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Summary

We conducted a systematic review and meta-analysis to estimate the effi-
cacy of darbepoetin alpha (DA) for treatment of myelodysplastic syndrome
(MDS)-related anaemia. Eligible studies were prospective, interventional,
and reported World Health Organization, French-American-British, or
International Prognostic Scoring System (IPSS) criteria. Outcomes included
erythroid response rate (primary); haemoglobin response; change in hae-
moglobin, transfusion status, and quality-of-life (QoL); and safety. Ten
studies (N = 647) were analysed. Erythroid response rate range was 38—
72%; median response duration range was 12-51+ months. Patients with
erythropoietin (EPO) <100 iu/l had 35% [95% confidence interval (CI):
22-48%; P < 0-001) better response than patients with EPO >100 iu/L
Erythropoesis-stimulating agent (ESA)-naive patients had 17% (95% CIL:
3-32%; P = 0-022) greater response rate than those previously treated with
ESA. Nonetheless, previously treated patients had response rates of
25-75%. Higher baseline haemoglobin levels, higher dose, transfusion-
independence and low-risk IPSS status were reported by several studies to
be associated with better response. QoL, transfusion rates and haemoglobin
levels improved with treatment. Hypertension, thromboembolism and pro-
gression to acute myeloid leukaemia were reported in 2%, 1% and 1% of
patients, respectively. This meta-analysis suggests that DA treatment can be
useful for improving erythroid response in MDS patients with anaemia,
even among patients previously treated with ESA.
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Myelodysplastic syndromes (MDS) are a group of heteroge-
neous disorders characterized by one or more peripheral
blood cytopenias that originate in dysfunctional clonal bone
marrow stem cells with abnormal proliferation and differen-
tiation. The incidence rate of MDS is estimated to be 5-3—
13-1 cases per 100 000 people worldwide (Cogle, 2015).
Patients with MDS often progress to acute myeloid leukae-
mia (AML),
(Steensma & Bennett, 2006). Patients are most commonly

particularly patients with high-risk MDS

stratified into risk categories using the International Prognos-
tic Scoring System (IPSS) based on percentage of blasts,
number of cytopenias and cytogenetics. The primary objec-
tives of treatment in patients with low- or intermediate-risk
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MDS are to treat the anaemia resulting from disease, reduce
transfusions, improve quality of life (QoL) and prevent
progression to AML or other higher-risk disease (Garcia-
Manero, 2014).

Anaemia is a major burden for MDS patients and is asso-
ciated with fatigue, weakness and shortness of breath. The
symptoms of anaemia may be temporarily improved by red
blood cell (RBC) transfusion, but there are safety concerns
associated with repeated transfusions (Greenberg et al, 2013).
Anaemia leading to transfusion dependency and iron over-
load is commonly observed in patients diagnosed with MDS.
Transfusion dependency and iron overload have been associ-
ated with shorter survival and worse clinical outcomes
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among patients with MDS, including cardiac, hepatic, and
endocrine dysfunction (Greenberg et al, 2013). Prevention of
transfusion-related events for MDS patients can have a
substantial effect on survival, which varies by risk stratifica-
tion: median survival in low-risk patients can exceed 3 years
and in high-risk patients can be as low as 2 months
(Garcia-Manero, 2014).

Erythropoesis-stimulating agents (ESAs) have been used to
treat anaemic MDS patients in clinical practice to reduce the
risk of RBC transfusion (Sekeres et al, 2008). Two retrospec-
tive studies (Spiriti et al, 2005; Park et al, 2010) and one
prospective study (Greenberg et al, 2009) have suggested that
use of ESA rather than transfusions improved the overall sur-
vival of MDS patients. Additionally, longer survival times
have been reported in MDS patients with ESA therapy than
without (Jadersten et al, 2008; Park et al, 2008).

Previous reviews reported on studies that used short-act-
ing epoetin alpha (EA) to treat MDS-related anaemia (Ross
et al, 2007; Moyo et al, 2008), but these reviews focused on
EA and included few studies assessing long-lasting darbepo-
etin alpha (DA). The number of studies that have assessed
DA use has increased (Gabrilove et al, 2008; Gotlib et al,
2009; Oliva et al, 2010; Nilsson-Ehle ef al, 2011; Villegas
et al, 2011; Kelaidi et al, 2013a; Jang et al, 2015). Studies
have demonstrated efficacy and a safe profile with few
reported adverse events (AEs) (Kelaidi & Fenaux, 2010);
however, to our knowledge no meta-analysis or systematic
review has been conducted on these DA studies.

Here, we conducted a systematic review and meta-analysis
of the use of DA as supportive care to treat anaemia in
patients with MDS. The primary objective of this study was
to estimate the erythroid response rate in MDS patients
receiving DA. We also examined the response rate by base-
line erythropoietin levels, DA dose, response measurement
timing and transfusion history.

Methods

Literature search and data extraction

The literature search was performed by two professional
independent librarians using the following databases:
PubMed, EMBASE, MEDLINE, BIOSIS Previews and the
Current Contents/all editions for papers published until
August 2015. A range of MeSH (Medical Subject Headings)
terms and key words were used to search the relevant
databases (Data S1). Additional searches of conference pro-
ceedings were conducted for the American Society of Hema-
tology (ASH), American Society of Clinical Oncology
(ASCO), MDS Foundation, European Haematology Associa-
tion (EHA), International Symposium on Supportive Care
in Cancer (MASCC) and European Society for Medical
Oncology (ESMO). Titles and abstracts of identified studies
were evaluated to determine if they met eligibility criteria.
Full articles were obtained and screened manually for
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confirmation. A manual check of the reference lists of all
accepted papers and recent reviews was also performed to
supplement the electronic searches described above. Screen-
ing and evaluation were conducted independently by two
reviewers with resolution of disagreement by consensus or
adjudication by a third reviewer. To avoid review of dupli-
cate reports of the same study, this analysis used the most
complete publication, or the most recent of multiple publica-
tions using the same patient population.

Publications were extracted if the following inclusion crite-
ria were met: (i) prospective interventional study design of
MDS patients treated with DA; (ii) at least 10 adult patients
with MDS reporting either World Health Organization
(WHO), French-American-British (FAB) criteria or IPSS sta-
tus; (iii) reported at least one of the following outcomes:
number and proportion of patients with erythroid response,
haemoglobin change, RBC transfusions (pre- and post-treat-
ment), QoL using validated instruments [e.g., the Functional
Assessment of Cancer Therapy (FACT), as pre- and post-
treatment scores or change scores], or the utilization of
health resources; (iv) publication written in English, or stud-
ies reported in languages other than English with the relevant
data for the analysis available from the abstract; and (v) pub-
lished since 1980. Studies were excluded they if they were: (i)
animal or in vitro studies; (ii) case reports, letters, news, edi-
torials, or reviews; or (iii) study populations of other malig-
nancies.

Data were extracted independently by two reviewers and
entered into a pre-designed data extraction form. Disagree-
ment was resolved through discussion until consensus was
achieved. Information regarding the study design and out-
comes of interest were collected. In the extraction of safety
data, a zero number of events was recorded only where there
was a clear statement in the original study that a particular
event did not occur; when no mention of an event was
made, the data were treated as missing and not included in
the analyses.

Analytical approach

The primary endpoint of interest of this study was the inter-
national Working Group (IWG) 2000 erythroid response rate
in MDS patients receiving DA (Cheson et al, 2000), as this
outcome was more commonly reported than the IWG 2006
response definition (Cheson et al, 2006) over the time period
of the systematic review. Other endpoints analysed descrip-
tively included: change in the number of units and percent-
age of RBC transfusions from baseline; time to response;
duration of response; change in QoL measures from baseline;
and numbers and percentages of AEs.

We evaluated clinical and methodological heterogeneity
with respect to the study population [e.g., MDS subtype,
baseline clinical characteristics including serum erythropoi-
etin (EPO) level], participant selection method (e.g., inclu-
sion/exclusion criteria), intervention or treatment evaluated
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[e.g., DA dosing regimen, addition of granulocyte colony-sti-
mulating factor (G-CSF)], outcome measurements (e.g., defi-
nition of erythroid response) and analysis methods.
Additional visual inspection of forest plots and statistical
methods, such as the I* statistic (Higgins & Thompson,
2002) and Cochran’s Q statistic (Hedges & Olkin, 1985),
were used to assess the heterogeneity across studies and assist
in the decision as to how to proceed with data synthesis.
Throughout the analyses, estimates were only combined
using formal meta-analytical techniques when it was war-
ranted, based on sample size or tests of homogeneity; other-
wise results were reported descriptively or graphically only.

Publication bias (the potential for non-significant studies
to go unpublished, thereby skewing the published results
toward a more favourable conclusion) was evaluated graphi-
cally using a funnel plot where proportion of response was
compared against within-study variation for each study. If
no publication bias exists, a balanced scatter around the true
response rate forming a triangular ‘funnel’ shape is seen, with
greater variation for smaller (high-variation) studies and less
variation for larger studies. If publication bias exists, there is
a tendency for negative studies to be missing (particularly
the negative, small, high-variation studies) resulting in an
asymmetrical shape.

Meta-analysis

A formal meta-analysis was performed to estimate the ery-
throid response rate based on studies using IWG 2000
response definitions, although the results from studies with
other response definitions were included descriptively. Fur-
thermore, we chose outcomes that were assessed at 12—
24 weeks after the initiation of treatment, taking the earliest
response reported within that window when responses at
multiple time points were reported for the same study. A for-
mal meta-analysis was not performed for other outcomes of
interest.

Where combined estimates were warranted, we used ran-
dom effects models based on a restricted maximum-
likelihood estimator (Raudenbush, 2009) for combined esti-
mates and meta-regression. All confidence intervals (CIs) for
single studies were based on the asymptotic CI for a single
proportion (Newcombe, 1998). For the two-sample subgroup
analyses, we used the absolute difference in response as the
outcome measure because the response rate difference
between the subgroups was the quantity of clinical interest.
As a sensitivity analysis, we also compared subgroups using
the log odds ratio. All statistical analyses were performed
using the package ‘metafor’ (Viechtbauer, 2010) in the statis-
tical software R (Venables & Smith, 2015).

Results

A total of 173 references were identified, of which 41 refer-
ences were considered potentially relevant based on the

Data Sources: MEDLINE, PubMed,
EMBASE, BIOSIS Previews, Current
Contents/all editions, conference
proceedings (ASCO, ASH, MASCC,
ESMO, EHA)

References identified: N =173

First level of abstract screening:
» 135 records excluded

A 4

A 4

References identified: N =41
* 24 Manuscripts
* 17 Abstracts

Second level of screening:

21 records excluded

» 10 Retrospective analysis

» 7 Duplicate reports

» 8 Review/Letter to the editor

» 5 Did not address study questions

» 1 Planned research (enrolled <10 pts)

A 4

Studies: n=10

Fig 1. Flow chart of literature search results and study selection.
ASCO, American Society of Clinical Oncology; ASH, American Soci-
ety of Hematology; MASCC, Multinational Association of Supportive
Care in Cancer; ESMO, European Society for Medical Oncology;
EHA, European Haematology Association.

abstracts according to the inclusion and exclusion criteria
(Fig 1). Full texts of these articles were reviewed and 10
studies (N = 647 patients) were confirmed to meet the eligi-
bility criteria (Table I).

Clinical and methodological characteristics of published
studies

Nine of ten studies that met the inclusion criteria were sin-
gle-arm phase II studies (Musto et al, 2005; Stasi et al, 2005;
Mannone et al, 2006; Gabrilove et al, 2008; Gotlib et al,
2009; Oliva et al, 2010; Nilsson-Ehle et al, 2011; Villegas
et al, 2011; Kelaidi et al, 2013a), and one study was a ran-
domized controlled trial (RCT) (Jang et al, 2015) that evalu-
ated the response rate across different DA doses. When
evaluating the effect of dose on response, the response rates
from the three dose arms reported by Jang et al (2015) were
entered into the analysis separately; for the rest of the analy-
sis, the response rates, safety events and other outcomes from
all three arms were combined. Despite the inclusion of a
range of WHO or FAB classifications, most studies enrolled
patients with low-risk or intermediate-1 IPSS risk only, with
a few studies including a small proportion of patients with
intermediate-2 IPSS risk (Musto et al, 2005; Mannone et al,
2006; Gotlib et al, 2009; Nilsson-Ehle et al, 2011). Most stud-
ies clearly stated that patients with other causes of anaemia
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were excluded (Stasi et al, 2005; Mannone et al, 2006;
Gabrilove et al, 2008; Oliva et al, 2010; Nilsson-Ehle et al,
2011; Villegas et al, 2011; Kelaidi et al, 2013a).

Baseline patient clinical characteristics of the original stud-
ies are summarized in Table I. All but one of the studies
(Mannone et al, 2006) reported either mean or median base-
line haemoglobin levels (range of median levels: 79-93 g/l;
range of mean levels: 79-98 g/1) and all studies except one
(Musto et al, 2005) stated that patients were at or below a
threshold haemoglobin level for inclusion. All studies except
one (Nilsson-Ehle et al, 2011) reported baseline serum EPO
levels (range of median EPO levels: 58-1-171 iu/l; range of
mean EPO levels: 113-221-1 iu/l) (Musto et al, 2005; Stasi
et al, 2005; Mannone et al, 2006; Gabrilove et al, 2008;
Gotlib et al, 2009; Oliva et al, 2010; Villegas et al, 2011;
Kelaidi et al, 2013a; Jang et al, 2015). The duration of time
from MDS diagnosis to enrolment ranged from 3-6 to
20 months (both mean and median) for the five studies that
reported duration (Musto et al, 2005; Stasi et al, 2005; Man-
none et al, 2006; Oliva et al, 2010; Nilsson-Ehle et al, 2011).
Most studies either excluded patients with previous ESA
exposure (Stasi et al, 2005), or excluded patients who had
received EPO within 1-6 months of the start of the study
(Gotlib et al, 2009; Oliva et al, 2010; Nilsson-Ehle et al,
2011; Villegas et al, 2011; Kelaidi et al, 2013a). All of the
studies included some transfusion-dependent patients (range
4-100%), although the definition of transfusion dependency
varied slightly across studies.

Although treatment regimens varied, there were many
commonalities (Table II). Seven of the ten studies had an
initial fixed-dose regimen that was administered once weekly
(QW), with doses ranging from 60 to 300 pg (Musto et al,
2005; Stasi et al, 2005; Mannone et al, 2006; Oliva et al, 2010;
Nilsson-Ehle et al, 2011; Villegas et al, 2011; Jang et al,
2015). Two studies treated patients with an initial dose of
500 pg every 2 weeks (Q2W) (Kelaidi et al, 2013a) or
3 weeks (Q3W) (Gabrilove et al, 2008). One study adminis-
tered a weight-based dose QW (Gotlib et al, 2009). Nine of
the ten studies increased the initial dose, the frequency of
dosing or added G-CSF when minor response or non-
response was observed (Stasi et al, 2005; Mannone et al,
2006; Gabrilove et al, 2008; Gotlib et al, 2009; Oliva et al,
2010; Nilsson-Ehle et al, 2011; Villegas et al, 2011; Kelaidi
et al, 2013a; Jang et al, 2015). Two studies added G-CSF to
the treatment regimen for patients with refractory anaemia
with ringed sideroblasts (RARS) from week 1 (Gotlib et al,
2009; Nilsson-Ehle et al, 2011), and four studies added G-
CSF to the regimen after poor response at 8-12 weeks (Man-
none et al, 2006; Gotlib et al, 2009; Villegas et al, 2011;
Kelaidi et al, 2013a). In total, nine studies reported IWG
2000 results at 12-24 weeks, with total treatment periods
ranging from 12 to 52 weeks. Five studies reported median
follow-up ranging from 9 to 52 months (Stasi et al, 2005;
Mannone et al, 2006; Villegas et al, 2011; Kelaidi et al,
2013a; Jang et al, 2015).

Darbepoetin Alpha for Myelodysplastic Syndromes

Erythroid response rate and meta-analysis

Nine studies reported response according to IWG 2000 crite-
ria within 12-24 weeks, with response rates ranging from
38% to 72-5% (Musto et al, 2005; Stasi et al, 2005; Mannone
et al, 2006; Gabrilove et al, 2008; Gotlib et al, 2009; Oliva
et al, 2010; Villegas et al, 2011; Kelaidi et al, 2013a; Jang
et al, 2015). The results for response rates are summarized in
Table II. Median time to response ranged from 4 to 9 weeks
among responders (Musto et al, 2005; Mannone et al, 2006;
Gotlib et al, 2009; Kelaidi et al, 2013a) and 8 to 9 weeks
when both responders and non-responders were included
using the Kaplan—Meier estimates of response time (Oliva
et al, 2010; Villegas et al, 2011). Additionally, Gabrilove et al
(2008) reported a median time to response of 11 weeks for
ESA-naive patients and 31 weeks for patients previously trea-
ted with ESAs based on responders and non-responders
(Table II). The median duration of response was between 12
and at least 51 months (Gotlib et al, 2009; Musto et al, 2005;
Oliva et al, 2010; Stasi et al, 2005b).

The response rates are also summarized in Fig 2. The
responses were too heterogeneous to be combined
(P < 0-001) but several subgroups were similar enough to be
combined. Based on the six studies that reported results sep-
arately by baseline EPO level (Musto et al, 2005; Mannone
et al, 2006; Gabrilove et al, 2008; Gotlib et al, 2009; Villegas
et al, 2011; Jang et al, 2015), patients with EPO levels
<100 iu/l had 38% (95% CI: 26-49%; P < 0-0001) better
absolute response rate than patients with baseline EPO levels
>100 iu/l (Fig 3, Fig S1). Patients with EPO levels <100 iu/l
had an average response of 81% (95% CI: 74%—-88%). Based
on the four studies that reported response by previous ESA
treatment (Musto et al, 2005; Mannone et al, 2006; Gabri-
love et al, 2008; Oliva et al, 2010), patients who were ESA-
naive at baseline had a 17% (95% CI: 3-32%; P = 0-022)
improved response rate than patients who had been previ-
ously treated with an ESA (Fig 4A). Response rates for ESA-
naive patients ranged from 45% to 73% and previously trea-
ted patients ranged from 25% to 75% (Musto et al, 2005;
Mannone et al, 2006; Gabrilove et al, 2008; Oliva et al,
2010), showing that even patients previously exposed to an
ESA can exhibit an erythroid response when treated with
DA. Additionally, at the study level, higher mean baseline
haemoglobin was associated with a greater response rate
(P = 0-020) (Fig 5, Fig S2). No evidence of publication bias
was seen in the funnel plot (Fig S3). Sensitivity analyses of
the subgroups using log odds ratio rather than absolute dif-
ference in response yielded similar results.

Other trends were found that were suggestive but did not
reach statistical significance. Patients who were transfusion-
independent at baseline tended to have a 17% (95% CI:
—2-36%; P = 0-073) better response rate than patients who
were transfusion-dependent at baseline (Fig 4B) in the five
studies that reported response rates by baseline transfusion
status (Musto et al, 2005; Stasi et al, 2005; Mannone et al,
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Study Outcome Responders/ Proportion &

All patients Lower Upper
Musto et al (2005) IWG 2000 12 week 15/37 —_ 0-41 0-25 0-56
Stasi et al (2005) IWG 2000 12 week  20/53 — 0-38 0-25 0-51
Mannone et al (2006) IWG 2000 12 week  44/62 — 0-71 0-60 0-82
Gabrilove et al (2008) IWG 2000 13 week  129/206 —-— 063 0-56 0-69
Gotlib et al (2009) IWG 2000 18 week  16/24 _— 0-67 0-48 0-86
Oliva et al (2010) IWG 2000 24 week  29/40 = 0-72 0-59 0-86
Villegaset al (2011) IWG 2000 16 week  31/44 — 0-70 0-57 0-84
Kelaidi et al (2013a) IWG 2000 12 week  57/95 —— 0-60 0-50 0-70
Jang et al (2015) IWG 2000 16 week  29/50 —_— 0-58 0-44 0-72
Test for residual heterogeneity: P = 0-001 0-I20 O-AIlO 0.230 0- ;30 1 ,60

Proportion

Fig 2. Erythroid response rate reported in studies using IWG 2000 criteria (Cheson et al, 2000). Study-level meta-analysis of the proportion of
MDS patients treated with darbepoetin alpha who achieved an erythroid response is shown. Squares represent point values, diamonds represent
combined estimate point value and confidence interval, and horizontal lines represent 95% confidence intervals. CI, confidence interval.

95% ClI
Study Outcome Proportion Lower Upper

EPO <100 iu/l

Musto et al (2005) 12 week —— 0-65 0-42 0-87
Mannone et al (2006) 12 week —— 0-86 0-75 0-98
Gabrilove et al (2008) 13 week —— 076 0-69 0-83
Gotlib et al (2009) 18 week —— 0-78 0-51 1-00
Villegas et al (2011) 24 week —a— 0-80 0-64 0-96
Jang et al (2015) 16 week —— 0-93 0-79 1-00
Test for residual heterogeneity: P = 0-41

Combined estimate for EPO <100 iu/l <P 0-81 0-74 0-88
EPO >200 iu/l

Musto et al (2005) 12 week —— 0-08 0-00 0-24
Stasi et al (2005) 24 week —— 0-12 0-00 0-25
Mannone et al (2006) 12 week —— 0-50 0-26 0-74
Gabrilove et al (2008) 13 week —a— 0-31 0-16 0-46
Gotlib et al (2009) 18 week ‘ * 1 0-50 0-10 0-90
Jang et al (2015) 16 week —— 0-39 0-21 0-57

Test for residual heterogeneity: P = 0-01

T T T T T 1
0-00 0-20 0-40 0-60 0-80 1-00

IWG 2000 response proportion

Fig 3. Erythroid response rate by baseline serum EPO level: EPO <100 iu/l compared to EPO >200 iu/l. Study-level meta-analysis of the propor-
tion of MDS patients with erythroid response by serum EPO levels <100 iu/l and >200 iu/l at baseline is shown. Squares represent point values,
diamonds represent combined estimate point value and confidence interval, and horizontal lines represent 95% confidence intervals. EPO, ery-
thropoietin; CI, confidence interval.
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2006; Gotlib et al, 2009; Oliva et al, 2010). At the study level,
initial mean dose tended to be associated with response: the
estimated response for a mean initial dose of 150 pg QW
was 57% (95% CI: 49-66%) compared to 64% (95% CI: 55—
74%) for 300 pg QW (P = 0-20) (Fig 6).

The two studies that initiated G-CSF add-on therapy for
non-RARS patients before response evaluation (Gotlib et al,
2009; Villegas et al, 2011) had response rates of 67% and
70% compared to the remaining seven studies, which had

(A) ESA-naive vs previously treated patients

Darbepoetin Alpha for Myelodysplastic Syndromes

response rates ranging from 38% to 72%. Villegas et al
(2011) added G-CSF for patients with no or minor response
after 8 weeks of 300 pg of DA QW. Gotlib et al (2009) dou-
bled the weight-based dose of DA from 4-5 pg/kg/week to
9-0 pg/kg/week at 6 weeks for patients who did not achieve
an increase in their haemoglobin of greater than 20 g/l; at
12 weeks, G-CSF was added to the regimen for patients who
did not achieve an increase in their haemoglobin of greater
than 20 g/l.

Study Outcome Responders/All patients (%)
ESA- Prev Response ﬂ
naive Treated Difference Lower Upper
Musto et al (2005) 12 week 13/29 (45%) 2/8 (25%) | 0-20 -0-15 0-55
|
Mannone et al (2006) 12 week 36/49 (73%) 8/13 (62%) —_— 0-12 -0-17  0-41
|
|
Gabrilove et al (2008) 13 week 102/144 (71%) 27/62 (44%) | —-— 0-27 013 042
|
|
Oliva et al (2010) 24 week 20/28 (71%)  9/12 (75%) +——=t— -0-04 -0-33 0-26
Test of difference: P = 0-022 |
|
Test of heterogeneity: P = 0-296 :
Combined response difference :‘ 0-17 0-03 0-32
|
I N I
-0-40 0-00 0-40
Percentage response difference
(B) Transfusion-dependent vs transfusion-independent patients
; ) 95% CI
Study Outcome Responders/All patients (%) Proportion
TD Tl Lower Upper
Musto et al (2005) 12 week 7/23 (30%) 8/14 (57%) H—— 0-27 -0-05 0-59
|
Stasi et al (2005) 12 week 16/46 (35%) 417 (57%) : 0-22 -0-17 0-62
|
Mannone et al (2006) 12 week 26/41 (63%) 19/21 (90%) | ——— 0-27 0-08 046
|
Gotlib et al (2009) 18 week 9/16 (56%) 7/8 (88%) ———————  0-31 -0-02 0-65
|
Oliva et al (2010) 24 week 14/17 (82%) 15/23 (65%) '—-—i—ﬁ -0-17 -0-44 0-09
|
Test of difference: P = 0-073 :
Test for heterogeneity: P = 0-076 :
|
Combined response difference - 0-17 -0-:02 0-36
|
1T 11
-0:60 -0-20 0-20 0-60

Percentage response difference

Fig 4. Erythroid response rates based on transfusion dependence/independence and previous ESA exposure. Study-level meta-analyses of the ery-
throid response rates in MDS patients who were (A) ESA-naive vs previously treated patients and (B) transfusion-dependent and transfusion-
independent are shown. Squares represent point values, diamonds represent combined estimate point value and confidence interval, and horizon-
tal lines represent 95% confidence intervals. CI, confidence interval; TD, transfusion-dependent; TI, transfusion-independent.

© 2016 The Authors. British Journal of Haematology published by John Wiley & Sons Ltd. 741

British Journal of Haematology, 2016, 174, 730-747



S. Park et al

95% ClI
Study Outcome Hb  Mean/ Proportion
(g/) Median Lower Upper

Jang et al (2015) IWG 2000 16 week 7-9  Mean —— 0-58 0-44 0-72
Stasi et al (2005) IWG 2000 12 week 7-9  Median F——%—— 0-38 0-25 0-51
Musto et al (2005) IWG 2000 12 week 82 Mean +—a8—— 0-41 0-25 0-56
Oliva et al (2010) IWG 2000 24 week 9-0 Mean —a— 0-72 0-59 0-86
Kelaidiet al (2013a) IWG 2000 12 week 92  Median —a— 0-60 0-50 0-70
Villegas et al (2011)  IWG 2000 16 week 9:2  Mean —— 0-70 0-57 0-84
Gotlib et al (2009) IWG 2000 18 week 94 Mean — 0-67 0-48 0-86
Gabrilove ef al (2008) IWG 2000 13 week 9:8 Mean il 0-63 0-56 0-69

Test for residual heterogeneity: P = 0-038

Test for association: P = 0-0204
Baseline Hb level
84l —— 0-49 0-38 0-60
94/ - 0-60 0-53 0-67
10 g/l ——— 0-72 0-59 0-84

| | | | 1
020 040 060 080 1-00

Proportion

Fig 5. Erythroid response rate by baseline mean or median haemoglobin concentration. Study-level meta-analysis of the erythroid response rates
in MDS patients by mean or median haemoglobin level is shown. Squares represent point values, diamonds represent combined estimate point
value and confidence interval, and horizontal lines represent 95% confidence intervals. CI, confidence interval; Hb, haemoglobin.

Qualitative results

Predictors of response. Several studies identified significant
potential predictors of response. These results are summa-
rized in Table III. The most commonly identified predictor
of response was low EPO level at baseline, which was
reported in seven studies (Musto et al, 2005; Stasi et al,
2005; Mannone et al, 2006; Gotlib et al, 2009; Villegas
et al, 2011; Kelaidi et al, 2013b; Jang et al, 2015). This
result was confirmed in the current meta-analysis. Five
studies identified transfusion independence as a predictor
of response (Musto et al, 2005; Stasi et al, 2005; Mannone
et al, 2006; Gotlib et al, 2009; Kelaidi et al, 2013a). In
addition to baseline EPO and transfusion-dependent status
at baseline, the most commonly identified predictors of
response were: low IPSS score (Gabrilove et al, 2008;
Gotlib et al, 2009; Kelaidi et al, 2013b); baseline haemoglo-
bin (Oliva et al, 2010; Kelaidi et al, 2013b; Jang et al,
2015); no excess of blasts in bone marrow (Musto et al,
2005; Kelaidi et al, 2013b); iron status at baseline (Gabri-
love et al, 2008; Jang et al, 2015); WHO classification
(Kelaidi et al, 2013b); karyotype (Gotlib et al, 2009);
hypoplastic bone marrow (Musto et al, 2005); and ESA-
naive at baseline (Gabrilove et al, 2008).

Transfusion independence. Table S1 summarizes transfusion
independence and the risk of transfusion, with transfusion
requirements generally decreasing after treatment with DA.
The decrease in transfusion rate was quantified in several
ways. Nilsson-Ehle et al (2011) reported that of 11 patients
who were transfusion-dependent at baseline, 5 became trans-
fusion-independent by the end of the study; and Jang et al
(2015) reported that 14 previously transfusion-dependent
patients became transfusion-independent during the study.
Villegas et al (2011) reported the transfusion rate decreased
from 27-3% at baseline to 0% at 24 weeks, and Gabrilove
et al (2008) reported that their overall transfusion rate for
the 52-week treatment period was 28% for ESA-naive
patients and 42% for patients previously treated with an
ESA. In terms of numbers of units, Musto et al (2005)
reported that the transfusion requirement decreased from
2-1 units per person per month at baseline to 1-6 units per
person per month at 12 weeks. A further two studies
reported a significant decrease in transfusion requirements
from baseline (Stasi et al, 2005; Nilsson-Ehle et al, 2011).

Quality of life. QoL was measured using several metrics in six
of the studies, with most studies reporting that responders

742 © 2016 The Authors. British Journal of Haematology published by John Wiley & Sons Ltd.
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95% ClI
Study Outcome DA Dose Proportion

(g QW) Lower Upper
Jang et al (2015)* IWG 2000 16 week 60 —_ 0-65 0-42 0-87
Jang et al (2015)* IWG 2000 16 week 120 0-44 0-21 0-67
Oliva et al (2010) IWG 2000 24 week 150 —a— 0-72 0-59 0-86
Stasi et al (2005) IWG 2000 12 week 150 —— 0-38 0-25 0-51
Musto et al (2005) IWG 2000 12 week 150 —— 0-41 0-25 0-56
Gabrilove et al (2008) IWG 2000 13 week 167 = 0-63 0-56 0-69
Jang et al (2015)* IWG 2000 16 week 240 0-67 0-43 0-91
Kelaidi et al (2013) IWG 2000 12 week 250 —a— 0-60 0-50 0-70
Villegas et al (2011) IWG 2000 16 week 300 —— 0-70 0-57 0-84
Mannone et al (2006) IWG 2000 12 week 300 —— 0-71 0-60 0-82
Gotlib et al (2009) IWG 2000 18 week 520 e 0-67 0-48 0-86
Test for residual heterogeneity: P = 0-004
Test for dose: P = 0-20
Initial dose of DA
150 ug QW . 0-57 0-49 0-66
300 ug QW - 0-64 0-55 0-74

|
0-20

0-40 060 080 1-00

Proportion

Fig 6. Erythroid response rate by mean initial dose of DA. Study-level meta-analysis of erythroid response rates in MDS patients by DA dose is
shown. Squares represent point values, diamonds represent combined estimate point value and confidence interval, and horizontal lines represent
95% confidence intervals. *]ang 2015 study was a three-arm randomized controlled trial with three different dose levels. CI, confidence interval;

DA, darbepoetin alpha; QW, once weekly; mcg, pg.

showed significant improvement in QoL (Table S2). For
example, two studies reported that responders had a difference
of between +12 and +17 points in the FACT-Anaemia (FACT-
An) compared to non-responders (Stasi et al, 2005; Kelaidi
et al, 2013a), and a difference of between +2-4 to +5-6 points
between responders and non-responders for the FACT-Fatigue
(FACT-F) has been reported (Gabrilove et al, 2008; Villegas
et al, 2011). An increase in the FACT-F of >3 points has been
reported to be clinically significant (Cella et al, 2002).
Increased QoL was correlated with increased haemoglobin
levels in four of the six studies that reported QoL (Stasi et al,
2005; Gabrilove et al, 2008; Oliva et al, 2010; Villegas et al,
2011).

Safety. Reported AEs across the ten studies were collated
and are summarized in Table IV. A total of 127 AEs were
reported across the 647 patients in the ten studies, including
37 deaths (5-7%). Progression to AML was reported in eight
cases (1-2%) and disease progression was reported in three
cases (0-5%). The most common AEs were neoplasm (3-2%),
hypertension (3-2%) and stroke (1-4%).

Discussion

This up-to-date analysis comprehensively examined the pub-
lished literature evaluating the efficacy and safety of DA for
treating anaemia in patients with MDS. This systematic
review found that patients treated with DA exhibited high
haemoglobin response (38-72%) and a median duration of
response ranging from 12 to at least 51 months. This com-
pares favourably to ESAs; the most recent meta-analysis on
ESA treatment in patients with MDS reported an overall
response rate of 57-6% in patients receiving ESA monother-
apy (Moyo et al, 2008), and in another large study, median
response to ESA therapy was approximately 2 years (Park
et al, 2008).

It is important to identify patients for whom ESA treatment
may be most efficacious. The meta-analysis of studies that
reported results stratified by baseline EPO levels indicated that
patients with lower EPO levels (<100 iu/l) at baseline had an
overall response of 81%, and on average 38% better response
than patients with higher baseline EPO levels (>100 iu/l). How-
ever, EPO level is a continuous variable, with lower baseline
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Table III. Findings on predictors of erythroid response in published studies.

Studies that reported statistical positive findings*

Potential predictor Univariate

Multivariate

WHO classification Kelaidi et al (2013a)t

1PSS Gabrilove et al (2008); Kelaidi et al (2013b); Gotlib et al (2009)

Karyotype (cytogenetic risk) Gotlib et al (2009)
Hypoplastic bone marrow
ESA-naive vs ESA-prior treated Gabrilove et al (2008)
Iron status/baseline ferritin
Baseline Hb

Baseline serum EPO

(2013b)T; Jang et al (2015)
No excess of blast in bone marrow
Transfusion independence

Kelaidi et al (2013a); Musto et al (2005)
Musto et al (2005); Stasi et al (2005); Mannone et al (2006);

Musto et al (2005)

Kelaidi et al (2013a); Jang et al (2015)

Kelaidi et al (2013a)7; Oliva et al (2010); Jang et al (2015)
Musto et al (2005); Stasi et al (2005); Mannone et al (2006);
Gabrilove et al (2008); Villegas et al (2011); Kelaidi et al

Musto et al (2005); Stasi et al (2005);
Kelaidi et al (2013b)}

Musto et al (2005)
Musto et al (2005)

Gotlib et al (2009); Kelaidi et al (2013a)T

EPO, erythropoetin; ESA, erythropoiesis-stimulating agent; Hb, haemoglobin; IPSS, International Prognostic Scoring System; WHO, World Health

Organization.
*P-value <0-05 considered significant.

fBased on International Working Group 2006 definition of response (Cheson et al, 2006).

EPO levels tending to be correlated with higher erythroid
response rates. We also identified prior ESA treatment as a sig-
nificant risk factor for poor response: in studies that reported
results for ESA-naive and previously treated patients separately,
ESA-naive patients had a 17% better response rate than previ-
ously treated patients. Although the response rate for ESA-
naive patients was greater than for previously treated patients,
25% to 75% of patients who had been previously treated with
an ESA did respond to the long-acting DA in the four studies
that reported results by ESA exposure. Where possible, we
reported results separately for ESA-naive patients and those
who had been previously treated with ESAs.

We also observed a positive association between baseline
haemoglobin and response rate: higher baseline levels
were correlated with improved responses. It is likely that higher
endogenous EPO level (e.g, patients with refractory
anaemia), or lower haemoglobin level may indicate relative
non-responsiveness of bone marrow. This may also suggest that
early initiation of ESA treatment, before haemoglobin decreases
to very low levels, may increase the likelihood of response.
However, this result should be interpreted with caution as the
study-level mean or median baseline haemoglobin concentra-
tion may mask important information at the patient level.

Other non-significant results were suggestive. Higher dos-
ing regimens of DA tended to correlate with improved ery-
throid response, but further studies are needed. Another
trend we observed was between transfusion dependence at
baseline and response: in the studies that reported results
stratified by transfusion dependence, transfusion-independent
patients tended to have 17% higher response rate on average.

In the qualitative review, several studies reported a significant
association between IPSS and G-CSF and response. However,

most of the significant predictors of response were identified
based on unadjusted estimates (univariate) rather than adjusted
for other factors (multivariate). For IPSS, the vast majority of
patients in the studies were classified as either low-risk or inter-
mediate-1 risk, and this would make detecting a trend between
IPSS risk and response difficult. Indeed, in general, the results
from the meta-regression analysis should be interpreted cau-
tiously because of lack of individual data. More well-designed
prospective studies are needed to investigate simultaneously the
effects of these factors and their interactions on response.

Five studies that examined the transfusion requirement
(risk) after treatment consistently suggested that the transfu-
sion requirements were significantly decreased after DA treat-
ment compared to baseline. In addition, in the six studies
reporting QoL using similar validated instruments, it was
suggested that QoL significantly improved during treatment
and was correlated with improved haemoglobin levels. How-
ever, the possibility of a confounding factor responsible for
both QoL improvement and response cannot be ruled out.

As for the safety of DA, selected AEs were generally
reported in less than 5% of treated patients in the published
studies, mostly in single-arm trials. As a result, it is not pos-
sible to determine whether the AEs observed in these single-
arm trials occurred at a rate that differs from the background
rate. Results from an on-going RCT should provide more
insights on the efficacy and safety of DA for treating anaemia
among patients with MDS.

Several limitations should be acknowledged. First, due to
the amount of variation, the response rates could not be
combined into a single meta-analytic estimate. The variation
in response rates may be due to the heterogeneous nature of
the study populations and various treatment regimens. For
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Table IV. Safety of DA in patients with MDS.

Darbepoetin Alpha for Myelodysplastic Syndromes

N (n = 647

AE reporting patients) n (%) N of studies

Comment

Total number of
reported AEs
Total all-cause death

127

371647 (5-7)
Cardiovascular/Pulmonary/Cerebrovascular

2009); 6 (Gabrilove et al, 2008; Kelaidi

3 (Gabrilove et al, 2008; Nilsson-Ehle et al,

2 (Nilsson-Ehle et al, 2011; Kelaidi et al,

(Gotlib et al, 2009; Nilsson-Ehle et al,

(Mannone et al, 2006); 4 (Gotlib et al,

Hypertension 21 (3-2) 2 (Mannone et al, 2006; Gotlib et al,
et al, 2013a); 6 (Jang et al, 2015)
Thromboembolism 7 (1-1)
2011; Villegas et al, 2011)
Pulmonary embolism 2 (0-3)
2013a)
Stroke 9 (1-4) 2 (Gabrilove et al, 2008; Kelaidi et al,
2013a)
Haematological
Thrombocytopenia 5 (0-8) 1 (Gotlib et al, 2009)
Iron deficiency 2 (0-3) 1 (Villegas et al, 2011)
Progressed disease 3 (0-5) 2
2011); 1 (Kelaidi et al, 2013a)
Hyperleucocytosis 1(0-2) 1
Progression to AML 8 (1-2) 6 (Gabrilove et al, 2008) 2 (Jang et al,
2015); 2 (Kelaidi et al, 2013a); 1
2009)
Renal dysfunction
Renal failure 1(0-2) 1 (Mannone et al, 2006)
Creatinine elevation 1(0-2) 1 (Gotlib et al, 2009)
Proteinuria 1(0-2) 1 (Gotlib et al, 2009)
Other
Neoplasm 21 (3-2) 1 (Gabrilove et al, 2008)
Bone pain 3 (0-5) 1 (Gotlib et al, 2009)
Coma 1(0-2) 1 (Kelaidi et al, 2013a)
Filgrastim-related 4 (0-6) 2 (Nilsson-Ehle et al, 2011; Kelaidi et al,
arthralgia/myalgia 2013a)
Flu 1(0-2) 1 (Villegas et al, 2011)
Headache 1(0-2) 1 (Villegas et al, 2011)
Immune system 1(0-1) 1 (Gabrilove et al, 2008)
disorder
Injection site reaction 5 (0-8) 2 (Stasi et al, 2005; Kelaidi et al, 2013a)
Rash 3 (0-5) 1 (Kelaidi et al, 2013a)
Seizure 1(0-2) 1 (Gabrilove et al, 2008)

Only includes ‘AE of interest’ from
Gabrilove et al (2008)

1 case related to treatment (Gabrilove et al,
2008)

2 cases not related to treatment (Gabrilove
et al, 2008)

1 fatal, one nonfatal

1 fatal (Kelaidi et al (2013a); 7 cases
unknown if related to treatment
(Gabrilove et al, 2008)

4 cases unknown if related to treatment

1 case progression not reported

6 cases unknown if related to treatment
(Gabrilove et al, 2008)

1 case unknown if related to treatment

1 case unknown if related to treatment

1 case unknown if related to treatment

1 case unknown if related to treatment

AE, adverse event; AML, acute myeloid leukaemia; DA, darbepoetin alpha.

example, studies reported differences in DA initiation and
maintenance doses, prior ESA treatment, and rates of trans-
fusion dependence, among other factors. Second, the total
number of DA studies in MDS is relatively small, and studies
are mostly single-arm. However, it is known that, without
intervention, patients are likely to deteriorate. Furthermore, a
review of trials that compared ESA treatment to non-growth
factor therapy found that patients with ESA treatment do
significantly better with respect to overall survival and
progression-free survival (Golshayan et al, 2007). Third,
although meta-analysis has the ability to improve the power

of small or inconclusive studies, it cannot improve the qual-
ity of design and reporting of the original studies. For
instance, data regarding duration of follow-up and duration
of response were limited. Fourth, the lack of primary source
data from the original studies was a limitation as ecological
bias may influence results. Thus, the results from our analy-
ses should be interpreted with caution. Lastly, each study
reported a different set of AEs and the reporting varied; a
conclusive safety profile from the studies cannot be drawn.
Thus, the safety data in this review serve to provide insight
on the range of AEs reported in the literature, rather than to
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establish the safety evidence for use of ESAs in patients with
MDS.

In summary, the present review suggests that treating low-
to intermediate-risk MDS patients with DA provides a clini-
cal benefit for an otherwise debilitating chronic anaemia.
Further studies are required to better identify predictors of
the erythroid response, and therefore to better identify
patients for whom ESA treatment may have a better oppor-
tunity of success. More RCTs are required to understand the
long-term benefit and safety of DA in patients with MDS
with an appropriate risk profile.
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