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Abstract
Aim: To describe and compare the hematological parameters and anemia medications used in chronic kidney
disease (CKD) patients undergoing hemodialysis (HD), before and after switching between the Iron-Sucrose originator
(IS), and an Iron-Sucrose Similar (ISS).
Methods: An observational single-center longitudinal study comparing the impact of changing from the original
intravenous IS (Venofer®), to an ISS (Fer Mylan®), then back to the original IS. The analysis compares retrospective
data from three consecutive 26-week IS treatment periods (P1, P2, and P3), versus a prospective 26-week ISS period
(P4), followed by a further 26-week prospective period using the original IS (P5). Hemoglobin (Hb) was assessed every
two weeks, while serum ferritin, transferrin saturation (TSAT), and C-reactive protein (CRP) were collected twice per
period. ESA (darbepoetin alfa [DA]) was prescribed IV once every two weeks and IV iron was given once weekly, except
for P5 where it was administered once every two weeks. Dose titration of ESA and IV iron was per institutional protocol
to maintain Hb between 11.5 and12 g/dL.
Results: Sixty-six patients (68% male) with a mean age of 60 ± 15 years were analyzed. 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). Upon switching back to the original IS, Hb target levels were again
attained (11.8 ± 0.7 g/dL) (P5). During the P1 to P3 periods, TSAT remained stable (43.7 ± 8.5%) but decreased during
the (P4) period (23.9 ± 9.5%) and returned to previous level (41.5 ± 10.8%) with the switch back to IS (P5). Cumulative
ESA and IV iron doses were stable during P1 to P3, had to be increased by 27.1% and 30.3% respectively during P4,
and could again be decreased by 22.5% and 30.3% with the return to IS during P5.
Conclusions: The switch from IS to ISS preparation led to destabilization of the previously well-controlled
population of HD patients, with a return to stable levels after a switch back to IS. The switch resulted in an increase in
total anemia drug treatment costs, with higher iron and ESA doses required with an ISS. Caution should be exercised
before substituting IS with ISS in the absence of therapeutic equivalence data.

Keywords: Anemia; Cost; Hemodialysis; Interchangeability; Iron
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Introduction
Anemia is a common phenomenon in patients with chronic kidney
disease (CKD). Its prevalence, beginning mostly in stage 3-4 of the
disease [1], rises as renal function deteriorates, and it is estimated that
up to 85% of the patients are anemic at the time of starting dialysis
[2]. Anemia has been suggested as an independent factor for impaired
cardiovascular pathology [3], and may be partly corrected by the
addition of iron and Erythropoiesis-Stimulating Agents (ESA), as
underlined by the KDIGO guidelines [4] and the European Renal Best
Practice Position Statement [5].
Iron deficiency is an important contributor to renal anemia,
particularly in hemodialysis (HD). The causes may be multifactorial but
largely due to chronic blood loss [6], and increased iron demand due to
use of ESAs [7]. Accordingly, intravenous (I.V.) iron supplementation
is an important component in the therapeutic armamentarium for
the management of anemia in HD patients [8]. Iron carbohydrate
preparations are one of non-biological complex drugs (NBCD) category
of molecules [9]. Such preparations are used to treat iron deficiency
anemia and iron deficiency in a variety of chronic clinical conditions
[10], either as monotherapy or in combination with ESAs in order to
reduce the required doses and mitigate the potential toxicity of ESA
therapy. Since labile (commonly called “free”) iron is inherently toxic,
intravenous (I.V.) iron preparations take the form of iron carbohydrate
complexes in which an iron-containing mineral core is surrounded
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by a carbohydrate ligand for stability [11]. Differences in the size and
structure of the core and the carbohydrate shell profoundly influence
the pharmacologic and biologic properties of the complex [11].
Iron sucrose (IS), first introduced in 1949 [12], is used widely to
treat iron deficiency in a variety of medical conditions and results in
prompt iron utilization by erythrocytes [13]. IS contains no dextran or
dextran derivatives, so cannot induce dextran-induced anaphylactic
reactions [14], and is generally considered to have a good safety profile,
as documented in clinical studies and post-marketing analyses [15].
This can be attributed to the stable structure of IS, which consists of a
ferric oxyhydroxyde iron core complexed with sucrose in water, with a
molecular weight of 34,000-60,000 Da [15]. The degree of stability of
iron carbohydrate complexes is critical, since weakly bound iron may
dissociate from the complex and catalyze the generation of reactive
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oxygen species. Stability is highly dependent on the manufacturing
process [16].
The fact that iron therapy is increasingly being recognized as an
important component of treatment for iron deficiency and irondeficiency anaemia in a variety of clinical conditions has led to the
development and introduction of new products (ferric carboxymaltose,
isomaltoside 1000) and a number of ‘iron sucrose similar’ (ISS)
preparations [17]. ISS have been launched into the market under the
assumption that they are identical to the originator IS. Generic drugs
represent an important part of the drug armamentarium and the
introduction of safe and effective generic formulation is welcome from
an economic perspective and, occasionally, from a clinical standpoint if
the generic shows a better safety and efficacy profile than the originator.
However, replicating the physicochemical identity of IS is challenging
and achieving therapeutic interchangeability with the originator is even
more difficult. Proof of pharmaceutical equivalence for ISS on the basis
of comparable physico-chemical properties, as described in the United
States Pharmacopeia (USP) [18], appears insufficient for NBCD drug
classes since they cannot be fully characterized from a physico-chemical
standpoint. Moreover, bioequivalence is difficult to demonstrate using
I.V. preparations, a problem compounded with colloidal solutions such
as iron carbohydrate.
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
I.V. 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 [19], as well as
the fact that several studies have demonstrated evidence for increased
adverse events with the substitution of an ISS in clinical practice [20-23].
We have previously reported short-term findings from an
observational, single-cohort study demonstrating that switch from
the originator IS to an ISS preparation led to destabilization of a wellcontrolled population of HD patients in terms of hemoglobin (Hb)
levels and iron status [20]. However, a number of factors influence
the Hb levels in chronic kidney disease patients over time, including
the modality of dialysis, iron status, co-morbidities and chronic
inflammation [24] such that almost all HD patients exhibit endogenous
fluctuation in Hb levels [25,26]. We have therefore undertaken a twoyear retrospective analysis to determine whether the Hb and iron status
of the HD patients remained stable over the long term prior to the
switch to ISS [27], and for the first time, we reviewed the switch back to
IS, decided for medical reasons.

Patients and Methods
Period of the study
A long-term observational, non-interventional, single study was
undertaken at the Centre Suzanne Levy, Diaverum group, Paris, France.
The aim of the study was to compare anemia-related hematological
parameters and anemia medication doses and costs in HD patients
with iron deficiency anemia before and after conversion from IS to an
ISS. The decision to switch initially from IS to an ISS was made on the
basis of economics (i.e, the ISS was significantly cheaper in relation to
direct costs than the IS). Post observations of the increased iron needs,
increased ESA needs and other medical concerns elected to switch back
to the original IS. This longitudinal study hence describes the findings
over a 30 months period divided into discrete equal periods to minimise
bias due to seasonal fluctuations or other institutional practices.
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The study compared five equal time periods of 26 weeks. Periods 1
to 3 were dedicated to demonstrate the Hb stability in an HD population
receiving the original IS over an, 18 months-time (3 periods each of 26
weeks). All data in period 1-3 were retrospectively collected.
Period 4 analysed data after the switch to ISS. A small time period
prior to data collection of period 4 was excluded as during this period
both IS and ISS preparations were simultaneously available in the unit.
Period 5, then analysed patients after again switching back to IS. This
prospectively observed period was initiated several months after the
end of Period 4, to permit conversion of all patients back to IS. Both
period 4 and 5 had data prospectively collected with appropriate ethical
committee approvals.
During the full period of observation no other changes to medical
management or clinical practices were implemented other than an
adjustment of the Hb target level after publication of international
recommendations suggesting a lower target Hb [28].

Iron and Erythropoiesis-stimulating
administrations

agent

(ESA)

IS (Venofer®, Vifor International, St Gallen, Switzerland; 5 ml
ampoules with 100 mg iron) or ISS (Fer Mylan®, ISS2, Mylan SAS, Saint
Priest, France, manufactured by Help SA Pharmaceuticals, Athens,
Greece; 5 ml ampoules with 100 mg iron) were injected I.V. once a
week at a dose of 25-100 mg iron, adapted to iron parameters, during
periods 1 to 4. During period 5 after the publication of the synergistic
effect of the administration of IV iron and ESA [29] during the same
dialysis session, IV iron was injected every two weeks. Both I.V. iron
preparations were diluted with 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, in the arterial line before the
dialyzer. The I.V. 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
µg/l [30].
The ESA darbepoetin (Aranesp®, Amgen, Boulogne-Billancourt,
France) was injected I.V. once every two weeks and titrated according
to the previous 3-4 Hb values and taking into account any surgical or
clinical event [31].
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, and the switch back to IS.

Methods
The study population comprised all HD patients who had undergone
at least 350 dialysis sessions in the unit during the study period and
received at least one dose of I.V. iron. Measurement of Hb, serum
calcium, serum phosphorus, creatinine 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 HD session), adequacy of dialysis (Kt/V), C-reactive protein
(CRP), fibrinogen, liver enzymes (asparamate aminotransferase [AST],
alanine aminotransferase [ALT], gamma-glutamyl transpeptidase [γGT] 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 consumption
of I.V. iron and darbepoeitin. All adverse events were reported according
to applicable regulations and adverse events resulting in hospitalization
were recorded.
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Statistical methods

Mean values for Hb, TSAT and serum ferritin, and consumption of
I.V. iron and darbepoetin, were compared using analysis of variance
(ANOVA) (a) across the five treatment periods and (b) during Period
3 (IS) versus Period 4 (ISS), and the switch back during Period 5 (IS).
Paired data were also analyzed using the Wilcoxon test for continuous
data, and the McNemar test (Χ²) for qualitative data.
The cost analysis took the approach of an anemia drug budget
impact for a third-party healthcare provider (French Sickness Funds).
The costs of I.V. iron medications and darbepoetin were compared
during IS administration and ISS administration. The unit cost of I.V.
iron (public price) was 12.98€/ampoule (100 mg iron) for IS and 10.20€/
ampoule (100 mg iron) for ISS (Fer Mylan®). The cost of darbepoetinat the center was 1.638€/µg. Recently, drug costs changed to 10.00€/
ampoule (100 mg iron) for IS, 8.00€/ampoule (100 mg iron) for ISS (Fer
Mylan®) and 1.36€/µg for darbepoetin-α. 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).

Results
Sixty-six patients were eligible for inclusion in the analysis, the
majority being male 45 (68.2%). 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 sessions per patient in Periods 1, 2, 3, 4 and
5. The mean number of Hb values recorded per patient was 64.2 (range
52-69), with a total number of 1008, 1023, 1068, 1012, and 1045 values
obtained during Periods 1, 2, 3, 4,and 5 respectively (Figure 1).
Mean Hb concentration during Periods 1, 2 and 3, (IS
administration), was 11.9 ± 1.0, 11.8 ± 1.0 and 11.8 ± 0.9 g/dl, respectively.
This decreased to 11.3 ± 0.9 g/dl during Period 4 (ISS treatment) which
was statistically significant (p<0.0001 versus Period 3 [ANOVA]) (Table
1 and Figure 2). The mixed-effects model showed that Hb remained
relatively stable during Periods 1-3, 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). After the
switch-back to IS (Period 5), the Hb level increased with a return to the
values previously observed (Period 1-3) to 11.79 ± 0.70 g/dL (P4 vs. P5,
p<0.001).
Levels of serum ferritin and TSAT were stable during Periods 1-3
(Table 1). During Periods 3 and 4, the mean concentration of serum
ferritin was 618 ± 308 µg/l and 505 ± 287 µg/l, respectively (p=0.003);
mean corresponding values for TSAT were 45 ± 7% and 24 ± 10%
(p<0.0001). After the switch back to IS serum ferritin increased back
to the values observed during P1 to P3; more important is the return of
TSAT to the values observed before the switch from IS to ISS.
Serum concentrations of phosphorus and calcium varied across the
five study periods (Table 1). No significant differences across Periods
1-4 or between Period 3 and Period 4 were observed for PTH, albumin,
fibrinogen, γ-GT, alkaline phosphatase, 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 (Table1), and a return
to basal values after a switch-back to IS after a six months period on ISS.
J Kidney
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The Entire Study Design
Period 1-2-3
Venofer 78 weeks
®

Retrospective
Dec 2008

Period 4

Period 5

Fer Mylan 26 weeks

Venofer® 26 weeks

®

Prospective
June 2009

Prospective

January 2010

August 2010

Figure 1: Design of the entire study: Period 1, 2, and 3 were retrospective
in order to point the stability of the main parameters of HD patients under IS.
Period 4 was the analysis after the switch from IS to ISS. After a few months,
the return to IS was decided and the study was prospective.

I.V. 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. During Period 5, five patients didn’t
receive iron therapy. Figure 2 and Table 2 summarize the mean doses
of I.V. iron and ESA administered during the five treatment periods.
Doses of both therapies were stable during IS treatment, with no
significant differences between Periods 1, 2 and 3 (Table 2). Values for
mean I.V. 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). In Period 5, with the return to IS a significant decrease in IV
iron therapy was observed with values returning to the levels of Period
1-3 (51 ± 28 mg/week).
The mean ESA dose per patient stable from Period 1-3, also
increased during Period 4 (0.52 ± 0.50 µg/kg/week to 0.66 ± 0.56
µg/kg/week) by 26.9% (p=0.005) (Table 2). On reinitiation of IS, the
requirement for ESA returned to the previous levels of 0.52 ± 0.50 µg/
kg/week.
This increase in anemia medication led to a 24.7% increase in the
mean cost of medication per patient per period from Period 3 (1422€)
to Period 4 (1773€). Using updated prices, the sensitivity analysis
showed a similar increase in anemia medication cost from Period 3 to
Period 4 (27.3%), and a similar decrease of 24.5% with the return to IS,
during Period 5.
During the five treatment periods there were no adverse events and
no hospitalization considered by the investigators to be related to the
study drugs.

Discussion
Anemia is a common comorbidity in CKD [1] 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 preparation is essential. Given the therapeutic
importance of effectively controlling iron-deficiency anemia [32] and
the risk of oxidative stress and hypersensitivity reactions [33] the I.V.
iron therapy must be selected carefully, particularly since it is typically
injected into patients with severe chronic disease over a long term.
Evidence from published clinical studies suggests that ISS
preparations may not be equivalent to IS in either effectiveness or
safety [20-24]. Our observations also support these findings as the
effectiveness of the ISS was inferior to the original IS. In other areas
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Iron
(mg)

ESA
(µg)

Iron

Hb (g/dL)

ESA

160

Hb
Hb: mean levels
Iron: mean dose
per patient per
week
ESA: mean dose
per patient per
injection

140
Center target Hb
range 11.5 to 12.0 g/dL

120

12,5
12,4
12,3
12,2
12,1
12

100
11,85 ± 1.05

11,73 ± 0.97

91 ± 45

11,81 ± 0.93

11,83 ± 0.70

11,9
11,8

80
69 ± 52

67,5 ± 32.4

63 ± 48

11,7
67 ± 54

67 ± 54

60
59 ± 35

60 ± 30

11,6
11,5

55,8 ± 32.6

51 ± 28

40

11,4
11,3
11,2

20

11,1

11,33 ± 0.92

0

11

Figure 2: Mean hemoglobin levels as well as IV iron and ESA (erythropoiesis-stimulating agents) before and after the switch from the originator IS to an ISS, and
same results after the switch back to IS.

Period 1 IS)

Period 2 IS)

Period 3 IS)

Period 4 ISS)

Period 5 (IS)

p value
globala)

p value (Period
p value Period
1 to3 vs.
4 vs. Period 5a)
Period 4)

Hb (g/dL) (SD)

11.9 (1.0)

11.8 (1.0)

11.8 (0.9)

11.3 (0.9)

11.8 (0.7)

0.001

<0.001

Serum ferritin (µg/L) (SD)

621 (420)

644 (319)

618 (309)

505 (287)

649 (267)

0.004

0.003

0.01
0.04

TSAT (%) (SD)

43 (10)

43 (9)

45 (7)

24 (10)

41.5 (10.7)

<0.001

<0.001

<0.0001

Serum phosphorus (mg/dL) (SD)

5.4 (1.7)

5.3 (1.5)b

5.5 (1.6)

5.2 (1.2)

4.9 (1.1)

0.086

0.019

0.05

Serum calcium (mg/dL) (SD)

8.9 (0.6)

8.8 (0.6)

9.1 (0.6)c

9.0 (0.6)

9.1(0.5)

<0.0001

0.080

0.013
0.06

C-reactive protein (mg/L) (SD)

5.4 (4.4)

6.7 (9.4)

8.7 (14.2)

11.6 (16.0)

9.44 (14.6)

0.080

0.05

Albumin (g/L) (SD)

40.8 (3.4)

40.1 (3.8)

39.8 (4.1)

38.4 (4.3)

39.6 (4.0)

0.45

0.08

0.08

Total bilirubin (mmol/L) (SD)

6.6 (2.0)

7.4 (1.8)

7.5 (2.0)

8.7 (2.3)

7.05 (2.1)

0.45

0.05

0.001

LDL-cholesterol (mmol/L) (SD)

2.0 (0.8)

2.1 (0.9)

2.0 (0.8)

2.1 (0.9)

1.9 (0.9)

0.45

0.37

0.06

Kt/V (SD)

1.45(0.19)

1.47(0.23)

1.47(0.25)

1.50(0.25)

1.48 (0.23)

0.45

0.19

0.19

All between-period pair wise comparisons were non-significant unless stated otherwise Hb, hemoglobin; a ANOVA, bp=0.043 for period 2 versus 3, cp<0.001 for period 2
versus period 3
Table 1: Hb levels, iron parameters, and laboratory values in 66 hemodialysis patients during four successive periods of 26 weeks each. Patients received the originator
iron sucrose (IS) during Periods 1, 2 3 and 5, but received ISS during Period 4. Values are shown as mean (SD).

of medicine, concerns have also been expressed about the risks
associated with switching to non-originator compounds in the absence
of adequate clinical testing [34,35]. Because generic and original drugs
must demonstrate bioequivalence, one would expect that switching
formulations would not be associated with any significant change in
everyday clinical practice [36,37].
In this population of stable hemodialysis patients, the switch to an
ISS, was associated with a significant reduction in Hb level and reduced
iron indices. This deterioration was observed despite an increase in both
I.V. iron and ESA dosing when adopting the ISS into clinical practices.
Even if the methodology of injection of iron was slightly different
during period 5, with one injection of iron every two weeks, compared
to what was used during period 1 to 4, due to the publication of the
synergistic effect of simultaneous injection of ESA and iron during
the same dialysis session [29], the mean dose of iron per week, or the
cumulative dose of iron per period, were similar during period 3 and
5; The hemoglobin levels and the ESA doses were also similar during
period 3 and 5. On switching back to the original IS, the patients were
stabilized and the dosing requirements where subsequently reduced for
both the IV iron and the ESAs to levels observed pre-ISS use effectively
J Kidney
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demonstrating that the issue was indeed related to the ISS and not
another external factor.
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 [16]. In this population of iron-deficient individuals, TSAT
values decreased dramatically 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 experimental
studies, published by Toblli [38-40].
The increased levels of liver enzymes recorded in the animal
model were not mirrored by evidence of hepatotoxicity in our dialysis
population, perhaps because doses were far lower in this study, but
such an effect cannot be ruled out during long-term ISS therapy in
dialysis patients. The increased levels of liver enzymes recorded in
the animal models were not mirrored by evidence of hepatotoxicity
in the dialysis population because doses were far lower in the clinical
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Period 1 (IS)

Period 2 (IS)

Period 3 (IS)

Period 4 (ISS)

Period 5 (IS)

p value
(globala)
0.099

p value (Period p value (Period
3 vs. 4a)
4 vs. 5)

I.V. iron dose per patient, mg
Mean (SD) cumulative doseb

1 149 (931)

Median (range) cumulative dose 1025 (0-5200)
Mean (SD) per week

58 (35)

1193 (809)

1077 (884)

1405 (901)

1100 (825)

1125 (0-3800)

1050 (0-2800)

1300 (0-4150)

1100 (0-3200)

60 (31)

56 (33)

67 (32)

51 (28)

0.031

0.03

0.099

0.031

0.001

ESA (darbepoetin) dose per patient (µg)
Mean (SD) cumulative dose

696 (494)

886 (666)

872 (711)

1109 (857)

856 (750)

<0.001

0.005

0.003

Mean dose/kg (SD) per week

0.39 (0.30)

0.50 (0.26)

0.52 (0.50)

0.66 (0.56)

0.52 (0.50)

< 0.001

0.005

0.05

10222 (6300)

9229 (5688)

9455 (7416)

9860 (6500)
0.05

0.03

0.03

Cost of anemia medications, € mean (SD)
I.V. iron, total cost

9839 (6064)

ESA (darbepoetin) total cost

67 547 (69 155) 85 950 (87 997) 84 628 (86 643) 107560 (110 121) 80250 (86480)

Anemia medications total cost

77385 (75 219) 96173 (94 297) 93857 (92 331) 117 015 (117 537) 90110 (92980)

All between-period pairwise comparisons were non-significant unless stated otherwise aANOVA bp=0.0004 for Period 2 versus Period 1.
Table 2: I.V. iron and ESA (darbepoetin) doses and cost per period in 66 hemodialysis patients during five successive periods of 26 weeks each. Patients received the
originator iron sucrose (IS) during Periods 1, 2 and 3, then received ISS during Period 4, and received IS during Period 5. Cost in parenthesis indicate values calculated
based on updated prices.

study. It has previously been observed that the administration of I.V.
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 nonclinical models
[16] and the high level of total bilirubin and low TSAT seen in the
current clinical trial, during period 4 with the use of ISS, are consistent
with some degree of hepatic toxicity and less stable molecular structures
in the ISS preparations [38]. The significant increase in serum iron
and TSAT described in the experimental study from Toblli [39,40],
coupled with greater iron deposition, indicated more rapid release of
iron compared to IS due to overloading of serum transport proteins.
This finding might be attributed to the difference in the kinetics of
iron dissociation after changes in the stability of the core of the ironsucrose complex [41]. Slight alterations in the manufacturing process of
iron carbohydrates can result in disparities in the structure, molecular
weight distribution and stability of the iron-oxyhydroxide core of the
iron-sucrose complex [9].
The results of this study might be unable to be generalized to other
IV ISS’s formulations. Side effects in patient populations have also
been observed with other ISS in gastroenterology [21], gynecology
[23], and recently partly in nephrology with the changes induced after
switching from a generic formulation to an original formulation [42].
Our recommendation is that the selection of a specific iron should not
be based solely on financial considerations, between original molecules
and their similar, assuming comparable efficacy and safety, because
original and similar formulations might not be interchangeable.
The original reason for switching to an ISS was due to the financial
aspect - namely that the ISS was cheaper than the IS. This complies with
WHO guidelines which promote the use of generic drugs as a strategy
to mitigate high pharmaceutical prices [36]. However, in the current
analysis, conversion to an ISS resulted in a substantial increase in the
total cost of anemia medication (+27.3%)The increased overall cost was
due to requirement for higher doses of both IV iron (+30.3%) and ESA
therapy (+27.1%). As such the cost benefits of the cheaper direct drug
costs are negated with the overall cost which then refutes the rationale
for a switch based on financial perspectives.
The main limitations of this study are inherent to its design: it is
not a randomized double blind cross-over study. Although our different
periods with a prolonged period with IS, followed by ISS, and a return to
IS allowed us to control for many confounding factors, the data obtained
from this observational, single-centre study might not be generalized to
J Kidney
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all iron formulations and their similars. Main publications were with
others similar from iron-sucrose, and a study is currently realized in
the United States concerning sodium ferric-gluconate iron complex
and its generic formulation [Nulecit FDA-SOL-1120929]. The followup period was adequate for analyzing the effects of the treatment on
anemia parameters, but it was not valid for evaluating the long-term
outcomes associated with each formulation. Further to above specified
potential iron accumulation in tissues such as liver, heart and kidney,
high doses of ESAs [43,44] and/or IV iron [45,46] have been linked
to increased mortality in HD patients. In this study the use of iron
sucrose similar is associated with higher ESA doses and higher IV iron
doses, than with the IV iron original formulation. Assuming that the
total iron content is indeed correct for the ISS (and equivalent to the IS)
then it remains an open question to the final deposition and location
of this additional iron with the use of the ISS. Additional randomized
controlled studies with longer follow-up periods must be designed to
confirm our results.
In conclusion, the treatment of anemia in HD patients with the
original IV iron-sucrose formulation permits lower doses of both
iron and ESAs for anemia management when compared to an ISS.The
original IS was more effective in achieving target iron and Hb levels
with lower individual doses, representing both a cost saving (versus
a similar formulation) and perhaps also a long term safety benefit (as
unclear where the excess iron from the ISS is deposited). Switching
from the original iron sucrose formulation to a similar formulation
destabilizes this population and the return to the original formulation
of iron-sucrose authorizes the restoration of adequate parameters.
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