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Abstract
BACKGROUND
[bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK24][bookmark: _Hlk52219285][bookmark: _Hlk52219319]Hyporesponsiveness to erythropoiesis-stimulating agents (ESAs) is a prevalent problem in patients with chronic kidney disease. It is associated with increased morbidity and mortality in patients who undergo dialysis. A significant proportion of patients do not respond to iron supplementation and conventional ESAs. We report a case of severe ESA hyporesponsiveness-related anemia that was successfully treated with oral roxadustat. 

CASE SUMMARY
[bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK25]A 59-year-old Chinese woman had high blood glucose for 25 years, maintenance hemodialysis for 7 years, and recurrent dizziness and fatigue for more than 2 years. Laboratory tests showed severe anemia (hemoglobin level of 54 g/L), though bone marrow biopsy, fluorescence in situ hybridization, and hemolysis tests were within normal ranges. We initially administered first-line therapies and other adjuvant treatments, such as blood transfusions, ESAs, and adequate dialysis, but the patient did not respond as anticipated. Her erythropoietin-resistant anemia was probably not only due to chronic renal insufficiency. The patient received the hypoxia-inducible factor prolyl hydroxylase inhibitor roxadustat (100 mg, three times weekly). After 12 wk of treatment, the patient’s hemoglobin increased significantly, and her symptoms were alleviated. During the follow-up period, adverse drug reactions were controllable and tolerable.

CONCLUSION
[bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK26]Oral roxadustat is effective and tolerable for the treatment of ESA hyporesponsiveness-related anemia in patients undergoing hemodialysis.

[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Key Words: Renal anemia; Erythropoietin hyporesponsiveness; Hepcidin; Interleukin 6; Roxadustat; Case report

[bookmark: OLE_LINK45][bookmark: OLE_LINK46]Yu WH, Li XJ, Yuan F. Roxadustat for treatment of erythropoietin-hyporesponsive anemia in a hemodialysis patient: A case report. World J Clin Cases 2020; In press

[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Core Tip: We present a case of refractory erythropoiesis-stimulating agent hyporesponsiveness-related anemia in which oral roxadustat increased and maintained hemoglobin. Roxadustat may be a useful optional treatment for anemia in patients with chronic kidney disease. Future clinical trials are needed to assess potential problems with hypoxia-inducible factor prolyl hydroxylase inhibitors.


INTRODUCTION
[bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK27][bookmark: _Hlk52219468][bookmark: _Hlk52385257]Hyporesponsiveness to erythropoiesis-stimulating agents (ESAs) is a common condition in maintenance hemodialysis patients with chronic kidney disease, and it is associated with increased hospitalizations and mortality[1] and frequent blood transfusions. The most common causes are iron deficiency, inflammation, inadequate dialysis, and hyperparathyroidism[2]. ESAs and injection of veinc iron treatments do not work well in some cases. Hepcidin is a key regulator of iron metabolism[3]. The cytokine interleukin 6 plays an important role in inducing hepcidin synthesis during inflammation[4], which leads to hypoferremia, ineffective erythropoiesis, and anemia. Causes should be treated appropriately, and roxadustat may promote the production of erythropoietin (EPO) and upregulate iron utilization to ameliorate renal anemia. We report a case of refractory ESA hyporesponsiveness-related anemia in which first-line therapies were ineffective but oral roxadustat effectively relieved symptoms.

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]A 59-year-old woman was admitted because of high blood glucose for 25 years, maintenance hemodialysis for 7 years, and recurrent dizziness and fatigue for more than 2 years.

History of present illness
[bookmark: OLE_LINK57][bookmark: OLE_LINK58]Approximately 2 years ago, the patient suffered from recurrent dizziness, chest discomfort, and weakness of both lower extremities, but had no hematemesis, black stool, bone pain, or gingival bleeding. She was in poor spirits, had a poor appetite, and was sleeping badly, which deeply influenced her daily life. She was hospitalized several times because the dizziness was unresolved, and the weakness in both lower extremities worsened.

History of past illness
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]She had been diagnosed as having diabetes mellitus for 25 years and grade 3 hypertension for more than 10 years, and she received subcutaneous injections of insulin before meals and bedtime. She also took levamlodipine benzenesulfonate (5 mg), metoprolol tartrate tablets (25 mg), and prazosin hydrochloride (1 mg) daily, and calcitriol and materials for hematopoiesis (iron, folic acid, and vitamin B 12) were administered. Her blood pressure and blood glucose were well-controlled.
Approximately 7 years ago, she underwent an arteriovenous fistula surgery and began hemodialysis (3 times per week). In the past 2 years, she had frequent blood transfusions (once every 1 to 2 mo) because of severe anemia.

Personal and family history
[bookmark: OLE_LINK61][bookmark: OLE_LINK62]The patient’s personal and family history was unremarkable. 

Physical examination
[bookmark: OLE_LINK63][bookmark: OLE_LINK64]The patient presented with the following vital signs: Body temperature, 36.3 °C; blood pressure, 135/80 mmHg; pulse rate, 75 beats/min; and respiratory rate, 20 breaths/min. She was chronic and ill-looking with an anemic appearance. She had clear breathing sounds in both lungs. Her heart rate was 75 bpm, with a normal rhythm, and no other abnormalities were noted.

Laboratory examinations
[bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK28][bookmark: _Hlk52385291]Hematological examination revealed an erythrocyte count of 1.58 × 1012/L, hemoglobin (Hb) level of 54 g/L, platelet count of 80 × 109/L, and ferritin of 4218.40 ng/mL (Table 1). The weekly dose ESA-to-Hb ratio was calculated as an index of ESA responsiveness[1], and basal state was 35.6 UI weekly/kg/g Hb.
The results of the first bone marrow biopsy showed that she had bone marrow hyperplasia. The proportion of erythroids, primarily including polychromatic normoblasts and orthochromolatic normoblasts, was increased. The morphological characteristics of the granulocytes and erythroids were normal.
Reticulocyte tests had the following results: Total reticulocyte count, 0.019 × 109/L; immature reticulocyte fraction, 10.7%; low fluorescent reticulocytes, 89.3%; and middle fluorescent reticulocytes, 10.3%.
A cluster of differentiation (CD) tests was performed on CD55 and CD59. In peripheral red blood cells, the levels of CD55 and CD59 were both 97%, while in blood granulocytes, the levels of CD55 and CD59 were both 96%. Flow cytometry was used to diagnose paroxysmal nocturnal hemoglobinuria. Flow cytometry assays were mainly based on the detection of CD59 (membrane inhibitor of reactive lysis) and CD55 (decay accelerating factor) on red blood cells, which provided an estimation of the haemolysis severity. By detecting the lack of CD55 and CD59 on the cell surface, it can be used as the most direct evidence for the diagnosis of paroxysmal nocturnal hemoglobinuria.
Bone puncture was performed again, and no obvious abnormalities were found in the bone marrow smear and by fluorescence in situ hybridization
Genetic tests showed that the patient carried a splice site mutation c.2408 + 1 G > A (low frequency hybrid, 5.21% of mutation frequency, sequencing depth, 2455 X) in the DNMT3A gene, which was deemed associated with myeloid hematological system diseases and a bad prognosis.
The antigen results related to autoimmune thrombocytopenia, coagulation test, cardiac biomarkers, thyroid function tests, and other blood biochemistry were within normal ranges.

Imaging examinations
[bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK29]Abdominal ultrasonography revealed diffuse lesions in renal parenchyma on both sides. Cardiac ultrasound images showed heart changes caused by hypertension. Chest-computed tomography scans detected recurrent pneumonia, bilateral diffuse exudation, and pleural effusion. Magnetic resonance imaging revealed that foreign objects were deposited in the liver and spleen, and the patient was suspected to have iron overload.

FINAL DIAGNOSIS
[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: OLE_LINK30]Type 2 diabetes, chronic kidney disease stage 5 (diabetic nephropathy), and renal anemia (iron overload); maintenance hemodialysis; grade 3 hypertension in a very high-risk group.

TREATMENT
[bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK31]After admission, blood transfusion, recombinant human erythropoietin (rhEPO, 16000 U/W), adequate dialysis, and other symptomatic treatments were given. However, her symptoms did not improve despite these treatments. Serum ferritin values were far above the upper limit of the normal range (Figure 1), which provides a sensitive indicator for patients who are at risk for clinical manifestations of hemochromatosis[5]. Based on the genetic examination, the patient was suspected of suffering from immuno-related pancytopenia, iron overload due to the intermittent blood transfusions, and myelodysplastic syndromes. Therefore, treatments of oral deferasirox (875 mg) and methylprednisolone tablets (24 mg) were administered daily. However, the patient’s anemia did not improve (Figure 1).
On August 18, 2019, the patient arrived at the hospital with the same complaint of recurrent dizziness. Her hemoglobin level was 64 g/L. Due to the iron overload and low hemoglobin level, we recommended oral roxadustat to improve her anemia and immediate cessation of methylprednisolone and deferasirox. The patient (57 kg) received roxadustat [100 mg, three times weekly (tiw)] beginning the next day and was required to visit our hospital weekly for evaluation of the therapeutic effects. 

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK73][bookmark: OLE_LINK74][bookmark: OLE_LINK32][bookmark: OLE_LINK33]We adjusted the roxadustat dose based on the findings of previous studies. At the follow-up visit, the patient had adhered to the above medications. On the 6th day, blood tests showed that hemoglobin levels increased from the baseline of 64 g/L to 72 g/L. Roxadustat was discontinued on September 10, 2019 because of high systolic blood pressure (200 mmHg), and this side effect was well resolved with valsartan amlodipine (85 mg, quaque nocte). The patient restarted roxadustat (70 mg, tiw) treatment when her blood pressure stabilized. The patient’s hemoglobin level increased by a mean rate of 6.2 g/L/W (Figure 2), and reached 96 g/L after 60 d. The levels of serum ferritin, transferrin saturation, and iron decreased and that of transferrin increased (Figure 3). There was a decrease in triglyceride and cholesterol (Table 2). We did not observe side effects other than hypertension from the onset of treatment through the follow-up. Roxadustat decreased her hospitalization days and greatly improved her quality of life. The patient is currently on a continuous regimen of oral roxadustat, and her hemoglobin stabilized at approximately 100 g/L.

DISCUSSION
[bookmark: OLE_LINK75][bookmark: OLE_LINK76][bookmark: OLE_LINK34][bookmark: OLE_LINK35]To the best of our knowledge, this is the first case report of roxadustat treatment for a maintenance hemodialysis patient with ESA hyporesponsiveness-related anemia. ESA hyporesponsiveness, which is the inability to achieve or maintain target hemoglobin levels despite higher than usual doses of ESA[6], is associated with greater mortality, greater iron and ESA use, and lower hemoglobin levels compared to non–ESA hyporesponsiveness patients[7]. However, the underlying mechanism of ESA responsiveness is unclear. Studies showed that the primary mediating factors included iron deficiency (absolute or functional) and vitamin deficiency, inflammation[8], poor nutritional status, inadequate dialysis, oxidative stress, and hyperparathyroidism. Hypoferremia results from hepcidin-mediated inhibition of iron release[9]. Hepcidin is the main hormone responsible for maintaining systemic iron[3]. Interleukin 6 is a major inducer of hepcidin expression by the liver during inflammatory processes[10]. Hepcidin binds to ferroportin, which blocks iron transport into the plasma from macrophages involved in iron recycling, from iron stores in hepatocytes, and from enterocytes that absorb dietary iron[3,11]. Hepcidin is also homeostatically regulated via iron loading. Dietary iron or transfusions increase hepcidin synthesis. Excess hepcidin is the main cause of functional iron deficiency and iron-restricted erythropoiesis. Hypoxia-inducible factors (HIFs) are heterodimers consisting of an oxygensensitive α subunit and a constitutively expressed β subunit. HIF2-α is the key regulator of EPO synthesis and iron metabolism. Under normal oxygen conditions, HIF-α subunits are prolyl hydroxylated by PHD1, PHD2, and PHD3. Under hypoxia prolyl-4-hydroxylation of HIF-α is inhibited, resulting in its translocation to the nucleus, where it heterodimerizes with the HIF-β subunit and transactivates a large number of oxygen-regulated genes, leading to an increase in EPO production, improved uptake and use of iron, and changes to the bone marrow microenvironment. Roxadustat is an HIF prolyl hydroxylase inhibitor that may be used to reduce hepcidin, increase iron mobilization and utilization, and increase erythropoietin production[12]. A trial of roxadustat indicated that roxadustat–induced hemoglobin increases were independent of baseline C–reactive protein levels and iron repletion status[13]. Several studies reported that roxadustat was effective in correcting anemia in dialysis patients[14-16]. However, limited cases of roxadustat treatment for ESA hyporesponsiveness-related anemia have been reported.
Laboratory tests showed that this patient was in a chronic inflammatory state with serious ESA responsiveness and iron overload. Therefore, correcting the anemia might have been extremely difficult. During treatment with roxadustat, the patient’s hemoglobin level increased by a mean rate of 6.2 g/L/W, and it was stably maintained at 90-100 g/L without blood transfusion or injection of vein iron. In a large series of patients on dialysis, it was shown that those with more severe anemia received higher doses of ESA, suggesting that these patients were more resistant to treatment. The therapy increased transferrin and decreased the levels of serum iron, ferritin, and transferrin saturation (Figure 3). These results indicate that roxadustat improved the iron metabolism disorder of the patient. There is evidence to support lowering low-density lipoprotein cholesterol (LDL-C) to reduce cardiovascular morbidity and mortality. Cumulative LDL arterial burden is a central determinant for the initiation and progression of atherosclerotic cardiovascular disease. The lower the LDL-C attained, the greater the benefit accrued. The blood biochemistry results showed that triglyceride, cholesterol, and LDL-C levels declined, which may reduce the occurrence of atherosclerotic cardiovascular disease and its clinical manifestations, such as myocardial infarction and ischaemic stroke. The patient did not experience severe side effects except hypertension, which was well controlled with medications. Roxadustat effectively increased hemoglobin levels and was well-tolerated in our case, and it may be beneficial for ESA hyporesponsiveness-related anemia patients undergoing hemodialysis.
However, this report is a case study and has confused and complex background. Thus, the patient’s EPO-resistant anemia was probably not only due to chronic renal insufficiency, but also some possibility of the interaction of these drugs. Future clinical trials are required to confirm its effectiveness and assess safety concerns.

CONCLUSION
[bookmark: OLE_LINK77][bookmark: OLE_LINK78]Oral roxadustat for the treatment of ESA hyporesponsiveness-related anemia in a patient undergoing hemodialysis is effective and tolerable. Roxadustat may be an additional treatment option for anemia in patients undergoing maintenance hemodialysis. Treatment of anemia in patients should be individualized. It is necessary to closely examine the risks and carefully monitor adverse events. 
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Figure Legends
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Figure 1 Clinical course of the patient. Hb: Hemoglobin.
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Figure 2 Hemoglobin changes from baseline after treatment with oral roxadustat.
Hb: Hemoglobin.
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[bookmark: OLE_LINK42][bookmark: OLE_LINK43] Figure 3 Iron metabolism parameter changes from baseline to 2 mo after roxadustat treatment.

Table 1 Laboratory data on admission
	Parameter
	Recorded value
	Reference range

	White blood cell count (× 109/L)
	3.92
	3.50-9.50

	Red blood cell count (× 1012/L)
	1.58 
	3.80-5.10

	Hemoglobin (g/L)
	54 
	115-150

	Platelet count (× 109/L)
	80
	125-350

	Procalcitonin (ng/mL)
	1.7
	< 0.1

	Erythrocyte sedimentation rate (mm/h)
	90
	1-20

	Albumin (g/L)
	44.8
	40.0-55.0

	Calcium (mmol/L)
	2.25
	2.11-2.52

	Phosphonium (mmol/L)
	2.99
	0.85-1.51

	 Estimated glomerular filtration rate (mL/min/1.73 m2)
	7.37
	-

	Blood urea nitrogen (mmol/L)
	11.99
	2.90-7.14

	Serum creatinine (µmol/L)
	555.7
	44.0-133.0

	Ferritin (ng/mL)
	4218.40 
	21.80-274.66

	Serum iron (µmol/L)
	23.1
	7.8-32.2

	High-density lipoprotein (mmol/L)
	0.70
	> 1.04

	[bookmark: _Hlk52222282][bookmark: _Hlk52385444]Triglyceride (mmol/L)
	4.00
	< 1.71

	[bookmark: _Hlk52385463]Cholesterol (mmol/L)
	4.03 
	2.90-5.20

	Low-density lipoprotein (mmol/L)
	2.65
	< 3.12

	25 -hydroxyvitamin D3 (nmol/L)
	22 
	75-250

	Glucose (mmol/L)
	10.85 
	3.90-6.10

	Hemoglobin A1c (%)
	7.0
	3.90-6.10

	EPO concentration (mIU/mL)
	53.9
	4.3-29

	Sucrose hemolysis test
	Negative
	Negative

	Direct Coombs (IgG, C3) tests
	Negative
	Negative

	Anti-EPO antibodies
	Negative
	Negative


EPO: Erythropoietin.

Table 2 Changes of blood parameters from baseline to 2 mo after roxadustat treatment 
	Laboratory test
	TG (mmol/L)
	CHO (mmol/L)
	LDL-C (mmol/L)
	HDL-C (mmol/L)
	WBC (× 109/L)
	PLT (× 1012/L)

	Baseline
	2.2
	4.34
	3.03
	0.78
	4.5
	45

	2 mo
	1.4
	2.62
	1.64
	0.7
	4.06
	81


TG: Triglyceride; CHO: Cholesterol; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoproteincholesterol; WBC: White blood cells; PLT: Platelets.
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