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A B S T R A C T   

Aims/hypothesis: Immune checkpoint inhibitor (ICI) has been emerged as a promising cancer treatment. However, 
ICI use induces immune-related adverse events, including diabetes mellitus. We compared the risk of new-onset 
diabetes between patients receiving an ICI and those receiving conventional chemotherapy (CC). 
Methods: Using a tertiary care hospital database, we included cancer patients without a previous history of 
diabetes who were treated with either CC or an ICI. One-to-five nearest neighbor propensity matching was 
applied, and the risk of diabetes was estimated using a Cox proportional hazards model. Latent class growth 
modeling was performed with a trajectory approach to determine distinct clusters that followed similar glucose 
trajectory patterns over time. 
Results: Among 1326 subjects, 1105 received CC, and 221 received an ICI. The risk of new-onset diabetes was 
significantly higher in the ICI group than the CC group (adjusted hazard ratio 2.454, 95 % confidence interval 
1.528–3.940; p < 0.001). The ICI group had a higher proportion of subjects in the trajectory cluster with an 
increasing glucose pattern than the CC group (10.4 % and 7.4 %, respectively). Within the ICI group, the subjects 
with an increasing glucose pattern were predominantly male and associated with enhanced lymphocytosis after 
ICI administration. 
Conclusions: ICI therapy is associated with an increased risk of incident diabetes compared with CC. The glucose 
levels of patients treated with an ICI, especially males and those with prominent lymphocytosis after ICI treat-
ment, need to be monitored regularly to detect ICI-associated diabetes as early as possible.   

1. Introduction 

Immune checkpoint inhibitors (ICIs) improve survival times in a 
variety of cancers [1]. Cancer cells escape antitumor immune responses 
by inhibiting T-cell activation, which leads to immune tolerance of 
cancer cells [2]. An ICI activates cytotoxic T cells to recover antitumor 
immunity by causing a blockade against programmed cell death 1 (PD- 

1), its ligand (PD-L1), or cytotoxic T lymphocyte-associated antigen 4 
(CTLA-4) [3]. Due to the increased immune activity it causes, ICI use is 
associated with immune-related adverse events (irAEs) in normal tis-
sues, most commonly the gastrointestinal (GI) tract and skin [1]. The 
endocrine system is less often affected by irAEs, and ICI-associated 
diabetes is rare [3,4]. 

However, in the past decade, the reported number of ICI-associated 
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diabetes cases, as well as the proportion of diabetes among ICI- 
associated irAEs, has remarkably and consistently increased [5]. 
Currently, T-cell-targeted ICIs are applied as the first or second lines of 
treatment for about 50 cancer types [6], and the percentage of cancer 
patients who are eligible for ICI treatment in the USA has increased 
substantially, from 1.54 % in 2011 to 43.63 % in 2018 [7]. Considering 
the expanding roles of ICI treatment, the development of clinical stra-
tegies to identify and monitor populations at high risk for ICI-associated 
diabetes is an emerging need. 

Nevertheless, the incidence and characteristics of ICI-associated 
diabetes remain unclear [5]. Previous studies used a limited number 
of patients [8–10] or a large population without detailed clinical in-
formation [5]. In addition, the risk of incident diabetes in patients 
receiving ICI has never been compared with that of patients receiving 
conventional chemotherapy (CC) who are properly matched for clinical 
factors. 

In this study, we used a tertiary care hospital database to compare 
the risk of incident diabetes in patients receiving ICI therapy with that in 
age-, sex-, and cancer type–matched patients receiving CC without a 
steroid. We used a matched control group to minimize the effect of 
metabolic abnormalities in the cancer milieu [11], and we analyzed the 
difference in the risk of chemotherapy-related hyperglycemia between 
CC and ICI. Furthermore, we conducted a longitudinal trajectory anal-
ysis in both the CC and ICI groups to identify a distinct trajectory cluster 
with an increasing glucose pattern over time and to determine the de-
mographic and clinical characteristics of the subjects in that cluster. 

2. Material and methods 

2.1. Study design and participants 

The subjects for this research were extracted from a database con-
taining details about cancer patients treated with either an ICI (n =
4626) or CC (n = 79,540) at Severance Hospital, a tertiary care hospital 
in Korea, between November 2005 and October 2020 (Supplemental 
Fig. S1). We confined our analyses in this study to subjects aged ≥ 19 
years. To enroll only non-diabetic subjects at baseline, subjects who met 
at least one of the following criteria were excluded: (a) prior diagnosis of 
diabetes, as identified by the International Classification of Diseases 
(ICD)-10 codes for diabetes (E10, E11, E13, E14); (b) medical record of a 
prescription for antidiabetic drugs, including insulin; and (c) blood 
glucose level ≥ 126 mg/dL in an outpatient setting. Among the types of 
ICI, subjects who received a PD-1 or PD-L1 inhibitor but not a CTLA-4 
inhibitor were selected first, because exposure to a CTLA-4 inhibitor is 
extremely rare in ICI-associated diabetes [12]. The types of ICI drugs 
included in this study are summarized in Supplemental Table S1. To 
reduce confounding by potential interactions between types of ICI, only 
subjects treated consistently with a single type of ICI (prescription fre-
quency of ICI ≥ 2 times) were included. The ICI was administered in 
either a fixed flat or weight-based dosing regimen [13]. To compare the 
independent effect of each ICI or CC drug on the risk of diabetes, the ICI 
group excluded patients who had been prescribed CC from 28 days 
before the initial ICI prescription to 90 days after the final ICI pre-
scription, and vice versa for the CC group. Patients treated with steroids 
(from 28 days before the first day of either ICI or CC treatment to 12 
months after the initiation of either ICI or CC) or diagnosed with 
pancreatic cancer were excluded because both steroid use and the 
presence of pancreatic cancer are closely related to an abnormal increase 
in glucose levels [14,15], which could confound the results. 

The ICI (n = 221) and CC (n = 4169) groups were matched in a 1:5 
ratio using the nearest neighbor algorithm with age (grouped by 5 
years), sex, and cancer type as matching criteria. In that way, 221 cancer 
patients who received ICI, and 1105 who received CC were selected for 
the main analysis. In subgroup analyses, the subjects receiving ICI 
therapy were divided into those treated with a PD-1 inhibitor and those 
treated with a PD-L1 inhibitor, and the PD-1 (n = 154) and PD-L1 (n =

67) inhibitor use groups were matched to respective CC control groups, 
in a 1:5 ratio using the same method as the main analysis. 

This study was approved by the independent Institutional Review 
Board of Severance Hospital, Seoul, Korea (2020–2905–001); the 
requirement for informed consent was waived. This study adhered to the 
tenets of the Declaration of Helsinki. 

2.2. Data measurement, covariates, and outcome 

Glucose values were longitudinally followed from the baseline 
period (from 28 days before to the first day of either ICI or CC treatment) 
to 12 months after the initial prescription. The outcome was new-onset 
diabetes, which was defined as the presence of at least one of the 
following criteria: (a) blood glucose level ≥ 126 mg/dL at consecutive 
visit, at an interval of ≤ 90 days; (b) newly diagnosed diabetes identified 
by ICD code; and (c) medical record of new prescription for an antidi-
abetic drug, including insulin. 

Age, body mass index (BMI), and blood glucose level at baseline were 
divided into categories (two groups: < and ≥ optimal cutoff value of 
each parameter determined using the Youden index [16]) to adjust the 
hazard ratio (HR) for incident diabetes in the ICI groups (total and PD-1 
or PD-L1 inhibitor use alone) compared with the matching CC groups. 
BMI was calculated as weight in kilograms divided by the square of 
height in meters (kg/m2). A history of hypertension, dyslipidemia, or 
ischemic heart disease was confirmed by ICD codes in the electronic 
medical records. 

2.3. Statistical analysis 

Continuous and categorical variables are shown as means with 
standard deviations, and frequencies with percentages, respectively. 
Continuous variables were compared between the ICI and CC groups 
using the unpaired Student's t-test or Welch's t-test depending on the 
distribution. Comparison of continuous variables between three trajec-
tory cluster groups of ICI or CC subjects was performed using a one-way 
analysis of variance. Categorical variables were compared using the chi- 
square or Fisher's exact test. 

The difference in cumulative incidence between the CC and ICI (total 
and PD-1 or PD-L1 inhibitor use alone) groups was evaluated using a log- 
rank test, and the risk of new-onset diabetes was analyzed using a Cox 
proportional hazards model adjusted for age; sex; BMI; blood glucose; 
and history of hypertension, dyslipidemia, or ischemic heart disease. 

A trajectory analysis (SAS Proc Traj) was conducted to determine the 
change in blood glucose level over time in each CC and ICI (total and PD- 
1 or PD-L1 inhibitor use alone) group. The glucose values over time were 
fitted by a maximum likelihood method as a mixture of multiple latent 
trajectories in a censored normal model with a polynomial function of 
time [17]. The optimal number of groups was determined by the Bayes 
information criterion (BIC) [18]. The trajectory groups were divided 
according to the following criteria: (a) 2ΔBIC (BICcomplex – BICNull) (≥
10), (b) the average posterior probability of group assignment (≥ 0.7), 
and (c) group size such that no < 5 % of the study sample was assigned to 
each trajectory [19,20]. We then compared the model with different 
functional forms. Cubic, quadratic, and linear terms were considered 
and evaluated based on their significance level, starting with the highest 
polynomial. The trajectory analysis was performed using SAS 9.4 (SAS 
Institute Inc., Cary, NC), and other analyses were performed with R 
version 3.6.4. P-values <0.05 were considered statistically significant. 

3. Results 

3.1. Comparison of baseline characteristics 

This study was conducted at a single tertiary care hospital for cancer 
patients treated with an ICI (n = 4626) or CC (n = 79,540) between 
November 2005 and October 2020. We identified patients receiving ICI 
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(n = 221) and CC (n = 4169) who met study eligibility criteria (Sup-
plemental Fig. S1). The baseline characteristics for the study population 
before 1:5 matching are presented in Supplemental Table S2. The main 
analyses included 1326 patients, 1105 treated with CC (CC group) and 
221 treated with ICI (ICI group). The CC and ICI groups were well 
balanced for the covariates of age, sex, and cancer type (Table 1). The 
mean age was 60 years, 61 % were male, and the mean BMI was around 
23 kg/m2 without statistically relevant differences between the two 
groups (all p > 0.05). Patients in the ICI group were more likely to have 
hypertension and ischemic heart disease than patients in the CC group. 

3.2. Increased risk of incident diabetes after initiation of ICI compared 
with CC 

As shown in Fig. 1, the ICI group had a significantly higher cumu-
lative incidence of diabetes than the CC group (log-rank p < 0.001). In 
addition, the risk of new-onset diabetes was significantly higher in the 
ICI group than in the CC group after adjusting for various confounding 
factors (adjusted HR [aHR] 2.454, 95 % confidence interval [CI] 
1.528–3.940; p < 0.001; Supplemental Fig. S2). Older age, male sex, and 
higher baseline glucose level were also significantly associated with an 
increased risk of new-onset diabetes, although those clinical factors did 
not affect the ICI-associated risk of diabetes (all interactions p > 0.05). 
Higher baseline BMI was significantly associated with a decreased risk of 
incident diabetes (aHR 0.596, 95 % CI 0.358–0.992, p = 0.046) and 
showed a marginally significant interaction with the ICI-associated risk 
of incident diabetes (p for interaction = 0.068). 

3.3. Higher proportion of subjects in the ICI group than the CC group in 
the trajectory cluster with an increasing glucose pattern 

Three clusters with distinct trajectories of glucose patterns were 
identified in the CC and ICI groups (Fig. 2). Individuals with the lowest 
initial glucose level and a stable pattern were classified as the “low and 
stable” cluster (cluster 1; n = 510 [46.2 %] in the CC group and n = 117 
[52.9 %] in the ICI group) and used as a reference cluster for compari-
son. The “intermediate and stable” cluster (cluster 2; n = 513 [46.4 %] in 
the CC group and n = 81 [36.7 %] in the ICI group) was characterized by 
a higher initial glucose level than in group 1 but without an increase. 
Subjects with a marked increase in their glucose levels from baseline to 
12 months after the start of anti-cancer therapy were classified as the 
“increasing” cluster, and this cluster accounted for a greater proportion 
of the ICI group than the CC group (cluster 3; n = 82 [7.4 %] in the CC 
group and n = 23 [10.4 %] in the ICI group). 

3.4. Comparison of characteristics among the trajectory clusters 

Table 2 provides the characteristics of the trajectory clusters deter-
mined by the glucose patterns shown in Fig. 2. The highest prevalence of 
incident diabetes occurred in cluster 3 in both the CC and ICI groups. In 
both the CC and ICI groups, clusters 2 and 3 had a higher mean age than 
cluster 1. In the ICI group, the proportion of males was significantly 
higher in cluster 3 than in cluster 1, but BMI did not differ significantly 
among the clusters (p = 0.353). The ICI group subjects in cluster 3 
received the fewest cycles of ICI therapy, suggesting that the develop-
ment of hyperglycemia does not require a long duration of ICI therapy. 
Within the CC group, the subjects in clusters 2 and 3 were more likely to 
have hypertension and dyslipidemia than those in cluster 1, whereas the 
prevalence of cardiovascular comorbidities showed no tendency to be 
associated with the clusters in the ICI group. Regarding immune-related 
changes after either CC or ICI use, new-onset hypothyroidism was more 
prevalent in the ICI group than the CC group (p < 0.001). However, 
within the ICI group, the proportion of new-onset hypothyroidism did 
not differ significantly among the clusters (p = 0.754). Interestingly, in 
both the CC and ICI groups, cluster 3 had the largest proportion of 
subjects with increases in their absolute and relative lymphocyte counts, 

and the proportion of subjects with an increase in the relative lympho-
cyte percentage was significantly higher in the ICI group than the CC 
group (p = 0.024). The primary cancer site and proportions of anti-PD-1 
and anti-PD-L1 use did not differ among the three clusters in the ICI 
group (all p > 0.05). 

3.5. Risk of incident diabetes and trajectory glucose pattern by ICI type 

We analyzed the independent risk of new-onset diabetes according to 
the individual ICI type (PD-1 or PD-L1 inhibitor). In the comparison 
between the PD-1 inhibitor (n = 154) and matched CC (n = 768) groups, 

Table 1 
Characteristics of the study population according to the type of chemotherapy 
after propensity score matching.   

CC group ICI group p-Value 

(n = 1105) (n = 221) 

Age (years) 60.2 ±
12.3 

60.4 ±
12.8  

0.825 

Male (n,%) 676 (61.2) 136 (61.5)  0.980 
Body weight (kg) 62.0 ±

11.1 
61.7 ±
10.2  

0.742 

Baseline BMI (kg/m2) 23.1 ± 3.2 22.9 ± 3.4  0.526 
Systolic blood pressure (mmHg) 123.8 ±

15.4 
122.4 ±
13.9  

0.170 

Diastolic blood pressure (mmHg) 76.9 ±
10.9 

76.8 ±
10.1  

0.864 

Total follow-up duration since entry into 
the study (days) 

223.6 ±
104.0 

205.0 ±
126.0  

0.040 

Baseline comorbidities (n, (%))    
Hypertension 191 (17.3) 53 (24.0)  0.024 
Ischemic heart disease 30 (2.7) 13 (5.9)  0.027 
Dyslipidemia 16 (1.4) 2 (0.9)  0.753 
Hypothyroidism 18 (1.6) 7 (3.2)  0.168 
Graves' disease 1 (0.1) 0 (0)  >0.999 
Ulcerative colitis 1 (0.1) 0 (0)  >0.999 
Psoriasis 1 (0.1) 0 (0)  >0.999 

Primary cancer sites (n, (%))    
Lung 295 (26.7) 69 (31.2)  0.196 
Liver 184 (16.7) 31 (14.0)  0.386 
Breast 113 (10.2) 16 (7.2)  0.214 
Othera 513 (46.4) 105 (47.5)  0.825 

Baseline laboratory findings    
Glucose (mg/dL) 98.6 ±

11.2 
98.7 ±
10.3  

0.953 

Total cholesterol (mg/dL) 167.9 ±
38.3 

171.9 ±
38.0  

0.208 

BUN (mg/dL) 15.1 ± 5.8 15.2 ± 6.2  0.898 
Creatinine (mg/dL) 0.91 ±

0.62 
0.92 ±
0.85  

0.852 

AST (IU/L) 30.5 ±
35.7 

28.4 ±
25.5  

0.302 

ALT (IU/L) 26.7 ±
26.4 

22.4 ±
20.7  

0.008 

Albumin (g/dL) 4.2 ± 0.5 4.2 ± 0.5  0.347 
CRP (mg/dL) 28.4 ±

44.8 
25.4 ±
48.2  

0.669 

WBC count (×103/μL) 6.6 ± 3.6 6.2 ± 2.1  0.034 
Hemoglobin (g/dL) 12.8 ± 1.7 12.3 ± 1.8  <0.001 
Platelet count (×103/μL) 252.3 ±

111.9 
236.4 ±
85.5  

0.018 

Absolute lymphocyte count (×103/μL) 1.8 ± 0.7 1.6 ± 0.6  <0.001 
Relative lymphocyte percent (%) 28.7 ± 9.6 26.4 ±

10.0  
0.002 

Amylase (U/L) 80.8 ±
44.1 

73.3 ±
24.5  

0.092 

Lipase (U/L) 59.9 ±
83.7 

34.8 ±
15.8  

<0.001 

Statistically significant values are indicated in bold (p < 0.05). 
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body 
mass index; BUN, blood urea nitrogen; CC, conventional chemotherapy; CRP, c- 
reactive protein; ICI, immune checkpoint inhibitor; WBC, white blood cell. 

a Other cancer sites include kidney, stomach, rectosigmoid junction, and 
ureter for CC users and stomach, skin, esophagus, and kidney for ICI users. 
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the PD-1 inhibitor group had a significantly higher cumulative incidence 
of new-onset diabetes than the CC group (log-rank p < 0.001; Supple-
mental Fig. S3a). The risk of incident diabetes remained significantly 
higher in the PD-1 inhibitor group than the CC group after adjusting for 
confounding factors (aHR 3.195, 95 % CI 1.852–5.512; p < 0.001). In 
the trajectory analysis for glucose patterns, cluster 3 (with an increasing 
glucose pattern) in the PD-1 inhibitor group had markedly higher 
glucose levels than the cluster 3 in the CC group (Supplemental Fig. 
S4a). The prevalence of diabetes was significantly higher in the PD-1 
inhibitor group than the CC group (4.9 % for the CC group vs. 14.9 % 
for the PD-1 inhibitor group, p < 0.001; Supplemental Table S3). Across 
the three clusters in the PD-1 inhibitor group, the prevalence of diabetes 

increased gradually (cluster 1, 4.2 %, cluster 2, 27.1 %, and cluster 3, 
54.5 %). 

In contrast, when we compared the PD-L1 inhibitor group (n = 67) 
and their matched CC group (n = 335), the cumulative incidence of new- 
onset diabetes did not differ significantly between them (log-rank p =
0.830; Supplemental Fig. S3b). PD-L1 inhibitor use did not increase the 
risk of incident diabetes compared with CC use after adjusting for con-
founding factors either (aHR 1.136, 95 % CI 0.287–2.704; p = 0.824). In 
addition, a generally similar glucose pattern was observed in cluster 3 in 
the PD-L1 inhibitor and control groups (Supplemental Fig. S4b) in the 
trajectory analysis. The prevalence of diabetes did not differ signifi-
cantly between the PD-L1 inhibitor and control groups (4.8 % for the CC 

Fig. 1. Cumulative incidence of new-onset diabetes according to type of chemotherapy. 
CC, conventional chemotherapy; ICI, immune checkpoint inhibitor. 

Fig. 2. Mean glucose level trajectories over time by cluster in the conventional chemotherapy and immune checkpoint inhibitor groups identified by a trajectory 
analysis using a dynamic time warping method. 
CC, conventional chemotherapy; ICI, immune checkpoint inhibitor. 
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group vs. 6.0 % for the PD-L1 inhibitor group, p = 0.757; Supplemental 
Table S4). In the PD-L1 inhibitor group, the prevalence of diabetes 
across the three clusters did not differ significantly (p = 0.421). 

4. Discussion 

In this study, we used a tertiary care hospital database and demon-
strated that ICI use is associated with a significantly higher cumulative 
incidence of diabetes and an increased risk of new-onset diabetes 

compared with CC. A higher BMI was associated with a decreased risk of 
incident diabetes with a marginally significant interaction with ICI- 
associated diabetes, suggesting that subjects with a lower BMI are 
more susceptible to diabetes associated with ICI use. In addition, we 
used a longitudinal trajectory analysis and demonstrated that a higher 
proportion of subjects in the ICI group than in the CC group had an 
increasing glucose pattern. In the ICI group, the trajectory cluster with 
an increasing glucose pattern was associated with subjects who were 
male or had absolute and relative increases in their lymphocyte counts 

Table 2 
Cluster characteristics in the conventional chemotherapy and immune checkpoint inhibitor groups.   

CC group ICI group  

Cluster 1 (n 
= 510) 

Cluster 2 (n 
= 513) 

Cluster 3 (n 
= 82) 

p- 
Valuec 

Cluster 1 (n 
= 117) 

Cluster 2 (n 
= 81) 

Cluster 3 (n 
= 23) 

p- 
Valuec 

p-Value between 
CC and ICI 

DM incidence (n, (%))a 4 (0.8) 25 (4.9) 27 (32.9) <0.001 5 (4.3) 12 (14.8) 10 (43.5) <0.001  <0.001 
Age (years) 57.9 ± 12.8 61.7 ± 11.5 64.3 (11.6) <0.001 57.8 ± 13.2 63.6 ± 11.2 61.9 ± 13.3 0.006  0.825 
Male (n, (%)) 309 (60.6) 311 (60.6) 56 (68.3) 0.389 65 (55.6) 51 (63.0) 20 (87.0) 0.017  0.980 
Body weight (kg) 60.8 (10.5) 63.4 (12.0) 60.9 (10.9) 0.002 61.9 ± 9.9 61.8 ± 11.3 60.8 ± 7.1 0.894  0.742 
BMI (kg/m2) 22.5 ± 3.1 23.6 (3.2) 22.9 (3.6) <0.001 23.1 ± 3.3 22.9 ± 3.8 22.0 ± 2.6 0.353  0.526 
Time from anti-cancer therapy 

initiation to incident DM          
Duration of anti-cancer therapy 
(days) 

142.8 ±
142.5 

79.8 ± 98.3 56.8 ± 59.1 0.158 109.4 ±
65.0 

83.6 ± 93.6 41.4 ± 49.0 0.224  0.980 

Cycles of anti-cancer therapy 10.0 ± 4.7 16.5 ± 15.6 18.9 ± 34.1 0.805 56.6 ± 38.8 22.8 ± 23.0 17.7 ± 18.6 0.024  0.125 
Baseline comorbidities (n, (%))          

Hypertension 66 (12.9) 108 (21.1) 17 (20.7) 0.002 24 (20.5) 15 (18.5) 4 (17.4) 0.909  0.024 
Ischemic heart disease 9 (1.8) 19 (3.7) 2 (2.4) 0.160 8 (6.8) 4 (4.9) 1 (4.3) 0.810  0.027 
Dyslipidemia 4 (0.8) 9 (1.8) 3 (3.7) 0.094 1 (0.9) 1 (1.2) 0 (0) 0.856  0.753 

Immune-related parameters after 
CC or ICI use (n, (%))          
New-onset hypothyroidism 20 (3.9) 19 (3.7) 5 (6.1) 0.586 22 (18.8) 13 (16.0) 3 (13) 0.754  <0.001 
New-onset Graves' disease 0 (0) 0 (0) 1 (1.2) 0.002 0 (0) 0 (0) 0 (0) –  >0.999 
Absolute lymphocyte count 
increase 

3 (0.6) 20 (3.9) 17 (20.7) <0.001 2 (1.7) 6 (7.4) 6 (26.1) <0.001  0.093 

Relative lymphocyte percent 
increase 

3 (0.6) 18 (3.5) 12 (14.6) <0.001 3 (2.6) 5 (6.2) 6 (26.1) <0.001  0.024 

Primary cancer sites (n, (%))          
Lung 136 (26.7) 141 (27.5) 18 (22.0) 0.575 36 (30.8) 25 (30.9) 8 (34.8) 0.927  0.196 
Liver 109 (21.4) 65 (12.7) 10 (12.2) <0.001 18 (15.4) 12 (14.8) 1 (4.3) 0.367  0.386 
Breast 44 (8.6) 57 (11.1) 12 (14.6) 0.166 12 (10.3) 4 (4.9) 0 (0) 0.289  0.214 
Otherb 221 (43.3) 250(48.7) 42 (51.2) 0.148 51 (43.6) 40 (49.4) 14 (60.9) 0.289  0.825 

Baseline laboratory findings          
Glucose (mg/dL) 93.4 ± 9.9 102.5 ± 9.9 107.0 ±

11.5 
<0.001 94.6 ± 9.4 104.0 ± 8.0 100.5 ±

12.8 
<0.001  0.953 

Total cholesterol (mg/dL) 164.3 ±
38.6 

170.3 ±
37.5 

175.6 ±
39.9 

0.022 172.9 ±
38.9 

170.0 ±
36.5 

174.8 ±
40.3 

0.849  0.208 

BUN (mg/dL) 14.7 ± 5.4 15.5 ± 6.0 15.6 ± 6.6 0.085 14.5 ± 6.1 15.9 ± 6.6 16.2 ± 4.5 0.229  0.898 
Creatinine (mg/dL) 0.9 ± 0.6 0.9 ± 0.7 0.9 ± 0.3 0.861 0.9 ± 0.8 1.0 ± 1.1 0.9 ± 0.2 0.628  0.852 
AST (IU/L) 33.1 ± 41.6 28.4 ± 30.6 28.0 ± 21.6 0.090 29.9 ± 31.3 27.5 ± 18.2 24.1 ± 10.8 0.568  0.302 
ALT (IU/L) 28.4 ± 33.6 24.9 ± 17.2 26.8 ± 21.9 0.104 23.5 ± 24.7 20.2 ± 11.0 25.3 ± 24.4 0.436  0.008 
Albumin (g/dL) 4.1 ± 0.5 4.2 ± 0.5 4.2 ± 0.5 0.008 4.3 ± 0.5 4.1 ± 0.5 4.2 ± 0.4 0.097  0.347 
CRP (mg/dL) 29.6 ± 47.8 28.2 ± 43.9 20.4 ± 24.3 0.731 34.7 ± 61.3 11.5 ± 13.5 15.1 ± 10.3 0.225  0.669 
WBC count (×103/μL) 6.5 ± 4.6 6.6 ± 2.3 7.0 ± 3.1 0.577 6.2 ± 2.0 6.2 ± 2.3 6.5 ± 1.6 0.754  0.034 
Hemoglobin (g/dL) 12.7 ± 1.7 12.9 ± 1.7 12.8 ± 1.6 0.335 12.5 ± 1.7 12.1 ± 1.9 12.0 ± 1.5 0.171  <0.001 
Platelet count (×103/μL) 249.6 ±

117.6 
255.4 ±
109.5 

250.0 ±
88.0 

0.714 242.4 ±
91.2 

225.0 ±
76.7 

245.5 ±
84.1 

0.326  0.018 

Absolute lymphocyte count 
(×103/μL) 

1.8 (0.8) 1.8 (0.7) 1.9 (0.8) 0.248 1.6 (0.6) 1.5 (0.7) 1.5 (0.7) 0.143  <0.001 

Relative lymphocyte percent 
(%) 

28.6 (9.5) 28.9 (9.6) 28.4 (10.0) 0.870 28.0 (9.4) 24.8 (10.6) 24.2 (10.2) 0.053  0.002 

Amylase (U/L) 86.3 ± 50.4 75.1 ± 31.7 83.2 ± 68.9 0.283 72.5 ± 23.1 74.0 ± 26.1 75.4 ± 28.7 0.941  0.092 
Lipase (U/L) 62.5 ± 77.0 50.7 ± 42.6 107.2 ±

231.5 
0.104 38.1 ± 16.5 32.8 ± 15.1 24.9 ± 8.4 0.064  <0.001 

Types of ICI therapy (n, %)          
Anti-PD-1 monotherapy – – – – 82 (70.1) 55 (67.9) 17 (73.9) 0.850  >0.999 
Anti-PD-L1 monotherapy – – – – 35 (29.9) 26 (32.1) 6 (26.1) 0.850  >0.999 

Statistically significant values are indicated in bold (p < 0.05). 
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BUN, blood urea nitrogen; CC, conventional chemotherapy; CRP, c-reactive 
protein; DM, diabetes mellitus; ICI, immune checkpoint inhibitor; PD-1, programmed cell death 1; PD-L1, programmed death ligand 1; WBC, white blood cell. 

a Newly developed diabetes mellitus was determined as at least one of the following: (i) repeated glucose level ≥ 126 mg/dL within 90 days, (ii) new registration of 
diagnostic code for diabetes in electronic medical record, or (iii) new prescription record for oral antidiabetic medication or insulin. 

b Other cancer sites include kidney, stomach, rectosigmoid junction, and ureter for CC users and stomach, skin, esophagus, and kidney for ICI users. 
c P-values for comparison between trajectory clusters 1 to 3 using one-way analysis of variance in either the CC or ICI group. 
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after ICI therapy. 
Although clinical features, including the incidence and onset of ICI- 

associated diabetes, have recently been reported [3,21–24], this study 
has several strengths which provides additional clinical implications. 
First, to investigate the risk of ICI-associated diabetes, we selected a CC 
reference group matched by age, sex, and cancer type to the ICI group to 
reduce potential confounding. Cancer itself is a diabetogenic condition 
[25]. For example, lactate released by tumor cells upregulates hepatic 
glucose production, and the consequent high glucose levels lead to in-
sulin overproduction, resulting in insulin resistance [26,27]. In addition, 
alterations in glucose metabolism vary among cancer types [28]. Thus, a 
cancer type–matched control group receiving CC therapy is required to 
investigate the risk of ICI-associated diabetes independent of the cancer 
milieu. Second, all patients receiving steroids were excluded because 
glucocorticoids cause insulin resistance and hyperglycemia [14,23]. 
Cases with either oral or intravenous glucocorticoid use as premed-
ication or palliative treatment were excluded. Third, a trajectory 
approach was performed with a collection of demographic, anthropo-
metric, and laboratory data from a tertiary care hospital database, which 
allowed us to investigate whether the trajectory cluster with an 
increasing glucose pattern in the ICI group had distinguishable clinical 
characteristics. 

The latency period of ICI-associated diabetes varies by study. Ac-
cording to a cohort study from Melanoma Institute Australia, ICI- 
associated diabetes was diagnosed at a median of 25 weeks after the 
initiation of ICI therapy [3]. In a review analyzing 200 cases, the median 
onset duration was 9 weeks and 3.5 cycles of ICI therapy [29]. In our 
trajectory analysis, cluster 3 in the ICI group showed an uptrend in 
glucose levels shortly after the initiation of ICI. By 12 weeks after ICI 
initiation, the glucose level in cluster 3 of the ICI group had already 
reached 126 mg/dL, the cutoff level of fasting glucose for diagnosing 
diabetes. Based on these data, it can be inferred that the glucose level 
might begin to rise within 12 weeks after ICI initiation in patients at high 
risk of ICI-associated diabetes. Close monitoring during the first 12 
weeks of ICI therapy is thus important because patients susceptible to 
ICI-associated diabetes might be discovered in this period. 

The detailed pathophysiological mechanisms of ICI-associated dia-
betes remain largely unknown. Based on clinical and biological features, 
ICI-associated diabetes has been categorized into four disease entities as 
follows: (i) acute insulin-dependent diabetes caused by autoimmune 
destruction of endocrine beta cells; (ii) a complication of autoimmune 
pancreatitis with exocrine insufficiency; (iii) type 2 diabetes mellitus 
(T2DM) phenotype, possibly due to iatrogenic insulin resistance; and 
(iv) diabetes associated with severe insulin resistance following auto-
immune lipodystrophy [21,30]. Among those four categories, acute 
autoimmune insulin-dependent diabetes is the most frequently reported 
form [21]. Its clinical presentation is similar to that of fulminant dia-
betes, and it is associated with ketoacidosis in 60 % of cases [21,24]. 
However, in our data, the clinical presentation of new-onset diabetes in 
cluster 3 of the ICI group did not match that of fulminant diabetes [29]; 
instead, hyperglycemia developed gradually. Considering that the la-
tency period between ICI initiation and the development of fulminant 
diabetes is up to 1 year [21,22], it is possible that we detected earlier 
changes reflecting new-onset hyperglycemia in a window period before 
the presentation of fulminant diabetes with ketoacidosis. ICI-associated 
fulminant diabetes is often first diagnosed at the presentation of diabetic 
ketosis that requires hospitalization [3], and unfortunately, prior studies 
did not serially examine post-ICI blood glucose trends shortly after ICI 
initiation. Hence, whether ICI-associated fulminant diabetes has a pre-
ceding window period of slowly progressing hyperglycemia remains 
uncertain. Our inclusion criterion of a single type of ICI therapy without 
the use of steroids might also explain our finding of a milder insidious 
onset of hyperglycemia rather than fulminant diabetes because com-
bined ICI use is a possible risk factor for ICI-associated fulminant dia-
betes [31]. 

The incidence of new-onset diabetes in the ICI group was 1–2 % in 

previous reports, lower than in this study [30,32]. The incidence and 
clinical features of ICI-associated diabetes in the Asian population are 
largely unknown because most clinical trials were carried out in 
Caucasian subjects or in multicenter trials with a small proportion of 
Asian participants [33]. Thus, the incidence of ICI-associated diabetes is 
difficult to estimate in Asians, and Asian populations might be more 
vulnerable to ICI-associated diabetes than Caucasian populations for 
several reasons. First, Asians individuals have less β-cell functional mass 
and regenerative capacity than Caucasians individuals [34,35]. Because 
the destruction of β-cells might be a major mechanism of ICI-associated 
diabetes [29], Asian subjects might be more prone to developing ICI- 
associated diabetes than Caucasian subjects. In the present study, a 
higher BMI was a protective factor against the development of diabetes 
and showed a marginal interaction with the risk of ICI-associated dia-
betes. Considering the positive correlation between BMI and β-cell mass 
[36], Asian ethnicity with a lower BMI and smaller β-cell mass than 
found in Caucasians might explain the higher incidence of ICI-associated 
diabetes observed in the present study compared with previous reports. 
Second, ICI-associated diabetes with the characteristic features of T2DM 
and insulin resistance [21,34,37] might be more easily induced in Asian 
individuals than Caucasian individuals. Cytotoxic lymphocytosis 
through ICI use is one plausible explanation for ICI-associated diabetes 
with a T2DM phenotype [21], as cytotoxic lymphocytes that infiltrate 
the adipose tissue can recruit and activate macrophages there, produc-
ing insulin resistance [38]. Thus, enhanced lymphocytosis after ICI use 
might be a predictive marker for diabetes caused by insulin resistance, 
although it is also associated with improved ICI efficacy [39,40]. In 
Asian subjects, even a small change in insulin sensitivity at the predia-
betic stage markedly reduces the function of β-cells due to their 
restricted regenerative capacity [36], so insulin resistance induced by 
cytotoxic lymphocytosis might more strongly affect the risk of diabetes 
in Asian subjects than in Caucasian subjects. In the present study, the 
trajectory cluster with an increasing glucose pattern had the highest 
proportion of subjects with lymphocytosis among the three clusters 
within the ICI group, suggesting the potential role of lymphocytosis in 
ICI-induced diabetes. In addition, skeletal muscle depletion during 
cancer cachexia might be more prominent in Asian individuals, who 
tend to have a lower baseline skeletal muscle mass than Caucasian in-
dividuals, which can further aggravate insulin resistance and hyper-
glycemia [26,41–44]. Age and sex did not show any interaction with the 
risk of ICI-associated diabetes, although an average age in the 60s and 
slight male predominance were previously reported in ICI-associated 
diabetes [8,12], similar to our data. Future studies need to confirm the 
effects of age and sex on predisposition to ICI therapy–associated 
diabetes. 

The incidence of hyperglycemia was previously reported to differ 
between subjects treated with PD-1 and PD-L1 inhibitors [32]. In this 
study, PD-1 inhibitor use was associated with a significantly increased 
risk of incident diabetes, compared with CC use, whereas PD-L1 inhib-
itor use was not. Trajectory cluster 3 in the PD-1 inhibitor group, but not 
the PD-L1 inhibitor group, showed markedly higher glucose levels than 
the cluster 3 in the matched CC group. It could be premature to draw 
conclusions about the risk of PD-L1 inhibitor–associated diabetes 
compared with CC use based on these data, as relatively few subjects 
who received a PD-L1 inhibitor were included in this study. Neverthe-
less, in a context similar to our findings, the incidence of hyperglycemia 
was almost 5-fold higher with PD-1 inhibitor use than PD-L1 inhibitor 
use in a previous meta-analysis [32], suggesting that PD-1 inhibition 
might be more destructive to the immune tolerance of pancreatic β-cells 
than PD-L1 inhibition and thus induces more hyperglycemia. T 
lymphocyte infiltration was found in the pancreas of a patient who 
developed type 1 diabetes after the administration of nivolumab (a PD-1 
inhibitor), but PD-L1 expression was not observed in the residual β-cells 
[45]. Furthermore, most islets were PD-L1 negative [45]. Caution is 
required to when interpreting these findings. However, it could be 
assumed that low level of PD-L1 expression in the pancreatic islets, 
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which implies a decrease in self-protection among the β-cells, might be 
associated with pronounced β-cell injury after ICI use [45]. In this hy-
pothesis, the inhibition of PD-l on T cells might play a critical role in 
mediating autoimmune attacks on the pancreas after ICI use, whereas 
the inhibition of PD-L1 might contribute less to diabetes development, 
possibly due to low expression of PD-L1 on the pancreatic islets of pa-
tients susceptible to ICI-associated diabetes. Future studies need to 
include a sufficient number of both PD-1 and PD-L1 inhibitor cases to 
investigate differences in the diabetes risk associated with each type of 
ICI. 

The present study has some limitations. First, data on glycated he-
moglobin and the oral glucose tolerance test (OGTT) were not available 
to diagnose diabetes, as we retrospectively analyzed routine medical 
records obtained from patients who visited an oncology clinic, most of 
whom did not visit the endocrinology clinic. Glucose values can be 
transiently high in cancer patients even without diabetes because 
various factors, including cancer-induced stress and the intravenous 
administration of parenteral nutrition, can cause glucose instability and 
acute hyperglycemia [27,46]. Thus, OGTT results would provide more 
reliable information to find patients with diabetes than glucose values 
measured using a single blood collection not in the context before and 
after nutrient loading, and future studies should perform the OGTT 
before and after ICI therapy to detect diabetes. Second, trajectory 
changes in insulin resistance and secretion were not investigated. Third, 
the incidence of diabetes and trajectory glucose patterns were analyzed 
for up to 1 year after chemotherapy initiation, which requires an 
extended follow-up duration to confirm long-term prognosis. Fourth, 
information about irAEs has not been thoroughly investigated especially 
regarding hypophysitis, colitis, and hepatitis [3]. The prevalence of 
new-onset hypothyroidism was not significantly different across the 
three trajectory clusters within the ICI group. Thus, it could not be 
concluded whether a predisposition for ICI-associated diabetes is related 
to a predisposition for other types of irAEs. Data about irAEs should be 
further collected in relation to ICI-associated diabetes to understand the 
relationships among irAEs in ICI users. Fifth, due to the limitations of an 
observational study, there was residual imbalance in liver and pancre-
atic enzyme levels between the CC and ICI groups at baseline, despite the 
use of propensity score matching [47]. Even though cancer types were 
well balanced between the two groups, we found that the outlying 
values of liver and pancreatic enzymes among the subjects who received 
CC for cancer of the GI tract (stomach, liver, and biliary tract), 
contributed to higher levels of liver and pancreatic enzymes in the CC 
group than the ICI group. Increased levels of liver and pancreatic en-
zymes in GI tract cancer implies the presence of bile duct obstruction, 
pancreatitis, and compromised liver function, which could induce hy-
perglycemia [48]. Thus, the elevated liver and pancreatic enzymes in 
the CC group might have diminished the difference in the risk of incident 
diabetes between the higher risk in the ICI group and the lower risk in 
the CC group and confounded our results. Sixth, a single ethnicity of 
Asian study subjects limits the generalizability of results. Compared with 
Caucasian individuals, Asian individuals have a lower BMI with less 
β-cell mass and higher adiposity at the same BMI [34,43,49], which 
could make the Asian population more susceptible to ICI-associated 
diabetes. In addition, Asian individuals were reported to have lower 
clearance of PD-1 antibody than Caucasian individuals, which might 
partly explain why Asians have a better response to ICI therapy than 
non-Asian subjects [50,51]. Improved benefit from ICI therapy is asso-
ciated with an increased risk of irAEs including diabetes [52,53]. The 
genetic predisposition of Asian subjects to ICI-associated diabetes might 
also differ from that of non-Asian subjects due to differences in the 
frequency of potentially susceptible human leukocyte antigen geno-
types, such as the DR4 allele [12,54,55]. Thus, a multiethnic study with 
a genetic variety is needed to generalize the risk of ICI-associated dia-
betes and its associated predictive factors. Seventh, exclusion due to 
combined use of ICI with CC and steroid use decreased the final number 
of ICI users, which limited to draw strong conclusions with a higher 

statistical power. A multicenter study should be designed to obtain a 
sufficient number of subjects. 

In conclusion, ICI use was associated with a significantly increased 
risk of new-onset diabetes compared with CC. In the longitudinal tra-
jectory analysis, a higher proportion of subjects who received ICI 
treatment had an increasing glucose pattern than those who received 
CC, and that cluster was characterized by a higher proportion of males 
and an increase in lymphocyte count after ICI treatment. In this new era 
of ICI therapy for cancer treatment, additional large, multi-ethnic, and 
prospective studies are needed to identify and characterize populations 
at high risk for ICI-associated diabetes. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.metabol.2022.155311. 
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