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Summary 
The Hematopoietic System is subject to the aging process. This translates in a blunted response to Hematopoietic 

stress in the elderly population. The clinical use of Hematopoietic growth factors (HGFs) has helped transform the 

care of the elderly cancer patient. The indications for the use of hematopoietic growth factors in the elderly 

population are no different from the general population. In fact, given the increased susceptibility of the elderly 

cancer patient to treatment related morbidity and mortality, there may be even more compelling reason for the use 

of growth factors, to obviate complications of myelosuppression. We review the biology of aging and hematopoiesis, 

and the indications for the use of HGFs in the elderly. 

 

 

I. Introduction 
Senescence of the lympho-hematopoietic system is 

associated with an increased incidence of neoplasia, 
autoimmune diseases and infections (Ben-Yehuda and 
Weksler, 1992). In fact, cancer and infections constitute 
the top two causes of mortality in the population over 65 
years (Saltzman and Peterson, 1987!Ben-Yehuda and 

Weksler, 1992). Myelosuppression, either in the context of 
cancer chemotherapy or as a consequence of severe 
infections, is a particularly vexing problem in the elderly 
(Begg and Carbone, 1983). Pancytopenia is a common 
manifestation of myelosuppression and negatively impacts 
the prognosis in elderly patients with cancer by i) 
increasing infection and bleeding-related morbidity, and ii) 
preventing the administration of optimal dosages of 

chemotherapy. Although the physiologic basis of this 
blunted hematopoietic response remains unclear (Baldwin 
Jr, 1988; Lipschitz et al, 1984), recent insights into the 
biology of hematopoiesis, together with the availability in 
the clinic of a number of hematopoietic growth factors 
(HGFs), has helped transform the care of the elderly 

cancer patient. In this review, we will discuss: 1) the 
biology of aging and hematopoiesis, and 2) indications for 
the use of HGFs in the elderly. 

 

II. Hematopoiesis and aging 
The orderly development of the hematopoietic 

system and the maintenance of homeostasis require that a 
strict balance be maintained between self-renewal, 
differentiation, maturation, and cell loss (Metcalf, 1988). 
Thus a small pool of stem cells can either self-renew or 
differentiate along one of several lineages to form mature 

leukocytes (PMNs), erythrocytes or platelets. One of the 
major questions with regard to the aging hematopoietic 
system is whether or not the pluripotent hematopoietic 
stem cell (HSC) has a finite replicative capacity. Evidence 
for a finite replicative capacity of the stem cell has been 
obtained both in in vitro long-term bone marrow (BM) 
cultures (Reincke et al, 1982), as well as in an elegant in 

vivo mouse model, where repeated total body irradiation 

was eventually able to induce hematopoietic exhaustion 
(Mauch et al, 1982). Thus, although finite, the lifespan of 
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HSCs, is thought to be well in excess of the potential life 
span of a species. 

In humans, marrow progenitors can be enriched on 
the basis of surface markers expressed at sequential stages 
of maturation. Thus CD33 is found on most cells of the 

myeloid lineage in the marrow, and CD34 is expressed 
only by more primitive progenitors (1%-4% of the marrow 
cells). Precursors of myeloid colony-forming cells (pre-
CFC) express CD34 and lack expression of CD33 and 
other antigens expressed by mature lymphoid and myeloid 
cells. Since CD34+ marrow cells can engraft and 
reconstitute hematopoiesis in lethally irradiated baboons 
and humans (Berenson et al, 1988, 1991), surface 

expression of CD34 on marrow and circulating cells, 
serves as a surrogate for stem cell function. 

Recent studies in murine and human models, 
however, have indicated that CD34(-) HSC exist as well, 
which possess engraftment potential and distinct HSC 
characteristics. These studies challenge the dogma that 
HSC are uniformly found in the CD34(+) subset, and 
question whether primitive HSC are CD34(+) or CD34(-). 
The question of whether HSCs are CD34+ or CD34- 

remains unanswered (Engelhardt et al, 2002). 
The aging process primarily affects stimulus-driven 

hematopoiesis, with little or no impact on the basal state 
(Baldwin Jr, 1988). The blunted hematopoietic response to 
stress has been ascribed to age-related deficits in marrow 
progenitor cell numbers, changes in the marrow 
microenvironment, decreased production of regulatory 
growth factors, or a combination of these mechanisms 
(Hirota et al, 1988; Lee et al, 1989). However, in a number 

of areas the data are conflicting. This is partly due to 
tremendous heterogeneity of the aging process and partly a 
result of the difficulty in separating the effects of age per 
se from the effects of occult diseases (Pinto et al, 2003). 
Data from inbred aging animals reveal consistent age-
related defects, but human studies tend to show more 
variable results. 

 

III. Aging and Hematopoietic Growth 

Factors 
Proliferation and differentiation of progenitor cells to 

become mature blood cells requires intimate contact 
between stem cells, stromal cells and the extracellular 
matrix, and is mediated by the (HGFs) (Clark and Kamen, 
1987; Metcalf, 1988; Bagby and Segal, 1995). The HGFs, 
on the basis of their action, are characterized either as 
multi-lineage hematopoietins, e.g., stem cell factor (SCF) 
(Williams et al, 1990; Broudy, 1997) or as lineage-

restricted hematopoietins, e.g., granulocyte colony-
stimulating factor (G-CSF), macrophage colony-
stimulating factor (M-CSF), erythropoietin (EPO), and 
thrombopoietin (TPO) (Kaushansky et al, 1994; Spivak, 
1998). In addition to the above growth factors, lympho-
hematopoiesis is modulated by an ever-expanding list of 
other cytokines, i.e., the interleukins. 

Age-related deficits tend to be subtle and are of 
clinical import either when present cumulatively or under 

conditions of hematopoietic stress (Baldwin Jr, 1988; 
Pinto et al, 2003). Relatively few studies have specifically 
addressed the use of growth factors in the elderly 

population. In a comprehensive review of the growth 
factor literature between 1987-1991, Shank Jr and 
Balducci, reported in 1992 that there was no age-related 
difference either in the mean time to response or in the 
level of absolute hematopoietic response at different doses 

of the growth factors in cancer clinical trials. In a 
prospective randomized study, the effects of recombinant 
human G-CSF (rhG-CSF) on the blood and marrow in 19 
young and 19 healthy elderly volunteers were also 
evaluated (Chatta et al, 1994). No age-related 
compromise, either in the magnitude or in the timing of 
the PMN response to rhG-CSF, was found. PMN 
activation, both via opsonin receptor-dependent and 

receptor-independent pathways, was preserved with aging, 
and PMN kinetics were identical in the young and the 
elderly. Thus, the indications for the use of hematopoietic 
growth factors in the elderly population are no different 
from the general population and are briefly summarized 
(Table 1) (Repetto et al, 2003; Smith et al, 2006). In fact, 
given the increased susceptibility of the elderly cancer 
patient to treatment related morbidity and mortality, there 
may be even more compelling reason for the use of growth 

factors, to obviate complications of myelosuppression. 
Currently, of the various hematopoietic growth factors 
available clinically, the following may have special 
relevance for use in the elderly: 

 

A. Granulocyte colony stimulating factor 

(Smith et al, 2006) 
G-CSF is a 24kD glycoprotein promoting the growth 

and maturation of myeloid cells and in particular, the 
proliferation and differentiation of neutrophil progenitors 
both in vitro and in vivo (Demetri and Griffin, 1991; 
Lieschke and Burgess, 1992a,b). There are two 
recombinant forms of G-CSF currently available. 
Filgrastim (Neupogen®) is a non glycosylated, smaller 
molecule than its endogeneous counterpart, but has the 

same biological activity (Osslund and Boone, 1994). 
Pegfilgrastim (Neulasta!) is pegylated formulation of G-

CSF, allowing for an increased plasma half-life permitting 
once a chemotherapy cycle (every 14 to 21 days) 
administration as opposed to daily administration with 
non-pegylated G-CSF. Pegfilgrastim has shown a 
comparable safety and efficacy profile to filgrastim in 
three randomized clinical trials (Holmes et al, 2002; Green 

et al, 2003; Vose et al, 2003). Current indications for the 
use of G-CSF include: 

 

1. Treatment of chemotherapy-related 

neutropenia 
Crawford and coleagues in 1991 and Trillet-Lenoir 

and coleagues in 1993 were among the first to show that in 
patients receiving chemotherapy for lung cancer, 
concurrent administration of G-CSF (5 µg/kg/day) reduced 
the duration of neutropenia, decreased the incidence of 
febrile neutropenia, infections, antibiotic use, and 
hospitalization by approximately 50%. The current 2006 

American Society of Clinical Oncology (ASCO) 
guidelines suggest reserving primary prophylaxis (ie, the 
use of hematopoetic growth factors with the first cycle and 
all subsequent cycles of chemotherapy) with HGF’s
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Table 1. Growth Factors in the Elderly 

 
Growth Factor Dosage and Administration Indications 

1-Granulocyte Colony- 

stimulating factor(G-CSF): 

 

1-Filgrastim(Neupogen!) 

 

 

 

 

 

 

 

 

 

 

 

 

2-Pegfilgrastim(Neulasta!): 

 

 

 

 

- Neutropenia: 

- 5mcg/kg/d sc (rounded to the nearest vial 

size), starting 24 to 72 hours after stopping 

hemotherapy and continuing until ANC > 

1000 (shorter durations have been 

suggested) 

- PBSCT mobilization 10mcg/kd/d or 5-

8mcg/kg/ bid have been used. Optimal 

duration and timing not established.  

 

 

- Neutropenia: 

- 6mg sc once per cycle (minimal 2 weeks 

between doses) 

- PBSCT mobilization: 

 Ongoing studies. 

 

 

 

 

 

 

 

 

 

 

• Chemotherapy related  

neutropenia 

• Chronic and drug  

induced neutropenia 

• Peripheral blood  stem 

cell transplantation 

• Myelodysplasia 

Growth Factor Dosage and Administration Indications 

2-Erythropoietin( EPO) : 

1-RhEpo (Procrit!): 

 

 

2-Darbepoetin (Aranesp!): 

 

150 units/kg sc/IV three times weekly or 

40,000-60,000 units weekly 

 

2.25 mcg/kg sc/IV weekly or 500mcg sc/IV 

every three weeks 

 

• Renal disease with 

anemia 

• Anemia in cancer 

patients 

• Myelodysplasia 

3-Granulocyte-Macrophage 

Colony-stimulating factor (GM-

CSF): 

Sargramostim (Leukine!): 

 

 

 

 

250-500 mcg/kd/d sc/IV (rounded to the 

nearest vial size), starting 24 to 72 hours 

after stopping chemotherapy and continuing 

until ANC > 1500/microL for two 

consecutive days. 

 

 

 

• As for G-CSF 

 

• Vaccine adjuvant 

 

 

 
 
administration for: a) high risk patients with an expected 
incidence of febrile neutropenia of 20%; b) patients at 
risk of increased complications from prolonged 
neutropenia (ie, elderly, poor performance status); and c) 
patients receiving dose dense chemotherapy (Smith et al, 

2006). This is a change from ASCO’s previous published 
guidelines which used a 40% incidence of febrile 
neutropenia as the trigger for primary prophylaxis (Vogel 
et al, 2005; Smith et al, 2006). In regards to patients at 
greater risk of complications due to prolonged 
neutropenia, aging (> 60-70yo) has been shown to be an 
independent risk factor for development of febrile 
neutropenia (Dees et al, 1984; Crivellari et al, 2000; 
Gelman and Taylor, 2004; Kim et al, 2007), as well as 

incurring a higher mortality rate from the complications of 
neutropenic infections (Armitage and Potter, 2003; 
Doordujn et al, 2007; Gomez et al, 2007). Moreover, in 
two large retrospective reviews of lymphoma and breast 
cancer, age > 60-65 yo was an independent predictor of 
receiving less than 85% relative dose intensity (RDI-

defined as the delivered dose intensity over the standard 
dose intensity multiplied by 100) (Lyman et al, 2003; 
2006). Thus, these studies have shown elderly cohorts to 
receive either lower doses or the same dose over a longer 
period of time than their younger counterparts. The 

significance of these dose reductions and delays, at least in 
the lymphoma and breast cancer populations, has been 
relevant reductions in overall survival (Kwak et al, 1990; 
Bonadonna et al, 1995). Based on these data, the latest 
ASCO guidelines have added recommendations for the use 
of HGF’s in older patients. The recommendation includes 
the use of primary prophylaxis with HGF’s in patients 
with lymphoma over the age of 65 receiving 
chemotherapy with a curative intent, regardless of the 

threshold risk of neutropenia based on the individual 
regimen used. The guidelines also comment on the 
practice of dose reducing or delaying in this population of 
lymphoma patients, stating this practice is no longer 
recommended. Instead the use of HGF’s to maintain dose 
intensity (giving the planned dose at the planned time 
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interval), is a more reasonable strategy even in elderly 
patients receiving moderate-low myelosuppressive 
chemotherapy regimens. 

 

2. Mobilization of PBSC for hematopoietic 

reconstitution (Fennelly et al, 1994; Tricot et al, 

1995) 
The use of G-CSF for the purpose of mobilizing stem 

cells into peripheral blood for subsequent use in 
autologous bone marrow transplantation is now 

established. In the elderly, hematopoietic support with 
PBSC may prove useful in the setting of high-dose 
chemotherapy for cancers resistant to standard 
chemotherapy, i.e., multiple myeloma and non-hodgkin's 
lymphoma. The dose of G-CSF for mobilizing PBSC 
ranges between 10-30 µg/kg/day. A study analyzed 150 
patients with AML comparind CD34+ cells mobilization 
in patients older or younger than age 60. The successful 

mobilization rate (>2 x 10(6) CD34+ cells/kg) was 
comparable between the two groups (87% vs. 80%, p = 
0.29). In addition, no statistically significant difference 
was found in terms of either median number of CD34+ 
cells collected (Ferrara et al, 2007). 

 
3. In hematological malignancis (Rowe et al, 

1991; Dombret et al, 1994; Hiddemann et al, 1995; 

Stone et al, 2004) 
Because of the presence of growth factor receptors 

on malignant myeloid cells, exacerbation of the underlying 
leukemia is a concern. However, in a number of studies, 
where G-CSF was used in the setting of myelodysplasia 
and acute myeloid leukemia (AML), there was no 
evidence of tumor stimulation. Most cases of AML occur 
in patients over the age of 60 years, usually in the setting 
of complex and unfavorable cytogenetic abnormalities. 

Compared with younger patients, the elderly have a lower 
response rate to induction therapy, a reduced probability of 
remaining in remission, and a lower cure rate. 
Furthermore, mortality in the cytopenic phase of treatment 
is also in the order of 30-40% in the elderly. The 
experience of three multi-center clinical trials using either 
G-CSF or GM-CSF in elderly patients with AML has been 
reported. The results of these studies are conflicting, and at 
this point no firm recommendations can be made. 

However, stimulation of the leukemic clone was not noted 
with either of the growth factors. 

 

B. Granulocyte-macrophage colony-

stimulating factor (GM-CSF) (Rowe et al, 

1991; Nemunaitis et al, 2002; Witz et al, 2004) 
GM-CSF, is a glycosylated peptide of 22kD, which 

has a broader range of cellular targets than G-CSF. The 
two forms of recombinant human GM-CSF currently in 

use are sargramostim(Leukine®), and molgramostim (non-
glycosylated or E coli -derived). The effects of GM-CSF 
both in causing neutrophilia and in mobilizing PBSC are 
very similar to those of G-CSF. GM-CSF was first 
reported to enhance marrow recovery in the setting of 
autologous marrow transplantation for lymphoid 
malignancies. Currently GM-CSF is approved for use in 

AML in the elderly. The use of GM-CSF as a vaccine 
adjuvant, in particular its ability to recruit dendritic cells to 
the site of injection is under investigation. 

 

D. Erythropoietin (Rizzo et al, 1993; 

Spivak, 1998) 
EPO has been in clinical use since 1985 for patients 

with end stage renal disease (ESRD). Erythropoiesis can 
be stimulated by exogenous administration of two FDA 
approved agents: the recombinant human erythropoietin 
(Epogen®or Procrit®), and darbepoetin alfa (Aranesp®). 

The latter is more heavily glycosylated and longer acting 
than the former. In the elderly, EPO may be indicated 
under the following circumstances: 

 

1. ESRD on dialysis (Paganini and Miller, 

1993; Locatelli et al, 2001) 
The usual dose of EPO is 75-100 U/kg; administered 

three times per week during the last 5 minutes of dialysis. 
On this dose, 95% of patients reach the target hemoglobin 
(> 11gm% and < 12 gm%) in 10-12 weeks, have marked 
reduction in transfusion dependency, and have beneficial 

cardiac, neurovascular, immunologic, and psychosocial 
effects. For a normal response to EPO, the patient must 
have adequate iron stores and red cell folate. Although 
EPO is well tolerated, dialysis patients on EPO have a 
higher risk of hypertension, seizures, cerebrovascular 
disease, and thrombo-embolic episodes. Since the elderly 
are more prone to all the above diseases, older patients on 
EPO need to be monitored closely. The less frequent 
darbepoetin alfa dosing schedule of once weekly or once 

every two weeks, with the possibility of monthly dosing in 
some patients, offers many potential benefits to both 
patients and caregivers. 

 

2. Anemia in cancer patients (Spivak, 2001, 

2005) 
Anemia is a common finding in patients with cancer. 

Usually it is multifactorial, being related to chronic 
disease, as well as cancer progression (marrow 
involvement) and cancer treatment (chemotherapy). 
Multiple studies have shown that patients with a 
hemoglobin (Hgb) level of 11 gm% benefit from epoetin 

therapy: they require fewer blood transfusions and have an 
enhanced sense of well-being. However Hgb levels 
consistently > 12 gm%, have been associated with 
vascular side-effects and a shorter life expectancy. More 
recent data on the effects of recombinant human 
erythropoietin and darbepoetin and tumor progression and 
thrombosis (Henke et al, 2003; Leyland-Jones et al, 2005; 
Bohlius et al, 2006; Wright et al, 2007; Unpublished 
results of the DAHANCA 10 Trial, 2007), have lead to 

changes in the guidelines from the American Society of 
Clinical Oncology and the American Society of 
Hematology. This data clearly shows that targeting Hb 
concentrations of greater than 12 gm/dl increases the risk 
of thromboembolic events and potentially stimulates 
tumor growth. At this point, no conclusive evidence exists 
that these potential deleterious effects occur if current 
ASCO/ASH and FDA-approved dosing guidelines and 
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modifications are followed. The guidelines recommend use 
of epoetin as a treatment option for patients with 
chemotherapy-associated anemia with a Hgb concentration 
at or below 10 gm%. Subcutaneous epoetin can be used 
thrice weekly (150 IU/kg) for a minimum of 4 weeks. 

Alternatively, a weekly (40,000 IU/wk) dosing regimen is 
also reasonable. Current FDA-approved starting dose of 
darbepoetin is 2.25mcg/kg weekly or 500mcg every 3 
weeks. However, the ASCO/ASH guidelines recognize 
alternative darbepoietin dosing as every two weeks at a 
dose of 200 mcg, or every 3 weeks at a dose of 300 to 400 
mcg. Both agents should be titrated to a target hemoglobin 
concentration at or near 12 g/dL. Evidence from one 

randomized controlled trial supports use of epoetin for 
patients with anemia associated with low-risk 
myelodysplasia. Anemic patients with hematologic 

malignancies should be first treated with conventional 

therapy and monitored for a hematologic response, prior to 
considering the use of recombinant erythropoietic agents 
(Rizzo et al, 1993). 

 
4. Thrombopoietin (Kaushansky et al, 1994; 

Archimbaud et al, 1999) 
The gene for thrombopoietin was cloned 12 years 

ago, but the protein has not yet been approved for clinical 
use. It is likely that thrombopoietin will be useful for 
accelerating platelet recovery after intensive 

chemotherapy. It can augment the number of 
hematopoietic stem cells mobilized by G-CSF, increase the 

number of platelets available for apheresis from platelet 
donors, and stimulate platelet production in patients with 
myelodysplastic syndromes, idiopathic thrombocytopenic 
purpura (ITP), or liver disease. Thrombopoietin was 
initially called megakaryocyte growth and differentiation 
factor (MGDF) and was studied in several clinical trials 
prior to 1998. However its use was associated with the 
production of antibodies against MGDF that cross-reacted 

with endogenous thrombopoietin, causing severe 
thrombocytopenia (Li et al, 2000). This adverse event led 
to the abandonment of the use of MGDF and full-length 
forms of thrombopoietin as therapeutic proteins. Recent 
studies using small-molecules that mimic thrombopoietin 
in their ability to bind and stimulate the thrombopoietin 
receptor in ITP are ongoing (Bussel et al, 1984). 

 

IV. Conclusions 
The feverish pace of growth factor research and the 

arrival in the clinic of various growth factors have 
transformed the practice of modern day hematology-
oncology. For the elderly cancer patient, there are now 
available newer, more effective and safer therapies with 

tremendous potential. 
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