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Chapter 1. Diagnosis and Evaluation of Anemia in CKD

.. Potential causes (can be multir’ 1)
1.1 anemia in CKD = o o
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- EPO dehciency/hyporesponsiveness
k « lron deficienc

- Blood loss (Gl (malignancy), dialysis)
- Shortened RBC survival
« Hyperparathyroid or thyroid dysfunction

0.5-4 years 5-11years 12-14years Males Females - Bone marrow suppression by inflammation; drugs (ACEi,
<11.0g/dl <11.5¢g/dl <120g/dl <13.0 g/dI* <12.0 g/dI* ARBs, proliferation inhibitors in KTRs), or malignancy (MDS,
myelofibrosis)
Age <15 years Age 215 years - Other nutritional deficiency (folate, vitamin B )

« Chronic inflammation (CHF, obesity, autoimmune diseases)
« Inherited anemia (thalassemia, sickle cell anemia)



Erythropoiesis: A homeostatic system Erythropoietin (EPO) promotes production of mature red
blood cells in the bone marrow. More red blood cells in the

circulation leads to increased oxygenation and lower levels
of hypoxia-inducible factor, suppressing EPO production.
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Iron is necessary as well for red
blood cell production. Its absorp-
tion and transport are also pro-
moted by hypoxia-inducible factor
(see Figure 2).

oxygen tension. But in anemia or hy-
poxia, it promotes gene transcription
of erythropoietin (EPO), necessary for
maturation of red blood cells.



Overview of normal iron homeostasis
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Transferrin (TF) vs Serum Ferritin (SF)

%k %k k
Cell body Blood plasma

serum iron TIBC

(total iron bindinag capacity)
) cell body \ /\| /

serum ferritin




2 Indices of Iron Status

 Transferrin saturation (TSAT) : reflecting iron

availability in the circulation

* SF:reflecting iron storage.



2 States of ID

 systemic (or absolute) ID: a low TSAT and low SF : reflecting

decreased iron both in the circulation and in tissue stores.

* 1iron-restricted erythropoiesis or functional ID: a low TSAT
and high SF : reflecting limited available iron for

erythropoiesis despite adequate iron stores.



Systemic movement of iron in different iron-related states

Normal Systemic iron deficiency Iron-restricted erythropoiesis
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1.2. Iron deficiency in CKD (absolute & functional)

Definitions

Systemic iron deficiency Iron-restricted erythropoiesis

{ferritin, $ TSAT 1ferritin, § TSAT
(e.g., ferritin <100 ng/! (ng/!) (e.g., ferritin >100-200 ng/!
in CKD G1-GS, <200 ng/I (ng/1) (ng/l), TSAT<20%)
in CKD G5HD, TSAT<20%)

Potential causes

« Bleeding (G, urogenital)

« Chronic inflammation (iron-restricted . thropoiesis
increased hepcidin)

- latrogenic: drugs (PPI, anticoagulants, mi.  *and N
KTRs, etc.), multiple blood sampling, hemo: _..ysis

« Increased iron consumption due to use of ESAs in
CKD/increased EPO production by graft in KTRs




Mechanisms underlying anemia of CKD
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Hepcidin: increased due to

Inflammatory state (mainly through IL-6)
Reduced kidney clearance

reduced EPO and erythroferrone (ERFE) levels
NB: ERFE is produced by erythroblasts in response to EPO and

decreases hepatic expression of hepcidin.



TSAT & Serum Ferritin

e SF <100-200 pg/l or TSAT<20% do not correlate well with BM

iron or Hb response to iron in people with CKD.

* Inrecent years, more focus has been placed on TSAT rather
than SF, as the latter only indicates systemic iron deficiency

when levels are extremely low.



* Practice Point 1.2.3: In people with CKD, anemia, and SF

<45 pg/l, consider referral to gastroenterologists/
gynecologists/ urologists to identify the cause of

blood loss



% of BM iron deficit, according to the response to 1000 mg of iv iron (=1-g/dl

increase in Hb) in 100 non-dialysis patients with CKD
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Chapter 2. Use of Iron to Treat ID and Anemia in CKD

Recommendation 2.1: In people with anemia and CKD
treated with HD, we suggest initiating iron therapy if

SF <500 ng/ml and TSAT <30% (2D).

Recommendation 2.2: In people with anemia and CKD
G5HD in whom iron therapy is being initiated, we suggest

using iv iron rather than oral iron (2D).



Practice Point 2.1: In people with CKD G5HD in whom iron
therapy is being initiated, administer iv iron using a proactive
approach to maintain stable iron status.

Practice Point 2.2: In people with CKD treated with iron, it i1s
reasonable to withhold iron if SF 2700 ng/ml or TSAT 240%.
Practice Point 2.4: In people with CKD treated with iv iron, the
choice between different formulations is guided by cost,

individual preference, and recommended dosing schedules.



IV Iron 1n Patients with HD: PIVOTAL Trial (1)

We conducted this prospective, randomized, open label,
blinded end-point,14 controlled trial at 50 sites in the UK
Adults with HD had been initiated no < 12 mo before the initial
screening visit, who had a SF <400 pg/l and a TSAT < 30%, and

who were receiving an ESA were eligible to participate.



IV Iron 1n Patients with HD: PIVOTAL Trial (2)

high-dose group, 400 mg of iron sucrose / mo, to be
administered IV, cutoff limits (SF of 700 pg/l or a TSAT of 40%)
low-dose group received a monthly dose of O mg to 400 mg of
iron sucrose as required to maintain a minimum target SF of 200
Hg/ Ll and a TSAT of 20%,

Clinicians selected the dose of ESA that would be sufficient to

maintain a Hb of 10 to 12 g/dL



IV Iron 1n Patients with HD: PIVOTAL Trnial (3)

* Trial End Points The primary end point was the composite of
non-fatal Ml, non-fatal stroke, hospitalization for HF, or death from
any cause, assessed in a time-to-first-event analysis;

* The first secondary end point consisted of the components

of the primary end point, including first and repeat events, which
were analyzed as recurrent events.

* Other secondary efficacy end points included death from any

cause,



PIVOTAL Trial: Results (1)

The median monthly dose of iron was 264 mg in the high-dose
group and 145 mg in the low-dose group;

The median monthly dose of ESA was 19.4% lower in patients
receiving the high-dose regimen (29,757 IU / mo) than in

patients receiving the low-dose regimen (38,805 IU / mo)



PIVOTAL Trial : Results (2)

A Primary Efficacy End Point
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Table 3. Serious Adverse Events.*

Proactive, High-Dose Reactive, Low-Dose

Iron Regimen Iron Regimen
Event (N=1093) (N=1048)
no. of patients with event (%5)
Any serious adverse event 709 (64.9) 671 (64.0)
Infection or infestation 341 (31.2) 327 (31.2)
Injury, poisoning, or procedural complication 220 (20.1) 224 (21.4)
Cardiac disorder 154 (14.1) 165 (15.7)
General disorder or administration-site condition 159 (14.5) 129 (12.3)
Respiratory, thoracic, or mediastinal disorder 107 (9.8) 121 (11.5)
Gastrointestinal disorder 111 (10.2) 110 (10.5)
Surgical or medical procedure 117 (10.7) 102 (9.7)
Metabolism or nutrition disorder 95 (8.7) 116 (11.1)
Vascular disorder 90 (8.2) 104 (9.9)
Nervous system disorder 98 (9.0) 82 (7.8)
Renal or urinary disorder 34 (3.1) 48 (4.6)
Investigationy 33 (3.0 44 (4.2)
Musculoskeletal or connective-tissue disorder 28 (2.6) 37 (3.5)
Neoplasm, benign, malignant, or unspecified, including cysts 27 (2.5) 27 (2.6)
and polyps
Psychiatric disorder 21(1.9) 26 (2.5)
Hepatobiliary disorder 23 (2.1) 18 (1.7)
Skin or subcutaneous-tissue disorder 22 (2.0) 14 (1.3)
Blood or lymphatic system disorder 14 (1.3) 17 (1.6)



Practice Point 2.8: In people with CKD treated with iron, consider
temporarily suspending iron therapy during systemic infection.
Practice Point 2.9: In people with CKD treated with iv iron,
considerations pertaining to hypersensitivity reactions to iv iron

include the following:

* |V iron should only be administered if there is capability to manage
acute hypersensitivity and hypotensive reactions,

 Test doses of iv iron are not usually required, because lack of

response does not predict the risk of hypersensitivity.



Practice Point 2.10: The suggested management of reactions to iv iron

Adverse drug reaction
to i.v. iron therapy

l l l

Nonspecific symptoms: Mild infusion reaction: Severe reaction:
» Chest tightness « Nonspecific symptoms Sudden onset of
» Dizziness FLUS urticaria -Wheezing

» Lightheadedness » Stridor

» Nausea « Cyanosis

+ Itching « Hypotension

- Asymptomatic hypotension - Tachycardia

l




Iron Sucrose |V: dosage

Loading dose: 100 mg iv nnduaiK sdu 10 ASv ua:ly
wuzGlRaadonuLau 2 AsvdatliovdAu
Maintenance dose: 100-200 mg iv CiotddUu KA serum

ferritin <500 ng/ml

HoanSIHIEAN WD TSAT > 40% HEd SF > 800 ng/ml



Chapter 3. Use of ESAs

Recommendation 3.1.1: In people with anemia and CKD in whom
correctable causes of anemia have been addressed, we suggest
using an ESA rather than a HIF-PHI as first-line therapy for
treatment of anemia

Recommendation 3.2.1: In people with anemia and CKD G5D treated
with HD or PD, we suggest initiation of ESA therapy when the Hb is
<9.0-10.0 g/dl (2D)



People who are at higher risk for adverse events from ESA
treatment, such as those with a recent stroke or recurrent
HD access thrombosis, may be more likely to prefer ESA
initiation when Hb is closer to 9.0 g/dl , thus delaying or
potentially avoiding ESA treatment

Recommendation 3.3.1: In adults with anemia and CKD
treated with an ESA, we recommend targeting a Hb level

below 11.5 g/dl (1D).



Four randomized controlled trials of hemoglobin-raising

in chronic kidney disease

MHCT CHOIR™ CREATE* TREAT=
Population Patients with Chronic kidney Chronic kidney Chronic kidney
chronic heart fail- | disease disease disease with
ure and end-stage diabetes
renal disease on
dialysis
Hemoglobin 10 vs 14 gidL 135vws113g/dl =13ws11gdl =13 ws 9 gidL
target
Target achieveld?] Mo Mo (= Mo
Primary Time to death or Compaosite of Time to first cardio-  Composite
outcomes first myocardial death, myocardial  vascular event of death or a
infarction infarction, hospital- cardiovascular
ization for chronic event and death
heart failure, stroke or end-stage renal
disease
Risks with Trend toward Increased risk of Trend toward risk Mo risk inrease or
higher increased risk of | primary outcome increase that was reduction

hemoglobin level

primary outcome
resulted in early
study interruption

Other results Higher rate of
thrombaosis in

high-target group

nonsignificant: no
benefits

Improved guality
of life

Higher rate of
stroke

MHCT = Mormal Hematocrit Study,™ CHOIR = Corection of Hemoglobin and Outcomes in Renal Insufficiency tna, ™ CREATE = Cardic-
vascular Risk Reduction by Early Anemia Treatment trial, ™ TREAT = Trial to Reduce Cardiovascular Events With Aranesp Therapy™



NHCT: Methos

We studied 1,233 patients with clinical evidence of CHF or IHD who were

undergoing HD: 618 patients were assigned to receive increasing doses of

epoetin to achieve and maintain a hct of 42% . and 615 were assigned to

receive doses of epoetin sufficient to maintain a hct Of 30% throughout

the study. The primary end point was the length of time to death or a first

nonfatal Ml.

(N Engl J Med 1998;339:584-90.)



Hematocrit (%)

NHCT: Results
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TABLE 1. Basg-LiNE CHARACTERISTICS OF THE PATIENTS.*

MNORMAL- Low-
HEMATOCRIT HEMATOCRIT
GROUP GRroup

CHARACTERISTIC IN=618) IN=615)
Age (vr) 65+12 64+12
Female sex (%) 50 52
Race or ethnic group (%)

Whirte 45 42

Black 4] 44

Hispanic 3 9

Other i 5
Dwration of dialysis (vr) 3.2+3.6 3133
Cause of renal failure (%)

Diabetes mellis 42 46

Hyvperrension 28 7

Glomerulonephritis 7 8

Other 23 19
Tvpe of vascular access (%)

Graft H6 7

Marural fistula 23 23

Catheter 10 10

Mot specified 2 0
Hypertension (%) 71 69
Diabetes mellios (%) 54 58
Peripheral vascular disease (%) 39 33
Cardiac-related hospitalization (%)

Angina pectoris a2 281

Congestive heart failure 44 i

Myocardial infarction 25 23

Coronarv-artery bypass graft 20 19

Percutaneous transluminal coronary 10 9

angioplasty

MNew York Heart Associadon class (%)

I 29 31

I1 51 52

I11 19 15
Hematocrit (%) 30.5+3.0 305+29
Epoctin dose {U/kg/wk) 146103 153=119

No.aT Risk

Probability of Death or
Myocardial Infarction (%)

MNormal hematocrit
Low hematocrit

Mortality (%)
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Secondary analysis of the CHOIR trial epoetin dose and achieved Hb outcomes

In the 4 mo analysis, significantly more patients in the high-Hb compared to the low

Hb arm were unable to achieve target Hb and required high-dose epoetin-(X.

In unadjusted analyses, the inability to achieve a target Hb and high-dose epoetin-(

were each significantly associated with increased risk of a primary endpoint (death,

MI, CHF or stroke).

In adjusted models, high-dose epoetin-(X was associated with a significant increased

hazard of a primary endpoint but the risk associated with randomization to the high

Hb arm did not suggest a possible mediating effect of higher target via dose.

KI. 2010 July 12.



Model 1:

Model 2:

Model 3:

Model 4:

Model 5:

Target arm (high vs low)

Target arm (high vs low)
Not Achieving Hgb target

Target arm (high vs low)
High-dose ESA

Target arm (high vs low)
Not achieved Hgb target

High-dose ESA

Target arm (high vs low)

Not achieving Hgb target
High-dose ESA

4-month landmark analysis

T T—

T

+
0 05 1
Favors | Favors
higher lower

9-month landmark analysis

15 2 25 3 35 4 0 05

Favors
higher

1

1.5

Favors
lower

K1. 2010 July 12.



Epoetin alfa: dosage

Initial dose: CKD G5D: 50-100 units/kg, 3 times weekly

eg 60 kg: 3000-6000 u x 3/wk

Dose adjustment: CKD G5D:

* Increase by 25 u/kg/dose if Hb rise is <1.0 g/dl after 4
weeks.

* Reduce by 10-25 u/dose if Hb rise is >2 g/dl in 4 weeks
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THANK YOU



Iron Status Index with ID & inflammation

Variable Inflammation

iy oy R e /T e
TSAT Reduced

Ferritin Increased

Reechere ol oy o |
Reduced

Nephrol Dial Transplant (2020) 1-6



Erythropoetin

Dietary Absorption e e Kidneys

iron (10 mg)

Erythropoiesis

Storage

orIron Erythrocytes

(1800 mg)

Reticuloendothelial
macrophages (600 mg)



Systemic movement of iron in different iron-related states

Normal Systemic iron deficiency Iron-restricted erythropoiesis

aa - Ferroportin=> FPN1
@ rsc @ erythroblast @ Fe (N TF FPNI] Transferrin STF




Fe vs Hepcidin & HRE

Reticuloendothelial system

4

EFQ:receptor RBC production

Int. J. Mol. Sci. 2021, 22,1008






Oral iron formulations: sulfate vs fumarate

Dose per tablet | Elemental iron Starting dose
per tablet
Ferrous sulphate 325 mg 65 mg 1tablet, 3 times daily
Ferrous fumarate 325 mg 106 mg 1 tablet, 2 times daily

200 mg (Thai) 65 mg 1tablet, 3 times daily



IV 1ron sucrose treatment regimen

Element iron con: 20 mg/ml
Max single dose: 200 mg
Min infusion time for max dose: 15 min

Min injection time: 5 min



IV iron may cause harm by increasing the risks of
infection,
oxidative stress,
vascular calcification, and

atherothrombosis.



Practice Point 2.8: In people with CKD treated with iron, consider
temporarily suspending iron therapy during systemic infection.

- Iron is essential for the growth and proliferation of most
pathogens including many bacteria, viruses, fungi, parasites, and
helminths. Iron also exerts subtle effects on immune function and

host responses towards microbes



Practice Point 2.9: In people with CKD treated with iv iron, considerations

pertaining to hypersensitivity reactions to intravenous iron include the

following:

* 1V iron should only be administered if there is capability to manage acute
hypersensitivity and hypotensive reactions,

* |V doses of iron should not exceed the maximum dose/administration for
the compound

* Pretreatment with corticosteroids or antihistamines is not routinely
necessary (type 1 histamine [H1]-channel blockers), and

* Test doses of iv iron are not usually required, because lack of response

does not predict the risk of hypersensitivity.



* |V iron is rarely associated with acute hypersensitivity, hypotensive, and
even anaphylactoid-type reactions.

* People may present with a variety of symptoms ranging from flushing,
itching, shortness of breath, and hypotension.

* In older studies, such reactions were found to occur in 0.6%-0.7% of
treated people. The frequency of reactions is probably significantly lower

with newer iron preparations.



Practice Point 2.11: In people with CKD and profound iron deficiency (ferritin
<30 pg/l and TSAT<20%) but no anemia, consider treatment with oral or
intravenous iron.

* If profound iron deficiency (e.g., ferritin <30 pg/l and TSAT<20%) is present
even in the absence of anemia, treatment with oral or i.v. iron could be
considered in shared-decision-making, especially in symptomatic people
with advanced CKD (CKD G4-G5).

* Observational data in people with CKD and KTRs underscores this, as iron
deficiency, independent of anemia, is associated with higher risk of all-

cause mortality, MACE, and worse patient-reported outcomes






Practice Point 3.4.1.2: In people with anemia and CKD treated with ESA,
avoid adjusting the dose of ESA more frequently than once every 4
weeks. The exception is when Hb increases by more than 1.0 g/dL (10
g/l) in 2—4 weeks after initiation of therapy, at which time the dose
should be reduced by 25%-50%.

Practice Point 3.4.3.4: In people with anemia and CKD treated with
ESA, it is reasonable to suspend ESA during hospitalization for acute

stroke, vascular access thrombosis, or thromboembolic events.



Practice Point 3.4.3.5: In people with CKD, anemia, and active cancer
or a history of cancer, use shared decision-making regarding
continuation or discontinuation of ESA therapy based on patient
preferences and anticipated outcomes, especially when treatment is

aimed at cure.
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