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Abstract

This dose-finding, placebo-controlled study evaluated the safety and efficacy of darbepoetin alfa administered every 3 weeks
(Q3W) to anaemic patients receiving chemotherapy. In part A, patients (haemoglobin <110 g/I) were randomised in a 1:4 ratio to
receive 1 of 6 doses of darbepoetin alfa (4.5, 6.75, 9.0, 12.0, 13.5 and 15.0 pg/kg) or placebo Q3W for 12 weeks. In part B, patients
received open-label darbepoetin alfa. Patients (n =249) were evaluated for safety, haemoglobin endpoints and red blood cell (RBC)
transfusions. Darbepoetin alfa given at doses ranging from 4.5 to 15.0 ug/kg Q3W was well tolerated and comparable to placebo in
terms of safety. No neutralising antibodies were detected. All doses (from 4.5 to 15 pg/kg) reduced transfusions compared with
placebo, and resulted in >50% of patients achieving a haematopoietic response. Administration of darbepoetin alfa Q3W has a
tolerable safety profile and effectively ameliorates anaemia due to chemotherapy.
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1. Introduction

Anaemia is a common side-effect in many patients
with cancer receiving chemotherapy and contributes to
the fatigue experienced by these patients [1-4]. Recom-
binant human erythropoietin is effective in relieving
anaemia in this setting [2-4,5-7]. Approximately 40—
60% of patients in these studies achieved a haemoglobin
increase of at least 20 g/I, and improvements in clinical
outcomes (transfusion requirements and quality-of-life
measures) were demonstrated.

Despite the rationale for the use of erythropoietic
therapy for cancer-related anaemia, anaemic patients
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frequently do not receive this treatment until their hae-
moglobin level has dropped as low as 90 g/l [8]. Factors
that may contribute to the current low rate of treatment
include the cost of therapy, the lack of perception of the
importance of anaemia by treating physicians, the indi-
cated administration schedule of 3 times per week
(TIW), and the relatively high degree of non response to
therapy.

A recent study demonstrated the effectiveness of
once-weekly (QW) dosing of recombinant human
erythropoietin, although at this schedule a 33%
increase in dose was required compared with the
registered dosing recommendations of TIW adminis-
tration [4]. These results have led to the adoption of
a QW schedule in many community practices in the
United States. Further reductions in dosing frequency
would be desirable, particularly if an erythropoietic
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agent could be administered at the same schedule as
many common chemotherapy regimens (e.g., Q3W).

Darbepoetin alfa stimulates erythropoiesis by the
same mechanism as endogenous erythropoietin and
recombinant human erythropoietin through binding to
the erythropoietin receptor [9]. However, darbepoetin
alfa has 2 additional carbohydrate side chains, which
result in an extended residence time and a consequential
increase in potency compared with recombinant human
erythropoietin [9].

We report the results of a large, international, rando-
mised, double-blind, placebo-controlled, dose-finding
study of darbepoetin alfa given subcutaneously (s.c.)
Q3W to patients with cancer receiving chemotherapy.
The purpose of the study was to assess the safety of
darbepoetin alfa in patients receiving chemotherapy, to
assess the feasibility of administering darbepoetin alfa
Q3W, and to characterise the dose-response relation-
ships for darbepoetin alfa when given Q3W.

2. Patients and methods
2.1. Study population

The independent ethics committee or central ethics
committee for each of the 26 participating centres in
Australia, Canada, Costa Rica, and Europe approved
the protocol and all patients gave written informed
consent before any study-specific procedures were done.
Patients who were > 18 years of age with solid tumours
and were receiving cyclic chemotherapy were eligible for
this study if they had a >6-month life expectancy, an
Eastern Cooperative Oncology Group (ECOGQG) perfor-
mance status of 0-2, and adequate renal and liver func-
tion. Patients were required to have anaemia
(haemoglobin concentration <110 g/l), predominantly
due to cancer and/or chemotherapy.

Patients who were iron-deficient (transferrin satura-
tion <15% and ferritin <10 pg/l), or who had received
recombinant human erythropoietin within 8 weeks
before randomisation, >2 red blood cell transfusions
within 4 weeks of randomisation, or any red blood cell
transfusion within 2 weeks of randomisation were
excluded from the study. Other exclusion criteria inclu-
ded known primary haematological disorders that could
cause anaemia and central nervous system, cardiac, or
inflammatory diseases.

2.2. Study drug

Darbepoetin alfa (Aranesp®, Amgen Inc., Thousand
Oaks, California) was supplied in vials as a clear,
colourless, sterile protein containing 500, 1000, or
1500 ng darbepoetin alfa per ml. Placebo was supplied
in identical vials.

2.3. Study design

This was a two-part, multicentre, international, ran-
domised, double-blind, placebo-controlled study
(Fig. 1). In part A, anaemic patients with solid tumours
who were receiving chemotherapy had up to 12 weeks of
s.c. therapy with darbepoetin alfa or placebo. Patients
were randomised in a 4:1 ratio to receive darbepoetin
alfa (4.5, 6.75, 9.0 or 13.5 pg/kg) or placebo, adminis-
tered Q3W. Later, after review of data by the safety
monitoring committee, darbepoetin alfa dose cohorts of
12.0 and 15.0 pg/kg were added. In part B, patients who
had completed part A and were continuing to receive
multicycle chemotherapy had the option of receiving
open-label darbepoetin alfa for up to 12 additional
weeks.

No dose increase for inadequate initial response was
allowed in part A of this study. The study drug was
withheld if a patient’s haemoglobin value increased to
>150 g/l for men or >140 g/l for women. Once the
haemoglobin value was <130 g/l, the study drug could
be reinstated at a lower dose level.

Trough and 48-h serum samples for the determination
of darbepoetin alfa concentration were collected at
weeks 1, 4 and 10 of part A. Quality-of-life assessments
were done at weeks 1, 4, 7 and 10. The quality-of-life
evaluation in this study was designed to assess the fea-
sibility, reliability, validity, sensitivity and timing of
quality-of-life surveys in this setting, rather than to
evaluate fatigue.

Study Part A
MR] ! E —
Darbepoetin alfa N
A 45,675,90, b ek ﬁ
s g 121% 01 i;kzg‘d observation D
c o administered once o period afer last
F dose of study o
R M every 3 weeks for d
E | 12 weeks P g F
E S
N A A s
| T Placebo $ Enrolment to T
N | administered once Part B u
G ¢} every 3 weeks for A (optional) D
LN 12 weeks 7 Y
Week /! Double-blind treatment "2 Follow-up 1|8
I 1 T 1
Study Part B
— E E
R N N
E Increase dose D D
G Open-label at week 19 if
| darbepoetin alfa at haemoglobin o o
S the dose of study <130 g/l F 8-week F
T [ drug administered [~  and/or RBC N observation | |
R at the end of transfusion in P period after last S
A Part A previous A dose of T
T 2 weeks R darbepoetin alfa u
| T D
o Y
N B —
Week 13 24 30

Fig. 1. Study design. Panel A, part A; panel B, part B. RBC, red
blood cell.
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2.4. Study endpoints

The primary objective of this study was to assess the
safety of darbepoetin alfa administered to anaemic
patients receiving cancer chemotherapy. Safety was
assessed in both part A and part B by summarising the
incidence of adverse events by dose and treatment group
and evaluating the formation of antibodies resulting
from the darbepoetin alfa administration. Two vali-
dated assays were used to evaluate antibody formation:
a radioimmunoprecipitation screening assay to detect
seroreactivity to darbepoetin alfa and a cell-based
bioassay to detect neutralising or inhibiting effects on
the activity of darbepoetin alfa.

Other endpoints included evaluation in part A of the
potential efficacy of darbepoetin alfa, assessed by the
incidence of patients who achieved a haemoglobin
response (defined as an increase in haemoglobin of =20
g/l from baseline during the 12-week treatment phase, in
the absence of any red blood cell transfusions in the
previous 28 days); the incidence of patients with a hae-
matopoietic response, defined as a haemoglobin
response and/or haemoglobin concentration >120 g/l
during the treatment phase in the absence of any red
blood cell transfusions in the previous 28 days; change
in haemoglobin from baseline during treatment; and the
incidence of red blood cell transfusions. We assessed the
feasibility, reliability, validity, sensitivity and timing of
quality-of-life surveys in this setting by administering a
quality-of-life survey questionnaire which included the
Functional Assessment of Cancer Therapy FACT-An,
which contains the FACT-General 4 subscales and
the FACT-Fatigue Subscale. Darbepoetin alfa con-
centration was determined from serum samples taken
pre-dose and 48 h post-dose on weeks 1, 4 and 10 of
part A.

2.5. Statistical analysis

The sizing of this dose-finding study supported the
primary objective of the study, assessing safety, by pro-
viding an early evaluation of short-term safety and tol-
erability. The sample size was statistically based on the
secondary objective of the study, to determine a clini-
cally effective dose, by means of estimating haemoglo-
bin response rates. Specifically, the 4:1 randomisation
ratio allowed for approximately 36 darbepoetin alfa
subjects per dose cohort. With an anticipated premature
withdrawal rate of approximately 20%, a sample size of
29 allows estimation of the true haemoglobin response
rate within a standard error of approximately 0.09
(using the formula [pg/n]'/?, where p=g=0.50). The
exact number of subjects in each cohort was ultimately
determined by the rate of enrolment and how long it
took the data monitoring committee to determine safety
in each cohort before allowing dose escalation.

Statistical analyses were conducted on patients ran-
domised to study drug who received at least one dose.
Baseline demographic and clinical characteristics were
summarised by the mean and standard deviation (SD)
for continuous measures and number and percentage
for categorical measures. All adverse events were classi-
fied using a modified World Health Organization
(WHO) adverse reaction term dictionary, and the num-
ber (%) of patients experiencing adverse events was
tabulated. The number (%) of patients with antibodies
resulting from darbepoetin alfa administration was
summarised.

The proportions of patients in each dose group were
calculated for haemoglobin response, haematopoietic
response, and incidence of red blood cell transfusions
from week 5 to the end of the treatment phase. The
proportion was estimated by taking 1 minus the
Kaplan—Meier estimate of the survivor function at the
time of the last observed endpoint (the Kaplan—Meier
estimate). Approximate 95% confidence intervals (ClIs)
for the Kaplan—Meier estimate of the proportion were
calculated using Greenwood’s [10] estimate of the var-
iance and assuming a normal distribution for the
Kaplan—Meier estimate. The time to haematopoietic
response was determined.

For the analysis of the incidence of red blood cell
transfusions, a subset of the analysis set was used.
Because other studies evaluating transfusion require-
ments have suggested that observable treatment effects
are not expected until after 4 weeks of treatment
[6,7,11], we analysed the incidence of red blood cell
transfusions from week 5 to the end of the treatment
phase on a subset of patients consisting of all properly
consented patients who received at least one dose of
study drug and who ended their treatment phase during
week 5 or later. Patients who had more than one trans-
fusion were counted only once in calculating the inci-
dence of transfusions.

The change in haemoglobin concentration from base-
line was assessed by two methods. Change in hae-
moglobin from baseline to the end of the treatment
phase was calculated for each patient as the end-of-
treatment-phase haemoglobin value minus the baseline
value. If a patient had a red blood cell transfusion
within 28 days of the last treatment-phase haemoglobin
value, then the last pretransfusion haemoglobin value
was substituted to discount the effect of the red blood
cell transfusion on the change in haemoglobin. All
patients had an observed or imputed value for this ana-
lysis as patients who withdrew after one dose of study
drug with no treatment-phase haemoglobin value were
given a change score of zero. Change in haemoglobin
was also analysed using the set of patients who com-
pleted at least 12 weeks of treatment. For change in
haemoglobin the mean and standard error (SE) were
calculated.
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In order to further examine the dose relationship of
darbepoetin alfa, analyses were also done for mean
change in haemoglobin at the end of the treatment
phase across increasing dose groups, and mean
change in FACT-Fatigue across categorised change in
haemoglobin (the change in haemoglobin at a patient’s
last available quality-of-life assessment was used in
the analysis of FACT-Fatigue). These analyses were
not specified in the protocol. In each case, a trend
test was conducted using a distribution-free test.
Asymptotic P-values were obtained using the 2-sided
Jonckheere—Terpstra test.

3. Results
3.1. Patient demographics and disposition

A total of 249 patients received at least one dose
of study drug (198 darbepoetin alfa and 51 placebo).
In general, baseline demographic and clinical char-
acteristics of patients were well balanced between
the darbepoetin alfa and placebo groups (Table 1).
A slightly higher proportion of patients in the
12.0-pg/kg group had breast cancer (61%) com-
pared with the other groups, which ranged from 15
to 38%. The 12.0-pg/kg group also had a slightly

higher mean Dbaseline haemoglobin concentration
(104 g/1) compared with mean concentrations between
97 and 102 g/l for the other groups. No clinically
meaningful differences in pretreatment chemotherapy
were seen between the darbepoetin alfa and placebo
patients (data not shown).

The disposition of patients enrolled into the trial is
given in Fig. 2. 138 patients (70%) receiving darbepoe-
tin alfa and 37 patients (73%) receiving placebo com-
pleted part A of the study. The reasons for withdrawal
were primarily delay or discontinuation of chemo-
therapy, withdrawal of consent, or death. 119 patients
enrolled into part B of the study and 112 received open-
label darbepoetin alfa. 10 patients (4.0%) died during
part A and 12 (10.1%) died during part B; the inci-
dences of death, disease progression, and delay or dis-
continuation of chemotherapy are as expected for this
patient population. The mean administered number of
darbepoetin alfa doses over the 12-week treatment
phase was 3.6.

3.2. Safety

The adverse events reported were comparable
between the darbepoetin alfa and placebo patients and
generally consistent with those expected for patients
being treated with myelosuppressive chemotherapy. The

Table 1
Baseline demographic and clinical characteristics (shown by dose) at the start of part A were similar between the two treatment groups
Placebo Darbepoetin
alfa (ng/kg/3 weeks)
N=351 N=198

Age (years)

Mean (S.D.) 56.2 (12.4) 58.3 (11.9)
Sex (n/%)

Women 35 (69) 142 (72)
Disease (1/%)

Breast 13 (25) 61 (31)

Gynaecological 9 (18) 46 (23)

Gastrointestinal 13 (25) 34 (17)

Lung 10 (20) 33 (17)

Other 6 (12) 24 (12)
ECOG status (/%)

<2 45 (88) 180 (91)
Haemoglobin (g/1)

Mean (S.D.) 98.7 (11.2) 99.3 (10.0)
Endogenous EPO (patients with > 100 mU/ml)

N 47 183

n/% 7 (15) 32 (17)
Ferritin (ug/l) (n/%)

<50 3 (6) 21 (11)
Mean (S.D.) FACT-F Score (quality-of-life population [rn=239]; darbepoetin alfa and placebo combined). 27.2 (12.4)

S.D., standard deviation; FACT-F, Functional Assessment of Cancer Therapy—Fatigue; ECOG, Eastern Cooperative Oncology Group; EPO,
erythropoietin; N, number of patients in group; n, number with characteristic.
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Fig. 2. Patient disposition. Other category includes: 1 patient with
disease progression who chose another clinical trial, 1 on vacation, 2
lost to follow-up, 1 with protocol violation, 1 with non-compliance,
and 1 who discontinued due to an administrative decision.

most frequently reported adverse events in part A were
nausea, fatigue and vomiting (Fig. 3). In general, the
findings in part B did not deviate from the safety profile
in part A. No relationship between the dose and adverse
events was noted.

15 patients reached the maximum haemoglobin con-
centration, and of these, five had the study drug with-
held according to the protocol. (4 patients had
completed the study drug administration at the time of
their maximum haemoglobin concentration, and in six
patients, the study drug was not withheld according to
protocol). In general, when therapy was withheld, hae-
moglobin levels decreased or stabilised in a predictable
and controllable manner (Fig. 4).

No neutralising antibodies to darbepoetin alfa were
detected.

3.3. Pharmacokinetics

Analysis of serum samples collected weeks 1, 4 and 10
of part A revealed no consistent increase in the mean
concentration of darbepoetin alfa over time (Fig. 5).

3.4. Efficacy endpoints

A dose-response relationship was noted in the per-
centage of patients achieving a haemoglobin response,
with response rates ranging from 24% (95% Cls=8-39)
in the 4.5-ug/kg group to 62% (95% ClIs=41-82) in the
12-pg/kg group, compared with 14% (95% Cls=3-24)
in the placebo group (Fig. 6). No additional increase in
the percentage of patients achieving a haemoglobin
response was seen with doses greater than 12 pg/kg
Q3W.

As with the haemoglobin response, the percentage of
patients achieving a haematopoietic response indicated
a dose-response relationship, with the highest response
rate being observed in the 12.0-pg/kg group (71% [95%
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Fig. 3. Adverse events that occurred with >15% incidence in patients receiving darbepoetin alfa or placebo. Grey bars, darbepoetin alfa (n=198);

solid bars, placebo (n=51).
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Fig. 4. Changes in haemoglobin after the dose was withheld for patients receiving darbepoetin alfa. Individual patients are shown. Week 0 is the
week the dose was first withheld. The bold line connects the weekly mean haemoglobin concentration for subjects who had a dose withheld.
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Fig. 5. Darbepoetin alfa concentrations in the serum at weeks 1, 4 and
10 of part A of the study. Bars represent the standard deviation. The
12.0-ug/kg dose cohort is not included due to insufficient data.

Cls: 52-91]). Again, no additional increase was seen in
the percentage of patients achieving a response at higher
doses (Table 2). Generally, a trend towards a more
rapid response with higher doses was evident (data not
shown).

While the haemoglobin response rate in the 4.5-pg/
kg group (the lowest of the doses studied) was 24%, a
substantial proportion of patients had a haematopoie-
tic response at this dose (51% [95% ClIs: 33-70]),
indicating that clinically meaningful erythropoiesis was
evident.

In general, the mean change in haemoglobin increased
with increasing darbepoetin alfa dose (Table 2)

(P=0.01). No additional benefit was observed beyond
12.0 pg/kg, suggesting a dose response threshold at this
level. After 12 weeks of therapy, changes in haemoglo-
bin concentration of approximately >10 g/l were
observed at doses of 6.75 pg/kg and greater (Table 2).

A lower percentage of patients in the darbepoetin alfa
groups required red blood cell transfusions from week 5
to the end of the treatment phase compared with
patients receiving placebo (46% [95% Cls: 32-61])
(Fig. 7). No differences between the darbepoetin alfa
groups could be observed; transfusion rates varied from
19% [95% Cls: 6-32] to 30% [95% Cls: 16-44], with
25% [95% ClIs: 9-41] of patients in the 4.5-ug/kg dar-
bepoetin alfa group requiring red blood cell transfusions
from week 5 to the end of the treatment phase.

The change in the health-related quality-of-life
FACT-Fatigue score from baseline to the end of the
treatment phase by change in haemoglobin is shown in
Fig. 8. The mean baseline FACT-Fatigue score for all
patients was 27.2 (out of a possible maximum of 52
points in the FACT-Fatigue scale) (Table 1), compar-
able to the mean of 23.9 considered normal for anaemic
cancer patients, and lower than that for non-anaemic
cancer patients (40.0) or the general population (43.6)
[12]. In general, the mean change in FACT-Fatigue
score appears to increase with increasing haemoglobin
concentration, from roughly no change in patients who
had no improvement in their haemoglobin, to an
approximately 5-point improvement in patients whose
haemoglobin increased by greater than 20 g/l. A trend
test of the relationship between the FACT-Fatigue score
and haemoglobin concentration was significant at a
level of P=0.0023.

4. Discussion
The prolonged half-life of darbepoetin alfa compared

with recombinant human erythropoietin suggested that
it might be possible to administer darbepoetin alfa
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Fig. 6. Haemoglobin response with darbepoetin alfa appears to be dose-dependent. Kaplan—-Meier proportion shown. Bars represent 95% con-

fidence intervals (CIs).

Table 2

Haematopoietic response and change in haemoglobin. Haemoglobin values within 28 days of a red blood cell transfusion have been omitted

Darbepoetin alfa dose (png/kg/every 3 weeks)

Placebo 4.5 6.75 9.0 12.0 13.5 15.0
N=51 N=32 N=17 N=46 N=28 N=35 N=40
No. with response
K-M proportion (95% CI) 31 (1645) 51 (33-70) 52 (27-78) 61 (45-77) 71 (52-91) 64 (48-81) 58 (42-74)
Change in hgb from baseline to the end of the treatment phase (g/1)
Mean —0.2 5.4 8.6 9.0 16.3 14.5 12.1
S.E. 2.0 22 3.8 2.4 3.8 24 3.0
Change in hgb from baseline after 12 weeks (g/1)*
N 37 25 11 34 20 32 29
Mean 3.1 7.0 10.2 9.7 22.5 15.0 14.2
S.E. 2.4 2.8 5.4 25 3.9 2.7 3.9

hgb, haemoglobin; CI, confidence interval; S.E., standard error; N, number of patients in group; K-M, Kaplan—Meier.
4 For the analysis of haemoglobin change after 12 weeks, a window was used allowing week 12 or 14 to be used in the absence of an evaluable

week-13 haemoglobin value.

Q3W, coinciding with the schedule of administration for
many of the common chemotherapy regimens. The pre-
sent study was undertaken to assess the feasibility of
Q3W dosing with darbepoetin alfa in anaemic patients
undergoing chemotherapy for solid tumours. To better
characterise the relationship of dose to the safety and
efficacy of darbepoetin alfa at this schedule of adminis-
tration, patients’ doses were not increased for an inade-
quate initial response.

Whether measured using the haemoglobin-based or
transfusion endpoints, dosing of darbepoetin alfa Q3W
was effective in these patients. At the 6.75-pg/kg dose,
the proportion of patients achieving a haemoglobin
response and haematopoietic response was approxi-
mately 50% in each case. In general, higher doses eli-
cited higher response rates for the haemoglobin

endpoints, with an increase from the 4.5-ug/kg group
through to the 12.0-ug/kg dose group. However, for
transfusion-based endpoints, no dose response was
observed.

In the 4.5-pg/kg group, 51% of patients achieved a
haematopoietic response (=20 g/l haemoglobin increase
and/or haemoglobin concentration >120 g/l). This
suggests that for many patients receiving the lowest dose
of darbepoetin alfa tested in this study, haemoglobin
levels were stabilised during the 12-week treatment
phase though a 20 g/l increase was not achieved in all
these patients. While the study was not designed to for-
mally compare individual dose groups with placebo, the
4.5-pg/kg group appeared to benefit from a reduction in
transfusion requirements compared with patients given
placebo.
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The quality-of-life evaluation in this study was
designed to assess the feasibility, reliability, validity,
sensitivity and timing of quality-of-life surveys in this
setting, rather than to evaluate fatigue. Nevertheless,
the results demonstrate symptom relief with increasing
haemoglobin levels. These findings are consistent with
other studies that have shown a correlation between
haemoglobin level and quality-of-life measures [3,4].

The safety of Q3W administration of darbepoetin
alfa, even at doses as high as 15.0 ug/kg, was generally
comparable to that of placebo. The most frequently
reported adverse events in both treatment groups were
gastrointestinal and constitutional symptoms associated
with chemotherapy treatment and cancer. Analysis of
serum samples revealed no accumulation of darbepoetin
alfa over the course of the study. Unmanageable
increases in haemoglobin concentration were not

observed. Thrombotic events, seizures and hypertension
(of interest based on theoretical concerns from studies
of recombinant human erythropoietin in the chronic
renal failure population) occurred in comparable prop-
ortions of the placebo and darbepoetin alfa patients.

In summary, these results indicate that administra-
tion of darbepoetin alfa Q3W is well tolerated and
effective in the treatment of anaemic patients receiv-
ing chemotherapy. It is of note that despite the rela-
tively high doses used in this study, approximately
one-quarter of patients were relatively unresponsive,
indicating that research to investigate further
improvements in the proportion of patients respond-
ing and the timeliness of their response in this setting
is warranted. However, we believe that the ability to
administer darbepoetin alfa as infrequently as Q3W,
as well as the possibility of administering darbepoetin
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alfa to coincide with chemotherapy that is adminis- Bruno Raby Hopital Laval, Ste. Foy,
tered Q3W, represents an opportunity to simplify the Quebec, Canada
treatment of anaemia and fatigue in cancer patients Jeremy Shapiro The Alfred Hospital, Prahran,
undergoing chemotherapy. VIC, Australia
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