Clinical efficacy of human recombinant erythropoietin in management of anemia of chronic renal failure in dogs
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Abstract

Anemia in renal failure is multifactorial but the principal cause is reduced production of erythropoietin, other contributory factors include suppression of bone marrow, reduced red blood cell survival, platelet defects and gastrointestinal ulceration and bleeding as a consequence of uremic intoxication. 25 dogs of either sex, breed with >2.0 mg/dl concentration of serum creatinine level and more than two weeks of illness were identified as suffering from chronic renal failure. Recombinant human erythropoietin was given along with supportive therapy for three times a week during induction therapy in all the dogs with @ 100 U/kg b.wt until the PCV reaches 30%. Thereafter, maintenance dose of 50 to 100 U/kg b. wt. once weekly. After two week of rHuEPO therapy, significant improvement was seen in 76 % of total dogs in relation to hematological parameters, 24 % of total dogs did not showed any response for therapy and 16 % dogs has expired during second week of therapy. In remaining dogs, after four week of therapy again significant improvement was seen in 90.48 % of dogs while 9.53 % dogs expired during this period. Platelet count was found highly significant between 0 day and second week, while between second and fourth week it was non- significantly increased.
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Introduction

The kidney is a complex organ with many functions like production of urine through which it excretes the waste products of protein metabolism and regulates fluid, electrolyte, and acid-base balance. Its biosynthetic role involved in the production of renin, prostaglandins, calcitriol and regulation of erythrocyte mass under influence of renal erythropoietic factor. Renal failure is common in dogs and can occur at any point in life, with both morphological and functional changes (Srivastava et al., 2010). Renal failure is a common clinical problem occurring in 2-5 % of dogs (Lund et al., 1999) and third leading cause of death. Robertson (2001) reported that by the age of five years, nearly 60 % of dogs show renal lesions and decrements in renal function which approaches 90% by ten years. Chronic renal failure (CRF) is a relatively common progressive syndrome in older dogs and represents the end stage of a number of renal diseases. Clinical signs are usually not apparent until at least 70-75% of renal tissue is destroyed. Diagnosis of renal failure may be established by identification of azotemia in the absence of pre-renal or post-renal factors. Distinguishing acute from chronic renal failure can be of diagnostic, prognostic, and therapeutic significance. The most useful parameters in establishing chronicity are the duration of signs (more than 2 weeks); a normocytic, normochromic nonregenerative anemia; and/or bone disease (renal osteodystrophy) along with small kidney size. Anemia in renal failure is multifactorial but the principal cause is reduced production of erythropoietin, other contributory factors include suppression of bone marrow, reduced red blood cell survival, platelet defects and gastrointestinal ulceration and bleeding as a consequence of uremic intoxication.  Recombinant human erythropoietin can be administered to supplement endogenous erythropoietin to stimulate red blood cell production in patients with kidney disease. An erythropoiesis-stimulating agent should be considered when an animal displays clinical signs of anemia or when its hematocrit decreases below a certain threshold (< 20%) that is considered detrimental to general well-being (Cowgill and Francey, 2004). Successful management of kidney disease in dogs requires a multi-dimensional approach to identify and eliminate exacerbating factors, provide professional evaluation on a regular basis and implement a comprehensive treatment programme. Conservative medical management of chronic kidney disease consists of supportive and symptomatic therapy to correct abnormalities in fluid, electrolyte, acid-base, endocrine and nutritional balance. Therapy is directed to minimize the clinical and pathophysiological consequences of reduced kidney function. Present study reports the clinical efficacy of Human Recombinant Erythropoietin in management of anemia of chronic renal failure in dogs.

Materials and Methods 

Screening of dogs for renal disease was done on the basis of clinical examination and signs like vomiting, malena, polyuria and polydipsia, anorexia, progressive weight loss, lethargy, pallor and ulcerated mucous membranes. Total 25 dogs of either sex, breed weighing about 19.64 ± 0.89 kg with height 36.53 ± 2.24 cm and age about 5.06 ± 0.27 year were identified as suffering from renal failure. More than 2.0 mg/dl concentration of serum creatinine level and chronicity of illness (more than three weeks) was considered as the inclusive criteria for the dogs. Hematology including erythrocytic indices and platelet count and kidney function test was performed to estimate extent of renal damage and type of anemia as per standard procedure (Benjamin, 1986). Monitoring for hematology and kidney function test was done at interval of two weeks for adjusting therapy to avoid overdosing complications, such as erythrocytosis and hyperviscosity. 
Human erythropoietin is a 30,400 dalton glycosylated protein that contains a 165 amino acid-residue backbone with half-life of about six to 10 hours (Langston et al., 2003) Recombinant human erythropoietin has an identical amino acid sequence to the natural hormone in people (Jelkmann, 2004). Canine erythropoietin has 81.3% homology with the amino acid sequence of human erythropoietin (Macleod et al., 1998). This relative conservation of amino acid sequence allows recombinant human erythropoietin products to have clinical activity in dogs. The documentation of a nonregenerative, normochromic, normocytic anemia in CRF in the dog directed for the use of erythropoietin in the management of the anemia of CRF (King et al., 1992). Recombinant human erythropoietin was given to supplement endogenous erythropoietin for stimulating red blood cell production three times a week during induction therapy in all the dogs with a starting dose of 100 U/kg until the pack cell volume (PCV) reaches 30%. Thereafter, maintenance dose of 50 to 100 U/kg once weekly is adjusted based on PCV monitoring. 
Gastrointestinal ulceration was treated with Sucralfate (0.25 to 1 g orally every six to eight hours), histamine-2 receptor antagonists (Ranitidine @ 1 mg/kg, IM, q 12 h) and a proton pump inhibitor (Omeprazole @ 0.5 mg/kg, IV, q 12 h) to mitigate gastrointestinal blood loss. Iron dextran was administered with erythropoietin therapy to ensure adequate response (Langston et al., 2003) through intramuscular route at interval of every two weeks @ 15 mg/kg . Vitamins such as B12, folic acid, niacin, and vitamin B6 are important for erythrogenesis. Patients with chronic kidney disease need parenteral iron supplementation to achieve the recommended iron levels (NKF, 2001), because pharmacologically induced erythropoiesis is limited by the iron supply (Goodnough et al., 2000). Krantz, (1990) reported that continuous iron supplementation is required to support erythropoiesis in human patients treated with erythropoietin. Chronic kidney disease shares several features of the inflammatory state like elevated circulating levels of inflammatory cytokines such as interleukin 6 which may be associated with poor response to erythropoietin treatment in end-stage renal disease (Macdougall and Cooper, 2002) as these cytokines can impair bone marrow function and can significantly alter iron metabolism. All the data

Results 

The dogs suffering from renal failure showed lower value of total erythrocyte count (TEC) (3.40 ± 0.18), hemoglobin (9.06 ± 0.42) and PCV (23.68 ± 0.97) but erythrocytic indices i.e. mean corpuscular volume (MCV) (71. 8 ± 2.82) and mean corpuscular hemoglobin MCH (26.80 ± 1.04) were within reference range for canine and indicative for normocytic and normochromic anemia in renal failure affected dogs at time of presentation. After two week of rHuEPO therapy, significant improvement was seen in 76 % of total dogs in relation to hematological parameters i.e. TEC raised to 4.48 ± 0.26, Hb increased to 12.19 ± 0.42 and PCV to 31.24 ± 1.13. Non significant increase in MCV (73.1 ± 3.64) and MCH (25.84 ± 0.77) was noticed in all the dogs. During this period 24 % (6 out of 25) of total dogs did not showed any response for therapy and 16 % dogs (4 out of 25) has expired (table-2). After four week of therapy again significant improvement was seen in 90.48 % of dogs (19 out of 21) while 9.53 % (2 out of 21) dogs expired during this period. At end of second week TEC increased to 5.28 ± 0.24 and hemoglobin raise to 13.52 ± 0.47 and PCV increased to 38.11 ± 1.09. In the pattern observed in first week non significant increase in MCV (73.74 ± 2.65) and MCH (28.56 ± 0.78) was recorded in second week. Significant decrease in serum creatnine (7.22 ± 0.55 at time of presentation, 6.32 ± 0.53 at first week and 4.86 ± 0.36 at the end of second week) and blood urea nitrogen (71.40 ± 5.46 at time of presentation, 60.10 ± 3.53 at first week and 55.32 ± 3.43 at the end of second week) was observed throughout the period (fig-1) of study in 76 % of total dogs. Hormone replacement therapy using recombinant human erythropoietin (rHuEPO) has been shown to be effective in correcting anaemia of chronic renal failure in 76 % of dogs in present study. In first week of therapy the dose of rHuEPO was 100 U/kg SC, three times a week, which was reduced to 50 U/kg once weekly after observing good response in most of the animals. Platelet count was found highly significant between 0 day and second week, showing good improvement from 1.95 ± 0.18 to 3.45 ± 0.28 (table-1), while between second week and fourth week it was non- significantly increased to 3.17 ± 0.23. 
Discussion

The dogs suffering from renal failure showed normocytic and normochromic anemia in renal failure affected dogs at time of presentation. Polzin et al. (2005) also reported low packed cell volume, erythrocyte count and haemoglobin as characteristics of dogs with moderate to advanced chronic renal failure. King et al. (1992) reported nonregenerative, normochromic, normocytic anemia in 70.6% dogs and found direct correlation between the degree of anemia and the extent of CRF as assessed by serum creatinine concentrations. The etiology of anemia in chronic renal failure is multifactorial and major significance is deficiency of erythropoietin due to inadequate erythropoietin production by the diseased kidneys (Chew and Dibartola, 1989). Other contributing factors may include shortened lifespan erythrocyte (Marticorena and Donnelly, 2004), gastrointestinal and other blood loss due to poor platelet function (Castaldi et al., 1966), and the anemia of chronic disease (Cotter, 1989). Cowgill (2004) reported that bone marrow fibrosis may also contribute to anemia in some patients with chronic kidney disease. Hormone replacement therapy using recombinant human erythropoietin (rHuEPO) has been shown to be effective in correcting anemia of chronic renal failure in 76 % of dogs in present study. Randolph et al. (2004) evaluated the efficacy and safety of recombinant canine erythropoietin therapy in anemia of chronic renal failure and found that median PCV increased significantly during the 1st week of treatment with erythropoietin. Similar observation was made by Sukullaya et al. (2008) who reported that means of packed cell volume (PCV), red blood cell count, and hemoglobin concentration were significantly different from the values at week 0 after only 1 week of r-HuEPO treatment. Cowgill et al. (1998) reported normalization of haematocrit values along with substantial improvement in appetite and quality of life with rHuEPO therapy. They recommended that erythropoietin therapy should be limited to dogs with packed cell volume values less than 20 to 22%, as there may be development of antibodies directed against rHuEPO. In first week of therapy the dose of rHuEPO was 100 U/kg three times a week, which was reduced to 50 U/kg once weekly after observing good response in most of the animals. Eschbach and Adamson, (1989) recommended that the dose of erythropoietin should be decreased once the PCV starts to approach the target in order to prevent erythrocytosis and hyperviscosity. He again reported that dose of erythropoietin required to stimulate erythropoiesis is greater than the dose required to maintain it. Cowgill, (1991) reported that erythropoietin dose should not be altered more frequently than every two weeks because at least that amount of time is required before changes in the hemogram become evident. 

Platelet count was found highly significant between 0 day and second week, showing good improvement This thrombocytopenia in cases of chronic renal failure was in agreement with Gafter et al., (1987), who reported that mild thrombocytopenia as a frequent finding in patients with chronic renal failure with a possible reason of insufficient thrombopoietic activity.
Silverberg et al. (2002) described the cardiorenal syndrome for a vicious cycle, where decreased kidney function of chronic kidney disease leads to decreased erythropoietin production. Management of anemia in renal failure dogs is of paramount importance as studies in human beings indicate that hypoxia from anaemia of renal disease may contribute to progression of chronic kidney disease because the anaemia reduces oxygen supply to kidney promoting renal damage from oxidative stress (Rossert and Froissart, 2006). Treating anemia with a goal of raising the hematocrit to at least 36% improves quality of life (Moreno et al., 2000) decreases the need for transfusions (Eschbach and Adamson, 1999) improves muscle strength (Robertson et al., 1990) and cognitive function (Marsh et al., 1991) and decreases rates of hospitalization and death (Ebben et al., 1999). Above study concludes that renal disease anemia is multifactorial in its pathogenesis. It is important to recognize it so adequate treatment may be instituted, as quality of life and metabolic function may be decreased as a consequence of worsening anemia. Multiple therapies are available; however, administering recombinant human erythropoietin and eliminating other potential causes of anemia seem to be the most efficient long-term therapies. Suggested reason for unresponsiveness for therapy may be development of antibodies directed against rHuEPO and bone marrow fibrosis in end stage renal disease. 
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Table- 1 Hematology at various time intervals in dogs suffering from chronic renal failure

      Superscript a, b, c showing significant difference between the group (p >0.05)
	Parameters studied  
	Before Treatment

(n=25)
	After two week 

(n=21)
	After four weeks

(n=19)

	TEC (x106/ µl)
	3.40 ± 0.18a
	4.48 ± 0.26b
	5.28 ± 0.24c

	Hb (g/dl)
	9.06  ± 0.42a
	12.19 ± 0.42b
	13.52  ± 0.47c

	Platelets (x106/µl)
	1.95  ± 0.18a 
	3.45  ± 0.28 
	3.17 ± 0.23 

	PCV (%)
	23.68 ± 0.97a
	31.24  ± 1.13b
	38.11  ± 1.09c

	MCV (fl)
	71. 8 ± 2.82
	73.1 ± 3.64
	73.74 ± 2.65

	MCH (pg)
	26.80 ± 1.04
	25.84 ± 0.77
	28.56  ±  0.78

	Serum creatinine(mg/dl)
	7.22  ± 0.55a
	6.32 ± 0.53
	4.86  ± 0.36c

	BUN (mg/dl)
	71.40  ± 5.46a
	60.10 ± 3.53b
	55.32 ± 3.43c


	Statistics of dogs during  therapy 


	Classification of dogs (n= 25)
	No. of dogs
	%

	Statistics after two week of therapy 

(25 dogs)


	Dogs with favorable  response to therapy
	19
	76

	
	Dogs unresponsive to therapy
	06
	24

	
	Dogs died between 0 day and end of IInd week  of therapy
	04
	16

	Statistics after four week of therapy

 (21 dogs)
	Dogs with favorable  response to therapy
	19
	90.48

	
	Dogs died between IInd and fourth week  of therapy
	02
	9.53


Table- 2 showing distribution of dogs and response for the therapy/death during therapy at different time intervals

