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Abstract: Although daprodustat, a hypoxia-inducible factor prolyl hydroxylase inhibitor, and da-
pagliflozin, a sodium-glucose cotransporter 2 inhibitor, have been approved for the treatment of renal
anemia in Japan, their efficacy and safety for patients aged 80 years or older with low-risk myelodys-
plastic syndrome (MDS)-related anemia have not been demonstrated. Our case series comprised
two men and one woman aged >80 years with low-risk MDS-related anemia and diabetic mellitus
(DM)-related chronic kidney disease who were dependent on red blood cell transfusions and in whom
erythropoiesis-stimulating agents had been insufficient. All three patients received daprodustat and
additional dapagliflozin achieved red blood cell transfusion independence and were followed up
for >6 months. Daily oral daprodustat was well tolerated. There were no fatalities or progression to
acute myeloid leukemia during the >6-month follow-up after daprodustat initiation. On the basis of
these outcomes, we consider 24 mg of daprodustat combined with 10 mg of dapagliflozin daily an
effective form of treatment for low-risk MDS-related anemia. Further studies are required to clarify
the synergistic effects of daprodustat and dapagliflozin, which correct chronic kidney disease-related
anemia by promoting endogenous erythropoietin production and normalizing iron metabolism to
manage low-risk MDS in the long term.

Keywords: myelodysplastic syndrome; anemia; chronic kidney disease; hypoxia-inducible
factor-prolyl-hydroxylase inhibitor; sodium-glucose cotransporter 2 inhibitor

1. Background

Myelodysplastic syndrome (MDS) is a general term for a heterogeneous group of dis-
eases characterized by ineffective hematopoiesis and cytopenia [1]. Several scoring systems
are available to evaluate the prognosis of patients with MDS, and the most commonly
used systems are the International Prognostic Scoring System (IPSS) [2], revised-IPSS [3],
and World Health Organization (WHO) classification-based system [4]. MDS treatment
is determined in accordance with the patient’s risk classification. Approximately 77% of
patients with MDS have low-risk MDS (LR-MDS) at the time of diagnosis, as defined by a
revised-IPSS score of ≤3.5 [5]. LR-MDS treatment goals are to improve cytopenia, reduce
the need for red blood cell (RBC) transfusion, improve quality of life, prolong overall
survival, and if possible, reduce the risk of progression to leukemia [1]. Although it occurs
in almost all age groups, MDS mostly affects older persons, posing important problems for
hematologists, especially concerning diagnosis and the ability to determine and administer
appropriate treatment in a timely manner [1]. Over 90% of patients diagnosed with MDS
have anemia at the time of diagnosis, and over 60% of them develop severe anemia at
later stages of their disease [6,7]. A few treatments for anemia with variable response rates
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have recently been approved for patients with LR-MDS [1]. Erythropoiesis-stimulating
agents (ESAs) are approved in Japan for patients with LR-MDS with symptomatic anemia,
hemoglobin <10 g/dL, and serum erythropoietin (EPO) concentrations <500 mU/mL [8].
RBC transfusions are also used to treat LR-MDS-induced anemia. However, frequent
RBC transfusions have clinically and economically harmful effects [9]. Although ESAs are
generally effective, they are inconvenient because they are administered subcutaneously
and have highly variable erythroid response rates, and the response capacity of patients
with chronic kidney disease (CKD) varies widely [10].

Daprodustat is an orally administered, hypoxia-inducible factor (HIF) prolyl hydroxylase
(PHD) inhibitor that corrects anemia by a mechanism of action that is different from that of
ESAs [11]. Daprodustat stimulates erythropoiesis by inhibiting the HIF-PHD enzymes PHD1,
PHD2, and PHD3. This leads to the stabilization of HIF-α transcription factors and induction
of HIF-responsive genes involved in adaptation to hypoxia including EPO, the endothelial
growth factor, and genes that regulate iron uptake, mobilization, and transport, resulting
in decreased hepcidin production [12]. This corrects chronic kidney disease (CKD)-related
anemia. Daprodustat was approved in Japan to treat chronic kidney disease CKD-related
amenia in August 2020 but not MDS-related anemia. Daprodustat is currently being evalu-
ated as an oral alternative to conventional ESA therapy. On the basis of its effectiveness in
treating CKD-related anemia that occurs because of low EPO levels, we hypothesized that
daprodustat might achieve clinical benefit in LR-MDS-related anemia multifactorial, in which
dyserythropoesis in the bone marrow niche is the predominant pathology.

Pivotal and novel mechanisms for glomerular hyperfiltration, renal anemia, hypoxia,
and energy imbalance are emerging for diabetic mellitus (DM)-related CKD. Additionally,
HIF stabilizer and sodium-glucose cotransporter 2 inhibitors (SGLT2is) [13] are thought
to have resulted in paradigm shifts in the treatment and prevention of DM-related CKD.
SGLT2is that were used to treat albuminuria reportedly achieved better pre-specified renal
outcomes, including the glomerular filtration rate, in studies such as the cardiovascular
outcome trials (empagliflozin for EMPA-REG [14], canagliflozin for CANVAS [15], and
dapagliflozin for DECLARE-TIMI [16]). Dapagliflozin was approved in Japan to treat
DM-related CKD in August 2021, but it is not approved to treat MDS-related anemia.

Currently, treatment of LR-MDS patients focuses on combating cytopenia, especially
anemia, and the poor consequences of transfusion load. However, there are still unmet
needs regarding the treatment of LR-MDS-related anemia in patients with DM-related CKD.
The primary goal of this case series was to investigate the synergistic effects of daprodustat
and dapagliflozin, which corrects CKD-related anemia by promoting endogenous erythro-
poietin production and normalizing iron metabolism in LR-MDS patients with DM-related
CKD in the real world.

2. Case Presentation
2.1. Case 1

An 80-year-old man was diagnosed with MDS by bone marrow aspiration in accor-
dance with the WHO 2016 guidelines. His baseline clinical and biological characteristics
are presented in Table 1. He had refractory anemia, as defined by the WHO 2016 guide-
lines, and his disease was categorized as low risk in accordance with the revised IPSS
(IPSS-R Int-1). DM was diagnosed 26 years previously and had resulted in renal insuffi-
ciency for which he had not undergone hemodialysis, but he had been treated with oral
metformin and dipeptidyl-peptidase-4 (DPP-4) inhibitors. Weekly ESA treatment was
started when he became RBC transfusion-dependent, with hemoglobin concentrations
maintained at >7.0 g/dL. However, even after starting ESA treatment, he continued to
require RBC transfusions. These frequent RBC transfusions caused congestive heart failure
and secondary hemochromatosis, resulting in a diagnosis of RBC transfusion-associated
circulatory overload, and thus, oral daprodustat (up to 24 mg/day) was substituted for
the ESA 3 years after the MDS diagnosis. After starting daprodustat, the anemia resolved.
However, 7 weeks after starting daprodustat, he again required RBC transfusions and was



Hematol. Rep. 2023, 15 182

accordingly started on 5–10 mg of oral dapagliflozin daily. No RBC transfusions were re-
quired for the next 6 months, and his hemoglobin concentration was maintained at >7 g/dL
(Figure 1a). Throughout this period, no physical changes or particular adverse events,
including thrombosis and infections, were noted. Thus, we concluded that the decrease in
hemoglobin was attributable to the failure of ESA treatment and that daprodustat combined
with dapagliflozin had increased his hemoglobin concentrations.

Table 1. Baseline clinical and biologic characteristics.

Features Case 1 Case 2 Case 3

Age, years at diagnosis of MDS 80 93 81
Sex Male Female Male

MDS duration, years 3 4 5
WHO classification of MDS MLD SLD SLD

Cytogenetic actual category at diagnosis del(20q) Normal -Y
Bone marrow blasts at diagnosis, % 2.1 1.4 1.6

Bone marrow blasts post-dapagliflozin, % 1.8 1.2 2.0
ECOG performance status prior to ESAs 1 2 1
Serum EPO level prior to ESAs, mIU/mL 486 165 492

pRBC/8-weeks over 16 consecutive weeks prior to ESAs 4 2 8
Ferritin prior to ESAs, ng/mL 1472 1401 1224
eGFR prior to ESAs, mL/min 32.3 20.6 32.1

eGFR prior to dapagliflozin, mL/min 22.3 19.9 27.2
eGFR post-dapagliflozin, mL/min 25.0 22.3 32.9

Glycoalbumin prior to dapagliflozin, % 17.8 17.7 17.0
Glycoalbumin post-dapagliflozin, % 17.3 16.8 16.5

Reticulocyte counts prior to dapagliflozin, % 1.9 1.8 1.5
Reticulocyte counts post-dapagliflozin, % 2.5 3.0 2.6

ECOG, Eastern Cooperative Oncology Group; eGRF, estimated glomerular filtration; EPO, erythropoietin; ESAs,
erythropoiesis-stimulating agents; MDS-MLD, MDS with multilineage dysplasia; MDS-SLD, MDS with sin-
gle lineage dysplasia; MDS, myelodysplastic syndrome; pRBC, packed red blood cells; WHO, World Health
Organization.
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Figure 1. Changes in hemoglobin concentrations and treatment administered. After initiation of 
erythropoiesis-stimulating agents, the patients’ hemoglobin concentrations began to improve. The 
upper panels show the frequency of red blood cell transfusion and treatments administered, while 
the lower panels show the hemoglobin concentrations ((a), case 1; (b), case 2; (c), case 3). ESA, eryth-
ropoiesis-stimulating agent; RBC, red blood cell; w, week. 
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2.2. Case 2

A 93-year-old woman was diagnosed with low-risk MDS (IPSS-R low) with refractory
anemia in accordance with the WHO 2016 guidelines. She was diagnosed with DM 23 years
previously, and it was associated CKD that did not require hemodialysis. Her DM was
treated with oral metformin and DPP-4 inhibitors. When she became RBC transfusion-
dependent, weekly ESA treatments started. However, she continued to require RBC
transfusions. Four years later, oral daprodustat at up to 24 mg/day was substituted for
the ESA. After starting daprodustat, her anemia resolved. However, after 8 weeks of
daprodustat treatment, she again required RBC transfusions and was started on 5–10 mg of
oral dapagliflozin daily. She required no RBC transfusions for the next 8 months because
her hemoglobin concentration was maintained at >7 g/dL (Figure 1b).

2.3. Case 3

An 81-year-old man with essential thrombocythemia gradually developed anemia and
was diagnosed with therapy-related, low-risk MDS (IPSS-R low) with refractory anemia
4 years later in accordance with the WHO 2016 guidelines. He was diagnosed with DM
21 years previously, and it was associated with CKD which did not require hemodialysis.
His DM had been treated with oral metformin and DPP-4 inhibitors. When he became
RBC transfusion-dependent, weekly ESA treatments started. The anemia temporarily
improved with ESAs, but the patient again became RBC transfusion-dependent. Thus, oral
daprodustat (up to 24 mg/day) was substituted for the ESA. After starting daprodustat
treatment, the anemia resolved. However, after 7 weeks of daprodustat treatment, he again
required RBC transfusions and was started on 5–10 mg of oral dapagliflozin daily. He
needed no RBC transfusions for the next 9 months because his hemoglobin concentration
was maintained at >7 g/dL (Figure 1c).

3. Discussion

We found that 24 mg of daprodustat combined with 10 mg of dapagliflozin might be
effective against LR-MDS-related anemia in patients aged 80 years and older with DM-related
CKD who were transfusion dependent and in whom ESAs had failed, but prospective ran-
domized controlled trials using 24 mg of daprodustat combined with 10 mg of dapagliflozin
to treat LR-MDS-related anemia are required to further investigate this regimen.

In a normoxic environment, hypoxia-inducible factor-prolyl-hydroxylase (HIF-PH) tar-
gets HIF-α for degradation through hydroxylation. However, under hypoxic conditions,
HIF-PH is unable to hydroxylate HIF-α, which allows it to translocate to the cell nucleus
where it dimerizes with HIF-β to form a functional HIF transcription factor and promote
transcription of several genes, including those involved in EPO production [17]. Daprodustat
mimics the body’s natural response to hypoxia by inhibiting HIF-PH, preventing hydroxyla-
tion of HIF-α, and allowing for the transcription and expression of genes that are necessary
for erythropoiesis, particularly EPO and factors involved in iron metabolism [18]. HIF-PH
improves renal anemia by promoting endogenous EPO production and normalizing iron
metabolism. HIF-PH inhibitors may be useful for treating patients with MDS, but their effi-
cacy and safety have been studied currently in the ongoing double-blind study phase and
the trial remains blinded, so the data are not available to analyze at this time [19]. HIF-PH
inhibitors have recently been developed as a new treatment for CKD-related anemia. Anemia
is a common and major complication in CKD patients and characteristically progresses as
renal function deteriorates. The safety and efficacy of daprodustat compared with those of
darbepoetin were evaluated in a trial of 3872 patients with nondialysis CKD and anemia who
were randomly assigned to receive daprodustat or darbepoetin. Patients were followed for a
median of approximately 2 years [11]. Although hemoglobin concentrations increased more
with daprodustat therapy, cardiovascular events, such as a composite of death, nonfatal stroke,
and nonfatal myocardial infarction were more frequent with daprodustat.

Several recent studies have reported that SGLT2is have renal benefits in addition
to glucose control [20]. The renal benefits of SGLT2is can be linked to the alleviation of
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renal function-related anemia [21]. Renal anemia may develop earlier and be worse in
patients with DM-related CKD than in those with non-DM-related CKD [22]. Generally,
all risk factors for renal anemia in the general population may also cause anemia in pa-
tients with DM-related CKD. These risk factors include aging kidneys, deficiency of factors
required for RBC production, blood loss including bleeding tendencies caused by ure-
mic or antiplatelet-related coagulopathy, and advanced glycation end production-related
RBC deformability [23]. Additionally, SGLT2is, including dapagliflozin, were originally
developed to treat DM, but off-target effects of SGLT2is in both renal and heart failure
have attracted attention. Dapagliflozin is not recommended for use in patients with active
bladder cancer [24], and there is limited experience in patients with severe hepatic im-
pairment. The most common side effects of SGLT2is are vulvovaginal candidal infections
and hypotension, acute kidney injury, urinary tract infections, necrotizing fasciitis of the
perineum, euglycemic diabetic ketoacidosis, increased risk of lower extremity amputation,
and bone fractures have also been reported [24].

This case series had several limitations, including that it was a small, single-institute
series. Objective data, such as laboratory values, are reliable. However, subjective data such
as non-hematological toxicity may have been underestimated because this information
was dependent on medical records written by physicians before the study was planned.
For insurance requirements, we included only patients with low-risk MDS who had DM-
related CKD and were RBC transfusion-dependent, and in whom ESAs had failed because
daprodustat for renal anemia and dapagliflozin for DM or CKD is covered by insurance in
Japan. We explicitly set these criteria to minimize the underestimation of any correlations
with adverse effects and drug interactions that resulted from selection bias. However, there
is no way to know if the improvement in the patients’ anemia was due to the management
of the underlying MDS or CKD.

In summary, our findings suggest that treatment with daprodustat combined with
dapagliflozin might be of benefit in patients aged 80 years or older with MDS-related anemia
and DM-related CKD who were transfusion-dependent and in whom ESA had failed.
Possible mechanisms of the synergistic effects of daprodustat and dapagliflozin may depend
on the decreased hepcidin production, which corrects CKD-related anemia mediated by
daprodustat and the off-target effects of dapagliflozin in both renal and heart failure, which
improves CKD-related anemia by promoting endogenous EPO production and normalizing
iron metabolism. Additional long-term studies and prospective randomized controlled
trials on 24 mg of daprodustat combined with 10 mg of dapagliflozin to treat LR-MDS-
related anemia are required to clarify the role of daprodustat combined with dapagliflozin
in managing MDS.
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