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Purpose
To compare maintenance epoetin alfa administered once every 3 weeks with continued weekly
epoetin alfa for patients with cancer-associated anemia.

Patients and Methods

Eligible patients were randomly assigned at enrollment to receive three weekly doses of epoetin
alfa 40,000 U subcutaneously (SC), followed by either standard weekly epoetin alfa (40K arm) or
120,000 U of epoetin alfa (120K arm) SC every 3 weeks for 18 additional weeks.

Results

Three hundred sixty-five patients were enrolled. One hundred eighty-three patients were assigned
to the 40K arm, and 182 were assigned to the 120K arm. There was no difference in the proportion
of patients requiring transfusions during the study (23% in 40K arm and 18% in 120K arm, P = .22)
or specifically during the maintenance phase (13% in 40K arm v 15% in 120K arm, P = .58).
Patients randomly assigned to the 40K arm were more likely to have a = 2 or = 3 g/dL hemoglobin
(Hb) increment, were more likely to have a drug dose held because of high Hb, and had higher
mean end-of-study Hb levels. Toxicities, including thromboembolism, and overall survival were
similar. Patients in the 40K arm had a higher global quality of life (QOL) at baseline for unclear
reasons, whereas patients in the 120K arm had a greater global QOL improvement during the
study, so end-of-study QOL was equivalent.

Conclusion

After three weekly doses of epoetin alfa 40,000 U, a dose of 120,000 U can be administered safely
once every 3 weeks without increasing transfusion needs or sacrificing QOL. The Hb increment
is somewhat greater with continued weekly epoetin alfa. Lack of blinding as a result of different
treatment schedules may have confounded results.

J Clin Oncol 24:1079-1089. © 2006 by American Society of Clinical Oncology

tology and the American Society of Clinical Oncol-
ogy,” by the National Comprehensive Cancer
Network,'® and by other groups.

Although the initial epoetin alfa administration
schedule approved by the US Food and Drug Ad-
ministration for chemotherapy-associated anemia

Anemia is a common complication of cancer and
antineoplastic therapy, and anemia-associated
symptoms can seriously impair patients’ quality of
life (QOL).'* RBC transfusions reliably increase he-

moglobin (Hb) levels and ameliorate symptoms of
anemia, but transfusions are associated with adverse
reactions, processing and administration costs, in-
convenience, patient fears, and a small risk of infec-
tion.> Renally secreted erythropoietin is the major
endogenous hormonal regulator of marrow eryth-
rocyte production. Recombinant human erythro-
poietin (epoetin alfa) has been used for more than a
decade for treatment of renal failure—associated and
cancer-associated anemia,"®® which is a clinical
practice supported by evidence-based guidelines
published jointly by the American Society of Hema-

was 150 U/kg (approximately 10,000 U) three times
per week, several studies have supported the utility
of a more convenient weekly epoetin administra-
tion, and the drug is now approved by the US Food
and Drug Administration for use at an initial fixed
dose 0f 40,000 U on a once-weekly schedule.'' Most
anemic cancer patients receiving epoetin alfa are
currently treated with a weekly fixed dose. The
North Central Cancer Treatment Group (NCCTG)
recently reported the results from a multicenter,
randomized, double-blind, placebo-controlled trial
of weekly epoetin alfa (40,000 U administered
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subcutaneously [SC]) in patients with chemotherapy-associated ane-
mia."” Compared with placebo, the active agent significantly im-
proved Hb and reduced transfusion needs, but an overall QOL
improvement was not demonstrated.

A weekly epoetin schedule is more convenient for patients than a
thrice-weekly schedule, but it is still imperfect.'> Many common can-

cer treatments (eg, cyclophosphamide, doxorubicin, vincristine, and
prednisone for lymphoma and the standard doublet regimens for lung
cancer) are administered once every 3 weeks, and some patients re-
ceiving epoetin do not receive concurrent antineoplastic therapy.'*
For these patients, as well as for Medicare beneficiaries who can-
not be reimbursed for self-administered medications, epoetin

Table 1. Baseline Characteristics by Treatment Arm
Epoetin Alfa Dose
40,000 U 120,000 U Total
(n=179) (n=181) (N = 360)
Characteristic No. % No % No. % P
Age, years .66
Mean 66.0 65.5 65.7
Standard deviation 11.98 11.40 11.67
Median 68.0 68.0 68.0
Range 34.0-93.0 24.0-93.0 24.0-93.0
Age group 94
= 60 years 55 31 55 30 110 31
> 60 years 124 69 126 70 250 69
Actively receiving chemotherapy .76
Yes 161 90 161 89 322 89
No 18 10 20 11 38 11
Actively receiving platinum chemotherapy .64
Yes 61 34 66 36 127 35
No 118 66 115 64 233 65
Anemia degree .88
Mild, =9 g/dL 164 92 165 91 329 91
Severe, <9 g/dL 15 8 16 € 31 9
Neoplasm type .38
Hematologic neoplasm 22 12 17 9 39 11
Other neoplasm 157 88 164 91 321 89
Sex .35
Female 98 55 108 60 206 57
Male 81 45 73 40 154 43
Height, cm .26
No. of patients 173 177 350
Mean 168.5 167.4 167.9
Standard deviation 9.97 9.22 9.60
Median 169.0 166.0 168.0
Weight, kg .29
No. of patients 175 177 352
Mean 75.8 77.8 76.8
Standard deviation 18.01 16.55 17.29
Median 73.5 75.8 74.9
Range 37.1-137.0 42.5-122.3 37.1-137.0
MCV > 100 fL* 45
Missing 4 2 3 2 7 2
Yes 6 11 6 17 5
No 169 94 167 92 336 93
No. of previous systemic therapies .70
Missing 4 2 3 2 7 2
1 67 37 75 41 142 39
2 108 60 103 57 211 59
Zubrod performance status at baseline .68
0 55 31 52 29 107 30
1 96 54 105 58 201 56
2 28 16 24 13 52 14
NOTE. Tables include only patients assessable for efficacy and toxicity.
Abbreviation: MCV, mean corpuscular volume.
*Vitamin B,, and folate deficiency were ruled out.

1080

JOURNAL OF CLINICAL ONCOLOGY

Downloaded from www.jco.org on May 1, 2006 . For personal use only. No other uses without permission.
Copyright © 2006 by the American Society of Clinical Oncology. All rights reserved.



Epoetin Maintenance Dosing Schedule in Anemia

treatment can require weekly physician’s office visits that might
not otherwise be required.

One potential solution to this problem is to alter the glycosylation
pattern of recombinant erythropoietin to slow the hormone’s metab-
olism and prolong its active half-life. Darbepoetin alfa, a newer eryth-
ropoietic agent with increased sialic acid content compared with
epoetin alfa, has a longer terminal half-life than epoetin alfa and is
currently approved by the US Food and Drug Administration for
once-weekly dosing in chemotherapy-related anemia. Experience
with this compound in less frequent dosing schedules is increasing; it is
now commonly used once every 2 weeks in clinical practice. However,
at present, neither epoetin alfa nor darbepoetin alfa are approved by
the US Food and Drug Administration for longer interval dosing, and
itisalso unclear whether erythropoietic agents’ tissue half-life or cycles
of erythropoietin receptor activation are more critical in determining
efficacy. Further study is needed for both agents to determine what the
most effective doses and schedules might be.'>”

Administering weekly epoetin alfa for a few doses to induce an
initial Hb increment (induction) and then switching to a more infre-
quent maintenance dosing schedule is another attractive approach.
The potential efficacy of this strategy is supported by preclinical data'®
and by a preliminary human trial."® The goal of the present study was
to compare 120,000 U of epoetin alfa administered every 3 weeks with
standard weekly maintenance epoetin alfa treatment (40,000 U) in
patients with cancer-associated anemia who had all received a short
(three-dose) weekly epoetin induction regimen. Efficacy was mea-
sured in terms of RBC transfusion needs, QOL, and various Hb end
points. These end points were studied in the context of a randomized,
unblended, cooperative group trial.

Patient Eligibility

The NCCTG conducted this trial. All participants provided written in-
formed consent. The NCCTG, the National Cancer Institute, and an institu-
tional review board at each participating site approved the study. Eligible
patients were at least 18 years old and had anemia (males: Hb < 12.0 g/dL;
females: Hb < 11.0 g/dL) believed to be related to a nonmyeloid cancer or
antineoplastic therapy, a life expectancy of more than 6 months, a Zubrod
performance status of 0 to 2, and a normal or elevated serum ferritin (= 20
ng/mL). Patients did not have to be receiving antineoplastic therapy to enroll.
Patients with anemia secondary to vitamin deficiency, bleeding, or hemolysis
were excluded, as were pregnant or nursing women and patients undergoing
stem-cell transplantation. Additional exclusions included uncontrolled hyper-
tension or cardiac arrhythmia, recent thromboembolism (unless receiving
anticoagulation), untreated brain metastases or seizures, and previous treat-
ment with an erythropoietic agent within 6 months. Patients who had under-
gone surgery or erythrocyte transfusion were required to wait at least 14 days
before enrollment. All patients had a CBC less than 7 days before study
registration (baseline). Endogenous erythropoietin level, creatinine, and fer-
ritin were measured less than 30 days before enrollment.

Study Treatment

All patients were centrally randomly assigned immediately upon enroll-
ment and were scheduled to receive epoetin alfa 40,000 U SC for 3 weeks
(weeks 0, 1, and 2) and then assigned either to continue epoetin alfa 40,000 U
weekly (40K arm) or to receive epoetin alfa 120,000 U every 3 weeks (120K
arm), both SC, starting on week 3 and continuing for 18 additional weeks.
Because of the differing treatment schedules and their potential effect on QOL,
patients and clinicians were not blinded to allocation. The dose of 120,000 U
(drug concentration, 40,000 U/mL) required two or three simultaneous injec-

WWW.jco.org

tions. The drug was administered by a health care provider; self-injection was
not permitted, and dose escalation was not used for nonresponse.

If the Hb exceeded 13.0 g/dL during the study, epoetin alfa was held, and
Hb was monitored weekly until Hb was =< 12.0 g/dL; then epoetin was re-
started at a reduced dose (30,000 U weekly or 80,000 U every 3 weeks, depend-
ing on random assignment). No further dose adjustments were permitted. All
patients were administered ferrous sulfate 324 mg orally daily but were per-
mitted to discontinue this if GI adverse effects became intolerable.

Assessment of End Points

The primary study end point was the proportion of patients receiving
RBC transfusions in each arm. Transfusions were administered only for Hb
= 8.0 g/dL, unless patients were judged by the treating clinician to have
intolerable or dangerous ischemic symptoms at a higher level of Hb. Secondary
end points included changes in Hb or QOL from baseline measurements. Hb
was assessed weekly during induction and at least every 3 weeks thereafter, with
additional measurements before transfusions and at clinician discretion.

QOL instruments included the anemia subscale of the Functional Assess-
ment of Cancer Therapy (13 items),” the Symptom Distress Scale (13
items),! the Brief Fatigue Inventory (BFI; nine items),?? and 12 linear analog
self-assessment (LASA) items.?® These instruments were incorporated into a
booklet designed to be completed by patients in 10 to 15 minutes. Patients
completed QOL assessments every 3 to 4 weeks at office visits before they were
told their current Hb level or the status of their cancer to avoid confounding.
All QOL scores were transformed to a 100-point scale (100 being optimal) to
simplify comparisons.*

Statistical Methods

The intent-to-treat patient population was defined as all registered pa-
tients. Eligible patients receiving at least one dose of study drug were consid-
ered assessable for safety and efficacy. The QOL-assessable population
included patients who had a baseline QOL assessment and at least one subse-
quent QOL measurement.

There were five stratification variables, as follows: (1) actively receiving
chemotherapy or radiotherapy or both versus not; (2) actively receiving
platinum-based therapy (ie, carboplatin or cisplatin, which are agents that are
especially toxic to renal cells) versus not; (3) degree of anemia (baseline Hb
=9.0 v <9.0 g/dL); (4) age (= 60 v > 60 years); and (5) type of neoplasm
(hematologic neoplasm v all other neoplasms).

Fisher’s exact test was used for comparing binary events across treat-
ments, including efficacy and toxicity rates and categoric QOL variables.
Independent sample ¢ test procedures assessed QOL changes over time.
Further analysis was carried out using repeated-measures analysis of

100 7
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Fig 1. Kaplan-Meier curve of freedom from RBC transfusion during the
maintenance phase of this study (ie, after 3 weeks of once-weekly induction
therapy with epoetin alfa) for patients continuing to receive 40,000 U of epoetin
alfa weekly (solid line) versus patients receiving 120,000 U of epoetin alfa every
3 weeks (dashed line).
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Table 2. Changes in Hb During the Study
Epoetin Alfa Dose
40,000 U 120,000 U Total
Measure (n=179) (n=181) (N = 360) P
Baseline Hb, g/dL .29
No. of patients 179 181 360
Mean 10.2 10.1 10.2
SD 0.73 0.80 0.77
Range 8.1-11.5 7.6-11.8 7.6-11.8
Last Hb, g/dL .0006
No. of patients 179 181 360
Mean 12.0 11.56 1.7
SD 1.46 1.50 1.50
Range 7.7-15.3 6.1-15.0 6.1-15.3
Hb change during study, g/dL .0097
No. of patients 179 181 360
Mean 1.8 1.4 1.6
SD 1.65 1.60 1.59
Range —2.5-53 —5.4-4.9 —5.4-53
Maximum Hb, g/dL .0002
No. of patients 179 181 360
Mean 13.1 12.6 12.9
SD 1.28 1.37 1.35
Median 134 12.7 13.1
= 2-point Hb increase from baseline .05
No
No. of patients 42 59 101
% 23 33 28
Yes
No. of patients 137 122 259
% 77 67 72
= 2-point Hb increase from baseline after week 4 .02
No
No. of patients 45 66 111
% 25 36 31
Yes
No. of patients 134 115 249
% 75 64 69
= 3-point Hb increase from baseline .0062
No
No. of patients 81 108 189
% 45 60 53
Yes
No. of patients 98 73 171
% 55 40 48
= 3-point Hb increase from baseline after week 4 .0031
No
No. of patients 85 114 199
% 47 63 55
Yes
No. of patients 94 67 161
% 53 37 45
Any Hb = 13 g/dL < .0001
No
No. of patients 63 103 166
% 35 57 46
Yes
No. of patients 116 78 194
% 65 43 54
(continued on following page)
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Table 2. Changes in Hb During the Study (continued)
Epoetin Alfa Dose
40,000 U 120,000 U Total
Measure (n=179) (n=181) (N = 360) P
Any Hb = 13 g/dL after week 4 < .0001
No
No. of patients 67 111 178
% 37 61 49
Yes
No. of patients 112 70 182
% 63 39 51
Any Hb =15 .30
No
No. of patients 169 175 344
% 94 97 96
Yes
No. of patients 10 6 16
% 6 8 4
Any Hb = 15 g/dL after week 4 18
No
No. of patients 169 176 345
% 94 97 96
Yes
No. of patients 10 5 15
% 6 3 4
Abbreviations: Hb, hemoglobin; SD, standard deviation.

variance/generalized estimating equation modeling to assess the relative
contributions of variables such as baseline demographics, Hb, ferritin, and
endogenous erythropoietin.

With 150 patients planned per arm, there was = 80% power to detect a
13% difference (through Fisher’s exact test) in the true percentage of patients
who needed RBC transfusion (primary end point) if the proportion requiring
transfusions in the inferior arm was less than 25%, using a 5% type I error rate
and two-sided alternative. Secondary end points included Hb increment from
baseline, toxicity, and QOL. With respect to QOL, the study had = 80% power
to detect an 8% difference (through the # test) in QOL scores across the two
groups. Although overall survival was monitored, the study was not powered
to detect a difference.

Patient Characteristics

Three hundred sixty-five patients at 16 NCCTG sites were regis-
tered between study activation in June 2003 and closure in March
2004. There were three early cancellations (before an epoetin alfa dose
was administered) and two ineligible patients (one had myelodyspla-
sia and the other received epoetin within 6 months of random assign-
ment). Therefore, 360 patients were assessable for efficacy and toxicity.
During the 3-week induction phase, 16 patients (4%) died or dropped
out and did not reach the maintenance phase. These patients (six in
the 40K arm and 10 in the 120K arm) were included with their
assignment arm in the intent-to-treat analysis. Results of the analysis
were unchanged when data were reanalyzed with these patients ex-
cluded. Overall, 67% of the patients randomly assigned to the 40K arm
and 69% of the patients assigned to the 120K arm completed at least 18
of the 21 weeks of the study. The majority of patients (63%) completed

WWW.jco.org

all protocol therapy. Baseline characteristics were comparable (Table
1); 89% of patients were receiving chemotherapy.

Efficacy of Epoetin Alfa on Transfusion Requirements
and Hb End Points

In terms of the primary end point, which was the proportion of
patients in each arm requiring transfusions, the treatment groups were
similar; overall, 41 patients (23%) in the 40K arm received transfusion
compared with 32 patients (18%) in the 120K arm (+5% difference;
95% CI for the difference, —4% to +13%; P = .22). The total number
of RBC units transfused during the study was 135 in the 40K arm and
109 in the 120K arm. Dividing these figures by the total number of
days that patients in each arm were alive and on study yielded a
transfusion units per patient per day alive on study measure of 0.0063
on the 40K arm and 0.0053 for the 120K arm (P < .0001 favoring
120K). The proportion of patients who received transfusion during or
after week 4 (ie, during the maintenance phase) was 13% (n = 24) in
the 40K arm and 15% (n = 28) in the 120K arm (P = .58; Fig 1).

Hb data are listed in Table 2 and shown in Figure 2. Patients
enrolled onto the 40K arm had a slightly higher mean end-of-study Hb
than patients enrolled onto the 120K arm (12.0 v 11.5 g/dL, respec-
tively; P = .0006; 95% CI for the difference in means, 0.2 to 0.8 g/dL)
and a greater mean increase in Hb from baseline to last measured value
(1.8 v 1.4 g/dL, respectively; P = .01; 95% CI for the difference in
means, 0.1 to 0.8 g/dL). In addition, patients on the 40K arm, com-
pared with patients on the 120K arm, were more likely to have a =2
g/dL or = 3 g/dL increase in Hb from baseline to last value (77% v
67%, respectively, for 2 g/dL; P = .05; 95% CI for the difference in
proportions, 0% to 18%; and 55% v 40%, respectively, for 3 g/dL;
P = .006; 95% CI for the difference in proportions, 4% to 25%) and
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Hemoglobin (g/dL) With 95% CI

9 L T T T T T T T T
0 1I 2 3 4 7 10 13
Week
120K arm: n=181 161 165 152 99 154 142 135
40K arm: n=179 153 171 155 135 158 152 137

Hemoglobin (g/dL) With 95% CI

Fig 2. Mean hemoglobin (Hb) levels for

each study group during induction and
maintenance therapy with epoetin alfa. N
119 15 denotes the number of patients with Hb
123 106 assessments at each time point. Week 0

data indicate Hb value at the time of study
registration and first dose. 40K, 40,000 U
of epoetin alfa weekly; 120K, 120,000 U of
epoetin alfa every 3 weeks.

o 1 2 3 4 5 6 T 8
Week

9 10 11 12 13 14 15

16 17 18 19 20 21

were more likely to have an Hb value of = 13 g/dL at some point (65%
v 43%, respectively; P < .0001; 95% CI for the difference in propor-
tions, 12% to 32%).

Because patients on the 40K schedule were seen more frequently
for epoetin injections, they potentially had a chance to be assessed
more frequently by a treating physician and have a CBC drawn, be-
cause although CBCs were mandated at least every 3 weeks for both
treatment groups, they could be performed at any time at physician
discretion. The mean number of Hb measurements per patient
during the course of the study was 13.3 in the 40K arm and 9.8 in
the 120K arm (P < .0001). However, if the comparison points are
restricted to every-3-week intervals during the maintenance period
(when patients on both arms had a CBC, except for the small group
of patients who got off schedule as the result of the need to delay a
dose of epoetin for high Hb), the Hb is still greater at each assess-
ment in the 40K arm (Fig 2).

Changes in QOL
Three hundred three patients (84%) were assessable for QOL,
and for these patients, only 8% of data were missing. Of the 360

1084

efficacy-assessable patients, one had no QOL data, 24 had only base-
line data, and 32 had follow-up data but no baseline QOL data. QOL
data (Table 3) were analyzed using various approaches to missing data
involving simple and multiple imputation.”> Although the overall
QOL profile changed depending on the imputation method, compar-
isons across treatment arms did not. In Table 3, the aggregate scores
for the Symptom Distress Score items are listed; in addition to lack of
difference in the aggregate score, no individual item showed a statisti-
cally significant difference between arms. Like Fatigue Now, shown in
Table 3, the other BFI items (eg, Usual Level of Fatigue and Fatigue
Interference With Work) also showed no statistically significant dif-
ferences between arms. The baseline global QOL measurement
(LASA) was lower in the 120K arm than in the 40K arm (mean score,
62 v 67, respectively; P = .03) for unclear reasons. However, the
improvement in LASA score during the study was greater in the 120K
arm (mean change, +5.9 in 120K arm v —0.3 in the 40K arm [+6.2];
P = .02; 95% CI for the difference, +0.9 to +11.4), so end-of-study
scores for global QOL (LASA) were comparable. Other QOL scores
(Symptom Distress Scale, BFI, and Functional Assessment of Cancer
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Table 3. QOL Results

Epoetin Alfa Dose

40,000 U 120,000 U Total
Measure (n=179) (n=181) (N = 360) P
Baseline LASA score .03
No. of patients 161 164 325
Mean 66.9 62.0 64.4
SD 21.80 21.22 21.62
LASA score change during study .02
No. of patients 161 164 325
Mean -0.3 +5.9 +2.8
SD 22.43 25.57 24.23
= 10% improvement in LASA .09
No
No. of patients 122 108 230
% 68 60 64
Yes
No. of patients 57 73 130
% 32 40 36
Baseline SDS score 29
No. of patients 161 164 325
Mean 72.7 711 71.9
SD 12.98 14.50 13.77
SDS score change during study .53
No. of patients 161 164 325
Mean +3.2 +4.9 +4.0
SD 13.18 14.32 13.77
= 10% improvement in SDS score .88
No
No. of patients 120 120 240
% 67 66 67
Yes
No. of patients 59 61 120
% 33 34 33
Baseline BFI Fatigue Now score 24
No. of patients 160 163 323
Mean 43.4 39.8 41.6
SD 25.13 23.66 24.42
BFI Fatigue Now score change during study .88
No. of patients 160 163 323
Mean +9.1 +10.7 +9.9
SD 30.67 31.09 30.85
= 10% improvement in BFI Fatigue Now score .84
No
No. of patients 100 103 203
% 56 57 56
Yes
No. of patients 79 78 157
% 44 43 44
Baseline FACT-An score .062
No. of patients 160 165 325
Mean 55.7 51.8 53.7
SD 20.13 17.10 18.73
FACT-An score change during study .51
No. of patients 160 165 325
Mean +5.7 +7.6 +6.6
SD 17.21 19.17 18.23
= 10% Improvement in FACT-An score? 74
No
No. of patients 102 100 202
% 57 55 56
Yes
No. of patients 77 81 158
% 43 45 44

Abbreviations: QOL, quality of life; SD, standard deviation; LASA, Linear Analog Self-Assessment; SDS, Symptom Distress Score; BFI, Brief Fatigue Inventory;
FACT-An, Functional Assessment of Cancer Therapy-Anemia.
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Therapy—Anemia) were equivalent between groups at baseline, and
changes during the study were not different between study arms. Table
4 lists the Uniscale data with various imputation methods for missing
data. There were no statistically significant differences in changes in
the Zubrod score between treatment arms during the study (P = .62).

Adverse Events

Adverse events were monitored and graded using the National
Cancer Institute Common Toxicity Criteria version 2.0. The incidence
of adverse effects was similar between the two arms. An epoetin alfa
dose was held as a result of high Hb (> 13.0 g/dL) more frequently
in the 40K arm than in the 120K arm (61% v 36%, respectively;
P <.0001). The incidence of ischemic and thrombotic events of any
type (eight patients in 40K arm v nine patients in 120K arm; P = .80)
was low and comparable between arms. The rate of Hb increase at
every time point was lower for patients who had thrombotic events
than for the whole study population (eg, week 4, P = .0001).

Survival

Twenty-seven patients (8%; 14 on the 40K arm and 13 on the
120K arm) died during the treatment phase (21 weeks) of the study.
The median survival time in the 40K arm (79 deaths) was 377 days,

whereas the median survival time in the 120K arm (73 deaths) was 403
days (P = .24; Fig 3). Enrolled patients had diverse tumor types and
stages; these and other tumor site—specific prognostic data were not
systematically collected.

Despite the potential benefits of erythropoietic agents in cancer-
associated anemia, less than one half of eligible persons currently
receive therapy with these drugs.”® Many factors may contribute to
this putative underuse, including inconvenience of the administration
route (injection) and of US Food and Drug Administration—approved
schedules (once weekly or three times per week). The results of this
study suggest that, after three weekly doses of epoetin alfa, patients can
safely receive 120,000 U (three times the fixed weekly dose) once every
3 weeks to consolidate and maintain erythropoietic gains, with similar
efficacy in terms of transfusion end points and QOL compared with
continuing weekly epoetin. Toxicity is also comparable between these
two approaches. However, although the every-3-week epoetin alfa

Table 4. Summary of Imputed Uniscale AUC
Epoetin Alfa Dose
Measure 40,000 U (n = 179) 120,000 U (n = 181) Total (N = 360) P
Uniscale AUC .53
No. of patients 155 147 302
Mean 1,110.0 1,075.2 1,093.0
SD 524.09 440.33 484.64
Median 1,130.0 1,165.0 1,142.5
Q1 745.0 875.0 795.0
Q3 1,540.0 1,380.0 1,445.0
Range 90.0-2,100.0 135.0-1,980.0 90.0-2,100.0
Uniscale AVCF AUC .54
No. of patients 179 181 360
Mean 1,414.4 1,386.8 1,400.5
SD 383.32 365.71 374.30
Median 1,445.0 1,409.2 1,417.9
Q1 1,147 1 1,171.3 1,152.5
Q3 1,695.0 1,645.0 1,679.6
Range 292.5-2,100.0 420.0-2,100.0 292.5-2,100.0
Uniscale MVCF AUC 40
No. of patients 179 181 360
Mean 1,360.2 1,323.5 1,341.8
SD 406.89 379.87 393.41
Median 1,380.0 1,360.0 1,365.0
Q1 1,070.0 1,110.0 1,097.5
Q3 1,680.0 1,575.0 1,625.0
Range 165.0-2,100.0 370.0-2,100.0 165.0-2,100.0
Uniscale LVCF AUC .86
No. of patients 179 181 360
Mean 1,404.2 1,393.8 1,399.0
SD 399.72 383.61 391.19
Median 1,430.0 1,420.0 1,425.0
Q1 1,130.0 1,200.0 1,145.0
Q3 1,705.0 1,680.0 1,685.0
Range 250.0-2,100.0 420.0-2,100.0 250.0-2,100.0
Abbreviations: AUC, area under the curve; SD, standard deviation; Q, quartile; AVCF, average value carried forward (imputation method); MVCF, minimum value
carried forward; LVCF, last value carried forward.
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Fig 3. Kaplan-Meier curve of overall survival for patients receiving 40,000 U of
epoetin alfa weekly versus patients receiving 120,000 U of epoetin alfa every 3
weeks. The minimum P [r] value achieved with week-by-week comparisons was
P = .09 at week 35.

regimen may be more convenient than weekly dosing, there may be a
trade-off; Hb end points were not equivalent between the two sched-
ules, even when we accounted for the more frequent discretionary
blood count measurements in the weekly therapy group.

The greater frequency with which blood counts were obtained in
the 40K arm must be considered when analyzing this study’s results.
Because a health care provider assessed such patients more frequently
(ie, while patients received the weekly injection), there were more
opportunities for obtaining blood counts, considering transfusion, or
documentation of potential drug toxicity. When this trial was being
designed, blinding with placebo controls and mandating weekly Hb
and toxicity assessments in both arms was considered. These ideas
were ultimately rejected because doing so might have altered QOL
assessment in the 120K group if the convenience of less frequent travel
and office visits contributed to QOL. Indeed, global QOL improve-
ment during the study was greater in the 120K group, although itis not
possible to assign causation. Lack of blinding and assessment bias may
also have confounded assessments of some transfusion and Hb end
points. However, the mean Hb increase from baseline to end of study
was superior in the 40K group, and this difference is unlikely to be a
result of bias. Additionally, at each point during the maintenance
phase when scheduled measurements were taken from patients in
both groups, the mean Hb value favored the 40K arm (Fig 2).

There is growing concern about a possible increased risk of
thrombosis in patients treated with erythropoietic agents to a goal Hb
level of more than 12 g/dL.* Several erythropoietin treatment trials in
which Hb normalization was attempted were stopped prematurely
because of excess adverse events in the treatment arm, and other
studies raised the specter of inferior overall or progression-free sur-
vival, although all published trials have had methodologic limita-
tions.”” > When this study opened in 2003, maintenance epoetin alfa
doses were to be withheld only for an Hb level of more than 15.0 g/dL,
but new adverse event data prompted revision to an Hb level of more
than 13.0 g/dL (at that time, only a few patients had been enrolled, and
none had reached Hb > 15.0 g/dL). The epoetin alfa product labels
were voluntarily changed in 2004 by the manufacturers to recom-
mend holding epoetin alfa treatment if the Hb is more than 13.0 g/dL
and reinitiating with a 25% dose reduction when Hb decreases to less
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than 12.0 g/dL. Therefore, although the Hb increment in the weekly
40K arm was greater in this study, this is not necessarily salutary;
the 40K arm also had epoetin alfa doses held more often for Hb
levels of more than 13.0 g/dL. We do not know whether 120K therapy
is associated with a similar time with Hb more than 13.0 g/dL because
we did not mandate weekly Hb assessment between doses, but no
immediate dosing decision could have been made if that information
were available.

Although there was no difference between treatment groups in
the proportion of patients receiving transfusions during the mainte-
nance phase, the overall number of transfusion events in both arms
was relatively low. This may be because this study enrolled patients
with a higher mean Hb (10.1 g/dL) than some other trials of erythro-
poietic agents and because a transfusion rule was specified. Many
patients were enrolled and started on epoetin therapy at Hb levels
where transfusion would not ordinarily be contemplated. This reflects
typical clinical practice, but specification of transfusions as the pri-
mary end point (chosen because of predicted Hb ascertainment bias)
must be considered a study limitation. Differences in Hb assessment
frequency could also affect transfusion frequency, resulting in more
transfusions in the 40K arm, potentially equalizing the primary end
point when the 120K arm would otherwise be inferior.

The total planned dose of epoetin alfa administered in this study
was equivalent between arms to evaluate the specific effect of treat-
ment schedule. It may actually be possible to administer epoetin alfa
doses of less than 120K on an every-3-week schedule with similar
efficacy, which would have an overall cost benefit. It might also be
possible to administer epoetin alfa less frequently right from the
start of therapy (ie, no induction phase), although a nonhuman
primate model suggested that doing this might result in slower Hb
improvement.'® Such questions could be addressed in a future
study, perhaps also comparing darbepoetin alfa and including
formal economic analysis.

This study was a comparative trial. Demonstrating strict equiva-
lence between two therapies can require a much larger treatment
group than what was enrolled onto this study.”’

Several previously published studies described improvement
in various measurements of QOL in anemic cancer patients treated
with epoetin alfa.>*>° However, the most recent placebo-controlled
NCCTG epoetin study by Witzig et al,'* although demonstrating
Hb improvement and transfusion reduction with active therapy,
showed no QOL difference despite apparently adequate power to
detect a difference. In this study, we compared QOL changes
between two active therapy arms, so the power to detect relevant
differences is less than in a placebo-controlled trial. There was an
increased QOL improvement in the 120K arm relative to the stan-
dard 40K arm, but patients started treatment at different QOL
levels. The reasons for baseline differences in QOL between study
groups are unknown and were observed only with the global QOL
measurement tool.

In conclusion, a more convenient every-3-week epoetin alfa
maintenance regimen is comparable to standard weekly epoetin alfain
terms of QOL and transfusion needs in patients with cancer-
associated anemia. Clinicians must decide whether the possibly
slightly inferior Hb measurements outweigh the added convenience of
this dosing schedule and whether these inferior Hb measurements are
clinically meaningful.
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Appendix

The following institutions and investigators also participated in this study: Iowa Oncology Research Association Community
Clinical Oncology Program (CCOP), Des Moines, IA (Roscoe F. Morton, MD); Rapid City Regional Oncology Group, Rapid City,
SD (Larry P. Ebbert, MD); Mayo Clinic Scottsdale CCOP, Scottsdale, AZ (Robert F. Marschke Jr, MD); CentraCare Clinic, St Cloud,
MN (Harold E. Windschitl, MD); Geisinger Clinical Oncology Program, Danville, PA (Suresh Nair, MD); Grand Forks Clinic, Ltd,
Grand Forks, ND (John A. Laurie, MD); Metro-Minnesota CCOP, St Louis Park, MN (Patrick J. Flynn, MD); Quain and Ramstad
Clinic, Bismarck, ND (Ferdinand Addo, MD); Meritcare Hospital CCOP, Fargo, ND (Ralph Levitt, MD); and Saskatchewan Cancer
Foundation, Saskatoon, Saskatchewan, Canada (Maria Tria Tirona, MD).
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