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Anemia remains one of the most prevalent and challenging complications of chronic kidney disease (CKD), significantly
contributing to morbidity, mortality, and impaired quality of life among affected individuals. While several international
guidelines have addressed the evaluation and management of anemia in CKD, regional differences in patient
demographics, healthcare delivery systems, access to diagnostics, and therapeutic resources necessitate the development
of recommendations tailored to the Indian context.

Recognizing this need, the Indian Society of Nephrology (ISN) constituted an expert panel of nephrologists to develop
evidence-based, pragmatic, and contextually relevant Guidelines for the Management of Anemia in Chronic Kidney
Disease in India. These guidelines are the outcome of extensive literature review, and consensus-building, with the
primary goal of improving patient outcomes through standardized yet flexible clinical practice recommendations.

The writing group has aimed to balance the best available evidence with practical realities, including variations in resource
availability, patient preferences, and affordability. The document also seeks to harmonise practice patterns, encourage
rational use of erythropoiesis-stimulating agents, iron therapy, HIF-PHI and blood transfusion, and provide clarity on
monitoring, targets, and safety considerations.

We hope that these guidelines will serve as a valuable resource for nephrologists, internists, and other healthcare
professionals involved in the care of patients with CKD. More importantly, we envision them as a living document that will
evolve with emerging evidence and growing experience in the Indian context.

We sincerely acknowledge the contributions of all members of the guideline development group, reviewers, and the ISN
leadership for their unwavering support and guidance throughout this endeavour.
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Abstract

Anemia is common in patients with CKD and ESKD, with a 50% prevalence in the USA and higher in India. The overall
prevalence of anemia in CKD is twice the general population, increasing with CKD progression. The last guidelines for
anemia in India were published in 2013 by the Indian Society of Nephrology (ISN). There is a need for revised guidelines/
consensus statements incorporating the significant developments in patient monitoring and treatment, which have
occurred in the last decade to guide evidence-based clinical practice, especially for the Indian population. We searched
PubMed/Medline, Embase, Web of Science Core Collection, and CINAHL databases to perform a systematic review
of the literature examining anemia prevention and treatment in adult CKD/ESKD patients, with 29 studies identified
out of 1668 records screened. We then performed data extraction to write consensus guidelines and rationale, with
supplemental literature evidence discussing the diagnosis and management of CKD and ESKD anemia patients in an
Indian context.

Keywords: Anemia, Chronic kidney disease, Erythropoiesis stimulating agents, Guidelines, Hypoxia-inducible factor prolyl hydroxylase
inhibitors, India, Intravenous iron, Oral iron

Executive Summary

Diagnosis and screening of anemia
e Anemia should be diagnosed in male and non-pregnant female adults with CKD with a hemoglobin <13.0 g/dL and
<12.0 g/dL, respectively.
¢ In CKD patients without anemia, Hb concentration should be measured when clinically indicated and at least:
e Once every 12 months in patients with CKD stage Ill
e Once every 6 months in patients with CKD stage IV
e Once every 3 months in patients with CKD stage V ND or VD
e We suggest Hb concentration measurement in CKD patients with anemia
e When clinically indicated and at least
e Once every three months in patients with CKD 3—5ND and CKD 5PD
e Once a month in patients with CKD 5HD

Evaluation of anemia

e All patients with CKD with hemoglobin concentration <11.0 g/dL, or symptoms attributable to anemia, should be
evaluated to determine the underlying cause(s) and plan appropriate treatment.

e The initial assessment of anemia in patients with CKD should include the following tests: Hemoglobin concentration
(Hb) and RBC Indices: Mean Corpuscular Volume (MCV), Mean Corpuscular Hemoglobin (MCH), MHC Concentration
(MCHC), Peripheral smear (PS), White Blood Cell count — Total & Differential, Platelet Count, and Absolute Reticulocyte
Count.

e Iron status (serum iron, Total Iron-Binding capacity (TIBC), Transferrin saturation (TSAT), and serum ferritin) should be
regularly evaluated for patients with CKD with anemia.

e Based on the initial evaluation, if necessary, some other tests should be done to ascertain the cause of anemia: serum
vitamin B12 levels, serum folate levels, stool for occult blood, serum parathyroid hormone level, Thyroid function tests,
serum C-reactive protein (CRP), liver function tests, serum protein electrophoresis, serum free light chain, serum lactate
dehydrogenase (LDH), Coomb’s test, hemoglobin electrophoresis, and bone marrow examination.

Treatment recommendations

e Target Hb level of 10-12 g/dL while treating anemia in CKD IlI-V ND and D patients.

e A trial of oral iron therapy should be given for 1-3 months in CKD IlI-V ND and PD patients with iron deficiency anemia.

e Oral iron therapy should be initiated with any commercially available formulation. The selection of oral iron preparation
should be based on efficacy, tolerance, cost, and adherence to previous therapy.

e Oral iron can be continued long-term if it is efficacious and well tolerated.

¢ Intravenous (IV) Iron should be administered to patients with CKD IlI-V ND and PD patients with anemia on ESA therapy
who are unable to maintain target hemoglobin (Hb) levels after oral iron or those who do not tolerate oral iron.

¢ |V iron should be used for the treatment of iron deficiency anemia in patients with CKD V HD.

e Iron status should be evaluated once in 6 months for CKD IlI-V ND or PD patients and once in 3 months in CKD VHD
patients with anemia to prevent iron deficiency or overload.

e The threshold of initiating IV iron administration could be kept as a serum ferritin level <700 pg/L and TSAT <40%if
there are no contraindications (i.e., active infection, h/o anaphylactic reaction to IV iron, iron overload)
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e |V iron should be administered with caution if serum ferritin is >800 pg/L.

e Any non-dextran IV lron preparation (lron sucrose, Ferric carboxymaltose, Iron isomaltose) with proven safety and
efficacy in CKD patients should be used.

e For adult CKD ND and HD patients with a hemoglobin of <10.0 g/dL, erythropoiesis-stimulating agent (ESA) therapy
should be initiated after all correctable factors have been addressed.

¢ The selection of ESA therapy (short-, intermediate-, or long-acting) should be based on local availability, costs, individual
patient characteristics, clinical response, and patient preferences.

e HIF-PHI may be used as an alternative to injectable ESAs in CKD IlI-V patients who do not have easy access to storage
and refrigeration for ESAs.

e Avoid HIF-PHI in active or recent malignancy, recent cardiovascular events, polycystic kidney disease, proliferative
diabetic retinopathy, pulmonary artery hypertension, and pregnancy.

¢ In patients with CKD, anemia, and ESA hyperresponsiveness, an HIF-PHI trial may be considered for those without any
contraindications to these agents.

¢ ESA dose should be reduced and/or interval between doses increased on achieving or exceeding the hemoglobin target
level instead of withholding ESA, to reduce hemoglobin variability.

e RBC transfusions may be administered if clinically indicated. Avoid transfusions, when possible, if planning a transplant.

e Leuco-depleted RBCs should be given if transfusion is considered essential.
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Introduction

Anemia is one of the most common complications of chronic kidney disease (CKD). Anemia’s prevalence increases with CKD
progression, and the overall prevalence in CKD is twice that in the general population.! United States shows a 50% anemia
prevalence among patients with CKD,?> while the figure is much higher in India, quoted to be >70%.>* Anemia impairs
exercise tolerance, appetite, nutrition, skeletal muscle oxidative capacity, sexual function, cognitive function, and sleep-
wakefulness patterns.*® Anemia also induces left ventricular hypertrophy (LVH) and increases the risk of hospitalization,
cardiovascular events, and overall mortality in patients with CKD.*® Anemia is also postulated as an independent risk factor
for CKD progression.® Anemia correction has been shown to improve many parameters of quality of life and cardiovascular
outcomes.®” Therefore, diagnosing anemia and recognizing its risk factors and causes are vital for improving the quality of
life and outcomes of CKD and end-stage kidney disease (ESKD) patients.>®° There are various guidelines for anemia in CKD
patients, including KDIGO guidelines in 2012 and guidelines from the Indian Society of Nephrology (ISN) in 2013.1**% Due to
advancements in the field of CKD anemia, there is a need to upgrade these treatment and monitoring guidelines for Indian
patients. We invited leading nephrologists and researchers from India to discuss and formulate these guidelines under the
aegis of the ISN. We performed a systematic review, created guidelines following a literature search, and conducted two
Delphi surveys to generate consensus among experts for CKD and ESKD management in patients with anemia.

Disclaimer:

Use of the Clinical Practice Guideline

This document is based on the best available information as of March 2025. It is intended to provide information and
assist decision-making. Surely, it does not define a standard of care, nor should it be interpreted as an exclusive course of
management. Variations in decision-making are expected when considering the needs of individual patients, availablility
of resources, and limitations of an institution or practice. Every healthcare service provider using these guidelines is
responsible for the appropriateness of their application in various clinical situations. The Indian Society of Nephrology or
the Indian Journal of Nephrology do not endorse any specific products or services mentioned in this publication.

S4 © 2025 Indian Journal of Nephrology | Published by Scientific Scholar
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Methods

Database sources and search strategy

This review was registered in the International Prospective Register of Systematic Reviews and guided by the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines [Appendix 1]. The registration number
for PROSPERO is CRD420250631307. A comprehensive literature search was conducted to identify all published literature
describing the diagnosis, incidence, epidemiology, risk factors, and treatment of anemia in adults with CKD or ESKD to
formulate guidelines and recommendations for clinical application. The following databases were systematically searched
on 5/08/24 to 10/08/24: PubMed/Medline, Embase, Web of Science Core Collection, and CINAHL.

The search strategy linked key terms such as ‘anemia,’ ‘chronic kidney disease, ‘India,’ and ‘end-stage kidney disease’
to known anemia management strategies, such as ‘erythropoiesis-stimulating agents,’ ‘iron supplementation,” "Hypoxia-
Inducible Factor Prolyl Hydroxylase Inhibitors,” and ‘blood transfusion.” The search strategy only included studies available
in English and published from January 2000 to May 2024. The complete, detailed search strategy used to examine the
current literature, optimized for each search engine, has been provided in Appendix 2.

Study selection criteria

Search results retrieved from the search strategy were imported into Rayyan QCRI and reviewed with strict inclusion
and exclusion criteria. The titles, abstracts, and full texts of the collected studies were reviewed by two independent
investigators (J.A and S.S).

The systematic review was conducted using predefined inclusion and exclusion criteria to support methodological rigor and
minimize statistical and study bias. The inclusion criteria selected studies relevant to anemia diagnosis and management in
adult CKD/ESKD patients to provide a global and Indian perspective and real-world data on longitudinal clinical outcomes
and modern medical practice. Randomized Controlled Trials (RCT) from 2004 — 2024 examining anemia prevention and/
or treatment in Adult CKD/ESKD patients, >100 study participants and 1 year follow-up included. Systematic Reviews,
meta-analyses, studies examining pediatric patients, case reports, studies not involving anemia in CKD Stage 1lI-V and ESKD
patients, kidney transplant patients, abstract-only, and non-English papers were excluded. A complete list of our inclusion
and exclusion criteria has been provided in Appendix 3 as a population, intervention, comparator, outcome, and study
design (PICOS) table. Our consensus guidelines were tailored for the Indian population through an expert panel review,
incorporating insights from practicing nephrologists across India. Indian studies were also prioritized when available during
the systematic review selection process. Furthermore, existing clinical practice guidelines, including the K-DOQI 2006,
KDIGO 2012, and Indian SN 2013 guidelines, were reviewed to identify relevant updates, clinical management innovations,
and targeted interventions specific to the Indian population.

Any disagreements regarding inclusion criteria or study selection were resolved via consensus of the two reviewers or by a
third independent reviewer (K.D.). A PRISMA flow diagram [Figure 1] details the article selection process.

Data extraction

The data extraction was recorded electronically using a standardized form, which included title, authors, publication year,
total sample size, study design, age, CKD stage, intervention type, dosage and administration, primary outcome, and
adverse events. In studies without all measures, available results were added within individual outcome domains, and
missing areas were noted as potential statistical limitations.

Assessment of risk of bias in included studies

Funnel plots were used to assess publication bias; statistical significance was determined as p < 0.05. Additionally, all
included studies were independently assessed for bias by three reviewers using relevant critical appraisal tools. The
methodological quality of the systematic review [Appendix 4] was assessed using the AMSTAR checklist. The JBI tool for
assessing the risk of bias was used to evaluate and include randomized controlled trials and cohort studies [Appendix 5].

Formulation of guidelines

Delphi method was utilized to develop this consensus guideline for managing anemia in CKD and ESKD patients [Appendix
6]. The timeline for this its creation has been provided in Appendix 7. Following our literature search and data extraction,
one physical and two virtual meetings were held for authors to review the data and vote on drafts of the recommendation
guidelines. The panel anonymously ranked the listed recommendations and clinical practice points based on the following
grading system: 1 = strongly agree; 2 = agree; 3 = disagree.

Recommendations for each section were discussed and finalized via web conferences. The scores were collated, and the
median and IQR were identified as the top recommendations. Comments were incorporated, and new recommendations
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added to the list and sent to the panel again. This scoring process was repeated, and this cycle continued until a set of
high-quality recommendations was finalized. Any recommendations that did not have significant or extensive evidence,
despite being significant to clinical practice based on the panelist’s experience, were categorized as a suggestion. A 3/4
majority was required to settle any issues with recommendations or clinical practice guidelines. However, we got >90%
agreement on a final Delphi survey, which confirms the robustness of the process.

Identification of new studies via databases and registers

(= HecD:n;:g ;i‘;g'med ;r}c.)m: Records removed before screening:
2 Gathians Libfary (-n ='492} Duplicate records (n =217)
8 ——m Records marked as ineligible by automation
% Pubmed (n =690) tools (n = 0)
Embase/Web of Science (n =703) i _
§ Registers (n = 0) Records removed for other reasons (n =0)
/
Records screened Records excluded
(n =1,668) (n=0)
2 |
= Reports sought for retrieval Reports not retrieved
g (n =504) — (n=0)
)
Y
T Reports excluded:
Rope as(s:s_ss"g;;” sligibuity »  Notfuliling PICOS criteria (n = 470)
= Other Reasons (n =0)
Y
New studies included in review
8 (n=34)
°
2 Reports of new included studies
o
= (n=234)

Figure 1: PRISMA Flow diagram
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Diagnosis and Screening: Key Points

¢ Anemia should be diagnosed in adult patients with CKD with a hemoglobin concentration (Hb) of <13.0 g/dL in males
and <12.0 g/dLin females.
e In CKD patients without anemia, Hb concentration should be measure when clinically indicated and at least:
e Once every 12 months in patients with CKD IlI
e Once every 6 months in patients with CKD IV
e Once every 3 months in patients with CKD V ND and VD
e We suggest, in CKD patients with anemia, measuring Hb concentration
When clinically indicated and at least
e Once every three months in patients with CKD IlI-V ND
e Once a month in patients with CKD VD

Rationale:
Guidelines have defined anemia in CKD is defined as Hb level <13 g/dL in men and <12 g/dL in women.'*** A systematic review
and meta-analysis found that higher Hb levels within this range were associated with reduced mortality risk in HD patients.?

The 2012 KDIGO guidelines recommend annual Hb measurement for CKD stage Ill patients, at least twice a year for stage
IV and stage V ND patients, and at least every 3 months for stage V HD and PD patients not on erythropoietin therapy.

Although there is no real world data on comprehensiveness and frequency of testing of anemia in different CKD stages,
geography and rural/urban regions in India, the reason for suggesting more frequent screening in India is that anemia is more
common in India in the general population as well as CKD and the test of Hb is cost effective and easily available.*>® There
was an agreement of >90% in our Delphi survey regarding keeping this value as an anemia threshold and more frequent
anemia screening [Appendix 6].

Hematocrit and serum erythropoietin level measurement are not recommended for anemia evaluation. Hematocrit, which
measures the proportion of RBCs found in blood volume, can be inappropriately elevated by high storage temperatures
and prolonged storage, causing RBCs to swell and increasing the mean corpuscle volume (MCV).Y” Hyperglycemia can also
spuriously increase MCV. Since Hb is not significantly affected by these factors, it is a more reliable test for diagnosing
anemia.

Although erythropoietin deficiency is the most common cause of anemia in CKD, serum erythropoietin levels are not
elevated proportionate to the severity of anemia and may be normal or marginally higher than in non-CKD, non-anemic
individuals. Therefore, testing serum erythropoietin levels is not recommended in CKD patients.’® The timing of blood
sampling for Hb concentration estimation is debatable in patients on HD. In patients on regular HD, a pre-dialysis blood
sample will show spuriously low Hb value due to increased blood volume, and a post-dialysis sample will overestimate
Hb concentration due to ultrafiltration during dialysis. It is suggested that a pre-dialysis blood sample be taken during the
mid-week HD session.*

© 2025 Indian Journal of Nephrology | Published by Scientific Scholar S7
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Initial Assessment

e All CKD patients with chronic anemia and hemoglobin concentration <11.0 g/dL, or with symptoms attributable to
anemia, should undergo evaluation to determine the cause and to plan appropriate treatment.

e The initial anemia assessment in patients with CKD should include the following tests: Hemoglobin concentration (Hb)
and RBC Indices: MCV, MCH, MCHC, Peripheral smear, White Blood Cell count — Total & Differential, Platelet Count, and
Absolute Reticulocyte Count.

¢ Iron status should be evaluated once in 6 months for CKD IlI-V ND or PD patients and once in 3 months in CKDVHD
patients with anemia to identify and treat iron deficiency or overload.

e Serum concentrations of iron, total iron binding capacity (TIBC), and serum ferritin should be tested for the diagnosis of
iron-deficiency anemia.

e Based on the initial evaluation, if necessary, other tests should be done to ascertain the cause of anemia: serum vitamin
B12 levels, serum folate levels, stool for occult blood, serum parathyroid hormone level, thyroid function tests, serum
CRP, liver function tests, serum protein electrophoresis, serum free light chain, serum LDH, Coomb’s test, hemoglobin
electrophoresis, and bone marrow examination. The choice of tests should depend on the clinical context and indication.

Rationale:

RBC indices, such as the absolute reticulocyte count and MCV, are important for identifying the causes of anemia. The
absolute reticulocyte count, normally ranging from 40,000 — 50,000 cells/uL of whole blood, provides information on
bone marrow activity and RBC production.?® The MCV, which measures the average size and volume of RBCs, can indicate
microcytosis and macrocytosis. Microcytosis (low MCV) is most commonly due to iron deficiency, but can also result from
hemoglobinopathies. Macrocytosis may indicate Vitamin B12 and folate deficiency, and all CKD patients should undergo
routine evaluation of red cell indices, including MCV and peripheral smear. Macrocytosis should be interpreted with
caution, as this may be present in the setting of iron therapy in CKD and dialysis patients.?* Erythropoietin therapy, acute
blood loss, and hemolysis could also cause macrocytosis due to the increase in circulating reticulocytes.?’ Myelodysplastic
syndrome is another disease presenting macrocytic anemia. The peripheral smear must be carefully evaluated, and
information regarding hypersegmented neutrophils indicating megaloblastic anemia and reticulocyte count must be
obtained.?#

One of the most common causes of anemia in patients with CKD is iron deficiency, widely prevalent in the general Indian
population, affecting ~50% of females, young children, and adolescents.??

Iron deficiency is prevalent in patients with CKD, emphasizing the need for regular evaluation of iron status, assessed
through serum iron and TIBC, which is converted to TSAT by a formula and serum ferritin levels.?** Iron deficiency can
be categorized into absolute iron deficiency, reflecting a total body iron deficit from poor intake, reduced absorption,
and increased loss; or functional iron deficiency, which is primarily due to elevated levels of hepcidin hindering iron
mobilization from macrophages needed for erythropoiesis. This distinction is crucial for guiding appropriate management
strategies in CKD patients with anemia.?*

Serum ferritin indicates stored iron levels in the body, while TSAT reflects the amount of circulating iron available for
erythropoiesis. Serum ferritin may be elevated in response to heightened inflammation, and it may not accurately reflect
iron stores in patients with CKD.?* While low serum ferritin levels (<30 pg/L) strongly denote absolute iron deficiency, high
levels may not accurately reflect iron status in CKD.%

In CKD, absolute iron deficiency has been defined as TSAT <20% and ferritin <100 mg/L in patients not on hemodialysis
(HD) therapy or <200 pg/L in HD (CKDVHD) patients.???* Functional iron deficiency has been defined as TSAT <20% and
ferritin >100 pg/L in patients not on dialysis therapy (CKD ND) or ferritin >200 mg/L in CKDVHD patients.*8%*

The above values are definitions and not treatment thresholds. Other iron status markers, such as soluble transferrin
receptor (sTfR), percentage of hypochromic R RBCs, and reticulocyte hemoglobin content (CHr) are not widely available for
clinical use.?®%

We suggest monitoring iron status at least once every 6 months in CKD IlI-V ND, as declining TSAT and ferritin levels may
indicate ongoing blood loss or depletion of iron stores, signaling the potential need for additional iron supplementation.
Moreover, these tests can also assess adherence to oral iron treatment, with increasing TSAT and/or ferritin levels
potentially indicating excessive iron intake, necessitating dosage adjustments. In cases where ferritin levels rise while TSAT
levels decline or remain stable, underlying inflammation, infection, or acute phase reactions may be present, and should
prompt a reassessment of iron administration suitability.?>2°
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More frequent iron status assessments (once in 3 months or as clinically indicated) may be warranted after initiating
ESA or iron therapy, when ESA dosage or frequency is increased, or when patients exhibit diminished responsiveness
to ESA treatment. In patients with Gl bleed, the cause should be evaluated, and iron status should be monitored more
frequently.>%

The metabolism of various vitamins and minerals may be altered in patients with CKD, potentially contributing to the
development of anemia.?*%’

Additional causes of anemia, such as vitamin B12 and folate deficiencies, blood loss, hemolysis, severe hyperparathyroidism,
and paraproteinemia, should also be ruled out in CKD patients with anemia as required.>*® Chronic inflammation is
common in CKD patients on dialysis, so CRP and serum hepcidin, wherever available, might assist in identifying HD patients
with a poor response to ESA and other nutritional supplements.? In India, worm infestations, tuberculosis, and malaria
are also significant causes and should be ruled out in patients with refractory anemia.

Micronutrient deficiency (Iron, vitamin B12, folic acid, Vitamin A, vitamin D, and iodine) is common in India and should
be evaluated in CKD patients with anemia.?! In India, there are multiple causes of iron deficiency, including inadequate
dietary intake, defective iron absorption, increased iron requirement in females due to repeated pregnancy and lactation,
poor iron reserves at birth, frequent infections in children, and excessive physiological blood loss during adolescence
and pregnancy in women.3? Another reason is poor absorption of iron from a vegetarian diet (10%) as compared to an
omnivorous diet (18%).%3

While Indian data on the prevalence of vitamin deficiencies in the CKD population are scarce, studies have noted
a significant burden of micronutrient deficiencies among the general population.?*> A meta-analysis estimated the
prevalence of folic acid and B12 deficiency in adults in India to be 41% and 48%, respectively.>* The Indian diet is largely
cereal-based and is associated with low vitamin B12 and folic acid intake. Poor intake of fresh fruits and green leafy
vegetables and cooking of available food sources further reduces the availability of vitamin B12 and folic acid.*® In
addition, vitamin deficiencies may occur in CKD patients due to poor appetite, dietary restrictions, the effect of uremia
on absorption and metabolism, concomitant medications interfering with these micronutrients, and losses during HD and
PD.?¢% Using erythropoietin may also increase the requirement for these vitamins.?” Studies have shown that low-protein,
low-potassium diets prescribed for CKD patients have folic acid below the RDA (recommended daily allowance).”

Furthermore, dietary folate intake was found to be low in 68-84% of patients with advanced CKD, maintenance HD, and
chronic PD.3%3%¢ Despite the evidence of dietary micronutrient deficiency in India, some studies in HD in western population
have shown a low prevalence of water-soluble vitamins, serum folic acid, and B12 levels.*®3® Normal vitamin B12 levels
in advanced kidney disease may be due to reduced renal excretion and low dialysate losses, as cobalamin has a high
molecular weight and is significantly protein-bound.

The KDIGO 2012 guidelines for anemia in CKD recommend including serum vitamin B12 and folate levels within the
initial evaluation of anemia.’* The UK Renal Association recommends testing after the initial evaluation, especially in the
presence of macrocytosis.!? However, because serum vitamin B12 and folate testing is expensive, they should be used
judiciously and prioritized in patients with other evidence of deficiency, such as macrocytosis.

Patients who respond poorly to erythropoietin and iron supplements should also be evaluated for these vitamin deficiencies.
Testing is essential for patients with malnutrition, malabsorption, gastrointestinal disorders, chronic alcoholism, and those
taking long-term medications such as proton pump inhibitors, metformin, phenytoin, and methotrexate. B12 levels should
also be assessed in patients planned for folic acid therapy due to the risk of unmasking pernicious anemia.?® Studies in the
western population have shown that routine supplementation of micronutrients and vitamin supplementation is not always
useful in CKD and dialysis patients, and an individualized approach should be taken before beginning supplementation by
measuring Vitamin B12 and folate levels.*3

Indian Journal of Nephrology | Volume 35 | Issue S2 | October 2025 S9



I A, ™

Treatment of Anemia in CKD

e For adult CKD ND and HD patients with a hemoglobin concentration <10.0 g/dL, ESA therapy should be initiated after all
correctable factors have been addressed (such as iron deficiency, vitamin B12, folate deficiency, and active infections).

¢ We recommend targeting Hb level of 10-12 g/dL while treating anemia in CKD patients.

e Selection of ESA therapy (short-, intermediate-, or long-acting) should be based on local availability, costs, and individual
patient characteristics, including clinical response and patient preferences.

Rationale:

Numerous studies and guidelines have demonstrated the importance of initiating ESAs when the Hb level is <10 g/dL and
maintaining target Hb levels within the 10-12 g/dL range in patients with CKD to improve quality of life, reduce the need
for blood transfusions, and potentially lower the risk of cardiovascular events.®”'>1* Anemia in CKD is primarily caused
by reduced erythropoietin production from the failing kidneys. Currently, management includes ESAs, iron, vitamin B12,
and folate supplementation. Blood transfusions should be avoided as far as possible. Hb level overcorrection is associated
with an increased risk of cardiovascular and thrombotic events, as seen in multiple studies. Newly developed treatments
such as hypoxia-inducible factor prolyl hydroxylase inhibitors (HIF-PHIs) have shown the potential to increase endogenous
erythropoietin production.
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Iron therapy for anemia in CKD

Iron supplementation

Iron deficiency is a common cause of anemia in CKD patients.'®%34% A Cochrane review comparing IV iron with oral iron
therapy in CKD patients showed that IV iron use was associated with significantly improved serum ferritin (mean difference
243.25, 95% Cl:188.74-297.5, ng/mL), TSAT (mean difference 10.2%, 95% Cl: 5.56%-14.83%) and hemoglobin levels (mean
difference 0.90, 95% Cl:0.44-1.37 g/dL).** A subsequent meta-analysis also reported superior response in hemoglobin
improvement in CKD stages IlI-V ND and VD with IV iron use when compared to oral therapy.*> There were similar risks of
mortality and serious adverse events. However, there was an increased risk of hypotension.

Diagnosis of iron deficiency in CKD:

¢ In CKD, absolute iron deficiency has been defined as TSAT <20% and ferritin <100 mg/L in patients not on HD therapy or
TSAT <20% and ferritin <200 pg/L in HD (CKD V HD) patients.'8%

e Functional iron deficiency has been defined as TSAT <20% and ferritin >100 ug/L in patients not on dialysis therapy
(CKD ND) or ferritin >200 mg/L in CKDVHD patients. 1824

Treatment of iron deficiency in CKD:

e When deciding the route of iron treatment, consider the severity of iron deficiency, availability of venous access,
response, adverse effects with previous oral or parenteral iron therapy, patient compliance, and treatment cost.

e Oral iron therapy should be used initially for 1-3 months in CKD IlI-V ND and CKD VPD patients with iron deficiency
anemia.

e Oral iron should be initiated with any commercially available oral iron formulation. The selection of oral iron preparation
may be based on efficacy, tolerance, cost, and compliance with previous therapy [Table 1].

e Oral iron can be continued long-term if it is efficacious and well tolerated.

e For CKD IlI-V ND or PD, Intravenous (IV) Iron should be used in CKD patients with anemia who are unable to maintain
target hemoglobin (Hb) levels after oral iron or do not tolerate oral iron.

e For CKD V HD patients with iron deficiency anemia, and with or without ESA therapy, IV iron should be administered if
there are no contraindications (i.e., active infection, anaphylactic reaction to IV iron).

¢ The threshold of initiating IV iron administration could be kept as serum ferritin level below 700 ug/L and TSAT <40%.

e IV Iron should be administered with caution if serum ferritin is >800 pg/L.

Table 1: Oral iron preparations

Iron preparations

Strength and dose

Elemental iron

Advantages

Disadvantages

Ferrous salts

Easily available

Gastro-intestinal

Ferrous sulphate 325 mg 65 mg Ferrous sulphate most widely used adverse events
(dried) and less expensive more common,
Ferrous gluconate 325 mg 38 mg absorption may be
Ferrous fumarate 325mg 106 mg erratic, must be
Ferrous bisglycinate 60 mg 60 mg taken with an empty
Ferrous ascorbate 100 mg 100 mg stomach
1 tablet 1-3 times per day
Iron polysaccharide 50 or 150 mg * (elemental iron) 50 or 150 mg  Relatively less risk of gastro-intestinal Expensive
complex 1 tablet once a day side effects
Heme iron 12 mg 12 mg Better absorption Expensive
1 tablet 1-2 times a day
Carbonyl iron 50 mg 50 mg Well tolerated More expensive
1 tablet 2-3 times a day than ferrous salts
Iron maltol 30 mg 30 mg Better absorption (lower dose Expensive
1 tablet twice a day requirement), less gastrointestinal effects
Liposomal iron (Ferric 30 mg 1 tablet (30mg) once 30 mg Better absorption (lower dose Expensive
pyrophosphate) a day requirement), less gastrointestinal effects
Ferric citrate** 1g 210 mg Phosphate binding property Expensive
1-2 tablet thrice a day with food Less gastrointestinal effects
Sucroferric oxygydride 2250 mg 500 mg Good phosphate binding capacity Nausea, diarrhea,

1 tab thrice daily with food

poor iron absorbtion

*Most preparations use 150 mg of elementary Iron polysaccharide, ** ferric citrate and sucroferric oxyhydroxide should be primarily used

as phosphate binders
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e Any non-dextran, easily available IV Iron preparation (Iron sucrose, Ferric carboxymaltose, Iron isomaltose) with proven
safety and efficacy should be used.

Rationale:

Oral iron supplementation:

Oral iron use is often limited by its lower efficacy compared to parenteral iron, as well as side effects such as metallic taste,
nausea, abdominal discomfort, diarrhea, and constipation, which often lead to poor compliance.*® The bioavailability and
efficacy of oral iron, particularly ferrous salts, depend on gastric pH and can be affected by certain foods and medications.
Moreover, oral iron has been linked to deleterious changes in gut microbiota, which is attributed to the increased intestinal
iron availability.* Despite these disadvantages, oral iron administration offers advantages such as being cheaper, non-
invasive (thereby avoiding related complications and preserving veins for arterio-venous fistula creation), and not being
associated with allergic reactions or increased infection risk.'® Landmark efficacy studies of oral Iron have been shown in
Supplementary Table 1.

For CKD ND and CKD-PD patients with iron deficiency, an initial trial of oral iron therapy for 1-3 months may be considered
to achieve target hemoglobin levels based on previous studies.* If they are unable to achieve or maintain target Hb levels
and have persistent iron deficiency TSAT is <40%, and ferritin is <700 pg/L, they should receive intravenous iron treatment
as recommended for CKD VHD patients.***3

Oral iron preparations:
Ferrous salts are conventionally the most widely used and inexpensive iron preparations. However, their use is limited by
their suboptimal efficacy and gastrointestinal effects, which are more frequent with ferrous salts.*?

Iron polysaccharide complex was introduced to reduce adverse effects associated with oral iron, but it is more expensive,
and an RCT in infants and children with nutritional iron deficiency found it to be less effective compared to low-dose
ferrous sulphate in improving hemoglobin levels, with increased Gl intolerance.”® Heme iron polypeptide preparations are
derived from non-vegetarian foods, and it is absorbed from the intestine non-competitively along with non-heme iron. It is
more expensive and has not demonstrated any benefit over conventional iron preparations in terms of efficacy or adverse
effects.*® Carbonyl iron has also failed to show any superiority over other iron salts. Several other preparations, like iron
chelated with amino acids and iron protein succinylate,were developed to avoid the interaction of iron with gastric acid,
dietary constituents, and medications in the stomach, thus improving bioavailability and reducing side effects. However,
they are more expensive and have failed to demonstrate clinical benefits when compared to conventional salts.****

Several newer oral iron preparations have been developed to mitigate the limitations of older oral iron formulations.
They contain iron in the ferric form, so they do not require consumption on an empty stomach to facilitate absorption.
Additionally, they have better bioavailability independent of other medications and food intake and have fewer
gastrointestinal side effects. Most studies investigating their use have compared them to a placebo rather than the
conventionally used ferrous salts, limiting their relevance in the clinical scenario.*’->3

Ferric maltol is a complex of ferric ions with three maltol moieties, which improves its bioavailability, allowing for a lower
dose (30 mg twice daily). A randomised controlled trial (RCT) in CKD patients not requiring dialysis (CKD ND) showed that
ferric maltol was associated with a significantly better improvement in hemoglobin levels compared to placebo.*” It is not
available in India.

Liposomal iron has a novel drug delivery system where ferric pyrophosphate is encased in a phospholipid bilayer, improving
bioavailability and reducing Gl intolerance. It requires a lower dose (30 mg/day). An open-label RCT in CKD-ND patients
found that while liposomal iron had a lower rate of increase in hemoglobin levels (0.6 g/dL) compared to IV sodium
ferric gluconate (43.5% vs. 56.2%, p<0.05), it was associated with significantly fewer adverse effects than IV iron (3.1% vs.
34.5%, p<0.001).*® Table 1 shows currently available oral iron preparations with their doses, frequency of administrations,
and adverse effects.

Iron-based phosphate binders:

Ferric citrate is a complex of ferric salt with a polymer of water and tricarboxylic acid. It was initially developed as a
phosphate binder but subsequently received US FDA approval as an oral iron therapy for patients with CKD ND. A phase 3
RCT involving 232 CKD ND patients comparing ferric citrate with placebo in 232 CKD-ND patients not responding to ferrous
sulphate therapy showed that significantly more patients receiving ferric citrate achieved >1.0 g/dL increase in hemoglobin
during a 16-week follow-up (52.1% vs. 19.1% with placebo; P<0.001).*

The superior response in hemoglobin increase was also observed in a pooled analysis of phase 2 and 3 trial patients.*®
However, both studies reported more frequent Gl adverse effects with ferric citrate compared to placebo. These findings,
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however, should be interpreted in the context of the much higher elemental iron doses prescribed in the ferric citrate arm
compared to the ferrous sulphate arm (1260 mg/day vs. 195 mg/day, respectively).>

A RCT in dialysis patients reported similar phosphate-lowering efficacy with ferric citrate compared to active controls
(sevelamer and calcium acetate) but with additional improvements in iron stores, reduced need for intravenous elemental
iron (P<0.001), and lower erythropoietin-stimulating agent usage (P = 0.04).>> A meta-analysis of 16 studies further
supports these findings. However, it was associated with increased gastrointestinal adverse effects, and citrate promotes
aluminum absorption, so there is a potential risk for long-term adverse effects, and the treatment can be costly.>

Sucroferric oxyhydroxide is another non-calcium-containing iron-based phosphate binder approved for dialysis patients.>*
In a phase 3 RCT in 707 dialysis patients, phosphate binding efficacy was found to be similar to sevelamer carbonate, with
a lower pill burden, minimal side effects, and better adherence.* These findings were reconfirmed in a real-world safety
study and meta-analysis.>®*’

Compared to ferric citrate, iron absorption is minimal with sucroferric oxyhydroxide. and it failed to improve hemoglobin
levels compared to active treatment in a meta-analysis of RCTs in dialysis patients.*® These iron-based phosphate binders
should be used as phosphate binders and not primarily for iron replacement.

Oral iron supplementation for non-dialysis CKD patients undergoing ESA therapy or peritoneal dialysis is primarily
recommended due to its efficacy. Oral iron is often sufficient to maintain and achieve target hemoglobin levels in these
patient populations. The recommended frequency and dosing of various iron preparations have been given in Table
1. Given the potential efficacy of oral iron and the desire to avoid unnecessary invasive procedures, such as IV access,
initiating oral iron supplementation is a reasonable first-line approach for non-dialysis CKD patients or patients on PD.>%43

Parenteral iron supplementation

KDIGO 2012 and subsequent commentary in 2019 recommend initiating IV iron supplementation in CKD patients with
anemia when TSAT is <30% and ferritin is <500 pg/L.**'® Subsequently PIVOTAL trial demonstrated that IV Iron can be
safely administered in HD patients if TSAT is <40% and ferritin is <700 ug/L.>® These recommendations are based on
available evidence from studies revealing the association between iron deficiency and anemia in CKD patients. An RCT
by Macdougall et al. demonstrated that IV iron supplementation improved Hb levels and reduced ESA requirements in
anemic CKD patients with iron deficiency.®®

The Dialysis Patients’ Response to |V Iron with Elevated Ferritin (DRIVE) study investigated the safety of iron administration
in patients with dialysis-dependent CKD with ferritin levels ranging from 500 ng/mL to 1200 ng/mL, with TSAT <25%.5!
A total of 134 participants were randomized to either 125 mg of ferric gluconate or no treatment for 6 weeks and then
followed for 6 weeks after treatment completion. There was an improvement in iron parameters in the group receiving
ferric gluconate and an associated significant decrease in EPO doses.

The Randomized Trial to Evaluate IV and Oral Iron in CKD (REVOKE) was a single-center RCT of 136 patients with non-
dialysis-dependent CKD that compared IV iron sucrose to oral ferrous sulfate. It found a higher infection and heart failure
incidence in the IV iron group as compared with oral iron, and was stopped early.®? In contrast, another trial demonstrated
IV iron sucrose to be better than oral iron in improving Hb levels without increasing adverse effects.®® A recent study in
India in CKD patients found Iron sucrose to be more effective than oral iron (ferrous sulphate) in improving iron indices
and significantly increasing Hb levels at various CKD stages.®* Intravenous sucrose formulation is the most commonly used
parenteral iron in the US and has proven safe and effective.>*® The recommended maximum dose of iron sucrose is 200
mg/day, and in patients with proven Iron deficiency anemia, up to 1 g can be given over 2 weeks.

The FIND-CKD study enrolled 626 patients with CKD-ND who had iron deficiency but were not on ESAs. The participants
were treated with either IV iron ferric carboxymaltose (FCM) or oral iron. This study aimed to keep a ferritin target of
400-600 pg/L or 100-200 pg/L. Results showed that the primary endpoint of requiring blood transfusion or ESA was
significantly less with IV FCM with higher ferritin levels of 400-600 pg/L compared to oral iron.%> Additionally, the rates of
adverse events were similar between the two groups.

The PIVOTAL (Proactive IV Iron Therapy in Haemodialysis Patients) trial, a recent RCT of 2,141 HD CKD patients, showed
that proactive monthly administration of 400 mg IV iron in patients with serum ferritin <700 ng/dL and TSAT <40%
decreases ESA use and lowers the composite risk of all-cause death, nonfatal myocardial infarction, nonfatal stroke, and
heart failure hospitalization compared to low-dose IV iron administered in a reactive fashion when ferritin is <200 pg/L or
TSAT <20%.>° However, the actual median dose was 264 mg for the proactive group and 145 mg for the reactive group,
with similar infection rates reported in both. Patients receiving FCM can develop hypophosphatemia requiring monitoring
of phosphate levels. FCM can be safely given as a single 1 g dose over 1 hour. Landmark efficacy studies of IV Iron have
been shown in Supplementary Table 2.
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IV iron offers benefits such as bypassing concerns regarding variable gastrointestinal absorption and medication adherence
commonly seen with oral iron.®® Additionally, the convenience of administering IV iron during HD treatments further
supports its preference in this patient group.5®¢? The IV iron administration threshold could be serum ferritin <700 pg/L
and TSAT < 40% based on the PIVOTAL trial, which is found to be safe and effective.>®

Various IV Iron preparations available in India have been listed in Table 2.

Adverse effects of intravenous iron in CKD patients

Hypersensitivity reactions:

¢ Non-iron dextran formulations should be used preferentially to reduce the risk of hypersensitivity reactions.

¢ Protocols for the management of infusion reactions associated with IV Iron should be in place [Table 3].

e Patients with an initial mild hypersensitivity reaction can be rechallenged under close medical supervision and in a
controlled environment [Table 3].

Hypophosphatemia:
e Serum phosphate levels should be monitored in patients receiving FCM due to the higher risk of hypophosphatemia.
e Alternative IV iron formulations should be considered if a patient develops hypophosphatemia.

Bacterial infections:
e The risk of infection should be assessed on an individual basis, considering the patient's overall health and iron status.
e |V iron therapy should not be used in patients with active infections.

Cardiovascular safety:

e High doses of newer IV iron formulations can be used safely, as recent trials have not shown cardiovascular safety
concerns.

e Cardiovascular status should be monitored, especially in patients with pre-existing cardiovascular conditions.

Rationale:

Hypersensitivity reactions:

A comparative risk analysis indicated that the risk of anaphylaxis in patients treated with IV iron was higher with iron
dextran (ID) (68 reactions per 100,000 administrations) compared to non-ID products (24 reactions per 100,000
administrations).®” Proper management protocols and careful rechallenge can mitigate risks. A working schema for
managing IV iron hypersensitivity reactions has been presented in Table 3.

Table 2: IV Iron formulations

Medication Molecular wt. Maximum daily dose Iron concentration mg/mL  Maximum frequency
Iron dextran (Rarely used now) 165,000-265,000 100 mg 50 500 mg/week

Ferric gluconate 289,000-444,000 125mg 12.5 500 mg/week

Iron sucrose 34,000-60,000 200 mg 20 1 g over 2 weeks
Ferric carboxymaltose 150,000 20 mg/kg, or maximum 1 g/day 100 mg 1.5-2 g/week

Ferric isomaltose 150,000 15 mg/kg, maximum 1 g/day 50 1 g/week

Table 3: Management of IV iron hypersensitivity

Adverse drug Symptoms/signs Immediate action Follow-up action

reaction to IV Iron

Nonspecific Chest tightness, dizziness, light-  Stop infusion, Observe for 15 minutes* Restart at 50% of the rate if well

symptoms headedness, nausea, itching, If symptoms recur, abandon the
asymptomatic hypotension infusion

Mild infusion Non-specific symptoms and Stop infusion, Observe for 1 hour Restart after steroid or oral/IV H

reaction urticaria blocker

Severe infusion Sudden onset of wheezing, Stop infusion, Give IV fluid (NS bolus 250 Admission and monitoring

reactions stridor, cyanosis, hypotension, to 500 mL), 0.5 mg 1:1000 IM adrenaline, Avoid future use of IV iron
tachycardia corticosteroid IV (hydrocortisone or

methylprednisolone), B;-adrenoreceptor

agonist bronchodilator with nebulizer
Other alarming Chest pain, cough, nausea, Administer IV steroid (100 mg Consider alternative iron
symptoms tachycardia, hypotension hydrocortisone) preparation based on benefit vs. risk
Patients should be monitored after the end of IV infusion for 15 minutes *There is no physiological basis to advise monitoring beyond this.
NS: Normal saline

S14 Indian Journal of Nephrology | Volume 35 | Issue S2 | October 2025



Bansal, et al.: Consensus Guidelines for Anemia in Chronic Kidney Disease in India

Hypophosphatemia:

FCM increases intact fibroblast growth factor 23 (iFGF23), leading to a biochemical cascade termed the '6H-syndrome":
high FGF23, phosphaturia, hypophosphatemia, hypovitaminosis D, hypocalcemia, and secondary hyperparathyroidism.?
The risk of hypophosphatemia is highest from day 8 to day 14 and can persist up to day 35. Phosphate levels should be
tested at baseline and 7 days after the FCM dose.%® It is suggested that patients with persistent severe hypophosphatemia
(<2 mg/dL) >14 days should use an alternative IV Iron formulation.®®

Bacterial infections:

Despite epidemiological concerns and data from large meta-analyses, definitive association between IV iron use and
increased infection risk among CKD patients remains unproven.>® However, individual risk assessment is crucial, as
emphasized by the KDIGO Controversies Conference on Iron Management in CKD.*® Infection was not a primary end-point
in many RCTs and pooled studies. One secondary endpoint of the PIVOTAL trial was to assess bacterial infections, and they
found that a higher iron sucrose dose (pro-active arm) was not associated with a higher infection rate than those who
received low doses (reactive arm).

Cardiovascular safety:

Despite numerous basic and clinical studies, it is still unclear whether iron administration contributes to atherosclerosis
and arterial remodeling. RCTs contrast their opinion on IV iron therapy in patients with CKD (stage IlI-1V) and cardiovascular
(CV) outcomes. While the REVOKE (investigated Iron sucrose) trial concluded a higher risk of CV complications in patients
receiving iron, the much larger FIND-CKD (investigated FCM) found no concerns in this patient population. The PIVOTAL
trial evaluated the cardiovascular safety of high doses of iron sucrose formulations in patients undergoing MHD and found
no acute safety concerns. They found a lower incidence of myocardial infarction or heart failure hospitalization in those
receiving high doses than in low-dose iron sucrose.>® This allows for confident use in patients while maintaining vigilance
over cardiovascular health.
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Erythropiesis stimulating agents (ESAs)

e For adult CKD ND and HD patients with a hemoglobin concentration <10.0 g/dL, ESA therapy should be initiated after all
correctable factors have been addressed (such as iron deficiency, vitamin B12, folate deficiency, and active infections, etc.).

e The selection of ESA therapy (short, intermediate, or long-acting) should be based on local availability, costs, individual
patient characteristics, including clinical response, and patient preferences.

Rationale:

The 1980s heralded a significant breakthrough in treating anemia associated with CKD with the introduction of recombinant
human erythropoietin (rHUEPO), an ESA. Initially, the first rHUEPO, epoetin (EPO) alfa, was approved for managing anemia
in dialysis-dependent CKD patients but was later expanded to include treating patients with CKD stages IlI-V non-dialysis
(CKD ND).**® |n addition to improving hemoglobin levels, ESAs have demonstrated the ability to improve patients’ well-
being, increase exercise tolerance, and reduce the necessity for blood transfusions.””’® The following sections describe
the current recommendations and considerations for using short and long-acting ESAs in managing anemia in both non-
dialysis and dialysis-dependent CKD ND and D patients.

Short-acting ESAs in CKD 3-5 ND:
Short-acting ESAs, such as EPO alfa and beta, are categorized as first-generation ESAs with a half-life of 4-13 hours following
intravenous administration.®® Landmark efficacy studies of short-acting ESA have been shown in Supplementary Table 3.

Route, dose, and frequency of administration:

Subcutaneous administration is the preferred dosing method in CKD ND patients. It is also important to rotate the
site of administration with each injection. When administering short-acting ESAs subcutaneously to adult patients, the
recommended dose range is 80-120 units/kg/week in two to three divided doses. Once the target Hb has been achieved,
less frequent maintenance dosing, such as once weekly, can be done.” There is no difference in EPO alpha or beta in
terms of efficacy and safety, as found in a meta-analysis of 2616 CKD patients.”

Rationale:

From a physiological standpoint, short-acting ESAs should be administered subcutaneously 2-3 times per week. Higher
doses, administered at once weekly intervals, are equally effective in maintaining final Hb levels, with no significant
increase in adverse events in non-dialyzed CKD patients. A recent Cochrane analysis including 7 RCTs in their meta-
analyses showed that here were no significant differences in final Hb levels when dosing every two weeks was compared
with weekly dosing (4 studies, 785 participants, 95% Cl -0.33 to -0.07), when four weekly dosing was compared with two
weekly dosing (three studies, 671 participants, 95% Cl -0.43 to 0.10) or when different total doses were administered at
the same frequency (four weekly administration: one study, 144 participants: 95% Cl -0.19 to 0.53).”>”” However, due to
the data’s low methodological quality, differences in efficacy and safety cannot be established. The daily administration
of short-acting ESA has not been proven more effective than administration 2-3 times per week.”” Subcutaneous (SC)
administration of short-acting ESAs offers more favorable pharmacodynamics than intravenous (IV) administration and
proves to be more cost-effective, requiring a 30% lower dose than IV dosing.”®”® Moreover, preserving and protecting veins
from frequent venipuncture is essential to ensure their availability for future HD access creation.

Hemoglobin levels should be monitored every 2-4 weeks after treatment initiation and any dose adjustments until
the stable target hemoglobin and erythropoietin dose has been achieved. Once stable target hemoglobin level and
erythropoietin dose are reached, monitoring can be reduced to every 4-8 weeks.

Dose titration:
Following the initiation of short-acting ESA therapy or after a dose increase, if the rise in hemoglobin has been <1 g/dL
over a 4-week period, the erythropoietin dose should be increased by 50%.7>

Following the initiation of erythropoietin therapy or after a dose increase: If the absolute rate of increase of hemoglobin
is >2 g/dL per month, or if the hemoglobin exceeds the target, reduce the weekly dose of short-acting ESA by 25% and
monitor the Hb level at 2 weeks. Additionally, adjustments to the weekly ESA dose may involve a further reduction in the
dose and/or the administration frequency.

Short-acting ESAs in CKD 5 D

Route, dose, and frequency of administration:

Both EPO alfa and beta are initiated at 80-120 U/kg doses administered twice-thrice/week. While the maximum dose of
EPO alfa and beta is unknown, experts caution against doses >20,000 Unit/session due to the dose-independent adverse
effects associated with high doses.®
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The dosing frequency of once or twice-weekly regimens has been found to be equally safe, based on findings from a
randomized controlled trial of 83 patients with CKD.®! Subcutaneous administration of short-acting ESA was found to be
more effective and required lower dose than IV administration.®?

Dose titration:
Upon achieving or exceeding the hemoglobin target level, the ESA dose should be reduced and the interval between the
doses should be increased rather than withheld, thereby reducing hemoglobin variability.

The dosing adjustments for short-acting ESA should be based on monthly hemoglobin levels. To prevent undesired
hemoglobin variability, the minimum dosage adjustment frequency of short-acting ESAs should be restricted to not more
than twice a month.® The target hemoglobin rise of short-acting ESAs is 1 g/dL per month, with hemoglobin rises >2 g/dL
to be avoided [Table 4].

Additionally, dose increases >50% per month should be avoided, as adverse effects like cardiovascular and thrombotic
events are independently linked to the ESA dosing, regardless of achieved hemoglobin levels.8

Safety and adverse effects:

Contraindications for short-acting ESAs include patients with known hypersensitivity to mammalian cell-derived
products, albumin, or excipients. Additionally, patients with uncontrolled hypertension, undergoing curative therapies for
malignancies, and those with antibody-mediated pure red cell aplasia (PRCA) should refrain from using short-acting ESAs.

Darbepoetin alpha (second generation ESAs) in CKD-ND

Developed as the first longer-acting ESA, darbepoetin alfa (DPO), a second-generation ESA, offers significant advantages
over EPO alfa and beta. DPO has a threefold longer terminal half-life in the bloodstream and equal erythropoietic efficacy
compared to short-acting recombinant human erythropoietin (rHUEPQ), allowing for less frequent dosing schedules and
lower doses.® Further studies have shown that DPO has a 4.3-fold lower affinity and 3.6-fold greater potency than short
acting ESAs, supporting its efficacy and reduced administration frequency.®>#

Indications for treatment:
e DPO alpha may be considered as an alternative to short-acting ESA due to its decreased frequency of administration
and equal efficacy in CKD 1lI-V ND.

Route, dose, and frequency of administration:

¢ The initiation dose should depend upon the patient's hemoglobin concentration and weight, with adjustments made for
the rate of change of hemoglobin and clinical condition.

e For DPO therapy, the recommended starting dose is:

e 0.45 pg/kg intravenously or subcutaneously weekly, or

¢ 0.75 pg/kg intravenously or subcutaneously every 2 weeks.

e The administration frequency of DPO alpha should depend upon the CKD stage, hemoglobin concentration, tolerance,
and patient preference.

Rationale:

At present, clinical trials have yet to establish which type of ESA is superior to the other. When choosing the appropriate
ESA, factors such as availability, frequency of administration based on a patient’s dose requirement, preference, cost, and
access to medical care should be considered. Sixteen studies involving 2,955 participants comparing DPO alfa with EPO
alfa or beta, found no differences between EPO and DPO regarding patient requirements for blood transfusion.®”®

Although there have been no randomized controlled trials investigating the optimal administration frequency of DPO
in non-dialysis CKD patients, studies on CKD VD patients have provided relevant insights. These studies found that

Table 4: ESA dose adjustment based on hemoglobin response

Hemoglobin response Dose adjustment Comment

Hb increase ~1 g/dL in 4 weeks Continue same dose of ESA Continue Hb monitoring at 4-week intervals

Hb increase >1 g/dL in 4 weeks Reduce ESA dose by 25%

Hb increase >2 g/dL in 4 weeks Reduce ESA dose by 25% Hb monitoring in 2-week intervals
If Hb >12 g/dL or persistent Hb increase after  If ESA is withheld, restart once Hb <11.5 g/dL at 25%
2 weeks: Withhold ESA until next Hb check lower than previous dose

Hb increase <1 g/dL in 4 weeks Increase ESA dose by 50% Continue Hb monitoring at monthly intervals

No response in Hb level or need for Discontinue ESA Reevaluate for any correctable factor

transfusions at 8 weeks of therapy Repeat treatment with another type of ESA or HIF-PHI

Hb: Hemoglobin, ESA: Erythropoiesis stimulating agent, HIF-PHI: Hypoxia Inducible factor-Propyl hydroxylase inhibitors
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administering DPO every 2 weeks reported improved efficacy compared to monthly administrations, whereas no difference
in efficacy was observed between weekly and biweekly administrations.8%°

Dose titration:
If hemoglobin rises rapidly (increasing by >1 g/dL in any 2-week period), the DPO dose should be reduced by 25%.

Initial dose adjustments should be made after four weeks of initiation of therapy. If the target hemoglobin level is reached,
the DPO dose can be reduced by 25%, or the administration frequency may be decreased instead of discontinuing ESA
therapy. Stopping ESA treatment can lead to a drop in hemoglobin levels and a lag period before hemoglobin levels
improve upon restarting DPO. Moreover, fluctuations in hemoglobin have been recognized as an independent predictor of
mortality in patients with CKD Stage V.*!

Alternating between short-acting ESAs and DPO:

The decision to change ESA therapy type should depend on the CKD stage, efficacy, patient tolerance, preference, and
drug half-life. For instance, EPO administered twice/thrice per week can be changed to DPO once weekly, resulting in
decreased administration frequency.®®

The conversion ratio for switching patients from erythropoietin to DPO is as follows:

200 IU of EPO is equivalent to 1 pg of DPO. However, several studies have shown that after conversion, a further reduction
in the dose of DPO by 17-39% is required to maintain stable hemoglobin levels® [Table 5].

Safety and adverse effects-
DPO alfa should be used with caution in patients with uncontrolled hypertension, and it should not be used in those with
active malignancy, pure red cell aplasia occurring after treatment with ESAs, and allergic reactions to DPO.

Similar to previous target determining studies with EPO and DPO.°*® The correction of anemia with EPO alfa in
chronic kidney disease (CHOIR) and the trial of DPO alfa in type 2 diabetes and chronic kidney disease (TREAT) studies
demonstrated a higher risk of cardiovascular events and mortality with higher hemoglobin targets alongside either short-
acting ESAs or DPO use. 101102

Darbepoetin in dialysis dependent CKD

Route, dose, and frequency of administration:

DPO alfa should be administered via SC route in patients on peritoneal dialysis and through the SC or IV route for patients
on HD. The starting dose is 0.45 pg/kg body weight once a week or 0.75 pg/kg body weight once every 2 weeks SC or IV
for ESA-naive patients. Table 5 shows the dosing recommendations of DPO alfa.

Rationale:
Multiple studies have shown that patients undergoing dialysis experience a faster decline in Hb levels compared to those
with CKD who are not on dialysis, and a significant proportion of individuals with ESKD rely on ESAs to sustain hemoglobin
levels.”o80

SC dosing of DPO is typically preferred for peritoneal dialysis patients due to ease of administration, and patients
can maintain Hb levels when administered once every 2 weeks.'®® HD patients may receive DPO weekly via SC or IV
administration, as the efficacy is similar between SC and IV dosing.’**% Studies have shown that bi-monthly DPO dosing
is equally effective as weekly dosing, with no increased dose requirement, regardless of the administration route.'%°7 A
Cochrane meta-analysis found that DPO administered in one to four-week intervals maintains hemoglobin levels in dialysis
patients.’® However, the evidence supporting monthly dosing is low quality. Monthly dosing may be suitable for patients
with stable Hb levels or elderly patients in care.’®®'® DPO administered weekly has been found equally efficacious to
twice/thrice weekly EPO alpha.'*! Therefore, weekly or fortnightly dosing is generally recommended, with monthly dosing
appropriate for a targeted subset of patients. There is no difference in mortality and other outcomes between short-acting
ESAs and DPO.'*?

Table 5: Proposed conversions from weekly Epoetin alfa/Darbepoetin alfa to continuous erythropoietin receptor
activators (CERA) dosing

Previous Previous weekly darbepoetin alfa CERA dose

weekly epoetin alfa dose dose (ug/week) Once monthly (um) Once every 2 weeks (pg)
(units/week)

<8,000 25 120 60
8,000-16,000 40-60 200 100

>16,000 >60 360 180
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Dose titration:

Dose adjustments to DPO may be guided by the patient's hemoglobin level, the rate of change in hemoglobin, and the
current DPO dose. Dose adjustments to DPO should occur ideally once every 4 weeks, and no more frequently than once
every 2 weeks. The adjustment of ESA, including DPO dose, based on the hemoglobin response can be implemented
according to the guidelines outlined in Table 4. The dose of DPO should be reduced instead of discontinuing it entirely for
patients who have reached their target levels.

Alternating between different types of ESA therapy:
Alternating between changing the various ESAs is mainly based on clinical response and patient preferences. For patients
on short-acting ESA, the appropriate DPO conversion doses are available in Table 5, which is based on previous studies.®!

Rationale:
Hemoglobin levels typically rise within 2 to 4 weeks after ESA therapy initiation. If the hemoglobin level has not increased
by more than 1 g/dL after 4 weeks of therapy, consider increasing the DPO alfa dose by 25%.

Ideally, an increase in DPO dose should happen once every 4 weeks, while decreases in DPO dose can be undertaken
as frequently as every 2 weeks. This approach is taken because a gradual rise in Hb is considered acceptable, whereas
elevated Hb levels are more commonly associated with complications. Additionally, it is important to avoid frequent dose
changes, wherein a single Hb excursion should not prompt a change in dosing.

It is preferable to reduce doses of DPO and other ESAs rather than stopping them entirely in response to a significant rise
in hemoglobin. This approach is recommended due to rapid fluctuations in Hb and subsequent increases in erythropoietin
doses associated with adverse outcomes. Hemoglobin “cycling,” which refers to non-physiological periodic oscillations of
Hb levels >1.5 g/dL from baseline over an 8-week period, is linked to adverse clinical outcomes.'** DPO use is associated
with a lower Hb cycling risk and may be preferred for patients requiring frequent dose adjustments with short-acting
ESAS.UA'US

Safety and adverse effects of ESAs:

Adverse effects of DPO and other ESAs have been observed in the progression of various cancers as compared to
controls.’®'7 However, these effects were noted in early trials that utilized significantly higher EPO doses, which led to
higher Hb levels than what is now considered acceptable (10-12 g/dL).1t7118

Accordingly, 2012 KDIGO guidelines advise caution with ESA therapy in patients with active malignancy when cure is
anticipated, not initiating ESAs till Hb is < 10 mg/dL. However, ESAs may be used cautiously in those with chemotherapy-
associated anemia with Hb <10.0 g/dL.1>11®

Both Normal Hematocrit and CHOIR studies demonstrated that targeting higher Hb levels >13 g/dL is associated with a
higher risk of adverse cardiovascular events and mortality.’®»*'® The TREAT study and other observational studies have
shown a significant increase in stroke risk in patients with higher Hb levels.??2'?° Therefore, caution is advised when using
ESA treatments in patients with a history or significant risk of stroke.

ESAs, including DPO, have been associated with increased blood pressure, often requiring the initiation or adjustment of
antihypertensive medications in approximately 25% of CKD patients undergoing dialysis.®® While uncontrolled hypertension
is mentioned as a contraindication in the package insert, there is no specific blood pressure threshold that mandates
withholding ESA therapy. Supplementary Table 4 shows important landmark publications of DPO in CKD.

Methoxy polyethylene glycol-epoetin beta (MPG-EPO)

Methoxy polyethylene glycol-EPO beta (MPG-EPQ), also known as continuous erythropoietin receptor activators (C.E.R.A.),
is a novel agent that has a different interaction with the erythropoietin receptor than short acting ESAs or DPO and has
a long elimination half-life (approximately 130 hours).?* Compared with EPO beta, MPG-EPO has an approximately 50-
to 100-fold lower affinity for erythropoietin receptor-binding sites. The different receptor-binding properties of MPG-EPO
may enable continuous stimulation of erythropoiesis combined with a long half-life and slow systemic clearance.'?? CERA
use has been extensively studied in patients with CKD ND and D.*%

Route, dose, and frequency of administration:

For CKD patients who are not IlI-V ND and D, the recommended initial dose is 0.6 pg/kg body weight, subcutaneously
or intravenously, which may be administered once every 2 weeks. The SC administration is preferred in CKD ND patients
because of ease.

The lowest long-acting ESA dose, which is sufficient to reduce the need for blood transfusions, should be used with a
target hemoglobin level of 10-12 g/dL when treating anemia in CKD ND and CKD VD patients.
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Rationale:

Many studies including a systematic review of four well-designed head-to-head RCTs involving 1,155 CKD ND patients
demonstrated that MPG-EPO was clinically non-inferior to DPO. They also demonstrated the safety and adequacy of once
monthly administration of CERA.1*% |n the ARCTOS study, 324 ESA naive patients not on dialysis were randomized to
once a week DPO or once in two weeks CERA at a dose of 0.6 ug/kg and there was no difference in Hb increase between
the groups after 28 weeks.!®

Although CERA can be administered both IV or SC, an SC route may be preferable for administering long-acting ESA in CKD
patients who are not on dialysis since a large majority of these patients are managed in an outpatient setting, where this
route is often the only feasible route for administration.? The AMICUS study investigated the effect of CERA on CKD VD
patients as compared to EPO alpha or beta thrice weekly, and found the Hb response rates were >90% in both groups.!3®
The initial recommended dose of CERA for CKD ND and D is 0.6 ug/kg body weight, which may be administered once in
two weeks subcutaneously or intravenously.3>*” Multiple phase Il studies in dialysis patients have found that CERA is
able to maintain Hb levels when administered once every 2-4 weeks SC or |V, in patients who were previously maintained
on EPO alpha or DPQ.138141

Alternating with different types of ESA therapy:

CERA may be used in patients who are ESA naive as well as in patients who were previously receiving erythropoietin or
DPO. Furthermore, CERA may be given to patients with CKD who are not on dialysis and whose hemoglobin has been
stabilized with short-acting ESA. Calculating the dose of CERA is based on the total weekly ESA dose (Erythropoietin alpha
or DPO alpha) at the time of conversion.’®>!* Table 5 shows proposed conversions from weekly EPO alfa/DPO alfa to CERA
dosing.

The dose adjustments of CERA can be made based on the patient’s Hb concentration, rate of change in Hb concentration,
current long-acting ESA dose, and clinical circumstances.

Initial ESA therapy aims to achieve a rate of increase of 1.0 to 2.0 g/dL per month in Hb concentrations. The ESA dose
adjustment has been given in Table 4.

Safety and adverse effects:

A dose-ranging study of CERA administered to patients with anemia and undergoing cancer chemotherapy was prematurely
terminated due to a higher mortality rate among patients receiving CERA compared to another ESA.**? Hence, CERA is not
recommended for the treatment of anemia resulting from cancer chemotherapy. Additionally, hypertension is a frequently
reported adverse effect observed in studies evaluating CERA use.'**% Lastly, post-marketing cases of PRCA, although rare,
have been reported with long-acting ESA use.'*?

Supplementary Table 5 shows a summary of evidence of landmark publications on use of long-acting ESA in CKD patients
not on dialysis

ESA biosimilars

The FDA defines a biosimilar product as a product, which is highly similar to the original biological product with minor
differences in clinically inactive compounds and for which there are no clinically meaningful differences in terms of the
safety, purity, and potency.’* There is concern about quality, safety risk, efficacy, supply chain maintenance, and poor
pharmacovigilance of biosimilars. ESA biosimilars are widely used in Europe and have proven efficacy and safety.’* The
advantage of biosimilar drugs is that they are cheaper compared to the original molecule. However, one of the major
concerns with using biosimilars has been the higher pure red cell aplasia incidence reported in Europe!*® and Thailand.'¥
In a meta-analysis, there was no difference in various outcomes between originator and biosimilars in adult patients with
CKD.*8 In India, many biosimilar ESAs are being used. However, there is little published data about their comparative
safety, efficacy, and quality. There are unpublished data of biosimilar EPO and DPO by Indian companies showing equal
efficacy and safety compared to the original molecules. These data have been used to obtain marketing approval from the
Drug Controller General of India.
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Hypoxia-inducible factor prolyl hydroxylase inhibitors (HIF-PHIs)

e HIF-PHI may be used as an alternative to injectable ESAs in CKD llI-V patients who do not have easy access to storage
and refrigeration for ESAs.

e HIF-PHI should be avoided in active or recent malignancy, recent cardiovascular events, polycystic kidney disease,
proliferative diabetic retinopathy, pulmonary artery hypertension, and pregnancy.

e A trial of HIF-PHI may be considered for patients with CKD, anemia, and ESA hyperresponsiveness who don’t have any
contraindications to use these agents.

Rationale:

HIF-PHIs are new agents for CKD anemia treatment. Research investigating HIF-PHIs has found them to be effective in
maintaining hemoglobin levels in CKD patients as compared to a placebo.}*1% Several phase Il trials have also shown
them to be non-inferior to other ESAs in non-dialysis®*1%® and dialysis patients.16%.164-166

In a phase 3 open-label RCT in 588 anemic CKD ND patients, desidustat (100 mg) thrice a week was compared to a
biosimilar DPO in a dose of 0.75 pg/kg once every 2 weeks for 24 weeks. The hemoglobin response was better with
desidustat (p=0.018), and the primary efficacy outcomes of noninferiority were met. Additionally, there was significantly
less hepcidin level in desidustat than biosimilar DPO.* The DREAM-D study, an open-label RCT, compared desidustat (100
mg) thrice a week with EPO alpha in 388 HD patients and found the primary outcomes of noninferiority with desidustat as
compared to EPO alpha after 24 weeks of administration.’® No safety concerns were reported during the trial. Although
both studies were RCTS with robust designs and compared to the standard of care, they were open-label trials, conducted
only in India and Sri Lanka, with a limited follow-up of 24 weeks, so findings could not be generalized to a wider geographic
area.

Currently, desidustat is the only available HIF-PHI in India. Although the impact of higher hemoglobin levels with HIF-PHIs
has not been extensively studied, we suggest following the KDIGO guideline and the same hemoglobin target as for ESA
administration.*®

Route, dose, and frequency of administration:

Six distinct HIF-PHIs are available across various geographical regions, each with its recommended dosage. We recommend
adhering to the package insert. The Desidustat, the only HIF-PHI available in India, the recommended initial dosage is 100
mg three times a week, administered orally on an empty stomach. Furthermore, the dose can be adjusted according to
monthly Hb levels, with a maximum of 450 mg weekly.¢3164

Maintenance therapy:
The maintenance dose of Desidustat can range from 25 mg to 150 mg three times a week, depending upon the patient’s
Hb level or rate of hemoglobin rise.

Use of iron therapy while on HIF-PHI:

Although studies investigating HIF-PHIs have not primarily focused on iron parameters, many indicate improved utilization
of iron stores, as evidenced by changes in TSAT, ferritin, and hepcidin levels.’”*® We suggest periodically monitoring iron
levels similar to ESAs while on HIF-PHIs.

Safety of HIF-PHls:

With regards to the safety of HIF-PHIs, there is presently some concern due to the limited research and variable results
that long-term HIF-PHI use has on cardiovascular outcomes, thrombotic events, malignancy risk, pulmonary artery
hypertension, and CKD progression. Additionally, there is a lack of data on its use in polycystic kidney disease, pregnancy,
kidney transplant recipients, and the pediatric population.t#152

The advantages of HIF-PHIs over conventional ESAs include the ease of administration, storage, and lack of a need for cold
chain maintenance. Evidence of efficacy of HIF-PHIs in landmark phase 3 trials has been shown in Supplementary Table 6.
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ESA hyporesponsiveness

A widely used working definition of ESA hyporesponsiveness is the Kidney Disease Outcomes Quality Initiative (KDOQI)
criteria of inability to achieve or maintain a desired Hb concentration using a maximum dose of 450 units/kg per week
short-acting intravenous EPO or 300 units/kg per week subcutaneous EPO (~20,000 units/week) or 1.5 pg/kg per week of
DPO alfa (~100 pg/week).1*” The ESA hyporesponsive can also be calculated by using erythrocyte resistance index (ERI),
which is obtained by dividing the ESA dose/week first by the patient’s weight (in kilograms) and then by the patient’s Hb
level (in g/dL); it is expressed in units/week per kg per g/dL. The higher the ERI, the more is the resistance to ESA.**8 The
exact prevalence of ESA hypo responsiveness cannot be determined due to the absence of a standard definition. However,
ESA hyporesponsiveness is associated with a worse prognosis. A study from Japan in 108 patients on MHD showed that, 18
(17%) patients died with a mean follow-up period of 3.1 + 1.6 years. The multivariate Cox regression analysis revealed that
the erythrocyte resistance index (ERI) was an independent predictor of all-cause death after adjustment using a propensity
score (hazard ratio 2.25, 95% Cl 1.25-4.06).1¢8

A simple way of determining ESA hyporesponsiveness is the inability to achieve an increase in Hb after the first month of
appropriate weight-based dosing and/or requiring two increases in ESA doses up to 50% beyond the dose at which the
patient had initially been stable.®®

The most common causes of ESA hyporesponsiveness are nutritional deficiencies, chronic inflammation, and inadequate
dialysis.?’®'"? |n India, other causes like failure of cold chain maintenance, possible problems with quality, inadequate
dosing, and micronutritional deficiencies (Iron, Folic acid, Vitamin B12) also contribute.

Evaluation of ESA Hyporesponsiveness:

The initial step in the evaluation of patients with ESA hyporesponsiveness is to check a reticulocyte count. A high
reticulocyte count would indicate blood loss or hemolysis, and further evaluation should be directed towards the same.
Upper and lower Gl endoscopies are important investigations in patients who require increasing ESA doses.

In patients with low reticulocyte levels, after ruling out non-compliance, further evaluation for functional/absolute iron
deficiency and chronic inflammation should be done.”?

Secondary hyperparathyroidism is another important cause of ESA hyporesponsiveness; this may be due to increased RBC
fragility, inhibitory effects of parathyroid hormone on EPO synthesis, and an indirect effect via bone marrow fibrosis.'’*17#

In addition to iron deficiency and inflammation the presence of other factors like aluminum overload (rare now)* and
hemoglobinopathies has to be ruled out.

Angiotensin-converting enzyme inhibitors and angiotensin-receptor blockers may promote ESA hyporesponsiveness
through inhibition of angiotensin-ll-induced erythropoietin release and augmentation of N-acetyl-seryl-aspartyl-lysyl-
proline to prevent recruitment of pluripotent hematopoietic stem cells.'’”® However, there are multiple benefits of these
agents, and the data for ESA hyporesponsiveness is scarce, so these agents should be continued in CKD patients with
anemia. Ongoing ESA hyporesponsiveness warrants a bone marrow examination to find out causes like myelodysplasia/
myelofibrosis or PRCA, after other causes are ruled out.?”

In patients with no determined cause of ESA hyporesponsiveness, a trial of HIF-PHI therapy may be considered, although
there are sparse data regarding the same.'’®
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Blood transfusions

e If clinically indicated, RBC transfusions may be administered. Avoid using RBC transfusion if the patient is being
considered for a transplant.
e Leuco-depleted RBCs should be given if transfusion is considered essential.

Rationale:
In patients who experience ESA unresponsiveness or those at risk of toxicity to ESAs (e.g., malignancy, stroke), the potential
benefits of RBC transfusion may outweigh the associated risks.

RBC transfusions increase Hb levels rapidly and were commonly used in managing anemia in patients with CKD pre-ESA
era.'’>® With the availability of ESAs and IV iron, the need for blood transfusions has substantially reduced.’®*® Still, blood
transfusions may be required due to reasons like ESA noncompliance or unresponsiveness, rapid blood loss, hemolysis,
malignancy, and infections.

The threshold for RBC transfusion in chronic anemia of CKD is not defined. While there is no specific hemoglobin level
necessitating transfusion, the decision will depend on the presence of signs or symptoms.:&2

It was a long-held belief that RBC transfusions improve outcomes in anemia by correcting oxygen delivery and hemoglobin
levels. However, several studies across various populations have shown that a restrictive strategy, one reserved for when
patients exhibit symptoms, may be equally effective and less prone to complications related to RBC transfusions than a
liberal strategy dependent on Hb thresholds. The use of RBC transfusions should be limited in view of the multiple potential
toxicities reported along with the risk of alloimmunization in the CKD population awaiting kidney transplantation.8183

Safety and adverse outcomes

Patients undergoing RBC transfusion can develop complications including fever, allergic reactions, hemolysis, and
anaphylaxis.’®® Patients who receive multiple transfusions can develop alloimmunization to human leukocyte antigens,
resulting in the development of donor-specific antibodies and a subsequent higher risk of antibody-mediated rejection in
the post-transplant period.!® Table 6 shows estimated risks associated with blood transfusions per unit transfused.
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Cost analysis

The high cost associated with CKD treatment due to polypharmacy and dialysis, and inadequate insurance coverage in India,
highlights the need for a detailed cost evaluation of treatment options. Given these financial challenges, understanding
the cost implications of various treatments, including iron preparations and ESAs, is essential.

In India, many iron preparations and ESAs are available, each with differing costs based on their formulation and dosing
frequency. Traditional oral iron preparations like ferrous sulfate, ferrous fumarate, and ferrous ascorbate are inexpensive
and widely available. Many newer iron preparations, like liposomal iron and phosphate-binding iron preparations like
sucroferric oxyhydroxide and ferric citrate, are also not expensive. However, the cost varies widely according to the
manufacturer [Table 7]. Iron polysaccharide complex preparations are expensive. Intravenous iron is more effective in
replenishing iron stores rapidly in CKD patients and those undergoing dialysis. Common formulations available in India
include ferric carboxymaltose (FCM), iron sucrose, and iron isomaltose. Again, the cost of these iron preparations varies.
The cost of commonly available commercial IV iron preparations has been detailed in Table 8.

Studies in India have compared the cost-effectiveness of IV iron therapy to oral iron supplements in pregnant women with
moderate to severe anemia.’®*'® These studies found that IV iron therapy is more effective and cost-effective than oral iron
therapy. Similar findings have been reported CKD ND populations in the USA, where ferumoxytol, an IV iron formulation, was
cost-effective compared to oral iron.!® In European populations, ferric carboxymaltose (FCM), another IV iron formulation,
is more effective and faster than oral iron therapy in increasing hemoglobin levels and reducing the need for ESAs.?®” There
is data from India that IV iron sucrose and iron isomaltose were more effective in improving Hb levels in CKD ND patients as
compared to oral iron.'®1 There is another study of using high-dose IV FCM in CKD patients, which was found to be safe
and effective in increasing Hb level. However, there was no comparator group in this trial.»*® These beneficial effects of IV
iron are also observed in patients undergoing HD.**

The cost reduction associated with IV iron therapy is attributed to several factors:
e Reduced ESA dosage requirements.

e Lower incidence of adverse effects compared to oral iron therapy.

e Decreased waiting times for iron infusions.

e Fewer clinic visits when using newer IV iron formulations.

These advantages contribute to the overall cost-effectiveness of IV iron therapy in managing iron deficiency anemia.

ESAs are integral to the management of anemia in CKD. In India, primarily three categories of ESAs are available: short-
acting Recombinant Erythropoietin (rHUEPO) alpha, long-acting agents like DPO Alfa, and Pegylated Erythropoietin (Peg-
EPO). There is not much difference in cost when we compare the monthly cost of these agents, while DPO and peg-EPO
have less frequent dosing and better patient adherence at slightly higher or no increase in costs [Table 9]. In a Korean
study, the mean price of DPO alfa was ~1/3 that of CERA while maintaining comparable efficacy.’®> A 2009 meta-analysis

Table 6: Estimated risk associated with blood transfusions per unit transfused

Adverse event Estimated risk
Immunological
Fever/allergic reactions 1in 100-200
Hemolytic reaction 1in 6,000
Transfusion-related acute lung injury 1in 12,350
Anaphylaxis 1in 50,000
Fatal hemolysis 1in 1,250,000
Graft versus host disease Rare
Others
Mismatched transfusion 1in 14,000-19,000
Infections
Hepatitis B 1in 300,000 approx.
Bacterial sepsis 1in 350,000
West Nile virus 1in 1,000,000
Hepatitis C 1in 1,149,000
HIV 1in 1,467,000
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Table 7: Oral iron cost

Salt Cost for 10 tablets (Rs)
Ferrous salts 100-300
Liposomal iron 200-300
Iron polysccharide complex 700-1000
Ferric citrate 200-300
Sucroferric oxyhydroxide 300-400

MRP: Maximum retail price

Table 8: IV iron cost

Salt Dose MRP (Rs)
Iron sucrose- 200 mg 200 mg 500-600
Ferric carboxymaltose 500 mg 2000-3500
Iron isomaltose 500 mg 3000-3500

MRP: Maximum retail price

Table 9: Cost of ESA and HIF-PHI

Parameter rHUEPO Darbepoetin alfa Pegylated EPO Desidustat
Half-Life (hours) Short (~8-12) Intermediate (~25) Long (~125) 6-15

Dosing frequency 2-3 times/week Weekly/Biweekly Biweekly/Monthly Thrice a week
Cost per dose (MRP) 1200-2000 (4000 units) 2500-3000 (40 pg) 5000-6000 (50 ug) 220 (100 mg)
Monthly cost (Rs) 9000-15,000 10000-12,000 10,000-12,000 4000-6000

ESA: Erythropoiesis stimulating agent, HIF-PHI: Hypoxia inducible factor-propyl hydroxylase, EPO: Erythropoietin, rHUEPO: recombinant
human erythropoietin

concluded that switching patients from EPO to DPO alfa, using an initial conversion ratio of 200 IU epoetin to 1 pug DPO,
resulted in an average dose reduction of ~30% while maintaining target hemoglobin levels.'*

The availability of generic medications in India has made treatments more affordable, and many times, the cost of ESAs,
when bought directly from the company or taken as a part of the dialysis package, is reduced by 50% or even less. However,
despite these improvements, managing chronic conditions like anemia in CKD continues to impose a significant financial
burden on both patients and the healthcare system. Understanding the cost implications of different iron preparations and
ESAs can help healthcare providers and policymakers make informed decisions, ultimately improving the affordability and
effectiveness of CKD management in India.
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