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Abstract
Purpose This report describes the results of an observational,
retrospective cohort study, evaluating the use of iron sucrose
(IS) and red blood cell (RBC) transfusions in patients with
cancer in routine clinical practice in France. A parallel inves-
tigated cohort treated with ferric carboxymaltose (FCM) has
been reported earlier.
Methods Data of patients with a solid tumour or haematolog-
ical malignancy who have received IS or an RBC transfusion
during 2010 from 3 months prior (M−3) to 3 months post first
treatment (M+3) were analysed.
Results Data from 46 patients who had received IS (400 mg
median total iron dose) and 357 patients who had received
RBC transfusions as first treatment (baseline) were included.
Median haemoglobin levels improved from 9.9 g/dL (inter-
quartile range 9.2; 11.0 g/dL) at baseline to 12.4 g/dL (11.4;

13.1 g/dL) at M+3 in IS-treated patients and from 8.2 g/dL
(7.8; 8.8 g/dL) at baseline to 10.1 g/dL (8.8; 11.1 g/dL) in
transfused patients. An erythropoiesis-stimulating agent was
given to 54.3 and 28.9% of patients in the IS and the RBC
transfusion groups, respectively, resulting in slightly better
mean haemoglobin increase in both groups (2.4 vs 1.5 g/dL
and 2.0 vs 1.6 g/dL, respectively). No severe nor serious ad-
verse reaction and no hypersensitivity reactions were reported.
Conclusion Both IS and RBC transfusions effectively in-
creased Hb levels in patients with cancer. IS was safe and well
tolerated in this population. Considering prior reported results
with FCM, using FCM may reduce ESA dose requirements
and the required number of infusions.

Keywords RBCtransfusion .Patients . Intravenousiron- Iron
sucrose

Introduction

Patients with cancer frequently suffer from anaemia and/or
iron deficiency (ID) [1, 2]. In a recent study, anaemia (Hb
<12 g/dL) was found in 33.0% of patients with solid tumours
and 33.9% of patients with haematological malignancies [2].
ID (transferrin saturation [TSAT] <20%) was found in 45.9
and 35.4%. ID can develop in patients with underlying inflam-
mation, limiting the release of iron form intracellular stocks
and availability for erythropoiesis [3, 4] (functional ID), or
due to blood loss during surgery or insufficient iron uptake
(absolute ID).

Anaemia is associated with impaired quality of life (QoL)
and may be related to impaired response to cancer treatment
and overall survival [5–8]. ID, even without anaemia, can be
associated with impaired physical function and fatigue symp-
toms [2, 9–11]. When left untreated, ID can develop into
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anaemia [3]. Established treatment options for anaemia in
cancer patients include the administration of erythropoiesis-
stimulating agents (ESAs), red blood cell (RBC) transfusions
and intravenous (i.v.) or oral iron [3, 12–14]. Guidelines and
experts strongly recommend the reduction or prevention of
RBC transfusions and restricted usage of ESAs at the lowest
required dose. Controlled clinical studies in anaemic cancer
patients have shown that addition of i.v. iron to ESA treatment
improves Hb levels compared to no or oral iron supplementa-
tion [3, 15, 16]. Additional controlled and observational stud-
ies have suggested that also patients without concomitant ESA
treatment can benefit from i.v. iron [17–21].

The most widely used i.v. iron preparation is iron sucrose,
an iron(III)-hydroxide sucrose complex [22]. Depending on
the country, iron sucrose is approved for administration at
maximum single doses of 200–300 mg, until the calculated
total iron deficit is reached. Iron preparations that can be given
at higher single doses and are used commonly in cancer pa-
tients include ferric carboxymaltose [20, 21] and low molec-
ular weight iron dextran [23].

The study reported here evaluated data on themanagement of
anaemia in cancer patients in France to assess the feasibility and
conditions of use of iron sucrose and RBC transfusions in rou-
tine clinical practice beyond the limiting criteria of clinical trials.

Methods

Study design and population

OncoFer was designed as an observational, retrospective and
prospective study in 45 active centres in France. Eligible cancer
patients had to be at least 18 years of age, diagnosed with a
solid tumour or a haematological malignancy, provide in-
formed consent and receive either i.v. iron sucrose (Venofer®,
Vifor Pharma, Switzerland) or RBC transfusion in 2010. The
study design, methods and data from prospectively enrolled,
ferric carboxymaltose-treated patients were previously pub-
lished [21]. Retrospective enrolment was performed in reversed
consecutive order of the patients’ last i.v. iron or RBC transfu-
sion treatment. Patients receiving an investigational anaemia
therapy or being enrolled in or having not completed another
investigational anaemia study by ≥30 days before baseline
were excluded. The study was conducted in compliance with
the International Conference on Harmonisation Good Clinical
Practice, the Declaration of Helsinki and local guidelines and
regulations. Ethics approval was granted by the Ethics commit-
tee CPP Ile-de-France VI Hôpital Pitié Salpétrière based on the
submitted study protocol.

The primary objective was to describe the administration of
iron sucrose and RBC transfusions, including dose, frequency,
route and duration of administration and treatment location.

Patient management and data collection

Decisions on diagnostic tests and treatments were left to the
investigator’s discretion according to their routine practice.
Data of a 6-month period comprising a period from 3 months
prior (M−3) to 3 months after (M+3) the first treatment
(baseline) were included. Anonymised data on laboratory
tests, concomitant medications, adverse and serious adverse
drug reactions (related or possibly related to the study drug)
were collected from patient records and described in more
detail previously [21].

Data analysis

Data are shown for the overall cohort and stratified by treat-
ment with iron sucrose or RBC transfusions without iron su-
crose. Categorical data are summarised by number and per-
centage; continuous data are presented with mean and median
values and interquartile range (Q1; Q3) or full range (mini-
mum-maximum). The statistical analysis was performed by
ICTA PM (Fontaine-les-Dijon, France).

In order to assess the actual treatment effect of iron sucrose
or RBC transfusion, data were censored once a therapy other
than that defined at baseline was received. All Hb and iron
status data of patients who received an RBC transfusion after
the first iron sucrose dose ormore than 1month before the first
iron sucrose dose were censored from analysis during 1 month
after the RBC transfusion. Patients who received an RBC
transfusion within 1 month before the first iron sucrose dose
were excluded.

Quality control of 30 randomly selected patient records
confirmed that the accepted 1‰ rate of inconsistencies was
respected.

According to recommendations for sample size calcula-
tions for descriptive prevalence studies [24], a sample size of
405 patients was estimated based on the desired observed
frequencies (i.e. half of the total width of the expected CI)
and the required precision of ≥5% (i.e. 95% CI).
Furthermore, a 5% rate of lost to follow-up or non-evaluable
patients over the 3-month follow-up period was anticipated
based on an approximately 10% data loss reported in the
ECAS study after 6-month follow-up [1].

Results

Patient characteristics

The study set comprised data from 417 cancer patient; 403
patients were included in the analysis set, 46 in the iron su-
crose group and 357 in the RBC transfusion group (Fig. 1).
Median age of patients was 63 years (25–79 years) in the iron
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sucrose and 64 years (21–92 years) in the RBC transfusion
group; 47.8 and 51.8% were male, respectively (Table 1).

The majority of patients (82%) presented solid tumours
(Table 1). Haematologic malignancies were only reported in
the RBC transfusion group. Both groups had similar rates of
metastatic disease (63.0 and 57.7%, respectively) and ongoing
cytotoxic chemotherapy at baseline.

Baseline C-reactive protein (CRP) was assessed in 19.6%
of patients in the iron sucrose group and 36.7% in the RBC
group. The percentage of tested patients with elevated base-
line CRP values was 77.8 and 86.3%, respectively. Median
baseline creatinine levels were 59.6 and 76.9 μmol/L and
remained stable over time. Abnormal creatinine levels
(>80 μmol/L) were observed in 30.0 and 15.8% of patients
in the iron sucrose group at baseline and M+3, respectively,

and in 43.2 and 32.3% of patients in the RBC transfusion
group at baseline and M+3, respectively.

Patient follow-up

Among patients in the analysis set, 63.0% (n = 29) and 62.7%
(n = 224) have completed the study at the theoretical month 3
post-baseline visit (M+3) in the iron sucrose and RBC group,
respectively. No patient withdrew consent (Fig. 1).

During the observation period, 8 patients (17.4% of deaths)
in the iron sucrose group and 95 patients (26.5%) in the RBC
transfusion group died. The most frequent causes of death in
the iron sucrose and RBC transfusion groups were disease
progression (75.0% [n = 6] and 83.2% [n = 79], respectively)
and general physical health deterioration (12.5% [n = 1] and

Fig. 1 Patient disposition
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10.5% [n = 10], respectively). Other reasons included cirrho-
sis, dyspnoea, haemoptysis, haemorrhage, hypoxic
pneumopathy and pulmonary oedema (1.1% [n = 1] each in
the RBC transfusion group) and one case of unknown reason
in the iron sucrose group 12.5% [n = 1]). All deaths were
considered unrelated to the study drug.

Circumstances of iron administration and RBC
transfusions

The median total iron dose in the iron sucrose group was
400 mg (100–1600 mg), administered in a median of 3 doses
(1–7 doses). One dose of iron sucrose was sufficient in 28.3%

Table 1 Baseline patient and tumour characteristics

Parameter Iron sucrose group (N = 46) RBC transfusion group (N = 357) Overall (N = 403)

Age, year Mean (SD) 62.4 (12.6) 64.8 (12.9) 64.5 (12.9)

Median (range) 63 (25–79) 64 (21–92) 64 (21–92)

Gender, n (%) Female 24 (52) 172 (48) 196 (49)

Male 22 (48) 185 (52) 207 (51)

WHO performance status, n (%) 0–1 6 (55) 49 (41) 55 (42)

2 2 (18) 43 (36) 45 (34)

3–4 3 (27) 28 (23) 31 (24)

Missing values 35 237 272

Solid tumour, n (%) 44 (96) 288 (81) 332 (82)

Gastrointestinal 25 (57) 63 (22) 88 (27)

Respiratory/intrathoracic 3 (7) 33 (11) 36 (11)

Breast 4 (9) 46 (16) 50 (15)

Female genital 3 (7) 48 (17) 51 (15)

Other 9 (20) 98 (34) 107 (32)

Malignant neoplasm, n (%)

Of unspecified site 0 (0) 6 (2) 6 (2)

Of multiple sites 2 (4) 7 (2) 9 (2)

Hematologic malignancy, n (%) 0 (0) 56 (16) 56 (14)

Leukaemia 24 (43) 24 (43)

Lymphoma 14 (25) 14 (25)

Myelodysplasia 17 (30) 17 (30)

Multiple myeloma 1 (2) 1 (2)

Metastatic disease, n (%) 29 (63) 199 (58) 228 (58)

Prior anaemia therapies, n (%)

RBC transfusion 0 (0) 352 (99) 352 ( 87)

ESA 23 (50) 76 (21) 99 ( 25)

Iron (i.v. or oral) 46 (100) 0 (0) 46 ( 11)

Ongoing chemotherapy at inclusion, n (%) 19 (41) 154 (43) 173 (43)

Haematological and laboratory parametersa

Hb, g/dL 9.9 (9.2, 11.0) 8.2 (7.8, 8.8) 8.4 (7.8, 9.0)

TSAT, % 12.5 (9.0, 14.0) 9.5 (9.0, 15.0) 12.0 (9.0, 15.0)

Serum ferritin, ng/mL 64 (17, 260) 456 (161, 912) 338 (52, 798)

MCH, fmol 1.8 (1.6, 1.9) 1.8 (1.7, 2.0) 1.8 (1.7 2.0)

MCV, fL 88.0 (81.1, 94.0) 90.1 (84.5, 96.0) 90.0 (84.0, 96.0)

Thrombocytes, g/L 324 (199, 476) 217 (116, 348) 226 (122, 357)

Leukocytes, g/L 5.9 (4.3, 9.0) 5.7 (3.4, 9.0) 5.8 (3.5, 9.0)

CRP, mg/L 45.0 (19.4, 55.0) 50.8 (16.6, 126) 49.7 (16.8, 126)

ALT, U/L 21.0 (13.0, 29.0) 22.0 (14.0, 42.0) 22.0 (14.0, 40.0)

AST, U/L 20.5 (17.5, 27.0) 25.0 (16.0, 38.0) 24.5 (16.5, 37.0)

Phosphate, mmol/L 1.2 (0.9, 1.3) 1.1 (0.9, 1.2) 1.1 (0.9, 1.3)

a Haematological and laboratory parameters presented as median and 25%, 75% percentile
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of the patients, but the majority required multiple iron doses
(Fig. 2a). Iron sucrose treatment was still ongoing in the ma-
jority of patients at M+1 (60.9%), but only small fractions of
patients required iron sucrose at M+2 and M+3 (9.1 and 11.1%,
respectively) (Fig. 2b). In all patients with documented mode
of administration (n = 40), iron sucrose was administered by
undiluted push injection, and in the majority of patients given
via a central vein (88.4 vs 11.6% via peripheral vein). The
reason for treatment initiation was anaemia in 60.9% of pa-
tients (n = 28), ID with anaemia in 26.2% of patients (n = 12)
and ID without anaemia in 10.9% of patients (n = 3), based on
physician assessment. In one patient, treatment with iron su-
crose was initiated because of oral iron intolerance (2.2%).
Iron status was only assessed in 37.0% of patients (n = 17)
in the iron sucrose group and based on TSAT (76.5%, n = 13),
serum ferritin levels (35.3%, n = 6) and other markers (41.2%,
n = 7).

Iron sucrose was administered by nurses in the vast major-
ity of cases, and only occasionally by physicians (92.7 vs
7.3%, respectively). A total of 65.1% of the patients received
at least one administration of iron sucrose in the hospital, and
37.2% received at least one administration at home.

In the RBC transfusion group, a median of two transfusions
(range 1–28) was administered. The reason for treatment ini-
tiation was anaemia in 95.8% of patients (n = 342) and IDwith
anaemia in 1.1% of patients (n = 4). Additional reasons for

RBC transfusions included bleeding during surgeries in 2.3%
of patients (n = 8), pancytopenia and thrombocytopenia (n = 1,
0.3%), and ‘guidelines without further reason’ (n = 1).
Analysis of uncensored data showed that from M−3 to M+3,
RBC transfusions were also given to 30.4% of the iron sucrose
group overall (Table 2), and post-baseline to 26.1% of pa-
tients. The mean number of RBC transfusions given in the
iron sucrose group was 1 (1–5).

Additional treatment with an ESA was given to 54.3% of
patients in the iron sucrose group and to 28.9% in the RBC
transfusion group (Table 2). The median total ESA dose was
454,286 IU (285,714; 752,381 IU) in the iron sucrose group
and 357,143 IU (183,810; 610,714 IU) in the RBC transfusion
group. The monthly cumulative median ESA dose increased
from 94,286 IU (77,143; 147,619 IU) at baseline to
132,857 IU (132,857; 132,857 IU) at M+3 in the iron sucrose
group and from 97,143 IU (71,429; 147,619 IU) to
132,857 IU (110,714; 177,143 IU) in the RBC transfusion
group.

Effectiveness of iron sucrose and RBC transfusions—Hb
evolution over time

In iron sucrose-treated patients, median Hb increased steadily
from 9.9 g/dL at baseline to 12.4 g/dL at M+3 (Fig. 3a).
Notably, median Hb levels at M+3 slightly exceeded those at
M−3 (12.0 g/dL [9.1; 12.7 g/dL]) and did not appear to reach a
plateau. In the subgroup of patients who only received one
administration of iron sucrose, Hb levels only increased 0.5 g/
dL between baseline andM+3 (from 10.5 to 10.9 g/dL, n = 13),
while in patients receiving two or more iron sucrose adminis-
trations, a more substantial Hb increase ranging from 2.8 to
3.2 g/dL was achieved.

In the RBC transfusion group, median baseline Hb (8.2 g/
dL) was substantially lower than in the iron sucrose group. Hb
levels steeply increased to 9.9 g/dL (8.6; 11.2 g/dL) at M+1,
where they plateaued at approximately 10.0 g/dL, and
remained lower than at M−3 (11.0 g/dL [9.7; 12.0 g/dL]).

In patients of the iron sucrose group with or without addi-
tional ESA treatment, mean Hb levels increased by 2.4 and
1.5 g/dL from baseline to M+3, respectively (Fig. 3b). In the
RBC transfusion group, the increase in Hb levels between
baseline and M+3 was 2.0 vs 1.6 g/dL in patients with and
without additional treatment with ESA, respectively
(Fig. 3c). In the iron sucrose group, Hb levels continued to
increase between M+1 and M+3 regardless of concomitant
ESA therapy. In the RBC transfusion group, a slow but con-
tinuous increase of Hb levels was observed only in patients
who also received ESA.

Censoring data did not significantly influence the calculat-
ed median Hb levels at the end of the observational period. At
M+3, data from 2 patients were censored in the iron sucrose
group, resulting in an uncensored HbM+3 of 12.3 g/dL [11.3,

Fig. 2 Circumstances of iron administration. a Number of iron
administrations. b i.v. iron administration over time
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13.0 g/dL] compared with censored HbM+3 of 12.4 g/dL [11.4,
13.1 g/dL]. In the RBC transfusion group, data from 4 patients
were censored, resulting in an uncensored HbM+3 of 10.0 g/dL
[8.8, 11.1 g/dL] compared with censored HbM+3 10.1 g/dL
[8.8, 11.1 g/ dL].

Iron status parameters serum ferritin and TSAT

Among iron sucrose-treated patients, median serum ferritin
levels increased from 64 ng/mL [17; 260 ng/mL] at baseline
to 446 ng/mL [237; 1349 ng/mL] at M+1, 394 ng/mL [224;
632 ng/mL] atM+2 and 561 ng/mL [194; 1302 ng/mL] atM+3.
Ferritin levels of RBC-treated patients increased from 456 ng/
mL [161; 912 ng/mL] at baseline to 959 ng/mL [337; 4097 ng/
mL] at M+1, 839 ng/mL [567; 1688 ng/mL] at M+2 and
2224 ng/mL [905; 3499 ng/mL] at M+3.

TSAT of iron sucrose-treated patients varied between
12.5% [9.0; 14.0%] at baseline to 14.0% [9.2; 40.1%] at M+

1, 14.5% [11.5; 21.0%] at M+2 and 13.5% [12.0; 23.0%] at M+

3. Among transfused patients, TSAT changed from 9.5% [9.0;
15.1%] at baseline to 26.0% [12.0; 16.0%] at M+1, 25.0%
[17.8; 39.7%] at M+2 and 40.0% [39.0; 84.0%] at M+3.

Tolerability, adverse reactions

Neither severe nor serious adverse drug reactions, including
adverse reactions leading to death, were reported in the iron
sucrose and RBC transfusion groups (Table 3).

Only two patients (3.7%) in the iron sucrose group experi-
enced adverse drug reactions. For one patient each,
hypophosphataemia and ineffective drug were reported
(1.9% each). In another patient, the second dose of iron su-
crose was not administered as planned, because of general
status alteration, which was not reported as an adverse drug
reaction since the administration was not initiated. Due to
local regulations at the time of treatment, the adverse reactions
‘off-label use’ and ‘drug administration error’ were assigned
to all patients treated with iron sucrose.

In the RBC transfusion group, 11 patients (3.0%) had also
received iron sucrose which was reported as adverse drug
reaction ‘off-label use’.

Discussion

This retrospective observational study in cancer patients with
anaemia documented routine practice conditions for the use of
iron sucrose or RBC transfusions in France during the year
2010. The study also included a cohort of ferric
carboxymaltose-treated patients that was prospectively en-
rolled in 2011 and analysed and published separately [21].

Total iron sucrose doses were divided into three or more
separate administrations in more than half of patients although
the median total dose per patient was only 400 mg iron. In the
formerly reported ferric carboxymaltose cohort, most patients
received their iron treatment as a single dose at baseline de-
spite a substantially higher median total iron dose (1000 mg)
[21]. Approximately two thirds of iron sucrose administra-
tions have been performed in the hospital, mainly given by
nurses. Nowadays, all oncology patients receive i.v. iron treat-
ment in the outpatient setting according to the European
Medicines Agency’s published measures to maximise the safe
use of i.v. iron, requiring availability of staff and equipment to
recognise and manage hypersensitivity reactions [25].

One quarter of iron sucrose-treated patients received addi-
tional RBC transfusions and one half additional ESA treat-
ment. In the recently published evaluation of treatment prac-
tice with ferric carboxymaltose, only 15.3% of iron-treated
patients have received additional RBC transfusions and
35.7% an ESA treatment [21]. Whether this reflects a general
trend in treatment practice complying with guidelines and
recommendations to minimise or prevent RBC transfusions
and ESA doses [3, 12–14] cannot be concluded from the
available data due to differences in demographics and disease
characteristics of the study populations [21]. Overall, the rath-
er small number of patients who have received iron sucrose
administration compared to those who have received RBC
transfusions as first treatment (46 vs 357; 11.4%) is in line
with studies that investigated the practice in diagnosis and
treatment of anaemic cancer patients in France and across nine
European countries [26, 27].

In order to assess the actual effect of the treatments on Hb
levels, data were censored once a patient received another
therapy than defined at baseline (iron sucrose or RBC trans-
fusions); however, overall results were similar in the censored
and non-censored populations. Both treatments were

Table 2 Percentage of patients
who have received RBC
transfusions or an ESA

Iron sucrose group
(N = 46)

RBC transfusion
group (N = 357)

Overall
(N = 403)

Patients with additional RBC transfusions,
n (%), censored data

2 (4.3) 357 (100) 359 (89)

Patients with additional RBC transfusions,
n (%), non-censored data

14 (30) 357 (100) 371 (92)

Patients with additional ESA treatment,
n (%)

25 (54) 103 (29) 128 (32)
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associated with restoration of median Hb to levels that patients
had 1 month prior to treatment. However, only the iron su-
crose group showed a continuous improvement in median Hb
during the entire post-treatment observation period of

3 months, even slightly exceeding the Hb level from 3 months
prior to the first treatment. The time course and extent of Hb
response were similar to those in the formerly reported ferric
carboxymaltose cohort, provided that a smaller fraction of
ferric carboxymaltose-treated patients has received an addi-
tional ESA [21].

The Hb response in the RBC group at 1 month post-
treatment was not followed by further improvement, and the
final Hb remained slightly below the already subnormal Hb
level from 3 months prior the first treatment. These results are
consistent with the fact that in cases where anaemia is caused
by ID, RBC transfusions only correct the symptoms, but not
the underlying cause of anaemia when given without addition-
al iron treatment. Notably, patients in the RBC group had
lower median Hb levels throughout the entire 3-month pre-
treatment period and experienced a steep decrease in Hb dur-
ing the month prior to the RBC transfusion. Earlier initiation
of an effective anaemia treatment such as iron sucrose or ferric
carboxymaltose might have avoided the experience of severe
anaemia and the need for the still complex and risky rescue
treatment with RBC transfusions.

In line with studies that showed the efficacy of i.v. iron
when given without an additional ESA [17–21], also patients
who received iron sucrose alone (i.e. without additional ESA)
responded well to the iron treatment and achieved mean Hb
levels around 12 g/dL. There were no substantial differences
in Hb response between patients in the RBC group that have
received additional ESA or not. Notably, the respective sub-
groups with or without ESA treatment had similar Hb levels at
baseline and 3 months prior to the first treatment, suggesting
that they were at least comparable within the treatment group
(iron sucrose or RBC, respectively).

Patients treated with iron sucrose generally achieved reple-
tion of iron stores (serum ferritin); however, the improvements
in TSATwere rather modest and low utilisation of iron status
assessment at baseline (37.0% overall, 28.3% for TSAT)
limits the generalisation of this observation. Formerly reported
results in patients treated with ferric carboxymaltose showed a
substantial improvement in TSAT with most patients achiev-
ing normal TSAT of >20% [21].

RBC transfused patients had already high ferritin levels at
baseline that increased to levels of almost 1000 ng/mL and
above, and also TSAT rised to 40% and more. These non-

�Fig. 3 Evolution of Hb from 3 months before (M−3) to 3 months after
(M+3) the initial i.v. iron treatment or RBC transfusion, stratified by
different patient characteristics. a Median Hb over time by type of
therapy (iron sucrose group: 9.9 g/dL [9.2; 11.0 g/dL] at baseline,
10.4 g/dL [9.5; 11.3 g/dL] at M+1, 11.6 g/dL [10.4; 12.5 g/dL] at M+2

and 12.4 g/dL [11.4; 13.1 g/dL] at M+3; RBC group: 8.2 g/dL [7.8; 8.8 g/
dL] at baseline, 9.9 g/dL [8.6; 11.2 g/dL] at M+1, 9.9 g/dL [8.6; 11.0 g/dL]
at M+2 and 10.1 g/dL [8.8; 11.0 g/dL] at M+3). b Mean Hb in the iron
sucrose group stratified by ESA use. c Mean Hb in the RBC transfusion
group stratified by ESA use. Graphs are based on censored patient data
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physiological high levels of iron status parameters may be
caused by release of labile iron from transfused red blood cells
before they were ingested by the macrophages of the reticu-
loendothelial system. Premature release of iron in the circula-
tion can lead to unspecific binding of iron to proteins and
oxidative stress [28, 29].

The study confirmed that iron sucrose, given at a median
total dosage of 400 mg iron, is well tolerated. Neither a hy-
persensitivity reaction nor drug-related serious adverse events
were reported. Although the number of patients was limited in
this study, these observations are in line with previous reports
showing the good tolerability of iron sucrose, particularly in
comparison to iron dextran and/or ferric gluconate [30–34].
Furthermore, the absence of related serious adverse event in
this iron sucrose-treated cohort and the formerly reported fer-
ric carboxymaltose-treated cohort [21] suggests comparable
safety profiles of these two compounds. The overall mortality
and completion rate are comparable with other populations of
cancer patients with metastatic disease (63.0%). Also, RBC
transfusions were well tolerated without serious adverse reac-
tions during the 3-month post-treatment observation period.
However, large population-based studies and a meta-analysis
in the oncology setting suggest an increased long-term risk of
mortality, morbidity and cancer recurrence in transfused pa-
tients [35–38].

The rate of patients with abnormal creatinine levels sug-
gests a considerable prevalence of renal conditions, which
may contribute to anaemia in this patient population.

Notably, the study population included both patients with
solid tumours and patients with haematological malignancies.
However, the latter comprised only 13.9% of the study

population, and prior studies in patients with solid tumours
or with lymphoproliferative disorders [15, 39] did not suggest
that iron sucrose may act differently in patients with solid
tumours or haematological malignancies, respectively.
Therefore, no separate analysis of these sub-populations has
been performed. In general, the observational nature of the
study is associated with some limitations compared with a
controlled study, including a less well-defined patient popula-
tion (e.g. site of primary disease) and a low proportion of
patients having all relevant laboratory values assessed.
Conversely, an observational study like this allows for evalu-
ation of a treatment’s feasibility in a broader patient popula-
tion in routine clinical practice.

Iron sucrose was considered as not indicated in oncology
and haematology according to the Marketing Authorisation at
the time of treatment, and therefore the adverse drug reaction
‘off-label use’ was recorded for each patient receiving iron
sucrose. However, the indication of iron sucrose ‘where there
is a clinical need for a rapid iron supply can also include
cancer patients, for example during or after treatment with
ESAs that rapidly increases iron demand [40].

According to the SmPC, iron sucrose should only be given
when ‘the diagnosis of iron deficiency is based on appropriate
laboratory tests (Hb, serum ferritin, TSAT, serum iron etc.)
[41]. However, in practice, ID was only tested in less than half
of the patients (40%) prior to iron sucrose treatment. The high
prevalence of elevated CRP levels confirms that cancer is
often associated with chronic inflammation. Therefore, ID in
cancer patients should be assessed by markers such as TSAT,
which can detect both functional and absolute iron deficiency.
Indeed, TSATwas usedmore commonly than serum ferritin or

Table 3 Adverse reactions in iron-sucrose-treated patients

Iron sucrose group (n = 54) RBC transfusion group (n = 363)

n (%) [E] n (%) [E]

Any adverse reaction 54 (100.0%) 57 11 (3.0%) 28

Any serious adverse reaction 0 (0.0%) 0 0 (0.0%) 0

Any severe adverse reaction 0 (0.0%) 0 0 (0.0%) 0

Any adverse reaction leading to death 0 (0.0%) 0 0 (0.0%) 0

Any iron sucrose-related adverse reaction 54 (100.0%) 57

Surgical and medical procedures

Off-label use 54 (100.0%) 11(3.0%)

Injury, poisoning and procedural complications

Drug administration error 54 (100.0%) 4 (1.1%)

Any iron sucrose-related adverse reaction except
off-label use and drug administration error

2 (3.8%)

Metabolism and nutritional disorders

Hypophosphataemia 1 (1.9%)

General disorders and administration site conditions

Drug ineffective 1 (1.9%)

n (%) number and percent of patients, E number of events
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other markers among patients in this study. The estimated high
prevalence of functional iron deficiency in this population
further supports the use of i.v. iron instead of a first treatment
with oral iron, because oral iron is not expected to be effective
when absorption and utilisation of iron are blocked due the
presence of inflammation.

Overall, this small study confirms that iron sucrose can be
safely and effectively used in patients with cancer. Despite a
comparative analysis of results in this cohort and formerly
reported use of ferric carboxymaltose in this setting is not
possible, the use of ferric carboxymaltose may provide some
benefits in terms of lower ESA dose requirements, better re-
sponse of iron parameters and lower number of infusions.
RBC transfusions confirmed their feasibility as potential res-
cue treatment; however, recovery of Hb levels is not as effec-
tive as with i.v. iron, and unphysiologically high levels of iron
status parameters warrant reevaluation of this treatment
option.
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