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Abstract

Aim: To evaluate the ability of ladarixin (LDX, 400 mg twice-daily for three cycles of
14 days on/14 days off), an inhibitor of the CXCR1/2 chemokine receptors, to main-
tain C-peptide production in adult patients with newly diagnosed type 1 diabetes.
Materials and Methods: A double-blind, randomized (2:1), placebo-controlled study
was conducted in 45 males and 31 females (aged 18-46 years) within 100 days of
the first insulin administration. The primary endpoint was the area under the
curve (AUC) for C-peptide in response to a 2-hour mixed meal tolerance test
(AUCip-120 min) at week 13#1. Secondary endpoints included C-peptide
AUC(15-120 miny HbAlc, daily insulin requirement, severe hypoglycaemic events
(SHE), the proportion of subjects achieving HbA1c less than 7.0% without SHE
and maintaining a residual beta cell function. Follow-up assessments were sched-
uled at weeks 13+ 1,26 +2 and 52 £ 2.

Results: In total, 26/26 (100%, placebo) and 49/50 (98%, LDX) patients com-
pleted week 13. The mean change from baseline to week 13 in C-peptide
AUC0-120 min) Was —0.144 £ 0.449 nmol/L with placebo and 0.003 +.322 nmol/L
with LDX. The difference was not significant (0.149 nmol/L, 95% Cl —0.04 to
0.33; P = .122). At week 26, the proportion of patients with HbA1c less than
7.0% without SHE was transiently higher in the LDX group (81% vs. 54%,
P = .024). Otherwise, no significant secondary endpoint differences were noted.
Transient metabolic benefit was seen at week 26 in favour of the LDX group in
the prespecified subpopulation with fasting C-peptide less than the median value
at screening.

Conclusions: In newly diagnosed patients with type 1 diabetes, short-term LDX treat-

ment had no appreciable effect on preserving residual beta cell function.
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1 | INTRODUCTION

Type 1 diabetes is an immune-mediated chronic disease resulting in
progressive failure of pancreatic beta cells. Despite important
improvements in diabetes care in recent decades, type 1 diabetes
results in short-* and long-term complications and is one of the lead-
ing causes of cardiovascular diseases, end-stage renal disease, blind-
ness and amputations.? Despite more than 2 decades of efforts and
dozens of clinical trials with a variety of immune and non-immune
interventions, only six immunotherapies mainly targeting the adaptive
lymphocyte-mediated attack of beta cells have been shown to pre-
serve insulin secretion in stage 3 type 1 diabetes (teplizumab,’
otelixizumab,? rituximab,” abatacept,® low-dose antithymocyte globu-
lin” and alefacept®) and teplizumab have been shown to delay the
onset of stage 2 disease.” Type 1 diabetes is generally depicted as a
beta cell-specific T cell-mediated autoimmune disease, with an associ-

ated non-beta cell-specific inflammatory component.©

Not surpris-
ingly, some randomized controlled trials targeting innate immune
mediators (such as tumour necrosis factor alpha [TNFal, interleukin
[IL]-1 and IL-6R) have been conducted.'**® Neutrophils were pro-
posed as relevant players in the pathogenesis of type 1 diabetes.*
Pancreas-infiltrating neutrophils were observed at the level of very
small blood vessels in the exocrine pancreas of multiorgan donors
with type 1 diabetes (both at onset and at later stages of the disease),
but not in those of multiorgan non-diabetic donors or donors with
type 2 diabetes.!® A tissue-specific pathogenic role of these pancreas-
infiltrating neutrophils is suggested by their ability to extrude neutro-
phil extracellular traps.*® Moreover, a mild but significant and repro-
ducible peripheral neutropenia both precedes and parallels the onset
of type 1 diabetes.” Blood neutrophils in type 1 diabetes revealed a
unique molecular signature that is distinguished by an overabundance
of interferon (IFN)-associated genes; despite being healthy, said signa-
ture is already present in type 1 diabetes-autoantibody-negative at-
risk subjects.’® The role of neutrophils in the pathogenesis of type
1 diabetes has also emerged as pivotal in non-obese diabetic (NOD)
mice. Diana et al. showed that neutrophils, lymphocytes B-1a and
plasmacytoid dendritic cells are involved in the initiation of the diabe-
togenic T cell response and autoimmune diabetes development.t”
Moreover, chemokine ligand 8 (CXCL8), commonly called IL-8,
appears to be an important mediator in the progression of type 1 dia-
betes, modulating neutrophil trafficking and recruitment through spe-
cific CXCR1 and CXCR2 receptors.'® Indeed, we showed that the
inhibition of the neutrophil recruitment by ladarixin (LDX), an alloste-
ric inhibitor of the IL-8 receptors CXCR1/CXCR2,'? could prevent and
revert the hyperglycaemia in NOD mice. This evidence provided the
basis for this phase 2 safety and efficacy study of LDX in newly diag-
nosed type 1 diabetes patients, testing the ability of the drug to pre-
serve beta cell function and delay further disease progression.

2 | MATERIALS AND METHODS

21 | Study design and patients

This phase 2 clinical trial was registered with ClinicalTrials.gov
(NCT02814838) and conducted in compliance with all applicable reg-
ulatory requirements. This was a multicentre, randomized, double-
blind, parallel-assignment study conducted at eight European Union
centres (four in Italy, two in Germany and two in Belgium) in newly
diagnosed type 1 diabetes patients. Because there were no data avail-
able to estimate the effect size of LDX in patients with type 1 diabe-
tes, the sample size for this study was based on figures provided by
Lachin et al.,?° considering an adult population (aged >18 years) and
the log(x + 1)-transformed C-peptide area under the curve (AUC) from
the mixed meal tolerance test (MMTT), initially selected by TrialNet as
the appropriate transformation. With these assumptions, it was
planned for 72 patients to be included in the trial, to provide 85%
power to detect a 50% between-group difference (¢ = .05, one-sided)
in the 2-hour MMTT C-peptide AUC(p-120 min), @ssuming a 24% drop-
out rate. As a minimum, the inclusion criteria included: age 18 to 45
years, new-onset (randomization within 100 days of the first insulin
administration) type 1 diabetes confirmed by at least one positive
diabetes-related autoantibody (anti-GAD [GADA], anti-insulin [IAA],
anti-1A-2 [IA-2A] or anti-ZnT8 [ZnT8A]), insulin requirement at some
time and residual beta cell function as per peak stimulated (MMTT) C-
peptide level of more than 0.2 nmol/L. Exclusion criteria included: the
patient taking premixed insulin or on an insulin pump, creatinine clear-
ance less than 60 ml/min, alanine aminotransferase (ALT)/aspartate
aminotransferase (AST) more than three times the upper limit of nor-
mal and total bilirubin of more than 3 mg/dl, hypoalbuminaemia
(serum albumin <3 g/dl), the corrected QT interval by Fredericia
(QTcF) of more than 470 ms, as well as other significant co-morbid
conditions or administration of concomitant medications that could

have biased the efficacy outcome/readout.

2.2 | Study treatment, randomization and masking

Patients received hard gelatine capsules of either LDX at a dose of
400 mg twice-daily for three cycles of 14 days on/14 days off, or pla-
cebo (same schedule), according to their randomization number
(Figure S1). LDX inhibits neutrophil (PMN) migration in vitro with a
maximal inhibitory concentration (IC50) in the range of 1 ng/ml, as per
preclinical data. Pharmacokinetics trials in humans have established that
the 400-mg dose provides an average steady state plasma concentra-
tion of the LDX unbound fraction of about 100 to 150 ng/ml. As a con-
sequence, the 400-mg dose was selected to ensure full inhibition of

PMN migration. The two daily doses were administered orally in the
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morning and in the evening, 2 hours apart from breakfast and dinner,
respectively. An independent statistician generated the master ran-
domization list, balancing LDX and placebo in a 2:1 fashion within
each centre. Individual treatment codes were provided as sealed
envelopes to the investigators and sponsor pharmacovigilance for
emergency/safety purposes. To maintain blindness, the appearance of
the capsules, including packaging and labelling, did not allow the rec-

ognition of the actual treatment (either LDX or placebo).

2.3 | Procedures and endpoints

Patients enrolled in this trial were admitted to intensive diabetes man-

recommendation, to ensure optimal glycaemic control. Insulin therapy
was based on multiple daily insulin injections. Patients were instructed
to self-monitor (finger-stick) their glucose values at least four times
per day to allow insulin to be titrated up or down to the following tar-
gets: preprandial blood glucose of 70 to 130 mg/dl, postprandial blood
glucose of less than 180 mg/dl and bedtime blood glucose of 110 to
150 mg/dl, consistent with an overall target of HbAlc less than 7%.
Screening included evaluation of medical history and disease-specific
clinical information, including the date of first insulin administration
and autoantibody status (at least one positive among GADA; IAA, if
obtained within 10 days of insulin therapy; IA-2A and ZnT8A), to con-
firm the diagnosis of type 1 diabetes. Baseline daily insulin require-
ment, HbAlc, C-peptide and glucose from the MMTT were assessed

within 3 weeks before randomization. Follow-up assessments were

-2 had a low C pep concentration (<0.02nmol/l)
- 2 had concomitant disease/prohibited medication

26 assigned to placebo and
included in ITT analysis

26 completed week 13 and
were included in primary
outcome assessment

25 completed week 26

25 completed week 52

agement, according to the American Diabetes Association
85 patients were assessed for eligibility
9 not randomized
- 5 had no antibodies
—» | -3>100d from firstinsulin
| 76 underwent randomization
50 assigned to ladarixin and
included in ITT analysis
1 did not receive treatment
because of consent withdrawal
49 completed week 13 and
were included in primary
outcome assessment
[ 1 consent withdrawal
49 completed week 26
1 lost to follow-up ]
48 completed week 52
FIGURE 1 Enrolment, randomization and follow-up of study participants. From August 2016 to May 2018, 85 new-onset type 1 diabetes

patients were assessed for eligibility and 76 were randomized. All randomized patients were included in the intention-to-treat (ITT) cohort



PIEMONTI eT AL

WILEY_| %%

scheduled at weeks 13 +1 (month 3), 26 +2 (month 6) and 52+2
(month 12) from the beginning of treatment. The prespecified primary
outcome was the AUC for the serum C-peptide level during 2 hours
(AUC(0-120 min)) Of an MMTT at weeks 13 £ 1. Secondary endpoints
included MMTT C-peptide increase above fasting values (AUC(15.120
ming), HbAlc, daily insulin requirement, severe hypoglycaemic events
(SHE), the proportion of subjects achieving an HbA1c of less than
7.0% without SHE and the proportion of patients maintaining a resid-
ual beta cell function (defined as at least one MMTT C-peptide value
20.2 nmol/L). The incidence of treatment-emergent adverse events
(TEAES), vital signs and standard laboratory variables (haematology
and clinical chemistry) were specific safety endpoints.

2.4 | Statistical analysis

Data are presented as mean +standard deviation (SD) or median,
according to their distribution. All the AUC analyses were based on
actual rather than scheduled timings and were calculated using the
trapezoidal rule. Analyses were performed according to the intention-
to-treat (ITT) principle; all statistical tests were performed one-sided
with a = .05, unless otherwise specified. The AUC(o.120 min) after the
MMTT at week 13+1 was transformed as log(x + 1) values; trans-
formed AUC was analysed with an analysis of covariance (ANCOVA)
model adjusting for sex, baseline age and baseline C-peptide AUC(g.120
min) @nd unpaired t test. The comparisons between treatment groups on
log(x + 1)-transformed AUCp.120 miny % change from baseline of
AUC(0-120 min), average daily insulin requirement and HbA1c value, were
carried out using a mixed linear model with treatment group, visit and
treatment by visit interaction as fixed factors of the model and patient
as a random effect. Number and proportion along the 95% ClI
(Clopper-Pearson’s formula) of patients with HbA1c less than 7% and
absence of SHE from the previous visit were calculated for each time
point. The comparison between the two study treatment groups was
performed by means of a Fisher’s exact text at each time point. Alter-
native approaches were explored, including subset analysis and AUC

geometric mean ratios, as described in the sections below.

2.5 | Study approval

The protocol, protocol amendments and consent documents were

approved by the appropriate ethics committees. All participants pro-

vided written, informed consent.

3 | RESULTS

3.1 | Patient disposition and baseline
characteristics

The predefined ITT cohort included all 76 patients who underwent
randomization and received at least one dose of study medication.

TABLE 1  Characteristics of the study groups
Pl
LDX (N = 50) (Naielz’z)
Agely)
Mean 27.6+7.06 26.8+6.35
Median 26 26.5
Range 18-46 18-38
Male sex (N [%]) 29 (58) 16 (61.5)
Ethnic group (N [%])
White/Caucasian 49 (98) 26 (100)
No. of autoantibodies (N [%])
1 7 (14) 4(15.4)
2 19 (36) 7(26.9)
3 13(28) 7(30.8)
4 11 (22) 7(26.9)
IAA+ 21(42) 11 (42.3)
GADA 47 (94) 23(88.5)
IA-2A 28 (56) 17 (65.4)
ZnT8A 32 (64) 19 (73.1)
No. of days from first insulin to treatment
Median 74 77
Range® 29-104 40-107
Weight (kg) 68.52 (47.2-110.4)  68.27 (44-109.2)
BMI 22.5(18.2-34.5) 22.7 (18.8-30.8)
White blood cells (cells/ 5.95+1.54 577 £1.29
mm°)
Creatinine (umol/L) 71.8+13.58 66.4+10.91
Creatinine clearance 127.3+31.55 137.1+35.34
(ml/min)®
Fasting C-peptide (nmol/L) 0.218 £0.1087 0.225+0.1416
Peak stimulated C-peptide 0.676 £0.2708 0.675+0.2882
(nmol/L)
C-peptide AUC(o-120) 60.381 +24.9210 59.092 +26.243
(nmol/L)
HbA1c (mmol/mol [%]) 60 (7.60+1.62) 50 (7.50+1.37)
HbA1c 2 7% (N [%]) 28 (56) 15(57.7)
Insulin requirement 0.33+0.192 0.33+0.198

(U/kg/d)

Note. All are means + SD, unless otherwise specified.

Abbreviations: AUC, area under the curve; BMI, body mass index; GADA,
anti-GAD; IAA, anti-insulin; IA-2A, anti-IA-2, LDX, ladarixin; ZnT8A, Zinc
Transporter 8 antibody.

2One patient in each treatment group was randomized slightly after 100
days from the first insulin injection (day 103 and day 106 in the LDX e
placebo group, respectively); exemption was granted because of patients
being already committed to study participation. Such a delay was not
considered to impact trial outcome.

bCockcroft-Gault formula.

Details of patient disposition and inclusion in analysis sets are shown
in Figure 1. One patient of the 76 randomized did not complete the
week 13 MMTT (because of early withdrawal of consent); therefore,

75 patients were included in the primary outcome analysis (49 on
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LDX, 26 on placebo). Seventy-three of 75 patients completed the
week 52 follow-up (48 on LDX, 25 on placebo): one patient on pla-
cebo discontinued from the study because of consent withdrawal;
one patient on LDX was lost to follow-up. Demographic characteris-
tics of the ITT patients are reported in Table 1. The mean exposure
(% of scheduled total dose) to LDX was 97.7% + 7.6%. This includes
two patients with a study treatment compliance of less than 80%. The
majority of patients were positive for two or more autoantibodies, with
GADA being the most frequent, followed by ZnT8A. There were no
notable differences between treatment groups with respect to demo-
graphic and baseline characteristics. Neutrophil count was comparable
at screening in the two treatment groups (LDX 3.37 + 1.21 10°/L, pla-
cebo 3.25+1.16 10°/L) and remained as such at week 13 (treatment
completion: LDX 3.49 + 1.56 10%/L, placebo 3.32 + 1.23 10%/L).

3.2 | Efficacy outcomes

MMTT-stimulated C-peptide AUCo-120 min) adjusted for age, sex and

baseline C-peptide value was similar between the groups at 13 weeks

[ Placebo I ox
C-peptide AUC(orlzo min)
4.4 4.0
4.2
3.5
40
= <
S =
g 3.8 g 3.0
3.6 <
2.5
34
P=.12 P
3.2 2.0
-12 0 12 24 36 48 60 12 0
HbA1lc level
8.5 0.6
8.0 0.5
7.5 3 04
X 70 5
o5 0.3
6.5 <
- 0.2
6.0 ’
P=.33 P=.17
5.5 0.1
5.0 0.0
-12 0 12 24 36 48 60 -12 0
HbAlc <7% and no SHE
., 100% * ., 100%
= 75% = 759
‘*5 0 '*5 SA)
S 50% S 50%
E (] E (]
8 25% 8 25%
< <
& 00% & 00%
P=.079 P

0 13 26 52 0
Time on study (wk)

=.12

(LDX 4.03 nmol/L, 95% Cl 3.89-4.16; and placebo 3.87 nmol/L, 95%
Cl 3.54-4.15; Figure 2). The difference was not significant (mean 0.14
nmol/L, 95% Cl —0.14 to 0.42; P = .122 ANCOVA,; t test, two-sided
P = .33). Specifically, the results of the linear mixed model for the
AUC(p-120 min) throughout the study showed statistically significant
effects over time (P <.0001), while the factor treatment (P = .6928)
and the interaction treatment by visit (P = .0993) were not statistically
significant. Results on the primary outcome were not impacted by
including in the analysis the time from first insulin to treatment
(P = .2035, ANCOVA), even if the time itself was statistically signifi-
cant at the .05 level (P = .0497, ANCOVA).

Similarly, the adjusted mean difference between LDX and placebo
for C-peptide AUC(15-120 min) Was not statistically significant through-
out the study. The mean (xSD) insulin requirement at screening was
0.325 (+0.1923) IU/kg/day for the LDX group and decreased at week
13 (—0.067 [+0.1774] 1U/kg/day); however, an increasing trend was
seen at week 26 (—0.011 [+0.2625] 1U/kg/day) and week 52 (0.025
[+0.2507] IU/kg/day). A similar profile was seen in the placebo group.
The linear mixed model of daily insulin requirement throughout the
study showed a statistically significant effect over time (P <.0001),

C-peptide AUC(15—120 min)

24 36 48 60

Total insulin

FIGURE 2 Trial primary and secondary
outcomes. Effects of ladarixin (LDX) on
2-hour area under the curve (AUC) of C-
peptlde AUC(0,120 min)s C-peptlde AUC(15,120
min) above fasting value, HbAlc level, insulin
dose, proportion of patients with HbAlc
less than 7% and absence of episodes of
severe hypoglycaemia (SHE) and proportion
of patients maintaining a residual beta cell
function (defined as at least one MMTT C-
peptide value 20.2 nmol/L). Means (95% Cl)
or proportions for each treatment group are
reported over time. The analysis of
covariance model adjusted for age, sex,
baseline value and treatment assignment or
Fisher’s exact test for categorical
independent variables were used to
compare the two groups. All P values
referring to week 13 are reported in full.
MMTT, mixed meal tolerance test. * P < .05

24 36 48 60

Residual beta cell function

26 52
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while the factor treatment (P = .3668) and the interaction treatment
by visit (P = .7121) were not statistically significant. The adjusted
HbA1c mean differences between LDX and placebo were not statisti-
cally significant throughout the study. A maximum decrease in HbAlc
level was seen at week 13 compared with week 26 and week 52 in
both treatment groups. The results of the linear mixed model on
HbA1c showed a statistically significant effect over time (P <.0001),
while the factor treatment (P = .8988) and the interaction treatment
by visit (P = .4588) were not statistically significant. The proportion of
patients with HbA1c less than 7% in the absence of SHE is reported
as a composite endpoint in Figure 2. The overall mean cumulative
SHE/patient occurring from randomization was 0.1 in the LDX group
(two patients) and 0.1 in the placebo group (one patient). The compar-
ison between treatment groups for the proportion of patients with
HbA1c less than 7% and absence of SHE was statistically significant

(A) C-peptide AUC at 13 weeks
Subgroup n GMR 95%CI p-value
Overall -1 75 147 (0.87 ,1.56) 03
Age <25 ——— 28 096 (0.65,1.41) 0.837
Age >=25 _—— 47 132 (09,1.94) 0.156
Fasting C-Peptide at Screening < median -+ 37 147 (0.94 ,229) 0.087
Fasting C-Peptide at Screening >= median ——— 38 1.07 (082,1.4) 0611
One posttive Ab ——— 1M 083 (081,1.12) 0219
Two posttive Ab J S 26 138  (0.88,215) 0,162
Three of four positive Ab —_— 38 114 (0.74 ,1.76) 0551
Male T 45 138 (0.93,2.05) 0111
Female — 30 0.89 (06,131) 055
HBA1C <=6.7 —— 27 095 (062,143) 0796
HBA1Cin (67 , 8] ——— 25 104  (069,158) 0.846
HBA1c >8 +— ]| 2 1.76 (09,343) 01
Insuline doses <= 0.23 —— 25 087 (06,126) 0473
Insuline doses in (0.23 ,0.41] —- 26 093 (06,145) 0.748

—_— T % 195

00 05 10 15 20 25 30 35
GMR (Ladarixin vs Placebo)

Insuline doses > 0.41 (1.07 ,3.56) 0.03

(C) Subgroup

at week 26 (P = .0248) in favour of the LDX group (LDX = 39 patients
[81.3%)] vs. placebo = 13 patients [50%)]) and a trend was also evident
at week 13 (P = .0779). The results at week 26 were also confirmed
by a logistic regression model, which included time elapsed from first
insulin injection (P = .0087). The proportion of patients maintaining a
residual beta cell function throughout the study is also presented in
Figure 2. At week 52, 78% of patients maintained a residual beta cell
function in the LDX group compared with 76.9% in the placebo group.
The comparison between treatment groups was not statistically signif-
icant throughout the study.

Predefined subgroup analyses were performed on the efficacy end-
points according to age class (<25 and 225 years), fasting C-peptide (pre-
MMTT) (< median value and > median value) and the number (from one
to four) of positive autoantibodies at screening/diagnosis (Figure 3). In
patients with fasting C-peptide at screening of less than 0.205 nmol/L

C-peptide AUC at 26 weeks

(B)

Subgroup n GMR 95%CI p-value
Overall —1— il 115 (0.84,1.57) 0.379
Age <25 —_— 25 1.01 (064,16) 0.973
Age >=25 —— 46 124 (0.83,1.86) 0.293
Fasting C-Peptide at Screening < median — U 1N (1.05,28) 0.033
Fasting C-Peptide at Screening >= median —— 37 093 (067 ,1.28) 0.663
One posttive Ab —— 1" 075 (0.58,0.96) 0.021
Two posttive Ab - 25 136 (0.99,1.86) 0.0s5
Three of four posttive Ab — 35 109 (067,18) 0721
Male -+ 43 138 (0.91,2.08) 0131
Female — 28 088 (056 ,1.38) 0.569
HBA1c <=6.7 — 25 093 (061,1.44) 0.758
HBA1cin (67, 8] ——— 24 092  (055,154) 0.754
HBA1c >8 —— 72 2 (1.02,392) 0.044
Insuline doses <= 0.23 —— 23 089  (06,131) 0542
Insuline doses in (0.23 , 0.41) — e —— 25 088  (0.54,1.44) 062
Insuline doses > 0.41 | e . e — m— ] 186 (0.97 ,358) 0.063
T T T

T T T T
00 05 10 15 20 25 30 35
GMR (Ladarixin vs Placebo)

C-peptide AUC at 52 weeks

n GMR 95%CI p-value
Overal — 7 1 (068 ,1.49) 0986
Age <25 — - — 27 091 (047,174) 0.768
Age >=25 — 4 106 (065,1.74) 0815
Fasting C-Peptide at Screening < median i tr——— 34 129 (0.7 ,235) 0411
Fasting C-Peptide at Screening >= median —_— 37 095 (062,1.47) 0823
One posttive Ab — 10 063 (0.45,0.89) 001
Two posttive Ab —_— 26 126 (072,221) 0417
Three of four posttive Ab ——— 35 095  (051,1.76) 0.869
Male —————— 44 109 (064,185) 0.749
Female —— 27 089 (05,1.58) 0.687
HBA1c <= 6.7 —— 26 075 (0.36,1.56) 0448
HBA1Cin (67 , 8] — - 24 092 (054,158) 0771
HBA1c >8 20 168 (0.79,3.56) 0177
Insuline doses <=0.23 ——— 23 085  (046,158) 0.608
Insuline doses in (0.23 , 0.41] — 24 09  (048,169) 0739
Insuline doses > 0.41 —_ 24 127 (059,272) 0543
T T T

T
00 05 10 15

T
20 25 30 35

GMR (Ladarixin vs Placebo)

FIGURE 3 A-C, Subgroup plot of ratios for the effect of treatment on mean AUC C-peptide at 13 + 1 (month 3), 26 + 2 (month 6) and 52 + 2
(month 12) weeks from the beginning of treatment. Ratio of geometric means for ladarixin (LDX) versus placebo, with 95% confidence intervals,
within subgroups of patients as defined at the baseline. When adjusted for multiple subgroup analyses, there was no significant heterogeneity (test
of treatment by subgroup interaction) among subgroups. When considering the subgroup with fasting C-peptide less than the median value (0.205
nmol/L), the 71% improvement seen with LDX versus control at 26 weeks was nominally significant (P = .033, not adjusted for multiple tests), while
it was not significant in the other subgroups or at weeks 13 and 52. Ab, antibody; AUC, area under the curve; GMR, Geometric Mean Ratio
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(median value), the difference in C-peptide AUC15-120 min) between LDX
(n = 26) and placebo (n = 11) reached statistical significance at week
26 (LDX = 3.22+0.55 vs. placebo = 2.53 + 1.18, adjusted mean differ-
ences 0.6304 [95% Cl 0.061-1.199]; P = .031) (Figure 4). Accordingly,
the proportion of patients with HbA1c less than 7% in the absence of
SHE was significantly higher at week 26 for patients receiving LDX com-
pared with placebo (LDX = 88.5% vs. placebo = 36.4%; P = .0074).
Moreover, clear trends were evident in favour of LDX for HbAlc at
week 26 (LDX = 6.3% [95% Cl 6.1-6.5] vs. placebo = 7.01% [95% ClI
5.8-8.1], P = .053) and for the proportion of patients maintaining a resid-
ual beta cell function at week 13 (LDX = 100.0% vs. placebo = 81.8%,
P = .0826) and week 26 (LDX = 95.8% vs. placebo = 70.0%, P = .0666)
(Figure 4). No statistically significant changes were observed between
the two treatments in the other subgroups, with the exception of the
proportion of patients maintaining a residual beta cell function at week
13 in patients aged 25 years or older, which was higher in the LDX than
in the placebo group (LDX = 100% vs. placebo = 81.3%, P = .0345).

3.3 | Adverse events and safety

Overall, a good safety profile was observed for LDX. It was safe and

well tolerated and no clinically relevant safety observations were

detected (Table S1). Specifically, no differences between treatment
groups were observed for rates, severity and distribution of TEAEs or
treatment-emergent serious adverse events (TESAEs). Thirty-seven
patients (74.0%) in the LDX group and 21 patients (80.77%) in the pla-
cebo group reported at least one TEAE during study participation. The
majority of the TEAEs reported in the study were considered mild in
severity. The most common TEAEs presented by primary “System
Organ Classes” (SOCs) were infections and infestations (LDX = 46.0%
VS. 46.2%),
(LDX = 36.0% vs. placebo = 34.6%) and nervous system disorders
(LDX = 34.0% vs. placebo = 26.9%). TEAEs were considered related
to study treatment (adverse drug reactions [ADRs]) in 20 patients
(40.0%) in the LDX group (52 ADRs) and eight patients (30.8%) in the
placebo group (17 ADRs). ADRs occurring in 10% or more of patients
included dyspepsia (LDX = 16% vs. placebo = 0%) and headache
(LDX = 16% vs. placebo = 15.4%). A total of three patients in the
LDX group and one patient in the placebo group reported TESAEs,

placebo followed by gastrointestinal disorders

none of which were considered related to the study treatment. TEAEs
led to treatment discontinuation in one patient (2%) in the LDX group
because of an increase in ALT/AST, and in one patient (3.8%) in the
placebo group because of rash (Table S1). No patients died during the
study. There were no clinically meaningful changes in mean values

from screening to assessment time points for haematology and blood
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chemistry variables across the treatment groups. Analyses of vital
signs did not reveal any clinically relevant differences across the treat-

ment groups.

4 | DISCUSSION

Our results showed that a short-term transient inhibition of the IL-8
receptors CXCR1/CXCR2 with the allosteric inhibitor LDX?! did not
consistently slow the decline in beta cell function in adults with
recent-onset type 1 diabetes. The use of LDX in type 1 diabetes was
proposed on the basis of preclinical evidence, where transient block-
ade of CXCR1/CXCR2 was effective in preventing the inflammatory
damage in the mouse model of multiple low-dose streptozotocin
injections and in preventing and reversing diabetes in NOD mice.'® In
addition to the well-known limitations of the preclinical models in
predicting the success of treatments at the onset of type 1 diabetes in
humans, more than one hypothesis can explain the outcome differ-
ence between preclinical studies and this human trial. In mouse
models, LDX consistently decreased the percentage of pancreas-
infiltrating polymorphonuclear cells and modulated the distribution of
various leukocyte populations targeting CXCR2+ leukocyte subpopu-
lations, which are known to be required for the initiation of beta cell
disruptive insulitis in both mouse and human type 1 diabetes.101°-18:22
18,22 In support of this, the most extensive anti-inflammatory
changes and the highest efficacy of LDX were observed in 12-week-
old NOD mice, a disease phase characterized by marked beta cell dis-
ruptive insulitis immediately preceding the onset of hyperglycaemia.
In this trial, LDX treatment was limited to threecycles of 14 days
on/14 days off, in compliance with regulatory requirements based on
the preclinical safety data available at the time of trial submission.
Consistently, considering that polymorphonuclear cells are short half-
life cells, we chose the end of treatment (13 weeks) as the time to
evaluate the primary endpoint. This schedule was probably undersized
to keep beta cell-specific autoimmunity in humans under control.
Supporting this hypothesis, in the preclinical model, 14 day of treat-
ment rapidly reverted diabetes in 78% of animals; however, this did
not insure any long-term benefit on glucose levels because the dis-
ease recurred, and more quickly if glycaemia was higher at onset.
More generally, the inability to identify the time in which the local
inflammatory response is at its peak may have contributed to the neg-
ative result. The absence of validated biomarkers of islet inflammation
may represent a problem for any clinical study targeting pancreatic
inflammation in type 1 diabetes, limiting the ability to anticipate trial
enrolment and treatment initiation versus the predisease onset phase.
In line with this observation, other anti-inflammatory strategies have
been tested in type 1 diabetes patients at the onset of the disease.
Findings from small pilot clinical trials suggest that inhibition of IL-1,%
TNF-a2* or IL-6 signals might have a beneficial effect in type 1 diabe-
tes, but the results were only partially confirmed in randomized phase
2 trials.122>2% On the other hand, six immunotherapies mainly

targeting the adaptive lymphocyte-mediated attack of beta cells have

been shown to preserve insulin secretion in stage 3 type 1 diabetes
(teplizumab,3 otelixizumab,* rituximab,® abatat:ept,6 low-dose ant-
ithymocyte globulin” and alefacept®) and teplizumab have been shown
to delay the onset of stage 2 disease.” However, the transient nature
of the efficacy observed or the associated side effects, or both, have
until now prevented the marketing approval of these therapies. In our
study, LDX showed an excellent tolerability profile and no safety
issues emerged. While the complexity of type 1 diabetes and of its
clinical management are clear, further research should not be discour-
aged in order to attempt to halt disease progression, possibly also
considering combination therapies with agents presenting a
favourable safety profile. In this context, an orally bioavailable small
molecule such as the CXCR1/CXCR2 inhibitor LDX constitutes an
opportunity for testing a second generation of disease-modifying
treatment in type 1 diabetes.?” The study is underpowered to detect
a true difference in the subpopulation analysis. Despite this, some
transient metabolic benefits were seen in favour of the LDX group, in
particular in patients with lower fasting C-peptide and higher insulin
requirement at screening. Further metabolic and immunological stud-
ies are ongoing and will allow to better understand the meaning of
such findings, but the more pronounced positive effect observed in a
population with lower fasting C-peptide at screening that is also char-
acterized by a severely impaired metabolic function, may suggest the
existence of a clinical condition (either a population or a disease stage)
responsive to IL-8 inhibition. Nevertheless, together with the duration
of treatment, the study has some other limitations that are consistent
with phase 2 trials, like the small number of participants and the lim-
ited range of age within the studied population. Moreover, children
were not included in the study, because of the early development
phase, so the impact in younger ages that may have different progres-
sion characteristics is not known.

In conclusion, short-term transient inhibition of the CXCL8 recep-
tors CXCR1/CXCR2 with the allosteric inhibitor LDX did not consis-
tently slow the decline in beta cell function in newly diagnosed type
1 diabetes patients. The lack of response to LDX in this study sug-
gests that the role of IL-8 and its receptors CXCR1/2 in type 1 diabe-
tes is complex. In the future, therapeutic interventions targeting IL-8
and its receptors CXCR1/2 may be the most beneficial, extending
exposure to LDX or its use in combination with therapies that syn-
ergize with the IL-8-driven pathways, which are the most important

in the pathogenesis of type 1 diabetes.
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