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HIF and renal cancer

Treatment of anemia due to chronic kidney disease with agents increasing
erythropoietin (EPO) from erythropoietin producing cell (EPC) by inhibition of one
of the enzymes causing degradation of hypoxia inducible factor (HIF) (HIF prolyl
hydroxylase inhibitor (HIF-PHI)) is gaining popularity (Chen et al., 2022). It is,
however, well-known that a small proportion of patients with clear cell renal cell
cancer (CCRCC) has erythrocytosis and a larger part EPO production in the cancer cells
(Palapattu et al., 2002; Wiesener et al., 2007). In a study applying immunohistochemistry
with high sensitivity we found that practically all CCRCCs expressed erythropoietin as
well as the neuroendocrine marker neuron-specific enolase (NSE) (Mjønes et al., 2017),
the latter a marker with hitherto misrecognized reputation.We concluded that CCRCC
(the dominating histological type of kidney cancer) (Mjønes et al., 2017; Waldum et al.,
2022) originated from the EPC. There are many features in CCRCC in common with
neuroendocrine tumours (Waldum et al., 2022). HIF is a major stimulator of EPO
production, whereas von-Hippel Lindau factor is central in HIF degradation.
Dysfunction of von-Hippel Lindau factor is an important factor in CCRCC
demonstrating the role of HIF in renal carcinogenesis (Gnarra et al., 1994). There is
generally a close correlation between stimulation of the function and proliferation of a
cell. Chronic overstimulation of the cell of origin (whether a tubular cell or based upon
our study, the EPO cell) by HIF predisposes to renal cancer in von-Hippel Lindau
syndrome (Ohh et al., 2022). and it is reason to fear that increased stimulation of the
EPO cell by elevated HIF due to inhibited degradation by HIF-PHI inhibitors including
roxadustat, could in long-term predispose to CCRCC. The importance of long-term
hyperstimulation by HIF in renal carcinogenesis is demonstrated by the latency of renal
cancer even in patients with congenital von-Hippel Lindau syndrome. However, there is
no study describing any neoplastic renal changes in human secondary to roxadustat
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although growth of renal cysts has been reported (Zhu et al.,
2022). Lack of neoplastic renal changes in long-term rodent
studies are also reassuring although the dosing of roxadustat
was difficult due to rapid clearance. Although toxicology studies
hitherto seem reassuring, taking into consideration the long
latency for neoplasia in general, there is every reason to be
vigilante concerning long-term use of agents inducing
increased HIF exposure.
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