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Abstract
Haematopoietic insufficiency is the treatment target of lower-risk myelodysplastic syndrome 
(MDS). Although erythropoiesis-stimulating agents (ESAs) are generally effective for treating 
anaemia, resistance can develop. Hypoxia-inducible factor-prolyl hydroxylase (HIF-PH) im-
proves renal anaemia by promoting endogenous erythropoietin production and normalizing 
iron metabolism. HIF-PH inhibitors could be used to treat MDS, but their efficacy and safety 
have not been studied. A 78-year-old female patient with essential thrombocythemia gradu-
ally developed anaemia and was diagnosed with therapy-related MDS 4 years later. The anae-
mia temporarily improved with ESAs, but the patient became transfusion dependent. At the 
same time, anaemia and chronic renal failure due to nephrosclerosis progressed, and the pa-
tient was diagnosed with MDS with renal anaemia. After switching from ESAs to roxadustat, 
an HIF-PH inhibitor, anaemia improved, and the patient was no longer transfusion dependent. 
No progression of the underlying disease or any adverse events was observed 4 months after 
initiating roxadustat.
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Introduction

The primary target in the treatment of lower-risk myelodysplastic syndrome (MDS) is haema-
topoietic insufficiency, where anaemia is the most common haematopoietic cytopaenia. After 
excluding the coexistence of other diseases, the administration of erythropoiesis-stimulating 
agents (ESAs) improves anaemia in 48–55% of cases if the blood erythropoietin (EPO) concen-
tration is ≤500 IU/L [1]. However, there are many cases where ESAs are ineffective or the patient 
develops resistance. These have been shown to indicate a high incidence of cardio- and cerebro-
vascular events [2]. Furthermore, in such cases, patients become transfusion dependent, resulting 
in decreased quality of life, increased medical expenses, blood transfusion-related infectious 
diseases, and post-transfusion iron overload. Therefore, new therapeutic strategies are needed to 
improve erythropoiesis and eliminate transfusion dependence in lower-risk MDS patients.

Hypoxia-inducible factors (HIFs) are transcription factors that sense the hypoxic envi-
ronment and promote erythropoiesis through interaction with EPO and its receptor, as well as 
iron metabolism [3]. HIF prolyl hydroxylase (HIF-PH) hydroxylates the proline residue of the 
HIF-alpha subunit and induces subsequent ubiquitination and proteasomal degradation [4]. 
HIF-PH inhibitors prevent this process, even in an environment of adequate oxygenation, which 
protects against HIF degradation. Therefore, HIF-PH inhibitors result in the accumulation of 
HIF-alpha, improving anaemia. One such example is roxadustat, an oral HIF-PH inhibitor that 
has been shown to improve renal anaemia in phase 3 trials of chronic renal failure patients [5].

HIF-PH inhibitors can be expected to improve anaemia in MDS patients, but their 
efficacy and safety have not yet been demonstrated. We report a case of MDS with anaemia 
due to chronic renal failure in which transfusion dependence was treated with roxadustat.

Case Report/Case Presentation

A 78-year-old female patient was referred to our hospital with a platelet count of 2.4 
million/μL 4 years ago. JAK2V617F mutation was negative, and no other gene mutations char-
acteristic of myeloproliferative neoplasms were examined. However, bone marrow exami-
nation revealed that the increased megakaryocytes were large and hyperlobulated and without 
characteristic features of other myeloproliferative neoplasms and MDS, such as erythroid/
myeloid dysplasia, and there was no suspicion of reactive thrombocytosis. Therefore, a diag-
nosis of JAK2V617F-negative essential thrombocythemia (ET) was made. Hydroxycarbamide 
was initiated as a form of cell depletion therapy, and the platelet count was reduced to around 
500,000/µL. During these 4 years, the patient progressively developed anaemia, and tran-
sition to myelofibrosis was suspected. The reticulocyte count of peripheral blood was not 
decreased (27.7%). Bone marrow examination was repeated, and no evidence of myelofi-
brosis was found. However, erythroblastopenia was found, and there were 3 strains of dysplasia 
(categories A and B), such as unusually large size and irregular hypersegmented granulocytes, 
micromegakaryocytes, non-lobulated and multiple widely separated nuclei megakaryocytes, 
megaloblastoid, and multinucleated erythrocytes. The bone marrow smear showed 2.4% 
myeloblasts, with a normal karyotype on chromosomal staining and <50 copies/µg RNA on 
the WT-1 mRNA quantitative test. Based on the above findings, the diagnosis of therapy-related 
MDS, MDS with multilineage dysplasia in the 2016 WHO classification, was made (low risk by 
the International Prognostic Scoring System [IPSS] and intermediate risk by the revised IPSS).

Considering the possibility of anaemia exacerbation caused by hydroxycarbamide, it was 
switched to anagrelide, and ESA therapy was initiated (darbepoetin alpha, 240 μg per week). 
The anaemia temporarily improved; however, the patient gradually became transfusion 
dependent. Although the progression of anaemia was parallel to renal damage, a renal biopsy 
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could not be performed due to general condition and bleeding tendency due to antiplatelet 
drug prescribed for ET. She had a history of hypertension, had no proteinuria or urinary occult 
blood, and had no underlying illness such as diabetes; thus, she was diagnosed with hyper-
tensive nephrosclerosis without performing a renal biopsy. The anaemia progressed with 
gradual renal damage, as shown in Figure 1. The patient was then diagnosed with MDS with 
renal anaemia, and the treatment was switched again from ESA to roxadustat (50 mg per day, 
3 times a week) as a treatment for renal anaemia. The anaemia quickly resolved, and the 
patient was no longer transfusion dependent. The erythropoietin level before roxadustat 
administration was 101 mIU/mL but was 30–70 mIU/mL after roxadustat administration. 
Four months after this therapy was initiated, the patient’s anaemia significantly improved, 
without progression of ET or MDS. Moreover, no adverse events, such as thromboembolic 
events and solid tumours, have been reported.

This case report was carried out following the Code of Ethics of the World Medical Asso-
ciation (Declaration of Helsinki). Written informed consent was obtained from the patient for 
its publication as well as any accompanying images.

Discussion/Conclusion

We encountered a case of MDS with renal anaemia, resistant to darbepoetin alpha, that 
was successfully treated with roxadustat and became transfusion independent. Along with 
pure red cell aplasia, MDS is a major cause of acquired erythroblastopenia [6]. MDS is a 

Fig. 1. The patient’s clinical course and laboratory test results. The patient’s clinical course and laboratory 
test result changes are shown starting from the first visit. The upper row shows the course of treatment and 
blood transfusion frequency, the middle shows the platelet count and haemoglobin concentration, and the 
lower shows the creatinine. MDS, myelodysplastic syndrome.
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heterogeneous disease, but anaemia is the most common form of cytopaenia. In MDS, inef-
fective haematopoiesis, also called dyserythropoiesis, is due to an increased rate of progenitor 
cell apoptosis caused by the disruption of erythroid nuclear opening and histone release, as 
well as reduced levels of GATA-binding factor 1 (GATA-1) [7]. GATA-1 is a significant regu-
lator of the erythroid progenitor lineage involvement, differentiation, and survival, and EPO 
allows the development of the GATA-1-induced erythroid differentiation program [8]. EPO is 
relatively low in MDS patients and renal anaemia; therefore, it allows GATA-1 cleavage in the 
erythroid progenitor cells [9]. Similar to ESAs, HIF-PH inhibitors are expected to improve 
anaemia in MDS. Recently, it was reported that ESA and roxadustat had been used in combi-
nation to treat anaemia in patients with ESA-resistant MDS [10]. Clinical trials of HIF-PH 
inhibitor treatment are currently underway in various countries (NCT03263091 and 
NCT03303066) [11], and at our institution, we are conducting studies to assess the efficacy 
and safety of HIF-PH inhibitors in patients with lower-risk MDS.

HIF-PH inhibitors have rather peculiar complications; therefore, caution is warranted. 
In the clinical trials of HIF-PH inhibitor use for renal anaemia, it has been reported that the 
incidence of thromboembolism is higher than that of the control group [12]. Since the 
patient in our case report had ET, which is already associated with an increased risk of 
thrombosis [13], platelet count control and low-dose aspirin therapy were initiated; thus, 
thrombosis did not occur. Furthermore, HIF-PH inhibitors increase vascular endothelial 
growth factor production, which may, in turn, increase the incidence of solid tumours. 
Moreover, ET is known to be associated with a higher incidence of solid tumours when 
compared to healthy individuals [14], and HIF-PH inhibitors may further increase this risk. 
Although the patient does not currently have any solid tumours, regular screening tests will 
be carried out for early detection. Furthermore, it is not yet known how HIF-PH inhibitors 
affect the pathology of MDS. HIF1A mRNA and protein expression have been reported to be 
enhanced in the bone marrow, while in cell line experiments, it has been shown that HIF1A 
protein expression was increased due to genetic abnormalities frequently observed in MDS 
[15]. The same study reported that inducing HIF-stabilizing mutations in mouse blood cells 
caused MDS and that HIF knockout and HIF inhibitors in MDS mice prolonged their survival. 
Therefore, the authors concluded that HIF1A is activated in MDS, and its inhibition may 
improve the outcome. It is important to note that when HIF-PH inhibitors are used, the 
expression of HIF1A is enhanced, and there is concern that MDS may progress to acute 
leukaemia. In our case report, the disease had not progressed. However, future prospective 
trials are needed to verify this association.

In this case report, roxadustat was significantly effective in improving anaemia in a 
patient with MDS. It is necessary to monitor thrombosis, solid tumours, and the progression 
of MDS. Prospective clinical trials are needed to verify the efficacy and safety of MDS.

Acknowledgment

We would like to thank Editage (www.editage.com) for English language editing.

Statement of Ethics

This case report was carried out following the Code of Ethics of the World Medical Asso-
ciation (Declaration of Helsinki). Written informed consent was obtained from the patient for 
the publication of this case report and any accompanying images. The study is exempt from 
ethics committee approval because it is a single case report.



1578Case Rep Oncol 2021;14:1574–1579

Hara et al.: Roxadustat for Myelodysplastic Syndrome with Chronic Kidney Disease

www.karger.com/cro
© 2021 The Author(s). Published by S. Karger AG, BaselDOI: 10.1159/000519568

Conflict of Interest Statement

The authors have no conflicts of interest to declare.

Funding Sources

This study was supported by the Ebina General Hospital and JSPS KAKENHI Grant No. JP 
21K16251.

Author Contributions

All authors contributed to the study’s conception and design. Material preparation, data 
collection, and analysis were performed by Ryujiro Hara. The first draft of the manuscript was 
written by Ryujiro Hara, and all authors commented on previous versions of the manuscript. 
All authors read and approved the final manuscript.

Data Availability Statement

All data generated or analysed during this study are included in this article. Further 
enquiries can be directed to the corresponding author.

References

 1 Park S, Kelaidi C, Meunier M, Casadevall N, Gerds AT, Platzbecker U. The prognostic value of serum erythro-
poietin in patients with lower-risk myelodysplastic syndromes:  a review of the literature and expert opinion. 
Ann Hematol. 2020 Jan; 99(1): 7–19.

 2 Solomon SD, Uno H, Lewis EF, Eckardt KU, Lin J, Burdmann EA, et al. Erythropoietic response and outcomes 
in kidney disease and type 2 diabetes. N Engl J Med. 2010 Sep; 363(12): 1146–55.

 3 Ivan M, Kondo K, Yang H, Kim W, Valiando J, Ohh M, et al. HIFalpha targeted for VHL-mediated destruction by 
proline hydroxylation:  implications for O2 sensing. Science. 2001 Apr; 292(5516): 464–8.

 4 Epstein AC, Gleadle JM, McNeill LA, Hewitson KS, O’Rourke J, Mole DR, et al. C. Elegans EGL-9 and mammalian 
homologs define a family of dioxygenases that regulate HIF by prolyl hydroxylation. Cell. 2001 Oct; 107(1): 

43–54.
 5 Chen N, Hao C, Peng X, Lin H, Yin A, Hao L, et al. Roxadustat for anaemia in patients with kidney disease not 

receiving dialysis. N Engl J Med. 2019 Sep; 381(11): 1001–10.
 6 Gunes G, Malkan UY, Yasar HA, Eliacik E, Haznedaroglu IC, Demiroglu H, et al. Clinicopathological associations 

of acquired erythroblastopenia. Int J Clin Exp Med. 2015 Dec; 8(12): 22515–9.
 7 Frisan E, Vandekerckhove J, de Thonel A, Pierre-Eugène C, Sternberg A, Arlet JB, et al. Defective nuclear local-

ization of Hsp70 is associated with dyserythropoiesis and GATA-1 cleavage in myelodysplastic syndromes. 
Blood. 2012 Feb; 119(6): 1532–42.

 8 Liang R, Ghaffari S. Advances in understanding the mechanisms of erythropoiesis in homeostasis and disease. 
Br J Haematol. 2016 Sep; 174(5): 661–73.

 9 Ribeil JA, Zermati Y, Vandekerckhove J, Cathelin S, Kersual J, Dussiot M, et al. Hsp70 regulates erythropoiesis 
by preventing caspase-3-mediated cleavage of GATA-1. Nature. 2007 Jan; 445(7123): 102–5.

10 Ikenoue T, Furumatsu Y, Kitamura T. Transfusion-dependent anaemia treatment using continuous erythro-
poietin receptor activator (epoetin β pegol) and roxadustat after darbepoetin treatment failure in low-risk 
myelodysplastic syndrome:  a case report. Oxf Med Case Rep. 2021 May; 2021(5): omab026.

11 Henry DH, Glaspy J, Harrup RA, Mittelman M, Zhou A, Bradley C, et al. Roxadustat (FG4592;  ASP1517;  AZD9941) 
in the treatment of anaemia in patients with lower risk myelodysplastic syndrome (LR-MDS) and low red 
blood cell (RBC) transfusion burden (LTB). Blood. 2019 Nov; 134(Suppl 1): 843.

12 Chen H, Cheng Q, Wang J, Zhao X, Zhu S. Long-term efficacy and safety of hypoxia-inducible factor prolyl 
hydroxylase inhibitors in anaemia of chronic kidney disease:  a meta-analysis including 13,146 patients. J Clin 
Pharm Ther. 2021 Aug; 46(4): 999–1009.

https://www.karger.com/Article/FullText/519568?ref=1#ref1
https://www.karger.com/Article/FullText/519568?ref=2#ref2
https://www.karger.com/Article/FullText/519568?ref=3#ref3
https://www.karger.com/Article/FullText/519568?ref=4#ref4
https://www.karger.com/Article/FullText/519568?ref=5#ref5
https://www.karger.com/Article/FullText/519568?ref=6#ref6
https://www.karger.com/Article/FullText/519568?ref=7#ref7
https://www.karger.com/Article/FullText/519568?ref=8#ref8
https://www.karger.com/Article/FullText/519568?ref=9#ref9
https://www.karger.com/Article/FullText/519568?ref=10#ref10
https://www.karger.com/Article/FullText/519568?ref=11#ref11
https://www.karger.com/Article/FullText/519568?ref=12#ref12
https://www.karger.com/Article/FullText/519568?ref=12#ref12


1579Case Rep Oncol 2021;14:1574–1579

Hara et al.: Roxadustat for Myelodysplastic Syndrome with Chronic Kidney Disease

www.karger.com/cro
© 2021 The Author(s). Published by S. Karger AG, BaselDOI: 10.1159/000519568

13 Cortelazzo S, Viero P, Finazzi G, D’Emilio A, Rodeghiero F, Barbui T. Incidence and risk factors for thrombotic 
complications in a historical cohort of 100 patients with essential thrombocythemia. J Clin Oncol. 1990 Mar; 

8(3): 556–62.
14 Frederiksen H, Farkas DK, Christiansen CF, Hasselbalch HC, Sørensen HT. Chronic myeloproliferative 

neoplasms and subsequent cancer risk:  a danish population-based cohort study. Blood. 2011 Dec; 118(25): 

6515–20.
15 Hayashi Y, Zhang Y, Yokota A, Yan X, Liu J, Choi K, et al. Pathobiological pseudohypoxia as a putative mech-

anism underlying myelodysplastic syndromes. Cancer Discov. 2018 Nov; 8(11): 1438–57.

https://www.karger.com/Article/FullText/519568?ref=13#ref13
https://www.karger.com/Article/FullText/519568?ref=14#ref14
https://www.karger.com/Article/FullText/519568?ref=15#ref15

