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Abstract

Background: Crizanlizumab is a novel inhibitor of P-selectin, a key player in multicellular
adhesion and inflammatory signaling, that leads to vaso-occlusion in sickle cell disease
(SCD).

Objectives: The SOLACE-adults study evaluated the pharmacokinetics, pharmacodynamics
(P-selectin inhibition), safety, and efficacy of crizanlizumab, with or without hydroxyurea/
hydroxycarbamide, in patients with SCD.

Design: Phase I, single-arm, multicenter study.

Methods: Patients with SCD aged 16-70years, with =1 vaso-occlusive crisis (VOC] within
12months before screening, received crizanlizumab 5.0 or 7.5mg/kg intravenous infusion
every 4weeks; dose groups were enrolled sequentially.

Results: Of 57 patients enrolled, 45 received crizanlizumab 5.0 mg/kg and 12 received 7.5 mg/
kg for a median duration of 206 and 170weeks, respectively. Crizanlizumab concentrations
reached maximum levels after a 30-min infusion and remained steady for 6 h, without
significant accumulation. P-selectin inhibition was nearly complete for both doses. The
median (interquartile range) absolute change in the annualized rate of VOCs leading to
healthcare visit from baseline was -0.79 (-3.04, 2.01) in the 5.0 mg/kg group and -0.98 (-1.11,
-0.41) in the 7.5mg/kg group. All patients experienced at least one adverse event (AE), with
no apparent differences between the two doses in the frequency and severity of AEs. Grade
=3 AEs occurred in 60% of the 5.0 mg/kg group and 58% of the 7.5 mg/kg group. Two patients
in the 5.0mg/kg group and one in the 7.5mg/kg group had severe crizanlizumab-related
infusion-related reactions, which resolved with treatment. No patients developed antibodies
against crizanlizumab.

Conclusion: Crizanlizumab 5.0 and 7.5 mg/kg demonstrated a dose-proportional increase in
exposure, sustained P-selectin inhibition, a tolerable safety profile, and a sustained reduction
in VOCs leading to healthcare visit. This suggests that crizanlizumab is a useful treatment
option for patients with SCD who have experienced VOCs.
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Plain language summary

Understanding the effects of crizanlizumab in patients with sickle cell disease: Results
from the SOLACE-adults study

Crizanlizumab is a drug that inhibits P-selectin, which is involved in the inflammation
and blockage of blood vessels that occurs in an inherited blood disorder called sickle
cell disease (SCD). The SOLACE-adults study investigated the effects of crizanlizumab
on the pharmacokinetics (how the drug moves through the body), pharmacodynamics (its
effects on P-selectin), safety, and efficacy in patients with SCD. This was a Phase Il study
conducted at multiple centers, where all patients received crizanlizumab. Patients aged
between 16 to 70 years who had SCD and experienced vaso-occlusive crises (VOCs, painful
episodes caused by blocked blood vessels) within the year before the study were given
crizanlizumab intravenously every 4 weeks at a dose of either 5.0 mg/kg or 7.5 mg/kg. A
total of 57 patients enrolled in the study, of whom 45 received the 5.0 mg/kg dose and 12
received the 7.5 mg/kg dose. Crizanlizumab levels in the blood peaked 30 minutes after
the infusion and remained steady for 6 hours. Both doses effectively inhibited P-selectin.
The median reduction in the rate of vaso-occlusive crises leading to healthcare visits was
-0.79 in the 5.0 mg/kg group and -0.98 in the 7.5 mg/kg group. All patients experienced
adverse events, but there were no major differences between the two doses. Grade =3
adverse events occurred in 60% of the 5.0 mg/kg group and 58% of the 7.5 mg/kg group.
Some patients had severe reactions to the infusion, but these reactions resolved with
treatment. None of the patients developed antibodies against crizanlizumab. In conclusion,
crizanlizumab at both doses reached levels of exposure that caused sustained inhibition of
P-selectin, had tolerable safety, and reduced VOCs requiring medical visits. This suggests
that crizanlizumab is a beneficial treatment option for patients with SCD experiencing
these painful crises.

Keywords: crizanlizumab, pharmacodynamics, pharmacokinetics, sickle cell disease,

vaso-occlusive crises
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Introduction

Sickle cell disease (SCD) is one of the most com-
mon monogenic, autosomal recessive diseases
affecting millions of people worldwide.! Acute
painful vaso-occlusive crisis (VOC), driven by red
blood cell sickling and multicellular adhesion, is a
very important clinical complication in SCD.
Recurrent and unpredictable VOCs are accompa-
nied by pain, chronic organ damage, and life-
threatening complications, resulting in decreased
quality of life and increased healthcare utilization
costs in individuals with SCD.%3 P-selectin is a
cell-adhesion protein that drives multicellular
adhesion and inflammatory signaling in SCD,
leading to vaso-occlusion.%5 P-selectin inhibition-
based therapies have thus become a target for

reducing the frequency of and preventing VOCs
in patients with SCD. Crizanlizumab is a first-in-
class, humanized monoclonal antibody that selec-
tively binds to and inhibits P-selectin, thereby
blocking interactions between activated platelets,
sickled red blood cells, leukocytes, and the
endothelium.%7 Based on the SUSTAIN phase 11
study (NCTO01895361) results, crizanlizumab
was indicated to reduce the frequency of VOCs in
adults and adolescent patients aged =16years
with SCD.”

The phase II ~ SOLACE-adults study
(NCT03264989) was designed to characterize
long-term pharmacokinetic (PK)/pharmacody-
namic (PD) properties of crizanlizumab and to
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evaluate the safety and efficacy of crizanlizumab
in patients with SCD aged =16years. The interim
analysis of the SOLACE-adults study published
previously forecasted promising PK/PD results
and demonstrated the long-term safety of crizan-
lizumab 5.0 and 7.5mg/kg for a minimum of
12months in >80% of the patients with SCD.8
The findings were consistent with the SUSTAIN
study results.® Herein, we report the final analysis
(cutoff date: June 26, 2023) of the SOLACE-
adults study including updated information on
the PK/PD of crizanlizumab and long-term safety
and efficacy outcomes for ~4years for 5.0 mg/kg
and ~3years for 7.5 mg/kg dose groups.

Methods

Study design, patients, and treatment

The SOLACE-adults study was a phase II, single-
arm, open-label study conducted in multiple cent-
ers within the United States.® The study included
male or non-pregnant female patients aged 16—
70years who had a laboratory-confirmed diagno-
sis of SCD, regardless of their specific genotype.
Eligible patients experienced at least 1 VOC epi-
sode within the 12months prior to screening, as
determined by medical history. Patients were
excluded if they had a history of stem cell trans-
plant, had received blood products within 30 days
prior to the first dose of crizanlizumab, and/or
were actively participating in a chronic transfusion
program. In addition, patients who had experi-
enced an acute VOC event within 7 days prior to
the first dose were not eligible to participate.

Patients were sequentially enrolled into two dose
groups, the first group treated with 5.0mg/kg of
crizanlizumab and the second group of approxi-
mately 10 more patients (to identify six evaluable
patients) treated with the exploratory 7.5 mg/kg
dose. The objective of the exploratory dose was to
analyze the PK and PD in patients with SCD and
to facilitate dose escalation in future studies of
crizanlizumab in the clinical development pro-
gram. All patients received crizanlizumab through
intravenous infusion over 30-min on day 1, day
15, and subsequently every 4 weeks. Patients who
received treatment with hydroxyurea (HU)/
hydroxycarbamide (HC) or erythropoietin-stimu-
lating agents for a minimum of 6 months prior to
screening on a stable dose were permitted to con-
tinue with the same dose and schedule during the

study. However, dose escalations were not
allowed to ensure that changes in other disease-
modifying treatments did not obscure the assess-
ment of the crizanlizumab’s effectiveness.
Voxelotor or selectin-targeting agents were not
permitted during the study.

Overall, the findings from the SOLACE-adults
study reported here include the final data from all
patients during the complete study period (last
patient last visit: June 26, 2023) in 45 patients
who received a dose of 5.0 mg/kg and 12 patients
who received a dose of 7.5 mg/kg. At the time of
study closure, the patients treated with the crizan-
lizumab 5.0 mg/kg dose were offered to transition
to a commercial supply of the approved 5.0 mg/kg
dose of crizanlizumab. The patients treated with
the exploratory dose of crizanlizumab 7.5 mg/kg
were allowed to join a rollover study
(SEG101A2401B; NCT04657822) for contin-
ued access to treatment with crizanlizumab.

Endpoints and assessments

The objectives of the study were to characterize
the PK/PD of crizanlizumab, particularly its ex
vivo P-selectin inhibition, as well as the safety and
efficacy of crizanlizumab in patients with SCD
who have a history of VOCs. The PK and PD of
crizanlizumab 5.0 mg/kg assessed at the starting
dose and at steady state were the primary end-
points of the study. PK parameters included the
area under the curve (AUC) from time zero to the
last measurable concentration sampling time after
a single dose (AUC,;5), the AUC calculated to
the end of a dosing interval at steady state
(AUC,,), and the maximum observed serum
drug concentration (C_,). PD parameters
included PD-AUC,,5; after a single dose and
PD-AUC,,, after multiple doses.

PK and PD assessments were conducted in all
patients before and after each dose on specific
days throughout the study period; on days 1, 2, 4,
8, and 15 after the first dose (week 1 day 1); and
subsequently on days 1, 2, 4, 8, 15, 22, and 29
after the fifth dose (week 15 day 1). To evaluate
PK before each dose, serum concentrations were
collected every 4weeks from week 3 to 51 and,
thereafter, every 24weeks. PK and PD assess-
ments were also conducted at the onset and reso-
lution of each VOC, fever, or suspected infection
whenever possible.
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The secondary objectives were to assess the long-
term efficacy, safety, and tolerability of crizanli-
zumab 5.0 and 7.5mg/kg. Annualized rates of
VOC events leading to healthcare visits in clinic,
emergency room, or hospital and/or treated at
home were assessed as efficacy endpoints.
Throughout the study, patients were monitored
for VOCs, and medical treatment information
was collected and recorded as relevant with the
VOC occurrence. Safety and tolerability includ-
ing frequency of adverse events (AEs) and immu-
nogenicity were assessed in all patients who
received =1 dose of crizanlizumab. Exploratory
objectives included assessment of PK and PD
parameters of crizanlizumab after single and mul-
tiple doses of 7.5 mg/kg, including pre-dose con-
centrations prior to each administration.

Statistical analyses

All quantitative data, including demographic and
baseline characteristics, relevant PK and PD
measurements, and efficacy and safety measure-
ments, were summarized using descriptive statis-
tics. All patients who received =1 dose of
crizanlizumab were analyzed according to the cri-
zanlizumab dose (5.0 or 7.5mg/kg), which was
used for summarizing baseline and demographic
characteristics and safety assessments.

The annualized rate of VOCs leading to a health-
care visit for each patient was reported by each
year on treatment and was compared descrip-
tively to the rate of VOC-related visits during the
12 months prior to the study screening (baseline).
AEs were evaluated based on the Medical
Dictionary for Regulatory Activities (MedDRA)
version 26, and AE severity was based on the
Common Terminology Criteria for Adverse
Events version 5.0. Based on the clinical data
from the crizanlizumab clinical program, the
mechanism of action/type of the drug, and the
disease under study, infusion-related reactions
(IRRs), infections, effects on hemostasis (e.g.,
hemorrhage), and immunogenicity were identi-
fied as AEs of special interest (AESIs). The
potential IRRs, regardless of grade and causality,
were evaluated by conducting a search in the
Novartis Case Retrieval Strategy database using
customized MedDRA queries along with two dif-
ferent search strategies: (1) new combined search
(standard, severe reactions, pain events, and
complement-mediated IRRs) and (2) severe reac-
tions. See the Supplemental section of Kanter

et al.¢ for definitions of the IRR search strategies
and the full lists of preferred terms used in each
search. Immunogenicity was assessed by moni-
toring the presence of on-treatment antidrug anti-
bodies specifically targeting crizanlizumab. All
analyses were conducted using Novartis SAS ver-
sion 9.4 software (SAS Institute Inc., Cary, North
Carolina).

The study was approved by the institutional
review board or independent ethics committee
of each participating center (Supplemental
Table S1) and was carried out in accordance
with the recommendations of the Declaration of
Helsinki. All participants gave written informed
consent.

Results

Study population

A total of 57 patients participated in the study.
There were 45 patients enrolled in the crizanli-
zumab 5.0mg/kg group with a median age of
29years (interquartile range (IQR): 22, 39 years)
and 12 patients enrolled in the crizanlizumab
7.5mg/kg group with a median age of 21years
(IQR: 18, 41years). Most (98%) patients were
Black or African Americans. Hemoglobin SS
(HbSS) and hemoglobin SC (HbSC) were the
predominant genotypes in the study population
(54% and 26%, respectively). In the 5.0mg/kg
group, a higher proportion of patients were using
concomitant HU (67% vs 58% in 7.5mg/kg
group) and had experienced =5 VOCs (42% vs
25% in 7.5 mg/kg group) in the 12 months before
screening (Table 1).

At the time of the decision to close the study,
there were 24 patients (42%) who were still
receiving treatment with crizanlizumab. There
were several reasons for treatment discontinua-
tion prior to the study closure including patient
decision (13 patients (29%) in the 5.0mg/kg
group, none in the 7.5mg/kg group) and physi-
cian decision (6 patients (13%) in the 5.0 mg/kg
group, 4 patients (33%) in the 7.5 mg/kg group).
The specific reasons cited by physicians included
initiation of commercial crizanlizumab (n=3),
AEs, medical monitoring, and switch to commer-
cial crizanlizumab (n=1, each) in the 5.0mg/kg
group, and initiation of commercial crizanli-
zumab (n=2), denial of commercial crizanli-
zumab (n=1), and disease progression (n=1) in
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Table 1. Baseline characteristics and demographics.

Characteristic

Crizanlizumab 5.0 mg/kg

Crizanlizumab 7.5 mg/kg

All patients

N=45 N=12 N=57

Age [years)

Median (IQR) 29.0(22.0, 39.0) 20.5(18.0, 40.5) 29.0(20.0, 39.0)
Age category, n (%)

=16 to <18years 1(2.2) 2(16.7) 3(5.3)

=18 to <70years 44.(97.8) 10 (83.3) 54 (94.7)
Gender, n (%)

Female 25 (55.6) 6 (50.0) 31 (54.4)

Male 20 (44.4) 6 (50.0) 26 (45.6)
Race, n (%)

Black or African American 44.(97.8) 12 (100) 56 (98.2)

Multiple (White and Black or African American) 1(2.2) 0 1(1.8)
Ethnicity, n (%)

Not Hispanic or Latino 33(73.3) 8(66.7) 41(71.9)

Hispanic or Latino 31(6.7) 0 3(5.3)

Unknown 9 (20.0) 4(33.0) 13 (22.8)
Body mass index, kg/m?

Median (IQR) 25.2(21.9, 29.7) 23.4(21.3, 29.4) 24.5(21.9, 29.7)
ECOG performance status, n (%)

0 31(68.9) 10 (83.3] 41(71.9)

1 13(28.9) 2(16.7) 15 (26.3)

2 1(2.2) 0 1(1.8)
Genotype, n (%)

HbSS 27 (60.0) 4(33.3) 31 (54.4)

HbSC 10 (22.2) 5(41.7) 15 (26.3)

HbSpRo 3(6.7) 0 3(5.3)

HbSB* 3(6.7) 0 3(5.3)

Other/unknown 2 (4.4) 3(25.0) 5(8.8)
Concomitant HU use, n (%)

Yes 30 (66.7) 7 (58.3) 37 (64.9)

No 14(31.1) 5(41.7) 19 (33.3)

Missing 11(2) 0 1(1.8)

(Continued)
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Table 1. (Continued)

Characteristic

Crizanlizumab 5.0 mg/kg

Crizanlizumab 7.5mg/kg  All patients

N=45 N=12 N=57
Number of VOC events in 12months prior to screening
Median (IQR) 4.0(1.0,7.0) 2.0(1.0, 4.5) 3.0(1.0, 6.0)
Categories, n (%)
<5 26 (57.8) 9 (75.0) 35(61.4)
=5 19 (42.2) 3(25.0) 22 (38.6)
VOC type in 12months prior to screening, n (%)
Uncomplicated sickle cell VOC 44(97.8) 11(91.7) 55 (96.5)
Acute chest syndrome 4 (8.9) 2(16.7) 6(10.5)
Priapism 2 (4.4) 0 2(3.5)

ECOG, Eastern Cooperative Oncology Group; HbSPB, hemoglobin S beta-thalassemia; HbSC, hemoglobin SC; HbSS, hemoglobin SS; HU,
hydroxyurea; IQR, interquartile range; VOC, vaso-occlusive crisis.

the 7.5mg/kg group. Other reasons for discon-
tinuation included AEs (2 (4%) in 5.0mg/kg
group, 1 (8%) in the 7.5mg/kg group); on-treat-
ment pregnancy (2 (4%) in 5.0 mg/kg group); lost
to follow-up, switch to new therapy, or protocol
deviation (1 (8%) in the 7.5mg/kg group); and
death (1 (2%) in the 5.0mg/kg group, 1 (8%) in
the 7.5mg/kg group). At the time of study clo-
sure, treatment was discontinued for the remain-
ing 24 patients (19 patients (42%) in the 5.0mg/
kg group, 5 patients (42%) in the 7.5mg/kg
group). Of these 24 patients, 14 patients (31%) in
the 5.0 mg/kg group resumed crizanlizumab treat-
ment through commercial supply, while 5 patients
(42%) in the 7.5mg/kg group continued treat-
ment through enrollment in a roll-over clinical
study.

For both the dose groups (5.0 and 7.5 mg/kg), the
median duration of crizanlizumab treatment was
206.1weeks (IQR: 98.0, 242.1weeks) and
169.6 weeks (IQR: 120.0, 216.6weeks), respec-
tively. In the 5.0 mg/kg group, 39 patients (87%)
received treatment for at least 54 weeks, and 31
patients (69%) received treatment for at least
106 weeks. In the 7.5mg/kg group, 10 patients
(83%) received treatment for at least 54 weeks,
and 9 patients (75%) received treatment for at
least 106 weeks.

Change in PK and PD parameters

The serum concentrations of crizanlizumab
increased to almost maximum levels (C,,,) within
30 min of infusion for the 5.0 and 7.5 mg/kg doses
and remained steady for 6 h after infusion, both at
starting dose and at steady state. The C,,, at
weeks 1 and 15 were similar for each dose, indi-
cating no significant accumulation over time.
Moreover, both AUC and C,_,, increased in a
dose-proportional manner from 5.0 to 7.5 mg/kg
(Figure 1(a) and (b)). The interpatient variability
for both AUC and C,,, was relatively low (Table
2). Throughout the dosing interval at steady state,
there was near-complete inhibition of P-selectin
(ex vivo) for both 5.0 and 7.5mg/kg doses. The
inhibition ranged from 92% to 98% for the
5.0mg/kg dose and 90% to 96% for the 7.5 mg/kg
dose, as shown in Supplemental Figure S1. The
pre-dose concentration of crizanlizumab increased
almost proportionally from 5.0 to 7.5 mg/kg with
a consistent relationship throughout the study
(Figure 2(a)). The inhibition of P-selectin
remained consistent and stable before each dose
throughout the study (Figure 2(b)).

Efficacy
The median (IQR) absolute change in the annual-
ized rate of VOCs from baseline was —0.79 (—=3.04,
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Figure 1. Mean (SD) and median serum concentration-time profiles for the crizanlizumab 5.0 and 7.5 mg/kg
dose groups at (a) starting dose (up to day 15 post-dose] and (b) steady state (up to day 29 post-dosel.

The pharmacokinetic analysis set included all patients who received at least one planned treatment of 5.0 or 7.5mg/kg and
provided at least one corresponding evaluable PK concentration. SD, standard deviation.

2.01) in the 5.0mg/kg group and —0.98 (—1.11,
—0.41) in the 7.5 mg/kg group. Figure 3 shows the
baseline annualized rate of VOC, as well as overall
annualized rate of VOC, during the whole study
and by year. Note that, as only patients with com-
plete data in a corresponding year were included,
the sample size decreased as the study progressed.
There were also several patients who did not expe-
rience a VOC during the entire treatment period:
six patients (13%) in the 5.0 mg/kg group and two
patients (17%) in the 7.5 mg/kg group.

Safety

In this study, all patients in both dose groups
experienced at least one AE, regardless of rela-
tionship to study treatment. The most common
AEs reported (=25%) in the 5.0 and 7.5 mg/kg
dose groups, respectively, included pyrexia (31%
and 25%), headache (27% and 17%), hypoka-
lemia (26% and 17%), COVID-19 (18% and
25%), and vomiting (9% and 25%). Grade =3
AEs occurred in 27 patients (60%) in the 5.0 mg/
kg dose group and in 7 patients (58%) in the
7.5mg/kg dose group. Hypokalemia reported in 7
patients ((16%); all in 5.0mg/kg group) was the
most common grade =3 AE. None of these events
were related to treatment and all had resolved
(Table 3). At least 1 treatment-related AE was
reported in 11 patients (24%) and 3 patients
(25%) in the 5.0 and 7.5mg/kg dose groups,
respectively. Grade =3 treatment-related AEs
including IRR with sickle cell crisis was reported

in one patient (2%) in the 5.0mg/kg dose group
and increased blood bilirubin was reported in one
patient (8%) in the 7.5 mg/kg dose group, which
led to treatment withdrawal. None of the patients
reported grade 4 treatment-related AEs. Two
patients (4%) in the 5.0mg/kg dose group
reported grade 1 or 2 electrocardiogram QT (QT
interval is defined from the beginning of the QRS
complex to the end of the T wave on EKG) (QT
prolongation. Other treatment-related AEs of
grade 1 or 2, such as headache, alopecia areata,
contusion, deafness neurosensory, heavy men-
strual bleeding, infusion-site pain, iron overload,
lip edema, rash, and urinary retention, were
reported by one patient each in the 5.0mg/kg
dose group. In the 7.5mg/kg dose group,
increased alanine aminotransferase, aspartate
aminotransferase, blood bilirubin, diarrhea,
pyrexia, and vomiting were reported by one
patient each. Almost 50% of the patients reported
=1 serious AE (SAE): 22 patients (49%) in the
5.0mg/kg group and 6 patients (50%) in the
7.5mg/kg group. One SAE related to a sickle cell
crisis was considered related to the study drug in
the 5.0mg/kg group, whereas no SAEs related to
the drug were reported in the 7.5 mg/kg group.

During the treatment period, one patient in the
5.0mg/kg group died due to multiple organ dys-
function, while another patient in the 7.5 mg/kg
group died due to anoxic brain injury. Both
deaths did not occur within 3 weeks of receiving
the infusion and were not deemed related to the
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Table 2. PK and PD parameters for crizanlizumab at starting dose (week 1 day 1) and at steady state (week 15

day 1).
PK parameters? Crizanlizumab (5.0 mg/kg) Crizanlizumab (7.5mg/kg)
Number of individuals at each n=45 n=11
dose level

Starting dose (week 1, day 1)

AUC5 (h X pg/mL)
Mean = SD (CV%)
Crax (HG/mML)
Mean = SD (CV%)
Tnax (D)

Median (range)

Steady state (week 15, day 1)

AUC,,, (h X pug/mL)
Mean = SD (CV%)
Crnax (ng/mL)

Mean = SD (CV%)

n=38
13,100 + 2810 (21.6)
n=42

102 +29.8 (29.4)
n=42
1.32(0.42-26.1)

n=35
20,800 = 5030 (24.2)
n=36

123 £36.4(29.5)

19,800 + 4490 (22.7)
n=10

174+ 49.9 (28.7)
n=10

1.06 (0.55-23.6)

n=9
27,800 =+ 2780 (10)
n=10

168 =34.2 (20.4)

() n=36 n=10
Median (range]) 1.70 (0.55-6.25) 3.04 (0.58-23.4)
T, days) n=35 n=10
Mean £SD 10.9 (3.2 13.5 (2.4)
PD parameters® n=43 n=10
Starting dose (week 1, day 1)
PD-AUCA15 (h X %) n=36 n=9

Mean =+ SD (CV%)

Steady state (week 15, day 1)

PD-AUCA29 (h X %)
Mean = SD (CV%)

33,200 + 1830 (5.5)

n=33

66,900 = 5540 (8.3)

33,200 == 2680 (8.1)

n=9

64,600 = 5450 (8.4)

AUC,;s, area under the curve from time 0 to the last measurable concentration sampling time at starting dose; AUC,,,,
area under the curve from time 0 to the last measurable concentration sampling time at steady state; C,,,,, maximum
observed serum drug concentration after dose administration; CV%, coefficient of variation; PD, pharmacodynamics; PD-
AUC;s, area under the curve from time 0 to the last measurable PD sampling time at starting dose; PD-AUC ,,, area under
the curve from time 0 to the last measurable PD sampling time at steady state; T,,,,, time to reach maximum observed
serum drug concentration after dose administration; T,,, elimination half-life associated with the terminal slope of a
semilogarithmic scale.

aThe PD analysis set included all patients with =1 evaluable PK profile.

bThe PD analysis set included all patients who provided at least one evaluable PD profile.
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Figure 2. Median and arithmetic mean (SD] pre-dose (trough). (a) Serum concentration-time profiles and (b)
serum PD (P-selection inhibition]-time profiles for crizanlizumab.

The PD analysis set included all patients who received at least one planned treatment of 5.0 or 7.5mg/kg and provided at
least one corresponding evaluable PK concentration. PD, pharmacokinetic; SD, standard deviation.

25

N
o
1

-
3
1

N
o
1

to healthcare visit

Annualized rate of VOCs leading
(4]
1

- 5.0 mg/kg
- 7.5 mg/kg

mim

e

n=45

Baseline

n=12 n=45

Overall

n=12 n=38 n

Year 1

| Lé B

n=29 n
Year 2

=

n=22 | n=7
Year 3

n=20 | n=5
Year 4

Measurement time point

Figure 3. Annualized rate of VOCs leading to healthcare visit by each year in the crizanlizumab 5.0 and

7.5mg/kg groups.

The whiskers are minimum and maximum, the boxes are interquartile ranges, and horizontal lines and displayed values in

the boxes are medians. VOC, vaso-occlusive crisis.

study drug. No patient developed anti-drug anti-
bodies to crizanlizumab treatment.

AEs of special interest

In the 5.0mg/kg group, infections were reported
in 31 patients (69%), with most commonly
(>10%) reported being upper respiratory tract
infection (11 (24%)), COVID-19 (8 (18%)),
pneumonia (5 (11%)), and urinary tract infection
(5 (11%)). In the 7.5mg/kg group, infections
were reported in eight patients (67%) with upper

respiratory tract infection reported in two patients
(17%) and COVID-19 in three patients (25%).
Grade =3 AESIs related to infection were
reported in 14 patients (31%) in the 5.0mg/kg
group and 1 patient (8%) in 7.5 mg/kg group. No
AEs of infection were considered treatment-
related or led to treatment discontinuation.

Signs and symptoms possibly indicative of IRRs
that occurred within 24h were observed in 18
patients (40%) in the 5.0mg/kg group and in 5
patients (41.7%) in the 7.5mg/kg group. The
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Table 3. AEs (reported =10% in all grades and in all patients) regardless of relationship with drug and AESls.

Preferred term

Crizanlizumab 5.0 mg/kg (N=45)

Crizanlizumab 7.5 mg/kg (N=12)

All patients (N=57)

All grades, Grade =3, All grades, Grade =3, All grades, Grade =3,
n (%) n (%) n (%) n (%) n (%) n (%)
Patients with =1 AE 45 (100) 27 (60.0) 12 (100) 7(58.3) 57 (100] 34 (59.6)
Pyrexia 14 (31.1) 0 3(25.0) 1(8.3) 17 (29.8) 1(1.8)
Headache 12 (26.7) 0 2(16.7) 0 14 (24.6) 0
Hypokalemia 12 (26.7) 7(15.6) 2(16.7) 0 14 (24.6) 7(12.3)
Upper respiratory tract 11 (24.4) 2 (4.4) 2(16.7) 0 13 (22.8) 2 (3.5)
infection
Arthralgia 9 (20.0) 0 2(16.7) 0 11 (19.3) 0
COVID-19 8(17.8) 3(6.7) 3(25.0) 0 11(19.3) 3(3.5)
Chest pain 8(17.8) 0 1(8.3) 0 9 (15.8) 0
Nausea 6(13.3) 0 2(16.7) 0 8 (14.0) 0
Back pain 6(13.3) 0 1(8.3) 0 7(12.3) 0
Road traffic accident 5(11.1) 0 2(16.7) 0 7(12.3) 0
Vomiting 4(8.9) 0 3(25.0) 0 7(12.3) 0
Diarrhea 4(8.9) 0 2(16.7) 0 6(10.5) 0
Peripheral edema 6(13.3) 0 0 0 6(10.5) 0
Pain in extremity 6(13.3) 0 0 0 6(10.5) 0
Pneumonia 5(11.1) 4(8.9) 1(8.3) 0 6 (10.5) 4 (7.0)
Pruritus 5(11.1) 0 1(8.3) 0 6(10.5) 0
Patients with =1 AESI

Infections 31(68.9) 13 (28.9) 8(66.7) 1(8.3) 39 (68.4) 14 (24.6)
IRRs (standard 18 (40.0) 1(2.2) 5 (41.7) 0 23 (40.4) 1(1.8)
search)?
Pain events 11 (24.4) 2 (4.4) 1(8.3) 0 12 (21.1) 2 (3.5)

AE, adverse event; AESI, AEs of special interest; COVID-19, Coronavirus disease 2019; IRR, infusion-related reaction.
aNonspecific, potential signs and symptoms indicative of IRRs were identified through standard search.

most common signs and symptoms in the patients
who experienced possible IRRs were headache (6
(13.3%), 1 (8.3%)), and nausea (3 (6.7%), 0) in
the 5.0 and 7.5mg/kg groups, respectively. All
events were grade 1 or 2, except 1 grade 3 event in
5.0mg/kg group. In the 5.0mg/kg group, two
patients had IRRs identified as a potential “severe
reaction” where one patient had grade 2 pain and

one reported grade 3 IRR. Both IRRs resolved
without interrupting the drug infusion, although
additional treatment was required. Both these
AESIs were considered treatment-related by the
investigator. In the 7.5mg/kg group, one patient
had an IRR identified as a potential “severe reac-
tion”; however, the event was a grade 3 anaphy-
lactic reaction due to the antibiotic ceftriaxone
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that occurred 22 days after the last infusion of cri-
zanlizumab and resolved without stopping ongo-
ing infusions of crizanlizumab. This AESI was not
considered treatment-related by the investigator.

Other pain events were observed in 11 patients
(24%) in the 5.0mg/kg group, with headache (6
(13%)) and arthralgia (2 (4%)) being the most
common. One “pain event,” a headache of grade
1 was considered as treatment-related and
resolved without drug interruption, was observed
in the 7.5mg/kg group. None of the patients
reported grade =3 bleeding events during the
study period.

Discussion

The phase II SOLACE-adults study investigated
the PK/PD, safety, and efficacy of crizanlizumab
in patients with SCD for ~4years in 5.0 mg/kg
group and ~3 years in 7.5 mg/kg group.

The PK analysis showed that C_ , was reached
after 30 min of infusion at both doses of crizanli-
zumab and remained stable up to 6h post-dose
both at the initial dose as well as at steady state.
The total exposure increased in an approximately
dose-proportional manner from 5.0 to 7.5mg/kg
consistently over the course of the study. This is
consistent with the PK profile of crizanlizumab
(SelG1) observed in healthy volunteers and in the
SUSTAIN study.®” The mean elimination 77,
for the 5.0 mg/kg dose group in SOLACE-adults
and in healthy volunteers are comparable
(10.9days vs 10.6days).” The mean C,_,,, of cri-
zanlizumab at the starting dose and at steady state
were similar, indicating minimal or no accumula-
tion. A relatively low inter-patient variability was
observed for both AUC and C__,.

The PD analysis revealed near-complete and sus-
tained ex vivo inhibition of P-selectin expression
following administration of both doses of crizanli-
zumab throughout the infusion interval, and these
results were consistent with those reported
earlier.%7

Similar to the SUSTAIN study,® a sustained
reduction (from baseline) in annualized rate of
VOC:s leading to healthcare visit was observed for
both doses of crizanlizumab after >1 year of treat-
ment. These changes in VOCs were generally
consistent with previous data, showing a median
absolute reduction of 0.79 and 0.98 VOC events

from baseline with crizanlizumab 5.0 and 7.5 mg/
kg doses, respectively, over the course of the
study. Importantly, the two dose groups were
enrolled sequentially and cannot be compared as
they were not matched for sample size or baseline
characteristics. Thus, no conclusions should be
drawn as to the relative efficacy.

Of interest, a subsequent phase III study
(STAND; NCT03814746) occurred during the
same time as this study in patients aged =12 years.
Preliminary results from this study did not show
statistically significant differences in the annual-
ized rate of VOCs between the patients receiving
crizanlizumab 5.0 or 7.5 mg/kg and those receiv-
ing placebo.® Consequently, in early 2023, cri-
zanlizumab was removed from the European
Medicine’s Agency’s approved medication list for
SCD.10:11 The reasons for not meeting the effi-
cacy endpoints in the STAND study could be
multi-factorial including geographical differences
such as variations in the use of healthcare and the
low VOC rates in all arms. These factors could be
attributed to inclusion of patients with milder dis-
ease, acute exacerbations of chronic pain not
associated with VOCs, or underreporting during
the COVID-19 pandemic. However, the safety
profile was consistent with that in the SUSTAIN
study.

Importantly, there were no new/unexpected safety
concerns in the SOLACE-adult study, and no
apparent differences between the two dose groups
in terms of frequency and severity of AEs were
observed after =3 years of treatment with crizan-
lizumab. Consistent with the known safety profile
of crizanlizumab, the most common AEs reported
were mild to moderate and generally well toler-
ated, with very few discontinuations related to
AEs, and resolved without complications. These
findings were consistent with the SUSTAIN
study, indicating that crizanlizumab has a man-
ageable safety profile, reinforcing its potential for
long-term treatment at either dose.®

Furthermore, none of the infections were con-
sidered treatment-related and did not lead to
treatment discontinuation, which is again in
agreement with the findings of the SUSTAIN
study. IRRs were not reported in the SUSTAIN
study. In this study, there were a few severe
treatment-related IRRs presenting as pain
events, all of which resolved with additional
treatment. There have been some instances of
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IRRs in the post-marketing setting as well,12:13
thus highlighting the need for continued evalua-
tion and monitoring of the drug safety profile in
real-world settings in larger patient cohorts to
assess the real-world incidence of IRRs with cri-
zanlizumab relative to that observed in clinical
trials.

Key Lmitarions: The phase II SOLACE-adults
study was an open-label study and was not
designed to make any direct comparisons
between the 5.0 and 7.5mg/kg dosing groups.
The efficacy, safety, and tolerability of crizanli-
zumab in patients with SCD were the secondary
objectives of this study. The 7.5 mg/kg group is
an exploratory group, primarily planned to char-
acterize the PK and PD of the dose. Patients
were sequentially enrolled into two dosing groups
without randomization, leading to unequal sam-
ple sizes and exposure times across groups. Small
sample sizes limited the potential for a statistical
evaluation of the impact of subgroups on VOC
frequency.

Conclusions

The SOLACE-adults study in patients with SCD
who had =12months of history experiencing
VOCs showed that the exposure of crizanlizumab
was approximately dose-proportional from 5.0 to
7.5mg/kg, with no significant accumulation over
time. Both doses achieved a near-complete ex vivo
inhibition of P-selectin that was sustained for
4 weeks of the infusion interval. The median annu-
alized rates of VOCs leading to healthcare visit on
treatment decreased from baseline by 0.79 and
0.98 VOC events in the 5.0 and 7.5 mg/kg groups,
respectively. These efficacy findings are consistent
with previous studies on crizanlizumab, which
demonstrated a reduction in VOC events leading
to healthcare visits. Crizanlizumab, with or with-
out HU/HC, was well tolerated with no differ-
ences in overall AEs between the two doses. No
new or unexpected safety signals related to crizan-
lizumab were identified in this population.
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