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Table 4. Cardiovascular/thromboembolic and fatal adverse events

A

—0.02 g/dL (available data)

—0.03 g/dL (LVCF)

-3 -2 —1 0 1 2 3

In favor of weekly in favor of every 3 weeks

Mean Difference (95% Cl) Between Groups

Achievement of Target Hemoglobin Range

B

—0.1% (crude)

F 1

1.5% (unadjusted KM)
A4 1

3.7% (adjusted KM)
A 1

T T T T T T T T

-8 6 4 -2 0 2 4 6 8 10

In favor of weekly In favor of every 3 weeks

Mean Difference in Percentage Points (35% ClI) Between Groups

Fig. 5. Differences between study arms in mean hemoglobin concentrations
and in achievement of target hemoglobin concentration between study arms.
A) Differences in mean change in hemoglobin by the end of the treatment
phase. Differences between the two treatment groups with respect to the mean
hemoglobin concentration by the end of the treatment phase arc shown with 95%
confidence interval bars. These differences were based on the mean hemoglobin
concentration estimated using the available data and last-value-carried-forward
(LVCF) approaches, as indicated. These differences were based on the adjusted
aplan—Meier estimates (adjusted for the baseline stratification factors of tumor
e, screening hemoglobin concentration, and European region). Patients with no
hemoglobin value after baseline were excluded from the analysis. B) Differences
in proportions of patients achieving target hemoglobin concentration by the end
of the treatment phase. Diffcrences between the two treatment groups in the
proportion of patients achieving a target hemoglobin concentration (11-13 g/dL)
by the end of the treatment phase are shown with 95% confidence interval bars.
These differences were based on the crude, unadjusted and adjusted Kaplan—
Meier (KM) estimates, as indicated. Patients with no hemoglobin value after
baselinc were excluded from the analysis.

nausea, vomiting, fatigue, dyspnea, and weakness. No differ-
ences with respect to cardiovascular and thromboembolic events
were observed between groups for patients who experienced
a rise in hemoglobin concentration of 1 g/dL or greater in any
14-day period or hemoglobin values greater than 13 g/dL.
Furthermore, there was no evidence of a delayed response to
dose titration or dose withholding in the every-3-week arm
compared with the weekly arm (data not shown).

A total of 28 patients (8%) in each treatment group experienced
adverse events that were determined to be possibly, probably, or
definitely related to the study drug by the treating investigator.
Deep vein thrombosis occurred in four patients (1.1%) in the
every-3-week group and in six patients (1.7%) in the weekly group.
Pulmonary embolism occurred in three patients (0.8%) in the
every—3-week-group and in no patients in the weekly group. Hy-
pertension was reported in one patient (0.3%) in the every-3-week

oup and in four patients (1.1%) in the weekly group. Serious ad-
erse events that were treatment related, as determined by the in-
vestigator, occurred in 11 patients (3%) in both treatment groups.

A total of 38 (11%) (every 3 weeks) and 52 (15%) (weekly)
patients died during the study or within 30 days after the last
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No. of patients with adverse event (%)

Darbepoetin alfa Darbepoetin alfa
Adverse cvent 500 pg every 3 weeks 2.25 ug/kg weekly
Arrhythmia 15(4) 19 (5)
Congestive heart failure 9(3) 13(4)
Cerebrovascular accident 0(0) 3(1)
Hypertension 8(2) 12(3)
Myocardial infarction, S5(1) 3
ischemic, coronary
artery disease
Seizure 1(0) 1(0)
Embolism/thrombosis 28 (8) 27 (8)
(artcrial and venous)
Death (any reason) 38(1D) 52 (15)
Cancer-related (primary or 25(7) 32(9)
metastasis)
Cardiac disorders 4(1) 72)
Cerebral infarction 0(0) 1 (0)
Gastrointestinal disorders 1(0) 1(0)
Hepatic failure 1(0) 2(1)
Infections and infestations 2(D) 2(1)
Hemolytic anemia 0(0) 1(0)
Pyrexia 0(0) 1(0)
Renal insufficiency 0(0) 1(0)
Respiratory disorders 4(1) 3(1)
Sudden death 1(0) 1(0)

administered dose. Causes of death were ascribed to disease
progression, such as infections, or to cardiac and respiratory
complications (Table 4). Results of stratified analysis of safety
data by weight and BMI categories did not reveal differences for
lighter versus heavier patients in either treatment group nor for
men or women (data not shown).

As with all recombinant protein therapies, potential immuno-
genicity is an important safety concern. No anti—darbepoetin alfa
antibodies were detected in this population of patients receiving
darbepoetin alfa.

DiscussioN

Darbepoetin alfa is an erythropoietic agent with a prolonged
serum half-life that has been shown to be safe and effective for
the treatment of chemotherapy-induced anemia when adminis-
tered using weekly or every-3-week dosing schedules (3,4,18—
20). The primary objective of this randomized, double-blind,
double-dummy, active-controlled, phase 3, noninferiority study
was successfully achieved, demonstrating that a 500-pg darbe-
poetin alfa treatment every 3 weeks was at least as effective as a
weekly treatment of 2.25 ng/kg.

This is the first clinical trial, to our knowledge, to formally
compare the effectiveness of the extended every-3-week dosing
schedule of darbepoetin alfa with standard weekly dosing
with respect to clinically important endpoints such as reduction
in RBC transfusion requirements, improvement of fatigue, and
achievement of a relevant target hemoglobin concentration.
The noninferiority design, previously used in the study of
erythropoiesis-stimulating agents (37-41), is endorsed by regula-
tory agencies to rigorously test whether a new therapeutic inter-
vention is at least as effective as standard therapy (42). In this
study, the noninferiority margin of 12.5% was based on transfu-
sion incidence data from week 5 to the end of the treatment phase
of two previous, placebo-controlled darbepoetin alfa 2.25 pg/kg
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weekly studies (3,4) and ensured that a substantial fraction of the
treatment effect could be observed. The results of all analyses
met the prespecified criterion for noninferiority. Moreover,
because the upper limit of the 95% confidence interval for the
difference in RBC transfusions between every-3-week and
weekly treatment groups was 0.1, substantially less than 12.5%,
the same conclusion would have been reached if, hypothetically,
a lower, more conservative noninferiority margin were used.

A series of sensitivity analyses were performed to confirm the
robustness of the noninferiority conclusion. The results of the
primary analysis were consistent across analysis sets (primary
transfusion versus per-protocol analysis sets), analysis methods
(adjusted versus unadjusted, Kaplan—Meier proportions versus
crude rates), and censoring mechanisms (primary versus second-
ary censoring), with a suggested decreased in incidence of transfu-
sions in the every-3-week group compared with the weekly group.
Analyses of transfusion endpoints and data analysis sets that were
adjusted for stratification factors were statistically significantly
in favor of the every-3-week dosing schedule (data not shown).

The results of this study were consistent with results from
the two previous randomized, double-blind, phase 3 studies of
darbepoetin alfa 2.25 ng/kg weekly for 12 weeks (3,4), which
showed statistically significant and clinically meaningful differ-
ences from placebo. If the treatment period is standardized to
12 weeks, the blood transfusion incidence from week 5 to the end
of the treatment phase for the weekly arm of this study (unad-
justed Kaplan—Meier estimate = 26% [95% CI = 21% to 31%])
corresponds to the transfusion rates associated with the active
treatment arms of these two previous studies [27% (95% CI =
20% to 35%) (3) and 31% (95% CI =24% to 38%) (4)] and to the
rate observed in the 2.25 pg/kg control arm in another randomized,
active-controlled, phase 3 trial (4/).

An important difference in the design of this study, as com-
pared with previously published studies evaluating the efficacy
and safety of erythropoietic agents in oncology, was the use of
strict dose adjustment rules. These rules, described in the pack-
age inserts for erythropoiesis-stimulating agents (16,43), stem
from recommendations by the Oncology Drugs Advisory Com-
mittee of the Food and Drug Administration (44) in response to
two placebo-controlled trials reporting adverse survival outcomes
for the epoetin alfa (Eprex) and epoetin beta (NeoRecormon)
groups (45,46). Consequently, greater than two-thirds of patients
in both groups in the current study required dose reductions or
withholding. Although previously reported analyses have shown
an increased risk of cardiovascular or thromboembolic events as-
sociated with a 2 g/dL rise in hemoglobin in 28 days (47,48), data
from this study did not indicate an increased risk among patients
who exceeded a | g/dL increase in hemoglobin in 14 days (in
the absence of an RBC transfusion). It is interesting to note,
however, that similar rates of rise (i.e., increases in hemoglobin
concentration of >1 g/dL in 14 days) have been observed in a
substantial number of patients in the placebo groups of random-
ized, controlled trials of darbepoetin alfa for chemotherapy-
induced anemia (3,4), reflecting the inherent variability of
hemoglobin levels in patients receiving chemotherapy. These
data suggest that further work is needed to determine the most
appropriate recommendations for dose titration to prevent inap-
propriately rapid rises in hemoglobin concentrations in cancer
patients recetving chemotherapy.

The hemoglobin concentration profiles over time were sim-
ilar for the two treatment groups and were characterized by an
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increase in hemoglobin concentration during the initial 7 weeks
of therapy, followed by a slower rate of increase in hemoglobin
levels that coincided with the median time to first dose reduction;
incidentally, this occurred as the mean hemoglobin concentra-
tions were greater than 11 g/dL. These hemoglobin profiles are
consistent with the current National Comprehensive Cancer
Network guidelines for cancer- and treatment-related anemia,
which state that the goal of therapy should be to attain hemo-
globin concentrations between 11 and 12 g/dL (28). Despite the
strict dose adjustment rules in this study, the comparability of the
two darbepoetin alfa regimens was supported by the high propor-
tion of patients who achieved target hemoglobin levels and
subsequently maintained these levels for the remainder of their
treatment period. The response to darbepoetin alfa therapy before
dose reduction suggests that the initial doses of darbepoetin alfa
(2.25 pg/kg weekly and S00 pg every 3 weeks) were highly
effective in stimulating erythropoiesis and correcting anemia.
These data support the use of a reduced dose, after initial
alleviation of anemia, to maintain hemoglobin concentrations
throughout the remainder of chemotherapy treatment.

A fixed dose was selected for the every-3-week treatment arm
of this study because unit dosing has been shown to be safe,
effective, convenient (simplifying drug administration), and con-
sistent with the pattern of usage of erythropoiesis-stimulating
agents in clinical practice (7,22,24-26). Specifically, the 500-pg
dose examined in this study approximates the approved every-
3-week dose in Europe of 6.75 pg/kg (17) as well as an equiv-
alent exposure to the standard weekly 2.25-pg/kg dose (16, for
an average-weight patient of 74 kg. In this trial, the efficacy of
a fixed dose of 500 pg every 3 weeks was compared with the
approved weight-based starting dose. In both transfusion- and
hemoglobin-related endpoints, no evidence of decreasing effect
was observed with increasing weight or BMI, nor was there any
evidence of inferior effectiveness for the fixed-dose group rela-
tive to the weight-based comparator at higher weight categories.

Determining the safety of the infrequent fixed dose of
darbepoetin alfa was a key objective of this trial. There was no
evidence of trends indicating a differential adverse event profile
or adverse hemoglobin profile between groups or across weight
or BMI categories. Importantly, the every-3-week regimen was
not associated with an increased incidence of cardiovascular
or thromboembolic adverse events when compared with the
currently approved weekly starting dose. Furthermore, there was
no evidence of differences in the rate of rise in hemoglobin con-
centration or maximum hemoglobin threshold concentration of
13 g/dL, nor was there any apparent delay in response to dose
titration or dose withholding, indicating that a level of control
similar to the weekly schedule is possible.

Although the noninferiority design is appropriate for the
hypothesis tested in this study, it does not allow for a direct
assessment of the treatment effect because there is no placebo
group. An indirect assessment of the treatment effect was possi-
ble by comparing results from this trial with the results of the
weekly 2.25 pg/kg arms of previous phase 3 trials of darbepoetin
alfa (3,4). Analyses revealed results consistent with those
obtained in the current study for the primary endpoint. Another
limitation of the noninferiority design is the choice of population;
in noninferiority studies, the intent-to-treat approach may not be
conservative because protocol deviations tend to minimize
differences between treatments. To assess the impact on our find-
ings of analysis population, protocol deviations, and the pattern
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of withdrawal, a series of prespecified sensitivity analyses were
performed. These demonstrated the consistency of the findings
regardless of the analysis set use, confirming the validity of the
oninferiority conclusion. In addition, the strict dose adjustment
les applied in this study appeared to lessen the observed overall
change in hemoglobin, as compared with historical data, thereby
potentially limiting the conclusions to the use of darbepoetin alfa
under these dose modification conditions. However, because
these rules are consistent with the revised product labels for
erythropoietic therapies in oncology (16,43), these findings are
relevant to current usage of this agent. Moreover, these rules ap-
peared to have no obvious impact on the transfusion requirements
in this population when compared with the historic data (3,4).
Finally, the primary endpoint selected in this study excluded the
first 4 weeks of therapy because noninferiority studies inherently
rely on historic data, and this has been the standard transfusion
endpoint used in placebo-controlled trials for erythropoietic
product registration in oncology. Transfusion incidence from
week 5 to the end of treatment phase may be a conservative end-
point in placebo-controlled trials; however, in active-controlled
trials, the exclusion of the first 4 weeks of therapy may introduce
bias, particularly in relation to unequal distribution of early with-
drawal. To address this potential bias, a prespecified secondary
endpoint evaluated transfusion incidence over the entire treat-
ment phase. This key secondary endpoint yielded results consis-
tent with the analysis of the primary endpoint.

This study represents the progress of randomized, controlled
trials in the study of erythropoiesis-stimulating agents from more
frequent to less frequent administration and from weight-based to

single, fixed doses. The results of this randomized, controlled trial
.conducted in Europe unequivocally demonstrate that darbepoetin

alfa, administered every 3 weeks using a fixed 500-ug dose,
achieves clinical outcomes comparable to those with the current
labeled starting dose of darbepoetin alfa (2.25 pg/kg weekly).
There was no decrease in effectiveness observed for heavier
patients, nor were there increased safety concems apparent in
patients with lower weights. Therefore, patients receiving chemo-
therapy who develop anemia can safely and effectively be treated
with darbepoetin aifa every 3 weeks. The fixed every-3-week dos-
ing allows for a convenient, infrequent schedule that permits the
synchronization of anemia treatment with the administration of
many common chemotherapy regimens. The ability to administer
erythropoietic therapy on a schedule that synchronizes with che-
motherapy administration can enhance patient convenience and
lessen resource utilization. Although differences in practice pat-
terns may exist between Europe and North America with respect
to the rates of erythropoietic therapy use in oncology (49,50),
there is no evidence to suggest that patients from these two re-
gions would exhibit different anemia-related outcomes when
given comparable regimens of darbepoetin alfa. The potential
health economic benefit of reduced number of patient visits
associated with anemia intervention administered on the same
schedule as chemotherapy should be examined in prospective
randomized, controlled trials.

APPENDIX

‘ Members of the Aranesp 20030231 Study Group are:
G. Stegar, Universititsklinik fiir Innere Medizin I, Vienna, Austria;
J. Vansteenkiste, Universitair Ziekenhuis Gasthuisberg, Leuven,
Belgium; A. Neubauer, Klinikum der Philipps-Universitit Marburg,
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Marburg, Germany; W. Aulitzky, Robert-Bosch-Krankenhaus, Stuttgart,
Germany; C. Peschel, Klinikum rechts der Isar der Technischen
Universitit Mitinchen, Munich, Germany; J. Canon, C. H. Notre Dame
et Reine Fabiola, Charleroi, Belgium; M. Hedenus, Sundsvalls Sjukhus
Medicinkliniken, Sundsvall, Sweden; S. Hansen, Héglandssjukhuset,
Eksjo, Sweden; W. Stewrd, Leicester Royal Infirmary, Leicester,
United Kingdom; B. Emmerich, Klinikum der Universitit Miinchen,
Munich, Germany; A. Tomova, District Dispensary for Oncological
Diseases With Stationary Hemotherapy Department, Plovdiv, Bulgaria;
V. Malec, Nemocnica F. D. Roosevelta, Banska Bystrica, Slovakia;
N. Frickhofen, Dr. Horst-Schmidt-Kliniken GmbH Klinik Innere Med-
izin IT1, Wiesbaden, Germany; J. J. Cruz, Hospital Clinico Universitario,
Salamanca, Spain; D. Bron, Institut Jules Bordet Hematology, Brussels,
Belgium; S. Pyrhomnen, Turku University Central Hospital, Turku,
Finland; W. Hilgers, Institut Sainte Catherine Hospital de Jour, Avignon,
France; L. Bosquée, CHR Citadelle Pneumology, Liége, Belgium,
M. Clemens, Krankenanstalt Mutterhaus der Borromierinnen, Trier,
Germany; M. R.Nowrousian, Universititsklinikum Essen Westdeutsches
Tumorzentrum, Essen, Germany; F. Nobile, Ospedali Riuniti A. O.
Bianchi-Melacrino-Morell, Reggio Calabria, Italy; A. H. Honkoop,
Isala Klinieken Lokatie Sophia, Zwolle, The Netherlands; H. W. A
Berenschot, Albert Schweitzer Ziekenhuis, Dordrecht, The Netherlands;
M. R. Schaafsma, Medisch Spectrum Twente, Enschede, The
Netherlands; P. Gascén, Hospital Clinic P’Provincial, Barcelona,
Spain; A. Giirpide, Clinica Universitaria De Navarra, Pamplona, Spain;
E. Kubista, Universititsklinik fiir Frauenheilkunde, Vienna, Austria;
G. V. Kornek, Universititsklinik fiir Innere Medizin I, Vienna,
Austria; K. Gattringer, A. O. Bezirkskrankenhaus Kufstein, Kufstein,
Austria; J. Van Droogenbroeck, A. Z. St. Jan, Brugge, Belgium;
P. Zachee, A. Z. Stuivenberg, Antwerpen, Belgium; M. Hansen,
Rigshospitalet, Copenhagen, Denmark; C. Aul, St. Johannes Hospital,
Duisburg, Germany; A. Hanauske, Allgemeines Krankenhaus St.
Georg, Hamburg, Germany; S. Korsten, Vinzenz-Pallotti-Hospital,
Bergisch Gladbach, Germany; G. Wiedemann, Oberschwaben Klinik
GmbH, Ravensburg, Germany; P. Marchetti, Istituto Dermopatico
Dell’immacolata, Rome, Italy; A. Iop, Ospedale Civile, Latisana, Italy;
R. Hermann, Kantonsspital Basel, Basel, Switzerland; D. Rauch, Spital
Thun-Simmental AG, Thun, Switzerland; M. Bargetzi, Kantonsspital
Aarau, Aarau, Switzerland; D. W. Milligan, Birmingham Heartlands
Hospital, Birmingham, United Kingdom; A. Ferrant, UCL St. Luc,
Brussels, Belgium; K. Van Eygen, A. Z. Groeninge, Kortrijk, Belgium;
U. Jiager, Universititsklinik fiir Innere Medizin 1, Vienna, Austria;
E. Gunsilius, Universititsklinik fiir Innere Medizin, Innsbruck, Austria;
M. Aapro, Clinique de Genolier, Genolier, Switzerland; M. Wilhelm,
Klinikum Niirnberg-Nord, Niiremberg, Germany; W. Brugger, Klinikum
der Stadt Villingen-Schwenningen, Villingen-Schwenningen, Germany;,
E. D. Kreuser, Krankenhaus der Barmherzigen Briider, Regensburg,
Germany; M. J. Eckhart, Praxisgemeinschaft, Erlangen, Germany;
O. Brudler, Himatologisch-Onkologische Praxis Augsburg, Augsburg,
Germany; B. Anker Jensen, Hillered Sygehus, Hillered, Denmark;
E. Lindegaard Madsen, Senderborg Sygehus, Senderborg, Denmark;
A. Lezano, Hospital Ciudad De Jaen, Jaén, Spain; A. Alcala, Hospital
Ciudad De Jaen, Jaén, Spain, M. V. Mateos, Hospital Clinico
Universitario, Salamanca, Spain; J. Sierra, Hospital Santa Creu 1’Sant
Pau, Barcelona, Spain; A. Lepez, Hospital Vall d’Hebrdn, Barcelona,
Spain; J. Mienpéi, Tampere University Hospital, Tampere, Finland,
L. Bastit, Centre Frederic Jolliot, Rouen, France; L. M. Dourthe,
Clinique Claude Bernard, Metz, France; P. Laplaige, Clinique Saint-
Come Oncologie, Blois, France; D. Castera, Clinique Saint Pierre,
Perpignan, France; E. Antoine, Clinique Hartmann, Neuilly Sur Seine,
France; H. P. Eikesdal, Haukelands Universitetssykehus, Bergen,
Norway; S. Barrose, Hospital de José¢ Joaquim Fernandes, Beja,
Portugal; E. Sanches, Instituto Portugés de Oncologia de Francisco
Gentil, Porto, Portugal; G. Birgegard, Akademiska Sjukhuset, Uppsala,
Sweden; M. H. M. Kramer, Meander Medisch Centrum Location,
Amersfoort, The Netherlands; M. R. Schipperus, Zieckenhuis Leyenburg,
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Den Haag, The Netherlands; M. Boogaerts, Universitair Ziekenhuis
Gasthuisberg, Leuven, Belgium; E. Juvonen, Helsinki University
Central Hospital, Helsinki, Finland; B. Lauri, Sunderby Sjukhus, Lule3,
Sweden; J. Thaler, Klinikum Kreuzschwestern Wels GmbH 4, Wels,
Austria; P. Sorensen, Odense Universitetshospital, Odense, Denmark;
M. Smakal, Ustav Onkologie a Pneumologie Na Plesi, Nova Ves
Pod Plesi, Czech Republic; P. Koralewski, Wojewodzki Szpital
Specjalistyczny, Krakow, Poland; P. Serwatowski, Specjalistyczny
Szpital IM, Szczecin, Poland; E. Simova, Nemocnica Zilina, Zilina,
Slovakia; M. Galova, Masarykuv Onkologicky Ustav Brno, Bmo,
Czech Republic; M. Kuta, Nemocnice Chomutov, Chomutov, Czech
Republic; M. Wojtukiewicz, Bialostocki Osrodek Onkologiczny,
Bialystok, Poland; M. Kalalejcik, Nemocnica Poprad, Poprad, Slovakia;
R. Barila, Nemocnica S. Kukura, Michalovce, Slovakia; S. Spanik,
Onkologicky Ustav Sv. Alzbety, Bratislava, Slovakia; T. Pintér, Petz
Aladér Megyei Korhaz, Gyor, Hungary; G. Bodoky, Szent Laszl6
Korhaz, Budapest, Hungary; J. Szdnté, Debreceni Egyetem, Debrecen,
Hungary; K. Leppik, Tartu University Clinics, Tartu, Estonia; T. Jogi,
North Estonia Regional Hospital, Tallinn, Estonia; A. Brize, Latvian
Oncology Center, Riga, Latvia; G. Purkalne, P. Stradina Clinical
University Hospital, Riga, Latvia; M. Bitina, Daugavpils Oncology
Hospital, Daugavpils, Latvia; E. Hetko, Uzghorod National University
at Regional Oncology Centre, Uzghorod, Ukraine; E. Juozaityte, Kauno
Medicinos Universiteto Klinikos, Kaunas, Lithuania; Z. Saladzinskas,
Kauno Medicinos Universiteto, Kaunas, Lithuania; E. Aleknavicius,
Vilniaus Universiteto Onkologijos Institutas, Vilnius, Lithuania;
N. Ivanova, Mhat Pleven, Pleven, Bulgaria; M. Racheva, District
Dispensary for Oncological Diseases With Stationary, Tarnovo, Bulgaria;
T. Ciuleanu, Institutul Oncologic, Cluj Napoca, Romania; M. Dediu,
Institutu! Oncologic, Bucuresti, Romania; A. Colita, Institutul Clinic
Fundeni, Bucuresti, Romania; P. Oliynichenko, City Oncology Hospital,
Kyiv, Ukraine; I. Vynnychenko, Regional Oncology Centre, Sumy,
Ukraine; Y. Shparyk, State Regional Oncology Diagnostical and
Medical Centre, Lviv, Ukraine; M. Pylypenko, Grigoriev Institute by
Medical Radiology Ams of Ukraine, Kharkiv, Ukraine; I. Bondarenko,
Dnepropetrovsk State Medical Academy at City Clinical Hospit,
Dnipropetrovsk, Ukraine; I. Galaychuk, State Medical Academy at
Regional Oncology Centre, Ternopil, Ukraine.
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Abstract

The introduction of longer-acting erythropoietic agents into the practice of oncology has demanded an understanding of the
interaction of chemotherapy with the pharmacokinetics and haematological effects of these erythropoietins. We report results of
a randomised trial comparing the haematological effects of darbepoetin alfa, 6.75 pg/kg, administered once every 3 weeks to anaemic
cancer chemotherapy patients on either an asynchronous (day 15) or synchronous {(day 1) schedule relative to their every-3-week
chemotherapy. A total of 81 patients were randomised and received the study drug (43 asynchronous; 38 synchronous). No differ-
ence was observed between groups in the primary endpoint of mean haemoglobin change after 6 weeks of therapy (P = 0.45) and
change scores were similar to those observed with standard weekly darbepoetin alfa therapy. In a subset of patients evaluated with
intensive pharmacokinetic sampling, an increase in endogenous erythropoietin concentration (up to 4-fold) lasting approximately 1
week following chemotherapy administration was observed in both groups. Synchronous administration of darbepoetin alfa was
associated with a 1.3-fold increase in the area under the darbepoetin alfa concentration-time curve compared with asynchronous
administration. Our data suggest that darbepoetin alfa is effective administered every 3 weeks regardless of timing of administration
with respect to chemotherapy and that receptor-mediated uptake by the erythron may be an important clearance mechanism for
erythropoietic proteins.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction
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0959-8049/$ - see front matter © 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.ejca.2005.01.021




J. Glaspy et al. | European Journal of Cancer 41 (2005) 1140-1149 1141

be treated with erythropoietic agents, such as darbepoe-
tin alfa (Aranesp®) and epoetin alfa [1]. Erythropoietic
therapy increases haemoglobin concentrations, de-
creases the incidence of red blood cell (RBC) transfu-
sions, and improves health-related quality of life in
patients with chemotherapy-induced anaemia [2-12].
Darbepoetin alfa has the unique structure of increased
sialic acid content compared with epoetin alfa. This
structure appears to confer a longer serum half-life
and may allow for less frequent dosing with similar effi-
cacy as epoetin alfa [13].

The pharmacokinetics and pharmacodynamics of
endogenous and recombinant human erythropoietin
(eEPO and rHuEPO, respectively) are of clinical interest
but are not well understood. A few studies have at-
tempted to elucidate these characteristics, especially
regarding the clearance mechanism of eEPO. One
hypothesis supports a two-step clearance process [14]
in which blood- or tissue-resident sialidases remove ter-
minal sialic acids from eEPO. The asialoerythropoietin
then interacts with an asialoglycoprotein receptor
(ASGR) in the liver, which causes uptake and catabo-
lism [15-17]. Some limitations, however, exist for this
hypothesis, as no evidence of this asialyation for the re-
combinant human erythropoietin molecule in humans
and no sialidase activity or specificity for glycoproteins
(rather than gangliosides) have been demonstrated
[18]. Furthermore, rHuEPO does not preferentially
accumulate in the liver [14] and hepatectomy does not
affect the rate of clearance in sheep [19]. These data sug-
gest that the liver is not a route of clearance for erythro-
poietin. Another hypothesis is that EPO receptor-
bearing target cells may be a route of clearance, through
the mechanism of binding, internalisation, and degrada-
tion [20-26]. Evidence that serum eEPO levels increased
transiently in humans after administration of high-dose
chemotherapy suggested that the bone marrow may
clear erythropoietic proteins [27]. For darbepoetin alfa,
pharmacokinetic data [28] indicated that the terminal
half-life increased with standard-dose chemotherapy
(compared with the haif-life calculated in dialysis pa-
tients), presumably through decreased clearance.

Since the bone marrow may be a key route of clear-
ance of erythropoietic agents, the timing of administra-
tion of these agents relative to that of myelosuppressive
chemotherapy may be critical to producing the maxi-
mum erythropoietic response. In a randomised, pla-
cebo-controlled clinical trial investigating the dose
response relationship of darbepoetin alfa in patients
with chemotherapy-induced anaemia, darbepoetin alfa
was effective when administered every 3 weeks [29]. As
many chemotherapy regimens are administered every 3
weeks, darbepoetin alfa administered every 3 weeks rep-
resents an opportunity to synchronise dosing with che-
motherapy. However, while synchronous dosing of
erythropoietic agents with chemotherapy is convenient,

the efficacy of the agent may not be maximised, as the
marrow may be too myelosuppressed by the cytotoxic
chemotherapeutic agents to enable a maximum response
to erythropoietin.

Pre-clinical data using a murine model of carboplatin
chemotherapy/radiotherapy (CRT)-induced anaemia
indicate that pre-treatment (7 d prior to administration
of CRT) with darbepoetin alfa represented the most
effective dosing approach compared with same day dos-
ing or post-treatment (10 d post-CRT) dosing algo-
rithms [30]. However, changes in the pharmacokinetic
profiles were also observed; which included a reduction
in clearance (CL/F) and an increase both in overall
exposure (AUC ) and in time to peak concentration
(Tmax) in animals in the same day dosing group com-
pared with animals in the pre-treatment group. These
findings indicated that clinical investigation into the ef-
fect of synchronisation of chemotherapy and erythro-
poietic therapy is warranted.

To evaluate the effect of the timing of administration
of darbepoetin alfa with that of chemotherapy, we con-
ducted a randomised clinical trial in anaemic patients
with cancer receiving chemotherapy once every 3 weeks,
who received darbepoetin alfa once every 3 weeks, either
asynchronously (day 15) or synchronously (day 1) with
chemotherapy. Our goals were to determine any differ-
ences in erythropoietic efficacy between schedules, to
characterise the effects of chemotherapy on serum eEPO
concentrations and on darbepoetin alfa pharmacokinet-
ics, and to study the temporal effects of chemotherapy
on haemoglobin concentrations.

2. Methods
2.1. Study population

Institutional review boards approved the protocol
and patients gave written informed consent before entry.
Eligible patients were >18 years old, had non-myeloid
malignancies, received cyclic chemotherapy once every
3 weeks, were anaemic (haemoglobin concentration
>9.0 and <11.0 g/dl), had an Eastern Cooperative
Oncology Group (ECOG) performance status of 0-2,
and had adequate renal and hepatic function. Patients
with histories of seizures, significant cardiac or inflam-
matory disease, primary haematological disorders that
could cause anaemia, or received any rHuEPO or more
than two RBC transfusions within 4 weeks of randomi-
sation were excluded.

2.2. Study drug
Darbepoctin alfa (Aranesp®, Amgen Inc., Thousand

Oaks, California, USA) was supplied in vials containing
1 mg/ml darbepoetin alfa.
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2.3. Study design

This was a multi-centre, open-label, randomised trial
conducted from January 2002 to October 2002. Patients
receiving chemotherapy every 3 weeks were randomly
assigned 1:1 to receive subcutaneous (s.c.) darbepoetin
aifa 6.75 pg/kg once every 3 weeks asynchronously or
synchronously with chemotherapy. Randomisation was
stratified by baseline haemoglobin concentration
(<10.0 versus =10.0 g/dl), study centre (UCLA Medical
Center versus all others), and optional participation in
the intensive pharmacokinetic study.

The primary endpoint assessment was after 6 weeks
of darbepoetin alfa therapy, to allow sufficient time to
detect differences in haematological response while
ensuring that most patients retained chemotherapy cy-
cles of once every 3 weeks. Since chemotherapy cessa-
tion, delays and modifications of cycle length were
likely to occur after 2 cycles, assessment of haemoglobin
change beyond 6 weeks may have confounded results of
synchronicity.

Darbepoetin alfa was withheld from patients if hae-
moglobin concentrations were >15.0 g/dl for men or
>14.0 g/dl for women. When haemoglobin concentra-
tion decreased to <13.0 g/dl, darbepoetin alfa was re-
started at 66% of the previous dose. Patients receiving
chemotherapy remained in the study for up to 16 weeks.
After 6 weeks, darbepoetin alfa dose could be doubled
for patients with <1-g/dl increase in haemoglobin con-
centration from baseline. Blood samples for ¢eEPO, dar-
bepoetin alfa pharmacokinetics, and safety and efficacy
analyses were obtained at predefined time points
throughout the study.

2.4. Pharmacokinetic assessments

All patients had baseline eEPO measured. A subset of
patients from each treatment group signed an additional
consent form and participated in the optional pharma-
cokinetic study. After the first dose of darbepoetin alfa,
blood samples were collected over the 3-week dosing
interval at frequent predefined points up to 504 h (21
d) after administration. Weekly samples were collected
thereafter. Darbepoetin alfa and eEPO concentrations
were determined in all of these samples by separate
methods.

Darbepoetin alfa concentrations were measured
using the Quantikine IVD human erythropoietin en-
zyme-linked immunosorbent assay (ELISA) kit (R&D
Systems, Minneapolis, MN, USA) by MDS Pharma
Services (Montreal, Canada). The standard curve con-
centrations range was 5.00-0.125 ng/ml and the lower
limit of quantification was generally 0.14 ng/ml. The as-
say was validated [31] and demonstrated recovery of
spike experiments, parallelism, accuracy, inter-assay
precision (coefficient of variation for darbepoetin alfa

was 1-4%) and stability. Endogenous EPO cross-reacted
in this ELISA.

An additional EPO-specific assay was used to deter-
mine eEPO concentrations when darbepoetin alfa was
present. This assay used a different erythropoietin-spe-
cific monoclonal antibody (F12) as the capture antibody
[32,33]. This antibody does not bind to darbepoetin alfa
at concentrations <5000 ng/ml (maximum tested). The
detection antibody was the same anti-rHuEPO rabbit
polyclonal antibody used in R&D Systems rHuEPO
ELISA kit. This assay used rHuEPO for standard and
quality control samples. The standard curve range was
333.3-5.2 mU/ml and the lower limit of quantification
was generally 6 mU/ml. This research assay was devel-
oped at Amgen Inc. and validated and performed by
MDS Pharma Services.

2.5. Study endpoints

The primary efficacy endpoint was change in haemo-
globin concentration after 6 weeks of therapy (study
week 7). Secondary efficacy endpoints included the pro-
portion of patients who had a > 1.0 g/dl increase in hae-
moglobin concentration by week 7, time to >1.0 g/dl
increase in haemoglobin concentration, change in hae-
moglobin concentration over treatment, haematopoietic
response (increase in haemoglobin concentration of
22.0 g/dl over baseline or haemoglobin concentration
>12.0 g/dl without RBC transfusions during the preced-
ing 28 d), time to haematopoietic response, and transfu-
sion requirements (week 5 through end of treatment
phase (EOTP) and week 1 through EOTP).

Standard  non-compartmental  pharmacokinetic
parameters were estimated for darbepoetin alfa in the
pharmacokinetic subset, including peak serum concen-
tration (Cpax), time of peak serum concentration (7Tmax),
area under the serum concentration—-time curve from
time O to infinity (area under the curve, AUC)
(AUCg ), terminal half-life (¢,.), mean residence
time to infinity (MRT( ), and relative clearance
(CL/F). Serum eEPO concentrations were summarised
relative to baseline for the same subset of patients.

Safety was assessed by incidence and severity of ad-
verse events by treatment group. Events were categor-
ised and graded according to the World Health
Organization system. Another safety endpoint was the
proportion of patients in whom anti-darbepoetin alfa
antibodies were detected.

2.6. Statistical analysis

The planned sample size was 80 patients randomised
1:1 to 1 of the 2 treatment groups. This sample size was
chosen to achieve a minimum of 30 evaluable patients
in each treatment group at week 7 of treatment. The
standard deviation (SD) of change from baseline
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haemoglobin measurement was assumed to be approxi-
mately 1.4 g/dl. The study had approximately 90%
power using a one-sided #-test (« = 0.05) to detect a dif-
ference between treatment groups, assuming the true dif-
ference was >1.0 g/dlL. Since this was the first clinical
investigation that evaluated the superiority of one dos-
ing schedule over another (i.e., asynchronous dosing
over more standard synchronous dosing of darbepoetin
alfa), a one-sided ¢-test was appropriate.

Analyses of all endpoints except transfusions from
week 5 to EOTP were conducted on patients who re-
ceived at least 1 dose of darbepoetin alfa (primary anal-
ysis data-set). To handle missing haemoglobin values,
both the available data and the last value carried for-
ward (LVCF) approaches were used. Available data
analyses included only values at a specified period not
within 28 d of an RBC transfusion; missing values were
excluded. The LVCF approach imputed missing haemo-
globin values or values within 28 d of a transfusion using
the last available value (last value carried forward) that
was not within 28 d of RBC transfusion. This LCVF ap-
proach accounted for all patients randomly assigned to
treatment who received study drug and reduced chances
of selection bias inherent in a methodology that often
excludes more anaemic patients from mean haemoglo-
bin calculation at any given point. Samples drawn out-
side a 10% window from protocol-specific sampling
times were excluded from all summary statistics but
not from individual analyses.

The incidence of transfusions was analysed for the
subset of patients who received at least 1 dose of darbe-
poetin alfa and remained in the study after 4 weeks. Pre-
vious studies evaluating transfusion requirements have
suggested that treatment effects are not expected until
after 4 weeks of erythropoietic treatment [34]. The Kap-
lan-Meier estimate was calculated for the proportion of
patients with a haematopoietic response and the propor-
tion transfused from week 5 to EOTP. Approximate
95% confidence intervals (95% CI) for Kaplan-Meier
estimates of proportions were calculated using Green-
wood’s estimate of the variance [35].

To determine the association of asynchronous/syn-
chronous darbepoetin alfa administration and greater
haemoglobin increase at week 7, a one-sided Wilcoxon
procedure [36] was used stratified by baseline haemoglo-
bin concentration (<10.0 versus >10.0 g/dl) and by
study centre. Point estimates (95% CI) of mean change
for each schedule and point estimate (with a one-sided
95% CI) for difference in means were presented for both
analyses.

Pharmacokinetic analyses of darbepoetin alfa were
conducted on data generated by ELISA. Concentrations
less than the limit of quantification were given a value of
zero. To account for the baseline eEPO that cross-reacts
in the assay, baseline-corrected values for each patient
were calculated by subtracting the measured pre-study

eEPO concentration on day 1, as assessed in the darbe-
poetin alfa assay, from all subsequent values for that pa-
tient. No correction was necessary when the pre-dose
value was less than the limit of quantification of the as-
say. When baseline correction resulted in a negative va-
lue, it was converted to zero. This correction does not
account for fluctuations in eEPO throughout the course
of the study, but eliminates 1 confounding variable.

Pharmacokinetic parameters after a single subcutane-
ous dose of darbepoetin alfa were estimated by standard
non-compartmental methods using WinNonlin Profes-
sional Version 1.5 (Pharsight Corp., Mountain View,
CA, USA). Data points were included in the regression
if they were the last 3 (or more) non-increasing concen-
trations, and if these concentrations were greater than
twice the limit of quantification. This method was used
to prevent over-interpretation of data in the region
where relative contribution of eEPO was greatest. Ac-
tual sampling times and doses were used for estimation
of all parameters. For eEPO data, measured concentra-
tions were summarised.

3. Results
3.1. Patient demographics and baseline characteristics

Eighty-four patients were enrolled (Fig. 1). Three pa-
tients (all assigned to synchronous dosing) did not re-
ceive study drug; thus, 81 were included in the primary
analysis set. A total of 74 patients (41 asynchronous,
33 synchronous) completed 6 weeks of study (time of
the primary endpoint). The median duration of therapy
was 10 weeks. Baseline demographics were well bal-
anced between treatment groups, with slight differences
in the proportion of patients with breast and gynaeco-
logic malignancies observed (Table 1). Mean baseline
haemoglobin concentration was slightly lower in the
asynchronous (10.0 g/dl) than the synchronous group
(10.5 g/dl); however, the baseline value of the asynchro-
nous group was taken mid-cycle (7 d before the next che-
motherapy administration) rather than immediately
before the start of the next cycle as in the synchronous
group. This difference may be the result of the impact
of chemotherapy.

3.2. Efficacy

Mean increases in haemoglobin concentration after 6
weeks were similar between groups (1.0 g/dl (95% CI
0.6-1.3) asynchronous, 1.0 g/dl (95% CI 0.6-1.5) syn-
chronous) with a P-value of 0.45 (Table 2). Over the
treatment period, no major differences were observed
in either the magnitude or rate of haemoglobin change
(Fig. 2). However, an impact of each chemotherapy cy-
cle on haemoglobin concentration was clearly seen in
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Screened patients (n = 103)

[

Randomized patients (n = 84)

Received darbepoetin alfa (n =8 1)

I
Asynchronous
dosing (n = 43)

]

Synchronous
dosing (n = 38)

[

Withdrew before Withdrew before
primary endpoint primary endpoint
(Day 43) (Day 43)
1 Adverse Events 2 Adverse Events
1 Died 1 Died
1 Discontinued
chemotherapy
1 Withdrew
consent
On study through On study through
primary analysis primary analysis
(n=41) (n=233)
Withdrew after Withdrew after

primary assessments

12 Discontinued

primary assessments

11 Discontinued

Table 1

Baseline demographic and clinical characteristics

Characteristics All patients®
Asynchronous Synchronous

Number of patients 43 38
Sex, n (%)

Women 32 (74%) 28 (74%)

Men 11 (26%) 10 (26%)
Age (years)

Mean (SD) 61.4 (13.9) 62.2 (13.8)
Primary tumour type, n (%)

Breast 20 (47%) 12 (32%)

Gastrointestinal 2 (5%) 3 (8%)

Genitourinary 4 (9%) 4 (11%)

Gynaecological 4 (9%) 9 (24%)

Lung 3 (7%) 5 (13%)

Other 10 (23%) 5 (13%)
Chemotherapy

Platinum-containing 12 (28%) 14 (37%)
ECOG performance status, n (%)

0 16 (37%) 13 (34%)

1 24 (56%) 24 (63%)

2 3 (7%) 1(3%)
Baseline haemoglobin (g/dl)

Mean (SD) 10.03 (1.15) 10.47 (0.97)
Serum endogenous EPO (mU/ml)

n 41 38

Median 33.58 25.38
Ferritin (pg/l)

n 41 38

Median 242.60 202.85

Range (min, max) 19.6, 2976.0 25.4, 1659.0
Transferrin saturation (%)

n 40 37

Median 23.00 23.00

Range (min, max) 8.0, 60.0 5.0, 57.0

ECOG, Eastern Cooperative Oncology Group.

chemotherapy chemotherapy

3 delayed 4 delayed
chemotherapy chemotherapy

2 adverse events 1 adverse events

2 changed 1D ied
chemotherapy 1 Withdrew consent
regimen

1 Discontinued
treatment

1 Withdrew consent
1 Protocol violation

Fig. 1. Patient disposition. CONSORT diagram.

both groups throughout treatment, with a slight decline
or stabilisation during the week immediately after che-
motherapy administration followed by an increase over
the remainder of the chemotherapy cycle length.

# All patients who were administered at least 1 dose of darbepoetin
alfa.

No significant between-group differences were ob-
served in any secondary haematological and clinical effi-
cacy endpoints (Table 2, Fig. 3). The haematological
response rates for both groups (69% asynchronous,
81% synchronous) compare favourably to rates reported
with standard, more frequently administered erythro-
poietic therapy [8,11,12].

Table 2
Summary haemoglobin results for each dose group and both groups combined (overall)
Asynchronous Synchronous Overall
Mean (95% confidence (CI)) change in haemoglobin after 6 weeks of 1.0. (0.6-1.3) 1.0 (0.6-1.5) 1.0 (0.7-1.3)
treatment (week 7) (g/dl)
“K-M proportion (95% CI) of patients with >1 g/dl increase in 68% (54-83) 64% (48-80) 66% (56-77)

haemoglobin after 6 weeks of treatment
K-M proportion (95% CI) of haematopoietic response
K-M median (95% CI) time to haematopoietic response (d)
K-M proportion (95% CI) of transfusions (week 5 to EOTP)
K-M proportion (95% CI) of transfusions (week 1 to EOTP)

69% (52-86) 81% (61-100) 74% (61-87)

50 (36-92) 43 (36-92) 49 (36-58)
19% (6-33) 18% (5-31) 19% (9-28)
33% (18-48) 22% (9-36) 28% (18-39)

# Kaplan-Meier proportion.
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Fig. 3. Haematopoietic response from baseline through the end of study (Kaplan-Meier proportions). Filled circles = asynchronous administration;
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3.3. Pharmacokinetic evaluations

Thirty-three patients were in the pharmacokinetic
subset, of which 25 patients (12 asynchronous, 13 syn-
chronous) had evaluable profiles after the first dose.
Eight patients contributed only to the weekly sampling
and 1 was excluded because of high baseline serum
eEPO concentration. Demographic and baseline charac-
teristics were generally balanced between groups, with a
few exceptions. In the asynchronous group, there were
more men than women (7 (44%) asynchronous; 5
(29%) synchronous). The median baseline eEPO levels
were 25.2 mU/ml for the asynchronous group and 31.6
g/dl for the synchronous group.

Endogenous EPO concentrations before and during
chemotherapy were estimated for the pharmacokinetic
subset. The mean (SD) baseline eEPO concentration
for asynchronous patients was 81.2 (235) and 34.0
(29.6) mU/ml for synchronous patients. One asynchro-
nous patient, however, had a high baseline eEPO con-
centration of 1523 mU/ml. This patient also had a

severely low baseline haemoglobin level (<6 g/dl), which
may have influenced the baseline eEPO value. After ex-
clusion of this patient from the analysis, mean (SD)
baseline eEPO concentration for the asynchronous
group was 45.2 (47.6) mU/ml.

Increase in eEPO concentrations was observed in the
week after chemotherapy administration. Peak concen-
tration was observed 48 h after chemotherapy administra-
tion in both groups. In the synchronous group, mean
eEPO concentrations were elevated approximately 5-fold
over baseline. The individual ratio of 48-h value to base-
line ranged from 2 to 32, with mean and median ratios
for the group of 8.6 and 6.4, respectively. The eEPO of
most patients in the synchronous returned to near base-
line values by the 168-h point (end of week 1). In the asyn-
chronous group, ¢eEPO concentrations over the week
before chemotherapy administration were relatively
constant. In the synchronous group, mean eEPO concen-
trations rose to a peak value 48 h after chemotherapy
(i.e., day 9) with a 4-fold increase in mean eEPO concen-
tration compared with the pre-chemotherapy value. The
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Fig. 4. Mean endogenous erythropoietin (¢EPO) concentrations dur-
ing the first 3 weeks of study for the asynchronous (7-17 patients) and
synchronous groups (8-15 patients). Filled circles = asynchronous
administration; empty circles = synchronous administration. Error
bars represent standard deviations.

individual ratio of 48-h post-chemotherapy to baseline
value ranged from 1 to 4, with mean and median ratios
for the asynchronous group of 2.6 and 2.8, respectively
(see Fig. 4).

Same-day dosing of darbepoetin alfa and chemother-
apy was associated with an increase in maximal concen-
tration (1.7-fold increase in mean C,,,,), and area under
the serum concentration—time curve (1.3-fold increase in
mean AUC ;) compared with asynchronous dosing
(Table 3, Fig. 5). After peak concentration, serum dar-
bepoetin alfa concentrations declined in the expected
monophasic manner for patients in the synchronous
group. However, for the asynchronous group, the de-
cline in mean serum concentration was interrupted after
chemotherapy administration (i.e., 7 d after darbepoetin
alfa administration) for 3 d, then declined at a rate sim-
ilar to that observed in the synchronous group (Table 3).

3.4. Safety

The types of adverse events reported were consistent
with those observed in clinical trials of darbepoetin alfa
[7,29] and were generally associated with malignant dis-
ease and toxic effects of chemotherapy. The safety pro-
file of darbepoetin alfa was similar between groups.

Table 3
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Fig. 5. Mean darbepoetin alfa concentrations after a subcutaneous
dose of 6.75 pg/kg during the first 3 weeks of study for the
asynchronous (10-13 patients) and synchronous (10-13 patients)
groups. Filled circles = asynchronous administration; empty cir-
cles = synchronous administration. Error bars represent standard
deviations.

Two patients (2%) had thrombotic adverse events: one
had pulmonary embolism with disease progression,
including spinal cord compression and the other had
subclinical left-arm deep-vein thrombosis (DVT). The
second patient also had an excess rate of rise in haemo-
globin within *+14 d of the thrombotic event; however,
this patient also received a transfusion within these 14
d (haemoglobin = 8.2 g/dl before receiving the transfu-
sion). The DVT event occurred 9 d after the transfusion.
The rapid rise in haemoglobin reached a maximum level
of 10.9 g/dl during these 14 d. Despite the investigator’s
initial possible association of the rapid rate of haemo-
globin rise with darbepoetin alfa, this haemoglobin rise
was associated with the transfusion.

No evidence of anti-darbepoetin alfa antibodies was
detected in any patient.

4. Discussion

In clinical practice, erythropoietic agents and chemo-
therapy have been administered synchronously when-

Summary pharmacokinetic parameters after a single subcutaneous dose of darbepoetin alfa

Parameter Asynchronous

Synchronous

Overall

Mean (SD) (min, max)

Mean (SD) (min, max)

Mean (SD) (min, max)

Cinax (ng/ml) 15.5 (5.25) (7.39, 26.1)
Tonax () 59.8 (16.6) (27.5, 85)
AUC g_o)(ng h/ml) 2570 (1110) (955, 5070)
hyz- (h) 87.7 (26.0) (58.3, 144)
MRTp_o, (h) 159 (38.1) (118, 247)

CL/F (mlth/kg) 3.18 (1.59) (1.34, 7.14)

26.5 (9.67) (9.76, 47.3)
70.5 (25.3) (47.1, 120)
3280 (1280) (1090, 6080)
60.9 (22.3) (23.5, 111)
111 (23.0) (81.1, 155)
2.45(1.29) (1.11, 6.24)

21.2 (9.52 (7.39, 47.3)
65.4 (21.9) (27.5, 120)
2940 (1230) (955, 6080)
73.7 (27.3) (23.5, 144)
134 (39.3) (81.1, 247)
2.80 (1.46) (1.11, 7.14)

AUC, area under the curve; MRT, mean residence time; CL/F, relative clearance.
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ever possible, but without a clear understanding of the
underlying biology or guidance from randomised trials
addressing the issue. The assumption is that the practice
is safe and as effective as asynchronous administration.
As longer-acting erythropoietic agents are developed,
moving treatment toward less-frequent administration,
studies elucidating the potentially complex interaction
of chemotherapy and erythropoiesis have become
increasingly important. This randomised trial provided
several important and relevant insights.

The results from this trial did not provide sufficient
evidence to suggest that asynchronous dosing was supe-
rior to synchronous dosing when administering darbe-
poetin alfa every-3-weeks. The two schedules of
darbepoetin alfa had similar haematological efficacy
and safety profiles, despite some differences in the phar-
macokinetic and pharmacodynamic profiles between the
two schedules. In the synchronous group, either the in-
creased drug exposure was of insufficient magnitude to
produce a detectable difference in efficacy or the target
organ, the marrow, did not remain fully responsive dur-
ing the immediate post-chemotherapy period. Notably,
after each dose of myelosuppressive chemotherapy, the
rate of haemoglobin rise was consistently and repeatedly
impacted in both groups for approximately 1 week, a
time frame similar to that observed for the post-chemo-
therapy increases in ¢eEPO levels.

The pharmacokinetic and pharmacodynamic (PK/
PD) findings provide insight into the mechanism of
clearance of eEPO and darbepoetin alfa. The increase
in eEPO concentrations in both groups occurring as
soon as 6 h after chemotherapy and lasting approxi-
mately 1 week afterwards suggest that the clearance of
€¢EPO was impaired by chemotherapy rather than that
the production of eEPO was increased. Previous studies
have shown that eEPO serum concentrations associated
with chemotherapy increased up to 7-fold [37-39]. Sim-
ilarly, chemotherapy may be associated with interrup-
tion of clearance of darbepoetin alfa, as a larger AUC
for this agent with synchronous administration relative
to that of asynchronous administration was observed.
One might predict that from this increased drug expo-
sure, the pharmacodynamics (haematopoietic efficacy)
of darbepoetin alfa may be enhanced by synchronous
dosing, especially if the bone marrow remained respon-
sive to this agent during the immediate post-chemother-
apy period.

One possible explanation for our PK/PD findings is
that chemotherapy alters the volume of distribution of
all erythropoietins and/or the activity of ASGR- based,
non-receptor-mediated clearance. However, we believe
that the hypothesis that best fits the totality of our data
is that the receptor-bearing cells in the bone marrow
contribute to the clearance of both eEPO and darbepoe-
tin alfa through binding, internalisation and catabolism
of these hormones. This would explain the apparent

temporal association of the elevated eEPO levels and rel-
ative marrow unresponsiveness observed in our patients,
both lasting approximately 1 week. A study in sheep
administered busulfan and rHuEPO verified that the
clearance, and not the volume of distribution, was sig-
nificantly decreased by chemotherapy [39]. In vitro work
has supported the model that rHuEPO is internalised
and degraded by target cells [21], and it has been postu-
lated that saturable uptake by bone marrow is mediated
by the EPO receptor [40,41]. Reduced clearance of rHu-
EPO has been reported in patients with myelodysplastic
syndromes, who have reduced bone marrow activity
[42]. Finally, this hypothesis is consistent with the ob-
served inverse relationship between receptor affinity
and serum half-life as well as in vivo potency of different
erythropoietic proteins.

A few differences in baseline characteristics between
the asynchronous and synchronous groups were noted,
which based on recent clinical findings may suggest a bet-
ter prognosis for response for one group over the other.
A large study of approximately 1500 patients by
Vadhan-Raj et al. [43] analysed potential covariates of
response. Tumour type (breast and colorectal cancer),
non-platinum-containing therapy, and lower baseline
haemoglobin levels were identified as important indepen-
dent variables that conferred better transfusion-based
and haematological responses. In our study, baseline
characteristics favoured the asynchronous group for bet-
ter prognosis for response versus the synchronous group
(breast cancer: 47% versus 32%, respectively; platinum-
containing chemotherapy: 28% versus 37%, respectively;
baseline haemoglobin levels: 10.0 versus 10.5 g/dl, respec-
tively). However, despite a possible bias in favour of the
asynchronous group, no clinically relevant difference in
haematological response was observed between the
groups. Thus, we feel that our data do not suggest a ben-
efit of asynchronous dosing over synchronous dosing.

We note a few limitations to our study. First, we did
not carry out formal drug disposition studies to confirm
our suspicion that chemotherapy changes the clearance
as opposed to the distribution of darbepoetin alfa, and
we did not obtain repeated blood and/or marrow sam-
ples for progenitor cell studies to further explore our
hypothesis that the responsiveness of the marrow is im-
paired in the immediate post-chemotherapy period.
Therefore, the mechanisms by which chemotherapy im-
pacts on serum eEPO concentrations, darbepoetin alfa
pharmacokinetics and haematopoietic responsiveness
have not been fully elucidated. Future studies to eluci-
date the exact role of the bone marrow in the mechanism
of erythropoietin clearance need to be conducted using
repeated blood and/or marrow samples. Also, the effects
of different chemotherapeutic regimens that may influ-
ence the pharmacokinetic and pharmacodynamic prop-
erties of darbepoetin alfa were not studied and need to
be addressed in future studies.
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Another important limitation is that the measured
drug concentrations were actually a composite of
endogenous EPO and darbepoetin alfa because the as-
say recognises both proteins, albeit differentially. The
reported darbepoetin alfa concentrations have been
corrected individually for the baseline eEPO concen-
trations, as measured by cross-reactivity in the darbe-
poetin alfa assay; standard methodology for
recombinant proteins [44]. Corrections were not made
for the fluctuations in endogenous erythropoietin lev-
els resulting from chemotherapy because direct sub-
traction of one from another is not feasible when
different assays, with different affinities for the ligand,
are used. However, as endogenous erythropoietin con-
tributes no more than approximately 15% to the over-
all signal up to 216 h after administration of
darbepoetin alfa, these fluctuations are insufficient to
alter the overall pharmacokinetic conclusions of the
study.

Our findings support the hypothesis that the bone
marrow is an effector site and clearance site for erythro-
poietins. With synchronous administration of darbepoe-
tin alfa, transient decreased marrow responsiveness is
precisely offset by the observed increased concentration
and AUC associated with synchronous administration.
The net result is a nearly identical overall erythropoietic
benefit between the two dosing schedules. This hypoth-
esis provides a mechanism explaining the observed lack
of decrease in efficacy with synchronous every-3-week
darbepoetin alfa administration. Therefore, since no
advantage appears to be gained with asynchronous dos-
ing as initially expected, synchronous dosing with every-
3-week darbepoetin alfa is preferable and offers greater
convenience to the patients.

We conclude the following: myelosuppressive che-
motherapy is associated with a rapid increase in the
concentration of eEPO, probably due to decreased
clearance by progenitor cells in the bone marrow. Max-
imal concentrations and AUC of darbepoetin alfa are
increased by synchronous compared with asynchronous
chemotherapy administration, again probably due to
decreased clearance. Erythropoiesis is compromised
during the days after chemotherapy, offsetting the phar-
macokinetic advantages of synchronous dosing. There-
fore, darbepoetin alfa administered every 3 weeks has
similar effectiveness whether given synchronously or
asynchronously with chemotherapy, and is highly effec-
tive in producing haematopoietic responses that are
indistinguishable from those observed with more fre-
quent dosing.
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Randomized Comparison of Every-2-Week Darbepoetin
Alfa and Weekly Epoetin Alfa for the Treatment of
Chemotherapy-Induced Anemia: The 20030125 Study
Group Trial

John Glaspy, Saroj Vadhan-Raj, Ravi Patel, Linda Bosserman, Eddie Hu, Richard E. Lloyd, Ralph V. Boccia,
Dianne Tomita, and Greg Rossi

A B S T R A CT

Purpose
Chemotherapy-induced anemia is widely treated in the United States with darbepoetin alfa (DA) or

epoetin alfa (EA). This noninferiority study systematically compares efficacy and safety of DA and
EA using common doses and schedules used in clinical practice.

Methods
Patients had a diagnosis of nonmyeloid malignancy with = 8 weeks of planned chemotherapy, age

= 18 years, and anemia (hemoglobin = 11 g/dL}. Patients were randomly assigned 1:1 to DA 200
g every two weeks (Q2W) or EA 40,000 units every week (QW) for up to 16 weeks with identical
dose adjustment rules. Efficacy was assessed by the incidence of RBC transfusion {Kaplan-Meier
estimate). The definition of noninferiority was that the upper 95% Cl limit of the observed
difference in RBC transfusions between groups was less than 11.5%; this noninferiority margin
was based on the treatment effect observed in placebo-controlled EA studies.

Results
Of 1,220 patients randomly assigned, 1,209 received = one dose of the study drug. Common

tumor types were lung (26%), breast (21%), and gastrointestinal (18%). Transfusion incidence
from week b to the end of the treatment phase (the primary end point} was 21% in the DA group
and 16% in the EA group; noninferiority was concluded because the upper 95% Cl limit of the
difference between groups {10.8%) was below the prespecified noninferiority margin. Sensitivity
analyses using alternate statistical methods and analysis sets yielded similar results. Hemoglobin,
quality of life, and safety end points further support equivalency of the erythropoietic therapies.

Conclusion
This large, phase Ill study demonstrates comparable efficacy of DA Q2W and EA QW. Less
frequent dosing offers potential benefits for patients, caregivers and health care providers.

J Clin Oncol 24:2290-2297. ® 2006 by American Society of Clinical Oncology

every week (QW) for EA.'*'* At these dosages, the

INTRODUCTION

Anemia is common in patients receiving multicycle
chemotherapy and may adversely affect health-related
quality of life (HRQOL).'? Chemotherapy-induced
anemia is commonly treated using the erythropoiesis-
stimulating agents, darbepoetin alfa (DA; Aranesp;
Amgen Inc, Thousand Oaks, CA) and epoetin alfa (EA,;
Procrit; Amgen, Inc), both proven to achieve signifi-
cant reductions in RBC transfusion requirements and
clinically relevant improvements in fatigue and other
patient-reported outcomes.* '

For the treatment of chemotherapy-induced
anemia, the most common initial dosage is 200 ug
every 2 weeks (Q2W) for DA and 40,000 units (U)

two agents have similar clinical effectiveness based
on results from randomized, controlled trials,'>""’
community-based studies,>'® and large observa-
tional studies of clinical practice.'*'*'*?° Nonethe-
less, there was a clear demand for a formal,
sufficiently powered, noninferiority study to allow
for the rigorous comparison of these two therapies
with respect to clinical outcomes. Questions regard-
ing the comparability of clinical outcomes of these
two agents and appropriate reimbursement have
been raised by the US Centers for Medicare & Med-
icaid Services and the National Cancer Institute (Be-
thesda, MD), further emphasizing the importance of
definitive data to define healthcare policy regarding
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erythropoietic agents (OPPS [Outpatient Prospective Payment Sys-
tem| rule 2003; NCI RFQ 72743).

The large, phase III study reported here was designed to formally
evaluate noninferiority of 200 ug Q2W DA with 40,000 U QW EA in
cancer patients with anemia receiving multicycle chemotherapy. The
primary hypothesis tested was that the incidence of RBC transfusion
from week 5 to the end of treatment phase (EOTP) in patients receiv-
ing Q2W DA is comparable (defined as not inferior) with that of
patients receiving QW EA. This is the standard transfusion end point
used for the registration of erythropoietic therapies in oncology.*¢*!*
Secondary objectives included comparison of HRQOL and hemoglo-
bin surrogate end points, as well as the evaluation of safety.

Study Design

This was a randomized, open-label, active-controlled, multicenter study
of DA ata starting dose of 200 ug Q2W administered over a 16-week period for
the treatment of anemia in patients with nonmyeloid malignancies receiving
multicycle chemotherapy. The active control arm received EA at a starting
dose of 40,000 U QW. For both treatment arms, a 50% dose escalation was
permitted at week 5 if the hemoglobin increase was < 1 g/dL. Study drug was
withheld if a patient’s hemoglobin concentration exceeded 13 g/dL at any time,
and was reinstated at 75% of the previously administered dose after the hemo-
globin concentration decreased to < 12 g/dL. After the 16-week treatment
period, patients were monitored for 2 weeks for adverse events, concomitant
medications, and transfusions received.

The initial planned treatment period was 12 weeks. After the first 680
patients were randomly assigned, the study protocol was amended to be more
representative of current clinical practice. The treatment period was extended
from 12 weeks to 16 weeks, and the dose escalation rules were changed from a
mandatory requirement to physician discretion. The sample size was increased
to 1,200 patients, ensuring that the distribution of patients accrued under the
original and amended protocols were similar. At the time of the amendment,
patients who had already enrolled in the study reconsented and were treated
under the amended protocol. Patients included in the amended protocol are
referred to as the 16-week cohort and comprise a homogenous patient popu-
lation with respect to dose escalation criteria and duration of therapy.

Random Assignment

Eligible patients were randomly assigned 1:1 to either DA or EA. Ran-
domized treatment was assigned using a central interactive voice response
system. Randomization was stratified by screening hemoglobin concentration
(obtained within 24 hours before randomization from a local laboratory; < 10
v = 10 g/dL) and planned chemotherapy (platinum-based v nonplatinum-
based) based on studies showing that platinum-containing regimens® and
baseline hemoglobin concentration® are important independent determinants
of anemia development and RBC transfusion requirements.

Screened
(N = 1,325}

) Excluded (n = 105)
(did not meet inclusion criteria)

Randomly éss»gned

(n = 1.220)
RS — - I
Darbepoetin alfa Epoetin alfa

(n=613) (n = 607)

N

Primary analysis set
(received study drug)

Primary analysis set
(received study drug)

(n = 606) (n = 603)
iCompIe!ed study  Discontinued Completed study Discontinued
I (n=433) (n=173) (n=410) (n=193)

71% 29% 68% 32%

Fig 1. CONSORT diagram of patient disposition. The flow of patients screened
and enrolled is shown in accordance to the CONSORT statement for reporting
clinical trials.

Eligibility Criteria

Key eligibility criteria included: = 18 years old; diagnosis of anemia
(hemoglobin = 11 g/dL) and a nonmyeloid malignancy with = 8 additional
weeks of planned chemotherapy; adequate renal and liver function; and the
ability to provide written informed consent. Key reasons for exclusion in-
cluded: history of primary hematologic disorders causing anemia other
than nonmyeloid malignancy; unstable/uncontrolled cardiac conditions;
clinically significant inflammatory disease; neutralizing antibodies to re-
combinant human erythropoietin; and EA or DA therapy within 4 weeks
before randomization.

Efficacy Evaluations

The primary end point was the incidence of RBC transfusion from week
5 to the EOTP. The primary end point was analyzed for all randomly assigned
patients who remained on study through day 29 (defined as the primary
transfusion analysis set). A key secondary end point was transfusion require-
ments over the entire treatment period (week 1 to EOTP). Transfusion was
recommended if a patient’s hemoglobin concentration decreased to < 8 g/dL.
Transfusions with hemoglobin greater than 8 g/dL were allowed provided
there were signs or symptoms of anemia.

Efficacy was assessed using secondary hemoglobin-based end points,
including the proportion of patients achieving a hemoglobin = 11 g/dL, and
those who subsequently maintained hemoglobin concentration in the target
range (11 g/dL to 13 g/dL) consistent with three well-recognized, evidence-
based, practice guidelines.*>* Mean hemoglobin change from baseline was
compared between groups at study midpoint (week 9) and EOTP.

HRQOL changes were compared using standard instruments
(Functional Assessment of Cancer Therapy-Fatigue [FACT-Fatigue],

Table 1. Data Sets Used in This Study From All Randomly Assigned Patients

No. of Patients

Data Set Darbepoetin Alfa Epoetin Alfa
Primary analysis set (patients randomly assigned and treated) 606 603
16-week cohort 396 402
Per-protocol analysis set 441 441
Primary transfusion analysis set (patients randomly assigned, treated, and on-study as of study day 29) 582 571
16-week cohort 380 385
Per-protocol analysis set 422 422
Safety analysis set 611 598
wWwWW.jco.0rg 29
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FACT-Anemia, Energy, Daily Activity, Overall Health, and Patient Satis-
faction Questionnaire for Anemia Treatment questionnaires)?’” adminis-
tered to patients at baseline, weeks 5, 9, and 17.

Safety Evaluation

Safety end points included incidence, frequency, severity, relationship to
treatment, and outcome of all reported adverse events and incidence of neu-
tralizing antibody formation to erythropoietic agents. A central laboratory
provided antibody testing and measurement of endogenous erythropoietin.
Because this was a trial comparing two active therapies, long-term survival and
tumor progression data were not collected.

Statistical Considerations

This study was designed to test the hypothesis that DA 200 ug Q2W is
comparable (ie, noninferior) to EA 40,000 U QW as starting doses. This design
requires that a noninferiority margin is prespecified to assess the primary end
point. The noninferiority margin in this study was 11.5% based on the com-
bined estimate of treatment effect as reported in large, placebo-controlled EA
trials.*?"22?8 The difference in transfusion rates between EA and placebo was
20% with a lower 95% CI limit of 11.54%. This estimate was adjusted for
studies where only platinum-based chemotherapy was administered,?” using a
weight of 40% that corresponds to the percentage of patients who received
platinum-based chemotherapy in large, community-based studies of EA.>*1°
If the upper 95% CI limit of the difference in transfusion rates between groups
isless than the noninferiority margin, then DA is considered noninferior to EA
(ie, the null hypothesis that the difference is = 11.5% is rejected in favor of the
alternative hypothesis that DA is noninferior to EA).

The sample size specified in the original protocol had approximately
90% power to conclude noninferiority. Power calculations were based on
unstratified analysis and confirmed using a Bayesian two-stage resampling
technique applied to data from previous studies; with 1,200 patients, there is
approximately 99% power to conclude noninferiority.

It is critical that results from noninferiority studies are shown to be
robust with respect to the method of analysis used or analysis set (population
effect). Accordingly, preplanned sensitivity analyses were performed with re-
spect to transfusion end points. The population effect was examined using
different patient cohorts; the 16-week cohort and a predefined per-protocol
analysis set. The per-protocol subset comprised randomly assigned patients
who received = 75% and < 125% of planned dose during treatment period
and received = 30 Gy radiotherapy to the pelvis during treatment. The impact
of analytic methods was examined using unadjusted and adjusted estimates
from the Kaplan-Meier approach employed for the primary analysis, as well as
crude proportions. Adjusted Kaplan-Meier estimates represent the weighted
averages of the Kaplan-Meier estimate obtained for each randomization strata.
The Cochran-Mantel-Haenszel approach was used to calculate differences in
these weighted (adjusted) Kaplan-Meier estimates. Sensitivity analyses were
carried out with adjustment based on actual type of chemotherapy received.

Statistical analyses were performed by the sponsor using SAS statistical
software version 8.2 (SAS Institute, Cary, NC); study investigators reviewed
these results. Descriptive statistics included frequencies and means (with 95%
Cls or standard deviation [SD]) for categoric and continuous variables, re-
spectively. Changes in hemoglobin levels, total number of RBC units, total
number of days transfused, and patient-reported outcomes for each patient
were analyzed using the analysis of covariance (ANCOVA) model, which
included the stratification factors. Analysis of patient-reported outcomes was
also adjusted for the baseline score (as a continuous or dichotomous variable).
Two analytic approaches were used to account for missing hemoglobin data:
imputation (last-value-carried forward) and available data. Hemoglobin val-
ues within 28 days after a transfusion were considered to be missing; using the
last-value-carried forward method, the pretransfusion hemoglobin value was
used to impute all weekly hemoglobin values during the 28 days following a
transfusion. Change in hemoglobin was evaluated using both methods;
achieving target hemoglobin was calculated only using the last-value-carried
forward method. Hemoglobin end points were adjusted by the same stratifi-
cation factors as the transfusion end points.

Adverse events were defined using the Medical Dictionary for Regulatory
Activities (MedDRA MSSO, Reston, VA) terms. The number and percentage

2292

Table 2. Patient Demographics and Basetine Disease Characteristics
Darbepoetin Epoetin
Alfa Alfa
{n = 606) (n = 603)
Characteristic No. % No. %
Sex
Female 415 68 381 63
Race
White 506 83 502 83
Black 59 10 64 11
Other* 41 7 37 © 6
Age, years
Mean 63.2 63.7
SD 124 116
Geriatric age group, years
= 65 305 50 290 48
=75 129 21 118 20
Primary tumor type
Breast 131 22 126 21
Gastrointestinal 104 17 108 18
Gynecologic 60 10 41 7
Lung 156 26 164 27
Lymphoproliferative 45 7 46 8
Other 110 18 118 20
Disease stage
i 86 14 94 16
1] 131 22 123 20
v 334 55 325 54
Othert 32 5 46 8
Unknown 23 4 15 2
ECOG
Oto1 518 85 509 84
>1 83 14 84 14
Unknown 5 1 10 2
Baseline hemoglobin, g/dL
Mean 10.2 10.2
SD 0.9 09
Hemoglobin categories
< 10 g/dL 222 37 209 35
= 10 g/dL 384 63 394 65
Transferrin saturation, percent 564 560
Mean 31.6 31.1
SD 22.8 22.6
Ferritin, pg/L 583 583
Mean 473.0 488.5
sD 430.0 4455

Abbreviation: ECOG, Eastern Cooperative Oncology Group.

*Other racial categories included (darbepoetin alfa v epoetin alfa): Hispanic
(5% v3%), Asian (1% v 2%), Native American {0% v < 1%), Japanese (< 1%
both groups), Pacific Islander {< 1% both groups), and unspecified other
(< 1% both groups).

tOther disease stage classification refers to tumor types that did not routinely
utilize TMN classification for disease staging (eg, small-cell lung cancer).

of patients reporting adverse events (all, serious, related, and serious related)
were tabulated by the actual treatment received (safety analysis set).

Patient Characteristics
A total of 177 US centers enrolled 1,220 patients (Table 1). All
patients were randomly assigned and 1,209 received = one dose of
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study drug (primary analysis set; Fig 1). During the final analysis, one
patient was identified who was randomly assigned to receive DA but
who received only EA (eight doses). Efficacy analyses were performed
as planned using an intent-to-treat approach, for example, analyzing
this patient as randomized (ie, in the DA group), rather than as
treated. Patient demographic and baseline disease characteristics are
summarized in Table 2.

Efficacy Evaluations

RBC transfusions. The adjusted Kaplan-Meier percentages of
patients who received an RBC transfusion between week 5 and
EOTP were 21% (95% CI, 17% to 24%) for the DA 200 png Q2W
group and 16% (95% CI, 12% to 19%) for the EA 40,000 U QW
group. These are KM estimates adjusted for stratification factors;
crude rates are suboptimal in the study of erythropoietic agents
because they cannot account for response to therapy and time at
risk when patients discontinue early. Noninferiority was demon-
strated because the upper limit of the 95% CI of the difference
between groups (10.8%) was below the prespecified noninferiority
margin of 11.5%. When the first 4 weeks were included in the
analysis, the proportions of patients receiving = one transfusion
were 27% (95% CI, 24% to 31%) for the DA group and 22% (95%
CI, 19% to 26%) for the EA group. Comparison of transfusion

results with the expected rates observed in placebo-controlled trials
provides a good measure of external validity (Fig 2A).

The robustness of the noninferiority conclusion was evaluated in
a series of sensitivity analyses of the primary (week 5 to EOTP) and
secondary (week 1 to EOTP) transfusion end points (Fig 2B). Results
were consistent with the primary analysis; the upper 95% CI limit of
the difference between the two treatment groups excluded 11.5%.
Additionally, inclusion of the patient randomly assigned to DA but
who received EA only as treated (rather than as randomly assigned)
in the analysis of the primary end point did not alter the noninfe-
riority conclusion.

The average hemoglobin at the time of transfusion was 9.05 g/dL.
for the DA group and 9.06 g/dL for the EA group, indicating that there
was no suggestion of bias in the decision to transfuse. Exploratory
analyses were also performed to evaluate transfusion intensity among
patients who received = one transfusion. From week 5 to EOTP, the
time frame corresponding to the evaluation of the primary end point,
the mean number of RBC units transfused (3.2 units; 95% CI, 2.8 to
3.6 units for DA; 3.0 units; 95% CI, 2.6 to 3.3 units for EA) and the
mean number of days on which a patient received a transfusion (1.6
days; 95% CI, 1.4 days to 1.8 days for DA; 1.5 days; 95% CI, 1.3 days
to 1.7 days for EA) did not differ between treatment groups. For the

06 - 06-
A 4
05 05 C51%
= i T 45% © —
S 04- i 8 o4-
-‘2 w
g 5
& 03- - & o3 R e
= Lo T oo27%
S 6% 5 - e | 25%
c — c i
S 22%
£ 02- T2 . e 2 02 . —
i~
8 X - | 16% 3 N
o — £ i
0.1 0.1+
i
0.0 0.0 4 oo e e
Darbepoetin Epoetin Historical Historical Darbepoetin Epoetin Historical Historical
Alta Alfa {placebo) (epoetin alfa) Alta Alfa (ptacebo)  (epoetin alfa)
Noninferionty margin
11.5% 11.5%
B , |
Per Protocol Analysis Set 773'6% l ~4 4% I
(all cohorts) e ] . St — ‘
Pnimary Transfusion Analysis Set/ 5.0% l 3.0% |
Primary Analysis Set ‘o VS SR ———
{16 week cohort) ‘ I
! |
Per Protocol Analysis Set ! AJ 3°’° o | in 0.4 |
(16 week cohort) Y | ~ |
-16 -12 -8 —4 0 4 8 12 16 -16 -12 -8 -4 0 4 8 12 16
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Mean (95% Cl) Difierence Between Treatment Groups Mean (95% Cl) Difterence Between Treatment Groups

Fig 2. incidence of RBC transfusions and sensitivity analyses. (A) Percentages of patients receiving = one transfusion are shown with 95% Cls. Historical transfusion
incidences are shown from placebo-controlled epoetin alfa trials.*12:21-23:28 (B) Sensitivity analyses—adjusted by screening hemoglobin category (< 10 g/dL v =10
g/dL) and type of chemotherapy administered {platinum-based v nonplatinum-based)—were performed using the 16-week cohort and the per-protocol subset of the
16-week cohort. Differences in Kaplan-Meier percentages were calculated using the Cochran-Mantel-Haenszel approach and may therefore not equal the arithmetic

difference between groups.

www.jco.org

Information downloaded from www.jco.org and provided by AMGEN LIBRARIES on May 18, 2006 from 198.176.189.201.
Copyright © 2006 by the American Society of Clinical Oncology. All nghts reserved.




Glaspy et al

_ 14 o Darbepoetin alfa
@’ = Epoetin alfa
2 13-
0
E 1176 11.85
% 12 11 44 175 _Target
o - - range
I
o 1-
& 10.18 10.21
3 . S
g 10
Q
o
2
c 9
@
QO
=
8 n = 606 n =433 Xkl n=278
Baseline Week 9 Week 17

Fig 3. Hemoglobin {Hb) concentration over treatment period. The hemoglobin
concentrations for the two treatment groups are shown at baseline, week 9, and
week 17, with upper 95% CI bars (available data approach). Patients with no
hemoglobin value after baseline were excluded from the analysis. The total
number of patients with hemoglobin values is shown by study week.

subset of patients who were transfused in the first month (weeks 1
to 4), no differences were observed; the mean number of units
transfused was 2.3 units (95% CI, 2.1 to 2.5 units) for DA and 2.5
units (95% CI, 2.2 to 2.7 units) for EA, and the mean number of days
on which a patient received a transfusion was 1.2 (95% CI, 1.1 days to
1.3 days) for DA and 1.3 (95% CI, 1.2 days to 1.4 days) for EA.

Hemoglobin end points. In both groups, the mean hemoglobin
concentrations improved from approximately 10.2 g/dL at baseline to
11.8 g/dL by the EOTP, with no meaningful differences in mean
hemoglobin change observed at week 9 or EOTP (Fig 3). Using the
last-value-carried forward approach, mean hemoglobin levels at
EOTP were 11.6 g/dL for DA and 11.8 g/dL for EA.

More than three quarters of patients in each group achieved the
target hemoglobin range of 11 g/dL to 13 g/dL. The median time to
achieve target hemoglobin was 6 weeks for the DA group and 5 weeks
for the EA group (Fig 4). The majority of these patients maintained
hemoglobin levels in this range for the remainder of the treatment
period (Table 3). Due to the dose titration rules employed in the study,
the mean hemoglobin after achievemnent of the target stabilized at
approximately 12 g/dL in both groups.

Patient-reported outcomes. The improvements in FACT-Fatigue
subscale scores from baseline between the two treatment groups were
similar and no differences were observed between the two groups for
any of the other HRQOL assessment (Figs 5 and 6).

Safety

In order to minimize hyporesponse or hyper-response to ther-
apy, rules regarding dose titration were included in this trial. Dose was
modified at least once for more than 80% of patients in both groups,
with a mean actual dose per patient delivered for DA of 229 ug Q2W
compared with 42,714 U QW for EA (Table 4).

The safety profiles of DA and EA were consistent with existing
clinical experience for adverse events in anemic cancer patients receiv-
ing cytotoxic chemotherapy with no differences observed between
groups. Safety was evaluated for patients who received one or more
study drug; patients who were randomly assigned to the EA treatment
group who received one or more dose of DA were analyzed as EA for
safety. Six percent of DA patients and 7% of EA patients reported
cardiovascular/thromboembolic events. No antibodies to erythropoi-
etic compounds were detected, and no clinical sequelae suggestive of
neutralizing antibody formation were observed. The rates of death on
study were 11% for DA and 14% for EA (safety analysis set).

In this noninferiority study, DA 200 pug Q2W was shown to be as
effective as EA 40,000 U QW with respect to transfusion requirements,
with multiple sensitivity analyses providing internal validity and sup-
porting the noninferiority conclusion. Despite the open-label design,
no differences were observed between groups in the decision to trans-
fuse patients. The validity of this outcome was further supported by
results of the secondary end points in the trial (eg, improvement in
HRQOL, increase in hemoglobin concentration, and safety); these
findings are consistent with previously reported observational stud-
ies'>'*1%2% and phase II trials.'>'” Transfusion rates observed in the
control group of this trial were comparable with pooled rates from
large, phase III, placebo-controlled EA trials,**'**?® and provided
confirmation of external validity.

Proportion of Patients

Epoetin alfa

Darbepoetin alfa

Fig 4. Achievement of target hemoglobin
range {11 g/dL to 13 g/dL) by study week.
The Kaplan-Meier plot displays the {unad-
justed) proportion of patients achieving a
target hemoglobin concentration {11 g/dL
to 13 g/dL) consistent with evidence-based
practice guidelines for anemia management
in cancer patients.?*2%3! Patients with no
hemoglobin value after baseline were ex-
cluded from the analysis. The number of
patients remaining after censoring is shown

T T T T T T T T T T

0 1 2 3 4 5 6 7 8 9 10
Time (weeks)

Patients at risk:
Darbepoetin alfa 606
Epoetin alfa 603

606 586 521 395 360 290 266 220 194
603 577 515 344 302 220 195 147 132

1 12 13 14 15 16 17

164 150
106 97 66 57 48 38 30 21

by study week (available data approach).

T T T T T T 1

122 116 98 86 69 42

JOURNAL OF CLINICAL ONCOLOGY

Information downloaded from www.jco.org and provided by AMGEN LIBRARIES on May 18, 2006 from 198.176.189.201.
Copyright © 2006 by the American Society of Clinical Oncology. All rights reserved.




Darbepoetin Alfa Compared With Epoetin Ala

Table 3. Patients Achieving and Maintaining Target Hemoglobin Concentration (11 g/dL to 13 g/dL)
Darbepoetin Alfa Epoetin Alfa
{n = 606) (n = 603)
Hemoglobin Concentration Information No. % No. %
Achievement of target hemoglobin
No. of patients 463 80 487 86
Median time to target hemoglobin, weeks 6.0 5.0
Maintenance of target hemoglobin range*
Hemoglobin concentration after target, g/dL
Mean 12.0 121
SD 0.9 0.8
<10 7 2 3 1
10to< 11 58 13 38 8
111013 341 74 389 80
> 13 57 12 57 12
Abbreviation: SD, standard deviation.
*Among patients who achieved target hemoglobin concentration.

The intent-to-treat approach, commonly used in conventional
clinical trials where the objective is to demonstrate that one treatment
is superior to another (ie, a null hypothesis that treatments are equiv-
alent), represents a conservative approach and minimizes any ob-
served differences from sources other than true differences related to
the treatment effect. However, in noninferiority trials where the aim is
to demonstrate equivalence (ie, a null hypothesis that one treatment is
superior), the intent-to-treat approach may be anticonservative for
the reason that it minimizes differences between groups. To assess
this potential for bias towards equivalency, preplanned sensitivity
analyses of the transfusion end points used two alternate cohorts:
per-protocol analysis set, which examined the impact of patient
attrition and protocol deviations, and 16-week cohort, which ex-
amined the impact of the extended treatment period resulting
from the study amendment. The results of these analyses did not
demonstrate differences between groups and confirmed the con-
clusion of noninferiority. Indeed, point estimates of the difference
between treatments trended further toward 0 for patients who were
compliant with the protocol.

6

@
£ £ - Darbepoetin alfa 42
§ § 5 - mwEpoetinalfa T 35
© @ |
£ E e
25 4-
ou 25
‘3 o 22
b8 3 21 T
o QL
. |
& o 14
TR
-
S
S o1

Q
=g

u 0. .n=sot ELET ] = 448 _ .n-374 o

Week 5 Week 9 Week 17

Fig 5. Change in FACT-Fatigue subscale scores over treatment period. Mean
change in FACT-Fatigue scores from baseline are shown for weeks 9 and 17,
with upper 95% Cl bars. Estimates were obtained from an analysis of covariance
{ANCOVA) model, which included treatment group, the two stratification vari-
ables (baseline hemoglobin and planned chemotherapy type), and baseline
FACT-Fatigue score.
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A number of questions have been raised regarding relative rapid-
ity of response for DA 200 ug Q2W compared with EA 40,000 U
QW.* Given these concerns, a potential criticism of this study may be
the choice of primary end point, which excludes the first month of
therapy. Selection of this end point was necessary, as most placebo-
controlled trials of erythropoiesis-stimulating agents have reported
transfusion incidence from week 5 to EOTP, and thus the evidence
base on which to derive a noninferiority margin was limited to this
timeframe. To address this limitation, an analysis of the transfusion
requirements over the entire treatment period was prespecified as a
key secondary end point. Results from these analyses confirm that the
exclusion of the first month of therapy did not bias in favor of DA.
Secondary HRQOL and hemoglobin surrogate end points also ad-
dressed the rapidity of response to therapy and evidence of differences
between treatment groups. To further evaluate time to therapeutic
effect, analysis of the proportion of patients who achieved a clinically
relevant target hemoglobin concentration was performed. The differ-
ence between groups in mean time to this target hemoglobin range
was 1 week (6 weeks for the DA group compared with 5 weeks for EA
group), suggesting little difference in the ability to reach a therapeutic
range. Moreover, as the intent of erythropoietic therapy is to decrease
transfusion requirements and improve fatigue, any differences in he-
moglobin change between treatment groups must be coupled with

FACT-Fatigue —_—y
FACT-Anemia
Energy [
Daily Activity i .
Overall Health ] —
6 5 -4 3 2 -1 0 1 2 3 4 5 6
D _
In favor of epoetin alta in favor of darbepoetin aifa
Mean (95% Cl) Difference Between Treatment Groups

Fig 6. Summary of patient-reported outcomes. The differences between the
two treatment groups in health-related quality of life assessment scores at the
end of treatment phase are shown with 95% ClI bars.
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Table 4. Drug Usage
Darbepoetin Alfa Epoetin Alfa
(n=611)" {n = 598)
Dose Information No. % No. %
No. of patients with a dose change 509 83 508 85
No. of weeks of dosing
Mean 121 12.3
SD 4.0 4.5
Dose delivered
Mean 229 pg Q2W 42,714 U QW
SD 43 8,645
No. of doses delivered
Mean 6.5 11.5
SD 2.0 4.2
Abbreviations: SD, standard deviation; Q2W, every 2 weeks; U, units; QW, every week.
“Safety analysis set differed slightly from the primary analysis set. Nine patients randomly assigned to darbepoetin alfa received one dose of epoetin alfa during
the study; however, this did not impact the treatment group assignment.

demonstrable differences in these outcomes. Our data show no signif-
icant differences between the two treatment groups regarding these
clinical outcomes.

Much of the debate regarding comparable efficacy of these
two agents has been centered on relative cost and appropriate
payment policy. Therefore, the dose requirements as well as the
clinical efficacy were both important data to be derived from
this trial. Given that this study demonstrated the noninferiority
of DA with respect to clinical outcomes, no adjustment of
effectiveness is required in the comparison of these agents (ie, a

cost analysis rather than an incremental cost-effectiveness anal-
ysis suffices). For purposes of cost/benefit analysis, the costs for the
mean weekly doses of the two agents can be compared without adjusting
for significant differences in effectiveness.

This head-to-head study demonstrated that DA 200 ug Q2W is
as effective and safe as EA 40,000 U QW. Special considerations in
design and statistical analysis were implemented to definitively evalu-
ate the comparability of two commonly used erythropoietic agents.
The ability to extend dosing intervals represents an important poten-
tial benefit for patients and their caregivers. *°
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Economic Evaluation of Weekly
Epoetin Alfa versus Biweekly
Darbepoetin Alfa for
Chemotherapy-Induced Anaemia

Evidence from a 16-Week Randomised Trial
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Jamie B. Forlenza,® R. Scott McKenzie® and Kevin A. Schulman!?

1 Center for Clinical and Genetic Economics, Duke Clinical Research Institute, Duke University
Medical Center, Durham, North Carolina, USA

2 Department of Medicine, Duke University School of Medicine, Durham, North Carolina, USA

3 Clinical Affairs, Ortho Biotech Clinical Affairs, LLC, Bridgewater, New Jersey, USA

Abstract Introduction: A 16-week, open-label, multicentre, randomised trial of weekly
epoetin alfa 40 000 units versus biweekly darbepoetin alfa 200pug among 358
patients with solid-tumour cancers and chemotherapy-induced anaemia demon-
strated superior haematological outcomes with epoetin alfa. We sought to com-
pare resource use, costs and clinical outcomes between treatment groups and
report the results using a cost-consequences framework.

Methods: Pre-specified methods were used to assign costs ($US, year 2004—5
values) to medical resources and patient time using a societal perspective. Costs
for inpatient care, outpatient care and physician services were based on US
Medicare reimbursement rates. Indirect costs assigned to patient time spent
receiving study medication were based on the mean hourly wage in the US. In the
base-case analysis, the average wholesale price was used to assign costs to
medications. Clinical outcomes included all haemoglobin levels and transfusions
recorded throughout the trial. Sensitivity analyses were performed to evaluate the
impact of different costing methods, cost sources, perspectives and methods to
assign haemoglobin values following a blood transfusion.

Results: Over a mean follow-up duration of 11.8 weeks, the average cost of study
medications and their administration was the single largest component of total
costs and was similar between groups (epoetin alfa $US5979 and darbepoetin alfa
$US5935, difference $US44; 95% CI —590, 692). There were no significant
differences in the proportions of patients hospitalised (epoetin alfa 24.6%, darbe-
poetin alfa 22.0%; p = 0.57). Patients randomised to epoetin alfa experienced
more inpatient days, on average, than patients randomised to darbepoetin alfa (2.6
vs 1.6, 95% CI for the difference, 0.07, 2.27). However, with regard to transfu-
sions, patients in the epoetin alfa arm required fewer units of blood than patients in
the darbepoetin alfa arm (0.46 vs 0.88, 95% CI for the difference —0.77, —0.08).
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Mean total costs, comprising costs for study medications and their administration,
inpatient care, transfusions, unplanned radiation therapy, haematology and labora-
tory services, chemotherapy and non-chemotherapy drugs and indirect costs were
$US14 976 in the epoetin alfa arm compared with $US14 101 in the darbepoetin
alfa arm, a difference of $US875 (95% CI for difference —849, 2607), of which
98% of the difference was attributable to higher inpatient costs in the epoetin alfa
arm ($US2374 vs $US1520; 95% CI for difference —33, 1955). Assessments of
multiple clinical measures demonstrated improved outcomes with epoetin alfa
relative to darbepoetin alfa.

Conclusion: Most clinical outcome measures suggested greater improvement
with epoetin alfa relative to darbepoetin alfa, but most costs for both agents
appeared similar. Decision makers must evaluate the differences in costs and

efficacy measures that are most relevant from their perspectives.

Between 30% and 90% of cancer patients receiv-
ing chemotherapy develop anaemia, which typically
results in reduced functional capacity and decreased
health-related quality of life (QOL).!'?! Patients are
considered anaemic when blood haemoglobin drops
below a certain level, usually <10 g/dL or 12 g/dL.1"]
Before the 1980s, chemotherapy-induced anaemia
was primarily treated with red blood cell transfu-
sions.’! With the development of recombinant DNA
technologies, therapy with erythropoietic agents has
become the standard treatment for most patients
with chemotherapy-induced anaemia.*s! The two
erythropoietic agents approved by the US FDA for
the treatment of chemotherapy-induced anaemia in
patients with nonmyeloid malignancies are epoetin
alfa (Procrit®!, Ortho Biotech Products, LP, Raritan,
NJ, USA) and darbepoetin alfa (Aranesp®, Amgen
Inc., Thousand Oaks, CA, USA).

Several randomised clinical trials have demon-
strated the efficacy and safety of epoetin alfa or
darbepoetin alfa relative to placebo for the treatment
of chemotherapy-induced anaemia.l5-15) With the re-
cent completion of randomised trials of epoetin alfa
versus darbepoetin alfa,l'®17! the oncology commu-
nity stands to gain important information on com-
parative benefits and costs associated with these
treatments. The objective of this study was to com-
pare medical resource use, costs and haematological
outcomes incurred among patients randomised into

a clinical trial that compared treatment with epoetin
alfa versus darbepoetin alfa and to report the results
using a cost-consequences framework.

Methods

Overview of the Clinical Trial

A randomised, open-label, 16-week trial com-
pared the efficacy of epoetin alfa administered once
weekly at a starting dose of 40000 units versus
darbepoetin alfa administered biweekly at a starting
dose of 200ug in 358 patients with chemotherapy-
induced anaemia.l'”! Eligible patients were at least
18 years of age with a histologically confirmed solid
tumour malignancy and a haemoglobin level <11 g/
dL, and were scheduled to receive cyclic chemother-
apy for at least 12 weeks during the study period.
For patients receiving epoetin alfa, the dose of the
study drug was increased to 60 000 units if the
patient did not experience a >1 g/dL rise in
haemoglobin by 4 weeks (week 5).143! For patients
receiving darbepoetin alfa, the dose was increased to
300ug if the patient did not experience a >1 g/dL
rise in haemoglobin by 6 weeks (week 7). The
primary endpoint of the trial was the proportion of
patients experiencing a =1 g/dL rise in haemoglobin
by 4 weeks of follow-up (week 5). The objective
was to compare the efficacies of epoetin alfa and

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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darbepoetin alfa in providing an early response to
therapy. Additional details regarding the trial proto-
col are available elsewhere.[']

A prospectively planned economic evaluation
from a societal perspective was incorporated as part
of this trial. This included a plan to evaluate re-
source use as a secondary trial endpoint, as well as
the collection of within-trial resource use data using
the trial’s case report form for all patients enrolled in
the trial from baseline through to the patient’s last
study visit.

Resource Use Data

Data on medical resource use included informa-
tion about hospitalisations, chemotherapy, radiation
therapy, transfusions, laboratory tests, concomitant
medications and study medications. Additional de-
tails regarding each resource-use category are pro-
vided in the sections describing cost assignment.

Data on the amount of time patients spent travel-
ling to clinic and receiving study medications were
not recorded during the trial. Therefore, we relied on
estimates reported in a study by Beveridge et al.,l'3)
in which the majority of patients received weekly
epoetin alfa or biweekly darbepoetin alfa. Although
patients receiving darbepoetin alfa with this admin-
istration interval would require half the number of
drug administrations as patients receiving epoetin
alfa, patients with cancer concurrently receive other
treatments and tests that may negate this potential
advantage. In the Beveridge et al.!'"® study, patients
receiving epoetin alfa had 4 clinic visits over a
4-week period compared with 3.8 clinic visits for
patients receiving darbepoetin alfa. For our analysis,
we computed the expected number of clinic visits
for patients in each treatment group based on their
period of follow-up in the trial. For each visit, we
relied on the estimate of 125 minutes reported by
Beveridge et al.l'® as the average time patients spent
in the clinic visit plus the time they spent preparing
and travelling to and from clinic. The inclusion of
indirect costs that are limited to time spent seeking
therapy is consistent with the recommendations of
the Panel on Cost-Effectiveness in Health and
Medicine.!'”) Data on days lost from work and other

© 2006 Adis Data Information BV. All rights reserved.

productivity measures were not collected in the
clinical trial.

Cost Assignment

Cost assignment methods were pre-specified in
an economic analysis plan. Furthermore, cost as-
signment was carried out for all medical resources,
with the exception of study medications, before
treatment assignment was revealed. In the base-case
analysis, all costs were valued from the societal
perspective. All costs were reported in $US, year
2004 values, with the exception of costs for study
medications and administration, which were based
on estimates from March 2005. Because the maxi-
mum period of follow-up was 16 weeks, costs were
not discounted.

Hospitalisations

Using the primary and secondary discharge diag-
noses reported by study investigators in the trial, an
oncologist who was blinded to treatment group as-
signed an International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM)
code to each hospitalisation. We then mapped
ICD-9-CM codes to diagnosis-related group (DRG)
codes, giving preference to DRG codes representing
complicated cases, because patients participating in
the study had an underlying cancer diagnosis. Using
these DRG codes, we assigned costs to each hos-
pitalisation using the reimbursement rates reported
in the 2004 DRG Expert.[?%) Because these estimates
do not account for differences in length of stay for
each hospitalisation, we use the term ‘unit cost
method’ to refer to this costing method.

However, in the base-case analysis, we adjusted
DRG-specific costs to account for differences in the
length of stay for each hospitalisation.?!! To do this,
we divided the DRG-specific costs by the arithmetic
mean of the length of stay for each DRG as reported
by the Centers for Medicare and Medicaid Services
to calculate the average daily reimbursement for
each DRG.!??! Then, to calculate the total cost for
each hospitalisation, we multiplied the number of
inpatient days for each hospitalisation by the esti-
mated daily reimbursement amount for the corre-
sponding DRG. This methodology provided a more

Pharmacoeconomics 2006; 24 (5)
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valid representation of the variation in hospital costs
between patients than the unit cost method.

Inpatient Physician Fees

To account for inpatient physician fees (not re-
flected in DRG payments), we assigned physician
fees for the initial workup on the day of admission
and fees for discharge responsibilities on the day of
discharge. For all days in between, we assigned a
daily rounding fee. Physician fees for inpatient ser-
vices were estimated from the 2004 Medicare Physi-
cian Fee Schedule.[?*)

Study Medications and Administration

The cost of study medications was calculated
using the detailed administration information availa-
ble from the clinical trial. In the base-case analysis,
we assigned costs to epoetin alfa and darbepoetin
alfa using 95% of the average wholesale price re-
ported in the March 2005 update of the Red Book.1*
To assign costs for drug administration, we used a
weighted average of published 2005 Medicare reim-
bursement rates for drug administration in a hospital
outpatient setting!®>) and a physician office (with
transition adjustments).[?®! The weights were based
on market research data showing that 35% of pa-
tients are treated in a hospital outpatient setting and
65% of patients are treated in a community set-
ting.l?7)

Concomitant Medications

To assign costs to concomitant medications re-
corded throughout the trial, we reviewed listings of
all medications by drug class and retained those with
at least 10 records. Also, while blinded to treatment
assignment, we manually added medications that
were costly but less frequently recorded. Altogether,
the selected medications represented 92.5% of all
prescription medications recorded in the study. We
assigned costs to medications using the recommend-
ed daily dose and the daily cost based on 95% of the
2004 average wholesale price for the representative
medication in the drug class. The duration of treat-
ment was based on start and stop dates recorded on
the clinical trial’s case report form. When the stop
date was not available, we assumed that patients
received the drug through to the end of the trial.

© 2006 Adis Data Information BV. All rights reserved.

Chemotherapy and Administration

Upon examination of the chemotherapy data, it
appeared that administration information was not
recorded consistently in the case report form. In
some cases, it appeared that the total dose per cycle
for each drug administered was recorded, whereas in
others it appeared that the doses given during each
administration were recorded. Thus, for chemother-
apy drugs recorded, we applied consistent assump-
tions to both treatment groups regarding the cycle
length and frequency of administration. Using these
modified data, we assigned costs to chemotherapy
drugs using 95% of the 2004 average wholesale
price. For drugs administered via injection or intra-
venous push/infusion, we assigned administration
costs using the 2004 Medicare Part B physician fees
with transition payments for drug administration in
an outpatient physician’s office.[2%!

Radidation Therapy

Although radiation therapy was not planned for
patients enrolled in the trial, unplanned radiation
therapy was documented in the case report form. For
these relatively few cases, we assigned costs to
radiation therapy using the 2004 Medicare Part B
Physician Fee Schedule.?’!

Blood Transfusions

To assign costs to blood transfusions recorded
throughout the follow-up period, we used published
estimates of the direct material and variable direct
labour costs per unit of red blood cells transfused for
patients with solid-tumour cancers (adjusted to $US,
year 2004 values, using the Consumer Price Index
for Medical Care).[282]

Laboratory Tests

Laboratory costs were assigned using the mid-
point of 2004 base fee amounts reported in the
Clinical Laboratory Fee Schedule available from the
Centers for Medicare and Medicaid Services.’” We
included the costs of laboratory tests that were docu-
mented in the clinical trial case report forms. These
included tests associated with the diagnosis and
monitoring of anaemia, such as iron studies (serum
iron, serum ferritin, total iron binding capacity,
transferring saturation, serum folate and serum cya-
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nocobalamin [vitamin B12]), a comprehensive meta-
bolic panel and a complete blood cell count per-
formed at screening. We also assigned costs to all
complete blood cell counts performed throughout
the trial.

Patient Time

We assigned costs to patient time associated with
the study drug administration using the mean hourly
wage in the US in 2003 provided by the National
Compensation Survey (adjusted to $US, year 2004
values, using the average annual growth rate in the
hourly wage reported from 1997 to 2003).53!)

Efficacy Measures

We evaluated the following clinical outcomes:
the proportion of patients experiencing a
haemoglobin response, defined as a =1 g/dL rise in
haemoglobin by week 5 (i.e. within 4 weeks of
treatment); the proportion of patients experiencing a
haematological response, defined as a =2 g/dL rise
in haemoglobin by week 9; the area under the curve
(AUC) for change in haemoglobin; the mean
haemoglobin value at weeks 5, 9, 13 and 17; the
proportion of patients experiencing a haemoglobin
level of at least 11 g/dL. by weeks 5 and 9; and the
percentage of follow-up days on which a patient had
a haemoglobin value within the therapeutic range of
11-13 g/dL.

The methods we used to derive measures of
treatment efficacy for the economic evaluation dif-
fered from the methods commonly used for deriving
clinical efficacy endpoints in trials of erythropoietic
therapy, including those used in the clinical evalua-
tion for this trial.'’l We relied on all observed
haemoglobin values recorded in the trial, whereas
clinical assessments often impute haemoglobin val-
ues for a 28-day period following a blood transfu-
sion using a last-value-carried-forward approach.
We reasoned that if the costs of red blood cell
transfusions were included in the cost calculations,
then their impact on haemoglobin should also be
included. Another difference was that we did not
impute missing values, nor did we extrapolate data
beyond a patient’s last study visit, whereas assess-
ments used in the clinical trial reports often apply

© 2006 Adis Data information BV, All rights reserved.

the last value carried forward to impute missing and
censored haemoglobin values.!5717-32] Finally, when
we calculated the AUC for change in haemoglobin,
we used patient-level haemoglobin readings and the
actual time intervals that occurred between readings,
whereas clinical assessments used in the clinical
trial reports often rely on group-level mean
haemoglobin levels calculated at different time
points.

Cost-Consequences Analysis

Because there is no single clinical efficacy mea-
sure that is widely accepted to capture the clinical
effects of erythropoietic agents, and based on our
assessment that there was not sufficient evidence
upon which to model QALYs (see the Discussion
section for further explanation), we applied a cost-
consequences framework in this analysis. Thus, we
reported an array of costs and efficacy metrics for
each treatment group.l®]

Sensitivity Analyses

To evaluate the consistency of the results, we
conducted three pre-planned sets of sensitivity anal-
yses. In the first set of sensitivity analyses, we varied
the costs assigned to study medications and adminis-
tration (table I). We first substituted the average
wholesale price with the wholesale acquisition
cost,?¥ then with cost estimates from the Federal
Supply Schedule.®3! We then evaluated medication
and administration costs using 2005 Medicare reim-
bursement rates for both hospital-based clinics
(Medicare Part A)1?5361 and outpatient physician of-
fices (Medicare Part B).[2637 In the second set of
sensitivity analyses, we evaluated the impact of the
assumptions used to estimate patient time costs. We
assumed that patients receiving darbepoetin alfa
could reduce the frequency of office visits to one
visit every 2 weeks. Then, we evaluated the impact
of assigning patient time costs only for time spent in
the clinic rather than the total time for preparation,
travel and the clinic visit. In the third set of sensitivi-
ty analyses, we evaluated the impact of using the last
value carried forward to impute haemoglobin values
within 28 days after a blood transfusion.
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Table 1. 2005 unit costs ($US) applied to study medications and administration

Study medications and administration

Cost/reimbursement

Medication

Average wholesale pricel?*]

Epoetin alfa

Darbepoetin alfa

Medicare Part A reimbursement ratel®)
Epoetin alfa

Darbepoetin alfa

Medicare Part B reimbursement ratel®’l
Epoetin alfa (average sales price plus 6%)
Darbepoetin alfa (average sales price plus 6%)
Wholesale acquisition cosf®¥

Epoetin alfa

Darbepoetin alfa

Federal Supply Schedulgi®!

Epoetin alfa

Darbepoetin alfa

Administration
National average Medicare Part A reimbursement rate!25)
National average Medicare Part B reimbursement ratel26!

14.32 per 1000 units
5.13 per ug

11.09 per 1000 units
3.66 per ug

9.81 x 1.06 = 10.39 per 1000 units
3.22 x 1.06 = 3.42 per ug

11.93 per 1000 units
4.27 per ug

5.48 per 1000 units
2.36 per pg

22.68
19.13

We also conducted three post hoc sensitivity
analyses related to the estimation of inpatient costs.
First, we applied the unit cost method to assign
hospital costs, whereby we did not make adjust-
ments for differences in length of stay. Then, we
evaluated the impact of outliers by removing the top
5% and 10% of longest hospitalisations. Finally, we
evaluated the impact of various methods to handle
the recording of chemotherapy doses on costs attrib-
uted to chemotherapy drugs and their administra-
tion.

Statistical Methods

We included all patients with at least one post-
baseline haemoglobin measure or transfusion. For
consistency with the clinical reports of the trial, in
comparisons of the proportion of patients experienc-
ing a haemoglobin or haematological response, we
applied a logistic regression model that included
study treatment and whether patients received plati-
num- or nonplatinum-based chemotherapy as inde-
pendent variables. Because absolute differences are
the most meaningful for use in a cost-consequences
analysis, we also evaluated differences on counts of

© 2006 Adis Data Information BV. All rights reserved.

resource use, costs and clinical efficacy metrics
using the nonparametric bootstrap method (bias-
corrected percentile method with 1000 bootstrap
replications) to calculate 95% ClIs for differences
between treatment groups.l38

Results

The clinical trial enrolled 358 patients at 50 sites
in the US between April 2003 and June 2004.017]
Patients were randomised to epoetin alfa (n = 178)
or darbepoetin alfa (n = 180). Table II reports demo-
graphic, disease- and treatment-related characteris-
tics of the 352 patients enrolled in the trial who had
either a post-baseline haemoglobin measure or
blood transfusion. The mean duration of follow-up
was approximately 11.8 weeks in both treatment
groups (82.9 days for epoetin alfa, 82.2 days for
darbepoetin alfa; p = 0.84). Approximately 40% of
patients in both groups discontinued participation in
the clinical trial prior to the 16 weeks of planned
follow-up (week 17) [41.1% and 39.5% in the epoe-
tin alfa and darbepoetin alfa groups, respectively;
p=0.76].
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Table Il. Characteristics of patients enrolled in the clinical trial with either a post-baseline haemoglobin measure or blood transfusion!!”

Characteristic

Epoetin alfa (n = 175) Darbepoetin alfa (n=177)

Female [n (%)]
Age (y) [mean (SD)]
Type of cancer [n (%)]
breast
lung
other
Baseline haemoglobin level (g/dL) [mean (SD)]
Baseline ECOG status [n (%)]
fully active
strenuous activity limited
self-care but no work
platinum chemotherapy [n (%))

107 (61.1) 118 (66.7)
62.0 (11.7) 63.3 (11.8)
38 (21.7) 50 (28.2)
45 (25.7) 46 (26.0)
92 (52.6) 81 (45.8)
10.1 (0.76) 10.0 (0.82)
57 (32.6) 61 (34.5)
92 (52.6) 87 (49.2)
26 (14.9) 29 (16.4)
68 (38.9) 75 (42.4)

ECOG = Eastern Cooperative Oncology Group.

Within-Trial Resource Use

When counting each administration of epoetin
alfa as 1 week of exposure and each administration
of darbepoetin alfa as 2 weeks of exposure, the mean
number of weeks of exposure to the study drug was
lower among patients receiving epoetin alfa than
among those receiving darbepoetin alfa (7.1 weeks
vs 8.4 weeks; p = 0.002). This difference may have
resulted from the greater proportion of patients re-
ceiving epoetin alfa having the study drug withheld
as per the study protocol (40.6% vs 24.3% of pa-
tients receiving darbepoetin alfa; p = 0.001). Ap-

Table lll. Within-trial resource use

proximately the same proportions of patients re-
quired dose increases (34.3% of patients receiving
epoetin alfa in week 5 vs 36.7% of patients receiving
darbepoetin alfa in week 7; p = 0.63).

Although there were no significant differences
between treatment groups in the proportion of pa-
tients hospitalised during the follow-up period or the
distribution of counts of hospitalisations per patient
between treatment groups (table IIT), on average,
patients in the epoetin alfa group experienced signif-
icantly more inpatient days than patients in the
darbepoetin alfa group. Among patients who were
hospitalised, the mean number of inpatient days was

Resource use® Epoetin alfa Darbepoetin alfa 95% CIP p-Value®
(n=175) (n=177)
Patients hospitalised [n (%)] 43 (24.6) 39 (22.0) 0.57
Hospitalisations [n (%)] 0.72
0 132 (75.4) 138 (78.0)
1 31 (17.7) 32 (18.1)
2 9(5.1) 6 (3.4)
>3 3(1.7) 1 (0.6)
Hospitalisations 0.34 (0.72) 0.27 (0.55) 0.08 (-0.05, 0.22)
Inpatient days 2.61 (6.00) 1.58 (4.10) 1.03 (0.074, 2.27)
Blood transfusions 0.26 (0.65) 0.45 (1.08) —0.19 (-0.37, —0.009)
Units of blood transfused? 0.46 (1.19) 0.88 (2.11) -0.42 (-0.77, —0.08)
Days of unplanned radiation therapy 0.31 (2.97) 0.71 (4.38) —0.40 (—1.24, 0.29)

a Mean (SD) uniess otherwise indicated.
Confidence intervals for differences are provided for counts.

b
¢ p-Values based on the Pearson chi-square test are provided for categorical measures.
d Indicates units of blood transfused from day 0 to the end of the study.
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10.6 in the epoetin alfa group and 7.2 in the darbe-
poetin alfa group (difference 3.5; 95% CI 0.35,
6.36).

Fewer patients in the epoetin alfa group required
blood transfusions than patients in the darbepoetin
alfa group (17.7% vs 23.7%; p = 0.16). When ac-
counting for the units of blood required for each
transfusion, patients receiving epoetin alfa required
significantly fewer units of blood during the follow-
up period (0.46 units vs 0.88 units for patients
receiving darbepoetin alfa; 95% CI for the differ-
ence, —0.77, —0.08).

Within-Trial Costs

Total costs, comprising costs for inpatient care,
blood transfusions, unplanned radiation therapy,
haematology and laboratory services, chemotherapy
and nonchemotherapy drugs, patient time and study
medications and their administration averaged
$US14 976 in the epoetin alfa group compared with
$US14 101 in the darbepoetin alfa group, resulting
in an incremental cost of $US875 per patient receiv-
ing epoetin alfa over 11.8 weeks of follow-up (table
1V). This difference was almost entirely attributable
to the $US855 higher average cost of inpatient care
among patients receiving epoetin alfa ($US2374 vs
$US1520). Study medication and its administration
represented the largest single cost in both treatment
groups. In the base-case analysis, when 95% of the
average wholesale price was used to assign costs to
study medications, average medication and adminis-
tration costs among patients in the epoetin alfa
group were $US5979, compared with $US5935 in
the darbepoetin alfa group, a difference of $US44
(95% CI 590, 692). Costs attributed to patient time
were similar between treatment groups ($US451 for
epoetin alfa vs $US425 for darbepoetin alfa).

Clinical Outcomes

In the clinical analysis completed for the trial,
where  missing  haemoglobin  values  and
haemoglobin values within 28 days after a blood
transfusion were imputed using the last value carried
forward, the proportion of patients experiencing a
21 g/dL rise tn haemoglobin within the first 4 weeks

© 2006 Adis Data Information BV. All rights reserved,

of treatment for the first 305 randomised patients
indicated that the haemoglobin response rate was
significantly higher for patients receiving epoetin
alfa than for patients receiving darbepoetin alfa
(47.0% vs 32.5%; p = 0.008, 1-sided as reported by
Waltzman et al.l'7}). Our assessment of haemoglobin
response, using the analytic methods for this eco-
nomic analysis described in the Methods section
(i.e. using observed haemoglobin values that includ-
ed blood transfusions), revealed that a greater pro-
portion of patients receiving epoetin alfa exper-
ienced a haemoglobin response of =1 g/dL rise in
haemoglobin by week 5 (50.3% vs 43.0%; p = 0.20),
and a haematological response of >2 g/dL rise in
haemoglobin by week 9 (47.4% vs 35.0%; p = 0.02)
than darbepoetin alfa recipients. The direction of
these findings was consistent across response met-
rics, including the AUC for change in haemoglobin,
mean haemoglobin levels across time and the pro-
portions of patients experiencing a haemoglobin
level of at least 11 g/dL (table IV). We also found
that patients receiving epoetin alfa experienced a
greater proportion of days with haemoglobin levels
within the therapeutic range of 11-13 g/dL during
the study (table IV) than darbepoetin alfa recipients.

Cost-Consequences Analysis

The findings presented above regarding incre-
mental costs and outcomes can be considered jointly
and from different perspectives. For example, if one
were interested primarily in the costs of study medi-
cations and administration from the perspective of
an outpatient physician’s office, the incremental
costs of $US39 for epoetin alfa ($US81-42) could
be divided by the increase in the proportion of
patients experiencing a haematological response
with epoetin alfa (0.124) to obtain an incremental
cost-effectiveness ratio (ICER) of approximately
$US314 per additional patient experiencing a
haematological response.

From the perspective of the patient who is con-
templating the use of an erythropoietic agent, the
incremental cost per haematological response with
each product may be most relevant. For patients who
are required to pay a 20% co-payment for medica-
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