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Adverse effects of dasatinib 
on glucose-lipid metabolism in 
patients with chronic myeloid 
leukaemia in the chronic phase
Lu Yu1,3, Jing Liu2,3, Xiaojun Huang1 & Qian Jiang1*

To explore the differences in glucose-lipid metabolism profiles among the 3 TKIs, we designed 
a retrospective study to compare the onset of hyperglycaemia, hypertriglyceridemia, 
hypercholesterolemia and hyper-low density lipoprotein (LDL)-cholesterolemia in the patients 
with normal baseline glucose-lipid profiles and had no medical record of cardio- or cerebro-vascular 
diseases and/or metabolic syndrome diseases, and identify variables associated with them. 370 
chronic myeloid leukaemia patients receiving dasatinib, nilotinib or imatinib therapy ≥3 months were 
retrospectively reviewed. During TKI-therapy, the mean fasting glucose, triglyceride, cholesterol, 
and LDL-cholesterol levels increased significantly in both dasatinib and nilotinib cohorts compared 
with the imatinib cohort. In multivariate analyses, dasatinib was the factor significantly associated 
with both poor hyperglycaemia- and hypertriglyceridemia-free survival. In addition, nilotinib was 
significantly associated with more occurrences of hyperglycaemia and hypercholesterolemia; increasing 
age was significantly associated with more occurrences of hyperglycaemia and hypertriglyceridemia. 
We concluded that dasatinib, similar to nilotinib, has the adverse impact on glucose-lipid metabolism 
compared with imatinib.

Tyrosine kinase inhibitors (TKIs) have transformed the treatment of chronic myeloid leukaemia (CML). Patients 
with CML in chronic phase (CP) now have a similar life-expectancy to the general population and the number 
of people living with CML is increasing1–5. Despite an overall favourable safety profile of TKIs, adverse events 
(AEs) are common in TKI-therapy which may occur at the early phase or several years after the start of TKI 
treatment. There is increasing interest in the AEs of TKIs, especially in fatal toxicities on the second- or third- 
generation TKI-therapy compared to imatinib-therapy6. Compared with dasatinib and imatinib, nilotinib- and 
ponatinib-related cardio-cerebrovascular or peripheral artery events and abnormal glucose-lipid metabolism, 
which were significantly associated with cardiovascular events and metabolic syndrome, have been reported in 
many studies7–12. However, there is limited data on dasatinib, especially for Asian patients in whom CML was 
diagnosed at a relatively younger age compared with western people13–21. Differences in age, ethnicity, comor-
bidities, diet, genetics, drug used and treatment duration, may have important impacts on safety profile of TKI 
regarding glucose-lipid metabolism, which may be related to or as an early predictor of cardio-cerebrovascular 
events in the future. Currently, several TKIs have been approved as the first-line therapy in patients with CML 
in many countries; while imatinib and nilotinib, first-line option; and dasatinib, second- or third-line option 
in China. To explore the differences on glucose-lipid metabolism profiles among the 3 TKIs, we designed a 
retrospective study to compare the onset of hyperglycaemia, hypertriglyceridemia, hypercholesterolemia and 
hyper-low density lipoprotein (LDL)-cholesterolemia in the patients with normal baseline glucose-lipid profiles 
during TKI-therapy and with no medical record of cardio- or cerebro-vascular diseases and/or metabolic syn-
drome diseases, and identify variables associated with them.
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Materials and Methods
Patients and methods. Data of patients with CML in the chronic phase receiving imatinib (Glivec@, 
Novartis), nilotinib (Tasigna@, Novartis) or dasatinib (Sprycel@, Bristol-Myers Squibb) as first-, second- or 
third-line TKI-therapy ≥3 months from May 2001 to August 2017 at Peking University People’s Hospital were 
retrospectively reviewed. Patients with normal glucose-lipid values at baseline and no medical history record 
of cardio- or cerebro-vascular diseases and/or metabolic syndrome, and laboratory test followed regularly 
were included in this study. Hematologic, cytogenetic and molecular responses were monitored according to 
European LeukemiaNet recommendations for the management of chronic myeloid leukemia22. Dosages of TKIs 
were adjusted according to patients’ response and intolerance (excluding abnormal glucose-lipid metabolism). 
Laboratory examinations were collected, including levels of glucose, triglyceride, cholesterol and LDL-C in blood, 
under fasting conditions before TKI-therapy, every 1–2 weeks for the first 3 months after starting TKI-therapy 
and every 3–6 months thereafter until the patient changed to other therapy. Demographics (sex, age), CML data 
(diagnosis and disease phase), comorbidities, therapy(ies) history, TKI-therapy (interval from diagnosis to start-
ing, drug, treatment duration, and dosage change) were also collected and analysed. In this study, we focused on 
the metabolism function change during TKI-therapy. All patients signed informed consent forms before TKI-
therapy. The study protocol was approved by the Ethics Committee of Peking University People’s Hospital.

Definitions. According to the upper limits of normal (ULN) in the lab of Peking University People’s Hospital, 
hyperglycaemia, hypertriglyceridemia, hypercholesterolemia and hyper-LDL-cholesterolemia were defined as 
the laboratory test values of fasting glucose (GLU), triglyceride (TG), cholesterol (CHO), and LDL-cholesterol 
(LDL-C) higher than the ULN presented on two or more occasions at least 3 months apart, respectively. The 
normal range of GLU, TG, CHO and LDL-C were 3.3–6.1 mmol/L, 0.45–1.7 mmol/L, 2.9–6.2 mmol/L, and 
1.9–4.1 mmol/L, respectively. The severity of hyperglycaemia, hypertriglyceridemia and hypercholesterolemia 
was assessed according to Common Terminology Criteria for Adverse Events (CTCAE) 4.0. As these AEs 
may occur over time on TKI-therapy, hyperglycaemia-, hypertriglyceridemia-, hypercholesterolemia-, and 
hyper-LDL-cholesterolemia-free survivals were defined as the time between TKI-therapy initiation and the onset 
of the AEs for analysing the glucose-lipid metabolic abnormality during TKI-therapy.

Statistical analyses. Descriptive analysis results are presented as median (range) or number (percent) as 
appropriate. Pearson Chi-squared (for categorical variables) and Mann-Whitney U/Kruskal-Wallis tests (for con-
tinuous variables) were used to measure between-group differences. Statistically significant differences in the 
levels of GLU, TG, LDL-C, and CHO were calculated with a paired-samples Student’s T test between the values 
at baseline and at each time point in each cohort. The log-rank test was used to assess statistical significance in 
the time-to-event analyses. Univariate analyses including TKI used, sex, age, interval from diagnosis to starting 
TKI within 6 months or not, interval from diagnosis to taking this TKI, TKI used as first-line versus second- or 
third- line therapy and TKI-dosage change were performed to determine variables associated with the onset of 
hyperglycaemia, hypertriglyceridemia, hypercholesterolemia and hyper-LDL-cholesterolemia. Variables associ-
ated at a level of p < 0.2 were included in the Cox regression model to identify variables significantly associated 
with the abnormalities of glucose-lipid metabolism profiles. Factors with an effect significant at the p < 0.05 were 
interpreted as independently predicting outcomes. All analyses were conducted with SPSS version 22.0 software 
(SPSS Inc., Chicago, IL, USA).

Informed consent. Informed consent was obtained from all individual participants included in the study.

Ethical approval. All procedures performed in studies involving human participants were in accordance 
with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards.

Results
Patient characteristics. A total of 370 CML-CP patients receiving imatinib (n = 225, 61%), dasatinib 
(n = 43, 12%) or nilotinib (n = 102, 27%) as front- (total, n = 296, 80.0%; including imatinib, n = 225; dasatinib, 
n = 2; and nilotinib, n = 69), second-line (total, n = 58, 15.7%; including dasatinib, n = 29 and nilotinib, n = 29) or 
third-line (total, n = 16, 4.3%; including dasatinib, n = 12 and nilotinib, n = 4) therapy with normal glucose-lipid 
values at baseline and no medical history record of cardio-cerebrovascular diseases and/or metabolic syndrome 
were included in this study. As the second-line TKI therapy, imatinib and then dasatinib, n = 28; nilotinib and 
then dastinib, n = 1; imatinib and then nilotinib, n = 29. As the third-line TKI therapy, imatinib, nilotinib and 
then dasatinib, n = 12; imatinib, dasatinib and then nilotinib, n = 4. Those receiving current TKI of dasatinb or 
nilotinib as second- ot third-line TKI therapy had normal glucose-lipid values during previous TKI therapy. 
The median age was 36 years (range, 18–80 years), and 239 (65%) patients were male. There were some differ-
ences on characteristics among the 3 cohorts, including more patients receiving dasatinib as second- or third-line 
TKI-therapy (p = 0.001), the longest interval from diagnosis to starting current TKI-therapy in the dasatinib 
cohort (p < 0.001), the most common TKI-dose reduction in the nilotinib cohort due to non-glucose-lipid tox-
icities (p < 0.001), and the shorter follow-up period in the dasatinib (median, 24 months; range, 3–114 months) 
and nilotinib (median, 21months; range, 3–90 months) cohorts compared with the imatinib cohort (median, 48 
months; range, 3–188 months) (p < 0.001) (Table 1).

Glucose-lipid metabolic abnormalities. There was no significant difference on fasting GLU, TG, LDL-C, 
and CHO levels at baseline among the 3 cohorts. With the median follow-up periods of 24 months (range, 3–114 
months) in the dasatinib cohort, 21 months (range, 3–90 months) in the nilotinib cohort, and 48 months (range, 
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3–188 months) in the imatinib cohort, respectively, the glucose-lipid metabolic abnormalities occurred in the 3 
cohorts as follows:

Hyperglycaemia. The mean glucose levels significantly increased in the 3 cohorts at most time points dur-
ing TKI-therapy compared with the baseline. There was no significant difference at each time point among the 3 
cohorts by Kruskal-Wallis tests (Fig. 1). 11 (25.6%) patients developed hyperglycaemia at a median of 3 months 
(range, 1–42 months) in the dasatinib cohort; 19 (18.6%), at 3 months (range, 0.5–18 months) in the nilotinib 
cohort; and 28 (12.4%), at 6 months (range, 0.5–120 months) in the imatinib cohort. According to CTCAE, none 
in the dasatinib cohort experienced ≥ grade 2 of hyperglycaemia; however, 3 patients experienced hyperglycae-
mia of grade 2 (n = 2) or grade 3 (n = 1) in the nilotinib cohort, and 1 patient (grade 2) in the imatinib cohort. 
The 3-year probability of hyperglycaemia-free survival in the dasatinib cohort (66% [95% CI: 46–86%]) was 
the lowest among the 3 cohorts (p = 0.012), although there was no statistical difference between the dasatinib 
and the nilotinib cohorts (76% [95% CI: 67–85%]) (p = 0.387), which were significantly lower than that in the 
imatinib cohort (88% [95% CI: 84–92%]) (Fig. 2). There was no significant difference on the 3-year probability 
of hyperglycaemia-free survival in dasatinib cohort (p = 0.362) and the nilotinib cohort (p = 0.405) by lines of 
TKI therapy, respectively. In a multivariate analysis, dasatinib (HR = 2.6, 95% CI: 1.3–5.2, p = 0.009), nilotinib 
(HR = 2.0, 95% CI: 1.1–3.7, p = 0.019) and increasing age (≥40 years, HR = 2.0–6.7, [0.9–16.7], p = < 0.001–0.07) 
were factors significantly associated with poor hyperglycaemia-free survival.

Hypertriglyceridemia. The mean TG levels significantly increased in both dasatinib and nilotinib cohorts 
at most time points on therapy compared with the baseline. There were significant differences on the TG levels 
among the 3 cohorts at 3, 24, 30, and 84 months, including the TG levels in the dasatinib cohort were significantly 
higher than those in the nilotinib or imatinib cohort at several time points (Fig. 1). 10 (23.3%) patients developed 
hypertriglyceridemia at a median of 6 months (range, 1–30 months) in the dasatinib cohort; 15 (14.7%), at 3 
months (range, 0.5–24 months) in the nilotinib cohort, and 25 (11.2%), at 6 months (range, 0.5–62 months) in 
the imatinib cohort. 5 patients experienced ≥ grade 2 of hypertriglyceridemia in the dasatinib cohort; 7, in the 
nilotinib cohort; and 8, in the imatinib cohort. The 3-year probability of hypertriglyceridemia-free survival in 
the dasatinib cohort (62% [95% CI: 42–82%]) was the lowest compared with those in the nilotinib cohort (82% 
[95% CI: 74–90%]) and imatinib cohort (87% [95% CI: 82–92%]) (p = 0.037). There was no difference between 
the nilotinib and imatinib cohorts (p = 0.270) (Fig. 2). There was no significant difference on the 3-year probabil-
ity of hypertriglyceridemia-free survival in dasatinib cohort (p = 0.993) and the nilotinib cohort (p = 0.354) by 
lines of TKI therapy, respectively. In a multivariate analysis, dasatinib (HR = 2.7, 95% CI: 1.3–5.7, p = 0.008) and 
increasing age (50–60 years, HR = 2.4, 95% CI: 1.0–5.5, p = 0.041) were factors significantly associated with poor 
hypertriglyceridemia-free survival.

Hyper-LDL-cholesterolemia. The mean LDL-C level significantly increased in the 3 cohorts during 
the TKI-therapy compared with the baseline, especially in both dasatinib and nilotinib cohorts. The LDL-C 
levels in the dasatinib cohort were significantly higher than those in the imatinib cohort at 3–60, 96 and 108 

Variables Dasatinib, N (%) Nilotinib, N (%) Imatinib, N (%) P value

Patient number 43 (11.7) 102 (27.6) 225 (60.8)

  First-line therapy 2 (4.7) 69 (67.6) 225 (100) <0.001

  Second-line therapy* 29 (67.4) 29 (28.4) 0

  Third-line therapy** 12 (27.9) 4 (3.9) 0

Male 29 (67.4) 66 (64.7) 144 (64.0) 0.910

Age, median (range), year 32 (18–68) 35 (18–74) 38 (18–80) 0.346

  18–<30 14 (32.6) 30 (29.4) 70 (31.1)

  30–<40 17 (39.5) 30 (29.4) 57 (25.3)

  40–49 7 (16.3) 24 (23.5) 52 (23.1)

  50–59 2 (4.7) 14 (13.7) 30 (13.3)

  ≥60 3 (7.0) 4 (3.9) 16 (7.1)

Interval from diagnosis to starting TKI-therapy (months) 0.001

  <6 30 (69.8) 89 (87.3) 204 (90.7)

  ≥6 13 (30.2) 13 (12.7) 21 (9.3)

Interval from diagnosis to current TKI-therapy (months) <0.001

  <6 11 (25.6) 62 (60.8) 204 (90.7)

  ≥6 32 (74.4) 40 (39.2) 21 (9.3)

Dosage reduction 3 (7.0) 25 (24.5) 21 (9.3) <0.001

Therapy duration, median (range), months 24 (3–114) 21 (3–90) 48 (3–188) <0.001

Table 1. Patients’ characteristics. Abbreviation: TKI, tyrosine kinase inhibitor. *As the second-line TKI therapy, 
imatinib and then dasatinib, n = 28; nilotinib and then dastinib, n = 1; imatinib and then nilotinib, n = 29. **As 
the third-line TKI therapy, imatinib, nilotinib and then dasatinib, n = 12; imatinib, dasatinib and then nilotinib, 
n = 4.
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months, while similar to those in the nilotinib cohort except at 36 months (Fig. 1). One (2.3%) patient developed 
hyper-LDL-cholesterolemia at 30 months in the dasatinib cohort; 7 (6.9%), at a median of 18 months (range, 3–54 
months) in the nilotinib cohort; and 2 (0.9%), at 12 months and 18 months in the imatinib cohort, respectively. 
There was no significant difference on the 3-year probabilities of hyper-LDL-cholesterolemia-free survival in 
dasatinib cohort (p = 0.593) and the nilotinib cohort (p = 0.608) by lines of TKI therapy, respectively. Although 
there was a significant difference on the 3-year probabilities of hyper-LDL-cholesterolemia-free survival among 
the dasatinib cohort (94% [95% CI: 88–100%]), imatinib (99% [95% CI: 98–100%]) cohort, and the nilotinib 
cohort (88% [95% CI: 78–97%]) (p = 0.001) (Fig. 2), no variable was identified associated with the onset of 
hyper-LDL-cholesterolemia in the multivariate analysis.

Hypercholesterolemia. The mean CHO levels significantly increased in the 3 cohorts during the 
TKI-therapy compared with the baseline, especially in both dasatinib and nilotinib cohorts. The CHO levels 
in the dasatinib cohort were significantly higher than those in the imatinib cohort at 3–48, 60 and 108 months, 
while lower than those in the nilotinib cohort at 24–42 months (Fig. 1). One (2.3%) patient developed hyper-
cholesterolemia at 30 months in the dasatinib cohort; 4 (13.7%), at a median of 3 months (range, 0.5–45 
months) in the nilotinib cohort; and 2 (0.9%), at 12 months and 18 months in the imatinib cohort, respectively. 
According to CTCAE, 3 patients experienced ≥grade 2 of hypercholesterolemia in the nilotinib cohort; how-
ever, none in the dasatinib or imatinib cohort. There was a significant difference on the 3-year probabilities of 
hypercholesterolemia-free survival in the dasatinib cohort (94% [95% CI: 88–100%]), imatinib cohort (99% 
[95% CI: 98–100%]) and nilotinib cohort (82% [95% CI: 72–92%]) (p < 0.001) (Fig. 2). There was no signifi-
cant difference on the 3-year probabilities of hypercholesterolemia-free survival in dasatinib cohort (p = 0.533) 
and the nilotinib cohort (p = 0.527) respectively as second-line treatment versus as third-line treatment. In a 
multivariate analysis, nilotinib (HR = 19, 95% CI: 4.3–85.3, p < 0.001) was the only factor associated with poor 
hypercholesterolemia-free survival.

During the follow-up period, there was no cardio-cerebrovascular event occurred, and no concomitant medi-
cation was prescribed for the mild or intermediate glucose-lipid metabolic abnormalities in all patients.

Discussion
We explored the effects of dasatinib on fasting blood GLU, TG, CHO and LDL-C in relatively young CML-CP 
patients with normal baseline and no cardio-vascular disease or metabolic syndrome, and compared with nilo-
tinib and imatinib. We found that dasatinib was significantly associated with an increased onset of hyperglycaemia 

Figure 1. Changes in glucose (GLU) (a), triglyceride (TG) (b), low density lipoprotein cholesterol (LDL-C) (c) 
and cholesterol (CHO) (d) levels in the dasatinib, nilotinib and imatinib cohorts. Statistically significant 
differences were calculated with a paired-samples Student’s T test between the baseline and each time point, 
solid dot indicate P < 0.05.  imatinib,  nilotinib,  dasatinib. * statistically significant differences among the 
3 cohorts (P < 0.05), △ statistically significant differences between the dasatinib and imatinib cohorts 
(P < 0.05),  statistically significant differences between the dasatinib and nilotinib cohorts (P < 0.05).
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and hypertriglyceridemia compared with imatinib. In addition, nilotinib was significantly associated with more 
occurrences of hyperglycaemia and hypercholesterolemia; increasing age was significantly associated with more 
occurrences of hyperglycaemia and hypertriglyceridemia.

There are several studies about the adverse impacts of nilotinib on glucose-lipid metabolism7,20,23,24. However, 
data regarding glucose-lipid metabolic abnormalities focused on dasatinib is limited. Iurlo et al. reported in a 
study which included 107 patients (40 treated with dasatinib; 36, nilotinib; and 92, imatinib) at a median age 
of 56 years, although fasting plasma glucose, insulin, C-peptide, and Homeostasis Model Assessment-Insulin 
Resistance were significantly higher in the nilotinib group than those in the dasatinib and imatinib groups, LDL-C 
did not differ significantly between the dasatinib and nilotinib groups, which was higher than that in the imatinib 
group20. We confirmed TKI-related hyper-LDL-cholesterolemia by using more sensitive and accurate assessment 
methods of higher than the ULN presented on two or more occasions at least 3 months apart and event-free sur-
vival rate (refers to hyper-LDL-cholesterolemia-free survival), because drug-related glucose lipid abnormalities 
may develop over time. In our current study, dasatinib was also associated with a higher onset of hyperglycaemia 
and hypertriglyceridemia compared with imatinib. Because dasatinib and nilotinib share the same mechanism of 
targeting ABL and BCR-ABL, we speculate that dasatinib might have the similar effect and mechanism on IR and 
the IR metabolic pathway. It has been reported that nilotinib was associated with hyperinsulinaemia and insulin 
resistance, which likely occurred on the post-receptor level. A study including 10 CML patients without a medi-
cal history of diabetes mellitus clarified that the mechanism of impaired glucose metabolism and dyslipidaemia 
occurs via rapidly developed tissue insulin resistance and compensatory hyperinsulinaemia. Some studies in 
vitro indicate c-ABL was involved in the insulin receptor (IR) signalling pathway and enhances the IR metabolic 
pathway. However, the effect on the IR pathway of each TKI has not yet been well understudied9. Various ani-
mal models have been used to evaluate what role tyrosine kinases play in the regulation of glucose-lipid levels. 
Krishnamurthy et al. illustrated with in vitro studies that c-kit tyrosine kinase was essential for β-cell survival in 

Figure 2. Hyperglycaemia- (a), hypertriglyceridemia- (b), hyper-low density lipoprotein (LDL)-
cholesterolemia- (c), and hypercholesterolemia-free survival (d) by dasatinib, nilotinib and imatinib.
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the pancreas. A mouse with a c-kit point mutation that diminishes the receptor’s kinase activity exhibited glucose 
intolerance, impaired insulin secretion and a reduction in β-cell mass25. However, the real, accurate mechanism 
has not been found in human studies.

Some studies reported that dasatinib can decrease blood glucose levels19,26,27. Keiko et al. reported a rapid 
amelioration of hyperglycaemia facilitated by dasatinib in a CML patient with diabetes mellitus27. However, in 
our current study dasatinib was associated with a higher onset of hyperglycaemia and hypertriglyceridemia. This 
finding may be due to the different population regarding age, comorbidities, ethnic and genetics which are associ-
ated with different risk or susceptibility to glucose-lipid dysfunction or prediabetes, and the assessing method of 
event-free survival used in our study. All patients in our study had a normal glucose-lipid baseline and no medical 
record of diabetes. The mechanism might be different between the patients with or without the comorbidity of 
diabetes.

Even in these younger patients with no medical record of pre-existing metabolic syndrome and a short 
follow-up period, abnormal glucose-lipid metabolism occurred in the dasatinib and nilotinib cohorts. Therefore, 
for those receiving dasatinib or nilotinib therapy in the pursuit of treatment-free remission, the risk of meta-
bolic syndrome or cardio-cerebrovascular events should be taken into consideration, and laboratory index of 
glucose-lipid metabolism should be closely monitored.

Our study has some limitations. First, there were some differences in baseline characteristics among the 3 
cohorts in this retrospective study. Second, there were relatively small patient numbers in the dasatinib and nilo-
tinib cohorts. Third, patients with no medical history record of cardio- or cerebro-vascular diseases and/or met-
abolic syndrome were included in this study; however, some patients in very early stage of these diseases could 
not be excluded. Fourth, several other factors which had not been collected may contribute to modifications of 
glucose and blood lipids equilibrium, such as persistent diet or physical activity change, personal predisposition, 
and a gain of weight.

We concluded that dasatinib, similar to nilotinib, has adverse impact on glucose-lipid metabolism when com-
pared with imatinib. These data favour using imatinib over dasatinib and nilotinib in older patients, even in 
younger CML patients with normal baseline glucose-lipid levels and without cardio- or cerebro-vascular diseases 
and/or metabolic syndrome who want to pursue TFR, laboratory index of glucose-lipid metabolism should be 
monitored closely.

Received: 5 August 2019; Accepted: 4 November 2019;

Published: xx xx xxxx

References
 1. Hehlmann, R. et al. Assessment of imatinib as first-line treatment of chronic myeloid leukemia: 10-year survival results of the 

randomized CML study IV and impact of non-CML determinants. Leukemia 31, 2398–2406, https://doi.org/10.1038/leu.2017.253 
(2017).

 2. Bower, H. et al. Life Expectancy of Patients With Chronic Myeloid Leukemia Approaches the Life Expectancy of the General 
Population. J Clin Oncol 34, 2851–2857, https://doi.org/10.1200/JCO.2015.66.2866 (2016).

 3. Gunnarsson, N. et al. Population-based assessment of chronic myeloid leukemia in Sweden: striking increase in survival and 
prevalence. Eur J Haematol 97, 387–392, https://doi.org/10.1111/ejh.12743 (2016).

 4. Lauseker, M., Gerlach, R., Tauscher, M. & Hasford, J. Improved survival boosts the prevalence of chronic myeloid leukemia: 
predictions from a population-based study. J Cancer Res Clin Oncol 142, 1441–1447, https://doi.org/10.1007/s00432-016-2155-y 
(2016).

 5. Sasaki, K. et al. Relative survival in patients with chronic-phase chronic myeloid leukaemia in the tyrosine-kinase inhibitor era: 
analysis of patient data from six prospective clinical trials. Lancet Haematol 2, e186–193, https://doi.org/10.1016/S2352-
3026(15)00048-4 (2015).

 6. Ross, D. M. et al. Chronic myeloid leukaemia and tyrosine kinase inhibitor therapy: assessment and management of cardiovascular 
risk factors. Intern Med J 48(Suppl 2), 5–13, https://doi.org/10.1111/imj.13716 (2018).

 7. Hochhaus, A. et al. Long-term benefits and risks of frontline nilotinib vs imatinib for chronic myeloid leukemia in chronic phase: 
5-year update of the randomized ENESTnd trial. Leukemia 30, 1044–1054, https://doi.org/10.1038/leu.2016.5 (2016).

 8. Bondon-Guitton, E. et al. Cardiovascular risk profile of patients with peripheral arterial occlusive disease during nilotinib therapy. 
Target Oncol 11, 549–552, https://doi.org/10.1007/s11523-016-0417-x (2016).

 9. Racil, Z. et al. Mechanism of impaired glucose metabolism during nilotinib therapy in patients with chronic myelogenous leukemia. 
Haematologica 98, e124–126, https://doi.org/10.3324/haematol.2013.086355 (2013).

 10. Aghel, N., Lipton, J. H., Atenafu, E. G., Kim, D. D. H. & Delgado, D. H. Cardiovascular Events After Exposure to Nilotinib in 
Chronic Myeloid Leukemia: Long-term Follow-up. Clin Lymphoma Myeloma Leuk 17, 870–878 e871, https://doi.org/10.1016/j.
clml.2017.07.006 (2017).

 11. Breccia, M. et al. Efficacy and safety of second-line ponatinib after failure of a single previous tyrosine kinase inhibitor for chronic 
myeloid leukemia patients in chronic phase. Haematologica 101, e267–268, https://doi.org/10.3324/haematol.2016.145623 (2016).

 12. Cortes, J. E. et al. Ponatinib efficacy and safety in Philadelphia chromosome-positive leukemia: final 5-year results of the phase 2 
PACE trial. Blood 132, 393–404, https://doi.org/10.1182/blood-2016-09-739086 (2018).

 13. Wang, J. et al. Phase 3 study of nilotinib vs imatinib in Chinese patients with newly diagnosed chronic myeloid leukemia in chronic 
phase: ENESTchina. Blood 125, 2771–2778, https://doi.org/10.1182/blood-2014-09-601674 (2015).

 14. Kim, S. H. et al. Efficacy and safety of radotinib in chronic phase chronic myeloid leukemia patients with resistance or intolerance 
to BCR-ABL1 tyrosine kinase inhibitors. Haematologica 99, 1191–1196, https://doi.org/10.3324/haematol.2013.096776 (2014).

 15. Au, W. Y. et al. Chronic myeloid leukemia in Asia. Int J Hematol 89, 14–23, https://doi.org/10.1007/s12185-008-0230-0 (2009).
 16. Kim, D. W. et al. Chronic myeloid leukemia in the Asia-Pacific region: current practice, challenges and opportunities in the targeted 

therapy era. Leuk Res 34, 1459–1471, https://doi.org/10.1016/j.leukres.2010.03.033 (2010).
 17. Hoffmann, V. S. et al. The EUTOS population-based registry: incidence and clinical characteristics of 2904 CML patients in 20 

European Countries. Leukemia 29, 1336–1343, https://doi.org/10.1038/leu.2015.73 (2015).
 18. Jiang, Q., Wang, H. B., Yu, L. & Gale, R. P. Variables associated with patient-reported outcomes in persons with chronic myeloid 

leukemia receiving tyrosine kinase-inhibitor therapy. J Cancer Res Clin Oncol 143, 1013–1022, https://doi.org/10.1007/s00432-017-
2353-2 (2017).

 19. Iizuka, K., Niwa, H., Kato, T. & Takeda, J. Dasatinib improves insulin sensitivity and affects lipid metabolism in a patient with 
chronic myeloid leukaemia. BMJ Case Rep 2016, https://doi.org/10.1136/bcr-2015-214284 (2016).

https://doi.org/10.1038/s41598-019-54033-0
https://doi.org/10.1038/leu.2017.253
https://doi.org/10.1200/JCO.2015.66.2866
https://doi.org/10.1111/ejh.12743
https://doi.org/10.1007/s00432-016-2155-y
https://doi.org/10.1016/S2352-3026(15)00048-4
https://doi.org/10.1016/S2352-3026(15)00048-4
https://doi.org/10.1111/imj.13716
https://doi.org/10.1038/leu.2016.5
https://doi.org/10.1007/s11523-016-0417-x
https://doi.org/10.3324/haematol.2013.086355
https://doi.org/10.1016/j.clml.2017.07.006
https://doi.org/10.1016/j.clml.2017.07.006
https://doi.org/10.3324/haematol.2016.145623
https://doi.org/10.1182/blood-2016-09-739086
https://doi.org/10.1182/blood-2014-09-601674
https://doi.org/10.3324/haematol.2013.096776
https://doi.org/10.1007/s12185-008-0230-0
https://doi.org/10.1016/j.leukres.2010.03.033
https://doi.org/10.1038/leu.2015.73
https://doi.org/10.1007/s00432-017-2353-2
https://doi.org/10.1007/s00432-017-2353-2
https://doi.org/10.1136/bcr-2015-214284


7SCIENTIFIC REPORTS |         (2019) 9:17601  | https://doi.org/10.1038/s41598-019-54033-0

www.nature.com/scientificreportswww.nature.com/scientificreports/

 20. Iurlo, A. et al. Effects of first- and second-generation tyrosine kinase inhibitor therapy on glucose and lipid metabolism in chronic 
myeloid leukemia patients: a real clinical problem? Oncotarget 6, 33944–33951, https://doi.org/10.18632/oncotarget.5580 (2015).

 21. Agostino, N. M. et al. Effect of the tyrosine kinase inhibitors (sunitinib, sorafenib, dasatinib, and imatinib) on blood glucose levels 
in diabetic and nondiabetic patients in general clinical practice. Journal of Oncology Pharmacy Practice Official Publication of the 
International Society of Oncology Pharmacy Practitioners 17, 197 (2011).

 22. Baccarani, M. et al. European LeukemiaNet recommendations for the management of chronic myeloid leukemia: 2013. Blood 122, 
872–884 (2013).

 23. Breccia, M. et al. Impaired fasting glucose level as metabolic side effect of nilotinib in non-diabetic chronic myeloid leukemia 
patients resistant to imatinib. Leuk Res 31, 1770–1772, https://doi.org/10.1016/j.leukres.2007.01.024 (2007).

 24. Rea, D. et al. Early onset hypercholesterolemia induced by the 2nd-generation tyrosine kinase inhibitor nilotinib in patients with 
chronic phase-chronic myeloid leukemia. Haematologica 99, 1197–1203, https://doi.org/10.3324/haematol.2014.104075 (2014).

 25. Krishnamurthy, M. et al. c-Kit in early onset of diabetes: a morphological and functional analysis of pancreatic beta-cells in c-KitW-v 
mutant mice. Endocrinology 148, 5520–5530, https://doi.org/10.1210/en.2007-0387 (2007).

 26. Breccia, M. et al. Fasting glucose improvement under dasatinib treatment in an accelerated phase chronic myeloid leukemia patient 
unresponsive to imatinib and nilotinib. Leuk Res 32, 1626–1628, https://doi.org/10.1016/j.leukres.2008.01.015 (2008).

 27. Ono, K. et al. Rapid amelioration of hyperglycemia facilitated by dasatinib in a chronic myeloid leukemia patient with type 2 
diabetes mellitus. Intern Med 51, 2763–2766 (2012).

Acknowledgements
This work was funded by National Natural Science Foundation of China (No. 81770161).

Author contributions
Conception/design: Qian Jiang, Jing Liu, Provision of study material or patients: Qian Jiang. Collection and/or 
assembly of data: Qian Jiang, Lu Yu. Data analysis and interpretation: Lu Yu, Qian Jiang, Jing Liu, Xiaojun Huang. 
Manuscript writing: Lu Yu, Qian Jiang, Jing Liu, Xiaojun Huang. Final approval of manuscript: Qian Jiang, Lu Yu, 
Jing Liu, Xiaojun Huang.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to Q.J.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-54033-0
https://doi.org/10.18632/oncotarget.5580
https://doi.org/10.1016/j.leukres.2007.01.024
https://doi.org/10.3324/haematol.2014.104075
https://doi.org/10.1210/en.2007-0387
https://doi.org/10.1016/j.leukres.2008.01.015
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Adverse effects of dasatinib on glucose-lipid metabolism in patients with chronic myeloid leukaemia in the chronic phase
	Materials and Methods
	Patients and methods. 
	Definitions. 
	Statistical analyses. 
	Informed consent. 
	Ethical approval. 

	Results
	Patient characteristics. 
	Glucose-lipid metabolic abnormalities. 
	Hyperglycaemia. 
	Hypertriglyceridemia. 
	Hyper-LDL-cholesterolemia. 
	Hypercholesterolemia. 

	Discussion
	Acknowledgements
	Figure 1 Changes in glucose (GLU) (a), triglyceride (TG) (b), low density lipoprotein cholesterol (LDL-C) (c) and cholesterol (CHO) (d) levels in the dasatinib, nilotinib and imatinib cohorts.
	Figure 2 Hyperglycaemia- (a), hypertriglyceridemia- (b), hyper-low density lipoprotein (LDL)-cholesterolemia- (c), and hypercholesterolemia-free survival (d) by dasatinib, nilotinib and imatinib.
	Table 1 Patients’ characteristics.


