
Chapter 6

HEMOPOIESIS AND AGING

Lodovico Balducci, Cheryl L Hardy, Gary H Lyman

Lodovico Balducci, Program Leader, Senior Adult Oncology Program, H. Lee Moffitt Cancer
Center and Research Institute, Tampa, Florida, Professor of Oncology and Medicine,
University of South Florida College of Medicine, Tampa, Florida. Cheryl L. Hardy, Associate
Professor of Medicine, University of Mississippi Medical Center, Jackson, Mississippi. Gary
H Lyman, Professor of Medicine, University of Rochester Medical Center, Rochester, New
York.

Hemopoiesis is central to the study of cancer and aging for the
following reasons: (1) to some extent, hemopoiesis is a sensor of physiologic
aging. In particular, hemopoiesis may be inhibited by the same catabolic
cytokines that accumulate in the circulation with aging and predict functional
decline and death, 1-4 (2) hemopoiesis is one of the main targets of cytotoxic
chemotherapy l,5. A decline in hemopoietic reserve may compromise the
ability to administer chemotherapy in adequate doses to older individuals 6.
In addition, anemia is an independent risk factor for chemotherapy-induced
myelosuppression,7-10 and, (3) anemia has a number of detrimental effects on
the older person that include increased risk of mortality 11-14 and disabilities
15-18 . Thus, anemia may lessen the benefits and enhance the risk of cancer
treatment.

In this chapter we examine the influence of aging on hemopoiesis,
the risk of myelosuppression following cytotoxic chemotherapy in the older
aged person, the prevalence, incidence, mechanisms and consequences of
anemia in the older person, and the management of anemia and of
hemopoietic complications of cancer treatment.
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1.

Hemopoiesis is compartmentalized (Figure 1)1 The homeostasis of
the peripheral blood, that is a balance between losses and production of
circulating blood elements involves the integrity and the coordination of a
number of serial processes. The pluripotent hemopoietic stem cells (PHSC)
need commit into hemopoietic progenitors and at the same time maintain
their own population by self-replication. The high plasticity of the PHSC
that may give origin to different lines of blood elements while replicating
themselves is largely lost by the committed progenitors which do
differentiate only into one hemopoietic line, giving origin to the recognizable
marrow precursors that mature into circulating blood elements1.
Commitment, differentiation, and maturation are modulated by hemopoietic
cytokines and made possible by the hemopoietic stroma. The roles of the
stroma include homing of PHSC and committed progenitors, and production
of some of the cytokines that modulate growth and differentiation.
Hemopoietic insufficiency may be caused by one or more of these
mechanisms: exhaustion of PHSC, inadequate production of growth factors
or excess production of inhibitory substances, decreased sensitivity of PHSC
and hemopoietic progenitors to the growth factors and disruption of the
hemopoietic microenvironment.

1.1 Aging and PHSC Reserve

AGE AND HEMOPOIESIS

The influence of aging on PHSC reserve is controversial. Both
experimental and clinical observations suggest the self-renewal of PHSC is
exhaustable. In the murine model the ability of forming hemopoietic colonies
in the spleen declined with serial stem cell transplants 19. Telomere length
and telomerase activity of PHSC underwent a progressive decline with age,
20 and hemopoietic stress was associated with a reduction in the
concentration of PHSC of older, but not of younger animals 21-22.
Hemopoietic stress consisted of isolation 21 or of sepsis 22. In humans, the
hemopoietic tissue becomes progressively reduced with age, 23 while
mortality from infection increases, which suggests decline in neutrophil
reserve 24. The number of CD 34+ cells, that may reflect the reserve of
pluripotent hemopoietic progenitors 25 and the self-replicative ability of these
elements appear to decline with age 26. Hemopoietic stress in human reveals
some degree of hemopoietic insufficiency: the injection of granulocyte-
macrophage colony stimulating factors (GM-CSF) in healthy individuals
aged 70 and older and 30 and younger, produced a much lower increment in
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Figure 1. Overview of hemopoiesis as a compartmental process.
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the concentration of pluripotent hemopoietic progenitors in the circulation of
the aged, despite that the baseline concentrations of these elements were the
same in both groups, 27 and the risk of neutropenia, neutropenic infections
and thrombocytopenia following cytotoxic chemotherapy increased after age
60 28-39. The fact that the prevalence and incidence of anemia of unknown
causes increase with age may also be construed as evidence of progressive
hemopoietic insufficiency 40-43.

These observations support an age-related decline in hemopoietic
reserve that may be of consequence in the presence of severe and prolonged
hemopoietic stress. In condition of homeostasis, the hemopoietic activity
appears adequate to preserve a normal peripheral blood count throughout a
person’s lifetime, in the majority of individuals 44-45. Even among the oldest
old, it should not be assumed that anemia, neutropenia, thrombocytopenia or
pancytopenias are a natural consequence of age.

1.2 Age and Production of Hemopoietic Cytokines

The relationship between age and production of hemopoietic
cytokines is not clear. In the murine model, utilizing transgenic mice
undergoing early senescence (senescence-accelerated mice or SAM), some
authors reported increased production of colony inhibiting activity (CIA) in
response to lypopolysaccaride 46. Of interest, lypopolysaccaride induced
production of colony stimulating activity, followed by CIA in young
animals. This observation suggests that age may lead to a loss in ability to
produce hemopoietic growth factors, while the ability to produce CIA is
unaffected and maybe enhanced.

In humans the data are inconclusive. Whereas the production of GM-
CSF from monocytes grown “in vitro” seem to decline with the age of the
cell, 47 recent studies demonstrated a decline in GM-CSF production
following exposure to phytohemagglutinines only by monocytes obtained
from healthy centenarians 25. An age effect was not observed in younger
subjects up to age 73.

Several studies explored the production of erythropoietin in the aged,
with conflicting results. In some cases of anemia of unknown causes in older
individuals, the circulating levels of erythropoietin were inadequate for the
degree of anemia; 40, 48-52 but the Glomerular Filtration Rate (GFR) of these
patients had not been measured. It is reasonable to expect that54-61 reduction
in GFR, common with aging 53 might have accounted for the poor
erythropoietin response to anemia. In other studies comparing the
concentration of circulating erythropoietin in younger and older individuals
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with sideropenic anemia the level of erythropoietin were normal and even
increased among the old ones 54, 55. In a rare form of age-related anemia
(dysautonomic anemia)52 the production of erythropoietin is decreased.

The production of hemopoietic cytokines in the aged should be seen
in the context of the increased concentration of catabolic cytokines in the
circulation of some elderly individuals. Recent studies demonstrated that
increased concentrations of Interleukin 6 are associated with functional
decline, increased risk of geriatric syndromes and of death 2, 54-61. Increased
levels of IL-6 are also present in patients with anemia and IL6 appears to
inhibit both the response of erythropoietic progenitors to erythtopoietin and
the production of erythropoietin 3, 62. IL-6 and possibly other catabolic
cytokines such as tumor necrosis factor (TNF), interleukin 1 (IL1) and
Interleukin 10 (IL10) may be responsible of a relative hemopoietic
insufficiency by reducing both the production of growth factors and the
sensitivity of hemopoietic progenitors to these factors 3, 22, 46, 63, 64. The
catabolic effects of these cytokines may be enhanced by reduced secretion of
Growth Hormone63, 64.

1.3 Aging and Sensitivity to Hemopoietic Cytokines

The information related to this issue is very limited and
circumstantial. The age-related progressive loss in ability to respond to
hemopoietic stress might be explained in part by a loss of sensitivity to
hemopoietic cytokines. It is also well known that catabolic cytokines and in
particular IL-6 and TNF blunt the response of erythropoietic progenitors to
erythropoietin 3, 61. Other observations supporting a reduced sensitivity to
hemopoietic growth factors include the fact that erythropoietic enhancement
observed “in vitro” with addition of indocin to the culture appears
diminished in the marrow from older individuals,65, 66 that the generation of
the same reticulocyte response requires higher levels of erythropoietin in
anemic older than in younger patients 67-68. Contrasting with these findings,
Bagnara et al 25 found that in vitro responsiveness of pluripotent hemopoietic
precursors to erythopoietin, G-CSF and GM-CSF was well maintained even
in persons aged 100 and older. While there are circumstances that may
reduce the sensitivity of erythopoietic progenitors to hemopoietic cytokines,
this does not appear a generalized occurrence with aging. From a clinical
standpoint it is important to realize that a good response to pharmacological
doses of G-CSF, GM-CSF (69), Interleukin 11, 70 megakaryocite growth
stimulating factors (M-CSF)71 and erythropoietin72 may be seen irrespective
of the age of the patient.
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1.4 Aging and Hemopoietic Microenvironment

The consequences of aging on the function of the hemopoietic
microenvironment are largely unknown. As autologous stem cell rescue after
high dose chemotherapy has been carried on successfully in persons aged 70

and older with multiple myeloma, 73, 74 it is reasonable to assume that the
ability to home stem cells persists to some extent beyond age 70.

2. AGE AND HEMOPOIETIC COMPLICATIONS OF CYTOTOXIC
CHEMOTHERAPY

At this point it is legitimate to ask whether myelosuppression
following cytotoxic chemotherapy becomes more prolonged and severe with
age, as a consequence of progressive reduction in hemopoietic reserve and
whether the risk of increased toxicity may be ameliorated, in order of
preserving the full dose and the full benefits of chemotherapy.

The risk and severity of myelotoxicity was not increased in patients
aged 65-70 and older in at least six large clinical trials (Table 1)75-80. While
these studies demonstrate that the risk of myelosuppression is not increased
in all older individuals, they shed little light on the risks of chemotherapy in
the general aged population. The percentage of patients aged 80 and older
was negligible, and also patients aged 70 and
older were underrepresented: whereas 40% of cancers occur in these age
group, older individuals made up only 10-15% of patients enrolled in these
clinical trials. Clearly, the older patients were highly selected as it is to be
expected in studies conducted in major cancer centers or by cooperative
oncology groups. Furthermore, the retrospective nature of these studies may
have prevented the detection of small age-related differences.

Several other studies support increased risk of myelodepression
among the elderly 29-32. The risk of neutropenia was increased for women 65
and older receiving adjuvant chemotherapy for breast cancer with
doxorubicin and cylophosphamide 32. Of special interest, myelodepression
was cumulative in the older but not the younger patients, suggesting
impairment of hemopoietic reserve with age 32. A review of the experience of
the South West Oncology Group (SWOG) 29 and of the International Breast
Cancer Study Group 30 showed that age 65 and older was a risk factor both
for myelotoxicity and lower chemotherapy dose intensity. The once popular
regimen MACOP-B (methotrexate, adriamycin, cyclophosphamide, oncovin
prednisone and bleomycin) for Large cell Non-Hodgkin’s Lymphoma has
produced increased incidence of neutropenia, neutropenic infections, and
infectious mortality in patients aged 60 and older33. Armitage et al reported a
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30% mortality rate among individuals aged 70 and over treated with
CHOP for non-Hodgkin’s lymphoma 28.

A number of prospective trials exploring different forms of
chemotherapy in elderly Non-Hodgkin’s lymphoma patients (Table 2) 28, 31,

34-39, 81-82 reported a risk of severe neutropenia around 50% and a risk of

neutropenic infection around 25% among patients aged 60 and older treated
with CHOP or CHOP-like regimens. The only exception to theses finding
was the study of Doorduijn et al 83 in which the incidence of neutropenic
infection was 10%. The difference may probably be accounted in terms of
patient selections. In the majority of studies the risk of death varied between
5-15%. Age 60 and over is a risk factor for more prolonged neutropenia,
neutropenic infections and infectious death also in the management of Acute
Myelogenous Leukemia (AML) 84. In this case the disease itself may
compromise the patient’s hemopoietic reserve, because in the elderly with
AML the PHSC is involved by the disease in approximately 60% of the
times84, 85.



116 L. BALDUCCI ET AL

The risk of chemotherapy-induced thrombocytopenia and
anemia in older individuals is less well known. It is important to remember
however that anemia may be very deleterious in elderly cancer patients,
because anemia by itself is a risk factor for myelosuppression 7-10. This
phenomenon may be accounted for by the pharmacokinetics of different
cancer agents that are heavily bound to red blood cells 7, 10. In presence of
anemia the concentration of free drug in the circulation and the risk of
toxicity may be

increased. Furthermore, anemia is associated with fatigue that in older
individuals is a risk factor for functional dependence 15-18, 86.

Several strategies have been proposed to reduce the risk of
chemotherapy-induced neutropenia in the aged. These include dose-
reduction, prophylactic oral antibiotics, prophylactic use of hemopoietic
growth factors, and correction of anemia.
Dose reduction appears ill advised when dealing with curable cancer. In the
case of large cell lymphoma, dose reduction has resulted in inferior outcome
36, 38, 40, 87, 88. A recent study showing that dose-dense CHOP (every two
weeks) was superior in terms of response rate and survival to classical CHOP

every three weeks in lymphoma patients aged 60-75, further emphasizes the
importance of the dose even in older patients 89. In adjuvant treatment of
breast cancer the importance of the dose was initially reported by Bonadonna
et al, who demonstrated that older women had received lower total doses of
CMF than younger women and experienced lower benefits 90. The CALGB
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study also showed that the dose of doxorubicin was critical to outcome 91

and recent studies showed that dose intense treatment was superior to
standard treatment in terms of survival and recurrence 92. In AML the
importance of the dose of cytarabine in the consolidation phase has been well
established 93, 94. More controversial is the importance of the doses of
anthracyclines in induction, but at least in patients with favorable
cytogenetics 60mg /m2 of daunorubicin appear superior to 45 mg/m2 95-98.

The adjustment of the dose of agents excreted from the kidney to the
Glomerular Filtration Rate of individuals patients seems to reduce the
toxicity without compromising the outcome of treatment 99 and is a
reasonable approach for patients aged 65 and older, in whom a compromise
of GFR is more likely. Given the variability of drug pharmakcokinetcs, it
should also be recommended that the doses of treatment be increased in the
absence of toxicity.

Though the prophylactic use of sulfametoxazol/trimetrophrin
resulted in reduction in infection from gastrointestinal pathogens in patients
with prolonged neutropenia 100, this strategy appears complementary rather
than alternative to the use of hemopoietic growth factors. There is no proof
that prophylactic antibiotics may also prevent pseudomonas, staphylococcal,
fungal and viral infections. Furthermore, this practice may result in the
emergence of resistant bacterial strains.

3. AGE AND ANEMIA

The incidence and prevalence of anemia increase with age 14, 40,101.
The consequences of anemia are twofold: anemia may herald a serious
underlying disease, and anemia itself may have serious health consequences
including, death, functional dependence, dementia, cardiac failure, and
increased risk of complications of pharmacotherapy 7-10.

3.1 Definition of Anemia

The definition of anemia by the World Health Organization (WHO)
as hemoglobin levels of less than 13 g/dL in men and less than 12 g/dL in
women 40, may be outdated in view of new evidence. A Cohort study of
home dwelling women aged 65 and older, the Women’s Health and Aging
Study, showed hemoglobin levels below 13 gm/dl are independent risk
factors for mortality 13 and disability 17. A correlation between disability and
hemoglobin levels below 13gm/dl was also shown by a cohort Italian study
of healthy older individuals 16, whereas the EPESE study 15, and a cross-
sectional study of 3,946 New Englanders (102) showed that declining
hemoglobin is associated with declining function in home dwelling persons
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aged 70 and older. Prospective studies of cancer patients treated with
erythropoietin showed reduction in fatigue and improvement in energy levels
when hemoglobin levels rose above 12 g/dL 103-107.

3.2 Epidemiology of Anemia

The prevalence of anemia increases markedly after age 60 14, 40, 101, 102. Among
the residents of Olmsted County, Minnesota, USA, both prevalence and
incidence of anemia started rising by age 65 and rose more steeply after age
80 (Figure 2) 14, 108. Despite these findings, anemia cannot be considered a
common consequence of aging, as the average hemoglobin levels of older
individuals without serious conditions, remained stable between ages 60 -98,
according to longitudinal and cross-sectional studies 101, 102, 109, 112.
Seemingly, the increased prevalence of anemia reflects increased prevalence
of comorbidity and of functional decline. Given a more limited hemopoietic
reserve, older individuals may become more susceptible to anemia when
faced by hemopoietic stress, such as bleeding, myelosuppressive substances,
acute or chronic diseases 2, 113.

Figure 2. Age-related prevalence and incidence of Anemia in Olmstead County, Minnesota.

One should also remember that qualitative changes of hemopoiesis,
such as myelodysplasia, are more common with age 1,3.

The common causes of anemia in the elderly are shown in Table 3,
derived from an outpatient 14 and an “in hospital” 42 study. The high
prevalence of anemia of unknown causes, reported also by others 41 may
reflect inadequate diagnostic work up, early myelodysplasias and absolute or
relative erythropoietin deficiency. Absolute erythropoietin deficiency may
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result from some degree of renal insufficiency, progressively more
common with age 53. The construct of relative erythropoietin deficiency is
illustrated by the comparison of the erythropoietin response to anemia in
patients with iron deficiency and in those with chronic disease anemia 48-50,55,

62, 68, 114, 115 . While baseline erythropoietin levels are similar in the two groups
of patients for values of hemoglobin higher than 12 gm/dl, for anemic values
of hemoglobin, they are lower in anemia of chronic diseases. Impaired
erythropoietin secretion and reduced sensitivity to erythropoietin may both
contribute to relative erythropoietin deficiency in this condition.

Anemia of chronic disease is probably the most common form of
anemia in the elderly 14, 41,42, and is characterized by low serum iron, low or
normal TIBC, normal or high serum ferritin levels, and low concentrations of
soluble transferrin receptor 115-117.

Patients with this condition cannot mobilize and utilize iron, which is
stored in excess in the reticulo-endothelial system. The sensitivity to
erythropoietin is reduced in all forms of anemia of chronic diseases, but
varies from case to case. Anemia associated with rheumatoid arthritis
generally responds to lower doses of erythropoietin than that associated with
cancer,115 suggesting different pathogenesis. In the “cancer type” of anemia
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an earlier erythropoietic progenitor may be involved. In addition, red blood
cell survival is reduced 115. Clearly, older individuals appear at increased
risk for this form of anemia, due to increased concentration of catabolic
cytokines in the circulation, and decline in GFR, that together may conjure
relative erythropoietin insufficiency. While this hypothesis has not been
completely proved yet, it is clear that the production of erythropoietin in
response to anemia is inadequate in some older individuals 46-50.

Iron Deficiency Anemia is due to chronic blood loss whose
possibility should always be investigated. Especially among oldest
individuals a source of blood loss may not be found and the possibility of
inadequate iron absorption should be entertained 41,42,117

Figure 3. Pathogenesis of relative erythropoietin insufficiency

This appears particularly likely in individuals with lower iron stores, such as
women, vegans, and individuals who had experienced multiple bleeding
episodes earlier in life.
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Iron deficiency is documented by low serum ferritin levels, high
total iron binding capacity (TIBC) and transferrin levels, low transferrin
saturation, high concentration of free transferrin receptor, and absent bone
marrow iron stores 117.

Anemia of Renal Insufficiency is also likely in some older
individuals, given a progressive decline in GFR with age 53. As already
discussed in the case of anemia of chronic disease, renal insufficiency may
contribute to anemia, rather than being the only cause.

A deficiency in vitamin should be suspected in all elderly
individuals with circulating levels of cobalamine within the lower limits of
normal but equal to or lower than 300 pg/ml 118-120. In these cases elevated
circulating levels of methyl malonic acid or histidine, indicate deficiency
118. The prevalence of deficiency may be as high as 15% after age 60 and
is rarely due to pernicious anemia: in the majority of cases it results from
decreased digestion of food bind vitamin due to increased gastric pH and
reduced pepsin production 118-120. In the majority of elderly individuals B12
deficiency may be present in the absence of anemia, if folate levels are
normal and is manifested by neurological findings including peripheral
neuropathy, posterior column dysfunction and reduced cognition 120.

3.3 Clinical Implications of Anemia

At least five studies have shown that anemia is an independent risk
factor of mortality 11-14,121. Of these the report of Chaves et al is particularly
provocative 13 as the risk of mortality started increasing for hemoglobin
levels lower than 13.4 gm/dl among home dwelling women 65 and older.
Based on these data, the author proposed that the current definition of anemia
by the WHO be revisited. These authors also found the risk of dying
decreased 0.76 times for every increase of 1 g/dL in hemoglobin between 8
and 12 g/dL. Common complications of anemia are listed in Table 3.

The most common and disabling chronic symptom of cancer and
cancer treatment, 18, 86, 122 fatigue is particularly common after age 65 18. In
these subjects, it may lead to progressive functional decline, delayed cancer
treatment, suboptimal cancer control and substantial increase in the cost of
managing these patients 86 18, 122. Even in the absence of cancer anemia has
been associated with functional decline among older individuals 15-17. Of
special interest, in the study of Ferrucci et al, an inverse correlation between
hemoglobin and function was present also for hemoglobin levels above 12
gm/dl16.

In patients with chronic renal failure anemia was associated with
increased prevalence of congestive heart failure and coronary deaths, 123-126

neurologic symptoms and cognitive decline, 127-130 and correction of anemia



122 L.BALDUCCI ET AL

prevented or reversed these complications. A recent review of Medicare
patients admitted to a coronary care units showed that a hematocrit lower
than 33% (grossly corresponding to hemoglobin levels of 10 gm/dl) was
associated with enhanced risk of coronary deaths 126.

Anemia may increase the risk of adverse drug reaction, by a
reduction of percentage of drugs bound to red blood cells and increased
concentration of free drug in the circulation and by hypoxia that increases the
susceptibility of these tissues to therapeutic complications 131. In post-
operative hospitalized patients over 70, anemia was associated with
increased risk of delirium 130. At least four studies showed that the risk of
complications of cytotoxic chemotherapy, especially myelosuppression,
increases in the presence of anemia7-10.

3.4 Management of Anemia

Clearly anemia has a number of complications that may be particularly
deleterious to older individuals and appear preventable with the correction of
anemia. The treatment of underlying causes is the mainstay of management.
In some forms of anemia of chronic diseases such as cancer and rheumatoid
arthritis, correction of anemia resulted in improved quality of life and
function and possibly in improved survival 103-107. Ongoing studies explore
the treatment of all forms of anemia of chronic diseases with erythropoietin
in older individuals. It is tantalizing to hypothesize that the correction of
anemia may result in improved function, cognition, lesser co-morbidity and
possibly improved survival and active life-expectancy.

4. AGE AND THERAPEUTIC EFFECTIVENESS OF
HEMATOPOIETIC GROWTH FACTORS

The effectiveness of filgrastim, sarmograstin and erythropoietin in
therapeutic doses is well established in older individuals.

4.1 Myelopoietic Growth Factors

A number of studies documented the effectiveness of these
substances in older individuals. A retrospective study of the English
literature until 1991 demonstrated that the effectiveness of filgrastim and
sarmograstim was similar in individuals younger than 65 and those older 132.
In healthy volunteers aged 70 and older, filgrastim induced the same
increment in neutrophil count and neutrophil mitotic pool as seen in younger
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individuals 133. In four randomized controlled trials (Table 3), filgrastim
reduced the incidence of grade four neutropenia and neutropenic infections
for patients with large cell lymphoma aged 70 and older34, 39,134,135.

In Acute Myelogenous Leukemia both sargromostin and filgrastim
reduced the risk of neutropenic infections and the duration of neutropenia in
patients aged 60 and older 84, 136-139. From this review there is definitive
evidence of effectiveness for filgrastim, whereas the effectiveness of
sarmograstin is suggested only in AML. The recent introduction of PEG-
filgrastim requiring only one injection after chemotherapy appears
particularly beneficial to older individuals both in terms of convenience and
cost.

4.2 Erythropoietin
In patients of all ages, erythropoietin relieves anemia associated with

renal insufficiency, 140 anemia of chronic diseases 115, cancer- and
chemotherapy- related anemia 103-107. Prophylactic use of erythropoietin in
women receiving adjuvant chemotherapy for breast cancer reduced the risk
of anemia and fatigue in a randomized-controlled study 141. Improvement of
anemia was associated with improved energy levels in patients receiving
cytotoxic chemotherapy, and the highest incremental energy improvement
was obtained when hemoglobin rose from 11 to 13 gm/dl 105, 107.
Erythropoietin may be administered weekly 105, whereas the new
compound, darbepoietin may be administered every two or every three
weeks.

Of special interest, recent studies both in experimental animals and
in humans suggested that erythropoietin may protect the brain from
different forms of injuries, including ischemia, degenerative disease and
toxins (it is not clear whether this effect is independent from the correction of
anemia) 142.

Erythropoietin appears to hold a number of important promises in
the management of older patients with and without cancer, to be tested in
randomized controlled studies. These include improved function by reversing
anemia of chronic disease, prevention of fatigue and functional dependence
in older individuals receiving cancer chemotherapy with prophylactic
erythropoietin, and preservation of cognitive function in older individuals
treated with chemotherapy.
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4.3 Other Hemopoietic Cytokines

Data on the effectiveness of growth factors for megakaryocytes are
very limited. The activity of Interleukin-11 (oprevelkin) does not appear
age-related70. Clincal trials with recombinant megakaryocytic growth factors
are ongoing71.

4.4 Recommendations for the Treatment of Elderly Cancer Patients with
Hemopoietic Growth Factors

Clearly age is a risk factor for chemotherapy-induced myelotoxicity.
Based on the evidence reviewed so far it is reasonable to recommend that
Filgrastim or pegfilgrastim be used prophylacticly in older individuals
receiving moderately toxic chemotherapy (CHOP and CHOP-like regimens).
The hemoglobin of these patients should be maintained at levels of 12 gm/dl
or higher for the duration of chemotherapy.

These recommendations were originally formulated for individuals
aged 70 and over, 143 and were extended by the American Society of Clinical
Oncology to individuals aged 65 and older 144. Though these
recommendations appear to increase the cost of treatment the opposite may
well be true. Recent studies of cost-effectiveness demonstrated that the
prophylactic use of filgrastim reduces the overall cost of treatment when the
risk of neutropenic infection after the first course of treatment is 20% or
higher 145. This threshold is lower than the risk of neutropenic infections in
older lymphoma patients receiving CHOP 33-39, 81, 82. Furthermore, the
duration of hospitalization for neutropenic infection is 30% longer in persons
aged 65 and over, which implies a higher cost of managing this complication
and a higher cost-effectiveness for its prevention 38. Last but not least,
prolonged hospitalization is a risk factor for deconditioning in older
individuals, which may involve decreased treatment tolerance, prolonged and
costly rehabilitation as well as the need of costly home care and home
assistance.

The study of the cost of anemia is more complex, but it appears
reasonable to assume that the management of this complication should not
substantially affect the total cost of management for the following reasons:

A recent study demonstrated that the cost of a monthly treatment
with erythropoietin is comparable to the cost of two monthly blood
transfusions (145).
Among cancer patients the cost of fatigue is substantial (146).
Fatigue may reduce the working capacity of as many as 50% of the
cancer patients and 25% of their caregivers. Fatigue may precipitate
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functional dependence in older individuals (15-18,86), with two
costly consequences. First the patient may become incapacitated to
provide important money saving functions, such as caregiving for an
older spouse or for the grandchildren. Second, the patient
himself/herself may need a home caregiver as well as costly
rehabilitation.

5. CONCLUSIONS

Aging appears associated with a progressive reduction in
hemopoietic reserve due to exhaustion of pluripotent stem cells, increased
circulation of catabolic cytokines, and possibly alterations in the
microenvironment and in the production of hemopoietic growth factors. In
many respects hemopoiesis may reflect general age-related changes.
Whereas hemopoiesis is adequate to maintain the homeostasis of the
peripheral blood, it may fail in presence of hemopoietic stress. This event is
documented by increased incidence and prevalence of anemia with aging and
increased risk of mielodepression following cytotoxic chemotherapy.

In older individuals anemia is associated with increased risk of
death, cardiovascular diseases, pharmacologic complications, dementia and
functional dependence.

Filgrastim, pegfilgrastim, erythropoietin and darbepoietin are
effective in older individuals, may prevent complications of cytotoxic
chemotherapy, such as neutropenic infections and fatigue, and may lead to
cost savings.

The current ASCO guidelines recommend that prophylactic
filgrastim or pegfilgrastim be used in patients aged 65 and older who receive
moderately toxic chemotherapy and that the hemoglobin of these patients be
maintained at 12 gm/dl or higher.
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