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Abstract. Treatment with immune checkpoint inhibitors 
(ICIs) is steadily becoming the standard of care for hepato‑
cellular carcinoma (HCC), with an increasing number of 
immune‑related adverse events (irAEs). However, only a small 
number of reports on the occurrence of diabetes mellitus (DM) 
in patients with HCC treated with ICIs have been published. 
In the present study, the clinical manifestations, laboratory 
findings, treatment and prognosis of three patients with 
advanced HCC were reported, who suffered immune‑related 
DM when receiving treatment with ICIs. Furthermore, the 
relevant literature was reviewed in order to summarize clinical 
manifestations, possible mechanisms, diagnosis, prognosis of 
rechallenge and recommended management options, as well as 
clinical treatment suggestions. ICI‑induced diabetes is rare but 

irAEs are potentially fatal, as diabetic ketoacidosis (DKA) is 
often the first manifestation. The incidence of immune‑related 
DM is 0.86% and among those cases, the incidence of DKA 
is 59%. The combination of two ICIs markedly increases the 
risk. The human leukocyte antigen genotype, islet autoan‑
tibodies and autoreactive T cell‑mediated β‑cell destruction 
may be linked to the occurrence of immune‑related DM. 
Patient education and clinicians' awareness of ICI‑related DM 
are good management options. Adequate clinical judgment, 
close monitoring and early detection are also needed to decide 
whether to continue immunotherapy or to rechallenge it, so as 
to achieve the maximum benefit of clinical treatment.

Introduction

Primary liver cancer is currently the 4th most common 
malignant tumor and the 2nd leading cause of cancer‑related 
death in China. Hepatocellular carcinoma (HCC) accounts for 
75‑85% of primary liver cancers. Programmed death‑1 (PD‑1), 
programmed death ligand‑1 (PD‑L1) and other immune 
checkpoint inhibitors (ICIs) are used more extensively in 
cancer therapy by interfering with the immune checkpoint 
pathway to activate the immune system. However, PD‑1 and 
PD‑L1 are also widely expressed in normal tissue cells e.g. 
hematopoietic cells, pancreatic cells (1). Therefore, ICI therapy 
affects other tissue cells and has also caused a number of 
immune‑related adverse events (irAEs), including a variety of 
endocrine disorders, such as thyroiditis, hypopituitarism and 
adrenal insufficiency (2). ICI‑induced type 1 diabetes mellitus 
(T1DM) is an irAE with an incidence of 0.2‑1.0%  (3). A 
systematic review study demonstrated that in 172 ICI‑induced 
DM (ICI-DM) cases, tumor types included melanoma (43.6%; 
75/172), lung cancer (30.2%; 52/172), renal cell carcinoma 
(5.8%; 10/172), breast cancer (3.5%; 6/172), gastrointestinal 
cancers (3.5%; 6/172), lymphomas (2.9%; 5/172) and hepa‑
tocellular carcinoma (1.2%; 2/172) (4). Current research also 
suggests that the primary mechanism of ICI‑induced T1DM is 
T‑cell stimulation due to the loss of interaction between PD‑1 
and PD‑L1 in pancreatic islets (5). A latest study reported the 
first case of a patient with HCC who developed fulminant 
T1DM and ketoacidosis during the therapeutic combination 
of atilizumab and bevacizumab (6). ICIs have been widely 
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used to treat HCC for a relatively short period of time and 
there is a lack of reports on the occurrence of DM in patients 
with HCC treated with ICIs. Therefore, information on such 
cases needs to be accumulated. The present study reported 
three cases of immune‑associated DM after ICI treatment for 
HCC. Furthermore, the clinical attributes, epidemiology and 
primary mechanism of ICI‑DM were reviewed, so as to draw 
attention of clinicians to this disease and, more importantly, its 
diagnosis and treatment.

Case presentation

Case 1. A 27‑year‑old female patient was admitted to Tongji 
Hospital (Wuhan, China) in January 2021 for detection of 
multiple tumors in the left lobe of the liver. The patient had 
a history of hepatitis B virus (HBV) infection >20 years and 
had never received any antiviral treatment. The patient did 
not have any complaints or discomfort and had no family 
or genetic history of HCC except HBV infection of the 
patient's mother. There was no positive sign such as hepato‑
splenomegaly or tenderness on physical examination. Blood 
routine and liver‑renal function laboratory tests were normal 
but the biochemical examinations revealed an AFP level of 
37,966 µg/l [normal range (NR), 0‑15 µg/l], elevated (↑), and 
a protein induced by vitamin K absence (PIVKA‑II) level 
of 5,834 mAU/ml (NR, 11.12‑32.01 mAU/ml) ↑ (Table  I). 
Furthermore, the MRI showed multiple tumors in the left lobe 
of the liver and a tumor embolus of the left branch of the portal 
vein was visible (Fig. 1). Therefore, the preliminary diagnosis 
was as follows: i) Chronic hepatitis B with compensated liver 
function and ii) primary HCC, China Liver Cancer (CNLC) 
stage  IIIa/Barcelona Clinic Liver Cancer (BCLC) stage 
C (7). The patient received local treatment with drug‑eluting 
bead transarterial chemoembolization (D‑TACE) and 
systemic therapy with lenvatinib 8 mg/day and tislelizumab 
200 mg/3 weeks, 21 days/cycle. After one month, the MRI 
showed that the patient had achieved a partial response (PR) 
(Fig. 1) according to the modified response evaluation criteria in 
solid tumors 1.1 (8) and a tumor biomarker decline. The patient 
then received 4 cycles of hepatic artery infusion chemotherapy 
(HAIC) and systemic therapy. The subsequent examination 
showed a complete response (Fig. 1) and the tumor biomarkers 
had declined to normal levels. The multidisciplinary team 
(MDT) refused surgery due to inadequate residual liver volume 
and recommended that the patient continued systemic therapy. 
However, after 6 months, contrast‑enhanced ultrasonography 
and circulating tumor DNA (ctDNA) analysis (9) provided 
positive results, although the MRI still showed complete tumor 
necrosis. Furthermore, the residual liver volume was sufficient 
for operation due to left liver enlargement (Fig. S1), the liver 
function was Child‑Pugh grade A (10) and the indocyanine 
green 15‑min retention rate was 10.7% (11). Thus, right hemi‑
hepatectomy was performed and the pathological examination 
showed absence of viable cancer cells (Fig. 1). One month 
after the operation, as the ctDNA analysis turned to negative 
and no tumor recurrence was found in examinations including 
AFP, PIVKA‑II and MRI, the patient continued the systemic 
therapy and received a routine examination where diabetes 
mellitus was excluded. In October 2022, the patient, who 
had by then received 88 weeks (cycle 30) of ICI therapy, was 

readmitted to Tongji Hospital (Wuhan, China) due to symp‑
toms/complaints of nausea, vomiting, fever and lethargy. The 
patient's family denied a history of diabetes. The auxiliary 
examination revealed the following: Diabetes tests: Random 
plasma glucose 1,082 mg/dl (NR, 70.2‑199.8 mg/dl) ↑, glycated 
hemoglobin (HbA1c) 9.8% (NR, 4‑6%) ↑, fasting C‑peptide 
0.04 ng/ml (NR, 0.3‑1.3 ng/ml) decreased (↓), urine glucose 
(3+) and urine ketone body (3+); electrolyte examination: 
Blood sodium 153.4 mmol/l (NR, 135‑145 mmol/l) ↑, blood 
potassium 3.4 mmol/l (NR, 3.5‑5.5 mmol/l) ↓, blood chlorine 
107.5 mmol/l (NR, 98‑106 mmol/l) ↑, effective plasma osmotic 
pressure 373.6  mOsm/l (NR, 280‑310  mOsm/l) ↑; which 
suggested that the patient had diabetic ketoacidosis (DKA) 
and was in a hyperosmolar hyperglycemic state. Islet autoanti‑
bodies were as follows: Islet cell antibody (ICA) (+), glutamic 
acid decarboxylase antibody (GADA) (‑), insulin autoantibody 
(IAA) (‑), protein tyrosine phosphatase autoantibody (IA‑2A) 
(‑) and zinc transporter 8 autoantibody (ZnT8A) (‑) (Table II). 
Thyroid function markers were as follows: Triiodothyronine 
(T3), 1.08 nmol/l (NR, 0.92‑2.79 nmol/l); free triiodothyro‑
nine, 2.94 pmol/l (NR, 3.5‑6.5 pmol/l); tetraiodothyronine 
(T4), 78.50 nmol/l (NR, 58.1‑140.6 nmol/l); free thyroxine, 
12.54 pmol/l (NR, 11.48‑22.70 pmol/l); and thyroid‑stim‑
ulating hormone, 24.34 µIU/ml (NR, 2‑10 µIU/ml) ↑, which 
suggested that the patient had mild hypothyroidism. The 
diagnosis included the following: i) DKA, ii) hyperosmolar 
hyperglycemic state and iii)  mild hypothyroidism. The 
patient was diagnosed with ICI‑DM. After ketone correction 
and insulin pump therapy, the patient's ketone bodies turned 
negative and the patient's treatment was switched to 4 times 
of intensive insulin therapy with acceptable glycemic control. 
Approximately 2  months later, the patient continued the 
immunological treatment when blood glucose stability had 
been reached with insulin management. MRI suggested that 
there was no tumor recurrence until the final follow‑up for the 
writing of this study in July 2023.

Case 2. A 56‑year‑old male patient was admitted to Tongji 
Hospital (Wuhan, China) in December 2022 for detection of 
multiple tumors in the right lobe of the liver. The patient had 
a history of HBV infection for 10 years and had not received 
any treatment. AFP and PIVKA‑II were 5,834 µg/l ↑ and 
25,243 mAU/ml ↑, respectively (Table I). The MRI showed 
multiple tumors in the right lobe of the liver and a tumor 
embolus of the right branch of the portal vein was visible 
(Fig. 1). The preliminary diagnosis was as follows: i) Chronic 
hepatitis B with compensated liver function and ii) primary 
HCC and CNLC IIIa/BCLC C. The patient received local 
treatment with HAIC and systemic therapy with lenvatinib 
8 mg/day and tislelizumab 200 mg/3 weeks, 21 days/cycle. 
After 2 cycles, the MRI indicated that the patient achieved 
a PR with partial tumor necrosis (Fig.  1) and a tumor 
biomarker decline. At the same time, the patient complained 
of mild reactive cutaneous capillary endothelial prolifera‑
tion, which was alleviated by application of steroid hormone 
cream without drug withdrawal. The patient then received 
the third treatment cycle. When the patient was admitted 
to Tongji Hospital (Wuhan, China) for the fourth treatment 
cycle, the routine examination indicated the following: Body 
mass index, 23.3  kg/m2 (NR, 18.5‑23.9  kg/m2); diabetes 
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tests: HbA1c, 7.7% ↑, blood glucose, 432 mg/dl ↑, C‑peptide, 
0.09 ng/ml ↓, urine glucose (2+) and urine ketone body (‑), 
which suggested that the patient was in a hyperglycemic state. 
Electrolyte examination showed as following: Blood sodium, 
131.4 mmol/l ↓; blood potassium, 4.5 mmol/l; blood chlo‑
rine, 104.4 mmol/l; and effective plasma osmotic pressure, 
295.8 mOsm/l. Islet autoantibodies were as follows: GADA 
(+), ICA (‑), IAA (‑), IA‑2A (‑) and ZnT8A (‑) (Table II). T3 
and T4 levels were normal; thyroid autoantibodies were 
negative and no other endocrine system adverse reactions 
were found. The patient recovered one week after intensive 
treatment with an insulin pump. The patient achieved a stable 
level of blood glucose after two weeks and received low‑dose 
rapid‑acting insulin. The patient was diagnosed ICI‑DM. 
Approximately 1.5 months later, the patient continued the 
immunological treatment and the latest MRI in July 2023 
showed a PR.

Case 3. A 67‑year‑old male patient was admitted to Tongji 
Hospital (Wuhan, China) in July 2022 due to detection of a 
liver‑occupying lesion in a routine health examination. The 
patient had a history of HBV infection for 30 years and received 
anti‑HBV treatment for 10 years. The AFP and PIVKA‑II were 
25,342 µg/l ↑ and 24,245 mAU/ml ↑, respectively (Table I). 
The MRI showed two tumors in the right lobe of the liver 
and the maximum tumor diameter was 8.9 cm (Fig. 1). The 
preliminary diagnosis was as follows: i) Chronic hepatitis B 
with compensated liver function and ii) primary HCC, CNLC 

IIa/BCLC B. Surgery was rejected by the MDT due to high 
risk of recurrence and conversion therapy with D‑TACE and 
tislelizumab was performed. One month later, the examina‑
tion results showed a PR (Fig. 1) and significant tumor marker 
decline. The tumor situation of the patient was reassessed and 
discussed by the MDT and surgery was finally recommended. 
Right hemihepatectomy was successfully performed and 
the pathological examination showed tumor necrosis >80% 
(Fig. 1). One month after the operation, the patient continued 
Tislelizumad therapy for recurrence prevention. However, 
when the patient came to the outpatient department for routine 
follow‑up examinations 2 months postoperatively and he had 
received 4 cycles of Tislelizumad therapy, the results showed the 
following: Diabetes tests: Blood glucose, 454 mg/dl ↑; HbA1c, 
7.2% ↑; C‑peptide, 0.08 ng/ml↓urine glucose (2+); urine ketone 
body (‑), which showed that the patient was in a hyperglycemic 
state; electrolyte examination: Blood sodium 130.8 mmol/l ↓, 
blood potassium 4.8 mmol/l, blood chlorine 106.2 mmol/l ↑, 
effective plasma osmotic pressure 296.4 mOsm/l; and nega‑
tivity for all islet autoantibodies (Table II). T3 and T4 levels 
were normal; thyroid autoantibodies were negative and no 
other endocrine system adverse reactions were found. With 
intensive treatment using the insulin pump, the blood glucose 
declined to normal levels and remained stable. The patient 
then received low‑dose rapid‑acting insulin. The patient was 
diagnosed ICI‑DM. One month later, the patient continued 
immunological treatment and according to the latest MRI in 
July 2023, no tumor recurrence occurred.

Table I. Clinicopathological characteristics of the patients.

Variable	 Case 1	 Case 2	 Case 3

Age, years	 27	 56	 67
Sex	 Female	 Male	 Male
BMI, kg/m2	 20.4	 23.3	 25.7
Family history of DM	 No	 No	 No
History of DM	 No	 No	 No
Etiology of HCC	 HBV	 HBV	 HBV
Cirrhosis	 No	 No	 No
Child‑Pugh 	 A	 A	 A
AFP, µg/l (NR, 0‑15)	 37966 ↑	 5834 ↑	 25342 ↑
PIVKA, mAU/ml (NR, 11.12‑32.01)	 422 ↑	 ND	 24245 ↑
Tumor size, cm	 9.1	 7.8	 8.9
Tumor number, n	 2	 3	 2
Portal vein tumor thrombus	 Yes	 Yes	 No
Tumor differentiation	 Moderate	 Moderate	 Well
BCLC stage	 C	 C	 B
CNLC stage	 IIIa	 IIIa	 IIa
Treatment regimen	 Lenvatinib+tislelizumab	 Apatinib+camrelizumab	 Tislelizumab
Local treatment	 D‑TACE+HAIC	 HAIC	 D‑TACE
Tumor response	 Complete response	 Partial response	 Partial response
Operation	 Yes	 No	 Yes

BMI, body mass index; DM, diabetes mellitus; HCC, hepatocellular carcinoma; AFP, alpha‑fetoprotein; PIVKA, protein in vitamin K absence; 
BCLC, Barcelona Clinic Liver Cancer; CNLC, China Liver Cancer; HBV, hepatitis B virus; D‑TACE, drug‑eluting bead transarterial chemo‑
embolization; HAIC, hepatic artery infusion chemotherapy; ND, not determined; NR, normal range; ↑, elevated.
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Discussion

ICIs are significant in the history of cancer treatment. A 
review by Ribas and Wolchok (12) summarized that the objec‑
tive response rate with ICI therapy in patients with Hodgkin's 
disease, skin melanoma, non‑small cell lung cancer, renal cell 
carcinoma and HCC is 87, 35‑40, 20, 25 and 20% respec‑
tively. In the tumor microenvironment, the PD‑L1 expressed 
on tumor‑associated macrophages, the PD‑1 expressed 
during T and B lymphocyte activation and the cytotoxic 
T lymphocyte‑associated antigen‑4 (CTLA‑4) expressed on 
T‑regulatory cells, are all involved in regulating T‑cell activity 
by T cell receptor signaling (13‑15). ICIs such as anti‑PD‑1 and 
anti‑PD‑L1 inhibitors, can revitalize the anti‑tumor function of 
immune cells by blocking the activation of inhibitory immune 
checkpoints, which, however, enhances the specific response 
from effector T cells to non‑tumor tissues (16). The decrease 
of peripheral immune tolerance and increase of pro‑inflam‑
matory factor release when regulatory T cells are suppressed 
contribute to the development of irAEs (17). ICIs can cause 
toxic damage to numerous organs and systems, including the 
skin, gastrointestinal tract, musculoskeletal and oculus, the 
endocrine system, the nervous system, lung, kidney and the 

cardiovascular and hematologic systems (18). A systematic 
review showed that 14% of patients treated with PD‑(L)1 
inhibitor, 34% of patients treated with CTLA‑4 inhibitors and 
55% of patients on ICI combinations had irAEs (Grade ≥3) (19). 
Certain studies observed a negative impact of irAEs‑related 
treatment discontinuation on survival. Naqash et al (20) found 
that patients with permanent ICI discontinuation due to irAEs 
had a 14 months shorter median overall survival compared to 
those who did not have permanent ICI discontinuation.

HCC is a typical inflammation‑associated malignancy with 
a complex immune microenvironment (21). Chronic HBV infec‑
tion and chronic hepatitis C virus infection create a tolerogenic 
immune microenvironment through T‑cell exhaustion (loss of 
antiviral effector function of virus‑specific CD8+ T cells) and 
viral escape mutations (21,22). ICIs, including PD‑1, PD‑L1 and 
CTLA‑4, have demonstrated significant therapeutic efficacy 
in the field of HCC treatment (23). The results of one study 
(CheckMate 040) showed that treatment with navulizumab 
significantly reduced tumors, with objective remission rates of 
15‑20% (24). Pembrolizumab showed similar results to those of 
navulizumab, with an overall remission rate of 14% (25). HCC 
is often combined with cirrhosis and systemic manifestations, 
and patients with extrahepatic organ dysfunction may exhibit 

Figure 1. Treatment response of the three cases. Case 1, female, 27 years old; HCC with CNLC stage IIIa, multiple tumors in the left lobe of the liver and a 
tumor embolus of the left branch of the portal vein was visible; received 1 cycle of D‑TACE and 4 cycles of HAIC with systemic therapy and achieved CR by 
mRECIST; received surgery and got pathological response of CR. Case 2, male, 56 years old; HCC with CNLC stage IIIa, multiple tumors in the right lobe of 
the liver and a tumor embolus of the right branch of the portal vein was visible; received 2 cycles of HAIC with systemic therapy and achieved PR by mRECIST. 
Case 3, male, 67 years old; HCC with CNLC stage IIa, two tumors in the right lobe of the liver and the maximum tumor diameter was 8.9 cm; received 1 cycle 
of D‑TACE with systemic therapy and achieved PR by mRECIST; received surgery and got pathological response of tumor necrosis >80%. The pathological 
images was magnified 200 times. HCC, hepatocellular carcinoma; CNLC, China Liver Cancer; D‑TACE, drug‑eluting bead transarterial chemoembolization; 
HAIC, hepatic artery infusion chemotherapy; PR, partial response; CR, complete response; mRECIST, modified response evaluation criteria in solid tumors.
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signs and symptoms that overlap with irAEs or aggravate the 
severity of irAEs (2). Furthermore, irAEs leading to discon‑
tinuation of ICIs were also reported in 14.9% of HCC patients 
receiving immune‑targeted therapy (n=327/2201, 95% CI: 
13.4‑16.4%), including fatigue (13.9%), diarrhea (10.2%), rash 
(10.0%), pruritus (9.9%) and decreased appetite (8.5%) (26). In 
addition, the probability of irAEs may be higher in patients with 
HCC receiving ICI combined therapy (27). Three cases reported 
had received lenvatinib and tislelizumab, apatinib and camreli‑
zumab, and tislelizumab, respectively.

Similar to T1DM, ICI‑DM is caused by endocrine toxicity 
due to ICI therapy. ICI‑DM may cause lifelong persistent 
insulin deficiency, increase risks associated with diabetes 
complications and decrease life expectancy (28), indicating 
that ICI‑DM should be emphasized in clinical practice. A 
previous study reported on T1DM caused by autoreactive 
T cell‑mediated β‑cell destruction  (29). PD‑1 and PD‑L1 
had inhibitory effects on pathogenic autoreactive CD4+ 
T cell‑mediated tissue destruction and effector cytokine 
production (1,30). PD‑1 and PD‑L1 deficiency accelerated the 

Table II. Laboratory test results at admission to hospital for DM.

Variable	 Case 1	 Case 2	 Case 3

Number of ICI treatment cycles	 35	 6	 12
Time of onset of ICI‑DM, weeks	 88	 9	 12
Other irAEs	 Hypothyroidism	 RCCEP	 No
HbA1c, % (NR, 4‑6)	 9.8 ↑	 7.7 ↑	 7.2 ↑
Casual BG, mg/dl (NR, 70.2‑199.8)	 1082 ↑	 432 ↑	 454 ↑
C‑peptide, ng/ml (NR, 0.3‑1.3)	 0.04 ↓	 0.09 ↓	 0.08 ↓
Na+, mmol/l (NR, 135‑145)	 153.4 ↑	 131.4↓	 130.8↓
K+, mmol/l (NR, 3.5‑5.5)	 3.4 ↓	 4.5	 4.8
Cl+, mmol/l (NR, 98‑106)	 107.5 ↑	 104.4	 106.2 ↑
Diabetic ketoacidosis	 Yes	 No	 No
GADA 	 ‑	 +	 ‑
ICA 	 +	 ‑	 ‑
IAA 	 ‑	 ‑	 ‑
IA‑2A 	 ‑	 ‑	 ‑
ZnT8A 	 ‑	 ‑	 ‑
Continuation of ICIs	 Yes	 Yes	 Yes
Tumor response after rechallenge	 Stable disease	 Partial response	 Stable disease

DM, diabetes mellitus; ICI, immune checkpoint inhibitor; BG, blood glucose; irAEs, immune‑related adverse events; GADA, glutamic acid 
decarboxylase antibody; ICA, islet cell antibody; IAA, insulin autoantibody; IA‑2A, protein tyrosine phosphatase autoantibody; ZnT8A, zinc 
transporter 8 autoantibody; RCCEP, reactive cutaneous capillary endothelial proliferation; NR, normal range; ↑, elevated.

Table III. Differentiation among ICI‑DM, T1DM and T2DM.

Variable	 ICI‑DM	 T1DM	 T2DM	 (Refs.)

Age, median (IQR), years 	 63.6 (57.8‑72.9) 	 37.1 (27.0‑51.5)	 63.8 (53.4‑74.6)	 (41)
HbA1c at first presentation, 	 10.1 (8.0‑12.5) ↑	 10.6(10.1‑12.1) ↑	 7.5 (6.3‑10.1) ↑	 (41)
median (IQR), % (NR, 4‑6)
Insulin dose, median (IQR), IU/kg/day	 0.39 (0.35‑0.50)	 0.35 (0.21‑0.52)	 0.31 (0.18‑0.51)	 (41)
DKA at manifestation, %	 26.7	 0	 0.4	 (41)
Pancreatic autoantibodies, %	 40.4(28)	 90	 NA	 (28)
C‑peptide levels, nmol/l (NR, 0.3‑1.3)	 <0.3 ↓ [63.4% (n=83)]	 <0.3 ↓ 	 Normal or excessive	 (40)
Onset	 Early or latent, or after	 Acute	 Slow	 (28)
	 the interruption of ICIs
Pancreatic enzymes	 Mild increase	 Lower lipase except	 NA	 (28)
		  in fulminant phenotype

ICI, immune checkpoint inhibitor; ICI‑DM, immune checkpoint inhibitor‑associated diabetes mellitus; T1DM, type 1 DM; IQR, interquartile 
range; HbA1c, glycated hemoglobin; DKA, diabetic ketoacidosis; NA, not available.
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onset and frequency of type I diabetes in non‑obese diabetic 
mice (29,31). Lysogenic IFN‑γCD8+ T cells infiltrated pancre‑
atic islets in islet sections from anti‑PD‑1‑treated patients and 
IFN‑γ activated the β‑cell apoptotic pathway (32). In vitro 
experiments using human pancreatic islets from non‑diabetic 
patients showed that IFN‑γ promotes β‑cell PD‑L1 expres‑
sion, which may act as a self‑defense by expressing PD‑L1 in 
response to IFN‑γ (33). Therefore, blocking the PD‑1/PD‑L1 
pathway in ICI‑treated patients may contribute to the develop‑
ment of ICI‑DM for aggravating the destruction of β‑cells.

ICI‑DM is a relatively rare but severe irAE with an inci‑
dence of 0.86% (261/30,337 patients) (34). Furthermore, 59% 
of patients with ICI‑DM were complicated with DKA (35). 
The median age at the onset of ICI‑DM was determined to 
be 61 years  (36). The combination therapy resulted in an 
increased risk of immune‑related DM compared to a single 
one (37). The mean time of onset of ICI‑DM was 8.14 weeks 
(full range, 3.6‑45  weeks)  (38). One of the three patients 
reported in the present study had an onset of the disease at 
week 88 (cycle 30 of ICI treatment) and was accompanied with 
DKA. The other two patients developed ICI‑DM at weeks 9 
(cycle 3 of ICI treatment) and week 12 (cycle 4 of ICI treat‑
ment), respectively, and this was not accompanied with DKA. 
The clinical manifestations of ICI‑DM are atypical and vary 
significantly among individuals, with mild cases showing only 
elevated blood glucose or severe cases showing acute onsets, 
rapid progression and even DKA (39). In case 1 of the present 
study, the patient presented with nausea, vomiting, fever and 
lethargy as symptoms of DKA, while the other two patients 
were diagnosed ICI‑DM after laboratory tests during routine 
follow‑up examinations. According to a previous study, 44.8% 
of ICI‑DM cases had damage to other endocrine glands in addi‑
tion to diabetes, including hypophysitis (5.2%) and thyroiditis 
(30.8%) (4). In case 1 of the present study, the pathology was 
accompanied by DKA and thyroiditis.

The diagnosis can be made if the patient's blood glucose is 
normal before the use of ICIs and one of the following three 
conditions is met after treatment: i) Typical diabetic symp‑
toms (thirst, increased fluid intake, urination and weight loss 
caused by hyperglycemia) or acute metabolic disorders, such 
as itching of the skin and blurred vision, as well as random 
glucose ≥11.1  mmol/l; ii)  fasting plasma glucose (FPG) 
≥7.0 mmol/l; iii) 2‑h blood glucose after 75 g glucose load 
≥11.1 mmol/l (39). Furthermore, in the cases reported in the 
present study, C‑peptide levels were 0.04, 0.09 and 0.08 nmol/l, 
respectively, which were <0.4 nmol/l in 91.6% of ICI‑DM 
patients according to Wu et al (28). Table III provides certain 
differences and associations between ICI‑DM and T1DM 
and T2DM (28,40,41), which is utilized to make differential 
diagnoses.

Currently, the human leukocyte antigen (HLA) genotype 
and islet autoantibodies are considered useful for early iden‑
tification of patients who are more susceptible to ICI‑DM. 
HLA‑DR4 (a HLA serotype) showed the highest association 
with susceptibility to ICIs‑DM (42). In a cohort study, 76% of 
patients with ICI‑DM expressed HLA‑DR4 (35). The patients 
in the present study did not undergo HLA genetic testing. 
Islet autoantibodies were considered a marker of T1DM and 
were detected in >90% of patients with T1DM in a previous 
study (43). de Filette et al (44) reported that at least one of the 

islet autoantibodies was positive in 53% of patients with TIDM 
and 15% of them had at least two positive autoantibodies. 
However, the association between islet autoantibodies and 
diagnosis of ICI‑DM remains unclear (45). In the case series 
reported in the present study, ICA in case 1 was positive for 
DKA, while GADA was positive in case 2 and the patient from 
case 3 was negative for autoantibodies.

According to the Expert Consensus on Immune‑related 
Adverse Reactions of the Endocrine System Caused by 
Immune Checkpoint Inhibitor (39), ICI‑DM can be classified 
into 4 grades according to the severity of clinical symptoms 
and the level of FPG. According to this consensus, Case 
1 may be classified as level 4 (FPG >27.8  mmol/l) and 
cases 2 and 3 are classified as level 3 (FPG is from 13.9 to 
27.8 mmol/l). For grade 2 (FPG is from 8.9 to 13.9 mmol/l) 
and above, ICI treatment needs to be suspended until the 
blood glucose is controlled. Insulin therapy should be applied 
promptly for grade 3 and above, as well as for individuals 
with an acute increase in blood glucose or suspected ketosis. 
In the present case series, insulin therapy was used in all 
of the three patients when ICI‑DM was diagnosed and the 
level of blood glucose was rapidly controlled under effective 
management. Furthermore, ICI treatment was suspended 
for all these three patients, which, however, was continued 
when blood glucose stability had been achieved with insulin 
management 1‑2 months later. No severe irAEs were noted 
after the continuation of ICI treatment and no tumor recur‑
rence or progression occurred.

In ICI‑DM, β‑cell damage was irreversible, patients 
required lifelong medication and steroids had no therapeutic 
effect on it (4). The main focus should be on the treatment with 
insulin injections and symptomatic supportive therapy (46). 
Blood glucose monitoring should be performed before each 
treatment cycle and every 3‑6 weeks after the end of treat‑
ment  (39). Patient education on early recognition of DM 
symptoms and DKA symptoms is also an important manage‑
ment option for ICI‑DM (40). Ultimately, ICI rechallenge is 
feasible with good glycemic control (4).

In conclusion, ICI‑DM is a rare but potentially fatal 
irAE, as DKA is often the first manifestation. Patient 
education and clinicians' awareness of adverse effects asso‑
ciated with ICIs are good management options. A thorough 
evaluation is needed to determine the likelihood of ICI‑DM 
before starting ICI therapy, including the patient's general 
condition, history of previous immune disorders, laboratory 
tests and radiologic examinations. Blood glucose, C‑peptide 
levels and HbA1c are practical screening options. At present, 
various therapeutic approaches combined with ICI therapy 
are gradually becoming the mainstream treatment for HCC 
and immunotherapy should not be easily abandoned because 
of potential irAEs. Adequate clinical judgment, close moni‑
toring and early detection of irAEs are needed to decide 
whether to continue immunotherapy or to rechallenge it 
according to the combination of grading and patient condi‑
tion, which aims to achieve the maximum benefit of clinical 
treatment.
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