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Retrospective chart review: disrupted anaemia
control in haemodialysis patients following the
switch to an iron sucrose similar (ISS) after long-term
treatment with the originator iron sucrose (IS)

Jacques Rottembourg’, MD; Corinne Emery?, MSc; Alessandra Moglia®, PhD

Study objective: To describe and compare the haematological parameters and the anaemia medication use in haemodialysis patients
who were switched from the originator iron sucrose (IS) to an iron sucrose similar (ISS).

Methods: A retrospective observational single-centre study describing chronic haemodialysis patients with anaemia and iron
deficiency: the study compares patients being treated with erythropoiesis-stimulating agents (ESA) and the original intravenous IS
(Venofer®) or an ISS (Fer Mylan®). This switch was performed for economic reasons, and without the knowledge of the treating physi-
cians, by the hospital pharmacy. The analysis compared anaemia management in 66 chronic haemodialysis patients from three con-
secutive 26-week IS treatment periods (P1, P2 and P3) to a fourth 26-week ISS period (P4). ESA (darbepoetin alfa [DA]) was prescribed
IV once every two weeks and IV iron was given once weekly. Haemoglobin (Hb) was assessed every two weeks, while serum ferritin,
transferrin saturation (TSAT), and C-reactive protein (CRP) were collected twice per period.

Results: Sixty-six patients (68% male) with an average age of 60 + 15 years were analysed where diabetes was the most common
underlying cause of renal disease (33.3%). Mean Hb levels remained stable and within the target range during treatment with IS
(11.8 £ 1.0 g/dL) (P1 to P3) but decreased significantly after the switch to ISS (11.3 £ 0.9 g/dL) (P4) (p < 0.001). During the same P1 to
P3 periods TSAT also remained stable (43.7 £+ 8.5 %) but decreased during ISS period (23.9 + 9.5 %). Similar changes were observed for
ferritin (627 £ 360 pg/L versus 504 + 286 ng/L, p < 0.004). There was a statistically non-significant increase in CRP during period P4.
Cumulative ESA and IV iron doses which were stable during P1 to P3 had to be increased by 27.1% and 30.3% respectively during P4;
resulting in a 27.3% mean increase in the total cost per patient for these medications between P3 to P4.

Conclusion: The switch from IS to ISS preparation led to destabilization of this previously well-controlled population of HD patients
that also resulted in an increase in total anaemia drug treatment costs. Caution should be exercised before substituting IS with ISS in
the absence of therapeutic equivalence data.
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Introduction

Non-biological complex drugs (NBCDs) are a new category of
molecule, distinct from complex biological molecules such as
erythropoietin-stimulating agents and conventional drugs such
as ibuprofen, tamoxifen. Difficult to fully characterize, NBCDs
require an elaborate manufacturing process and, in contrast
to small molecule drugs, cannot be considered therapeutically
equivalent on the basis of pharmaceutical and pharmacokinetic
criteria alone [1, 2].

Iron carbohydrate preparations are one important class of
NBCDs. Such preparations are used to treat iron deficiency
anaemia and iron deficiency in a variety of chronic clinical
conditions [3-7], either as monotherapy or in combination with
erythropoiesis-stimulating agents (ESAs) in order to reduce
the required doses and mitigate the potential toxicity of ESA
therapy [8, 9]. Since free ferric iron is inherently toxic, IV iron
preparations take the form of iron carbohydrate complexes
in which an iron-containing mineral core is surrounded by a
carbohydrate ligand for stability [10]. Differences in the size
and structure of the core and the carbohydrate shell profoundly

influence the pharmacological and biological properties of the
complex [10].

Iron sucrose (IS), first introduced in 1949 [11], is used widely
to treat iron deficiency in a variety of medical conditions and
results in prompt iron utilization by erythrocytes [12]. IS contains
no dextran or dextran derivatives so cannot induce dextran-
induced anaphylactic reactions [13]. It is generally considered
to have a good safety profile, as documented in clinical studies
and post-marketing analyses [14-16]. This can be attributed to
the stable structure of IS, which consists of a ferric oxyhydrox-
ide iron core complexed with sucrose in water, with a molecular
weight of 34,000-60,000 Da [16]. The degree of stability of iron
carbohydrate complexes is critical, since weakly bound iron
may dissociate from the complex and catalyse the generation of
reactive oxygen species [17, 19, 20]. Stability is highly depend-
ent on the manufacturing process [17].

The fact that iron therapy is increasingly being recognized as an
important component of treatment for iron deficiency and iron-
deficiency anaemia in a variety of clinical conditions [18] has led
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to the development and introduction of new products (ferric
carboxymaltose, ferumoxytol, isomaltoside 1,000) as well as a
number of ‘iron sucrose similar’ (ISS) preparations.

ISS have been launched into the market under the assumption
that they are identical to the originator IS. Generic drugs repre-
sent an important part of the drug armamentarium and the intro-
duction of safe and effective generic formulation is welcome
from an economic perspective and, occasionally, from a clinical
standpoint if the generic drug shows a better safety and efficacy
profile than the originator. However, replicating the physico-
chemical identity of IS is challenging and achieving therapeu-
tic interchangeability with the originator is even more difficult.
Proof of pharmaceutical equivalence for ISS on the basis of com-
parable physico-chemical properties, as described in the United
States Pharmacopeia (USP) [21], appears insufficient for NBCD
drug classes since they cannot be fully characterized from a
physic-chemical standpoint [1, 2]. Moreover, bioequivalence is
difficult to demonstrate using IV preparations, a problem com-
pounded with colloidal solutions such as iron carbohydrate.

It has been proposed that serum iron concentration can prove
bioequivalence for ISS preparations versus IS. However, serum
iron is uninformative since it is not related to haematopoietic effi-
cacy [20] and more sophisticated monitoring of therapeutic effect
is required. In the case of iron preparations, the true bioavail-
ability of iron can only be assessed accurately by measuring iron
incorporation into red blood cells, as undertaken previously for
the originator IS [12]; iron dextran [22], and ferric carboxymaltose
[23], using ferrokinetic studies. An alternative approach could be
to perform a thorough clinical evaluation to assess the therapeu-
tic equivalence of ISS preparations. However, both ferrokinetic
and clinical studies are almost entirely lacking for ISSs.

Even more alarming is the virtual absence of safety assessments,
a cause of potentially serious concern in view of the risk of
toxicity and the fragile clinical status of many patients requiring
long-term IV iron therapy. A recent safety analysis showed the
reporting rate of adverse events with ISSs to be nil, which is
virtually impossible given the widespread, multinational use of
ISS preparations [24] as well as the fact that several studies have
demonstrated evidence for increased adverse events with the
substitution of an ISS in clinical practice [25-27].

We have also previously reported
short-term findings from an obser-
vational, single-cohort study dem-
onstrating that switch from the
originator IS to an ISS preparation
led to destabilization of a well-
controlled population of haemodi-
alysis patients in terms of haemo-
globin (Hb) levels and iron status
[28]. However, a number of fac-
tors influence the haemoglobin
levels in chronic kidney disease
patients over time, including the
modality of dialysis, iron status,
co-morbidities and chronic inflam-
mation [29] such that almost all

Figure 1: Design of the study
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haemodialysis patients exhibit endogenous fluctuation in Hb levels
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We have therefore undertaken a two-year analysis to determine
whether the Hb and iron status of the haemodialysis patients
remained stable over the long term prior to the switch to ISS.

Patients and methods

Period of the study

A long-term (108-week) observational, non-interventional, single-
cohort study was undertaken at the Centre Suzanne Levy, Groupe
Diaverum, Paris, France. The aim of the study was to compare
anaemia-related haematological parameters and anaemia medica-
tion doses and costs in haemodialysis patients with iron deficiency
anaemia before and after conversion from IS to an ISS as IV iron
therapy at the centre.

The study compared four time periods of 26 weeks each: Period 1,
19 November 2007 to 25 May 2008; Period 2, 26 May 2008 to
30 November 2008; Period 3, 1 December 2008 to 7 June 2009
and Period 4, 29 June 2009 to 3 January 2010. During Periods 1,
2 and 3, patients received IS. During Period 4, patients received
an ISS, see Figure 1. Between 8 June 2009 to 28 June 2009 both IS
and ISS preparations were simultaneously available at the centre
so this period was excluded from analyses, as it was not possible
to determine which preparation had been administered to each
patient. Each of the above periods was six months in duration to
avoid any differences that may have been due to seasonal prac-
tices or behaviours.

No other changes to medical management occurred during any
of the study periods other than an adjustment of the Hb target
level at the end of 2007 following publication of new evidence
[32, 33], and international recommendations suggesting a lower
target Hb [34].

Iron and erythropoiesis stimulating agent (ESA)
administration

IS (Venofer®, Vifor (International) Ltd, St Gallen, Switzerland,
5 mL ampoules with 100 mg iron) or ISS (Fer Mylan®, ISS2, Mylan
SAS, Saint Priest, France, manufactured by Help SA Pharmaceu-
ticals, Athens, Greece; 5 mL ampoules with 100 mg iron) were
injected IV once a week at a dose of 25-100 mg iron, adapted
to iron parameters. Both IV iron preparations were diluted with
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saline solution (0.9%) up to 20 mL volume and infused over a
one-hour period, between the second and the third hour of the
dialysis session. The IV iron dose was titrated according to the
most recent values of transferrin saturation (TSAT) and serum
ferritin, targeting a TSAT level of 40-60% and a serum ferritin
concentration of 500-800 ug/L [35].

The ESA darbepoetin (Aranesp®, Amgen, Neuilly-sur-Seine
Cedex, France) was injected IV once every two weeks titrated
according to the previous 3—4 Hb values and taking into account
any surgical or clinical event [36].

The target Hb range for all patients at the centre was 11.5—
12.0 g/dL. Medical management of the patients did not change
during the study except for the switch from IS to ISS. Data to
September 2009 were obtained retrospectively; subsequent data
were collected prospectively.

Methods

The study population comprised all haemodialysis patients who
had undergone at least 280 dialysis sessions in the unit during the
study period and received at least one dose of IV iron. Measure-
ment of Hb, serum calcium, serum phosphorus, haematology and
urea (prior to dialysis) were obtained every two weeks. TSAT,
serum ferritin, alkaline phosphatase, parathyroid hormone (PTH),
25-OH vitamin D, albumin, urea (before and after the haemodialy-
sis session), adequacy of dialysis (Kt/V), C-reactive protein (CRP),
fibrinogen, liver enzymes (asparamate aminotransferase [AST],
alanine aminotransferase [ALT], gamma-glutamyl transpeptidase
[y-GT] and total bilirubin) were measured every three months.

Routine data collection included demographics, primary cause
of end-stage renal disease, number of dialysis sessions, and con-
sumption of IV iron and darbepoeitin. All adverse events were
reported according to applicable regulations and adverse events
resulting in hospitalization were recorded.

Statistical methods

Mean values for Hb, TSAT and serum ferritin, and consumption
of IV iron and darbepoetin, were compared using analysis of
variance (ANOVA): (a) across the four treatment periods, and
(b) during Period 3 (IS) versus Period 4 (IS). Paired data were
also analysed using the Wilcoxon test for continuous data, and
the McNemar test (X?) for qualitative data.

The cost analysis took the approach of an anaemia drug budget
impact for a third-party healthcare provider (French Sickness
Funds). The costs of IV iron medications and darbepoetin were
compared during IS administration and ISS administration. The
unit cost of IV iron (public price) was Euros 12.98/ampoule
(100 mg iron) for IS and Euros 10.20/ ampoule (100 mg iron) for
ISS (Fer Mylan®). The cost of darbepoetin-o. at the centre was
Euros 1.638/lg. Recently, drug costs changed to Euros 10.00/
ampoule (100 mg iron) for IS, Euros 8.00/ampoule (100 mg iron)
for 1SS (Fer Mylan®) and Euros 1.36/\g for darbepoetin-o. As
a sensitivity analysis the cost assessments were repeated using
the new values.

All statistical analyses except the mixed-effects model used SAS
V9.2 software (SAS Software Inc, Cary, NC, USA).
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Results

Sixty-six patients were eligible for inclusion in the analysis and
45 (68.2%) were male. The mean age was 60 £ 15 years and the
mean duration of dialysis at the start of the analysis was 62 +
39 months. The primary causes of end-stage renal failure were
diabetes (n = 22, 33.3%), glomerulonephritis (n = 15, 22.7%),
hypertension (n = 16, 24.2%) and other nephropathies (n = 13,
19.7%). The mean number of dialysis sessions was 73 + 9 ses-
sions per patient in Periods 1, 2, 3 and 4. The mean number of
Hb values recorded per patient was 50.7 (range 39-55), with a
total number of 813, 828, 888 and 818 values obtained during
Periods 1, 2, 3 and 4, respectively.

Mean Hb concentration during Periods 1, 2 and 3, when IS was
administered, was 11.9 £ 1.1, 11.7 £ 0.9 and 11.8 £ 0.9 g/dL,
respectively. This decreased to 11.3 £ 0.9 g/dL during Period
4 (ISS treatment, p < 0.0001 versus Period 3 [ANOVAD, see
Table 1 and Figure 2). The mixed-effects model showed that
Hb remained relatively stable during Periods 1 to 3, with only
minor variations that coincided with introduction of new ESA
dosing guidelines at the end of 2007. During the ISS period,
the model showed a mean decrease in Hb values of 0.45 g/dL
(95%CI -0.66 to -0.24, p < 0.0001).

Levels of serum ferritin and TSAT were stable during Periods
1 to 3, see Table 1 and Figure 2). During Periods 3 and 4, the
mean concentration of serum ferritin was 618 £ 308 Ug/L and
504 £ 286 Ug/L, respectively (p = 0.003); corresponding values
for TSAT were 45 £ 7% and 24 £ 10% (p < 0.0001). There were
no significant differences between Periods 1, 2 and 3 in terms of
Hb concentration, serum ferritin or TSAT.

Serum concentrations of phosphorus and calcium varied across
the four study periods, see Table 1. No significant differences
across Periods 1 to 4, or between Period 3 and Period 4 were
observed for PTH, albumin, fibrinogen, y-GT, alkaline phos-
phatase, ALT, AST, leucocytes, platelets, neutrophils or Kt/V.
There was a significant increase between P1-P3 to P4 on 2
values, CRP and total bilirubin, indicating both the role of the
oxidative stress due to the change from IS to ISS, see Tablel.

Intravenous iron therapy was received by all patients during
each of the four treatment periods other than seven, four, ten
and two patients in Periods 1, 2, 3 and 4, respectively. Figure 2
and Table 2 summarize the mean doses of IV iron and ESA
administered during the four treatment periods. Doses of both
therapies were stable during IS treatment, with no significant
differences between Periods 1, 2 and 3, see Table 2. Values
for mean IV iron dose per patient increased significantly from
Period 3 (56 * 33 mg/week) to Period 4 (67 + 32 mg/week), an
increase of 21.1% (p = 0.031). The mean ESA dose per patient
also increased from Period 3 to Period 4 (0.52 £ 0.50 pg/kg/
week to 0.66 = 0.56 Ug/kg/week) by 26.9% (p = 0.005), see
Table 2. This increase in anaemia medication use led to a 24.7%
increase in the mean cost of medication per patient per period
from Period 3 (Euros 1,422) to Period 4 (Euros 1,773). Using
updated prices, the sensitivity analysis showed a similar increase
in anaemia medication cost from Period 3 to Period 4 (27.3%).

During the four treatment periods there were no adverse events
considered by the investigators to be related to the study drugs.
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Table 1: Haemoglobin levels, iron parameters and laboratory values in 66 haemodialysis patients during four successive periods of 26

weeks each
Period 1 (IS) | Period 2 (IS) | Period 3 (IS) | Period 4 (ISS) | p value (global®) | p value (Period 3
versus Period 4%)
Hb (g/dL) (SD) 11.9 (1.0) 11.8 (1.0) 11.8 (0.9 11.3 (0.9 0.001 < 0.001
Serum ferritin (ug/L) (SD) 621 (420) 644 (319) 618 (309) 505 (287) 0.004 0.003
TSAT (%) (SD) 43 (10) 43 (9) 45 (7) 24 (10) < 0.001 < 0.0001
S. phosphorus (mg/dL) (SD) 5.4 (1.7) 5.3 (1.5)° 5.5 (1.6) 5.2(1.2) 0.086 0.019
Serum calcium (mg/dL) (SD) 8.9 (0.6) 8.8 (0.6) 9.1 (0.6)¢ 9.0 (0.0) 0.0001 0.080
C-reactive protein (mg/L) (SD) | 5.4 (4.4) 6.7 (9.4 8.7 (14.2) 11.6 (16.0) 0.080 0.05
Albumin (g/L) (SD) 40.8 (3.4) 40.1 (3.8) 39.8 (4.1 38.4 (4.3) 0.45 0.08
Total bilirubin (mmol/L) (SD) | 6.6 (2.0) 7.4 (1.8) 7.5 (2.0) 8.7 (2.3) 0.45 0.05
LDL-cholesterol (mmol/L) (SD) | 2.0 (0.8) 2.1(0.9 2.0 (0.8) 2.1 (0.9 0.45 0.37
Kt/V (SD) 1.45 (0.19) 1.47 (0.23) 1.47 (0.25) 1.50 (0.25) 0.45 0.19
Patients received the originator iron sucrose (IS) during Periods 1, 2 and 3, and received iron sucrose similar (ISS) during Period 4. Values are shown as mean standard deviation (SD).
All between-period pairwise comparisons were non-significant unless stated otherwise.
“ANOVA; "p = 0.043 for Period 2 versus Period 3; p < 0.0001 for Period 2 versus Period 3; Hb: haemoglobin; TSAT: transferrin saturation.

Figure 2: Mean haemoglobin levels as well as IV iron and ESA dose requirements

before and after the switch from the originator IS to an ISS
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patients with severe chronic disease over the
long term.

Hb There is evidence from these clinical stud-
ies that ISS preparations are not equivalent
to IS in either setting [25-27]. In other areas
o of medicine, concerns have already been
expressed about the risks associated with
12.1 switching to non-originator compounds in
’ the absence of adequate clinical testing
11.8 [39, 40]. Moreover, in the current analysis,
1.7 conversion to ISS resulted in a substantial
1.6 increase in the total cost of anaemia medica-
tion (+ 27.3%) due to requirement for higher
doses of both IV iron (+ 30.3%) and ESA
1.2 therapy (+ 27.1%), thus negating the ration-
1.1 ale for switch.

In this population of stable haemodialysis
patients, switch to an ISS, was associated

Period 1 Period 2 Period 3

Period 4

ESA: erythropoiesis-stimulating agents; Hb: haemoglobin; IV: intravenous.

with a significant reduction in Hb level and
reduced iron indices. This deterioration was

There were no differences in the frequency or duration of
hospitalization either across all four study periods or between
Periods 3 and 4.

Discussion/Conclusion

Anaemia is a common co-morbidity in chronic kidney disease
[37] resulting from reduced erythropoietin production by the
impaired kidney and iron deficiency secondary to blood loss
and uremic status. Virtually all patients on dialysis require iron
supplementation, and administration of an effective iron prepara-
tion is essential. Given the therapeutic importance of effectively
controlling iron-deficiency anaemia [19] and the risk of oxidative
stress and hypersensitivity reactions [38] the IV iron therapy must
be selected carefully, particularly since it is typically injected into

GaBl Journal | www.gabi-journal.net

observed despite an increase in both IV iron
and ESA dosing. Variations in complex structure and stability
are likely to have accounted for the differences in Hb control,
since the kinetics of iron dissociation influence the pattern of
iron release, distribution and storage [18]. In this population
of iron-deficient individuals, TSAT values decreased dramat-
ically after the switch, indicating that less iron was available for
erythropoiesis. This may signify that iron released from the ISS
had been sequestered by other compartments of the body such
as the liver, consistent with the more extensive iron deposits
observed in liver tissues within the ISS groups of the experimen-
tal studies, published by Toblli [41-43]. The increased levels of
liver enzymes recorded in the animal model were not mirrored
by evidence of hepatotoxicity in the dialysis population because
doses were far lower in the clinical study, but such an effect
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Table 2: Intravenous iron and ESA (darbepoetin) doses and cost per period in 66 haemodialysis patients during four successive periods

of 26 weeks each
Period 1 (IS) | Period 2 (IS) | Period 3 (IS) | Period 4 (ISS) | p value (global®) | p value (Period 3
versus Period 4°)
IV iron dose per patient, mg
Mean (SD) cumulative dose | 1049 (931) 1093 (809) 1077 (884) 1405 (901) 0.099 0.031
Median (range) cumulative 1025 (0-5200) | 1225 (0-3800) | 1050 (0-2800) | 1300 (0—4150) | — -
dose
Mean (SD) per week 58 (35) 58 (31) 56 (33) 67 (32) 0.099 0.031
ESA (darbepoetin) dose per patient (1g)
Mean (SD) cumulative dose | 796 (494) 8806 (666) 872 (711) 1109 (857) < 0.001 -
Median (range) 635 (0-2150) | 755 (0=4200) | 700 (1-4200) | 910(0-4000) - —
Mean dose/kg (SD) per week | 0.48 (0.30) 0.50 (0.26) 0.52 (0.50) 0.66 (0.56) < 0.001 0.005

All between-period pairwise comparisons were non-significant unless stated otherwise.
“ANOVA; ESA: erythropoiesis-stimulating agents.

Patients received the originator iron sucrose (IS) during Periods 1, 2 and 3, and received iron sucrose similar (ISS) during Period 4. Values are shown as mean and standard deviation (SD).

cannot be ruled out during long-term ISS therapy in dialysis
patients. It has previously been observed that the administra-
tion of IV iron carbohydrate complexes with low stability, such
as sodium ferric gluconate, can result in severe and extended
parenchymal liver necrosis secondary to iron-induced lipid
peroxidation in non-clinical models [18] and the high level of
total bilirubin and low TSAT seen in the current clinical trial are
consistent with some degree of hepatic toxicity and less stable
molecular structures in the ISS preparations [41]. The significant
increase in serum iron and TSAT described in the experimental
study from Toblli [42, 43], coupled with greater iron deposition,
indicates more rapid release of iron compared to IS due to over-
loading of serum transport proteins.

Findings from the animal model described by Toblli [42, 43] were
consistent with the observed clinical outcomes and may also sign
post long-term toxicity risks. The examination of haemodynamic,
biochemical and oxidative/nitrosative stress parameters in the
non-clinical model demonstrated significant differences between
the four European ISS complexes versus both the control group
and the originator IS. IS, in contrast, exhibited a toxicity profile
comparable to controls. Furthermore, significant differences were
observed between the ISS preparations for most biochemical,
oxidative stress and nitrosative stress parameters, with ISS1 and
ISS2 showing higher levels of toxicity than 1SS3 or 1SS4. Under
normal circumstances, iron in the body remains protein-bound
until required for metabolic processes, to avoid tissues becoming
exposed to the free cation. Free iron in the cytosol can react with
oxidatively susceptible biomolecules, catalysing the formation of
reactive oxygen species [44] with potentially damaging effects
[45-47]. These variations may at least partly explain the differ-
ences observed in the current clinical and non-clinical studies.

In conclusion, these clinical studies point to important variations
between ISS complexes and IS and raise doubts about the inter-
changeability of IS and ISS preparations. Moreover, the require-
ment for higher dose of both TV iron and ESA not only reversed
the expected cost benefit for conversion from IS but also can
raise concerns about the need for higher doses of medication.

120 | Volume 3 | 2014 | Issue 3

In both cases, this is worrying given the current emphasis on
minimizing ESA dosing as well as the preclinical data suggesting
damage to liver, heart and kidney with the use of an ISS. Hence,
clinical evidence on safety and therapeutic benefit should be
established before use (or approval) of iron similar compounds.
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