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SUMMARY

Anemia, a commonly occurring morbidity in patients with cancer, often leads to diminished quality of life (QOL).
Numerous clinical trials have shown that epoetin alfa treatment improves hematologic and QOL variables in
cancer patients. The clinical trial analysis reported here was performed to assess response to epoetin alfa in
patients with hematologic malignancies. Cancer patients with anemia undergoing non-platinum-based chemother-
apy who were enrolled in a multinational, randomized (2:1), double-blind, placebo-controlled trial were
prospectively stratified by tumor type (hematologic, solid). Efficacy endpoints included proportion of patients
transfused after day 28; change in hemoglobin (Hb) level from baseline to last assessment; proportion of treatment
responders (increase in Hb �2 g/dl unrelated to transfusion) and correctors (patients whose Hb levels reached
�12 g/dl during the study); and QOL. The protocol was amended before unblinding to prospectively collect and
assess survival data 12 months after the last patient completed the study, and survival for the full study cohort was
estimated using Kaplan–Meier techniques. Efficacy analyses of hematologic and QOL variables, as well as
Kaplan–Meier estimates of survival, were performed post hoc for the hematologic tumor stratum. Among patients
with hematologic malignancies, the mean increase in Hb levels was greater with epoetin alfa than with placebo
treatment (2.2 vs. 0.3 g/dl). Transfusion requirements were lower in patients who received epoetin alfa versus
placebo (25.2 vs. 43.1%), and the proportion of responders and correctors was higher with epoetin alfa than with
placebo (75.2 vs. 16.7% and 72.6 vs. 14.8%, respectively). Patients who received epoetin alfa had improved QOL
while patients who received placebo had decreased QOL. These results are similar to those seen in the full study
cohort, where differences between epoetin alfa and placebo were significant (P< 0.05) for all five primary cancer-
and anemia-specific QOL domains evaluated. Although the study was not powered for survival, Kaplan–Meier
estimates showed a trend in overall survival favoring epoetin alfa in both the full study cohort and the hematologic
subgroup. Epoetin alfa treatment was well tolerated. Epoetin alfa therapy increased Hb levels, reduced transfusion
requirements, and improved QOL in patients with anemia undergoing non-platinum chemotherapy for hemato-
logic malignancies. Copyright # 2004 John Wiley & Sons, Ltd.
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INTRODUCTION

Anemia is a common complication of cancer and its treatment. Anemia has been reported to occur in

15 to 90% of patients with hematologic malignancies, the incidence varying by cancer type,

duration and progression of disease, and treatment administered.1–11 Kyle1 for example, reported a

62% incidence of anemia in patients presenting with multiple myeloma, and Rai et al.7 reported

a 20% incidence of anemia at diagnosis in patients with chronic lymphocytic leukemia (CLL). In a

2-year retrospective chart survey of patients with a variety of solid or non-myeloid hematologic

malignancies, Coiffier et al. found that the prevalence of moderate anemia (8.0 to <10.5 g/dL) in

patients with Hodgkin’s disease or non-Hodgkin’s lymphoma increased from 16.1 and 18.9%,

respectively at baseline to 25.7 and 34.9%, respectively at the start of the fourth chemotherapy

cycle.11

The significance of cancer-related anemia with respect to outcomes is only now being recognized.

Cancer-related anemia may cause such symptoms as weakness, fatigue, exhaustion, impaired

concentration, respiratory distress and chest pain, resulting in decreased functional capacity and

quality of life (QOL)12–15 as well as the necessity for red blood cell transfusions, with their associated

risks and costs.16 In addition to contributing to significant morbidity, cancer-related anemia may be

associated with poorer prognosis and may contribute to mortality.17–20

The etiology of cancer-related anemia is multifactorial.21–23 One proposed etiology is a blunted

erythropoietin response to low hemoglobin (Hb) levels, since erythropoietin levels in patients with

cancer-related anemia are lower than those in patients with a similar degree of anemia due to iron

deficiency.24,25 Several clinical studies have demonstrated that administration of epoetin alfa, a

recombinant human erythropoietin, increases Hb levels, decreases transfusion requirements, and

improves QOL in anemic patients with a broad range of non-myeloid malignancies receiving

platinum- or non-platinum-based chemotherapy.26–33 The benefits of epoetin alfa administration

were shown not only in large studies conducted in community-based oncology practices in the United

States29,32,34 but also in randomized, placebo-controlled trials.27,31,33

The present report describes a subgroup analysis of the efficacy of epoetin alfa in 173 patients

with hematologic malignancies who were part of a full study cohort of 375 patients enrolled

in a multicenter, multinational (14 European, one African), double-blind, placebo-controlled

trial.33 The trial was designed to evaluate the efficacy and safety of epoetin alfa therapy in

patients with solid or non-myeloid hematologic malignancies who were receiving non-platinum

chemotherapy.

MATERIALS AND METHODS

The methods have been reported in detail previously.33 In brief, male and female patients at least

18 years of age with solid or non-myeloid hematologic malignancies were eligible for enrollment

if non-platinum chemotherapy was underway or imminent and if they had a life expectancy of at

least 6 months. Patients were required to have anemia, defined as an Hb level �10.5 g/dl or a

decrease in Hb of �1.5 g/dl per previous cycle or month since beginning chemotherapy resulting in

an Hb level >10.5 g/dl but �12.0 g/dl. Patients were excluded from enrollment if they had

uncontrolled hypertension; untreated iron, folate or vitamin B12 deficiency; or severe illness or

surgery within 1 week, blood transfusion or radiotherapy within 2 weeks, or major blood loss or

infection within 4 weeks of study entry. All patients gave written informed consent before

study entry and the study protocol and amendments were reviewed by an independent ethics

committee.
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Study design and treatment

Patients were randomized 2:1 to receive epoetin alfa 150 IU/kg or a matching volume of placebo

subcutaneously three times weekly for up to 28 weeks. Randomization to study treatment was stratified

prospectively according to baseline Hb level (�10.5 or >10.5 g/dl but �12.0 g/dl) and tumor type

(hematologic or solid). If after 4 weeks the Hb level had increased by �1 g/dl or the reticulocyte count

by �40 000/ml above baseline, study treatment was continued at the same dose. If the Hb level or

reticulocyte count had not increased by the above levels, the dose of epoetin alfa was doubled to

300 IU/kg (or matching volume of placebo) administered three times weekly. An oral daily dose of

200 mg of elemental iron was recommended to maintain appropriate iron availability and stores. Red

blood cell transfusions were permitted during the study at the discretion of the physician but were to be

avoided in patients with Hb levels >8 g/dl unless clinically indicated. Outside of the United States,

epoetin alfa is manufactured by Ortho Biologics, LLC and distributed and marketed as EPREX1 or

ERYPO1 by Ortho Biotech and Janssen-Cilag. In the United States, PROCRIT1 (epoetin alfa) is

manufactured by Amgen Inc. and distributed and marketed by Ortho Biotech Products, L.P.

Efficacy analyses

The primary endpoint of the trial was the proportion of patients transfused after day 28. Secondary

endpoints included the change in Hb level from baseline to last value, the proportion of treatment

responders (defined as patients with an increase in Hb level �2 g/dl unrelated to transfusion) and

correctors (patients who achieved an Hb level �12 g/dl during the study), and the change in QOL

scores from baseline to last value for five cancer-specific, Hb-sensitive scales. The QOL instruments

designated a priori included the Functional Assessment of Cancer Therapy-Anemia (FACT-An), for

which the FACT-General (FACT-G Total) scale (measuring social/family, functional, emotional, and

physical well-being) and the fatigue (FACT-An Fatigue) subscale were assessed, and the Cancer Linear

Analog Scale (CLAS, also known as the Linear Analog Scale Assessment (LASA)), for which energy

level, ability to do daily activities, and overall QOL items were assessed.

Although the study was not designed or powered to detect differences in survival, the protocol was

amended before the study was unblinded and completed to permit prospective analysis of survival.

Information regarding date and cause of death was collected 12 months after the last patient completed

the study. Survival distributions were estimated with Kaplan–Meier curves. For the full study cohort,

the Kaplan–Meier curves were compared by means of log-rank tests. To compensate for the variable

survival times associated with different malignancies, Kaplan–Meier estimates of survival were

performed by tumor stratum.

Efficacy analyses were performed on three populations: intent-to-treat, which included all

randomized patients; efficacy, which included all randomized patients on study >28 days; and

QOL, which was defined as all patients who had been randomized, received the study drug and had a

baseline and at least one follow-up QOL assessment. Statistical analyses of efficacy parameters were

not performed for tumor subgroup populations since the overall trial was not powered to discriminate

treatment differences within subgroups. Therefore, no P values are reported herein for the hematologic

malignancy subgroup.

RESULTS

The epoetin alfa (n¼ 251) and placebo (n¼ 124) treatment groups of the full study cohort and of the

hematologic subgroup (n¼ 115 and n¼ 58, respectively) were generally well-matched with respect to

baseline demographic and clinical characteristics (Table 1). Overall, the majority of patients enrolled
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in the trial were white (96%), had late stages of disease (stages III and IV), and had received

chemotherapy within the 3 months prior to enrollment (92%). The median Eastern Cooperative

Oncology Group (ECOG) performance status was 1.0. Hematologic malignancies were present in 46%

of patients (Table 2). Major tumor types in the overall population included breast (30%), non-

Hodgkin’s lymphoma (17%), and myeloma (17%). Major tumor types in the hematologic subgroup

included non-Hodgkin’s lymphoma (36%), myeloma (36%), and Hodgkin’s disease (14%).

Efficacy

Results of the efficacy analyses for both the full study cohort and the hematologic subgroup are

presented for comparative purposes. Except for the analysis of transfusion variables, which was based

on the intent-to-treat population, all efficacy analyses were based on the efficacy population.

In the full study cohort, significantly fewer patients treated with epoetin alfa required transfusion

after day 28 compared with those treated with placebo (24.7 vs. 39.5%, P¼ 0.006). In the hematologic

subgroup, 25.2% of patients treated with epoetin alfa were transfused after day 28 compared with

43.1% of placebo-treated patients (Table 3). Mean Hb at transfusion was 7.9 g/dl for epoetin alfa-

treated patients and 7.8 g/dl for placebo patients for the transfused population (ITT).

The mean increase in Hb levels from baseline to last value was significantly greater for patients in

the full study cohort who were treated with epoetin alfa compared with placebo, 2.2 g/dl vs. 0.5 g/dl

(P< 0.001). Differences in Hb levels between patients given epoetin alfa and placebo were evident at

week 2 and continued throughout the treatment period (Figure 1). In the hematologic subgroup, the

mean increases in Hb levels from baseline were also markedly greater for patients treated with epoetin

Table 1. Baseline demographic and clinical characteristics of the intent-to-treat population of the full study cohort
and the hematologic subgroup. Adapted with permission from Littlewood et al.33

Full study cohort Hematologic subgroup

Epoetin alfa Placebo Epoetin alfa Placebo
Characteristic (n¼ 251) (n¼ 124) (n¼ 115) (n¼ 58)

Sex, n (%)
Female 166 (66) 85 (68) 56 (49) 26 (45)
Male 85 (34) 39 (31) 59 (51) 32 (55)

Mean age (years) 58.3 59.5 59.4 63.9
Months since diagnosis

Mean� SD 35.3� 47.39 31.1� 40.34 27.8� 45.75 23.2� 36.27
Hemoglobin (g/dl)

Mean� SD 9.9� 1.13 9.7� 1.13 9.9� 1.22 9.7� 1.21
Prestudy transfusion,* n (%) 71 (28) 44 (36) 41 (36) 20 (34)

*Within 3 months prior to study entry.
SD, standard deviation.

Table 2. Tumor diagnoses within hematologic subgroup

Diagnosis Epoetin alfa (n¼ 115) Placebo (n¼ 58)

Non-Hodgkin’s lymphoma 41 (36%) 21 (36%)
Myeloma 37 (32%) 25 (43%)
Hodgkin’s lymphoma 19 (16%) 6 (10%)
Chronic lymphocytic leukemia 16 (14%) 5 (9%)
Other 2 (2%) 1 (2%)
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alfa compared with placebo: 2.2 vs. 0.3 g/dl, respectively (Table 3; Figure 1). As with the full study

cohort, differences between epoetin alfa and placebo were already evident after 2 weeks. In the epoetin

alfa group, mean Hb levels progressively increased from 9.93 g/dl at baseline to 10.14 g/dl at week 2,

10.86 g/dl at week 4, and 12.08 g/dl or greater from week 10 onward. In contrast, Hb levels in the

placebo group ranged from 9.73 g/dl at baseline to 9.82 g/dl at week 2, 9.65 g/dl at week 4, and then

10.00 g/dl at week 10 (peak, 10.7 g/dl at week 28, n¼ 8). In addition, the mean increases in hematocrit

from baseline to last value for patients in the hematologic subgroup were greater for patients in the

epoetin alfa treatment group (Table 3).

Response to treatment was assessed in terms of responders, defined as patients who achieved a

�2 g/dl increase in Hb levels unrelated to transfusion. In the full study cohort, there were significantly

more responders in the epoetin alfa treatment group than in the placebo group (70.5 vs. 19.1%,

P< 0.001). The response of the hematologic subgroup paralleled that of the full study cohort, with a

substantially higher proportion of epoetin alfa-treated than placebo-treated patients responding to

anemia treatment (75.2 vs. 16.7%, respectively; Table 3).

Table 3. Summary of efficacy parameters, hematologic subgroup

Parameter Epoetin alfa Placebo

Patients transfused after day 28* 25.2% (29/115) 43.1% (25/58)
Hemoglobiny (g/dl), mean change� SEM 2.2� 0.21 0.3� 0.25
Hematocrity (%), mean change� SEM 6.8� 0.63 0.4� 0.76
Proportion of respondersy,z 75.2% (85/113) 16.7% (9/54)
Proportion of correctorsy,§ 72.6% (82/113) 14.8% (8/54)

*Intent-to-treat population.
yEfficacy population.
zResponders, patients with an increase in Hb of �2 g/dl unrelated to transfusion.
§Correctors, patients whose Hb levels reached �12 g/dl during the study.
SEM, standard error of the mean.

Figure 1. Comparison of the mean bi-weekly hemoglobin (Hb) values for patients treated with epoetin alfa or
placebo. Missing values at any evaluation point are replaced by the last value carried forward. Mean increases in
Hb levels from baseline to last value were substantially higher in patients treated with epoetin alfa compared with
placebo for the efficacy population of the full study cohort (2.2 vs. 0.5 g/dl, P< 0.001), as well as the hematologic
malignancy stratum (2.2 vs. 0.3 g/dl). Adapted with permission from Littlewood et al.33
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Treatment response was also assessed in terms of correctors, defined as patients who attained an Hb

level of �12 g/dl during the study. In the full study cohort, there were significantly more correctors in

the epoetin alfa group than in the placebo group (67.6 vs. 15.7%, P< 0.001). Treatment response in the

hematologic subgroup again paralleled that observed in the full study cohort, with 72.6% of patients in

the epoetin alfa group categorized as correctors, compared with 14.8% in the placebo group (Table 3).

Timing of QOL assessments and reasons for missing patient QOL data have been detailed

previously.35 Differences in change scores between the epoetin alfa and placebo groups for each

QOL parameter greatly favored epoetin alfa for the hematologic subgroup (Table 4). Results were

comparable with the full study cohort for which the between-group differences in the FACT-An and

CLAS scores were significant (P< 0.01).33 By most scales, QOL worsened in placebo-treated patients

in the hematologic subgroup despite maintenance of baseline Hb levels with transfusion.

At the time of the 12-month assessment of survival (median follow-up, 26 months), 94 (38%)

patients treated with epoetin alfa and 41 (33%) treated with placebo in the full study cohort were alive.

Median survival times were 17 months with epoetin alfa and 11 months with placebo, and the Kaplan–

Meier 12-month estimates of survival were 60 and 49% for the epoetin alfa and placebo treatment

groups, respectively. There was a trend in overall survival favouring epoetin alfa (P¼ 0.13, log-rank

test).33 For the hematologic subgroup the estimated median survival times were approximately 32

months with epoetin alfa group and 19 months with placebo. At the 12-month assessment, 61 patients

(53%) and 28 patients (48%) treated with epoetin alfa and placebo respectively, in the hematologic

tumor stratum were alive.

Because this study was not designed or powered to evaluate survival, these data must be interpreted

with caution. Moreover, the interpretive value of the data regarding survival is limited because variables

that influence survival such as disease stage, bone marrow involvement, chemotherapy intensity, and

disease progression were not controlled for or stratified in the study or collected during follow-up.

Safety

Safety was assessed by study treatment for the full study cohort (n¼ 251, epoetin alfa; n¼ 124,

placebo). Epoetin alfa treatment was well tolerated. The overall incidence of adverse events was

similar for the epoetin alfa (86%) and placebo (81%) treatment groups, and the incidences of

individual adverse events generally were similar for both treatment groups. The most common adverse

events in both treatment groups were fever (22% epoetin alfa vs. 17% placebo), granulocytopenia (20

vs. 13%), disease progression (18 vs. 22%) and nausea (18 vs. 14%). Fever, granulocytopenia, and

nausea were more likely to be induced by chemotherapy than by epoetin alfa therapy. A thrombotic or

possible thrombotic event was experienced by 17 patients (7%) in the epoetin alfa group and by eight

patients (6%) in the placebo group, and the incidence of deep vein thrombosis was the same in both

treatment groups.33 Adverse events were not analyzed separately for the treatment groups in the

hematologic stratum.

Table 4. Mean QOL changes scores in hematologic subgroup

Epoetin alfa Placebo

Scale/subscale Range n Change score n Change score

FACT-G total 0–108 92 5.78 38 1.08
FACT-An: Fatigue 0–52 94 4.30 41 �0.16
CLAS: Energy levels 0–100 107 10.14 49 �2.53
CLAS: Ability to do daily activities 0–100 107 11.57 49 �2.92
CLAS: Overall QOL 0–100 107 8.96 48 �5.23
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DISCUSSION

Although anemia is a common problem in patients with cancer, its clinical importance has been largely

underappreciated. In addition to affecting virtually all organ and tissue systems, cancer-related anemia

is now known to have an adverse impact on patients’ QOL.13,36,37 Moreover, it is suggested that

cancer-related anemia also may be associated with poorer prognosis and may contribute to

mortality.17–20,38 Therefore, prevention and/or treatment of cancer-related anemia may improve not

only morbidity and QOL, but also prognosis and, potentially survival.

One cause of cancer-related anemia is inadequate levels of serum erythropoietin for the degree of

anemia.24,25 Numerous clinical studies have established that epoetin alfa administration effectively

and safely treats anemia in cancer patients undergoing either platinum- or non-platinum-based

chemotherapy.26–33 In these studies, epoetin alfa treatment significantly increased Hb levels and

reduced the need for transfusions. Several studies have demonstrated an improvement in QOL related

to the increase in Hb level.29,30,32,33

The present report of a subgroup analysis of the efficacy of epoetin alfa in 375 patients stratified by

tumor type in a multicenter, double-blind, controlled trial33 indicates that epoetin alfa administration is

effective in patients with non-myeloid hematologic malignancies who are receiving non-platinum

chemotherapy. Substantially fewer epoetin alfa- than placebo-treated patients in the hematologic

subgroup required transfusions after 28 days of treatment: 25.2% compared with 43.1%. Also, epoetin

alfa-treated patients in this subgroup had greater increases in Hb levels overall (2.2 g/dl) than did

placebo-treated patients (0.3 g/dl). Improvement in Hb levels occurred rapidly, i.e. differences between

epoetin alfa and placebo patients were already apparent after the first 2 weeks of treatment, with

epoetin alfa patients demonstrating Hb-level increases of approximately 1 g/dl after 1 month and 2 g/dl

after 2 months. In addition, substantially more patients in the hematologic subgroup responded to

epoetin alfa treatment (defined as achieving a �2 g/dl increase in Hb level unrelated to transfusion)

than did patients in the placebo group (75.2 vs. 16.7%).

These findings are consistent with those of previously published studies. An early study that

evaluated epoetin alfa for the treatment of chronic anemia in patients with multiple myeloma and

squamous cell carcinoma reported respective response rates of 75 and 79% as well as improvements

in iron metabolism.39 Pooled data from a series of three controlled trials showed that epoetin alfa

was effective in correcting anemia in a wide variety of tumor types and that response rates were

equivalent in patients with hematologic and solid tumors.40 In addition, there was no difference in

response rates between patients with and without tumor infiltration of the bone marrow. More

recently, results of a large (N¼ 2964), single-arm, community-based study that evaluated once-

weekly epoetin alfa dosing showed an overall response rate of 68% and a significant (P< 0.001)

increase of 1.8 g/dl in Hb levels across all tumor types over the 16-week course of study treatment.32

Analyses of data for the hematologic subgroup in the same study showed similar results, i.e. a

response rate of 65% and a significant (P< 0.001) increase in Hb level of 2.2 g/dl from baseline to

week 16.41 As in the present study, mean Hb levels for the full study cohort and the hematologic

subgroup in this community-based study were increased by approximately 1 g/dl after 1 month, and

2 g/dl after 2 months of treatment; Hb values for the hematologic subgroup were 9.4 g/dl at baseline,

10.4 g/dl at month 1, and 11.2 g/dl at month 2. Reported complete response rates to epoetin alfa in

anemic patients with B-chronic lymphocytic leukemia (B-CLL) and multiple myeloma were 55 and

58%, respectively.10,31

In the present study, the results of the efficacy analysis based on the hematologic subgroup

additionally favored epoetin alfa over placebo for improvements in the five primary measures of QOL.

These findings are consistent with an analysis of data from the hematologic subgroups of three large,

community-based studies with over 7000 overall enrolled patients, which showed significant
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(P< 0.001) improvement in all three LASA variables.34 Interestingly, numerous studies that evaluated

QOL in patients with chemotherapy-related anemia treated with epoetin alfa, demonstrated that the

improvement in QOL observed in both the full study cohort29,30,32–34 and hematologic subgroup34

were associated with increases in Hb level. Importantly, the increases in Hb levels in patients treated

with epoetin alfa occurred despite lower transfusion rates in this group than in the placebo group. In the

placebo-treated patients, stabilization of Hb levels by transfusion was not adequate for maintaining

QOL in anemic cancer patients receiving chemotherapy; in fact, placebo-treated patients experienced

substantial decreases in QOL.33

Two potential biases associated with QOL results in clinical trials are effects of disease response

and other confounding factors and missing data. Of importance to note, multivariate regression

analysis of the data obtained from this trial, taking into account the effects of disease response and

other confounding factors, confirmed significant (P< 0.05) QOL improvements in epoetin alfa-treated

patients versus placebo-treated patients.35 In addition, sensitivity analysis conducted to account for

the effects of missing data on QOL results in this trial confirmed significant (P< 0.05) between-group

QOL differences favoring epoetin alfa-treated patients for four of the five scales reported here.42

A growing body of evidence suggests that low Hb levels are associated with poorer prognosis in

patients with cancer who are treated with chemotherapy and/or radiotherapy.17,43–46 In addition,

associations have been demonstrated between anemia and reduced survival in patients with solid

tumors, as well as in patients with non-Hodgkin’s lymphoma, Hodgkin’s disease, mantle cell

lymphoma or Waldenstrom’s macroglobulinemia, and in previously treated patients with CLL.18–

20,47–51 A recent meta-analysis of 60 papers that reported survival of cancer patients according to either

Hb levels or presence of anemia showed that the overall estimated relative risk of death in anemic

cancer patients was increased by 65% (54 to 77%, 95% confidence interval).52

After noticing in a small study that some epoetin alfa-treated patients with multiple myeloma

showed a survival time that was longer than expected, Mittelman et al. evaluated the potential effects

of this agent on the course of tumor progression in a murine myeloma model.53 The investigators found

that daily administration of epoetin alfa for several weeks induced complete tumor regression in 30 to

60% of the mice. The effects of epoetin alfa were ascribed to a T cell-mediated mechanism. Further

study in a murine model of myeloma bone disease showed that epoetin alfa treatment significantly

(P< 0.0001) prolonged survival in tumor-bearing mice.53 These findings in animal models suggest

that epoetin alfa may have intrinsic anti-tumor activity in addition to a stimulatory effect on red blood

cell production.

Against this background and the results observed in the full study cohort of the trial considered here,

in which Kaplan–Meier estimates showed a trend in survival favoring epoetin alfa over placebo,33

survival was evaluated in the hematologic subgroup. At the 12-month assessment, a higher proportion

of hematologic subgroup patients treated with epoetin alfa were alive than were those treated with

placebo (53 vs. 48%). However, the trial was not powered with respect to survival and did not control

for or stratify patients based on variables that influence survival, such as disease stage, bone marrow

involvement, chemotherapy intensity, and disease progression. Thus, the observed effect of epoetin

alfa on survival and the relationship of Hb level to survival, although interesting, require confirmation

in additional controlled trials specifically designed to assess survival in anemic cancer patients

receiving chemotherapy.

In summary, epoetin alfa treatment was effective and safe for reducing transfusion requirements and

rapidly and effectively correcting Hb levels in patients with hematologic malignancies who were

receiving non-platinum-based chemotherapy. Importantly, epoetin alfa also improved or maintained

QOL measures in these patients and epoetin alfa treatment was well tolerated. A possible survival

benefit of epoetin alfa in patients with hematologic malignancies suggests that further study is

necessary to explore the full potential of this novel treatment.
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26. Ludwig H, Fritz E, Kotzmann H, Höcker P, Gisslinger H, Barnas U. Erythropoietin treatment of anemia
associated with multiple myeloma. New Engl J Med 1990; 322: 1693–1699.

27. Abels RI. Recombinant human erythropoietin in the treatment of anaemia of cancer. Acta Haematol 1992;
87(Suppl. 1): 4–11.

28. Leitgeb C, Pecherstorfer M, Fritz E, Ludwig H. Quality of life in chronic anemia of cancer during treatment
with recombinant human erythropoietin. Cancer 1994; 73: 2535–2542.

29. Glaspy J, Bukowski R, Steinberg D, Taylor C, Tchekmedyian S, Vadhan-Raj S, for the Procrit Study Group.
Impact of therapy with epoetin alfa on clinical outcomes in patients with nonmyeloid malignancies during
cancer chemotherapy in community oncology practice. J Clin Oncol 1997; 15: 1218–1234.

30. Demetri GD, Kris M, Wade J, Degos L, Cella D, for the Procrit Study Group. Quality-of-life benefit in che-
motherapy patients treated with epoetin alfa is independent of disease response or tumor type: results from a
prospective community oncology study. J Clin Oncol 1998; 16: 3412–3425.

31. Dammacco F, Castoldi G, Rödjer S, for the Multiple Myeloma Study Group. Efficacy of epoetin alfa in the
treatment of anaemia of multiple myeloma. Br J Haematol 2001; 113: 172–179.

32. Gabrilove JL, Cleeland CS, Livingston RB, Sarokhan B, Winer E, Einhorn LH. 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.

33. Littlewood TJ, Bajetta E, Nortier JWR, Vercammen E, Rapoport B, for the Epoetin Alfa Study Group.
Effects of epoetin alfa on hematologic parameters and quality of life in cancer patients receiving non-
platinum chemotherapy: results of a randomized, double-blind, placebo-controlled trial. J Clin Oncol
2001; 19: 2865–2874.

34. Demetri GD, Glaspy J, Gabrilove J. Hematologic and quality of life benefits of epoetin alfa once weekly vs 3
times weekly in patients with hematologic malignancies. Hematol J 2001; 1: 59 (abstract 193).

35. Fallowfield L, Gagnon D, Zagari M, et al. Multivariate regression analyses of data from a randomised, dou-
ble-blind, placebo-controlled study confirm quality of life benefit of epoetin alfa in patients receiving non-
platinum chemotherapy. Br J Cancer 2002; 87: 1341–1353.

36. Cella D, Mo F, Peterman A. Anemia, fatigue and quality of life in people with cancer and HIV infection.
Blood 1996; 88(Suppl. 1): 146a (abstract 571).

37. Ludwig H, Strasser K. Symptomatology of anemia. Semin Oncol 2001; 28(Suppl. 8): 7–14.
38. Littlewood TJ. The impact of hemoglobin levels on treatment outcomes in patients with cancer. Semin Oncol

2001; 28(Suppl. 8): 49–53.
39. Ludwig H, Pecherstorfer M, Leitgeb C, Fritz E. Recombinant human erythropoietin for the treatment of

chronic anemia in multiple myeloma and squamous cell carcinoma. Stem Cells 1993; 11: 348–355.
40. Abels R. Erythopoietin for anaemia in cancer patients. Eur J Cancer 1993; 29A(Suppl. 2): S2–S8.
41. Gabrilove JL, Einhorn LH, Cleeland CS, et al. Once-weekly dosing of epoetin alfa increases hemoglobin

(Hb) and improves quality of life (QOL) in patients with hematologic malignancies. Blood 1999; 94: 400a.
42. Fairclough DL, Gagnon DD, Zagari MJ, Marschner N, Dicato M, for the Epoetin Alfa Study Group. Evalua-

tion of quality of life in a clinical trial with nonrandom dropout: the effect of epoetin alfa in anemic cancer
patients. Qual Life Res 2003; 12: 1013–1027.

43. Ohlhauser C, Bulzebruck H, Ebert W, Drings P, Wannenmacher M. Prognostic factors for survival in inop-
erable non-small-cell lung cancer: a multivariate regression analysis of 456 patients with radiotherapy.
Oncology 1997; 20: 126–131.

44. Glaser CM, Millesi W, Kornek GV, et al. Impact of hemoglobin level and use of recombinant erythropoietin
on efficacy of preoperative chemoradiation therapy for squamous cell carcinoma of the oral cavity and oro-
pharynx. Int J Radiat Oncol Biol Phys 2001; 50: 705–715.

45. Molls M, Stadler P, Becker A, Feldmann HJ, Dunst J. Relevance of oxygen in radiation oncology. Mechan-
isms of action, correlation to low hemoglobin levels. Strahlenther Onkol 1998; 174(Suppl. 4): 13–16.

46. 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.

47. Callea V, Clo V, Morabito F, et al. Retrospective analysis of mantle cell lymphoma: experience of the
‘Gruppo Italiano per lo Studio dei Linformi’ (GISL). Haematologica 1998; 83: 993–997.

48. Liao Z, Chul S, Fuller LM, et al. Subdiaphragmatic Stage I & II Hodgkin’s disease: long-term follow-up and
prognostic factors. Int J Radiat Oncol Biol Phys 1998; 41: 1047–1056.

49. Samaha H, Dumontet C, Ketterer N, et al. Mantle cell lymphoma: a retrospective study of 121 cases. Leu-
kemia 1998; 12: 1281–1287.

178 T. J. LITTLEWOOD ET AL.

Copyright # 2004 John Wiley & Sons, Ltd. Hematol Oncol 2003; 21: 169–180.



50. Landman-Parker J, Pacquement H, Leblanc T, et al. Localized childhood Hodgkin’s disease: response-
adapted chemotherapy with etoposide, bleomycin, vinblastine, and prednisone before low-dose radiation
therapy—results of the French Society of Pediatric Oncology Study MDH90. J Clin Oncol 2000; 18:
1500–1507.

51. Morel P, Monconduit M, Jacomy D, et al. Prognostic factors in Waldenstrom macroglobulinemia: a report on
232 patients with the description of a new scoring system and its validation on 253 other patients. Blood
2000; 96: 852–858.

52. Caro JJ, Salas M, Ward A, Goss G. Anemia as an independent prognostic factor for survival in patients with
cancer: a systemic, quantitative review. Cancer 2001; 91: 2214–2221.

53. Mittelman M, Neumann D, Peled A, Kanter P, Haran-Ghera N. Erythropoietin induces tumor regression and
antitumor immune responses in murine myeloma models. Proc Natl Acad Sci 2001; 98: 5181–5186.

APPENDIX

The following investigators participated in this study: Belgium: Yves Beguin, MD, CHU Sart-Tilman,

Liege; Rene Brys, MD, H. Hart Klinick, Ecklo; Gilbert De Wasch, MD, Henri Serruys Hospital,

Oostende; Mario Antonio Dicato, MD, Centre Hospitalier de Luxembourg, Luxembourg; Raymond

Mathys, MD, A.Z. Middelheim, Antwerpen; M. Symann, MD, Oncologie Médicale, Cliniques St Luc,

Brussels; Achiel Van Hoof, MD, Algemeen Ziekenhuis St Jan, Brugge; and Ignace Vergote, MD, U.Z.

Gasthuisberg, Leuven. Czech Republic: Otakar Bednarik, MD, Masaryk Memorial Cancer Institute,

Brno; Michael Frank, MD, Department of Radiotherapy, Faculty Hospital, Plzen; and Milada
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Ospedale Policlinico, Cattedra Di Ematologia, Milan; and Gabriella Gorzegno, MD, Osperdale S.

Luigi, Istituto di Clinica Medica Generale, Orbassano (Torino). The Netherlands: Franciscus L.G.

Erdkamp, MD, Maaslandziekenhuis, Sittard; H.J. Keizer, MD, Academisch Ziekenhuis Leiden,

EPOETIN ALFA IN PATIENTS WITH HEMATOLOGIC MALIGNANCIES 179

Copyright # 2004 John Wiley & Sons, Ltd. Hematol Oncol 2003; 21: 169–180.



Leiden; J.J. Mol, MD, Ziekenenhuis Rijnstate, Arnhem; Johan W.R. Nortier, MD, Diakonessenhuis,

Utrecht; Ron C. Rietbrock, MD, Academisch Medisch Centrum, Amsterdam; C.J. Rodenburg, MD,

Algemeen Christelijk Ziekenhuis Eemland, Lokatie De Lichtenberg, Amersfoort; M.R. Schaafsma,

MD, Medisch Spectrum Twente, Enschede; L.H. Siegenbeek van Heukclom, MD, Medisch Centrum

Alkmaar, Alkmaar; C. Van der Heul, MD, Sint Elisabeth Ziekenhuis, Tilburg; Marinus Van Marwijk

Kooy, MD, St Sophia Ziekenhuis, Zwolle; Gerard Vreugdenhil, MD, Sint Joseph Ziekenhuis,

Veldhoven; and Jacques Wils, MD, Laurentius Hospital, Roermond. Poland: Jerzy Holowiecki,

MD, Department of Haematology, Silesian School of Medicine, Katowice; Marek Pawlicki, MD,

Maria Skiodowska-Curie Memorial Cancer Center, Division in Cracow, Kraków; and Piotr Siedlecki,

MD, Maria Skiodowska-Curie Memorial Cancer Center, Warsaw, Warszawa. Portugal: Cândida

Azevedo, MD, Instituto Português de Oncologia, Porto; Ricardo Marques da Costa, MD, Hospital

Dristrital de Leiria, Leiria; and Joaquim Gouveia, MD, Hospital de Santo António dos Capuchos,

Lisboa. South Africa: Dayle Hacking, MD, Durban Oncology Center, Westridge, Durban; Johann

Raats, MD, 110 Delmar Medical Center, Capetown; and Bernardo Rapoport, MD, The Medical

Oncology Center of Rosebank, Johannesburg. Switzerland: Matti S. Aapro, MD, Centre
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