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Involvement of lower gastrointestinal tract (LGI) occurs in 60% of patients with graft-versus-host-disease (GVHD). Complement
components C3 and C5 are involved in GVHD pathogenesis. In this phase 2a study, we evaluated the safety and efficacy of
ALXN1007, a monoclonal antibody against C5a, in patients with newly diagnosed LGI acute GVHD receiving concomitant
corticosteroid. Twenty-five patients were enrolled; one was excluded from the efficacy analysis based upon negative biopsy. Most
patients (16/25, 64%) had acute leukemia; 52% (13/25) had an HLA-matched unrelated donor; and 68% (17/25) received
myeloablative conditioning. Half the patients (12/24) had a high biomarker profile, Ann Arbor score 3; 42% (10/24) had high-risk
GVHD per Minnesota classification. Day-28 overall response was 58% (13/24 complete response, 1/24 partial response), and 63% by
Day-56 (all complete responses). Day-28 overall response was 50% (5/10) in Minnesota high-risk and 42% (5/12) in high-risk Ann
Arbor patients, increasing to 58% (7/12) by Day-56. Non-relapse mortality at 6-months was 24% (95% Cl 11-53). The most common
treatment-related adverse event was infection (6/25, 24%). Neither baseline complement levels (except for C5), activity, nor
inhibition of C5a with ALXN1007 correlated with GVHD severity or responses. Further studies are needed to evaluate the role of

complement inhibition in GVHD treatment.

Bone Marrow Transplantation (2023) 58:991-999; https://doi.org/10.1038/s41409-023-01996-4

INTRODUCTION

Acute graft-versus-host disease (aGVHD) is one of the most
common complications of allogeneic hematopoietic cell trans-
plantation (HCT) [1-3], occurring in up to 60-75% of patients.
GVHD develops when donor T cells recognize the recipient as
foreign, initiating an immune response that may involve a variety
of organs. Involvement of the lower gastrointestinal (LGI) tract is
observed in ~60% of patients with aGVHD [4].

The standard first-line therapy for aGVHD is high-dose
corticosteroids, although only 25-40% of patients achieve durable
responses [5]. LGl aGVHD is less responsive to steroids than other
organs [6, 7]; and ~75% of patients with stage 3 and 4 LGl GVHD
are steroid-refractory [6]. The addition of immunosuppressants to
steroid therapy, including mycophenolate mofetil [8, 9]; pentos-
tatin [9], denileukin diftitox [9], etanercept [9], daclizumab [10],
anti-interleukin-2 receptor monoclonal antibody [11], infliximab
[12], or anti-thymocyte globulin [13], have not shown additional
benefits in multiple randomized trials. Novel treatments for LGI
aGVHD are therefore needed.

The long-held view is that alloreactive donor cytotoxic
lymphocytes and host antigen-presenting cells (APC) are neces-
sary and sufficient in the pathophysiology of aGVHD [14]; recently,

the complement cascade has also been implicated. The comple-
ment system can be activated via three independent pathways -
classical, alternative and lectin - all of which generate C3
convertase which cleaves C3 into C3a and C3b. The latter binds
other components to form C5 convertase, which cleaves C5 into
C5b and C5a. C5a is a potent anaphylatoxin that recruits
phagocytes to the site of inflammation [15].

Multiple preclinical studies have shown an association between
complement components C3 [16, 17] and C5 [16, 18, 19] and GVHD,
but this has not been systematically investigated in clinical trials. We
previously found C3 deposition (which correlates with C5 activation
[20, 21]in the skin and lip biopsies of patients with cutaneous GVHD
and showed that the inhibition of C3 activation decreased
proliferation of CD4+ and CD8+ T cells and inhibited Th1/Th17
polarization in activated human CD4+ T cells [22]. Other preclinical
studies suggest that antigen-presenting cells synthesize and secrete
complement activation products C3a and C5a locally, which provide
costimulatory signals to effector T cells that express C3a receptor
(C3aR) and C5a receptor (C5aR) on their surfaces [17, 23-25].
Antagonism of C3aR and C5aR dampens T cell alloresponses [25, 26]
and induces functional human Foxp3+ regulatory T cells [18, 27],
which have a protective role against GVHD [28]. Inhibition of C5a
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has been shown to inhibit GVHD in T-cell C5aR knockout mice and
mice treated with C5a inhibitors [18, 25, 29, 30].

ALXN1007 (Alexion, AstraZeneca Rare Disease, Boston, MA, USA)
is a recombinant humanized monoclonal antibody that binds to
C5a and its metabolite C5a%**"9, Preclinical data and data from
phase 1 studies in healthy volunteers suggest that ALXN1007 is
highly specific for its epitope, is a potent antagonist of C5a-
mediated signaling, and depletes levels of circulating C5a (data on
file). ALXN1007 binds to C5a and C5a%***"9 with a high affinity
(affinity dissociation constant [KD] = 60 pM) and to the native full-
length C5 with a lower affinity (KD=5nM) (data on file). Thus,
ALXN1007 may function as a complete antagonist of C5a and
C5a%%""9 and a partial antagonist of C5 in vivo. In this phase 2a
study, we assess the safety, tolerability, pharmacokinetics (PK)/
pharmacodynamics (PD), and efficacy of ALXN1007 in patients
newly diagnosed with LGl aGVHD.

PATIENTS AND METHODS

This was an open-label phase 2a, multicenter, non-randomized study
designed to evaluate the safety, tolerability, PK, PD, and efficacy of
ALXN1007 in patients with LGl aGVHD (Clinicaltrials.gov registry number:
NCT02245412). Patients =18 years of age with LGl aGVHD occurring
within 180 days of HCT and receiving systemic corticosteroids for
<3 days were enrolled. Gastrointestinal (Gl) biopsies were performed
within 7 days of screening, but the biopsy results were not required
before ALXN1007 treatment. Patients receiving other systemic treat-
ments for aGVHD, with absolute neutrophil count <500/uL, signs of
chronic GVHD, active uncontrolled infection, history of HIV, hepatitis B or
C, relapsed or persistent malignancy, recipient of donor lymphocyte
infusion, unresolved hepatic sinusoidal obstruction syndrome, or
creatinine clearance <40 mL/min/1.73 m? were excluded from the study.
This study was conducted in accordance with the Declaration of Helsinki
and all participants provided written informed consent prior to
participation. The research was approved by the relevant institutional
review boards or ethics committees.

Study drug dosing schedule

The study included three sequential cohorts. The first cohort (n=17)
received ALXN1007 10 mg/kg intravenously (IV) once weekly (QW) for
8 weeks. An interim PK/PD modeling performed in 10 patients indicated
that ALXN1007 clearance was about 30% higher than in healthy
volunteers, likely due to protein-losing enteropathy in GI GVHD patients
[31, 32] that can lead to loss of therapeutic proteins [33, 34]. Only 10/15
patients had maximal suppression of C5a (level below the limit of
quantification) lasting for a week after the first dose. Ninety percent
inhibitory concentration (IC90) for C5a suppression was at least 15-fold
higher than in healthy volunteers, presumably due to a higher C5a
formation rate. Simulation-based PK/PD modeling indicated that at a dose
of 20 mg/kg twice weekly (BIW), trough concentrations for ALXN1007
would be at the lower limit of the 90% confidence interval (Cl) and be
above the 1C90 of C5a suppression. A second cohort receiving ALXN1007
20 mg/kg IV QW for 8 weeks (n = 6) was added. After reviewing the safety
and tolerability data on the first 3 patients in cohort 2 by Day 28 and based
on the modeled PK/PD data from both cohorts, a third cohort of ALXN1007
20 mg/kg IV BIW for 8 weeks was added. The study planned for enrollment
of up to 36 patients, with a maximum of 18 patients in cohort 1 and 3-6
patients in each subsequent cohort (maximum dose 40 mg/kg/week for
8 weeks). After 25 patients were enrolled (17 in cohort 1, 6 in cohort 2, and
2 in cohort 3), the study was terminated early at the Sponsor’s discretion.

Drug administration, concurrent medications, and supportive
care

ALXN1007 solution in 0.9% sodium chloride was administered via an IV
infusion over 60+ 10min (10 mg/kg dose) or 120+ 10min (20 mg/kg
dose). All patients received corticosteroids at a suggested starting dose of
prednisone (or methylprednisolone equivalent) 2 mg/kg/day, with a taper
as per institutional practices. Before starting ALXN1007, all patients were
required to receive prophylaxis against encapsulated organisms (including
N. meningitidis), which was continued until six weeks after the last dose.
Other prophylactic antimicrobials as well as pre-emptive monitoring and
treatment for cytomegalovirus (CMV) followed institutional practices.
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Assessed for eligibility (n = 36)

Excluded (n = 11)
Not meeting inclusion criteria (n = 10)
Other (n=1)

h 4

Enrolled (n = 25)

Received treatment (n = 25)

Discontinued treatment (n = 8)
Physician decision (n = 2)
Withdrawal by patient (n = 2)
GVHD not confirmed on biopsy (n= 1)
Death (n=2)
Other (n=1)

A 4

Included in efficacy analysis (n = 24)
Excluded from analysis (n=1)
GVHD not confirmed on biopsy (n= 1)

Fig. 1 Eligibility, randomization, and follow-up. A total of 36
patients were screened for eligibility. Eleven were excluded mainly
for not meeting inclusion criteria (n = 10). A total of 25 patients were
enrolled and received treatment. Eight discontinued treatment due
to physician decision (2), patient withdrawal (2), GVHD not
confirmed by biopsy (1), death (2), and other (1). A total of 24 of
the 25 enrolled patients were included in efficacy analysis with 1
patient removed from analysis after receiving 1 dose and biopsy
result confirming an alternative diagnosis.

Endpoints

The primary safety endpoint was the incidence and severity of adverse
events (AEs), graded as per the National Cancer Institute Common
Terminology Criteria for Adverse Events (version 4.03). The primary efficacy
endpoint was the LGl aGVHD overall response rate by Day 28, defined as the
proportion of patients achieving either complete (CR) or partial response
(PR). Secondary efficacy endpoints included LGl aGVHD overall response rate,
and CR, PR, no response (NR) by Day 56. Responses [35] and staging [36]
were assessed as per standard criteria. Non-relapse mortality, progression-
free survival, and overall survival at 1 year were also evaluated. The protocol
was written prior to the development of the consortium criteria for aGVHD
[37] and therefore, used the accepted criteria at the time [36]. Also, apart
from the ability to estimate stool output based on number of episodes
per day and the inclusion of severe pain/ frank blood as stage 4, staging
between these two methods are comparable. Using the consortium criteria
for aGVHD may in fact result in up staging this population and thus does not
distract from the findings as presented. Patients who received second-line
therapies were considered treatment failures. Response to additional lines of
therapy were not collected in this multicenter trial.

Correlative analysis

Pharmacokinetic parameters included Cpay Ciroughs time to maximum
observed concentration in plasma (tna), area under the plasma
concentration, time curve from time 0 to 168 h (AUCq.16g), and apparent
linear phase half-life (t,,). Pharmacodynamic analyses included changes in
C5 and C5a levels from baseline determined by an enzyme-linked
immunosorbent (ELISA) assay. A limited number of samples were also
assayed for complement activity using the 50% hemolytic complement
(CH50) assay, which measured the capacity of the patient serum to lyse
chicken red blood cells. The assay is sensitive to reduction of any
complement component, and thus a marker of functional activity of both
classical and terminal pathways. Undetectable CH50 activity was defined as
CH50<20% of normal values [38]. Plasma for three GVHD-related
biomarkers - soluble tumor necrosis factor receptor 1 (STNFR1), suppressor
of tumorigenicity 2 (ST2), and regenerating islet-derived protein 3 alpha
(REG3a) were also collected to determine baseline Ann Arbor (AA) scores

Bone Marrow Transplantation (2023) 58:991 - 999
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Table 1. Baseline characteristics.

Age at HCT

Gender, n (%)
Female

Male

Gender mismatch, n (%)
Female-to-male
Unknown

Disease, n (%)°

AML

ALL

Chronic leukemia
MDS

PMF

Others®

Donor, n (%)
HLA-matched related
HLA-matched unrelated
Cord blood
HLA-mismatched related
Graft source
Peripheral Blood
Bone Marrow

Cord Blood
Conditioning
Myeloablative
NMA/RIC

GVHD prophylaxis
CNI

CNI + MTX

CNI + MMF + other
Other

Prophylactic in vivo T cell depletion

GVHD stage, by organ
LGl, n (%)
1

2

3

4

Missing
UG, n (%)
0

1

Missing
Skin, n (%)
0

1

2

3

Missing

Bone Marrow Transplantation (2023) 58:991 - 999

Study population

Cohort 1

10 mg/kg weekly
N=17

60 (25-69)

8 (47)
9 (53)

2(12)
4 (24)

8 (47)
3 (18)
0 (0)

4 (24)
2(12)
3(18)

4 (24)
8 (47)
4 (24)
1 (6)

13 (76)
0
4 (24)

11 (65)
6 (25)

5(29)
3 (18)
9 (53)
0

2(12)

9 (53)
2(12)
5 (29)
0
1(6)

5(29)
11(65)
1(6)

11 (65)
1(6)
3(18)
1 (6)
1(6)

Cohort 2

20 mg/kg weekly
N=6

46 (36-70)

2 (33)
4 (67)

1(17)
1(17)

2 (33)
2 (33)
2 (34)
0 (0)
2 (33)
0 (0)

1(17)
3 (50)
1(17)
1(17)

4 (67)
1(17)
1(17)

4 (67)
2 (33)

1(17)
3 (50)
2 (33)

107
1017
3 (50
1017

2 (33)
4 (67)

6 (100)
0

0
0
0

Cohort 3

20 mg/kg twice weekly
N=2

69 & 72

1 (50)
1 (50)

0 (0)
1 (50)
0 (0)
0 (0)
0 (0)
1 (50)

2 (100)

1 (50)
1 (50)

2 (100)

1 (50)

1 (50)
1 (50)

SPRINGER NATURE

Total

N=25
60 (25-72)

11 (44)
14 (56)

3(12)
5 (20)

10 (40)
6 (24)
2 (8)
4 (16)
4 (16)
4 (16)

5 (20)

13 (52)
5 (20)
2 (8)

18 (72)
2 (8)
5 (20)

17 (68)
8 (32)

6 (24)
4 (16)
12 (48)
3(12)
3(12)

11 (44)
3(12)
8 (32)
2 (8)
1(4)

7 (28)
17 (68)
1(4)

17 (68)
2 (8)
4 (16)
1(4)
1(4)
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Table 1. continued

Study population

Cohort 1 Cohort 2 Cohort 3 Total

10 mg/kg weekly 20 mg/kg weekly 20 mg/kg twice weekly

N=17 N=6 N=2 N=25
GVHD grade®
Il 9 (53) 1017) 1 (50) 11 (44))
LI} 7 (47) 5 (83) 1 (50) 13 (52)
Not confirmed 1(6) 0 0 1(4)
Ann Arbor score®
1 1 (6) 0 1(4)
2 6 (38) 3 (50) 0 9 (37)
3 7 (44) 3 (50) 2 (100) 12 (50)
Missing 2 (13) 0 2 (8)
Minnesota risk®
Standard 11 (69) 2 (33) 1 (50) 14 (58)
High 5(31) 4 (67) 1 (50) 10 (42)
Time from HCT to LGl GVHD, days, median (range) 50 (30-184) 38(16-76) 30 & 75 48(16-184)
Time from HCT to ALXN treatment, days, median 48 (26-181) 37.5 (17-73) 29 & 73 48 (17-181)
(range)
Treatment duration®, days, median (range) 49 (1-51) 25.5 (8-53) 12 & 20 42 (1-53)
Follow-up, median (range), in months 11.7 (0.2-12.7) 8.6 (1.3-9.2) 27 & 27 9.2 (0.2-12.7)

AML acute myeloid leukemia, ALL acute lymphocytic leukemia, CML chronic myeloid leukemia, CMML chronic myelomonocytic leukemia, CNI calcineurin
inhibitor, GVHD graft-versus-host disease, HCT hematopoietic stem cell transplantation, HLA human leucocyte antigen, LG/ lower gastrointestinal tract, MDS
myelodysplastic syndrome, MMF mycophenolate mofetil, MTX methotrexate, NMA non-myeloablative, PMF primary myelofibrosis, RIC reduced intensity

conditioning, UGI upper gastrointestinal tract.

2Some patients had more than one diagnosis; therefore, total exceeds 100%.

PAplastic anemia, Lymphoma, Multiple Myeloma.

“Includes patients with biopsy confirmed GI GVHD only (n = 24). Among patients with AA score 3, equal numbers had stage 3-4 (n = 6) and stage 1-2 (n = 6)
LGl GVHD. Among patients with AA score 1-2, four had stage 3-4 and six had stage 1-2 LGl GVHD.

90One patient’s biopsy did not confirm Gl GVHD.
€First to last exposure to ALXN1007.
fDays from study consent (cases) to last follow-up in surviving patients.

[39]. Patients with AA scores 1 and 2 were categorized as a standard-risk
and an AA score of 3 as high-risk.

Statistical analysis
A stopping rule for excess mortality by Day 56 was applied after every six
patients. A mortality rate of 40% by Day 56 was considered unacceptable
as compared to the historical rate of ~20%. The study was to be stopped at
an interim evaluation (t) if the number of deaths was =Xt, as detailed in
Supplementary Table S1. Patients who received at least 1 dose of
ALXN1007 were included in the safety analyses. Efficacy analyses were
done on a per-protocol basis, and patients with biopsy-confirmed LGl
GVHD who received at least 1 dose of ALXN1007 were included.
Non-compartmental PK methods were used to estimate parameters of
interest. Descriptive analyses were performed to summarize baseline
characteristics. All outcomes were measured from the first day of
ALXN1007 administration. The cumulative incidence of non-relapse
mortality was determined using relapse as a competing risk. Overall
survival was estimated using the Kaplan-Meier method. Competing risk
regression analysis was used to evaluate predictors of response by Day 28
and 56 using relapse/progression of the underlying malignancy at Day 28
and 56 as competing risk. Statistical analyses were performed using STATA
14 (StataCorp. 2015. Stata Statistical Software: Release 14. College Station,
TX: StataCorp L) and significance was set at P < 0.05.

RESULTS

Patient characteristics

Between November 14, 2014 and December 6, 2016, 36 patients
were screened (Fig. 1). Eleven patients failed screening (positive

SPRINGER NATURE

Clostridium difficile test [n = 4], participation in another trial [n = 2],
no corticosteroid treatment [n = 2], patient unwilling to undergo
biopsy to confirm GVHD [n=2], other [n=1]). Twenty-five
patients met the eligibility criteria and were enrolled (safety
analysis set). One patient in cohort 1 was excluded from the
efficacy analysis (n = 24) after receiving one dose of ALXN1007;
GVHD was not confirmed on biopsy.

Overall, the median age was 60 years (range, 25-72) and 56% of
patients were male (Table 1). Most patients had acute myeloid
leukemia (10/25, 40%) or acute lymphocytic leukemia (6/25, 24%).
About half of the patients (13/25, 52%) had a human leukocyte
antigen matched unrelated donor. Sixty-eight percent of patients
(17/25) had received myeloablative conditioning and 72% (18/25)
a peripheral blood graft. Twelve patients received calcineurin
inhibitor and mycophenolate mofetil-based GVHD prophylaxis.
About half had stage 3-4 LGl GVHD (10/25) and AA score 3 (12/
25), and 42% (10/24) had high-risk GVHD per Minnesota
classification [40]. The median time from HCT to LGl GVHD was
48 days (range, 16-184). The median follow-up was 9.2 months
(range 0.2-12.7).

Safety/toxicity

Sixty-eight percent (17/25; cohort 1 [n=12], cohort 2 [n=3],
cohort 3 [n = 2]) completed 8 weeks of treatment. No scheduled
infusions were interrupted. All patients experienced at least one
AE. AEs were considered possibly ALXN1007-related in 12
patients (48%). The most frequent ALXN1007-related AE was

Bone Marrow Transplantation (2023) 58:991 - 999
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Table 2. AEs related to ALXN1007 treatment.

10 mg/kg QW (N=17)
N (%)

7 (41)

4 (24)

1 (6)

1 (6)

Patients with events
Infections
Adenovirus (grade 2)

Bronchopulmonary
Aspergillosis (grade 3)

1(6)

Cytomegalovirus 0
Infection (grade 3)

Corona virus (grade 3)

1(6)
2(12)

Cystitis, viral (grade 2)

Epstein—Barr virus
Infection (grade 3)

Epstein-Barr viremia (grade 4) 0

1(6)
1(6)
1 (6)

Herpes colitis (grade 2)
Influenza (grade 3)

Respiratory syncytial
virus infection® (grade 3)
Sinusitis (grade 2) 1(6)
Other

Hypersensitivity (grade 2)
Chills (grade 1)

Infusion reaction (grade 2)

1 (6)
1 (6)
1 (6)
1(6)
1 (6)
Visual impairment (grade 1) 0

Influenza-like illness® (grade 3)
Tremors (grade 2)

Vulvovaginal discomfort (grade 1) 0
Hyperbilirubinemia (grade 1) 0
BIW twice weekly, QW once weekly.

20 mg/kg QW (N = 6) 20 mg/kg BIW (N = 2) Total (N = 25)
N (%) N (%) N (%)
4 (67) 1 (50) 12 (48)
1(17) 1 (50) 6 (24)
0 0 14
0 0 14
0 0 1(4)
1017) 0 1 (4)
0 0 1(4)
0 2 (8)
0 1 (50) 1(4)
0 0 1(4)
0 0 1(4)
0 0 14
0 0 1(4)
0 0 14
0 0 14
0 0 14
0 0 14
0 0 1(4)
1(17) 0 1(4)
1(17) 0 1(4)
1(17) 0 1(4)

Serious adverse event (SAE) were adverse events that resulted in death, hospitalization, significant disability, or were considered as an important event based

on medical judgment.

Table 3. Acute LGI GVHD responses at day 28 and 56.

Complete response
Partial response
No response
Progression

Day 56 response
Day 28 response Complete response

Complete Response 13 (100%)

Partial Response 0 (0%)
No Response 2 (28.6%)
Progression 0 (0%)

Note: percentages are calculated based on Day 28 response categories.

infection (6/25, 24%), including CMV (n = 1), Epstein-Barr virus
(n = 3) and bronchopulmonary aspergillosis (n = 1). Two patients
experienced three ALXN1007-related serious AES (two respira-
tory syncytial virus infections, one influenza-like illness) (Table 2).
There were no ALXN1007-related deaths. Ten patients (40%)
died during the study period at a median of 110 days (range,
22-316), due to underlying disease relapse (n = 4), GVHD (n = 4),

Bone Marrow Transplantation (2023) 58:991 - 999

Day 28 Day 56

N=24 (%) N=24 (%)
13 54 15 63
1 4 0 0

7 29 4 17
3 13 5 21

Partial response No response Progression

0 (0%) 0 (0%) 0 (0%)
0 (0%) 1 (100%) 0 (0%)
0 (0%) 3 (42.9%) 2 (28.6%)
0 (0%) 0 (0%) 3 (100%)

or other causes (one aspiration pneumonia-related respiratory
failure, and one ascites).

GVHD response and other outcomes

In the primary efficacy analysis, 14/24 patients (58%) had an
overall response with 13 (54%) CR and 1 (4%) PR at Day 28. Seven
patients (29%) had NR and 3 (13%) had GVHD progression. All

SPRINGER NATURE
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patients (100%) who attained CR by Day 28 had a durable
response and remained in CR at Day 56. Additionally, two patients
with NR by Day 28 attained CR by Day 56. Thus, Day 56 overall
response was 63% (15/24) with all 15 patients having CR (Table 3).

700 C5
600
500

400

ng/mL

300

200

100

Responders (CR/PR)
n=11

Non-responders
n=8

3.5 Cb5a

3.0

25

20

ng/mL

1.5

1.0

0.5

0.0
Responders (CR/PR)

n=11

Non-responders
n=8

Fig. 2 Baseline levels of C5 and C5a stratified by response at Day
28. Baseline levels for C5 and C5a were measured in 19 and 20
patients, respectively. C5 complement protein 5, C5a complement
protein 5a, CR complete response, PR partial response.

Overall survival

Progression-free survival

Day 28 overall response was 50% (4/10 CR, 1/10 PR) among
Minnesota high-risk patients and 50% (4/10 CR, 1/10 PR) patients
with stage 3-4 LGl aGVHD. In patients with high-risk AA score, the
overall response was 42% (5/12, all CR) at Day 28 which increased
to 58% (7/12, all CR) by Day 56. Among patients with standard-risk
AA, 80% had an overall response (7/10 CR, 1/10 PR) by Day 28 and
70% (7/10 CR, 0/10 PR) by Day 56 (Supplementary Table S2). In
univariate analysis (including age, gender-mismatch, donor type,
graft source, GVHD prophylaxis, treatment cohort, LGl GVHD stage,
AA score, baseline C5 and C5a levels), we found no significant
predictors of overall response except baseline C5 (Supplementary
Table S3). Patients with baseline C5 levels lower than the median
had a superior OR rate as compared to those with the higher
levels (80% vs 33%, P = 0.04), at Day 28 but not at Day 56. Baseline
C5a level had no impact on the GVHD response. The median
baseline C5 level in patients who achieved CR or PR at day 28
(n=11) was 121 pg/mL (range 81.3-561) vs 143 pg/mL (range
81.4-613) in those who did not (n=38) (Fig. 2). The median
baseline C5a level in patients who achieved CR or PR at day 28
(n=11) was 0.68ng/mL (range 0.3-2.4) vs 0.68 ng/mL (range
0.2-3.3) in those who did not (n=9) (Fig. 2).

The cumulative incidence of non-relapse mortality by Day 180
was 24% (95% Cl, 11-53). One year post-HCT, the estimated
progression-free survival was 45% (95% Cl, 22-65), overall survival
was 49% (95% Cl, 25-69), and non-relapse mortality was 31% (95%
Cl, 12-52) (Fig. 3 and Supplementary Table S4).

PK, PD, and correlative analyses

Plasma free ALXN1007 exposure increased with increasing dose
from 10 to 20 mg/kg QW (AUC ratio = 2.0, Cax ratio=2.0) as
predicted by modeling. The t;,, of ALXN1007 was 84 h (cohort 1)
and 172 h (cohort 2) (Supplementary Table S5).

At baseline, 9/12 (75%) patients had detectable complement
activity (CH50 > 20%; range 28.7-93.8%). After one dose, 5/7
tested patients achieved complement activity (CH50) < 20% within
24 h of infusion. All three biomarkers (sTNFR1, ST2 and REG3q)
were elevated at baseline in 22 patients (data not shown). The
median baseline free plasma C3, C4, and C5 levels did not differ
significantly by the LGI aGVHD severity (Supplementary Table S6).

The median baseline free plasma C5a level (n =20) was 0.68
(range, 0.2-3.3) ng/mL. Free plasma C5a inhibition increased with
20 mg/kg QW compared to 10 mg/kg QW dose. By the end of the
first infusion, C5a was undetectable in 21/23 (91%) patients; one
patient each in cohorts 1 and 2 had detectable C5a. By Day 7, 18/
23 (78%) patients had undetectable C5a; it was detectable in five
patients (all in cohort 1), of whom four previously had an
undetectable C5a level. In cohort 3, one patient had high baseline

Non-relapse mortality
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Fig. 3 Overall survival, progression-free survival, and non-relapse mortality over 12 months.
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C5a (3.29 ng/mL) and needed two doses to make C5a undetect-
able. The second patient in cohort 3 had a low baseline C5a value
(0.938ng/mL), which became and remained undetectable
throughout the dosing period. Among patients with undetectable
C5a by Day 7 (18/23), 10 (56%) attained CR or PR by Day 28. The
five patients with detectable C5a (all cohort 1) attained CR or PR
by Day 28.

DISCUSSION

This prospective phase 2a study demonstrated that ALXN1007 is
safe and potentially effective when added to systemic corticoster-
oids for the treatment of LGl aGVHD. Patients on treatment with
ALXN1007 and corticosteroids experience a similar proportion of
treatment-related AEs as that reported in patients with aGVHD
receiving corticosteroid treatment alone (48% vs ~50% [41]. The
most frequent AEs related to ALXN1007 were infections (n =6,
24%), mostly viral, including CMV (n = 1) and Epstein-Barr virus
(n=3), and one bronchopulmonary aspergillosis. The safety of
ALXN1007 is further supported by the 6-month non-relapse
mortality rate, which was 24.0% in our study that included
predominantly patients with an AA score 2 or 3 (a group with a
predicted non-relapse mortality rate of 27% and 46%, respec-
tively) [39].

Published data suggest that only about half of the patients with
grade lI-IV aGVHD respond to steroids [7-9, 42, 43], and that
patients with LGl aGVHD are even less likely to respond, with an
expected response rate of about 40% [7]. Generally, only about
25% of the patients with stage 3-4 LGl aGVHD respond by Day 14
of steroids and another 25% require additional therapy to attain
response. About half of those who do attain a response will
eventually have a flare of GVHD [6]. The overall response by Day
28 in our study was 58% and CRs at Day 28 were sustained
through Day 56 in all patients (13/13). Overall response by Day 28
was 50% (5/10) in patients with stage 3-4 LGl aGVHD and 50% (5/
10) in Minnesota high-risk group, slightly higher than the
predicted overall response of 44% [40]. Comparable to other
upfront trials [44], the number of patients with stage 3-4 LGI
aGVHD in our study was 10/25. Due to the relatively small sample
size, the day 28 CR (50%) needs to be interpreted cautiously in
comparison to the published response rate for high risk acute
GVHD (~45%). Similarly, as compared to the predicted CR rate of
25-30% in patients with high-risk AA score 3 [39], 40% (4/10) in
our study achieved a CR by Day 28 and 56. These results are
encouraging considering prior data suggesting a lack of durable
responses in most patients with LGl aGVHD. For instance, it has
been previously been reported that only 13% of patients with AA
scores 3 exhibit a response at 6-months [39]. Higher responses
(75% by Day 28) were reported in a trial evaluating natalizumab,
an alpha integrin monoclonal antibody [44].

We prospectively examined the role of complement and its
activity in patients with LGl aGVHD - a concept that until now has
not been studied in a clinical setting, despite a multitude of
preclinical data suggesting that targeting C3 or C5 complement
components may ameliorate GVHD [17-19, 22-25, 27-29]. Focal or
diffuse C4d deposition has been noted in colonic biopsies of
patients with acute [45] or chronic [45, 46] GVHD [45]. One study
noted activation of classical complement pathway post-HCT in
44% of the patients, as measured by at least 50% reduction in C3
and C4 levels, which correlated with the development of GI GVHD
[47]. In contrast, and corroborating data from other studies
[48, 49], a majority of patients in our study had normal C3 (17/24,
71%) and C4 (20/24, 83%) levels at baseline and detectable
complement activity (CH50 > 20%; 9/12 [75%]). This suggests that
systemic complement activation is unlikely in the majority of
patients with LGl aGVHD, although, as acute phase reactants, the
measured levels may not be a true reflection of complement
pathway activity. Also, the baseline C3, C4 and C5 levels in our
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study did not correlate with the severity of LGl aGVHD. Low
baseline C5 level was associated with improved responses at day
28 but not at day 56. Moreover, neither the baseline C5a level, nor
C5a suppression to undetectable levels by ALXN1007 correlated
with responses. Although C5a declined to undetectable levels in
21/23 patients (91%) immediately after the first dose, this
inhibition was lost in 23% of patients by Day 7, all from cohort
1, suggesting that a higher dose was required to inhibit the
ongoing production of C5a. In cohort 2, 83.3% of patients had
undetectable C5a levels immediately after the first infusion
sustained through 72 h post-infusion, and C5a was undetectable
in all patients by Day 7. Yet, only 50% of patients had CR/PR by
Day 28. No firm conclusions can be made from these findings,
which should be interpreted with caution given a relatively small
number of patients in these subgroups.

The poor correlation between C5a inhibition and GVHD
response may be explained by several factors. Previous studies
indicate that C5a can be generated in the absence of C3 by
serine proteases such as thrombin, independent of general
complement activation [50, 51], and also secreted locally by
APCs, which provide costimulatory signals for effector T cells
carrying C5a receptors [23, 24]. Studies in patients with
inflammatory bowel disease provide further evidence for local
complement activation at the luminal surface of the epithelium,
which occurs partly due to mucosal synthesis of complement
components [52-56]. Although we monitored systemic C5a
levels, it is unclear how these correlate with locally produced
C5a. Monitoring local complement components via novel fecal
studies could provide a more specific analysis of the mucosal
complement activity. Additionally, it is hypothetically possible
that even low levels (below the detection limit of the assay;
0.156 ng/mL) of the potent anaphylatoxin C5a, may contribute
to the ongoing inflammatory damage. Also, C5a%**"9 which also
has signaling activity, although at a lower potency at both C5a
receptors [57, 58], was not measured in this study. Therefore, it is
possible that there is incomplete inhibition of C5a%A™ in
patients with LGl aGVHD treated with ALXN1007, and that false-
positive C5a levels were detected using the ELISA assay [59].
Obtaining a false undetectable level is also possible due to the
short half-life of C5a (<1 min) [60].

CONCLUSION

Overall, ALXN1007 was safe, well tolerated, and without any
added risk of infections, non-relapse mortality or relapse of the
underlying malignancy in patients with LGl aGVHD when
ALXN1007 was given in combination with corticosteroids. The
complete response rate of 63% by Day 56 for patients with LGI
GVHD is encouraging and merits further study in controlled
clinical trials. Systemic complement baseline levels (except C5),
complement activity, and the inhibition of C5a with ALXN1007 did
not correlate with GVHD severity or responses. Further studies
examining the role of the complement pathway in the pathophy-
siology of aGVHD as well as examining targets of inhibition are
justified.
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