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A B S T R A C T

Background. The optimal intravenous (IV) iron would allow
safe correction of iron deficiency at a single infusion over a short
time. The FERWON-NEPHRO trial evaluated the safety and
efficacy of iron isomaltoside 1000/ferric derisomaltose (IIM) in

patients with non-dialysis-dependent chronic kidney disease
and iron deficiency anaemia.
Methods. In this randomized, open-label and multi-centre
trial conducted in the USA, patients were randomized
2:1 to a single dose of 1000 mg IIM or iron sucrose (IS)
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administered as 200 mg IV injections up to five times within
a 2-week period. The co-primary endpoints were serious or
severe hypersensitivity reactions and change in haemoglo-
bin (Hb) from baseline to Week 8. Secondary endpoints
included incidence of composite cardiovascular adverse
events (AEs).
Results. A total of 1538 patients were enrolled (mean estimated
glomerular filtration rate 35.5 mL/min/1.73 m2). The co-
primary safety objective was met based on no significant
difference in the incidence of serious or severe hypersensitivity
reactions in the IIM and IS groups [0.3% versus 0%; risk differ-
ence: 0.29% (95% confidence interval: –0.19; 0.77; P> 0.05)].
Incidence of composite cardiovascular AEs was significantly
lower in the IIM versus IS group (4.1% versus 6.9%; P¼ 0.025).
Compared with IS, IIM led to a more pronounced increase in
Hb during the first 4 weeks (P� 0.021), and change in Hb to
Week 8 showed non-inferiority, confirming that the co-primary
efficacy objective was met.
Conclusions. Compared with multiple doses of IS, a single dose
of IIM induced a non-inferior 8-week haematological response,
comparably low rates of hypersensitivity reactions, and a signifi-
cantly lower incidence of composite cardiovascular AEs.

Keywords: ferric derisomaltose, iron deficiency anaemia, iron
isomaltoside 1000, iron treatment

I N T R O D U C T I O N

Anaemia is an important health problem often encountered in
patients with non-dialysis-dependent chronic kidney disease
(CKD) [1]. The major causes of anaemia in patients with CKD
are iron and erythropoietin deficiencies and decreased respon-
siveness to erythropoietin [2]. Patients with CKD who are
treated with erythropoiesis-stimulating agents (ESAs) are likely
to develop iron deficiency due to the increased demand for iron
to support production of new red blood cells [2]. Thus, iron
therapy, alone or in combination with ESA treatment, is essen-
tial for effective management of iron deficiency anaemia in
patients with CKD. According to the Kidney Disease:
Improving Global Outcomes (KDIGO) guideline, patients with
non-dialysis-dependent CKD and iron deficiency anaemia
should be treated with intravenous (IV) iron or 1–3 months of
oral iron depending on the severity of iron deficiency, availabil-
ity of venous access, response to prior oral iron, side effects with
prior iron therapy, expected adherence and cost [3]. For
patients with non-dialysis-dependent CKD who require IV
iron, the National Institute for Health and Care Excellence
guidelines recommend use of high-dose, low-frequency IV iron
formulations [4].

Several trials have shown that IV iron improves symptoms,
functional capacity and quality of life compared with placebo in
the context of heart failure [5–7]. However, to date, there are
limited data comparing the relative effects of different IV iron
formulations in patients with non-dialysis-dependent CKD.

The FERWON programme was initiated to address the
safety and efficacy of high dose iron isomaltoside 1000/ferric
derisomaltose (IIM) compared with iron sucrose (IS). The
FERWON programme consists of two trials that included a

total of 3050 patients with iron deficiency anaemia of mixed
aetiologies (FERWON-IDA) or CKD (FERWON-NEPHRO).
The results of the FERWON-NEPHRO trial are presented here.
The primary objectives were to evaluate the safety and efficacy
of IIM compared with IS in patients with non-dialysis-depen-
dent CKD and iron deficiency anaemia with a focus on inci-
dence of serious or severe hypersensitivity reactions and
haematological response. The secondary objectives included in-
cidence of composite cardiovascular adverse events (AEs).

M A T E R I A L S A N D M E T H O D S

Trial design

This was a randomized, open-label, comparative and multi-
centre trial conducted from November 2016 to October 2018.
Each individual patient participated in the trial for �10 weeks
(including a 14-day screening period) during which they
attended at least six trial visits (screening visit, baseline visit,
three assessment visits and final visit). Patients randomized to
IS attended two additional treatment visits to achieve the neces-
sary therapeutic cumulative dose of IS.

The protocols and amendments were approved by the rele-
vant Institutional Review Boards and conducted in accordance
with good clinical practice and the Declaration of Helsinki of
1975, as revised in 2013. The trial was registered at
ClinicalTrials.gov (NCT02940860). Written informed consent
was obtained from all participants.

Participants

The trial was conducted at 143 sites (hospitals, private clinics
and clinical research centres) in the USA. Adults with haemo-
globin (Hb) �11 g/dL, serum ferritin �100 ng/mL [or
�300 ng/mL if transferrin saturation (TSAT) �30%] and CKD
were allowed to participate in the trial. CKD was defined as ei-
ther estimated glomerular filtration rate (eGFR) <60 mL/min/
1.73 m2 at screening (calculated by the Modification of Diet in
Renal Disease formula) or eGFR <90 mL/min/1.73 m2 at
screening and kidney damage as indicated by abnormalities in
urine composition per medical history and/or intermediate/
high risk of cardiovascular disease based on the Framingham
model. Patients treated with ESAs needed to receive a stable
dose (620%) for 4 weeks before randomization and during the
trial. The complete inclusion and exclusion criteria, including
changes implemented during the trial’s execution, are shown in
Supplementary data, Table S1.

Interventions

Patients were randomized 2:1 to either IIM (MonoferVR /
MonoferricVR , Pharmacosmos A/S, Holbaek, Denmark) admin-
istered at baseline as a single dose of 1000 mg infused over
20 min or IS (VenoferVR , American Regent, Shirley, NY, USA)
administered as 200 mg IV injections repeated according to
standard practice or physician choice up to a maximum of five
times within the first 2 weeks starting at baseline. A cumulative
dose of 1000 mg was recommended. During the trial, the use of
iron supplements besides the investigational drug or blood
transfusion was prohibited.
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Endpoints

The co-primary endpoints were incidence of adjudicated se-
rious or severe hypersensitivity reactions starting during or after
the first dose of randomized treatment (safety) and change in
Hb from baseline to Week 8 (efficacy). The secondary safety
endpoints included incidence of adjudicated composite cardio-
vascular AEs starting during or after the first dose of random-
ized treatment. Table 1 details the trial endpoints.

Adjudication of serious or severe hypersensitivity reactions
and composite cardiovascular AEs were performed in a blinded
fashion by an independent Clinical Endpoint Adjudication
Committee. The hypersensitivity terms were defined by a stan-
dardized set of Medical Dictionary for Regulatory Activities
(MedDRA) terms based on discussions with the US Food and
Drug Administration. The terms are listed in Supplementary
data, Table S2.

Randomization

Patients were randomized in a 2:1 ratio to receive IIM or IS
using stratified block randomization according to eGFR at
screening (<46, 46–<60 or 60–<90 mL/min/1.73 m2) and
baseline cardiovascular risk (history of myocardial infarction,
stroke or congestive heart failure; yes/no). The block size was
six. The randomization list was prepared by the data manage-
ment vendor using the randomization module in Informatics
ClinPhone RTSM service. Screening, randomization and enrol-
ment of the patients were performed by the investigator or dele-
gated staff at each trial site.

Data analysis sets

The intention-to-treat analysis set (N¼ 1538) included all
randomized patients and was used to evaluate efficacy
(Figure 1). The safety analysis set (N¼ 1525) included all ran-
domized patients who received at least one dose of the trial
drug. This set was used for evaluating safety. The full analysis
set (N¼ 1510) included all randomized patients who received
at least one dose of the trial drug, and had at least one post-
baseline Hb assessment. This set was used for a sensitivity
analysis of the co-primary efficacy endpoint. The per-protocol
analysis set (N¼ 1343) included all patients in the full analysis

set who did not have any major protocol deviations. This was
used for a sensitivity analysis of the co-primary efficacy
endpoint.

Power and statistical methods

With 1000 patients treated with IIM and 500 patients treated
with IS, there was 100% power to demonstrate non-inferiority
of IIM versus IS in the co-primary efficacy endpoint, change
in Hb from baseline to Week 8, using a non-inferiority mar-
gin of –0.5 g/dL and assuming a common SD of 1.5 g/dL in
Hb. Non-inferiority was tested using a mixed model for re-
peated measurements (MMRM) with a restricted maximum
likelihood-based approach. The model included the fixed,
categorical effects of treatment, week, treatment-by-week in-
teraction, strata and the continuous covariates of baseline Hb
and baseline Hb-by-week interaction. Non-inferiority of IIM
versus IS could be claimed if the lower boundary of the 95%
confidence interval (CI) was above –0.5 g/dL.

The co-primary safety endpoint, proportion of patients with
serious or severe hypersensitivity reactions, was summarized
and if the upper boundary of the 95% CI was <3%, the safety
objective was met. The risk difference between IIM and IS was
assessed by constructing a 95% CI of the risk difference. There
was 88% power to demonstrate that the upper limit of the 95%
CI for the incidence of serious or severe hypersensitivity reac-
tions was<3%.

The proportion of patients with composite cardiovascular
AEs and adverse drug reactions was compared between the
treatment groups by Fisher’s exact test. The time to first
composite cardiovascular AEs was estimated using the Kaplan–
Meier method and significance was tested using a log-rank test.

Incidence of Hb responders to each week (defined as an
increase in Hb of at least 1 g/dL from baseline to the week in
question) was analysed using a repeated-measures logistic
regression model with treatment, visit, strata and treatment-by-
visit interaction as fixed effects and baseline value as covariate.
The incidence of achievement of a serum ferritin �100 ng/mL
and a TSAT of 20–50% at any time were analysed using logistic
regression with treatment and strata as fixed effects.

Table 1. Trial endpoints

Co-primary safety endpoint
Incidence of adjudicated serious or severe hypersensitivity reactions starting during or after the first dose of randomized treatment

Co-primary efficacy endpoint
Change in Hb from baseline to Week 8

Secondary safety endpoints Secondary efficacy endpoints
• Incidence of adjudicated composite cardiovascular AEs (included

death due to any cause, non-fatal myocardial infarction, non-fatal
stroke, unstable angina requiring hospitalization, congestive heart fail-
ure requiring hospitalization or medical intervention, arrhythmias,
hypertension, hypotension) starting during or after the first dose of
randomized treatment

• Time to first composite cardiovascular AE
• Incidence of hypophosphataemia (serum phosphate <2.0 mg/dL)

• Change in Hb from baseline to Weeks 1, 2 and 4
• Haemoglobin increase of �1 g/dL from baseline to Weeks 1, 2, 4 or 8
• Serum ferritin �100 ng/mL and TSAT of 20–50% at any time
• Change in serum ferritin and TSAT from baseline to Weeks 1, 2, 4 and 8
• Change in fatigue symptoms measured by the Functional Assessment of

Chronic Illness Therapy (FACIT) Fatigue Scale from baseline to
Weeks 1, 2 and 8a

aFACIT score range 0–52, the higher the score the better the quality of life; FACIT fatigue score <30 indicates severe fatigue.
Blood samples were drawn at all visits (screening, baseline, Weeks 1, 2, 4 and 8, and two additional treatment visits if applicable) and analysed for Hb, serum ferritin, TSAT and serum
phosphate.
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An MMRM with treatment, week, treatment-by-week inter-
action, and strata as factors and baseline value and baseline
value-by-week interaction as covariates, was used to compare
the average change in Hb, serum ferritin, TSAT and fatigue
symptoms.

Incidence of hypophosphataemia (serum phosphate
<2.0 mg/dL) and post hoc analyses on the most frequent cardio-
vascular AEs was performed by a Fisher’s exact test.

All statistical tests were carried out as two-sided on a 5%
level of significance.

R E S U L T S

Patients

A total of 2560 patients were screened, of whom 1538 were
randomized 2:1 to IIM (n¼ 1027) or IS (n¼ 511). Of the 1538
patients enrolled, 1447 (94%) completed the trial. The details of

patient disposition are summarized in Figure 1. There were 576
men (37.5%) and 962 women (62.5%). The majority of patients
were white (N¼ 1106; 71.9%) or black or African American
(N¼ 381; 24.8%). The age ranged from 25 to 97 years (mean:
68.6 years) and mean eGFR was 35.5 mL/min/1.73 m2. Overall
demographics, baseline characteristics and laboratory parame-
ters were comparable between the treatment groups (Table 2).

Exposure to iron

A total of 1019 patients received a single administration of
IIM at a mean 6 SD dose of 993 6 71 mg, and 506 patients re-
ceived one to five administrations (mean: 4.6, median: 5 admin-
istrations) of IS at a mean cumulative dose of 899 6 198 mg.

Co-primary safety endpoint: serious or severe
hypersensitivity reactions

In the safety analysis set (N¼ 1525), a total of three serious
or severe hypersensitivity reactions occurred in 3/1019 (0.3%;

• Intention-to-treat analysis set (n=1027)
• Safety analysis set (n=1019)
• Full analysis set (n=1011)
• Per protocol analysis set (n=921)

• Intention-to-treat analysis set (n=511)
• Safety analysis set (n=506)
• Full analysis set (n=499)
• Per protocol analysis set (n=422)

Assessed for eligibility
(n=2560)

Enrolment

Randomized
(n=1538)

Excluded (n=1022)
• Did not meet inclusion criteria
  and/or exclusion criteria (n=961)
• Not assigned (n=61)

Allocated to IIM (n=1027)
• Received allocated intervention (n=1019)
• Did not receive allocated inervention (n=8)

Allocated to IS (n=511)
• Received allocated intervention (n=506)
• Did not receive allocated inervention (n=5)

Allocation

Completed study (n=971)
Discontinued (n=56)
• Non-serious adverse event (n=1)
• Serious adverse event (n=7)
• Death (n=3)
• Withdrawal by subject (n=19)
• Lost to follow-up (n=13)
• Investigator decision (n=5)
• Other (n=8)

Completed study (n=476)
Discontinued (n=35)
• Non-serious adverse event (n=2)
• Serious adverse event (n=3)
• Death (n=2)
• Protocol violation (n=2)
• Withdrawal by subject (n=9)
• Sponsor decision (n=1)
• Lost to follow-up (n=7)
• Investigator decision (n=3)
• Other (n=6)

Follow-up

Analyzed

FIGURE 1: Patient disposition.
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95% CI 0.06; 0.86) patients in the IIM group. As the upper
boundary of the 95% CI was <3%, the co-primary safety end-
point was met. No serious or severe hypersensitivity reactions
occurred in the IS group (0%; 95% CI 0.00; 0.73). The risk dif-
ference between IIM and IS with respect to adjudicated and
confirmed treatment-emergent serious or severe hypersensitiv-
ity reactions was estimated as 0.29% (95% CI –0.19; 0.77). The
difference between the two treatment groups was not statisti-
cally significant as the CI included zero. Narratives of the hy-
persensitivity reactions are provided in Supplementary data,
Table S3.

Composite cardiovascular AEs

The incidence of adjudicated and confirmed composite
cardiovascular AEs was significantly lower in the IIM group
compared with the IS group [55 events in 42 (4.1%) patients
versus 41 events in 35 (6.9%) patients, P¼ 0.025). The most
frequent cardiovascular AEs were congestive heart failure (0.7%
in the IIM group versus 2.2% in the IS group, P¼ 0.020),
hypertension (1.1% versus 2%, P¼ 0.17) and atrial fibrillation
(0.3% versus 1.2%, P¼ 0.067). The time to first composite
cardiovascular AE was significantly longer for IIM versus IS
(P¼ 0.019; Figure 2).

Hypophosphataemia

The incidence of hypophosphataemia (serum phosphate
<2.0 mg/dL) at any time during the trial was 32/1011 (3.2%)
in the IIM and 4/500 (0.8%) in the IS group (P¼ 0.004). No pa-
tient in either group developed severe hypophosphataemia
(serum phosphate<1.0 mg/dL).

Adverse drug reactions and other safety data

A total of 83 adverse drug reactions in 48 (4.7%) patients
were reported in the IIM group and 43 adverse drug reactions
in 27 (5.3%) patients were reported in the IS group (P¼ 0.62).
The most common adverse drug reactions were rash [six events
in six (0.6%) patients in the IIM group and one event in one
(0.2%) patient in the IS group] and pruritus [five events in five
(0.5%) patients in the IIM group and four events in four (0.8%)
patients in the IS group]. A total of four serious adverse reac-
tions (drug hypersensitivity, hypersensitivity, acute myocardial
infarction and infusion-related reaction) were reported in four
(0.4%) patients in the IIM group, while one serious adverse
reaction (pyrexia) was reported in one (0.2%) patient in the IS
group.

There were three unrelated fatalities in the IIM group and
three in the IS group. In the IIM group, three events were
reported as septic shock occurring 124 days after treatment,
unknown cause of death occurring 3 days after treatment
(a patient in the 80s who had a medical history of congestive
heart failure, hypertension, hyperlipidaemia, anaemia, CKD,
Type 2 diabetes mellitus, secondary hyperparathyroidism, gout,
proteinuria and arthritis), and cardiac arrest occurring 55 days
after treatment. In the IS group, three events were reported as
drug hypersensitivity to angiotensin-converting enzyme inhibi-
tor occurring 30 days after treatment, exacerbation of conges-
tive heart failure occurring 51 days after treatment and cardiac

Table 2. Summary of demographics and baseline anaemia parameters
(intention-to-treat analysis set)

Parameters IIM IS

Age (years)
N 1027 511
Mean (SD) 68.3 (12.3) 69.3 (12.3)
Median 69.0 71.0

Gender, n (%)
Women 633 (61.6) 329 (64.4)
Men 394 (38.4) 182 (35.6)

Race, n (%)
White 731 (71.2) 375 (73.4)
Black or African American 264 (25.7) 117 (22.9)
Asian 16 (1.6) 11 (2.2)
American Indian or Alaska Native 2 (0.2) 2 (0.4)
Native Hawaiian or other Pacific Islander 1 (0.1) 0 (0.0)
Other 13 (1.3) 6 (1.2)

Ethnicity, n (%)
Hispanic or Latino 476 (46.3) 248 (48.5)
Not Hispanic or Latino 551 (53.7) 263 (51.5)

Weighta (kg)
N 1016 506
Mean (SD) 86.3 (23.4) 82.6 (20.3)
Median 83.0 80.0

Current smoker, n (%) 118 (11.5) 53 (10.4)
eGFR (mL/min/1.73 m2)

N 1027 511
Mean (SD) 35.7 (18.3) 35.2 (18.6)
Median 33.0 30.0

eGFR (mL/min/1.73 m2) and
cardiovascular risk,b n (%)

eGFR <46, no cardiovascular risk 492 (47.9) 245 (47.9)
eGFR 46–59, no cardiovascular risk 105 (10.2) 52 (10.2)
eGFR 60–90, no cardiovascular risk 107 (10.4) 52 (10.2)
eGFR <46, cardiovascular risk 257 (25.0) 129 (25.2)
eGFR 46–59, cardiovascular risk 40 (3.9) 20 (3.9)
eGFR 60–90, cardiovascular risk 26 (2.5) 13 (2.5)

Cardiac disorders, n (%) 421 (41.0) 221 (43.2)
Vascular disorders, n (%) 948 (92.3) 471 (92.2)
Diabetes mellitus,c n (%) 693 (67.5) 354 (69.3)
Treatment with ESAs, % 5.6 5.5
Haemoglobin (g/dL)

N 1026 511
Mean (SD) 9.66 (1.14) 9.71 (1.12)
Median 9.80 9.70

Serum ferritin (ng/mL)
N 1027 511
Mean (SD) 82.4 (84.0) 86.2 (80.2)
Median 54.0 60.0

Transferrin saturation, %
N 1026 509
Mean (SD) 18.51 (29.23) 17.44 (11.78)
Median 16.00 17.00

Serum phosphatea (mg/dL)
N 965 478
Mean (SD) 3.97 (0.82) 4.01 (0.97)
Median 3.90 3.85

FACIT fatigue score
N 1021 509
Mean (SD) 28.68 (12.39) 28.22 (12.55)
Median 29.00 28.00

aBased on the safety analysis set.
bCardiovascular risk included medical history of myocardial infarction, stroke or con-
gestive heart failure.
cMedical history of diabetes mellitus or diabetes-related complications (e.g. diabetic
nephropathy).
FACIT, Functional Assessment of Chronic Illness Therapy.
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arrest occurring 53 days after treatment. All six deaths were
assessed by site investigators as not related to IV iron treatment.

Co-primary efficacy endpoint: change in Hb

The co-primary efficacy analysis (change in Hb concentra-
tion from baseline to Week 8) was conducted on the intention-
to-treat analysis set (N¼ 1535), full analysis set (N¼ 1510) and
per-protocol analysis set (N¼ 1343), and the secondary efficacy
analyses were conducted in the intention-to-treat analysis set.
The change in Hb concentration from baseline to Week 8 was
non-inferior for IIM compared with IS since the lower bound-
ary of the 95% CI for the treatment difference (IIM – IS) was
above –0.5 g/dL. In all three analysis sets, superiority of IIM ver-
sus IS could not be claimed because the 95% CI included zero
(Table 3).

The increase in Hb from baseline to Weeks 1, 2 and 4 was
significantly greater for IIM compared with IS (P� 0.021;
Figure 3, Table 3). The proportion of responders (patient with
an Hb increase of �1 g/dL from baseline) was significantly
higher in the IIM group compared with the IS group at Weeks
1, 2 and 4 (Table 4), and the time to achieve a Hb increase of
�1 g/dL was significantly faster for IIM versus IS (P¼ 0.017).

Change in serum ferritin and TSAT

The incidence of achievement of serum ferritin�100 ng/mL
and TSAT of 20–50% at any time from Weeks 1 to 8 was signifi-
cantly higher in the IIM group compared with the IS group
(P< 0.0001; Table 4). The increase in serum ferritin and TSAT
from baseline to Weeks 1 and 2 was significantly greater for
IIM compared with IS (serum ferritin: P< 0.0001; TSAT: Week
1: P< 0.0001, Week 2: P¼ 0.013), while the increase from base-
line to Weeks 4 and 8 did not differ significantly between treat-
ment groups (Figure 3, Table 5).

Change in fatigue symptoms

At baseline, more than half of the patients had severe fatigue.
The median Functional Assessment of Chronic Illness Therapy
fatigue score increased from baseline to Week 8 in both treat-
ment groups (IIM group: from 29 to 40; IS group: from 28 to
39) without significant differences between groups at Weeks 1,
2 or 8 (Supplementary data, Table S4).

D I S C U S S I O N

The ideal IV iron product would allow iron correction and im-
provement in Hb in a single visit with a short infusion time and
minimal side effects, and yet, no IV iron available in the USA
currently fulfils these expectations. Due to the structure of IIM
it can be administered in high doses, and previous published
clinical trials demonstrate the safety and efficacy of IIM in vari-
ous populations with different comparators [8–20]. In the cur-
rent FERWON-NEPHRO trial, adjudicated and confirmed
serious or severe hypersensitivity reactions occurred with a low
incidence and with no significant difference between the IIM
and IS groups. These incidences are lower than those published
in a previous review of IV irons showing that IS and ferric
carboxymaltose were associated with higher incidence of se-
rious or severe hypersensitivity reactions compared with IIM
defined by a standardized set of MedDRA terms [21]. One
explanation for this difference could be that the hypersensi-
tivity reactions reported in the review were not adjudicated
and confirmed by an independent Clinical Endpoint
Adjudication Committee as in the present trial. However, by
including this blinded and independent adjudication of hy-
persensitivity reactions, the risk of bias was limited even
though it was an open-label design.

Despite being a relatively short-term trial with 8 weeks of
follow-up time, the incidence of cardiovascular AEs was

FIGURE 2: Kaplan–Meier plot of time to first adjudicated and confirmed composite cardiovascular AE (safety analysis set).
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significantly lower in the IIM group compared with the IS
group (4.1% versus 6.9%; P¼ 0.025). The patients were strati-
fied on cardiovascular risk and at baseline, 41.0% of the patients
in the IIM group and 43.2% in the IS group had a medical his-
tory of cardiovascular disease, indicating that the trial was well
balanced in this matter. One of the most frequent cardiovascu-
lar AE in the IS group was congestive heart failure, which was
reported with a significantly lower incidence in the IIM group.

This might suggest a short-term benefit of IIM compared with
IS with respect to protecting patients from cardiovascular
events. The frequency of serious cardiovascular events in the
REVOKE trial was 17/67 (25%) in the IS group and 19/69
(28%) in the oral iron group [22], which are higher frequencies
than those reported in this trial. However, there were several
differences between the trials. The REVOKE trial included
patients with more advanced CKD (Stages 3 and 4), the follow-

FIGURE 3: Change in Hb (g/dL), serum ferritin (ng/mL) and TSAT (%) from baseline to Weeks 1, 2, 4 and 8 (intention-to-treat analysis set).
Estimated (LS mean and SE) from a mixed model with repeated measures with treatment, strata and time as factors, treatment � time and
baseline value � time interactions and baseline value as covariate. *P < 0.05; ***P < 0.001.

Table 3. Change in Hb (g/dL) from baseline to Weeks 1, 2, 4 and 8

Treatment n LS mean (95% CI) Difference Non-inferiora Superiority test
IIM – IS P-value

Estimate (95% CI)

Intention-to-treat analysis set
IIM (N¼ 1027)
IS (N¼ 511)
Week 1

IIM 1001 0.43 0.22 (0.12; 0.31) – <0.0001
IS 494 0.21

Week 2
IIM 980 0.75 0.25 (0.14; 0.36) – <0.0001
IS 474 0.50

Week 4
IIM 957 1.06 0.15 (0.02; 0.28) – 0.021
IS 469 0.91

Week 8 (co-primary efficacy endpoint)
IIM 967 1.22 0.08 (–0.06; 0.23) Yes 0.27

(1.14; 1.31)
IS 475 1.14

(1.03; 1.26)
Week 8, full analysis set

IIM (N¼ 1011) 966 1.23 0.08 (–0.06; 0.23) Yes 0.26
(1.15; 1.31)

IS (N¼ 499) 475 1.15
(1.03; 1.27)

Week 8, per-protocol analysis set
IIM (N¼ 921) 885 1.26 0.03 (–0.12; 0.19) Yes 0.66

(1.17; 1.35)
IS (N¼ 422) 406 1.23

(1.10; 1.36)

aNon-inferiority could be claimed if the lower boundary of the 95% CI is above �0.5 g/dL.
LS mean, least square mean; N, total number of patients; n, number of patient with data at the specific visit.
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up time was longer and the criteria for the composite cardiovas-
cular events were not the same.

The recent PIVOTAL trial with 2141 haemodialysis patients
in a time-to-first event analysis showed that a higher dose IV
IS regime led to a significantly lower risk of death or major non-
fatal cardiovascular AEs, including myocardial infarction and
hospitalization for heart failure, compared with a low dose IV IS
regimen. In addition, a higher dose IV iron regime appeared to
protect against recurrent events. It was suggested by the authors
that the lower ESA doses required with higher dose IV iron and
the iron replacement in patients with iron deficiency might have
contributed to the improved cardiovascular profile [23].

A recent trial showed that treatment with IIM enhances skel-
etal muscle energetics and improves symptoms in patients with
chronic heart failure compared with placebo [24], and several
trials have reported that IV iron improves symptoms compared
with placebo in the context of heart failure [5–7]. The lower in-
cidence of early-onset cardiovascular AEs observed with IIM in
the present trial is difficult to explain in such a short trial. We
cautiously speculate that at least two distinct mechanisms could
perhaps account for this. First, it may be a positive treatment
effect of the faster iron repletion provided by IIM compared
with IS leading to the lower incidence of cardiovascular AEs.
This mechanism would be consistent with the positive effect of
high dose iron treatment demonstrated in the PIVOTAL trial
[23] and may relate to improved mitochondrial function of
cardiac myocytes from iron therapy as reported previously [25].
Secondly, the lower stability of IS [26] compared with IIM is
expected to lead to an increased level of free/labile iron, which
generates reactive oxygen species that can cause cell damage [27]
and cardiovascular disease via endothelial damage [28]. It is pos-
sible that the positive treatment effect of iron is partially coun-
tered by the effects of oxidative stress in the IS arm [29] relative
to IIM. The current trial only provided 8 weeks of follow-up,
thus further research including long-term data are warranted to
validate and better understand the observed differences.
Nonetheless, the data provide support for the use of IIM when IV
iron is indicated for patients with an increased risk of cardiovas-
cular disease. Further understanding of the long-term effects of
IIM on cardiovascular outcomes specifically in patients with
chronic heart failure will be provided through a large ongoing
randomized clinical trial including 1300 patients in the UK (the
IRONMAN trial, ClinicalTrials.gov identifier: NCT02642562),
which is powered to demonstrate a reduction in cardiovascular
death or hospitalization due to worsening of chronic heart failure.

The percentage of patients with adverse drug reactions was
comparable for IIM (4.7%) and IS (5.3%), and few serious
adverse reactions were reported. The incidence of hypophos-
phataemia was low in both groups and no patient had a serum
phosphate<1.0 mg/dL.

Data from two clinical trials that were specifically designed
to evaluate the longer-term safety of IV iron therapy in patients
with non-dialysis-dependent CKD had conflicting results. The
REVOKE trial, including 136 patients, was terminated early
due to little chance of finding differences in measured GFR and
increased risk of serious AEs, cardiovascular serious AEs and
infection in patients receiving IS compared with those receiving

Table 4. Incidence of responders (intention-to-treat analysis set)

IIM IS

Patients with Hb increase of�1 g/dL from baseline to Weeks 1, 2, 4 or 8
Week 1

Responders, E/N (%) 200/1002 (20.0) 78/494 (15.8)
Odds ratioa (95% CI) 1.37 (1.00; 1.87)
P-value 0.048

Week 2
Responders, E/N (%) 339/980 (34.6) 112/474 (23.6)
Odds ratioa (95% CI) 1.81 (1.39; 2.36)
P-value <0.0001

Week 4
Responders, E/N (%) 430/957 (44.9) 174/469 (37.1)
Odds ratioa (95% CI) 1.41 (1.11; 1.79)
P-value 0.0048

Week 8
Responders, E/N (%) 474/967 (49.0) 226/475 (47.6)
Odds ratioa (95% CI) 1.01 (0.80; 1.27)
P-value 0.94

Patients with serum ferritin �100 ng/mL and TSAT of 20–50% at any
time from Weeks 1 to 8
Responders, E/N (%) 873/1012 (86.3) 388/500 (77.6)
Odds ratioa (95% CI) 1.82 (1.38; 2.40)
P-value <0.0001

aIIM/IS.
E, number of responders; N, number of patients.

Table 5. Change in serum ferritin (ng/mL) and TSAT (%) from baseline to
Weeks 1, 2, 4 and 8 (intention-to-treat analysis set)

Treatment n LS mean Difference P-value
IIM – IS

Estimate (95% CI)

Intention-to-treat analysis set
IIM (N¼1027)
IS (N ¼511)
Serum ferritin (ng/mL)

Week 1
IIM 991 494.3 309.2 (280.7; 337.8) <0.0001
IS 485 185.0

Week 2
IIM 994 385.7 95.8 (67.9; 123.7) <0.0001
IS 476 289.8

Week 4
IIM 968 259.4 3.5 (–21.2; 28.1) 0.78
IS 472 256.0

Week 8
IIM 973 191.0 3.3 (–18.1; 24.7) 0.76
IS 480 187.7

TSAT, %
Week 1

IIM 989 12.4 8.8 (6.9; 10.7) <0.0001
IS 478 3.7

Week 2
IIM 989 6.2 1.3 (0.3; 2.4) 0.013
IS 471 4.8

Week 4
IIM 964 5.4 0.5 (–0.4; 1.5) 0.24
IS 472 4.9

Week 8
IIM 969 5.3 0.1 (–0.9; 1.2) 0.81
IS 477 5.2

LS mean, least-square mean; N, number of patients; n, number of patient with data at
the specific visit.
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oral iron [22]. In contrast, the FIND-CKD trial, including 626
patients across 193 sites in 20 countries, showed no increase in
the risk of cardiovascular events or infections among patients
receiving ferric carboxymaltose compared with those receiving
oral iron over 56 weeks [30]. Potential explanations for the differ-
ences in findings from these trials have been discussed in several
commentaries [31–33]. Key differences between the two trials are
the difference in oral iron dose (975 mg per day in the REVOKE
trial versus 200 mg per day in the FIND-CKD trial), different IV
iron compounds and differences in reporting of serious AEs.

As might be expected, a faster and transiently greater Hb
response was seen the first 4 weeks with the single dose of
1000 mg IIM compared with up to five doses of 200 mg IS
administered over 2 weeks. Likewise, serum ferritin and TSAT
showed faster and greater improvements in the IIM group com-
pared with the IS group. The faster haematological response is
likely due to the higher doses of IIM given within a shorter time
period. The cumulative dose of IIM was also higher (993 mg
versus 899 mg), which could contribute to the increased Hb re-
sponse observed with IIM. However, the current trial design is
assessed as clinically relevant, as well as reflecting clinical prac-
tice in many countries, and it reflects the intended use of the
two IV iron products as IS can only be dosed in lower single
doses and hence requires more visits to obtain the same cumu-
lative dose as IIM, which can be dosed in a higher single dose.

Fatigue symptoms improved in both treatment groups dur-
ing the trial. However, despite the faster and transiently greater
response in biochemical efficacy parameters with IIM versus IS,
no differences were found between treatment groups in
reported fatigue symptoms.

In general, IV irons are considered to provide similar effect
in equivalent doses, but they differ in their upper dose limits
and safety profiles, such as the effects of ferric carboxymaltose
on serum phosphate [34]. Another programme (the
PHOSPHARE trials) will provide prospective head-to-head
safety data comparing IIM versus ferric carboxymaltose and an
improved mechanistic understanding of hypophosphataemia.

In conclusion, IIM and IS infusions were both associated
with low rates of serious or severe hypersensitivity reactions,
with no difference between groups. Significantly fewer patients
treated with IIM had cardiovascular AEs compared with IS-
treated patients. The incidence of hypophosphataemia was low
and no patient developed severe hypophosphataemia. IIM ad-
ministered as 1000 mg in a single visit resulted in a faster hae-
matological response and non-inferiority at Week 8 compared
with IS, which required multiple visits to obtain full dosing.
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