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Abstract

Purpose This study aimed to prove the usefulness of the
diagnostic plot, using the haemoglobin content of reticulo-
cytes as a measure of functional iron deficiency (FID) and
the ferritin index as a measure of iron availability, to
customise anaemia treatment in cancer patients.

Methods Based on results of this plot, cancer patients
fulfilling practice guideline criteria to receive erythropoiesis-
stimulating agents (ESAs) were allocated to treatment with
ESAs alone, iron alone or the combination of both. Primary
endpoint was the percentage of patients identified to require
iron in addition or as an alternative to ESA therapy.

Results Out of 303 patients screened, 286 were allocated to
treatment: 204 patients were normochromic and iron replete
and treated with ESAs alone, 22 had both FID and anaemia
of chronic disease and were treated with ESAs and
parenteral iron, and 60 were iron-depleted and treated with
iron only. After 8 weeks, a haemoglobin increase >1 g/dL
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from baseline was shown by 56% of patients treated with
ESAs alone, by 100% of patients receiving the combina-
tion, by 50% of normochromic and by 73% of hypochromic
iron-depleted patients receiving iron only. Acute phase
reaction did not diminish the response rate to ESAs.
Conclusions The diagnostic plot was superior to transferrin
saturation and ferritin in predicting iron availability in
hypochromic patients treated with ESAs and proved useful
to select treatment for anaemia in cancer patients.
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Introduction

Anaemia in cancer patients is a significant factor of
morbidity associated with the underlying disease and
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chemotherapy. It is the most important form of anaemia of
chronic disease (ACD), which is characterised by a blunt
erythropoietin response in addition to inadequate iron
supply to the bone marrow [26, 40]. Among the common
treatments are erythropoietin-stimulating agents (ESAs).
However, two recent meta-analyses [9, 39] confirmed
earlier safety concerns, which had resulted in restrictions
on their use. Current anaemia treatment guidelines point at
the need to rule out causes other than cancer or chemother-
apy prior to ESA treatment. However, neither do they
specify any diagnostic procedures [10, 11, 31-33], nor is
any predictor of haematological response to ESAs available
[10, 35]. Such a response is achieved in just about half of
the patients, and adjunct iron treatment in anaemic patients
with cancer is estimated to be widely underused as
compared to dialysis patients [29].

Thus, to use ESAs most appropriately [9, 39], still
biomarkers are needed (1) to identify responders, (2) to
monitor response during treatment and (3) to estimate the
iron balance and availability before and during ESA therapy.

The most likely reason for not responding to ESAs is
functional iron deficiency (FID), a failure to provide stored
iron to the erythroblasts. However, to date, parameters of
iron status have not been predictive of a response to ESAs
in anaemic iron-replete patients either [1, 13]. In 2002, the
diagnostic plot was introduced [37] by combining the
ferritin index (FI=soluble transferrin receptor (sTfR) in mg/
L/log ferritin in ng/L), as marker of iron supply to the bone
marrow [30], and the Hb content of reticulocytes, as
indicator of FID [6], alternatively to ferritin and transferrin
saturation (TSAT) [17]. The plot enables differentiation of
four different categories (Fig. 1): In patients of quadrant 1,
iron stores are replete and bone marrow releases red blood

36 ESA only Iron only
No iron deficiency (NID). Mild iron deficiency (MID).
Iron stores: replete Iron stores: depleted
e FID: no FID: no
2 Qm 02/)
5 % a4|q3
& TN
Anemia of chronic disease | Iron-deficient anemia (IDA).
(ACD) & FID.
Iron stores: replete Iron stores: depleted
FID: yes FID: yes
20 ESA + iron Iron only
0 3.2(2.0)
sTfR/log ferritin

Fig. 1 Diagnostic plot for the differentiation of anaemia in cancer
patients based on iron stores (s7fR/log ferritin) and iron demand for
erythropoiesis (CHr) [37]. In patients with CRP values higher than
5 mg/L, the cutoff for the sTfR/log ferritin is 2.0 instead of 3.2
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cells with normal Hb content (no iron deficiency=‘NID
patients’). In patients of quadrant 2, iron availability may be
reduced, but without affecting erythropoiesis yet and Hb
content of red blood cells remains normal (mild iron
deficiency=‘MID patients’). In patients of quadrant 3, iron
availability runs short and results in storage and functional
iron deficiency (iron deficiency anaemia=‘IDA patients’).
In quadrant 4, iron-replete patients present FID in combi-
nation with ACD (‘ACD/FID patients’).

Infection and chronic inflammation may suppress eryth-
ropoietic activity and cause FID if stored iron is not
mobilised and added to the labile iron pool. Consequently,
the FI threshold of the diagnostic plot that indicates normal
iron availability needs to be adjusted in patients with an
acute phase reaction (C-reactive protein (CRP) >5 mg/L
(17D [37].

So far, three studies with limited data have demonstrated
the diagnostic plot as a predictive model to adequately
identify responders to ESAs, one in intensive care patients
with ACD [36], one in anaemic low birth-weight infants
[22] and one in anaemic patients with myeloma and
lymphoma [23]. To further evaluate the practical benefit
of the diagnostic plot, we conducted a first prospective trial
in cancer patients with anaemia.

Methods
Patients

Eligible for this study were adult patients with a malignant
tumour and an anaemia fulfilling the European practice
guideline criteria for ESA treatment of 2004 [10]. The
anaemia had to be developed at least three cycles and at
least 6 weeks prior to the end of chemotherapy as ESAs
should be given concomitantly. Excluded were patients
with an anaemia attributable to factors other than cancer or
chemotherapy, an overt iron deficiency as suggested by
ferritin concentrations <20 pg/L, a contraindication for
ESA or iron preparations or a life expectancy <3 months,
and furthermore, pregnant or breast-feeding women. All
enrolled patients gave written informed consent.

Study design and protocol

This was an open, controlled, parallel-group, multicenter,
prospective trial enrolling patients from October 2004 to
October 2006. Within 3 weeks of enrolment, patients
underwent an initial clinical and laboratory screen. Baseline
laboratory tests included a complete blood and reticulocyte
count, erythropoietin, vitamin B, and folate levels and a
biochemistry profile including markers of iron metabolism.
The latter comprised ferritin, sTfR, FI, TSAT, CRP and CHr.
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Based on these markers and the resulting quadrant of
the diagnostic plot, patients were allocated to treatment:
NID patients received erythropoietin B (NeoRecormon®,
30,000 U subcutaneously once per week), which based on
routine diagnostic procedures would have been the standard
treatment for all study patients. Therefore, these patients
were taken as a reference for the evaluation of secondary
endpoints. Due to the iron impairment indicated by the plot
results, MID patients were allocated to treatment with oral
iron (ferrous sulphate 300 mg daily), IDA patients to
treatment with parenteral iron (Fe saccharate; Venofer®
200 mg once per week) and ACD/FID patients to treatment
with the combination of erythropoietin 3 and parenteral iron
once per week (Fig. 1).

Hb and the parameters of the diagnostic plot were
re-measured in weeks 2, 4, 8 and 12. Based on the results,
treatment was either stopped (if Hb was >12 g/dL),
modified (if quadrant had changed) or continued for a
maximum of 12 weeks. Patients who had to be transfused
during the study were considered non-responders; their
laboratory data were excluded from the present analysis.
The study protocol was approved by the competent regional
Ethics Committee (Medical Association North Rhine) and
conducted in accordance with the principles of GCP and the
Declaration of Helsinki.

Clinical endpoints

As the primary objective was to validate the plot as a
diagnostic tool for the differentiation of iron states, the
primary endpoint was the percentage of patients identified
by the diagnostic plot to require iron either in addition or as
alternative to ESA therapy. Iron requirements were verified
based on the haemoglobin response to the allocated
treatment. Accordingly, response rates and time to response
were secondary endpoints as well as the tolerability and
safety of iron therapy, the percentage of patients with an
APR, its impact on treatment response and the rate of
transfusions and infections.

Response to the different treatment regimens was analysed
by changes of Hb and sT{R concentrations on week 4, 8 and
12 in comparison to baseline. At each of these time points,
patients with an Hb increase >1 g/dL from baseline were
considered responders [32]. The increase in sTfR concentra-
tion was measured as putative indicator of proliferative bone
marrow response to ESA treatment [15].

Diagnostic testing

All laboratory measurements were performed centrally. Blood
counts and CHr were measured using the Advia 120
haematology analyser (Siemens Diagnostics, Frankfurt,
Germany), CRP and TSAT using the COBAS 6000 chemistry

analyser (Roche Diagnostics, Mannheim, Germany), ferritin
and sTfR concentration using an Elecsys 2010 analyser
(Roche Diagnostics, Mannheim, Germany) and erythropoietin
using the Immulite analyser (Siemens diagnostics, Frankfurt,
Germany).

The threshold used in the diagnostic plot for CHr should
be the same for measurements with analysers from Sysmex,
whereas those used for the FI (3.2 and 2.0) are specific to
the sTfR assay from Roche.

Statistical analysis

The statistical analysis was performed by an external
organisation (WISP, Langenfeld, Germany). Groups of
patients were compared based on their original quadrant
and assignment to treatment even though these may have
changed during the course of the study. Between-group and
pair-wise comparisons of metric variables were performed
with the respective Wilcoxon test and those of frequencies
using Fisher’s exact test (two-sided).

Results

Eleven cancer outpatient clinics in Germany screened 342
patients of whom 303 were eligible. There were no
significant differences among patients with different status
of iron stores and haematopoiesis at baseline regarding age,
gender, body mass index, type or stage of tumour or
performance status (Table 1).

In 286 patients who were assigned to treatment due to
the results of the diagnostic plot, treatment response was
evaluable; 265 patients were treated and analysed per
protocol. Of these, 227, 217 and 151 completed weeks 4,
8 and 12, respectively (Fig. 2). No serious adverse event
attributable to ESA or iron treatment was reported.

Baseline iron and inflammation status

Assessment of the diagnostic plot At baseline, about four in
five patients had a normal FI (NID and ACD/FID patients),
indicating normal iron availability for erythropoiesis; 60
patients (21%) had increased values (MID and IDA
patients), indicating reduced iron supply to the bone
marrow (Table 1). Forty-two patients (15%) fell into Q3
and Q4 (CHr<28 pg) indicating FID; of these, 20 patients
(7%) had classical IDA, and 22 patients (8%) had a
combination of FID and ACD. The ferritin concentration
was significantly higher in patients with NID and ACD/FID
compared to those with MID and IDA (p<0.0001). Average
sTfR was normal in the former and elevated in the latter
groups. Endogenous erythropoietin concentrations did not
vary significantly among quadrants (Table 1).
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Table 1 Baseline characteristics
per quadrant of the diagnostic
plot

BMI body mass index, pts.
patients

4FI threshold is at 2.0 if CRP is
higher than 5 mg/L and
otherwise at 3.2

Values are given as means =+
standard deviation or as median
and range (minimum-maxi-
mum) if data were not
normally distributed

Assessment of transferrin saturation TSAT levels were
highest in NID patients with 145 of them (71%) having
values >20% (Table 1). Corresponding numbers (frequencies)
in MID, IDA and ACD/FID patients were 18 (45%), seven
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FI < threshold®

FI > threshold®

Demographic and disease characteristics (N=303)

CHr>28 pg
Male/female (%)
Age (means + SD)
Pts. with elevated BMI (%)
Solid/lymphoproliferative cancer (%)
Pts. with metastases (%)
Pts. with marrow infiltration (%)
Pts. with previous chemotherapy (%)
Pts. with initial diagnosis/relapse (%)
ECOG 0/1/2%

CHr<28 pg
Male/female (%)
Age (means + SD)
Pts. with elevated BMI (%)
Solid/lymphoproliferative cancer (%)
Pts. with metastasis (%)
Pts. with marrow infiltration (%)
Pts. with previous chemotherapy (%)
Pts. with initial diagnosis/relapse (%)
ECOG 0/1/2 (%)

Q1: N=207 (68%)
39/61

64+11

43

82/18

69

18

53

33/67

22/69/9

Q4: N=23 (8%)
35/65

64+10

48

87/13

80

21

65

10/90

44/44/11

Biomarker of iron metabolism and erythropoiesis (N=286)

CHr>28 pg
Hb (g/dL)
RBC (10°/uL)
MCV(fL)
MCH (pg)
Reticulocytes (%)
Ferritin (png/L)
sTfR (mg/L)
TSAT (%) (prevalence<20%)
CRP (mg/L)
Erythropoietin (U/L)
CHr<28 pg
Hb (g/dL)
RBC (10°/uL)
MCV(fL)
MCH (pg)
Reticulocytes (%)
Ferritin (ng/L)
sTfR (mg/L)
TSAT (%) (prevalence<20%)
CRP (mg/L)
Erythropoietin (U/L)

Ql: N=204 (71%)
9.8+1.1
35428
92.9+8.0
30.9+2.6
1.8+0.2

433 (32-8360)
32+12
33.9421.7 (29.3%)
12 (1-235)

39 (4-1710)
Q4: N=22 (8%)
9.4+1.0
3.4+0.5
88.8+6.8
292428
2.0+1.9

432 (96-3911)
3.8+1.2
18.7+7.7 (52%)
82 (3-383)

49 (26-131)

Q2: N=46 (15%)
45/55

64+11

67

85/15

76

19

59

24/76

20/71/9

Q3: N=27 (9%)
50/50

63+8

54

78/22

80

26

48

33/67

36/48/16

Q2: N=40 (14%)
10.2+1.0
4.1%4.7
90.3+6.8
29.542.7
1.840.5

223 (11-1423)
73433
21.0+£16.2 (60%)
14 (3-269)

36 (19-175)

Q3: N=20 (7%)
9.8+1.0

3.840.5

82+7.4

26+2.4

1.840.7

83 (13-1440)
7.6%2.1
16.6+13.8 (74%)
16 (3-199)

32 (6-267)

(35%) and 11 (50%), respectively. TSAT was significantly
lower in patients with CHr<28 pg (IDA and ACD/FID)
compared to patients with CHr>28 pg (NID and MID)
(means + SD, 18.1£13.3% vs. 30.8+21.2%, p<0.0001).
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342 patients

P N screened
39 pati d
* no informed consent
* ferritin <20 ng/ml
* transfusion <14 days before
303 patients
enrolled &
allocated to
treatment
17 patients dropped out:
* need for transfusion 207 (Q1) 23 (Q4) 73 (Q2/3)
* no day-1 plot ESA only ESA & Fe Fe only
« informed consent withdrawn v
J
286 patients
analyzed for
response
21 patients dropped out:
« protocol violation: treatment [ 204 (Q1) ][ 22 (Q4) ][ 60 (Q2/3) ]
not according to the plot
265 patients
per-protocol l l
Week 1 [ 194 Q1) ][ 21(Q4) ][ 50 (Q2/3) ]
¥ v
Week 4 [ 170 (1) ][ 21 (Q4) ][ 36 (Q2/3) ]
¥ v
Week 8 [ 154 (Q1) H 20 (Q4) H 43 (Q2/3) ]
¥ ¥
Week 12 [ 112 Q1) ][ 15 (Q4) ][ 24 (Q2/3) ]

Fig. 2 Patient flow chart. Patients of the per-protocol population
stopped treatment before week 4, 8 or 12, if Hb concentration had
reached 12 g/dL

Assessment of inflammation Elevated CRP values (>5 mg/L)
were measured in 65%, 84%, 79% and 86% of NID , MID,
IDA and ACD/FID patients, respectively. CRP levels were
significantly higher in patients with FI<3.2 (NID and ACD/
FID) than in patients with FI>3.2 (MID and IDA; means +
SD, 35.8+£49.9 vs. 14.1+19.1, p<0.0001; Table 1). CRP
levels were highest in patients with ACD/FID or with ferritin
>800 pg/L (means = SD, 60+73 mg/L), TSAT<20% (41+
49 mg/L), sTfR >5 mg/L (41£63 mg/L) and CHr<28 pg
(59+77 mg/L).

Response to treatment

Hb response In all groups, Hb increased significantly and
continuously during treatment (baseline vs. 12 weeks: all
p<0.001; Fig. 3). Mean Hb increases and the proportion of
responders among patients with hypochromic red cells
(IDA and ACD/FID) were greater than among those with
normochromic red cells (NID and MID; Fig. 4). The
average Hb increase of IDA and ACD/FID patients was
about 2 g/dL after 8 weeks; however, 18% of the ACD/FID
patients had a Hb increase of 1-2 g/dL. Of the 60 patients
treated with iron alone, 39 (65%) responded. These patients,
who without the diagnostic plot would have been treated with
ESAs, showed an Hb increase comparable to both ESA-
treated groups. In patients with normochromic anaemia and
ESA-only therapy, the response rate after 8 weeks was not

diminished through infection or chronic inflammation (71.3%,
84.0%, 76.9% and 88.5% in patients without, with developing,
resolving, or persistent APR, respectively, based on CRP
levels below or above 5 mg/L at baseline and week 8).

Transfusion rate Over the whole 12-week study period, 95 of
the 265 per-protocol patients (36%) received at least one blood
transfusion: 79 out of 194 NID patients (41%), six out of 31
MID patients (19%), three out of 19 IDA patients (16%) and
seven out of 21 ACD/FID patients (33%). From weeks 5 to 12,
overall 49 patients (18%) still required at least one transfusion,
43 patients with NID (22%), one with MID (3%), one with
IDA (5%) and four with ACD/FID (19%), respectively.

sTfR response ESA-treated NID and ACD/FID patients
demonstrated a significant sTfR increase of more than 60%
from baseline regardless of Hb response (»<0.001). In the
iron-only-treated IDA patients, sTfR concentration decreased
in responders (baseline, 7.3+4.0 vs. week 8, 5.3+£3.0 mg/L),
whereas in non-responders, it remained stable over 8 weeks
of therapy (baseline, 7.4+4.0 vs. week 8, 7.2+£2.0 mg/L, p>
0.1). In MID patients, no significant sTfR change during
treatment was measured, regardless of Hb response.

Optimal iron supply

CHyr response ACD/FID patients who were all Hb respond-
ers to the combined ESA/iron treatment showed a continuous
increase in CHr. In contrast, among ESA-only treated NID
patients, responders, but not the non-responders, showed a
continuous decline of CHr during treatment (day 1 vs. week
12, p<0.0001), indicating FID (Table 2). Of the iron-only-
treated IDA patients, responders showed an increase in CHr,
whereas in the non-responders and MID patients, CHr
remained stable (data not shown).

FI response In all patients treated with ESAs, FI increased
significantly (day 1 vs. week 12, p<0.0001) regardless of
Hb response (Table 2). Within 12 weeks of corresponding
treatment, the FI of NID patients moved 49.2% of
responders to Q2 or Q3, indicating a reduced iron supply
for erythropoiesis, whereas this happened to only two
ACD/FID patients (19%). Of the patients treated with iron
alone (MID and IDA), only Hb responders showed a
decrease of FI during treatment (data not shown).

TSAT assessment Of the NID patients receiving ESAs only,
75.6% had a TSAT value >20% and a ferritin level >100 ng/L
at baseline; 71% showed a mean Hb increase of 2 g/dL after
12 weeks (Fig. 4). However, values of TSAT>20% and
ferritin>100 ng/L were also measured in 47.8% of ACD/FID
patients although they had FID (CHr<28 pg).
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Discussion

Evidence from clinical trials supports the use of ESAs
below critical Hb concentrations. However, in the absence
of reliable diagnostic procedures to figure out the cause of
anaemia and to predict ESA response, practice guidelines

ENID (Q1): ESA only
EMID (Q2): Iron only
B DA (Q3): Iron only
W ACD/FID (Q4): ESA + iron

100

80

60

40

Response rate [%]

20

4 8 12
Week

Fig. 4 Proportion of responders (%) to the treatment allocated based
on the diagnostic plot at baseline
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recommend to initiate conventional therapy and observe
haematopoietic response first [10, 31]. Guidelines further
recommend to consider relevant diagnostic testing, in
particular of FID. This was the first study using a diagnostic
rules-based approach to determine the most appropriate
anaemia therapy. It also allowed a comparative evaluation
of potential diagnostic markers.

STfR has been recommended as marker of erythropoietic
activity [7, 15]. Our data confirm that an increase of sTfR
may indicate not only stimulation of erythropoiesis during
ESA therapy but also that it has no predictive value of the
Hb response [35] as sTfR increased in both responders and
non-responders.

Practice guidelines for chronic kidney disease recom-
mend to initiate ESA therapy in haemodialysis patients, if
TSAT is >20% and ferritin>100 pg/L [27]. Based on these
guidelines, iron supplementation would have been withheld
in all patients falling into Q4 of the diagnostic plot.
However, these patients actually showed a higher response
rate (p=0.0035 in week 12, Fig. 4) and a greater Hb
increase (Fig. 3) than those treated with ESAs alone
confirming results of earlier studies [2, 5, 20, 28]. Thus,
our data indicate superiority of the diagnostic plot based on
FI and CHr to serum ferritin and TSAT in recognising FID.
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Table 2 Mean CHr and FI .

levels + standard deviation (N) Week Ql Q4

during ESA therapy with (Q4)

or without concomitant Responder Non-responder Responder

intravenous iron (Q1)
CHr (pg) 0

FI 0

# All patients in Q4 were 12
responders

33.843.4 (139)
32.9+3.2 (125)
32.843.3 (117)
31.844.6 (90)
1.4+0.6 (140)
2.6+1.2 (125)
2.84+3.1 (115)
2.241.0 (90)

32.6+4.5 (58)
32.943.2 (35)
33.143.3 (29)
33.4+2.4 (16)
1.1£0.5 (57)
23+1.1 (35)
2.3+1.3 (29)
2.1+1.6 (16)

27.4+0.7 (22)
30.7+3.2 (22)
30.5+2.2 (20)
31.843.2 (16)
1.3+0.6 (21)
2.8+1.4 (22)
3.2+1.4 (20)
2.4+1.3 (16)

FID may result either from an ESA overstimulation of
erythropoiesis and accordingly an iron need exceeding the
capacity of delivery, or from an impaired iron delivery from
reticulo-endothelial to erythropoietic cells [12]. The ratio of
FID to the delivery of iron as represented by CHr and FI in
the diagnostic plot provides a new approach to detect iron-
deficient states when monitoring ESA therapy [14]. In
ESA-only treated patients, the shift of nearly half of the
responders from QI to Q2 or Q3 indicated that markedly
stimulated erythropoiesis depleted afore normal iron stores.
That this happened to only 19% of patients under the
combination treatment confirms the benefit of intravenous
iron supplementation and the relevance of the FI to indicate
reduced iron availability.

CHr enables an assessment of the incorporation of iron
into Hb of red cells. Thus, it is a direct indicator of
functional availability of iron to the erythron [38]. In recent
years, CHr has been established as an indicator of FID and
iron management in ESA-treated dialysis patients [19]. Our
study confirmed CHr as indicator of functional iron
availability in cancer patients. All ESA-only treated patients
showed a comparable increase of FI, but like in the DRIVE
study [16], only responders exhibited a decline in CHr,
whereas it increased in iron-supplemented ACD/FID
responders (Table 2). These results suggest that non-
responders to ESA therapy can mobilise stored iron but
are unable to incorporate it into the erythron.

Apart from iron deficiency, infection and inflammation
were shown to play a major role in the poor response of
patients with chronic kidney disease to ESAs [25]. In these
patients, high CRP in association with low CHr and TSAT
levels are supposed to explain the lack of response to
further iron therapy [18]. In addition, inflammation may
induce erythropoietin resistance [4, 25]. That during
chronic inflammation higher ESA doses are required is
supported by data from the European Survey of Anaemia
Management (ESAM) [21]: Despite high doses of ESAs,
patients with CRP above 50 mg/L showed lower Hb values
than those with CRP below 50 mg/L. In our study, ACD/
FID patients consistently showed decreased CHr and mean

TSAT and CRP levels of 18.7+7.7% and 83+87 mg/L,
respectively. However, still 82% responded to ESAs and
intravenous iron treatment with an Hb increase of >2 g/dL
within 8 weeks. In the ESA-only treated group, the
response rate was independent of CRP as well (Table 2).
By now, it remains unclear whether this is due to
differences in patient populations or ESA doses.

Surprisingly, the diagnostic plot identified in the current
study about one in five anaemic patients of an average
cancer population qualifying for ESA therapy to be just
iron deficient. In contrast, the number of ACD/FID patients,
who, as expected, responded well to the combination
therapy, was rather small. Overall, based on the diagnostic
plot, ESAs alone appeared not to be the most appropriate
treatment option for about one in four patients fulfilling
current guideline criteria for ESA treatment. Moreover, in
view of the relatively moderate response of NID patients to
ESAs alone, it is likely that they would have benefited from
supplemental iron as well. This would be in line with
results from previous studies (reviewed in [1]), and the
continuous decrease of CHr in NID responders may suggest
the development of FID under ESA therapy without
concomitant iron support.

Thus, the original question raised in this study of which
patients need iron in addition to ESAs might rather read
which patients need ESAs in addition to iron. Whether iron
generally should be given along with ESA therapy in
cancer patients is still under debate [3, 8, 24, 34]. However,
none of the published trials, including ours, indicate an
emerging safety risk and to our knowledge, there has been
no dedicated safety study of iron therapy in anaemic cancer
patients yet. At least our data provide good reason to
extensively use CHr and FI as markers for erythropoiesis
and iron metabolism before initiating any unneeded or
potentially harmful therapy with ESAs or transfusions [29].

In conclusion, the plot reflects the relationship between
FID and iron availability and during ESA therapy the
combined assessment of CHr and FI is predictive of a
treatment response. The study confirmed the value of
intravenous iron supplementation to improve response to
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ESAs. For the first time, the diagnostic plot enabled to
identify anaemic cancer patients with iron deficiency who
otherwise would be treated with ESAs. The plot was
confirmed as an indicator of response to ESAs and of FID
and appears a promising tool to decide upon treatment in
cancer patients with anaemia. However, this needs to be
substantiated by further studies.
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