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ABSTRACT

Anemia and associated symptoms commonly mani-
fest in cancer patients and may have a considerable
impact on outcomes. Preliminary studies suggest that
overall survival and locoregional control following radi-
ation therapy may be compromised by anemia, and
recent preliminary data also suggest that anemia may be
related to poorer outcomes following chemotherapy.
Health-related quality of life of cancer patients is also
significantly reduced by anemia. Treatment of anemia
with recombinant human erythropoietin can improve
these health-related quality-of-life outcomes. However,
despite this knowledge, anemia remains under-recog-
nized and under-treated in the cancer patient population.

A number of issues may be determinants of this subopti-
mal management of anemia. These include limitations of
current therapies for anemia, varying practice strate-
gies, and the lack of guidelines on how to treat anemia.
Additionally, clinicians may underestimate the impor-
tance of health-related quality of life for their patients. It
is vital that these issues are addressed, which, together
with the development of novel erythropoietic agents, a
review of the guidelines for anemia management, and
consideration of further outcomes such as survival and
cognitive function, may help to ensure that the cancer
patient receives the best possible course of supportive
care. The Oncologist 2002;7:331-341
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INTRODUCTION

The optimal management of cancer patients is a complex
and sensitive issue. In recent times, emphasis has been placed
on the appropriate treatment of cancer-related symptoms and
the impact this can have on patient quality of life and thera-

peutic outcomes. Anemia is a common complication of
malignancy, occurring in over 50% of patients [1]. It is
defined as an inadequate circulating level of hemoglobin or
RBCs, and may arise as a result of the underlying disease,
chemotherapy, or radiation therapy [2]. Anemia is associated
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with its own set of debilitating signs and symptoms and can
have a significant effect on morbidity and mortality, as well
as on the level of care that patients require. Despite this
knowledge, anemia may not be optimally managed in the
cancer patient population.

The underlying issues that contribute to this suboptimal
care may be related to the failure of many clinicians to rec-
ognize the impact that anemia has on the lives of their
patients and the inadequacies of current treatment options.
However, the continuing development of novel erythropoi-
etic agents [3], progress in defining parameters to better
predict a patient’s response to anemia treatment [4, 5],
along with emerging data that consider the effect of anemia
on end points such as survival and cognitive function [6, 7],
may help to overcome these issues. Such initiatives suggest
a promising future for the optimal management of anemia
in the cancer patient.

The impact of anemia on cancer patients, its pathophys-
iology in cancer, and strategies for anemia treatment are
reviewed in this article, with the aim of raising awareness
about current knowledge and practice. Future approaches
for research and management of anemia in cancer patients
are also discussed to encourage understanding of how these
activities can be improved and the implications this may
have for patient and clinician alike.

IMPACT OF ANEMIA ON THE CANCER PATIENT

Treatment and Clinical Outcomes
As will be discussed later in this article, it is well estab-

lished that patients with anemia may experience reduced
health-related quality of life (HRQOL) as a result of the
often debilitating symptoms of anemia, and that raising
hemoglobin with erythropoietic proteins can improve
HRQOL [8-11]. However, recent studies suggest that there

may be additional consequences of anemia, which if proven,
may necessitate revision of the way patients with cancer are
managed. Results from both prospective and retrospective
studies in patients with head and neck cancer undergoing
radiation therapy or combined modality therapy have indi-
cated that anemia may be associated with decreased overall
survival and reduced locoregional control [12-19]. For
example, in a large study of 451 patients with stage III or IV
squamous cell carcinoma of the head and neck who were
undergoing concurrent radiation therapy with or without
etanidazole treatment, 162 patients were considered to have
a normal hemoglobin level (≥14.5 g/dl for men and ≥13.0
g/dl for women) and 289 patients were classified as anemic
[12]. As shown in Figure 1, which illustrates rates of sur-
vival and locoregional failure over time in patients with nor-
mal and low hemoglobin levels, respectively, the estimated
5-year survival rates were 35.7% and 21.7%, respectively 
(p = 0.0016), and estimated 5-year locoregional failure rates
were 51.6% versus 67.8% (p = 0.00028).

It has also been suggested that anemia may be an inde-
pendent prognostic factor in cancer patients undergoing
radiation therapy [12, 14, 15]. Dubray et al. presented data
from multivariate analyses that indicated that a pretreat-
ment hemoglobin level of <13.5 g/dl in men and <12 g/dl
in women was one of several factors that were indepen-
dently predictive of an increased relative risk of 2-year
locoregional failure and death (relative risk of locoregional
failure and death for anemic patients: 1.6 [p = 0.06] and 1.7
[p = 0.04], respectively) [14]. Similarly, Warde et al., in a
retrospective analysis, found evidence that pretreatment
hemoglobin level was one of several independent prognos-
tic factors for local failure after radiation therapy [15]. For
example, the hazard ratio for a hemoglobin level of 12 g/dl
versus a hemoglobin level of 15 g/dl was 1.8 (95% confidence
interval 1.2-2.5).
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Figure 1. Overall survival (A) and locoregional failure (B) according to hemoglobin level in a prospective study of 451 patients with advanced
head and neck cancer treated with radiation therapy. Reprinted with the permission of Elsevier Science from Lee et al. [12].
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Although the most extensive pool of results on the
effect of anemia on treatment and clinical outcomes exists
for patients with head and neck cancer, data for other tumor
types are available. One study in rectal cancer patients has
recently indicated that anemia (hemoglobin <11 g/dl) may
reduce overall survival after combined therapy [20]. A ret-
rospective study in ovarian cancer patients indicated that a
pretreatment hemoglobin value <12 g/dl was an independent
prognostic factor for patients with stage I and II disease, but
the association did not reach statistical significance in
patients with stage III and IV disease [21]. A study of
patients with cancer of the cervix has additionally suggested
that an average weekly nadir hemoglobin level of <12 g/dl
may be associated with inferior radiation therapy outcomes
compared with a hemoglobin level ≥12 g/dl [22].

The underlying mechanism by which anemia affects
treatment and clinical outcomes may be related to the degree
of tumor oxygenation, since studies have indicated that
hypoxia may have an adverse effect on the radiosensitivity
of cells [18, 23]. However, while anemia can be an underly-
ing cause of decreased tumor oxygenation, tumor hypoxia is
a multifactorial process, and compensatory mechanisms
may reduce the effect of anemia. For example, in a study of
63 head and neck cancer patients, tumor hypoxia was shown
to adversely influence prognosis, and while there was a
weak association between anemia and poorly oxygenated
tumors, many nonanemic patients had hypoxic tumors [24].

Although evidence is beginning to accumulate suggest-
ing that hemoglobin level may influence local control and
survival following radiotherapy, other factors that may be
related to anemia and which may affect outcomes need fur-
ther investigation. Tumor size, for example, is known to
play a significant role in the prognosis of cancer. A study in
cervical cancer patients has indicated that those with bulky
hypoxic tumors had a significantly lower chance of disease-
free survival (12% at 2 years) than those with either bulky
oxygenated or nonbulky oxygenated/hypoxic tumors (65%,
p = 0.0001) [25]. Hemoglobin levels before and during
treatment have been strongly correlated with tumor size,
and it has been suggested that this may explain the impact
of anemia on prognosis in earlier studies that did not record
tumor bulk [23]. In addition, it is possible that, in patients
who have a worse prognosis and who are less likely to
respond to therapy, anemia simply occurs more often and is
only a marker of poorer outcome rather than a cause.
Furthermore, it is not yet clear at which time point hemo-
globin level may have predictive value for outcomes. In
three separate studies carried out in patients with head and
neck cancer receiving radiation therapy, pretreatment and
end-of-treatment hemoglobin levels have been reported to
be of clinical significance [16, 17, 19].

It is apparent that a complex relationship exists among
anemia, hypoxia, and treatment/clinical outcomes, however,
we are still a long way from understanding this relationship
[23]. Further investigation of anemia as an independent prog-
nostic factor is required, along with randomized trials to deter-
mine the effect of anemia correction on clinical outcomes.
These studies will help to conclusively determine whether
there is an association among inadequate hemoglobin level,
locoregional control, and survival.

Whether anemia may have an impact on cancer patients
receiving chemotherapy alone is another largely unad-
dressed issue. A retrospective analysis conducted as part of
a recently reported multicenter study has presented prelimi-
nary evidence that treatment of anemia may improve sur-
vival, although the results must be interpreted with caution,
as the trial was not designed or powered to measure this end
point [6]. Three hundred seventy-five patients with solid
tumors or nonmyeloid hematologic malignancies receiving
nonplatinum-based chemotherapy were assessed. Median
survival time for patients who received three-times-weekly
recombinant human erythropoietin (rHuEPO) was 17
months compared with 11 months for those who received
placebo. Kaplan-Meier 12-month estimates of survival were
60% for patients receiving rHuEPO and 49% for those on
placebo, suggesting a possible favorable trend in overall sur-
vival for rHuEPO, although the difference was not statisti-
cally significant (p = 0.13). Cox regression analysis, to
control for factors such as age, tumor type, and baseline
hemoglobin and neutrophil levels, also favored survival in
the rHuEPO-treated group, although the difference was
again not statistically significant (p = 0.052). While these
results may appear promising, it should be noted that this
study was not powered with respect to survival and, there-
fore, did not measure or stratify by variables that can influ-
ence survival, such as disease stage, bone marrow
involvement, intensity of chemotherapy, and disease pro-
gression. Nevertheless, the possibility that correction of ane-
mia can convey a survival benefit in cancer patients
receiving chemotherapy deserves further investigation.

HRQOL Outcomes
Quality of life is a subjective and multidimensional con-

cept that includes functional ability and emotional and social
well-being, as influenced by disease, its symptoms, and
treatment side effects [8]. Cancer-related anemia is associ-
ated with a whole host of symptoms that include dyspnea,
tachycardia, fatigue, dizziness, depressive moods, menstrual
problems, loss of libido, anorexia, nausea, and sleeping dis-
orders [1, 26]. The occurrence and severity of symptoms in
individual patients can vary considerably and may be influ-
enced by the degree of anemia and how rapidly it develops,
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the underlying malignancy, pulmonary and cardiovascular
function, as well as nutritional status.

The negative impact of anemia and related manifestations
on the HRQOL of cancer patients is now well documented,
and a number of studies have highlighted the potential bene-
fit of treating anemia on HRQOL [6, 9-11, 27]. The develop-
ment of specialized tools to measure the effect of anemia and
associated symptoms on HRQOL has also greatly aided this
research.

The Functional Assessment of Cancer Therapy-Anemia
(FACT-An) and FACT-Fatigue (FACT-F) tools were designed
and validated to assess the impact of anemia, fatigue, and other
associated symptoms on the cancer patient [8, 28]. These
patient questionnaires were developed from the FACT-General
scale but contain additional assessment items. Table 1 shows
the FACT-An subscale items, with the separate fatigue and
nonfatigue components of the questionnaire. Analysis of scores
for physical and functional well-being, as well as for the fatigue
and nonfatigue components of the FACT-An subscale, has
clearly differentiated between patients with low and high
hemoglobin levels [8, 29]. Those with lower hemoglobin levels
(≤12 g/dl) had lower scores and, therefore, reduced HRQOL
compared with patients who had hemoglobin levels >12 g/dl,
which is shown in Figure 2 for the physical and functional well-
being subscales and the fatigue and nonfatigue items. The abil-
ity to work has also been correlated with hemoglobin levels; in
a survey of 50 patients, one in four with hemoglobin levels ≤12
g/dl reported that they could not work at all [29].

Fatigue, often described by patients as a feeling of
tiredness, weakness, or lack of energy, has been suggested
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Table 1. The FACT-An subscale items

Fatigue component

• I feel fatigued.

• I feel weak all over.

• I feel listless (“washed out”).

• I feel tired.

• I have trouble starting things because I am tired.

• I have trouble finishing things because I am tired.

• I have energy.

• I am able to do my usual activities.

• I need to sleep during the day.

• I am too tired to eat.

• I need help doing my usual activities.

• I am frustrated by being too tired to do the things I want to do.

• I have to limit my social activity because I am tired.

Nonfatigue component

• I have trouble walking.

• I feel lightheaded (dizzy).

• I get headaches.

• I have been short of breath.

• I have pain in my chest.

• I am interested in sex.

• I am motivated to do my usual activities.

Questions were answered based on a five-point scale: 0 = not at all,
1 = a little bit, 2 = somewhat, 3 = quite a bit, 4 = very much.

Reprinted with the permission of the author, David Cella, and the
publisher, W.B. Saunders & Company, from Cella et al. [8].

Figure 2. FACT-An subscale physical and functional well-being scores (A) and FACT-An subscale fatigue and nonfatigue scores (B) accord-
ing to low (≤12 g/dl) and high (≥12 g/dl) hemoglobin levels in cancer patients. A higher score represents higher well-being in A and lower 
levels of fatigue in B. Reprinted with the permission of W.B. Saunders & Company from Cella et al. [8].
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to be one of the most common symptoms of cancer and
cancer therapy. It can be a distressing condition and can
have serious adverse effects on HRQOL [30]. Curt et al.
have reported that, in a survey of 379 cancer patients, 91%
of subjects stated that fatigue prevented them from having
a “normal life” [31]. Anemia often contributes to fatigue;
in a group of patients split by hemoglobin level, those
with hemoglobin >12 g/dl reported significantly less
fatigue [8]. However, it should be noted that a recent
study by Cella et al. indicated that a significantly lower
percentage of patients (17%) may have experienced can-
cer-related fatigue, as opposed to general fatigue due to
overexertion or lack of sleep, than previously estimated
(60%-90%) [32]. It is worth noting, however, that in the
group of patients reporting cancer-related fatigue (17%),
the majority had completed treatment more than a year
previously, and fatigue in this group was assessed using a
set of stringent, formal diagnostic criteria. This is in con-
trast to the studies estimating a 60%-90% prevalence,
which were not necessarily based on formal diagnostic
criteria and usually estimated the prevalence of any
fatigue at any time, usually during treatment.

As anemia, fatigue, and other related symptoms can
have such a profound effect on patients’ HRQOL, numer-
ous studies have been conducted to address how treatment
of anemia with rHuEPO impacts on HRQOL [6, 10, 11,
27]. Evidence from three large community-based trials has
provided data indicating that patients’ HRQOL can signifi-
cantly improve following treatment of anemia [10, 11, 27].

Glaspy et al. and Demetri et al., in their respective
studies, analyzed over 4,000 patients with malignancies
undergoing chemotherapy and receiving rHuEPO three
times per week [10, 11]. As measured by the Linear
Analog Scale Assessment (LASA), a significant correla-
tion was demonstrated between improvements in HRQOL
and increases in hemoglobin levels from baseline. Energy,
activity level, and overall quality of life scores all
improved, and transfusion use was shown to decrease.
Importantly, it was shown that HRQOL improved regard-
less of whether patients exhibited a complete or partial
tumor response or had stable disease. Glaspy et al. even
reported a significant improvement in energy levels in
patients who had progressive disease.

In the study by Demetri et al., HRQOL assessment
using the FACT-An subscale was also performed [11].
Similar to results using the LASA, their findings showed
that HRQOL improved in correlation with hemoglobin
and that those who achieved a mean increase in hemoglo-
bin of 2 g/dl or greater had the largest increase in
HRQOL. Interestingly, patients who experienced a hemo-
globin change of <2 g/dl also had a significant increase in

FACT-An total score when tumor response was complete,
partial, or stable, as shown in Figure 3. A separate analy-
sis of the data from the Glaspy et al. [10] and Demetri et
al. [11] studies noted that the largest incremental gains in
HRQOL occurred when hemoglobin increased from 11 to
12 g/dl [33], which highlights the potential importance of
detecting and treating even mild anemia.

In the third, large, community-based study, Gabrilove
et al. prospectively evaluated the effectiveness and clinical
benefits of once-weekly rHuEPO [27]. Improvements in
HRQOL were shown to correlate significantly (p < 0.001)
with increased hemoglobin levels, and transfusion require-
ments were decreased with this less frequent dosing regi-
men. Littlewood et al. have additionally studied HRQOL
and hemoglobin levels in a placebo-controlled trial of
patients with solid or nonmyeloid hematologic malignan-
cies undergoing chemotherapy and receiving rHuEPO
three times per week [6]. Changes in energy level, ability
to do daily activities, and fatigue were all associated with
an elevation in hemoglobin level. In a recent analysis of
data from two clinical trials of patients with solid tumors
undergoing chemotherapy and receiving a novel erythro-
poiesis-stimulating protein, darbepoetin alfa, a positive,
although small, correlation was demonstrated between
fatigue score on the FACT-F subscale and change in hemo-
globin (r = 0.19; p = 0.002) [34]. An increase in hemoglo-
bin of ≥2 g/dl resulted in a mean improvement in FACT-F
score of 4.0 points. While these latter results suggest that
increased hemoglobin level may correlate with improve-
ment in patient-reported fatigue, other factors may also
cause changes in fatigue levels, such as the disease itself,
anticancer therapy, depression, anxiety, or even sleep
deprivation [31].

PATHOPHYSIOLOGY OF ANEMIA IN CANCER

It is clear from the presented evidence that anemia is a
common occurrence in cancer patients and has a significant
impact on clinical and HRQOL outcomes. It is, therefore,
important to understand the underlying etiology of anemia
in cancer in order to provide the correct and most effective
treatment for individual patients.

Factors including the type and stage of malignancy,
duration of tumor growth, regimen and intensity of
chemotherapy or radiation therapy, and complications of
treatment, such as infection or sepsis, may contribute to the
development of anemia [1, 35]. A high incidence of anemia
(50%-60%) occurs in patients with lymphomas, multiple
myeloma, lung tumors, and gynecologic or genitourinary
tumors, and while the occurrence of anemia in patients with
solid tumors is less than that observed for hematological
malignancies, incidence of mild-to-moderate anemia can be

Gordon 335



high [1, 26, 35]. Platinum-based therapies are also known to
be associated with a high incidence of anemia, which may
help to explain the frequency of anemia in lung and ovarian
cancer patients who regularly receive such treatment.

Multiple underlying mechanisms can contribute to the
development of anemia in the cancer patient. Bone marrow
replacement may be a direct effect of cancer. Metastases
within the bone marrow can lead to displacement and
destruction of progenitor cells, disrupting the microenvi-
ronment as well as the production of mature erythroid-lin-
eage cells [1, 36]. Anemia associated with chronic disease
is also an extremely common manifestation in cancer
patients [1]. Current thinking suggests this is a largely
cytokine-mediated disorder, and that tumor interaction with
the immune system leads to overproduction of inflamma-
tory cytokines such as interleukin-1 and tumor necrosis fac-
tor-α. These cytokines can impair erythroid colony
formation in response to erythropoietin (EPO), decrease the
life span of erythrocytes, impede EPO production, and pre-
vent the normal utilization of iron [37, 38].

Chemotherapy can cause or exacerbate anemia in can-
cer patients by reducing EPO production or sensitivity to

this hormone and damaging or destroying progenitor and
mature hematopoietic cells, while radiation therapy causes
bone marrow damage. Blood loss and nutritional deficien-
cies may additionally contribute to anemia in cancer
patients [1].

MANAGING ANEMIA

Although there is a large body of data describing the
negative outcomes of anemia in cancer patients, and infor-
mation on the etiology of anemia is accumulating, the ques-
tion remains as to how to optimally treat anemia, and
management of this condition remains a controversial sub-
ject. For example, at a debate on the use of rHuEPO held at
the annual meeting of the European Society for Medical
Oncology in October 2000, 40% of the audience, comprising
largely Europeans, indicated that they did not use rHuEPO to
treat anemia at all [39]. In a U.S. community practice study,
Lawless et al. have also reported that 52%-70% of cancer
patients, with a range of tumor types, were not administered
rHuEPO therapy despite being anemic [40].

As discussed, limitations in current therapies for ane-
mia, which include RBC transfusions, iron supplementa-
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Figure 3. Analysis of HRQOL parameters (assessed by FACT-An) based on changes in hemoglobin levels and tumor response from
baseline to final assessment, in a study of 2,289 patients with nonmyeloid malignancies receiving chemotherapy and rHuEPO treat-
ment. *Significantly different from baseline (p < 0.01); †significantly different from adjacent hemoglobin change group (p < 0.01); 
‡significantly different from adjacent hemoglobin change group (p < 0.05). Reprinted with the permission of Lippincott, Williams &
Wilkins from Demetri et al. [11].
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tion, and rHuEPO, lack of global guidelines for treatment,
and an underappreciation of the impact of anemia may con-
tribute to this situation. It is critical that these factors be
addressed and that emerging and future approaches are
incorporated into clinical practice to maximize the future
treatment of anemia in the cancer patient.

RBC Transfusions
RBC transfusions provide immediate correction of ane-

mia, which is of particular value in patients with life-threat-
ening anemia. However, transfusions have been associated
with a number of risks, and although the introduction of
stringent screening programs has greatly increased their
safety, some hazards still remain. These include immuno-
suppression, which may enhance tumor growth, adverse
hemolytic reactions, infection, and alloimmunization [2,
26]. Additionally, some patients may be reluctant to
undergo transfusions on personal, religious, or logistical
grounds.

Despite these drawbacks, RBC transfusions will still
find application for cancer patients who are anemic due to
bone marrow infiltration or damage to hematopoietic pre-
cursor cells, or who are unresponsive to rHuEPO therapy.
Definitive studies investigating any potential benefits of
transfusions on HRQOL are also required.

Recombinant Human Erythropoietin
The introduction of rHuEPO as a treatment option rep-

resented a significant advance in the treatment of anemia.
rHuEPO can increase erythrocyte and hemoglobin levels,
and therefore, alleviate the symptoms of anemia while
reducing patients’ requirements for blood transfusions [10,
11, 41-43]. It also has been shown to be safe and well tol-
erated and is associated with very few side effects in cancer
patients with a range of tumor types receiving varying
chemotherapy/radiation therapy regimens.

A study by Abels analyzed 413 patients receiving either
no chemotherapy (n = 124), cyclic noncisplatin chemother-
apy (n = 157), or cyclic cisplatin-containing chemotherapy 
(n = 132) [42]. Those in the ‘no chemotherapy’ group
received 100 U/kg rHuEPO three times per week for 8
weeks, while those in the latter two groups received 150
U/kg rHuEPO three times per week for 12 weeks. In all
three groups, mean weekly hematocrit levels remained sta-
ble among the placebo-treated patients but increased pro-
gressively in those receiving rHuEPO, as shown in Figure
4. The mean proportion of patients transfused and mean
number of RBC units transfused decreased for all three
rHuEPO treatment groups compared with placebo.

However, rHuEPO therapy has been associated with
moderate response rates (50%-60%) and slow time to

response. In addition, it is difficult to predict which patients
will respond. It has been shown, in one cohort of patients,
that median time to response was approximately 4 weeks,
but it can take up to 12 weeks to determine responsiveness
[44]. Such long-term treatment and monitoring of patients
can be expensive and represents a burden, especially if the
patient ultimately fails to respond to treatment, as happens in
40%-50% of cases. The inconvenience of three-times-weekly
dosing schedules may also be a consideration for some
patients and clinicians [44], although the study by Gabrilove
et al. in the U.S. recently has shown that once-weekly dosing
of rHuEPO is safe and effective [27].

Data on useful predictive parameters for response are
emerging. For example, studies have indicated that patients
with relatively high levels of EPO before treatment are less
likely to respond to rHuEPO [45, 46]. The combination of
baseline EPO level and the increase in hemoglobin or trans-
ferrin receptor after 2 weeks of therapy with rHuEPO has
also been suggested as a good predictor of response [4].
Ultimately, whichever parameters prove to be the most
accurate and useful, it is extremely important that predic-
tive algorithms are developed that utilize easily measurable
factors [47].

Darbepoetin alfa
Darbepoetin alfa (ARANESP™; Amgen Inc.; Thousand

Oaks, CA) is a novel erythropoiesis-stimulating protein that
is currently undergoing trials in cancer patients and may
confer benefits in the treatment of anemia. Darbepoetin alfa
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Figure 4. Change in hematocrit levels from baseline to last value in
a study of cancer patients receiving rHuEPO with or without
chemotherapy. *Significantly (p < 0.004) greater than placebo.
Adapted from [42].
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was developed to contain two additional sialic acid-contain-
ing carbohydrate side chains compared with rHuEPO [3]. It
binds to the EPO receptor, stimulates erythropoiesis, and, in
preclinical studies and trials involving patients with chronic
kidney disease, it has been shown to have a two to three times
longer serum half-life than rHuEPO [3, 48]. Darbepoetin alfa
has undergone extensive testing in the renal disease setting
and has recently been approved for use in chronic kidney 
disease in both the U.S. and Europe.

The half-life of subcutaneously administered darbepo-
etin alfa in cancer patients receiving chemotherapy is over
40 hours [49]. In phase I, II, and III clinical studies to date,
over 1,000 cancer patients have received darbepoetin alfa,
and it was effective and well tolerated, with an adverse
event profile consistent with that for cancer patients and
comparable with that observed for rHuEPO [50-53].
Administration of darbepoetin alfa at intervals of once
every 1, 2, or 3 weeks increased hemoglobin levels and
reduced the requirement for RBC transfusions in patients
with lymphoproliferative malignancies or solid tumors
undergoing multicycle chemotherapy [50-54]. Addition-
ally, in patients with chronic anemia of cancer not receiving
chemotherapy, once-weekly darbepoetin alfa at doses of
1.0, 2.25, and 4.5 µg/kg demonstrated efficacy in eliciting a
hemoglobin response (increase ≥2 g/dl) in 68%, 66%, and
92% of patients, respectively [55].

Darbepoetin alfa administered every 2 weeks also
appears to be as effective as darbepoetin alfa administered
weekly, according to results from a study in anemic (hemo-
globin ≤11 g/dl) patients with solid tumors receiving multi-
cycle chemotherapy [50]. The percentages of patients
achieving a hematopoietic response (hemoglobin level ≥12
g/dl or a hemoglobin increase ≥2 g/dl) in the cohorts receiv-
ing darbepoetin alfa once weekly at 1.5 µg/kg or 4.5 µg/kg
were 53% and 84%, respectively. Similarly, respective
response rates of 66% and 84% were observed with darbe-
poetin alfa given once every 2 weeks at 3.0 µg/kg or 9.0
µg/kg. Blood transfusion rates were also comparable
between patients assigned once-weekly and once-every-2-
weeks treatment. Additionally, in this and in separate trials,
efficacy and rapidity of response appears to increase with
higher doses of darbepoetin alfa [50-52].

Importantly, these data indicate that darbepoetin alfa
has the potential to be dosed less frequently, which could
simplify anemia management for patients and physicians
alike and reduce the burden on health care resources.
Furthermore, results from a phase III trial involving lung
cancer patients receiving chemotherapy and once-weekly
darbepoetin alfa suggest that median time to disease pro-
gression may be increased for small-cell lung cancer
patients receiving darbepoetin alfa compared with placebo

(33 weeks versus 23 weeks, respectively) [54]; however,
this relationship was not observed in non-small cell lung
cancer patients. Darbepoetin alfa impacted positively on
RBC transfusion requirements, with 26% of the darbepo-
etin alfa cohort and 60% of the placebo cohort receiving
transfusions over the course of the study. Data from this
study also suggested patients administered darbepoetin alfa
spent fewer days in hospital compared with placebo (mean
number of days hospitalized [standard deviation]: 10.3
[13.5] days versus 13.0 [17.7] days, respectively) and that
significantly more darbepoetin alfa recipients had a ≥10%
increase in FACT-F scale score relative to placebo recipi-
ents (42% versus 28%, respectively, p = 0.023). Studies of
darbepoetin alfa in the oncology setting are ongoing and
should provide additional data on the potential advantages
of this novel agent in the cancer patient population.

Complicating Factors
Potentially, a number of factors may complicate the

treatment of anemia and outline the need for further research
and the development of treatment guidelines. For example,
functional iron deficiency, a suboptimal mobilization of iron
despite the presence of adequate iron stores, is the most
common cause of inadequate response to rHuEPO in
chronic renal failure patients [56]. There is a real possibility
that this underutilization of iron may also inhibit the
response to rHuEPO therapy in cancer patients. Parameters
that appropriately measure iron deficiency or predict the
development of iron deficiency are not clearly defined, and
the most appropriate method for iron supplementation is
uncertain [47, 56]. However, increasing recognition of this
problem and debate and further research into iron metabo-
lism will aid in the definition of the best way to approach
functional iron deficiency in cancer patients with anemia
[57]. While iron may be delivered orally or intravenously,
recent research suggests that the latter route provides a bet-
ter source of iron in deficiency, as it can meet the required
rate of iron delivery in rHuEPO-stimulated erythropoiesis
[56]. Aggressive iron supplementation has led to substantial
reductions in rHuEPO doses in hemodialysis patients [47],
and this fact may have important cost implications if it holds
true in the oncology setting.

The question of when to treat anemia also deserves con-
sideration. Currently there are no universally accepted guide-
lines for managing anemia, and treatment practices may differ
among hospitals, regions, and countries, adding to the confu-
sion and ultimately leading to the suboptimal treatment of ane-
mia. The appropriate hemoglobin levels at which to initiate
therapy, stop treatment, or increase dose are also controversial,
and gender differences are often ignored [1, 58]. Additionally,
questions remain as to whether anemia-associated symptoms
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and their severity should be considered in the diagnosis of the
condition, whether patients are sufficiently monitored for ane-
mia, and whether patients are considered on an individual basis
[59]. Guideline development and specification of treatment
criteria and end points are ongoing and should provide support
for the future optimization of anemia management.

FUTURE APPROACHES TO ANEMIA MANAGEMENT

While many clinicians may be aware to some degree
that anemia is associated with reduced HRQOL and possi-
bly poorer treatment outcomes following radiation therapy,
knowledge and understanding of recent and emerging data
are also vital. Further end points and outcomes of anemia in
cancer patients are currently being explored and, although
data are currently only preliminary, these end points may
prove to be significant in the management of anemia.

Possible Survival Benefit of Treating Anemia in Patients With
Cancer

As previously described, preliminary evidence suggests
that anemia may impact on radiation therapy outcomes.
However, Littlewood et al. have very recently reported a pos-
sible survival benefit in patients treated with rHuEPO and
chemotherapy, although as previously mentioned, these data
are preliminary and require confirmation [6]. Similarly, pre-
liminary data from trials of darbepoetin alfa in small-cell
lung cancer patients receiving platinum-based chemotherapy
suggest that median time to disease progression may be
decreased with improvement of anemia [54]. However, fur-
ther research into the survival benefit of treating anemia in
cancer patients is required to support these data.

It has also been suggested that anemia may stimulate
tumor-associated angiogenesis via hypoxia, as increased levels
of vascular endothelial growth factor (VEGF), a factor con-
tributing to increased angiogenesis and, thus, tumor growth,
have been detected in the serum of anemic cancer patients
[60]. Twenty-six patients with low hemoglobin levels
(<13 g/dl) had raised serum VEGF compared with 28 patients
with hemoglobin levels >13 g/dl (805 ± 656 pg/ml versus 438
± 360 pg/ml, respectively; p = 0.016). Several other factors,
including total tumor volume and platelet counts, were also
found to correlate with elevated serum VEGF levels, suggest-
ing that lowered hemoglobin levels may only partially explain
the upregulation of VEGF expression detected in these anemic
patients. Nevertheless, hemoglobin is a variable that can be
corrected, suggesting that treating anemia in all cancer patients
may be an important part of their care.

HRQOL and Cognitive Function Outcomes
The debilitating effects that anemia can have on HRQOL

outcomes have been reviewed, and management of these

issues should be of high priority, as even small incremental
increases in hemoglobin level can significantly improve a
patient’s HRQOL [10, 11]. While factors such as energy
level, ability to work, and fatigue have been assessed, closer
evaluation of other HRQOL end points, such as social inter-
action and depression, may also further delineate the impact
of anemia on cancer patients.

Whether treating anemia can improve cognitive func-
tion in cancer patients may also deserve investigation. It has
been suggested that increases in hematocrit levels following
rHuEPO therapy may improve cognitive function in
hemodialysis patients, as assessed by improved memory and
ability to sustain attention [7, 61]. Additionally, in rat mod-
els, rHuEPO has recently been shown to cross the blood-
brain barrier via specific capillary receptors and protect
against hypoxia-induced neuronal death by preventing
apoptosis [62, 63]. Potentially, rHuEPO could have a direct
effect in the brain by binding to specific receptors, prevent-
ing brain injury and, therefore, sustaining cognitive func-
tion. However, whether the findings in animals and in
hemodialysis patients translate to patients with cancer needs
to be further investigated.

Hospitalization
It has been suggested that rHuEPO and darbepoetin alfa

may decrease the number of days cancer patients with ane-
mia spend in hospital [64, 65]. Hospitalization represents a
significant burden on health care resources, as well as an
inconvenience to the patient. Consideration of treatments
that lighten this load is, therefore, important.

CONCLUSIONS

Accumulating evidence suggests anemia is a common
complication in cancer patients and may impact on
HRQOL, radiation therapy and chemotherapy efficacy, and
survival. Management of anemia can improve these out-
comes, but it is apparent that anemia may not be optimally
managed in cancer patients at this time. However, new
approaches and novel therapies that may shift the balance to
a more promising future for cancer patients with anemia are
on the horizon.

Furthermore, end points such as survival and cognitive
function are beginning to be explored, and improved pre-
dictive algorithms developed. Continued research into ane-
mia and discussion and understanding of the impact that
even mild-to-moderate anemia can have on patient out-
comes will ultimately contribute to the optimization of
anemia management.

ACKNOWLEDGMENT

M.S.G. is a consultant for Amgen.

Gordon 339



340 Managing Anemia in the Cancer Patient

REFERENCES

1 Mercadante S, Gebbia V, Marrazzo A et al. Anaemia in can-
cer: pathophysiology and treatment. Cancer Treat Rev
2000;26:303-311.

2 Koeller JM. Clinical guidelines for the treatment of cancer-
related anemia. Pharmacotherapy 1998;18:156-169.

3 Egrie JC, Browne JK. Development and characterization of
novel erythropoiesis stimulating protein (NESP). Br J Cancer
2001;84(suppl 1):3-10.

4 Beguin Y. Prediction of response to optimize outcome of
treatment with erythropoietin. Semin Oncol 1998;25(suppl
7):27-34.

5 Cazzola M, Ponchio L, Pedrotti C et al. Prediction of response
to recombinant human erythropoietin (rHuEpo) in anemia of
malignancy. Haematologica 1996;81:434-441.

6 Littlewood TJ, Bajetta E, Nortier J et al. Effects of epoetin
alfa on hematologic parameters and quality of life in cancer
patients receiving nonplatinum chemotherapy: results of a
randomized, double-blind, placebo-controlled trial. J Clin
Oncol 2001;19:2865-2874.

7 Stivelman JC. Benefits of anaemia treatment on cognitive
function. Nephrol Dial Transplant 2000;15(suppl 3):29-35.

8 Cella D. The Functional Assessment of Cancer Therapy-
Anemia (FACT-An) Scale: a new tool for the assessment of
outcomes in cancer anemia and fatigue. Semin Hematol
1997;34(suppl 2):13-19.

9 Leitgeb C, Pecherstorfer M, Fritz E et al. Quality of life in
chronic anemia of cancer during treatment with recombinant
human erythropoietin. Cancer 1994;73:2535-2542.

10 Glaspy J, Bukowski R, Steinberg D et al. Impact of therapy
with epoetin alfa on clinical outcomes in patients with non-
myeloid malignancies during cancer chemotherapy in com-
munity oncology practice. J Clin Oncol 1997;15:1218-1234.

11 Demetri GD, Kris M, Wade J et al. Quality-of-life benefit in
chemotherapy patients treated with epoetin alfa is indepen-
dent of disease response or tumor type: results from a
prospective community oncology study. Procrit Study Group.
J Clin Oncol 1998;16:3412-3425.

12 Lee WR, Berkey B, Marcial V et al. Anemia is associated
with decreased survival and increased locoregional failure in
patients with locally advanced head and neck carcinoma: a
secondary analysis of RTOG 85-27. Int J Radiat Oncol Biol
Phys 1998;42:1069-1075.

13 Fein DA, Lee WR, Hanlon AL et al. Pretreatment hemoglobin
level influences local control and survival of T1-T2 squamous
cell carcinomas of the glottic larynx. J Clin Oncol 1995;13:2077-
2083.

14 Dubray B, Mosseri V, Brunin F et al. Anemia is associated with
lower local-regional control and survival after radiation therapy
for head and neck cancer: a prospective study. Radiology
1996;201:553-558.

15 Warde P, O’Sullivan B, Bristow RG et al. T1/T2 glottic can-
cer managed by external beam radiotherapy: the influence of
pretreatment hemoglobin on local control. Int J Radiat Oncol
Biol Phys 1998;41:347-353.

16 van Acht MJ, Hermans J, Boks DE et al. The prognostic value
of hemoglobin and a decrease in hemoglobin during radiother-
apy in laryngeal carcinoma. Radiother Oncol 1992;23:229-235.

17 Tarnawski R, Skladowski K, Maciejewski B. Prognostic value
of hemoglobin concentration in radiotherapy for cancer of supra-
glottic larynx. Int J Radiat Oncol Biol Phys 1997;38:1007-1011.

18 Kumar P. Impact of anemia in patients with head and neck
cancer. The Oncologist 2000;5(suppl 2):13-18.

19 Grant DG, Hussain A, Hurman D. Pre-treatment anemia alters
outcome in early squamous cell carcinoma of the larynx treated
by radical radiotherapy. J Laryngol Otol 1999;113:829-833.

20 Phan T, Crane C, Mendoza T et al. Low hemoglobin levels
after preoperative chemotherapy for locally advanced rectal
cancer are associated with a worse survival. Proc Am Soc Clin
Oncol 2001;20:151a.

21 Obermair A, Petru E, Windbichler G et al. Significance of pre-
treatment serum hemoglobin and survival in epithelial ovarian
cancer. Oncol Rep 2000;7:639-644.

22 Grogan M, Thomas GM, Melamed I et al. The importance of
hemoglobin levels during radiotherapy for carcinoma of the
cervix. Cancer 1999;86:1528-1536.

23 Fyles AW, Milosevic M, Pintilie M et al. Anemia, hypoxia,
and transfusion in patients with cervix cancer: a review.
Radiother Oncol 2000;57:13-19.

24 Brizel DM, Dodge RK, Clough RW et al. Oxygenation of head
and neck cancer: changes during radiotherapy and impact on
treatment outcome. Radiother Oncol 1999;53:113-117.

25 Fyles AW, Milosevic M, Wong R et al. Oxygenation predicts
radiation response and survival in patients with cervix cancer
[published erratum appears in Radiother Oncol 1999;50:371].
Radiother Oncol 1998;48:149-156.

26 Ludwig H, Fritz E. Anemia in cancer patients. Semin Oncol
1998;25(suppl 7):2-6.

27 Gabrilove JL, Cleeland CS, Livingston RB et al. Clinical
evaluation of once-weekly dosing of epoetin alfa in
chemotherapy patients: improvements in hemoglobin and
quality of life are similar to three-times-weekly dosing. J Clin
Oncol 2001;19:2875-2882.

28 Yellen SB, Cella DF, Webster K et al. Measuring fatigue and
other anemia-related symptoms with the Functional Assessment
of Cancer Therapy (FACT) measurement system. J Pain
Symptom Manage 1997;13:63-74.

29 Cella D. Factors influencing quality of life in cancer patients:
anemia and fatigue. Semin Oncol 1998;25(suppl 7):43-46.

30 Vogelzang NJ, Breitbart W, Cella D et al. Patient, caregiver,
and oncologist perceptions of cancer-related fatigue: results
of a tripart assessment survey. The Fatigue Coalition. Semin
Hematol 1997;34(suppl 2):4-12.

31 Curt GA, Breitbart W, Cella D et al. Impact of cancer-related
fatigue on the lives of patients: new findings from the Fatigue
Coalition. The Oncologist 2000;5:353-360.



32 Cella D, Davis K, Breitbart W et al. Cancer-related fatigue:
prevalence of proposed diagnostic criteria in a United States
sample of cancer survivors. J Clin Oncol 2001;19:3385-3391.

33 Cleeland CS, Demetri GD, Glaspy J et al. Identifying hemoglo-
bin level for optimal quality of life: results of an incremental
analysis. Proc Am Soc Clin Oncol 1999;18:574a.

34 Kallich J, Erder H, Glaspy J et al. Improvement in haemoglo-
bin levels improves health-related quality of life (HRQOL) of
anaemic cancer patients. Eur J Cancer 2001;37:441a.

35 Groopman JE, Itri LM. Chemotherapy-induced anemia in adults:
incidence and treatment. J Natl Cancer Inst 1999;91:1616-1634.

36 Erslev AJ. Erythropoietin and anemia of cancer. Eur J Haematol
2000;64:353-358.

37 Means Jr RT. Advances in the anemia of chronic disease. Int
J Hematol 1999;70:7-12.

38 Ludwig H. Epoetin in cancer-related anaemia. Nephrol Dial
Transplant 1999;14(suppl 2):85-92.

39 Mocharnuk R. Erythropoietin: to use or not to use. Available
at: http://www.medscape.com/viewarticle/419931, 2000.

40 Lawless G, Wilson-Royalty M, Meyers J. Epoetin alfa prac-
tice pattern usage in community practice sites. Blood
2000;96:390b.

41 Cascinu S, Fedeli A, Del Ferro E et al. Recombinant human
erythropoietin treatment in cisplatin-associated anemia: a
randomized, double-blind trial with placebo. J Clin Oncol
1994;12:1058-1062.

42 Abels R. Erythropoietin for anaemia in cancer patients. Eur J
Cancer 1993;29A(suppl 2):S2-S8.

43 Henry DH. Recombinant human erythropoietin treatment of
anemic cancer patients. Cancer Pract 1996;4:180-184.

44 Ludwig H, Fritz E. Anemia of cancer patients: patient selec-
tion and patient stratification for epoetin treatment. Semin
Oncol 1998;25(suppl 7):35-38.

45 Ludwig H, Fritz E, Leitgeb C et al. Erythropoietin treatment
for chronic anemia of selected hematological malignancies
and solid tumors. Ann Oncol 1993;4:161-167.

46 Cazzola M, Messinger D, Battistel V et al. Recombinant
human erythropoietin in the anemia associated with multiple
myeloma or non-Hodgkin’s lymphoma: dose finding and iden-
tification of predictors of response. Blood 1995;86:4446-4453.

47 Adamson JW. Epoetin alfa: into the new millennium. Semin
Oncol 1998;25(suppl 7):76-79.

48 Macdougall IC. Novel erythropoiesis stimulating protein.
Semin Nephrol 2000;20:375-381.

49 Glaspy J, Colowick AB, Heatherington A. Novel erythro-
poiesis stimulating protein (NESP) exhibits a prolonged
serum half-life in oncology patients. Proc Am Soc Clin Oncol
2000;19:54a.

50 Glaspy J, Jadeja J, Justice G et al. Darbepoetin alfa administered
every 1 or 2 weeks (with no loss of dose efficiency) alleviates
anemia in patients with solid tumors. Blood 2001;98:298a.

51 Hedenus M, Hansen S, Dewey C et al. A randomized, blinded,
placebo-controlled, phase II, dose-finding study of NESP in
patients with lymphoproliferative malignancies. Proc Am Soc
Clin Oncol 2001;20:393a.

52 Kotasek D, Berg R, Poulsen E et al. Randomized, double-blind,
placebo controlled, phase I/II dose finding study of Aranesp™

administered once every three weeks in solid tumor patients.
Blood 2000;96:294a.

53 Glaspy J, Jadeja J, Justice G et al. Randomized, active-con-
trolled, phase 1/2, dose-comparison study of NESP adminis-
tered weekly or every 2 weeks in patients with solid tumors.
Eur J Cancer 2001;37:353a.

54 Pirker R, Vansteenkiste J, Gateley J et al. A phase III, double-
blind, placebo-controlled, randomized study of novel erythro-
poiesis stimulating protein (NESP) in patients undergoing
platinum-treatment for lung cancer [published erratum appears
in Eur J Cancer 2002;38:449]. Eur J Cancer 2001;37:264a.

55 Smith RE, Tchekmedyian NS, Chan D et al. Open-label, phase
I/II dose escalation study of NESP in patients with chronic 
anemia of cancer. Eur J Cancer 2001;37:355a.

56 Glaspy J, Cavill I. Role of iron in optimizing responses of ane-
mic cancer patients to erythropoietin. Oncology (Huntingt)
1999;13:461-473; discussion 477-478, 483-488.

57 Goodnough LT, Skikne B, Brugnara C. Erythropoietin, iron,
and erythropoiesis. Blood 2000;96:823-833.

58 Glaspy J, Harper P. The impact of anemia on the QoL of the
cancer patient [Discussion]. Semin Oncol 2000;27:16-17.

59 Cazzola M. How and when to use erythropoietin. Curr Opin
Hematol 1998;5:103-108.

60 Dunst J, Pigorsch S, Hansgen G et al. Low hemoglobin is asso-
ciated with increased serum levels of vascular endothelial
growth factor (VEGF) in cancer patients. Does anemia stimulate
angiogenesis? Strahlenther Onkol 1999;175:93-96.

61 Pickett JL, Theberge DC, Brown WS et al. Normalizing
hematocrit in dialysis patients improves brain function. Am J
Kidney Dis 1999;33:1122-1130.

62 Brines ML, Ghezzi P, Keenan S et al. Erythropoietin crosses
the blood-brain barrier to protect against experimental brain
injury. Proc Natl Acad Sci USA 2000;97:10526-10531.

63 Siren AL, Fratelli M, Brines M et al. Erythropoietin prevents
neuronal apoptosis after cerebral ischemia and metabolic
stress. Proc Natl Acad Sci USA 2001;98:4044-4049.

64 Xia H, Ebben J, Ma JZ et al. Hematocrit levels and hospital-
ization risks in hemodialysis patients. J Am Soc Nephrol
1999;10:1309-1316.

65 Pirker R, Vansteenkiste J, Gately J et al. A phase 3, double-
blind, placebo-controlled, randomized study of novel erythro-
poiesis stimulating protein (NESP) in patients undergoing
platinum treatment for lung cancer. Proc Am Soc Clin Oncol
2001;20:394a.

Gordon 341


