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(57) ABSTRACT 
The invention is concerned With pharmaceutical combina 
tion preparations containing erythropoietin preparations and 
one or more modi?ed haemoglobins. The combination 
preparations are especially useful for the treatment of mani 
fest anaemias. 
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PHARMACEUTICAL COMBINATION 
PREPARATIONS CONTAINING 

ERYTHROPOIETIN AND MODIFIED 
HAEMOGLOBINS 

DESCRIPTION OF THE INVENTION 

[0001] The invention is concerned With pharmaceutical 
combination preparations containing erythropoietin prepa 
rations and one or more modi?ed haemoglobins. The com 
bination preparations are especially useful for the treatment 
of manifest anaemias. 

[0002] The object of the present invention is a pharma 
ceutical combination preparation Which comprises a) indi 
vidual administration forms of an erythropoietin preparation 
suitable for the individual dosing of the active substance in 
an amount of 3,000-7,000 U and b) 50-100 ml of one or 
more modi?ed haemoglobins, With the erythropoietin prepa 
ration and modi?ed haemoglobin being present in separate 
administration forms or in a single administration form. 

[0003] The macromolecule ferritin (molecular Weight at 
least 440 kD depending on the iron content) plays a signi? 
cant role in the diagnosis of anaemias. An estimation of the 
fullness level of the iron reservoir is possible by determining 
the ferritin and the transferrin saturation (M. Wick, W. 
Pingerra, P. Lehmann “Ferritin in iron metabolism and 
diagnosis of anaemias”, pages 5-22, 38-50, 65-77, 94-97, 
2 expanded edition 1994, published by Springer Vienna, 
NeW York), With the totality of the iron stored as basic 
ferritin in the depot organs liver, spleen and bone marroW 
amounting to about 800-1200 mg. A loWer ferritin concen 
tration is the de?nitive characteristic for detecting iron 
de?ciency states and their difference from other causes of 
hypochromic anaemia, such as eg chronic in?ammations 
and tumours. 

[0004] It is knoWn to treat transfusion-mediated anaemias 
in haemodialysis patients With recombinant erythropoietin 
(rhEPO), With it being necessary as a rule to carry out an iron 
substitution in parallel to the EPO therapy. This iron sub 
stitution is effected by the intravenous administration of 
iron(III) salts, With tWo intravenously administerable iron 
preparations being available on the German medicament 
market at present. These are the medicaments “Ferrlecit” 
and “Ferrum Vites”. “Ferrlecit” is an iron(III) gluconate 
complex, While “Ferrum Vites” is an iron(III) oxide saccha 
rate complex. 

[0005] It has, hoWever, become evident that in the case of 
manifest anaemias With manifest iron de?ciency and iron 
utiliZation disorders (<30 mg/dl ferritin) iron substitution 
With the mentioned preparations has disadvantages, since for 
the treatment of manifest anaemias relatively large amounts 
of a pharmacologically harmless iron salt have to be infused. 
The use of the aforementioned iron preparations holds the 
possibility of unexpected circulatory reactions up to col 
lapse, especially When large amounts have to be injected 
relatively rapidly. 
[0006] In WO 96/15805 there is described a haemoglobin 
therapy for haemodialysis according to Which very loW 
doses of stroma-free haemoglobin are administered over a 
period of 10 to 45 minutes in order to achieve a haemosta 
biliZation and to avoid a loWering of blood pressure in 
sensitive patients. HoWever, this described therapy is not 
successful in the case of manifest iron de?ciency anaemias. 
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[0007] Also, WO 95/24213 describes the use of natural or 
recombinant haemoglobin or their chemically modi?ed 
derivatives for anaemia treatment. Furthermore, this docu 
ment discloses the combined administration of one of the 
aforementioned haemoglobins With one or more haemato 
poietic groWth factors, inter alia With EPO. Examples 4 and 
5 as Well as some of the Figures shoW that a combined 
administration of EPO and rh haemoglobin lead to an 
increased haematopoesis. 

[0008] HoWever, this document does not disclose a prac 
tical therapeutic regime for an optimal regulation and treat 
ment of patients With manifest anaemias. Also, it is not 
evident therefrom, as in the case of patients treated With 
EPO, that it is possible to produce an optimal EPO effect 
Without avoiding an EPO resistance. 

[0009] It has noW been found that the use of relatively high 
infusion amounts of 50-100 ml of haemoglobin (about 
100-200 mg Fez") together With 3,000-7,000 U of EPO is 
surprisingly advantageous for the treatment of manifest 
anaemias (the abbreviation “IU” can also be used in place of 
the abbreviation “U” for International Units). 

[0010] The object of the invention are accordingly also 
combination preparations Which contain 3,000-7,000 U of 
EPO and 50-100 ml of one or more modi?ed haemoglobins, 
With the EPO and the modi?ed haemoglobin being present 
in separate administration forms or in a single administration 
form. 

[0011] In accordance With the invention 3,000-7,000 U of 
an erythropoietin preparation and 50-100 ml of one or more 
modi?ed haemoglobins are used as the optimal dose depend 
ing on the clinical picture of the anaemia. Thus, in the case 
of manifest anaemias Without iron distribution disorders, a 
high dose of Fez", about 80-100 ml (about 160-200 mg 
Fe”), preferably 85-95 ml, in the form of a modi?ed 
haemoglobin and a loWer dose of EPO betWeen 3,000 and 
5,000 U is administered in accordance With the invention. 

[0012] When there are iron distribution disorders in the 
case of manifest anaemias, a higher EPO dose of about 
5 ,000-7,000 U of EPO, preferably 6,000-7,000 U, especially 
about 7,000 U of EPO, and a high Fe2+dose, about 80-100 
ml, preferably about 100 ml, in the form of one or more 
modi?ed haemoglobins is preferably administered. 

[0013] For the treatment of iron utiliZation disorders in the 
case of manifest anaemias the combination preparation in 
accordance With the invention preferably contains 3,000-7, 
000 U of EPO and 80-100 ml of a modi?ed haemoglobin, 
preferably about 5,000 U of EPO, and about 100 ml of one 
or more modi?ed haemoglobins. For the treatment of mani 
fest iron de?ciency anaemias the combination preparation 
likeWise preferably contains 3,000-7,000 U of EPO and 
80-100 ml of a modi?ed haemoglobin. 

[0014] As modi?ed haemoglobins in the meaning of the 
invention there are suitable in principle all haemoglobins 
described in WO 95/24213 page 20, line 15 to page 27, line 
2. In particular, these are also cross-linked haemoglobins or 
cross-linked haemoglobin polymeriZates, such as eg diace 
tylsalicylic acid (diaspirin), cross-linked haemoglobin 
(DCL-Hb) or other blood substitutes based on modi?ed 
haemoglobins. For example, the folloWing preparations 
come into consideration as modi?ed haemoglobins: Hem 
Assist® (Baxter; DCL human Hb); PolyHeme® (North?eld, 
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Upjohn, human Hb, cross-linked and polymerized); 
Hemopure® (Biopure, Upjohn; bovine Hb, polymerized); 
Optro® (Somatogen, Eli Lilly; recombinant human Hb); 
HemOlink® (Hemosol, Fresenius; human Hb, cross-linked 
and polymerized); PEG-modi?ed bovine Hb (manufactured 
by Enzon; polyethylene glycol-modi?ed Hb); polyoxyeth 
ylene-modi?ed human Hb (manufactures Apex and Ajin 
imoto). The haemoglobins can also be used in accordance 
With the invention in the form of haemoglobin preparations 
Which contain pharmaceutically compatible adjuvants 
knoWn per se. Such preparations are described, for example, 
in WO 95/24213. 

[0015] As suitable erythropoietin preparations in the 
meaning of the present invention there come into consider 
ation those active substances Which are comparable With 
respect to the physiological effect of human EPOs. Suitable 
EPO preparations are, for example, recombinant human 
EPO (rhEPO; see European Patent EP 0,205,564 or EP 
0,411,678) or also corresponding modi?cations of these 
proteins. As modi?cations there come into consideration, for 
example, such proteins With molecular Weights higher or 
loWer than 34,000 Da (molecular Weight of urinary EPO), 
likeWise isoforms of the enzyme or proteins With different 
glycosylation. In particular, proteins chemically modi?ed by 
PEG (polyethylene glycol) can also be used. Further, there 
basically also come into consideration such proteins Which 
are derived by deletions, substitutions or additions from the 
amino acid sequence of the natural EPO With a length of 166 
amino acids. These proteins have essentially comparable 
physiological properties to rhEPO. In particular, these pro 
teins have biological properties Which cause bone marroW 
cells to increase the production of reticulocytes and red 
blood corpuscles and/or to increase haemoglobin synthesis 
or iron uptake. In place of these proteins there can also be 
used loW molecular substances, Which are denoted as EPO 
mimetics, and Which bind to the same biological receptor. 
These mimetics can preferably also be administered orally. 
The amount of such proteins or mimetics to be administered 
is determined by comparing the biological activity betWeen 
EPO and these active substances. 

[0016] The concentrations in accordance With the inven 
tion of EPO and haemoglobin-Fe2+ permit in their combi 
nation an optimal anaemia treatment, especially the treat 
ment of manifest anaemias. The treatment With the 
combination preparation is preferably effected once Weekly, 
Whereby the amount of haemoglobin of 300 ml per Week 
should not be exceeded (e.g. 3x100 ml infusions). 

[0017] In the meaning of the present invention there 
should be understood under the term “combination prepa 
ration” not only those medicament packs in Which the EPO 
preparation and the haemoglobin are presented in juxtapo 
sition in a ?nished marketable unit pack (so-called combi 
nation pack), but also those medicament packs Which either 
contain a suitable amount of an EPO preparation or a 
suitable amount of a haemoglobin in the form of the respec 
tive individual preparations, With the individual preparations 
With respect to the amount of contents being presented such 
that they can be administered in the meaning of the invention 
for the combined dose With the respective other preparation. 
In these cases there is usually enclosed With the preparations 
from the pharmaceutical manufacturer or the medicament 
importer a medicament package insert Which is required by 
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laW in many countries and in Which are contained directions 
or information concerning the combined dose of the indi 
vidual preparations. 

[0018] The combination preparations can preferably be 
present in a single administration form in Which the respec 
tive amounts of the EPO preparation and the haemoglobin 
are present in juxtaposition in one container. 

[0019] This can be eg an injection solution or infusion 
solution or its lyophilizate, Which, for example, is ?lled into 
ampoules. This administration form has the advantage that 
the EPO is stabilized by the modi?ed haemoglobin during 
the production and storage of the administration form. In the 
case of a lyophilizate, the EPO, after its dissolution, is 
activated by the modi?ed haemoglobin. The ?xed combi 
nation of the tWo active substances in the form of a lyo 
philizate has the further advantage that it can be handled 
simply and safely. The lyophilizate is dissolved in the 
ampoule by the addition of pharmaceutically usual injection 
media and is administered intravenously. 

[0020] It is also possible to administer the EPO prepara 
tion and the modi?ed haemoglobin in the form of separate 
pharmaceutical formulations (free combination) simulta 
neously or, hoWever, also in succession. This free combi 
nation, Which can be made available in a unit pack, has the 
advantage of greater ?exibility. Thus, these administration 
forms also enable the modi?ed haemoglobins to be admin 
istered 1-3 days prior to the EPO administration. 

[0021] This free combination, Which can be made avail 
able in a single unit pack (medicament pack) also has the 
advantage that each patient to be treated can be prescribed 
a particular individual amount of an EPO preparation and of 
a haemoglobin. Furthermore, these combination prepara 
tions offer the advantage of greater safety When performing 
the therapy, since in each case the optimal synchronized 
amount of the individual preparation is ?xed. A safe therapy 
and simple handling by the personnel performing the treat 
ment or in the area of self medication performed by patients 
is guaranteed by the combination preparation in accordance 
With the invention. 

[0022] Where the EPO preparation is made available as a 
lyophilizate, the medicament packs (combination packs) 
contain the corresponding amount of the EPO preparation in 
glass ampoules or in cartridges. The haemoglobin can be 
present in solid form (lyophilizate) or also in liquid form in 
a separate container. Further, the combination pack prefer 
ably contains a reconstitution solution in order to dissolve 
either the EPO lyophilizate alone or also together With the 
haemoglobin. If the haemoglobin is present as a ready-for 
use solution, the solution can be mixed together With the 
EPO solution When the combined administration of EPO and 
haemoglobin has to be effected. Basically, the haemoglobin 
can also be made available as a concentrate for addition to 
conventional infusion solutions, by Which means a longer 
administration over several hours can be effected. 

[0023] Combination preparations in the meaning of the 
present invention are also those unit packs Which in each 
case make available individual administration forms of the 
erythropoietin preparation or of the haemoglobin as inde 
pendent medicaments, With the individual preparations 
being provided such that they contain the requisite amounts 
of the individual substances for the combination in accor 
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dance With the invention of the EPO preparation and the 
hemoglobin. As a rule, the medicament packs contain the 
previously described package insert containing correspond 
ing instructions for the combined administration With EPO 
or With haemoglobin in the required amount. A correspond 
ing instruction can also be present as a pack imprint on the 
medicament pack (secondary packaging) or on the primary 
packaging (ampoule, blister strips, etc.). Thus, in the case of 
the EPO-containing medicament With 3,000-7,000 U of EPO 
it is, for example, indicated thereon that this preparation 
should especially be administered together With a haemo 
globin preparation containing 50-100 ml of one or more 
modi?ed haemoglobins. In the case of the haemoglobin 
preparation there is a reverse indication to the combined 
administration With 3,000-7,000 U of an erythropoietin 
preparation. 

[0024] A further possibility for providing the EPO prepa 
ration comprises making available corresponding multi-dose 
preparations Which contain the EPO preparation in higher 
amounts compared With individual doses. These prepara 
tions are especially suitable for use in clinics in Which a large 
number of patients are treated daily. These multi-dose prepa 
rations contain the EPO preparation in dosages of up to 
500,000 U, especially up to 100,000 or 50,000 U. The 
multi-dose preparations have the advantage that they permit 
the skilled medical personnel to WithdraW any dosage of the 
EPO preparation, for eXample by WithdraWing correspond 
ing amounts by volume of the ?nished injection solution. 
This is especially advantageous in the treatment of patients 
With different dosage requirements of the active substance or 
in the treatment of children in Which a loWer dosage of the 
EPO preparation is required. From an injection solution of, 
for eXample, 100,000 U of EPO, preferably freshly prepared 
at the beginning of the day, there can be performed, circum 
stances permitting, all patient treatments required during this 
day Without the need to prepare separate injection solutions 
for each of the individual patients. This can lead to a 
signi?cant time saving or to an easing of the burden of Work 
for skilled medical personnel. Preferably, the individual 
EPO dosages are WithdraWn in the range of 3,000 U, 5,000 
U and 7,000 U. 

[0025] The multi-dose preparations can also be present in 
the form of solutions, Which are ?lled into cartridges. These 
cartridges are suitable for use in so-called pens, Which 
permit administration by patients themselves and an indi 
vidual dosage WithdraWal. For eXample, these cartridges 
contain the EPO preparation in an amount of 10,000 or 
20,000 U, Whereby different dosing intervals can be realiZed 
by appropriate adjustment of the WithdraWal volume. 

[0026] The production of the pharmaceutical administra 
tion forms of the invention is effected according usual 
processes knoWn in galenical technology With pharmaceu 
tically usual adjuvants. The process for the production of the 
pharmaceutical combination preparation in accordance With 
the invention and the pharmaceutical unit pack, Which 
contains the combination of preparations in accordance With 
the invention, are likeWise objects of the invention. 

[0027] In carrying out the therapy, the diagnostic param 
eters ferritin and transferrin saturation have to be controlled. 
The ferritin value is in the normal range When it amounts to 
400 pg/l:50%. The transferrin saturation should amount to 
20-40%. 
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[0028] The invention Will be illustrated hereinafter in 
more detail on the basis of Working Examples. 

EXAMPLE 1 

[0029] Patients With manifest iron de?ciency (ferritin<12 
ng/ml, transferrin saturation<15% and haemoglobin<12 
g/dl) are given by infusion 5,000 U of rhEPO once per Week 
and 100 ml of a modi?ed haemoglobin preparation, prefer 
ably DCL-Hb, three times per Week. This treatment is 
repeated for a further ?ve Weeks until the values for ferritin, 
transferrin saturation and haemoglobin or haemocrit lie in 
the normal range. 

1. Pharmaceutical combination preparation comprising 

a) individual administration forms of an erythropoietin 
preparation suitable for the individual dosing of the 
active substance in an amount of 3,000-7,000 U, and 

b) 50-100 ml of one or more modi?ed haemoglobins. 
2. Combination preparation according to claim 1, char 

acteriZed in that it contains 3,000-7,000 U of an erythropoi 
etin preparation and 80-100 ml of modi?ed haemoglobin. 

3. Combination preparation according to claim 1 or 2, 
characteriZed in that it contains 5,000-7,000 U of an eryth 
ropoietin preparation and 80-100 ml of modi?ed haemoglo 
bin. 

4. Combination preparation according to any one of 
claims 1-3, characteriZed in that it contains 6,000-7,000 U of 
an erythropoietin preparation and about 100 ml of modi?ed 
haemoglobin. 

5. Combination preparation according to claim 1, char 
acteriZed in that it contains 3,000-5,000 U of an erythropoi 
etin preparation and 80-100 ml, preferably 85-95 ml, of 
modi?ed haemoglobin. 

6. Combination preparation according to claim 1 for the 
treatment of manifest anaemias. 

7. Combination preparation according to any one of 
claims 1 to 4 for the treatment of manifest anaemias With 
iron utiliZation disorders. 

8. Combination preparation according to claim 5 for the 
treatment of manifest anaemias Without iron utiliZation 
disorders. 

9. Process for the production of pharmaceutical combi 
nation preparations according to claims 1 to 8, characteriZed 
by formulating 3,000-7,000 U of an erythropoietin prepa 
ration in the form of individual administration forms and 
50-100 ml of modi?ed haemoglobin together or separately 
from each another With pharmaceutically usual carriers or 
adjuvants and making the respective preparations available 
in the form of combination preparations. 

10. Use of erythropoietin preparations With 3,000-7,000 U 
of EPO and 50-100 ml of one or more modi?ed haemoglo 
bins for the production of a pharmaceutical combination 
preparation for the treatment of manifest anaemias. 

11. Use of erythropoietin preparations With 5 ,000-7,000 U 
of EPO and 80-100 ml of one or more modi?ed haemoglo 
bins for the production of a pharmaceutical combination 
preparation for the treatment of manifest anaemias With iron 
utiliZation disorders. 

12. Use of erythropoietin preparations With 3,000-5,000 U 
of EPO and 80-100 ml of one or more modi?ed haemoglo 
bins for the production of a pharmaceutical combination 
preparation for the treatment of manifest anaemias Without 
iron utiliZation disorders. 
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13. Pharmaceutical unit pack comprising 3,000-7,000 U 
of an erythropoietin preparation in individual administration 
forms and 50-100 ml of one or more modi?ed haemoglobins 

as a single administration form in one container or as 

separate administration forms in separate containers. 

Oct. 31, 2002 

14. Unit pack according to claim 13, characteriZed in that 
in each case the erythropoietin preparation and the modi?ed 
haemoglobin are present in separate administration forms in 
the form of solutions for injection or infusion purposes. 

* * * * * 


