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Purpose: To assess hemoglobin (Hb) outcomes and fatigue-related quality-of-life (QoL) 

(electronic assessment) in patients with solid tumors and symptomatic chemotherapy-induced 

anemia receiving cytotoxic chemotherapy and darbepoetin alfa (DA) or another erythropoiesis-

stimulating agent according to European indication.

Methods: eAQUA was a Phase IV prospective observational study. The primary outcome 

(assessed in the primary analysis set [PAS]: patients receiving one or more DA dose who had 

baseline and week 9 assessments for Hb and QoL) was the proportion of patients receiving DA 

having both Hb increases $1 g/dL and improved QoL between baseline and week 9. Functional 

Assessment of Cancer Therapy-Fatigue (FACT-F) subscale scores were anchored to fatigue 

visual analog scale scores to determine the minimally important difference for improved QoL. 

Overall data/data over time are reported for the full analysis set (patients receiving one or more 

erythropoiesis-stimulating agent dose, n=1,158); week 9 data (ie, data relating to the primary and 

secondary outcomes) are reported for the PAS (n=510). Baseline and safety data are included 

for both the full analysis set and PAS.

Results: In the PAS, 69% of patients had stage IV disease and 96% were fatigued. The minimally 

important difference in FACT-F change score for QoL improvement was 3.5. From baseline 

to week 9, 32% (95% confidence interval: 28%–36%) of patients had both improved QoL and 

an Hb increase $1 g/dL; proportions were similar across the most common tumor types. At 

week 9, 49% and 58% of patients had improved QoL or Hb increases $1 g/dL, respectively; 

70% and 76% had QoL or Hb improvements between baseline and study end, respectively. In 

the PAS, 16% of patients required transfusions and 32% required iron supplementation. Few 

patients (,1%) reported adverse drug reactions.

Conclusion: In this study, patients with solid tumors receiving DA per European indication 

for symptomatic chemotherapy-induced anemia had clinically meaningful improvements in 

Hb and QoL.

Keyword: darbepoetin alfa, erythropoiesis-stimulating agent, fatigue visual analog scale, 

Functional Assessment of Cancer Therapy-Fatigue subscale, transfusion

Introduction
Fatigue is a common symptom in patients with cancer1–3 that can adversely impact 

quality of life (QoL).4 Many studies report that for cancer patients receiving chemo-

therapy, fatigue incidence is ∼60%;5 however, reported prevalence rates vary widely 

depending on how fatigue is defined and measured, as well as the patient population 

studied.

Although it is difficult to manage fatigue directly caused by disease, effective 

therapies exist for chemotherapy-induced anemia (CIA), and correcting anemia in 
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patients receiving chemotherapy is, therefore, recommended 

as a method for managing fatigue.6–10 The effectiveness of 

erythropoiesis-stimulating agents (ESAs) and/or red blood 

cell (RBC) transfusions in managing CIA by raising hemo-

globin (Hb) levels is well documented.11,12 However, data on 

the impact of such treatments on fatigue are more limited.

A major difficulty in studying fatigue in cancer is that 

its etiology is often multifactorial, with both disease- and 

treatment-related effects likely to contribute. Consequently, 

many tools aimed at assessing fatigue in patients with cancer 

have been developed. Multi-item measures, such as the 

Functional Assessment of Cancer Therapy-Fatigue (FACT-F) 

subscale, are generally preferred in research settings as they 

aim to capture the complex nature of cancer-related fatigue. 

Single-item measures (eg, the fatigue visual analog scale 

[VAS]13) capture a patient’s perception of their fatigue and 

are often preferred in clinical practice as they are quick and 

simple to apply. However, as the level and impact of fatigue 

for a given patient is subjective, the clinical relevance of a 

change in score can sometimes be difficult to interpret.

In the eAQUA (electronic assessment of QoL in patients 

with symptomatic anemia) clinical practice study, we used 

an anchor-based approach14–17 to calculate the minimally 

important difference (MID) for a fatigue-related QoL 

improvement in patients with CIA receiving darbepoetin 

alfa (DA) or another ESA according to current European 

indication. The MID was defined as the smallest change in 

QoL score perceived to be beneficial by this population of 

patients. eAQUA also aimed to assess the effectiveness of 

ESAs at improving Hb levels, which was an important assess-

ment because although DA has been available for several 

years, there are few data on its use in line with the recently 

updated European indication for symptomatic CIA.18 This 

mandates that DA should now only be used in patients with 

a baseline Hb level of #10 g/dL. eAQUA also adds to the 

limited data relating to improvements in Hb levels and QoL 

in clinical practice.

Methods
study design
eAQUA (NCT01444456) was a large, Phase IV, multicenter, 

international, prospective, observational study of patients 

who were receiving systemic chemotherapy for solid tumors 

and who were receiving DA or another ESA to treat symp-

tomatic CIA. Although DA is the focus of this study, local 

regulations in some countries do not permit observational 

study participation by only patients receiving a specific 

agent in a drug class. Therefore, enrollment of patients who 

were receiving an ESA other than DA was permitted in these 

countries. Target recruitment was ∼1,300 patients across 

approximately ten countries and the enrollment period was 

∼12 months. Data collection was from enrollment up to 4 

weeks after the last recorded dose of ESA or current chemo-

therapy regimen, the date of withdrawal, or a maximum of 13 

weeks after enrollment (whichever occurred first).

The study protocol was approved by the relevant Inde-

pendent Ethics Committee and the study was conducted in 

compliance with International Conference on Harmoniza-

tion Good Clinical Practice guidelines and with the ethical 

standards laid down in the 1964 Declaration of Helsinki. All 

patients provided informed consent before data collection 

commenced.

study outcomes
The primary outcome was the proportion of patients receiv-

ing DA who had both an Hb increase $1 g/dL and a QoL 

improvement, between baseline and week 9. Secondary 

outcomes included: the proportion of patients with improved 

QoL and an Hb increase $1 g/dL at any time up to end of 

study (EOS); the proportion of patients with QoL improve-

ment and an Hb increase $1 g/dL at week 9, by most common 

tumor type (tumor types occurring in ∼40+ patients); the 

proportion of patients with Hb increase $1 g/dL by EOS; 

and time to first Hb increase $1 g/dL and characterization of 

the QoL improvement. As the primary endpoint of this study 

is a composite one including both Hb and QoL components, 

the Hb, QoL and MID determination data are reported ahead 

of the primary endpoint data, which were derived from the 

former.

The use of RBC transfusions and iron supplementation 

during the study were recorded, as were data on DA exposure. 

Treatment-emergent adverse drug reactions (ADRs) reported 

up to and including the last dose of study drug plus 28 days 

were also recorded.

Patients
Key inclusion criteria
Eligible patients were $18 years of age, had an Eastern 

Cooperative Oncology Group performance status of 0–2, and 

had been diagnosed with a solid tumor and symptomatic CIA. 

They were required to be undergoing chemotherapy and were 

expected to receive $8 additional weeks of chemotherapy 

after enrollment and to have started treatment with an ESA 

in line with the relevant European Summaries of Product 

Characteristics for symptomatic CIA. Symptomatic CIA 

was defined as an Hb level #10.0 g/dL (from most recent 
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sample) and physician confirmation of one or more anemia 

symptom/sequelae. Patients also needed to have the ability 

and awareness to complete electronic fatigue assessments 

and to provide informed consent.

Patients in receipt of ESA treatment or RBC transfusion 

within 28 days prior to enrollment and/or with a known 

primary benign/malignant hematologic disorder that can 

cause anemia were excluded.

Treatments and assessments
The decision to prescribe treatment must have been freely 

undertaken by the clinician prior to considering enrolling a 

patient in the study. Treatment administration was, therefore, 

independent and dissociated from participation in the study. 

No study-specific clinical tests were required; all medical 

data collected on electronic case report forms (eCRFs) were 

expected to be part of standard patient records. Common 

chemotherapy regimens for each cancer type were prespeci-

fied in the eCRF. For simplicity, these were referred to as 

“standard” regimens. Regimens not listed in the eCRF could 

be added manually by the treating clinician and were referred 

to as “non-standard” regimens.

FACT-F subscale scores and fatigue VAS scores were 

used to assess QoL. FACT-F scores range from 0 to 52, with 

higher scores indicating better QoL. VAS scores range from 

0 to 100, with 0 being least fatigued. Patients completed elec-

tronic fatigue assessments during visits (no more frequently 

than every 7 days) for receipt of chemotherapy and/or ESA 

treatment.

statistical analyses
The main analysis set for the primary and secondary outcomes 

(the primary analysis set [PAS]) included patients who had 

received one or more DA dose and had baseline and week 9 

assessments for Hb, FACT-F, and VAS. The PAS is a subset 

of the full analysis set (FAS) which consisted of all patients 

who received one or more dose of an ESA. Overall data and 

data over time are reported for the FAS; week 9 data are 

reported for the PAS (ie, data that relate to the primary and 

secondary outcomes). Baseline data and safety information 

are included for both the FAS and PAS for completeness.

Baseline was defined as the day of (day 1), or the 14 days 

prior to, the initiation of an ESA. If more than one result was 

available, data for the day closest to day 1 was included. 

Due to the observational nature of the study and potential 

variation in ESA dosing schedules, Hb, FACT-F, and VAS 

data closest to day 57 and within days 43–70 (inclusive) 

were used to calculate the week 9 assessments. Note that 

for data presented over time (ie, by study week), week 9 

constitutes study days 57–63 only (week 1: days 1–7, week 2: 

days 8–14, … week 13: days 85–91).

The MID was determined using a modified anchor-based 

approach16 based on FACT-F and VAS change scores between 

baseline and week 9. The MID was derived for PAS patients 

as the mean FACT-F change score for patients who had a 

prespecified small improvement in VAS score. A patient was 

deemed to have improved QoL if their FACT-F change score 

was greater than or equal to the calculated MID. In the lit-

erature, a seven-point improvement is considered a small but 

clinically relevant change in VAS score.19 However, to ensure 

that only those patients with a minimal improvement in VAS 

were used to determine the MID for our study, we prespeci-

fied that a VAS change score of 7±3, 5±3, 5±2, or 5±1 would 

be used depending on the number of patients in each of these 

categories compared with 20% of the number of patients who 

had a VAS improvement of $1 point. The first category to have 

fewer patients than 20% of the number of patients with a VAS 

improvement of $1 point was used to determine the MID.

For the time-to-event analyses, time was measured in days 

from day 1 (day of ESA initiation) based on Kaplan–Meier 

methodology. Data for patients who did not experience the 

event of interest were censored at their EOS visit.

As an exploratory analysis, univariate logistic regres-

sion was used to estimate the odds of having improved QoL 

at week 9 for patients who had an Hb increase $1 g/dL 

compared with an Hb increase ,1 g/dL at week 9. Further 

covariates were investigated individually for inclusion in 

this model at a significance level of 10%. These were base-

line covariates (age [years], sex, tumor type, disease stage, 

chemotherapy type [platinum, non-platinum], baseline Hb, 

line of chemotherapy) and post-baseline covariates (iron use 

[by week 9], concomitant medication use [by week 9]).

Results
Patients
Overall, 1,262 patients were enrolled from nine European 

countries between 10 October, 2011 and 28 May, 2013; the last 

patient visit was on 27 August 2013. In total, 1,158 patients 

received one or more ESA dose and so comprised the FAS. 

Of these, 24 patients received an ESA other than DA (epoetin 

alfa n=20, epoetin beta n=1, epoetin zeta n=3) and, of these, 

nine patients (epoetin alfa n=6, epoetin beta n=1, epoetin zeta 

n=2) received another ESA and had baseline and week 9 Hb 

and QoL assessments. Overall, 1,134 patients received DA 

and 510 of these had both baseline and week 9 Hb and QoL 

data, and so comprised the PAS.
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Baseline demographics and disease characteristics were 

similar for the FAS and the PAS (Table 1). Mean age was 

64 years and breast cancer was the most common tumor 

type. Most patients had an Eastern Cooperative Oncology 

Group performance status of 0/1 and had stage III/IV 

disease. Fatigue was the most common anemia symptom, 

being reported in nearly all of the patients. Overall, just 

over one-quarter of patients were receiving curative-intent 

treatment and approximately three-quarters were in their 

first chemotherapy cycle or had completed between one 

and three cycles. Most patients were receiving concomitant 

therapy, with antiemetics and corticosteroids being the most 

common.

The types of chemotherapy received differed by tumor 

type. No “standard” (as prespecified in the eCRF) regimen 

was received by $10% of breast cancer patients in the FAS 

or PAS (n=289 and n=152, respectively). In both the FAS 

and PAS (respectively), paclitaxel (26% and 25%), docetaxel 

(17% and 18%), trastuzumab (14% and 11%), vinorelbine 

(12% and 11%), and capecitabine (9% and 11%) were the 

most commonly used agents in “non-standard” regimens. 

Among patients with ovarian cancer, the most common 

“standard” regimens in the FAS and PAS (n=157 and n=79, 

respectively) were carboplatin plus paclitaxel (29% in both 

populations) and carboplatin plus gemcitabine (9% and 11%, 

respectively). Carboplatin (17% and 20%), paclitaxel (16% 

and 14%), topotecan (12% and 9%), gemcitabine (10% and 

15%), and bevacizumab (10% and 11%) were the most com-

monly used agents in “non-standard” regimens (for FAS and 

PAS, respectively). In patients with colorectal cancer in the 

FAS and PAS (n=153 and n=71, respectively), 5-fluorouracil 

(5-FU) plus oxaliplatin (14% in both populations), 5-FU plus 

irinotecan (13% and 20%), capecitabine plus oxaliplatin 

(12% and 10%), and 5-FU plus irinotecan plus bevacizumab 

(9% and 11%) were the most common “standard” regimens. 

Of the “non-standard” regimens used, 5-FU (18% in both 

populations), irinotecan (12% and 13%), and oxaliplatin 

(11% and 10%) were the most commonly used agents (for 

FAS and PAS, respectively). Among patients with non-small 

cell lung cancer, the most common “standard” regimens 

in the FAS and PAS (n=221 and n=70, respectively) were 

carboplatin plus gemcitabine (16% in both populations), 

carboplatin plus pemetrexed (11% and 6%), and cisplatin 

plus vinorelbine (6% and 13%). All the patients with prostate 

cancer in the FAS and the PAS (n=82 and n=39, respectively) 

received “non-standard” regimens; in these, docetaxel (67% 

and 59%) and cabazitaxel (16% and 26%) were the most 

commonly used agents.

Table 1 Baseline characteristics of the Fas and Pas

FAS 
(n=1,158)

PAS 
(n=510)

Male sex, n (%) 467 (40.3) 177 (34.7)
age, years, mean (sD) 63.9 (11.1) 64.2 (11.4)

  $65 years, n (%) 592 (51.1) 266 (52.2)

Disease stage,a n (%)
 i or ii 107 (9.2) 58 (11.4)
 iii or iV 1,050 (90.7) 452 (88.6)
eCOg score,b n (%)
 0 or 1 921 (79.5) 425 (83.3)
 2 219 (18.9) 79 (15.5)
Tumor type, n (%)
 Breast 289 (25.0) 152 (29.8)
 non-small cell lung 221 (19.1) 70 (13.7)
 Ovarian 157 (13.6) 79 (15.5)
 Colorectal 153 (13.2) 71 (13.9)
 Prostate 82 (7.1) 39 (7.6)
 Other/missingc 256 (22.1) 99 (19.4)
Chemotherapy cycles completed, n (%)
  In the first cycle 175 (15.1) 77 (15.1)
 1–3 624 (53.9) 285 (55.9)
 4–6 236 (20.4) 93 (18.2)

 6 123 (10.6) 55 (10.8)

Treatment intention, n (%)

 Curative 310 (26.8) 149 (29.2)
 Palliative 840 (72.5) 358 (70.2)
 Other 8 (0.7) 3 (0.6)
Received prior radiotherapy, n (%) 316 (27.3) 140 (27.5)
Receiving concomitant medication, n (%) 990 (85.5) 440 (86.3)
Types of concomitant medication, n (%)
 antiemetics 501 (43.3) 211 (41.4)
 Corticosteroids 313 (27.0) 141 (27.6)
 analgesics 184 (15.9) 80 (15.7)
 narcotics 145 (12.5) 55 (10.8)
 anxiolytics 72 (6.2) 39 (7.6)
 antihistamines 43 (3.7) 23 (4.5)
 antidepressants 25 (2.2) 13 (2.5)
 antipsychotics 5 (0.4) 2 (0.4)
anemia symptom, n (%)
 Fatigue 1,102 (95.2) 491 (96.3)
 Dyspnea 276 (23.8) 112 (22.0)
 Cold skin 154 (13.3) 74 (14.5)
 Dizziness 153 (13.2) 72 (14.1)
 Palpitations 126 (10.9) 52 (10.2)
 headaches 114 (9.8) 50 (9.8)
 Depression 111 (9.6) 52 (10.2)
 loss of libido 68 (5.9) 27 (5.3)
 impaired cognitive function 57 (4.9) 25 (4.9)
 Other 118 (10.2) 49 (9.6)
hemoglobin, g/dl,d mean (sD) 9.3 (0.6) 9.4 (0.6)
hemoglobin subgroup, n (%)

 hb #8 g/dl 44 (3.9) 22 (4.3)

 hb 8 to #9 g/dl 254 (22.4) 103 (20.2)

 hb 9 to #10 g/dl 799 (70.5) 374 (73.3)

 hb 10 g/dl 36 (3.2) 11 (2.2)

(Continued)
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Figure 1 Mean (95% confidence intervals) change in hemoglobin levels over time in the full analysis set.
Notes: For patients with more than one hemoglobin value per study week, the mean hemoglobin value has been used. hemoglobin measurements within 28 days after a 
transfusion are excluded from the analysis.
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Change in hb levels
Mean Hb levels over time for the FAS are shown in Figure 1. 

For the PAS, the mean Hb change at week 9 was 1.2 (standard 

deviation [SD]: 1.4) g/dL; the median (quartile 1, quartile 3) 

Hb change was 1.2 (0.3, 2.0) g/dL. At week 9, 295 patients 

(58% [95% confidence intervals {CI}: 54–62]) had an Hb 

increase $1 g/dL. Up to EOS, 386 patients (76% [95% CI: 

72–79]) had an Hb increase $1 g/dL (at any point). The 

median time to first Hb increase $1 g/dL was 36.5 (95% 

CI: 30–43) days (Figure 2); the Kaplan–Meier estimate for 

the proportion of patients with an Hb increase $1 g/dL by 

EOS was 79% (95% CI: 75–83).

Change in Qol scores
Mean FACT-F and VAS scores for the FAS over time are 

shown in Figure 3. In the PAS, mean change in FACT-F and 

VAS scores between baseline and week 9 were 3.5 (SD: 10.5) 

and 4.3 (SD: 24.7), with 64% and 54% of patients show-

ing an improvement (of $1 point) in score, respectively 

(Table 2).

MiD in Qol
As the number of patients in the PAS with an improve-

ment in VAS of 7±3 points (n=69) was more than 20% of 

the number of patients with a VAS improvement $1 point 

(n=55), and the number of patients with a VAS improvement 

of 5±3 points (n=44) was less than 20% of the number of 

patients with a VAS improvement $1 point (n=55), a VAS 

improvement of 5±3 points was used to determine the MID 

for this study.

The mean FACT-F change score for patients in the PAS 

with a VAS improvement of 5±3 points was 3.5 (SD: 5.5) and 

so this was defined as the MID for a QoL improvement. Based 

on achieving/exceeding this score at week 9, 249 patients 

(49% [95% CI: 45–53]) had a QoL improvement. At any 

time up to EOS, 357 patients (70% [95% CI: 26–34]) had 

improved QoL. The median time to first QoL improvement 

was 40 (95% CI: 34–43) days (Figure 4); the Kaplan–Meier 

estimate for the proportion of patients with a QoL improve-

ment by EOS was 72% (95% CI: 68–76).

Primary endpoint
Overall, 162 patients in the PAS (32% [95% CI: 28–36]) 

achieved both improved QoL and an Hb increase $1 g/dL 

at week 9, and thereby achieved the study primary endpoint. 

In an analysis according to the most common tumor types 

in the PAS, the proportions of patients having both a QoL 

Table 1 (Continued)

FAS 
(n=1,158)

PAS 
(n=510)

FaCT-F score, mean (sD) 28.4 (10.5) 29.2 (10.3)
Fatigue Vas score, mean (sD) 51.2 (22.6) 49.2 (22.6)

Notes: aDisease stage missing for one patient in the Fas (0.1%); beCOg score was 
missing for 18 patients in the Fas (1.6%), and for six patients in the Pas (1.2%); cin 
the Fas, “other” includes bladder (5.5%), pancreatic (4.7%), gastric (3.4%), small-cell 
lung (3.3%), endometrial (2.0%), esophageal (1.6%), and renal (1.5%) cancers, and was 
missing for 0.2% of patients. in the Pas, “other” includes pancreatic (6.1%), bladder 
(3.1%), gastric (2.9%), endometrial (2.4%), small-cell lung (2.4%), renal (2.0%), and 
esophageal (0.6%) cancers; dhemoglobin data available for 1,133 Fas patients and 
for all patients in the Pas.
Abbreviations: eCOg, eastern Cooperative Oncology group; FaCT-F, functional 
assessment of cancer therapy-fatigue; Fas, full analysis set; hb, hemoglobin; Pas, 
primary analysis set; sD, standard deviation; Vas, visual analog scale.
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improvement and an Hb increase $1 g/dL at week 9 were 

39% (95% CI: 31–47), 38% (95% CI: 27–49), 31% (95% CI: 

20–42), 29% (95% CI: 18–39), and 28% (95% CI: 14–42) 

for patients with breast, ovarian, colorectal, non-small cell 

lung, and prostate cancers, respectively.

Factors impacting on Qol improvement
In a univariate exploratory analysis, the odds ratio of 

having improved QoL at week 9 for patients in the PAS 

who had an Hb increase $1 g/dL compared with ,1 g/dL  

at week 9 was 1.79 (95% CI: 1.26–2.56; P=0.001). No 

further covariates were found to be significant when added 

to this model.

RBC transfusions and iron use
In the FAS, 261 patients (23%) required one or more RBC 

transfusion during the study and there were a total of 

392 transfusion events. The mean units transfused per event 

were 1.8 (SD: 0.6); mean Hb levels within the 7 and 14 days 

prior to transfusion were 8.3 (SD: 1.0) g/dL and 8.4 (SD: 

1.0) g/dL, respectively. The reasons for transfusion were 

symptomatic anemia (47%), rapid decline in Hb levels (35%), 

asymptomatic anemia (13%), presurgical transfusion (,1%), 

and significant hemorrhage (,1%), and were listed as “other” 

for 3% of patients. In the PAS, 82 patients (16%) required 

one or more RBC transfusions and there were a total of 117 

transfusion events. The mean units transfused per event were 

1.8 (SD: 0.6); mean Hb levels within both the 7 and 14 days 

prior to transfusion were 8.4 (SD: 1.0) g/dL. The reasons for 

transfusion were symptomatic anemia (51%), rapid decline 

in Hb levels (28%), and asymptomatic anemia (21%). In an 

analysis according to the most common tumor types in the 

FAS, the proportions of patients requiring an RBC transfu-

sion were 19%, 29%, 26%, 11%, and 26% for patients with 

breast, non-small cell lung, ovarian, colorectal, and prostate 

cancers, respectively.

Overall for the FAS, 370 patients (32%) received iron 

supplementation during the study, with intravenous (IV) iron 

being used in 235 patients (20%) and oral iron in 166 patients 

(14%). In the PAS, 163 patients (32%) received iron supple-

mentation, with IV iron being used in 96 patients (19%) and 

oral iron in 86 patients (17%).

Table 2 Change in quality of life scores at week 9 (primary 
analysis set), as assessed by Vas and FaCT-F

FACT-F subscale 
(n=510)

Fatigue VAS 
(n=510)

Mean (sD) 3.5 (10.5) 4.3 (24.7)
Median (Q1, Q3) 3.0 (-2.0, 10.0) 2.0 (-10.0, 20.0)
Minimum, maximum -35, 34 -84, 84
improvement in score,a n (%) 328 (64.3) 277 (54.3)
  20 points 26 (5.1) 115 (22.5)

  10–20 points 92 (18.0) 65 (12.7)

  5–10 points 85 (16.7) 58 (11.4)

  #5 points 125 (24.5) 39 (7.6)
no change in score, n (%) 19 (3.7) 36 (7.1)
Deterioration in score,b n (%) 163 (32.0) 197 (38.6)
  20 points 8 (1.6) 60 (11.8)

  10–20 points 33 (6.5) 50 (9.8)

  5–10 points 49 (9.6) 42 (8.2)

  #5 points 73 (14.3) 45 (8.8)

Notes: aimprovement = increase in score for FaCT-F and a decrease in score 
for Vas; bdeterioration = decrease in score for FaCT-F and an increase in score 
for Vas.
Abbreviations: FaCT-F, functional assessment of cancer therapy-fatigue; 
Q1, quartile 1; Q3, quartile 3; sD, standard deviation; Vas, visual analog scale.

0.6

0.8

1.0

0.4

0.2

0.0

0

510 488 429 380 297 270 245 209 179 159 136 100 86 0Number of patients at risk:

1 2 3 4 5 86 7

Study week

P
ro

p
o

rt
io

n
 o

f 
p

at
ie

n
ts

 w
it

h
 in

cr
ea

se

9 10 11

Median (95% CI): 40.0 (34.0, 4300) days

12 13

Median (95% CI): 40.0 (34.0, 43.0) days

Figure 4 Time to first quality of life improvement (primary analysis set).
Note: Values within 28 days of a transfusion were set to missing.
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Da exposure
In the FAS, 1,134 patients received DA and the median daily 

DA dose during the study was 33.3 (range: 9–500) µg; the 

median weekly dose was 208.3 (range: 62–1,000) µg. The 

median duration of DA exposure was 43.0 (range: 1–91) days 

and the median total dose was 1,350.0 (range: 150–5,500) µg. 

The median number of visits in which DA was administered 

was 3.0 (range: 1–13).

For the PAS, the median daily DA dose during the study 

was 29.9 (range: 12–71) µg and the median weekly dose was 

200.0 (range: 80–500) µg. The median duration of DA exposure 

was 64.0 (range: 21–91) days and the median total dose was 

1,800.0 (range: 600–5,000) µg. The median number of visits in 

which DA was administered was 4.0 (range: two to 13).

safety
In the FAS (n=1,158), ten patients (,1%) reported eleven ADRs 

(thrombocytosis, arrhythmia, cardiac arrest, cystoid macular 

edema, abdominal pain, injection-site pain, drug hypersensitiv-

ity, hyperglycemia, cerebrovascular accident, pruritus, rash). 

Two serious ADRs (cardiac arrest, cerebrovascular accident) 

and three ADRs leading to study discontinuation (cystoid 

macular edema, abdominal pain, drug hypersensitivity) were 

reported. There was one reported fatal ADR (cardiac arrest).

Four patients (,1%) in the PAS (n=510) reported a total 

of five ADRs during the study (cystoid macular edema, 

injection-site pain, hyperglycemia, pruritus, rash). In this 

population, there were no serious or fatal ADRs reported and 

only one ADR was reported to lead to study discontinuation 

(cystoid macular edema).

Discussion
The primary outcome used in this study was a stringent 

measure necessitating both a QoL improvement and an 

Hb increase $1 g/dL at week 9 during DA treatment; 

32% of patients achieved the primary outcome. The propor-

tion of patients achieving both improved QoL and an Hb 

increase $1 g/dL was generally consistent across the most 

common tumor types. Week 9 was selected for the primary 

outcome as one would expect a patient to have responded 

by this time. The flexibility of timing around this time point 

was to allow for the observational nature of the study and 

the potential differences in ESA dosing regimens. The true 

proportion of patients achieving both a QoL improvement and 

an Hb increase $1 g/dL at any time between baseline and EOS 

was not assessed in this study, although this is likely to be 

higher than that observed for the primary outcome. In line with 

this, more patients were found to have a QoL improvement 

(70% vs 49%) or an Hb increase $1 g/dL (76% vs 58%) at 

any time during the study vs week 9 and so the concordance 

between these two measures is likely to be higher.

To determine which patients had improved QoL in the 

present study, we used an anchor-based approach; however, 

there are no gold standard anchor-based methodologies or 

accepted methods of analyzing the resultant data. In our 

study, patients were deemed to have improved QoL if they 

had an improvement in FACT-F score of $3.5 points – the 

calculated MID. This is similar to the FACT-F MID utilized 

in two previous ESA studies (MID: $3).20,21 We could have 

used alternative methodology, for example, looking at the 

difference between mean FACT-F change scores for patients 

with an improvement in VAS scores compared to no improve-

ment in VAS. This would have been more in line with reported 

methodology for an anchor-based approach to calculating 

the MID; however, such methodology was deemed to be 

too conservative. By prespecifying that VAS change scores 

of 7±3, 5±3, 5±2, or 5±1 would be used depending on the 

number of patients in each of these categories compared with 

20% of the number of patients who had a VAS improvement 

of $1 point, we attempted to limit data to only those patients 

who had a small but beneficial QoL improvement.

An Hb increase $1 g/dL was used as one of the other 

components of the primary outcome measure in the present 

study. Such an increase has been consistently used in stud-

ies assessing the efficacy of ESAs.22–25 According to current 

guidelines, an Hb increase of 1 g/dL and Hb maintenance in 

the target range of 10–12 g/dL offers a clinically meaning-

ful benefit to patients. In eAQUA, DA was initiated at Hb 

levels of 9–10 g/dL in most patients and Hb was generally 

maintained within the target range of 10–12 g/dL; therefore, 

patients appeared to be treated in accordance with the labeled 

indication and went on to experience clinically meaning-

ful improvements in Hb levels and fatigue-related QoL. 

Although we cannot conclude that an Hb increase leads to 

improved QoL from these data, an Hb increase $1 g/dL at 

week 9 was significantly predictive of improved QoL. This 

supports the observations of Vansteenkiste et al, who reported 

significant improvements in FACT-F scores (56% vs 44% any 

improvement [chi-square test; P=0.052] and 32% vs 19% 

with a $25% improvement [P=0.019], respectively) for DA 

vs placebo in a study including patients with lung cancer 

undergoing chemotherapy.26

In eAQUA, only an Hb increase $1 g/dL at week 9 signifi-

cantly predicted a QoL improvement in the multivariate model. 

Other baseline (age, sex, tumor type, disease stage, chemother-

apy type, Hb levels, line of chemotherapy) and post-baseline 

www.dovepress.com
www.dovepress.com
www.dovepress.com


Cancer Management and Research 2016:8 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

9

hb levels and Qol in symptomatic Cia

(iron use, concomitant medication use) covariates did not 

significantly impact on the occurrence of a QoL improvement, 

suggesting that DA had similar efficacy across the spectrum 

of patients likely to be seen in clinical practice. Few patients 

(n=24) received an ESA other than DA during this study and 

even fewer of these had both baseline and week 9 assessments 

for each of Hb, FACT-F, and VAS (n=9). Therefore, although 

results for the FAS and PAS appear similar, we cannot general-

ize the results for DA to all other ESAs.

As this was an observational study, attendance/data 

collection at specific study visits was not required and data 

were collected as per normal clinical practice or when the 

patient was visiting the clinic in relation to chemotherapy 

and/or ESA administration. Therefore, the number of visits/

data points for each patient may have varied. It is expected 

that patients with more frequently dosed ESA and/or che-

motherapy regimens will have more hospital visits and thus 

more data than those who are dosed less frequently.

From a patient perspective, agents that may prevent/

reduce the need for transfusions are important as they can 

help decrease feelings of helplessness and help patients feel 

involved with the treatment process. Relatively few patients 

(FAS: 23%; PAS: 16%) required RBC transfusions during 

eAQUA. This is consistent with previous studies in which DA 

was shown to reduce the risk of transfusion in patients with 

solid tumors.26–28 In these studies, 17%–27% of DA-treated 

patients required transfusions compared with 39%–52% of 

placebo-treated patients.26–28 Concomitant IV iron use can 

increase hematopoietic response and reduce the need for 

transfusions in patients receiving an ESA.29–31 In the present 

study, ∼80%–81% of patients received no IV iron supplemen-

tation, suggesting that DA alone effectively managed Hb lev-

els in most patients. Approximately 14%–17% of patients in 

this study received oral iron supplementation. However, oral 

iron has not been shown to significantly improve hematopoi-

etic response or reduce the need for transfusions in patients 

undergoing ESA treatment31 and so is unlikely to impact on 

the apparent efficacy of DA in the present study.

DA treatment appeared to be well tolerated, with few 

patients (,1%) reporting ADRs during this study and few 

serious or fatal ADRs or discontinuations due to ADRs 

reported. However, ADRs may be under-reported in observa-

tional studies and so the overall incidence of ADRs may not 

reflect the true tolerability profile of DA in this population.

Conclusion
In this clinical practice study, patients undergoing chemother-

apy and treated with DA, in line with the current European 

indication for symptomatic CIA, had clinically meaningful 

improvements in both Hb levels and QoL. There was also a 

low incidence of transfusions. Clinicians appeared to be using 

DA appropriately to keep Hb levels within the licensed target 

Hb range of 10–12 g/dL. Consistent with previous studies, 

DA appeared effective at improving Hb levels, reducing 

fatigue and transfusion requirements, and thereby improving 

QoL in patients with CIA.
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