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Erythropoiesis-Stimulating Agent

Hyporesponsiveness and Adverse Outcomes: Guilty

as Charged?
Jay B. Wish
Although there is no consensus as to a definition of
erythropoiesis-stimulating agent (ESA) resistance or

hyporesponsiveness, ESA hyporesponsiveness often is
described as a requisite threshold dose of ESA to maintain
Related article, p. 590
hemoglobin (Hb) level in the target range or failure to
reach the target range despite such a dose. These thresholds
are variably expressed as the actual ESA dose (per treatment
based on 3-times-weekly administration or total weekly
dose), the ESA dose per kg of body weight, or the ESA
resistance index, which is weekly ESA dose per kg of body
weight per g/L (not g/dL) of Hb level achieved.

Szczech et al,1 in their secondary analysis of the Correc-
tion of Hemoglobin in the Outcomes in Renal Insufficiency
(CHOIR) Study, defined “high” ESA dose as more than
20,000 units of epoetin per week and noted that such doses
were associatedwithmoremajor adverse cardiovascular event
(MACE) outcomes irrespective of target or achieved Hb level.
The 2006 KDOQI (Kidney Disease Outcomes Quality Initia-
tive) Anemia Guidelines define ESA resistance as failure to
increase Hb level to >11 g/dL despite an ESA dose equivalent
to epoetin > 500 U/kg per week.2 The US Food and Drug
Administration–approved product information for epoetin
alfa, revised in 2011, recommends a starting dose of 50 to
100 U/kg (based on 3-times-weekly dosing) with upward
titration of dose by 25% at 4 and 8 weeks if inadequate Hb
level response is achieved. If target Hb level is not achieved at
12weeks (4weeks after the secondupwarddose titration), no
further dose increase is recommended.3 This would consti-
tute amaximum epoetin dose ofw150 U/kg 3 times weekly
or 450 U/kg per week, with failure to achieve Hb target
constituting ESA hyporesponsiveness. A patient receiving
epoetin, 450 U/kgperweek,withHb level of 100 g/Lwould
have an ESA resistance index of 4.5.

ESA hyporesponsiveness is a therapeutic issue because it
constitutes failure to achieve a desired Hb goal, increases the
cost of care, and is associated with adverse outcomes. The only
benefit of ESAs recognized by the US Food and Drug Admin-
istration is transfusion avoidance; ESA hyporesponsiveness
leads to increased transfusionswith the risk for allosensitization
for future kidney transplants, as well as adverse dialysis pro-
vider public profile and payment in the United States. The as-
sociation of ESA hyporesponsiveness with MACE and all-cause
mortality has been documented in several observational
studies,4-6 but confounding by comorbid conditions and
indication cannot be completely excluded.
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The causes of ESA hyporesponsiveness were reviewed
by Ogawa and Nitta7 and are summarized in Box 1. Iron
deficiency, the most common cause of ESA hypores-
ponsiveness, can be absolute or functional. Absolute iron
deficiency, most commonly defined as transferrin satura-
tion (TSAT) < 20% and/or serum ferritin level < 200 ng/
mL in a dialysis patient, is straightforward and its correc-
tion with intravenous (IV) iron generally leads to increased
ESA responsiveness. Functional iron deficiency is usually
due to an inflammatory state that may be apparent or
occult, is characterized by TSAT < 20% and ferritin level >
200 ng/mL, and is more challenging to treat.

Our understanding of functional iron deficiency, an
evolutionary mechanism to protect the body against infec-
tion by siderophilic pathogens, has been revolutionized by
the discovery of hepcidin, the master regulator of internal
iron distribution.9 Inflammatory cytokines, especially
interleukin 6, stimulate liver synthesis of hepcidin,which by
internalizing the ferroportin iron exporter on duodenal
enterocytes and macrophages leads to decreased iron ab-
sorption by the gut and decreased iron release from storage
sites in the liver and spleen. This results in less circulating
iron available for erythropoiesis (represented by low TSAT)
and increased storage iron (represented by high ferritin
level). IV iron is variably effective in overcoming this
“reticuloendothelial iron blockade” that leads to ESA
hyporesponsiveness.

Although the association among inflammation, functional
iron deficiency, ESA hyporesponsiveness, and poor patient
outcomes is complex, the Proactive IV Iron Therapy in He-
modialysis Patients (PIVOTAL) Trial10 has shed some light on
this issue. PIVOTAL randomly assigned 2,141 patients in the
first year of maintenance hemodialysis (HD) to high-dose IV
iron (400 mg monthly unless TSAT was >40% or serum
ferritin was >700 ng/mL) or low-dose IV iron (0-400 mg
monthly if TSAT was <20% or serum ferritin was <200 ng/
mL) with a mean follow-up of 2.1 years. The primary end
point was a composite of nonfatal myocardial infarction,
nonfatal stroke, and hospitalization for heart failure, assessed in
a time-to-first-event analysis. Patients in the 2 arms had similar
Hb levels, but patients in the high-dose IV iron arm had 19.4%
reduction in ESA requirements and 15% reduction in primary
events (P = 0.04 for superiority). These results suggest an as-
sociation between high ESA doses and MACE that cannot be
attributed to underlying inflammation or functional iron
deficiency, although an independent beneficial effect of
higher-dose IV iron cannot be excluded. In other words, ESA
hyporesponsiveness, rather than being just a biomarker for
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Box 1. Causes of ESA Hyporesponsiveness7

• Iron deficiency
• Chronic inflammation
• Hemodialysis catheter
• Diabetic vascular disease
• Periodontal disease
• Dialysate contamination

• Inadequate dialysis
• Hyperparathyroidism
• Renin-angiotensin system inhibitors
• Malignancy
• Other (rare)
• Bone marrow disorders
• Myelosuppressive drugs
• Hemolysis
• Hypersplenism
• Malnutrition
• L-Carnitine deficiency
• Pure red blood cell aplasia

• Unknown (about 1/3)8

Abbreviation: ESA, erythropoiesis-stimulating agent.
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underlying diseases with higher risk for adverse outcomes, is
more likely a contributor to adverse outcomes itself.

In this issue of Kidney Medicine, Cizman et al11 present a
retrospective observational cohort study of US
Medicare–participating maintenance dialysis patients with a
minimum 6 months of continuous ESA use from 2012 to
2014. ESA hyporesponsiveness was defined ESA resistance
index ≥ 2.0 units of IV epoetin (or therapeutically equivalent
subcutaneous dose or alternate ESA) per kg/wk/g/L. ESA-
hyporesponsive patients were subgrouped into isolated (2
consecutive months of hyporesponsiveness with no addi-
tional ESA hyporesponsiveness months during the study
period), intermittent (ESA hyporesponsiveness <75% of
months during the study period), and chronic (ESA
hyporesponsiveness ≥ 75% of months during the study
period). Of patients meeting inclusion criteria, 43,416 were
ESA hyporesponsive and 67,403were normoresponders, and
among patients with ESA hyporesponsiveness, 23% were
chronic hyporesponders, 50% were intermittent hypores-
ponders, and 27% were isolated hyporesponders.

Irrespective of the pattern of hyporesponse, all patients
with ESA hyporesponsiveness had shorter time to death
(P < 0.001) than normoresponders. Patients with ESA
hyporesponsiveness were younger, were more likely to be
female and Black, and had lower body mass index, higher
Charlson Comorbidity Index score, and higher incidence
of hypertension, type 2 diabetes, hyperlipidemia, heart
failure, coronary artery disease, arrythmia, and valvular
heart disease than normoresponders. A higher percentage
of patients with ESA hyporesponsiveness had TSAT < 20%
and parathyroid hormone level > 800 pg/mL, but serum
ferritin levels were similar to normoresponders. Despite
adjustment for population differences, patients with ESA
hyporesponsiveness had higher hospitalization rates related
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to heart failure, myocardial infarction, stroke, and
thromboembolic events, as well as higher emergency
department visits, inpatient stays, inpatient days, home
health agency use, skilled nursing days, and hospice days.

Previously, Sibbel et al12 differentiated acute ESA
hyporesponsiveness (<4 consecutive months) and chronic
ESA hyporesponsiveness (4 consecutive months) from ESA
normoresponders, and they also found that patients with
ESA hyporesponsiveness more likely to be female, be
Black, and have similar comorbid conditions to the Cizman
et al study.11 In the Sibbel et al12 study, patients with
chronic ESA hyporesponsiveness tended to have lower
TSAT and higher serum ferritin values than those with
acute ESA hyporesponsiveness, suggesting a greater degree
of functional iron deficiency reflective of high hepcidin
levels and an inflammatory state. Quarterly mortality was
significantly higher among patients with chronic ESA
hyporesponsiveness than acute ESA hyporesponsiveness
and higher among patients with acute ESA hypores-
ponsiveness than normoresponders.

Because both the Cizman et al11 and Sibbel et al12 studies
are retrospective, they are hypothesis generating and cannot
establish a cause-and-effect relationship between either ESA
hyporesponsiveness or ESA dose and adverse outcomes.
Nonetheless, given the accumulation of evidence of this na-
ture, it is reasonable to consider whether ESA-sparing strate-
gies might lead to improved patient outcomes, as did the use
of higher iron doses in the PIVOTAL study.10 One such
approach is a new class of oral pharmaceutical agents that,
through activating the oxygen sensors in the kidney by
inhibiting hypoxia-inducible factor prolyl hydroxylase (HIF-
PH), lead to endogenous production of erythropoietin at a
more physiologic blood level than the spikes produced by
exogenous ESAs.13 HIF-PH inhibitors also lead to transcrip-
tion of genes to increase iron delivery to the bone marrow,
including those that code for transferrin, transferrin receptor,
duodenal cytochrome B, and divalent metal transporter 2,
while leading to an indirect suppression of hepcidin pro-
duction by the liver. Phase 2 studies of these agents have
shown them to have comparable short-term safety and effi-
cacy in achieving target Hb levels as ESAs.13 A 6-month phase
3 study of roxadustat, an HIF-PH inhibitor, in HD patients in
China14 showed it to be superior to ESAs in achieving target
Hb levels in patients with high C-reactive protein levels.
Karaboyas et al15 have described an appreciable increase in
ESA hyporesponsiveness prevalence within 3 months
following an increase in C-reactive protein levels in HD pa-
tients. The results of global phase 3 long-term studies of HIF-
PH inhibitors have been presented in abstract form, revealing
no unexpected safety findings, but none of these studies has
appeared in a peer-reviewed publication as of this writing.

In summary, ESA hyporesponsiveness is a challenging
clinical problem that is not uncommon and is associated
with adverse outcomes and increased health care use. The
more sustained the ESA hyporesponsiveness the worse the
outcome, but even short periods of ESA hyporesponsive-
ness appear to be of concern. It is unresolved whether ESA
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hyporesponsiveness is merely a marker for the pernicious
underlying conditions that produce it or whether the high
ESA doses administered in patients with ESA hypores-
ponsiveness are directly toxic. It is hoped that carefully
designed clinical trials of ESA-sparing strategies, such as
HIF-PH inhibitors, in patients with ESA hyporesponsive-
ness will resolve this issue in the near future.
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