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1 | INTRODUCTION

Abstract

Restriction of iron availability by ferroportin inhibition is a novel approach to treating
non-transfusion-dependent thalassemia (B-thalassemia intermedia). This first-in-human,
Phase | study (https://www.clinicaltrialsregister.eu; EudraCT no. 2017-003395-31)
assessed the safety, tolerability, pharmacokinetics and pharmacodynamics of single-
and multiple-ascending doses (SAD and MAD) of the oral ferroportin inhibitor, VIT-
2763, in healthy volunteers. Participants received VIT-2763 5/15/60/120/240 mg or
placebo in the SAD phase and VIT-2763 60/120 mg once daily, VIT-2763 60/120 mg
twice daily, or placebo for 7 days in the MAD phase. Seventy-two participants com-
pleted treatment. VIT-2763 was well tolerated and demonstrated a similar safety pro-
file to the placebo. There were no serious or severe adverse events, or
discontinuations due to adverse events. VIT-2763 absorption was relatively fast, with
detectable levels 15 to 30 minutes post-dose. Following multiple dosing there was no
apparent change in absorption and accumulation was minimal. Mean elimination half-
life was 1.9 to 5.3 hours following single dosing, and 2.1 to 3.8 hours on Day 1 and 2.6
to 5.3 hours on Day 7, following repeated dosing. There was a temporary decrease in
mean serum iron levels with VIT-2763 single doses 260 mg and all multiple doses;
mean calculated transferrin saturation (only assessed following multiple dosing) also
temporarily decreased. A shift in mean serum hepcidin peaks followed administration
of all iron-lowering doses of VIT-2763. This effect was less pronounced after 7 days of
multiple dosing (aside from with 120 mg once daily). These results support the initiation
of clinical studies in patients with non-transfusion-dependent thalassemia and docu-

mented iron overload due to ineffective erythropoiesis.

main forms of thalassemia, a- and p-thalassemia, are caused by defects

in a- and p-hemoglobin chain synthesis, respectively.* In p-thalassemia,

Iron is essential for multiple cellular processes, with large amounts being
used in the production of hemoglobin during erythropoiesis. Thus,
erythropoietic demand for iron is a primary regulator of iron absorp-
tion.}® Ineffective erythropoiesis can lead to excessive iron absorption
in certain inherited hemoglobin disorders, such as thalassemia and other

conditions associated with variations in hemoglobin structure. The two

partial or complete loss of B-globin synthesis, due to mutations in the
B-globin gene, results in a relative excess of a-chains and the formation
of a-globin-heme complexes on red blood cell (RBC) membranes.’” The
severity of symptoms, which are generally related to anemia and/or iron
overload, depends on the extent to which $-globin production is dimin-

ished and the degree of a- and p-chain imbalance.*>
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Phenotypes of thalassemia and their severity can be characterized
according to dependence on blood transfusions. Patients are conven-
tionally described as having transfusion-dependent thalassemia (TDT;
B-thalassemia major) when they have a life-long requirement for regu-
lar transfusions, which results in iron overload.®” Chronic transfusions
are not essential for those with non-transfusion-dependent thalasse-
mia (NTDT; B-thalassemia intermedia) to survive, but for limited
periods of time, infrequent or sometimes repeated transfusions might
be necessary.®®? In NTDT, ineffective erythropoiesis leads to chronic
hemolytic anemia and subsequent hypoxia. This drives compensatory
elevated levels of erythropoiesis and suppressed synthesis of the
iron-regulatory hormone, hepcidin. Consequently, intestinal iron
absorption is increased, recycled iron from the reticuloendothelial sys-
tem is released, macrophage iron is depleted, and portal and hepato-
cyte iron loading is increased.>1%1® Subsequently, the amount of
released iron exceeds the binding capacity of transferrin and non-
transferrin-bound iron (NTBI) is formed in the circulation.'**” Due to
its ability to generate reactive-oxygen species, accumulation of
unbound iron in tissues can be toxic, resulting in tissue injury (includ-
ing trophic skin changes and leg ulcers), organ dysfunction (including
liver disease, heart failure and endocrinopathies), and death.>”1>16

The clinical management of B-thalassemia generally involves blood
transfusions, iron chelation, and treatments to alleviate symptoms of
iron overload.?”'8 Potentially curative treatments include bone marrow

transplant in selected patients,*”*8

and gene therapies that aim to par-
tially, if not fully, correct the disorder.1?"2% The gene therapy, lentiglobin,
which acts via the transplantation of lentiviral-transduced hematopoi-
etic stem cells with increased production of p-globin, 212324
approved for the treatment of TDT in the EU in June 24, 2019. Other

emerging therapies are based on animal model evidence that restriction

was

of iron to the erythron can improve ineffective erythropoiesis by
decreasing the formation of RBC membrane-associated a-globin aggre-
gates, and subsequent reactive-oxygen species-mediated oxidative
stress and apoptosis.?>2” One such therapy, VIT-2763, is a novel, small-
molecule oral inhibitor of ferroportin. Ferroportin is the only known iron
transporter in mammals and is mainly expressed in tissues of iron
absorption (duodenum), recycling and storage (liver, spleen and mono-
nuclear phagocyte system), mediating the transfer of iron into the
blood.>?831 |n vitro, VIT-2763 inhibited cellular iron efflux with a
potency comparable to that of hepcidin, the natural inhibitor of
ferroportin, and in preclinical studies, VIT-2763 demonstrated good oral
bioavailability.>2 In 14-day toxicity studies in Wistar rats, the “no
observed adverse effect level” was >600 mg/kg; in longer-term studies,
no dose-limiting toxicity was observed. Dose-limiting effects in rodents
were related to the pharmacology of VIT-2763 (restricted iron uptake)
and resulting iron deficiency anemia and subsequent secondary effects
thereof.%? In a mouse model of NTDT, VIT-2763 decreased serum iron
levels, ameliorated anemia and improved ineffective erythropoiesis.>2
Thus, limiting iron availability for erythropoiesis via ferroportin inhibition
is a potential approach to treating NTDT.32

The aim of this first-in-human, Phase | study (EudraCT
no. 2017-003395-31) was to assess the safety and tolerability, and to

determine the pharmacokinetics (PK) and pharmacodynamics (PD), of

BE WiLey L @

single- and multiple-ascending oral doses of VIT-2763 in healthy

volunteers.

2 | METHODS

2.1 | Participants

Healthy male or female volunteers aged between 18 and 65 years
were eligible. Exclusion criteria comprised any history of iron storage
diseases; history or clinical findings of iron utilization disorders;
known hemoglobinopathy; use of intravenous iron therapy, erythro-
poietin stimulating agent therapy and/or blood transfusions in the
previous 3 months, and/or excessive oral iron or oral iron-containing
products in the previous 4 weeks. A complete list of inclusion and
exclusion criteria is provided in Table S1.

2.2 | Study design

This Phase 1 study was a randomized, double-blind, placebo-controlled,
parallel-group, dose-escalation study, and comprised a single-ascending
dose (SAD) phase and a multiple-ascending dose (MAD) phase. The
study was conducted at a PRA Health Sciences Early Development Ser-
vices study site in Groningen, Netherlands, according to the principles
of the Declaration of Helsinki. The study was also conducted according
to the International Council for Harmonization of Technical Require-
ments for Registration of Pharmaceuticals for Human Use (ICH) Guide-
lines, following approval from the appropriate Independent Ethics
Committee. All participants provided written informed consent.
Participants were admitted on Day —1 and received VIT-2763 or
placebo the following day (Day 1 in the SAD phase) or for the next
7 days (Day 1 to Day 7 in the MAD phase). Participants remained hos-
pitalized for assessments up to and including Day 4 or Day 10 in the
SAD and MAD phases, respectively, returning for a final study assess-
ment 3 days later. Participants were assigned a randomization number
prior to dosing, according to a code generated by the Biostatistics
Department of PRA Health Sciences. In the SAD phase, sequential,
ascending cohorts received single oral doses of VIT-2763 (5, 15,
60, 120 or 240 mg) or matching placebo. Sentinel dosing was used,
whereby the first two participants in each SAD cohort were random-
ized to receive either VIT-2763 or placebo. Dosing of the remaining
participants at the same dose level occurred at least 48 hours later,
following a safety evaluation of the sentinel participants. Escalation to
the next dose level occurred following data review by the Safety
Review Committee. In the MAD phase, sequential, ascending cohorts
received multiple oral doses of VIT-2763 (60 or 120 mg, once daily
[QD] or twice daily [BID]) or matching placebo for 7 days. Dosing in
the MAD phase followed an assessment of data from the first four
cohorts of the SAD phase. Subsequent multiple-dose cohorts were
initiated once data from the preceding SAD cohort had been evalu-
ated, along with cumulative data from the preceding multiple-dose
cohorts. Starting and maximum doses, which were based on preclini-
cal toxicology studies and physiologically based PK/PD modeling and

simulation, were in accordance with European Medicines Agency
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(EMA) guidelines.3* If a predefined safety threshold was reached
(Cmax 23805 ng/mL; equivalent to the no observed effect level in
dogs) dosing at that level or higher would not continue.

2.3 | Endpoints and assessments

Primary endpoints were safety related and comprised the incidence of
adverse events (AEs) and serious AEs, which were coded according to
Medical Dictionary for Regulatory Activities code (version 21.0),
changes from baseline in vital signs, clinical laboratory tests (hematol-
ogy, biochemistry, coagulation, urinalysis), twelve-lead electrocardio-
gram (ECG), cardiac telemetry, and physical examinations. The severity
of AEs and relationship of AE to study drug were also assessed. Sec-
ondary endpoints were VIT-2763 PK and PD. A complete list of end-
points is included in Table S2 and a summary of all assessments and

related time points is included in Figure S1.

2.4 | Statistical analysis

As this was a first-in-human study of VIT-2763, no formal sample-size
calculation was performed. The PK and PD analyses were performed
on the full analysis set (FAS), comprising all participants randomized to
treatment, who received 21 complete dose and had 21 post-baseline
PK and PD assessment. The PK and PD analyses were repeated using
the per-protocol set, comprising all participants who fulfilled FAS
criteria and had no major protocol violations. The safety set comprised
all randomized participants who had received 21 dose of study medi-
cation. Safety, PK and PD statistical analyses were descriptive. Con-
tinuous variables were presented as mean, SD, SE or median, range
and 95% confidence interval, as appropriate; categorical and ordinal
variables were presented as frequencies and percentages. Results are
presented for each VIT-2763 dose cohort; data for participants
receiving placebo were pooled across cohorts. All statistical analyses
were performed using SAS Version 9.3 or higher and with WinNonlin
Version 6.3 or higher. There was no imputation of missing values,
except missing start and end times of AEs, and PK concentrations

below lower limit of quantification (LLOQ).

2.5 | Data-sharing statement

The key aspects of the study protocol and fully anonymized data were
submitted to the EudraCT clinical trial registry at https://www.
clinicaltrialsregister.eu at the end of October 2019. Detailed inclusion
criteria, study endpoints, the most common AEs and all reported AEs
are included in this publication.

3 | RESULTS
3.1 | Participant disposition and baseline
characteristics

A total of 72 participants were randomized and completed treatment.

The number of participants assigned to each dose level in the SAD

and MAD cohorts is shown in Figure S2. Demographic variables and
baseline characteristics of the treatment cohorts in the SAD and MAD
phases are presented in Table 1. A higher proportion of participants
were female than male (66% and 71% of participants in the overall
SAD and MAD cohorts, respectively), and the treatment cohorts were
slightly imbalanced in terms of proportions of female to male partici-
pants. Median age ranged from 21.5 to 29.0 years in SAD cohorts,
and from 22.5 to 33.5 years in the MAD cohorts and mean body mass
index (BMI) ranged from 21.9 to 25.3 kg/m? in the SAD cohorts, and
from 21.8 to 24.6 kg/m? in MAD cohorts. Despite differences in the
proportions of female to male participants, mean baseline levels of
serum iron, calculated transferrin saturation, transferrin and hemoglo-
bin were generally comparable across treatment cohorts in both the
SAD and MAD phases; during the MAD phase, median (min, max)

values for hemoglobin were similar between treatment cohorts.

3.2 | Safety and tolerability

In the SAD cohorts, 23 AEs occurred in 15 out of 29 VIT-2763-treated
participants (51.7%) and nine occurred in five out of nine placebo-treated
participants (55.6%). In the MAD cohorts, 75 AEs occurred in 24 out of
26 VIT-2763-treated participants (92.3%), and 21 occurred in five out of
eight placebo-treated participants (62.5%). Headache was the most com-
monly reported AE overall, occurring in 18.4% and 26.5% of participants
in the SAD and MAD cohorts, respectively, and, at a similar frequency in
the VIT-2763 and placebo groups. The most common AEs and a com-
plete list of all AEs are presented in Tables S3 and S4, respectively. There
were no deaths or serious AEs, and no AEs led to discontinuation of the
study drug. Most AEs (22/32 in the SAD phase; 68/96 in the MAD
phase) were considered unrelated to the study drug (Table S5). Of the
drug-related AEs, one case of decreased blood iron in the MAD phase
was considered to be probably/likely related to the study drug and all
others were deemed as possibly related to the study drug. All AEs in the
SAD phase and the majority (93/96) of AEs in the MAD phase were mild
in severity (Table S5). Moderate AEs occurred in three participants (in the
MAD phase); there were no AEs of severe or life-threatening severity.
The majority of AEs were transient and resolved without sequelae; at
follow-up, three AEs in the SAD phase and four AEs in the MAD phase,
all of which were mild in severity, had not yet resolved. There were no
clinically relevant changes from baseline in laboratory-assessed safety

parameters, vital signs, ECG results or physical examination.

3.3 | Pharmacokinetic parameters

In the SAD cohorts, the initial oral absorption of VIT-2763 was rela-
tively fast, with detectable levels observed in most participants 15 to
30 minutes post-dose. Across the VIT-2763 cohorts in the SAD phase,
the median T,.x ranged from 0.50 to 3.00 hours and the geometric
mean elimination T4,, was 1.88 to 5.33 hours (Table 2). For the major-
ity of participants who received single doses of 215 mg, a second
peak or plateauing in the concentration—time profile occurred 3 to

4 hours post-dose (Figure 1A). Elimination was monophasic following
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AUCO-Iast (ng h/ml—)
AUCo,inf (ng h/mL)
AUCO_12 (ng h/mL)

145 (103, 196)
217 (199, 240) (N = 3)*
NA

(
(
1.89 (1.48, 2.30) (N = 5)°
(
(

440 (353, 529)
520 (418, 570) (N = 4)?
NA

(
(
2.28(1.72,2.78) (N = 4)
(
(

2612 (1709, 3686)

2585 (1708, 3686)

5836 (4101, 7423)
5928 (4165, 7472)
5626 (4023, 7319)

(
(
(
(
2535 (1747, 3761) (N = 51
(
(
(

TABLE 2 Pharmacokinetic parameters for single-ascending dose cohorts (A) and multiple-ascending dose cohorts (B)
A.
VIT-2763 VIT-2763 VIT-2763 VIT-2763 VIT-2763
5mg 15 mg 60 mg 120 mg 240 mg
Parameter N=6 N=5 N=6 N=6 N=6
Crmax (ng/mL) 52.0(39.2,70.4) 98.1 (65.4,115) 1049 (699, 1300) 1626 (1050, 2480) 3386 (2380, 4870)
Trmax (h) 1.29 (1.00, 2.00) 3.00 (1.00, 4.00) 0.50 (0.50, 1.53) 1.25 (0.50, 4.00) 0.53(0.50, 1.50)
T1/2(h) 1.88(1.79, 1.99) (N = 5)° 4.47 (2.19, 6.65) 5.33 (4.66, 6.22)

12620 (9193, 18522)
12758 (9355, 18664)
12209 (8748, 17969)

CL/F (L/h) 23.1(20.8,25.2) (N =3)* 28.8(26.3,35.9)(N=4)* 23.7(16.0,34.3) (N = 5° 20.2(16.1, 28.8) 18.8(12.9,25.7)
V,/F (L) 67.7 (63.0,77.8) (N =3)7 95.0(68.7,140) (N = 4)*  64.3 (45.8,94.0) (N = 5)° 131 (50.7, 244) 145 (86.4, 218)
B.
VIT-2763 VIT-2763 VIT-2763 VIT-2763
60 mg 120 mg 60 mg 120 mg
Parameter Analysis Day QD (N = 6) QD (N = 6) BID (N = 6) BID (N = 6)
Cinax (ng/mL) 694 (251, 1030) 1720 (1100, 3070) 746 (562, 1000) 1777 (1420, 2430)
581 (298, 1140) 2046 (1370, 2650) 916 (689, 1800) 1480 (900, 2690)
Trax (h) 1.00 (0.50, 3.00) 0.76 (0.52, 3.00) 0.75 (0.50, 4.00) 1.75 (0.50, 4.03)
1.76 (0.50, 4.02) 0.50 (0.50, 1.50) 1.25 (0.50, 2.00) 1.00 (0.50, 4.00)
T1/2(h) 2.07 (1.56, 2.47) 3.80(1.96, 6.90) 2.29(1.87,3.36) 2.27(1.98, 2.64)
3.01(1.95, 6.44) 5.26 (2.71,7.60) (N = 5)° 2.61(2.08, 3.04) 2.80(2.47,3.23)
AUCo.jast (Ng h/mL) 2153 (1252, 3275) 5975 (4380, 8472) 2814 (2420, 3672) 5453 (3366, 9777)
2292 (1379, 4712) 6736 (5286, 8911) 3255 (2532, 4477) 6879 (5259, 9630)
AUCo.in¢ (ng h/mL) 2201 (1281, 3329) 6073 (4427, 8561) 2901 (2522, 3743) 5622 (3430, 10125)
2356 (1436, 4771) 7178 (5344, 9060) (N = 5 3409 (2650, 4707) 7415 (5652, 10212)
AUCo.12 (ng h/mL) 2141 (1255, 3173) 5790 (4296, 8192) 2816 (2423, 3674) 5457 (3368, 9785)
NA NA 3258 (2534, 4480) 6889 (5266, 9641)

AUC0.24 (ng h/mL)

CL/F (L/h)

V,/F (L)
Vso/F (L)
Cavg (ng/mL)
Cinin (ng/mL)
Rac (AUC)
Rac (Crmax)

N N N N N P N P N2, N P NP, N P NP, N RPN e

2199 (1280, 3322)
2333 (1424, 4764)
27.3(18.0, 46.8)
25.7 (12.6, 42.1)
81.2(56.2,118)
112 (41.6, 211)
97.2(59.3,199)
(<LLOQ, 13.3)
1.06 (0.54, 2.42)
0.84(0.33, 1.61)

6010 (4421, 8475)

6756 (5336, 8911)

19.8 (14.0, 27.1)
17.0(13.5, 22.5) (N = 5)°
108 (63.0, 194)

129 (87.9,188) (N = 5)°
282 (222, 371)

16.2 (<LLOQ, 19.4)
1.12(0.95, 1.42)

1.19 (0.61, 1.90)

NA
NA
20.7 (16.0, 23.8)
18.4 (13.4,23.7)
68.3 (43.6, 101)
69.2 (54.9, 91.0)
271 (211, 373)

38.9 (30.8, 52.5)
1.16 (0.94, 1.63)
1.23(0.92, 1.80)

NA

NA

21.3(11.9, 35.0)
17.4 (12.4,22.8)
69.9 (39.6, 114)
70.3 (50.7, 106)
574 (439, 803)
129 (84.3,172)
1.26 (0.99, 1.56)
0.83(0.60, 1.17)

Note: Data shown are geometric mean (range) (per-protocol analysis). Numbers of participants are provided where data were not available for the whole

population.

?Participants with suspected unreliable pharmacokinetic parameters as defined in the SAP were excluded from the descriptive statistics.
Note: For Tphax the median (range) is presented instead of geometric mean (range).
Abbreviations: AUC, area under the plasma concentration-time curve; AUCq.15, area under the plasma concentration-time curve over the dosing
interval (time O to 12 hours); AUCy.,4, area under the plasma concentration-time curve over the dosing interval (time O to 24 hours); AUCq.inf, area
under the plasma concentration-time curve (time O to affinity); AUCq.1.st, area under the plasma concentration-time curve (time O to time of last
quantifiable concentration); BID, twice daily; C,g, average plasma concentration in the dosing interval; CL/F, apparent oral clearance; Cpax,
maximum plasma concentration; C,i,, minimum plasma concentration; N, number of participants per treatment; NA, not applicable; QD, once daily;
Rac, accumulation ratio; SAP, statistical analysis plan; T4,,, terminal phase half-life; Ty.yx, time to maximum plasma concentration; V.s/F, apparent

volume of distribution at terminal phase for steady-state conditions; V,/F, apparent volume of distribution at terminal phase.
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FIGURE 1 Plasma concentration—time profiles for VIT-2763 for

single-ascending dose cohorts (A) and multiple-ascending dose cohorts
on Day 1 (B) and Day 7 (C) (per-protocol population). Data shown are
geometric mean values (semi-logarithmic scale). Abbreviations: BID,
twice daily; LLOQ, lower limit of quantification; PK, pharmacokinetic;
QD, once daily. Morning doses of VIT-2763 were administered after
10 hours of overnight fast. In the BID dosing cohorts, the evening dose
was administered approximately 12 hours later, before dinner but after
PK sampling. Fewer blood samples were taken following the evening
dose compared with the morning dose due to logistical reasons

single doses of 5 mg, 15 mg or 60 mg, but biphasic for single doses of
120 mg or 240 mg (Figure 1A). A C,.x exceeding 3805 ng/mL was
observed in two participants following a single dose of 240 mg.
Therefore, no participants in the study received higher doses.

As in the SAD phase, a second peak in the concentration—time pro-
files was seen 3 to 4 hours post-dose on Day 1 and 7 in the MAD
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cohorts (Figure 1B,C). No significant accumulation was observed after
7 days of repeated dosing for both once daily and twice daily dosing
regimens (accumulation index values were 1.13 to 1.18). At Day
7 steady-state, similar C,,gss Was observed for a total daily dose of
120 mg, regardless of administration as a 120 mg once daily or 60 mg
twice daily dose (282 and 271 ng/mL, respectively; Table 2). Across
dosing regimens, the geometric mean elimination T,,, was 2.07 to
3.80 hours on Day 1 and 2.61 to 5.26 hours on Day 7, following
repeated dosing (Table 2). The stopping criterion C.x 23805 ng/mL
was not reached after 7 days of dosing in any cohort in the MAD
phase.

The correlation between individual exposure parameters (Cax
AUCq_jast, AUCq.ins and AUCg.15) and the received dose divided by the
participant's body weight was assessed using scatter plots with a
regression line. The R? and P value suggest that the linear model relat-
ing PK parameters to dose/weight ratio fits well to the data (Figures S3
and S4A-C).

3.4 | Pharmacodynamic parameters

There was a temporary decrease in mean serum iron levels following
the higher single doses of VIT-2763 (60, 120 and 240 mg; Figure 2A),
with minimum levels observed 4 or 8 hours post-dose. For all single
doses, mean serum iron levels rebounded to baseline or above by
24 hours post-dose. Following all multiple doses of VIT-2763, mean
serum iron levels temporarily decreased, with minimum mean values
being reached at 4 hours post-dose on both Day 1 and Day 7 -
(Figure 2B,C). No temporary decrease in serum iron levels was observed
following administration of placebo. All multiple doses of VIT-2763 also
led to a temporary decrease in mean calculated transferrin saturation,
reaching a minimum mean value 4 hours post-dose on both Day 1 and
Day 7. No such decrease occurred with placebo (Figure 2D,E).

In the SAD and MAD phases, mean serum hepcidin peaked at
12 hours post-dose in the placebo group. There was a shift in peaks fol-
lowing single doses of VIT-2763 260 mg at around VIT-2763 Tpay, With
maximum mean serum hepcidin levels observed at 2 or 4 hours post-
dose. There was a shift in peaks following multiple dosing with maxi-
mum mean serum hepcidin levels observed between 1 and 4 hours
post-dose on both Day 1 and Day 7. However, mean serum hepcidin
levels appeared to decrease during the 7 days for all doses, except the
120 mg once daily dose level, which showed the most pronounced peak
shift on Day 7 (Figure S5A-C). Maximum mean serum hepcidin levels
were observed at 2 or 4 hours post-dose following single doses, and
between 1 and 4 hours post-dose following multiple doses on both Day
1 and Day 7. Levels returned to baseline values or below by 24 hours
after single and multiple dosing of VIT-2763 and in the placebo cohorts.

Following multiple dosing, there were no dose-related effects on
transferrin, erythropoietin or soluble transferrin receptor levels on
Day 1 or 7 (Figures S6-S8). There were also no relevant changes in
the following measures: serum ferritin, mean volume of RBCs; mean
RBC hemoglobin; mean RBC hemoglobin concentration; RBC distribu-
tion width; percentage of hypochromic RBCs; hemoglobin content of

reticulocytes.
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FIGURE 2 Mean serum iron vs time for single-ascending dose
cohorts (A) and multiple-ascending dose cohorts on Day 1 (B) and Day
7 (C); and mean transferrin saturation vs time for multiple-ascending
dose cohorts at Day 1 (D) and Day 7 (E) (per-protocol population).
Abbreviations: BID, twice daily; QD, once daily

4 | DISCUSSION

The results from this first-in-human study demonstrate that VIT-2763,
at single oral doses up to 240 mg, or multiple oral doses up to 120 mg
twice daily, was well tolerated in healthy volunteers. There were no
serious or severe AEs, or discontinuations due to AEs, and no discern-
ible effects on any other safety parameters. After administration, VIT-
2763 was rapidly absorbed, showed no evidence of accumulation upon
repeated dosing, and was associated with a decrease in serum iron
levels. Together, these findings support the potential use of VIT-2763
as a treatment for NTDT and other indications in which iron metabolism
is involved.

Most participants had detectable levels of VIT-2763 as early as
15 to 30 minutes post-dose, with maximum levels reached between
30 minutes to 3 hours post-dose. The human PK profile exhibited
dose linearity, without relevant accumulation after 7 days of repeated
dosing for both the once daily and twice daily dosing regimens; pre-
clinical modeling work is ongoing to assess the PK-PD relationship
and confirm the preferred dosing schedule.

Single doses of VIT-2763 260 mg and all investigated multiple-dose
levels led to a rapid and prominent decrease in levels of circulating iron;
no corresponding decreases were observed with placebo. This iron-
lowering PD effect is consistent with observations in a preclinical
mouse model of NTDT and in wild-type mice.*? In the current study,
VIT-2763 (all multiple-dose levels) was also found to reduce transferrin
saturation, an important finding since detectable levels of NTBI typically
occur when transferrin saturation exceeds 75%.%° Hepatocytes and
cardiomyocytes rapidly take up NTBI, which is thought to be responsi-
ble for toxicity to the liver and heart, the most critical organs damaged
by iron-loading disorders.24%” The PD effects of VIT-2763 observed in
the current study, in terms of reduced serum iron and transferrin satura-
tion, suggest that VIT-2763, via iron restriction, has the potential to
improve erythropoiesis and anemia in patients with ineffective erythro-
poiesis, such as in NTDT, sickle cell disease and myelodysplastic syn-
drome. Also, VIT-2763 may be able to reduce excessive iron absorption
in hereditary hemochromatosis, and reduce excessive erythropoiesis in
polycythemia vera. Of note, data from the current study indicate that
VIT-2763 dosing impacts the kinetics of hepcidin, shifting peak levels to
an earlier time point, compared with the placebo group. This finding is
surprising given that preclinical data show that in healthy mice, adminis-
tration of VIT-2763 leads to a rapid lowering of hepcidin transcription
in the liver as a feedback response to declining blood iron levels
(unpublished data). Clearly, the discrepancy between preclinical and
clinical findings cannot easily be explained with the limited data from
this Phase | study and warrants further investigation. The shift in peak
levels was less pronounced after 7 days of multiple dosing, especially in
the twice daily cohorts, where there was a near complete lack of
hepcidin peak. No changes were observed in other hematologic bio-
markers, which is as expected in a healthy population and over the short
study period (only 1 week of dosing).
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The gene therapy lentiglobin acts to increase hemoglobin levels and
may provide a curative treatment for $-thalassemia. However, the ther-
apy is currently only approved for selected patients with TDT (those
12 years of age or over, who do not have a 0/pO genotype, and for
whom hematopoetic stem cell transplantation is appropriate but a suit-
able donor is lacking).2* Of the other treatments for -thalassemia that
are currently in development, VIT-2763 is the only orally administered
agent that targets ferroportin. Other agents in development aim to
reduce iron availability by mimicking hepcidin, or increasing the produc-
tion of hepcidin. The synthetic hepcidin LJPC-401 demonstrated iron-
lowering effects in Phase 1,8 and is now undergoing evaluation in Phase
2 trials for the treatment of iron overload in patients with TDT,%* and
patients with hereditary hemochromatosis.*® The hepcidin pep-
tidomimetic, PTG-300, also demonstrated iron-lowering effects in Phase
1,** and is now being studied in a Phase 2 trial in patients with NTDT
and TDT.*? Minihepcidins and siRNA targeting Tmprssé, both of which
act by increasing the production of endogenous hepcidin, have been
shown to improve erythropoiesis and anemia in mouse models of p-thal-
assemia.?¢2743 By contrast, luspatercept, an activin receptor ligand trap,
acts by promoting late-stage erythroid differentiation, rather than
restricting iron availability.** Regulatory applications for the approval of
luspatercept for the treatment of B-thalassemia and myelodysplastic syn-
drome have been submitted in Europe and the US.#>%¢

Unlike VIT-2763, which is given orally, other agents in develop-
ment are administered intravenously or subcutaneously. Parenterally
administered drugs avoid first-pass metabolism, can have a faster
onset of action than orally administered medications, and may be ben-
eficial if the patient is unlikely to adhere to self-administered capsules
or tablets. However, oral formulations may be more suitable for a
pediatric population and do not require administration by a healthcare
professional, which is costly as well as burdensome and inconvenient
for patients. VIT-2763 has a shorter half-life than some of the paren-
teral formulations in development, such as luspatercept, which has a
half-life of 15 to 16 days.** While a longer half-life may allow for less
frequent dosing, it also makes pharmacological effects more difficult
to reverse, which may be problematic if, for example, there are safety
concerns. In contrast, the dosing of orally administered compounds,
such as VIT-2763, can be adjusted daily if required.

As a life-long disease, p-thalassemia requires chronic treatment.
Patients with TDT rely on frequent, regular blood transfusions
throughout their life for survival, while those with NTDT may require
occasional, or sometimes frequent, transfusions for defined periods of
time.8? Agents under development have the potential to reduce
requirements for blood transfusions by increasing hemoglobin, and to
thereby reduce the corresponding need for chelators, which are often
associated with AEs.!>254748 Thus, new therapies may offer signifi-
cant benefit to patients and also result in savings in terms of cost and
resources.?> With the variety of treatments currently under develop-
ment, the potential exists for combinations of agents with different
mechanisms of action to be evaluated. In addition, agents may have
beneficial effects in a wide range of diseases, including other condi-
tions in which erythropoiesis is disrupted (such as sickle cell anemia

and myelodysplastic syndrome), conditions where there is a chronic
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over-absorption of iron (such as hemochromatosis), and conditions
involving excessive proliferation of RBCs (such as polycythemia vera).
Strengths of the current study include the wide range of safety, PK
and PD endpoints assessed, both following single and multiple dosing
which will support and inform the design of future trials. A limitation of
the study is that blood samples for PK and PD analysis were not taken
between 12 and 24 hours post-dose, which may have impacted some
observations, particularly with regards to serum iron in the twice daily
dosing cohorts. Another potential limitation is that plasma VIT-2763 PK
parameters were calculated using non-compartmental analysis; com-

partmental analytic techniques may have produced different results.

5 | CONCLUSION

When VIT-2763, an oral ferroportin inhibitor, was administered at single
oral doses up to 240 mg, or multiple oral doses up to 120 mg twice
daily, it had a comparable safety profile to the placebo, and was well tol-
erated in healthy volunteers. VIT-2763 achieved rapid and prominent
decreases in circulating iron levels, consistent with the iron-lowering PD
effect observed in preclinical models, and also reduced transferrin satu-
ration. Thus, results from the current study suggest that limiting iron
availability for erythropoiesis via inhibition of ferroportin activity may
be a potential approach to treating NTDT, and other indications that
involve ineffective erythropoiesis, excessive iron absorption or exces-
sive erythropoiesis. Supported by these findings, clinical studies of VIT-
2763 in patients with ineffective erythropoiesis are warranted.
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