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Introduction

Patients with cancer who are treated with myelosuppres-
sive chemotherapy often develop chemotherapy-induced 
anemia (CIA) [1, 2]. CIA often leads to the need for 
blood transfusion (red blood cells [RBCs] or whole blood), 
which is associated with a range of challenges that include 
ensuring safety of the blood supply (e.g., to avoid 
transfusion-transmitted diseases), limited availability of 

suitable blood, inconvenience to both patients and health-
care professionals, and associated costs [3]. Erythropoiesis-
stimulating agents (ESAs) such as darbepoetin alfa (DA) 
are among treatments that can increase serum hemoglobin 
(Hb) concentrations and thereby reduce the need for blood 
transfusions [3], providing benefit to patients and health-
care systems.

In 2008, the US Food and Drug Administration (US 
FDA) and the European Medicines Agency (EMA) added 
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Abstract

Data on efficacy and safety of darbepoetin alfa (DA) administered at hemoglobin 
(Hb) ≤10  g/dL are limited. In this analysis, we examined DA’s efficacy and 
safety in patients with Stage IV cancers and chemotherapy-induced anemia (CIA) 
initiated on DA at Hb ≤10  g/dL. Data for patients with Stage IV cancers and 
CIA and who initiated DA at Hb ≤10  g/dL were extracted from three phase 3 
trials identified in a central database of Amgen-sponsored DA studies in CIA. 
Efficacy outcomes were assessed by achievement of Hb increases of ≥1  g/dL 
and ≥2 g/dL and red blood cell (RBC) or whole blood transfusion requirements. 
Data were analyzed for all patients with baseline Hb ≤10  g/dL, and by the 
subgroups of patients with baseline Hb ≥9 to ≤10 g/dL versus <9  g/dL. Crude 
and Kaplan–Meier proportions of patients who experienced each outcome and 
time (days) to each outcome were summarized by treatment. Meta-analysis 
(fixed-effects inverse-variance model) was performed to compare outcomes for 
DA versus placebo. Safety was assessed by occurrence of adverse events. Data 
from 213 patients were analyzed: DA, n  =  115; placebo, n  =  98. More patients 
in the DA versus the placebo subgroup achieved Hb increase of ≥1  g/dL (72% 
vs. 36%; HR: 2.92, 95% CI: 1.95, 4.39) and ≥2  g/dL (44% vs. 18%; HR: 2.98, 
95% CI: 1.71, 5.21) during the first 12  treatment weeks. Median times to Hb 
increase of ≥1 g/dL and ≥2 g/dL were 36 days and 78 days for DA, respectively. 
RBC or whole blood transfusions were less common in patients in the DA 
versus the placebo subgroup (24% vs. 45%; HR: 0.44, 95% CI: 0.27, 0.73). No 
new safety issues were reported. Our results confirm that DA use in patients 
with Stage IV cancer and CIA is more effective than placebo at increasing Hb 
levels and at reducing transfusion needs when DA treatment is initiated at 
Hb  ≤10  g/dL.
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a boxed warning to the labels for ESAs, stating that ESAs 
may increase the risk of death, myocardial infarction, 
stroke, venous thromboembolism (VTE), thrombosis of 
vascular access, and tumor progression or recurrence [4, 5]. 
At the same time, the US FDA updated DA’s prescribing 
information, decreasing the Hb treatment initiation thresh-
old to <10  g/dL and also added limitations of use, stating 
that DA was not indicated for patients receiving myelo-
suppressive chemotherapy when the anticipated outcome 
is cure [4]. The EMA made similar changes to DA’s 
summary of product characteristics, decreasing the Hb 
treatment initiation and discontinuation thresholds to 
≤10  g/dL and >12  g/dL, respectively [5].

Since the updates to the DA labels to add the boxed 
warning and change Hb initiation and discontinuation 
thresholds, no clinical trials have been conducted to evaluate 
DA’s efficacy when administered per the current labels. As 
an example, the key registration phase 3 placebo-controlled 
trials of DA had included patients when their Hb was 
≤11.0  g/dL, and the DA dose was withheld if a patient’s 
Hb increased to >15.0  g/dL for men or >14.0 g/dL for 
women [6, 7]. In these registration studies, DA administra-
tion was reinstated at 50% of the previous dose when the 
patient’s Hb fell to ≤13.0  g/dL.

Several meta-analyses and systematic reviews have 
assessed DA’s safety and efficacy profile in the CIA setting 
[8–12], and most have reported that DA is safe and effec-
tive in this setting, and leads to improvements in Hb 
levels and/or reductions in the need for blood transfusions. 
The recent meta-analysis by Pirker et  al. [12] evaluated 
patient-level data from four studies in patients with disease 
burden varying from Stage II or lower/limited to Stage 

III or higher/extensive and who had initiated DA at Hb 
≤10  g/dL per EMA’s summary of product characteristics 
for DA [5]. However, no studies have evaluated the effi-
cacy of DA when initiated at Hb ≤10  g/dL in patients 
with advanced disease and CIA, to meet the limitations 
of use for DA in the US; specifically that DA is not for 
use in patients with cancer receiving myelosuppressive 
chemotherapy when the anticipated outcome is cure [4].

In this retrospective subgroup analysis of clinical trial 
data, we examined the efficacy and safety of DA when 
administered at baseline Hb ≤10  g/dL in patients with 
Stage IV cancer.

Methods

Patients and study design

A review of a central database of Amgen-sponsored DA 
trials in CIA described in Pirker et  al. [12] had identified 
three Amgen-sponsored randomized, placebo-controlled, 
double-blind, phase 3 clinical trials [7, 13, 14] that had 
included patients with Stage IV cancers and CIA who 
had initiated DA at Hb ≤10  g/dL. The three original 
studies had been approved by the relevant institutional 
review boards, and all patients who had participated in 
those studies had provided written, informed consent. 
Table  1 summarizes the key characteristics of the three 
original studies. Hernandez et  al. [13] (Study 20030232) 
had enrolled patients with nonmyeloid malignancies receiv-
ing multicycle chemotherapy (DA [300 μg, every 3 weeks], 
n = 193; placebo, n = 193). Vansteenkiste et al. [7] (Study 
980297) had enrolled patients with lung cancer 

Table 1. Key characteristics of the three randomized, controlled studies included in the analysis.

Amgen study 
#/Reference Tumor type

DA 
treatment 
duration 
(weeks)

Baseline Hb 
concentration 
for study 
inclusion  
(g/dL)

Initial 
DA dose 
and 
schedule

Hb 
indication 
for 
transfusion 
(g/dL)

Total enrolled 
patients who 
received study 
drug (n)

Patients with 
Hb ≤10 g/dL at 
baseline (n)

Percentage of 
patients with 
≤10 g/dL at 
baseline (%)Placebo DA Placebo DA

20030232 
Hernandez 
et al. [13]

Nonmyeloid 
malignancies1

15 <11 300 μg, 
Q3W

≤82 193 193 83 85 44

980297 
Vansteenkiste 
et al. [7]

Lung cancer 12 ≤11 2.25  
μg/kg, 
QW

≤83 158 156 67 57 39

20010145 
Pirker et al. 
[14]

Small-cell lung 
cancer

18 ≥9 and ≤13 300 μg, 
QW

NS 298 299 18 12 5

DA, darbepoetin alfa; Hb, hemoglobin; NS, not specified; QW, every week; Q3W, every 3 weeks.
1Includes non-small-cell lung, small-cell lung, ovarian, cervical, uterine/endometrial, breast, large intestine/colon, prostate, and pancreatic cancer and 
non-Hodgkin’s lymphoma and multiple myeloma.
2Transfusions at Hb >8 g/dL were allowed if signs or symptoms of anemia were present.
3Recommended Hb concentration for transfusion; initiation of transfusion was at the investigator’s discretion.
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undergoing platinum-containing chemotherapy (DA 
[2.25  μg/kg, every week], n  =  156; placebo, n  =  158). 
Pirker et  al. [14] (Study 20010145) had enrolled patients 
with extensive-stage small-cell lung cancer (SCLC) receiving 
first-line platinum-containing chemotherapy (DA [300 μg, 
every week], n  =  299; placebo, n  =  298). For the current 
analysis, data for patients with Stage IV cancer who had 
been initiated on DA therapy or placebo at baseline 
Hb  ≤10  g/dL were extracted from the original studies 
and pooled. Data from patients with hematologic cancers 
were excluded, and then data from the remaining sub-
group of patients were analyzed.

Study outcomes

The proportions of patients with an Hb increase of ≥1  g/dL  
and ≥2  g/dL and time to first Hb increase of ≥1  g/dL 
and ≥2  g/dL were assessed from initiation of treatment 
through 12  weeks. The proportions of patients receiving 
blood transfusions, either RBCs or whole blood, and time 
to first transfusion were assessed from the start of week 
5 (day 29) through to week 12. Efficacy outcomes were 
also assessed by subgroups of patients who initiated DA 
treatment at Hb  ≥9 to ≤10 g/dL versus those who initi-
ated DA at Hb <9 g/dL. Safety was assessed by occurrence 
of adverse events (AEs).

Statistical analysis

Crude and Kaplan–Meier (K-M) proportions of patients 
who experienced each outcome were determined and 95% 
confidence intervals (CIs) were calculated; Wilson’s Exact 
method was used for the crude CIs [15], and Greenwood’s 
formula [16] of taking the 1 minus the survivor function 
at the last noncensored time point was used for time-
to-event data. For the meta-analysis, hazard ratios (HRs) 
from the fixed-effects inverse-variance model were used 
to compare results for patients who received DA versus 
patients who received placebo, and heterogeneity between 
studies was reported using the I2 statistic.

Results

Patients

A total of 213 patients met the eligibility criteria for data 
extraction and analysis for this study: 100 from the 
Hernandez et  al. study [13] that had enrolled patients 
with nonmyeloid malignancies (DA, n  =  57; placebo, 
n  =  43); 83 from the Vansteenkiste et  al. study [7] that 
had enrolled patients with lung cancer (DA, n  =  46; pla-
cebo, n  =  37), and 30 from the Pirker et  al. study [14] 
that had enrolled patients with extensive-stage SCLC (DA, 

n  =  12; placebo, n  =  18). Table  2 summarizes baseline 
demographics and clinical characteristics of the identified 
patients. In total, 115 patients had received DA and 98 
had received placebo. Of these, 157 had baseline Hb  ≥9 
to ≤10  g/dL (DA, n  =  82; placebo, n  =  75) and 56 had 
baseline Hb  <9  g/dL (DA, n  =  33; placebo, n  =  23).

Over half of the patients in both groups were men 
(DA, 58.3%; placebo, 58.2%). Mean (SD) age was similar 
in the DA and placebo subgroups (61.7 [11.0] years and 
63.1 [10.4] years, respectively, for all patients), but more 
patients in the DA versus the placebo subgroups were 
<65  years of age (59.1% vs. 48.0% for all patients; 58.5% 
vs. 46.7% in the baseline Hb ≥9 to ≤10 g/dL subgroup; 
and 60.6% vs. 52.2% in the baseline Hb <9  g/dL sub-
group). Lung cancer was the most common malignancy 
(DA, 55.7%; placebo, 64.3% for all patients). More patients 
in the DA versus the placebo subgroup had breast cancer 
(DA, 19.1%; placebo, 9.2% for all patients). Baseline disease 
stage and Hb levels were similar for the DA and placebo 
subgroups. Overall, most patients had Eastern Cooperative 
Oncology Group (ECOG) performance status 0–1 versus 
≥2 (59.6% [127 patients] vs. 21.6% [46 patients]), with 
unknown ECOG performance status for 40 (18.8%) of 
the patients.

Hb response

In the first 12 treatment weeks, more patients in the DA 
subgroup versus the placebo subgroup achieved Hb increases 
of ≥1  g/dL and ≥2  g/dL for all patients (Fig.  1A and B, 
Table  3). Similar results were observed when data were 
analyzed by the subgroups of baseline Hb of ≥9  to ≤10  g/
dL or <9  g/dL (Fig.  1A and B, Table  3). Overall, fixed-
effects model HRs for DA versus placebo for an Hb increase 
of ≥1 g/dL and ≥2 g/dL during the first 12 treatment weeks 
were 2.92, 95% CI: 1.95, 4.39 and 2.98, 95% CI: 1.71, 
5.21, respectively (Fig.  1C and D). By study, Hb increases 
of ≥1  g/dL and ≥2  g/dL were significantly different for DA 
versus placebo in the subsets of patients from the Hernandez 
et  al. study [13] (nonmyeloid malignancy; n  =  100) and 
the Vansteenkiste et  al. study [7] (lung cancer; n  =  83) 
(Fig.  1C and D). However, this difference did not reach 
statistical significance in the subset of patients from the 
Pirker et  al. study [14] (SCLC; n  =  30) (Fig.  1C and D), 
probably due to the small population size.

Median time to Hb increase of ≥1  g/dL was shorter 
with DA (36  days) versus placebo (not evaluable, since 
<50% of patients achieved Hb increase of ≥1  g/dL) in 
all patients (Fig. 1E, Table 4). Similar results were observed 
for the subgroup of patients who initiated DA at baseline 
Hb ≥9 to ≤10 g/dL or <9 g/dL (Table 4). Similarly, median 
time to Hb increase of ≥2 g/dL was shorter for DA versus 
placebo (78  days vs. not evaluable) (Fig.  1F, Table  4).
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Blood transfusions

The proportion of patients who received RBC or whole 
blood transfusions between week 5 and week 12 was lower 
in the DA subgroup compared with the placebo subgroup, 
regardless of baseline Hb at which DA was initiated (≤10 g/
dL [all patients], ≥9 to ≤10  g/dL, or <9  g/dL) (Fig.  2A, 
Table  5). Fixed-effects model HR for DA versus placebo 
for receiving RBC or whole blood transfusions between 
week 5 and week 12 was 0.44, 95% CI: 0.27, 0.73 (Fig. 2B). 
The K-M plot of time to receiving first RBC or whole 
blood transfusion between week 5 and week 12 is shown 
in Figure  2C. A lower proportion of patients in the DA 
subgroup than in the placebo subgroup received RBC or 
whole blood transfusions with time. Median time to receiv-
ing first transfusion was not evaluable as <50% of patients 
in each subgroup received transfusions (DA, 24%; placebo, 
45%; Fig.  2A).

Safety

Table  6 shows AEs occurring in >10% of all patients 
combined. The most common AEs in all patients were 
nausea (70 patients [32.9%]), vomiting (57 patients 

[26.8%]), dyspnea (47  patients [22.1%]), and fatigue 
(46  patients [21.6%]). Most AEs occurred at similar 
frequencies between the DA and placebo subgroups or 
were slightly lower in the DA subgroup versus the pla-
cebo subgroup: nausea (34 patients [29.8%] vs. 36 patients 
[36.4%]), vomiting (28  patients [24.6%] vs. 29 patients 
[29.3%]), dyspnea (22 patients [19.3%] vs. 25 patients 
[25.3%]), constipation (15 patients [13.2%] vs. 
21  patients [21.2%]), anemia (13 patients [11.4%] vs. 
19  patients [19.2%]), and neutropenia (13 patients 
[11.4%] vs. 15 patients [15.2%]). AEs that occurred at 
a slightly higher frequency in the DA subgroup versus 
the placebo subgroup include back pain (16 patients 
[14.0%] vs. 9 patients [9.1%]), peripheral edema (16 
patients [14.0%] vs. 11 patients [11.1%]), and pyrexia 
(15 patients [13.2%] vs. 10 patients [10.1%]).

For the AEs of interest, deep vein thrombosis occurred 
in 1 (0.9%) patient with DA versus 2  (2.0%) patients 
with placebo, arterial thrombosis occurred in 1 (0.9%) 
patient with DA versus none with placebo, venous throm-
bosis occurred in none of the patients with DA and 1 
(1.0%) patient with placebo, and thrombosis occurred 
in 1 (0.9%) patient with DA and none with placebo.

Table 2. Baseline demographics and clinical characteristics.

Characteristic

Hb ≤10 g/dL 
(All patients) Hb ≥9 to ≤10 g/dL Hb <9 g/dL

Placebo 
N = 98

DA 
N = 115

Placebo 
N = 75

DA 
N = 82

Placebo 
N = 23

DA 
N = 33

Sex, n (%)
Male 57 (58.2) 67 (58.3) 42 (56.0) 46 (56.1) 15 (65.2) 21 (63.6)
Female 41 (41.8) 48 (41.7) 33 (44.0) 36 (43.9) 8 (34.8) 12 (36.4)

Age, mean (SD), years 63.1 (10.4) 61.7 (11.0) 63.5 (11.0) 61.5 (11.8) 61.6 (8.5) 61.9 (8.8)
Age <65 years, n (%) 47 (48.0) 68 (59.1) 35 (46.7) 48 (58.5) 12 (52.2) 20 (60.6)

Race, white, n (%) 92 (93.9) 103 (89.6) 71 (94.7) 71 (86.6) 21 (91.3) 32 (97.0)
Study, n (%)

Hernandez et al. [13] 43 (43.9 57 (49.6) 35 (46.7) 42 (51.2) 8 (34.8) 15 (45.5)
Vansteenkiste et al. [7] 37 (37.8) 46 (40.0) 23 (30.7) 29 (35.4) 14 (60.9) 17 (51.5)
Pirker et al. [14] 18 (18.4) 12 (10.4) 17 (22.7) 11 (13.4) 1 (4.3) 1 (3.0)

Tumor type, n (%)
Lung 63 (64.3) 64 (55.7) 46 (61.3) 46 (56.1) 17 (73.9) 18 (54.5)
Breast 9 (9.2) 22 (19.1) 9 (12.0) 16 (19.5) 0 6 (18.2)
Gastrointestinal 10 (10.2) 8 (7.0) 10 (13.3) 7 (8.5) 0 1 (3.0)
Genitourinary 4 (4.1) 5 (4.3) 2 (2.7) 2 (2.4) 2 (8.7) 3 (9.1)
Gynecologic 2 (2.0) 5 (4.3) 1 (1.3) 3 (3.7) 1 (4.3) 2 (6.1)
Other 10 (10.2) 11 (9.6) 7 (9.3) 8 (9.8) 3 (13.0) 3 (9.1)

ECOG performance status, n (%)
0 9 (9.2) 14 (12.2) 8 (10.7) 12 (14.6) 1 (4.3) 2 (6.1)
1 50 (51.0) 54 (47.0) 42 (56.0) 39 (47.6) 8 (34.8) 15 (45.5)
2 24 (24.5) 20 (17.4) 15 (20.0) 12 (14.6) 9 (39.1) 8 (24.2)
3 0 2 (1.7) 0 1 (1.2) 0 1 (3.0)
Unknown 15 (15.3) 25 (21.7) 10 (13.3) 18 (22.0) 5 (21.7) 7 (21.2)

Baseline Hb, mean (SD), g/dL 9.2 (0.7) 9.2 (0.7) 9.6 (0.3) 9.6 (0.3) 8.2 (0.6) 8.4 (0.5)

DA, darbepoetin alfa; Hb, hemoglobin; SD, standard deviation; ECOG, Eastern Cooperative Oncology Group.
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Discussion

To the best of our knowledge, our study is the first to 
evaluate the efficacy and safety of DA when treatment is 
initiated at baseline Hb ≤10  g/dL in patients with Stage 
IV cancer and CIA. Results from our study confirm that 

DA is more effective than placebo at increasing Hb levels 
and at reducing the need for RBC or whole blood trans-
fusions in patients with Stage IV cancer and CIA when 
DA treatment is initiated at baseline Hb ≤10 g/dL. Similar 
results were observed when patients were evaluated by 

Figure 1. Hb response during treatment weeks 1 to 12.a Crude proportions of patients with Hb increase of ≥1 g/dL (A) and ≥2 g/dL (B) were 
determined. Error bars are 95% CIs calculated based on Wilson’s Exact method. Hazard ratios for Hb increase of ≥1 g/dL (C) and ≥2 g/dL (D) were 
determined from the fixed-effects inverse-variance model, with heterogeneity between studies reported using the I2 statistic. K-M plots of time to Hb 
increase of ≥1 g/dL (E) and ≥2 g/dL (F) are shown. aHb measurements within 28 days after a blood transfusion were excluded from the analysis. CI, 
confidence interval; DA, darbepoetin alfa; Hb, hemoglobin; K-M, Kaplan–Meier.
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Table 3. Crude and K-M proportions of patients with Hb increase of ≥1 g/dL and ≥2 g/dL during treatment weeks 1 to 12.1

Outcome

Hb ≤ 10 g/dL 
(All patients) Hb ≥9 to ≤10 g/dL Hb <9 g/dL

Placebo 
N = 98

DA 
N = 115

Placebo 
N = 75

DA 
N = 82

Placebo 
N = 23

DA 
N = 33

Patients with Hb increase of ≥1 g/dL, n 35 83 26 60 9 23
Crude % (95% CI)2 36 (27, 46) 72 (63, 80) 35 (25, 46) 73 (63, 82) 39 (22, 59) 70 (53, 83)
K-M % (95% CI) 50 (34, 65) 91 (78, 104) 49 (30, 68) 91 (77, 104) 59 (31, 87) 82 (68, 97)
Patients with Hb increase of ≥2 g/dL, n 18 51 12 34 6 17
Crude % (95% CI)2 18 (12, 27) 44 (36, 54) 16 (9, 26) 41 (31, 52) 26 (13, 47) 52 (35, 68)
K-M % (95% CI) 34 (15, 54) 64 (45, 82) 34 (11, 58) 63 (40, 86) 35 (12, 59) 63 (44, 82)

1Hb measurements within 28 days after a blood transfusion were excluded from the analysis.
295% CIs were calculated based on Wilson’s Exact method.
CI, confidence interval; DA, darbepoetin alfa; Hb, hemoglobin; K-M, Kaplan–Meier.
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Figure 2. RBC or whole blood transfusions between week 5 and week 12.a (A) Crude proportions of patients who received RBC or whole blood 
transfusions were determined. Error bars are 95% CIs calculated based on Wilson’s Exact method. (B) Hazard ratios for receiving RBC or whole blood 
transfusions were determined from the fixed-effects inverse-variance model, with heterogeneity between studies reported using the I2 statistic. 
(C) K-M plot of time to receiving first RBC or whole blood transfusion is shown. aHb measurements within 28 days after a blood transfusion were 
excluded from the analysis. CI, confidence interval; DA, darbepoetin alfa; Hb, hemoglobin; K-M, Kaplan–Meier.
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Table 4. Median time to Hb increase of ≥1 g/dL and ≥2 g/dL.1

Outcome

Hb ≤10 g/dL 
(All patients) Hb ≥9 to ≤10 g/dL Hb <9 g/dL

Placebo 
N = 98

DA 
N = 115

Placebo 
N = 75

DA 
N = 82

Placebo 
N = 23

DA 
N = 33

Median time (95% CI) to Hb increase 
of ≥1 g/dL, days

NE (NE, NE) 36 (29, 43) NE (NE, NE) 36 (23, 43) 72 (55, NE) 43 (29, 50)

Median time (95% CI) to Hb increase 
of ≥2 g/dL, days

NE (NE, NE) 78 (57, NE) NE (NE, NE) 78 (57, NE) NE (NE, NE) 50 (43, NE)

CI, confidence interval; DA, darbepoetin alfa; Hb, hemoglobin; NE, not evaluable.
1Hb measurements within 28 days after a blood transfusion were excluded from the analysis.
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subgroups of those who initiated DA at baseline Hb ≥9 
to ≤10  g/dL versus <9  g/dL.

In this study, analysis of efficacy outcomes was limited 
to data up to 12  weeks as the DA treatment duration in 
one of the studies, Vansteenkiste et  al. [7], was 12  weeks, 
with DA treatment of up to 15  weeks and 18  weeks in 
the studies in Hernandez et  al. [13] and Pirker et  al. 
[14], respectively (Table  1). As demonstrated in earlier 
studies, DA treatment for up to 12  weeks can result in 
achievement of efficacy outcomes including Hb increases 
and reductions in the need for blood transfusions [6, 7, 
17–19]. RBC or whole blood transfusion needs were assessed 
starting from week 5 (day 29) to allow adequate time 
for DA-stimulated erythropoiesis and production of suf-
ficient RBCs to avoid the need for transfusion [17–19].

In this study, we evaluated data from subsets of patients 
with Stage IV cancer who had participated in the studies 

reported in Hernandez et  al. [13], Vansteenkiste et  al. [7], 
and Pirker et  al. [14]. A recent meta-analysis by Pirker 
et  al. [12] evaluated data from patients who had partici-
pated in the same three studies [7, 13, 14] and an addi-
tional fourth study by Hedenus et  al. [6], focusing on a 
more heterogeneous patient population that included 
patients with early-stage to advanced disease. Consistent 
with the findings from this study, Pirker et al. [12] reported 
that more patients treated with DA versus placebo achieved 
Hb increases of ≥1  g/dL (HR: 2.07, 95% CI: 1.62, 2.63) 
and ≥2  g/dL (HR: 2.91, 95% CI: 2.09, 4.06), and that less 
patients treated with DA versus placebo received blood 
transfusions (HR: 0.58, 95% CI: 0.44, 0.77). Also, that 
study demonstrated similar efficacy outcomes regardless 
of whether DA was initiated at baseline Hb 9  to ≤10  g/
dL or <9  g/dL. Similar findings were reported from a 
post hoc analysis of a phase 3 study in patients with 
nonmyeloid malignancies and CIA who initiated DA treat-
ment at baseline Hb <10  g/dL, with K-M transfusion 
incidences of 36% for DA administered every 3  weeks 
and 41% for DA administered every week [20]. These 
observations demonstrate DA’s effectiveness in improving 
Hb levels and decreasing transfusion needs in patients with 
both early-stage as well as advanced disease. Data from 
our study are also consistent with data reported in studies 
of DA in patients where treatment was initiated at a broader 
range of baseline Hb, including those in which DA treat-
ment was initiated at baseline Hb >10 g/dL [7, 13, 21–23].

Overall, no new safety issues associated with DA use 
were identified in this study, with most AEs occurring 
with similar frequencies in the DA and placebo subgroups 
or at higher frequencies in the placebo subgroup versus 
the DA subgroup. AEs that occurred at a slightly higher 
frequency in the DA subgroup versus the placebo subgroup 
include back pain, peripheral edema, and pyrexia.

Of note, deep vein thrombosis occurred in two patients 
in the placebo subgroup and one  patient in the DA sub-
group, and venous thrombosis occurred in one patient 
with placebo and in none of the patients with DA. 

Table 5. Crude and K-M proportions of patients who received RBC or whole blood transfusions between week 5 and week 12.1

Hb ≤10 g/dL (All patients) Hb ≥9 to ≤10 g/dL Hb <9 g/dL

Placebo 
N = 98

DA 
N = 115

Placebo 
N = 75

DA 
N = 82

Placebo 
N = 23

DA 
N = 33

Patients who received blood transfusions, n 41 25 31 16 10 9
Crude % (95% CI)2 45 (35, 55) 24 (17, 33) 44 (33, 56) 21 (14, 32) 45 (27, 65) 31 (17, 49)
K-M % (95% CI) 49 (38, 60) 25 (17, 34) 48 (35, 60) 23 (13, 33) 53 (30, 75) 32 (15, 50)

1Hb measurements within 28 days after a blood transfusion were excluded from the analysis.
295% CIs were calculated based on Wilson’s Exact method.
CI, confidence interval; DA, darbepoetin alfa; Hb, hemoglobin; K-M, Kaplan–Meier; RBC, red blood cell.

Table 6. Adverse events occurring in >10% of all patients.

Adverse event

Placebo 
N = 991 
n (%)

DA 
N = 1141 
n (%)

All patients 
N = 213 
n (%)

Nausea 36 (36.4) 34 (29.8) 70 (32.9)
Vomiting 29 (29.3) 28 (24.6) 57 (26.8)
Dyspnea 25 (25.3) 22 (19.3) 47 (22.1)
Fatigue 23 (23.2) 23 (20.2) 46 (21.6)
Constipation 21 (21.2) 15 (13.2) 36 (16.9)
Anemia 19 (19.2) 13 (11.4) 32 (15.0)
Decreased appetite 17 (17.2) 18 (15.8) 35 (16.4)
Diarrhea 15 (15.2) 19 (16.7) 34 (16.0)
Asthenia 15 (15.2) 17 (14.9) 32 (15.0)
Neutropenia 15 (15.2) 13 (11.4) 28 (13.1)
Peripheral edema 11 (11.1) 16 (14.0) 27 (12.7)
Pyrexia 10 (10.1) 15 (13.2) 25 (11.7)
Insomnia 10 (10.1) 12 (10.5) 22 (10.3)
Back pain 9 (9.1) 16 (14.0) 25 (11.7)

DA, darbepoetin alfa.
1One patient randomized to DA did not receive treatment, and was in-
cluded with the placebo group for safety analyses.



3452 © 2016 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 

R. V. Boccia et al.Darbepoetin Alfa Initiated at Hemoglobin ≤10 g/dL

Thrombosis occurred in one patient and arterial throm-
bosis occurred in one patient in the DA subgroup, with 
no patients experiencing these events in the placebo sub-
group. In general, patients with advanced cancer have a 
20% risk of VTE during the course of their disease [24, 
25]. As such, the 3% VTE rate (6 of 213 patients) observed 
in this study that evaluated patients with Stage IV cancer 
is surprisingly low. Reasons for the low VTE rate are not 
apparent, but contributing factors may include baseline 
age (54.0% of patients were <65  years vs. 46.0% who 
were ≥65  years of age), ECOG performance status (59.6% 
of patients had ECOG performance status of 0–1 vs. 21.6% 
with ECOG performance status of ≥2) (Table  2), and 
limited follow-up period (patients were followed during 
the short study period only, which ranged from 12  weeks 
to 18  weeks).

There are limitations to note with regards to this analy-
sis. First, the studies that met eligibility criteria for analysis 
were three distinct Amgen-sponsored DA trials for which 
patient-level data were available in-house. Secondly, these 
three studies had been designed to evaluate DA initiation 
at baseline Hb levels mainly >10  g/dL and in patients at 
all disease stages. As such, small numbers of patients from 
each study met the eligibility criteria for data extraction 
in our analysis; that is, patients with Stage IV cancers 
and CIA and who initiated DA at Hb ≤10  g/dL. Thirdly, 
the three studies had enrolled patients with different tumor 
types (100 with nonmyeloid malignancies [13], 83 with 
lung cancer [7], and 30 with extensive-stage SCLC [14]) 
and had administered DA at different doses and schedules 
(300  μg, every 3  weeks [13]; 2.25  μg/kg, every week [7]; 
and 300  μg, every week [14]) (Table  1). Lastly, outcomes 
such as survival and quality of life were not analyzed in 
this study. However, the main advantage of this analysis 
is that pooling of data from the three studies included 
here allowed an evaluation of the efficacy and safety of 
DA when administered at baseline Hb ≤10 g/dL in patients 
with Stage IV cancer, in the absence of trial data address-
ing this important clinical question.

In conclusion, results of this study confirm the efficacy 
and safety of DA when administered in patients with 
cancer who are receiving chemotherapy only if Hb is 
≤10  g/dL. Patients receiving DA had appropriate Hb 
responses and reductions in the incidence of RBC or 
whole blood transfusions. No new safety findings with 
DA use were reported even though DA was initiated at 
low baseline Hb levels (≤10  g/dL) in the subgroup of 
patients with stage IV cancer evaluated in this study.

Conflict of interest

Chet Bohac is an employee and stockholder of Amgen 
Inc. Laura Belton is a contractor funded by Amgen (Europe) 

GmbH. Ralph V. Boccia reports receiving research funding 
from Amgen Inc., Celgene, AstraZeneca, Onyx, TG 
Therapeutics, and Genentech and was on the Speaker’s 
Bureau for Amgen Inc. and Onyx. David H. Henry reports 
participating in an advisory board for Amgen Inc. Hassan 
H. Ghazal has no conflicts of interest to declare.

Acknowledgments

This work was supported by Amgen Inc. Amgen Inc. 
sponsored the phase 3 darbepoetin alfa studies included 
in this analysis and was involved in the design, data col-
lection, analysis, and data interpretation. Martha Mutomba 
(on behalf of Amgen Inc.) provided writing assistance.

References

  1.	�� Schwartz, R. N. 2007. Anemia in patients with cancer: 

incidence, causes, impact, management, and use of 

treatment guidelines and protocols. Am. J. Health Syst. 

Pharm. 64(3 Suppl 2):S5–S13.

  2.	� National Comprehensive Cancer Network. 2016. NCCN® 

Clinical Practice Guidelines in Oncology. Cancer- and 

Chemotherapy-Induced Anemia version 2. Avaliable at 

https://www.nccn.org/store/login/login.

aspx?ReturnURL=http://www.nccn.org/professionals/

physician_gls/pdf/anemia.pdf (Accessed 7 October 2016)

  3.	� Aapro, M. S., and H. Link. 2008. September 2007 

update on EORTC guidelines and anemia management 

with erythropoiesis-stimulating agents. Oncologist. 

13(Suppl 3):33–36.

  4.	� Aranesp®(darbepoetin alfa) prescribing information: 

Thousand Oaks, CA: Amgen Inc.

  5.	� Aranesp® (darbepoetin alfa) summary of product 

characteristics: Breda: Amgen Europe BV.

  6.	� Hedenus, M., M. Adriansson, J. San Miguel, M. H. 

Kramer, M. R. Schipperus, E. Juvonen, et  al., 

Darbepoetin Alfa 20000161 Study Group. 2003. Efficacy 

and safety of darbepoetin alfa in anaemic patients with 

lymphoproliferative malignancies: a randomized, 

double-blind, placebo-controlled study. Br. J. Haematol. 

122:394–403.

  7.	� Vansteenkiste, J., R. Pirker, B. Massuti, F. Barata, A. Font, 

M. Fiegl, et  al. ; Aranesp 980297 Study Group. 2002. 

Double-blind, placebo-controlled, randomized phase III 

trial of darbepoetin alfa in lung cancer patients receiving 

chemotherapy. J. Natl Cancer Inst. 94:1211–1220.

  8.	� Bohlius, J., K. Schmidlin, C. Brillant, G. Schwarzer, S. 

Trelle, J. Seidenfeld, et  al. 2009. Erythropoietin or 

darbepoetin for patients with cancer–meta-analysis based 

on individual patient data. Cochrane Database Syst. 

Rev.  :CD007303.

  9.	� Hedenus, M., J. Vansteenkiste, D. Kotasek, M. Austin, 

and R. G. Amado. 2005. Darbepoetin alfa for the 

https://www.nccn.org/store/login/login.aspx?ReturnURL=http://www.nccn.org/professionals/physician_gls/pdf/anemia.pdf
https://www.nccn.org/store/login/login.aspx?ReturnURL=http://www.nccn.org/professionals/physician_gls/pdf/anemia.pdf
https://www.nccn.org/store/login/login.aspx?ReturnURL=http://www.nccn.org/professionals/physician_gls/pdf/anemia.pdf


3453© 2016 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 

Darbepoetin Alfa Initiated at Hemoglobin ≤10 g/dLR. V. Boccia et al.

treatment of chemotherapy-induced anemia: disease 

progression and survival analysis from four randomized, 

double-blind, placebo-controlled trials. J. Clin. Oncol. 

23:6941–6948.

10.	� Ludwig, H., J. Crawford, A. Osterborg, J. Vansteenkiste, 

D. H. Henry, A. Fleishman, et  al. 2009. Pooled analysis 

of individual patient-level data from all randomized, 

double-blind, placebo-controlled trials of darbepoetin 

alfa in the treatment of patients with chemotherapy-

induced anemia. J. Clin. Oncol. 27:2838–2847.

11.	� Tonia, T., A. Mettler, N. Robert, G. Schwarzer, J. 

Seidenfeld, O. Weingart, et  al. 2012. Erythropoietin or 

darbepoetin for patients with cancer. Cochrane Database 

Syst. Rev. 12:CD003407.

12.	� Pirker, R., M. Hedenus, J. Vansteenkiste, E. Hernandez, 

L. Belton, and J. H. Terwey. 2016. Effectiveness of 

darbepoetin alfa for chemotherapy-induced anemia when 

initiated at hemoglobin ≤10  g/dL. Clin. Ther. 

38(122–35):e6.

13.	� Hernandez, E., P. Ganly, V. Charu, J. Dibenedetto, D. 

Tomita, T. Lillie, et  al. 2009. Aranesp Study Group. 

Randomized, double-blind, placebo-controlled trial of 

every-3-week darbepoetin alfa 300 micrograms for 

treatment of chemotherapy-induced anemia. Curr. Med. 

Res. Opin. 25:2109–2120.

14.	� Pirker, R., R. A. Ramlau, W. Schuette, P. Zatloukal, I. 

Ferreira, T. Lillie, et  al. 2008. Safety and efficacy of 

darbepoetin alpha in previously untreated extensive-stage 

small-cell lung cancer treated with platinum plus 

etoposide. J. Clin. Oncol. 26:2342–2349.

15.	� Agresti, A. 2012. Categorical Data Analysis. 3rd ed. John 

Wiley & Sons, Inc., New Jersey.

16.	� Kalbfleisch, J. D., and R. L. Prentice. 2002. The 

Statistical Analysis of Failure Time Data. 2nd ed. John 

Wiley & Sons, Inc., New Jersey.

17.	� Abels, R. I. 1992. Use of recombinant human 

erythropoietin in the treatment of anemia in patients 

who have cancer. Semin. Oncol. 19(3 Suppl 8):29–35.

18.	� Gabrilove, J. L., C. S. Cleeland, R. B. Livingston, B. 

Sarokhan, E. Winer, and L. H. Einhorn. 2001. Clinical 

evaluation of once-weekly dosing of epoetin alfa in 

chemotherapy patients: improvements in hemoglobin 

and quality of life are similar to three-times-weekly 

dosing. J. Clin. Oncol. 19:2875–2882.

19.	� Littlewood, T. J., E. Bajetta, J. W. Nortier, E. 

Vercammen, and B. Rapoport; Epoetin Alfa Study 

Group. 2001. Effects of epoetin alfa on hematologic 

parameters and quality of life in cancer patients 

receiving nonplatinum chemotherapy: results of a 

randomized, double-blind, placebo-controlled trial. J. 

Clin. Oncol. 19:2865–2874.

20.	� Vansteenkiste, J., M. Hedenus, P. Gascon, C. 

Bokemeyer, H. Ludwig, J. Vermorken, et  al. 2009. 

Darbepoetin alfa for treating chemotherapy-induced 

anemia in patients with a baseline hemoglobin level 

<10  g/dL versus ≥10 g/dL: an exploratory analysis from 

a randomized, double-blind, active-controlled trial. BMC 

Cancer 9:311.

21.	� Kotasek, D., G. Steger, W. Faught, C. Underhill, E. 

Poulsen, A. B. Colowick, et  al. 2003. Aranesp 980291 

Study Group. Darbepoetin alfa administered every 

3  weeks alleviates anaemia in patients with solid 

tumours receiving chemotherapy; results of a double-

blind, placebo-controlled, randomised study. Eur. J. 

Cancer 39:2026–2034.

22.	� 20030125 Study Group Trial; J. Glaspy, S. Vadhan-Raj, 

R. Patel, L. Bosserman, E. Hu, R. E. Lloyd, R. V. 

Boccia, D. Tomita, G. Rossi. 2006. Randomized 

comparison of every-2-week darbepoetin alfa and weekly 

epoetin alfa for the treatment of chemotherapy-induced 

anemia: the 20030125 Study Group Trial. J. Clin. 

Oncol. 24:2290–2297.

23.	� Canon, J. L., J. Vansteenkiste, G. Bodoky, M. V. 

Mateos, L. Bastit, I. Ferreira, et  al. 2006. Randomized, 

double-blind, active-controlled trial of every-3-week 

darbepoetin alfa for the treatment of chemotherapy-

induced anemia. J. Natl Cancer Inst. 98:273–284.

24.	� Lee, A. Y. 2005. Management of thrombosis in cancer: 

primary prevention and secondary prophylaxis. Br. J. 

Haematol. 128:291–302.

25.	� Lyman, G. H. 2011. Venous thromboembolism in 

the  patient with cancer: focus on burden of disease 

and  benefits of thromboprophylaxis. Cancer 117: 

1334–1349.


