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Abstract
Copper is an indispensable trace metal element and is mainly absorbed in the stomach and 
small intestine and excreted into the bile. Hypoxia-inducible factor-prolyl hydroxylase inhibi-
tors (HIF-PHIs) have emerged as a novel approach for renal anemia management. Many in-
testinal genes, including divalent metal transporter 1, duodenal cytochrome B, and copper 
transporter ATPase7A, related to iron absorption are transactivated by HlF-α, during iron de-
ficiency. We first report 4 cases of patients with renal anemia who showed excess in serum 
copper level during roxadustat or daprodustat treatment, which were decreased to the nor-
mal level after discontinuing HIF-PHIs and changing the drug to darbepoetin alfa, suggesting 
that HIF-PHI is associated with serum copper excess. HIF-PHI modulates iron metabolism, 
such as iron absorption, sequestration, and mobilization, and may increase serum copper 
levels by increasing copper absorption and/or redistribution of copper in tissues. Therefore, 
it is urgent to examine the correlation between HIF-PHI use and serum copper levels because 
copper excess might be involved in several acute or chronic adverse events.
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Introduction

Copper is an indispensable trace metal element and is mainly absorbed in the stomach 
and small intestine and excreted into the bile [1]. Excess amounts of copper are toxic, and 
dysregulation causes severe complications, such as Menkes disease or Wilson disease [2].

Hypoxia-inducible factor (HIF)-prolyl hydroxylase inhibitors (HIF-PHIs) have emerged 
as a novel approach for renal anemia management. Many intestinal genes, including divalent 
metal transporter 1 (DMT1), duodenal cytochrome B (DCYTB) [3], and copper transporter 
ATPase7A (ATP7A) [4], related to iron absorption are transactivated by HlF-α. Some studies 
have shown that DMT1 can transport copper [5, 6], while iron and copper have similar phys-
iochemical properties and points of interaction [7]. Although HIF-PHIs have been well 
tolerated in clinical trials, there are still potential specific concerns [8]. Here, we first report 
4 cases of patients with renal anemia who showed excess in serum copper level during 
HIF-PHI treatment, which were normalized after discontinuing HIF-PHI and changing to 
darbepoetin alfa, suggesting that HIF-PHI may be associated with serum copper excess.

Case Reports

Case 1
A 79-year-old male patient on hemodialysis was prescribed 70 mg of roxadustat three 

times a week because 120 μg/week of darbepoetin alfa was unable to maintain the target 
hemoglobin level. He had a complication of pancytopenia. Recent studies have shown vitamin 
B1 deficiency with normal bone marrow findings. The copper level (normal range 60–130 μg/
dL) was 61.8 μg/dL during darbepoetin alfa treatment. After changing to roxadustat, the 
hemoglobin level was increased to approximately the target range; however, elevated serum 
copper levels were observed at 47, 56, and 70 days after the start of roxadustat (shown in 
Table 1; Fig. 1). The patient manifested appetite loss and nausea; therefore, roxadustat was 
changed to darbepoetin alfa. The decreased copper levels were observed at 13 and 65 days 
after the change. After the discontinuation of roxadustat, his appetite loss gradually improved. 
The zinc levels were below the normal range at every evaluation point (Table 1). The patient 
had approximately 500 mL/day of urine.

Case 2
A 67-year-old male with autosomal dominant polycystic kidney disease on peritoneal 

dialysis was prescribed 70 mg of roxadustat three times a week. A high copper level was 
observed at 6 months after roxadustat initiation. Roxadustat was changed to 4 mg of daily 
daprodustat because of the possible relationship between increased copper levels and roxa-
dustat. Although a slightly decreased serum copper level was observed 28 days after the 
change, the copper level was still above the upper limit. Thus, daprodustat was changed to 
darbepoetin alfa, resulting in normal copper level at 22 days after the change (shown in 
Table 1; Fig. 1). The patient had approximately 1,000 mL/day of urine.

Case 3
An 80-year-old male patient with nondialysis-dependent end-stage renal disease had 

been treated with darbepoetin alfa for 3 years. Darbepoetin alfa was changed to 4 mg of daily 
daprodustat to achieve better anemia control 1 year ago. Laboratory findings showed elevated 
copper levels at 354 and 382 days after the start of daprodustat treatment. Daprodustat was 
changed to darbepoetin alfa because of the possible contribution to the serum copper level. 
Consequently, the copper level decreased to the normal range after 35 days of the change 
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(shown in Table 1; Fig. 1). The patient had 7–10 mL/min/1.73 m2 of estimated glomerular 
filtration ratio.

Case 4
A 66-year-old male patient on hemodialysis for 8 years was prescribed 2 mg of daily 

daprodustat. Laboratory data showed higher copper level at 34 days after initiation of dapro-
dustat. Thus, daprodustat was changed to darbepoetin alfa. The copper level was normalized 
at 28 days after the change (shown in Table 1; Fig. 1). The zinc levels were below the normal 
range at every evaluation point. The patient had anuria.

In all cases, serum copper concentration was measured using the Quick Auto Neo Cu 
(SHINO-TEST Co., Sagamihara, Japan). Briefly, as described in the package insert, serum 
copper ions bound to protein (ceruloplasmin) are released using a deproteinizing agent. The 
copper ion reduced using ascorbic acid is reacted with a predetermined chelating agent, 
4-(3,5-dibromo-2-pyridylazo)-N-ethyl-N-(3-sulfopropyl) aniline derivative, and the copper 
concentration in the specimen is evaluated by measuring the change in color intensity of the 
sample.

Discussion

HIF-PHI was administered to 8 patients, and 4 of them showed copper excess as presented. 
Although one of the 4 cases revealed that serum iron levels changed in a way similar to copper 
levels, the other cases did not. In all four present cases, serum zinc levels did not change 
during HIF-PHI treatment. Although the precise mechanisms are currently unknown, we can 
raise possibilities that elevation in serum copper level is closely related to HIF-PHI treatment. 
First, HIF-2α mediates the adaptive increase in iron absorption during both systemic iron 
deficiency and erythropoietic demand under systemic hypoxia through direct transcriptional 
activation of the iron absorptive machineries [9, 10]. Moreover, copper uptake was enhanced 
by DMT1 during iron deprivation [5, 6]. In a rat model, roxadustat significantly increased 

Fig. 1. Changes of serum copper days before, during, and after the HIF-PHI treatment. Halftone dot meshing 
shows the term of HIF-PHI treatment and its dose.
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expression of DMT1 and DCYTB mRNA and stabilized HIF-1α and HIF-2α in vitro. HIF-α 
protein levels rapidly declined after washout of roxadustat from cell cultures [11]. Thus, it is 
possible that HIF-PHIs, roxadustat, and daprodustat could increase iron and copper absorption 
by DMT-1 in enterocytes, resulting in excess serum iron and copper levels. Although case 1 
was the only case that showed excess level in both iron and copper, excess of both these 
metals was normalized after the discontinuation of roxadustat treatment. Second, ATP7A, an 
enterocyte copper exporter, is induced at transcriptional level by HIF-2α [4], and probably 
that it is involved in the export of copper ions to the bloodstream [7, 12]. Thus, copper is likely 
redistributed to tissues including enterocytes, the liver, and the blood. Thus, copper redistri-
bution may be associated with serum copper excess during HIF-PHI treatment. HIF-PHI may 
modulate not only iron but also copper metabolism as iron and copper have similar physio-
chemical properties and points of interaction [7]. Overload of copper mainly includes two 
aspects: acute copper toxicity, such as nausea and vomiting and chronic toxicity [13]. A meta-
analysis demonstrated that the HIF-PHIs group showed increased risk of diarrhea, nausea, 
and peripheral edema compared with the placebo group [14]. Manifestations of nausea in 
case 1 might be associated with copper excess probably induced by roxadustat. This report 
exhibited incidental cases that showed copper excess during anemia treatment with HIF-PHI 
in clinical practice. Unfortunately, we have no data on the serum copper levels before HIF-PHI 
treatment, except for case 1, but these clinical courses and mechanisms through HIF activa-
tions suggest that HIF-PHI increases serum copper levels by increasing copper absorption 
and/or redistribution in tissues.

In conclusion, serum copper excess may occur during the treatment of HIF-PHI regardless 
of the agent type, dose, and treatment term. Therefore, it is urgent to examine the correlation 
between HIF-PHI and serum copper levels because copper excess might be involved in some 
acute or chronic adverse events.
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