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			Abstract

			Anemia is a common challenge among oncologists. Anemia has been directly implicated in the prognosis of cancer patients. Furthermore, correction of anemia-related symptoms can significantly improve the quality of life in these patients. We performed a systematic review of literature to improve our present knowledge on anemia in cancer patients. The data for review were identified by searching PubMed and Google Scholar and based on the recommendations from professional compendiums such as those by the National Comprehensive Cancer Network and European Society of Medical Oncology. The level of Hemoglobin is an established prognostic factor in many cancer patients. One of the reasons for this is that anemia will result in hypoxia and, subsequently, in tumor resistance to chemotherapy and radiotherapy. This review suggests that the ESAs (Erythropoietin Stimulating Agents) and intravenous iron should be used to maintain target hemoglobin level of 10 g/dl while the patient is receiving chemotherapy. However, long-term effect of intravenous iron treatment, ESAs use, and red blood cell transfusions should be further investigated.
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			Introduction

			Anemia remains a challenge among oncologists. The prevalence of anemia in cancer patients ranges from 30% to 90% [1]. Based on the common toxicity criteria of the National Cancer Institute (NCI) (1999), hemoglobin (Hb) level of 10 g/dl to less than the lower limit of normal was defined as mild, level of 8 to <10 g/dl as moderate, level of 6.5 to <8 g/dl as severe anemia, and level of <6.5 g/dl as life threatening. The level of Hb is an established prognostic factor in the many cancer patients [2]. One of the reasons is that anemia will result in hypoxia, which stimulates angiogenesis and changes in gene expression leading to tumor growth and spread. These hypoxic cells in tumors can result in tumor resistance to chemotherapy and radiotherapy [3]. Furthermore, correction of anemia can significantly improve the quality of life in these patients [4]. As there is limited number of review articles summarizing the phenomenon of anemia in malignancy, we aimed to perform a systematic review of literature to improve our present knowledge and address the critical gaps in knowledge related to anemia in cancer patients.

			
Discussion

			Etiology

			The cancer itself can cause anemia. A European Cancer Anemia Survey (ECAS) reported that 30.4% breast cancer, 49.1% gynecological cancer, and 32% non-Hodgkin’s lymphoma patients were anemic at the time of enrollment [5,6]. Apart from bone marrow infiltration or metastasis, profuse bleeding from the tumor site or associated loss of appetite causes nutritional deficiency leading to anemia. Another peculiar finding is the red cell aplasia, which is very common among patients diagnosed with thymoma, lymphoma, leukemia, and myeloid metaplasia.

			Antimetabolite drugs such as methotrexate and pemetrexed can cause megaloblastic anemia. Immune-mediated hemolysis is a potential complication of some of the monoclonal antibodies such as nivolumab [7], ipilimumab, and pembrolizumab [8]. Platinum-containing drugs can cause anemia through myelosuppression and antibody-mediated destruction of red blood cells (RBCs) and due to its nephrotoxic action. This action on kidneys can cause reduction in release of erythropoietin, which decreases the Hb levels [9]. Pentostatin has also been reported to cause hemolytic anemia [10]. Carmustine and doxorubicin have been reported to cause hemolysis in the glucose-6-phosphate dehydrogenase deficient patients [11].

			Radiotherapy to the skeletal system can also result in anemia. Approximately 83% of chronic myeloid leukemia patients and 94% of gastrointestinal stromal tumor patients treated with imatinib had demonstrated some degree of anemia in the course of their treatment due to inhibition of tyrosine kinase domain of erythropoietin leading to decreased erythropoiesis. Approximately 44% patients treated with sunitinib also demonstrated anemia [12]. Androgen deprivation therapy may also lead to mild to moderate anemia.

			Pathophysiology 

			If the cancer arises from the hematopoietic progenitor cell, the blast cells swarm the bone marrow. Consequently, the normal erythroid burst-forming units and stem cell factors are hindered from maintaining the differentiation and growth of RBCs. In cases of solid tumors, the chronic inflammatory infiltrates such as interleukin-6 induce the production of hepcidin in the liver. Hepcidin decreases the iron absorption from the bowel and prevent normal utilization of iron resulting in iron sequestration in the marrow. This phenomenon reduces RBC production and survival [13]. Such anemia is associated with <20% saturation of transferrin, ferritin levels of <100 ng/ ml, and a low reticulocyte Hb concentration of <32 pg. Tumor necrosis factor alpha has an inhibitory effect on GATA-1, which is an essential erythroid transcription factor [14]. Moreover, hypersplenism, which is frequent in myeloproliferative and lymphoid malignancy, can cause anemia by increased destruction of RBCs. Autoimmune hemolytic anemia can occur because of cancer itself, such as reticuloendothelial cancer, chronic lymphatic leukemia, and lymphomas. It is also occurs in patients with multiple myeloma and thymoma.

			Evaluation 

			According to National Comprehensive Cancer Network (NCCN), Hb level <11 g/dl or a decrease in Hb levels >2 g/dl below baseline (12 g/dl in women and <13 g/dl in men) requires further evaluation. This involves detailed clinical history analysis including the type (solid cancers or hematological cancers), stage, treatment received, and any family history or past history of anemia along with any comorbidities such as cardiac disease, chronic pulmonary disease, or cerebrovascular disease. Baseline Hb level before diagnosis should be recorded. Surgical procedures either for diagnosis, staging, or treatment may cause blood loss resulting in anemia. Gastrointestinal or genitourinary bleeding either from primary lesion or the metastatic lesion contributes to iron deficiency.

			Laboratory Testing

			In peripheral smear examination, the red cell indices such as mean corpuscular volume and mean corpuscular Hb concentration are tested. Low reticulocyte level is common in cancer patients with anemia. Increase in reticulocyte and polychromasia count in peripheral smear examination suggests bleeding or hemolysis. In such cases, direct antiglobulin test, disseminated intravascular coagulation (DIC) panel, haptoglobin test, bilirubin test, and lactate dehydrogenase (LDH) test are performed to confirm hemorrhage. If gastrointestinal tract hemorrhage is suspected, upper gastrointestinal endoscopy should be performed. The kidney function should be evaluated if the glomerular filtration rate is <60 ml/min/1.73 m2 for ≥3 consecutive months. Hormonal dysfunction should be evaluated to rule out conditions such as hypogonadism, adrenal dysfunction, and hyper/hypothyroidism.

			Normocytic normochromic anemia is the commonest type of anemia encountered in cancer patients. Microcytic hypochromic anemia is a common presentation in Hodgkin’s lymphoma, non-Hodgkin’s lymphoma, and renal cell carcinoma. Iron deficiency anemia is usually defined by two important parameters: ferritin level <30 ng/ml and transferrin saturation <15%. Usually, serum ferritin levels <30 ng/ml indicates absolute iron deficiency. However, for patients with inflammation or cancer, the cut-off value of ferritin is increased to 100 ng/ml. The bone marrow iron stores are confirmatory evidence of iron deficiency. However, ferritin level is still used to distinguish absolute iron deficiency from functional iron deficiency in clinical practice.

			Management 

			According to the 2018 NCCN [15] and 20107 European Society for Medical Oncology (ESMO) guidelines [16],

			i.	The first step is to correct all possible underlying causes other than the cancer-related anemia.

			ii.	Symptomatic treatment must be provided to patients with cancer-related anemia.

			iii.	Erythropoietin-stimulating agents (ESAs) are used in patients with Hb ≤10 g/dl to increase Hb levels or prevent further decline.	

			iv.	ESAs should not be used in patients undergoing curative intent therapy.

			v.	ESAs are not indicated in patients who did not undergo chemotherapy.

			vi.	Patients undergoing chemotherapy especially with platinum containing drugs benefit from ESA treatment.

			vii.	The lowest possible dose of ESA should be used to avoid transfusion.

			Nutritional deficiency should be corrected before consideration of ESA as per NCCN and ESMO recommendations. A case report by Breen et al. found that patients’ response to ESA is reduced in the presence of vitamin B12 deficiency or folate deficiency [17]. Patients with serum vitamin B12 concentration ≤210 pg/ml require vitamin B12 treatment (with an oral dose of 2,000 mcg/day for 3 months) followed by measurement of vitamin B12 value. When the patient’s serum folate concentration is ≤3.4 ng/ml, folic acid is administered (with an oral dose of 1 mg/day for 3 months). The functional iron deficiency is caused by insufficient utilization of iron stores. Several published studies showed that intravenous iron treatment is better than oral iron treatment [18]. A study evaluated the effectiveness of 200 mg of intravenous iron sucrose in 64 patients with gynecological cancers. Patients were administered intravenous iron after each course of chemotherapy for six cycles. Results showed that the need for blood transfusion was reduced to 28.1% with parenteral iron, and 56.3% patients required transfusion with oral iron [19].

			Henry et al. compared the effectiveness of oral iron therapy and intravenous iron therapy in 187 cancer induced anemia patients who received chemotherapy. They found that intravenous iron therapy was superior to oral iron therapy [20]. A systemic review and meta-analysis of randomized controlled trials including 11 trials with 1,681 patients showed drastic increase in hematopoietic response when intravenous iron was administered along with ESAs [21]. By contrast, Steensma et al. found no additional benefit with the use of intravenous iron along with ESA [22]. However, some previous studies revealed that this is because the average transferrin saturation of the patients assigned to intravenous iron arm was 22.5%, which was greater than the threshold required for functional iron deficiency. Auerbach et al. studied the effectiveness of erythropoietin without iron, with oral iron, or with intravenous iron dextran in patients receiving chemotherapy, with a total dose of 2,000 mg over the study period. The intravenous iron was withheld when ferritin level reached >1,000 ng/ml and reinstated when it reduced to <800 ng/ml. Approximately 82% patients had Hb levels >11 g/dl in this study [23].

			According the NCCN guidelines [15], intravenous iron treatment alone is recommended in patients with absolute iron deficiency anemia, while intravenous iron with ESA is recommended in patients with functional iron deficiency and cancer-related anemia. Adverse effects include nausea, vomiting, hypertension, pruritus, dizziness, and headache. Some studies do not recommend the administration of iron preparation in patients with active infection as the microorganism may utilize the iron for its own growth. Murray et al. demonstrated that there was increased incidence of certain infections after iron repletion in iron deficiency anemia patients [24]. Packed RBCs (PRBCs) are the preferred blood product for transfusion to correct anemia. The hematocrit value of one bag is about 50%–80% and contains 42.5 g–80 g of Hb (with 147–278 mg of iron) or 128 ml of pure RBCs. The major benefit of PRBC transfusion is immediate increase in the Hb level. One unit of PRBC will increase Hb levels by 1 g/dl and hematocrit by 3% in patients who are not actively bleeding [25].

			Conclusion

			Some previous studies showed that patients receiving blood transfusion to increase Hb level showed an improvement in survival [26]. The risk of transfusion include transfusion-related reactions, congestive heart failure, bacterial contamination and viral infection, increased thrombotic events, and iron overload. Pre-storage leukoreduction has significantly reduced the most common side effect, which is febrile nonhemolytic transfusion reaction. Khorana et al. [27] demonstrated an increase in venous thromboembolism, arterial thromboembolism, and mortality in these cancer patients who received transfusion. However, patients receiving transfusion only during the chemotherapy treatment (<1 year) have lesser risk of iron overload. Overall, the benefits of transfusion outweigh the drawbacks.

			ESAs are synthetic human recombinant erythropoietin that can stimulate erythropoiesis. There are mainly two ESA agents: erythropoietin alpha and darbepoetin alpha. Compared with transfusion, the main drawback of ESA treatment is that it will take weeks to increase the Hb level. However, repeated administration of ESAs can maintain the required Hb levels and can reduce the need for transfusion especially in patients undergoing chemotherapy. A Cochrane-based systematic review of 91 trials with 20,102 patients showed clinically significant reduction in the need for RBC transfusions in patients who received ESAs. ESA treatment is always initiated using the lowest dose; the dose is doubled if the Hb level does not increase by >1 g/dl even after 4 weeks of treatment. In such cases, functional iron deficiency should be excluded before doubling the dosage. Littlewood et al. [28] used erythropoietin alpha and demonstrated a decrease in the need for blood transfusion and an increase in Hb level by 2.2 g/dl vs 0.5 g /dl in the placebo arm. A double-blinded randomized controlled study used darbepoetin alpha 2.25 mcg/kg/week and 60% patients achieved hematological response compared with the placebo group [29]. 

			In 2007, several regulatory actions were taken by the Food and Drug Administration (FDA) for both erythropoietin and darbepoetin alpha. They introduced a “black box” warning in the label and risk evaluation and mitigation strategy, which was later withdrawn in 2017 by the NCCN after detailed FDA investigation. This was based on eight randomized trials on the use of ESA in advanced breast cancer, cervical cancer, head and neck cancer, lymphoma, and non-small cell lung cancer, which showed decreased survival in these patients [29-36]. Consequently, the ESA treatment is aimed at increasing the Hb level by 10 g/dl. 

			The PREPARE trial [30] initially showed increased death in breast cancer patients receiving darbepoetin alpha compare with those not receiving any darbepoetin alfa. However, there was an update to this study, which indicated that there was no difference in the overall survival and the disease-free survival was reduced, but the reduction was not statistically significant [37]. On the contrary, some previous meta-analytic studies [38,39] showed that ESA had no significant effect on mortality or disease progression. A retrospective analysis of 56,210 patients from the Surveillance, Epidemiology, and End Results database (1991–2002), who were diagnosed with colon, non-small cell lung, breast cancer, or diffuse large B-cell lymphoma and treated with chemotherapy, was conducted. This analysis showed similar overall survival with or without ESA [40]. Some previous studies suggested that erythropoietin may antagonize anti-HER2 therapy in breast cancer via the JAK2-mediated signaling pathway [41]. However, in animal tumor models, erythropoietin did not enhance tumor growth or affect mortality [42].

			Glaspy et al. investigated six trials, which showed an increased risk of thromboembolism in patients receiving ESAs [38]. Meanwhile, an increased incidence of stroke was found in patients with chronic kidney disease treated with darbepoetin alpha [43]. The other risk factors of thromboembolism such as hypercoagulable state, immobilization, recent surgery, use of hormonal therapy, and use of steroids should be excluded before starting the ESAs. Patients receiving ESAs are still at risk of pure red cell aplasia, although the risk is relatively small [44]. This is characterized by low reticulocyte count, loss of bone marrow erythroblast, neutralizing antibodies against erythropoietin, and resistance to ESA therapy (Table 1).

			Table 1: Correcting Iron deficiency.

			
				
					
					
				
				
					
							
							Absolute Iron Deficiency ; Transferrin Saturation(TSAT) <20% and Ferritin <30 ng/ml

						
					

					
							
							Intravenous iron (preferred)

						
							
							Oral iron

						
					

					
							
							Functional Iron Deficiency (TSAT 20%–50% or ferritin 30–800 ng/ml)

						
					

					
							
							Intravenous iron alone 

						
							
							Intravenous iron + ESAs

						
					

					
							
							Possible Iron Deficiency (ferritin >500–800 ng/ml and TSAT <50%)

						
					

					
							
							Consider intravenous iron in selected patients

						
					

					
							
							No Iron Deficiency (Transferrin Saturation ≥50% or ferritin ≥800 ng/ml)

						
					

					
							
							ESAs

						
					

					
							
							Hemoglobin<7–8 g/dl

						
					

					
							
							RBC transfusion

						
					

				
			

			This is significant in chronic kidney disease patients who are receiving subcutaneous ESAs. Hence, caution should be taken when a patient no longer responds to ESAs as well as develop severe anemia. These patients should be further evaluated and ESAs should be discontinued immediately in these patients. ESAs require at least 2 weeks of treatment before evaluation of Hb level. Parenteral iron should be considered if Hb level does not increase within 4 weeks. If the patient does not respond to the ESA after 8–9 weeks of treatment, transfusion must be considered. ESAs should be discontinued if Hb level reaches 11 g/dl or when chemotherapy is completed preferably within 6 weeks. The Dosage of different ESAs are shown in Table 2. This review suggests that the long-term effect of intravenous iron treatment, ESA treatment, and RBC transfusions should be investigated further. Moreover, ESAs and intravenous iron should be administered in patients receiving chemotherapy to maintain the target Hb concentration.

			Table 2: Dosage of ESAs.

			
				
					
					
					
				
				
					
							
							ESA

						
							
							Dosage Regimen

						
							
							Other Extended Regimen

						
					

					
							
							Erythropoietin alpha

						
							
							150 IU/kg three times per week or 450 IU/kg subcutaneously (SC) once a week

						
							
							include 80,000 U SC every 2 weeks or 1, 20,000 U once every 3 weeks

						
					

					
							
							Erythropoietin beta

						
							
							30000 IU SC (450 IU/kg once a week or 3–7 times a week)

						
							
							 

						
					

					
							
							Erythropoietin theta

						
							
							20000 IU SC (irrespective of body weight) once a week

						
							
							 

						
					

					
							
							Erythropoietin zeta

						
							
							450 IU/kg SC once a week or 150 IU/kg SC three times a week

						
							
							 

						
					

					
							
							Darbepoetin alpha

						
							
							2.25 mcg/kg /week or 500 mcg every 3 weeks

						
							
							100 mcg per week, 200 mcg biweekly, or 300 mcg three times a week
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