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• This slide deck in its original and unaltered format is for educational purposes and is current as of the date 
of this presentation. All materials contained herein reflect the views of the faculty and not those of 
Creative Educational Concepts, LLC, or the commercial supporter(s). 

• Participants have an implied responsibility to use the newly acquired information to enhance patient 
outcomes and their own professional development. The information presented in this activity is not 
meant to serve as a guideline for specific patient management. 

• Any procedures, medications, or other courses of diagnosis or treatment discussed or suggested in this 
activity should not be used by clinicians without evaluation of their patient’s conditions and possible 
contraindications on dangers in use, review of any applicable manufacturer’s product information, and 
comparison with recommendations of other authorities. 

• Usage rights. This slide deck is provided for educational purposes and individual slides may be used for 
personal, non-commercial presentations only if the content and references remain unchanged. No part of 
this slide deck may be published or distributed in print or electronic format without prior written 
permission from Creative Educational Concepts, LLC. Additional terms and conditions may apply. 

Disclaimer
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Setting the Stage
Understanding Iron Deficiency

in the Context of Cancer-related Anemia 

• Review the formative facets of iron absorption and metabolism, 
including the practical distinctions between functional and 
absolute iron deficiency, with expert analysis of how these 
principles dictate treatment approaches.

• Summarize the multifactorial etiologies and complex 
pathophysiology of cancer-related anemia (CRA) and 
chemotherapy-induced anemia (CIA), emphasizing the 
implications of CRA/CIA on oncologic outcomes and patient-
centric metrics.

Learning Objectives
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Adapted from Gilreath JA, Rodgers GM. Blood. 2020.

Iron Absorption
• Ingested dietary iron typically in heme or ferric 

(Fe+++) form

• Stomach acid converts into ferrous (Fe++) form, 
with help from dCYTB

• Absorbed in duodenum and proximal jejunum 
via DMT1

Iron Metabolism
• Iron can be stored as ferritin (significant amount 

if body stores are replete) or transported 
through cell membrane

• Exits to bloodstream from GI, liver, or spleen via 
ferroportin

• Iron supply in storage exhausted (serum ferritin <30 ng/mL)

• No Iron available from storage pool to donate to serum transferrin causing the total 
saturation of these transporter proteins to decline (TSAT <20%)

Absolute Iron Deficiency Anemia (AIDA)

Adapted from Gilreath JA, Rodgers GM. Blood. 2020.

12

13



7/25/2022

4

Functional Iron Deficiency Anemia (FIDA)
• Adequate storage iron (serum ferritin 30–800 ng/mL)

• Adequate iron in storage (ferritin), but blocked from delivery due to hepcidin causing 
the total saturation of these transporter proteins to decline (TSAT <20%)

Adapted from Gilreath JA, Rodgers GM. Blood. 2020.

Principles That Dictate Treatment Approach

Serum Ferritin
<30 ng/dL

Serum Ferritin
300–500 ng/dL

Serum Ferritin
501–800 ng/dL

Serum Ferritin
>800 ng/dL

TSAT
<20%

TSAT
20%–50%

TSAT
<20%

TSAT
20%–50%

TSAT
>50%

TSAT
<20%

TSAT
20%–50%

TSAT
>50%

Iron overload

AIDA; oral or 
IV iron 

indicated

Iron being 
mobilized, 

but 
deficiency 

likely; IV iron 
indicated

Classic FIDA 
or anemia of 
inflammation 
(ferritin 30–
100 ng/mL); 

IV iron 
indicated

Possible 
FIDA; IV iron 

challenge 
potentially 
useful; ESA 

alone may be 
indicated

Iron 
overload, or 
interference 

from 
medications 
(e.g., eltrom-
bopag); ESA 

alone may be 
indicated

Possible 
FIDA; IV iron 

challenge 
potentially 

useful, 
response 

magnitude 
potentially 

lower than if 
ferritin <500 

ng/mL

FIDA unlikely, 
no iron 

indicated; 
ESA alone 

may be 
indicated

Iron 
overload, no 

iron  
indicated; 
ESA alone 

may be 
indicated

No iron indicated; ESA alone 
may be indicated

Adapted from Gilreath JA, Rodgers GM. Blood. 2020.
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Principles That Dictate Treatment Approach

Serum Ferritin
<30 ng/dL

Serum Ferritin
300–500 ng/dL

Serum Ferritin
501–800 ng/dL

Serum Ferritin
>800 ng/dL

TSAT
<20%

TSAT
20%–50%

TSAT
<20%

TSAT
20%–50%

TSAT
>50%

TSAT
<20%

TSAT
20%–50%

TSAT
>50%

Iron overload

AIDA; oral or 
IV iron 

indicated

Iron being 
mobilized, 

but 
deficiency 

likely; IV iron 
indicated

Classic FIDA 
or anemia of 
inflammation 
(ferritin 30–
100 ng/mL); 

IV iron 
indicated

Possible 
FIDA; IV iron 

challenge 
potentially 
useful; ESA 

alone may be 
indicated

Iron 
overload, or 
interference 

from 
medications 
(e.g., eltrom-
bopag); ESA 

alone may be 
indicated

Possible 
FIDA; IV iron 

challenge 
potentially 

useful, 
response 

magnitude 
potentially 

lower than if 
ferritin <500 

ng/mL

FIDA unlikely, 
no iron 

indicated; 
ESA alone 

may be 
indicated

Iron 
overload, no 

iron 
indicated; 
ESA alone 

may be 
indicated

No iron indicated; ESA alone 
may be indicated

Adapted from Gilreath JA, Rodgers GM. Blood. 2020.

Cancer/Chemo-related Inflammation Reduces Iron Availability
The Fulcrum Role of Hepcidin in CRA/CIA Pathophysiology

Pagani A, et al. Front Physiol. 2019; Lee KM, et al. Int J Mol Sci. 2021.

Blocks 
intestinal 

absorption

Blocks export 
from 

macrophages 
and 

hepatocytes
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• IV iron quickly saturates serum transferrin and loads macrophages, which then 
upregulates IRP1 and IRP2, and subsequently ferroportin expression, thereby 
overcoming hepcidin block

• The benefits of ESA dose reduction and decreased time to achieve Hb targets in CKD-
anemia and CRA/CIA provide real-world support for these mechanistic hypotheses

IV Iron Mechanism
Overcoming “Functional Iron Block”

McDonagh T, et al. Eur J Heart Failure. 2015. 

Cancer-related Anemia (CRA) Etiology

Gilreath JA, Rodgers GM. Blood. 2020. 

Causes of Decreased Hb
Production 
(decreased)

Destruction 
(increased)

Loss 
(overt, occult, or iatrogenic bleeding)

Drugs/therapy

• Myelosuppressive chemotherapy

• Radiation therapy

• Tyrosine kinase inhibitors (delayed 
maturation)

• Immunotherapy (inflammation)

• Antibiotics (e.g., β-lactams, 
dapsone)

• Chemotherapy (e.g., 
gemcitabine)

• Immunotherapy (e.g., 
nivolumab, pembrolizumab, 
ipilimumab)

• Intravenous immunoglobulin G

• Anticoagulation (e.g., DOACs, LMWHs, 
warfarin)

• Antiplatelet agents (e.g., clopidogrel, 
prasugrel, ticagrelor)

• Nonsteroidal anti-inflammatory drugs 
(NSAIDs)

• Over-the-counter supplements (e.g., 
turmeric)

Bugs 
(bacteria, virus, or fungi)

• Cytomegalovirus

• Parvovirus B19 (in SCT or 
immunocompromised patients)

• HIV • Helicobacter pylori

Diseases, disorders, or 
other

• CKD (decreased erythropoietin)

• Clonal hematopoiesis of indeterminate 
potential

• Iron deficiency (AIDA or FIDA)

• Leukemia (acute or chronic)

• De novo or therapy-related 
myelodysplastic syndromes

• Myeloproliferative neoplasms

• Solid tumors

• Iron overload

• B9 (folate) or B12 (cobalamin) deficiency

• Microangiopathic hemolytic 
anemia (may be drug or disease 
related)

• Autoimmune hemolytic anemia 
(e.g., caused by autoimmune 
disorders or drug induced)

• Disseminated intravascular 
coagulation

• Hemophagocytic 
lymphohistiocytosis

• Gastrointestinal tumors

• Frequent phlebotomy

• Arteriovenous malformations

• Hemostatic disorders (inherited or 
acquired)

• Menses

• Surgery
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Pathophysiology of CRA
A Complex Portrait

Busti F, et al. Pharmaceuticals. 2018.

• Increased transfusion burden and associated risks/prognostic ramifications

• Diminished health-related quality of life

• Fatigue

• Cognitive deficits

• Impaired functional and exercise capacity

• Deleterious effects on treatment responsiveness and disease progression

• Poor prognostic indicator for hard clinical endpoints

• Independent risk factor for increased morbidity and mortality

• Systematic review of 60 studies discovered that cancer patients with comorbid 
anemia had a 65% increased risk of mortality vs patients without anemia 

Patient-centric Perspectives
The Multifarious Burden of CRA/CIA

Busti F, et al. Pharmaceuticals. 2018; Harper P, et al. Oncology. 2005; Caro JJ, et al. Cancer. 2001; Gilreath J, Rodgers G. Blood. 2020. 
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• Studies conducted across 
oncologic disease states 
demonstrate that anemia 
deleteriously affects quality of 
life for patients with cancer

• Effective treatment = 
substantive quality-of-life 
increases 

• An observational study found a 
linear relationship between Hb 
and quality-of-life scores in 
CRA

• Every 1 g/dL rise in Hb is 
accompanied by a 3.1 unit 
increase in FACT-An score

CRA Impact
Patient Quality of Life

Kanuri G, et al. PLoS One. 2016. 

P<0.05 P=0.001

The Main Event
Harnessing Established and Emerging Evidence 

to Improve CRA/CIA Outcomes with Intravenous Iron
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• Appraise completed, ongoing, and planned clinical trials of IV iron 
products in CRA/CIA, highlighting the established ability of these 
agents to enhance hematopoietic response rates, decrease 
transfusion burden, and improve patient outcomes.

• Discuss how next-generation IV iron products have dramatically 
improved upon the safety profiles of earlier generation agents, 
particularly with respect to severe hypersensitivity reactions.

• Review current expert consensus guidelines for CRA/CIA 
management from ASCO/ASH, NCCN, and ESMO.

Learning Objectives

Analysis of IV Iron Clinical Trials 
in Cancer-related Anemia (CRA) 

and Chemotherapy-induced Anemia (CIA)
Systematic Reviews and Meta-analyses
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• Systematic review and meta-analysis of CIA trials comprising

• Eleven trials conducted between 2004 and 2011

• Randomizing a total of 1,681 patients

• IV iron vs oral iron vs no iron

• Aggregate data demonstrate the multifaceted benefit of IV iron in CIA

• Increased hematopoietic response rate in trials with ESAs

• RR 1.28 (95% CI, 1.125–1.45)

• Decreased transfusion requirements in trials with and without ESAs

• + ESAs = RR 0.76 (95% CI, 0.61–0.95)

• - ESAs = RR 0.52 (95% CI, 0.34–0.80)

• There was no significantly increased risk for adverse events in the IV iron 
treatment arms

Gafter-Gvili A, et al. Acta Oncol. 2013.

IV Iron in Cancer
Clinical Trial Evidentiary Base

• Systematic review and meta-analysis of CIA trials comprising

• Eight randomized controlled trials, comparing iron + ESA vs ESA alone

• Total enrollment = 2,087 patients

• Hematopoietic response was substantively improved with iron + ESA vs ESA alone

• RR 1.17 (95% CI, 1.09–1.26; P<0.0001)

• Importantly, subgroup analyses revealed this benefit was unique to IV iron (not to oral iron)

• IV iron + ESAs = RR 1.20 (95% CI, 1.10–1.31; P<0.00001)

• Oral iron + ESAs = RR 1.04 (95% CI, 0.87–1.24; P=0.68)

• Iron supplementation also perpetuated significant reductions in RBC transfusion requirements

• Risk for transfusions with iron + ESAs vs ESA alone = RR 0.74 (95% CI, 0.60–0.92; P=0.007)

Topline Conclusions

This systematic review demonstrates that the addition of iron to ESAs offers superior hematopoietic response, 
reduces the risk of RBC transfusions, improves Hb levels, and appears to be well tolerated. There was, however, no 
evidence for a statistical difference in quality of life with iron supplementation vs no iron supplementation.

Mhaskar R, et al. Cochrane Database Syst Rev. 2016. 

IV Iron in Cancer
Clinical Trial Evidentiary Base
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Analysis of IV Iron Clinical Trials 
in Cancer-related Anemia (CRA) 

and Chemotherapy-induced Anemia (CIA)
Combinatorial Regimens and Monotherapy

IV Iron in Cancer
Clinical Trial Evidentiary Base

Rodgers GM, Gilreath JA. Acta Haematol. 2019.

Clinical Trials of IV Iron + ESA Combination in CIA
First Author, year Patients, n IV Iron Product ESA Results

Auerbach [9], 2004 157 LMW iron dextran Epoetin
IV iron enhanced ESA response
Oral iron ineffective

Hedenus [10], 2007 67 Iron sucrose Epoetin
IV iron enhanced ESA response and 
permitted lower ESA dose

Henry [11], 2007 187 Ferric gluconate Epoetin IV iron enhanced ESA response

Bastit [12], 2008 396
Ferric gluconate/iron 
sucrose

Darbepoetin
IV iron enhanced ESA response and 
decreased transfusion

Pedrazzoli [13], 2008 149 Ferric gluconate Darbepoetin IV iron enhanced ESA response

Auerbach [14], 2010 243 LMW iron dextran Darbepoetin IV iron enhanced ESA response

Steensma [15], 2011 502 Ferric gluconate Darbepoetin —

Steinmetz [17], 2013 73 Ferric carboxymaltose Not specified IV iron enhanced ESA response
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Quality of Life

Auerbach M, et al. J Clin Oncol. 2004.

IV Iron Optimizes the Response to Recombinant Human Erythropoietin 
in Cancer Patients with Chemotherapy-related Anemia

A Multicenter, Open-label, Randomized Trial

Patients Receiving Transfusions

Bastit L, et al. J Clin Oncol. 2008.
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Difference (95% CI) = -11% (-18, -3); 
P=0.005

Randomized, Multicenter, Controlled Trial Comparing the Efficacy and Safety of Darbepoetin Alpha 
Administered Every 3 Weeks with or without IV Iron in Patients with CIA
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Hb Response

Bastit L, et al. J Clin Oncol. 2008.

Randomized, Multicenter, Controlled Trial Comparing the Efficacy and Safety of Darbepoetin Alpha 
Administered Every 3 Weeks with or without IV Iron in Patients with CIA

IV Iron in Cancer
Clinical Trial Evidentiary Base

Rodgers GM, Gilreath JA. Acta Haematol. 2019; Makharadze T, et al. Am J Hematol. 2021; ClinicalTrials.gov.

Clinical Trials of IV Iron as Monotherapy in CIA

First Author, year Patients, n IV Iron Product Results

Kim [18], 2007 75 Iron sucrose IV iron improved Hb and decreased transfusions

Dangsuwan [19], 2010 44 Iron sucrose IV iron improved Hb and decreased transfusions

Abdel-Razeq [20], 2013 25 Iron sucrose IV iron improved Hb 

Athibovonsuk [21], 2013 64 Iron sucrose IV iron decreased transfusions

Steinmetz [17], 2013 577 Ferric carboxymaltose IV iron improved Hb 

Hedenus [22], 2014 17 Ferric carboxymaltose IV iron improved Hb 

Birgegard [23], 2016 229 Iron isomaltoside IV iron improved Hb 

Vadhan-Raj [24], 2017 75 Ferumoxytol IV iron improved Hb 

Makharadze 2021 244 Ferric carboxymaltose IV iron maintained and improved Hb
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• Phase III, double-blind, placebo-controlled

• Randomized patients to ferric carboxymaltose (FCM) or 
placebo
• Adults with ≥4 weeks of chemotherapy remaining

• Receiving treatment for non-myeloid malignancies

• Those patients randomized to FCM arm received two 15 
mg/kg infusions, 7 days apart, up to a maximum of 750 
mg per dose and 1,500 mg per treatment course

IRON-CLAD
Methods and Study Schema

Makharadze T, et al. Am J Hematol. 2021.

Makharadze T, et al. Am J Hematol. 2021.

Time to Decrease in Hb ≥0.5 g/dL from Baseline to Week 18

P=0.01

IRON-CLAD
Results and Clinical Impact
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• Phase III, randomized, prospective, open-label

• Randomized patients in 2:1 ratio to IV iron isomaltoside (IIM, aka 
ferric derisomaltose) or oral iron sulfate
• Adults on chemotherapy with at least 2 cycles remaining

• Receiving treatment for non-myeloid malignancies

• Baseline Hb <12 g/dL, TSAT <50%, and serum ferritin <800 µg/L

• Patients randomized to IIS received a total dose infusion of 1,000 
mg given over 15 minutes or bolus injections of 500 mg given over 
2 minutes
• Note: package insert for ferric derisomaltose recommends the 1,000 mg 

total dose be administered over 20 minutes, not 15 

PROFOUND
Methods and Study Schema

Birgegard G, et al. Pharmacotherapy. 2016. 

• Ferric derisomaltose non-inferior to oral 
ferrous sulfate with respect to Hb change from 
baseline to week 4 (P<0.001 for non-inferiority)

• Ferric derisomaltose superior to ferrous sulfate 
in time to Hb response (P=0.03 for superiority 
at week 1)

• Significant decrease in patient mean fatigue 
score at week 12 with ferric derisomaltose 
(P<0.001), but not with ferrous sulfate 
(P=0.057)

• Ferric derisomaltose substantively better 
tolerated than ferrous sulfate (18.8% vs 6.6% 
experienced treatment-related adverse events 
with ferrous sulfate vs ferric derisomaltose, 
respectively (P<0.001))

PROFOUND
Results and Clinical Impact

Birgegard G, et al. Pharmacotherapy. 2016. 
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Iron Product
Dosing

and Administration
Approved Indications

Total Dose 
Infusion (TDI)

Common Adverse 
Drug Effects

Warnings

Iron dextran

• 100 mg daily via IV push 
over at least 2 minutes

• Total dose is calculated 
based on iron deficit

• May repeat daily

Iron deficiency (ID) in 
patients for whom oral 
therapy is unsatisfactory or 
impossible

No
(unless total 

required dose 
<2 mL)*

Pruritis, abdominal 
pain, nausea, 
vomiting, diarrhea

Black box: fatal and 
serious hypersensitivity 
reactions, including 
anaphylaxis

Ferumoxytol

• 510 mg via IV infusion 
over at least 15 minutes

• 2nd (510 mg) dose 3–8 
days later

Iron deficiency anemia 
(IDA) in patients who had 
intolerance or 
unsatisfactory response to 
oral iron, or who have a 
diagnosis of CKD

Yes

Dizziness, 
hypotension, 
constipation, 
nausea

Black box: fatal and 
serious hypersensitivity 
reactions, including 
anaphylaxis

Sodium ferric 
gluconate

• 125 mg (adults) via IV 
infusion over 1 hour, 
per dialysis

• 1.5 mg/kg in peds

• Repeated weekly for up 
to 8 weeks

IDA in patients 6 years old 
and older who are 
receiving hemodialysis and 
supplemental EPO therapy 
for CKD

No

Chest pain, leg 
cramps, dizziness, 
dyspnea, nausea, 
vomiting, diarrhea

Hypersensitivity 
reactions, hypotension, 
iron overload, benzyl 
alcohol toxicity

Available IV Iron Products

Anand IS, Gupta P. Circulation. 2018; FDA Prescribing Information; ClinicalTrials.gov.*Routinely given in clinical practice as 1,000 mg over 1 hour

Iron Product
Dosing 

and Administration
Approved Indications

Total Dose 
Infusion (TDI)

Common Adverse Drug 
Effects

Warnings

Iron sucrose

• 100–400 mg, by setting

• Doses may be repeated 
based on clinical 
response and iron 
indices

IDA in adult and pediatric 
patients with CKD

No
Diarrhea, nausea, vomiting, 
headache, hypotension, 
pruritus

Hypersensitivity reactions, 
hypotension, iron overload

Ferric 
carboxymaltose

• For patients weighing 
≥50 kg, may give either 
1,000 mg (single-dose) 
or 750 mg infusion 

• If 750 mg is given, may 
be repeated in 7 days, 
for a total dosage per 
course of 1,500 mg

IDA in adult and 
pediatrics patients 1 year 
of age and older who 
have intolerance or 
unsatisfactory response 
to oral iron, or who have 
non–dialysis dependent 
CKD (NDD-CKD)

Yes
Nausea, hypertension, 
hypophosphatemia, flushing

Hypersensitivity reactions, 
symptomatic 
hypophosphatemia, 
hypertension

Ferric 
derisomaltose

• 1,000 mg, given over at 
least 20 minutes

• May be repeated if IDA 
recurs

IDA in adult patients who 
have intolerance or 
unsatisfactory response 
to oral iron, or who have 
non–hemodialysis 
dependent CKD

Yes
Nausea, injection site 
reactions, rash, hypotension 

Hypersensitivity reactions, 
iron overload

Available IV Iron Products

Anand IS, Gupta P. Circulation. 2018; FDA Prescribing Information; ClinicalTrials.gov.
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• IV iron products are iron-carbohydrate complex 
nanoparticles

• Comprised of colloidal iron cores encased in carbohydrate shells

• The physicochemical properties of these complexes are 
pivotal to the safety and efficacy of the medicinal 
product

• Particle size (low–molecular weight > high–molecular weight)

• Surface charge 

• Chemical nature of carbohydrate shell

• Total iron core content

• Labile iron content

Next-generation IV Iron Products
Nanomedicines and Nanocolloidal Drug Design

Nikravesh N, et al. Nanomedicine. 2020; Schaefer B, et al. Mol Aspects Med. 2020.

Carbohydrate Shell

Low–molecular weight dextran

Gluconate

Sucrose

Carboxymaltose

Polyglucose sorbitol carboxymethyl ether

Isomalto-oligosaccharides

Polymaltose

Fe (III)-oxyhydroxide/oxide cores

Carbohydrate shell

• Misconception that IV iron is unsafe is largely predicated on older, high–
molecular weight, dextran-containing formulations

• 3% had severe reactions, with life-threatening anaphylaxis in 0.6%

• Newer formulations are not associated with the same risk

• Systematic reviews and meta-analyses found low overall risk for severe 
reactions with IV iron (<1 life-threatening adverse event per 200,000 doses), 
including anaphylaxis or infections

Next-generation IV Iron Products
Safety: Overcoming Stigma with Statistics

Avni T, et al. Mayo Clin Proc. 2015; Wang C, et al. JAMA. 2015; DeLoughery TG. Acta Haematol. 2019; 
Chertow GM, et al. Nephrol Dial Transplant. 2006; FDA Prescribing Information.

Product Severe Hypersensitivity Reactions

Ferric carboxymaltose 0.1%

Ferumoxytol 0.2%

Ferric derisomaltose 0.3%
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• All IV medications have the potential to cause severe 
HSRs, but such reactions with IV iron are extremely rare1

• Even more so with newer (next-generation) IV iron products

• Gross misperceptions surrounding the management of 
minor acute reactions to IV iron, such as
• Fishbane reactions (arthralgias, myalgias, and flushing)1

• Non-allergic complement activation-related pseudo-allergy 
(CARPA) reactions2

Hype or Hypersensitivity?

1Rampton D, et al. Haematologica. 2014;
2Macdougall IC, Vernon K. Am J Nephrol. 2017.CARPA, complement activation-related pseudo-allergy; HSR, hypersensitivity reaction.

• Reported data on the infection risk posed by IV iron seem to conflict in 
recently-conducted, large systematic reviews and meta-analyses

• Avni 2015: infection RR = 0.96

• Shah 2021: infection RR = 1.16

• Though not fully elucidated, the mechanism of IV iron-related infection risk is 
postulated to be mediated via suppression of the intracellular killing capacity of 
neutrophils

• So, what is the real-world verdict?

• The totality of evidence suggests that IV iron does not pose a clinically meaningful 
infection risk, but it generally should be avoided in cases of active infection 

What about Infection Risk?
An Unanswered Question

Avni T, et al. Mayo Clin Proc. 2015; Shah AA, et al. JAMA Netw Open. 2021; Deicher R, et al. Kidney Int. 2003; Ganz T, et al. Kidney Med. 2020. 
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Current Expert Consensus Guidelines 
for the Management of CRA/CIA

NCCN, ASCO/ASH, and ESMO

NCCN Guidelines. Hematopoietic Growth Factors. Version 1.2022.

Expert Guidelines for CRA/CIA Management
NCCN

Evaluation 
of Iron Deficiency Iron Status Management

Iron studies: iron panel 
(serum iron, total iron-
binding capacity, serum 
ferritin)

Absolute iron deficiency 
(ferritin <30 ng/mL AND
transferrin saturation 
[TSAT] <20%)

Functional iron deficiency 
in patients receiving ESAs 
(ferritin 30–500 ng/mL 
AND TSAT <50%)

Possible functional iron 
deficiency (ferritin >500–
800 ng/mL AND TSAT 
<50%)

No iron deficiency (ferritin 
>800 ng/mL OR TSAT 
≥50%)

Consider IV 
or oral iron 
supplementation

Consider IV iron 
supplementation with 
erythropoietic therapy

No iron supplementation needed
or
Consider IV iron supplementation for select patients

IV or oral iron supplementation is not needed

Hb increases 
after 4 weeks

No Hb increase 
after 4 weeks

Periodic evaluation 
(repeat ferritin and TSAT)

See pathway below for 
functional iron deficiency

See discussion for clinical 
examples of iron status
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• Expert panel reviewed 15 meta-analyses of RCTs and 2 specific RCTs

• All data was aggregated from a publication period of January 31, 2010–May 14, 2018

• Totality of evidence suggests that adding iron supplementation to ESA therapy improves 
hematopoietic response and reduces the likelihood of RBC transfusions

• Consensus recommendations 

• Iron replacement may be used to improve hemoglobin response and reduce RBC 
transfusions for patients receiving ESA with or without iron deficiency

• ESAs (including biosimilar products) may be offered to patients with CIA, whose 
treatment is not for curative-intent and where Hb <10 g/dL

• With notable exception of select patients with myelodysplastic syndromes (MDS), 
ESAs should NOT be offered to most cancer patients with non-chemotherapy 
associated anemia

• RBC transfusion remains a therapeutic option
Bohlius J, et al. J Clin Oncol. 2019.

Expert Guidelines for CRA/CIA Management
ASCO/ASH Clinical Practice Guideline Update

Consensus Recommendations in Relation to Iron
• Who should receive iron supplementation? (Level I, Category A)

• Patients receiving chemotherapy with Hb ≤11 g/dL or ≥2 g/dL decrease from baseline level 
≤12 g/dL

• Absolute ID (serum ferritin <100 ng/mL) should receive IV iron formulation

• If ESA therapy is employed, iron supplementation should be given before and/or during ESA 
treatment in the case of functional ID (TSAT <20%, ferritin >100 ng/mL)

• Should patients receive IV iron without concomitant ESA? (Level III, Category C)

• IV iron monotherapy (no additional anemia treatment) may be considered for patients with 
functional ID (TSAT <20%, ferritin >100 ng/mL)

• What is appropriate dosing of IV iron for CRA/CIA? (Level I, Category A)

• For confirmed functional ID = 1,000 mg as single dose or multiple doses, per label

• For absolute ID = approved doses per label, until correction
Aapro M, et al. Ann Oncol. 2018.

Expert Guidelines for CRA/CIA Management
ESMO—2018 Update
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Ushering IV Iron into the Clinic
Practical Principles for the Multidisciplinary 

and Interprofessional Cancer Care Team

• Use real-world patient cases to evaluate evidence-supported 
strategies that members of the multidisciplinary and 
interprofessional cancer care team can use to safely and 
effectively implement IV iron into clinical practice.

• Compare and contrast the unique clinical utility of currently-
approved IV iron agents, emphasizing the impact of differential 
safety profiles on treatment decisions.

• Investigate the clinical implications of IV iron-associated 
hypophosphatemia in all patients, but especially those with 
cancer and/or those actively receiving chemotherapy.

Learning Objectives
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BK is a 44-year-old female who was recently diagnosed with 
HER2+, early-stage breast cancer. She received 6 cycles of adjuvant 
TCHP and will have surgery in the near future; therapy is 
considered curative. 

She presents to clinic today with lethargy and fatigue that has 
reportedly worsened in the 2 weeks since her last infusion. 
Laboratory results reveal the following:

• Hb is 8.6 g/dL
• Serum ferritin is 9 ng/mL
• TSAT is 9%
• Reticulocyte count is 0.4%

Patient Case 1: BK 

Schneeweiss A, et al. Ann Oncol. 2013. 

Patient Case: BK
Serum Ferritin

<30 ng/mL
Serum Ferritin
30–500 ng/mL

Serum Ferritin
501–800 ng/mL

TSAT
<20%

TSAT
20%–50%

TSAT
<20%

TSAT
20%–50%

TSAT
<20%

AIDA; oral or 
IV iron 

indicated

Iron being 
mobilized, but 

deficiency 
likely; IV iron 

indicated

Classic FIDA or 
anemia of 

inflammation 
(ferritin 30–100 
ng/mL); IV iron 

indicated

Possible FIDA; IV 
iron challenge 

potentially useful; 
ESA alone may be 

indicated

Possible FIDA; IV iron 
challenge potentially 

useful, response 
magnitude potentially 
lower than if ferritin 

<500 ng/mL

Adapted from Gilreath JA, Rodgers GM. Blood. 2020.
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AP is a 76-year-old male who was diagnosed with stage IV colon 
cancer 1 month ago. 

His systolic BP is frequently between 90–100 mmHg. You order 
labs and discover he has absolute iron deficiency anemia (ferritin is 
19 ng/mL; TSAT is 4%; and Hb is 7.8 g/dL).

Iron sucrose is avoided due to risk of hypotension. A larger, single 
dose of iron is recommended for AIDA; ferric gluconate is avoided. 
You recommend 1,000 mg of IV iron using ferric derisomaltose 
over 20 minutes.

Approximately 5 minutes into the infusion, AP has a reaction of 
flushing, chest tightness, and lower back pain

Patient Case 2: AP

• Fishbane and complement activation-related pseudo-allergy (CARPA) reactions may resemble early 
signs of anaphylaxis but are NOT anaphylaxis

• These mild infusion reactions are clinically characterized by

• Facial flushing, rubor

• Acute chest and/or back pain

• Chest tightness

• +/- dyspnea

• Current expert opinion algorithms indicate that these reactions typically resolve without treatment 
and usually do not recur when infusion is reinitiated

• Thus, it is reasonable to restart infusion ~15 minutes after reaction symptoms have resolved

• Use same IV iron product, but restart at a slower infusion rate

• For patients with urticaria—consider H2-receptor antagonists (i.e., famotidine) before rechallenge

• May also consider corticosteroids and/or non-centrally acting H1-receptor antagonists (i.e., cetirizine)

Distinguishing Mild vs Severe Hypersensitivity
Fishbane and “CARPA” Reactions

Blumenstein I, et al. Expert Opin Drug Safety. 2021; Rampton D, et al. Haematologica. 2014; 
Achebe M, et al. Transfusion. 2020; MacDougall IC, et al. Am J Nephrol. 2017; Szebeni J, et al. Br J Pharmacol. 2015.      
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Iron Product TDI—On-label? TDI—In practice?

Iron dextran
• No

• Label: max of 100 mg (2 mL) daily via 
IV push over at least 2 minutes

• Yes

• Routinely given in practice as up to 
1,000 mg given over 1 hour

Ferumoxytol
• No

• Label: 510 mg via IV infusion over at 
least 15 minutes; repeat in 3–8 days

• Yes

• Data exist supporting 1,020 mg TDI

Ferric carboxymaltose

• Yes

• For patients weighing ≥50 kg, may 
give either 1,000 mg TDI over at least 
15 minutes or 750 mg x 2 doses, at 
least 7 days apart

• Yes

• Per label

Ferric derisomaltose
• Yes

• 1,000 mg given over at least 20 
minutes

• Yes

• Per label

Unique Clinical Utility
Total Dose Infusion?

Anand IS, Gupta P. Circulation. 2018; FDA Prescribing Information; ClinicalTrials.gov.

• Phosphorus is distributed widely throughout the human body and serves a 
number of vital physiologic functions

• An integral component of DNA and RNA bases, cell membranes, high-energy 
metabolic compounds (i.e., adenosine triphosphate [ATP])

• A requirement for numerous enzymatic processes

• A key element of hydroxyapatite crystal, which provides mechanical strength for 
mineralized tissues, such as bones and teeth

• Normal serum phosphorus levels in adults = 2.5–4.5 mg/dL

• Not routinely measured, in part due to heavy influence of circadian rhythms

• Lowest levels in late-morning, highest levels at 4:00AM and 4:00PM

• Only 1% of total body phosphorus is found in extracellular fluids

• Likely rationale for why minor deficiencies are asymptomatic

Phosphate
Foundational Principles

Kalantar-Zadeh K, et al. Am J Hematol. 2021.
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• Primary players: fibroblast growth factor 23 (FGF23), parathyroid hormone 
(PTH), and 1,25-dihydroxyvitamin D (biologically active form of vitamin D) 

Phosphate
Healthy Homeostatic Mechanisms

Kalantar-Zadeh K, et al. Am J Hematol. 2021.

• Most common acute symptoms: weakness and fatigue

• Note: same presentation as ID/IDA, thus making clinical differentiation difficult

• In severe cases, can manifest as

• Altered mental status

• Bone loss/osteomalacia

• Seizures/neuropathic dysfunction

• Muscle weakness, pain, and/or rhabdomyolysis

• Arrhythmias and cardiac dysfunction

• Respiratory failure

• As both randomized trials and systematic reviews have evidenced an elevated risk of 
hypophosphatemia with IV iron, particularly ferric carboxymaltose (FCM), serum 
phosphate monitoring should be conducted for patients receiving IV iron—especially in 
the case of FCM

Hypophosphatemia
Presentation and Clinical Manifestations

Wolf M, et al. JCI Insight. 2018; Kalantar-Zadeh K, et al. Am J Hematol. 2021; Glaspy JA, et al. Adv Ther. 2021.  

58

59



7/25/2022

26

• FCM seemingly uncouples the FGF23 synthesis-inactivation regulatory cycle, 
leading to increased levels of FGF23 and consequent reductions in phosphate levels

Hypophosphatemia
Proposed Mechanism of FCM Effect

Auerbach M, et al. Am J Hematol. 2021.  

• In an effort to understand the differential hypophosphatemia risk between next-
generation IV iron products, two identical, randomized, open-label trials were 
conducted

• Trial A: 123 patients randomized; 62 to ferric derisomaltose, 61 to FCM

• Trial B: 122 patients randomized; 61 to ferric derisomaltose, 61 to FCM

• Primary endpoint for both trials = incidence of hypophosphatemia at Day 35

• Hypophosphatemia defined as serum phosphate <2.0 mg/dL

• Incidence of hypophosphatemia was significantly lower with ferric derisomaltose vs 
FCM

• Trial A: 7.9% with ferric derisomaltose vs 75% with FCM (P<0.001)

• Trial B: 8.1% with ferric derisomaltose vs 73.7% with FCM (P<0.001)

• Incidence of severe hypophosphatemia (serum phosphate <1.0 mg/dL) was also 
significantly lower for ferric derisomaltose vs FCM (0% vs 11.3%, respectively; P<0.001)

The PHOSPHARE Clinical Trial Program
Ferric Derisomaltose vs FCM

Wolf M, et al. JAMA. 2020.  
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The PHOSPHARE Clinical Trial Program
Ferric Derisomaltose vs FCM

Wolf M, et al. JAMA. 2020.  

• Patient populations that are noted to be at elevated risk for hypophosphatemia 
when receiving IV iron therapy include patients

• With CKD

• Receiving total parenteral nutrition

• With vitamin D deficiency

• With clinical alcoholism

• Receiving concomitant therapy with IV bisphosphonates

• Requiring chronic dosing of IV iron for maintenance of repletion

• Receiving FCM

• Serum phosphate monitoring is warranted for patients who fit into one or 
more of these clinical populations

Hypophosphatemia
Identifying Patients at Greatest Risk

Glaspy JA, et al. Adv Ther. 2021.  
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