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Hyperglycemia during chemotherapy occurs in approximately 10% to 30% of patients. Glucocorticoids and L-asparaginase are well 
known to cause acute hyperglycemia during chemotherapy. Long-term hyperglycemia is also frequently observed, especially in pa-
tients with hematologic malignancies treated with L-asparaginase-based regimens and total body irradiation. Glucocorticoid-induced 
hyperglycemia often develops because of increased insulin resistance, diminished insulin secretion, and exaggerated hepatic glucose 
output. Screening strategies for this condition include random glucose testing, hemoglobin A1c testing, oral glucose loading, and 
fasting plasma glucose screens. The management of hyperglycemia starts with insulin or sulfonylurea, depending on the type, dose, 
and delivery of the glucocorticoid formulation. Mammalian target of rapamycin (mTOR) inhibitors are associated with a high inci-
dence of hyperglycemia, ranging from 13% to 50%. Immunotherapy, such as anti-programmed death 1 (PD-1) antibody treatment, 
induces hyperglycemia with a prevalence of 0.1%. The proposed mechanism of immunotherapy-induced hyperglycemia is an auto-
immune process (insulitis). Withdrawal of the PD-1 inhibitor is the primary treatment for severe hyperglycemia. The efficacy of glu-
cocorticoid therapy is not fully established and the decision to resume PD-1 inhibitor therapy depends on the severity of the hyper-
glycemia. Diabetic patients should achieve optimized glycemic control before initiating treatment, and glucose levels should be 
monitored periodically in patients initiating mTOR inhibitor or PD-1 inhibitor therapy. With regard to hyperglycemia caused by anti-
cancer therapy, frequent monitoring and proper management are important for promoting the efficacy of anti-cancer therapy and im-
proving patients’ quality of life.

Keywords: Hyperglycemia; Neoplasms; Drug therapy; Mammalian target of rapamycin inhibitor; Cytotoxic chemotherapy; Immu-
notherapy

INTRODUCTION

Diabetes mellitus is associated with substantial premature death 
from several causes, including cancers, infectious diseases, ex-
ternal causes, intentional self-harm, and degenerative disorders, 
independently of several major risk factors. In particular, the 
prognosis of cancers originating from various organs has been 
found to be closely related with the degree of hyperglycemia. 

The cancer-specific death rate tends to rise with mean fasting 
glucose levels [1]. Cancer patients often die from infections, or-
gan failure, vascular events, or carcinomatosis [2]. Acute hyper-
glycemia causes a wide range of adverse effects, such as endo-
thelial dysfunction and the uncontrolled influx of glucose into 
insulin-independent cells, which leads to increased levels of re-
active oxygen species and cellular cascades. Elevated hemoglo-
bin A1c (HbA1c) has also been found to be associated with the 
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aggressiveness of tumors and the survival of patients with 
colorectal cancer [3], prostate cancer [4], and endometrial can-
cer [5]. Intensive glycemic control has been found to reduce the 
risk of infection [6] and cancer-specific mortality [7-10].

HYPERGLYCEMIA IN CANCER PATIENTS

Hyperglycemia can arise from various causes in cancer patients. 
The results from previous studies regarding chemotherapy in-
duced hyperglycemia were summarized in Table 1. First, cancer 
and diabetes mellitus share common risk factors: older age, 
male sex, obesity, lack of physical activity, a high-calorie diet, 
and tobacco smoking. In a meta-analysis of 23 population- and 
clinic-based observational studies, the risk of cancer had an 
overall hazard ratio of 1.41 (95% confidence interval [CI], 1.28 
to 1.55) for all cancer types in type 2 diabetes mellitus (T2DM) 
patients compared with normoglycemic patients. Secondly, 
acute stresses experienced during cancer treatment, potentially 
by the chemotherapeutic agents themselves, exacerbate insulin 

resistance, which leads to hyperglycemia. 
During cytotoxic chemotherapy, acute hyperglycemia hap-

pens frequently and transiently. Diabetes and impaired fasting 
glucose were found to occur in 11.6% and 11.3% of patients 
with colorectal cancer during chemotherapy, respectively. 
Among 42 diabetic patients, six (14%) were treated using an in-
sulin-based regimen, six (14%) by sulfonylurea and acarbose or 
metformin, and 10 (24%) by acarbose or metformin alone. Diet 
control alone was applied to 13 patients (31%), and hyperglyce-
mia was spontaneously remitted in seven patients (17%). Intra-
venous glucocorticoids were administered in 14 of the 42 diabe-
tes patients (33.3%), with a median accumulated dose of 47.5 
mg (12.5 mg per cycle) [11].

L-asparaginase, a cytotoxic chemotherapeutic agent, can in-
duce hyperglycemia through both direct and indirect effects. A 
direct toxic effect is exerted on pancreatic β-cells via the inhibi-
tion of insulin production and release. The indirect contribution 
of L-asparaginase to hyperglycemia is related to the induction 
of pancreatitis. Impaired β-cell function can persist even after 

Table 1. Summary of Results from Previous Studies Regarding Chemotherapy-Induced Hyperglycemia

Study Region Study design

Setting (no. of 
patients, type of 

cancer, 
chemotherapy 

regimen)

Diagnostic tool for DM

Incidence Risk 
factor(s)

Glucose-
lowering 
therapy

Outcome
Previous 

DM
New 
DM

Feng et al. 
(2013) 
[11]

China Retrospective 362, Colon cancer, 
5FU (results in-
complete for 44 
patients)

FPG FPG, OGTT DM: 42 (11.6%)  
During treatment: 32 
After treatment: 10

IFG: 41(11.3%)  
During treatment: 33 
After treatment: 8

- OAD: 22 
(52.4%) 

LSM: 13 
(30.9%) 

Observation: 
7 (16.7)   

Persistent: 
31 (8.6%)   

Lipscombe 
et al. 
(2013) 
[16]

Canada Population-
based, retro-
spective

Early-stage breast 
cancer vs. no 
breast cancer

History 2 Claims or 1 
hospitalization

8.9% in patients who 
underwent adjuvant 
therapy, 10.0% in  
patients who did not 
undergo adjuvant 
therapy

Age difference

- - -

Ji et al. 
(2013) 
[17]

China Retrospective 119, Breast cancer, 
chemotherapy

OGTT OGTT DM: 21.8%
Prediabetes: 43.7%

- - -

Lee et al. 
(2014) 
[18]

Japan Retrospective 80, Lymphoma, 
CHOP

HbA1c FPG/random 
glucose/bA1c

26 (32.5%) Age ≥60 yr
BMI >30 

kg/m2 
HbA1c 

>6.1%

Insulin: 3 
LSM: 1   

Persistent: 
2 (2.5%)

DM, diabetes mellitus; 5FU, 5-fluorouracil; FPG, fasting plasma glucose; OGTT, oral glucose tolerance test; IFG, impaired fasting glucose; OAD, oral 
antidiabetic drug; LSM, life style modification; CHOP, cyclophosphamide, doxorubicin, vincristine, and prednisone; HbA1c, hemoglobin A1c; BMI, 
body mass index.  
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the termination of chemotherapy [12]. In a study of pediatric 
acute lymphoblastic leukemia, 32 children who had a normal 
weight, no familial history of diabetes mellitus, and no history 
of hyperglycemia during chemotherapy (off therapy for at least 
1 year) were evaluated for β-cell function. Intravenous and oral 
glucose tolerance testing detected 22 patients (69%) with an im-
paired first-phase insulin response, nine patients with impaired 
glucose tolerance, and one patient with overt diabetes. Children 
with an impaired insulin response showed reduced β-cell func-
tion after glucose loading, but their insulin resistance did not 
differ.

The long-term effect of chemotherapy has been explored in 
childhood cancer survivors. The prevalence of diabetes in can-
cer survivors has been reported to range from 2.5% (as assessed 
by history-taking) to 15.6% (as assessed by oral glucose load-
ing). A number of suggestions regarding the underlying mecha-
nisms have been offered: functional damage to pancreatic 
β-cells, weight gain, insulin resistance, various hormonal defi-
ciencies, damage to non-hormonal systems, changes in lipid 
metabolism, inflammatory mediators and adipokines, and re-
duced physical activity [12-15]. The risk factors are total body 
irradiation (TBI), untreated hypogonadism, and abdominal adi-
posity (a feature related to cranial radiation therapy). As for 
TBI, a preparative therapy for bone marrow transplantation, the 
key role it plays in the genesis of insulin resistance is the altera-
tion of mitochondrial function in the muscle, liver, and pancre-
as, resulting in the development of insulin resistance and T2DM 
[14]. 

In adults, a study of 24,976 postmenopausal breast cancer 
survivors in the Ontario Cancer Registry showed that the inci-
dence of T2DM was 9.7% during a follow-up period of 5.8 
years. In most women, the risk began to increase 2 years after 
cancer diagnosis. However, the highest risk was in the first 2 
years in those who had received adjuvant therapy. Chemothera-
py treatment may cause diabetes to develop earlier in suscepti-
ble women. Weight gain, estrogen suppression, and glucocorti-
coids are risk factors [11,16-18]. 

GLUCOCORTICOIDS 

Glucocorticoids can also induce insulin resistance and hyper-
glycemia. The incidence of hyperglycemia (defined as blood 
glucose >200 mg/dL) in hospitalized patients treated with glu-
cocorticoids without a known history of diabetes is >50%. The 
odds ratio for developing new-onset diabetes after taking gluco-
corticoids has been reported to range from 1.36 to 2.31 in vari-

ous studies. The predictors have been found to be the dose and 
duration of glucocorticoid treatment; old age; overweight; pre-
vious glucose intolerance; reduced sensitivity to insulin or im-
paired insulin secretion stimulated by glucose; a family history 
of diabetes; non-white ethnicity; type A30, B27, and Bw42 hu-
man leukocyte antigens (HLA); and receiving a kidney trans-
plant from a deceased donor [19,20].

The pathophysiology of glucocorticoid-induced diabetes in-
volves an increase in insulin resistance; reduced glucose uptake 
in muscle and adipose tissue (via insulin-sensitive glucose 
transporter type 4); catabolism of muscle and adipose tissue, ac-
companying a rise in free fatty acids and triglycerides; increased 
glucose production; increased hepatic gluconeogenesis via per-
oxisome proliferator-activated receptor α; and direct effects on 
pancreatic β-cells, including inhibition of the production and se-
cretion of insulin, a proapoptotic effect on β-cells, a reduction in 
insulin biosynthesis, and β-cell failure. Development of gluco-
corticoid-induced diabetes depends on the dose and duration of 
exposure. The short-term use of high-dose intravenous or oral 
glucocorticoids causes high fasting plasma glucose (FPG) and 
relatively stable insulin levels, whereas longer exposure to even 
relatively low doses of glucocorticoids induces high FPG and 
insulin levels. The greatest glucose excursions occur 6 to 8 
hours after glucocorticoid administration. The predisposing fac-
tors for glucocorticoid-induced hyperglycemia have been sug-
gested to be weight gain, ethnicity, female sex, Down syndrome, 
puberty, and the severity of the disease itself [21-25].

Glucocorticoid-induced diabetes can be screened for by sev-
eral methods. The first approach is the measurement of FPG, 
which is a simple method. However, it underestimates glucocor-
ticoid-induced hyperglycemia, especially in intermediate-acting 
glucocorticoid treatment with single morning doses. Second, 
oral glucose loading testing is the most precise method of de-
tecting hyperglycemia, but is not feasible in the clinical setting. 
Additionally, it underestimates glucocorticoid-induced hyper-
glycemia that occurs predominantly in the evening. Third, 
HbA1c may be a suitable method for diagnosis in patients treat-
ed with glucocorticoids for more than 2 months, but is not use-
ful for recently initiated treatment. Fourth, random plasma glu-
cose levels over 200 mg/dL are a very useful criterion, but have 
relatively low sensitivity. Fifth, postprandial glucose testing af-
ter lunch offers the greatest diagnostic sensitivity. Finally, pre-
prandial glucose testing at dinner offers less sensitivity, but is 
easier to standardize.

Management should be conducted with due consideration of 
glycemic variability. Glycemic variability depends on the type, 
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dose, and delivery of the glucocorticoid formulation. Therefore, 
in patients treated with a once-a-day intermediate-acting gluco-
corticoid (prednisolone), peak hyperglycemia occurs in approxi-
mately 8 hours, and intermediate-acting insulin is the drug of 
choice. In contrast, for a long-acting glucocorticoid (dexameth-
asone) or a multidose or continuous glucocorticoid, long-acting 
insulin is the best choice. If the development of transient hyper-
glycemia is expected, the ideal anti-diabetic drug would be po-
tent, immediate-acting, and with unlimited hypoglycemic ac-
tion. Oral anti-diabetic drugs can be applied for mild glucocorti-
coid-induced hyperglycemia (glycemia <200 mg/dL), although 
insulin remains the best choice because of its efficacy and flexi-
bility [26-28].

MAMMALIAN TARGET OF RAPAMYCIN 
INHIBITORS

Mammalian target of rapamycin (mTOR) inhibitors may in-
crease total cholesterol, triglyceride, and glucose levels [29-31]. 
Grade 3 to 4 hyperglycemic events occurred in 12% of patients 
treated with everolimus, and in 11% of patients treated with 
temsirolimus [30,32]. The pathophysiology of mTOR inhibitor-
related hyperglycemia involves two aspects. First, the direct ef-
fect of mTOR inhibitors on pancreatic β-cells causes a reduction 
in glucose-stimulated insulin secretion and an increase in apop-
tosis, with detrimental effects on cell viability and proliferation. 
Second, peripheral insulin resistance has been found to be exag-
gerated by mTOR inhibitors. In muscle, reduced glucose uptake 
and a reduction in muscle mass takes place. In the liver, mTOR 
inhibitors promote gluconeogenesis, while they reduce lipid up-
take in adipose tissue [31,33].

The clinical features of mTOR inhibitor-related hyperglyce-
mia include the fact that approximately half of hyperglycemic 
events (grade 2 or higher) occur within the first 6 weeks of treat-
ment, and they are transient or resolve prior to the next mTOR 

inhibitor dose in patients without a history of diabetes. The goal 
of managing mTOR inhibitor-related hyperglycemia is to pre-
serve the quality of life via the prevention of acute signs (poly-
uria, nocturia, or polydipsia) and subsequent subacute compli-
cations of sustained hyperglycemia such as infections, hyperco-
agulability, catabolic weight loss, and osmotic diuresis. The tar-
gets of glycemic control are (1) FPG <160 mg/dL, (2) random 
plasma glucose level <200 mg/dL, and (3) HbA1c ≤8% 
[31,33].

Fasting serum glucose should be monitored before initiating 
and during everolimus treatment. Before initiating treatment, 
clinicians should optimize glycemic control. During treatment, 
patients should be advised to report excessive thirst or urinary 
frequency. The main strategy for glycemic control is dietary 
modification, as well as adapting the dosage of or initiating in-
sulin and/or hypoglycemic agent therapy (Table 2) [31,33,34].

IMMUNOTHERAPY: CHECKPOINT 
INHIBITORS

Immunotherapy to activate cytotoxic T-cells is a novel anti-tu-
mor approach, targeting immune checkpoint molecules, includ-
ing receptors expressed on T-cell and antigen-presenting cells 
(APCs). Representative immune checkpoint molecules include 
receptors expressed on T-cells (programmed death 1 [PD-1]/cy-
totoxic T-lymphocyte associated protein 4 [CTLA-4]) and APCs 
(programmed death-ligand 1 [PD-L1]), which have a suppres-
sive effect on the immune response after T-cell or APC interac-
tion. The role of PD-1 and PD-L1 is to maintain tolerance and 
to downregulate ineffective or detrimental immune responses. 
Furthermore, they interfere with the initiation of protective im-
mune responses (chronic viral infections, expansion of tumor 
cells). Therefore, blocking antibodies to PD-1/PD-L1 and 
CTLA-4 induces increased T-cell activation, breaking down tu-
mor immune tolerance following enhanced immunological anti-

Table 2. Recommendations for the Clinical Management of Hyperglycemic Events by Symptom Severity [31]

Grade 1 2 3 4

Glucose level, mg/dL ULN-160 160–250 250–500 >500

Treatment SMBG 
No treatment

SMBG Treat according to standard guidelines

Everolimus dose adjustment None None
If intolerable, temporary interruption until recovery 

to grade 1 or less, then restart at same dose

Temporary interruption; 
restart at reduced dose

Discontinue 

ULN, upper limit of normal; SMBG, self-monitoring of blood glucose.



Acute Hyperglycemia and Chemotherapy

Copyright © 2017 Korean Endocrine Society www.e-enm.org 27

tumor activity [35,36]. 
Recent clinical trials have shown that antibodies to PD-1 can 

provide significant benefits for patients with advanced solid tu-
mors. In a recent report, a PD-1 antibody, lambrolizumab, was 
administered to a total of 135 patients with advanced melanoma 
[37]. The confirmed response rate was 38% (95% CI, 25% to 
44%) and 77% of the patients had a reduction in the tumor bur-
den. Based on this result, the drug was approved in 2014 for the 
treatment of advanced metastatic melanoma and non-small cell 
lung cancer. In a phase 1 multicenter trial of an anti-PD-L1 anti-
body, BMS-936559, several adverse events were reported in 
207 patients [38]. The study reported that immunotherapy in-
creased several endocrine disorders, such as hypothyroidism, 
adrenal insufficiency, and autoimmune thyroiditis, with a dose-
dependent manner [39]. These findings can be explained as an 
autoimmune reaction exaggerated by PD-1 targeted therapy, be-
cause PD-1 may play critical roles in the regulation of autoim-
munity.

The PD-1 protein is expressed in the β-cells of the islets [40]. 
In an experimental report in which non-obese diabetic (NOD) 
mice were studied, blockage of PD-1 or PD-L1 rapidly precipi-
tated diabetes in prediabetic female mice regardless of age 
(from 1 week old to 10 weeks old) [40]. In addition, overexpres-
sion of PD-L1 in NOD mice provided a protective effect from 
diabetes. In the study of lambrolizumab, hyperglycemic events 
were not reported [37]; however, in patients treated with pem-
brolizumab after approval, hyperglycemic events were reported 
in 45% to 49% of patients, and 3% to 6% experienced grade 3 
or 4 hyperglycemic events. Among 2,117 patients, fulminant 
type 1 diabetes mellitus (T1DM) occurred with an incidence 
rate of 0.1% and at various stages of treatment, ranging from 1 
week to 12 months [41,42]. 

In a case series of five patients, glutamic acid decarboxylase 
(GAD) antibodies were positive in three patients and the sus-
ceptible HLAs were HLA A2.1 and DR4 [41]. In one case re-
port, fulminant T1DM occurred 2 weeks after pembrolizumab 
administration, manifesting as diabetic ketoacidosis with nega-
tive anti-GAD and islet antigen-2 antibodies, but undetectable 
serum C-peptide [43]. In another report, fasting blood glucose 
levels and total daily insulin requirements began to gradually 
decline following pembrolizumab discontinuation without any 
immunosuppressive agents or glucocorticoids [44]. By day 54 
after the onset of insulin-dependent diabetes, the patient was 
able to discontinue insulin. 

Anti-CTLA-4 antibody has also been found to induce im-
mune-related adverse events, including rash, colitis, hepatitis, 

and endocrinopathies such as hypophysitis, thyroid function ab-
normalities, and primary adrenal insufficiency [45,46]. Interest-
ingly, hyperglycemia has not yet been reported [47].

CONCLUSIONS

With the development of new drugs targeting various molecular 
pathways, novel endocrine disorders occur and pose challenges 
to endocrinologists. This is especially notable since the number 
of novel drugs in the field of cancer therapy has soared. Regard-
ing hyperglycemia related to anti-cancer treatments, frequent 
monitoring and active management should be combined to pre-
vent the adverse events caused by acute hyperglycemia and to 
promote the efficacy of anti-cancer therapy.
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