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Overview

§ Types of challenges in the management of anemia in ESKD
• Patients that are hypo-responsive to anemia management
• Avoiding blood transfusions
• Special populations

ØSickle cell disease
ØPatients with or prior history of cancer
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Overview
USRDS
Little variability in Hgb measurements 
2016-2019

~40% of patients with Hgb of 10-11 g/dL

~55% of patients with Hgb of 10-12 g/dL

~ 40% of patients with Hgb ≥ 11 g/dL

~ 20% of patients with Hgb ≤ 10 g/dL

Kidney Int Rep 2023; 8:2616-2624
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ESA Hyporesponsiveness
§ Variable definition in the literature

1. High ESA dose with different thresholds
2. Hemoglobin below a certain threshold for certain duration of time
3. High Erythropoietin Resistance Index (ESA dose/hgb/weight)

a. Sometimes Hct used instead of Hgb
b. Sometimes weight is not used
c. Sometimes Hgb reported as g/dL or g/L

4. Combination 1&2 or 2&3
§ KDIGO
• Initial: No increase in Hgb from baseline after 1 month with ESA therapy
• Subsequent: Two increases of previously stable ESA dose of up to 50% to keep 

hemoglobin in target range. 
www.kdigo.org 
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ESA Hyporesponsiveness

§ Causes
• Iron deficiency
• Inflammation
• Inadequate dialysis
• Severe hyperparathyroidism
• Nutritional deficiencies
• Occult bleeding
• Primary bone marrow process
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ESA Hyporesponsiveness

Am J Kidney Dis 2016; 68:763-771
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ESA Hyporesponsiveness

Over time, there was a decrease in ESA and iv iron dose 
and an increase in Hgb in the Hyporesponsive Group

Am J Kidney Dis 2016; 68:763-771
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ESA Hyporesponsiveness

Am J Kidney Dis 2016; 68:763-771

No difference incidence 
of death (hypo vs non-
hypo) in Q1, but 
incidence was 2+ times 
higher in Q2-Q3.

During Q4-Q8, death 
incidence was 1.5 times 
higher. 
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Risk Factors for ESA Hyporesponsiveness

ESA hyporesponsiveness 
associated with 
• Lower BMI
• Lower tsat (%)
• Younger age
• Lower serum albumin
• Higher iv iron dose
• Female gender
• Shorter dialysis 

vintage

Am J Nephrol 2023;54:1–13
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ESA Hyporesponsiveness and Iron Deficiency

In any month, 23% of 
patients have persistently 
low Hgb levels (Normal ERI 
> High ERI)

However, less than 7% of 3-
month intervals had persistently 
low Hgb levels (Normal ERI ≈ 
High ERI)

Less than 3% of 6-month intervals had 
persistently low Hgb levels (Normal ERI 
< High ERI)
Median tsat and ferritin were 22% and 
822 ng/ml in High/low Hgb category but 
received similar iv iron dose

Kidney Int Rep 2023; 8:2616-2624
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ESA Hyporesponsiveness and Iron Utilization

eBioMedicine 2022;77: 103921

Autopsy study 
showing lower Hgb 
levels in patients with 
increased liver 
content.

ERI levels higher 
with increased liver 
iron content despite 
similar iv iron 
administration
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Inflammation and Hyporesponsiveness

§ Causes of inflammation
• Chronic infections

ØMake sure to check the feet and teeth!
• HD catheters and old AV grafts
• Failed kidney transplant
• Malnutrition
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Inflammation and Hyporesponsiveness
DOPPS
Rise in CRP associated 
with transient drop in 
Hgb accompanied by 
an increase in ESA 
dose.

Hgb drop in Japan 
(~0.2 g/dL) was less 
than drop in Eur/ANZ 
(~0.5 g/dL) perhaps 
due earlier increase in 
ESA dose in Japan. 
Japan also had greater 
relative increase in ESA 
dose (10.8% vs 5.2%)

Kidney Med 2020; 2:286-296
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Inflammation and Hyporesponsiveness

Nephrol Dial Transplant 2013; 28: 1936–1945
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Inflammation and Hyporesponsiveness

Nephrol Dial Transplant 2013; 28: 1936–1945
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Failed Kidney Transplant

J Am Soc Nephrol 2004; 15:2494-2501
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Failed Kidney Transplant
Group A1 – Failed Kidney Transplant Patients With Symptoms and Recommendations for Transplant Nephrectomy

J Am Soc Nephrol 2004; 15:2494-2501



19

Failed Kidney Transplant – Transplant 
Nephrectomy

J Am Soc Nephrol 2004; 15:2494-2501
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Failed Kidney Transplant – Transplant 
Nephrectomy

J Am Soc Nephrol 2004; 15:2494-2501
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Anti-Inflammatory Agents and 
Hyporesponsiveness - Statins

Hemodial Int 2011; 15:366-373

Am J Nephrol 2017; 46:11-17
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Anti-inflammatory Agents And 
Hyporesponsiveness - Pentoxyfylline

Mild improvement in Hgb with pentoxifylline but entry criteria initially 
included those with Hgb  ≤ 11 g/dL and later ≤ 12 g/dL. 

Am J Kidney Dis. 2015;65(1):49-57



23

Hepcidin and Inflammation
Hepcidin induces the degradation 
of ferroportin resulting lower iron 
levels in the blood and increased 
storage of iron
• Low transferrin saturation
• High ferritin

Inducers of hepcidin
• Inflammation (eg IL-6)
• Iron sufficiency

Inhibitors of hepcidin
• Iron deficiency
• Erythropoiesis
• Hypoxia

Kidney Int 2011; 80: 240-244
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Hepcidin and Hyporesponsiveness

Nephrol Dial Transplant 2015; 30: 682-689
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Ziltivekimab (monoclonal antibody against IL-
6 ligand)

ESKD patients included in trial had elevated IL-6 levels and genetic 
susceptibility to enhanced IL-6  mediated hepcidin expression

J Am Soc Nephrol 2021; 32: 211-222
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Hypoxia Inducible Factor
In states of normoxia (ie no hypoxia), HIF-α is 
hydroxylated and degraded.

Hydroxylated enzymes require oxygen and in 
states of hypoxemia, HIF-α is NOT degraded 
and forms heterodimer with HIF-β and 
translocates to the nucleus resulting in
• Increased EPO
• Decreased hepcidin 
• Increased iron absorption (DMT1 and CytB)

HIF-PH inhibitors prevent hydroxylation and 
degradation of HIF-α

Am J Kidney Disease 2017; 69:815-826
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HIF-PH inhibitor in ESA Hyporesponsiveness

Fulfilled = Achieved Hgb 
target of 10-12 g/dL (100-
120 g/L)

Non-fulfilled = Did not 
reach target

Intern Emerg Med 2021; 16: 2193-2199
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HIF-PH inhibitor in ESA Hyporesponsiveness

Intern Emerg Med 2021; 16: 2193-2199
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HIF-PH inhibitor vs ESA

Similar change in Hgb levels with HIF-PH inh vs ESA among
• Those with higher baseline ESA dose
• Those labeled as ESA hyporesponder
• Those in the highest hsCRP quartile

New Engl J Med 2021; 385: 2325-2335 

ASCEND-D
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HIF-PH inhibitor vs ESA

TH-PO686; ASN Renal Week 2022
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HIF-PH inhibitor vs ESA

Cardiovascular events were not increased with ESA among
• Those with higher baseline ESA dose
• Those labeled as ESA hyporesponder
• Those in the highest hsCRP quartile

New Engl J Med 2021; 385: 2325-2335 

ASCEND-D Trial
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Dialysis Adequacy and Hyporesponsiveness

Hemodial Int 2020; 24: 495-505 
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Dialysis Adequacy and Hyporesponsiveness

Am J Kidney Dis 2016; 68:763-771

Missed treatments more common among 
hyporesponders
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Dialysis Adequacy and Hyporesponsiveness

Adding extra HD session 
to 5-6 PD treatments per 
week (mostly due to 
inadequate dialysis 
and/or volume overload) 
resulted in higher Hgb 
levels and lower ERI/ESA 
dose

But possible they could 
have also improved on 
their own.

Ther Apher Dial.2023;27:735–741
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Hyperparathyroidism

New Engl J Med 1993; 328: 1715-175
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Hyperparathyroidism

New Engl J Med 1993; 328: 1715-175 Parathyroidectomy

Surgery 2008; 144: 915-919
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Other causes of hyporesponsiveness

§ Assess for GI bleeding
• Stool cards
• Check for reticulocytosis

§ Nutritional deficiencies
• Vitamin B12
• Folate

§ Bone marrow failure
• Myelodysplastic syndrome
• Pure Red Cell Aplasia

ØParvovirus
ØAnti-EPO antibody
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Blood Transfusions

§ Risks
• Allosensitization
• Transfusion Associated Circulatory Overload (TACO)
• Transfusion Related Acute Lung Injury (TRALI)
• Iron overload
• Infection (very rare)
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Allosensitization

§ Causes
• Prior transplant
• Pregnancy
• Blood transfusion
• Inflammatory events

§ Exact risk of transfusion and allosensitization is difficult to determine
• Prior transplants -> “inflammation” - > “hyporesponsives” -> transfusion
• Non-transplant inflammatory events -> “hyporesponsiveness”-> transfusion
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Allosensitization

§ Allosensitization can result in
• Decreased access to transplant
• Increased risk of rejection and graft failure

§ Calculated PRA (cPRA) estimates the percentage of donors that 
recipient would be incompatible with
• Replaced PRA in 2009
• Incorporates the frequency of donor antigen
• Very simple interpretation: If a recipient has one antibody to an antigen that 

is present in 50% of the population, then cPRA is 50% 
• The probability of finding a suitable donor is 1-(cPRA)n **

** n=number of donors.  
** Reference: Clin J Am Soc Nephrol 2016; 11:684-693
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Allosensitization with Blood Transfusion
Approximately 75% of highly 
sensitized patients were due to 
prior transplant or pregnancy.

Only 5% of highly sensitized 
patients had prior transfusion as 
the only sensitizing event. 

They did not report how many of 
the transfused were highly 
sensitized. 

UNOS Data 1997-2014

Nephrol Dial Transplant 2016; 31: 1746–1753



42

Allosensitization with Blood Transfusion

Transplantation 2014; 97: 525-533

Increase in cPRA > 90% was seen in 
4.7% of patients transfused

Primary Transplants
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Kidney Allocation System

Am J Transplant 2019; 19: 1129-1138

In 2014, Kidney Allocation System established to give priority to highly sensitized(cPRA 98-100%) for 
deceased donor kidney transplants
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Kidney Allocation System

§ Patients transplanted with 100% cPRA
• 93.6% patient survival at 3 years
• 93.7% death censored graft survival at 3 years
• 29% with delayed graft function (DGF)
• 11.2% acute rejection
• Length of stay (5 days)
• As compared to 0% cPRA patients

ØSimilar patient and graft survival
ØSimilar rate of DGF
Ø61% higher risk of acute rejection

Transplantation 2020; 104: 1456-1461
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Blood Transfusions

§ Non-sensitized patients are not likely to become highly sensitized 
unless they are transfused repeatedly or have an additional 
sensitizing event
• However, there isn’t a way to predict who will become highly sensitized or 

whether such events will occur. 
• Even a 5% chance may be considered too high

§ Although KAS has improved access to kidney transplantation for 
highly sensitized patients, access to transplant is still low for the most 
highly sensitized patients
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Blood Transfusions - KDIGO

§ Recommend avoiding blood transfusions (1B)
§ Recommend avoiding blood transfusions in transplant candidates (1C)
§ Benefits of blood transfusion may exceed risk when
• There is ESA failure
• When ESAs are contraindicated

§ Decision to transfuse should not be based on an arbitrary hemoglobin 
value, but on symptoms related to anemia

www.kdigo.org
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Sickle Cell Disease

§ Higher Hgb levels or rapid rise in Hgb levels may precipitate sickle cell 
crisis
• Increasing % Hemoglobin F may reduce the risk of sickle cell crises

§ Frequent transfusions may lead to iron overload
• Possible need for iron chelation therapy

§ Inflammation induced by sickling may lead to hyporesponsiveness
§ Exact hemoglobin target unclear
• < 10 g/dL
• 8-9 g/dL1

• I had a patient that we ran 6-8 g/dL

1 Semin Dial 2016; 29:62-70



48

Sickle Cell Disease

Treatment of red blood cell precursors with FG4592 
(HIF-PH inhibitor) and hydroxyurea (HU) increased % 
fetal hemoglobin to similar levels and had synergistic 
effect.

** Sickle Cell Disease patients were excluded from 
HIF-PH inhibitor ESKD trials, so the safety and benefit 
in this population has not been examined. Therefore, 
use in this population can’t be recommended until 
further study.  

Nature 2022; 610: 783-790 
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Patients with Cancer
§ ESAs in patients with cancer may increase the risk of
• Cancer progression
• Thromboembolic disease (including stroke)
• Death

§ No randomized trials specifically in ESKD patients (likely due to 
adverse events documented in non-ESKD/CKD patients)

§ In largely non-ESKD/CKD cancer studies, pooled analyses suggests 
increased mortality limited to patients with baseline Hgb > 121,2

• No overall effect on tumor progression
• Increased thrombotic risk regardless of baseline Hgb

1 Cochrane Database Syst Rev 2012; 12:CD003407
2 Br J Cancer 2010; 102: 301-315 
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Patients with Cancer

Am J Kidney Dis 2019; 74: 667-674
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Patients with Cancer

§ HIF-PH Inhibitor
• ASCEND-D trial excluded patients with history of cancer within 2 years of 

randomization or receiving therapy for cancer1

• Roughly 5% had history of cancer at baseline1 
• No difference in cancer related adverse events in ASCEND-D (ESA vs HIF-PH 

inhibitor)2

ØNo placebo arm

§ Based on the above information, there is no clear benefit of HIF-PH vs 
ESA vs placebo in cancer patients 

1 New Engl J Med 2021; 385: 2325-2335 
2 Nephrol Dial Transplant 2023; 38: 1890-1897
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Conclusions

§ Anemia management in ESKD patients is complicated
§ For hyporesponsive patient, addressing cause of hyporesponsiveness 

is key
• Iron deficiency
• Inflammation
• Hyperparathyroidism
• Inadequate dialysis
• Nutritional deficiencies
• Occult bleeding
• Bone marrow failure
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Conclusions

§ Hyporesponsiveness is usually transient
• How aggressive should we be in patients with Hgb levels below the “target 

range” but still tolerable for the patient?
• Do “hyporesponsive algorithms” work?

§ HIF-PH inhibitors do not seem to have clear advantage over ESAs in 
the following areas but still requires further study
• Hyporesponsive patients
• Patients with sickle cell disease
• Patients with cancer


