3ki; 300mg/day;

Novartis Pharma AG, Beijing, China) as anti-tumor treatment and to

monitor her blood sugar according toher doctor’s order.Her fasting and

postprandial blood glucose levels had fluctuated between 6.3 and 7.3

mmol/L and between 14.7 and 27.1 mmol/L, respectively. One month

previously, the patient had begun to take metformin hydrochloride

tablets (0.85 g/day; Sino-American Shanghai Squibb Pharmaceutical

Co., Ltd., Shanghai, China) to control her blood sugar, but without

success; her maximum recorded blood glucose level was 29.3mmol/L.

The patient stopped taking alpelisib on her own, and her blood glucose

levels had decreased significantly. She was admitted to the hospital.

On admission, the patient’s body temperature was 36.2°C, her pulse

rate was 92 beats/min, her respiratory rate was 19 breaths/min, and her

bloodpressurewas131/93mmHg.Laboratory tests revealedareducedred

blood cell count (3.38× 1012/L), white blood cell count (3.45×109/L), and

hemoglobin concentration (103.00 g/L), and increases in tumor markers

such as carbohydrate antigen 153 (>300.00U/mL) and carcinoembryonic

antigen (17.80ng/mL).Her blood glucose andketone levelswere 11.6 and

0.3mmol/L, respectively,andherglycosylatedhemoglobinpercentagewas

7.50%. The results of an OGTT and IRT showed a normal blood sugar

level but hyperinsulinemia (Figure 1).

We closely monitored the patient’s blood glucose level and found

that it usually increased significantly 4 h after she had taken alpelisib

and remained high (Figure 2). On day 3, we initiated insulin pump
TABLE 1 Clinical characteristics and laboratory test results for cases 1
and 2.

Characteristic Case 1 Case 2

Sex Male Female

Age (years) 47 49

Body mass index (kg/m2) 21.58 22.19

Neoplasia Melanoma Breast cancer

Treatment Toripalimab Alpelisib

Pretreatment history of diabetes No No

Time to onset (weeks) 15 2

Ketoacidosis No No

Fasting blood glucose (mg/dl) 342.54 208.8

Fasting C-peptide level (ng/ml) 0.6 4.6

HbA1c (%) 8 7.5

Autoantibodies nd nd
HbA1c, glycated hemoglobin; nd, no data.
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(Medtronic, Dublin, Ireland) treatment (insulin lispro, 56 IU/day),

which did not significantly reduce the patient’s blood glucose level.

On day 5, the alpelisib was stopped and the insulin dosage was halved

(to 25 IU/day), but the patient’s blood glucose curve remained low.

On day 8, to maintain the breast cancer treatment effect and simplify

the hypoglycemic treatment, we asked the patient to resume the

alpelisib and switched from the insulin pump to oral metformin (0.5 g

twice a day), The patient’s blood sugar level remained below

expectation. On day 12, we added dapagliflozin (10 mg once a

day); for hypogly AstraZeneca Pharmaceutical Co., Ltd., Shanghai,

China cemic treatment. The patient’s blood glucose level remained

stable, and the diagnosis of PI3Ki-related diabetes mellitus was made.

At 15 days, the patient was discharged and continued to follow the

established treatment plan. One month later, she reported during a

follow-up telephone consultation that her condition remained stable.
Discussion

In recent years, ICIs and tumor-targeting PI3Kis have rapidly

become new cancer treatment options, but they have been shown

(1, 4) to increase the incidence of diabetes in patients using them.
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The forms of diabetes caused by these two types of anti-tumor drug

have some similarities, but also significant differences in terms of

pathogenesis, clinical manifestations, and treatment (Table 2).
ICI-related diabetes

ICIs (CTLA-4, PD-1, and PD-L1 inhibitors) are used mainly for

the treatment of solid and hematological tumors such as malignant

melanoma, gastrointestinal tumors, non-small cell lung cancer, and

renal cell carcinoma. Their main side effects include endocrine diseases

such as hypothyroidism, hypophysitis, and adrenal insufficiency (5).

ICI-related type I diabetes mellitus (T1DM) is a serious adverse effect of

the use of these drugs, with incidences of 0.4–0.9% and 0.1–0.2%

following the use of anti–PD-1 and anti–PD-L1 antibodies,

respectively. T1DM caused by anti–CTLA-4 monotherapy is

extremely rare and has been reported less frequently (6). As a

glycoprotein on the surface of T cells, when combined with PD-L1

on the surface of tumor cells, PD-1 will affect the glucose uptake in T

cells and make them lack the energy needed for activation (7) and the

immune effect of the body will be damaged, and the tumor cells will

escape. Therefore, toripalimab can restore the immune monitoring

function of the body by inhibiting the PD-1/PD-L1 pathway to achieve

the anti-tumor effect.Due to the inhibition of these pathways, b cells

can not inhibit their own reactive CD8+T cells by up-regulating the

expression of PD-L1, and the damage of b cells caused by de-inhibition
is a possible pathogenesis of ICI-related diabetes caused by the use of

toripalimab at present (8, 9)(Figure 3).

T1DM is characterized by absolute insulin deficiency secondary

to T cell–mediated beta cell destruction and the presence of beta

cell–related autoantibodies in serum (10). ICI-related diabetes also

has these features, but can be distinguished from classic T1DM by

its older age at onset (median, 65 years) (2), rapid onset of insulin

deficiency, and lack of a “honeymoon period” (i.e., hidden onset

with rapid development). The sudden loss of beta cell function

distinguishes it from latent autoimmune diabetes in adults (11).
FIGURE 2

Blood glucose fluctuations during treatment in case 2.
FIGURE 1

Oral glucose tolerance test (OGTT) and insulin release test (IRT) results for cases 1 and 2.
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Fulminant type 1 diabetes mellitus (FT1DM) is characterized by

hyperglycemia, ketoacidosis, glycated hemoglobin (HbA1c) < 8.7%,

elevated pancreatic enzyme levels, severe insulin deficiency (fasting

C-peptide level < 0.3 ng/mL), and insulin autoantibody negativity.

ICI-related diabetes of the fulminant type was first discovered and

reported in Japan (12), and its onset is similar to that of

conventional FT1DM, but with slower progression (13).

Therefore, ICI-related diabetes has the characteristics of both

classic type 1 diabetes and fulminant type 1 diabetes. At present,

most literatures regard this type of diabetes as type 1 diabetes, but

there is no report that it is classified as type 2 diabetes and other

types of diabetes (14).

In case 1 presented here, the patient underwent surgery to

remove a melanoma and received treatment with toripalimab, an

anti–PD-1 antibody developed in China for the treatment of

melanoma (15). The probability of hyperglycemia development

was found to be much greater with toripalimab (55.6%) than

with other ICIs, administered alone or in combination with

chemotherapy, in an examination of 1063 cases (16). The

combined administration of ICIs and chemotherapy may further

increase the risk of adverse reactions such as hyperglycemia; the

average onset time for this condition was about 2.7 drug cycles

earlier with combined therapy than with monotherapy (after 4.5

cycles) in a systematic review of 90 cases (2). In addition, the onset
Frontiers in Endocrinology 04
of hyperglycemia is hidden in most patients undergoing toripalimab

treatment, although the average blood glucose level in this group is

593 mg/L and the average glycosylated hemoglobin percentage is

7.5%, with a low or undetectable C-peptide level. The laboratory

findings in case 1 presented here are basically consistent with this

clinical picture.

Available evidence on the association of pancreatic

autoantibodies with ICI-related diabetes is inconsistent. Some

authors (17) have reported that most East Asian patients are

negative for these autoantibodies, as in our case 1, whereas

others have documented positivity for at least one pancreatic

autoantibody, most commonly glutamic acid decarboxylase

antibody, in 30–50% of cases (18). In addition, certain human

leukocyte antigen (HLA) genotypes (e.g., the DR3-DQ2 and DR4-

DQ8 haplotypes) are known to confer susceptibility to (fulminant)

type 1 diabetes (19), and they (mainly DR4) have been detected in

about 61% of patients with ICI-related diabetes (20). As the HLA

genotype only partially explains some individuals’ increased risk of

diabetes, we did not perform HLA genotyping in case 1.

In its 2018 guidelines, the American Society of Clinical

Oncology recommended that a baseline serum glucose level be

established before the initiation of ICI treatment, and that blood

glucose measurement be performed every 12 weeks during the

induction period and after each treatment cycle, and every 3–6
TABLE 2 Differential diagnosis of ICI- and PI3Ki-related diabetes mellitus.

Characteristic ICI-related diabetes PI3Ki-related diabetes

Incidence 0.2–1.27% 65%

Etiological agent ICI as cancer medication PI3Ki as cancer medication

Nosogenesis Insulin deficiency caused by islet b-cell damage Insulin resistance due to PI3Ki pathway inhibition

Clinical manifestation
Hyperglycemia after a mean of 4.5 treatment
cycles

Hyperglycemia after a mean of 2 weeks of treatment

Laboratory findings Decreased insulin, C peptide levels Increased insulin level

Treatment Insulin Hypoglycemic drugs (e.g., metformin)
ICI, immune checkpoint inhibitor; PI3Ki, phosphatidylinositol-3-kinase inhibitor.
FIGURE 3

The possible mechanisms of drug action and hyperglycemia of toripalimab. MHC, major histocompatibility complex;Ag, antigen;TCR, t cell receptor;
SHP-1,tyrosine phosphokinase;ZAP-70, Tyrosine protein kinase;PI3K, phosphatidylinositol -3- kinase; AKT, protein kinase B;PD1, programmed cell
death protein 1;PD-L1, programmed cell death protein 1 ligand 1.
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weeks thereafter (21). As ICI-induced diabetes may be mistaken for

uncontrolled type 2 diabetes mellitus (T2DM), insulin antibody and

C-peptide testing should be performed before treatment initiation

for the risk stratification of patients with T2DM (22). For patients

with suspected new or symptomatic diabetes, the timely monitoring

of blood and urine ketones is necessary to prevent and identify

DKA. Pancreatic damage caused by ICI use is irreversible, and

insulin is the main means of treatment. As glucocorticoids have a

toxic effect on pancreatic beta cells and may further increase the

blood glucose level, they are not commonly used in the treatment of

ICI-related diabetes (23).

Decisions about whether to discontinue ICI use should be made

according to the severity of the clinical manifestations (21). In case 1

presented here, the patient’s blood glucose level did not decrease

significantly after the cessation of anti–PD-1 treatment, and four

insulin injections were administered.
PI3Ki-related diabetes

The intracellular PI3K-AKT-mTOR signaling pathway is

responsible for the regulation of various physiological functions,

including the cell cycle, cell survival, protein synthesis, angiogenesis,

and glucose metabolism (3). It is detected in nearly 44% of tumors,

whichmakes it an excellent target for cancer therapy (24). Breast cancer,

the malignancy with the highest incidence rate among women, shows

changes in the PI3K pathway in about 58% of cases; the most common

change is PIK3CA mutation, which activates the pathway (25).

PI3K has four subtypes (a, b, g, and d); thea subtypemediatesmost

of the metabolic effects of the PI3K pathway, including insulin signaling

in muscle, liver, and adipose tissues (26). The inhibition of the PI3K

pathway blocks glucose uptake by skeletal and adipose tissues and

promotes glycogen breakdown and liver gluconeogenesis, leading to

hyperinsulinemia, hyperglycemia, and insulin resistance (27), is also the

pathogenesis of type 2 diabetes (28). Although the SOLAR-1 study

showed that the combination of alpelisib, an orally bioavailable PI3Ka-
specific inhibitor blocking the The activation of PI3K by influencing the
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formationofheterodimercomposedof thecombinationofp110catalytic

subunit and p85 regulatory subunit (29)(Figure 4), used to treat HR+,

HER2–, PIK3CA-mutated advanced or metastatic breast cancer, and

fulvestrant significantly improves progression-free survival in patients

with such cancer, it also revealed that the incidence of hyperglycemia in

these patients was up to 65% after medication use and that 6.3% of

patients interrupted treatment due to poor blood sugar control (4).

PI3Ki-related diabetes caused by alpelisib has a median onset time

of 15 days, with blood glucose spikes usually occurring 4–6 h after

medication intake (4). This reaction, however, is reversible, and the

blood glucose level can return to normal after alpelisib discontinuation.

The probability of hyperglycemia is greater in patients aged ≥ 75 years

with body mass indices ≥ 25 kg/m2 or HbA1c percentages ≥ 5.7%. The

probability of DKA in patients with PI3Ki-related diabetes is 0.4%,

much lower than that of ICI-related DKA (59–71.4%) (2, 30, 31), but

this condition has a very poor prognosis and requires attention.

Cases of DKA in patients using alpelisib, identified from the

PubMed database, are summarized in Table 3). The risk of alpelisib-

induced DKA is increased and the onset of the condition is earlier in

patients with long-term T2DM than in those without diabetes.

Screening for diabetes risk factors before PI3Ki use and education

in advance on diabetes symptoms and diagnostic criteria are

recommended; PI3Ki treatment initiation is not recommended for

patients with poorly controlled diabetes and those at high risk of

developing hyperglycemia-related complications (27). Fasting blood

glucose measurement once a week for 2 weeks before treatment

initiation and monthly thereafter, and HbA1c monitoring every 3

months, are recommended. For patientswith indications or symptoms

of hyperglycemia, the monitoring frequency can be increased.

First-line therapy for PI3Ki-related diabetes is administered

with drugs that do not affect the PI3K pathway. The insulin sensitizer

metformin can alleviate insulin resistance, inhibit liver gluconeogenesis

and glycogen breakdown, and promote glucose uptake, but only after

several weeks of use. Sodium-glucose cotransporter 2 (SGLT-2)

inhibitors are recommended as second-line options and are often

used in combination with metformin (27). In case 2 presented here,

the patient was given alpelisib alone, alpelisib combined with insulin
FIGURE 4

The mechanisms of drug action and hyperglycemia of alpelisib. AKT, protein kinase B; FOXO1, Fork head Box O1; GLUT4, glucose transporter type 4;
GSK3, glycogen synthase kinase-3; Ins R, insulin receptor; mTORC1, mammalian target of rapamycin complex 1; PDK1, pyruvate dehydrogenase
kinase; PI3K, phosphatidylinositol-3-kinase; PIP2, phosphatidylinositol 4, 5-bisphosphate; PIP3, phosphatidylinositol 3, 4, 5-trisphosphate; PTEN,
phosphatase and tensin homolog.
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pump treatment, insulin pump treatment alone, alpelisib combined

with metformin, and alpelisib combined with metformin and

dapagliflozin, and her blood glucose level was monitored closely

before and after meals to ensure the progression of the treatments’

hypoglycemic effect.

Notably, SGLT-2 inhibitors can causeDKA, characterized bymild

insulin deficiency and insulin resistance (40), and the blood glucose

level usually approachesnormalor slight elevation (<288mg/dL)when

DKA occurs (41). As illustrated by a reported case of DKA in a patient

taking taselisib (a PI3Ki) and canagliflozin (an SGLT-2 inhibitor)

concurrently (42), the combined use of PI3Ki and SGLT-2 inhibitors

should be undertaken with caution. A ketogenic diet can result in the

consumption of liver glycogen stores, limitation of liver

gluconeogenesis after PI3K pathway inhibition, reduction of the

blood glucose and insulin levels, and increased efficacy of PI3Kis

(43), but monitoring for DKA is still required.
Conclusion

A large number of epidemiological studies have confirmed that

both type 1 diabetes and type 2 diabetes have a certain risk of cancer

(44).Studies have shown that the risk factors of cancer caused by

diabetes include hyperglycemia, insulin resistance, hyperinsulinemia,

insulin-like growth factor, obesity, inflammatory reaction and

intestinal flora (45) and some cancers may increase the risk of

diabetes. Although cancer treatment usually does not directly lead to

diabetes, some therapeutic drugs and methods, such as radiotherapy,
Frontiers in Endocrinology 06
steroid hormones and some chemotherapy drugs, will lead to the

increase of blood sugar level or inhibit the production of insulin, thus

inducing diabetes (46, 47).

Here, we report on the diagnosis and treatment of ICI- and

PI3Ki-related diabetes to improve medical workers’ awareness of

these diseases. Screening for diabetes-related risk factors before

cancer medication administration, close monitoring of the blood

glucose level during medication use, and the prompt performance

of relevant examinations and treatment initiation for patients who

develop hyperglycemia or have clinical symptoms of diabetes are

recommended to improve the prognosis.
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TABLE 3 Case reports of DKA with alpelisib use, retrieved from PubMed.

Authors
Age
(y)

Pretreatment
diabetes
history

Time to
onset

Blood glucose at
onset (mg/dL)

KA treatment Outcome

Leung et al.
(32)

nd T2DM 2 d 1137 nd Stop alpelisib, empagliflozin

581 T2DM 10 d/2 h 707/nd Insulin/insulin
Stop alpelisib and empagliflozin, increase

gliclazide dosage/stop alpelisib

Thomas
et al. (33)

76 T2DM 14 d 402
Alpelisib,

metformin, glipizide
Stop alpelisib

Ekanayake et
al (34).

37 GD nd 397
Insulin, metformin,

dulaglutide
Alpelisib, metformin, insulin

44 No 300 d nd Insulin Stop alpelisib, hypoglycemic drugs

Carrillo et al.
(35)

66 No 14 d 300.6
Insulin, metformin,

dapagliflozin
Stop alpelisib and insulin, switch to

ixabepilone

Nguyen
et al. (36)

73 No 11 d >400 Insulin, metformin
Stop alpelisib and insulin, switch to

vinorelbine

Fugere et al.
(37)

48 No 26 d 302 Insulin Stop alpelisib, insulin

Farah et al.
(38)

49 No 60 d 387 Insulin Alpelisib, metformin, insulin

Al Zeyoud
et al. (39)

45 No 30 d 540 Insulin Stop alpelisib
1Data on two DKA onsets are provided for this patient. DKA, diabetic ketoacidosis; T2DM, type 2 diabetes mellitus; nd, no data; GD, gestational diabetes.
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4. André F, Ciruelos E, Rubovszky G, Campone M, Loibl S, Rugo HS, et al. Alpelisib
for PIK3CA-mutated, hormone receptor-positive advanced breast cancer. N Engl J Med
(2019) 380(20):1929–40. doi: 10.1056/NEJMoa1813904

5. Barroso-Sousa R, Ott PA, Hodi FS, Kaiser UB, Tolaney SM, Min L. Endocrine
dysfunction induced by immune checkpoint inhibitors: Practical recommendations for
diagnosis and clinical management. Cancer (2018) 124(6):1111–21. doi: 10.1002/
cncr.31200

6. 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(1):17–65. doi: 10.1210/er.2018-00006

7. Chen L, Heymach JV, Qin FX, Gibbons DL. The mutually regulatory loop of
epithelial-mesenchymal transition and immunosuppression in cancer progression.
Oncoimmunology (2015) 4:e1002731. doi: 10.1080/2162402X.2014.1002731

8. Gearty SV, Dündar F, Zumbo P, Espinosa-Carrasco G, Shakiba M, Sanchez-
Rivera FJ, et al. An autoimmune stem-like CD8 T cell population drives type 1 diabetes.
Nature (2022) 602:156–61. doi: 10.1038/s41586-021-04248-x

9. Osum KC, Burrack AL, Martinov T, Sahli NL, Mitchell JS, Tucker CG, et al.
Interferon-gamma drives programmed death-ligand 1 expression on islet b cells to
limit T cell function during autoimmune diabetes. Sci Rep (2018) 8:8295. doi: 10.1038/
s41598-018-26471-9

10. Garnier L, Marchand L, Benoit M, Nicolino M, Bendelac N, Wright C, et al.
Screening of ZnT8 autoantibodies in the diagnosis of autoimmune diabetes in a large
French cohort. Clin Chim Acta (2018) 478:162–5. doi: 10.1016/j.cca.2017.12.043

11. Tsang V, 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(11):5499–506. doi: 10.1210/jc.2019-00423

12. Ishiguro A, Ogata D, Ohashi K, Hiki K, Yamakawa K, Jinnai S, et al. Type 1
diabetes associated with immune checkpoint inhibitors for Malignant melanoma: A
case report and review of 8 cases.Med (Baltimore) (2022) 101(35):e30398. doi: 10.1097/
MD.0000000000030398

13. 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(4):417–23. doi: 10.7861/clinmed.2020-0054

14. Zhang W, Xu W. Toripalimab-associated diabetes mellitus: a case report from
the community of Southern China. Endocrinol Diabetes Metab Case Rep (2023)
2023):22–0387 [pii]. doi: 10.1530/EDM-22-0387

15. Keam SJ. Toripalimab: first global approval. Drugs (2019) 79(5):573–8.
doi: 10.1007/s40265-019-01076-2
16. Li L, LiG,RaoB,DongAH,LiangW,Zhu JX, et al. Landscape of immunecheckpoint
inhibitor-related adverse events in Chinese population. Sci Rep (2020) 10(1):15567.
doi: 10.1038/s41598-020-72649-5

17. Baden MY, Imagawa A, Abiru N, Awata N, Ikegami N, Uchigata Y, et al.
Characteristics and clinical course of type 1 diabetes mellitus related to anti-
programmed cell death-1 therapy. Diabetol Int (2019) 10(1):58–66. doi: 10.1007/
s13340-018-0362-2

18. Salangsang J, Sapkota S, Kharel S, Gupta P, Kalla A. A case of pembrolizumab-
induced diabetic ketoacidosis and hyperthyroidism in a patient with recurrent
esophageal adenocarcinoma. Cureus (2023) 15(2):e35276. doi: 10.7759/cureus.35276

19. Redondo MJ, Steck AK, Pugliese A. Genetics of type 1 diabetes. Pediatr Diabetes
(2018) 19(3):346–53. doi: 10.1111/pedi.12597

20. Hu X, Deutsch AJ, Lenz TL, Gumuscu SO, Han B, ChenWM, et al. Additive and
interaction effects at three amino acid positions in HLA-DQ and HLA-DR molecules
drive type 1 diabetes risk. Nat Genet (2015) 47(8):898–905. doi: 10.1038/ng.3353

21. Brahmer JR, Lacchetti C, Thompson JA. Management of immune-related
adverse events in patients treated with immune checkpoint inhibitor therapy:
american society of clinical oncology clinical practice guideline summary. J Oncol
Pract (2018) 14(4):247–9. doi: 10.1200/JOP.18.00005

22. Zand Irani A, Almuwais A, Gibbons H. Immune checkpoint inhibitor-induced
diabetes mellitus with pembrolizumab. BMJ Case Rep (2022) 15(1):e245846.
doi: 10.1136/bcr-2021-245846

23. Aleksova J, 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. doi: 10.1136/bcr-2016-217454

24. Millis SZ, Jardim DL, Albacker L, Ross JS, Miller VA, Ali SM, et al.
Phosphatidylinositol 3-kinase pathway genomic alterations in 60,991 diverse solid
tumors informs targeted therapy opportunities. Cancer (2019) 125(7):1185–99.
doi: 10.1002/cncr.31921

25. Mollon LE, Anderson EJ, Dean JL, Warholak TL, Aizer A, Platt EA, et al. A
systematic literature review of the prognostic and predictive value of PIK3CA
mutations in HR(+)/HER2(-) metastatic breast cancer. Clin Breast Cancer (2020) 20
(3):e232–43. doi: 10.1016/j.clbc.2019.08.011

26. Bass IR, Tiersten A, Trlica K, Ryncarz A, Adler B, Gallagher EJ. Novel breast
cancer treatment leads to hyperglycaemia. Diabetes Med (2020) 37(5):893–4.
doi: 10.1111/dme.14281

27. GoncalvesMD, FarookiA.Managementof phosphatidylinositol-3-kinase inhibitor-
associated hyperglycemia. Integr Cancer Ther (2022) 21:15347354211073163. doi: 10.1177/
15347354211073163

28. Huang X, Liu G, Guo J, Su Z. The PI3K/AKT pathway in obesity and type 2
diabetes. Int J Biol Sci (2018) 14:1483–96. doi: 10.7150/ijbs.27173

29. Castel P, Toska E, Engelman JA, Scaltriti M. The present and future of PI3K
inhibitors for cancer therapy. Nat Cancer (2021) 2:587–97. doi: 10.1038/s43018-021-
00218-4

30. Perdigoto AL, Deng S, Du KC, Kuchroo M, Burkhardt DB, Tong A, et al. Immune
cells and their inflammatory mediators modify b cells and cause checkpoint inhibitor-
induced diabetes. JCI Insight (2022) 7(17):e156330. doi: 10.1172/jci.insight.156330
frontiersin.org

https://doi.org/10.2337/dc20-0609
https://doi.org/10.1530/EJE-19-0291
https://doi.org/10.1177/1758835920940939
https://doi.org/10.1056/NEJMoa1813904
https://doi.org/10.1002/cncr.31200
https://doi.org/10.1002/cncr.31200
https://doi.org/10.1210/er.2018-00006
https://doi.org/10.1080/2162402X.2014.1002731
https://doi.org/10.1038/s41586-021-04248-x
https://doi.org/10.1038/s41598-018-26471-9
https://doi.org/10.1038/s41598-018-26471-9
https://doi.org/10.1016/j.cca.2017.12.043
https://doi.org/10.1210/jc.2019-00423
https://doi.org/10.1097/MD.0000000000030398
https://doi.org/10.1097/MD.0000000000030398
https://doi.org/10.7861/clinmed.2020-0054
https://doi.org/10.1530/EDM-22-0387
https://doi.org/10.1007/s40265-019-01076-2
https://doi.org/10.1038/s41598-020-72649-5
https://doi.org/10.1007/s13340-018-0362-2
https://doi.org/10.1007/s13340-018-0362-2
https://doi.org/10.7759/cureus.35276
https://doi.org/10.1111/pedi.12597
https://doi.org/10.1038/ng.3353
https://doi.org/10.1200/JOP.18.00005
https://doi.org/10.1136/bcr-2021-245846
https://doi.org/10.1136/bcr-2016-217454
https://doi.org/10.1002/cncr.31921
https://doi.org/10.1016/j.clbc.2019.08.011
https://doi.org/10.1111/dme.14281
https://doi.org/10.1177/15347354211073163
https://doi.org/10.1177/15347354211073163
https://doi.org/10.7150/ijbs.27173
https://doi.org/10.1038/s43018-021-00218-4
https://doi.org/10.1038/s43018-021-00218-4
https://doi.org/10.1172/jci.insight.156330
https://doi.org/10.3389/fendo.2023.1236946
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Gao et al. 10.3389/fendo.2023.1236946
31. Clotman K, Janssens K, Specenier P, Weets I, De Block C. Programmed cell
death-1 inhibitor-induced type 1 diabetes mellitus. J Clin Endocrinol Metab (2018) 103
(9):3144–54. doi: 10.1210/jc.2018-00728

32. Leung M, Rodrigues P, Roitman D. Ketoacidosis in a patient with type 2 diabetes
requiring alpelisib: learnings and observations regarding alpelisib initiation and
rechallenge. Onco Targets Ther (2022) 15:1309–15. doi: 10.2147/OTT.S370244

33. Thomas K, Germain M, Loch MM. S.U.G.A.R: A case to outline tactics for the
prevention of alpelisib-induced hyperglycemia. J Investig Med High Impact Case Rep
(2022) 10:23247096221105249. doi: 10.1177/23247096221105249

34. Ekanayake PS, Gerwer J, Mccowen K. Alpelisib - Induced Hyperglycemia. Acta
Endocrinol (Buchar) (2022) 18:115–7. doi: 10.4183/aeb.2022.115

35. Carrillo M, Rodriguez RM, Walsh CL, Mcgarvey M. Alpelisib-induced diabetic
ketoacidosis: A case report and review of literature. AACE Clin Case Rep (2021) 7:127–
31. doi: 10.1016/j.aace.2020.11.028

36. Nguyen P, Musa A, Samantray J. Alpelisib-induced diabetic ketoacidosis. Cureus
(2021) 13:e14796. doi: 10.7759/cureus.14796

37. Fugere T, Roy AM, Makhoul I. Alpelisib-induced diabetic ketoacidosis in a non-
diabetic patient. Cureus (2021) 13:e19295. doi: 10.7759/cureus.19295

38. Farah SJ, Masri N, Ghanem H, Azar M. Diabetic ketoacidosis associated with
alpelisib treatment of metastatic breast cancer. AACE Clin Case Rep (2020) 6:e349–
349e351. doi: 10.4158/ACCR-2020-0452

39. Al Zeyoudi J, El Kebbi I, Al Zaabi F, Hashmi S. Alpelisib-induced diabetic
ketoacidosis in a patient with metastatic breast cancer. Cureus (2021) 13:e20817.
doi: 10.7759/cureus.20817
Frontiers in Endocrinology 08
40. Rosenstock J, Ferrannini E. Euglycemic diabetic ketoacidosis: A predictable,
detectable, and preventable safety concern with SGLT2 inhibitors. Diabetes Care (2015)
38(9):1638–42. doi: 10.2337/dc15-1380

41. Blau JE, Tella SH, Taylor SI, Rother KI. Ketoacidosis associated with SGLT2
inhibitor treatment: Analysis of FAERS data. Diabetes Metab Res Rev (2017) 33(8):
e2924. doi: 10.1002/dmrr.2924

42. Bowman C, Abramson V, Wellons M. Ketoacidosis with canagliflozin prescribed
for phosphoinositide 3-kinase inhibitor-induced hyperglycemia: A case report. J
Investig Med High Impact Case Rep (2017) 5(3):2324709617725351. doi: 10.1177/
2324709617725351

43. Hopkins BD, Pauli C, Du X, Wang DG, Li X, Wu D, et al. Suppression of insulin
feedback enhances the efficacy of PI3K inhibitors. Nature (2018) 560(7719):499–503.
doi: 10.1038/s41586-018-0343-4

44. Lega IC, Lipscombe LL. Review: diabetes, obesity, and cancer-pathophysiology
and clinical implications. Endocr Rev (2020) 41:bnz014 [pii]. doi: 10.1210/endrev/
bnz014

45. Gallagher EJ, LeRoith D. Obesity and diabetes: the increased risk of cancer and
cancer-related mortality. Physiol Rev (2015) 95:727–48. doi: 10.1152/physrev.00030.2014

46. Lipscombe LL, Chan WW, Yun L, Austin PC, Anderson GM, Rochon PA.
Incidence of diabetes among postmenopausal breast cancer survivors. Diabetologia
(2013) 56:476–83. doi: 10.1007/s00125-012-2793-9

47. LeMayC,ChuK,HuM,OrtegaCS, SimpsonER,KorachKS, et al. Estrogensprotect
pancreatic beta-cells fromapoptosis and prevent insulin-deficient diabetesmellitus inmice.
Proc Natl Acad Sci USA (2006) 103:9232–7. doi: 10.1073/pnas.0602956103
frontiersin.org

https://doi.org/10.1210/jc.2018-00728
https://doi.org/10.2147/OTT.S370244
https://doi.org/10.1177/23247096221105249
https://doi.org/10.4183/aeb.2022.115
https://doi.org/10.1016/j.aace.2020.11.028
https://doi.org/10.7759/cureus.14796
https://doi.org/10.7759/cureus.19295
https://doi.org/10.4158/ACCR-2020-0452
https://doi.org/10.7759/cureus.20817
https://doi.org/10.2337/dc15-1380
https://doi.org/10.1002/dmrr.2924
https://doi.org/10.1177/2324709617725351
https://doi.org/10.1177/2324709617725351
https://doi.org/10.1038/s41586-018-0343-4
https://doi.org/10.1210/endrev/bnz014
https://doi.org/10.1210/endrev/bnz014
https://doi.org/10.1152/physrev.00030.2014
https://doi.org/10.1007/s00125-012-2793-9
https://doi.org/10.1073/pnas.0602956103
https://doi.org/10.3389/fendo.2023.1236946
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Immune checkpoint inhibitor– and phosphatidylinositol-3-kinase inhibitor–related diabetes induced by antineoplastic drugs: two case reports and a literature review
	Introduction
	Case reports
	Case 1: ICI-related diabetes mellitus
	Case 2: PI3Ki-related diabetes mellitus

	Discussion
	ICI-related diabetes
	PI3Ki-related diabetes
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


