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Abstract
Aging is associated with increased incidence and prevalence of anemia that is associated with a
number of adverse health outcomes. These include death, functional dependence, increased risk of
therapeutic complications, falls, and dementia. In approximately 30% of cases, anemia in older
individuals is due to either relative or absolute erythropoietin deficiency. Absolute erythropoietin
deficiency may be primary or secondary to declining renal function. Relative erythropoietin
deficiency is due to an age-related pro-inflammatory status that reduces the sensitivity of
erythropoietic precursors to erythropoietin.

Despite this condition of erythropoietin deficiency, the management of anemia of aging with
erythropoiesis stimulating factors (ESA) is controversial, unless the anemia is due to renal
insufficiency. The main concern related to this treatment arises from eight studies of ESAs in cancer,
suggesting that ESAs may reduce patient survival, in addition to increasing the risk of deep vein
thrombosis. The results of these studies contrast with a host of other trials showing the safety of ESA.
The discrepancy may be explained in part by the fact that, in the trials suggesting a detrimental effect
of ESAs, the goal was to obtain hemoglobin levels higher than 12g/dl. Because of this concern,
correction of anemia in elderly individuals with relative erythropoietin insufficiency should not be
attempted outside clinical trials.

The incidence and prevalence of anemia increase with age 1. Anemia in the older aged person
is associated with a number of unfavorable outcomes that include death 2, functional
dependence 3, dementia 4, falls 5, and cardiovascular diseases 6, 7. Thus, it is important to
establish whether the reversal of anemia may prevent or delay these complications.

In approximately 50% of cases, anemia of the elderly is due to reversible causes, including
iron and cobalamin deficiency and chronic renal insufficiency 1, 8, 9. In approximately 30%
of cases the cause of anemia appears due to relative or absolute erythropoietin insufficiency
8, 10, 11. While this form of anemia improves with the administration of erythropoiesis
stimulating agents (ESA), the benefits of this treatment approach are controversial. Recent
studies in cancer patients have raised concern that the complications of treatment with ESAs
may hasten rather than delay the patient’s death 12–19. More research is clearly needed in this
area.

In this article we briefly review some aspects of the physiology of aging that are relevant to
the pathogenesis of anemia and the causes of anemia in older persons, with particular focus on
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the anemia of inflammation and anemia that develops in the context of cancer. Finally, we
explore the controversial evidence that treatment with ESA is beneficial.

Biology of aging and its clinical implications for anemia
Aging may be defined as a progressive loss of entropy and fractality 20. Loss of entropy implies
reduced energetic reserve, loss of fractality a reduced ability to perform complex activities,
such as walking. Many scientists currently believe that most effects of the aging process are
attributable to a progressive dysregulation of the signaling network that maintains a stable
homeostasis. Although the elements of this network have not been fully defined, an emerging
hypothesis focuses on the energetic homeostasis 20, 21. Nutrition and breathing (oxygen) are
the raw materials used by living creatures to generate the energy required to maintain the
integrity of the biological environment (homeostasis), both at rest and during stressful
conditions such as physical exercise, cognitive effort and diseases. The complex signaling
network that regulates the generation and distribution in the various physiological districts and
tissues includes hormones, immuno-regulatory mechanisms and the oxidative stress/
antioxidants equilibrium. Alteration of any one of these mechanisms can cause anemia. Once
anemia is established it affects the distribution of oxygen, one of the clinical elements for
energy generation, therefore causing further dysregulation and activating a vicious circle that
subsequently leads to frailty and disability 22, 23. There is some evidence that changes in the
circulating levels of thyroid hormones and testosterone that often occur with normal aging
make older individuals more susceptible to anemia 24–26. The role of other hormonal axes in
the anemia of aging remains unclear.

Inflammation is perhaps the most studied element of the homeostatic network dysregulation,
particularly in the context of anemia. Aging is characterized by a progressive mild pro-
inflammatory state which is revealed by rising levels of pro-inflammatory markers (Figure 1)
27. Although this phenomenon can be partially explained by increasing prevalence of chronic
disease and other risk factors with age, even when the effect of these factors is taken into
account and even when “extremely healthy” individuals are selected, older individuals still
have higher levels of Interleukin-6 (IL-6) and other pro-inflammatory cytokines and acute
phase reactive proteins. Evidence is accumulating that such a pro-inflammatory state is a strong
independent risk factor for a number of negative health-related outcomes, including
cardiovascular disease, disability, cognitive impairment and short-term mortality 28–32. The
mechanisms underlying this association are still under investigation.

It is has long been known that patients with chronic inflammatory diseases, typically cancer,
infectious diseases or autoimmune diseases, tend to develop anemia, usually of mild severity
but sometimes severe and refractory to treatment 33. Based on the physiology of erythropoiesis
and the results of pre-clinical and clinical studies, researchers have suggested four main
mechanisms by which inflammation may affect anemia: 1) inflammation makes erythropoiesis
ineffective by inhibiting proliferation and differentiation of erythroid precursors and/or down-
regulation of the biological response to EPO (EPO resistance), perhaps by down-regulation of
the EPO receptor. Accordingly, in patients with chronic kidney disease, the dose of EPO
required to maintain a certain hemoglobin level is, on average, 30–70% higher in patients with
CRP>20mg/L compared with those having lower CRP 34, 35; 2) inflammation reduces the
amount of EPO production that is normally determined by anemia-induced relative hypoxia
34, 36; 3) inflammation causes the up-regulation of hepcidin synthesis that, by enhancing the
proteolysis of ferroportin, reduces the intestinal absorption and recycling of iron and creates a
functional form of iron deficiency 37, 38; 4) inflammation negatively affects erythrocyte
survival, which is not fully compensated by increased erythropoiesis 39.
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To explore the first two hypotheses, Ferrucci et al. studied how inflammation affects the
relationship between hemoglobin (Hb) and erythropoietin 11. Unexpectedly, higher
inflammation was associated with an EPO level higher than expected in participants free of
anemia, and lower than expected in anemic participants (Figure 2). These findings suggest that
inflammation hampers the response to EPO (because of either EPO signal jamming or intrinsic
bone marrow dysfunction). In the early stage of anemia development, this defect is fully
compensated by increased EPO production. However, subsequently, when the ability to over-
produce EPO is exhausted, anemia becomes clinically manifest. Ongoing studies are testing
the hypothesis that subjects with high EPO and high levels of inflammatory markers (especially
IL-6 and CRP) have high risk of developing anemia. Accordingly, there is preliminary evidence
that older subjects with high levels of inflammatory markers and high EPO are at high risk of
developing anemia. If confirmed, these findings will have important clinical implications
because they indicate that a condition of high inflammation and “inappropriately” high EPO
levels mark a condition of “preclinical anemia.” If these subjects at high risk of developing
overt anemia after hemopoietic stress could be identified, preventive or supportive strategies
could be implemented at an early stage.

The mediatory role of hepcidin, a peptide hormone produced by hepatocytes, in the
pathogenesis of anemia of inflammation is suggested by a number of studies40. By interacting
with the unique iron transporter ferroportin, hepcidin controls iron intestinal absorption and
mobilization from hepatocytes and macrophages, thereby causing low serum iron and
ineffective erythropoiesis. Hepcidin levels rise in the iron replete state and decline in response
to anemia, active erythropoiesis and hypoxia. Hepcidin synthesis is also stimulated by
inflammatory mediators, a mechanism that could explain iron segregation in inflammatory
conditions. In vitro treatment of primary hepatocytes with IL-6, LPS or LPS-stimulated
macrophages increased hepcidin mRNA expression, and this induction is blocked by treatment
with anti-IL-6 antibodies. In humans, acute and/or severe increase in inflammatory markers in
diseases characterized by a strong inflammatory response (such as rheumatoid arthritis, abscess
and sepsis) is associated with increased hepcidin urinary excretion.41. However, it is still
unclear whether chronic inflammation, and especially the mild-pro-inflammatory state of
aging, causes hepcidin up-regulation and contributes to anemia of chronic disease. Patients
with acute and chronic infections have lower serum iron, lower transferrin saturation and higher
ferritin concentration than persons without apparent inflammation. However, there is still no
definitive proof that the iron lowering effect of inflammation is mediated by hepcidin. The
scarcity of specific studies of hepcidin in human is explainable, at least in part, by
methodological limitations in the available assays. Finally, while there is some evidence that
inflammation is associated with reduced erythrocyte half-life, no large study has fully tested
the hypothesis that the mild-pro-inflammatory state of aging causes altered erythrocyte half-
life. In fact, there is a paucity of studies on the effect of aging on erythrocyte survival.

As reported above, several epidemiological studies have found that as much as 1/3 of the
anemia in the older population is unexplained, even when extensive clinical information is
available, with the exception of a direct examination of the bone marrow. Contrary to the
hypothesis that the pro-inflammatory state of aging is at the root of all the “unexplained”
anemias of aging, recent findings from the InCHIANTI study suggest that “unexplained”
anemia of aging may occur in the context of a hypoergic state characterized by levels of
inflammatory markers significantly lower than in the control, non-anemic population 10. In
this condition an absolute erythropoietin deficiency is present.

In conclusion, the aging process is accompanied by physiological modifications that reflect a
state of increased dysfunction in the mechanisms that maintain the energetic homeostasis.
Several of these modifications make older individuals more susceptible to the development of
anemia, and probably also play a causal role in the pathogenesis of anemia in the elderly.
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Translation of this recent evidence into clinical practice is approaching, although further
research is needed. Approximately one third of anemia in older individuals is due to relative
or absolute erythropoietin deficiency and, at least theoretically, may be reversed by ESA
treatment. The benefit of this treatment is questionable, however, as illustrated by the case of
cancer.

At least in theory, anemia may contribute to the physical function decline often observed in
many older individuals by interfering with oxygen delivery to the brain, heart and muscles
22. Accordingly, anemia is more common in institutionalized elderly patients and is strongly
associated with low muscle strength, poor lower extremity performance and mobility disability
2, 22, 42–44. However, an alternative explanation is that anemia may be proxy for the
underlying comorbid diseases and frailty that cause disability. Addressing this question is
critical for geriatric research. Since prevention and management of disability is a major goal
of geriatric medicine, the possibility that anemia is one of the few potentially reversible causes
of disability in older persons is particularly appealing. However, there is currently little
information on whether correcting mild anemia in older persons can prevent or reverse physical
impairment and/or disability, or increase life expectancy in patients with multiple chronic
morbidities.

Anemia of cancer in the elderly
The incidence and prevalence of cancer increase with age 45. Anemia is present in more than
60% of cancer patients and the risk of anemia is higher with more advanced stages of cancer
46. The most common mechanisms of anemia in cancer patents are chronic inflammation and
myelotoxic treatment such as chemotherapy and radiation therapy. As age is a risk factor for
myelosuppression, older individuals may be more susceptible than young ones to
chemotherapy-induced anemia. Unrecognized renal insufficiency may also play a role in the
pathogenesis of anemia in elderly patients with cancer.

In cancer patients, anemia has been associated with lower survival, reduced response to
radiation therapy 46–48, and increased risk of chemotherapy-induced neutropenia 49, 50. In
addition, anemia is a major cause of fatigue, that has been associated with functional
dependence in the elderly 46, 51, 52. In a retrospective study by Grogan et al, reversal of anemia
with blood transfusions was associated with improved response of cervical cancer to radiation
therapy 48. The authors demonstrated that the chance of response was inversely related to nadir
hemoglobin levels, irrespective of whether or not the patients had received blood transfusions.

The advent of ESAs has presented the opportunity to study the benefits of reversing anemia
without blood transfusions. A number of studies, summarized in a recent systematic review
and meta-analysis 53 involving patients treated with chemotherapy, have shown that

• ESAs increased the hemoglobin of anemic cancer patients in approximately 50% of
cases;

• improvement in hemoglobin was associated with improved energy levels and quality
of life and reduced fatigue.

The steepest improvement of energy levels was reached when the hemoglobin levels were
raised from 11 to 13 gm/dl 54.

A number of randomized controlled studies demonstrated the ESAs improved the hemoglobin
and with it the energy level of patients receiving chemotherapy for a variety of diseases, without
affecting overall survival 55–57. Intravenous iron supplementation increased the response to
ESAs by 50%, whereas oral iron was not effective 58. This finding indicated that patients with
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anemia of chronic inflammation have a reduced capacity to mobilize iron from the tissue stores
and to absorb iron. Presumably both effects are mediated by hepcidin 59.

A 2006 Cochran meta-analysis 60 of all published studies of ESAs in cancer concluded that
the use of ESAs:

• resulted in a 30% reduction in blood transfusions in cancer patients;
• was not associated with an appreciable change in survival;
• was associated with increased risk of thromboembolic complications.

The enthusiasm for the use of ESAs in cancer patients has been mitigated by the reports of
eight randomized and controlled studies which show that these medications may shorten the
survival of cancer patients, irrespective of whether or not they receive antineoplastic treatment
(Table 1). All the studies reporting an adverse effect of the ESAs aimed at obtaining
hemoglobin levels > 13 gm/dl or higher. This is an important difference compared with
previous randomized controlled studies that had target hemoglobin levels of 12 gm/dl or lower.
These different treatment goals may account at least in part for the unfavorable outcome. It is
very possible that when hemoglobin levels are raised above 13 gm/dl, the risk of
thromboembolic complications, including death, may be increased. It is also possible that
somehow tumor growth is stimulated by a “refeeding” phenomenon. In other words, the
improved oxygenation of the tissues may lead to improved general nutrition that is associated
with accelerated tumor growth. It should be underlined however that increased tumor growth
as a result of ESAs has never been conclusively demonstrated.[f1] The cause of death in patients
experiencing shorter survival when treated with ESAs was reported as “cancer”, but such a
diagnosis does not allow us to identify the mechanism of death. This may be related to increased
thromboembolism rather than to cancer-induced end organ failure.

Two of the studies deserve particular comments. Henke et al, reported that epoetin α appeared
detrimental to patients whose tumor expressed epoetin receptors 61. This interpretation of the
study findings was highly criticized however, because the technique employed did not appear
specific for epoetin receptors 62. Perhaps the most consequential of these studies has been
AMGEN Int 003 12. The main goal of AMGEN Int 003 was to demonstrate that darbepoetin
α reduced the need of blood transfusions in patients with metastatic cancer not receiving
chemotherapy. The secondary goal was to demonstrate improved quality of life. More than
900 individuals with hemoglobin levels lower than 12 gm/dl were randomized to receive
darbepoetin or no treatment. Neither of the goals was achieved and darbepoetin appeared to
shorten the survival of these individuals. A subset analysis of this study revealed that the
majority of patients experiencing a shorter survival were those who had not responded to
erythropoietin. The interpretation of this finding is puzzling. Another concern about this study
is the fact that women accounted for the majority of patients in the placebo group, but were in
the minority in the treatment group. This imbalance might have been responsible for the results,
at least in part, as women have a better cancer prognosis than men.

Clearly, there are a number of important questions arising from the studies of ESAs in cancer
which we will try to address:

• Does the use of ESAs reduce the use of blood transfusions in cancer patients? The
answer is yes. All studies, including the Cochran meta-analysis, were affirmative in
relation to this outcome. The only outlier was the INT003 study in which
approximately half the patients were from Eastern Europe, where the availability of
blood is more limited than in Western Europe and North America. The failure to see
a reduction in blood transfusion may simply reflect different criteria utilized to
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transfuse patients in different countries. When the North American and Western
European criteria are adopted, ESAs do reduce the need for blood transfusions.

• Does the use of ESAs reduce the incidence and severity of fatigue? The answer is yes.
Virtually all studies exploring this outcome were affirmative. A major caveat,
however, should be pointed out. None of the studies proved that improvement of
fatigue led to improvement in performance status or, in the case of older patients, to
preservation of functional independence. This issue should be addressed in future
studies.

• Does the use of ESAs increase the risk of thromboembolism? The answer is yes and
age may be a risk factor 53, 60. This complication may offset the benefits of ESAs,
at least in part. Future studies should establish how to minimize this risk. This could
be achieved by prophylactic anticoagulation or with lower doses of ESAs or a lower
level of hemoglobin targets.

• Do ESAs affect the patient’s survival? The answer is controversial. It is clear that
ESAs do not produce an improvement in survival. There is some concern that these
compounds may hasten the death of some cancer patients. This appears to be more
likely in patients not receiving antineoplastic treatment and in patients whose
hemoglobin was increased above 12 gm/dl. The mechanism of this complication is
not clear. It may involve undetected pulmonary embolism or other thromboembolic
complications, increased tumor growth, or other as yet undiscovered effects of ESAs.
The data on survival are very difficult to interpret for several reasons, however. First
of all they may change with time. For example, the most recent analysis of the BEST
study 17 failed to show increased mortality of patients treated with epoetin (John
Glaspy, personal communication, San Diego Convention Center, April 14 2008,
American Association of Cancer Research). Secondly, a patient-based meta-analysis
of all studies 63 in lieu of a “trial-based” meta-analysis failed to show increased
mortality due to ESA in any group of patients, including those in whom hemoglobin
was increased above 12 gm/dl. Thirdly, a study of patients with non-small cell lung
cancer 64, in which all patients received the same treatment, did not show that epoetin
was detrimental to patient survival. This study is extremely important because it is
the only trial in which patients were comparable in terms of disease, disease stage and
treatment.

• Do ESAs enhance cancer growth? The answer to this question is also uncertain. In
experimental conditions there is no proof that ESAs enhance cancer growth. In some
of the human studies 12–19 [f2]ESAs have been associated with earlier cancer death.
The interpretation of this finding is questionable however for all the reasons
mentioned above. In addition, the diagnosis of the causes of death is imprecise,
especially in patients with a terminal disease. Henke et al reported that decreased
survival was associated with the expression of epoetin receptors in head and neck
tumors. This conclusion was criticized because the assay employed did not distinguish
between epoetin receptors and heat shock protein 61. Whatever the substance these
investigators detected, it may be a predictive factor for the risks of ESAs.

• Do ESAs improve the effectiveness of radiation therapy and chemotherapy? There is
no proof that this is the case, nor that ESAs may mitigate chemotherapy-induced
neutropenia.

• Is there a “safe” hemoglobin level attainable with ESAs? The risk of death appeared
increased in most studies when hemoglobin was increased to about 12 gm/dl.
Hemoglobin concentrations below 12 gm/dl appear safe.
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• Is there a difference between different ESAs? The answer is no. Similar effects on
hemoglobin, function, and survival were reported for all three commercially available
products, including epoetin α, epoetin β, and darbepoetin α.

• What should be the current recommendations for the treatment of cancer patients with
ESAs? Ideally, a new set of clinical trials should be conducted involving patients with
the same disease, the same disease stage and receiving the same treatment, like the
study already mentioned in small cell lung cancer. The criteria for administration of
blood transfusions should be specified at the beginning of the study. In addition to
improvement of quality of life and reduction in blood transfusion, the outcome should
include some objective measures of improved energy levels, such as prevention of
functional dependence in older individuals. In the absence of these studies, it appears
reasonable to maintain hemoglobin levels around 12 gm/dl in patients receiving
chemotherapy. Both the American Society of Clinical Oncology (ASCO) and the
American Society of Hematology (ASH) concur with this recommendation 65. The
NCCN guidelines for the management of older cancer patients also endorse this
recommendation 66.

• What does experience to date of ESAs in cancer tell us about the management of
anemia of chronic inflammation/relative erythropoietin insufficiency in older
patients? The most important information is that ESAs may involve serious
complications and further studies are necessary to establish risk and benefits of this
practice,. in the absence of more information about their therapeutic index in these
situations.

Conclusions
From this review one may draw the following conclusions:

1. The incidence and prevalence of anemia increases with age in both men and women.

2. In approximately 50% of the cases, the causes of anemia are identifiable and
reversible. These should be properly investigated and treated.

3. Inflammation causes anemia through multiple mechanisms. There is evidence that in
the early phase, increasing EPO levels prevents the clinical emergence of overt
anemia. However, when this compensatory mechanism fails, anemia emerges and is
associated with lower than expected EPO.

4. In about 30% of the cases, anemia in older patients is due to absolute or relative
erythropoietin deficiency. The benefits of treating these forms of anemia with ESAs
have not been established and need to be studied in randomized and controlled trials.

5. In cancer patients, correction of anemia with ESAs has been associated with reduced
number of blood transfusions and improved energy level. The treatment is associated
with increased risks of thromboembolism. When hemoglobin levels were kept around
12 gm/dl there was no apparent effect of ESAs on patient survival.

6. New randomized and controlled studies are desirable in cancer patients. Such studies
should involve comparable patients, i.e., patients with the same neoplasm, the same
disease stage and receiving the same treatment. The outcome of these studies should
include some form of objective assessment of improved energy levels, such as
prevention of functional dependence in older individuals. The feasibility of these
studies is doubtful however, given the limited patient availability and the concern
about potential complications of ESAs.
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Table 1
Summary of studies showing a detrimental effect of ESA on tumor progression and/or survival

Study Neoplasm Treatment ESA Hb goal

Henke et al 19 Head and neck Radiotherapy Epoetin β >14 (women)
>15 (men)

Hedenus et al18 Lymphomas Chemotherapy Darbepoetin α >14 (women)
>15 (men)

Leyland Jones et al (2005) 17 Breast Chemotherapy Epoetin α >14

Wright et al 16 Non small cell lung
cancer

Radiotherapy Epoetin α >14

Overgaard et al 15 Head and neck Radiotherapy Darbepoetin α >15.5

PREPARE 14 Breast Chemotherapy Darbepoetin α >13

Thomas et al 13 Cervix Chemoradiotherapy Darbepoetin α >14

Smith et al 12 Solid tumors No antineoplastic treatment Darbepoetin α >13
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