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PERSPECTIVE

Revisiting the treatment of anemia in the setting of chronic kidney disease, 
hematologic malignancies, and cancer: perspectives with opinion and commentary
Franco Musioa,b,c

aSenior Partner, Nephrology Associates of Northern Virginia, VA, Fairfax, Virginia, USA; bNephrology Division Chief, Inova Fairfax Hospital, 
Department of Medicine, Falls Church, Virginia, VA, USA; cAssociate Professor of Medicine, Virginia Commonwealth University (Inova Fairfax 
Hospital Campus), Richmond, Virginia, USA

ABSTRACT
Introduction: Anemia has and will continue to be a central theme in medicine particularly as clinicians 
are treating a burgeoning population of complex multi-organ system processes. As a result of multiple 
randomized controlled trials (RCTs), meta-analyses, and societal recommendations overly restrictive 
paradigms and under-administration of erythropoiesis stimulating agents (ESAs) have likely been 
followed by clinicians among all specialties.
Areas covered: A review of anemia in the context of chronic kidney disease, hematologic malignancies, 
and cancer is presented with focus on the establishment of ESAs as integral in the treatment of anemia. 
Multiple RCTs and meta-analyses studying the use of ESAs are presented with focus upon their 
application to clinical practice. A ‘compendium’ is proffered describing the evolution, establishment, 
and implications of ESA administration initially among those with CKD with rapid subsequent applica-
tion to the Hematology-Oncology population of patients. Literature search methodologies have 
included MEDLINE (1985–2020), PubMed (1996–2020), Cochrane Central Trials (1985–2020), EMBASE 
(2000–2020), and ClinicalTrials.gov (2000–2020).
Expert opinion: Upon evaluation of risks and benefits of ESAs focused opinion and commentary is 
made supporting more liberal use of these agents and strongly suggesting that the current underlying 
treatment ‘pendulum’ has perhaps shifted too far to the ‘under-treatment’ side in many cases.
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1. Introduction

Anemia (derived from the Greek word ‘anaimia’ meaning lack 
of blood) has been linked to chronic kidney disease (CKD) for 
greater than 180 years initially noted in 1836 by Richard Bright 
in Guy’s Hospital Report of King’s College London [1]. In addi-
tion, anemia is one of the ‘bedrock’ manifestations of multiple 
hematologic and oncologic diseases as well as many other 
medical abnormalities. Using the WHO definition of anemia 
(Hb less than 13 gm/dl for adult males and post-menopausal 
women and less than 12 gm/dl for pre-menopausal women) it 
is readily apparent that progression of Chronic Kidney Disease 
(CKD) is often associated with worsening anemia [2]. The 
operational stages of CKD have gained universal acceptance 
regarding the definition and ultimate course of disease 
(Table 1).

The following compendium will lead through a ‘continuum’ 
of this topic commencing with a foundation to include 
Mechanisms of Action, the Advent of Erythropoiesis 
Stimulating Agents, and History of Treatment, Trials, and 
Governing Body Guidelines in the Use of ESAs. The second 
portion will include the Synergy of Parenteral Iron and ESAs, 
the Impact of Anemia and Benefits of Treatment, the Future of 
Anemia Treatment: Inhibition of HIF prolyl hydroxylase and 
a timely Post-Script: Anemia in the COVID-19 era.

Ultimately Expert Opinion/Fusion of Art and Science will 
offer detailed opinion in light of the previously examined 
multiple studies regarding the treatment of anemia in the 
setting of CKD and/or hematologic diseases, cancer, and sur-
gical care issues – all in the context of clinical practice of 
multiple subspecialties. The focus of this article will be to 
review the foundation and subsequent evolution of the treat-
ment of anemia with ESAs which initially centered on those 
patients with CKD although rapidly extended to other fields of 
medicine. In order to place context to the increasing use of 
ESAs in the hematology-oncology community the history of its 
inception and initial use in the nephrology sector is presented. 
This author wishes to critically evaluate current practices and 
emphasize personal perspective in the use of ESAs particularly 
in light of the pervasiveness of renal failure and hematologic- 
oncologic illnesses as part and parcel of complex multiorgan 
disease processes.

2. Mechanisms of action

Numerous studies have corroborated a multifactorial process 
in the pathogenesis of anemia (typically characterized by 
a normocytic/normochromic hypo-proliferative state) in the 
setting of CKD and certain hematologic disorders: disordered 
iron homeostasis ‘dove-tailing’ with anemia of chronic disease; 

CONTACT Franco Musio frmusio@gmail.com Virginia Commonwealth University (Inova Fairfax Campus), Dept. of Medicine, Falls Church, Virginia22042, 
USA

EXPERT REVIEW OF HEMATOLOGY                                                                                                                              
2020, VOL. 13, NO. 11, 1175–1188
https://doi.org/10.1080/17474086.2020.1830371

© 2020 Informa UK Limited, trading as Taylor & Francis Group

http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/17474086.2020.1830371&domain=pdf&date_stamp=2020-12-02


deficiency in the synthesis and action of erythropoietin (EPO); 
down regulation of hypoxia inducible factor (HIF); and con-
tributing factors to include absolute and functional iron defi-
ciency, B12/folate deficiencies, the progressive ‘uremic milieu’ 
impairing erythropoiesis such as polyamines/inflammatory 
cytokines/elevated PTH; reduced RBC life span and decreased 
testosterone in males [3–5].

There is a fascinating interplay of many factors governing 
hematopoiesis. Central to the process is dysregulation of iron 
metabolism leading to the final common pathway of 
increased uptake and retention of iron from the circulation 
into storage sites of the reticuloendothelial system (RES) – this 
will lead to limited availability of iron for erythroid progenitor 
cells and ultimate decreased production of red blood cells [6]. 
This delicate interplay involves the action of erythrophagocy-
tosis, transmembrane movement of ferrous iron (Fe++) by the 

protein divalent metal transporter-1 (DMT-1) into cells, 
decreased transmembrane movement of Fe++ out of cells by 
downregulation of the expression of ferroportin and produc-
tion of hepcidin from the liver accentuating the latter [6–8]. 
The end result of the above will ultimately lead to decreased 
erythropoiesis.

The above cascade begins with any disruption to human 
homeostasis to include infection, malignancy, autoimmune 
dysregulation, medications, and renal failure. 
Proinflammatory production is stimulated and well as lipopo-
lysaccharide production leading to upregulated expression of 
DMT-1 with concomitant increased iron uptake in activated 
macrophages. In tandem with the above, the expression of 
ferroportin is downregulated thus blocking the release of Fe+ 
+ from the RES as well as from duodenal enterocytes into the 
general circulation [9]. In addition, there appears to be direct 
inhibitory effects of proinflammatory cytokines on EPO pro-
duction [10]. Hepcidin production by the liver is likewise 
upregulated by certain cytokines [11] leading to downregula-
tion of ferroportin and the above-mentioned decreased 
export of Fe++ from the RES, hepatocytes, and duodenal 
enterocytes. The final common pathway thus involves 
decreased erythropoiesis due to multiple mechanisms: lack 
of iron availability, lack of EPO stimulation and production, 
and lack of EPO function due to multiple exogenous factors 
(including loss of renal function) all leading to an absolute 
decrease in EPO production.

3. Advent of ESAs

The human erythropoietin gene is located on chromosome 
seven encoding a 193 amino acid protein with posttransla-
tional modifications resulting in a 165 amino acid mature 
glycoprotein hormone [12,13]. It is produced by the cortical 
fibroblasts adjacent to peritubular capillaries of the proximal 
convoluted tubules of the kidney (although in the fetus the 
liver appears to be the primary source). Under basal conditions 
EPO is present in low concentrations in the circulation (0.01–-
0.03 U/ml) although up to a 100- to 1000-fold increase in 
production occurs in response to anemia and hypoxia.

EPO receptors are present in greatest concentration on 
colony forming unit-erythroid and burst forming unit- 
erythroid precursors initially as preformed dimers [14]. 
Binding of EPO results in a change in their conformation 
leading to activation of the intracellular mediator Janus 
kinase-2 via transphosphorylation with subsequent phosphor-
ylation of other intracellular tyrosine kinases and ultimately 
a signal transduction cascade eventuating in erythropoiesis 
[15]. Although beyond the scope of this review there is 
a delicate interplay between iron homeostasis and EPO func-
tion. Elegant studies by Khalil et al. in the rat model show that 
erythroid iron restriction downregulates a receptor control 
element named ‘Scribble’ (a large multidomain regulator of 
receptor trafficking and signaling) ultimately leading to 
reduced surface expression of the EPO receptor [16]. In parallel 
fashion earlier work by Weiss et al. supports the role of EPO in 
increasing iron uptake in erythroid progenitor cells by 

Article Highlights box

● The pathogenesis of anemia involves a multifactorial process to 
include disordered iron homeostasis, deficiency in the synthesis and 
action of erythropoietin, down regulation of hypoxia inducible factor 
as well as multiple contributing processes.

● Recombinant Human Erythropoietin was approved for use in 1989 by 
the FDA dramatically advancing the treatment of anemia among 
a wide spectrum of patients.

● Observational studies have demonstrated benefits of Erythropoiesis 
Stimulating Agents (ESAs) to include improvement in quality of life, 
neurocognitive function, cardiac function and regression of left ven-
tricular hypertrophy.

● There are differing results among RCTs and meta-analyses evaluating 
use of ESAs in the nephrology and hematology-oncology literature 
regarding the possible risks of higher hemoglobin targets (above 
12gm/dl) to include cardiovascular and cerebrovascular side effects, 
tumor progression and recurrence, and death.

● Post-hoc analyses of nephrology-based ESA trials and multiple oncol-
ogy meta-analyses have called into question the initial assertions of 
increased risk of side effects with ESA administration – this has 
paralleled the most recent nephrology society guidelines recom-
mending maintaining the target Hb approximately 10.0–11.0gm/dl 
with ESAs among patients with Chronic Kidney Disease Stages III 
through V and the recommendations of oncology societies to treat 
cancer induced anemia patients below 10gm/dl (varying recommen-
dations among those undergoing chemotherapy with intent to treat 
as opposed to palliative in nature).

● The COVID-19 era has introduced novel challenges to all sectors of 
the world community: the relationship between the benefits of the 
treatment of anemia and the COVID-19 virus is starting to emerge.

● After review of the literature and medical society practice guidelines 
regarding the use of ESAs it is the perspective of this author that 
anemia among patients with CKD, hematologic malignancies, cancer, 
and surgical issues is being undertreated and a target of 10.0– 
11.0gm/dl should be maintained among a wide spectrum of patients 
after ruling out iron depletion and other reversible causes.

Table 1. Stages of chronic renal failure.

Stage Description GFR (ml/min/1.73 m squared)

1 Kidney injury with normal or 
increased GFR

>/90

2 Kidney injury with mild decrease in 
GFR

60–89

3a Moderate decrease in GFR 45–59
3b Moderate decrease in GFR 30–44
4 Severe decrease in GFR 15–29
5 Approaching or achieved ESRD <15 (or renal replacement 

therapy)
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posttranscriptional induction of transferrin receptor expres-
sion [17].

Relatively recent work is focusing on hypoxia inducible 
factor-1 complex (HIF) in the setting of anemia and CKD. HIF- 
1 was identified in 1992 and purified in 1995 as 
a heterodimeric basic helix-loop-helix protein transcription 
factor composed of an alfa and a beta subunit which binds 
to the hypoxia response element of the EPO gene (and other 
hypoxia response genes) [18,19]. Upregulation occurs in 
a rapidly graded fashion in the setting of tissue hypoxia and 
anemia with rapid degradation by proteasomes in the pre-
sence of oxygen. It has been suggested that a common 
hypoxia signal transduction pathway exists with a central 
role for HIFs in the transcriptional regulation of hypoxia 
response genes and ultimate translation of EPO [20]. Further 
work has led to the identification of three different alfa sub-
units (HIF-1 alfa; HIF-2 alfa, and HIF-3 alfa) each binding to 
a HIF-beta subunit resulting in multiple HIFs [21].

Notwithstanding the fact that iron repletion in tandem with 
ESAs remains a current mainstay in the treatment of anemia in 
the setting of CKD and many other conditions a plethora of 
work is centering on the inhibition of HIF degradation by 
prolyl hydroxylase inhibitors (PHIs) as treatment in the near 
future [22].

4. History of treatment, trials, and governing body 
guidelines in the use of ESAs

Recombinant human EPO was approved for use in 1989 by 
the Food and Drug Administration and has dramatically 
advanced the treatment of anemia among CKD and End 
Stage Renal Disease (ESRD) patients as well as those with 
other hematologic diseases. Prior to this time androgen 
administration was the main non transfusion treatment 
option in the ESRD population [23]. There are four available 
formulations of EPO: two are short acting – epoetin alpha 
(trade name Epogen, Procrit) and methoxy-propyl-ethylene 
glycol epoetin beta (trade name Micera) and two are long 
acting: darbepoetin alfa (trade name Aranesp) and the con-
tinuous erythropoietin receptor activator-methoxy- 
polyethylene glycol epoetin beta (trade name CERA) which 
is not used in the United States.

The initial goal was to prevent or minimize transfusions 
although subsequent observational studies demonstrated far 
greater benefits: improvement in Quality of Life scores (QOL), 
improvement in neurocognitive function, regression of left 
ventricular hypertrophy, improvement in New York Heart 
Association Class and cardiac function as well as fewer hospi-
talizations and overall cost savings [24–27]. By 2006 an esti-
mated 90% of Hemodialysis patients was on ESAs (the 
percentage of CKD patients is unclear) with the achieved Hb 
levels having been generally raised from approximately 
9.7 gm/dl to 12 gm/dl per the US Renal Data System Annual 
Data Report of 2006 [28]. Concomitantly the initial National 
Kidney Foundation (NKF) Kidney Disease Outcome Quality 
Initiative (KDOQI) for anemia (2006) recommended a lower 
Hb limit of 11.0 gm/dl [29].

In order to strengthen the undertaking of this subject and 
guide our practices based upon evidence-based data eight 
well-known large (including one smaller study) multicenter 
Randomized Controlled Trials (RCTs) in the nephrology litera-
ture will be described that prospectively studied the effects of 
normalized Hb targets (Table 2). Three trials involved strictly 
HD patients: The Normal Hematocrit Study (NHCT), The 
Canadian Normalization of Hemoglobin with Erythropoietin 
Trial and one smaller study which evaluated cardiac structural 
changes with ESAs [30–32]. One trial involved both pre-HD 
and HD patients [33]. Four trials evaluated CKD patients not 
undergoing HD: The Correction of Hemoglobin and Outcomes 
in Renal Insufficiency Trial (CHOIR), The Cardiovascular Risk 
Reduction by Early Anemia Treatment Trial (CREATE), a third 
trial appearing to mirror the former in regards to results, and 
The Trial to Reduce Cardiovascular Events with Aranesp 
Therapy (TREAT) [34–37].

The NHCT trial published in 1998 included over 1200 
patients with CHF and ischemic heart disease on 
Hemodialysis (HD) comparing target Hematocrit (HCT) of 
30% versus 42% using Epoetin alfa [30]. The trial was termi-
nated early when it became apparent that there was no 

Table 2. Nephrology studies of ESAs.

Study
n 

(patients)

Stage 
of 

CKD
Target Hb 

(gm/dl)
Outcome 

(high vs control group)

Besarab 
et al. 
[30] 
1998 
NHCT, 
1998

1233 5 Hct 42% vs 
30%

Higher rate of MI and death

Parfrey 
et al. 
[31] 
2005

596 5 13.5–14.5 vs 
9.5–11.5

Higher rate of stroke; no 
cardiac structural 
differences

Foley 
et al. 
[32] 
2000

146 5 13.5 vs 10.0 No cardiac structural 
differences

Furuland 
et al. 
[33] 
2003

416 4–5 13.5–16.0 vs 
9.0–12.0

Improved QOL among Stage 
5 patients; no differences 
in adverse effects

Singh 
et al. 
[34] 
2006; 
CHOIR

1432 3–4 13.0–13.5 vs 
10.5–11.0

Higher rate of death, MI, 
stroke, hospitalizations for 
CHF – study terminated 
early

Drueke 
et al. 
[35] 
2006; 
CREATE

603 3–4 13.0–15.0 vs 
10.5–11.5

Improved QOL; no 
differences in adverse 
effects

Rossert 
et al. 
[36] 
2006

390 3–4 13.0–15.0 
vs11.0–12.0

No differences in adverse 
effects; improved QOL; 
higher rate of stroke;

Pfeffer 
et al. 
[37] 
2009; 
TREAT

4038 3–4 13.0 vs 
placebo; 

rescue ESA 
for Hb <9.0

No differences in adverse 
effects; improved QOL; 
Higher rate of stroke
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benefit in those patients randomized to the higher HCT target. 
The risk of the primary composite outcome of the first non-
fatal myocardial infarction (MI) or death was 30% higher in the 
normal HCT group compared to the low group although not 
statistically significant when the study was terminated. Also, 
the incidence of access thromboses was higher in the normal 
group although there were no differences in all-cause hospi-
talizations, nonfatal MI, angina/congestive heart failure (CHF) 
requiring admission, and coronary artery bypass grafting or 
percutaneous angioplasty (PTA). As a result of this study an 
informal ‘recalibration’ of the target Hb below 13 gm/dl 
occurred in HD patients within the nephrology community.

The Canadian-European Normalization of Hb with EPO Trial 
published in 2015 included approximately 600 incident HD 
patients with baseline absence of symptomatic cardiac disease 
and LV dilatation randomized to a target Hb of 9.5–11.5 gm/dl 
versus 13.5–14.5 gm/dl using Epoetin alfa [31]. There was no 
significant difference in cardiac structural assessment although 
a significant increase in stroke was noted among those 
patients in the higher Hb arm.

A third smaller trial among HD patients published in 2000 
randomized approximately 150 patients with either concentric 
LV hypertrophy or LV dilatation to a target Hb of 10 gm/dl 
versus 13.5 gm/dl also using Epoetin alfa [32]. There was no 
significant difference in regression of either parameter with 
normalization of Hb.

The one trial involving a ‘hybrid’ of both pre-HD and HD/PD 
patients published in 2003 randomized over 400 individuals to 
a target of 9.0–12.0 gm/dl versus 13.5–16.0 gm/dl using 
Epoetin alfa [33]. Only the HD/PD patients that achieved the 
higher Hb target demonstrated improvement in Quality of Life 
(QOL) parameters with no differences demonstrated in 
adverse events in either group of patients randomized to the 
higher or lower Hb arm.

Among patients with CKD not on HD the CHOIR trial pub-
lished in 2006 included over 1400 patients with CKD Stages 3 
or 4 randomized to a target Hb 13.0–13.5 gm/dl versus 10.5–-
11.0 gm/dl using Epoetin alfa (a later protocol amendment 
slightly changed the targets to 13.5 gm/dl versus 11.3 gm/dl) 
[34]. This study was also terminated early due to a significantly 
higher rate of composite events among subjects randomized 
to the higher target: death, MI, stroke, and hospitalization for 
CHF without the need for HD.

The CREATE trial was also published in 2006 (in the same 
issue as the CHOIR trial) having randomized over 600 patients 
with CKD Stage 4 to Hb target of 10.5–11.5 gm/dl versus the 
higher target of 13.0–15.0 gm/dl using Epoetin beta [35]. No 
significant difference is adverse events was noted although 
‘general health’ and ‘physical function’ improved significantly 
among those in the higher target group.

Dovetailing with the above a third trial published in the 
same year (2006) randomized close to 400 patients with CKD 
Stage 3–4 to a target Hb of 13.0–15 gm/dl versus 11.0–12 gm/ 
dl using Epoetin alfa [36]. There was also no significant 

difference in the progression of CKD and adverse events in 
either group although QOL measures to include ‘physical 
function,’ ‘role-physical,’ and ‘vitality’ showed improved trends 
(and significant improvement for vitality) among those in the 
higher Hb arm.

The TREAT trial was published in 2009 randomized over 
4000 patients with adult onset diabetes mellitus and CKD 
Stage 3 or 4 to a target Hb of 13 gm/dl using Darbepoetin 
alfa versus placebo (although ‘rescue’ darbepoetin alfa was 
given when the Hb was noted to fall below 9 gm/dl) [37]. 
This trial was notable as it was the largest and only placebo 
controlled in the nephrology literature. The median achieved 
Hb in the treatment versus control arm was 12.5 gm/dl and 
10.6 gm/dl, respectively, with the former reporting a significant 
increase in ‘Functional assessment of cancer therapy’ and 
‘Fatigue score’ reflecting a higher QOL. Ultimately, there was 
no statistical difference in death, cardiovascular events or 
attainment of ESRD between the groups although there was 
a statistically significant higher occurrence of fatal or non-fatal 
stroke in the group assigned to Darbepoetin alfa.

Critiques of this study may include a number of issues: 
there were significant (although low level) differences in car-
diovascular history between the groups, a small percentage of 
those in the placebo arm received ESAs at least three months 
prior to the start of the study, and approximately one-half of 
the placebo patients received at least one dose of darbepoetin 
alfa during the study. Interestingly, critiques of the previously 
discussed CHOIR and CREATE trials include the fact that higher 
overall doses of IV iron were administered to those patients in 
the higher Hb arm thus possibly affecting the outcomes. On 
the other hand, a significant higher amount of IV iron and 
transfusions were administered to the control/placebo arm in 
the TREAT trial which likewise may confound interpretation of 
the results due to imbalances in each arm.

Multiple cancer studies to include breast, lymphoid, cervi-
cal, head and neck and non-small cell lung cancer as well as 
non-myeloid malignancies have likewise been conducted in 
which patients were randomized to achieve a target Hb of at 
least 12 gm/dl with Epoetin alpha or placebo (although one 
study did not include a defined target) [38–46]. Those in the 
Epoetin alfa arm demonstrated shortened overall survival and/ 
or increased risk of tumor progression or recurrence among 
the enumerated malignancies. Overall trends for higher trans-
fusion requirements were generally noted among those in the 
placebo arm of these studies whereas differences in iron 
administration are unclear for most studies.

As many critiques may be raised regarding the above 
individual studies further clarity by meta-analyses has been 
required is steering evidence-based practice needed in the 
realm of patients with hematologic and oncologic processes. 
A number of earlier meta-analyses in the hematology- 
oncology literature (before 2009) demonstrate varying conclu-
sions as to morbidity and mortality although several of the 
largest most recent studies (after 2009) appear to shed a more 
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uniform favorable light in the use of ESAs [47–53] (Table 3). All 
meta-analyses evaluated RCTs including a control/placebo arm 
and an ESA arm with target Hb generally over 12 gm/dl. Most 
demonstrated a higher incidence of venous thromboembolic 
events (VTE) in the higher Hb arm although evaluation of 
specific Hb levels and specific risk for DVT was not studied.

A very large study by Glaspy et al. in 2010 included over 
15,000 patients among 60 RCTs also evaluated use of all ESAs 
showed no significant effect upon mortality or disease pro-
gression although also corroborated an increased risk of VTEs 
among those in the higher Hb arm [51]. Another study focus-
ing just on lung cancer patients receiving chemotherapy by 
Vansteenkiste et al. in 2011 reviewed 9 studies including 
close to 2,500 patients – those in the ESA arm received less 
transfusions and demonstrated no significant increase in 
death or disease progression [52]. The largest meta-analysis 
to date by Ross et al. published in 2007 reviewed 40 RCTs 
including over 21,000 patients again using all ESAs found no 
increased risk of death nor VTEs between treatment and 
control groups [53]. Although not a meta-analysis the most 
recent analysis in this particular topic was just recently pub-
lished as requested by the US Food and Drug Administration 
(FDA) and the European Medicines Agency to ensure overall 
safety and benefit in the treatment of chemotherapy induced 
anemia (CIA). Gascon et al. evaluated over 2500 patients 
receiving chemotherapy for Stage IV NSCLC and concluded 
that Darbepoetin alfa dosed to an upper Hb target of 12 gm/ 
dl was noninferior to placebo for overall survival and progres-
sion free survival and significantly reduced the requirements 
for transfusion and achieving a Hb level below or equal to 
8 gm/dl [54]. This particular study appears integral in stres-
sing the actual safety and benefits of ESAs among cancer 
patients.

To be again highlighted is that the above enumerated 
individual studies and meta-analyses involved a control arm 
with ‘standard of care’ and/or placebo versus a treatment arm 
in which ESA administration typically targeted levels much 
higher than current recommendations. The implications for 
clinical practice will be discussed later in this review.

Governing Nephrology Societal recommendations have 
subsequently followed suit in their recommendations with 
the use of ESAs as a result of the above trials (Table 4). The 
initial KDOQI 2006 Practice Guidelines espousing a lower Hb 
target of 11.0 gm/dl had been amended by the ‘Anemia Work 
Group’ (2007) in which the recommended Hb target in HD 
and CKD patients was lowered to 11.0–12.0 gm/dl [55]. 
A second body named KDIGO issued a report in 2012 
named the 2012 Kidney Disease: Improving Global 
Outcomes Clinical Practice Guidelines for Anemia recom-
mending an upper target of 11.5 gm/dl (with provisions for 
individualization of therapy to above 11.5 gm/dl to improve 
QOL with potential risks needing to be explained and by the 
patient) [56]. The most recent KDOQI recommendations come 
as a response to the above KDIGO guidelines as a KDOQI US 
Commentary the Anemia Work Group (2013) endorses the 
Food and Drug Administration (FDA) upper target limit of 
Hb at 11.0 gm/dl (at which point the recommendation is to 
interrupt ESA administration) [57].

Updated guidelines by the British National Institute for 
Health and Care Excellence (NICE) published in 2015 is in 
corroboration with the aforementioned governing bodies 
recommending an aspirational Hb range with the use of 
ESAs between 10 and 12 gm/dl in adults [58]. The most 
recent international nephrology societal guidelines come 
from the UK Renal Association released in 2017 also 

Table 3. Oncology meta-analyses of ESAS.

Study
No. of 
RCTs

No. of 
patients

Outcome of treatment with ESA 
vs control

Brohlius et al. 
[47] 
2006

57 9353 No difference in death; higher rate of VTEs

Aapro et al. 
[48] 
2008

12 2297 No difference in adverse events; trend 
toward decrease in tumor progression

Bennett et al. 
[49] 
2008

51 13,611 Higher rate of death (higher rate of VTEs 
among 38 RCTs (8172 patients)

Brohlius et al. 
[50] 
2009

53 13,933 Higher rate of death

Glaspy et al 
[51] 
2010

60 15,323 No difference in death; increase rare of 
VTEs

Vansteenkiste 
et al. [52] 
2011 
Lung 
Cancer

9 2342 No difference in death or disease 
progression

Ross et al. [53] 
2007

40 21,378 No difference in death of VTE

Table 4. Selected society practice guidelines in the use of ESAs.

Society Recommended Hb Target

KDOQI [29] 
2006

Lower limit 11.0 gm/dl

KDOQI (Anemia Work 
Group) [55] 
2007

Upper limit 11.0–12.0 gm/dl

KDIGO [56] 
2012

Upper limit 11.5 gm/dl; provisions for 
>11.5 gm/dl in individualized cases

KDOQI 
(US Commentary; 
Anemia Work Group) [57] 
2013

Upper limit 11.0 gm/dl

NICE [58] Upper limit 10–12 gm/dl
UK Renal Association [59] 

2017
Upper limit 10–12 gm/dl

ESMO [61] 
2018

Recommended for most patients with CIA 
(palliative or non-palliative) with Hb 
<10 gm/dl and asymptomatic patients with 
Hb <8 gm/dl – target for both groups 
approximately 12 gm/dl. Recommended only 
for patients undergoing chemotherapy

ASCO/ASH [63] 
2019

Recommended only for patients undergoing 
chemotherapy with the exception of 
selected patients with MDS. Recommended 
for patients undergoing palliative 
chemotherapy with Hb <10 gm/dl
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espousing a similar target Hb of 10–12 gm/dl in adults 
treated with ESAs [59].

Hematology-oncology society guidelines have to date lim-
ited their recommendations in the use of ESAs to largely 
anemic patients undergoing chemotherapy [59– 
62]. Recommendations regarding the treatment of che-
motherapy induced anemia (CIA) from the European Society 
for Medical Oncology (ESMO) were based upon a randomized 
placebo-controlled Phase 3 non inferiority study by Henry in 
which darbepoetin alfa was compared to placebo [59– 
61]. Among 2500 patients a target Hb of 12.0 gm/dl with 
ESA use was noninferior to placebo regarding overall and 
progression free survival. As a result, the ESMO guidelines 
for 2018 recommend the use of ESA for those symptomatic 
patients undergoing chemotherapy (palliative or non- 
palliative) presenting with Hb below 10 gm/dl and asympto-
matic patients with Hb below 8 gm/dl with a target for both 
groups of approximately 12 gm/dl (without transfusion of 
PRBCs). ESAs are not recommended though for non- 
chemotherapy associated anemia.

In parallel fashion updated guidelines by ASCO 
(American Society of Clinical Oncology)/ASH (American 
Society of Hematology) have been recently published 
[62]. A primary literature review took place including fifteen 
meta-analyses of RCTs and two RCTs of patients with cancer 
published between 31 January 2010 through 14 May 2018. 
The recommendations are that ESAs (including biosimilars 
of Epoetin alfa) may be administered to those patients 
undergoing palliative chemotherapy with resulting anemia 
defined as a Hb below 10 gm/dl (as opposed to the ESMO 
guidelines which include all symptomatic patients with CIA 
with Hb below 10 gm/dl and not necessarily undergoing 
chemotherapy for palliative purposes) . ESAs are also not 
recommended for most with non-chemotherapy associated 
anemia with the exception of certain patients with 
Myelodysplastic Syndrome. Also, it is suggested that trans-
fusion of packed red blood cells may also be considered in 
the above subset of individuals undergoing chemotherapy 
without intent to cure in order to maintain Hb above 
10 gm/dl.

5. The synergy of parenteral iron and ESA’s

The role of iron as a key element in facilitating and syner-
gizing with ESAs must be highlighted. It must also be 
stressed to clinicians that repletion of iron should take 
center stage among absolute and functional iron- 
deficiency states and may obviate the need for ESAs in 
many cases. Although we cannot tease out the intricate 
cause and effect of iron deficiency and anemia it should be 
noted that clinical and basic science studies have revealed 
the benefits of iron repletion with regards to pregnancy 
outcomes, work capacity and cognitive function [63–65]. 
Likewise, iron depletion may be associated with abnormal 
neural function at the cellular level in addition to the 
possible relationship with depression and capacity to 
learn [66].

In regards to analyzing specific studies centering on the 
administration of iron an early meta-analysis reviewing 28 
RCTs among HD patients concluded that significant reductions 
in ESA dosing were achieved with optimal dosing of intrave-
nous iron and likewise suboptimal dosing of intravenous iron 
would likely require higher doses of ESAs to attain the 
intended target [67]. Previous observational studies among 
CKD and HD patients suggested an increased risk of side 
effects with higher parenteral iron doses to include an ele-
vated risk of oxidative stress, cardiovascular disease, and infec-
tions [68–70]. There certainly may be inherent fallacies, 
though, in the application of data obtained from observational 
studies as confounding factors are typically not rigorously 
controlled, patient selection may be biased, and ultimately 
causality cannot be proved.

On the other hand, a recent randomized control multi-
center seminal study from the United Kingdom in 2019 
evaluated over 2000 HD patients who were proactively 
given high doses of IV iron (median monthly dose of 
264 mg) versus relatively low doses (median monthly dose 
of 145 mg) (PIVOTAL: Proactive IV Iron therapies in 
Hemodialysis Patients) [71]. Not surprisingly, an overall 
lower dose of ESAs was administered to those receiving 
the higher dose of IV iron. Interesting, a lower rate of pri-
mary end points to include nonfatal MI, nonfatal stroke, 
hospitalization for CHF, and death was seen in the high 
dose versus the low dose arm and no overall differences in 
infection was seen.

The hematology-oncology literature has shed additional 
light in the favor of parenteral iron administration. A meta- 
analysis reviewing 103 randomized control trials including 
close to 10,400 patients evaluating parental iron versus 
another comparator was published in 2015 showing no 
increase in severe adverse events to include infections in 
the intravenous iron arm [72]. In the category of CIA multiple 
trials have demonstrated a positive response with the use of 
intravenous iron manifested by an improvement in ESA 
response, the allowance of a decreased ESA dose in achiev-
ing target Hb, and an overall decrease in packed red blood 
cell (PRBC) transfusions [73–79]. It is the opinion, therefore, 
of a number of authors that intravenous iron should be 
emphasized more strongly in its prominent role in the treat-
ment of CIA [79–81]. Within the context of the above the 
National Comprehensive Cancer Network (NCCN) had 
revised its definitions of iron deficiency as a guide in the 
use of intravenous iron [82]:

a. absolute iron deficiency: ferritin below 30 ng/ml and 
TSAT below 20%

b. functional iron deficiency in patients receiving ESAs: 
ferritin 30–800 ng/ml and TSAT 20% to 50%

c. no iron deficiency: ferritin above 800 ng/ml or TSAT 
at 50%

As a corollary to the above, notwithstanding the clear 
benefits of iron repletion and ESA response, there have 
been no controlled trials evaluating the impact of iron 
administration of tumor growth and overall clinical status. 
Also clouding this issue is the known promotion of tumor 

1180 F. MUSIO



growth as a result of iron administration. Prospective studies 
would be required (although likely not to occur) in order to 
arrive at recommendations in this regard.

6. The impact of anemia and benefits of treatment 
in the use of ESAs

Anemia has been associated with multiple sequelae in the 
setting of CKD, particularly in the elderly population, to 
include reduced QOL, increased risk of hospitalization, longer 
hospital stays, functional decline, greater cardiovascular and 
cerebrovascular disease burden and increased mortality 
[83,84]. Reviewing a representative Medicare data base a ret-
rospective study in patients aged 67 years and older anemia 
was associated with an increased risk of atherosclerotic vas-
cular disease, CHF, renal replacement therapy and death [85].

It would appear intuitive that treatment of anemia would 
lead to health benefits among all types of patients (notwith-
standing a resulting very mild increase in overall O2 carrying 
capacity and transport per the O2 dissociation curve). Many 
studies have shown that among patients with CKD ameliora-
tion of anemia has been associated with improved cardiac 
function to include reduced left ventricular dilatation and 
hypertrophy and improved ejection fraction [86,87]. Other 
studies have supported the treatment of anemia leading to 
marked improvement in QOL [88] including improved cogni-
tive function, exercise capacity, and nutrition with reduced 
fatigue and depression [89,90]. Also, treatment of anemia has 
been found to lead to physiological benefits to include an 
increase in aerobic and decrease in anaerobic metabolism, 
improved skeletal muscle function, cerebral blood flow, 
endothelial cell function, and peak oxygen utilization [91– 
93]. In a series of intriguing collaborative studies among 
nephrologists and cardiologists from one institution improve-
ments and/or stabilization of cardiac and renal function were 
noted in patients with CHF and acute on CRF with disruption 
of the ‘cardio-renal-anemia’ syndrome resulting from correc-
tion of anemia and treatment of CHF [93].

The infectious disease community has endorsed a more 
aggressive approach in the treatment of anemia particu-
larly in the setting of HIV infection per its evidence-based 
guidelines. The Anemia in HIV Working Group recommend 
the use of ESA in the setting of hemoglobin levels below 
13 grams per deciliter in men and hemoglobin levels 
below 12 grams per deciliter in women if anemia does 
not improve after six months of highly active antiretroviral 
therapy (HAART) [94]. As a corollary, opinion has been 
expressed that a low hemoglobin level made lead to infec-
tion possibly by reduction in delivered oxygen to poten-
tially infected sites [95]. The above may possibly be 
predicated upon an older study of septic patients by the 
Early Goal-Directed Therapy Collaborative Group [96] from 
2001 in which septic patients in the treatment arm were 
transfused to achieve a minimum hematocrit of 30% if the 
central venous oxygen saturation was below 70% (among 
other possible interventions) versus ‘standard therapy.’ 
The mean APACHE II (Acute Physiology and Chronic 

Health Evaluation) scores were significantly lower in the 
treatment arm of this study representing less severe organ 
dysfunction.

7. The future of anemia treatment

Lastly, the treatment of anemia is now including the inhi-
bition of the constitutive degradation of HIF resulting in 
stimulation of native erythropoiesis in both ESRDS and 
non ESRD patients. A recently published placebo con-
trolled randomized Phase 3 trial involving 23 Chinese 
centers study of Roxadustat (an oral inhibitor of HIF prolyl 
hydroxylase) demonstrated efficacy in correction and 
maintenance of hemoglobin levels among CKD patients 
not on hemodialysis [97]. Meta-analyses regarding the use 
of Roxadustat are starting to appear in the nephrology 
literature with a recent study evaluating six RCTs consist-
ing of over 1000 CKD and HD patients [98]. The control 
groups for the CKD patients was given placebo and that of 
the HD patients was given epoetin alfa. Roxadustat was 
found to significantly increase levels of hemoglobin, 
serum transferrin, intestinal iron absorption using 
increased TBC as a marker, and interestingly reduced hep-
cidin levels in both chronic kidney disease and HD 
patients as versus controls.

Likewise, increasing relevance and a growing body of 
literature has been focusing on the manipulation of HIF 
pathway in the clinical settings of hematology and oncol-
ogy. In fact work continues to be centered on the actual 
antithesis of promoting HIF activity that is direct and indir-
ect inhibition of HIF as a means of suppressing tumor 
angiogenesis in the treatment of malignancy [99–105]. 
Large numbers of in vitro studies have demonstrated direct 
activation of VEGF and VEGF receptor transcription by bind-
ing of HIF to the HRE [99,100]. It was also found in experi-
mental models that HIF depletion markedly impeded tumor 
growth and angiogenesis [102]. In summary, although the 
hypoxic microenvironment appears to lead to resistance of 
tumors to apoptosis, radiation, and chemotherapy with 
ultimate suppression of metastatic potential the actual 
inhibition of the HIF pathway appears promising in cancer 
therapy as the HIF complex functions as a transcription 
factor for multiple genes that lead to tumor growth [102].

On the other hand, promotion of HIF activity with prolyl 
hydroxylase inhibitors (PHI) are also being studied for stimula-
tion of hematopoiesis in clinical hematology [106–108]. It has 
been found that PHIs decreased proliferation of hematopoietic 
stem cells and increased their quiescence with great implica-
tions in the setting of bone marrow transplantation in which 
they would appear to be protected from high doses of radia-
tion and hence be available for a more rapid hematologic 
recovery [106] . Roxadustat has also been shown to lead to 
transfusion independence and transfusion reduction in an 
open label dose-funding segment of a two-part study among 
transfusion dependent lower risk myelodysplastic syndrome 
patients [107] with the double-blind portion of the study 
ongoing. Also, Roxadustat is currently undergoing Phase II in 
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the treatment of anemia among patients undergoing che-
motherapy [108]. How these agents will change the landscape 
of the treatment of anemia in all subsets of patients will be 
determined by ongoing and future studies and will clearly 
shed more light on this evolving science.

8. Post-script: anemia in the COVID-19 era

This unprecedented era of the worldwide COVID-19 pan-
demic has certainly been stressful and taxing to all those 
in and out of the medical profession although particularly 
to the individual patients infected with the virus. The 
clinical course may involve multiple organ systems to 
include primarily pulmonary although gastrointestinal, 
musculoskeletal, and neurologic manifestations have 
been documented [109,110]. In a certain percentage of 
patients the process may become quite aggressive to 
include severe hypoxemia, acute respiratory distress syn-
drome (ARDs), and ultimate need for mechanical ventila-
tion, extracorporeal renal replacement therapy leading to 
death in a number of cases [109–112]. Preexisting comor-
bid conditions have been noted to include chronic 
respiratory disease, cardiovascular disease, diabetes mel-
litus, obesity, ESRD, age over 65, liver disease, and an 
immunocompromise state to include cancer [110–113].

Within the realm of hematological effects of COVID-19 
reports and studies are emerging on a daily basis. The associa-
tion of a higher risk for infection in the setting of sickle cell 
anemia is starting to emerge possibly related to a higher 
burden of cardio-respiratory disease as predisposing factors 
for infection [114,115]. Practitioners particularly in the ICU 
settings are now noting a higher incidence of 
a hypercoagulable state among severely affected patients 
(with progression in some patients to overt disseminated 
intravascular coagulation (DIC) [116,117]. Laboratory findings 
of this picture appear to feature elevated d-dimer and fibrino-
gen levels, prolonged prothrombin time (PT) although near 
normal activated partial thromboplastin time (PTT) (personal 
communication). In is proposed that a number of factors may 
contribute to the pathophysiology of this state to include the 
markedly elevated inflammatory state with attendant cyto-
kines such as IL-6 activated the coagulation cascade and 
suppressing the fibrinolytic system as well as direct endothe-
lial injury [117].

Much will emerge regarding the relationship of anemia 
to the COVID-19 virus. In a retrospective observational 
cohort study of patients infected with COVID-19 no signifi-
cant differences in Hb levels were noted between survivors 
(12–14 gm/dl) and nonsurvivors (11.5–13.8 gm/dl) [111]. 
Conversely, a very recent retrospective study did reveal 
a significant increase in in-hospital mortality in anemic 
COVID-19 patients although not increased frequencies of 
ICU admissions or the need for mechanical ventilation 
[118]. In regards to new guidelines for CIA within the con-
text of the COVID-19 pandemic the American Society of 
Clinical Oncology (ASCO) recommends prophylactic treat-
ment with ESAs ‘where serious and or symptomatic cancer/ 

treatment related anemia is anticipated and the agents are 
deemed to be safe and acute treatment with ESAs simulta-
neously with transfusions where they are deemed safe’ 
[119]. Lastly, an intriguing case report speculates that 
administration of ESAs to a single patient with hypoxic 
respiratory failure due to COVID-19 was possibly responsi-
ble for attenuation and ultimate recovery from ARDS due to 
multiple mechanisms to include cytokine modulation, anti-
apoptotic effects, and theoretic iron transport away from 
intracellular infecting viruses [120]. The above-mentioned 
observations ‘begs the question’ of adding anemia to the 
risk factors for COVID-19 infection and as an extension its 
treatment (to include ESAs and/or iron supplementation) as 
possibly complimentary to the current antiviral recommen-
dations. Further investigation into these possibilities are 
clearly welcomed and certainly will be forthcoming.

9. Summary

We are challenged as clinicians and basic scientists in caring 
for patients with a span of intricate medical conditions with 
anemia at the forefront of their presentations. The medical 
community has also been showered over at least the last ten 
years with the growing use of ESAs with guidelines as to their 
safe implementation particularly in light of potential harmful 
side-effects associated with higher Hg targets. As caution 
should always be used in the delivery of medical care this 
author has noted a possible reticence in the treatment of our 
anemic patients (particularly with multiple comorbid illnesses) 
in nephrology, hematology-oncology, surgical, and other sub-
specialty communities. As reviewed, a realm of physiologic 
and organ system benefits are likely obtained in treating 
anemia consequently a more aggressively stance will be 
emphasized for clinicians in the following section. Among 
these benefits improvement in QOL can be argued to be 
paramount especially in those individuals with limited life 
spans owing to the burden of their disease processes. As in 
all aspects of clinical practice broad generalizations cannot be 
made and in fact certain patients would not benefit from a less 
restrictive stance in the treatment of anemia (to include those 
with sickle cell anemia and hyperviscosity syndromes). We are 
all privileged in caring for our patients with their unique and 
challenging illnesses hence the interplay of art and science 
plays a central role in our always-evolving decision-making 
processes.

10. Expert opinion
The realm of clinical practice in tandem with academic- 
based analyses can certainly be complex as well as contro-
versial in the field of anemia management although with the 
ultimate well-intentioned aim of better serving our patients. 
The intention of this review is to lay an evidence-based 
foundation in order to give proper perspective for this last 
opinion section in the treatment of anemia with ESAs. .

Underlying concepts in ‘digesting’ the above include the 
following points:
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1. There have not been trials comparing a low Hb level such 
as below 9 gm/dl as compared to a target of 10–11 gm/dl with 
ESA use instead of the higher targets of generally above 
12 gm/dl as in the previous studies mentioned in this review 
[31–34]. This author would posit that significant benefit would 
likely be attained in metrics such as hospitalization, cardiovas-
cular and cerebrovascular outcomes, as well as QOL in an arm 
with Hb target of 10–11 gm/dl. In fact, early analysis by 
Crawford et al. in 2002 supports improvement in QOL and 
overall functional status in anemic patients undergoing che-
motherapy and treated with ESAs with the suggestion that 
a target hemoglobin should be as high as 11–13 gm/dl [121].

2. A similar contention may be raised regarding the Cancer 
Studies [38–46] and meta-analyses [47–53] in which a placebo 
arm was included in all studies and the target Hb was at least 
12 gm/dl except in one [46]. A modified target of 10.0 
−11.0 gm/dl in the population of cancer and non-cancer 
hematologic processes may again benefit some individuals, 
particularly those with concomitant CRF and/or additional 
medical problems. On the other hand, it must be noted that 
one study included 2098 patients with metastatic breast can-
cer in which the target Hb was equal to or below 12 gm/dl. 
This study did not meet the inferiority objective of ruling out 
a 15% increased risk in disease progression or death with the 
use of Epoetin alfa [46]. Very succinctly, the elegant and timely 
study by Gascon just recently published has strengthened the 
removal of any controversy in the use of ESAs in the treatment 
of CIA [54].

As with interpretation of any large body of data critiques 
are vital in arriving at information practitioners can use in 
providing the best care to patients. As mentioned previously, 
the target hemoglobin in the vast majority of randomized 
RCTS in studies spanning all subspecialty fields was generally 
over 12–13 gm/dl thus much higher than currently recom-
mended doses. In addition, doses used were even higher in 
many cases which may have also played a role in causing 
adverse effects. In-depth evaluation of characteristics of each 
study arm must also be considered to include the baseline 
state of the individual disease process being studied, overall 
dose of IV iron administered, ethnicity of the participants, 
geographic location of the study, and other variables

3. Little attention has been given to post-hoc analyses of 
the CHOIR and TREAT trials [122,123]. Briefly, significantly 
more patients enrolled in the CHOIR in the higher Hb arm 
were unable to achieve their target level versus the lower Hb 
arm and also required higher doses of ESAs. In unadjusted 
models the inability to achieve the target Hb (in either arm) 
and the higher the dose of ESA (also in either arm) were each 
significantly associated with the primary endpoint (death, MI, 
hospitalization for CHF without HD and stroke). Those achiev-
ing the target Hb (in either arm), on the other hand, had 
better outcomes versus those who did not and ultimately no 
increased risk was found in the higher Hb arm among those 
patients who did achieve their target [122].

Post-hoc analysis of the TREAT trial) was also intriguing as 
those patients in the nonplacebo/ESA arm with suboptimal or 
poor response had higher rates of cardiovascular events or 

death as opposed to those who achieved the target Hb level 
[124]. Comparison between those with an initial poor 
response to those with a more robust response revealed no 
differences in baseline characteristics as well as the proportion 
of patients receiving iron as well as the total amount of iron. 
A weak association was noted of the C-Reactive Protein (CRP) 
with those manifesting a suboptimal response which may 
suggest elevated inflammatory insults leading to cardiovascu-
lar events and/or death. As with analysis of the CHOIR trial the 
subgroup of patients within the treatment arm not achieving 
the target Hb also received higher doses of ESA (as opposed 
to those patients achieving the target Hb) thus raising the 
possibility that the intensity of the dose of ESA may be related 
to side effects. These post-hoc analyses would thus support 
the possibility that a higher Hb target in and of itself may not 
be the cause of deleterious side effects as opposed to the 
higher doses of ESA used in achieving either the low or high 
target.

Synthesizing the above information included within this 
review this author will give commentaries and opinion regard-
ing the treatment of anemia that may apply to patients with 
CKD and/or other illnesses to include many forms of hemato-
logic and solid organ malignancies, ASCAD, Cardiomyopathies 
(CMP), and Atherosclerotic Peripheral Vascular Disease 
(ASPVD):

(1) Both the revised 2012 KDIGO guidelines and the 2013 
revised KDOQI guidelines for CKD Stages 3 and 4 
appear appropriate in maintaining an upper Hb target 
limit of 10.0–11.0 gm/dl with subsequent individualiza-
tion of ESA therapy after discussing the potential risks 
with the patient [56,57]. Also, NICE and UK Renal 
Association somewhat more lenient guidelines as 
reviewed of an upper Hb target limit of 10–12 gm/dl 
[59]. The opinion of this author is that this target is not 
being applied as assiduously as it should be by 
nephrologists to those with CKD and ESRD. Also, not-
withstanding current hematology and oncology 
society guidelines ESA treatment should be considered 
among certain patients with hematologic diseases and 
malignancies with or without CKD again after discus-
sions as to the potential risks with the patient. Indeed, 
it appears that many patients with advanced CKD are 
not treated aggressively enough possibly due to the 
apprehension generated from the multiple pan- 
discipline previously mentioned trials and notwith-
standing the reviewed worldwide nephrology society 
recommendations and guidelines regarding treatment. 
It is intriguing that the updated ESMO and ASCO/ASH 
Practice Guidelines do in fact recommend the use of 
ESAs and/or transfusion in those experiencing anemia 
(Hb below 10 gm/dl) secondary to nonpalliative and 
palliative chemotherapy, respectively [60,62]. As the 
etiology of anemia in the cancer patient is likely multi-
factorial the contention is made by this author that ESA 
administration with the target Hb level of 10.0–-
11.0 gm/dl may be acceptable to many individuals 
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with hematologic diseases and cancer (not necessarily 
undergoing chemotherapy and with or without CKD) 
again after discussion with the patient regarding the 
potential risks of higher Hb levels.

(2) As discussed previously addressing possible reversible 
causes of anemia prior to treatment with ESAs is para-
mount: relative and functional iron deficiency are at the 
forefront as well as B12 or folate deficiency, infection, 
inflammatory conditions, hemoglobinopathies, bone 
marrow suppression due to malignant processes and 
overt/covert sources of bleeding such as hemolytic 
processes. In the ESRD population secondary hyperpar-
athyroidism and inadequate hemodialysis may also 
contribute to suppressed erythropoiesis and subopti-
mal response to ESAs once treatment take place. 
Appropriately administered iron infusions in the setting 
of relative and functional iron deficiencies (which may 
exist in association with the above processes) may 
again obviate immediate need for ESAs and lead to 
the same objective in rectifying the anemia.

(3) This author would submit that a hospitalized patient 
should be viewed through different ‘lenses’ than 
a relatively stable outpatient in the setting of anemia. 
There are likely many more variables (including 
increased rapidity of Hb decline) due to active intercur-
rent medical issues involved in contributing to the ane-
mia. It would be reasonable to empirically treat these 
patients more aggressively with ESAs, parenteral iron in 
the setting of absolute or functional iron deficiency, and 
even transfusion of packed red blood cells (PRBCs) in 
select cases to maintain a target Hb of 10.0–11.0/ 
11.5 gm/dl. The above would be particularly applicable 
to patients with previously mentioned co-morbidities to 
include ASCAD, CMP, ASPVD, and malignancies with or 
without CKD. It would be generally recommended that 
initiation of ESA therapy begin at a Hb level below 
10 gm/dl (in tandem with iron repletion) and likewise 
held based upon the rate of rise of Hb and/or attaining 
a level above 12 gm/dl. Of note includes the possible 
‘see-saw’ effect so commonly seen among certain 
Hemodialysis patients who undergo frequent adjust-
ment in doses therefore measured/slow titrations should 
take place when appropriate. In addition, transfusion of 
PRBCs should also be entertained based upon the clin-
ical scenario. Clearly, these are guidelines with ‘latitude’ 
per the clinical scenario and acceptance after discussions 
with the individual patient.

(4) Although the evaluation of transfusion of PRBCs is 
not within the scope of this review multiple medical 
and surgical societies as well as plethora of reviews 
have advocated a more restrictive transfusion policy 
with triggers before transfusion of Hb generally 
below 7 gm/dl (125). Key to the above practice 
guidelines is that the recommendations apply mainly 
to stable surgical patients although extrapolated in 

many cases in daily practice to medical patients with 
multiple comorbidities (again, with or without CKD). 
In keeping with the theme of this review this author 
would make the contention that in selected cases 
a more liberal transfusion policy may be applied. 
The international medical community is constantly 
striving to provide the best of care to an ever- 
increasing population with heavy disease burdens. 
In order to support the contentions of this author 
trials utilizing ESAs should involve the modified Hb 
targets suggested of 10.0–11.0 gm/dl compared to 
below 10 gm/dl (with and without placebo) in the 
lower Hb target arm among various patient groups. 
Likewise, surgical patients would need to be studied 
with a more liberal transfusion arm maintaining the 
target Hb of 10.0–11.0 gm/dl versus the currently 
highly followed transfusion threshold of Hb below 
7.0 gm/dl. This author would passionately support 
the above studies which would provide the basis for 
clarifications and likely lead to better care for our 
patients. As exciting research is now involving 
a ‘next generation’ of ESAs, namely inhibitors of 
HIF prolyl hydroxylase, the opportunity presents 
itself to reevaluate the suggested modified Hb 
range among a number of groups of anemic 
patients falling into multiple specialty fields. As it 
appears from the previously discussed post-hoc 
analyses that the higher dose of ESA and not the 
true target may lead to deleterious side effects, the 
proverbial ‘door’ is again open to restress modified 
Hb targets with the use of ESAs (in synergy with 
parenteral iron) and possibly even higher than 
11.0 gm/dl in certain cases. 
The thesis of this review is ultimately that each 
patient is to be evaluated individually with multiple 
variables and nuances in the treatment ‘equation’ to 
be considered by each physician – it appears in the 
opinion of this author that the threshold ‘pendulum’ 
for treatment appears to have swung too far to the 
side of undertreatment among a number of cases in 
daily clinical practice. 
As with any therapy in medicine the clinician must 
weigh the risks and benefits considering each indi-
vidual patient separately with the clear intention to 
protect and heal. In summary, the future is truly 
exciting and bright in the next chapter of the treat-
ment of anemia among the wide breath of patients 
we all have the privilege to treat.
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