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ABSTRACT

Objective Intravenous iron—a common treatment for
anaemia and iron deficiency due to inflammatory bowel
disease (IBD)—can cause hypophosphataemia. This trial
compared the incidence of hypophosphataemia after
treatment with ferric carboxymaltose (FCM) or ferric
derisomaltose (FDI).

Design This randomised, double-blind, clinical trial was
conducted at 20 outpatient hospital clinics in Europe
(Austria, Denmark, Germany, Sweden, UK). Adults with
IBD and iron deficiency anaemia (IDA) were randomised
1:1 to receive FCM or FDI at baseline and at Day 35
using identical haemoglobin- and weight-based dosing
regimens. The primary outcome was the incidence of
hypophosphataemia (serum phosphate <2.0 mg/dL) at
any time from baseline to Day 35 in the safety analysis
set (all patients who received =1 dose of study drug).
Markers of mineral and bone homeostasis, and patient-
reported fatigue scores, were measured.

Results A total of 156 patients were screened; 97

(49 FDI, 48 FCM) were included and treated. Incident
hypophosphataemia occurred in 8.3% (4/48) FDI-treated
patients and in 51.0% (25/49) FCM-treated patients
(adjusted risk difference: —42.8% (95% Cl —=57.1% to
—24.6%) p<0.0001). Both iron formulations corrected
IDA. Patient-reported fatigue scores improved in both
groups, but more slowly and to a lesser extent with FCM
than FDI; slower improvement in fatigue was associated
with greater decrease in phosphate concentration.
Conclusion Despite comparably effective treatment

of IDA, FCM caused a significantly higher rate of
hypophosphataemia than FDI. Further studies are needed
to address the longer-term clinical consequences of
hypophosphataemia and to investigate mechanisms
underpinning the differential effects of FCM and FDI on
patient-reported fatigue.

INTRODUCTION

Anaemia is the most common extraintestinal mani-
festation of inflammatory bowel disease (IBD),'”
and iron deficiency and inflammation are its
leading causes.”™ IBD-associated anaemia (iron
deficiency and anaemia of chronic disease) is asso-
ciated with impaired physical and cognitive func-
tioning, increased hospitalisation rates, and reduced
quality of life.”” The European Crohn’s and Colitis

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Iron deficiency anaemia (IDA) is the most
common extraintestinal complication affecting
patients with inflammatory bowel disease (IBD),
and intravenous iron is a common treatment for
IDA in patients with IBD. In a recent systematic
literature search covering 42 clinical studies
between 2005 and 2020, the pooled incidence of
hypophosphataemia after intravenous infusion
of ferric carboxymaltose (FCM) was 47% (95%
C136% to 58%) versus 4% (95% Cl 2% to 5%)
after intravenous infusion of ferric derisomaltose
(FDI). Hypophosphataemia of variable severity
and duration is caused by differential effects
of FCM and FDI on the phosphate regulating
hormone, fibroblast growth factor 23 (FGF23),
which induces renal phosphate excretion and
downstream effects on 1,25-dihydroxyvitamin
D and parathyroid hormone (PTH) that maintain
hypophosphataemia. Case series report clinical
complications of hypophosphataemia, such
as osteomalacia, fractures and severe muscle
weakness after FCM, but not after FDI.

WHAT THIS STUDY ADDS

= The present trial is the first randomised, double-
blind, head-to-head comparison of the risk of
hypophosphataemia following equivalent dosing
of intravenous FCM or FDI among patients
with IDA due to IBD. In the primary outcome,
hypophosphataemia (serum phosphate <2.0 mg/
dL) occurred in 8.3% of patients treated with
FDI versus 51.0% of patients treated with FCM,
despite comparable effects on haemoglobin
(Hb) and iron stores. Compared with FDI,
hypophosphataemia after FCM was associated
with more pronounced increases in intact FGF23,
renal phosphate excretion, and PTH, and more
pronounced decreases in 1,25-dihydroxyvitamin
D. Patient-reported fatigue scores improved in
both treatment groups, but improvement in
patients treated with FDI was faster and greater
than in those receiving FCM. Slower improvement
in fatigue was associated with more severe
hypophosphataemia.
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HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= In patients with IDA due to IBD, the risk of
hypophosphataemia is lower in those treated with FDI than
those receiving FCM. As both drugs robustly increased Hb
over time, the difference in improvement of fatigue may be
related to hypophosphataemia. Potential adverse effects
of longer-term changes in bone and mineral metabolism
warrant further investigation.

Organisation (ECCO) recommends high-dose intravenous iron
as a first-line treatment for iron deficiency anaemia (IDA) in
patients with IBD, because the bioavailability and effect of oral
iron is limited in patients with inflammation.” Based on their
proven efficacy to treat IDA,¥° ferric derisomaltose (FDI; previ-
ously known as iron isomaltoside) and ferric carboxymaltose
(FCM) are among the most widely used intravenous iron formu-
lations in Europe.

Hypophosphataemia is increasingly recognised as an
important adverse effect of certain intravenous iron formula-
tions. Intravenous iron-induced hypophosphataemia occurs
most commonly in the first 2 weeks following infusion and can
be mild and asymptomatic, but in some cases can be severe,
symptomatic, persistent, and associated with alterations in
mineral and bone metabolism that can culminate in osteomalacia
and fractures.""™" In recent head-to-head randomised clinical
trials of patients with IDA predominantly due to heavy uterine
bleeding, FCM demonstrated a significantly higher incidence
of hypophosphataemia versus FDL." Hypophosphataemia due
to FCM was driven by acute increases in concentration of the
phosphate-regulating and vitamin D-regulating hormone, fibro-
blast growth factor 23 (FGF23), which triggers a pathophysi-
ological cascade involving renal phosphate wasting, reduced
concentration of 1,25-dihydroxyvitamin D, hypocalcaemia, and
secondary hyperparathyroidism.!' * ° These effects are reminis-
cent of tumour-induced osteomalacia that is caused by excessive
ectopic production of FGF23."

We conducted the PHOSPHARE-IBD randomised, double-
blind, clinical trial to compare the incidence of hypophospha-
taemia after treatment with equivalent doses of FDI versus
FCM in patients with IDA due to IBD. We tested for differen-
tial effects of the two iron preparations on bone and mineral
metabolism. Also, by enrolling patients who required repeated
dosing of intravenous iron, we investigated the effects on bone
and mineral metabolism in patients who received a second dose
of intravenous iron approximately 1 month after their initial
infusion. Finally, since the symptoms of hypophosphataemia
are relatively non-specific and difficult to discern from similar
constitutional symptoms of IDA and IBD," we formally studied
fatigue scores using a validated patient-reported outcome
assessment.

MATERIALS AND METHODS

Trial design

PHOSPHARE-IBD was a randomised, double-blind, compar-
ative clinical trial conducted at 20 outpatient hospital clinics
across Europe (Austria, Denmark, Germany, Sweden, and the
UK). The trial protocol (EudraCT Number: 2017-002452-
87) was approved by local ethics committees and competent
authorities.

Patients

Study personnel at participating trial centres recruited adults
aged =18 years with IBD and IDA, which was defined as haemo-
globin (Hb) <130 g/L and serum ferritin <100 ng/mL, who
had a history of intolerance or unresponsiveness to oral iron,
or in whom there was a clinical need to administer iron rapidly.
Inclusion criteria also included body weight =50 kg, estimated
glomerular filtration rate =65 mL/min/1.73 m? (using the Modi-
fication of Diet in Renal Disease formula),'” and serum phosphate
>2.5 mg/dL. Exclusion criteria included anaemia predominantly
due to factors other than IDA, haemochromatosis or other iron-
storage disorder, or intravenous iron use within 30 days prior
to screening. Patients were also excluded if they had Hb =100
g/L with a body weight <70 kg, if they had a known hypersen-
sitivity to any component in FDI or FCM or had experienced
a previous serious hypersensitivity reaction to any intravenous
iron compound. The Hb level and weight limitations were neces-
sary to ensure that all patients would be eligible for repeat treat-
ment on Day 35. Severity of IBD was not an exclusion criterion
and the trial protocol did not affect the treatment of patients’
underlying IBD, although any patients who were expected to
have surgery during the trial period were excluded. All patients
provided written informed consent to participate.

Randomisation and masking

Patients were randomised 1:1 by unblinded staff members, using
an interactive web response system (eClinicalOS eCRF system
randomisation module), which blinded investigators, healthcare
staff, and patients to treatment assignment. Blinding was main-
tained by shielding investigators and patients from observing the
preparation of the trial drug, which was performed by unblinded
trial personnel not involved in the trial assessments of efficacy
or safety. Randomisation was stratified to balance the two treat-
ment groups with regard to screening serum phosphate (<3.5 or
=3.5 mg/dL).

Procedures

Patients received either FDI (Pharmacosmos A/S, Denmark) or
FCM (Vifor Pharma, Switzerland). In each treatment group,
the total iron requirement at baseline was calculated from body
weight and Hb concentration, as recommended in the ECCO
guidelines.” Patients with baseline Hb <100 g/L received a total
iron dose of either 1500 mg or 2000 mg if their body weight was
<70 kg or =70 kg, respectively; the total iron dose was 1500
mg if baseline Hb was =100 g/L. Although FDI can be adminis-
tered at doses of up to 20 mg/kg body weight,?* both formula-
tions were administered as split doses with a maximum of 1000
mg on each dosing occasion in accordance with the European
approved dosing schedule for FCM (maximal single FCM dose
is 1000 mg).*! To allow direct comparison, patients received FDI
or FCM as a single 20 min intravenous infusion of 1000 mg at
baseline (Day 0) and, depending on the a priori calculated iron
dose, either 500 mg or 1000 mg at Day 35. During the trial,
treatment with erythropoiesis-stimulating agents, blood transfu-
sion, radiotherapy, and chemotherapy were prohibited.

A screening period of up to 28 days was followed by a baseline
randomisation visit on Day 0 and follow-up visits on Days 1, 7,
14, 35, 42, 49, and 70 to assess serum phosphate. Additional
non-fasting blood and spot urine samples were collected at each
visit; blood samples were analysed at a central laboratory and the
results were reported to the physician investigators. The Day 1
assessments were included to capture physiological responses 24
hours after the initial intravenous iron administration. Fatigue
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was assessed on Days 0, 14, 35, 49, and 70 using the Functional
Assessment of Chronic Illness Therapy (FACIT) Fatigue Scale, a
patient-reported outcome. The FACIT scale has been validated
in patients with IBD.** Adverse events (AEs) were recorded at
each visit.

Outcomes

The primary endpoint was the incidence of hypophosphataemia
(defined as serum phosphate <2.0 mg/dL) at any time from base-
line to Day 33, after all patients had received 1000 mg of either
iron formulation, regardless of the degree of underlying iron defi-
ciency. Among several secondary safety and efficacy endpoints,
and exploratory endpoints (online supplemental table S1), this
report focuses on the incidence of hypophosphataemia at any
time through Day 70, changes from baseline to each postrando-
misation visit in Hb, ferritin, transferrin saturation (TSAT), and
biomarkers of mineral and bone homeostasis, including serum
phosphate, urinary fractional excretion of phosphate, intact
FGF23, 1,25-dihydroxyvitamin D, 24,25-dihydroxyvitamin D,
ionised calcium, parathyroid hormone (PTH) and bone-specific
alkaline phosphatase (ALP), as well as FACIT Fatigue Scale score.
AEs were evaluated for severity and seriousness.

Statistical analysis

Based on an assumed incidence of hypophosphataemia of 15%
in the FDI treatment arm and 40% in the FCM arm,'' 49
patients in each treatment group would be required to detect
a significant difference between the groups with 5% alpha and
809% power. To account for potential imprecision in the esti-
mated incidence rates at the time of trial design, and to gain

more safety information, we planned to randomise 60 patients
per treatment group. However, recruitment was ended early due
to the COVID-19 pandemic.

The primary endpoint, secondary safety endpoints, and bone-
specific ALP (pre-specified exploratory safety endpoint), were
analysed using the safety analysis set, which included all patients
who received at least one dose of study drug. The secondary
efficacy endpoints, and FACIT Fatigue Scale score (prespecified
exploratory patient-reported outcome), were analysed using
the intention-to-treat (ITT) analysis set, which included all
randomised patients. For the primary endpoint, the difference
between the incidence of hypophosphataemia in the FDI versus
the FCM group was calculated using the Cochran-Mantel-
Haenszel method with 95% Cls, adjusting for randomised
strata (screening serum phosphate <3.5 or =3.5 mg/dL). For
the primary endpoint, and for the secondary safety endpoint
of hypophosphataemia at any time through Day 70, patients
without postbaseline observations were imputed as having hypo-
phosphataemia, as prespecified in the trial’s statistical analysis
plan. Post hoc sensitivity analyses either imputed these patients
as remaining free of hypophosphataemia or excluded them from
analyses of the primary endpoint. To assess whether a diagnosis
of Crohn’s disease (CD) versus ulcerative colitis (UC) modified
the effect of the different intravenous iron formulations on
the incidence of hypophosphataemia, a test of interaction was
conducted using logistic regression, and stratified analyses by
IBD diagnosis were also performed. Longitudinal changes in
anaemia and iron parameters, biomarkers of bone and mineral
homeostasis, and the FACIT Fatigue Scale score were analysed
using a restricted maximum likelihood-based mixed model for

156 patients assessed for eligibility

59 ineligible

58 did not meet inclusion
criteria/met exclusion criteria?
1 not assigned to treatment

97 en;olled
| |

I

| 97 randomised |

|
| !

49 assigned FDI 48 assigned FCM

6 discontinued treatment
1 SAE
1 protocol deviation
2 patient withdrawal
2 physician decision

5 discontinued treatment
2 non-serious AE

—» 1SAE —>

1 protocol deviation

1 patient withdrawal

A 4 A
44 completed the study 42 completed the study

48 included in safety analysis set® 49 included in safety analysis set®
49 included in ITT analysis set 48 included in ITT analysis set

Figure 1 Trial profile. °Five patients were not eligible due to low serum phosphate at screening, that is, did not meet the inclusion criteria of serum
phosphate >2.5 mg/dL. Two of the five also met additional exclusion criteria. "One patient was randomised to FDI, but received FCM. AE, adverse
event; FCM, ferric carboxymaltose; FDI, ferric derisomaltose; ITT, intention-to-treat; SAE, serious adverse event.
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Table 1 Baseline demographics, disease characteristics and
comorbidities, concomitant medication, and laboratory parameters

Total
FDI (N=48) FCM (N=49) (N=97)

Patient demographics

Age, years 423(141) 41.9(147) 421 (14.4)
Sex

Female 26 (54.2%) 25(51.0%) 51 (52.6%)

Male 22 (45.8%) 24 (49.0%) 46 (47.4%)
Race

Asian 6(12.5%) 4(8.2%) 10 (10.3%)

White 39(81.3%) 44(89.8%) 83 (85.6%)

Other 3 (6.3%) 1(2.0%) 4 (4.1%)
Weight, kg 79.8 (15.4) 80.6(16.6)  80.2 (15.9)
BMI, kg/m? 27.7(5.5) 27.5(5.2) 27.6 (5.3)

Disease characteristics and comorbidities

IBD diagnosis

Crohn’s disease 16 (33.3%) 22 (44.9%) 38(39.2%)

Ulcerative colitis 32 (66.7%) 27 (55.1%) 59 (60.8%)
Disease activity status

Harvey-Bradshaw Index (Crohn’s disease) 3.6 (2.4) 3.8(3.1) 3.7(2.8)

Partial Mayo Score (ulcerative colitis) 29(2.4 2.6 (2.3) 2.8(2.3)
FACIT Fatigue Scale score 22.1(10.2) 27.4(12.8) 24.8(11.9)

Laboratory parameters

Hb, g/L 105 (15) 104 (14) 105 (14)
Ferritin, ng/mL 9.5 (9.6) 14.6 (28.7) 12.1 (21.5)
TSAT, % 9.3 (8.4) 7.1 (4.4) 8.2 (6.7)
Phosphate, mg/dL 3.5 (0.6) 3.5 (0.6) 3.5 (0.6)
Urinary fractional excretion of phosphate, % 7.6 (3.1) 9.4 (6.1) 8.5 (4.9)
iFGF23, pg/mL 46.6 (23.3) 485(22.9)  47.6(23.0)
lonised calcium, mg/dL 5.1(0.2) 5.1(0.2) 5.1(0.2)
Intact PTH, pg/mL 54.9 (28.3) 61.4(46.6) 58.2(38.6)
25-hydroxyvitamin D, ng/mL 22.9(10.2) 23.7(11.8)  23.3(11.0)
1,25-dihydroxyvitamin D, pg/mL 46.6 (14.8) 51.8(19.90 49.2(17.7)
24,25-dihydroxyvitamin D, ng/mL 23(1.7) 2.3(1.8) 2.3(1.8)
ALP, UL 75.9 (34.8) 73.1(29.4) 745 (32.0)
Bone-specific ALP, pg/L 10.8(3.6) 12.4(6.4) 11.6 (5.2)
N-terminal PINP, ng/mL 50.6 (19.8) 74.9(66.4)  62.9 (50.4)
CTx, ng/mL 0.3(0.2) 0.4 (0.3) 0.4(0.2)
CRP, mg/L 9.5 (13.5) 13.3(30.8) 11.4 (23.8)

Concomitant medication

Biologic therapy™ 20 (41.7%) 21(42.9%) 41 (42.3%)
Interleukin inhibitors 2 (4.2%) 7 (14.3%) 9(9.3%)
TNF-c inhibitors 16 (33.3%) 16(32.7%) 32 (33.0%)
Vedolizumab 6(12.5%) 5(10.2%) 11 (11.3%)

Glucocorticoids 6(12.5%) 3 (6.1%) 9(9.3%)

Anti-resorptive therapyt 4 (8.3%) 1(2.0%) 5 (5.2%)

Vitamin D supplements 6(12.5%) 10(20.4%) 16 (16.5%)

Vitamin D, calcium supplements 21(43.8%) 19(38.8%) 40 (41.2%)

Data are n (%) or mean (SD), and are presented for the safety analysis set.

*Interleukin inhibitors, TNF-o. inhibitors, vedolizumab.

tBisphosphonates.

ALP, alkaline phosphatase; BMI, body mass index; CRP, C-reactive protein; CTx, C-terminal
collagen crosslinks; FACIT, Functional Assessment of Chronic Iliness Therapy; FCM, ferric
carboxymaltose; FDI, ferric derisomaltose; Hb, haemoglobin; IBD, inflammatory bowel
disease; iFGF23, intact fibroblast growth factor 23; P1NP, propeptide of type one collagen;
PTH, parathyroid hormone; TNF, tumour necrosis factor; TSAT, transferrin saturation.

repeated measures (MMRM) approach. For patients with no
postbaseline measurements, the change from baseline was set to
zero at the first postbaseline visit. Otherwise, no imputation of
missing values was performed. The MMRM model included the
categorical fixed effects of treatment (FDI and FCM), stratum,

day, and treatment-by-day interaction, as well as the continuous
mixed covariates of baseline value and baseline value-by-day
interaction. As a sensitivity analysis, terms for CD, UC, and
their interactions with treatment, were included in the MMRM
analysis of change in FACIT Fatigue Scale score. AE data were
summarised descriptively. A post hoc analysis was conducted to
assess whether decreases in phosphate concentration were asso-
ciated with changes in FACIT Fatigue Scale scores or Hb. The
average change from baseline to each subsequent time point was
calculated for serum phosphate for the overall trial population
(across both treatment groups). The quartiles of the average
phosphate concentration change were used as a group variable
(instead of treatment) in a MMRM model analysing changes in
FACIT Fatigue Scale score or Hb over time.

The associations between the average change in FACIT Fatigue
Scale score and the average change in phosphate were examined
using linear regression.

All statistical analyses were performed using SAS release V.9.4
(SAS Institute), and two-tailed p-values <0.05 were considered
statistically significant.

No interim analyses took place. There was no data monitoring
committee for this trial.

Patient and public involvement

Patients or the public were not involved in the design, or conduct,
or reporting of this study. Patients will be consulted about plans
for dissemination of the study results through specific advisory
boards, including patients and relevant patient organisations.

RESULTS

Between 23 May 2018 and 25 May 2020, 156 patients were
screened and 97 were included and treated in the trial; 48
patients received FDI and 49 patients received FCM (figure 1).
Patients’ baseline characteristics are summarised in table 1. More
patients with UC than CD were included, and the proportion of
UC was higher in the FDI treatment group. Otherwise, patients’
characteristics were well balanced between treatment groups.
On average, clinical disease activity status was mild. At baseline,
mean Hb was 105 g/L. Mean 25-hydroxyvitamin D concen-
trations were low, indicating a high prevalence of vitamin D
insufficiency at baseline. At inclusion, other bone and mineral
metabolism parameters were within the normal range and were
well balanced between study groups.

All patients received the first infusion of 1000 mg of either
FDI or FCM on Day 0, except for two patients in the FDI group
for whom the infusion had to be stopped due to infusion reac-
tions (non-serious; drop in blood pressure in both patients) and
they subsequently did not receive the total dose. The primary
endpoint—the incidence of hypophosphataemia (defined as
serum phosphate <2.0 mg/dL) at any time after the first dose
to Day 35—was 8.3% (n=4/48) in the FDI group and 51.0%
(n=25/49) in the FCM group (adjusted risk difference: —42.8%
(95% CI -57.1 to -24.6); p<0.0001) (figure 2A; online supple-
mental table S2). In both arms, the highest incidence of hypo-
phosphataemia occurred within 2 weeks of treatment. Two
patients in the FDI group and one patient in the FCM group
did not have a postbaseline observation and were imputed as
having hypophosphataemia in the primary prespecified analysis.
The results were qualitatively unchanged in post hoc sensitivity
analyses, in which these patients were imputed as remaining
free of hypophosphataemia or excluded from the analysis
(online supplemental table S3). The higher risk of hypophos-
phataemia among FCM-treated versus FDI-treated patients was
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Figure 2 (A) Incidence of hypophosphataemia from baseline at each study visit, and changes from baseline in key phosphaturic hormone
biochemical parameters—(B) Phosphate; (C) Intact FGF23; (D) Fractional excretion of phosphate—according to intravenous iron treatment. (A) Data
are presented for the safety analysis set. For baseline to Day 35 (primary safety endpoint), two patients in the FDI group and one patient in the FCM
group did not have a postbaseline observation and were, therefore, set as having hypophosphataemia. Black arrows indicate infusion of intravenous
iron (FDI or FCM). 2P-values are for risk difference with 95% Newcombe Cl adjusted for stratum using Cochran-Mantel-Haenszel method. °P-values
for unadjusted risk difference and 95% Wald Cl. (B-D) Data are presented for the safety analysis set. Black arrows indicate infusion of intravenous
iron (FDI or FCM). Due to lack of space, the x-axis Day one labels and tick marks are not shown. (A-D) P-values are for between-group differences.
FCM, ferric carboxymaltose; FDI, ferric derisomaltose; FGF23, fibroblast growth factor 23; LS, least squares.

not modified by diagnosis of IBD (p=0.1948), and the absolute was 45.5% higher in the FCM arm; for UC, the absolute risk

risk difference between the FCM and FDI groups was similar difference was 43.1% higher in the FCM arm).

within each diagnosis of IBD (for CD, the absolute risk difference A second infusion was administered on Day 35 to correct
the total iron deficit. For FDI, 18.8% (n=9/48) of patients
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received 1000 mg, and 66.7% (n=32/48) received 500 mg as a
second infusion; 14.6% (n=7/48) did not receive a second dose.
For FCM, 22.4% (n=11/49) received 1000 mg, and 69.4%
(n=34/49) received 500 mg as a second infusion; 8.2% (n=4/49)
did not receive a second dose. Incidence rates of hypophospha-
taemia at any time from baseline to Day 70 (secondary safety
endpoint) were 12.5% (n=6/48) for FDI and 59.2% (n=29/49)
for FCM (adjusted risk difference: —46.6% (95% CI —60.9% to
-28.1%); p<0.0001) (online supplemental table S2). The inci-
dence of hypophosphataemia was higher in FCM-treated versus
FDI-treated patients at all postbaseline visits, reaching a peak
incidence of 45.8% at 2 weeks after the first FCM treatment
(figure 2A; online supplemental table S2). Serum phosphate
changes after treatment are shown in figure 2B. Despite lower
overall iron doses being administered on Day 35 vs Day 0, the

mean decreases in phosphate concentration from baseline were
comparable after the first and second doses, and were signifi-
cantly greater after FCM versus FDI treatment (figure 2B). The
majority of patients recovered from hypophosphataemia by Day
70, but 4.7% (n=2/43) FCM-treated patients remained hypo-
phosphataemic more than 1 month after the second infusion, and
overall mean serum phosphate remained significantly lower on
Day 70 in FCM-treated versus FDI-treated patients (figure 2B).

Changes from baseline in intact FGF23 (which controls
urinary phosphate excretion) were highest on the day after the
first infusion of FCM and the levels returned to baseline by Day
35 (figure 2C). Intact FGF23 concentrations rose significantly
after both FCM infusions compared with FDI (figure 2C). This
was reflected by higher urinary excretion of phosphate in the
FCM-treated patients (figure 2D). In contrast to the serum
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phosphate concentration, fractional excretion of phosphate
returned towards baseline in both treatment groups by Day 70.

25-hydroxyvitamin D concentrations increased from base-
line in FCM-treated patients (figure 3A). Ionised calcium also
increased by the end of the trial (figure 3B). In accordance with
these changes, the proportion of patients receiving vitamin D
supplements increased during the study period from 12.5%
(n=6/48) at baseline to 29.5% (n=13/44) at Day 70 in FDI-
treated and from 20.4% (n=10/49) at baseline to 37.2%
(n=16/43) at Day 70 in FCM-treated patients. Calcium supple-
ment use changed from 35.4% (n=17/48) at baseline to 34.1%
(n=15/44) at Day 70 in FDI-treated patients and from 18.4%
(n=9/49) at baseline to 27.9% (n=12/43) at Day 70 in FCM-
treated patients.

Despite increased use of vitamin D and calcium supplements
in the FCM group, 1,25-dihydroxyvitamin D concentrations
decreased from baseline after each iron administration, signifi-
cantly more so after FCM than FDI, and comparably after the
first and second dosing (figure 3C). In contrast, concentrations
of 24,25-dihydroxyvitamin D (a measure of vitamin D degrada-
tion that is stimulated by FGF23) increased significantly after
each infusion of FCM compared with FDI (figure 3D). Mean
changes from baseline in PTH were significantly higher in the
FCM compared with the FDI group on Day 7 and Day 14
(figure 3E). Bone-specific ALP increased after both treatments,
but to significantly higher concentrations after FCM versus FDI;
the changes were more pronounced after the second infusion
of each study drug (figure 3F). Mean decreases in the anabolic
bone marker N-terminal propeptide of type 1 collagen (serum
P1NP) were greater at all time points from Day 1 to Day 49
in FCM-treated patients compared with FDI-treated patients

(online supplemental figure S1), reaching statistical significance
between groups on Day 14. By comparison, changes in the bone
resorption marker carboxy-terminal collagen crosslinks (CTx)
were less pronounced than PINP in both groups and did not
significantly differ between groups throughout the study period
(online supplemental figure S1).

By the end of the trial (Day 70), ferritin and TSAT had
increased comparably in the FCM and the FDI treatment
groups (online supplemental figure S2), and both iron formu-
lations resulted in robust Hb increases by Day 70 (FDI: 24.9
g/L (95% CI 21.1 to 28.8); FCM: 25.2 g/ (95% CI 21.3 to
29.1); figure 4A). Concomitantly, both study drugs promoted
improvement in fatigue symptoms, marked by increased FACIT
Fatigue Scale scores; the specific IBD diagnosis did not modify
the overall effect of the different intravenous iron formulations
on change in FACIT Fatigue Scale score (online supplemental
table S4). Interestingly, the improvement in FACIT Fatigue Scale
scores over time was significantly greater for FDI versus FCM
at Days 35 and 49 (figure 4B). The magnitude of improvement
in FACIT Fatigue Scale scores was inversely associated with the
magnitude of decrease in phosphate concentration (p=0.0063);
more severe hypophosphataemia was associated with slower
improvement in fatigue (figure 4D). In contrast, Hb responses
were similar across quartiles of hypophosphataemia severity
(figure 4C).

Overall, AEs and serious AEs (SAEs) occurred with compa-
rable frequency in the FDI and FCM groups (table 2). Hypo-
phosphataemia and vitamin D deficiency were reported as
an AE more often in the FCM group than in the FDI group.
Headache and nausea were reported as an AE more often in the
FDI group than in the FCM group. Equivalent proportions of
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Table 2 Adverse events and serious adverse events, according to
intravenous iron treatment

FDI (N=48) FCM (N=49)
Any AE 44 (91.7%) 44 (89.8%)
Most frequent AEs (=10% in at least one treatment group)
Vitamin D deficiency 11 (22.9%) 17 (34.7%)
Hypophosphataemia 1(2.1%) 14 (28.6%)
Nasopharyngitis 8(16.7%) 10 (20.4%)
Headache 9(18.8%) 5(10.2%)
Arthralgia 7 (14.6%) 6(12.2%)
Nausea 6 (12.5%) 1 (2.0%)
Fatigue 5 (10.4%) 4 (8.2%)
Any SAE 5 (10.4%) 6(12.2%)
Abscess neck 1(2.1%) 0 (0.0%)
Colitis ulcerative 1(2.1%) 1 (2.0%)
Deep vein thrombosis 1(2.1%) 0 (0.0%)
Hypophosphataemia 1(2.1%) 0(0.0%)
Intervertebral disc protrusion 1(2.1%) 0 (0.0%)
Rectal ulcer haemorrhage 1(2.1%) 0 (0.0%)
Hypersensitivity 0(0.0%) 1 (2.0%)
Intermittent claudication 0(0.0%) 1 (2.0%)
Migraine 0(0.0%) 1 (2.0%)
Non-Hodgkin's lymphoma 0 (0.0%) 1(2.0%)
Subileus 0(0.0%) 1 (2.0%)
TEAEs leading to drug withdrawal 3(6.3%) 1 (2.0%)
Severity
Mild 40 (83.3%) 39 (79.6%)
Moderate 19 (39.6%) 20 (40.8%)
Severe 4 (8.3%) 6(12.2%)

Data are presented as n (%) for the safety analysis set.
AE, adverse event; FCM, ferric carboxymaltose; FDI, ferric derisomaltose; SAE,
serious adverse event; TEAE, treatment-emergent adverse event.

treatment-emergent AEs were considered related to trial drug
and the majority were mild or moderate in severity (table 2).
There were no deaths during the trial.

DISCUSSION

Randomised clinical trials included in systematic reviews and
meta-analyses have shown that FCM is the intravenous iron
formulation associated with the highest rates of hypophospha-
taemia of approximately 50%." ' % In contrast, the hypophos-
phataemia rate after FDI treatment has been reported as <59%."®
Significant heterogeneity in reported incidence rates for FCM
was, in part, attributed to differences in kidney function, varying
aetiologies and severity of underlying iron deficiency, and to
different doses of intravenous iron.'* A prospective observa-
tional study of patients with IBD showed that 71.2% of patients
developed hypophosphataemia 2 weeks after FCM infusion as
compared with 11.1% after FDI.® The PHOSPHARE-IDA trials
(conducted in the USA), which were the first randomised compar-
isons of the two drugs, reported hypophosphataemia rates of
74.4% and 8.0% in FCM-treated and FDI-treated patients,
respectively, but the dose and administration schedules of the
drugs differed in accordance with the recommended dosing regi-
mens in their respective US Prescribing Information."

The current tria—PHOSPHARE-IBD—was the first double-
blind, randomised, controlled trial to use an identical dosing
regimen to directly compare the effect of FCM and FDI on
hypophosphataemia, specifically in an IBD population. The trial

included anaemic patients with mild to moderately severe IBD
(both UC and CD), which is a representative cohort of patients
with IBD presenting for iron supplementation in clinical gastro-
enterology practice.” ** The rationale for the split dosing was
mandated by the approved dosing of FCM in Europe, where the
maximal single dose is 1000 mg.?! Considering the trial design,
it can be concluded that the observed differences in hypophos-
phataemia rates are caused solely by differences in iron formu-
lations, and are not attributable to differences in total iron dose,
administration schedule, CD versus UC, or other patient-related
factors such as kidney function, severity of inflammation, degree
of iron deficiency, or vitamin D deficiency. As in prior clinical
trials of intravenous iron,” site investigators underreported
hypophosphataemia as an AE, which could be attributed to poor
awareness of hypophosphataemia as an AE of intravenous iron.

Although previous trials have reported a significantly
increased risk of hypophosphataemia in patients treated with
FCM compared with FDI in other patient populations,'* *
the current trial is noteworthy because it advances the field in
several important ways. First, it focuses exclusively on patients
with IBD, who constitute one of the largest populations that
receive intravenous iron and are the population that has borne
some of the most devastating consequences of hypophospha-
taemia reported in the literature.® Second, this is one of only
a few randomised clinical trials (if not the first) to formally test
the effects of two doses of intravenous iron in patients who were
determined to have an iron requirement >1000 mg. Third, this
randomised clinical trial was positioned to collect novel, double-
blinded data on patient-reported outcomes, in contrast to prior,
unblinded trials, where patient knowledge of the iron formu-
lation they received could have biased assessments of patient-
reported outcomes. Thus, the finding of significant differences
in patient-reported fatigue (based on FACIT scores), and its asso-
ciation with severity of hypophosphataemia, is an important new
finding that advances the field and will help inform clinicians
and patients about the short-term effects of hypophosphataemia
on patient well-being.

Previous studies with shorter observation periods have shown
that a considerable proportion of patients remained hypophos-
phataemic on Day 35-50 after FCM treatment.'* A long-term
observational study demonstrated that some patients required
several months to recover from hypophosphataemia after a single
infusion of FCM.? In the present trial, the majority of patients
recovered from hypophosphataemia by Day 70; however, a
small proportion of FCM-treated patients remained hypophos-
phataemic more than 1 month after the second infusion.

The present trial also shows that, despite recovery from hypo-
phosphataemia, the time course of the cascade of biochemical
changes associated with high FGF23 expression (termed the ‘6H
syndrome’)?’ is protracted in FCM-treated patients. In partic-
ular, bone-specific ALP remained elevated on Day 70 in the
FCM group relative to the FDI group, implying that there are
effects of FCM on bone turnover during the entire trial period
and beyond. This finding could link hypophosphataemia with
osteomalacia, which is an increasingly reported complication
of FCM that has been recently included as a specific warning
in the FCM Patient Information in Europe, as requested by the
Pharmacovigilance Risk Assessment Committee from the Euro-
pean Medicines Agency and the UK’s Medicines and Healthcare
products Regulatory Agency.'® 1 2%’ The latter specifies IBD as
a particular risk factor in this context.”

Despite the dramatically different effects on plasma phosphate
homeostasis,'* ' * FDI and FCM treatment have both been
consistently shown to improve quality of life in patients with
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iron deficiency.**? The present trial confirms that both formu-
lations effectively corrected IDA, as evidenced by almost iden-
tical Hb responses leading to a rise of 20-30 g/L in both groups
as well as correction of serum iron parameters. This observation
argues against the possibility that the high hypophosphataemia
rate in FCM-treated patients is caused by high erythropoietic
efficacy. It is important to note this because regeneration of
red blood cells during recovery from haemolytic or pernicious
anaemia, or after peripheral blood stem cell transplantation, can
cause redistribution of phosphate from plasma to nascent blood
cell membranes, which could result in hypophosphataemia.*~**

Patient-reported outcomes are of particular importance in
clinical trials. In the current double-blind trial, we used the
FACIT Fatigue Scale to assess fatigue, which improved in both
treatment groups and was not attributable to the specific IBD
diagnosis; the improvement was faster and greater in the FDI-
treated group, although this difference was not significant by
Day 70. While this difference is unexplained by the haemato-
logical response to the treatments administered, our data suggest
that reduction in serum phosphate partially undermines the
beneficial effect of intravenous iron on fatigue. It is challenging
to disentangle fatigue that is due to IDA from fatigue that is due
to hypophosphataemia, especially after treatment with intrave-
nous iron, which improves fatigue overall. However, we found
that reduction in serum phosphate correlated with reduced
improvement in fatigue, suggesting that use of an iron formu-
lation that avoids significant hypophosphataemia could lead to
more pronounced improvements in fatigue symptoms.

In comparison with another study assessing hypophospha-
taemia in patients with IBD, FCM-treated patients in our trial
experienced less frequent hypophosphataemia overall, and they
recovered more quickly from hypophosphataemia.® A potential
explanation for these differences is the increased use during the
current trial of vitamin D and calcium as concomitant medi-
cations. Baseline 25-hydroxyvitamin D (the main circulating
storage form of vitamin D) was low in both groups, with an
overall mean of 23 ng/mL, which could be caused by reduced
intestinal absorption of vitamin D seen in IBD.*® During the
course of the trial, investigators continuously received unblinded
data with regard to patients’ calcium and vitamin D status, and
they increased vitamin D and calcium supplementation, which
were marked by the longitudinal increase of 25-hydroxyvitamin
D concentrations in FCM-treated patients and the lack of
reduced serum ionised calcium after the second dose of FCM. It
is conceivable that the excess vitamin D and calcium supplemen-
tation in the FCM group during the course of this trial negated
the effects of FCM on calcium and PTH levels after the second,
compared with the first, dosing and could have mitigated the
negative effects of FCM on phosphate homeostasis.

This trial was limited by the relatively short follow-up period,
which did not allow sufficient time to assess for clinical conse-
quences of the observed biochemical derangements. This is
particularly relevant in relation to the persistent elevation of
serum bone-specific ALP seen in the FCM group at the end
of the trial. Future large cohort studies or registries would be
helpful in assessing long-term clinical consequences of FCM use
on the musculoskeletal system.

In conclusion, the PHOSPHARE-IBD trial confirmed that hypo-
phosphataemia is not a class or dose effect of intravenous iron, but a
particularly common adverse effect of FCM that is driven by marked
increases in FGF23. Despite equivalent dosing schedules, the effects
of FDI on FGF23 and, thus, serum phosphate are much smaller. This
study shows that hypophosphataemia is a common complication of
FCM use in patients with IBD.
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