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Abstract
BACKGROUND 
Erythropoiesis-stimulating agents (ESAs) have revolutionized the therapeutic 
strategy for anemia in chronic kidney disease. However, some cases are resistant 
or hyporesponsive to ESAs. Roxadustat is an oral hypoxia-inducible factor-prolyl 
hydroxylase inhibitor that stimulates erythropoiesis and regulates iron 
metabolism. Here, we describe a hemodialysis patient with refractory anemia who 
did not respond to traditional treatments and depended on blood transfusion for 
more than 1 year. After applying Roxadustat, the patient’s anemia improved 
significantly.

CASE SUMMARY 
A 44-year-old man was diagnosed with uremia accompanied by severe anemia 
with a hemoglobin (Hb) level ranging from 30-40 g/L. His anemia did not 
improve after sufficient dialysis or high doses of active ESAs; other causes of 
anemia were excluded. The patient required approximately 600-1000 mL of red 
blood cell suspension every 15-30 d for more than 1 year. After accepting 
Roxadustat therapy, the patient’s anemia symptoms improved significantly; his 
Hb level gradually increased to 50 g/L, and no further blood transfusions were 
administered. His Hb level reached 69 g/L by the 34th week. Although a Hb level 
of 60-70 g/L cannot be considered satisfactory, he no longer required blood 
transfusions and his quality of life was substantially improved. Roxadustat 
showed good efficacy and safety in this case.

CONCLUSION 
Roxadustat represents an innovative and effective agent for the clinical treatment 
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Core Tip: Anemia is a common complication of chronic kidney disease, often in 
combination with increased morbidity and mortality. Treatment of anemia in advanced 
chronic kidney disease includes iron replacement and administration of erythropoiesis-
stimulating agents (ESAs). However, anemia remains undertreated because of concerns 
of the safety of ESAs. Roxadustat is an oral hypoxia-inducible factor-prolyl 
hydroxylase inhibitor (HIF-PHI) that stimulates erythropoiesis and regulates iron 
metabolism. We present a case in which Roxadustat was used for the treatment of a 
blood transfusion-dependent maintenance hemodialysis patient. This case highlights 
that increasing HIF activity with small-molecule HIF-PHIs such as Roxadustat is an 
innovative therapeutic approach for anemia.

Citation: Fei M, Wen XQ, Yu ZL, Kang T, Wu WH, Ou ST. Roxadustat as treatment for a 
blood transfusion-dependent maintenance hemodialysis patient: A case report and review of 
literature. World J Clin Cases 2021; 9(15): 3680-3688
URL: https://www.wjgnet.com/2307-8960/full/v9/i15/3680.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i15.3680

INTRODUCTION
Anemia is a common complication of chronic kidney disease (CKD) that is associated 
with increased rates of hospitalization, transfusion[1], death and other complications 
in CKD[2,3]. Currently, the cornerstone treatment of renal anemia is the use of 
erythropoiesis-stimulating agents (ESAs) and iron supplementation. Indeed, the 
administration of ESAs and iron supplementation are well-established and effective 
therapeutic approaches for treating renal anemia. However, the use of high-dose ESAs 
increases the risks of cardiovascular events and death, and some cases are resistant or 
hyporesponsive to ESAs, partly because of inflammation or iron depletion[4,5]. 
Roxadustat is a new oral anti-renal anemia medication that stabilizes hypoxia-
inducible factor (HIF) subunits, promotes HIF activity, and induces the transcription of 
early-response target genes. It enhances the expression of endogenous erythropoietin 
(EPO), EPO receptor (EPOR), and proteins that promote iron absorption and 
transport[6,7], ultimately increasing hemoglobin levels, and improving iron 
homeostasis[8-12]. HIF prolyl hydroxylase inhibitors (HIF-PHIs) effectively improve 
anemia in CKD populations and constitute a new therapeutic approach for anemia in 
CKD. Here, we describe a case of a maintenance hemodialysis (MHD) patient with 
refractory renal anemia who required blood transfusions for more than 1 year and 
then received Roxadustat therapy. Ultimately, the patient’s anemia improved 
significantly and he no longer needed to receive blood transfusions.

CASE PRESENTATION
Chief complaints
Tiredness and shortness of breath.

History of present illness
The patient was 44 years of age when admitted to our hospital in May 2018 
complaining of feeling tired and of being short of breath. More than 1 year earlier, 
laboratory evaluation revealed elevated serum creatinine (SCr) (unspecified details), 
but there was no formal diagnosis or treatment. Four months before admission, the 
patient started to feel tired and short of breath after activity, accompanied by foamy 

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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urine and fatigue. There was no further diagnosis or treatment. The patient was later 
admitted to the hospital for worsened symptoms.

History of past illness
Past medical history included hypertension that was controlled by irbesartan and 
abdominal surgery because of trauma more than 10 years previously.

Personal and family history
His personal and family history were unremarkable.

Physical examination
Body temperature, blood pressure, heart rate, respiratory rate, oxygen saturation, chest 
examination, and abdominal examination were normal.

Laboratory evaluation
His renal function results included an SCr of 1006.1 μmol/L (reference range: 57-97 
μmol/L) and a glomerular filtration rate of 5 mL/min (reference range: 90-110 
mL/min). Routine blood tests showed a white blood cell count of 3.30 × 109/L 
[reference range: (3.5-9.5) × 109/L] and a hemoglobin (Hb) level of 33 g/L (reference 
range: 130-175 g/L). Iron metabolism indices revealed a serum ferritin (SF) level of 
396.14 ng/mL (reference range: 25.00-280.00 ng/mL), a serum iron level of 12.4 
μmol/L (reference range: 10.6-36.7 μmol/L), a total iron-binding capacity of 52.1 
µmol/L (reference range: 50-77 µmol/L), transferrin saturation (TSAT) of 23.8%, and 
an intact parathyroid hormone level of 385 pg/mL (reference range: 8.70-79.60 
pg/mL). The autoantibody profile, antineutrophil cytoplasmic antibody, viral 
hepatitis, bilirubin, Coombs’ test, and fecal occult bleeding test results were all 
negative.

Imaging evaluation
A color Doppler ultrasound scan detected shrinkage of both kidneys. Other imaging, 
including computed tomography scans of the chest and cardiac ultrasound, were 
normal.

FINAL DIAGNOSIS
Based on the patient’s medical history and laboratory examinations, the patient was 
diagnosed with stage 5 chronic kidney disease (CKD-5D) complicated by severe 
anemia and hypertension.

TREATMENT
After making a definitive diagnosis, approximately 2200 mL of a red blood cell 
suspension was administered to correct his anemia during his first admission to the 
hospital. At the same time, therapy consisting of subcutaneous injections of ESAs was 
started at an initial dose of 6000 U/time (twice a week, BIW). Regular hemodialysis 
was also begun (three times a week, TIW). The ESW dose was adjusted based on body 
weight and Hb level. The maximum dose of more than 300 U/kg per week was 
administered for more than 3 mo, but the patient’s anemia did not improve, with an 
Hb level always fluctuating between 30 and 40 g/L. No iron deficiency, obvious 
microinflammation, serious secondary hyperparathyroidism, or blood loss were 
observed. The patient received multiple blood transfusions and required approx-
imately 600-1000 mL of red blood cell suspension every 15-30 d. At the same time, the 
patient received intravenous deferoxamine to reduce his iron load; the SF level 
fluctuated between 600 and 900 ng/mL and TSAT between 30% and 50% (Table 1). 
After MHD and massive blood transfusion for more than 1 year, on September 6, 2019, 
Roxadustat was given orally at an initial dose of 100 mg/dose (TIW); ESA therapy was 
simultaneously discontinued. After taking Roxadustat, the patient’s anemia improved 
significantly, and no further blood transfusion was performed. We adjusted the dose 
of Roxadustat during the course of treatment according to his Hb level, and we are 
currently administering the recommended maximum dose (150 mg TIW); his Hb level 
has increased to 69 g/L.
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Table 1 Baseline general information and clinical and laboratory characteristics

Characteristics

Age in yr 44

Sex Male

Body weight in kg 60

Hb in g/L 49

SI in μmol/L 24.0

TIBC in μmol/L 51.6

TSAT, % 46.51

SF in ng/mL 656.03

iPTH in pg/mL 385

Dialysis method: hemodialysis/peritoneal dialysis Hemodialysis

Duration of dialysis in yr 1.33

Dose of rhEPO injection in IU 6000

Frequency of rhEPO injection as times/wk 3

Blood pressure

Systolic in mmHg 157

Diastolic in mmHg 96

CRP in mg/L 4.61

Blood lipids

TC in mmol/L 3.76

TGs in mmol/L 5.19

LDL-C in mmol/L 0.74

HDL-C in mmol/L 2.43

CRP: C-reactive protein; EPO: Endogenous erythropoietin; Hb: Hemoglobin; HDL-C: High-density lipoprotein cholesterol; iPTH: Intact parathyroid 
hormone; LDL-C: Low-density lipoprotein cholesterol; rhEPO: recombinant human erythropoietin; SF: Serum ferritin; SI: Serum iron; TC: Total cholesterol; 
TG: Triglyceride; TIBC: Total iron-binding capacity; TSAT: Transferrin saturation.

OUTCOME AND FOLLOW-UP
Before Roxadustat administration, his Hb level was 49 g/L (Table 1), which dropped 
to 46 g/L in the 2nd week after starting Roxadustat. A total of 400 mL of red blood cell 
suspension was infused, the Hb level increased to 62 g/L, and the patient was 
discharged. From the 3rd week after starting Roxadustat, the patient felt that his 
symptoms of weakness, fatigue, and shortness of breath were significantly relieved. 
His Hb level gradually increased to 50 g/L, and no more blood transfusions were 
performed. At the 5th week of Roxadustat treatment, the dosage was adjusted to 120 
mg/time (TIW), and the patient’s anemia symptoms continued to improve. At week 
12, the Hb level increased further and fluctuated between 50 and 60 g/L. His Hb level 
had reached 69 g/L by the 30th week, and his reticulocyte (RET) count also increased 
(Figure 1). The dosage was then adjusted to the maximum dose (150 mg/time, TIW). 
In addition, iron metabolism (Table 2) and blood lipid levels improved significantly 
(Figure 2), total triglycerides (TGs) gradually decreased to normal, total cholesterol 
(TC) and low-density lipoprotein cholesterol (LDL-C) were lower than before 
Roxadustat treatment, and C-reactive protein (CRP), a marker of inflammation, was 
also reduced. At week 16, his CRP level was significantly elevated because of 
concurrent respiratory infections (Figure 3). However, this coinfection did not affect 
the response to Roxadustat. No adverse events, such as elevated blood pressure, 
nausea, vomiting, peripheral edema, myalgia, rash, elevated alanine aminotransferase, 
or metabolic acidosis, were observed during follow-up, but hyperkalemia was 
occasionally observed. The patient no longer required blood transfusions, and his 
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Table 2 Changes in iron metabolism indices after oral administration of Roxadustat

Date

Index Baseline Oct 2019 Nov 2019 Dec 2019 Jan 2020 Feb 2020 Mar 2020 Apr 2020 May 2020

SI in μmol/L 24.00 47.00 40.90 24.70 51.40 18.60 43.5 24.4 36.5

TIBC in μmol/L 51.6 50.7 55.2 54.3 54.9 63.9 63.5 69.9 55.2

TAST, % 46.51 92.70 74.09 45.49 93.62 29.11 68.5 34.91 66.12

SF in ng/mL 656.03 724.84 798.02 574.53 432.47 420.11 337.21 570.57 320.16

SF: Serum ferritin; SI: Serum iron; TIBC: Total iron-binding capacity; TSAT: Transferrin saturation.

Figure 1 Changes in hemoglobin and reticulocyte count after oral administration of Roxadustat. Hb: Hemoglobin; RET: Reticulocyte.

quality of life (QoL) was substantially improved. Currently, his Roxadustat treatment 
is ongoing, and although his Hb is rising slowly, the level is expected to eventually 
reach the target value.

DISCUSSION
Anemia is one of the hallmarks of CKD and it progresses with CKD stage, greatly 
influencing patient prognosis and QoL. The mechanism of anemia in patients with 
CKD is complicated. EPO deficiency and iron metabolism disorder play vital roles in 
renal anemia[13-15]. In addition, chronic inflammation, infection, uremic toxins, occult 
blood loss, oxidative stress, hyperparathyroidism, malnutrition, and other factors may 
further aggravate anemia[16-19]. Traditional treatment strategies for anemia in CKD 
include the use of ESAs, intravenous administration of iron, and blood 
transfusion[20,21]. ESAs effectively correct renal anemia and significantly reduce the 
need for blood transfusion[22,23]. However, approximately 5%-10% of patients have a 
low response or show resistance to ESAs. Iron deficiency, inadequate dialysis, inflam-
mation, malnutrition, chronic blood loss, secondary hyperparathyroidism, aluminum 
toxicity, and hypersplenism may be important reasons for resistance to ESAs[24]. 
Despite the efficacy of ESAs for treating anemia, high doses may increase the risk of 
vascular thrombosis, myocardial infarction, heart failure, tumor progression or 
recurrence, and mortality[25]. Therefore, the current treatments of renal anemia have 
some limitations.

The patient in this case was diagnosed with CKD-5D accompanied by severe 
anemia. However, his anemia did not improve with sufficient dialysis and high doses 
of active ESAs. After excluding autoimmune diseases such as systemic lupus erythem-
atosus, vasculitis, cancer, and hemolytic anemia, ESA resistance was considered to be 
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Figure 2 Changes in blood lipids after oral administration of Roxadustat. HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein 
cholesterol; TC: Total cholesterol; TG: Triglyceride.

Figure 3 Changes in C-reactive protein after oral administration of Roxadustat. Arrow at week 16, C-reactive protein was significantly elevated in the 
patient because of concurrent respiratory infections. CRP: C-reactive protein.

responsible for his refractory anemia; bone marrow diseases could not be completely 
excluded. The patient needed massive blood transfusions, yet there is evidence that 
long-term, massive blood transfusion therapy may lead to secondary iron overload, 
liver cirrhosis, cardiomyopathy, eventual damage to multiple organs, and even 
death[26].

Roxadustat (FG-4592) is an HIF-PHI that stabilizes HIF- subunits, resulting in 
increased HIF transcriptional activity. This leads to functional activation of early-
response target genes encoding proteins such as EPO, EPOR, enzymes of heme biosyn-
thesis, and proteins that promote iron absorption and transport, resulting in 
coordinated erythropoiesis[12,27-30]. Clinical trials have demonstrated that successful 
anemia management can be achieved with Roxadustat in both dialysis-dependent and 
nondialysis-dependent-CKD patients[29,30]. In addition, a phase 3, randomized, 
double-blind study in Japan reported that Roxadustat maintained target hemoglobin 
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in patients undergoing hemodialysis and that it was noninferior to darbepoetin 
alfa[31]. Compared with traditional ESAs, Roxadustat is well tolerated, with fewer 
adverse events[8-11]. In this case, the patient’s Hb level and RET count simultaneously 
increased after Roxadustat therapy, and although his Hb level did not reach the target 
value, his anemia symptoms were significantly improved. Moreover, he no longer 
required blood transfusions, thus avoiding iron overload as well as the economic 
burden of the procedure; his iron metabolism improved as well. A poor response to 
ESAs has been associated with inflammation[32,33], and inflammation is known to 
increase levels of hepcidin, resulting in functional iron deficiency. HIF promotes 
expression of adenosine receptor genes, with anti-inflammatory effects[34-36]. In this 
case, the patient’s inflammation improved significantly, and coinfection did not affect 
his Hb response to Roxadustat, which is consistent with previous clinical rese-
arch[29,30]. Moreover, Roxadustat reduced nonfasting TC levels compared with 
rhEPO[12,29,30], which might be partly mediated by HIF-dependent effects on acetyl 
coenzyme A, with a vital role in the first step of cholesterol synthesis[37]. Downregu-
lation of 3-hydroxy-3-methyl glutaryl coenzyme A reductase, which is required for 
cholesterol synthesis, may also be involved[38,39]. Chen et al[30] found that TC levels 
decreased by 23% with Roxadustat therapy, with levels of TGs, LDL-C and high-
density lipoprotein cholesterol (HDL-C) decreasing. In our case, the patient’s TG level 
decreased to normal, and his TC, HDL-C, and LDL-C levels were lower than before 
treatment, which is consistent with previous studies. In other studies, hypertension, 
acute pancreatitis, hyperkalemia, metabolic acidosis and diarrhea were found to be 
possibly related to Roxadustat treatment. Nevertheless, a phase III trial in Chinese 
dialysis patients previously treated with ESAs did not raise significant safety 
concerns[29,30]. In our case, no obvious adverse events were observed. Del Vecchio 
and Locatelli[40] reported dose-dependent effects of Roxadustat on erythropoiesis and 
iron metabolism in American dialysis patients. We adjusted the dose of Roxadustat 
according to the patient’s Hb level, and we are currently administering the 
recommended maximum dose of 2.5 mg/kg (150 mg TIW); his Hb level has increased 
to 69 g/L. The patient is being followed to assess further effects, but eliminating the 
need for blood transfusion represents the first step to successful treatment.

CONCLUSION
Roxadustat is a new drug that can effectively improve renal anemia through a new 
mechanism involving multiple pathways, and more than 80% of patients treated with 
Roxadustat achieve normal levels of blood indices[29,30]. Therefore, Roxadustat 
constitutes a new, effective method for the clinical treatment of renal anemia in CKD.
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