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Abstract The effectiveness of erythropoiesis-stimulating
agents (ESAs) for the treatment of anemia in patients with
non-myeloid hematological malignancies needs to be
assessed as the response to their administration is not
uniform and their cost is high. We conducted a systematic
review (SR) of the literature to identify reports of the effect
of ESAs on survival, quality of life (QOL), transfusion
requirements, and anemia. The entries to MEDLINE,
EMBASE, and the Cochrane Library databases, and
abstracts published in the proceedings of the annual
meetings of the American Society of Clinical Oncology
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and the American Society of Hematology were searched.
Seventeen reports and five abstracts of randomized trials
fulfilled prospective criteria for inclusion. Five trials
reported on survival; three failed to detect differences
between groups and two demonstrated inferior survival in
patients allocated to an ESA. Seven trials and three
abstracts reported on QOL with four articles and three
abstracts describing improvements in patients allocated to
erythropoietin. However, important methodologic limita-
tions were identified in these reports. Seven randomized
controlled trials reported a reduction in the proportion of
patients transfused. The absolute risk reduction in trans-
fusions ranged from 15% to 24%. This is the only SR that
assesses the use of erythropoiesis-stimulating agents spe-
cifically in patients with hematological malignancies. We
conclude that available data evaluating ESAs in patients
with hematologic malignancies demonstrate that these
agents reduce transfusion requirements. Limitations of
these data preclude conclusions that these agents improve
QOL. More data are required to confirm the inferior
survival associated with ESAs.
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Introduction
Anemia is a common occurrence in patients with non-
myeloid hematological malignancies (i.e., multiple myeloma,

non-Hodgkin’s lymphoma, chronic lymphocytic leukemia,
Hodgkin lymphoma). At diagnosis, 62% of patients with
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multiple myeloma have anemia and 8% will have a
hemoglobin level less than 80 g/L [1]. In lymphoma,
32% of patients will have anemia when they are first
diagnosed [2], and an estimated 37% to 100% of patients
treated with cyclophosphamide, doxorubicin, vincristine,
and prednisone (CHOP) chemotherapy will develop
anemia during the course of their therapy [3, 4]. Overall,
45% to 90% of patients with multiple myeloma and non-
Hodgkin’s lymphoma receiving chemotherapy will require
a transfusion [5-7].

Erythropoiesis-stimulating agents are effective agents to
treat anemia [5—7] and are not associated with the adverse
reactions of red cell transfusions (i.e., viral transmission,
allergic reactions, hemolytic transfusion reactions, bacterial
contamination, and transfusion-related acute lung injury)
[8]. Although transfusion-associated complications are
infrequent, the Commission of Inquiry into the Blood
System in Canada [9] recommended the use of available
alternatives to blood transfusion. Erythropoiesis-stimulating
agents are costly and balancing their effectiveness and
toxicities against their cost needs to be assessed to ensure
that further constraints are not placed on the health care
system. Systematic reviews, such as the report by the
Cochrane Collaboration [10] and practice guidelines such
as the guideline prepared by the American Society of
Hematology and the American Society of Clinical Oncol-
ogy [11], have been previously conducted for patients with
all cancers but this is the first systematic review that
addresses hematological malignancies specifically.

The purpose of this review is to update our previous
systematic review of the literature (available at: http://
www.cancercare.on.ca/pdf/pebc6-12f.pdf) to determine
whether erythropoiesis-stimulating agents should be rec-
ommended for patients with non-myeloid hematological
malignancies. This systematic review was used to develop a
clinical practice guideline by the Hematology Disease Site
Group of Cancer Care Ontario’s Program in Evidence
Based Care.

Materials and methods

A systematic search was conducted of the databases
MEDLINE and EMBASE for articles published from
1966 to March 2008 and of the Cochrane Library (2008,
Issue 1). Citations containing the following medical subject
heading terms “non-myeloid hematological malignancies”,
“lymphoma”, “multiple myeloma”, “chronic lymphocytic
leukemia”, combined with each of the following search
terms “erythropoietin”, “epogen”, “epo”, “epoetin”,
“eprex”, “darbepoetin alpha”, and subsequently with
“practice guidelines”, “meta-analyses”, “systematic

reviews”, methodological review”,
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quantitative review”,
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“randomized controlled trial”, and “controlled clinical trial”
were retrieved. Conference proceedings from the American
Society of Clinical Oncology (1996 to 2007) and the
American Society of Hematology (1996 to 2007) and
reference lists were also searched. The search began from
the year 1985, as this was when human erythropoietin was
first cloned [12].

A study was included in the systematic review if it
adhered to the following criteria: (1) The study was a
randomized controlled trial involving the use of either
erythropoietin or darbepoetin alpha as an intervention in
patients with lymphoma, multiple myeloma, chronic lym-
phocytic leukemia, and/or Hodgkin lymphoma, and (2) it
included one of the following primary outcome measures:
survival, transfusion requirements, quality of life, or
correction/improvement of anemia. We excluded reports
if: (1) they were non-randomized, phase I or phase II trials;
(2) hematological patients could not be differentiated from
patients with solid tumors; (3) they included patients with
acquired immunodeficiency syndrome-associated lympho-
ma; (4) they focused solely on patients with multiple
myeloma with renal failure requiring hemodialysis; (5) they
included patients having peripheral blood stem cell trans-
plants; (6) they were published in a language other than
English; or (7) they were letters and editorials.

Two reviewers (NS, RM) independently assessed the
citations for inclusion/exclusion criteria. When a discrep-
ancy occurred between the reviewers, the full publication
was retrieved. Two reviewers (NS, AH) analyzed the
manuscripts.

Standardized data abstraction forms were used to
abstract information on author, year of publication, and
study characteristics. Study characteristics abstracted in-
cluded year of study, the number of centers involved,
characteristics of participants, inclusion and exclusion
criteria, study design, sampling methods, appropriateness
of randomization technique, sample size, intervention, co-
interventions (i.e., iron), hemoglobin concentrations for
transfusion, length of follow-up, survival, quality of life,
the proportion of patients transfused, predefined assessment
of adverse events, adverse events, and handling of with-
drawals. We evaluated the quality of the studies based on
whether (1) the groups included were comparable, (2) a
hemoglobin concentration for transfusion was specified, (3)
there was a blinded outcome assessment, (4) confounding
factors were present or considered, (5) the sample size was
predetermined, (5) an intention-to-treat analysis was con-
ducted, and (6) whether there was adequate follow-up and
handling of missing data.

We described the hemoglobin criteria used for study
entry and the outcomes of the proportion of patients
transfused, quality of life, performance status, and the
hemoglobin or hematocrit increment. Although anemia was
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an outcome measure in many of the identified trials, it was
considered an intermediate outcome and only of signifi-
cance if a change in hemoglobin affected survival,
transfusion requirements, or quality of life.

Pooling

The parameters considered for pooling were the increment
in the level of hemoglobin, the proportion of patients
transfused, transfusion requirements, survival, quality of
life, and adverse events. The reporting of these parameters
was inconsistent among the trials. Several trials reported on
these outcomes, but different inclusion criteria, hemoglobin
concentrations used for transfusion, dosing regimens,
duration of assessments, and the use of co-interventions
were used. In addition, there were methodological limita-
tions in the assessment of quality of life of patients. Due to
the variation in reporting and limitations in assessment of
survival and quality of life, pooling of data was not
conducted on any of the outcomes.

Number needed to treat

For studies showing a reduction in the proportion of
patients transfused or an improvement in quality of life,
the number needed to treat to prevent one transfusion or to
improve the quality of life in one patient was calculated as
the reciprocal of the absolute risk reduction.

For this report, erythropoietin will be used to denote
epoetin alpha and beta, and erythropoiesis-stimulating
agents to denote epoetin and darbepoetin.

Results
Results of the literature search

Seventeen published reports [5—7, 13-26] and five abstracts
[27-31] formed the basis for this systematic review. Two
abstracts are included concurrently as they represent the
same data [28, 29]. The characteristics of the studies and
results are illustrated in Tables 1 and 2. Two studies [21,
22] are not included in the tables. One of these [22]
reported the survival of a cohort of patients previously
reported in another publication [15], and the other [21] was
a pooled analysis of four randomized controlled trials. One
additional report [32] included survival data on a previous
publication [21].

Quality of the studies

Table 1 illustrates the characteristics of the studies. The
hemoglobin concentration for transfusion ranged from 70 g/L

to 100 g/L. Seven published trials [7, 13—17, 26] and one
preliminary study in abstract form [28] were double-blinded
and placebo-controlled. Seven studies reported sample size
calculations that were adequately powered [13, 15, 19, 23—
26]. One of the studies was powered to detect a difference in
quality of life [25], but there were no studies powered to
detect a difference in survival. Six trials and four abstracts
did not analyze their data based on an intention-to-treat
analysis [6, 17, 18, 20, 24, 26-28, 30, 31]. All of the fully
published trials reported on the number of patients who
completed the trials. Eight studies assessed quality of life
using validated instruments [7, 13, 15, 16, 24-27]. The
reports did not provide baseline values of quality of life
scores, did not report the proportion of patients who
improved, and did not provide clinical correlations with the
changes in quality of life parameters. Two studies detailed
methods of adjusting for missing data [25, 26].

Table 2 describes the results of the trials. Four trials and
one abstract evaluated patients solely with multiple myelo-
ma [5, 7, 17, 18, 30]; three trials evaluated patients with
solid tumors and non-myeloid hematological malignancies
[16, 24, 26]; seven trials and one abstract evaluated patients
with multiple myeloma, lymphoma, and chronic lympho-
cytic leukemia [6, 13-15, 19, 23, 25, 27]; one trial
evaluated patients with diffuse large B cell lymphoma
[31]; and one trial and two abstracts evaluated only patients
with chronic lymphocytic leukemia (Table 2) [20, 28, 29].
The majority of patients were receiving chemotherapy at
the time of treatment with erythropoietin. Only one trial
evaluated patients not receiving chemotherapy [26]

Three trials and one abstract [13, 14, 26, 31] reported on
the use of darbepoetin alfa and the remaining trials reported
on the use of erythropoietin.

Outcomes
Survival

Two reports assessed survival in patients treated with
erythropoietin [16, 22], and three [21, 26, 31] assessed
survival in patients treated with darbepoetin alpha. The first
[16], a double-blind, randomized, placebo-controlled trial
of 375 patients with solid or non-myeloid hematological
malignancies, did not show a statistical difference in overall
survival. At 12 months of therapy, estimated overall
survival was 52% for patients with hematological malig-
nancies treated with erythropoietin and 40% for patients
treated with placebo (the p value was not reported) [16].
The second report [22] was a follow-up study of an earlier
published double-blind randomized trial of transfusion-
dependent patients with lymphoproliferative disorders
treated with epoetin beta or placebo [15]. The minimum
length of follow-up was 17.5 months. There was no
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difference in the proportion of deaths (65% in the epoetin
beta group vs. 63% in the placebo group) or in median
survival (17.4 months in the epoetin beta group vs.
18 months in the placebo group, p=0.76) [22]. A pooled
analysis of four randomized double-blind placebo-
controlled trials of individuals with lymphoproliferative
disease and solid tumors [21], two of which are included in
this systematic review [13, 14], showed no difference in
median overall survival for 344 patients with lymphopro-
liferative malignancies who were randomized either to
darbepoetin alpha (30.4 months) or placebo (36.6 months).
However, subsequent follow-up of the 344 patients showed
that the use of darbepoetin was associated with poorer
survival in patients with lymphoproliferative malignancies
(hazard ratio 1.37, p=0.04) [32, 33]. One randomized
controlled double-blind, placebo-controlled trial assessed
989 patients with solid or non-myeloid hematological
malignancies who were not receiving chemotherapy or
radiotherapy [26]. Survival was inferior for individuals
treated with darbepoetin (HR=1.22, 95% CI 1.03-1.45; p=
0.022), although the authors note that these statistical
parameters were less significant when analyses were
adjusted for baseline prognostic variables [26]. While the
randomized groups were not stratified by specific disease
entities, subset analyses suggest that inferior survival
differences may be observed for individuals with multiple
myeloma, hazard ratio 2.98 (95% confidence interval 1.15
to 7.70) and non-Hodgkin’s lymphoma, hazard ratio 2.25
(95% confidence interval 0.67 to 7.55) [26]. Lastly,
preliminary results published in abstract form of individ-
uals with diffuse large B cell lymphoma treated with
rituxan and CHOP chemotherapy every 14 or 21 days
did not demonstrate a difference in survival in patients
treated with darbepoetin [31, 33]. Individuals were
randomized to receive prophylactic darbepoetin or trans-
fusion and/or darbepoetin or erythropoietin if the hemo-
globin concentration was 90 g/L or less or if individuals
had symptoms of anemia. Overall survival was 78% in
individuals treated with darbepoetin and 70% in the other
group (the p value was not reported).

social function, and mental health

(p<0.01 to p<0.0004)

NR

Improved energy, self-rated health,
physical function, role function/
physical, role function/emotional,

Secondary

NR

Performance status

QOL

(p<0.0001)

1.5

81

Placebo

Quality of life/performance status

Seven published trials [7, 13, 15, 16, 24-26] and three
abstracts [27, 28, 30] reported on quality of life (Table 2).
Quality of life was assessed in eight studies [7, 13, 15, 16,
24-27] by the Functional Assessment of Cancer Therapy
scales while the methodology could not be determined in
the remaining trials [28, 30]. Seven studies were blinded [7,
13, 15, 16, 24, 26, 28]. Quality of life was reported as a
primary endpoint in one report [25], a secondary endpoint
in seven studies [7, 13, 15, 16, 24, 26, 28], and not stated in
two [27, 30]. Six trials reported on patients with multiple

Het <32%

darbepoetin alpha, CT chemotherapy, QOL quality of life, NR not reported, EPO epoetin, LYM lymphoma, Lung lung cancer, Fe iron, ns not (statistically) significant, pt(s) patient(s), DLBCL

diffuse large B cell lymphoma

N Number of randomized patients, Hb hemoglobin, Hct hematocrit, MM multiple myeloma, NHL non-Hodgkin’s lymphoma, HL Hodgkin’s lymphoma, CLL chronic lymphocytic leukemia, DAR
# Primary outcome

TFor 38, 44, and 39 evaluable patients in the EPO 10,000 U/kg, EPO fitrated dose, and control groups, respectively

€Median average increase in hemoglobin per week
f‘Median level of hemoglobin during treatment
'Percent of patients with an increase in hemoglobin level of at least 10 g/L after 8 weeks of therapy

® Percent of patients with an increase in hemoglobin of >20 g/L
I Mean change in hematocrit from baseline

“Mean (+standard deviation) change in hemoglobin from baseline

9Results reported for the transfusion-independent group

®Median change in hemoglobin from baseline

Rai et al.,
1995 [29]
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hematological malignancies and/or solid tumors [13, 15, 16,
24-27], whereas three reported on single malignancies,
multiple myeloma [7, 30], and chronic lymphocytic
leukemia [28]. Seven trials reported an improvement in
quality of life [13, 15, 16, 25, 27, 28, 30], whereas three
trials reported no improvement in quality of life in patients
with multiple myeloma [7, 24] and in patients with
hematological and solid tumor malignancies [26]. None of
the trials reported on the proportion of patients whose
quality of life improved.

Transfusions

Seven randomized controlled trials [6, 7, 13, 15, 16, 24, 31],
five of which were double-blind and placebo-controlled [7,
13, 15, 16, 24], reported a statistically significant reduction
in the proportion of patients transfused following therapy
with erythropoiesis-stimulating agents (Table 2). The reduc-
tion in transfusions ranged from 15% to 40%. Two trials [5,
71, which reported on the proportion of patients transfused,
solely focused on patients with multiple myeloma and
included a total of 216 patients. One of these trials [7]
detected a significant decrease in the proportion of patients
transfused (28% vs. 47%, p=0.02). A total of 519 patients
with multiple myeloma were enrolled in the remaining trials
that included patients with other malignancies [6, 13—16, 19].
Four of these trials also detected a difference in the
proportion of all patients transfused, favoring erythropoie-
tin/darbepoetin [6, 13, 15, 16]. The use of erythropoietin/
darbepoetin has also been shown to significantly decrease
the proportion of patients transfused in patients with non-
Hodgkin’s lymphoma, chronic lymphocytic leukemia, and
Hodgkin lymphoma [6, 13, 15, 16, 31]. A total of 445
patients with non-Hodgkin’s lymphoma, 227 patients with
chronic lymphocytic leukemia, and 46 patients with Hodgkin
lymphoma were included in the trials. The absolute risk
reduction in transfusions ranged from 15% to 24%, and the
number needed to treat to prevent a transfusion ranged from
4 to 6.

The use of erythropoiesis-stimulating agents was not
associated with a reduction in the mean/median number of
red cells transfused. Three trials assessed the number of
units transfused and did not demonstrate a statistically
significant difference in units transfused [5, 6, 19].

Change in hemoglobin/hematocrit

All but four studies [6, 17, 18, 30] reported either a
statistically significant increase in the hemoglobin con-
centration or hematocrit or in the proportion of patients
with an increase in the hemoglobin concentration or
hematocrit with the use of erythropoiesis-stimulating agents
(Table 2).
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Adverse events

Five placebo-controlled trials provided detailed descriptions
of adverse events with erythropoietin [5-7, 16, 18]. Table 3
describes the range of adverse events detailed in those
studies. In all trials, there were no statistically significant
differences in the frequency of adverse events and mortality
between erythropoietin and control groups. Erythropoietin
therapy may have contributed to two deaths: an elderly
patient who had a stroke [16] and a patient who had a
pulmonary embolus [15]. More patients in the erythropoi-
etin arms in the trial by Osterborg and colleagues [6] died
from infections/septicemia but none were reported to be
attributable to the treatment regimens. Two patients had an
increase in the level of monoclonal protein coincident with
an increase in the erythropoietin dose in the trial by
Silvestris and colleagues [18]. One study reported that
thromboembolic events occurred more frequently in
patients treated with erythropoietin (6%) compared to
untreated patients (1%, the p value was not reported) [25].

Four trials reporting adverse events for darbepoetin
alpha also did not find a statistically significant difference
for mortality or adverse events [13, 14, 26, 31]. Fatigue,
fever, nausea, diarrhea, vomiting, dyspnea, and constipation
were reported equally in both groups and were the most
common adverse events [13, 14]. One trial reported a
higher rate of severe, life-threatening or fatal adverse events
(40.9% with placebo compared to 47.6% with darbepoetin,
the p value was not reported) and serious adverse events
(33.8% with placebo compared to 40.8% with darbepoetin,
the p value was not reported) in individuals with solid
tumors and hematological malignancies treated with darbe-
poetin [26]. Cardiovascular and thromboembolic events
were also higher with darbepoetin, 9.7% compared to 7.7%
with placebo (the p value was not reported) [26]. Twenty-
two percent of patients died from cancer in the darbepoetin

Table 3 Range of adverse events in published reports with placebo
groups

Adverse event Frequency

Erythropoietin (%) Placebo/control (%)

Fever 7-22 13-17
Disease progression 7-26 3-24
Granulocytopenia 4-20 5-13
Nausea 18 14
Thrombosis 3-7 2-6
Hypertension 4-12 12
Infection 1-33 3-16
Skeletal pain 7-10 2-3
Renal insufficiency 12 6
Mortality 2-27 9-28
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arm compared to 16% in the placebo arm (the p value was
not reported) [26]. However, there was no association
between cardiovascular and thromboembolic events and a
hemoglobin concentration of 130 g/L or higher (hazard
ratio 0.43, 95% confidence interval 0.13 to 1.410) [26].
Lastly, one trial published in abstract form demonstrated
that cardiac (9% with darbepoetin and 9% for the second
group, the p value was not reported) and vascular events
(8% with darbepoetin and 10% for the second group, the p
value was not reported) were similar in individuals treated
with prophylactic darbepoetin to individuals treated with
ESAs or transfusion when their hemoglobin concentration
declined. The rate of thromboembolic events was not found
to be associated with an increased hemoglobin concentration
[31].

Predictors of response

Various parameters have been considered in trying to
establish predictors of response to erythropoietin or
darbepoetin therapy including an early change in hemoglo-
bin concentration, an increase in reticulocyte count, the
platelet count, the pretreatment endogenous erythropoietin
level, and the observed/predicted (O/P) erythropoietin ratio
(i.e., a ratio that was formulated to determine the
appropriate erythropoietin response to anemia) [19]. The
utility of any of the above parameters in the prediction of
response to erythropoietin or darbepoetin was not prospec-
tively studied in any of the trials.

Discussion

This is the only systematic review that focuses on the role of
erythropoiesis-stimulating agents solely in patients with non-
myeloid hematological malignancies. Previously published
systematic reviews and practice guidelines have evaluated the
role of these agents principally in patients both with solid
tumors and hematological malignancies [10, 11]. While an
argument can be advanced that these data could be
generalized to hematologic cancers, it is equally possible that
these agents behave differently in patients with blood-related
cancers. For this reason, a systematic review specifically
addressing this patient population was undertaken.

We found no evidence that the use of erythropoiesis-
stimulating agents improved survival in patients with
hematologic malignancies. While only one trial published
in abstract form included in this systematic review
evaluated survival as a primary outcome [31], a total of
1,185 patients were evaluated in four trials, two of
erythropoietin and two of darbepoetin, with no evidence
of a survival benefit [16, 21, 22, 26]. One trial of
erythropoietin suggested that a trend towards a survival

benefit was observed in an analysis of cancer patients [16]
and another report of darbepoetin did not find a difference
in survival [31]. The latter report has not been published
and has several methodological limitations including the
analysis of the effect of darbepoetin was a secondary and
not primary analysis of this study, tumor proliferation [33]
and the comparator group also received an erythropoiesis-
stimulating agent. Two reports, however, indicated that the
use of erythropoiesis-stimulating agents was associated
with a poorer survival [26, 32]. In addition, there are
reports of at least three randomized trials that have
observed either a shortened survival or progression-free
survival in patients randomized to receive erythropoietin in
trials of breast cancer [34], the anemia associated with lung
cancer [35], and head and neck cancer concomitant with
radiation therapy [36]. The hemoglobin concentrations
achieved with erythropoietin-stimulating agents in all of
these trials were higher than 120 g/L. However, the most
recent trial with darbepoetin did not show an association
between cardiovascular and thromboembolic events and a
hemoglobin concentration of 130 g/L or higher (hazard
ratio 0.43, 95% confidence interval 0.13 to 1.410) [26].
These results, as well as two additional trials in breast and
gynecological cancer, have led the Food and Drug
Administration to reaffirm the new labeling that strengthens
the boxed warnings that caution should be exerted in
prescribing these agents [37]. The Food and Drug Admin-
istration strongly recommended that the risks of tumor
progression and shortened survival associated with eryth-
ropoietin-stimulating agents be discussed with patients [37].
Subsequently, a review of 51 studies to evaluate the risks of
venous thromboembolism and mortality rates with erythro-
poiesis-stimulating agents found an increased mortality and
risk of venous thromboembolism with erythropoiesis-
stimulating agents [38]. The hazard ratio for mortality with
erythropoiesis-stimulating agents was 1.1 (95% confidence
interval 1.01-1.20). Although with more judicious use of
erythropoiesis-stimulating agents the risks of venous
thromboembolism and cancer progression may be lower,
these risks should not be minimized with patients.

The impact of erythropoiesis-stimulating agents on
quality of life is difficult to assess. Seven trials included
in this review reported improvement in some quality of life
parameter [13, 15, 16, 25, 27, 28, 30]. However, there are
several limitations to the assessment of quality of life in
those studies. Those reports did not follow the proposed
guidelines for analyzing, interpreting, and reporting quality
of life measures [39, 40]. The recommendations for
reporting quality of life include reporting of raw scores,
reporting of the proportion of patients who improve,
detailing methods of handling missing data, and defining
clinically important differences. None of the studies
included in this systematic review included the proportion
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of patients who improved or defined a clinically important
difference. One study reported that changes from baseline
were significant [25] based on “clinically meaningful
levels” [41]. However, these “clinically meaningful levels”
have not been correlated with clinical outcomes and thus
have not been validated. In addition, details of how missing
data were analyzed were only provided by two trials [25,
26]; however, the former trial excluded subscales where
more than 50% of data were missing. Missing data can
affect the validity of any study, as missing data can reduce
the sample size available for analysis, and hence, reduce the
power to detect significant differences [42]. This can be
particularly problematic for oncology trials because missing
values are likely related to the underlying illness, i.e.,
patients who drop out or miss appointments are likely to be
the sicker patients. Given these limitations, we could not
come to any definitive conclusions regarding the impact of
erythropoiesis-stimulating agents on quality of life in
patients with hematologic malignancies. Of note, the
American Society of Clinical Oncology and the American
Society of Hematology reached a similar conclusion in their
evidence-based guidelines on the use of erythropoietin in
patients with cancer [11].

We did not address the economic benefit or cost for
erythropoiesis-stimulating agents although there are studies
addressing the cost effectiveness of these agents. A cost-
effectiveness analysis was included in the report of the
National Institute for Health and Clinical Excellence’s
(NICE) appraisal of erythropoietin in patients with cancer
[43]. Their estimate was greater than 100,000 pounds
sterling (£) per Quality-Adjusted Life Year (QALY).
However, estimates of cost effectiveness based on QALY
are insufficient because of the limitations in the assessment
of quality of life parameters in existing reports. In addition,
estimates of cost effectiveness cannot be applicable as
erythropoiesis-stimulating agents are potentially associated
with reduced survival.

The obvious outcome measure that falls into a category
of “other considerations” is the effect of erythropoiesis-
stimulating agents on transfusion requirements. This effect
is clearer. From the pooled analysis of all eligible trials,
erythropoiesis-stimulating agents reduced the proportion of
patients requiring transfusion. The absolute risk reduction
in transfusions ranged from 15% to 24%, and the number
needed to treat to prevent a transfusion ranged from 4 to 6.
It should be noted, however, that the difference in the
number of units transfused was not statistically significant
between groups. The importance of transfusion avoidance
as an endpoint can be debated. There are significant
limitations to chronic transfusion therapy beyond their cost,
notably periodic limited availability, the potential risks of
emerging infections, and iron overload. Limitations in
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availability and utilization of blood products in patients
with malignancies can have an impact beyond the cancer
system. A strategy of using erythropoiesis-stimulating
agents in all anemic patients with cancer in order to avoid
or minimize transfusion also has limitations. In the studies
identified in this review, rates of transfusion in the placebo
or control arms were relatively low (generally less than
50%). Therefore, routine use of these agents would expose
a significant proportion of patients to costly and potentially
unnecessary treatment.

The tragedy of transfusion-related infection with the
human immunodeficiency virus and hepatitis C virus in the
1980s and 1990s led to legislative and judicial consid-
erations of alternatives to transfusion in a number of
jurisdictions, including Canada. In Canada, the Commis-
sion of Inquiry on the Blood System in Canada recom-
mended that patients be offered alternatives to transfusion
[9]. The data we have reviewed support the efficaciousness
of using erythropoiesis-stimulating agents as an alternative
to transfusion. In the absence of data showing improve-
ments in survival, or of compelling data showing improve-
ments in quality of life, and more data demonstrating an
association between mortality and thromboembolic events,
the determination of practice policies will need to balance
the efficacy related to transfusion reduction and the values
placed on this outcome measure.

All but four of the studies included in this review
reported increased hemoglobin levels or hematocrit levels
with the administration of erythropoiesis-stimulating
agents. We did not consider this to be a clinically important
endpoint in the absence of associated improvement in a
clinically significant endpoint, i.e., survival, quality of life,
or transfusion requirement.

This systematic review evaluated trials of erythropoietin
as well as darbepoetin. The benefits in hemoglobin level
and transfusion reduction were observed with both agents,
though the data evaluating erythropoietin were more
abundant and mature. Insufficient data exist to allow for a
firm recommendation to use one agent over the other.

There are limitations to this systematic review. We did
not conduct a meta-analysis on any of the outcomes. The
reasons for not performing such an analysis include: (1) the
assessment of quality of life had methodological limita-
tions; (2) there was heterogeneity in hemoglobin entry
criteria, hemoglobin concentrations for transfusion, the
variable use of iron supplementation, and the variable
duration of assessment for the outcome of the proportion of
patients transfused; and (3) the lack of clinical significance
of an increase in the hemoglobin concentration or hemat-
ocrit with erythropoiesis-stimulating agents. The Cochrane
Collaboration did perform meta-analyses on most outcomes
except quality of life as part of their systematic review of
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the use of erythropoietin in patients with cancer; however;
only a small proportion of patients included had hemato-
logic malignancies [10]. The authors of that review
performed subgroup analyses on patients with hematologic
malignancies for the outcomes that were included in the
meta-analysis. However, because of the limitations previ-
ously mentioned, we feel that the most rational and rigorous
methodology to analyze the data would not be a meta-
analysis. Our results do not differ significantly from that
systematic review in that for patients with cancer-related
anemia, the use of erythropoietin reduces the proportion of
patients who receive transfusions, and the effects of
erythropoeisis-stimulating agents on survival need to be
further analyzed.

A number of practice guidelines on the use of erythro-
poietin in patients with cancer have been published by
different agencies [11, 43—45], although this is the only
systematic review that specifically addresses patients with
hematologic malignancies. Those documents differ widely
in methodology with some being based on rigorously
conducted systematic reviews while others are principally
consensus-based. There is general agreement on the
interpretation of the data; specifically, the use of erythro-
poiesis-stimulating agents improves hemoglobin levels and
decreases rates of transfusion. Many of those guidelines
recommend the use of erythropoiesis-stimulating agents for
patients with cancer who are receiving chemotherapy and
who have a hemoglobin level less than 100 or 120 g/L.
However, one guideline did not recommend the use of these
agents [43]. The National Institute for Health and Clinical
Excellence’s appraisal, based largely on the systematic
review of erythropoietin for patients with cancer published
by the Cochrane Collaboration, was that erythropoietin
should not be recommended for the treatment of anemia
induced by cancer treatment except when patients are
treated as part of a clinical trial [43]. On the basis of the
data analyzed, the NICE panel did not identify an
improvement in survival with erythropoiesis-stimulating
agents and considered the impact on quality of life to be
uncertain. Given the high cost and uncertain benefit, this
treatment was not recommended [43].

The differences in recommendations in these documents
do not result from fundamental differences in interpretation
of the data, but rather on the emphasis that should be placed
on endpoints such as transfusion avoidance, as well as
considerations such as cost. With emerging evidence that
erythropoiesis-stimulating agents may result in disease
progression and poorer survival [26, 32], recommendations
are likely to be more concordant. The decision of whether
to use erythropoiesis-stimulating agents for reduction in the
proportion of patients transfused should primarily consider
the possibility of poorer survival, the risk of thromboem-

bolic events, the risk of tumor progression, individual
patient values, and the likelihood that a patient will require
a transfusion as to not expose patients to unnecessary
treatment risk and the health care system to additional costs.

Acknowledgments Members of the Cancer Care Ontario Hematology
Disease Site Group: Peter Anglin MD, Isabelle Bence-Bruckler MD,
Matthew Cheung MD, Michael Crump MD, Graeme Fraser MD, Jordan
Herst MD, Lisa Hicks MD, David Hodgson MD, Tom Kouroukis MD,
Nicole Laferriere MD, Janet MacEachern MD, Joy Mangel MD, John
Matthews MD, Donna Reece MD, David Robinson PhD, Anne Smith
MD, Robert Stevens MD, Jonathan Sussman MD, William Thomas,
Karen Yee MD, and Yael Zaretsky MD. Please see the Cancer Care
Ontario Program in Evidence-based Care Web site (http://www.cancer-
care.on.ca/index_practiceGuidelines.htm) for a complete list of current
Hematology Disease Site Group members. This work was partially
sponsored by the Cancer Care Ontario, Ontario Ministry of Health and
Long-Term Care.

Conlflict of interest Dr. Shehata received an honorarium from Ortho-
Biotec ($1,000) for a presentation on the use of erythropoietin for
patients with multiple myeloma and non-Hodgkin’s lymphoma in 1999.

References

1. Kyle R (1975) Multiple myeloma. Review of 869 cases. Mayo
Clin Proc 50:29

2. Moullet I, Salles G, Ketterer N et al (1998) Frequency and
significance of anemia in non-Hodgkin’s lymphoma patients. Ann
Oncol 9:1109-1115 doi:10.1023/A:1008498705032

3. Gordon LI, Harrington D, Andersen J (1992) Comparison of a
second-generation combination chemotherapeutic regimen
(m-BACOD) with a standard regimen (CHOP) for advanced
non-Hodgkin’s lymphoma. N Engl J Med 327:1342

4. Meyer RM, Browman GP, Samosh ML et al (1995) Randomized
phase II comparison of standard CHOP with weekly CHOP in
elderly patients with non-Hodgkin’s lymphoma. J Clin Oncol
13:2386-2393

5. Dammacco F, Silvestris F, Castoldi B (1998) The effectiveness
and tolerability of epoetin alfa in patients with multiple myeloma
refractory to chemotherapy. Int J Clin Lab Res 28:127-134
doi:10.1007/s005990050032

6. Osterborg A, Boogaerts MA, Cimino R et al (1996) Recombinant
human erythropoietin in transfusion-dependant anemic patients with
multiple myeloma and non-Hodgkin’s lymphoma—a randomized
multi-center study. Blood 87:2675-2682

7. Dammacco F, Castoldi G, Roedjer S (2001) Efficacy of epoetin
alfa in the treatment of anaemia of multiple myeloma. Br J
Haematol 113:172-179 doi:10.1046/j.1365-2141.2001.02715.x

8. Kleinman S, Chan P, Robillard P (2003) Risks associated with
transfusion of cellular blood components in Canada. Transfus
Med Rev 17:120-162

9. The blood system for the future. In: Krever H. Commission of
Inquiry on the blood system, Final Report. Ottawa, Canada.
Canadian Government Publishing; 1997: 1046—1074. vol 3.

10. Bohlius J, Langensiepen S, Schwarzer G, et al. (2006) Erythro-
poietin for patients with malignant disease. Cochrane Database
Syst Rev, issue 3

11. Rizzo JD, Lichtin AE, Woolf SH et al (2008) American Society of
Hematology/American Society of Clinical Oncology 2007 clinical

@ Springer


http://www.cancercare.on.ca/index_practiceGuidelines.htm
http://www.cancercare.on.ca/index_practiceGuidelines.htm
dx.doi.org/10.1023/A:1008498705032
dx.doi.org/10.1007/s005990050032
dx.doi.org/10.1046/j.1365-2141.2001.02715.x

972

Ann Hematol (2008) 87:961-973

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

practice guideline update on the use of epoetin and darbepoetin.
Blood 111:25-41 doi: 10.1182/blood-2007-08-109488

Lin FK, Suggs S, Lin CH, Browne JK, Smalling R, Egrie JC
(1985) Cloning and expression of the human erythropoietin gene.
Proc Natl Acad Sci U S A 82:7580-7584 doi:10.1073/
pnas.82.22.7580

Hedenus M, Adriansson M, Miguel JS et al (2003) Efficacy and
safety of darbepoetin alfa in anaemic patients with lymphoproli-
ferative malignancies: a randomized, double-blind, placebo-
controlled study. Br J Haematol 122:394-403 doi:10.1046/
j-1365-2141.2003.04448.x

Hedenus M, Hansen S, Taylor K et al (2002) Randomized, dose-
finding study of darbepoetin alfa in anaemic patients with
lymphoproliferative malignancies. Br J Haematol 119:79-86
doi:10.1046/j.1365-2141.2002.03774.x

Osterborg A, Brandberg Y, Molostova V et al (2002) Randomized,
double-blind, placebo-controlled trial of recombinant human
erythropoietin, epoetin beta, in hematological malignancies. J
Clin Oncol 20:2486-2494 doi:10.1200/JC0.2002.08.131
Littlewood TJ, Bajetta E, Nortier JW, Vercammen E, Rappaport B,
Epoetin Alfa Study Group (2001) Effects of epoetin alfa on
hematologic parameters and quality of life in cancer patients
receiving nonplatinum chemotherapy: results of a randomized
double-blind, placebo-controlled trial. J Clin Oncol 19:2865—
2874

Garton JP, Gertz MA, Witzig TE et al (1995) Epoetin alfa for the
treatment of the anemia of multiple myeloma. A prospective
randomized, placebo-controlled, double blind trial. Arch Intern
Med 155:2069-2079 doi:10.1001/archinte.155.19.2069

Silvestris F, Romito A, Fanelli P, Vacca A, Dammacco F (1995)
Long-term therapy with recombinant human erythropoietin (rHu-
EPO) in progressing multiple myeloma. Ann Hematol 70:313-318
doi:10.1007/BF01696618

Cazzola M, Mesinger D, Battister V et al (1995) Recombinant
human erythropoietin in the anemia associated with multiple
myeloma or non-Hodgkin’s lymphoma: dose finding and identi-
fication of predictors of response. Blood 12:4446-4453

Pangalis GA, Poziopoulos C, Angelopoulou MK, Siakantaris MP,
Panayiotidis P (1995) Effective treatment of disease-related
anaemia in B-chronic lymphocytic leukaemia patients with
recombinant human erythropoietin. Br J Haematol 89:627-629
doi:10.1111/j.1365-2141.1995.tb08374.x

Hedenus M, Vansteenkiste J, Kotasek D, Austin M, Amado RG
(2005) Darbepoetin alfa for the treatment of chemotherapy-
induced anemia: disease progression and survival analysis from
four randomized, double-blind, placebo controlled trials. J Clin
Oncol 23:6941-6948 doi:10.1200/JC0O.2005.03.434

Osterborg A, Brandberg Y, Hedenus M (2005) Impact of epoetin-b
on survival of patients with lymphoproliferative malignancies: long-
term follow up of a large randomized study. Br J Haematol 12:206—
209 doi:10.1111/5.1365-2141.2005.05440.x

Cazzola M, Beguin Y, Kloczko J, Spicka I, Coiffier B (2003)
Once-weekly epoetin beta is highly effective in treating anaemic
patients with lymphoproliferative malignancy and defective
endogenous erythropoietin production. Br J Haematol 122:386—
393 doi:10.1046/j.1365-2141.2003.04439.x

Morishima Y, Ogura M, Yoneda S, Sakai H, Tobinai K, Nishiwaki
Y et al (2006) Once-weekly epoetin-beta improves hemoglobin
levels in cancer patients with chemotherapy-induced anemia: a
randomized, double-blind dose-finding study. Jpn J Clin Oncol
36:655-661 doi:10.1093/jjco/hyl097

Straus DJ, Testa MA, Sarokhan BJ, Czuczman MS, Tulpule A,
Turner RR, Riggs SA (2006) Quality of life and health benefits of
early treatment of mild anemia. Cancer 107:1909-1907
doi:10.1002/cncr.22221

@ Springer

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Smith RE, Aapro MS, Ludwig H, Pinter T, Smakal M, Ciuleanu
TE et al (2008) Darbepoetin alfa for the treatment of anemia in
patients with active cancer not receiving chemotherapy or
radiotherapy: results of a phase III, mulitcenter randomized,
double-blind, placebo controlled study. J Clin Oncol 26:1040—
1050 doi:10.1200/JC0O.2007.14.2885

Straus DJ, Turner RR, Testa MA, Hayes JF, Sarokhan BJ, the
Procrit Hematological Malignancies Study Group (2002) Epoetin
alfa treatment improves quality of life and increase hemoglobin
levels during chemotherapy for lymphoma, chronic lymphocytic
leukemia and multiple myeloma patients with mild-to moderate
anemia. Blood 100(11) Abstract 828

Rose E, Rai K, Revicki D, Brown R, Reblando J (1994) Clinical
and health status assessments in anemic chronic lymphocytic
leukemia (CLL) patients treated with epoetin alfa (EPO). Blood
526a. Abstract 2091.

Rai K, Rose E, Revicki D, Brown R, Reblando J (1995) Clinical
and health status assessments in anaemic chronic lymphocytic
leukemia (CLL) patients treated with epoetin alfa. Eur J Cancer
31A(Suppl 5):S50—1 A232 (abstract)

Rubio-Martinez A, Recasens V, Mayayo P, Montanes A, Rubio-Félix
D, Giraldo P (2003) Anaemia associated to multiple myeloma:
response to epoetin alpha. Hematol J 4(Suppl 1):S202 A258 (abstract)
Delarue R, Mounier N, Haioun C, Coiffier R, Gisselbrecht C,
Ghesquieres H, et al. (2006) Safety of prophylactic use of
darbepoetin alfa in patients with diffuse large B-cell lymphoma
(DLBCL) treated with R-CHOP 14 or R-CHOP 21: preliminary
results of the LNH03-6B Randomized GELA Study. Blood 108.
Abstract 2436

Khuri FR (2007) Weighing the hazards of erythropoiesis stimu-
lation in patients with cancer. N Engl J Med 356:2445
doi:10.1056/NEJMp078101

Food and Drug Administration Oncologic Drugs Advisory
Committee May 4, 2004 Available at http://www.fda.gov/ohrms/
dockets/ac/04/briefing/4037b2.htm.Accessed May 2008
Leyland-Jones B, BEST Investigators and Study Group (2003) .
Breast cancer trial with erythropoietin terminated unexpectedly.
Lancet Oncol 4(8):459-460 doi:10.1016/S1470-2045(03)01163-X
Wright JR, Ung YC, Julian JA, Pritchard KI, Whelan TJ, Smith C et al
(2007) Randomized, double-blind, placebo-controlled trial of erythro-
poietin in non-small-cell lung cancer with disease-related anemia. J
Clin Oncol 25:1027-1032 doi:10.1200/JC0O.2006.07.1514

Henke M, Laszing R, Rube C et al (2003) Erythropoietin to treat
head and neck cancer patient with anaemia undergoing radiotherapy:
randomized, double-blind, placebo controlled trial. Lancet
362:1255-1260 doi:10.1016/S0140-6736(03)14567-9
Communication about an Ongoing Safety Review: Erythropoiesis-
Stimulating Agents (ESAs) Epoetin alfa (marketed as Procrit,
Epogen) Darbepoetin alfa (marketed as Aranesp) http://www.fda.
gov/cder/drug/early comm/ESA.htm. Accessed April 2, 2008.
Bennett CL, Silver SM, Djulbegovic B, Samaras AT, Blau CA,
Gleason KJ et al (2008) Venous thromboembolism and mortality
associated with recombinant erythropoietin and darbepoetin
administration for the treatment of cancer-associated anemia.
JAMA 299:914-924 doi:10.1001/jama.299.8.914

Hopwood P, Stephens RJ, Machin D (1994) Approaches to the
analysis of quality of life data: experiences gained from a medical
research council lung cancer working party palliative chemotherapy
trial. MRC Lung Cancer Working Party Qual Life Res 3:339-352
doi:10.1007/BF00451726

Staquet M, Berzon R, Osoba D, Machin D (1996) Guidelines for
reporting results of quality of life assessment in clinical trials.
Qual Life Res 5:496-502 doi:10.1007/BF00540022

Cella D, Kallich J, McDermott A, Xu X (2004) The longitudinal
relationship of hemoglobin, fatigue and quality of life in anemic


dx.doi.org/10.1182/blood-2007-08-109488
dx.doi.org/10.1073/pnas.82.22.7580
dx.doi.org/10.1073/pnas.82.22.7580
dx.doi.org/10.1046/j.1365-2141.2003.04448.x
dx.doi.org/10.1046/j.1365-2141.2003.04448.x
dx.doi.org/10.1046/j.1365-2141.2002.03774.x
dx.doi.org/10.1200/JCO.2002.08.131
dx.doi.org/10.1001/archinte.155.19.2069
dx.doi.org/10.1007/BF01696618
dx.doi.org/10.1111/j.1365-2141.1995.tb08374.x
dx.doi.org/10.1200/JCO.2005.03.434
dx.doi.org/10.1111/j.1365-2141.2005.05440.x
dx.doi.org/10.1046/j.1365-2141.2003.04439.x
dx.doi.org/10.1093/jjco/hyl097
dx.doi.org/10.1002/cncr.22221
dx.doi.org/10.1200/JCO.2007.14.2885
dx.doi.org/10.1056/NEJMp078101
http://www.fda.gov/ohrms/dockets/ac/04/briefing/4037b2.htm.Accessed
http://www.fda.gov/ohrms/dockets/ac/04/briefing/4037b2.htm.Accessed
dx.doi.org/10.1016/S1470-2045(03)01163-X
dx.doi.org/10.1200/JCO.2006.07.1514
dx.doi.org/10.1016/S0140-6736(03)14567-9
http://www.fda.gov/cder/drug/early_comm/ESA.htm
http://www.fda.gov/cder/drug/early_comm/ESA.htm
dx.doi.org/10.1001/jama.299.8.914
dx.doi.org/10.1007/BF00451726
dx.doi.org/10.1007/BF00540022

Ann Hematol (2008) 87:961-973

973

42.

43.

cancer patients: results from five randomized clinical trials. Ann
Oncol 15:979-986 doi:10.1093/annonc/mdh235

Streiner DL (2002) The case of the missing data: methods of
dealing with dropouts and other research vagaries. Can J Psychol
47:68-75

National Institute for Health and Clinical Excellence Appraisal
consultation document—erythropoietin for anaemia induced by
cancer treatment. Online resource. Available at: http://www.nice.
org.uk/page.aspx?0=263492. Accessed: November, 2007.

44. Bokemeyer C, Aapro MS, Courdi A et al (2007) EORTC

45.

guidelines for the use of erythropoietic proteins in anaemic
patients with cancer. 2006 update. Eur J Cancer 43:258-270
doi:10.1016/j.ejca.2006.10.014

National Comprehensive Cancer Network Clinical practice guide-
lines in oncology. Cancer- and treatment-related anemia. Version
2.2005. Online resource. Available at: http://www.ncen.org/pro-
fessionals/physician_gls/PDF/anemia.pdf. Accessed: March 2,
2006

@ Springer


dx.doi.org/10.1093/annonc/mdh235
http://www.nice.org.uk/page.aspx?o=263492
http://www.nice.org.uk/page.aspx?o=263492
dx.doi.org/10.1016/j.ejca.2006.10.014
http://www.nccn.org/professionals/physician_gls/PDF/anemia.pdf
http://www.nccn.org/professionals/physician_gls/PDF/anemia.pdf

	The use of erythropoiesis-stimulating agents in patients with non-myeloid hematological malignancies: a systematic review
	Abstract
	Introduction
	Materials and methods
	Pooling
	Number needed to treat

	Results
	Results of the literature search
	Quality of the studies
	Outcomes
	Survival
	Quality of life/performance status
	Transfusions
	Change in hemoglobin/hematocrit

	Adverse events
	Predictors of response

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


