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The aim of this prospective cohort study was to assess current antianemic treatment of cancer patients in German routine practice,
including diagnostics, treatments, and quality of life (QoL). 88 study sites recruited 1018 patients at the start of antianemic treatment
with hemoglobin (Hb) levels <11 g/dL (females) or <12 g/dL (males). Patients were followed up for 12 weeks. 63% of the patients
had inoperable solid tumors, 22% operable solid tumors, and 15% hematological malignancies. Over 85% received chemotherapy.
Median age was 67 years; 48% were male. Red blood cell transfusions (RBCTx) were given to 59% of all patients and to 55% of the
patients with Hb ≥8 g/dL on day 1 of the observation period (day 1 treatment). Erythropoiesis-stimulating agents (ESAs) were the
secondmost frequently applied day 1 treatment (20%), followed by intravenous (IV) iron (15%) and ESA + IV iron (6%). Only about
a third of patients were tested for blood serum iron parameters at the start of treatment. Overall, more than half of the patients had
long-term responses to antianemic therapy. Our data suggest that in routine practice diagnostics for treatable causes of anemia are
underused. A high proportion of cancer patients receive RBCTx. It should be discussed whether thorough diagnostics and earlier
intervention could decrease the need for RBCTx. This trial is registered with NCT01795690.

1. Introduction

Anemia is defined as a hemoglobin (Hb) level of <12 g/dL
for nonpregnant women and <13 g/dL for men, according
to the World Health Organization [1]. It is a common
complication of multifactorial etiology among patients with
malignant diseases. The European Cancer Anemia Survey
(ECAS) reported an overall anemia incidence (Hb <12 g/dL)
of more than 50% during the 6-month survey period for
patients with solid or hematological tumors who received
their first anticancer treatment. Anemia incidencewas almost
65% in patients receiving chemotherapy [2]. Low Hb levels

are associated with poor physical performance status [2–5]
and decreased quality of life (QoL) [3, 6–9], indicating a need
for early antianemic treatment.

Treatment strategies include red blood cell transfusions
(RBCTx), erythropoiesis-stimulating agents (ESAs), and iron
supplementation either alone or in combination with ESAs.
Treatment decision-making should be based on the best
benefit-to-risk ratio for each patient and depends on patients’
Hb level, the presence of symptoms, and the underlying cause
for anemia as evaluated by blood parameters such as ferritin,
transferrin saturation (TSAT), folate, and vitamin B12 [10–
12]. While the National Comprehensive Cancer Network
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(NCCN) has published a comprehensive guideline on anemia
management, current guidelines in Europe focus on the
application of ESAs and/or transfusions. The administration
of intravenous (IV) iron is the treatment of choice for cancer
patients with anemia due to absolute iron deficiency (AID). It
has been shown to improve efficacy and is thus recommended
in combination with ESAs for patients with functional iron
deficiency (FID) [10–12]. If iron deficiency is excluded, the
European Organization for Research and Treatment of Can-
cer (EORTC) recommends ESAs to treat symptomatic ane-
miawithHb levels≥9 g/dL and to assess whether transfusions
are required in case of Hb levels <9 g/dL [10]. The NCCN
advises thorough diagnostics for possible causes of anemia
and subsequent treatment of these. If no treatable cause
can be identified, transfusions are recommended depending
on the presence of symptoms and comorbidities. ESAs are
suggested for anemic patients undergoing palliative cancer
treatment but not for patients receiving chemotherapy with
curative intent [12]. The German guideline on the use of
transfusions considers them an option depending on severity
and symptoms of anemia, especially when rapid, short-term
improvement of Hb levels <8 g/dL is required [13].

Prospective, observational studies can be used to assess
the current state of care. In 2001/2002, the ECAS assessed
prevalence, incidence, and treatment of anemia in more than
15,000 cancer patients in Europe. Over all patients, ESA
therapy was the most frequently used antianemic treatment,
while transfusions were most commonly applied in anemic
patients withHb levels≤9.9 g/dL receiving chemotherapy [2].
In 2004/2005, the German Cancer Anemia Registry (CAR)
was a survey on the planned anemia management of almost
2,000 cancer patients in German routine care. Overall, the
three predefined treatment strategies “to correct underlying
disorder causative of anemia” (e.g., iron or vitamin deficiency
or bone marrow infiltration), “to use transfusions as first-
line treatment,” and “to use ESA as first-line treatment” were
selected equally frequently, while diagnostic measures were
used in two-thirds of patients only [3].

Here, we present data on the current anemiamanagement
in cancer patients from the Clinical Tumor Anemia Registry
(TAR) conducted in 2012/2013.This paper addresses the treat-
ment reality of patients with cancer and/or therapy related
anemia, the use of diagnostic measures, and effectiveness of
treatment based on changes in Hb values and QoL within
three months after the start of antianemic treatment.

2. Patients and Methods

2.1. Study Design. The TAR was an open, prospective, mul-
ticenter, longitudinal, observational study investigating the
treatment reality of patients with cancer-induced anemia in
Germany. It was conducted according to the Declaration of
Helsinki, reviewed by an ethics committee, and registered in
the ClinicalTrials.gov registry (NCT01795690).

2.2. Patients. Eligible patients were ≥18 years old, with
diagnosed cancer, irrespective of tumor type, and about to
start antianemic therapy with baseline Hb levels <11 g/dL

(females) or <12 g/dL (males). Antianemic treatment was
started no longer than 7 days prior to signing written
informed consent. Additional inclusion criteria comprised
an Eastern Cooperative Oncology Group performance status
of 0–3 and life expectancy of >16 weeks. Patients with
myelodysplastic syndrome or an experimental antianemic
therapy as part of a clinical trial were excluded. Study sites
were encouraged to enroll patients consecutively to ensure
unselected recruitment. Patients were treated according to
physicians’ choice based on patients’ individual needs.

2.3. Data Collection. At the time of enrolment, data on
patients’ sociodemographics, tumor entity, type of antineo-
plastic treatment, concomitant diseases, previous antiane-
mic treatments, and current laboratory parameters were
documented. Comorbidity was assessed using the Charlson
Comorbidity Index [16]. During the 12-week observational
period, antianemic treatment and laboratory parameters
were documented. Data were collected from patients’ med-
ical files and transferred to a secure web-based electronic
case report form (eCRF) by physicians or trained study
nurses. Implemented automatic completeness and plausibil-
ity checks, and if necessary direct contact with the study site,
were done for quality assurance. To determine QoL, patients
completed the Functional Assessment of Cancer Therapy
Anemia (FACT-An) questionnaire at enrolment and 6 and 12
weeks later. The initial questionnaire was filled at the study
site; the remaining two were mailed to the patients, filled at
home, and returned bymail in prepaid envelopes. All patients
who returned the baseline questionnaire were included in the
analysis of patient-reported outcomes.

2.4. Patient Cohort and Statistical Analysis. Of all patients
recruited, those with documented baseline Hb (measured no
longer than 7 days before the start of antianemic treatment)
were eligible for the final analysis. Patients who received one
of the four standard antianemic treatments (RBCTx, ESA,
IV iron, or ESA + IV iron) on day 1 of the observation
period (day 1 treatment) were included in the present anal-
ysis. Patients were categorized by (1) their type of disease
(solid operable tumor/potentially curative, solid inoperable
tumor/palliative intention, and hematological tumor) and
by (2) their day 1 treatment. The frequency of diagnostic
measurements at the start of treatment was calculated. For
this purpose, the number of patients for whom specified
blood parameters weremeasured at least once within 4 weeks
until 2 weeks after the beginning of antianemic treatment was
determined. To analyze the effectiveness of treatments, the
proportion of “responders” and ΔHb(final) and ΔHb(max)
were determined. ΔHb(final) was defined as the difference
between the baseline Hb and the last Hb documented
within the observation period, but at least 4 weeks after the
start of treatment. ΔHb(max) was defined as the difference
between the baseline Hb and the highest Hb documented.
“Responders” were all patients with final Hb of >11 g/dL or
with ΔHb(final) of ≥1.5 g/dL, with the final Hb being the last
documented Hb within the observation period, but at least 4
weeks after the start of antianemic treatment.
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The FACT-An total score and the anemia-specific sub-
scale score were determined according to the questionnaire’s
manual. Missing data within a questionnaire were handled
according to the questionnaire’s manual [17]. Median scores
were calculated for each time point and patient sample.
No imputations for missing questionnaires were performed.
Improvements of seven points on the FACT-An total scale
and four points on the anemia subscale were considered
clinically meaningful [14, 15]. The statistical analysis was
performed using STATISTICA (StatSoft, Inc.) version 10.0, R
version 2.15.1, and IBM SPSS Statistics version 19.0.

3. Results and Discussion

3.1. Patients’ Characteristics and Day 1 Treatment. Between
March 2012 and September 2013, 216 office-based medical
oncologists from 88 study sites recruited 1018 patients. Of
these patients, 984 were eligible for analysis. 22 patients
were excluded because treatment sample sizes were too small
for meaningful analysis. They received nonstandard day 1
treatments (8 oral iron, 5 ESA+RBCTx, 4 oral iron +RBCTx,
2 oral iron + IV iron + RBCTx, 2 IV iron + RBCTx, and 1 oral
iron + IV iron), and to this end 962 patients were included in
the present study (Figure 1).

Table 1 displays the baseline sociodemographic and clin-
ical characteristics. Overall, 85% of the patients (𝑛 = 813)
had solid tumors, predominantly breast, colorectal, and non-
small cell lung cancer (NSCLC), whereas the remaining
patients (15%, 𝑛 = 149) were affected by hematological
malignancies. 75% of the solid tumors were inoperable
(palliative patients, 𝑛 = 606). Mean baseline Hb was 8.9 g/dL.

The majority of patients (88%, 𝑛 = 850) received
chemotherapy, of which about half were platinum based
(Table 1). Figure 2 presents the frequency of the most com-
mon day 1 treatments according to type of disease (𝑛 = 962).
Overall, 59% (𝑛 = 571) of the patients received RBCTx, 20%
(𝑛 = 196) underwent ESA therapy, and 15% (𝑛 = 142) were
treated with IV iron. A combination of ESAs and IV iron
was the treatment of choice for the minority of patients (6%,
𝑛 = 53) (Table 1). Thus, approximately 40% of the patients
received antianemic therapy with ESA, IV iron, or ESA + IV
iron.

Patients with inoperable solid tumors and patients with
hematological malignancies were treated more often with
RBCTx (60% and 64%, resp.) than patients with operable
solid tumors (55%). ESA therapy was used less frequently in
patients with inoperable solid tumors than in patients with
operable solid tumors and hematological malignancies (18%
versus 25%). Of all patients with solid tumors receiving ESAs,
patients with breast cancer constitute approximately one-
third. 20–30% of the patients with solid tumors and treated
with IV iron had colorectal cancer (Table 1).

Approximately 20% of the patients had received previous
antianemic therapies within 4 weeks before day 1 of the
observation period, mostly RBCTx (data on file).

Our data show that in 2012/2013 transfusions accounted
for almost 60% of day 1 antianemic treatments in German
routine practice, while ESA (alone or with IV iron) was used
in 26% and IV iron alone in 15% of patients. In 2004/2005, the

Eligible for analysis

Patients recruited

Incomplete data

Included in the analysis

Nonstandard
day 1 treatment

Operable solid tumor
(potentially curative)

Inoperable solid 
tumor (palliative)

Hematological
malignancy

n = 149n = 606n = 207

n = 22

n = 962

n = 34

n = 1018

n = 984

Figure 1: Patient recruitment, patient cohort, and type of disease.
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Figure 2: Frequency of antianemic day 1 treatments by type of
disease.

German CAR study reported that transfusions were planned
as “first-line” antianemic therapy for almost 35% of anemic
cancer patients, whereas ESAs were chosen for 39% and
strategies “correcting the underlying disorder” for 26% of
patients [3]. Mean Hb for requiring treatment was 9.4 g/dL
in CAR, while mean Hb at the start of treatment was 8.9 g/dL
in TAR.MeanHb triggering transfusionwas 8.7 g/dL inCAR,
while mean Hb at the start of transfusion as day 1 treatment
was 8.6 g/dL in TAR. Mean Hb when ESAs, IV iron, and ESA
+ IV iron were chosen was 9.7 g/dL in CAR and between 9
and 10 g/dL in TAR (data on file).

In 2001/2002, the ECAS reported that approximately
38% of those patients receiving any antianemic therapy were
treated with transfusions (alone or in combination with
iron) at any time during the observational period, while
approximately 45% received ESAs (alone or in combination
with iron and/or transfusion) [2].

It has to be noted that CAR also included patients with
Hb levels <12 g/dL (females) or <13 g/dL (males), who are
less likely to receive transfusions. On the other hand, 33%
of patients in CAR had a lymphoproliferative malignancy
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compared to 15% in TAR, with these patients being more
likely to receive transfusions in both data sets. The ECAS
recruited all patients, independently of anemia, and also
anemic patients that did not require treatment. Mean Hb at
the start of treatment was higher in ECAS (9.7 g/dL) than
in TAR (8.9 g/dL). Patients undergoing chemotherapy and
whose Hb was <9 g/dL at the start of antianemic treatment
were treated most frequently with transfusions (53%). In
contrast, 71% of TAR patients receiving transfusions had Hb
of <9 g/dL.

In summary, our data indicate that the use of transfusions
as antianemic treatment might have increased in the last
decade, while the use of ESA has decreased. Due to the
limitations of historic controls, it cannot be excluded that the
differences seen in the frequencies of treatments in ECAS,
CAR, and TAR are at least partially caused by differences in
the design of these studies (inclusion criteria) resulting in
different patients recruited (e.g., with lower Hb in TAR) and
thus receiving different treatments (e.g., more transfusions in
TAR).

3.2. RBC Transfusions in Patients with Hb Levels ≥8 g/dL.
In general, patients receiving RBCTx as day 1 treatment
showed lower baseline Hb values than patients receiving
other antianemic therapies (Table 1).

Overall, 85% (𝑛 = 813) of all patients had baseline Hb
levels ≥8 g/dL. Of these patients, 55% (𝑛 = 443) received
RBCTx. This also means that, of all patients receiving trans-
fusions (𝑛 = 571), almost 80% (𝑛 = 443) had baseline Hb
values ≥8 g/dL. Study sites reported the presence of anemic
symptoms for 88% of patients withHb levels ≥8 g/dL. In total,
71% (𝑛 = 406) of the patients who received transfusions
(𝑛 = 571) had Hb values <9.0 g/dL at the start of treatment
(data on file).

The high rates of RBCTx, especially in patients with Hb
≥8 g/dL in TAR, are concerning, considering the various
risks, such as transfusion-transmitted infections, transfusion-
related circulatory overload, iron overload, anaphylactic reac-
tions, and thromboembolism [8, 12, 18].While RBCTx are the
only option when immediate correction of anemic symptoms
is required, there is ongoing debate about the Hb that should
trigger transfusions, which is reflected in several changes
in guidelines over time [18–20]. According to the EORTC
guideline on the use of ESAs, patients should be evaluated
for the need of transfusions if their Hb level is <9 g/dL [21].
Guidelines of the German Medical Association indicate the
use of transfusions for patients with symptomatic anemia
whose Hb level is <8 g/dL and/or for patients with symp-
tomatic cardiovascular disease and the additional presence
of physiologic transfusion triggers, such as tachycardia or
hypotension, along with an Hb level between 8 and 10 g/dL
[13]. The high rate of transfusions in patients with Hb levels
≥8 g/dL in TARmay only partly be explained by the presence
of physiologic transfusion triggers, data on which were not
collected within this study. There may be other rationales for
applying transfusions more often than other treatments in
patients with Hb levels ≥8 g/dL and in the study cohort as a
whole.

HYPO

HbR

TSAT

Serum iron

Ferritin

20 40 60 80 1000
Frequency (%)

Hemoglobin∗

Any iron test∗∗

Figure 3: Frequency of patients tested for iron parameters at the
start of antianemic treatment. ∗Inclusion criterion; ∗∗Patients tested
for any of the listed iron parameters: ferritin, serum iron, TSAT
(transferrin saturation), HbR (hemoglobin content of reticulocytes),
or HYPO (hypochromic erythrocytes).

3.3. Testing for Specific Blood Serum Parameters. About a
quarter of TAR patients received ESAs as day 1 treatment,
either alone or in combinationwith IV iron.Although a direct
comparison is prevented by the reasons mentioned above,
findings of the CAR and the ECAS reported a higher use of
ESAs in Germany and Europe in 2001–2005 (CAR: planned
ESA treatment rate of almost 40%; ECAS: approximately 45%
of the patients were treated with epoetin, either alone or
in combination with iron and/or transfusion) [2, 3]. Since
then, safety concerns have led to revisions of existing practice
guidelines [10, 12]. A summary of meta-analyses on ESA use
in cancer patients from2011 came to the conclusion that, over-
all, ESAs reduced the risk for RBCTx and increased the risk
for thrombovascular events and mortality, while the effect of
ESAs on mortality in patients receiving chemotherapy was
unclear [22]. A Cochrane meta-analysis found no evidence
for increased mortality in patients with target Hb <12 g/dL,
undergoing chemotherapy [23]. Thus, in clinical practice,
the benefits and risks of ESAs and transfusions should be
carefully considered and decisions should be made based on
each patient’s situation and preferences.

In this context, it is of great concern that only approxi-
mately one-third (30%) of all patients in TAR were tested for
iron parameters at the start of antianemic treatment, most
frequently bymeasuring ferritin, serum iron, or TSATwithin
4 weeks before the start of therapy. Testing for Hb content of
reticulocytes and hypochromic erythrocytes occurred even
less frequently (Figure 3). Iron parameters were measured
more often in patients with colorectal cancer than in patients
affected by othermalignancies (43% versus 28%, data on file).

Evaluation of nutritional deficiencies other than iron was
rarely done; <1% of patients were analyzed for deficits in
vitamin B12 and folic acid, respectively (data on file).

While it is possible that a proportion of patients had been
tested prior to the four weeks before inclusion into TAR, this
is unlikely to account for almost 70% of patients without
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documented diagnostics. Only 20% of patients had received
antianemic treatment in the four weeks prior to inclusion.
Data from the CAR reported that 44% of patients had been
tested for ferritin and 33% for TSAT, although the time frame
was not restricted and could have been more than four weeks
before treatment [3].

While the NCCN recommends thorough diagnostics for
possible treatable causes of anemia, including AID and FID,
and specifies the parameters to be tested, no guideline on
the diagnostics and treatment of cancer-related anemia has
been published in Europe to date. In the TAR study, testing
for iron parameters was performed more often in patients
with colorectal cancer than in patients affected by other
malignancies, accompanied by a higher frequency of IV
iron therapy in this patient subgroup. This indicates that
physicians currently use diagnostics for specific subsets of
patients rather than as a routine requirement prior to any
antianemic therapy.

IV iron has been shown to improve the efficacy of ESAs
in patients with FID and is thus recommended for this
patient subgroup [10, 12]. In addition, IV or oral iron is
the treatment of choice in patients with AID [12]. In the
TANDEM study, a diagnostic algorithm to select patients
to antianemic treatment was suggested [24] based on the
diagnostic plot by C. Thomas and L. Thomas [25] and
identified about 25% of patients with iron deficiency in a
cohort primarily designated for ESA treatment.

3.4. Effectiveness. Overall, antianemic treatment was suc-
cessful in approximately half of all patients (“responders,”
Table 2). Data on effectiveness are limited by the obser-
vational study design. There is considerable heterogeneity
between the patients and thus effectiveness of treatments and
QoL should not be compared between the different types of
therapies. Causal relations cannot be drawn. Patient char-
acteristics and inclusion criteria, such as baseline Hb levels
<11 g/dL (females) or <12 g/dL (males), have to be considered
when comparing data with other published studies.

Patients receiving transfusions had median final Hb
between 1.2 and 1.6 g/dL above baseline, depending on
the type of disease (ΔHb(final), Table 2). The maximum
median increase after the start of treatment was between 2.6
and 2.9 g/dL (ΔHb(max), Table 2). Patients receiving ESAs
showedmedian final Hb between 1.9 and 2.1 g/dL above base-
line (ΔHb(final), Table 2). The maximum median increase
was between 2.6 and 2.7 g/dL after the start of treatment
(ΔHb(max), Table 2). Patients with inoperable solid tumors
treated solelywith IV iron,who in general had higher baseline
Hb values (median 9.6 g/dL, Table 1), showed median final
Hb of 1.1 g/dL above baseline. Due to the small number of
patients, effectiveness parameters for other subgroups should
be interpreted with caution.

The majority of patients receiving no RBCTx as antiane-
mic therapy required no additional transfusions during
the observation period (Table 2). According to the criteria
defined in this study, all treatments were on average effective
within the patient populations investigated. More than half
of all patients showed a long-term rise in Hb levels.Themain

purpose of antianemic treatment is not only to correct Hb
levels, but also to improve QoL [3].

3.5. Quality of Life. While QoL is being measured more
frequently in clinical trials, data on QoL in unselected, real-
life patients are still rare. The FACT-An questionnaire is a
validated tool to assess QoL in anemic cancer patients and to
discriminate patients by their Hb levels and physical perfor-
mance status [26]. In total, 78%, 70%, and 60% of the patients
returned QoL questionnaires at baseline, after 6 weeks, and
after 12 weeks, respectively. Median baseline FACT-An total
scores (maximum 188 points) indicating overall QoL were
between 104.1 and 115.9 points for all patients, with patients
receiving transfusions having the lowest score (Figure 4(a)).
Median baseline anemia-specific subscale scores (maximum
80 points) were <45 for all patients (transfusion: 41.6, ESA:
44.0, IV iron: 43.5, and ESA + IV iron: 41.0; Figure 4(b)).The
median anemia-specific subscale scores showed improve-
ment in all treatment groups. Clinically meaningful changes
(≥4points)were observed after 12weeks for patients receiving
ESA (44.0 to 48.2 points), IV iron (43.5 to 51.3 points), or ESA
+ IV iron (41.0 to 50.0 points). For patients receiving ESAs,
clinically meaningful changes were already observed after 6
weeks (44.0 to 48.2 points). Overall QoL, as measured by the
FACT-An total scores, also showed a median improvement
after 12 weeks for patients receiving IV iron or ESA + IV
iron.The difference reached the level of clinical relevance (≥7
points) for patients receiving ESA + IV iron (106.5 to 117.5
points); however, due to the small number of patients, this
result should be interpreted with caution.

On average, a clinically meaningful improvement in
the anemia-specific subscale scores was observed for TAR
patients undergoing therapies other than RBCTx. However,
this has to be interpreted with caution and might not be
caused by the treatment applied, since patients receiving
transfusions had lower Hb values at the start of treat-
ment among other differences, which may also affect QoL.
Improvement in QoL during antianemic treatment was also
recently reported for patients receiving darbepoetin in Ger-
man routine practice [7].

4. Conclusion

The aim of the TAR study was to assess the current treatment
of anemia in cancer patients in German routine practice.
Our data show that the majority of patients receive RBCTx,
while ESAs, IV iron, or a combination of both is applied less
frequently. Diagnostic testing for iron or other nutritional
deficiencies is not routinely performed before treatment.
All antianemic treatments were effective within the patient
populations examined. Therefore, our data suggest that diag-
nostics for possible causes and causal therapies of anemia are
underused in German routine practice. The large proportion
of patients treated with transfusions, especially with Hb
values ≥8 g/dL, highlights the need for systematic studies on
the benefits of diagnostic-led treatment decision-making and
for a European guideline on anemia management. It urgently
needs to be discussed whether thorough diagnostics and



Anemia 7

Ta
bl
e
2:
Eff

ec
tiv

en
es
so

fa
nt
ia
ne
m
ic
tre

at
m
en
ts
in

G
er
m
an

ro
ut
in
ep

ra
ct
ic
e.

O
pe
ra
bl
es

ol
id

tu
m
or

(𝑛
=
2
0
7
)

In
op

er
ab
le
so
lid

tu
m
or

(𝑛
=
6
0
6
)

H
em

at
ol
og
ic
al
m
al
ig
na
nc
y
(𝑛
=
1
4
9
)

D
ay

1t
re
at
m
en
t

Tr
an
sfu

sio
n

ES
A

IV
iro

n
ES

A
+
IV

iro
n

Tr
an
sfu

sio
n

ES
A

IV
iro

n
ES

A
+
IV

iro
n

Tr
an
sfu

sio
n

ES
A

IV
iro

n
ES

A
+
IV

iro
n

Δ
H
b(
m
ax
)b
[g
/d
L]

𝑛
a

78
41

18
11

25
7

79
71

27
67

34
7

5
M
ed
ia
n

2.
9

2.
7

2.
0

2.
6

2.
7

2.
6

2.
0

2.
3

2.
6

2.
6

2.
0

2.
9

M
ea
n
±
St
D

3.
1±

1.5
3.
0
±
1.4

2.
3
±
1.2

2.
8
±
1.3

2.
8
±
1.8

2.
8
±
1.5

2.
0
±
1.6

2.
5
±
1.3

2.
6
±
1.5

2.
5
±
1.9

2.
6
±
1.5

2.
8
±
1.5

Δ
H
b(
fin

al
)c
[g
/d
L]

𝑛
a

63
40

16
11

22
3

77
67

26
62

32
7

5
M
ed
ia
n

1.6
2.
0

1.6
1.7

1.5
1.9

1.1
1.8

1.2
2.
1

2.
0

2.
3

M
ea
n
±
St
D

2.
0
±
1.8

2.
1±

1.2
1.7
±
1.5

2.
1±

1.3
1.6
±
1.5

2.
1±

1.7
1.3
±
1.5

1.9
±
1.5

1.6
±
1.8

1.9
±
2.
0

2.
4
±
1.6

2.
2
±
1.9

Re
sp
on

de
rs

d

𝑛
a

63
40

16
11

22
3

77
67

26
62

32
7

5
%

50
.8

72
.5

62
.5

63
.6

41
.3

55
.8

43
.3

57
.7

35
.5

59
.4

57
.1

80
.0

Tr
an
sfu

sio
ns

𝑛
a

114
51

30
12

36
2

10
8

10
2

34
95

37
10

7
W
ee
ks

1–
4
[%

]
10
0.
0

25
.5

13
.3

8.
3

10
0.
0

26
.9

16
.7

17.
6

10
0.
0

29
.7

10
.0

—
W
ee
ks

5–
8
[%

]
24
.6

5.
9

6.
7

—
31
.5

14
.8

9.8
2.
9

44
.2

10
.8

10
.0

14
.3

W
ee
ks

9–
12

[%
]

17.
5

3.
9

3.
3

—
26
.2

8.
3

7.8
5.
9

33
.7

21
.6

20
.0

—
a N

um
be
ro

fp
at
ie
nt
sf
or

w
ho

m
va
ria

bl
ei
sd

oc
um

en
te
d
or

co
ul
d
be

ca
lc
ul
at
ed
.

b Th
em

ax
im

al
di
ffe
re
nc
eb

et
w
ee
n
th
eb

as
eli
ne

H
b
an
d
th
eh

ig
he
st
H
b
do

cu
m
en
te
d.

c Th
ed

iff
er
en
ce

be
tw
ee
n
th
eb

as
el
in
eH

b
an
d
th
el
as
tH

b
do

cu
m
en
te
d
w
ith

in
th
e1
2-
w
ee
k
ob

se
rv
at
io
n
pe
rio

d,
bu

ta
tl
ea
st
4
w
ee
ks

aft
er

th
es

ta
rt
of

tre
at
m
en
t.

d A
re
sp
on

de
ri
sd

efi
ne
d
as
ap

at
ie
nt

w
ith

fin
al
H
b
>
11
g/
dL

or
w
ith
Δ
H
b(
fin

al
)o

f≥
1.5

g/
dL

,w
ith

fin
al
H
b
be
in
gt
he

la
st
do

cu
m
en
te
d
H
b
w
ith

in
th
eo

bs
er
va
tio

n
pe
rio

d,
bu

ta
tl
ea
st
4
w
ee
ks

aft
er
th
es
ta
rt
of
an
tia

ne
m
ic

tre
at
m
en
t.



8 Anemia

Transfusion
n = 426 367 311

ESA
159 152 134

IV iron
118 96110

IV iron + ESA
43 3941

Baseline 
Week 6 
Week 12

0

10

20

30

40

50

60

70

80
FA

CT
-A

n 
an

em
ia

 su
bs

ca
le

 sc
or

e (
m

ed
ia

n)

∗∗

∗ ∗

(a)

Transfusion
n = 359 325 281

ESA
133 133 118

IV iron
108 88 87

IV iron + ESA
36 35 34

0

20

40

60

80

100

120

140

160

180

FA
CT

-A
n 

to
ta

l s
co

re
 (m

ed
ia

n)

∗

Baseline 
Week 6 
Week 12

(b)

Figure 4: Quality of life (QoL) of patients assessed by the FACT-An questionnaire at baseline and after 6 and 12 weeks of the observation
period. (a) Anemia-specific subscale score range [0–80]; ∗a difference of 4 points is considered clinically relevant [14, 15]; (b) FACT-An total
score range [0–188]; ∗a difference of 7 points is considered clinically relevant [14, 15]; higher scores indicate a better QoL; numbers indicate
the number of questionnaires returned.

earlier intervention can decrease the need for transfusions,
at least in subsets of patients.
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[13] Bundesärztekammer BÄK (German Medical Association),
“Cross-sectional guidelines for therapy with blood compo-
nents and plasma derivatives—4th revised edition,” Transfusion
Medicine and Hemotherapy, vol. 36, pp. 345–492, 2009.

[14] K. Webster, D. Cella, and K. Yost, “The Functional Assessment
of Chronic Illness Therapy (FACIT) measurement system:
properties, applications, and interpretation,”Health andQuality
of Life Outcomes, vol. 1, article 79, 2003.

[15] J. Ringash, B. O’Sullivan, A. Bezjak, and D. A. Redelmeier,
“Interpreting clinically significant changes in patient-reported
outcomes,” Cancer, vol. 110, no. 1, pp. 196–202, 2007.

[16] M. E. Charlson, P. Pompei, K. L. Ales, and C. R. MacKenzie, “A
new method of classifying prognostic comorbidity in longitu-
dinal studies: development and validation,” Journal of Chronic
Diseases, vol. 40, no. 5, pp. 373–383, 1987.

[17] FACIT.org, “FACT-An Scoring Guidelines,” Version 4, May
2003.

[18] A. Calabrich and A. Katz, “Management of anemia in cancer
patients,” Future Oncology, vol. 7, no. 4, pp. 507–517, 2011.

[19] M. L. Thomas, “Anemia and quality of life in cancer patients:
impact of transfusion and erythropoietin,” Medical Oncology,
vol. 15, supplement 1, pp. S13–S18, 1998.

[20] P. J. Barrett-Lee, N. P. Bailey, M. E. R. O’Brien, and E. Wager,
“Large-scale UK audit of blood transfusion requirements and
anaemia in patients receiving cytotoxic chemotherapy,” British
Journal of Cancer, vol. 82, no. 1, pp. 93–97, 2000.

[21] C. Bokemeyer,M. S. Aapro, A. Courdi et al., “EORTCguidelines
for the use of erythropoietic proteins in anaemic patients with
cancer: 2006 update,” European Journal of Cancer, vol. 43, no. 2,
pp. 258–270, 2007.

[22] T. Tonia and J. Bohlius, “Ten years of meta-analyses on erythro-
poiesis-stimulating agents in cancer patients,” inHematopoietic
Growth Factors in Oncology, vol. 157 of Cancer Treatment and
Research, pp. 217–238, Springer, Berlin, Germany, 2011.

[23] T. Tonia, A. Mettler, N. Robert et al., “Erythropoietin or
darbepoetin for patients with cancer,” Cochrane Database of
Systematic Reviews, vol. 12, Article ID CD003407, 2012.

[24] H. T. Steinmetz, A. Tsamaloukas, S. Schmitz et al., “A new
concept for the differential diagnosis and therapy of anaemia
in cancer patients,” Supportive Care in Cancer, vol. 19, no. 2, pp.
261–269, 2010.

[25] C. Thomas and L. Thomas, “Biochemical markers and hema-
tologic indices in the diagnosis of functional iron deficiency,”
Clinical Chemistry, vol. 48, no. 7, pp. 1066–1076, 2002.

[26] S. B. Yellen, D. F. Cella, K. Webster, C. Blendowski, and E.
Kaplan, “Measuring fatigue and other anemia-related symp-
toms with the Functional Assessment of Cancer Therapy
(FACT) measurement system,” Journal of Pain and Symptom
Management, vol. 13, no. 2, pp. 63–74, 1997.


