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Introduction
Anemia is a sign of an underlying pathology

Definitions - Anemia is...
n ...the result of various diseases, rather than a disease itself

n ...the functional inability of the blood to supply the tissue with
adequate oxygen (oxygen deficiency)

n ...a reduction in the Red Blood Cells (RBC) count, the Hb-
concentration and/or the hematocrit is below the lower limit of the
reference range

n ...if the Hb-concentration is <13 (adult men) resp. <12 g/dL*
(adult women)

* acc. to WHO C(O)baS
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Introduction — About Anemia
Anemia can be caused by numerous diseases

EPO deficiency in Deficiency of

renal failure Vitamin B,,, Folate, lron
Metastasis of solid

Pregnancy
tumors

Infectious and

inflammatory Acute leukemia
diseases

Acute and chronic Malignant
bleeding lymphoma
Hemolysis Genetic defects

Dose dependent damage by

. o Bone marrow infiltration
radiation, medication

cobas
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Introduction - About Anemia
Factors triggering i1ron metabolism and erythropoiesis

Stemcells Proliferation Retikulocyte maturation
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1 |Vitamine Deficiency (B, B,,, Folic acid)

v

2 |Erythropoietin Deficiency (EPO)

3 |Iron Deficiency

v
Reduced Proliferation Reduced Proliferation Deficient Hemoglobin
Formation
Megalocytes/Macrocytes Normocytes/Microcytes Microcytes/Anulocytes
Hyperchromic Normochromic/ Hypochromic
Hypo<:£romic
Anemias
¥ 3 ¥
Vitamin Deficiency Disturbance of Iron Iron deficiency,
Distribution, Chronic Bleeding,
Acute Phase States, Unbalanced Diet,
Infections, Inadequate Supply

Chronic Inflammation,

Tumor Anemias, C(O)baS

Renal Anemias
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Introduction - About Anemia

Anemia 1s a major medical problem affecting a
considerable proportion of the world’s population

Prevalence

n In total an estimated 30% of the world population are suffering from

n Approximately half of them - more than 500 million people - have
anemias caused by Iron Deficiency

n 20% of these have a functional Iron Deficiency (inadequate Iron
supply of the erythropoiesis)

cobas
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Iron Metabolism
Iron Distribution

B Other Cells and
Tissue 0 Bone Marrow

~400 mg ~300 mg
E Liver

~1000 mg

O Red Blood
O Transferrin Cells
~3 mg ~1800 mg
B Macrophages
~600 mg
cobas
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Introduction — about lron Metabolism
Balance of Iron Metabolism

FUNCTIONAL IRON <— TRANSPORT IRON «<— STORAGE IRON

HAEMOGLOBIN TRANSFERRIN FERRITIN
MYOGLOBIN HAEMOSIDERIN
ENZYMES
80 % 0.1 % 20 %

Iron compartments (in percent of total body iron)
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Introduction - about Iron Metabolism
The Interaction of Iron and

Erythropoietin _Normal

Cell Count Anemia

1 }i

id
&\ Bone Marrow Ki ne(){ﬁ

Erythropoietin

The production of

red cells involves

the coordinate

New

] ] Red
interaction of two  Blood
Cells

Hypoxia

organ systems in

the body.
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Introduction - about Iron Metabolism
The Iron Cycle

e. Dietary Iron

a. Bone Marrow

b. Red Blood Cell=

d. Tra ns..fuf.:.rr
o
! § O
Il"'ﬁl.,.f_\-\.lh"l

¢. Red Blood Cells are phagocytosed
by macrophages

f. Liver

Curr Opin Hematol 2005; 12:107-111
p cobas
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IDA, ACD, and functional Iron Deficiency

Reduced Iron Supply for Erythropoiesis

v v v v
ID ACD Combined Latent ID
[lack of iron] [inadequate state [reduced iron
production of ID+ACD supply]
erythropoietin,
disturbance in
iron distribution]
v ' v
- limiting factor of - limiting factor - limiting factor of
erythrocyte he- of the prolife- the proliferation
moglobinization ration of ery- of erythroid pro-
throid proge- genitor cells in
nitor cells in the the bone marrow
bone marrow and erythrocyte
hemoglobi-
nization
functional ID functional ID cobas
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Introduction - Iron Deficiency
There Are Different States of Iron Deficiency

Iron Deficiency | Remarks

1. Storage-Ilron & (Ferritin) | prelatent Storage-Iron Deficiency

2. Transferrin & latent Storage-lron Deficiency
;—ransport—lron Deficiency

3. Serum-Iron & manifest Storage-lron Deficiency

4, MCV, MCH & ;ransport- Iron Deficiency

5. MCHC & :I-emoglobin— Iron Deficiency

MCV medium cell volume
MCH absolute hemoglobin content of erythrocyte

MCHC medium hemoglobin content of erythrocyte c(o)bas

Thomas Plot, / Januar 2006 / R. Réddiger (Clinical Trials) p 15 Life needs answers



Introduction - Functional Iron Deficiency

Diagnostics

Functional Iron Deficiency is defined as

“the discrepancy between marrow iron availability and

requirements”

This leads to

= Reduced cellular Hb content in reticulocytes

= Reduced hemoglobinization of red blood cells

cobas
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Introduction - About ACD

Chronic inflammation and the acute-phase-response interact
with hematopoletic System

ACD is characterized by

n Inadequate production of Erythropoietin (kidneys!)

n Reduced proliferation of erythroid progenitor cells in the bone
marrow

n Disturbance of normal lron distribution

Iron re-distribution

Sufficient Iron in stores but not
available for Hb synthesis

Impaired erythropoiesis cobas

Thomas Plot, / Januar 2006 / R. Réddiger (Clinical Trials) p 17
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Introduction - About ACD

Major pathways of iron transfer in anemia of chronic disease

Other cells
and tissues
P ~400mg
" Bone
marrow
=~ 300mg
3+
20-25 mg/ (Fe= )Tt
day ~3mg 1-2mg/day

Red blood cells
~ wr::ramg

Iron loss

S X

Ftetmuloendcthehal
macrophages
~ 600mg

X-zmgfday

Duodenum 55 __r_,

Blocked in
Anemia of chronic disease

Hentze . . Andrews, Cell 117 285 (2004)
Thomas Plot, / Januar 2006 / R. Réddiger (Clinical Trials)

Iron uptake in the
duodenum and
release from
macrophages is
blocked, thereby
decreasing delivery
of iron to the
erythropoiesis.

cobas
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Introduction - About ACD

Chronic inflammation and infections also inhibit the
mobilization of stored Iron and lead to ACD

The process is driven by_

> Increased production of pro-inflammatory cytokines such as
IL-1, IL-6, TNF-alpha, and IL-gamma

> Increased concentration of CRP and other acute phase proteins
such as Ferritin (1) in the blood

Consequence:_

Patients with CRP >50 mg/L need around 30% higher EPO

doses than patients with CRP <50 mg/L ”

*) acc. to OPTA Working Group (Optimal Treatment of Renal Anemia) C(O)bas

Thomas Plot, / Januar 2006 / R. Réddiger (Clinical Trials) p 19 Life needs answers



Introduction - About IDA

The proper assignment of the different phases of IDA especially
In patients with chronic diseases represents a diagnostic challenge.

Clinical Interest

n Early detection of sub-clinical Iron Deficiency (ID) to prevent systemic
complications of IDA

n ldentification of manifest or classic lron Deficient Anemia

n Differential diagnosis of Anemia often seen in
n Infection / Inflammation
n Renal failure
n Cancer Anemia of Chronic Disease (ACD)
n Heart failure

n ....

to distinguish ACD from combined states of functional ID+ACD
cobas
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Biochemistry

Traditional biochemistry parameters have some limitations
especially in the presence of Acute Phase Reactions (APR)

Analyte Level in ID Remarks
Ferritin Decreased * Acute Phase Protein
= APR: increased
Transferrin Elevated = Acute Phase Protein
* APR: decreased
Serum-Fe Decreased = Extreme diurnal variation

* Further decrease in stress
situations and APR

Total Iron Binding Decreased Very specific but poor sensitivity
Capacity (TIBC)

Transferrin Saturation Decreased Cannot distinguish between
(Tf-Sat) functional ID and ACD

Ferritin Index Elevated Very sensitive discriminator
(sTfR/log Ferritin) between classic and functional ID

cobas
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Hematology
The Hb content of Reticulocytes is a strong and early marker of
the effectiveness of the Erythropoiesis

Two hematological markers give information about the
erythropoietic condition:

Hemoglobinzation of Red Cells (% HYPO)
The fraction of hypochromic red cells is a late indicator of an Iron restricted
erythropoiesis (lifespan of red cells ~ 120 days!) and underlying functional ID

Hemoglobin content of Reticulocytes (CHr/RET-He)
Very early marker of impaired erythropoiesis and functional ID
(~ 1-2 days in the circulation)

CHr - Bayer ADVIA
RET-He - Sysmex c(o)bas
Thomas Plot, / Januar 2006 / R. Réddiger (Clinical Trials) p 23 Life needs answers



Hematology meets Biochemistry

Hematological and Biochemical Parameters complement each
other in the differential diagnosis

Hematological and biochemical markers together inform about_

Hematology (RET-He):
ACTIVITY of the bone marrow / erythropoiesis

Biochemistry (Ferritin-Index):
SUPPLY of the bone marrow / erythropoiesis with Iron

Hematology and Biochemistry:

cobas

Life needs answers
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Hematology meets Biochemistry
Combination of sTfR, Ferritin (=Ferritin Index), RET-He, and CRP
In a diagnostic plot ...

Diagnostics

...leads to

The Thomas Plot ?

f \ J"I

) named after Prof. Lothar Thomas, Krankenhaus Nordwest, Frankfurt/Germany
cobas
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The Thomas Plot

Serum levels of analytes that differentiate Anemia of

Chronic disease from Iron-Deficiency Anemia

Analyte ACD IDA ACD + IDA
Iron Reduced ﬂ Reduced ﬂ Reduced \l
Transferrin Reduced to Increased Reduced
normal —> ﬂ I \l
Transferrin Reduced Reduced Reduced
saturation ﬂ ﬂ \l
Ferritin Normal to — — | Reduced ﬂ Reduced to \l
increased ﬂ normal —>
sTfR Normal —> Increased I Normal to :(Z'
increased
Ferritin Index Low High High
(sTfR/log Ferritin) ﬂ I I
Cytokine levels Increased ‘l‘ Normal —> |Increased "

Thomas Plot, / Januar 2006 / R. Réddiger (Clinical Trials)
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The Thomas Plot

All involved analytes play their specific role

Hemoglobin contents of reticulocytes for very early
assessment of erythropoietic response

Soluble Transferrin Receptor for the assessment
of the erythropoietic activity

For assessment of current total inventory of
storage lron

For assessment of the iron supply for erythropoiesis

Indicator of non-specific disturbance of Iron
metabolism caused by acute phase processes

VNV VVV

cobas
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Therapeutic response and monitoring
Therapy monitoring — Ret-He is an indicator of Iron demand and an

earlier indicator of treatment response than Hb

2 weeks
~ Ret-He
> - P
s 200
[
=
(&)
e
= 150}
g
- P —®
Hb-value
100
0 20 40 60 80 100

days of EPO-treatment
cobas
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Roche Diagnostics Anemia Product Portfolio
Extensive Routine Portfolio for the Serum Work Area

RD/Hit| | Integra | [Elecsys E170 + P-Module

Serum Iron U U P
Transferrin U U P
sTfR u u P
Ceruloplasmin a u P
Haptoglobin u u P
UIBC u u P
Ferritin U U U P/E
(RBC) Folate u E
Vitamin B12 U E
Ret-He Sysmex

Thomas Plot, / Januar 2006 / R. Réddiger (Clinical Trials)

p 29
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The Thomas Plot

Iron deficiency can be classified in four conditions —
each requiring specific treatment

Q=9

=) ’T 7
ofB/ l CRP > 5 mg/L CRP < 5 mg/L l o

EPO 45 n | “ Iron
|

40 - |

Iron repletion)jnormal Reduced Iron supply,
= erythropoiesis with reduced close to iron deficient
S 35 - red cell proliferation erythropoiesis
2 ACD: Latent ID
E 30 - I
2L el el el e e el
Iron repletlon,ldecreased Classic Iron Deficiency
25

hemoglobipization IDA
functional ID + ACD

2 ,, 1 2 3 3.2 4 5 6
/dﬂ@r)i)%;a I sTfR [mg/L] / log Ferritin [pg/L]
(o)

Iron
EPO & Iron c<o>bas
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The Thomas Plot

Iron deficiency can be classified in four conditions —
each requiring specific treatment

Prevalence in renal Dialysis Patients

(CRP >5 mg/L / n =45)

45
Normal erythropoiesis . Latent Iron Deficiency
’ ]
40 7 with reduced red cell : A @
proliferation; ACD ‘o @
® ' * 3
S 35 o @ 3, ®
= ® "o o @
(<5} @ ! ‘
T XV O o Ps ® °
o 30 S < <
® ®
<@ @ P
25 - *
Functional ID
IDA + ACD : Classic Iron Deficiency; IDA
20 . : . . . .
0] 1 2 3 4 5 6 7
sTfR [mg/l] / log Ferritin [pg/l] C(O)bas
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The Thomas Plot

Iron deficiency can be classified in four conditions —
each requiring specific treatment

Prevalence in Tumor Patients

(CRP >5 mg/L, n=57)

45
Normal erythropoiesis : Latent Iron Deficiency
with reduced red cell
40 1 proliferation; ACD ®
o ° ©
= 35 - o O
= @) Oo (@) ©
[<B) O @)
T
o S © O o®
& 30- & c(>b ° O -OO@ @) Cc)) "o O °
28 ---------- p-o- - om m T T T T T T TS TT T T r T
O O O
O
. O
25 o o
IDA + ACD Classic Iron Deficiency; IDA
20 || | | | 1 1
0 1 2 3 4 5 6 7
STIR [mg/L] / log Ferritin [ug/L] cobas
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The Thomas Plot

The Thomas Plot supports optimal management of ID Anemia and
cost-effectiveness of r-HUEPO treatment — Example: Dialysis Patients

Diagnostics

Factors that may counteract the positive action of EPO therapy*)

-~ Inadequate hemodialysis dose
~ Absolute and functional Iron deficiency
-~ Inflammation and infection

Every single factor on its own could lead to a substantial decrease in

Hb OR an increase in EPO dosage of up to 100%

Optimal management of Iron Deficiency leads to:

*) acc. to OPTA Working Group (Optimal Treatment of Renal Anemia) .
Jace. | Plot, / Januar 20067 R Roddiger (Clinical Thals) p 33 Life needs answers



Therapeutic implications of the Thomas-Plot
Response to the treatment of anemia

| ACD Latent ID Il

/é r-HukEPO therapy [ Oral iron therapy
;:) —_—
0 o O Responders \ ‘\i
x 28 < ®
- V \‘%
e Q\Q ((}]
T
5 o

r-HUEPO + i.v. iron therapy Oral iron therapy

IV Functional ID/ACD Classic ID -

sTfR/log Ferritin

cobas
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Presenter
Presentation Notes
The data point of a patient with oral iron supplementation moves within 2 weeks from quadrant 3 into quadrant 2 and after a month from quadrant 2 into quadrant 1. Responders of recombinant human erythropoietin (r-HuEPO) therapy with data points in quadrant 1 show a movement of the data point to the right and need iron supplementation if the data point moves into quadrant 2. The data point of a patient  with r-HuEPO therapy and iron supplementation in quadrant 4 moves into quadrant 1, if the patient responds.



Anemia

Assessment of results two and four weeks after starting

rHUEPOQO therapy

Parameter

D

Result >

Treatment >

Ferritin index vector > 0.6 Adequate rHUEPO dosage.
<06 Increase rHUEPO dosage.
Ret-Hb > 28 pg or No functional ID.

increase of > 2 pg

< 28 pg or Functional ID, supplement i.v. iron.
increase < 2 pg
Ferritin index < 3.2 Adequate iron stores.
> 3.2 Inadequate iron stores, supplement i.v. iron.

Hemoglobin (Hb)

Increase > 1 g/dL
Increase < 1 g/dL

Adequate response.

Inadequate response, supplement rHUEPO
until week 4. If no Hb elevation increase
rHUEPO dosage or stop rHUEPQO therapy.

Thomas Plot, / Januar 2006 / R. Réddiger (Clinical Trials)
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The Thomas Plot

Is basically valid for all 1D states, but some limitation due to
physiological / path physiological reasons

Remarks

Valid for anemic patients with Iron Deficiency of all origin

Ferritin index cut-offs as shown in this presentation only
valid for Roche Diagnostics reagents

cobas
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The Thomas Plot

Poster Handout DGKL 2005, Jena

Iron Deficiency, Erythropoietic Status in
Anemia, rHUEPO Therapy: New Diagnostic
Approaches - The “Thomas-Plot”

cobas’

Life needs answers

Recent Progress in
Laboratory Diagnostics

Iron Deficiency, Erythropoietic Status in
Anemia, rHuUEPO Therapy: New Diagnostic
Approaches — The “Thomas-Plot”

Thomas L
Thomas C
Lehmann P
Roeddiger R
Brugnara C

Th L, Th

C, Leh P, Roeddiger R, Brugnara C

New diagnostic approaches in iron deficiency and evaluation of

erythropoietic status

The diagnosis of iron deficiency (ID) is particularly challeng-
ing in patients with acute or chronic inflammatory conditions.
Most of the biochemical markers for iron metabolism are
affected by acute-phase reaction and represent the storage and
functional iron pool in an inadequate way. Recently, a novel
approach based on hematologic indices was presented which
provides important new insights into the proper identification
of ID, both in iron repleted and in iron depleted states in the

presence and absence of acute-phase response 1%,

The issue of functional ID (iron supply for erythropoiesis
does not meet iron demand) has received a great deal of atten-
tion by treating patients on chronic renal dialysis and tumor
patients *1%_ It is well known that in many of these patients
biochemical markers for iron metabolism are non-informat

serum ferritin concentrations in the range of 200-800 pg/L
are frequently seen in patients who have functional ID and
respond to iron therapy. It was shown that the hemoglobin
content of reticulocytes (Ret-Hb) is valuable in identifying
ID/functional ID as well as determining when iron therapy

is needed 1111131,

Using the Ret-Hb as a gold standard to define functional ID %,
the cut-off values for ferritin, sTfR and sTfR/log ferritin (fer
ritin index) "+ ¥/ in patients with and without acute-phase
response (based on CRP cut-off of 5 mg/L) can be assessed |11,
Functional ID was defined as a Ret-Hb < 28 pg, based on the
distribution of these values in healthy controls. The biochemi
cal markers performed significantly better in the absence of
inflammation: the cut-off for the ferritin index 2 for ID
without acute phase reaction (APR) and 2.0 for ID combined
emia of infection,

with anemia of chronic disease (ACD), a
chronic inflammation, endstage renal failure and cancer-related
anemia |l The relationship between Ret-Hb and the ferritin
index is described in a simple plot (Fig. 1) Il Four quadrants
can be identified based on the respective cut-off values for
Ret-Hb and the ferritin index.

The quadrants shown in these plots correspond to different
hypo- or normo- regenerative erythropoietic states I'l;

1 Normal erythropoiesis with repleted iron stores

(iron status in ACD)

Normal erythropoiesis with depleted iron stores but not
yet in an iron-deficient erythropoietic state (latent iron
deficiency)

Hypoproliferative erythropoiesis, depletion of storage and
functional iron compounds (classic iron deficiency),

ation of red cells

N

w

decreased hemoglob
Hypoproliferative erythropoiesis, functional 1D in iron-
repleted stores (functional ID in patients with ACD),
decreased hemoglobinization of red cells.

&

unm &

fron repletion, normal Patients may have reduced
erythropolesis (e.g. 80% of  iron supply, but have not yet
patlents with ACD). started iron-deficient

erythropoiesis. Latent 1D

Ret-Hb (pg)
8

Functional ID in iron-repleted Depletion of storage and
5 ised functional iron compounds.

hemoglobinization of red cells, Decreased hemoglobinization

€.9.20% of patients with AGD.  of red cell. Classic IDA.

sysaj0d0nIAsa J0 puewap uosy

7) [ES
2 B
0 32 10
STiR/log Ferritin
Iron supply for erythropoiesis

Figure 1: Thomas-Plot plot for identifying the different erythropoietic
states of advancing ID combining the best biochemical marker for iron
supply (sTIR/log ferritin ratio, ferritin index) with Ret-Hb, the real-time
hematologic indicator for iron demand of erythropoiesis (CHr, Ret-He)
The plot is also used for evaluating the erythropoietic state prior to com-
mencing rHuEPO therapy. A Ret-Hb of < 28 pg indicates functional iron
deficiency. In patients with CRP values of < 5 mg/L, a ferritin index of
>3.2 indicates depleted iron stores, and a ferritin index of <3.2 indicates
repleted iron stores. In patients with inflammatory diseases (CRP >5 mg/L),
the cut-off value for the ferritin index is 2.0.

Life needs answers



The Thomas Plot
Poster Handout DGKL 2005, Jena

Advantages of the diagnestic plot in
the diagnosis of ID

In comparison to the traditionally used biochemical markers
of iron metabolism and the complete blood count the plot
offers the following advantages:

1. Early stages of ID are detected in real time before the devel-
opment of microcytosis and hypochromia.

2. Functional ID can be diagnosed in conditions of hypopro-
liferative erythropoiesis and apparently normal iron stores
(anemia of infection and chronic inflammation, endstage
renal failure and cancer-related anemia).

3. The plot identifies major categories of erythropoietic states.

Therapeutic implications of the
diagnostic plot
Therapeutic implications of the diagnostic plot are to differen-

tiate anemic patients into those who should be administered
iron, rHUEPQ, or a combination of rHuEPQ and iron [4].

ACD Latent 1D
HUEPO &mp, o Dmliomll therapy
SELL... Sy
-l
& © remences, 5
£ 2 M "5&
= o o
CHUEPO + i.v. iron therapy Oral iron therapy
E] Funetional ID/ACD Classic 1D
sTfR/log Ferritin
Figure 2: ic it of the Th Plot Response to the

treatment of Aneniia.

Monitoring response to iron
administration

We recommend, the clinician provides iron supplementation
o anemic patients with data points in quadrants 2 and 3

(Fig. 2). Patients with adequate oral iron supplementation
usually respond with a shift in their data points from
quadrant 3 to quadrant 2 within two weeks, and to quadrant 1
after 4 1o 20 weeks.

rHuEPO therapy

-

The use of tHUEPO has led to the understanding that an ade-

quate iron supply is critical to obtaining a therapeutic response

and functional ID is seen in individuals with apparently normal
iron stores. The marked expansion in erythroid mass induced
by rHuEPO is of a magnitude (o transiently deplete otherwise
normal body iron stores and leads to the production of reticulo
cytes and erythrocytes that are indistinguishable from those

produced in iron-deficiency anemia 161617,

Using the diagnostic plot we recommend anemic patients with

data points in quadrants 1 and 4 are administered to rHUEPQ

therapy. To optimize rHUEPO therapy with proper laboratory
management the following procedure is recommended

(Fig. 2) I'3l;

1. Classification of patients into two different categories of
erythropoietic state (quadrant 1 or 4) in accordance with
Fig. 1 as the preliminary investi

2. Monitoring rHuEPO therapy in accordance with the modified
diagnostic plot (Fig. 3) at week 2, 4, 8 and 12 after starting
therapy. The aim is real-time detection of blunted response
to rHUEPO (inadequate expansion in erythroid mass and
development of functional ID). Changes in rHuEPQ dose
or use of intravenous iron ean restore optimal response to
rHuEPO.

ation.

Repeat ot according 1o Repest plt secorcing ta epest plot acoorting
Fig_A atwenk 2,8, Bond Fig 4 al wuek 2,4, B and Fig | two weeks after
12 e the it HUEPO. staring i, and four weeks.

12 ¢ the e (HEPD
dorage dosage atio ora ron tharapy.

Wovenant of gata poiet
It st 2 o
cosponse b0 o0 tharapy.

Figure 3: Classification of erythropoietic state.

The following conditions are defined for optimum response to
rHuEPO 2 and 4 weeks after the first rtHUEPO dosage (Fig. 4):

) B

Adequate iron availabily  Adequate iron availability to the 4 §
to the marrow marrow but g
_ unsatisfactory iron storas, H
2 s ‘supplement iron E
Zas §
Inadequate iron availabilityto  Inadequate iron avallability B
‘the marrow, supplement iron to the marrow and §
unsatisfactory iran stores,
supplemant iron i
@
Index > 08 E
10
STIR/log ferrit
Eryihropoictic mass

Figure 4: Thomas-Plot for monitoring expansion of erythroid mass, iron
entering red cell precursors, and adequate iron stores in patients under

rHUEPO therapy. Two weeks after the first rHUEPO dosage the increase in
ferritin index vector af > 0.60 indicates effectiveness of rHuUEPO, increase
onal iron

in Ret-Hb by > 2 pg or Ret-Hb values of > 28 pg excludes fun

deficiency, and a ferritin index of < 3.2 demenstrates adequate iron supply
from the stores for new red cell production

1. Increase in ferritin index of > 0.6 as indicator of adequate

expa

2. Increase in Ret-Hb of > 2 pg or a permanent Ret-Hb > 28 pg
as indicator of adequate amount of iron entering the red cell
precursors; a Ret-Hb < 28 pg characterizes functional 1D,

ndex to >

ion of erythroid mass.

3. No increase in the ferritin 2, the threshold value

at which marrow iron availability is limited.

4. Increase in Hb concentration > 1 g/dL.

At week 8 and 12 indicators of adequate iron supply to the
marrow are Ret-Hb > 28 pg and a ferritin index < 3.2.

A continuous increase in the Hb concentration indicates ade-
quate rHuEPO dosage. Iron and rHuEPO should be adapted
according to the latest results.

Parameter Result Treatment
Ferritin index veclor > 0.6 Adequate
rHUEPO dosage.
<06 increase
rHUEPO dosage.
Ret-HD 26 pg or increase of > 2 pg_No functional ID
<28 pg or increase <2pg  Funclional D,
. iron
Ferritin index <32 Adequate iron stores
Saz inadequate iron stores,
iiv.iron

Hemoglobin (Hb)  Increase > 1 g/dL
Increase < 1 g/dL

Adequate response.
Inadequate response,
supplement tHUEPO
until week 4. If no Hb
elovation increase
rHUEPO dosage or
stop rHUEPO therapy.

Table 1: Assessment of results two and four weeks after starting tHuEPO
therapy.

Further considerations to be taken into
account

The following limitations should be considered in order to
effectively use the plot:

1. An increase of erythroid precursor cell mass (hemolytic
syndrome, myelodysplastic syndrome, pregnancy) may shift
data points from quadrant | to quadrant 2. This is caused
by an increase in sTR which correlates with erythroid pre-

cursor ma:
2. Patients with B-thalassemia trait may have data points in
quadrant 4 even though they do not have functional iron

deficiency.

3. A ferritin index cut-off of 2.0 in patients with APR should
only be used in cases where CRP has been persistently cle-
vated for at least 2 weeks, since changes in iron stores and
erythroid precursor mass caused by APR need this time to
affect the ferritin index.

4. Iron-supplemented patients with ACD may have data points
in quadrants 2 or 3, but near the ferritin index cut-off. In
ses the iron supplementation may increase erythrocyte
maturation and elevate sTfR, mostly within the reference

range.

5. [n cancer patients with chemotherapy-induced anemia and
HYPO in the 5 to 25% range, Ret-Hb may have inadequately

these

high values.

6. A low reticulocyte count may cause large vari;
calculation of Ret-Hb as hematology analyzers only measure
fixed red cell counts (sum of erythrocytes and reticulocytes)
in the sample.

7. The 95% confidence intervals for Ret-1b of 28 pg and fer-
ritin indices of 3.2 and 2.0 are 27-29 pg, 3.0-3.4 and 1.9-2.1,
respectively. Samples with data points in quadrants 2 and 3

ions in the

but within the confidence intervals of the ferritin index
should be assessed clinically as belonging to erythropoietic
status 1 and 4, respectively.
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“INHN KNuHNn4Yeckon xmmmmn”
Mockasa, 7.04.2005 . KysHeuosa O.A. (Powerpoint-Prasentation)
www.roche.ru/diagnostics/ppt/ccdanemia.ppt
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Gemeinschaftspraxis fir Laboratoriumsmedizin, Mikrobiologie und
Infektionsepidemiologie; Dr. med. Paul Nemes, Dr. med. Stephan Schauseil, Dr. med. Dipl.-
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Eisenmangel - Effiziente Diagnostik und Optimierte Therapiekontrolle
http://www.fennerlabor.de/uploads/media/EISENSTOFFW_UPDATE_2005_01.pdf
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Year (Volume): 2004(23) / Issue: 3 / Pages: 235-239 / Title: Biochemical markers and
haematologic indices in the diagnosis of iron-restricted erythropoiesis and monitoring of r-
HuEPO therapy / Author(s): Thomas Lothar, Thomas Christian
http://www.doiserbia.nbs.bg.ac.yu/Article.aspx?1D=0354-34470403235T

= Vorgehensweise zur differenzierten Diagnostik von Eisenmangelzustianden
Laborinformation, Labor Enders, Stuttgart
http://www.labor-enders.de/125.0.html

=  Anemia.org
Research Briefs "Conventional Labs for Iron Deficiency may be Inadequate”
http://www.anemia.org/professionals/research/briefs/conventional_labs.jsp
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= Thomas, Lothar; Thomas, Christian; Heimpel, Hermann
Neue Parameter zur Diagnostik von Eisenmangelzustdnden: Retikulozytenhdmoglobin und
|6slicher Transferrinrezeptor.
Deutsches Arzteblatt 102, Ausgabe 9 vom 04.03.2005, Seite A-580 / B-488 / C-455;
MEDIZIN
http://www.aerzteblatt.de/v4/archiv/artikel.asp?id=45682

= Eisenstoffwechsel-Diagnostik
http://www.laborlexikon.de/lL exikon/Infoframe/e/Eisenstoffwechsel-Diagnostik.htm

= Sysmex Symposium 2003: Clinical Utility of the RET-Y in Functional Iron Deficiency
(L.Thomas, S. Franck, M.Messinger. Clinical Laboratory, Krankenhaus Nordwest,
Frankfurt/Main, Germany
http://www.sysmex-
europe.com/Science/XE%202100%20New%20technologies%20in%20Hematology/Sysmex

%20Symposium/2003/Thomas.asp
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Improved differential diagnosis of
iron deficiency - The Thomas Plot
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The Thoiis Plo is & neol wo atermans and clasaty (he £330 #0 status. of
anemic patients o under complex. metabolic conditions such & chonic
ittt 0 real el e disemi with recombinen hisaan erythrogooain ke
(r-HuE PO, MeoRecormon® Reche) andior iron {orall or i) adequanely.
The (bl wish devedopaad e chise co-operation with Prof Lathar Thomas Sos
University Hogpital Frankfurt / Germany. B consolidates disgnoatic infarma-
o From hammascdengy T-He, bemaglebin content of reviculosyTes) and
bicchemistry (C| . and soluble transfermin receptoe’sTIR) ",

it

= Clinical background

= Tres Dieficaeney (1) and bran Deficiency Anemba (110 a5e  widespresd
[ problemn affecting a greas postion of the worlkd's population.

= TEAA patuenits with anemes caaeed by &g, infecrions, inflam mation, s6d
can<er are quite often featuring mormual or even increased inon stores.
Hupwevee, i alsonit 2% aF thee palsents iron canned be asolilized
from the stores to provide the erythrapobesis (red cell symhesis} with

3 on, Thist patients 45¢ in a sate of Fosdtiosal

n imbalance o

Temsghahi

Stevcells  Pyoletion

I
il g i I
| 3 % =

||-o-ui:-um . P st I

Fiyur nlmm

= The challenge
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o The solution - The Thomas Plot
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Anaemia Testing

Going straight for the answer

= The indication
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ey 107 proper msetabalie fanaion,
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About 5% of the world's population suffers from anaemia.
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Thank you for your attention
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Anemia

Cell size, Cell staining

Normochromic and normocytic anemia

Reduced proliferation of erythrocytes with normal Hb content and normal
cell size (seen in Erythropoietin deficiency).

Hypochromic and microcytic anemia

Erythrocytes with decreased Hb content and low cell size (seen in iron
deficiency).

Hyperchromic and macrocytic anemia

Erythrocytes with increased Hb content and high cell size (seen in vitamin
deficiency)

cobas

Thomas Plot, / Januar 2006 / R. Réddiger (Clinical Trials) p 50 Life needs answers



Anemia

Anemia is a Sign of an underlying Pathology

ACD (Anemia of chronic disease)

ACD is characterized by inadequate production of erythropoietin, inhibition of the
proliferation of erythroid progenitor cells in the bone marrow, and disturbances in iron
distribution. ACD results from activation of the immune and inflammatory systems. In ACD
the supply depends on its role of mobilization.

IDA (Ilron - deficient anemia)

The diagnosis of IDA is based on the presence of anemia and erythrocyte morphology in
conjunction with low serum ferritin, decreased TfS or increased sTfR. In IDA, the iron supply
depends on the amount of iron stores.

Functional iron deficiency

Functional iron deficiency is defined as discrepancy between marrow iron availability and

requirements. This leads to reduced reticuloyte and erythrocyte cellular hemoglobin (H
content. cobas
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Iron Distribution

= 35 - 45 mg/kg iron in adult male body

= Total aproxx 4 g 5 Do
- Red cell mass as haemoglbon - 50 %
— Muscles as myoglobin - 7 %
— Storage as ferritin - 30 %
= Bone marrow (7 %)
= Reticulo-endothelial cells (7 %)
= Liver (25 %)

050

- i RO O haemoglobin B myoglobin
Oth er H aem p roteins 5 /0 M ferritin (bone marrow) O ferritin (reticulo-endothelials cells)
. CytOCh romes, myogd lobin . O ferritin (liver) B other haem proteins
O serum

others
— In Serum - 0.1 %
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