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Abstract  

Introduction: This study evaluated noninferiority of darbepoetin alfa versus placebo for 

overall survival (OS) and progression-free survival (PFS) in anemic patients with non-

small cell lung cancer (NSCLC) treated to a 12.0-g/dL hemoglobin (Hb) ceiling. 

Methods: Adults with stage IV NSCLC expected to receive ≥2 cycles of 

myelosuppressive chemotherapy and Hb≤11.0 g/dL were randomized 2:1 to blinded 500 

µg darbepoetin alfa or placebo Q3W.  The primary endpoint was OS; a stratified Cox 

proportional hazards model was used to evaluate noninferiority (upper confidence limit 

for hazard ratio [HR] ˂1.15).  Secondary endpoints were PFS and incidence of 

transfusions or Hb≤8.0 g/dL from week 5 to end of the efficacy treatment period 

(EOETP). 

Results: The primary analysis set included 2516 patients: 1680 randomized to 

darbepoetin alfa; 836 to placebo.  The study was stopped early per independent Data 

Monitoring Committee recommendation after the primary endpoint was met with no new 

safety concerns.  Darbepoetin alfa was noninferior to placebo for OS (stratified HR=0.92; 

95%CI, 0.83‒1.01) and PFS (stratified HR=0.95; 95%CI, 0.87‒1.04).  Darbepoetin alfa 

was superior to placebo for transfusion or Hb ≤8.0 g/dL from week 5 to EOETP (stratified 

OR=0.70; 95%CI, 0.57‒0.86; P<.001).  Objective tumor response was similar between 

the arms (darbepoetin alfa, 36.4%; placebo, 32.6%).  Incidence of serious adverse 

events (AEs) was 31.1% in both arms.  No unexpected AEs were observed. 

Conclusions: Darbepoetin alfa dosed to a 12.0-g/dL Hb ceiling was noninferior to 

placebo for OS and PFS and significantly reduced odds of transfusion or Hb≤8.0 g/dL in 

anemic patients with NSCLC receiving myelosuppressive chemotherapy. 
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Introduction 

Chemotherapy-induced anemia (CIA) occurs frequently in patients with non-small cell 

lung cancer (NSCLC) receiving myelosuppressive chemotherapy.1,2  Erythropoiesis-

stimulating agents (ESAs) enhance production of red blood cells (RBCs) by activating 

the erythropoietin receptor on RBC progenitors.3  Darbepoetin alfa is a long-acting ESA 

approved by regulatory authorities in many countries for the treatment of anemia in adult 

patients with nonmyeloid malignancies where anemia is due to the effect of concomitant 

myelosuppressive chemotherapy.4-6   

Results from several studies in patients with breast and other types of tumors raised 

concerns regarding an increased risk of mortality and tumor progression with ESAs.5-14  

This study (ClinicalTrials.gov identifier, NCT00858364), along with the Risk Evaluation 

and Mitigation Strategy (REMS; implemented in 2011), was requested by the US Food 

and Drug Administration (FDA) and the European Medicines Agency to ensure that the 

benefits of ESAs for the treatment of CIA outweigh their risks.  The REMS/APPRISE 

(Assisting Providers and cancer Patients with Risk Information for the Safe use of ESAs) 

program was discontinued in 2017 after it was determined to no longer be necessary.15  

This placebo-controlled noninferiority study was initiated in 2009 and terminated in 2017.  

The primary objective was to demonstrate noninferiority of overall survival (OS) when 

comparing patients on darbepoetin alfa treated to a hemoglobin (Hb) ceiling of 12.0 g/dL 

to patients treated with placebo.  Secondary objectives were to demonstrate 

noninferiority of progression-free survival (PFS), to demonstrate superiority in reducing 

the incidence of RBC transfusions or Hb ≤8.0 g/dL, and to assess other safety and 
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efficacy parameters, all in patients on darbepoetin alfa treated to a Hb ceiling of 12.0 

g/dL compared with patients treated with placebo. 
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Patients and Methods 

Patients 

Adults included in the study had stage IV NSCLC (not recurrent or restaged) and were 

expected to receive at least 2 additional cycles (≥6 total weeks) of first-line 

myelosuppressive cyclic chemotherapy after randomization, an Eastern Cooperative 

Oncology Group performance status of 0 or 1 within the 21 days before randomization, a 

life expectancy >6 months, and Hb ≤11.0 g/dL as assessed by the local laboratory 

(sample obtained within the 7 days before randomization).  Patients could receive 

chemotherapy in combination with other targeted therapy considered standard first-line 

therapy for NSCLC.  Patients were excluded if they had a known primary benign or 

malignant hematologic disorder that could cause anemia; brain metastases; current 

active or prior cancer other than NSCLC; prior adjuvant or neoadjuvant therapy for 

NSCLC; or received an ESA or RBC transfusion within 28 days before randomization.  

Full inclusion and exclusion criteria are provided (Supplemental Protocol).  All patients 

provided written informed consent. 

Study Design 

This randomized, double-blind, placebo-controlled, phase III, noninferiority study in 

anemic patients receiving multicycle chemotherapy for the treatment of stage IV NSCLC 

was conducted at 371 centers in Europe, Latin America, Asia, India, North America, 

Israel, and South Africa (Supplemental Table 1).  The investigational products were 

darbepoetin alfa and placebo.  This study was conducted in compliance with the 

International Conference on Harmonisation Tripartite Guideline on Good Clinical 

Practice and all applicable regulations/guidelines.  Investigators obtained written 
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approval from local independent ethics committees or institutional review boards.  The 

study consisted of a screening period, treatment period, and long-term follow-up period.  

Patients were randomized 2:1 to receive darbepoetin alfa 500 µg to a Hb ceiling of 12.0 

g/dL or placebo every 3 weeks (Q3W; Supplemental Figure 1); randomization was 

stratified by geographic region, histology, and screening Hb (Supplemental Table 2).  

Randomization was based on a schedule generated before the study start and was 

centrally executed by an Interactive Voice Response System/Interactive Web Response 

System (IVRS/IWRS).   

Blinding 

Darbepoetin alfa was provided as a clear, colorless, sterile, preservative-free protein 

solution containing 100 µg, 200 µg, 300 µg, and 500 µg of darbepoetin alfa per mL in 1-

mL, single-dose vials.  Darbepoetin alfa and placebo were provided in similar containers, 

packaged and stored in the same manner, and identified by a unique box number for 

assignment via IVRS/IWRS.  Darbepoetin alfa and placebo were administered 

subcutaneously Q3W to a Hb ceiling of 12.0 g/dL and were discontinued within 3 weeks 

after the last dose of chemotherapy, or upon disease progression, whichever occurred 

first.  The IVRS/IWRS instructed investigators to withhold or reduce the dose of the 

investigational product (darbepoetin alfa or placebo), including for nonresponsiveness, 

rapid rate of Hb rise, and high Hb values.  Information about dose adjustments and 

missed or delayed doses is provided (Supplemental Protocol).  Patients, site 

personnel, and Amgen study personnel and designees were blinded to the randomized 

treatment group intervention. 
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Study Oversight, Interim Analyses, and Early Stopping Criteria 

An independent Data Monitoring Committee (DMC) of external experts assessed safety 

throughout the study and could recommend modifying or stopping treatment or 

suspending randomization.  An independent statistician also performed 5 planned 

interim analyses and provided interim results to the DMC.   

Investigators could prescribe any therapy deemed necessary to provide adequate 

supportive care except an ESA other than darbepoetin alfa or other investigational 

drugs.  Patients could also receive RBC transfusion, and supplementation with iron, 

folate, and vitamin B12 (Supplemental Protocol).  Patients could withdraw from the 

study at any time and for any reason without prejudice to their medical care. 

Endpoints 

The primary endpoint was OS, measured from randomization to death from any cause; 

patients last known to be alive were censored from the last date of contact.  Secondary 

endpoints were PFS and incidence of ≥1 RBC transfusion or Hb ≤ 8.0 g/dL from week 5 

(day 29) to the end of the efficacy treatment period (EOETP).  PFS was measured from 

randomization to disease progression or death from any cause; patients who did not die 

or progress were censored at their last disease assessment date.  The EOETP was 

defined as 21 days after either the last dose of investigational product (darbepoetin alfa 

or placebo) or the last dose of chemotherapy, whichever was later.  Other safety 

endpoints were the incidence of adverse events (AEs) such as thrombovascular events, 

venous thromboembolic events (VTEs), and AEs associated with RBC transfusions.  

The Medical Dictionary for Regulatory Activities (MedDRA) version 20.0 was used to 

code all treatment-emergent AEs to a system organ class and preferred term.  The 

Common Terminology Criteria for Adverse Events (CTCAE) was used to grade AEs.  
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Objective tumor response (assessed using the version of Response Evaluation Criteria 

In Solid Tumors specified in the protocol at the time of patient enrollment using 

investigator-assessed scans) and the incidence of neutralizing antibody formation to 

darbepoetin alfa were other safety endpoints.  Other efficacy endpoints were the 

incidence of ≥1 RBC transfusion or Hb ≤ 8.0 g/dL from study day 1 to EOETP and the 

change in Hb from baseline to EOETP. 

Statistical Analysis 

The primary hypothesis was that the OS of patients treated with darbepoetin alfa would 

not be worse than the OS of patients treated with placebo.  A noninferiority design was 

used to test this hypothesis using an upper 95% confidence limit of the hazard ratio (HR; 

darbepoetin alfa to placebo) of 1.15 as the noninferiority margin.  Originally, 3000 

patients were planned to be enrolled to observe 2700 deaths, providing 93% power to 

demonstrate noninferiority (see Supplemental Protocol for a complete description of 

sample size considerations).  To preserve the overall significance level, statistical testing 

was hierarchical: noninferiority for OS was tested first, followed by noninferiority for PFS, 

and then superiority of darbepoetin alfa for incidence of RBC transfusions or Hb ≤ 8.0 

g/dL.  If all three tests were affirmative, then superiority of darbepoetin alfa was tested 

for both OS and PFS using the Hochberg procedure.  For other endpoints, P values 

were considered descriptive, and no adjustments were made for multiplicity. 

The primary analysis set for OS included all randomized patients with NSCLC who 

received ≥1 dose of darbepoetin alfa or placebo.  The analysis set for PFS included 

patients in the primary analysis who did not have disease progression before 

randomization; the analysis set for the incidence of transfusion or Hb ≤8.0 g/dL from day 

29 to EOETP included patients in the primary analysis whose EOETP was at least day 
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29; and the analysis set for safety included all randomized patients who received ≥1 

dose of darbepoetin alfa or placebo, analyzed according to investigational product 

received.  For OS and PFS, HR and 95% confidence intervals (CI) were calculated using 

a Cox proportional hazards model, stratified by the stratification factors at randomization, 

with treatment group as the only covariate.  Kaplan-Meier curves, percentages at select 

time points, and medians were also estimated.  The treatment effect for dichotomous 

endpoints (eg, the incidence of RBC transfusions or Hb ≤ 8.0 g/dL) was tested, if 

appropriate, using a two-sided Cochran-Mantel-Haenszel test adjusted for stratification 

factors at randomization at a significance level of 0.05 and summarized with a Mantel-

Haenszel common odds ratio and 95% CI summarized over the stratification factors.  

Statistical analysis was performed using SAS version 9.4 (SAS Institute, Cary, NC). 
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Results 

Starting on July 17, 2009 until June 7, 2017, a total of 4161 patients were screened and 

2549 were randomized to receive darbepoetin alfa (n=1703) or placebo (n=846; 

Figure 1).  The target sample size of 3000 patients was not reached because the study 

was terminated early after the independent DMC concluded that the primary objective of 

noninferiority for OS had been met with no new safety concerns and recommended that 

enrollment be stopped.  Patient disposition is summarized in Supplemental Table 3.  

The primary analysis set included 2516 patients: 1680 who received darbepoetin alfa 

and 836 who received placebo.  The safety analysis set included 2518 patients: 1685 

who received darbepoetin alfa and 833 who received placebo.  Reasons for 

discontinuing treatment are included in Figure 1.  Most patients discontinued treatment 

because of protocol-specified criteria, including radiographic disease progression (28% 

darbepoetin alfa, 30% placebo) and ending chemotherapy (36% darbepoetin alfa, 34% 

placebo).  Median duration of follow-up was measured as the Kaplan-Meier time to 

censoring.  For OS, the duration was 30.36 months for darbepoetin alfa and 33.18 

months for placebo; for PFS, the duration was 39.36 months for darbepoetin alfa and 

55.79 months for placebo.  The median (range) weight-adjusted average weekly dose 

was 3.0 (0.3–16.7) µg/kg/week for patients who received darbepoetin alfa. 

Baseline demographic and disease characteristics are listed in Table 1.  Overall, patient 

characteristics were largely balanced between treatment arms.  The majority of patients 

(66%) were men and white/Caucasian (48%) or Asian (43%); the median age was 62 

years.  The majority (68%) had previous chemotherapy for NSCLC and 32% had no 

previous treatment for NSCLC.  Median baseline Hb was 10.1 g/dL. 
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A total of 99.7% and 100% of patients in the darbepoetin alfa and placebo groups, 

respectively, received concomitant medications during the study.  Concomitant 

medications reported for >25% of the patients in the groups were consistent with those 

expected for patients with advanced NSCLC receiving multicycle chemotherapy and 

included carboplatin (66.8% darbepoetin alfa, 69.1% placebo), dexamethasone (68.3%, 

67.8%), ondansetron (39.8%, 40.9%), paclitaxel (38.6%, 39.5%), and cisplatin (28.2%, 

26.5%). 

Primary Endpoint 

In the primary analysis set, 1269 of 1680 patients (75.5%) in the darbepoetin alfa group 

and 660 of 836 patients (78.9%) in the placebo group died during the study 

(Supplemental Table 4).  Darbepoetin alfa demonstrated noninferiority to placebo for 

OS; the upper confidence limit of 1.01 was less than the prespecified noninferiority 

margin of 1.15 (stratified HR=0.92; 95% CI, 0.83–1.01; Figure 2A).  Median OS was 

9.46 months in the darbepoetin alfa group and 9.26 months in the placebo group.  OS 

assessed by stratification variables is shown in Figure 2B.  In analyses evaluating the 

treatment effect on OS by variables of interest, the unstratified HR was <1 for all 

subgroups evaluated, except for patients with a history of VTE (HR=1.13; 95% CI, 0.73–

1.77; Figure 2C). 

Secondary Endpoints 

After noninferiority of darbepoetin alfa to placebo for OS was established, noninferiority 

of darbepoetin alfa to placebo for PFS was formally evaluated.  In the radiographic 

endpoint primary analysis set, 1396 of 1631 patients (85.6%) in the darbepoetin alfa 

group and 725 of 818 patients (88.6%) in the placebo group progressed or died during 

the study (Supplemental Table 5).  Darbepoetin alfa demonstrated noninferiority to 
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placebo for PFS; the upper confidence limit of 1.04 was less than the prespecified 

noninferiority margin of 1.15 (stratified HR=0.95; 95% CI, 0.87–1.04; Figure 3A).  The 

median PFS was 4.44 months in the darbepoetin alfa group and 4.27 months in the 

placebo group.  PFS assessed by stratification variables is shown in Figure 3B.  The 

treatment effect on PFS by factors of interest is shown in Figure 3C. 

Subsequently, the superiority of darbepoetin alfa in reducing the incidence of RBC 

transfusion or Hb ≤8.0 g/dL from week 5 to EOETP was formally tested.  In the 

darbepoetin alfa group, 342 patients (22.5%) had an RBC transfusion or Hb ≤8.0 g/dL 

compared with 223 patients (29.2%) in the placebo group (Supplemental Table 6).  

Darbepoetin alfa demonstrated superiority to placebo for RBC transfusions or Hb ≤8.0 

g/dL (stratified odds ratio=0.70; 95% CI, 0.57–0.86; P=.0008).  Additional transfusion 

results are provided in Supplemental Tables 6 and 7. 

After superiority of darbepoetin alfa for the above endpoint was shown, superiority for 

OS and PFS was tested.  Superiority of darbepoetin alfa to placebo with respect to OS 

(stratified log-rank P=.07) and PFS (stratified log-rank P=.26) was not demonstrated 

(Supplemental Tables 4 and 5). 

Objective tumor response was observed in 593 patients (36.4%) receiving darbepoetin 

alfa and 267 patients (32.6%) receiving placebo; approximately 1% of patients in each 

group had a complete response.  The stratified odds ratio was 1.18 (95% CI, 0.99–1.41) 

in favor of darbepoetin alfa. 

The mean change in Hb from baseline to the EOETP was 0.42 (95% CI, 0.33–0.51) g/dL 

in the darbepoetin alfa group and −0.12 (95% CI, −0.25 to −0.00) g/dL in the placebo 

group. 
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A total of 1508 patients in the darbepoetin alfa group and 761 patients in the placebo 

group had a predose antibody result; 1606 patients and 803 patients, respectively, had a 

postbaseline antibody result.  Although some patients developed darbepoetin alfa–

binding antibodies during the study (3.1% darbepoetin alfa, 2.4% placebo), no patients 

developed neutralizing antibodies. 

Adverse Events 

Overall, 84.5% and 86.3% of patients in the darbepoetin alfa and placebo groups, 

respectively, experienced treatment-emergent AEs (Table 2).  The most frequently 

reported AEs were anemia, neutropenia, nausea, asthenia, and thrombocytopenia.  No 

event occurred with a >5% higher patient incidence among patients receiving 

darbepoetin alfa compared with placebo.  Percentages of patients with AEs that were 

grade ≥3 or ≥4 were similar between treatment groups (Table 2).  A total of 205 patients 

(12.2%) in the darbepoetin alfa group and 113 patients (13.6%) in the placebo group had 

fatal AEs during the study (Supplemental Table 8).   

The most frequent AEs of interest were hypersensitivity (10.6% darbepoetin alfa, 9.0% 

placebo) and embolic and thrombotic events (5.3% darbepoetin alfa, 4.1% placebo; 

Table 2).  The most frequently reported AEs in the hypersensitivity, hypertension, and 

severe cutaneous reaction categories are listed in Supplemental Table 9.   

The most frequently reported AEs in the embolic and thrombotic events category were 

pulmonary embolism (1.6% darbepoetin alfa, 1.0% placebo) and deep vein thrombosis 

(1.1% darbepoetin alfa, 1.1% placebo).  All other AEs of interest in the embolic and 

thrombotic events category were reported for <1.0% of patients in either treatment 

group.  Serious embolic and thrombotic AEs were reported more frequently for 
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darbepoetin alfa than for placebo.  The most frequently reported serious AE in this 

category was pulmonary embolism.  In a separate prespecified analysis, the incidence of 

VTEs was 2.8% in the darbepoetin alfa group and 2.3% in the placebo group; the 

incidence of VTEs confirmed by imaging was 1.8% in each treatment group (Table 3). 

Because pure red cell aplasia (PRCA) is a rare event, a broad search strategy of seven 

different preferred terms was used to avoid missing potential cases (Table 2 and 

footnote).  The only preferred term in the antibody-mediated PRCA category was bone 

marrow failure; no cases of antibody-mediated PRCA were identified for any patient. 

Additional Analyses 

Following the submission of the results of this trial to the FDA in a prior approval 

supplement, the FDA requested that additional analyses be performed.  These analyses 

included a summary of OS using the full analysis set (including data collected by sites 

after consent was withdrawn) and case report form (CRF) values for the stratified 

analyses rather than IVRS/IWRS values (Supplemental Table 10).  The FDA also 

requested a summary of PFS using the full analysis set (including data collected by sites 

after consent was withdrawn), excluding patients with progression dates prior to 

randomization, and using CRF values for the stratified analyses rather than IVRS/IWRS 

values (Supplemental Table 11).  The results of these ad hoc analyses were consistent 

with the primary analyses, and they are included in United States Package Insert.5 
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Discussion 

In this phase III, randomized, double-blind, placebo-controlled, noninferiority study in 

patients with advanced NSCLC receiving multicycle chemotherapy, darbepoetin alfa 

demonstrated noninferiority to placebo for OS and PFS.  Darbepoetin alfa also 

demonstrated superiority to placebo in reducing the incidence of RBC transfusions or Hb 

≤ 8.0 g/dL from week 5 to EOETP.  This result is clinically significant because reducing 

the need for transfusions may diminish transfusion-associated risks.16  AEs were 

consistent with the known safety profile of darbepoetin alfa.  VTEs occurred in 2.8% of 

patients in the darbepoetin alfa group and 2.3% in the placebo group.  The results of this 

study contribute new important information to longstanding discussions about the safety 

of darbepoetin alfa, and they may impact clinical practice. 

Like the current trial, the EPO-ANE-3010 study (ClinicalTrials.gov identifier, 

NCT00338286) was conducted following an FDA postmarketing request.17  EPO-ANE-

3010 was an open-label, noninferiority study designed to examine the effect of epoetin 

alfa on outcomes compared with best standard of care (SOC) in 2098 women 

undergoing chemotherapy for metastatic breast cancer.17  In contrast to our study, the 

primary endpoint of EPO-ANE-3010 was PFS, and noninferiority of epoetin alfa to best 

SOC was not demonstrated (HR=1.094; 95% CI, 0.996–1.201) because the upper limit 

exceeded 1.150.17,18  In the final analysis of EPO-ANE-3010, PFS and OS were further 

assessed by an independent review committee.18  Median PFS was the same for each 

group (7.6 months), and although a 3% risk increase in the epoetin alfa plus SOC group 

was observed, the noninferiority criteria were met (HR=1.028; 95% CI, 0.922–1.146).18  

In the final analysis of OS, median OS was 17.8 months in the epoetin alfa plus SOC 

group and 18.0 months in the SOC group.18  A 7% risk increase in the epoetin alfa plus 
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SOC was observed and noninferiority criteria were not met (HR=1.073; 95% CI, 0.974–

1.182).18  Point estimates for median PFS and OS in the EPO-ANE-3010 study were 

therefore very similar between the arms.  The median duration of ESA treatment was <3 

months and the PFS and OS curves only differed after 12 months.17,18 

There are multiple differences between the EPO-ANE-3010 study and the current study 

that may help explain why the EPO-ANE-3010 study did not meet its primary endpoint of 

PFS while this study met its primary endpoint of OS.  Differences included the ESA 

examined (epoetin alfa versus darbepoetin alfa), tumor types (breast versus NSCLC), 

patient populations (women versus 66% men, median age 52 versus 62 years), lines of 

therapy (first and second versus first only), and chemotherapy regimens.  The EPO-

ANE-3010 trial was designed to provide more than 80% power to exclude an HR of 1.15 

with a 1-sided significance level of 0.025 against SOC treatment; the present study was 

designed to provide more than 90% power to exclude the same HR and significance 

level against patients given blinded placebo. 

The present study is consistent with the results of several studies, including meta-

analyses, which have concluded that ESAs increase Hb and reduce the need for 

transfusions19 without increasing mortality or disease progression in patients with lung or 

other cancers undergoing chemotherapy.20-24  Other studies showed a negative effect on 

OS and/or PFS in patients who received ESAs.10-14  Many of these studies included 

patients who received ESAs outside of the current indication; for example, patients were 

not receiving chemotherapy or were treated to a Hb target greater than that used in this 

study.10-14  In the present study, the point estimate of the HR for OS was higher in 

patients with a history of VTEs than in patients without a history of VTEs.  The risk of 
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VTEs should be weighed against the benefits to be derived from treatment with 

darbepoetin alfa in the studied NSCLC population. 

This study has several strengths.  The study design, including Hb initiation and ceiling 

levels, was intended to allow sufficient exposure to the study drug to evaluate safety 

outcomes while minimizing risks and maintaining potential benefits.  Additional ad hoc 

analyses of OS and PFS in broader patient populations that were requested by the FDA 

gave results consistent with those of the prespecified analyses. 

This study also has potential limitations.  Darbepoetin alfa was the only ESA examined.  

Furthermore, health-related quality of life (HRQOL) was not examined, although HRQOL 

improvement has been shown in patients with a variety of tumor types, including 

NSCLC, treated with darbepoetin alfa for CIA.25  This study did not include patients who 

received chemotherapy in combination with the latest checkpoint inhibitors; nonetheless, 

the results remain relevant to current practice, because newer immuno-oncology agents 

are used in combination with myelosuppressive chemotherapy. 

Conclusion 

In this large, randomized, double-blind, placebo-controlled, multicenter, global study of 

patients with stage IV NSCLC and CIA, darbepoetin alfa was noninferior to placebo for 

OS and PFS and superior to placebo for RBC transfusion or Hb ≤8.0 g/dL.  Safety 

findings were consistent with the known safety profile of darbepoetin alfa.  In light of the 

results of this study, darbepoetin alfa should be considered for patients with stage IV 

NSCLC and anemia concomitant with chemotherapy. 
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Figure Legends 

Figure 1. CONSORT diagram.  IVRS/IWRS, Interactive Voice Response 

System/Interactive Web Response System.  a2 patients allocated to 

darbepoetin alfa only received placebo and 6 patients allocated to 

placebo received at least 1 dose of darbepoetin alfa; thus, 1685 and 833 

patients were included in the safety analyses for the darbepoetin alfa and 

placebo treatment groups, respectively. 

Figure 2. Overall survival. (A) Kaplan-Meier estimates of OS in the primary analysis 

set.  The stratified HR and 95% CI were obtained from the Cox 

proportional hazards model.  Stratification factors were geographic 

region, histology, and screening Hb.  (B) OS assessed by stratification 

variables comparing darbepoetin alfa and placebo.  (C) Unstratified HR 

for darbepoetin alfa versus placebo forest plot of OS by covariates of 

interest in the primary analysis set.  EGFR, epidermal growth factor 

receptor; EPO, erythropoietin; Hb, hemoglobin; HR, hazard ratio; OS, 

overall survival; VTE, venous thromboembolic event.   

Figure 3. Progression-free survival. (A) Kaplan-Meier estimates of PFS in the 

primary analysis set.  The stratified HR and 95% CI were obtained from 

the Cox proportional hazards model.  Stratification factors were 

geographic region, histology, and screening Hb.  (B) PFS assessed by 

stratification variables comparing darbepoetin alfa and placebo.  (C) 

Unstratified HR for darbepoetin alfa versus placebo forest plot of PFS by 
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covariates of interest in the radiographic endpoint primary analysis set. 

EGFR, epidermal growth factor receptor; EPO, erythropoietin; Hb, 

hemoglobin; HR, hazard ratio; PFS, progression-free survival; VTE, 

venous thromboembolic event.   

 



Table 1. Baseline Demographics and Disease Characteristics in the Primary Analysis Seta 

Characteristic 
Darbepoetin alfa 

(n=1680) 
Placebo 
(n=836)  

Total 
(N=2516) 

Sex, n (%)    
Male, 1103 (65.7) 557 (66.6) 1660 (66.0) 
Female 577 (34.3) 279 (33.4) 856 (34.0) 

Race, n (%)    
White or Caucasian 796 (47.4) 400 (47.8) 1196 (47.5) 
Black or African American 44 (2.6) 26 (3.1) 70 (2.8) 
Asian 734 (43.7) 352 (42.1) 1086 (43.2) 
Japanese 12 (0.7) 7 (0.8) 19 (0.8) 
Other 14 (0.8)  6 (0.7) 20 (0.8) 

Median (range) age, y 62.0 (26–88) 63.0 (27–88) 62.0 (26–88) 
Median (range) weight, kg 61.0 (24.0–143.6)  60.1 (29.6–151.0) 60.9 (24.0–151.0) 
ECOG performance status, n (%)    

0 366 (21.8) 173 (20.7) 539 (21.4) 
1 1307 (77.8) 658 (78.7) 1965 (78.1) 
2 7 (0.4) 5 (0.6) 12 (0.5) 

Histology, n (%)    
Squamous 593 (35.3) 287 (34.3) 880 (35.0) 
All other 1087 (64.7) 549 (65.7) 1636 (65.0) 

Prior treatment for NSCLC before randomization, n (%)    
Chemotherapy 1151 (68.5) 565 (67.6) 1716 (68.2) 

Platinum-containing 1118 (66.5) 548 (65.6) 1666 (66.2) 
Other 562 (33.5) 288 (34.4) 850 (33.8) 

Immunotherapy 6 (0.4) 1 (0.1) 7 (0.3) 
Hormonal therapy 0 (0) 0 (0) 0 (0) 
Targeted biologics 61 (3.6) 22 (2.6) 83 (3.3) 
Targeted small molecules 7 (0.4) 2 (0.2) 9 (0.4) 
Other 9 (0.5) 5 (0.6) 14 (0.6) 



None 529 (31.5) 271 (32.4) 800 (31.8) 
Prior anticancer surgery for NSCLC, n (%) 22 (1.3) 14 (1.7) 36 (1.4) 
Median (range) baseline Hbb,c, g/dL 10.20 (3.8–14.8) 10.10 (6.0–15.6) 10.10 (3.8–15.6) 

Baseline Hb group (g/dL)b,c, n (%)    
<10 722 (43.2) 388 (46.9) 1110 (44.4) 
≥10–11 561(33.6) 237 (28.7) 798 (31.9) 
≥11 389 (23.3) 202 (24.4) 591 (23.6) 

Median (range) erythropoietin, U/L 38.26 (5.0–2828.1) 39.11 (5.0–2126.0) 38.52 (5.0–2828.1) 
Median (range) platelets, 109/L 311.0 (9–1086) 304.5 (25–1460) 309.0 (9–1460) 

Median (range) ferritin, µg/L 
346.75 (10.3–

8989.5) 
334.25 (3.1–4914.0) 342.95 (3.1–8989.5) 

Median (range) transferrin saturation, % 21.0 (3.0–95.0) 20.0 (4.0–97.0) 20.0 (3.0–97.0) 
Median (range) iron, µg/dL 47.0 (7.0–366.0) 47.0 (6.0–368.0) 47.0 (6.0–368.0) 
History of venous thromboembolic eventsd, n (%) 84 (5.0) 44 (5.3) 128 (5.1) 
History of arterial thromboembolic eventse, n (%) 51 (3.0) 30 (3.6) 81 (3.2) 
ECOG, Eastern Cooperative Oncology Group; Hb, hemoglobin; NSCLC, non-small cell lung cancer. 
aThe primary analysis set included all randomized patients with non-small cell lung cancer who provided informed consent and 
received ≥1 dose of investigational product. 
bBaseline is defined as study day 1.  If Hb on study day 1 was not available, the closest central Hb within 7 days before 
randomization/study day 1 was used. 
cEligibility and randomization strata were determined based on study entry Hb, which was assessed by a local laboratory in a sample 
obtained within 7 days before randomization.  Of the 2516 patients included in the primary analysis set, 2510 patients had Hb 
≤11.0 g/dL at study entry. 
dIncludes thromboembolic events, cerebrovascular accidents, and transient ischemic events. 
eIncludes cerebrovascular accidents and transient ischemic events. 



Table 2. Summary of Patient Incidence of Treatment-Emergent Adverse 

Events in the Safety Analysis Seta 

Adverse event, n (%) 
Darbepoetin alfa 

(n=1685) 
Placebo 
(n=833) 

All treatment-emergent adverse eventb 1424 (84.5) 719 (86.3) 

Serious adverse events 524 (31.1) 259 (31.1) 

Leading to discontinuation of investigational 
product 

48 (2.8) 35 (4.2) 

Fatal adverse events 205 (12.2) 113 (13.6) 

Grade ≥ 3 in any system organ class 831 (49.3) 440 (52.8) 

Grade ≥ 4 in any system organ class 354 (21.0) 178 (21.4) 

Treatment-emergent adverse eventsb occurring 
in ≥ 5% of all patients 

  

Anemia 485 (28.8) 273 (32.8) 

Neutropenia 215 (12.8) 84 (10.1) 

Nausea 190 (11.3) 103 (12.4) 

Asthenia 168 (10.0) 97 (11.6) 

Thrombocytopenia 177 (10.5) 78 (9.4) 

Dyspnea 132 (7.8) 82 (9.8) 

Cough 150 (8.9) 53 (6.4) 

White blood cell count decreased 138 (8.2) 65 (7.8) 

Decreased appetite 139 (8.2) 63 (7.6) 

Platelet count decreased 135 (8.0) 67 (8.0) 

Alopecia 125 (7.4) 70 (8.4) 

Fatigue 117 (6.9) 70 (8.4) 

Vomiting 125 (7.4) 58 (7.0) 

Pyrexia 121 (7.2) 60 (7.2) 

Constipation 110 (6.5) 56 (6.7) 

Diarrhea 116 (6.9) 50 (6.0) 

Leukopenia 105 (6.2) 41 (4.9) 

Neutrophil count decreased 95 (5.6) 47 (5.6) 

Treatment-emergent adverse events of interestb   

Hypersensitivity (SMQ) 178 (10.6) 75 (9.0) 

Embolic and thrombotic events (SMQ) 89 (5.3) 34 (4.1) 



Embolic and thrombotic events, venous (SMQ) 51 (3.0) 23 (2.8) 

Antibody-mediated pure red cell aplasia (EOI)c 51 (3.0) 20 (2.4) 

Hypertension (SMQ) 41 (2.4) 26 (3.1) 

Malignancies (SMQ) 38 (2.3) 16 (1.9) 

Severe cutaneous adverse reactions (SMQ) 35 (2.1) 11 (1.3) 

Embolic and thrombotic events, vessel type 
unspecified and mixed arterial and venous 
(SMQ) 

26 (1.5) 10 (1.2) 

Central nervous system vascular disorders 
(SMQ) 25 (1.5) 8 (1.0) 

Ischemic heart disease (SMQ) 23 (1.4) 9 (1.1) 

Embolic and thrombotic events, arterial (SMQ) 19 (1.1) 6 (0.7) 

Cardiac failure (SMQ) 12 (0.7) 7 (0.8) 

Convulsions (SMQ) 9 (0.5) 8 (1.0) 

EOI, event of interest; SMQ, standardized MedDRA query; MedDRA, Medical Dictionary 
for Regulatory Activities. 
aThe safety analysis set included all randomized patients who provided informed consent 
and received ≥1 dose of investigational product analyzed by actual treatment group. 
bTreatment-emergent adverse events included all adverse events that began between 
the first administration of study treatment and 30 days after the last administration of 
study treatment. 
cThe preferred terms used in the broad search strategy included anti-erythropoietin 
antibody positive, aplasia pure red cell, aspiration bone marrow abnormal, bone marrow 
disorder, bone marrow failure, drug-specific antibody present, and neutralizing 
antibodies positive.  The only preferred term with reported events in this broad search 
was bone marrow failure; no cases of antibody-mediated pure red cell aplasia were 
identified for any patient.  
 

 



Table 3. Thrombovascular Events in the Safety Analysis Seta 

 

Darbepoetin alfa 
(n=1685) 

n (%) 

Placebo 
(n=833) 
n (%) 

Reported embolic and thrombotic events   
VTE 48 (2.8) 19 (2.3) 
CTCAE grade 4 events 4 (0.2) 4 (0.5) 
Fatal (grade 5) events 10 (0.6) 3 (0.4) 

Was VTE confirmed by imaging?   
Yes 31 (1.8) 15 (1.8) 
No 17 (1.0) 4 (0.5) 

If yes, specify imaging modality   
Computed tomography  17 (1.0) 6 (0.7) 
Magnetic resonance imaging 0 (0) 0 (0) 
Duplex Doppler 13 (0.8) 3 (0.4) 
Venography 0 (0) 0 (0) 
Angiography 2 (0.1) 0 (0) 
Ventilation perfusion lung scan 0 (0) 0 (0) 
Other 4 (0.2) 6 (0.7) 

CTCAE, Common Terminology Criteria for Adverse Events; VTE, venous 
thromboembolic event. 
aThe safety analysis set included all randomized patients who provided informed consent 
and received ≥1 dose of investigational product analyzed by actual treatment. 
Only includes patients who reported a VTE on the VTE or serious VTE case report form 
pages. 



Assessed for eligibility

N = 4161

Randomly assigned

N = 2549

n (%)

Excluded 1612 (38.7)

Did not meet eligibility criteria 939 (22.6)

Met exclusion criteria 487 (11.7)

Other 186 (4.5)

n (%)

Allocated to darbepoetin alfa 1703 (100)

Received investigational product 1681 (98.7)

Not treated 22 (1.3)

                                                                     n (%)

Allocated to placebo 846 (100)

Received investigational product 837 (98.9)

Not treated 9 (1.1)

n (%)

Discontinued investigational product 1681 (98.7)

Protocol-specified criteria  1181 (69.3)

Ended chemotherapy 607 (35.6)

Radiographic disease progression 477 (28.0)

Clinical disease progression 62 (3.6)

Investigational product 35 (2.1)          

discontinued  per IVRS/IWRS

Death 168 (9.9)

Partial consent withdrawn 96 (5.6)

Full consent withdrawn 56 (3.3)

Adverse event 46 (2.7)

Administrative decision 18 (1.1)

Lost to follow-up 13 (0.8)

Ineligibility determined 11 (0.6)

Protocol deviation 7 (0.4)

Other 85 (5.0)

n (%)

Discontinued investigational product 837 (98.9)

Protocol-specified criteria  597 (70.6)

Ended chemotherapy 288 (34.0) 

Radiographic disease progression 254 (30.0)

Clinical disease progression 49 (5.8)

Investigational product 6 (0.7)

discontinued  per IVRS/IWRS

Death 77 (9.1)

Partial consent withdrawn 48 (5.7)

Adverse event 34 (4.0)

Full consent withdrawn 14 (1.7)

Administrative decision 10 (1.2)

Lost to follow-up 5 (0.6)

Ineligibility determined 2 (0.2)

Protocol deviation 2 (0.2)

Other 48 (5.7)

      n (%)

Included in primary analysis set 1680 (98.6)

Not included in primary analysis set 23 (1.4)

Included in safety analysis set 1681a (98.7) 

Not included in safety analysis set 22 (1.3)

Included in radiographic endpoint primary analysis set 1631 (95.8)

Not included in radiographic endpoint primary analysis set 72 (4.2)

n (%)

Included in primary analysis set 836 (98.8)

Not included in primary analysis set 10 (1.2)

Included in safety analysis set 837a (98.9)

Not included in safety analysis set 9 (1.1)

Included in radiographic endpoint primary analysis set 818 (96.7)

Not included in radiographic endpoint primary analysis set 28 (3.3)
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Placebo:

Darbepoetin alfa:

Number of patients at risk:

N No. of Events, n

Median OS Time,

Months (95% CI)

Darbepoetin alfa 1680 1269 9.46 (8.90–10.12)

Placebo 836 660 9.26 (8.25–10.02)

Stratified HR (95% CI)  0.92 (0.83–1.01) 
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Placebo:

Darbepoetin alfa:

Number of patients at risk:

N No. of Events, n

Median PFS Time,

Months (95% CI)

Darbepoetin alfa 1631 1396 4.44 (4.27–4.99)

Placebo 818 725 4.27 (4.17–4.47)

Stratified HR (95% CI)  0.95 (0.87–1.04) 
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