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EXECUTIVE SUMMARY

Recombinant human erythropoietin (rHUEPO) has ge¢mearketing approval for the treatment of
anaemia of chronic renal failure which is symptamand/or transfusion-dependent.

The New South Wales Therapeutic Assessment Gragom@ends that erythropoietin is indicated
on a cost-effectiveness basis for:

* Transfusion-dependent or symptomatic anaemidngfrac renal failure in dialysis and pre-
dialysis patients.

* Patients awaiting kidney transplantation at skepetitive exposure to transplant antigens
from multiple blood transfusions.

* Anaemia associated with zidovudine therapy wheoaidine cannot be substituted with
alternative therapy and the patient has a low aaiythropoietin level.

We do not recommend that erythropoietin be usetidemopoietic stem cell disease, anaemia of
thalassaemia or anaemias due to iron, folic acidtamin B12 deficiencies.

Survey results indicate that at March 31,1992 3&epts with chronic renal failure in New South
Wales were receiving this therapy. In 1992 the adpare on erythropoietin in New South Wales
was $2.6 million of which the Commonwealth paidrs®ion. We estimate that the cost of
erythropoietin in 1992/93 if usage is based ondlggdelines will be approximately $2.5 million in
New South Wales. These costs must be off-set @agambenefits of therapy such as reduced
transfusion costs and improved quality of life.



1. INTRODUCTION

r-HUEPO is an effective agent for the treatmerdraemia, in particular the anaemia associated
with chronic renal failure. Because of its expeasé the potential number of patients eligible for
the drug, careful consideration needs to be gigahe cost-effectiveness of treatment. To this end
the New South Wales Therapeutic Assessment Gro8p§MNAG), which is an association of
Clinical Pharmacologists, Clinicians and Directof$harmacy of Sydney and Newcastle Teaching
Hospitals, have produced this statement concethmgse of erythropoietin, in consultation with
Nephrology Departments of Sydney and Newcastlehtegdospitals and the Renal Physicians of
NSW and the ACT.

2. BACKGROUND

r-HUEPO is currently approved in Australia for theatment of symptomatic or transfusion-
dependent anaemia of chronic renal failure(1ha been shown to be effective in pre-dialysis
patients (2) and may have a role in other anaermp@sicularly the anaemia of prematurity(3),
myelodysplastic disorders(4), rheumatoid arth&fisgnd in patients with AIDS undergoing
treatment with zidovudine(6,7).

r-HUEPO is a glycopeptide which acts on the bongamato stimulate red blood cell production.
Erythropoietin is normally produced by the juxtaildr cells of the kidney in response to hypoxia.
Following administration of r-HUEPO, the onset ofian is heralded by an increased reticulocyte
count observed 7-14 days after the first dose. d@did and haemoglobin usually increase within 2-6
weeks(8).

2.1 Anaemia of chronic renal failure

Clinical trials(,9,10,11,12) indicate that r-HuER@ectively reverses the anaemia of chronic renal
failure in both dialysis and pre-dialysis patie®tgpoorer response, however has been reported in
patients with intercurrent infections, aluminiunxitty, severe hyperparathyroidism, intercurrent
infections, iron deficiency and following surge@Goncomitant desferrioxamine may enhance the
response to rHUEPO in those with aluminium toxibity is associated with some adverse
effects.(13) Patients suffering from thalassaeraraaso be expected to respond poorly(14).

Transfusion dependence has been eliminated in tlegsé/ing r-HUEPO and there have been
reported improvements in patient well-being, agpetierebral function, mood, myocardial
performance including regression of left ventricuigpertrophy(15,16) exercise tolerance,
temperature regulation, sexual function and hawin(12,13,17,18). No evidence of antibody
formation to r-HUEPO has been found.



In one Australian study, patients treated with rRG@Eshowed an increase in mean haemoglobin
from 6.9g/dL prior to treatment to 9.5g/dL followgnreatment for more than six months with a
median dose of 88U/kg/week.(19)

The number of transfusions and the mean percenfaggotoxic antibody reactivity may be
significantly reduced during treatment.(20)

2.2 Anaemia of chronic renal failure in pre-dialyss patients

Pre-dialysis end-stage renal failure (ESRF) patigmetated with rHUEPO experience a rise in
haematocrit and haemoglobin, with subsequent ingn@ants in maximal oxygen consumption(2)
and quality of life.(21)

Children with pre-dialysis ESRF may be suitablerfdaEPO as haemoglobin levels below 8g/dL
are associated with serious complications suchi@sty retardation, developmental delay and
transfusion side effects. Doses of 150-200 unite/kgk have produced a good response(22) but
overall the dose requirements are no greater thaatients established on dialysis. In children,
erythropoietin is recommended when the glomerii@ation rate falls below 30ml/min per 1.73m2
with symptomatic anaemia or a haemoglobin less 8ugal.(23)

2.3 Advanced HIV disease related anaemia.

Erythropoietin has been used to treat the anaessacated with the acquired immunodeficiency
syndrome (AIDs) in patients receiving zidovudirntends been suggested that transfusion may down-
regulate immune function (24), increasing the atiom of rHUEPO. A review of four double-blind,
placebo-controlled multicentre studies of patiemts advanced HIV disease and anaemia receiving
rHUEPO and zidovudine found that those with nagimghropoietin levels below 5001U/ml showed
improvements in haemoglobin, transfusion requirdsiand quality of life.(7) Those with native
erythropoietin levels greater than 5001U/ml did appear to benefit from rHUEPO as determined by
any outcome variable. Doses of up to 600U/kg/weetewased.(7)

2.4 Other haematological disorders

In other haematological disorders, including lympiudiferative and haematopoietic stem cell
disorders, rHUEPO has been used with mixed suddes® is some evidence that it may be useful
in patients with lymphoproliferative disease remgrchemotherapy and exhibiting an
inappropriate erythropoietin response.(25) Haenastie stem cell disorders appear less likely to
improve with rHUEPO therapy(24,25) although a smathber of patients may respond to high
doses.(26,27)

Erythropoietin has been used in a small numbeatépts with anaemia of renal failure in sickle
cell disease with ambivalent results(28,29). Dasescess of 300U/kg (29) may be effective in
some patients.



Beta-thalassaemia intermedia has been treateddasibs of rHUEPO of up to 1000U/kg/week with
some response in few patients, although thosepuéthiously low erythropoietin levels may be
more likely to respond.(30)

2.5 Anaemia of prematurity

The anaemia of prematurity, a transient hyporegeiveranaemia, has been reported to be
successfully prevented (31,32) and treated(33) #AtilEPO. Transfusion requirements appear to be
reduced but there is no difference in long-terncontes between those infants receiving
transfusions alone and those also receiving rHUER2C33)

2.6  Anaemia associated with chronic inflammatory diease

Chronic inflammatory disease such as rheumatolditistis often associated with a moderate
degree of anaemia which together with the princarydition may further limit functional
capacity. There may be a role for rHUEPO in a smathber of patients in this group although
relatively high doses are necessary.(34)

3. ADVERSE EFFECTS

Adverse reactions to r-HUEPO as reported by theufiaaturer(1) include hypertension (20-30%),
thrombosis of vascular access (13%), flu-like syont, headache, bone pain and chills (7.6%),
seizures (3-7%) and skin reactions (2.2%). Fla-8Bkmptoms may occur less often with
subcutaneous injection(35).

The occurrence of hypertension associated withEEFMD administration is more prevalent in
previously hypertensive patients and in patients Wve rapid rises of haematocrit. It has been
recommended, therefore that a haematocrit of 30-38%chieved after 3-4 months of treatment. If
elevated blood pressure becomes refractory toniesat it may be necessary to discontinue
erythropoietin until blood pressure is controlled.

Other adverse reactions reported include red-8@shyperkalaemia, nausea and vomiting,
tachycardia and diarrhoea (11,12). Iron deficiemay occur in patients not receiving adequate iron
supplementation in those not iron-overloaded.(Bé@-dialysis urea and creatinine may increase by
up to 13%.(12)

r-HUEPO should be used with caution in patienté \pitorly controlled hypertension, ischaemic
vascular disease and a history of seizures or stespallergy.(1,36) Correction of anaemia and
increased blood viscosity may result in an incréasadency for thrombosis and reduced efficiency
of haemodialysis. (22,37,38)



4. RECOMMENDATIONS FOR USE

4.1 Indications

4.1.1 Symptomatic or transfusion dependent anaemia aindhirenal failure in both dialysis and
pre-dialysis patients. A haemoglobin less than83g/dL or a haematocrit less than 30%
and in children a GFR below 30ml/min/1.73m2 ar@nemended criteria for initiating
therapy.

4.1.2 Patients awaiting kidney transplantation who angsitof repetitive exposure to transplant
antigens from blood transfusions

4.1.3 Anaemia associated with zidovudine therapy in adedrH1V disease where the native
erythropoietin level is below 500 IU/l and the patiis intolerant of or unsuitable for
didanosine therapy. Zidovudine in relatively higisds is the preferred therapy in some
clinical situations such as in AIDs dementia comp@ad substitution with didanosine may
not be appropriate in these cases.

4.2 Indications Requiring Further Investigation

4.2.1 Lymphoproliferative disorders-and exposure to chix@@py
4.2.2 Anaemia of renal failure in sickle cell disease

4.2.3 Anaemia of prematurity

4.2.4 Anaemia associated with chronic inflammatory diseas

4.2.5 Haematopoietic stem cell disease with low levelsrgthropoietin

4.3 Indications Not Recommended

Erythropoietin is not recommended for:

 Haematopoietic stem cell disease, with normal ¢ hevels of erythropoietin.
e Anaemia of thalassaemia.

e Anaemia due to iron, folate or vitamin B12 defiggn



4.4 Precautions

e Erythropoietin should be used with caution in thas poorly controlled hypertension and
a high risk of thrombosis.

5. DOSAGE AND ADMINISTRATION

5.1 Anaemia of chronic renal failure

Subcutaneous administration is recommended alththegyimtravenous route may also be used. It
should be noted that the intravenous route is tigroute of administration approved by the
Australian Drug Evaluation Branch, however, tharextensive clinical experience with the
subcutaneous route. In an individual patient itas possible to predict whether they will respond
better to subcutaneous or intravenous therapy.(39)

An initial dosage of 40-50 units/kg twice weeklyrecommended.The dose should be 'rounded off'
to the nearest 2000 units to prevent wastage. Sele T for dosage adjustment. Alternatively an
initial dose of 4000 units once or twice weekly nii@yconsidered and adjusted in 2000 unit
increments.

The target haemoglobin, although dictated by tklévidual patient’s response should generally be
between 9 and 11g/dL. The aim of therapy shouldea “normal haemoglobin”.

The dosage requirements in predialysis patientsiarigar to those on dialysis.

5.2 Anaemia of advanced HIV disease

Doses up to 600U/kg/week may be necessary bubthest effective dose should be used. Those
patients requiring very high doses for response Ineglyetter treated with blood transfusions.See
Table 1 for dosage adjustment.

Table 1: Recommended dosage adjustments
Time from Change in Action
start of Hb g/dl
treatment (months)
1 No change Increase 20 U/kg.
Greater than 2 g/dL Cease and restart 1 month

later at 50% dose.



2 No change Increase 40 U/kg

Less than 1 g/dL Increase 20 U/kg.
Greater than 2 g/dL Reduce dose by 50%.
Greater than 4 g/dL Cease and restart 1. mateh |

at 50% dose

6. MONITORING RECOMMENDATIONS

6.1 Clinical

« Vital signs during and 30 minutes after the firgection.
e Blood pressure at each dialysis.

e Transfusion requirements.

e Simple assessment of activity level and qualitiifef

e Dietary and medication requirements.

6.2 Laboratory

6.2.1 Pre-therapy
e FBC and film, urea, creatinine, electrolytes, LHFansferrin saturation, ferritin, folate,
B12, aluminium.
e Serum ferritin and transferrin saturation shouldybeater than 100ug/L and 20%
respectively before treatment. Transferrin satareis felt to be irrelevant for pre-dialysis
therapy treatment in children.

» Erythropoietin levels are indicated in anaemiasdus to chronic renal failure.

6.2.2 During dosage adjustment
* Weekly haemoglobin level
e Monthly FBC & film, ferritin, transferrin saturatio

6.2.3. Maintenance Phase
e Monthly Hb (Target haemoglobin 9-11g/dL)
e Quarterly FBC & film, ferritin, urea, creatinindgetrolytes.



7. ANTICIPATED USE

The ANZData to March 31, 1992(19) indicated that3. &SRF patients in Australia and 476 in
New South Wales had been commenced on erythropdiegrapy. Of those in New South Wales,
346 patients were still receiving rHUEPO at theetiofi the survey; this represents 28% of dialysis
patients in the state. Given that the number of dlysis candidates is increasing by
approximately 57 per million population per year,iacrease in the number of those receiving
rHUEPO by 50-80 patients p.a. could be expectetkeder, this number will be contained by the
number of patients who discontinue erythropoidigrapy due to transplantation, death or adverse
effects of the drug.

The number of ESRF patients in NSW requiring theggrre-dialysis is likely to increase with
approximately 12 paediatric patients (23) and 2&&0lts (estimation from the NSW and ACT
Renal Physicians Group).

8. FINANCIAL CONSIDERATIONS

The reported(19) median dose used is approxim@@9 units per week. The cost of erythropoietin
at February 1993 was $18.05/1000 units; this eguatapproximately $5600 per patient per
annum. The approximate expenditure on the drug9682/93 could be anticipated to be $2.02
million for dialysis patients and perhaps anotf@8®&000 for pre-dialysis patients. In fact, thetot
expenditure on erythropoietin in NSW in 1992 wass$gillion of which almost $2 million was
reimbursed by the Commonwealth Government undeid®et00 arrangements. This represents a
marked increase in expenditure in 1991 (approxima&&l2 million).

Treatment of symptomatically anaemic patients miayvathe rehabilitation of some patients now
dependent on hospital-based haemodialysis to haathesid leading to significant savings. The
cost/patient/year of hospital-based haemodialgsipproximately $35,000 compared to
approximately $25,000 for a home dialysis patibmprovements in quality of life and reduced
transfusion costs also should be offset agaimstdist of therapy. Indeed a study from Westmead
Hospital indicated that low dose EPO in haemodialgatients lead to a saving of $900 per patient
pa(40).

Multiple blood transfusions have been a necessispime anaemic patients with end-stage kidney
disease. Transfusion can, however, result in #iestnission of infection, cytotoxic antibody
formation and iron-overload(10) which add to patierbidity snd healthcare costs. For example,
treatment of iron-overload with desferrioxaminetsagpproximately $3000 per patient per annum
with the added risk of side effects to the treatind@rne cost of blood transfusions include colleati
and preparation of the blood product as well axtsts of a hospital bed, disposable transfusion
sets, staff time and sometimes complications afihe
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