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I Abstract

Dasatinib, a second-generation tyrosine kinas inhibitoris effective
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against most cases of imatinib-resistant Chronic Myelogenous Leuke-
mia (CML), and this drug has also shown significant glucose-lowering
effects. Here, we report two diabetes patients with sudden onset of
CML. In Case 1, dasatinib produced mild but clear improvement of hy-
perglycemia with the same anti-diabetic regimen together with rapid
control of CML. In Case 2, initiation of dasatinib resulted inmarked po-
tentiation of insulin-induced glucose-lowering effects in parallel with
rapid improvements of CML. In both cases, this favorable diabetes con-
trol was well maintained for 5 years under leukemia management with
dasatinib.
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Introduction

Chronic myelogenous leukemia (CML) is a myeloproliferative
disorder associated with the so-called Philadelphia chromo-
some and/or the BCR-ABL1 (breakpoint cluster Region-Abel-
son) fusion gene. Tyrosine Kinase Inhibitors (TKls) dramatically
improve the prognosis of CML [1]. Dasatinib is a second-gen-
eration TKI that inhibits multiple family kinases including BCR-
ABL, Src family kinases, receptor kinases, and Tec kinases [1].
Although the clinical outcome of CML treatment is markedly
improved with the development of TKls, these drugs have been
associated with various adverse effects including metabolic ab-
normalities [3]. There are several reports that imatinib (a first-
generation TKI) [4-6] and dasatinib (second-generation TKI) may
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ameliorate glycemic control [7-12], but that nilotinib (second-
generation TKI) worsens fasting hyperglycemia with aggravation
of insulin resistance and abnormal lipid metabolism [13,14]. In
addition, there are some controversies regarding the glucose-
lowing effects of dasatinib treatment in CML patients with Type
2 Diabetes Mellitus (T2DM). Those cases can show a marked
glucose-lowering effect [7,8], a mild improvement of glycemic
control [9,10], or conversely, a worsening of hyperglycemia in
the chronic phase of dasatinib treatment [11]. Here, we report
two T2DM cases with sudden CML onset, in whom both gly-
cemic control and abatement of CML were well maintained
through 5 years of dasatinib treatment without any increases in
glucose-lowering drug doses.
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Case reports

Case 1: A 55-year-old Japanese man with T2DM had main-
tained glycated hemoglobin (HbAlc) levels around 6.5% for
12 years using two daily oral hypoglycemic agents (50 mg sita-
gliptin and 30 mg pioglitazone). In early May, 2017, his White
Blood Cell (WBC) count was found to be increased to 22,900/
uL with concomitant increases in the percentage of basophils
and absolute numbers of undifferentiated myelocytes and my-
eloblasts while his blood chemistry showed elevated LDH and
uric acid levels. The patient was normal weight (BMI 21.8 kg/
m?) without any abnormal signs orsymptoms. A diagnosis of
CML was made based on the presence of Philadelphia chromo-
some under FISH observation and excessive BCR-ABL mRNA as
determined by RT-PCR. His clinical course is shown in Figure 1.
Soon after beginning the administration of dasatinib (100 mg,
once daily), his WBC counts rapidly normalized to yield a com-
plete hematological response, and his HbAlc levels promptly
deceased to around 6.1% with administration of both sitagliptin
(100 mg/day) and pioglitazone (30 mg/day). At 2 years after ini-
tiation of dasatinib treatment, the CML status achieved a deep
molecular response, namely BCR-ABL11S=0.0013(MR4.5DMR)
[15]. At this time, the C-Peptide Index (CPI), a marker of insulin
secretory capacity, had increased to 1.4 from its pre-dasatinib
level of 0.8. Furthermore, his HbAlc levels were maintained
well under the same treatment for at least 5 years, despite the
eventual discontinuation of pioglitazone due to increased risk
for fluid retention starting July 2021. On January, 2022, the da-
satinib treatment was also discontinued due to uncontrollable
pleural fluid retention, a major side effect of TKls. As a result, his
HbA1c slightly rose to 6.3~6.5% during the following 6 months
with a similar CPI level (1.6). However, the deep molecular re-
sponse status of his CML was continuously maintained for 6
more months without the dasatinib treatment.

Case 2: A 48-year-old Japanese man with lean T2DM (BMI
20.5 kg/m?) had been diagnosed with diabetes 15 years prior.
However, he had not been seen in clinic nor received treatment
for the last three years. In early June 2017, his diabetes control
had deteriorated to HbAlc of 14.3% with advanced diabetic ne-
phropathy (Stage 3), simple diabetic retinopathy, and periph-
eral neuropathy. At the same time, a high WBC count (13,590/
uL), with high levels of basophils (8%) and immature myelocytes
(1.0%) and high platelets (668,000/uL) were seen on his Com-
plete Blood Cell counts (CBC). Further genetic investigation con-
firmed a diagnosis of CML. His hyperglycemia (HbAlc 14.3%,
casual blood glucose 605 mg/dL) was immediately treated by
intensive insulin therapy (16 units insulin glargine and 62 units
ultrarapid insulin; total insulin dose 78 units/day). He was re-
ferred to our hospital for control of both CML and hyperglyce-
mia. His clinical course is shown in Figure 2. The patient was
immediately started on dasatinib (100 mg once daily) for CML
control. Dasatinib was reduced to 50 mg/day one month later
because of moderate fluid retention in both legs. Soon after
the initiation of the dasatinib treatment, the patient developed
frequent symptomatic hypoglycemia by initiation of the same
dose of insulin used in the previous hospital, and insulin was ti-
trated down. After 3 months of treatment, the total insulin dose
had decreased to 38 units/day based on an HbAlc of 5.4%, and
was further reduced to 16 units/day at 1 year based on a mean
HbA1lc of 5.5%. His WBC count quickly decreased to 4,800/ul
after 1-month dasatinib treatment and was well maintained
thereafter. At 1 year after initiation of dasatinib treatment, his
CML achieved a deep molecular response status, namely BCR-
ABL1IS=0.0009 (MR5.0 DMR) [15]. His CPI was increased to 0.8
at 1 year after initiation of treatment compared to a CPI of 0.25
before treatment. Both control of CML and diabetes in case 2
were also well maintained for 5 years with the same dose of

.

July/2017 ~

dasatinib (mg/day) 50 100

N

~ January/2022

after dasatinib trecatment 15t year

2ud year

3 year
Sitagliptin 50mg/day

Pioglitazone 30mg/day

CPI 0.8 1.4

\_

300 1
" 2 year after dasatinib
250 i 5 treatment, CML was
—~ under deep molecular
ﬁ_. 200 response
=}
=3
% 150
3t
§ 100 1
SR . P — =
50 AT e
-
0
month d L g 2. 7 10 2 7 17 17
year 2011 2016 2017 2018 2019 2020
HbAlc (%) 66 65 63 65 65 61 59 64 62 61 60 6.1 62 6.1
FBS (mg/dl) 95 77
CPR (ng/ml) 0.8 1.1

Figure 1: Clinical course of case 1. HbA1lc levels rapidly decreased from 6.5% (before) to 5.9% (2months after)
initiation ofdasatinib treatment (100mg/day) for CML. In parallel with the normalization of the WBC count
after dasatinib treatment, the HbA1lc was reduced and then maintained for 5 years (around 6.1%), until se-
rial discontinuation of pioglitazone and dasatinib due to uncontrollable fluid retention. The patient’s CPl was
shown to increase immediately after dasatinib initiation, and the level was well maintained for 4 more years.
Underlined HbA1c values indicate values measured during the period in which dasatinib was used.

WBC: White Blood Cell Count; FBS: Fasting Blood Sugar; CPR: C-Peptide Immunoreactivity; CPI: CPR Index.
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Figure 2: Clinical course of case 2. Poor diabetes control (HbA1c14.3%) was initially addressed with
intensified insulin therapy using basal-bolus insulin injections. Soon after initiation of dasatinib for
treatment of CML, plasma glucose levels rapidly decreased and the patient frequently noticed symp-
tomatic hypoglycemia (more than once a day) for 14 days. Even with the subsequent reduction in
insulin dose was decreased and cessation of hypoglycemic episodes, HbAlc levels continued to de-
creased and were well maintained for 5 years at the same dasatinib treatment (50 mg/day). A deep
molecular response was confirmed, and the patient’s insulin secretory capacity improved over time.
Underlined HbA1c values indicate values measured during the period in which dasatinib was used.
WBC: White Blood Cell Count (Per Mm3); FBS: Fasting Blood Sugar; CPR: C-Peptide Immunoreactiv-
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dasatinib (50 mg/day). In early July 2022, his HbA1lc (6.8%) and
CPI level (1.7) were well maintained despite of insulin glargine
10 units once daily and ultra rapid insulin 10 units (total insulin
dose 20 units/day), which was slightly increased because of a
slight increase in HbAlc (7.8%) at March 2021.

Discussion

TKls have dramatically improved the prognosis of CML, such
that patients with CML on long-term TKI therapy now have a
similar life expectancy to the general population [1]. Despite
the overall favorable prognosis from TKls, adverse events are
also common in this treatment. Compared to imatinib, the sec-
ond-generation TKIs have been reported to be potentially asso-
ciated with harmful pulmonary, gastrointestinal, and metabolic
complications in the chronic phase of CML therapy [1-3,16].
It has been pointed out that major determinants of adverse
events of TKIs depend on drug type, age, ethnicity, and treat-
ment duration [12]. In both of our cases, dasatinib therapy was
selected from among many TKIs for treatment of CML mostly
because of its having fewer negative impacts on patients with
pre-existing medical conditions such as diabetes and cardiovas-
cular disease [17]. Dasatinib, a second-generation TKI, is effec-
tive against most imatinib-resistant cases of CML, and this drug
has a potential glucose-lowering effect, which of course held
promise for our patients. However, there are some controver-
sies regarding the potentiation of glucose-lowering effects of
dasatinib. For example, a marked glucose-lowering effect [7,8],
a mild improvement of glycemic control [9,10], and worsening
of hyperglycemia in the chronic phase of CML treatment with
dasatinib [11] have all been reported. Here we report two Japa-
nese T2DM patients with sudden onset of CML, who showed
mild and marked enhancements of glucose-lowering effects af-
ter dasatinib treatment, respectively.

A case with mild glucose-lowering effects of dasatinib: In
Case 1, dasatinib showed mild glucose-lowering effects. Before

treatment, the patient’s HbAlc was 6.6%, compared to an HbAlc
of 6.1% at 1 month after dasatinib initiation; this response was
comparable to that in a previous report [10] in which dasatinib
treatment reduced HbAlc from 6.2% to 5.8% one month after
treatment. We compared the CPI before and after dasatinib
treatment to evaluate the drug’s effect specifically on insulin
secretion. CPl increased from 0.8 prior to treatment to 1.4 after
dasatinib treatment. In addition, both CML and glucose were
well controlled for 5 years with relatively constant dosages of
the two drugs. Ultimately, however, the dasatinib treatment
had to be discontinued due to uncontrollable fluid retention.
Six months later, a slight increase in HbAlc levels (6.3%) was
seen with a further increase in CPI (1.6) under the deep molecu-
lar response of CML. This slight increase in HbAlc levels could
be explained by a slight increase in postprandial hyperglycemia,
since it was reported that HbA1lc levels are more closely associ-
ated with postprandial glucose levels than with fasting glucose
levels at HbA1lc less than 7.3% [18]. In this patient, pioglitazone
had to be discontinued due to a risk for further deterioration of
fluid retention. This change might have led to a slight worsening
of postprandial hyperglycemia.

Improvements in glycemic control occur by many mecha-
nisms, as is evidenced by the many classes of drugs used to con-
trol hyperglycemia. In general, the improvement might come
from improved secretion of insulin by the pancreatic B-cells,
or improved insulin resistance (or both). In our case here, the
improvement was at least accompanied by improved insulin se-
cretion, as evidenced by the increased CPl. Two Homeostatic
Model Assessment (HOMA) measures are used to distinguish
between these mechanisms, and in one of the previous reports
on diabetic CML patients [10], dasatinib showed an a mild im-
provement of insulin resistance (HOMA-IR) from 1.96 to 1.05
(normal, <1.0, abnormal, >2.5) without a significant change in
secretion (HOMA-B) from 48 to 43 (normal, 50~100) soon after
dasatinib treatment [19]. The same study showed increases in
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patients’ plasma adiponectin and leptin levels after dasatinib
treatment, supporting an increase in insulin sensitivity. Another
study has also demonstrated increases in plasma adiponect in
levels with imatinib treatment in T2DM patients with CML [20].

A case of marked potentiation of glucose-lowering effects
of dasatinib: Our case 2 and two cases in previous reports [7,8]
showed similar clinical characteristics: namely, dramatic wors-
ening of glycemic controlin the progression of CML. Food intakes
of these patients were not affected by the CML progression and
dasatinib treatment in our case 2 or in a previous Japanese case
[7] reported by Ono et al. The aggravated diabetic conditions
were treated with intensive insulin treatment including mul-
tiple bolus injections before every meal and one shot of base-
line insulin injection. Our case initially required total 78 units
insulin/day. Soon after initiation of dasatinib treatment, both
our case and Ono’s showed rapid hematologic responses with
normalization of basophilia and WBC counts. In parallel with
the hematological response, poor glycemic control was quickly
ameliorated with a marked potentiation of glucose-lowering ef-
fects, as demonstrated by frequent symptomatic hypoglycemia
requiring down-titration of the insulin dose. Our case improved
insulin secretion, as demonstrated by an improvement in CPI
from 0.25 before treatment to 0.8 at 1 year after dasatinib ini-
tiation. The total insulin dose of our case was decreased to 20
units/day with HbAlc at 6.8% and CPI at 1.7 after 5 years of
dasatinib. Similarly, in Ono’s case [7], CPI increased from 0.3
before treatment to 1.42 at 6 weeks after dasatinib initiation,
and insulin injection was not required for glycemic control at 5
weeks after initiation because of a rapid improvement of insulin
secretory response compared to our case. In our case, insulin
secretory activity was preserved for 5 years during simultane-
ous treatment with anti-diabetic agents and dasatinib for CML.
It has been reported that Src inhibitors reduce production of
Reactive Oxygen Species (ROS) resulting in increased ATP levels
and then improvement of insulin secretory function [21]. Da-
satinib inhibits multiple family kinases including BCR-ABL, Src
family kinases, receptor kinases, and TEC kinases [3]. Thus, one
potential mechanism for the improvement of insulin secretion
by dasatinib treatment for CML, in addition to strict diabetes
control, which itself is known to improve B-cell function [22],
is an inhibition of Src kinases in pancreatic B-cells [21,23,24].
However, this is just one possibility; another is the improve-
ment of insulin signaling [10]. In the off-set action of TKls, it has
also been reported that c-kit stimulates insulin secretion [25]
and that PDGFp stimulates hepatic insulin sensitivity [26], and
either of these common kinase activities could be responsible
for TKl-related glucose-lowering effects [27]. The wide variation
of TKIs” effects on glucose regulation found in imatinib, dasat-
inib and nilotinib suggests the possibility of other target mol-
ecules that may improve glycemic control in T2DM patients. A
retrospective cohort study of Mayo clinic patients hypothesized
that the antidiabetic effects of dasatinib compared to imatinib
are due to its senolytic properties [28]. The durability of the im-
proved glucose-lowering effects of dasatinib in our 2 cases of
T2DM patients with CML without any stepping-up of hypogly-
cemic drugs over time, appears to be due, at least in part, to
continuously maintained insulin secretory capacity for 5 years.

Conclusion

In conclusion, hyperglycemia in our T2DM patients with CML
was well controlled with the same maintenance dose of dasat-
inib (either 50 mg or 100 mg, once daily) for at least 5 years
without any stepping-up of hypoglycemic agents over time. It is

very important to perform careful follow-up with assessments
of both the clinical courses of CML and glucose control in diabe-
tes patients who are prescribed TKls for concomitant leukemic
disease.
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