
In conclusion, our study found that the majority of NSHA partici-

pants with inhibitors did not receive eradication treatment. Of those that

received eradication treatment, ITI was the preferred treatment option.
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Safety of ferric derisomaltose
and iron sucrose in patients
with iron deficiency anemia:
The FERWON-IDA/NEPHRO
trials

To the Editor:

Iron deficiency anemia (IDA) is a common problem that causes fatigue

and increases risks of morbidity and mortality.1 Compared with oral

iron, treatment with intravenous (IV) iron may result in better
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adherence, fewer medical visits, more efficient correction of IDA, and

overall improvement in quality of life.

Intravenous iron has been associated with a number of safety con-

cerns, most notably serious hypersensitivity reactions, instilling reluc-

tance within the medical community to use it. High quality clinical trials

are warranted to evaluate the safety of IV iron and to compare incidence

rates of serious or severe hypersensitivity reactions in response to differ-

ent IV iron formulations, but small patient numbers in most existing trials

have limited the statistical power needed to detect differences in serious

or severe hypersensitivity reactions as these are relatively rare.

The FERWON program, which consists of two trials including a

total of 3050 patients with IDA due to a broad variety of clinical diag-

noses (FERWON-IDA)2 or due to non-dialysis-dependent chronic kid-

ney disease (CKD; FERWON-NEPHRO),3 was powered to compare

serious or severe hypersensitivity reactions of ferric derisomaltose

(FDI), also known as iron isomaltoside 1000, with iron sucrose (IS). As

previously reported, the co-primary safety endpoint was achieved in

both trials individually; FDI was associated with a frequency of serious

or severe hypersensitivity reactions of 0.3% in both trials. In addition,

the incidence of composite cardiovascular adverse events (AEs) was

significantly lower in the FDI vs IS group in the FERWON-NEPHRO

trial.3 In the efficacy analyses of the individual FERWON-IDA and

FERWON-NEHRO trials, FDI induced a more rapid hematological

response compared to IS and demonstrated non-inferiority on change

in hemoglobin from baseline to week eight.2,3

Here, we present the results of the pre-specified combined safety

analysis of the FERWON-IDA/NEPHRO trials, the aim of which was

to evaluate the safety of FDI and IS in a large population of patients

with IDA. The primary pre-specified safety endpoint was the inci-

dence of serious or severe hypersensitivity reactions reported during

or after the first dose of randomized treatment. The secondary pre-

specified safety endpoints included the pooled incidence of composite

cardiovascular adverse events (AEs) and time to first composite car-

diovascular AE. Adjudication of both serious or severe hypersensitiv-

ity reactions and composite cardiovascular AEs was performed in a

blinded fashion by an independent Clinical Endpoint Adjudication

Committee. Hypersensitivity was defined by a standardized set of

Medical Dictionary for Regulatory Activities (MedDRA) terms based

on discussions with the US Food and Drug Administration (FDA).2,3

A total of 5668 patients were screened of whom 3050 were ran-

domized 2:1 to the FDI group (N = 2036) or IS group (N = 1014);

2803 (92%) completed the trial. A total of 2008 patients received a

single administration of FDI at a mean ± SD dose of 984 ± 114

(median: 1000) mg, and 1000 received one to five 200 mg administra-

tions (mean: 4.6, median: 5 administrations) of IS at a mean cumulative

dose of 902 ± 207 (median: 1000) mg.

A total of 256 potential hypersensitivity reactions in 159 (5.3%)

patients were referred to the adjudication committee for blinded

assessment. No statistically significant differences were observed

between treatment groups in the incidences of mild, moderate, or

severe hypersensitivity reactions. Adjudicated serious or severe

hypersensitivity reactions were confirmed in six out of 2008 patients

(0.3%; 95% confidence interval [CI]: 0.11; 0.65) in the FDI group vs

two out of 1000 patients (0.2%; 95% CI: 0.02; 0.72) in the IS group.

The risk difference between FDI and IS was estimated to be 0.10%

(95% CI: −0.57; 0.48), confirming non-inferiority of FDI based on the

upper limit of the 95% CI for the risk difference being below the non-

inferiority margin of 1.5%-points.

The incidence of composite cardiovascular AEs was signifi-

cantly lower in the FDI group compared to the IS group (63 events

in 50 [2.5%] patients vs 48 events in 41 [4.1%] patients; P = .018).

The most frequent cardiovascular AEs in the IS group were hyper-

tension (0.6% in the FDI group vs 1.4% in the IS group, P = .062),

congestive heart failure (0.3% in the FDI group vs 1.1% in the IS

group, P = .021), and atrial fibrillation (0.2% in the FDI group vs

0.6% in the IS group, P = .093). The time to first composite cardio-

vascular AE after the first administered dose was significantly lon-

ger for FDI vs IS (P = .014).

A total of 313 adverse drug reactions (ADRs, ie, related or possi-

bly related adverse events) were reported in 172 (8.6%) patients in

the FDI group and 181 ADRs were reported in 90 (9.0%) patients in

the IS group (P = .68). The most common ADRs (≥1%) were nausea

(1.2% in the FDI group and 1.1% in the IS group), rash (1.0% vs 0.1%),

dysgeusia (0.2% vs 1.0%), and overdose (0% vs 1.0%). In a post-hoc

analysis of recurrent ADRs in which patients were not censored based

on a previously reported ADR (patients were counted one time per

day when they experienced ≥1 ADR on a given day), a total of

172 (8.6%) patients experienced ≥1 ADR on 194 distinct days in the

FDI group, and 90 (9.0%) experienced ≥1 ADR on 144 distinct days in

the IS group. The risk ratio comparing FDI vs IS was 0.67 in favor of

FDI (95% CI: 0.56; 0.78, P < .001, Figure 1).

In additional post-hoc analyses, there were no statistically signifi-

cant differences between FDI and IS in the incidence of mild, moder-

ate, or severe ADRs. There were four unrelated fatalities in the FDI

group (septic shock, cardiac arrest, bile duct cancer, and unknown

cause of death,) and three in the IS group (cardiac arrest, exacerbation

of congestive heart failure, and drug hypersensitivity to angiotensin-

converting enzyme [ACE] inhibitor).

This pre-specified combined analysis of the FERWON-IDA and

FERWON-NEPHRO trials confirms that serious or severe hypersensi-

tivity reactions with IV iron are rare. The PHOSPHARE trials, which

are the first published head-to-head trials of FDI vs ferric car-

boxymaltose (FCM), showed a similarly low frequency of serious or

severe hypersensitivity reactions with IV iron (0.8% for FDI vs 1.7%

for FCM) in a pooled analysis of 245 patients with IDA.4

The most extensive and robust analysis to date of serious or

severe hypersensitivity reactions with IV iron formulations was publi-

shed by Pollock and Biggar.5 They included safety data from 8599

patients (including the FERWON trials) treated with FDI, FCM, or IS

and confirmed that serious or severe hypersensitivity reactions with

IV iron administration are rare and that the risk was lower with FDI

relative to FCM and IS.5

The incidence of composite cardiovascular AEs was significantly

lower in the FDI group compared to the IS group. As expected, the

FERWON-NEPHRO trial had a higher overall frequency of composite

cardiovascular AEs than the FERWON-IDA trial given that CKD
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significantly increases risk of cardiovascular events.6 Although there

was no statistically significant difference between groups in the num-

ber of patients with composite cardiovascular AEs in the FERWON-

IDA trial,2 in FERWON-NEPHRO patients treated with FDI experi-

enced significantly fewer cardiovascular AEs than those treated with

IS (4.1% vs 6.9%; P = .025).3 This suggests that the difference in risk

of cardiovascular AEs is more pronounced in a population with a

higher risk of cardiovascular complications such as patients with CKD.

There was no difference in the percentage of patients who expe-

rienced an ADR in the treatment groups; however, when recurrent

ADRs were analyzed, there was a statistically significant difference

between the treatment groups in favor of FDI. Thus, patients treated

with FDI experienced fewer days with drug related side effects com-

pared to those receiving IS.

In conclusion, both FDI and IS treatments were effective and well

tolerated in patients with IDA with or without non-dialysis-dependent

CKD. The incidence of blindly adjudicated serious or severe hypersen-

sitivity reactions was low for both FDI and IS and non-inferiority of

FDI was demonstrated. The incidence of blindly adjudicated compos-

ite cardiovascular AEs was significantly lower with FDI compared to

IS. This demonstrates that the more convenient possibility of adminis-

trating 1000 mg FDI in one dose rather than up to five doses with IS

does not compromise safety and may reduce cardiovascular risks.
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F IGURE 1 Cumulative number of
ADRs/patient. Number of ADRs is
modelled by poisson regression with
treatment as factor and log values of
study duration were used as offset.
To account for overdispension,
estimates are scaled with the
deviance Time since treatment start
is calculated as AE start date -

treatment start date. Patients are
counted once per day. FDI, ferric
derisomaltose/iron isomaltoside
1000; IS, iron sucrose
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Influence of somaticmutations
and pretransplant strategies in
patients allografted for
myelodysplastic syndrome or
secondary acutemyeloid
leukemia
To the Editor:

Somatic mutations and pretransplant strategy both impact the out-

come of patients with myelodysplastic syndromes (MDS), and acute

myeloid leukemia derived from MDS (sAML) after allogeneic hemato-

poietic stem cell transplantation (allo-HSCT). While the prognostic

influence of several somatic mutations, especially TP53, as a disease-

related variable is established,1 the optimal pretransplant strategy is

less well defined due to the lack of prospective trials. In a recent anal-

ysis we showed that outcome after direct, so called upfront transplan-

tation is at least not inferior compared to pretransplant cytoreduction,

with AML-like induction chemotherapy (CTX) or hypomethylating

agents (HMA).2 In the current analysis we aimed to comprehensively

investigate the interplay of mutations and pretransplant strategy on

outcome after allo-HSCT within one analysis. For this purpose, we

examined pretransplant DNA samples from 128 of the 165 previously

published patients with MDS (n = 97, 76%), sAML (n = 20, 15%) or

chronic myelomonocytic leukemia (n = 11, 9%) for somatic mutations

in 54 genes using the TruSight Myeloid panel (Illumina, San Diego,

CA). Patients' characteristics, sequencing analysis and statistics are

given in Tables S1-S4. Of these, 73 patients (57%) were transplanted

without prior cytoreduction (upfront group), whereas 55 (43%, treat-

ment group) had received either anthracycline-containing induction

(n = 37, 29%, CTX group) or a median of four cycles (range: one to

eight cycles) of Azacitidine (Aza, n = 18 14%, Aza group) prior trans-

plant (Figure S1). Even though there was a higher frequency of sAML

in the CTX group and a lower BM blast count in the upfront group at

diagnosis, progression to advanced disease or even sAML between

diagnosis and transplantation occurred in 14 (19%) and 7 (10%)

patients within the upfront group (median 6.4 months; Tables S1 and

S3). Consequently, at the time of cytoreductive treatment there was

no statistically significant difference regarding the frequency of sAML

between the upfront and treated group (15% vs 29%). With a median

follow-up of 71 months estimated 5-year OS, RFS, CIR, and non-

relapse mortality (NRM) probabilities of the entire cohort were 56%,

42%, 40% and 18%, respectively (Figure S2).

First, we performed amplicon-based sequencing to adress the

prognostic impact of somatic mutations. Hereby, we identified

285 mutations which affected 36 of the 54 investigated genes in

111 of 128 patients (87%, median two mutations per patient, range,

zero to six) and reflected the clinical high-risk characteristics with

RUNX1, TET2, ASXL1, TP53, SRSF2 and DNMT3A representing the most

commonly mutated genes (Figures S3-S7; Table S5). With exception for

RUNX1, TET2 and ASXL1, the mutation profile did not differ between

treatment groups, even when focusing only on MDS patients

(Figure S6, S8, S9). In those 17 genes mutated in ≥5% of patients we

identified mutations in four individual genes (TP53, SF3B1, NRAS and

DNMT3A), which negatively impacted OS and RFS (Figure 1A; Table S6,

Figures S10-S12). Mutations in TP53 and SF3B1 were also associated

with higher relapse incidence, while NRAS and SF3B1 mutations nega-

tively influenced NRM (Table S7; Figure S13-S15). Consequently, muta-

tions in these four genes, which were mutually exclusive to each other

in three of four genes (TP53, NRAS, SF3B1), were summarized as poor-

risk mutations for further analyses (Table S6-S8; Figures S16-S17).

Acknowledging the negative prognostic impact of complex karyotype

(CK, n = 25, Figure S18; Table S9) and the overlap between CK and

poor-risk mutations (Figure S16), we analyzed their prognostic
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