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I
n this edition of the journal,
Kong et al.1 report on a study of

the hypoxia-inducible factor
prolyl hydroxylase inhibitor (HIF-
PHI), roxadustat, for the treatment
of post-transplant anemia. After
kidney transplantation, anemia is
common, although the incidence
varies in relation to clinical factors,
including time after trans-
plantation, allograft function, and
other clinical characteristics. Fail-
ure to recognize anemia or under-
treatment can be problematic in
that it can lead to the need for
blood transfusion with resulting
allosensitization, although there is
some controversy regarding anti-
body formation risk.

Anemia after kidney trans-
plantation develops for a variety of
reasons, thus treatment should be
targeted to the underlying etiol-
ogy. Clinical history, physical ex-
amination, and laboratory testing
reveal a constellation of findings
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that help to identify the cause in
most patients. For example, in a
patient with iron deficiency ane-
mia, appropriate iron supplemen-
tation should be administered.
Among patients with diminished
kidney function, relative erythro-
poietin deficiency may play an
important role. In this setting,
erythropoiesis stimulating agents
can be employed as in other pa-
tients with nondialysis chronic
kidney disease (CKD) anemia.
However, the use of these agents
has probably been somewhat
limited by the need for parenteral
administration and perhaps by
safety concerns. In contrast to
erythropoiesis stimulating agents,
HIF-PHIs are administered orally
and thereby have the potential to
simplify treatment. These drugs
work by stabilizing hypoxia-
inducible factor, leading to eryth-
ropoietin production and
improved iron availability. They
have been extensively studied in
nondialysis as well as dialysis CKD
populations. The results were
consistent in showing excellent
efficacy for increasing hemoglobin
concentrations. The safety picture
was more complex, as has been
1561
recently reviewed.2 There were
inconsistencies found in cardio-
vascular safety, and other issues
with residual concern. However,
taken together, the accumulated
phase 3 study results led to ap-
provals of HIF-PHI drugs in
several countries around the
world. In the United States, only
daprodustat and vadadustat have
been approved, and only for pa-
tients treated with hemodialysis.

The study by Kong et al.1

looked specifically at post-kid-
ney transplantation patients, a
population that was generally
excluded from the large global
studies. Patients were at least 6
months post transplant, which
appropriately excluded anemia
occurring in the perioperative
period. Roxadustat, in compari-
son to usual treatment, was found
to be effective and generally well
tolerated. Although somewhat
limited in generalizability, the
study provides preliminary evi-
dence to support consideration of
roxadustat and other HIF-PHI
drugs in the treatment of post-
transplant anemia. Ideally, the
study will stimulate interest in
larger clinical trials to help more
clearly define the balance be-
tween efficacy and safety of HIF-
PHI treatment in post-transplant
anemia.

The large, global, phase 3
studies of HIF-PHI drugs in non-
dialysis and dialysis CKD involved
over 27,000 patients. This resulted
in a wealth of information on the
efficacy and safety of these drugs.2

When considering treatment in the
understudied kidney trans-
plantation population, there are
certain issues unique to these pa-
tients that should be considered
(Figure 1). These patients differ
from other nondialysis patients
with CKD in material ways that
will impact clinical treatment
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Figure 1. There are certain unknowns regarding HIF-PHI use in post-transplant anemia that include potentially adverse and beneficial effects of
treatment. Under normal oxygen conditions, HIF-a is constitutively synthesized and rapidly degraded. 2-oxoglutarate-dependent PHD1, PHD2,
and PHD3 dioxygenases initiate HIF-a degradation by hydroxylation. HIF-PHIs inhibit PHD activity reversibly, resulting in cellular HIF-a
accumulation, its nuclear translocation, heterodimerization with HIF-b, and increased expression of HIF target genes. Depending on dosing and
pharmacokinetics of individual HIF-PHI compounds, this may result in enhanced activity of several multiple biological processes. Some of the
processes have been shown to be beneficial in experimental models of kidney diseases.6 For example, daprodustat has recently been shown to
be renoprotective in an animal model of cyclosporine-a toxicity.S7 HIF, hypoxia-inducible factor; HIF-PHI, HIF-PHD inhibitor; PHD, prolyl-
hydroxylase domain.
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decisions, as outlined in the next
section:

1. Perhaps most relevant is that
cardiovascular disease is the
leading cause of death among
patients after kidney trans-
plantation, with a rate much
greater than in the general pop-
ulation.3 This fact is highly rele-
vant as a backdrop to concerns
for increased cardiovascular
events that surfaced in some of
the roxadustat, vadadustat, and
even to an extent in of the dap-
rodustat nondialysis CKD
studies. Locatelli and colleagues
point to an increase in non-
dialysis major adverse cardio-
vascular events with roxadustat
and daprodustat (in on-treatment
analyses), and a failure to
demonstrate noninferiority for
major adverse cardiovascular
events with vadadustat.2 In our
opinion, the cardiovascular
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safety analyses of HIF-PHIs led to
distinctly heterogeneous results,
but they generally indicated an
acceptable cardiovascular safety
profile, probably not much
different than erythropoiesis
stimulating agents; a recentmeta-
analysis describes this.S1 How-
ever, because there is some re-
sidual uncertainty and questions
remain with respect to the
mechanisms of adverse cardio-
vascular events associated with
the HIF-PHI agents (as well as
traditional erythropoiesis stimu-
lating agents), a careful risk
benefit analysis should be an
important part of the post-trans-
plant anemia treatment decision.

2. Patients post transplantation are
also at increased risk for malig-
nancy. Several studies have
found a 3-fold to 5-fold increase
in malignancies, particularly
skin cancer and lymphoma.4

There has been some general
K

concern about whether HIF
stabilization by HIF-PHIs could
increase cancer risk. This issue
was raised because tumor cells,
like any other cell, use the HIF
pathway for metabolic and
angiogenic adaptation to hyp-
oxia and HIF activation in tu-
mors had been associated with
worse outcomes.S2 For example,
a classic HIF-dependent hypox-
ia response is the production of
vascular endothelial growth
factor, which has been shown to
facilitate cancer progression by
promoting tumor angiogene-
sis.S2 HIF-PHIs in clinical
development, however, have
not been shown to stimulate
significant increases in plasma
vascular endothelial growth
factor concentrations at the
recommended clinical doses.
Nonetheless, it is prudent to
remain cautious about potential
links to increased cancer risk.
idney International Reports (2024) 9, 1561–1564
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Recently, a HIF-2 inhibitor, bel-
zutifan, which generates effects
opposite to those of HIF-PHIs,
was approved for advanced spo-
radic clear cell renal cancer and
tumors associated with von
Hippel-Lindaudisease, which are
both characterized by high levels
of HIF activation due to a genetic
defect in the HIF degradation
machinery.S3,S4 In general, the
large global HIF-PHI studies did
not identify a significant rela-
tionship to risk for malignancy.
One HIF-PHI, daprodustat, was
associatedwith a small increase in
cancer related death and tumor
progression or recurrence
compared to darbepoetin alfa.5 It
is unclear, whether this repre-
sents an artifact of study design,
because the authors noted the
probable role of the different
dosing frequencies for daprodu-
stat anddarbepoetin alfa.Post hoc
analyses to adjust for these dif-
ferences showed attenuation of
the cancer imbalance.5 In our
opinion, any relationship be-
tween HIF-PHI treatment and
cancer development, recurrence
or progression would have been
difficult to evaluate from global
phase 3 studies. Studies were not
of long enough duration or
adequate design to fully answer
questions regarding the relation-
ship between HIF-PHI use and
malignancy risk. Considering
that the transplant patient pop-
ulation is immunocompromised
and at increased risk for malig-
nancy, a cautious approach is
certainly justified. We believe
that high risk patients or those
with existing cancer should be
treated for anemia by other
means.

3. The risk for infection is signifi-
cant, especially in the first year
after transplantation. With
respect to HIF-PHIs, concern for
infection risk came up in the
Kidney International Reports (2024) 9, 1561–1564
roxadustat nondialysis studies.
Specifically, there was a signifi-
cantly increased rate of serious
adverse events and death due to
infection with roxadustat
compared to placebo.S5 In
contrast, there was no increase in
infection risk found in the rox-
adustat dialysis-dependent pa-
tient studies. It is unclear
whether the increase in non-
dialysis infections with roxadu-
stat reflects a true risk of
treatment with this drug. Alter-
natively, the increased infection
risk may have occurred due to
bias arising from study design,
because a much greater number
of patients were followed-up,
who were on roxadustat
compared to placebo after start-
ing dialysis (which would natu-
rally lead to an imbalance in
exposure to infection risk). We
conclude that there was no clear
demonstration of any true pro-
motion of infection risk with
roxadustat. Furthermore, an
increased risk of infection was
not demonstrated for other HIF-
PHI compounds. Finally, it is
reassuring that Kong et al.1 found
no increase in infection risk,
specifically with roxadustat
treatment in the post-transplant
population.

4. Another important question is
whether and to what extent
HIF-PHIs might affect post-
engraftment kidney function
and long term graft survival,
because the role of HIF in im-
mune responsesS6 and cytopro-
tection is highly complex and
context dependent.6 Preclinical
studies in animal models have
suggested beneficial effects on
graft injury and survival when
organ donors were pretreated
with a HIF-PHI.7 This observa-
tion is in line with findings in
human kidney transplant bi-
opsies, indicating that low
levels of HIF-1a expression in
the post-engraftment period
correlated with worse graft
function compared to higher
levels of HIF-1a expression.8 In
a study of patients with delayed
graft function, up-regulation of
HIF-1a after reperfusion was
found to be a predictor of early
recovery.9 HIF-1a expression
has also been demonstrated in
renal allografts with clinical and
subclinical acute rejection.8 The
authors suggested that this was
either due to rejection induced
renal hypoxia or cytokine pro-
duction. Whether HIF activa-
tion in this setting is beneficial
or generates adverse effects is
unclear. Although cytopro-
tective effects of HIF-PHIs have
been demonstrated in multiple
experimental animal models of
acute kidney injury and CKD,6

potential beneficial effects of
HIF-PHIs on graft survival in
humans remain speculative.
Currently, there is no clinical
evidence to support benefit or
to allay any concerns regarding
harm. In the study by Kong
et al.,1 there was little differ-
ence in estimated glomerular
filtration rate between the rox-
adustat compared to placebo
over 12 weeks of follow-up.
This is an area where further
research is definitively needed.
In conclusion, the study of

Kong et al.1 focuses on a poten-
tially important role for roxadustat
and other HIF-PHIs in the treat-
ment of post-transplant anemia. In
geographic areas where the drugs
are approved and available, treat-
ment of post-transplant anemia can
be considered. The oral route of
administration and consistent effi-
cacy are significant advantages
that must be weighed against
safety profiles that have not been
well established among these pa-
tients. We suggest that patients in
1563
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whom HIF-PHIs may be employed
for post-transplant anemia should
be carefully selected, and that
treatment duration should be
limited as in the Kong et al.1 study.
With time, it is hoped that the
ambiguous safety profile of HIF-
PHIs that emerged from global
phase 3 studies will give way to
more precise knowledge on car-
diovascular and other aspects of
HIF-PHI safety in anemia treat-
ment. This will help not just in
post-transplant anemia, but in all
aspects of HIF-PHI therapy.

DISCLOSURE

SF has received honoraria for

consulting from AstraZeneca,

Akebia Therapeutics and

GlaxoSmithKline. VHH has received

honoraria for consulting from

AstraZeneca, Akebia Therapeutics

and GlaxoSmithKline. RC declared

no competing interests.

ACKNOWLEDGMENTS

VHH is supported by the Krick-Brooks

Chair in Nephrology at Vanderbilt

University, by NIH grants R01-DK08

1646, R01-DK135308, R21-AG082416,
1564
R35-GM145375 and U24-DK128851

and Department of Veterans Affairs

Merit Award I01-BX002348.

SUPPLEMENTARY

MATERIAL

Supplementary File (PDF)

Supplementary References.

REFERENCES

1. Kong W, Wu X, Shen Z, et al. The ef-

ficacy and safety of roxadustat for the

treatment of posttransplantation ane-

mia: a randomized study. Kidney Int

Rep. 2024;9:1705–1717.

2. Locatelli F, Paoletti E, Del Vecchio L.

Cardiovascular safety of current and

emerging drugs to treat anaemia in

chronic kidney disease: a safety re-

view. Expert Opin Drug Saf. 2023;22:

1179–1191. https://doi.org/10.1080/

14740338.2023.2285889

3. Jardine AG, Gaston RS, Fellstrom BC,

Holdaas H. Prevention of cardiovas-

cular disease in adult recipients of

kidney transplants. Lancet. 2011;378:

1419–1427. https://doi.org/10.1016/

S0140-6736(11)61334-2

4. Ietto G, Gritti M, Pettinato G,

Carcano G, Gasperina DD. Tumors

after kidney transplantation: a popu-

lation study. World J Surg Oncol.

2023;21:18. https://doi.org/10.1186/

s12957-023-02892-3
K

5. Singh AK, Carroll K, McMurray JJV,

et al. Daprodustat for the treatment of

anemia in patients not undergoing

dialysis. N Engl J Med. 2021;385:

2313–2324. https://doi.org/10.1056/

NEJMoa2113380

6. Schödel J, Ratcliffe PJ. Mechanisms

of hypoxia signalling: new implica-

tions for nephrology. Nat Rev Neph-

rol. 2019;15:641–659. https://doi.org/

10.1038/s41581-019-0182-z

7. Bernhardt WM, Gottmann U, Doyon F,

et al. Donor treatment with a PhD-

inhibitor activating HIFs prevents

graft injury and prolongs survival in

an allogenic kidney transplant model.

Proc Natl Acad Sci U S A. 2009;106:

21276–21281. https://doi.org/10.1073/

pnas.0903978106

8. Rosenberger C, Pratschke J,

Rudolph B, et al. Immunohistochem-

ical detection of hypoxia-inducible

factor-1a in human renal allograft bi-

opsies. J Am Soc Nephrol. 2007;18:

343–351. https://doi.org/10.1681/ASN.

2006070792

9. Oda T, Ishimura T, Yokoyama N,

Ogawa S, Miyake H, Fujisaw M. Hyp-

oxia-inducible factor-1a expression in

kidney transplant biopsy specimens

after reperfusion is associated with

early recovery of graft function after

cadaveric kidney transplantation.

Transplant Proc. 2017;49:68–72.

https://doi.org/10.1016/j.transproceed.

2016.10.017
idney International Reports (2024) 9, 1561–1564

https://doi.org/10.1016/j.ekir.2024.01.064
http://refhub.elsevier.com/S2468-0249(24)01643-7/sref1
http://refhub.elsevier.com/S2468-0249(24)01643-7/sref1
http://refhub.elsevier.com/S2468-0249(24)01643-7/sref1
http://refhub.elsevier.com/S2468-0249(24)01643-7/sref1
http://refhub.elsevier.com/S2468-0249(24)01643-7/sref1
https://doi.org/10.1080/14740338.2023.2285889
https://doi.org/10.1080/14740338.2023.2285889
https://doi.org/10.1016/S0140-6736(11)61334-2
https://doi.org/10.1016/S0140-6736(11)61334-2
https://doi.org/10.1186/s12957-023-02892-3
https://doi.org/10.1186/s12957-023-02892-3
https://doi.org/10.1056/NEJMoa2113380
https://doi.org/10.1056/NEJMoa2113380
https://doi.org/10.1038/s41581-019-0182-z
https://doi.org/10.1038/s41581-019-0182-z
https://doi.org/10.1073/pnas.0903978106
https://doi.org/10.1073/pnas.0903978106
https://doi.org/10.1681/ASN.2006070792
https://doi.org/10.1681/ASN.2006070792
https://doi.org/10.1016/j.transproceed.2016.10.017
https://doi.org/10.1016/j.transproceed.2016.10.017

	Hypoxia-Inducible Factor Stabilizers: an Evolving Role in Post-Transplant Anemia
	Disclosure
	flink2
	Supplementary Material
	References


