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INTRODUCTION

ntravenous (i.v.) iron is often used in the manage-

ment of iron deficiency anemia in patients with
nondialysis-dependent chronic kidney disease (CKD).
Guidelines advocate a “high dose, low frequency
approach,” which is more easily achievable in modern
practice owing to new i.v. iron therapies.l Concerns
however persist regarding hypersensitivity and oxida-
tive stress." These arise owing to earlier experience
with older i.v. iron compounds (e.g., iron sucrose) sug-
gesting possible nephrotoxicity owing to increased
proteinuria, a phenomenon credited both directly and
indirectly to oxidative damage.”

Newer (third generation) i.v. iron preparations
(ferric carboxymaltose, ferric derisomaltose [FDI], fer-
umoxytol) have a more compact structure and exhibit
different modes of iron release compared with their
predecessors.’ This limits their pro-oxidant effect and
potentially any resulting nephrotoxicity. As there is
increasing real-world evidence on the utility and cost-
effectiveness of high-dose treatment with third-
generation i.v. iron preparations in populations with
non—dialysis-dependent CKD,”' it is important to
explore whether any negative renal impact exists after
their administration.

As part of the multicenter, double-blind, pilot, ran-
domized, controlled “Iron & Heart” trial, markers of renal
function (cystatin C and creatinine) and injury (protein-
uria—glomerular damage, neutrophil-associated lipocalin

322

[NGAL}—tubular damage) were measured. The study was
primarily designed to evaluate the impact of i.v. iron (FDI)
at a high dose (1000 mg) in patients with non—dialysis-
dependent CKD and iron deficiency but not anemia on 6-
minute walk test, as an objective measure of functional
status.” This was performed to establish whether similar
positive effects as those exhibited in patients with heart
failure exist in this population. Here, we report on the
renal-associated secondary objectives evaluating the renal
effect of high-dose FDI in this patient group
(Supplementary Methods).

RESULTS

A total of 54 patients were recruited and randomized to
receive FDI (n = 26) or placebo (n = 28). Baseline
characteristics of the study participants are presented
in Table 1. The 2 groups were well-matched with no
significant differences in the majority of characteristics.
Although baseline serum creatinine was significantly
lower in the FDI group (158 vs. 201 Umol/L, P = 0.03),
estimated glomerular filtration rate (eGFR) calculated
using both creatinine and cystatin C were not signifi-
cantly different between the 2 groups.

After the FDI infusion, no significant changes were
detected in the serum levels of creatinine and cystatin C
nor the eGFR (Supplementary Figures S1 and S2). At
baseline, the eGFR of participants in the FDI group was
greater than those receiving placebo; this overall advan-
tage was not altered throughout the study. There were no
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Table 1. Baseline characteristics
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Characteristic FDI Placebo P value
N 26 28
Age, median 61 59 0.34
Sex, male 11 (44%) 15 (54%) 0.49
Ethnicity
White 19 (73%) 23 (82%) 0.59
Black 4 (15%) 3 (11%)
Other 3 (12%) 2 (7%)
Smoking
No 17 (65%) 15 (54%) 0.38
Yes—current 1 (4%) 4 (14%)
Yes—former 8 (31%) 9 (32%)
BMI, mean (SD) 30.768 (6.878) 30.0 1 (6.438) 0.71
Primary renal disease
Diabetes 8 (31%) 9 (32%) 0.99
Hypertension 2 (8%) 2 (7%)
Glomerulonephritis 7 (27%) 6 (21%)
Adult polycystic kidney disease 2 (8%) 3 (11%)
Reflux nephropathy 1 (4%) 2 (7%)
Other/unknown 6 (23%) 6 (21%)
Blood pressure, mean (SD)
Systolic, mm Hg 138.2 (19.9) 129.4 (18.45) 0.098
Diastolic, mm Hg 78.5 (10.7) 76.2 (11.8) 0.45
Laboratory measures, median
Creatinine, umol/L 1568 (134, 181) 201 (161, 254) 0.032°
eGFR-creat, ml/min per 1.73 m? 35 (26, 43) 26 (22, 36) 0.12
Cy C, mg/L 2.13 (1.72, 2.53) 2.28 (1.90, 2.76) 0.24
eGFR-Cy, m/min per 1.73 m? 28 (21, 36) 26 (20, 31) 0.27
Hemoglobin, g/L mean (SD) 131.0 (7.4) 126.5 (11.8) 0.10
Ferritin, pg/L 55.0 (45.0, 79.0) 50.0 (26.0, 82.0) 0.37
Transferrin saturations, % 19.5 (16.0, 27.0) 19.0 (16.0, 21.0) 0.43
C-reactive protein, mg/L 4.0 (2.4, 9.5) 4.0 (2.2, 4.3) 0.32
Urinary albumin:creatinine, mg/mmol 5.9 (2.1, 48.4) 19.5 (8.3, 90.7) 0.33
NGAL, ng/ml 323.51 (252.94, 409.08) 365.29 (305.15, 430.16) 0.17

BMI, body mass index; creat, creatinine; Cy, cystatin; eGFR, estimated glomerular filtration rate; FDI, ferric derisomaltose; NGAL, neutrophil-associated lipocalin.

P < 0.05

significant changes in the serum levels of NGAL in either
of the treatment arms throughout the follow-up period. In
the FDI group, NGAL levels at baseline, 1 month, and 3
months were 323.5, 313.9, and 356.1 ng/ml, respectively
(baseline-1 month: P = 0.39; baseline-3 months: P =
0.29) and 365.2, 370.7, and 390.6 ng/ml, respectively, in
the placebo group (baseline—1 month: P = 0.73; baseline—3
months: P = 0.71) (Figure 1).

Urinary albumin-creatinine ratio measurements were
available for 22 participants in the FDI group and 24 in
the placebo group. Urinary albumin-creatinine ratio
levels did not change significantly post infusion in
either treatment arm (Figure 2). In the FDI group, uri-
nary albumin-creatinine ratio levels at baseline, 1
month, and 3 months were 5.9, 6.2, and 7.1 mg/mmol,
respectively (baseline-1 month: P = 0.44; baseline—3
months: P = 0.28), and 19.5, 19.3, and 26.7 mg/mmol,
respectively, in the placebo group (baseline-1 month:
P = 1.00; baseline-3 months: P = 0.75).
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DISCUSSION

In this study, kidney injury and function markers
remained unchanged after administration of high-dose FDI
at 1 and 3 months. FDI use was not associated with in-
creases in serum levels of NGAL, a sensitive marker of
acute renal tubular damage, or increases in proteinuria
throughout follow-up. These findings suggest that FDI did
not lead to any short term tubular or glomerular injury.

A proteinuric effect of i.v. iron has been previously
displayed in patients receiving iron sucrose (100 mg)
when compared with oral iron, within 15 minutes of
administration.” Despite a return to baseline within 24
hours, that study concluded that certain i.v. iron
compounds could be associated with nephrotoxicity. In
this study, with FDI, there was no increase in pro-
teinuria level at any follow-up point compared with
placebo. In addition, there was no statistically signifi-
cant change in NGAL with FDI treatment, similar to the
IRON-TURTLE trial using a dose of 1000 mg of ferric
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Figure 1. Changes in serum levels of NGAL during the follow-up period in the 2 treatment groups. P values nonsignificant for all pairwise
comparisons between baseline versus 1-month and baseline versus 3-month values. NGAL, neutrophil-associated lipocalin.

carboxymaltose in patients with heart failure and CKD
and correlating with in vivo and in vitro evidence
relevant to third-generation i.v. iron compounds.s’6
Indeed, such evidence has indicated that third-
generation i.v. iron compounds seem to be “bio-
neutral” in terms of renal injury and oxidative stress
when compared with earlier preparations.“

In this study, no detriment in terms of creatinine or
cystatin C (and their derived eGFR) was observed with
FDI compared with placebo. This is in agreement with

previous studies with non—dialysis CKD partici-
pants.w’8 The REVOKE trial (n = 136, non—dialysis-
dependent CKD with iron deficiency anemia) compared
i.v. iron sucrose with oral iron in terms of measured
glomerular filtration rate using iothalamate clearance in
a 2-year period.” Measured glomerular filtration rate
declined similarly irrespective of treatment modality
and after additional demographic, medication, and co-
morbidity adjustments.” During the FIND-CKD trial,
626 non—dialysis-dependent CKD patients were

ferric derisomaltose placebo

300

200 |

100 ’
S 25 2
£ . .
ES)
3
x | |® L 4 *
(@)
<

14
Baseline 1-month 3-month Baseline 1-month 3-month

Figure 2. Changes in urinary albumin-to-creatinine ratio during the follow-up period in the 2 treatment groups. P values nonsignificant for all
pairwise comparisons between baseline versus 1-month and baseline versus 3-month values. Note that the ACR results are found on a log-

arithmic scale. ACR, albumin-creatinine ratio.
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randomized to oral iron or i.v. ferric carboxymaltose
and similarly demonstrated no difference in eGFR be-
tween the 2 treatment modalities in a 12-month period.”
In patients with CKD and reduced ejection fraction,
administration of high dose ferric carboxymaltose also
did not produce any impact on cystatin C or other
markers of renal function.” It is noteworthy that an
analysis of the FAIR-HF trial evaluating the impact of
ferric carboxymaltose in patients with established
systolic heart failure concluded that correction of iron
deficiency with i.v. ferric carboxymaltose led to a
statistically significant improvement in eGFR when
compared with placebo.’

The neutral results of this study on renal injury may
be caused by a combination of factors potentially
associated with the iron preparation used. Intriguingly,
alleviation of iron deficiency may be renoprotective
with recent evidence suggesting correction of iron
deficiency in murine uremic models promotes an
overall antioxidant effect, whereas the notion of renal
preconditioning through activation of the NRFT2
pathway is also explored.””**

Several limitations are present in this study, and the
results therefore need to be treated with caution. The
study did not focus on an ultra-acute effect of i.v. iron
as that previously displayed in literature. This study
focused on short- to medium-term renal damage after
i.v. iron administration, and it is therefore not possible
to draw any conclusions on a potential cumulative ef-
fect of repeated iron administrations. In addition, as
these are secondary outcomes, the study is under-
powered to detect true statistical significance.

In conclusion, the results from the Iron and Heart
trial with FDI treatment add further to the safety evi-
dence surrounding the use of i.v. iron in patients with
non—dialysis-dependent CKD, especially in terms of
renal injury and function. Further markers of nephro-
toxicity can be incorporated in such research (e.g.,
urinary NGAL, beta-2-microglobulin) to investigate
further possible renal injury. These results are reas-
suring with regard to the safety of conducting further
large-scale trials in the treatment of iron-deficient pa-
tients with CKD but not anemia to identify any impact
on quality of life and functional status, similar to that
already found in patients with heart failure.
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