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Immune checkpoint inhibitor-related diabetes mellitus (ICI-DM) is a rare
complication that medical oncologists seldom encounter in routine practice.
The sporadic nature and intrinsic complexity of ICI-DM make it challenging to
analyze comprehensively in experimental settings. In this review, we examine
phase 3 clinical trials on ICls and published case reports of ICI-DM, aiming to
summarize its incidence, clinical features, management, and prognosis. Phase 3
clinical trials reveal that the incidence of ICI-DM is higher with combination
therapies, such as anti-PD-1 and anti-CTLA-4 or anti-PD-L1, compared to anti-
PD-1 monotherapy. ICI-DM typically presents as severe hyperglycemia with a
fulminant onset and is often associated with diabetic ketoacidosis, accompanied
by unexpectedly low HbAlc and C-peptide levels. ICI-DM shares similarities with
classic type 1 diabetes, particularly in terms of autoimmunity and genetic
predisposition. This includes a high prevalence of islet autoantibodies and
susceptibility to certain HLA haplotypes, often with concurrent endocrine
gland dysfunction. This suggests that genetic susceptibility and exposure to
ICls may both be necessary for triggering islet autoimmunity and inducing ICI-
DM. Notably, patients with positive islet autoantibodies, such as glutamic acid
decarboxylase antibody and islet-associated antigen 2 antibody, tend to
experience rapid onset of ICI-DM after ICl exposure. Although patients with
ICI-DM generally show a high objective response rate to immunotherapy, a
significant proportion also face the need to permanently discontinued treatment.
Further research is urgently needed to determine whether permanent
discontinuation of immunotherapy is necessary and whether this
discontinuation negatively impacts overall survival.
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Introduction

Immune checkpoint inhibitors (ICIs) are widely used for cancer
treatment and have marked improved survival of patients with
various advanced cancers. The key ICIs in current use consist of
monoclonal antibodies targeted to cytotoxic T lymphocyte antigen
4 (anti-CTLA4) and programmed cell death 1/ligand 1 (anti-PD-1/
PD-L1), which is a key signaling molecule in immune escape
pathways of tumor cells. Owing to dramatically improved survival
compared with traditional standard chemotherapy, dozens of anti-
CTLA4, anti-PD-1 and anti-PD-L1 antibodies have been approved
for several tumor therapies, including non-small cell lung cancer
(NSCLC), colorectal cancer, melanoma, etc. However, they can also
lead to drug-induced autoimmunity, termed immune-related
adverse events (irAEs), which can target virtually any organ
system within the body and range in severity from mild to life-
threatening. The incidence of potential life-threatening irAEs
(grade >3) is approximately 10-20% (1, 2).

Endocrinopathies are among the most frequent irAEs. They
originate in the immune injury of the endocrine gland and emerge
clinically when hormone deficiency reaches a crucial threshold. ICI-
DM is one such serious life-altering and life-threatening irAEs. It
was first described in 2015 in a case series with anti-PD-1 antibody
exposure (3). Subsequently, reports of the clinical syndrome were
increasing due to the widespread use of ICIs. ICI-DM and cancer
together represent a unique state characterized by nutritional,
metabolic, and immunological adjustments, which can affect the
treatment of the two diseases. Many problems, for example, what is
the criteria for diagnosis and grade of ICI-DM, and whether
immunotherapy should be stopped, whether and when
glucocorticoids should be used, are controversial. There were
conflicting conclusions on the prognosis of patients with ICI-DM.
Previous studies have reported that DM is independently a worse
prognostic factor for patients with cancers, including liver,
endometrial, breast, colorectal, and pancreatic cancer (4-6).
However, the development of irAEs is sometimes associated with
better ICI treatment outcomes, including ICI-DM (7-10). Although
there have been a few retrospective studies on the incidence, clinical
features, management, and prognosis of ICI-DM, the small sample
size of positive patients on account of the sporadic occurrences of
this disease limited the reliability of the conclusions. Herein, we
summarize the incidence, clinical features, management, and
prognosis of patients with ICI-DM mainly based on published
phase 3 clinical trials and published case reports.

Definition or diagnostic criteria of
ICI-DM

ICI-DM includes a new-onset ICI-related TIDM and
worsening of prediabetes or T2DM results from ICI exposure.
National Comprehensive Cancer Network (NCCN), American
Society of Clinical Oncology (ASCO), and European Society for
Medical Oncology (ESMO) clinical practice guidelines for the
management of toxicities from immunotherapy have only defined
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and graded ICI-related hyperglycemia not ICI-DM (11, 12). NCCN
guidelines proposed measurement of autoantibodies and C-peptide
to evaluate and classify ICI-DM if new-onset fasting glucose >
200mg/dL or random blood glucose > 250mg/dL or history of
T2DM with fasting/random blood glucose > 250mg/dL. Almost all
patients reported with ICI-DM were presented exclusively with
rapidly elevated blood glucose due to the rapid destruction of 3
cells. Therefore, fulfillment of the clinical definition and low or even
absence of C-peptide in fasting and postprandial phases can be used
as the diagnostic criteria for ICI-DM.

In Japan, ICI-DM was diagnosed based on the criteria of acute-
onset TIDM (AT1DM) and fulminant TIDM (FT1DM) set by the
Committee of the Japan Diabetes Society (JDS) (13). The main
criteria for definite diagnosis of ATIDM and FT1DM are as follows:
1) Occurrence of diabetic ketosis or ketoacidosis soon
(approximately 7 days) after the onset of hyperglycemic
symptoms. 2) Plasma glucose level 216.0 mmol/L (=288 mg/dL)
and HbAlc <8.7% at first visit. 3) Urinary C-peptide excretion <10
ug/day or fasting serum C-peptide level <0.3 ng/mL and <0.5 ng/
mL after intravenous glucagon (or after meal) load at onset. 4) Islet-
related autoantibodies, such as glutamic acid decarboxylase
antibody (anti-GAD), islet-associated antigen 2 antibody (anti-
IA2), zinc transporter 8 antibody (anti-ZnT8), anti-islet cell
antibody (anti-IC), and insulin autoantibody (anti-I), and the
HLA class II haplotypes are valuable for a definite diagnosis.

In China, Shen et al. proposed diagnostic criteria for ICI-DM
was that fasting glucose level > 16 mmol/L and HbAlc level < 8.5%
at first diagnosis for patients without diabetes history (14). Kotwal
et al. proposed to identify cases concerning ICI-DM based on the
following criteria (15): (1) New diagnosis of fulminant insulin-
dependent diabetes or hyperglycemic crisis. (2) Worsening of
prediabetes or T2DM without another attributable reason, defined
as an increase in HbA1c value by 10% in 6 months, clinical need for
a second antihyperglycemic agent or insulin, DKA, or new-onset
ketonuria or ketonemia.

Most of the ICI-DM cases reported in published literature were
classified into ATIDM or FT1DM based on the clinical course.
Patients with prediabetes or T2DM diagnosed as ICI-DM according
to a certain cut-off value of HbAlc and blood glucose was
controversial. These specific values were derived from clinical trial
protocols and were not necessarily based on evidence. As
knowledge about this distinct aspect of ICI-DM accumulates, this
definition or diagnostic criteria can be modified.

Epidemiology

We searched the electronic databases MEDLINE and Pubmed
Central to collect all relevant case reports. Table 1 summarizes the
main reported cases of ICI-DM reported in the literature. A total of
109 patients with a diagnosis of ICI-DM were reported when we
launched this study, among whom 74 (67.9%) were male, only 11
(10.1%) with a history of DM, 58 (53.2%) cases were induced by
anti-PD-1 inhibitors, 31 (28.4%) by anti-PD-1 combined with anti-
CTLA4, 10 (9.2%) by anti-PD-L1 and 10 (9.2%) by anti-PD-L1
combined with anti-CTLA4. Different from ordinary T1DM, which
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TABLE 1 Clinical characteristics of published cases of patients with
ICI-DM.

Characteristic Value

Number of patients 109

Gender, n (%)

Male 74 (67.9)
Female 35 (32.1)
Age, (Years) 62 (53.5-71.5)

ICl agents, n (%)

Anti-PD-1 58 (53.2)
Anti-PD-L1 10 (9.2)
Anti-PD-1+Anti-CTLA4 31 (28.4)
Anti-PD-L1+Anti-CTLA4 10 (9.2)
History of DM, n (%) 11 (10.1)
Onset time of ICI-DM, (Weeks) 13 (6.0-26.3)
DKA, n (%)
Yes 82 (89.1)
No 10 (10.9)
N/A 17

HbAlc level, % 7.84 (7.10-8.70)

Autoantibody, Positive/Negative

Anti-GAD 37/57
Anti-IA2 14/51
Anti-ZnT8 2/22
Anti-I 8/40
Anti-IC 5/26
Susceptible HLA haplotype, n (%) 33/7
Yes 33 (82.5)
No 7 (17.5)
N/A 69
Concurrent irAE, n (%)
Hypothyroidism 25 (22.9)
Hyperthyroidism 2(1.8)
Hypophysitis 9 (8.3)
Primary adrenal insufficiency 15 (13.8)
Non-endocrine irAE 10 (9.2)
Discontinued immunotherapy, n (%)
Yes 45 (60.0)
No 30 (40.0)
N/A 34

(Continued)
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TABLE 1 Continued

Characteristic Value

Tumor response, n (%)

CR 11 (157)
PR 39 (55.7)
SD 10 (14.3)
PD 10 (14.3)
N/A 39

N/A, not available.

increases during childhood and peaks between age 10 years and 14
years (16), ICI-DM is more common in the elderly based on 109
case reports, with a median age of 62 years (range, 53.5-71.5 years).
ICI-DM occurred as early as one week or at the latest up to 26
months after ICI initiation (3, 17), with a median time of 13 weeks
(range, 6.0-26.3 weeks).

The incidence rates of ICI-DM vary with the ICIs used. To
estimate the prevalence of ICI-DM, we reviewed phase 3 clinical
trials including patients previously untreated with ICL Those trials,
in which immune-mediated adverse events had not been completely
reported or the follow-up time was less than two years, were
excluded. The type of cancer, with or without chemotherapy, and
regimens of chemotherapy were not questioned. In phase 3 clinical
trials described in Table 2, the incidence rate of ICI-DM induced by
Ipilimumab, the most widely used anti-CTLA4 antibody, was
extremely low. We reviewed eight phase 3 clinical trials involving
3701 patients treated with Ipilimumab with or without
chemotherapy, and only one (0.027%) patient was identified as
ICI-DM in CheckMate-238 trial (18-25). Anti-PD-1 antibodies
were more likely to induce ICI-DM compared to anti-CTLA4
inhibitors. In sixteen phase 3 clinical trials involving 5520
patients treated with Nivolumab, a total of 26 (0.47%) patients
were diagnosed with ICI-DM. Among 11403 patients treated with
Pembrolizumab in twenty-eight phase 3 clinical trials, 58 (0.51%)
were confirmed to have ICI-DM. Among sixteen phase 3 clinical
trials included 6538 patients who received Atezolizumab, the most
widely used anti-PD-L1 antibody, 52 (0.80%) patients were
identified as ICI-DM. It seems that anti-PD-L1 antibodies
induced a statistically higher prevalence of ICI-DM compared
with anti-PD-1(P=0.007). However, analysis of 9 phase 3 clinical
trials comprising 3447 eligible patients to assess the efficacy and
safety of durvalumab, another selective, high-affinity PD-L1
inhibitor, revealed that a total of 9 (0.26%) patients were
diagnosed as ICI-DM, which was statistically lower than that
induced by Atezolizumab (P=0.001). Despite the combination of
anti-PD-1 and anti-CTLA4 inhibitors being more effective than
either agent alone, dual immune checkpoint blockade therapy
induces a higher prevalence of ICI-DM. We reviewed twelve
phase 3 clinical trials on dual ICI consisting of Nivolumab or
Pembrolizumab plus Ipilimumab, and the prevalence of ICI-DM
was close to 1% (51/5116). The highest incidence rate of ICI-DM
was up to 5.7% (6/106) in Checkmate-920, however, the small

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1448728
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Zhou et al. 10.3389/fimmu.2024.1448728

TABLE 2 The incidence rates of ICI-DM in phase 3 clinical trials including patients previously untreated with ICI.

Clinic trials Malignancy S Numper of

All grades Grades >3  Participants.
Checkmate-017 Lung squamous cell cancer 0 0 131
Checkmate-057 Nonsquamous non-small cell lung cancer 0 0 287
Checkmate-066 Melanoma 1 0 206
Checkmate-067 Melanoma 1 1 313
Checkmate-078 Non-small cell lung cancer 1 0 337
Checkmate-141 Squamous-cell carcinoma of the head and neck 0 0 236
Checkmate-227 Non-small cell lung cancer 3 3 562
2 Checkmate-238 Melanoma 2 1 452
g Checkmate-459 Hepatocellular carcinoma 0 0 367
"ZE Checkmate-915 Melanoma 11 9 917
Checkmate-9ER Renal-cell carcinoma 0 0 320
Confirm Malignant mesothelioma 0 0 221
Attraction-2 Gastric or gastro-oesophageal junction cancer 2 2 330
Attraction-3 Oesophageal squamous cell carcinoma 1 1 209
Attraction-4 Gastric or gastro-oesophageal junction cancer 0 0 359
Tasuki-52 Non-small cell lung cancer 4 3 273
Total 26 (0.47%) 20 5520
Keynote-006 Melanoma 2 2 555
Keynote-010 Non-small cell lung cancer 3 3 682
Keynote-024 Non-small cell lung cancer 1 1 154
Keynote-040 Squamous-cell carcinoma of the head and neck 0 0 246
Keynote-042 Non-small cell lung cancer 0 0 636
Keynote-045 Urothelial carcinoma 1 1 266
Keynote-052 Urothelial carcinoma 4 4 370
2 Keynote-054 Melanoma 5 5 509
g Keynote-061 Gastric or gastro-oesophageal junction cancer 1 0 294
-'l: Keynote-062 Urothelial carcinoma 3 N/A 504
& Keynote-091 Non-small cell lung cancer 1 N/A 580
Keynote-119 Breast cancer 1 1 309
Keynote-181 Esophageal Cancer 1 N/A 314
Keynote-189 Nonsquamous non-small cell lung cancer 2 2 405
Keynote-240 Hepatocellular carcinoma 1 1 279
Keynote-252 Melanoma 3 2 705
Keynote-394 Hepatocellular carcinoma 0 0 299
Keynote-407 Lung squamous-cell cancer 0 0 169
Keynote-426 Renal-cell carcinoma 1 1 429
Keynote-564 Renal-cell carcinoma 9 9 488
Keynote-590 Esophageal Cancer 1 1 370

(Continued)
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TABLE 2 Continued

Clinic trials Malignancy SO Numl?er o
All grades Grades >3  Participants.
Keynote-598 Non-small cell lung cancer 0 0 281
Keynote-604 Small cell lung cancer 1 1 223
Keynote-716 Melanoma 2 2 483
Keynote-775 Endometrial cancer 4 N/A 506
Keynote-826 Cervical Cancer 2 2 307
Clear Renal-cell carcinoma 2 1 352
Mastkey-265 Melanoma 7 5 688
Total 58 (0.51%) 44 11403
Impower-010 Non-small cell lung cancer 4 0 495
Impower-110 Non-small cell lung cancer 5 2 286
Impower-130 Nonsquamous non-small cell lung cancer 6 3 473
Impower-131 Lung squamous-cell cancer 7 4 666
Impower-132 Nonsquamous non-small cell lung cancer 3 2 291
Impower-133 Small cell lung cancer 1 0 198
Impower-150 Nonsquamous non-small cell lung cancer 1 0 393
2 Engot-OV29 Ovarian cancer 2 N/A 408
§ Imagyn050 Ovarian cancer 2 1 642
é Impassion-130 Breast cancer 1 1 452
Impassion-131 Breast cancer 5 4 432
Immotion-010 Renal-cell carcinoma 4 3 390
Imvigor-010 Urothelial carcinoma 1 1 390
Imvigor211 Urothelial carcinoma 0 0 459
Imbrave-150 Hepatocellular carcinoma 8 1 329
BFAST Non-small cell lung cancer 2 0 234
Total 52 (0.8%) 22 6538
DANUBE Urothelial carcinoma 2 0 345
2 CASPIAN Small-cell lung cancer 4 4 265
,g KESTREL Squamous-cell carcinoma of the head and neck 0 0 413
g HIMALAYA Hepatocellular carcinoma 0 0 388
MYSTIC Non-small cell lung cancer 0 0 369
POSEIDON Non-small cell lung cancer 1 1 334
CALLA cervical cancer 0 0 385
DUO-E Endometrial Cancer 1 N/A 473
PACIFIC Non-small cell lung cancer 1 N/A 475
Total 9 (0.26%) 5 3447
(Continued)
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TABLE 2 Continued

ICI-DM

Clinic trials Malignancy Nur_nper o
All grades Grades >3  Participants.
Checkmate-067 Melanoma 3 2 313
Checkmate-214 Renal-cell carcinoma 6 2 547
"é Checkmate-227 Non-small cell lung cancer 5 5 576
g Checkmate-401 Melanoma 3 2 533
f Checkmate-651 Squamous-cell carcinoma of the head and neck 4 4 468
g Checkmate-743 Malignant mesothelioma 1 1 303
§ Checkmate-817 Non-small cell lung cancer 4 4 589
E Checkmate-914 Renal-cell carcinoma 9 8 404
=
é Checkmate-915 Melanoma 8 6 916
""E Checkmate-920 Renal-cell carcinoma 6 4 106
“ Checkmate-9LA Non-small cell lung cancer 0 0 361
Keynote-598 Non-small cell lung cancer 2 2 282
Total 51 (1.0%) 40 5116
DANUBE Urothelial carcinoma 1 1 340
‘g CASPIAN Small-cell lung cancer 2 2 266
g KESTREL Squamous-cell carcinoma of the head and neck 2 N/A 413
5 HIMALAYA Hepatocellular carcinoma 0 0 388
"-.é MYSTIC Non-small cell lung cancer 2 1 371
g POSEIDON Non-small cell lung cancer 1 1 330
S NEPTUNE Non-small cell lung cancer 3 3 410
Total 11(0.44%) 8 2518

N/A, not available.

sample size indicated that it was not universal. A trend for increased
incidence of ICI-DM (0.44%, 11/2518) with dual ICI combination
consisting of durvalumab and tremelimumab, an anti-CTLA4
antibody, did not reach statistical significance compared with
durvalumab monotherapy (P=0.246). However, the small sample size
of clinical trials evaluated durvalumab with or without tremelimumab
and the short median treatment duration (<6 months) in these clinical
trials limit the representativeness of the results.

The prevalence of ICI-DM in most retrospective studies was
also lower than 1%, which was consistent with the prevalence
observed in clinical trials. For instance, several large sample
single-center retrospective studies estimated the prevalence of
ICI-DM to be 0.25%, 0.48%, and 0.9%, respectively (15, 26-28).

Multiple studies have described the effect of geographical
location, race, and ethnicity on the incidence rate of classic TIDM.
A higher than 360-fold difference was noted among the 100 countries
ranging from a low of 0.1/100,000 per year in China and Venezuela to
a high of 36.5/100,000 in Finland and Sardinia (29). Boswell L et al.
also reported that non-Asian ethnicity was predominant in ICI-
related diabetes patients (17). In phase 3 clinical trials with mostly

Frontiers in Immunology

Chinese patients, such as Orient-11, 31, 32 and Rationale-306 et al.,
no case of ICI-DM have been reported, which appeared to reflect a
different degree of genetic susceptibility due to ethnic origin (30-33).
Furthermore, there was also no case of ICI-DM had been recorded in
subgroup of Japanese patients in Impassion-031 and Impower-010
(34, 35). But this hypothesis that ethnic origin is one of contributory
cause of diversity in terms of the prevalence of ICI-DM lack direct
evidence based on large sample survey.

Islet autoimmunity

ICI-DM is essentially a form of autoimmune diabetes mellitus,
characterized by the development of an immune response against
specific B cell antigens. Several islet autoantibodies have been
described to be associated with ICI-DM, and include anti-GAD,
anti-ZnT8, anti-IA2, ani-I, and anti-IC. Anti-GAD is especially
important. This autoantibody has the highest prevalence in patients
with positive islet autoantibodies, and it may be associated with the
rapid onset of ICI-DM (28).
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In this study, we investigated possible associations between
autoantibody status and clinical features through published case
reports. Anti-GAD (39.4%, 37/94) was the most common
autoantibody followed by anti-IA2 (21.5%, 14/65), anti-I (16.7%,
8/48), anti-ZnT8 (8.3%, 2/24) and anti-IC (16.1%, 5/31), complying
with prior studies (28). Anti-IA2, anti-I, anti-ZnT8 and anti-IC
were commonly accompanied by positive anti-GAD. Univariate
analysis showed that, compared with negative anti-GAD patients,
patients with positive anti-GAD exhibited a shorter period from the
start of ICI treatment to a diagnosis of ICI-DM (median time, 6.0 vs
22 weeks, P<0.001) (Figure 1A). Moreover, 73.0% (27/37) of
patients with positive anti-GAD have developed ICI-DM within 2
months after the initiation of ICI treatment. A patient with a high
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level of anti-GAD was even admitted to the emergency department
for ketoacidosis within a week after the first infusion of Nivolumab
(3). Strikingly, several case reports have shown that anti-GAD was
positive before the initiation of treatment with ICIs (36, 37).
Therefore, islet autoantibody testing before the start of ICI
treatment may contribute to screening patients at high risk for
ICI-DM. The univariate analysis also indicated that positive anti-
IA2 (P=0.001) (Figure 1B) experienced a more rapid onset of
disease compared with negative cases, but this phenomenon was
not seen in patients with positive anti-ZnT8 (P=0.346) (Figure 1C),
anti-I (P=0.305) (Figure 1D) and anti-IC (P=0.461) (Figure 1E).
Due to most patients did not complete all the five autoantibodies
testing, we were unable to perform further multivariable analysis.
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Genetic factors

Susceptibility to ICI-DM has a strong genetic component, with
the HLA class II haplotypes accounting for up to 50% of the disease
risk (28). The DR3-DQ2 and DR4-DQS8 haplotypes have been
described as the major risk factor for classicTIDM as well as ICI-
DM, while the DR4-DQ4 and DR9-DQ9 haplotypes are linked with
fulminant diabetes in Asians (38, 39). Many of these genes are
associated with other autoimmune diseases such as autoimmune
thyroiditis and rheumatoid arthritis, which co-occur with TIDM at
rates greater than would be expected by chance (16).

Among these 109 patients with ICI-DM, HLA-typing analyses
were performed in 40 patients. Predisposing HLA haplotype
occurred in 82.5% (33/40) of cases. The median period from
initiation of ICI treatment to a diagnosis of ICI-DM in patients
with susceptible HLA haplotype was 14 versus 17 weeks in
patients without susceptible HLA haplotype (P=0.789)
(Figure 2). Moreover, there was no significant statistical
difference in the prevalence of positive anti-GAD between the
two groups (38.7% vs. 57.1%, P=0.425). Remarkably, a series of
case reports showed that at least 51.5% (17/33) of patients with
susceptible HLA haplotype experienced concurrent endocrine
irAEs, which was similar to classic TIDM. This performance is
consistent with the theory from Eisenbarth et al. that genetic
susceptibility and exposure to environmental triggers islet
autoimmunity are necessary conditions for inducing
autoimmune DM (40). Although screening with susceptible
HLA haplotype before ICI initiation is currently not
recommended, HLA-typing may contribute to raising awareness
among the physicians administering ICI.

Clinical features

The most common clinical manifestations in patients with ICI-
DM are fatigue, polyuria, polydipsia, hypotension, and
hypersomnia, and the most severe forms connect closely with
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Comparisons of onset time of ICI-DM since ICl exposure between
patients with susceptible HLA haplotype and negative controls.
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ketoacidosis. Symptoms of DKA may include excessive thirst,
frequent urination, general weakness, vomiting, confusion,
abdominal pain, dry skin, dry mouth, increased heart rate, and
fruity odor on the breath. Two recent reviews indicated that the
incidence of ICIs related to DKA was 57% and 76% (41, 42).
According to this series of case reports of ICI-DM, a total of 93 cases
had been reported information of blood pH, among whom 66
patients (71%) were diagnosed with DKA by authors or eligible for
DKA according to guidelines from the Joint British Diabetes Society
for Inpatient Care (43).

HbAlc and C-peptide, measurement of average blood glucose
over the past 8 to 12 weeks, and endogenous insulin production
respectively, are important diagnosis proof of ICI-DM. Owing to
the rapid B cell dysfunction, HbAlc, and C-peptide are generally
inappropriately low for the degree of hyperglycemia at the time of
diagnosis. A total of 79 cases had been reported with the detection
result of HbAlc, among which 7 patients (8.9%) were at the normal
range. Elevated HbAlc was detected in 72 patients (91.1%), with a
median value of 7.84%. There were only 9 patients (11.4%) who had
a concentration of HbAlc more than 10%. In this study, the
majority of patients with ICI-DM have been recorded with an
extremely low or even undetectable C-peptide level. Some authors
have proposed testing of C-peptide level for aiding diagnosis and
repeating for confirming if the B-cell function could be recovered
(44, 45).

Management

Due to the potential to lead to life-threatening consequences,
patients who experience severe hyperglycemia or DKA on ICIs
should be hospitalized. As impaired B-cell function is generally
irreversible, insulin replacement should be started as soon as
possible and typically required lifelong. DKA requires
continuous intravenous insulin injections rather than
subcutaneous injections. Moreover, management of DKA also
includes IV fluid with or without potassium supplementation,
and hourly testing of glucose, serum ketones, blood pH, and
electrolyte. After the improvement of DKA, daily subcutaneous
insulin injections instead of intravenous injections can be started
refer to guidelines for the management of TIDM or consult with
an endocrinologist.

Although severe irAEs in other endocrine organs are often
treated with high doses of glucocorticoids, this agent is not
recommended for managing ICI-DM because there is no evidence
that the use could improve the islet function or the survival
outcomes (46, 47). Management of ICI-DM is complicated by
concurrent severe irAEs, especially additional endocrine-related
AEs, and the administration of medications. Based on data in
these case reports, other severe irAEs were observed in at least
50.5% (55/109) of patients, 60% (33/55) of whom were endocrine-
related. Concurrent severe endocrine irAEs, most commonly
hypothyroidism, followed by adrenal insufficiency, hypophysitis
and hyperthyroidism. Eleven patients were diagnosed with
dysfunction of at least three endocrine organs. Clinicians should
be aware that additional endocrine irAEs present with high
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frequency in individuals with ICI-DM, and screen for thyroid,
pituitary and adrenal gland disease. According to prior studies,
improvement of the pituitary-thyroid and pituitary-gonadal axis
was observed in up to 50-60% of patients, and recovery of the
pituitary-adrenal axis occurred in a few cases (48-50). Thus,
sometimes, high doses of glucocorticoids for concurrent AEs are
needed. It may help to mitigate symptoms of acute inflammation in
the setting of hypophysitis, adrenalitis, or in some cases,
thyrotoxicosis. If patients need glucocorticoids for the treatment
of concurrent AEs, blood glucose levels should be monitored more
carefully. Due to this potential complexity, the close collaboration
between oncologists and endocrinologists plays an important role in
the management of these severe or complex cases.

Upon treatment of patients with insulin, symptoms of DKA
may be expected to improve or resolve in 1 week. Most of the
Guidelines recommended that the use of ICIs in patients with ICI-
DM can be restarted combined with insulin replacement therapy
once the general conditions are stabilized by treatment (51, 52).
However, no randomized controlled trials have assessed the long-
term toxicity and effectiveness of such a combination regimen.
Among 75 patients with data on follow-up therapy in these case
reports, 45 (60.0%) patients permanently discontinued ICI therapy,
but only seven of them were accompanied by concurrent severe
non-endocrine irAEs, such as immune-related encephalitis,
hepatitis, pneumonia, and colonitis. Symptom severity
stratification according to the Common Terminology Criteria for
Adverse Events (CTCAE) may be responsible for this. For example,
a total of 207 patients in 78 phase 3 clinical trials were diagnosed
with ICI-DM, among whom 139 (67.1%) were defined as grade >3
irAE, then ICIs should be discontinued according to general
guidelines for the management of irAEs. The clinical
consequences arising from the resulting insulin deficiency are
usually permanent, therefore, ICI-DM does not fit into a five-tier
symptom severity stratification diagnostically and therapeutically
based on CTCAE (53). Because 3 cell failure can be managed with
exogenous insulin replacement, clinicians need to balance the
benefits of continued ICI therapy, such as the possibility of
shrinking the tumor or survival improvement, with risks, such as
deteriorating concurrent irAEs.

Outcomes

In 78 phase 3 clinical trials included in this study, although
67.1% (139/207) were regarded as serious irAEs of grade >3, there
were no ICI-DM-related death events. Similarly, among 109
patients in case reports, although 27 were referred to the
emergency department or the Intensive Care Unit after the onset
of ICI-DM, there were no patients who died from DKA. It indicated
that early diagnosis and prompt management could be crucial for
improved treatment outcomes of ICI-DM.
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Whether developing ICI-DM is linked to treatment response
and survival outcomes is ambiguous. Previous studies have reported
that DM is independently a worse prognostic factor for patients
with cancers and infectious diseases. Nevertheless, some studies
showed that certain irAEs might be positive prognostic factors of
treatment response and overall survival (7, 8, 54, 55). By reviewing
data from 109 patients in case reports, assessment for tumor
response was acquired in 70 cases, among whom 11 (15.7%) with
a complete response (CR), 39 (55.7%) with a partial response (PR),
10 (14.3%) with a stable disease (SD), 10 (14.3%) with progressive
disease (PD). Although these case series included different kinds of
cancer, 71.4% (50/70) of patients with ICI-DM achieved an
objective response, which was significantly higher than that of
any phase 3 clinical trial involving immunotherapy. This result
supports the view that irAEs were a biomarker of treatment
response, complying with prior studies.

Conclusions

In conclusion, ICI-DM is a rare complication that a medical
oncologist rarely sees in his routine practice. Fulminant severe
hyperglycemia, DKA and inappropriately low HbAlc and C-
peptide can be the main clinical clue. Rapid diagnosis followed by
insulin replacement should improve a patient’s outcome. ICI-DM
resembles classic TIDM in terms of autoimmunity and genetic
component, reflecting in the presence of a high rate of patients with
positive islet autoantibodies, susceptible HLA haplotype, and
concurrent other endocrine gland damage. The improved
understanding of the mechanisms of ICI action interacting with
islet autoimmunity and genetic susceptibility should contribute to
the recognition of the etiology and pathogenesis of ICI-DM and
classic TIDM. Patients with ICI-DM presented with a high
objective response rate of tumor response to ICI treatment,
however, the proportion of patients permanently discontinued
immunotherapy was also high. Further research is urgently
needed to identify whether permanently discontinued
immunotherapy is required and whether ICI discontinuance
deteriorates the OS of the patient.
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