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Background: Older individuals are at increased risk for myelosuppression, the most common complication of

cytotoxic chemotherapy. Causes include reduction in hemopoietic stem cell reserve, increased prevalence of

chronic diseases, and increased prevalence of anemia. Anemia is an independent risk factor for myelotoxicity,

in part because it decreases the volume of distribution of anthracyclines, epipodophyllotoxins, and taxanes and

increases the circulating concentration of free drugs.

Methods: The authors review the effects of aging on the hemopoietic system and the consequences of reduced

hemopoietic reserve on the safety and cost of chemotherapy.

Results: While it is unclear whether the responsiveness of hemopoietic progenitors to physiologic amounts of

growth factors is preserved in older individuals, pharmacological doses of these factors stimulate hemopoiesis

and mitigate myelosuppression. It is recommended that patients aged 70 and older receiving combination

chemotherapy of dose-intensity comparable to CHOP be routinely treated with myelopoietic growth factor.

The hemoglobin levels of these patients should be maintained at approximately 12 g/dL with erythropoietin.

This treatment may prevent costly complications such as neutropenic infections and functional dependence.

Conclusions: Alternative approaches to the prevention of hemopoietic complications may include more 

conservative use of growth factors (later initiation of treatment and earlier termination), prophylactic 

antibiotics in patients at risk for prolonged neutropenia, and biological treatment. Dose-reduction of 

chemotherapy may lead to inferior outcomes and is not recommended for patients with good functional status.

The cost effectiveness of treating

elderly cancer patients may

improve with appropriate

patient selection and with the

development of alternative 

treatment approaches.
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Introduction

Aging is associated with a progressive decline in
the functional reserve of multiple organ systems.1 This
functional restriction may enhance the susceptibility of
normal tissues to cytotoxic chemotherapy in older
patients.2,3 In this article, we explore the aging of the
hemopoietic system and the consequences of reduced
hemopoietic reserve on the safety and cost of cancer
chemotherapy.

Aging and Hemopoiesis

The safety of cytotoxic chemotherapy is predicat-
ed on a full and prompt recovery from hemopoietic
stress.2 This recovery may be compromised in the
elderly. Following a review of the fundamental ele-
ments of hemopoiesis, we examine the experimental
and clinical evidence suggesting age-related hemopoi-
etic alterations.

In the homeostasis process, the concentration of
circulating blood elements is maintained by a strict
balance of production and destruction (Fig 1).4

Hemopoiesis involves the commitment of pluripotent

hemopoietic stem cells (PHSC) into hemopoietic
progenitors and the differentiation of these progeni-
tors into the marrow precursors from which the
mature circulating blood elements are derived. The
PHSCs are unique in their ability to enter different
hemopoietic lineages, while the hemopoietic progeni-
tors may differentiate only into one lineage. Commit-
ment, differentiation, and maturation are modulated
by a number of cytokines and require an intact hemo-
poietic microenvironment. The function of the
microenvironment involves homing of PHSC and com-
mitted progenitors, as well as the production of some
of the cytokines that modulate growth and differenti-
ation. Thus, hemopoiesis can be disrupted by several
factors, including a decline in PHSC reserve, an imbal-
ance in the production of hemopoietic cytokines, a
decreased sensitivity of PHSC and hemopoietic prog-
enitors to the cytokines that modulate hemopoiesis,
and hemopoietic microenvironment alterations that
prevent homing. Fig 2 illustrates the consequences of
a critical reduction in PHSC reserve on the tolerance
of cytotoxic chemotherapy. PHSC and, to some
extent, the committed progenitors are sheltered from
destruction by cycle-active agents due to a low prolif-
erative rate.4,5 Also, PHSC expresses the multi-drug
resistance-1 (MDR-1) gene that encodes the P-glyco-
protein, the main effector of multidrug resistance. The
differentiated hemopoietic precursors of the bone
marrow are the main target of cycle-active drugs.2,3

The increased destruction of these elements by
chemotherapy induces increased differentiation of
committed progenitors and enhanced commitment of
PHSC. If the PHSC population is reduced to a level
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Fig 1. — Hemopoiesis.  As PHSC enters commitment and differentiation,
the population increases (darkness of the interior of the compartment), but
the self-replicating ability (darkness of the margins) declines.
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Fig 2. — Stem cell reserve and toxicity of chemotherapy.  Each figure con-
sists of three compartments:  a square that represents the total stem cell
population that is arbitrarily established at 100, a trapezoid that represents
the number of stem cells lost to commitment and differentiation, and a cir-
cle that represents the proliferative pool of the stem cells.  In condition of
homeostasis, for every 5 stem cells lost to commitment and differentiation,
5 stem cells enter the proliferative pools and regenerate the initial pool of
stem cells. This occurs when the stem cell reserve is intact as well as when
it is moderately depleted.  In conditions of stress, however, the demand for
commitment and differentiation may overcome the ability of a reduced
stem cell reserve to replicate itself, and marrow failure may ensue.
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barely sufficient to repopulate itself, hemopoietic fail-
ure will result from enhanced commitment of PHSC.

Aging and PHSC Reserve

Several studies suggest the concentration of PHSC
reduces with age. The ability to produce splenic
colony-forming units (CFU-S) that reflect the concen-
tration of PHSC was found to be decreased in older
rodents.5-7 During conditions of stress, such as isola-
tion, the marrow concentration of CFU-S declined in
older mice but not in younger mice.8 In the presence
of sublethal doses of Escherichia coli, older animals
experienced a progressive reduction in PHSC concen-
tration that did not occur in younger animals.9

Likewise, the concentration of committed hemo-
poietic progenitors and PHSC was reduced in the mar-
row of persons aged 65 and older with anemia but not
in younger persons.7 Also, the response of circulating
PHSC following an injection of granulocyte-
macrophage colony-stimulating factor (GM-CSF) was
reduced in individuals over 65 years of age compared
with younger individuals.10 A number of clinical find-
ings, including rising incidence and prevalence of ane-
mia with age,7,11 reduced reticulocyte response in older
anemic patients,12 increased mortality from infection in
the aged,13 and reduced concentration of hemopoietic
tissue with age14 indicate a decline in PHSC reserve.

Aging and Production of 
Hemopoietic Cytokines

Not surprisingly, information relating to the pro-
duction of hemopoietic cytokines with age is inconclu-
sive.7 The network of these cytokines has been only
partially clarified, and many of the stimuli that regulate
the production of these factors are still unknown. A
1984 French study suggested that the production of
GM-CSF from the circulating monocytes was reduced
after age 65.15 These results have not been reproduced,
and the study techniques may be obsolete. In some
cases of otherwise unexplained anemia in older individ-
uals, inadequate circulating levels of erythropoietin
were found.11 The possibility of kidney insufficiency
was not excluded, however, and in the majority of older
individuals, the production of erythropoietin appeared
adequate. Several studies have shown that the produc-
tion of interleukin 6 (IL-6)7,16 and tumor necrosis factor
(TNF)7 increased with age,both in experimental animals
and in humans. These cytokines inhibit hemopoiesis
and may be partly responsible for inadequate recovery
from hemopoietic stress. It is not clear whether the
increased concentration of these substances is a physio-
logical consequence of aging or a manifestation of com-
mon diseases associated with aging.

Aging and Sensitivity to
Hemopoietic Cytokines

The information related to this issue is limited and
circumstantial. The studies demonstrating decreased
tolerance of hemopoietic stress by older rodents and
older humans may also implicate reduced responsive-
ness of hemopoietic progenitors or PHSC to hemopoi-
etic cytokines.7-14

Some authors reported decreased erythropoietic
enhancement in vitro in older individuals following
indomethacin therapy, while others reported that the
same reticulocytic response was associated with high-
er circulating levels of erythropoietin in older anemic
individuals compared with their younger counter-
parts.11 These data are far from conclusive as the stud-
ies involved limited numbers of patients and were not
confirmed by other investigators.

Of clinical interest, the response to pharmacologi-
cal doses of G-CSF, GM-CSF17 and erythropoietin18

appears well maintained in older individuals.

Aging and Hemopoietic Microenvironment

One may infer that the ability of the hemopoietic
progenitors to home to the hemopoietic microenviron-
ment and PHSC declines with age from the result of
bone marrow transplantation.19 The risk of graft failure
in patients undergoing allogeneic bone marrow trans-
plantation increases with the age of the patient. No
other information is available to assess the influence of
age on the hemopoietic microenvironment.

In conclusion, the ability to tolerate hemopoietic
stress declines with age. This decline is highly individ-
ualized and may be due to comorbid conditions whose
prevalence increases with age. The mechanism of this
decline may involve reduced PHSC reserve and an
imbalance in the levels of circulating cytokines.

Aging and Chemotherapy-Induced 
Myelotoxicity

The myelotoxicity of chemotherapy in older indi-
viduals has been explored in several studies. In at least
five of these studies,20-24 no significant difference was
found in the incidence and severity of myelotoxicity
between patients over 65 or 70 years of age and
younger patients. Of special interest is the study of Gel-
man and Taylor,21 which showed the influence of
declining renal function on pharmacokinetics of cyto-
toxic drugs. These authors studied the effectiveness
and toxicity of the cyclophosphamide, methotrexate,
and fluorouracil regimen in women aged 65 and older
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compared with younger women. In the older patients,
the doses of methotrexate and cyclophosphamide
were adjusted to the patient’s glomerular filtration rate.
With this provision, the effectiveness of chemotherapy
was fully maintained,but the risk and severity of myelo-
suppression were lower among older women.

These studies are important because they demon-
strate that age between 70 and 80 years is not by itself a
contraindication to cytotoxic chemotherapy. It is inap-
propriate to draw more general conclusions from these
studies, however, for at least four reasons: (1) the elder-
ly patient population was highly selected, (2) patients
over 70 years of age represented only 10% of the study
population; if the participation of older individuals had
reflected the real prevalence of cancer in this age group,
individuals over age 70 should have accounted for 30%-
40% of the population, (3) the studies were conducted
by cooperative oncology groups or major cancer centers
and had exacting eligibility criteria, and (4) the number
of persons aged 80 and older was too small to draw any
meaningful conclusions for the oldest old. Many of the
treatment regimens had a lower risk of toxicity than
current chemotherapy regimens.

Several studies explored the treatment of non-
Hodgkin’s lymphoma in older individuals (Table 1).25-32

These studies demonstrated that the cyclophos-
phamide, doxorubicin, vincristine, and prednisone
(CHOP) regimen and CHOP-like regimens were associ-
ated with life-threatening neutropenia in more than
50% of patients, and the mortality related to therapeu-
tic complications varied between 5% and 30%. The risk
of neutropenia and neutropenic deaths was more pro-
nounced after 70 years of age.27,28

Of special interest is the study of Zinzani et al25

showing that a shortened course of chemotherapy may
be as effective as traditional CHOP in elderly patients,
but the risk of mortality was reduced. This study also
showed that the use of G-CSF reduced the risk of life-
threatening neutropenia by 50% and the risk of neu-
tropenic infections by 75%.

In a smaller number of patients, the efficacy of G-
CSF has also been demonstrated by Bertini and associ-
ates.30 The lymphoma studies that were targeted to the
older population appear to be more representative of
the diversity of this population and reveal that age is

Table 1. — Incidence of Neutropenia, Neutropenic Fever, and Treatment-Related Death Among Older Individuals With 
Non-Hodgkin’s Lymphoma Receiving CHOP and CHOP-like Chemotherapy

Authors Number Regimen Age Neutropenia Neutropenic Treatment-Related Growth 
of Patients  Fever  Deaths  Factor

Zinzani et al25 350 VNCOP-B 60+ 17% 8% - G-CSF
60+ 44% 32% 1.3% -

Sonneveld et al26 148 CHOP 60+ NR NR 14% -
CNOP 60+ NR NR 13% -

Gomez et al27 26 CHOP 60+ 24% 8% 0 GM-CSF
70+ 73% 42% 20% GM-CSF

Bastion et al28 444 CVP 70+ 9% 7% 12% -
CTVP 70+ 29% 13% 15% -

Tirelli et al29 119 VMP 70+ 50% 21% 7% -
CHOP 70+ 48% 21% 5% -

Bertini et al30 98 P-VEBEC 65+ 22% 4% 0 G-CSF
65+ 46% 9% 2% -

O’Reilly et al31 63 P/DOCE 65+ 50% 20% 8% -

Armitage and Potter32 20 CHOP 70+ NR NR 30% -

VNCOP-B = cyclophosphamide, mitoxantrone, vincristine, etoposide, bleomycin, prednisone
CHOP = cyclophosphamide, doxorubicin, vincristine, prednisone
CNOP = cyclophosphamide, mitoxantrone, vincristine, prednisone
CVP = cyclophosphamide, teniposide, prednisone
CTVP = cyclophosphamide, teniposide, prednisone, pirarubicin
VMP = etoposide, mitoxantrone, prednimustine
P-VEBEC = epirubicin, cyclophosphamide, etoposide, vinblastine, bleomycin, prednisone
P/DOCE = epirubicin or doxorubicin, vincristine, cyclophosphamide, etoposide, prednisone
G-CSF = granulocyte colony-stimulating factor
GM-CSF = granulocyte-macrophage colony-stimulating factor
NR = not reported
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associated with an increased risk of myelosuppression
by moderately toxic forms of chemotherapy. The com-
bination of cyclophosphamide and doxorubicin or
cyclophosphamide and epirubicin — commonly used
in breast cancer — has a dose intensity comparable to
that of CHOP. It is reasonable to expect severe neu-
tropenia in the majority of older women treated with
these regimens.

Similar findings of the benefits of hemopoietic
growth factors and of prolonged and more severe
myelosuppression have been reported for older
patients with acute myelogenous leukemia.33-37 How-
ever, the disease itself might have compromised the
hemopoietic reserve of the patient. The involvement of
PHSC by the leukemic process is common in patients
over 60 years of age.37

The lymphoma studies showed that the risk of
severe thrombocytopenia increases with age but not to
the same extent as the risk of neutropenia.26-32 Unfortu-
nately, no information is available on the risk of anemia
following chemotherapy. At the time that many of these
studies were conducted, the affect of anemia on the
quality of life of cancer patients was not yet considered.

The only guidelines relating to anemia required
blood transfusions for hemoglobin levels of <8 g/dL in
the absence of coronary artery disease and 10 g/dL in
the presence of coronary artery disease to prevent
myocardial ischemia. Today, however, anemia appears
to be a more critical parameter. It is associated with a
decline in quality of life and energy levels. The optimal
levels of energy occur at hemoglobin levels between 11
and 13 g/dL.38,39 Adequate energy levels may support
the independence of older individuals. Loss of inde-
pendence may result in deterioration of quality of life,
inability to receive further treatment, and expensive
home care or institutionalization. Also, anemia may be
associated with enhanced toxicity of cytotoxic
chemotherapy because many agents are tightly bound
to red blood cells. In the presence of anemia, the con-
centration of free drug in the circulation and the toxic-
ity may increase.40-42 In addition, anemia may cause a
number of complications in the care of the older per-
sons, including postoperative delirium.43

Based on these findings, the National Cancer Cen-
ter Network (NCCN) panel for the development of
guidelines on management of cancer in the older per-
son has proposed a series of recommendations to ame-
liorate the toxicity of chemotherapy in the older-aged
person (Table 2).44

The prophylactic use of growth factors is recom-
mended in view of the early mortality observed in

older individuals who are treated with CHOP or
CHOP-like regimens. Maintaining hemoglobin levels at
approximately 12 g/dL is suggested to prevent the
complications of anemia and life-threatening neu-
tropenia. Dose adjustment of renally excreted drugs is
recommended for those patients who are at risk for
chemotherapy-related toxicity due to factors other
than age. These include patients who are dependent
on assistance in one or more instrumental activities of
daily living (using transportation and the telephone,
providing one’s meals, managing money, shopping, tak-
ing medications), those with severe comorbid medical
conditions, and the oldest of the elderly (85 years of
age and older).2,44,45

Due to increased risk of complications and height-
ened need of supportive care, the cost of using cyto-
toxic chemotherapy appears to be higher for the older
cancer patient than for the younger cancer patient. The
increased total cost of treatment, combined with a
decline in life-expectancy and therapeutic response,
may render cytotoxic chemotherapy less cost-effective
in the older person. Whereas it is generally considered
unethical to deny life-saving treatment to a person
because of age, it is legitimate to explore strategies that
minimize the treatment costs without compromising
effectiveness.

Cost Implications of Declining 
Hemopoietic Reserve in the 
Older Cancer Patient

Any study of cost-related issues must acknowledge
the limitations in assessing cost. These include the
inability to dissect cost and price of a substance or ser-
vice and the lack of a precise frame of reference to
assess cost.

Inability to Dissect Cost and Price

Price is the amount of money charged to cus-
tomers for goods or services and includes the profit of
one or more intermediaries. The price of a drug often

Use hemopoietic growth factors (G-CSF or GM-CSF) in patients 
aged 70+ who receive combination chemotherapy of dose/intensity
equivalent to CHOP.

Maintain hemoglobin levels at ≥12 g/dL with erythropoietin.

Consider adjusting the dose of renally excreted drugs according to 
the predicted glomerular filtration rate.

Table 2. — Proposed National Cancer Center Network (NCCN) 
Guidelines to Ameliorate the Risk of Myelosuppression 

From Cytotoxic Chemotherapy in Older Persons With Cancer
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reflects serial price increases, such as gross price and
retail price. The cost is the amount of money necessary
to produce, distribute, and administer a certain drug or
service. Price is negotiable according to the law of the
market down to the point of zero profit. Cost is not
negotiable, unless a provider is willing to take a loss.

Cost has at least three components: direct, indi-
rect, and intangible. Direct costs are the costs of spe-
cific products or services. For patients receiving
chemotherapy for cancer, direct costs involve not only
the cost of the drug, but also the cost of administering
the drug and managing treatment complications. Indi-
rect costs are those costs incurred by the patient and
the patient’s family in order to obtain the chemothera-
py treatments, including the cost of employment
missed due to the disease and the treatment, the cost of
transportation to and from the treating center, the cost
to the patient’s or caregiver’s employer, and the cost of
child care or home care necessitated by the patient
treatment. Intangible cost includes more far-reaching
consequences of the disease, such as the costs of psy-
chiatric help or marital counseling for a family member
caring for an older person.

The assessment of direct cost is far from precise.
For example, the cost of research and development and
production of a medication may be estimated, but the
cost of the training of scientists, technicians, and mar-
keting professionals involved in the production is
impossible to estimate with precision. Estimating indi-
rect and intangible costs is even more problematic.

Lack of a Precise Frame of 
Reference to Assess Cost

The perspective of a health maintenance organiza-
tion (HMO) may differ from the patient’s perspective.
For example, corporate profits may be enhanced and
personal finances devastated by limiting the hospital-
ization time of a dependent patient.

For the purpose of this discussion, we will assume
that cost is an absolute entity, ie, that the care of each
patient has objective minimum cost below which opti-
mal care cannot be provided. Our goal is to establish
which treatment strategy is more effective in minimiz-
ing this total cost, not to establish whether the strategy
will reduce the burden of a specific payor (eg, patient,
private insurance, HMO).

To estimate different costs, we referred to current
charges in a given area, on the unproven assumption
that the margin of profit is the same for each substance
and service. We examined two practical situations
based on the NCCN guidelines: the prophylactic use of

hemopoietic growth factors and the maintenance of
hemoglobin levels close to 12 g/dL.

Prophylactic Use of 
Hemopoietic Growth Factors

This recommendation was based on the evaluation
of the lymphoma data (Table 1) indicating that neu-
tropenia may be fatal for a number of patients aged 70
years or more. While life-saving considerations should
supersede cost considerations, it is important to deter-
mine if this treatment strategy involves a substantial
increment in cost. Our opinion is that it does not. The
current guidelines of the American Society of Clinical
Oncology (ASCO)46 recommend that hemopoietic
growth factors be used prophylactically in patients
who have a risk of 40% or higher of neutropenic infec-
tions. These recommendations are based, in part,on the
study of Lyman et al47 showing that hemopoietic
growth factors reduced total costs above the threshold
risk of hospitalization. This study was derived from the
experience of patients with limited-disease small-cell
lung cancer treated with the combination of cyclophos-
phamide, doxorubicin, and vincristine. Thus, according
to the guidelines, the use of hemopoietic growth fac-
tors would increase the cost of managing older patients
with cancer. This conclusion should be tempered by
the following considerations:

•  The cost assessment by Lyman and colleagues47

considered only direct hospital costs at that time, and
an average length of hospitalization which may be
unrealistically low for older individuals.

•  In the original study of Lyman et al,47 the direct
cost of hospitalication utilized was $1,000 per day.
Updated hospitalization cost information including
indirect institutional costs indicates that actual costs for
hospitalization are at least 75% greater than those orig-
inally estimated, although the cost of hemopoeitic
growth factors has not changed.48

•  A number of older individuals die as a conse-
quence of neutropenic infections. A recent study of
risk factors for medical complications including death
during episodes of febrile neutropenia indicates that
increased age is a significant independent risk factor for
such complications.49

When current hospitalization costs are taken into
account, the threshold for neutropenic fever at which
the prophylactic use of growth factors becomes cost
effective is approximately 30%, which is in the range of
neutropenic fever for patients aged 70 years or more
who are treated with CHOP-like combinations of
chemotherapy.48
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Maintenance of Hemoglobin Levels

Using erythropoietin to maintain hemoglobin lev-
els ≥ 12 g/dL is an expensive strategy. However, not
using erythropoietin may have even more expensive
consequences including:

•  Increased use of red blood cell transfusions.
Administering red blood cells for hemoglobin levels of
≤8 g/dL in patients without coronary artery disease 
and ≤ 10 g/dL in those with coronary artery disease is
approximately half the cost of using erythropoietin to
maintain the same hemoglobin levels.50 This is a con-
servative estimate, however, that does not consider the
cost of short- and long-term complications of blood
transfusions.

•  Increased risk of neutropenic fever and related
costs. In the study by Pierelli et al,40 patients receiving
high-dose chemotherapy treated with a combination of
G-CSF and erythropoietin had a 4% incidence rate of
grade 4 neutropenia compared with a 47% incidence
rate for those treated with G-CSF alone. In addition,
anemia was found to be an independent risk factor for
chemotherapy-induced myelosuppression.41,42

•  Increased risk of functional dependence. In a
population of general oncology patients, most of whom
were younger than age 65, the Fatigue Coalition report-
ed that fatigue was the most common chronic com-
plaint among patients after receiving cytotoxic
chemotherapy.51 Fatigue led to the retirement of
approximately one fourth of the patients and a reduc-
tion of working capacity in approximately half. Fatigue
also generated a severe burden for caregivers; approxi-
mately 40% undertook a less demanding job, and 15%
quit working. It is reasonable to infer that fatigue may
be even more devastating in older individuals, whose
functional reserve is reduced. In many cases, fatigue
may precipitate functional dependence, mandating
around-the-clock home care or even institutionalization.

From these considerations, it is reasonable to pro-
pose that the cost of erythropoietin be compared with
the cost of anemia in older cancer patients.

Cost Management

Faced with a mounting epidemic of cancer in the
older population, it is necessary to plan strategies 
that consider the cost of managing these patients. Our
professional and societal ethics do not allow restric-
tion of care to older individuals as a form of cost man-
agement. The question, then, is how to provide the
best care at a reduced cost. A number of alternative 

approaches to the current use of growth factors may
be reasonably tested:

Shorter duration of cytotoxic chemotherapy — 
In 390 patients aged 65 or older, Zinzani and col-
leagues25 reported that 6 weeks of treatment with
cyclophosphamide, mitoxantrone, vincristine, etopo-
side, bleomycin, and prednisone (VNCOP-B) produced
results comparable to 18 weeks of CHOP in patients
with large-cell lymphoma. A reduction in dose intensi-
ty does not appear to be advisable because it has 
been associated with poorer results in large-cell 
lymphoma.26,28,29

Late initiation of the treatment with hemopoi-
etic growth factors — Currently, treatment with
hemopoietic growth factors is frequently instituted the
day after chemotherapy and lasts until the absolute
neutrophil count is approximately 10,000/µL. Since
the nadir of neutrophils occurs at 7-10 days after
chemotherapy treatment, it may be reasonable to delay
the initiation of hemopoietic growth factors by 3 or 4
days. Also, since the neutrophil count drops by approx-
imately 60% when growth factors are discontinued, it
may be reasonable to stop the treatment for a neu-
trophil count at approximately 3,500/µL. This
approach could be compared to the current practice of
initiating treatment with growth factors on the day
after termination of chemotherapy and continuing the
treatment until the neutrophil count is higher than
10,000/µL.

The use of prophylactic antibiotics such as
trimethoprim/sulfamethoxazole or quinolones
— These agents may prevent infections from intestinal
Gram-negative organisms and should be compared
with the use of hemopoietic growth factors in terms of
effectiveness and cost.13

New developments in cancer treatment —
These approaches (eg, monoclonal antibodies, antian-
giogenesis factors, farnesyl-transferase inhibitors) may
reduce the risk of myelosuppression and the need for
hemopoietic growth factors and erythropoietin.

Development of slow-release preparation of
growth factors, including the pegylated form of
G-CSF, currently undergoing clinical trials —
These preparations reduce the cost of administration
and travel to the clinic.

Proper selection of patients as candidates
for cytotoxic treatment — A comprehensive geri-
atric assessment45 may be helpful to identify different
categories of patients for whom different therapeutic
approaches are indicated.52 These categories include
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independent patients without serious comorbidity for
whom treatment with full-dose chemotherapy is indi-
cated, frail patients who have exhausted their function-
al reserve and generally are not candidates for any form
of cytotoxic treatment,53 and those who fall between
these extremes, representing the majority of patients
over 80 years of age. This population includes patients
with some severe comorbidities as well as those who
are dependent in some instrumental activities of daily
living (eg, using transportation, managing money, and
taking medications). They are still candidates for cyto-
toxic chemotherapy but are at increased risk of com-
plications. Also, a number of laboratory data may be
used to predict the risk of myelotoxicity, including
hemoglobin levels43 and urine nitrogen.54 The applica-
bility of these parameters to older individuals needs
further study.

Conclusions

The decline in hemopoietic reserve in older indi-
viduals increases their susceptibility to hemopoietic
stress, including cytotoxic chemotherapy. The use of
colony-stimulating factors and erythropoietin may
reduce the mortality and morbidity of myelosuppres-
sion in older patients who receive chemotherapy.

The cost of treating older persons with cancer
appears to be higher than the cost of treating younger
individuals, but the use of hemopoietic growth factors
does not appear to substantially increase the cost of
treatment. The cost effectiveness of managing older
persons with cancer may improve with proper patient
selection and with exploration of alternative treatment
strategies.
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