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SECTION 1V. Failure to respond to treatment

Guideline IV.1: Failure to reach or maintain target
haemoglobin levels

Recommendation

L. Resistance to erythropoiesis-stimulating agents (ESAs)
should be suspected when a patient either fails to attain
the target haemoglobin (Hb) concentration while receiv-
ing more than 300 IU/kg/week (~20000IU/week) of
epoetin or 1.5pg/kg of darbepoetin alfa (~100 pg/
week), or has a continued need for such high dosages to
maintain the target.

(Evidence level B)

Rationale and commentary

Resistance to ESA therapy is usually relative rather
than absolute, so the term ‘hyporesponsiveness’ is often
used to describe the need for a greater than usual dose
of ESA to produce an otherwise expected increase in
Hb concentration. The definition of resistance to ESAs
is a continued need for >20000IU/week (300 1U/kg/
week) or 1.5 pug/kg of darbepoetin alfa (~100 ug/week)
[1]. This is >2.5 times the average ESA dose [1-4], so
most (>90%) iron-replete patients given ESA would be
expected to respond to a lower dose. However, the true
incidence of resistance to ESAs, as defined above, is not
known, since in surveys on the use of different doses, a
considerable percentage of patients were below the
target Hb level of 11 g/dl [5].

Recommendation

I1. The most common causes of incomplete response to
ESAs are iron deficiency, either absolute or functional,
and inflammatory disorders.

(Evidence level B)

Compliance should also be checked in patients self-
administering an ESA.
(Evidence level C)

The following conditions may cause apparent resistance
to ESA therapy. They should be evaluated and, if
reversible, treated:

e chronic blood loss
e hyperparathyroidism/osteitis fibrosa

o aluminium toxicity

e haemoglobinopathies (e.g. o- and [3-thalassaemias,
sickle cell anaemia)

e vitamin deficiencies (e.g. folate or vitamin B,

deficiency)

multiple myeloma, myelofibrosis

other malignancies

malnutrition

haemolysis

inadequate dialysis

adverse effects of certain drugs [e.g. cytotoxic and

immunosuppressive agents, and angiotensin-converting

enzyme (ACE) inhibitors].

(Evidence level B)

If the patient has none of these conditions, anaemia in
ESA-resistant patients should be fully investigated (see
Guideline I.2), including referral to a haematologist. If
pure red cell aplasia is suspected, consult Guideline IV.2.
(Evidence level C)

Rationale and commentary

The most common causes of resistance to ESAs are iron
deficiency, either absolute or functional, and inflam-
mation [6—8]. However, there are numerous possible
causes, and their frequency differs in various settings,
making it impracticable to construct a treatment
algorithm. The following points should be considered
when investigating target failure.

Blood loss should always be suspected in patients
who need a higher dose of ESA to maintain a stable
Hb concentration, in patients whose Hb concentration
is declining, and in patients who fail to increase iron
stores, even after i.v. iron administration.

Pro-inflammatory cytokines such as interleukin-6
and tumour necrosis factor-o can negatively influence
the maturation of red cell precursors [9,10], leading to
anaemia and hyporesponsiveness to ESAs.

The influence of ACE inhibitors and angiotensin
receptor antagonists on Hb concentrations and
patients’ responses to ESAs are controversial. A
range of studies, mostly observational, have either
suggested or dismissed an effect [11-27].

There are reports of numerous other causes of
hyporesponsiveness to ESAs. Briefly these include:
high plasma intact parathyroid hormone (iPTH)
concentrations (especially with histological osteitis
fibrosa) [22,28-36], aluminium intoxication (leading to
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microcytic anaemia) [29,37-40], haemoglobinopathies
(sickle cell disease and a- and B-thalassaemias) [41-45],
malignancy [46,47], haemolysis (mechanical, immuno-
logical or linked to disorders of the red cell membrane)
[48] and response to cytotoxic agents [47,49].

Sometimes (with haemoglobinopathies or chronic
inflammatory disease for example) it is not possible to
remove the cause of hyporesponsiveness to ESAs. Data
from studies in critically ill patients suggest that ESA
resistance can be overcome with high doses [50,51], but
the cost of treatment may preclude the use of ESAs at
these doses.

When no underlying medical cause of hyporespon-
siveness to ESAs can be found, clinicians must rely on
the mainstay treatments used to manage chronic kidney
disease before the advent of ESA therapy (namely
minimizing blood loss and sampling, optimization of
dialysis and nutrition). Attention to dialysis and
nutrition should also underpin treatment of anaemia
with ESAs in uraemic patients.
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Guideline 1V.2: Antibody-mediated pure red cell
aplasia

Due to the nature of the subject matter, this guideline
was not subjected to evidence-based grading.

SECTION IV. Failure to respond to treatment
Recommendation

I. Pure red cell aplasia (PRCA) should be strongly
suspected if a patient treated with an erythropoiesis-
stimulating agent (ESA) for >4 weeks has:

e a sudden, rapid decline in haemoglobin (Hb) concen-
tration of ~0.5-1g/dl/week despite ongoing ESA
therapy, or requires transfusion of 1-2 units of red
blood cells per week to maintain Hb level AND

e normal platelet and white cell counts AND

e a reticulocyte count <10 x 10°/1.

Otherwise, look for other causes of resistance to ESA
therapy.

Rationale and commentary

PRCA is a progressive, severe, isolated anaemia,
typified by a sudden onset and an almost complete
absence of red blood cell precursors from an otherwise
normal bone marrow [1]. Acquired PRCA is rare.
It usually arises spontaneously; however, it can be
associated with thymoma, lymphoid proliferation, or
an immune-related disorder such as systemic lupus
erythematosus or rheumatoid arthritis [2,3]. Occa-
sionally, PRCA can be secondary to drug-induced
impairment of erythroid progenitor cells or viral
infections such as B19 parvovirus or hepatitis B virus.

In ESA-induced PRCA, neutralizing anti-erythro-
poictin antibodies develop in patients undergoing
treatment with an ESA. These antibodies cross-react
with the patient’s residual endogenous erythropoietin,
leading to a form of anaemia more severe than that
occurring before the start of ESA therapy. Three cases
have also been reported of PRCA arising from anti-
erythropoietin antibodies in patients never treated with
an ESA [4-6].

In the first 10 years of ESA therapy, there were only
four reports of ESA-associated PRCA [7-10]. How-
ever, there has been a sudden increase in cases since
1998 [11]. To date, there have been ~200 cases of
suspected or proven PRCA. The estimated incidence is
two per 10000 patients on subcutaneous (s.c.) ESA
therapy, whereas no cases have been confirmed in
patients receiving ESAs solely via the intravenous (i.v.)
route. Future incidence is difficult to predict, but, even
with the increased incidence of PRCA since 1998, other
causes of loss of ESA efficacy are still far more likely
than PRCA.

Research with other biopharmaceuticals indicates
that administering recombinant proteins s.c. usually
has a higher risk of immunogenicity than the i.v. route
of administration [12—15]. However, administration via
the s.c. route alone appears insufficient to trigger an
immune response to ESAs, and there seem to be clear
differences in immunogenic potential among the dif-
ferent brands of ESAs. A report covering a series of
patients [11], as well as post-marketing data from
ESA manufacturers [16], shows a significantly higher
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incidence of PRCA associated with the s.c. use of the
Eprex® brand of epoetin alfa (sold outside the USA)
than with any of the other products.

PRCA is unlikely to be the cause of falling Hb
concentrations in patients who have been on ESA
therapy for <4 weeks, although the possibility cannot
be excluded. One month is the shortest interval
reported so far between the start of therapy and loss
of efficacy due to PRCA [17]. Patients have typically
been on ESA therapy for 6-18 months before the
appearance of the condition.

The decreased Hb concentration and increased
requirement for transfusion in patients with PRCA
typically reflect a drop in the red blood cell count due to
the normal decay of existing cells, combined with a
lack of new cell production following erythropoietin
neutralization (~ 1% loss of cells per day, correspond-
ing to a drop in Hb concentration of between 0.5 and
1.0g/dl per week). To date, the presence of anti-
erythropoietin antibodies has usually been found to be
associated with total neutralization of erythropoietin;
there are no reports of partial neutralization of
erythropoietin leading to a correspondingly slower
decline in Hb concentration. In addition, no neutraliz-
ing anti-erythropoietin antibodies have been reported
in patients lacking signs of PRCA. Therefore, less
severe forms of anaemia are unlikely to be due to
PRCA.

The reticulocyte count should be <10 x 10%/1 to
confirm a diagnosis of PRCA. It is likely that a fall in
reticulocyte count would be detected before a fall in
Hb concentration, but the use of regular reticulocyte
count monitoring has not been validated in this clinical
setting [18].

Other observations have also been linked to PRCA:

e serum ferritin and serum transferrin concentrations
rise markedly in patients with PRCA, reflecting a
decreased use of iron as red blood cell production
ceases.

e white cell and platelet counts usually remain within
the normal range, but a small decline in platelet
count has been observed at the onset of PRCA
which may reflect a stimulatory role of erythropoie-
tin on megakaryocytes or more complex interactions
between different precursor cell lines.

e skin reactions have been observed both separately
and associated with PRCA in patients being treated
with s.c. ESAs [19].

Recommendation

II. A confirmed diagnosis of PRCA due to anti-
erythropoietin antibodies requires the presence of the
following:

e severe non-regenerative anaemia (as specified in
Recommendation I)

i35
e evidence of erythroid hypoplasia from bone marrow
aspirate with:

1. normal cellularity AND

2. <5% erythroblasts AND

3. evidence of a red cell precursor maturation block
AND

e demonstration of anti-erythropoietin antibodies in
patient serum.

Rationale and commentary

If PRCA is strongly suspected, using the above criteria,
bone marrow aspiration should be performed. Evi-
dence of erythroid hypoplasia (normal cellularity with
<5% erythroblasts and evidence of a block in red
blood cell precursor maturation) on the smear would
confirm a diagnosis of PRCA. Bone marrow histology
is not usually required for a diagnosis.

Antibody testing is the key to determining whether
PRCA is caused by ESA therapy [3]. Although there is
currently no single, standardized assay used to detect
anti-erythropoietin antibodies, there are two types of
assays commonly used for determining such antibodies:
binding assays and bioassays. Enzyme-linked immuno-
sorbent assays (ELISAs), radioimmunoprecipitation
assays (RIPs) and the biosensor immunoassay
(BIAcore) are all binding assays. If different assays
are not standardized and regularly compared, positive
results of both RIPs and ELISAs should, ideally, be
confirmed by a second, different assay. Only bioassays,
which involve growing erythroid-dependent erythroid
colonies or cell lines can identify the neutralizing
capacity of anti-erythropoietin antibodies. However,
the anti-erythropoietin antibodies reported to date in
patients with PRCA have usually been neutralizing
[11]. Therefore, although confirming the neutralizing
activity of anti-erythropoietin antibodies in each
patient is desirable, it appears not to be essential for
a diagnosis of ESA-induced PRCA.

Recommendation

III. If antibody-mediated PRCA is confirmed, all forms
of ESA therapy should be stopped and immunosuppres-
sive therapy considered. Blood transfusions should be
given to patients with complications and/or severe
anaemia.

Rationale and commentary

Every attempt should be made to confirm a suspected
diagnosis of PRCA. However, if the diagnosis is
unconfirmed because of inconclusive results, a patient
may need to be treated as having PRCA and the case
should be reported to health authorities.
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The antibodies induced by the recombinant protein
cross-react with both endogenous erythropoietin and
other forms of the recombinant protein [3,11]. In
addition, erythropoiesis was not found to improve in
patients with PRCA who switched ESAs because of
loss of efficacy prior to a diagnosis of PRCA. It is not
advisable to continue with ESA therapy in patients with
anti-erythropoietin antibodies as it can lead to severe
anaphylactic reactions [19]. In addition, switching
brands of ESA in patients with suspected PRCA
would make it difficult to determine which brand was
responsible for the condition, if a diagnosis of PRCA
was later confirmed.

Immunosuppressive therapy

Stopping ESA therapy alone does not appear to be
sufficient to induce recovery from PRCA [20]. Patients
can exhibit a full recovery under immunosuppressive
therapy, but different regimens have not been compared
prospectively. The most rapid and consistent recovery
has been observed after kidney transplantation.

As there are few data about the outcome of treatment
with an erythropoietic agent in patients who have
recovered from PRCA, no recommendations can be
given at the present time about restarting ESA therapy
in these patients.
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Appendix C: Tables, conversions and abbreviations

This appendix contains the following supplemental information:

Tables

Formulae for calculating the glomerular filtration rate (GFR)
Conversion factors for haemoglobin (Hb)

Abbreviations used throughout the guidelines

Tables

Table 1. Definition of the five stages of chronic kidney disease (CKD)

Stage Description GFR Action
(ml/min/1.73 m?)

At increased risk >90 (with CKD Screening, CKD risk reduction
risk factors)

1 Kidney damage with normal or increased >90 Diagnosis and treatment, treatment of

GFR co-morbid conditions, slowing progression,

CVD risk reduction

2 Kidney damage with mild decrease 60-89 Estimating progression

in GFR
3 Moderate decrease in GFR 30-59 Evaluating and treating complications
4 Severe decrease in GFR 15-29 Preparation for kidney replacement therapy
5 Kidney failure <15 (or dialysis) Replacement (if uraemia present)

Reprinted from [1] with permission from the National Kidney Foundation.

Table 2. New York Heart Association classification of congestive heart failure patients

Class Description

Patients with documented heart disease of any type who are completely symptom free

11 Slight limitation of physical activity; symptoms (shortness of breath, chest pain)
occur only with more than ordinary physical activity

11 Marked limitation of physical activity; symptoms occur even with ordinary
physical activity (e.g. eating meals)

v Severe limitation of physical activity; symptoms occur even at rest (e.g. in a

sitting or lying position)

Reproduced with permission from [2]
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Formulae for calculating the GFR

The following formulae can be used to calculate the
GFR.

Cockcroft—Gault formula

If using pmol/l as a measure of serum creatinine, use
the following formula:
(140 — age) x weight in kg (x 0.85 if female)

GFR = —
0.810 x serum creatinine (pmol/I).

If using mg/dl for serum creatinine, use the following
formula:
(140 — age) x weight in kg (x 0.85 if female)

GFR = —
72 x serum creatinine (mg/dl).

To convert umol/l to mg/dl, multiply by 0.0113.
To convert mg/dl to umol/l, multiply by 88.4.

MDRD formula

The MDRD formula below is derived from the
Modification of Diet in Renal Disease Trial [3].

170 x serum creatinine concentration
(mg/dly

x age 0176

x 0.762 (if female)

x 1.18 (if race is black)

x blood urea nitrogen concentration
+0.318

GFR =

0.17
x serum albumin concentration

A GFR calculator using the MDRD formula can
also be found on the National Kidney Foundation
K/DOQI website: www.kdoqi.org. GFR can be cal-
culated by inputting the required laboratory and
demographic data.

Conversion factors for Hb

Throughout these guidelines, Hb concentrations
are expressed in g/dl. To convert g/dl to g/l, multiply
by 10. Other units, such as mmol/l, are used in
some countries in Europe, including Denmark and

ii43
The Netherlands. To convert g/dl to mmol/l, multiply
by 0.62.

Abbreviations used throughout the guidelines

AGE =advanced glycosylation end
CHr =reticulocyte Hb content
CKD =chronic kidney discase
CRP = C-reactive protein
CVD = cardiovascular disease
DST = donor-specific transfusion
ESA =erythropoiesis-stimulating agent
ESRD =end-stage renal disease
FID = functional iron deficiency
GFR =glomerular filtration rate
Hb =haemoglobin
Hct = haematocrit
HD = haemodialysis
HLA = histocompatibility leukocyte antigens
HRC = hypochromic red blood cells
iPTH =intact parathyroid hormone
KDQ =Kidney Disecase Questionnaire
MCH =mean corpuscular haemoglobin
MCV =mean corpuscular volume
PD = peritoneal dialysis
PRCA =pure red cell aplasia
PTFE = polytetrafluoroethylene
QOL = quality of life
TBIC =total iron-binding capacity
sTfR =soluble transferrin receptor
TSAT = transferrin saturation
VO,max = maximal rate of oxygen consumption
ZPP = zinc protoporphyrin
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