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Abstract
Background  Iron overload (IOL) due to repetitive transfusions of packed red blood cells (pRBC) has a major impact on 
morbidity and mortality in patients with inherited bone marrow failure syndromes and hemoglobinopathies such as thalas-
semia and sickle cell disease. However, whether IOL influences the outcome of elderly patients with myeloid malignan-
cies is not yet clear. Moreover, clinical trials have reported high drop-out rates during treatment with the oral iron chelator 
deferasirox (DFX).
Aim  Here we report the results of a 2-year prospective observational study that aimed at describing the routine use of DFX 
in patients with hematological malignancies with regard to safety, efficacy and handling of the drug in a routine setting.
Results  A total of 406 patients were included. 58% of the patients were male. Most of the patients had myelodysplastic 
syndromes (MDS) (68%) and myeloproliferative neoplasms (MPN) (14%). Median time from first transfusion to study enroll-
ment was 1.1 years (0–25.5 years) and most patients were chelation naive (91%) at enrollment. With regard to transfusion 
burden, most of the patients were moderately or mildly transfusion-dependent with 53% receiving 2–4 and 27% receiving 
less than 2 units of pRBC per month. Serum ferritin decreased from a mean of 2305 μg/l (± 1449 μg/l) to a mean of 1910 
μg/l (± 1529 μg/l) at 24 months. There was no substantial change in transfusion-dependence during the observation period. 
Dose adjustments were reported in 48% of the patients with dose-escalation strategies being the most frequent reason for 
dosage increases (49%). The median observation time was 355 days (5–1080 days). Median duration of exposure to DFX was 
322 days (2–1078 days). Two-hundred and ninety (72%) patients discontinued the trial prematurely after a median time of 
235 days (1–808 days). Death (29%) and adverse events (23%) were the main reasons for discontinuation. Eleven percent of 
the patients discontinued treatment due to sufficient decrease in serum ferritin. Most frequent adverse events were decrease 
in creatinine clearance (22%), increase in serum creatinine (18%) and diarrhea (16%).
Conclusion  This descriptive trial confirms the efficacy of DFX in decreasing the serum ferritin. Moreover, the high drop-
out rates seen in prospective trials are recapitulated in this study, which can be attributed to adverse events in a substantial 
proportion of patients.
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Introduction

Repetitive transfusions of packed red blood cells (pRBC) 
put patients at risk for transfusional iron overload (IOL), 
since the organism has no means to actively eliminate excess 
iron from the body. Patients with inherited bone marrow 
failure syndromes, hemoglobinopathies and hematological 

malignancies in general and those with a chronic course of 
the disease in particular often require regular transfusions of 
pRBC over a long period of time. Usually, after a cumulative 
transfusion burden of 20 units pRBC, serum ferritin (SF) 
increases and IOL manifests.

Excessive body iron increase leads to an exhaustion of the 
iron binding capacity of transferrin resulting in the occur-
rence of the so called non-transferrin bound iron (NTBI). 
The labile plasma iron (LPI) is a sub-fraction of the NTBI, 
which catalyzes the generation of reactive oxygen species 
that can cause damage of organelles and DNA, ultimately 

 *	 Florian Nolte 
	 florian.nolte@medma.uni‑heidelberg.de

Extended author information available on the last page of the article

http://orcid.org/0000-0002-2765-8940
http://crossmark.crossref.org/dialog/?doi=10.1007/s00432-018-2665-x&domain=pdf


1532	 Journal of Cancer Research and Clinical Oncology (2018) 144:1531–1538

1 3

inducing organ damage (Gattermann and Rachmilewitz 
2011). Particularly in patients with inherited anemias, organ 
damage by IOL can manifest as cardiac failure, diabetes, 
liver cirrhosis and other organ failures. Treatment of IOL 
with deferoxamine (DFO) was the gold standard over several 
decades. However, use of DFO was hampered by the subcu-
taneous administration, which was associated with low com-
pliance and subsequently insufficient iron chelation. Defera-
sirox (DFX) as an orally available iron chelator has proven 
better compliance and higher treatment adherence as com-
pared to DFO. Moreover, it has been shown that DFX can 
lower serum ferritin, total body iron and organ iron deposits 
in different iron overloading states (Gattermann et al. 2010; 
Lee et al. 2010; List et al. 2012; Nolte et al. 2013; Kim et al. 
2015; Latagliata et al. 2016).

Particularly for transfusion-dependent patients with 
inherited bone marrow failure syndromes and hemoglobi-
nopathies it has been shown that thorough iron chelation 
can reduce morbidity and mortality in those patients (Modell 
et al. 2000; Borgna-Pignatti et al. 2004). However, this find-
ing is controversial in elderly patients with MDS and other 
hematologic diseases. So far, only either retrospective stud-
ies or prospective non-randomized studies on iron chelation 
with DFX in patients with MDS and other hematological 
diseases have been published (Gattermann et al. 2010; Lee 
et al. 2010; List et al. 2012; Nolte et al. 2013; Kim et al. 
2015; Latagliata et al. 2016). Although some of them sug-
gest a beneficial effect of iron chelation on morbidity and 
mortality, conclusions that can be drawn from these studies 
are highly limited due to the study design and applied sta-
tistics (Leitch et al. 2008, 2017; Rose et al. 2010; Komrokji 
et al. 2011; Neukirchen et al. 2012; Delforge et al. 2014). 
In addition, in clinical trials with DFX such as the EPIC or 
the US03 trial high drop-out rates have been reported which 
were mainly due to gastrointestinal and renal adverse events 
(Gattermann et al. 2010; List et al. 2012).

Here we report on the results of a prospective observa-
tional study that investigated the safety and efficacy of DFX 
in patients with hematological disease in a routine setting 
outside clinical trials.

Methods

Study design

This was a prospective, multi-center, non-interventional, 
observational study on safety, tolerability and efficacy of 
DFX in patients with transfusion-dependent iron overload. 
After enrollment patients were scheduled to be followed 
for 24 months with 3-monthly follow-up visits during the 
first 12 months and 6-monthly visits thereafter. Diagnostic 
and medically indicated examinations were performed and 

documented under daily routine practice. The study was 
approved by the ethics committee of the medical faculty 
Mannheim of the University of Heidelberg as well as by the 
local ethics committees of the university of Göttingen and 
Sachsen-Anhalt.

Study population

Patients had to meet the following inclusion criteria: writ-
ten informed consent of either patient him or herself or the 
legal representative, established indication for iron chelation 
(IC) according to the European label of DFX, i.e., patients 
with beta-thalassemia major aged 6 years or older with iron 
overload due to frequent blood transfusions (7 mL/kg bw per 
month) and patients with chronic iron overload due to blood 
transfusions when deferoxamine therapy is contraindicated 
or inadequate in the following patient groups: in pediatric 
patients with beta-thalassemia major with iron overload 
due to frequent blood transfusions (≥ 7 mL/kg/month of 
packed red blood cells) aged 2–5 years, in adult and pedi-
atric patients with beta-thalassemia major with iron over-
load due to infrequent blood transfusions (< 7 mL/kg/month 
of packed red blood cells) aged 2 years and older, in adult 
and pediatric patients with other anemias (such as MDS or 
MPN and others) aged 2 years and older and in patients 
with chronic iron overload requiring chelation therapy when 
deferoxamine therapy is contraindicated or inadequate in 
patients with non-transfusion-dependent thalassemia syn-
dromes aged 10 years and older.

Dosing of DFX

DFX was administered orally at doses of 10–30 mg/kg body 
weight (bw). The recommended starting dose was 20 mg/
kg bw. DFX dose could be increased in patients showing 
insufficient treatment response indicated by persistently high 
SF levels. The maximum dose allowed to be administered 
according to the DFX label was 40 mg/kg bw.

Safety and efficacy assessments

Safety and tolerability were assessed by documentation 
of adverse events (AE), physical examinations and labo-
ratory assessments. AE were summarized using the Med-
DRA (version 19.1) coding system. Serious adverse events 
(SAEs) were defined as AEs which were fatal or requiring 
an unplanned or unforeseen hospitalization or prolongation 
of hospitalization, or resulted in persistent or significant dis-
ability/incapacity or impairment or congenital anomalies or 
birth defects or other medically important events. If AEs or 
SAEs were considered being related to the study drug they 
were categorized as either non-severe adverse drug reaction 
(nsADR) or severe adverse drug reaction (sADR).
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Efficacy was evaluated based on the change in serum fer-
ritin levels. Moreover, data on the transfusion burden during 
the observation were collected.

Statistical analysis

The trial was designed as a descriptive trial testing no 
hypotheses. Summary statistics were used for categorical 
and continuous data. The main analysis sets of the study are 
the full analysis set (FAS) and the safety analysis set (SAS). 
The FAS contains all patients who were treated accord-
ing to the summary of product characteristic (SmPc) (i.e., 
patients with a creatinine clearance of < 60 mL/min were 
not included), who had received at least one dose of DFX 
and who had at least one follow-up information documented. 
Patients in the FAS were stratified based on baseline SF. 
The SAS consisted of the FAS population and patients who 
did receive DFX although not fulfilling the SmPC specifi-
cation of a minimum creatinine clearance of 60 mL/min. A 
preplanned subgroup analysis was performed on the MDS 
patients included in the trial. Patients were stratified by IPSS 
risk categories and baseline SF. Analyses were done by 
using the Statistical Analysis Software (SAS) (version 9.4).

Results

Patient characteristics

Between July 2010 and December 2014, 505 patients were 
included in the study database. Finally, the FAS consisted 
of 406 patients and the SAS consisted of 429 patients 
(Fig. 1). Most frequently documented primary disease was 

myelodysplastic syndrome (MDS) in 276 (68%) of the 
patients, followed by myeloproliferative neoplasm and acute 
myeloid leukemia. Median time from diagnosis of primary 
disease was 2.0 years (0–30.9 years). Four hundred and one 
(99%) of 406 patients were dependent on blood transfusions 
and median time since start of first transfusion was 1.1 year 
(0–25.5 years). Most of the patients had received more than 
20 units of pRBC (n = 248, 61%). Of 406 patients, 369 (91%) 
were naive to iron chelation. See Table 1 for summary of 
patient characteristics in the FAS. The median observation 
time was 355 days (range 5–1080 days).

Dosing of study drug

The reason for initiating treatment with DFX was 
SF > 1000 ng/mL in 349 (86%) patients and a history of > 20 
transfused units of pRBC in 38 (9%) patients. The mean 
prescribed dosage of DFX at start of treatment was 13.6 mg/
kg (SD 6.61) with 129 (32%) patients receiving < 10 mg/kg 
at treatment start, 83 (20%) 10 to < 15 mg/kg, 61 (15%) 15 
to < 20 mg/kg, 109 (27%) 20 to < 25 mg/kg, 5 (1.2%) 25 to 
< 30 mg/kg, and 10 (2.5%) ≥ 30 mg/kg, respectively.

Dose adjustments

Dose adjustments were reported for 194 patients. One, two, 
three or more than three dose adjustments were reported 
for 89 (22%), 42 (10%), 30 (7.4%) and 33 (8.1%), respec-
tively. Dose increases and decreases were reported for 145 
and 103 patients, respectively. One, two, three or more than 
three dose increases were reported for 91 (22%), 23 (5.7%), 
19 (4.7%) and 12 (3%), respectively, while dose decreases 

Fig. 1   Analysis sets
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were reported for 68 (17%), 23 (5.7%), 8 (2%) and 4 (1%) 
of the patients.

Reasons for increases in DFX dosage were reported to 
be upfront intended dose-escalation strategies in 124 (49%) 
and too weak chelation in 63 (25%) patients. Decreases in 
DFX dose were reported to be due to adverse events (AEs) in 
62 (39%) and patient’s decision in 25 (16%) of the patients.

Exposure to DFX and premature discontinuation

Overall, the median duration of exposure to DFX was 322 
days (range 2–1078 days). Of 406 patients, 290 (72%) 

discontinued the treatment prematurely after a median 
time of 235 days (range 1–808 days). Of those, 205 (70%) 
discontinued treatment within the first 12 months. Discon-
tinuation was reported to be due to death of the patient in 
83 (29%), adverse events in 67 (23%), lost to follow-up in 
28 (9.6%), progression of primary disease or progression 
to AML in 24 (8.2%), and deterioration of the general con-
dition of the patient in 21 (7.2%) of the cases, respectively. 
Achievement of the target SF value as a reason for dis-
continuation was reported for 32 (11%) patients (Table 2).

Table 1   Patient characteristics

a Lymphoma (n = 10), multiple myeloma (n = 8), chronic lymphocytic leukemia (n = 6)
b Chronic myelomonocytic leukemia (n = 6), carcinoid tumor (n = 6), hemolytic anemia (n = 11)
c Multiple responses possible, i.e., percentages do not add up to 100%

Parameter FAS, N = 406

Male gender, N (%) 236 (58)
Age in years, median (range) 74 (2–93)
Disease, N (%)
 Myelodysplastic syndrome 276 (68)
 Myeloproliferative neoplasm incl. CML 60 (15)
 Acute myeloid leukemia 19 (5)
 Aplastic anemia 10 (2)
 NHLa 24 (6)
 Beta-thalassemia 7 (2)
 Sickle cell anemia 6 (1)
 Othersb 23 (6)

Median time from first diagnosis to enrollment, years (range) 2 (0–40)
Median time from first transfusion to enrollment, years (range) 1 (0–25)
Number of transfused units of pRBC until start of deferasirox N (%)
 None 1
 < 20 units 139 (34)
 20–39 141 (35)
 40–59 51 (13)
 60–79 29 (7)
 ≥ 80 27 (7)

Unknown/missing/not transfusion dependent 18 (4)
Transfusion burden at enrollment N (%)
 Missing 4 (1)
 None 1
 > 4 pRBC/month 74 (18)
 2–4 pRBC/month 217 (53)
 < 2 pRBC/month 110 (27)

Prior IC, N (%) 28 (7)
 Desferalc 17 (61)
 Deferasiroxc 11 (39)
 Otherc 2 (7)

Median duration of prior Desferal treatment, days (range) 141 (1–11304)
Median duration of prior Deferasirox treatment, days (range) 116 (8–1593)
Concomitant diseases, n (%)? 319 (78)
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Adverse events

Of 429 patients included in the SAS, 377 (88%) experienced 
an AE. Gastrointestinal disorders and a decrease in creati-
nine clearance were reported in 131 (31%) and 96 (22%) 
patients, respectively, representing the most frequent AEs 
in this patient cohort. Diarrhea (n = 67, 16%) and nausea 
(n = 45, 10%) were most prevalent gastrointestinal distur-
bances reported and were considered nsADR in 54 (80%) 
and 35 (78%) of the cases. In 13 of 96 patients (13%), the 
decrease in creatinine clearance was considered a nsADR 
and in 56 (58%) a sADR. Overall, sADRs were documented 
for 149 (35%) patients. Table 3 gives an overview on the 
most frequent AEs.

Of 1655 reported AEs, 392 (24%) and 272 (16%) were 
assessed to be nsADRs and sADRs. There was no obvious 
change in incidences of nsADRs or sADRs with regard to 
treatment duration (Table 4).

With regard to adverse events, overall there was no 
substantial difference between the different starting doses 
(Table 5) nor was the frequency of gastrointestinal distur-
bances or changes in creatinine clearance or blood creatinine 
levels (Table 6).

Measurement of liver iron concentration and liver 
function parameters

In a total of 11 patient measurement of liver iron concentra-
tion (LIC) was performed by magnetic resonance imaging 
(MRI). Of those, ten had baseline values available. Mean 
LIC was 9.5 mg Fe/g dry weight (dw) (± 5.6 mg Fe/g dw). 
However, no follow-up measurements were performed. 
There were no significant changes in liver and biliary serum 
parameters, i.e., alanine amino transferase (ALT), aspartate 
amino transferase (AST), alkaline phosphatase (AP) and 
bilirubin detected during follow-up as compared to baseline 
values.

Table 2   Reasons for premature discontinuation of treatment (multiple 
responses possible)

Reasons for discontinuation N (%)

Patients 290 (100)
Death of patient 83 (29)
Adverse event 67 (23)
Other 33 (11)
Serum ferritin reached target value 32 (11)
Loss of contact 28 (10)
Deterioration of general condition 21 (7)
Lack of compliance 20 (7)
Progression of primary disease 12 (4)
Change to AML 12 (4)
Stem cell transplantation 11 (4)
Patient’s decision 9 (3)
Occurrence of infections 3 (1)
Physician’s decision 3 (1)

Table 3   Most frequent adverse events and relationship to DFX

N (%) Drug-
related, N 
(%)

Decrease of creatinine clearance 96 (22) 69 (72)
Increase of blood creatinine 76 (18) 69 (91)
Diarrhea 67 (16) 55 (82)
Nausea 45 (10) 37 (82)
General deterioration of physical health 45 (10) 8 (18)
Pneumonia 30 (7) 4 (13)
Dizziness 23 (5) 9 (39)
Vomiting 20 (5) 12 (60)

Table 4   Event-based incidences of AEs by time since start of therapy

nsAE non-severe adverse event, SAE severe adverse event, nsADR non-severe adverse drug reaction, SADR severe adverse drug reaction

Time since start of therapy, months

Total Missing ≤ 3 > 3 to ≤ 6 > 6 to ≤ 9 > 9 to ≤ 12 > 12 to ≤ 15 > 15 to ≤ 18 > 18 to ≤ 21 > 21

N (%)

Total 
number 
of AEs

1655 (100) 180 (100) 529 (100) 287 (100) 204 (100) 148 (100) 108 (100) 71 (100) 55 (100) 73 (100)

nsAE 477 (29) 16 (9) 141 (27) 84 (29) 78 (38) 39 (26) 38 (35) 33 (46) 25 (45) 23 (32)
SAE 514 (31) 87 (48) 142 (27) 89 (31) 69 (34) 51 (34) 31 (29) 13 (18) 10 (18) 22 (30)
nsADR 392 (24) 37 (21) 176 (33) 65 (23) 26 (13) 29 (20) 21 (19) 18 (25) 4 (7) 16 (22)
SADR 272 (16) 40 (22) 70 (13) 49 (17) 31 (15) 29 (20) 18 (17) 7 (10) 16 (29) 12 (16)
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Efficacy

Mean serum ferritin was 2305 µg/L (± 1449 µg/L) at base-
line and declined to a mean of 1910 µg/L (± 1529 µg/L) 
at 24 months. Regarding the changes according to the ini-
tially planned dose groups, changes in SF from baseline to 
24 months were as follows: + 332 µg/L (± 2424 µg/L) in the 
< 10 mg/kg dose group, − 523 µg/L (± 1227 µg/L) in the 10 
to <15 mg/kg dose group, − 315 µg/L (± 1021 µg/L) in the 
15 to <20 mg/kg dose group, − 670 µg/L (± 1444 µg/L) in 
the 20 to < 25 mg/kg dose group, − 964 µg/L (± 408 µg/L) 
in the 25 to < 30  mg/kg dose group and − 208  µg/L 
(± 1823 µg/L) in the > 30 mg/kg dose group, respectively. 
The overall change in SF was − 254 (± 1761 µg/L).

Overall, during the observation period the median num-
ber of pRBC was 24 (0–134) and the median number of 
pRBC per month was 2 (0–21) at baseline and 2 (0–22) at 
24 months.

Discussion

Here we report on the results of a German 2-year non-inter-
ventional trial that aimed at describing the routine use of 
DFX in the treatment of IOL in hematologic diseases and 
further characterizing the safety and efficacy profile of the 
drug.

A total of 406 patients were included in this trial, with 
patients diagnosed with MDS being the largest proportion 
of this cohort. The median age was 73 and most patients suf-
fered from concomitant diseases such as cardiovascular dis-
orders, diabetes and gastrointestinal diseases, respectively. 
Taken together, the cohort represented the typical patients 
that are commonly seen in daily routine practice.

The transfusion burden was high in the majority of the 
patients with 71% of the patients receiving more than two 
pRBC per month at study enrollment. However, only few 
patients had received IC prior to enrollment. Moreover, the 
mean initial daily dose was rather low with 13.6 mg/kg bw 
per day which was mainly due to preplanned dose-escalation 
strategies by the treating physician and reported for 124 of 
the patients who experienced dose increases. This most 
likely reflects the awareness for adverse events and applica-
tion of means to prevent AEs particularly gastrointestinal 
disturbances associated with DFX treatment.

Most of the patients experienced one or more adverse 
events. As expected and reported by other groups, AEs 
affecting the gastrointestinal system and renal system were 
the most frequent AEs. Both gastrointestinal and renal AEs 
were considered drug related in the majority of cases. 
Although dose-escalation strategies were followed in a 
substantial proportion of the patients, overall incidences 
of AE do not seem to be affected in our study. In addition, 
290 (71%) patients discontinued the treatment prematurely 

Table 5   Overall frequency of adverse events per initial dose group

AE adverse event, nsAE non-severe adverse event, SAE severe adverse event, nsADR non-severe adverse drug reaction, SADR severe adverse 
drug reaction

Parameter Total
N (%)

< 10 mg/kg
N (%)

10 to < 15 mg/kg
N (%)

15 to < 20 mg/kg
N (%)

20 to < 25 mg/kg
N (%)

25 to < 30 mg/kg
N (%)

≥ 30 mg/kg
N (%)

Total number of AEs 529 (100) 176 (100) 109 (100) 85 (100) 142 (100) 7 (100) 6 (100)
nsAE 141 (27) 42 (24) 28 (27) 35 (41) 33 (23) 2 (29) 1 (17)
SAE 142 (27) 57 (32) 37 (34) 16 (19) 28 (20) 1 (14) 0
nsADR 176 (33) 56 (32) 30 (28) 27 (32) 55 (39) 4 (57) 4 (67)
SADR 70 (13) 21 (12) 14 (13) 7 (8) 26 (18) 0 1 (17)

Table 6   Frequency of specific adverse events per initial dose group

Parameter < 10 mg/kg
N (%)

10 to < 15 mg/kg
N (%)

15 to < 20 mg/kg
N (%)

20 to < 25 mg/kg
N (%)

25 to < 30 mg/kg
N (%)

≥ 30 mg/kg
N (%)

Total number of patients 135 (100) 87 (100) 64 (100) 119 (100) 5 (100) 10 (100)
Diarrhea 57 (32) 12 (14) 12 (19) 18 (15) 2 (40) 2 (20)
Nausea 15 (11) 7 (8) 6 (9) 16 (13) – 1 (10)
Upper abdominal pain 6 (4) 5 (6) 3 (5) 4 (3) – –
Vomiting 5 (4) 2 (2) 7 (11) 6 (5) – –
Decrease of creatinine clearance 24 (18) 19 (22) 14 (22) 32 (27) 3 (60) 1 (10)
Blood creatinine increase 20 (15) 19 (22) 10 (16) 24 (29) 1 (20) 1 (10)
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after a median time of 235 days with AEs being the reason 
for discontinuation in 23% of the patients. Noteworthy, 
of 290 patients who discontinued treatment 70% of those 
discontinued within the first 12 months. This indicates that 
tolerability of DFX still is a substantial obstacle to a thor-
ough and efficient IC. Whether the new DFX formulation 
(film-coated tablet) will result in a significantly greater 
adherence to the treatment is not yet clear, although results 
from a recently published trial suggest better compliance. 
However, this trial used descriptive statistics only without 
testing for statistical significance between a dispersible 
and film-coated formulation of DFX (Taher et al. 2017). 
There was no substantial difference in the overall fre-
quency of AEs between the different starting dose group 
nor was the frequency of specific gastrointestinal distur-
bances or renal events. However, the number of patients 
in the higher dose groups were small, i.e., the conclusions 
that can be drawn from these data are limited.

Overall, iron overload was moderate indicated by a 
mean LIC of 9.5 mg Fe/kg dw measured by liver MRI. 
Unfortunately, no information was available on the course 
of LIC in single patients.

The mean serum ferritin level decreased by 254 µg/L 
(± 1761 µg/L) from baseline to follow-up at 24 months, 
which seemed to be dose dependent since the reduction in 
SF increased with increasing initial dose levels. This is in 
line with previously reported data on the effect of IC on SF.

Transfusion dependency remained stable during treat-
ment, i.e., providing no evidence for erythroid improve-
ment under IC with DFX in our cohort. However, in our 
trial and other preceding trials hematologic improvement 
was not the primary endpoint.

In conclusion, our data confirm the tolerability and 
efficacy profile of DFX. Still, tolerability remains an 
important issue when considering treatment adherence. 
The question whether or not elderly patients with IOL do 
benefit from IC remains elusive and should be a subject of 
randomized clinical trials.
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