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Abstract

A recent randomized, multicenter trial did not show benefit of a CXCRI/2 receptor inhibitor (Reparixin) when analysis
included marginal islet mass (>3,000 IEQ/kg) for allotransplantation and when immunosuppression regimens were not
standardized among participating centers. We present a post-hoc analysis of trial patients from our center at the University of
Chicago who received an islet mass of over 5,000 IEQ/kg and a standardized immunosuppression regimen of anti-thymocyte
globulin (ATG) for induction. Twelve islet allotransplantation (ITx) recipients were randomized (2:1) to receive Reparixin
(N = 8) or placebo (N = 4) in accordance with the multicenter trial protocol. Pancreas and donor characteristics did not differ
between Reparixin and placebo groups. Five (62.5%) patients who received Reparixin, compared to none in the placebo group,
achieved insulin independence after only one islet infusion and remained insulin-free for over 2 years (P = 0.08). Following the
first ITx with ATG induction, distinct cytokine, chemokine, and miR-375 release profiles were observed for both the Reparixin
and placebo groups. After excluding procedures with complications, islet engraftment on post-operative day 75 after a single
transplant was higher in the Reparixin group (n = 7) than in the placebo (n = 3) group (P = 0.03) when islet graft function was
measured by the ratio of the area under the curve (AUC) for c-peptide to glucose in mixed meal tolerance test (MMTT).
Additionally, the rate of engraftment was higher when determined via BETA-2 score instead of MMTT (P = 0.01). Our analysis
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2 Cell Transplantation

suggests that Reparixin may have improved outcomes compared to placebo when sufficient islet mass is transplanted and
when standardized immunosuppression with ATG is used for induction. However, further studies are warranted. Investigation
of Reparixin and other novel agents under more standardized and optimized conditions would help exclude confounding
factors and allow for a more definitive evaluation of their role in improving outcomes in islet transplantation. Clinical trial reg.
no. NCTO1817959, clinicaltrials.gov
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Abbreviations

AMR, antibody mediated rejection; ATG, anti-thymocyte globulin; AUC, area under the curve; BMI, Body Mass Index; CITC,
Collaborative Islet Transplantation Consortium; CMV, cytomegalovirus; CRS, cytokine release syndrome; CTCAE, Common
Terminology Criteria for Adverse Events; CXCL, CXC Chemokine Ligand; DSA, donor specific antibody; FDA, Food and
Drug Administration; GSIR, glucose stimulated insulin release; HLA, human leukocyte antigen; IBMIR, instant blood-mediated
inflammatory reaction; IEQ, Islet equivalent dose; IL, interleukin; Itx, islet transplantation; MCP-1, Monocyte Chemoattractant
Protein-1; miR-375, microRNA-375; MMTT, mixed meal tolerance test; NAIDS, North American Islet Donor Score; NS, not
significant; PP, portal pressure; PTT, partial thromboplastin time; PRA, panel-reactive antibody; SHE, severe hypoglycemia

event; TIDM, type | diabetes mellitus; TEF, transplant estimated function; TNF, tumor necrosis factor

Introduction

Instant blood-mediated inflammatory reaction (IBMIR) is a
major factor impacting islet engraftment and transplantation
outcomes, causing a substantial (>50%) loss of islet mass
after intraportal infusion'~. Reparixin is a potent CXCR1/2
inhibitor and thus it was hypothesized that it could limit
IBMIR and improve islet engraftment. Despite success in
preclinical and single center clinical studies® >, a recent
phase 3 multicenter trial did not confirm this beneficial
effect of Reparixin. However, the trial was performed with-
out the standardization of donor selection, islet processing,
and immunosuppression regimens among the participating
centers’. We hypothesize that, under optimal conditions,
Reparixin may indeed improve islet engraftment. These con-
ditions include the transplantation of a standard islet mass
(i.e., higher than marginal) and induction of immunosup-
pression with potent anti-thymocyte globulin (ATG).
Herein, we present a post-hoc analysis limited to patients
from our center only in order to exclude the effect of donor
selection, variation in islet isolation technique, and the tech-
nical aspects of islet transplantation, which may have con-
tributed to the negative results of the multi-center trial.

Materials and Methods
Study Design and Procedures

Out of the total 46 subjects with type 1 diabetes mellitus
(T1DM) and life-threatening hypoglycemia participating in
the phase 3 multicenter trial, we analyzed results from
12 (26%) patients enrolled at our center at the University
of Chicago. Our cohort was composed of 8 patients assigned
to the Reparixin group and 4 in the placebo group. Chicago
was the only participating center from the United States in
the trial, and thus followed additional exclusion criteria

required by the Food and Drug Administration (FDA) which
are presented in Supplemental Table S1. Pancreas donor
selection at out center was based on the North American
Islet Donor Score (NAIDS) previously developed and sub-
sequently validated at our center®. Pancreata qualified for
islet isolation only from donors with a NAIDS above 50 and
with a cold ischemia time of less than 12 hours. Islet isola-
tion was performed according to the Collaborative Islet
Transplantation (CIT) Consortium protocol utilizing Liber-
ase (Roche, Indianapolis, IN) for enzymatic digestion’. The
islet isolation product was preserved in an incubator at a
temperature of 22°C for up to 72 hours, including up to 6
hours of storage in the infusion bag prior to transplantation.
Ultrasound-guided percutaneous transhepatic portal venous
access was obtained by an interventional radiologist under
local anesthesia and intravenous moderate sedation. A 4 Fr
or 5 Fr end-hole catheter (Kumpe, Cook Medical, Blooming-
ton, IN) was positioned in the main portal vein using fluoro-
scopy. Islets suspended in Transplant Media (CMRL 1066
Transplant Media) with 1 M HEPES (Corning Cell Sciences,
Tewksbury, MA) supplemented 10% Human Serum Albu-
min were infused under gravity. Portal pressure was mea-
sured before, mid- and after islet infusion. For hemostasis,
the catheter was retracted into the hepatic parenchymal
track, which was then embolized with gelatin sponge (Sur-
gifoam, Ethicon, Somerville, NJ) and detachable coils (Inter-
lock, Boston Scientific, Marlborough, MA). For
thromboembolic prophylaxis, heparin at a dose of 70 U/kg
of recipient body weight was added to the islet infusion in
the bag(s), followed by an intravenous drip for 48 hours
titrated to a goal PTT of 50-60 seconds, and then subcuta-
neous fractionated heparin for 2 weeks.

For induction of immunosuppression, anti-thymocyte
globulin (ATG) (Thymoglobulin, Genzyme, Cambridge,
MA) was infused in divided doses for a total of 6 mg/kg of
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Figure 1. Different indices for the calculation of islet engraftment.

patient body weight, starting one day before islet trans-
plantation. One dose of methylprednisolone (1 mg/kg)
was given as premedication during the first ATG infusion
only. No other steroids were administered in order to
avoid confounding the interpretation of the anti-
inflammatory effects of Reparixin. Basiliximab (Simulect,
Novartis Pharmaceuticals, East Hanover, NJ) at a stan-
dard dose of 20 mg was infused intravenously immedi-
ately before and 3 days after a second islet transplant.
Maintenance immunosuppression included oral mycophe-
nolate mofetil at the target dose of 1000 mg twice a day
or mycophenolic acid 720 mg twice a day. The goal for
tacrolimus serum level was in the range of 810 ng/ml
during first 3 months and 7-9 ng/ml afterwards. The dose
was adjusted, if medically necessary, when adverse events
occurred.

Study procedures performed according to the common
multicenter trial protocol’. Based on the randomization num-
ber, patients received Reparixin at a dose of 2.772 mg/kg/
hour or placebo in continuous infusion through a central line
over 7 days starting 12 hours before islet transplantation as
previously described’. If insulin independence was not
achieved by day 75, each subject received a second islet
transplant with repeat infusion of the previously assigned
Reparixin or placebo, as performed during the first islet
transplant. Islet product release criteria included: viability
over 70%, purity over 20%, pellet volume less than
10 mL, islet mass transplanted above 3,000 islet equivalent
(IEQ) per recipient body weight in kilograms (IEQ/kg) per
transplant. Islet engraftment and function was assessed on
day 75 + 5 after islet infusion using the mixed meal toler-
ance test (MMTT)®. Patients were followed for 1 year after
the last islet infusion®.

Post Hoc Islet Engraftment Analysis

In our analysis, we aimed to standardize conditions and
measurements of islet engraftment and limit factors,
which may have confounded the evaluation of the effect
of Reparixin vs. placebo on islet engraftment during the
multi-center trial.

Islet engraftment indices. Measurement of engraftment based
only on islet mass engrafted would be biased by the differ-
ences in islet mass infused in each patient. Therefore, we
evaluated islet engraftment based on the ratio of islet mass
engrafted to total islet mass infused in IEQ. Engrafted islet
mass was determined by measuring islet graft function as
assessed by different indices.

In the multi-center trial, islet mass engrafted was
determined by measurement of islet graft insulin secre-
tion (using c-peptide as a proxy) which was calculated
from the area under the curve (AUC) for serum
c-peptide in 120 minute MMTT. Therefore, islet
engraftment was determined as the AUC of c-peptide
standardized by total IEQ infused but it was also addi-
tionally corrected for patient body weight in order to
account for differences in insulin requirements/insulin
sensitivity between individual patients (AUC c-pep-
tide/IEQ/kg) (Fig. 1).

In our sub-analysis, we chose to account for the difference
in insulin requirements and insulin sensitivity between indi-
vidual patients in a different, arguably more accurate way.
We determined the islet mass engrafted based on an islet
graft function calculated from insulin secretion (AUC for
serum c-peptide as proxy) in relation to serum glucose
changes (AUC for serum glucose) during MMTT (Fig. 1).
Therefore, islet engraftment was then calculated as the AUC
c-peptide /AUC glucose/IEQ.
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We also assessed islet engraftment based on islet function
by utilizing the BETA-2 index which takes into account a
single value of fasting blood glucose and c-peptide, HbAlc,
and daily dose of insulin per body weight” 2. After standar-
dizing for the islet mass infused, we calculated islet engraft-
ment as BETA-2/IEQ.

For comparison, we also determined islet engraftment
based on more crude approximations of islet function with
limited standardization: MMTT AUC c-peptide, MMTT
AUC c-peptide/IEQ, BETA-2.

Assessment of islet engraftment on day 75. We focused our
analysis on islet engraftment measured on post-operative day
75, when post-transplant recovery and islet graft revascular-
ization were largely complete'?. We did not measure
engraftment at 1 year follow-up as many different factors
could affect islet graft function between day 75 and 365
(e.g., rejection, autoimmune recurrence, drug toxicity) and
thus would confound the assessment of engraftment.

Assessment of islet engraftment after single infusion in patients
with undetected stimulated serum c-peptide. We decided to
assess islet engraftment after a single transplant and only
in patients with undetectable stimulated serum c-peptide
prior to islet infusion in order to avoid measurement of
endogenous islet function.

Exclusion of transplants where islet engraftment was
compromised by factors independent from Reparixin. In order
to exclude the influence of external factors on islet engraft-
ment which were independent from Reparixin, we excluded
cases with early rejection, severe cytokine release syndrome,
and primary nonfunction as the rate of these complications
did not differ between the Reparixin and placebo groups.
Three cases in the Reparixin group and 2 cases in the placebo
group were thus excluded. Similarly, we assessed islet
engraftment after second islet transplant in 3 patients with
negative c-peptide prior to transplantation after primary non-
function of the first islet transplant.

Metabolic Outcomes

Metabolic outcomes based on change in HbAlc, incidence
of severe hypoglycemic episodes (SHE), daily requirements
of insulin, and insulin dependence were included as second-
ary endpoints similarly as in the common trial protocol®. We
additionally assessed 1 year islet graft function using the
BETA-2 score and Igls classification® '*.

Plasma (Serum) Cytotoxin and MicroRNA-375 (miR-
375) Profile after Intraportal Islet Transplantation

Serum samples were drawn before and 6, 12, 24, 72, 120,
and 168 hours after each islet transplant. Concentrations of
CXCLS, CXCL-9, CXCL-10, IL-6, IL-10, CCI1-2 (MCP-1),
CCL-3, CCL-4, miR-375, and miR-375/IEQ were assessed

at each time point to analyze the profile of chemokine, cyto-
kine, and miR-375 secretion during the first 7 days after each
ITx in both the Reparixin and placebo groups.

Statistical Analysis

Descriptive statistics are expressed as median, range, and
percentages as appropriate. The variables were tested for
normal distribution and analyzed with Student’s t-test. In
case of non-normally distributed data we used the Mann-
Whitney U test. To compare categorical variables, we used
Fisher’s exact test. We used the t-test to compare dependent
variables of logl0-transformed AUCs for the analysis of
cytokine, chemokine, and miR-375 serum levels. For all
analysis, a P-value <0.05 was considered statistically signif-
icant. Statistical analyses were performed using GraphPad
Prism 8.0 (GraphPad Software, San Diego, CA, USA).

Results
Patient and Donor Characteristics

The characteristics of patients in the intention to treat cohort
were comparable between the Reparixin and placebo groups
(NS): median recipient weight was 75.5 kg and median BMI
25.5 kg/m2 (Table 1). Pancreas donor characteristics were
also similar in both groups and did not differ significantly:
median donor age was 41 years; median weight was approx-
imately 100 kg and BMI 33 kg/m® with HbAlc <5.9%
(41 mmol/mol) in both groups (Table 1). Islet quality
assessed in vitro with the glucose stimulated insulin release
(GSIR) assay and in vivo by islet transplantation in nude
mice was highly comparable in both groups (Table 1) (NS).

Comparison of Islet Mass Transplanted
and Intra-Operative Portal Vein Pressures

Patients in both the Reparixin and placebo groups were
transplanted similar islet masses during the first ITx: median
islet mass was 510,155 IEQ (371,821-635,554) in the Repar-
ixin group vs. 473,013 IEQ (445,833-681,565) in the pla-
cebo group and median IEQ/kg was 6,074 (5,464-9,993) vs
7,328 (5,655-8,716), respectively (NS) (Table 1). All
patients in the placebo group, and only patients with com-
plications in the Reparixin group, underwent a second ITx
and all these patients received a similar islet mass (NS)
(Table 1 and Fig. 2A, B).

In order to reach the required islet mass (>3,000 IEQ/kg),
islets were combined from two donors in single islet transfu-
sions for 4 (33%) patients in the Reparixin group and in
2 (25%) patients in the placebo group. Altogether, 16 donor
pancreata were utilized for 12 islet transplants in the Repar-
ixin group and 10 donor pancreata for 8 islet transplants in
the placebo group.

Median pellet volume of the final islet product infused
was similar in both the Reparixin and placebo groups: 5 ml
(3-10) and 6 ml (3-7.5), respectively (NS). Portal pressure
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Table I. Baseline Donor, Recipient, and Islet Characteristics. Baseline characteristics of islet transplant recipients, pancreas donors, and
islets. Quality of islets was assessed by in vitro and in vivo assays. Islet mass infused did not differ statistically between the Reparixin and
placebo groups (P > 0.05). Values presented are medians with minimum and maximum ranges in parentheses.

Reparixin Placebo
Recipient characteristics N=38 N=4 P
Age at |st ITx (years) 46 (28-56) 40 (30-48) 0.57
Sex (M/F) 4M/ 4F IM/ 3F 0.57
Weight at Ist ITx (kg) 77 (42.6-93.8) 74 (58.0-82.4) 0.51
BMI at Ist ITx (kg/m?) 26 (18.9-29.9) 25 (21.8-29.9) 0.84
Pre ITx HbAlc (%) 7.4 (6.8-8.1) 7.0 (6.5-8.6) 0.51
Pre ITx HbAlc (mmol/mol) 57 (51-65) 53 (48-70)
Pre ITx daily insulin (U) 34 (29-67) 36 (29-48) 0.99
Duration of TIDM (years) 32 (16—44) 31 (1547) 0.19
Donors characteristics 16 donors (12 1Tx) 10 donors (8 ITx) 0.83
Age (years) 42.5 (17-63) 41.5 (20-57) 0.71
Sex (M/F) 12 M/4F 7 M/3F 0.90
Weight (kg) 98.3 (59-151) 103 (93-179) 0.24
Donor Scoring (NAIDS) 73 (30-100) 76 (47-88) 0.87
BMI (kg/m?) 33.1 (23.8-42.7) 32.9 (29.5-50.8) 0.33
Islet quality assays
Pre culture GSIR 1.5 (1.01-3.41) 1.8 (0.46—11) 0.90
Pre ITx GSIR 1.71 (0.78-10.95) 1.43 (0.46-5) 0.27
Viability (%) 93. (82.1-97.5) 94.18 (87-97.5) 0.82
Bioassay (human ITx in nude mice) 5/5 (100%) 4/4 (100%)
reversal of hyperglycemia* (%)
Islet mass infused
Islet mass first ITx (IEQ/kg) 6,074 7,328 0.8
(5,494-9,993) (5,662-8,716)
Islet mass second ITx (IEQ/kg) 7,066 7,419 0.88
(5,772-9,197) (5,511-8,419)
Total mass infused per patient (IEQ/kg) 10,863 13,737 0.15
(5,494-16,209) (13,192-17,135)

ITx: islet transplantation; NAIDS: North American Islet Donor Score; GSIR: glucose-stimulated insulin release; *hyperglycemia (blood glucose >200 mg/ml)
was induced with streptozocin injection, reversal of hyperglycemia (blood glucose <200 mg/ml) by transplanted islets was confirmed by measurement of

hyperglycemia after excision of the islet graft.

(PP) during the islet infusion fluctuated similarly in both
groups; peak PP never exceeded 20 mmHg in either group
and all islet infusions were successfully completed. For all
the above listed parameters, there was no difference between
groups.

Complications

Our first patient in the Reparixin group developed severe
headache, fever, and hypotension consistent with a grade 2
CTCAE severe cytokine release syndrome (sCRS)'*'° but
was responsive to intravenous fluids. This reaction was trig-
gered by a standard second dose of 1.5 mg/kg ATG infused
intravenously without steroids over 6 hours post-transplant.
For the following patients, the ATG dose per infusion and
the rate were lowered to achieve delivery over 18 hours and
spread over 7 days of admission, maintaining a goal total
dose of 6 mg/kg of body weight. Acetaminophen and
diphenhydramine were given prior to infusion and re-
dosed every 6 hours. The remaining patients experienced
mild transient headache, nausea, and malaise related to the
infusion of ATG, but these symptoms subsided with

intravenous hydration and additional doses of acetamino-
phen, diphenhydramine, and antiemetics.

The incidence rate of other complications did not differ
significantly between the Reparixin and placebo groups.
Intraperitoneal bleeding or liver hematoma after intraportal
infusion developed after 2/12 (16.6%) transplant procedures
in the Reparixin and in 2/8 (25%) in the placebo group.
Patients in both groups responded to blood transfusion with-
out the need for surgical intervention. None of the patients
developed portal vein thrombosis or any other thromboem-
bolic complications.

Two patients (25%) in the Reparixin group and one patient
(25%) in the placebo group developed high levels of donor
specific HLA antibody (DSA) with PRA >90% within first 75
days of initial islet transplant. In combination with signs of
islet dysfunction, this suggests the diagnosis of antibody
mediated rejection (AMR). Another patient from the Repar-
ixin group developed a low/medium level of DSA with some
loss of islet function and required a second islet transplant
before obtaining long-term insulin independence. One patient
in the placebo group developed primary non function by 8
weeks post-transplant without any DSA detected.
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Figure 2. Transplanted islet mass Patients in both groups were transplanted a similar islet mass expressed in IEQ (A) and IEQ/kg (B) during
the first ITx (light gray bars). All patients from the placebo group and only patients with complications in the Reparixin group required a
second ITx (dark gray bars). (A: moderate DSA; R: antibody mediated rejection; C: severe cytokine release syndrome). |[EQ: islet equivalent.

All patients received standard antibiotic prophylaxis dur-
ing the islet infusion—cefazolin intravenously for 24 hours
as well as fluconazole for 3 months, valganciclovir for 6
months in patients at high risk for cytomegalovirus (CMV)
or acyclovir in medium and low risk patients. One patient at
high risk developed CMV pneumonia 2 months after com-
pletion of a 6-month course of valganciclovir prophylaxis.
No unexpected adverse events were observed related or pos-
sibly related to the studied medication or to the islet trans-
plantation procedure. The adverse event profile did not differ
between the Reparixin and placebo groups in our cohort and

the profile was similar to that described in the multicenter
trial as a whole’.

Patient Enrolment, Follow up, and Compliance

All patients at our site complied with the trial protocol and
received the study agent Reparixin or placebo as randomized
(Fig. 3). No patients discontinued the intervention, withdrew
consent, nor were any patients lost to follow-up. All patients
in our cohort were followed until the end of the multicenter
trial, 1 year after the last transplant (e.g., 1 year after the first
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Figure 3. CONSORT 2010 flow diagram.

ITx if patient remained insulin independent, otherwise 1 year
after second ITx). At that time point the insulin indepen-
dence rate after a maximum of two islet infusions was 6/8
(75%) in the Reparixin group and 2/4 (50%) in the placebo

group.

Islet Engraftment After Single Islet Transplant

Islet engraftment after single islet transplant was measured
after the first islet infusion for patients except for those who
experienced primary non-function with undetectable serum
c-peptide and underwent a second islet infusion. For these
patients with a second islet infusion, islet engraftment was
measured after the second transplant. One patient in each
group was excluded due to partial islet graft function after
the first transplant. Altogether, we assessed islet engraftment
in 7 patients from the Reparixin group (in 5 after 1st

transplant and in 2 after their 2nd transplant) and in 3
patients from the placebo group (in 2 after st transplant and
in 1 after the 2nd transplant). Patient and transplant charac-
teristics in the post-hoc islet engraftment analysis did not
differ between the Reparixin and placebo groups (Table 2).

Islet engraftment based on the MMTT AUC c-peptide-to-
glucose ratio, standardized for IEQ per islet infusion, on day
75 after the first ITx was significantly higher for patients
who received Reparixin compared to placebo. Median AUC
c-peptide [ng/mL] / AUC glucose [mg/dLJ/IEQ x 10® on
day 75 was 6.02 (5.01-11.99) and statistically higher in the
Reparixin group than 4.56 (1.66-5.02) in the placebo group
(P = 0.03) (Fig. 4A). Engraftment measured by BETA-2
score standardized by IEQ x 10° in the first transplant was
significantly higher in the Reparixin group than in placebo,
median 41.33 x 10° (32.24-63.36) vs 27.7 x 10° (20.8-30),
respectively (P = 0.01) (Fig. 4B). Islet engraftment was
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Figure 4. Islet engraftment on day 75 after single islet transplant in
post-hoc islet engraftment analysis cohort. (A) Islet engraftment
assessed using the AUC c-peptide/AUC glucose/IEQ index was
significantly higher in the Reparixin group compared to placebo
(P = 0.03). (B) A similar result was found when islet engraftment
was determined based on islet function as measured by BETA-2
score standardized with IEQ: (BETA-2/IEQ) (P = 0.01). IEQ: islet
equivalent.

above 30 (BETA-2 score) and higher in every patient in the
Reparixin group compared to any of patients in the placebo
group. Islet engraftment as determined by c-peptide secre-
tion only or not standardized by islet mass transplanted
showed no statistical difference between the two groups
(Supplemental Fig. S1A-E). Islet engraftment after first islet
transplant was not statistically different in the Reparixin and
placebo groups.

Secondary Endpoints

Secondary endpoints included insulin independence,
HbAlc, and incidence of severe hypoglycemic episodes
(SHE). There was no statistically significant difference
between the treatment and placebo groups at our center
(Table 3).

Severe Hypoglycemic Episodes and Glucose Control

Six months prior to ITx, all patients in both groups reported
severe hypoglycemic episodes (SHE). Despite insulin

regimens optimized by endocriologists, patients in the
Reparixin group experienced 11 (7-96) SHEs and in placebo
group 12 (3—75). Comparatively, no patients in either group
experienced SHE during the follow-up after last transplant
(between 3 and 12 months). 75% of patients in both groups
maintained HbAlc at 6% (42 mmol/mol) or below, while
the remaining 25% of patients maintained HbAlc at 7%
(53 mmol/mol) or below (Table 3).

Insulin Independence after one ITx

Five out of eight patients (62.5%) from the Reparixin group
achieved and maintained insulin independence for 1 year and
even for 2 years after only a single successful ITx; of these,
four patients achieved independence after the first ITx and
one patient after her second ITx (due to complete graft loss
after the first ITx) (Fig. SA). No patients from the placebo
group were able to maintain insulin independence at 1 year
after only a single successful ITx (P = 0.08).

Overall Insulin Independence

All patients except one [11/12 (91%)] became insulin inde-
pendent during the duration of the study. At one and 2 year
follow-up after the last ITx, 6/8 patients (75%) were still
insulin independent in the Reparixin group vs. 2/4 patients
(50%) in the placebo group (Fig. 5B). The only patients in
the Reparixin group who did not achieve or maintain insulin
independence for at least 1 year were patients who experi-
enced AMR (n = 2) or sCRS (n = 1) early after the
transplant.

Clinical Outcomes Based on the Igls Classification'?,
Beta Score'®, BETA-2 Score’, and TEF/IEQ’7

All patients in our cohort had successful (i.e., optimal or
good) outcomes at 1 year after the last islet transplant as
defined by the Igls classification (Fig. 5C). 75% of patients
in the Reparixin group and 50% of patients in the placebo
group achieved optimal outcomes, while the rest had good
outcomes. Islet function based on beta score, BETA-2 score
and TEF/IEQ was not statistically different for the two
groups (Table 3).

Profiles of Cytokines, Chemokines, and miR-375
Released after ITx

There was a significant increase of CCL4 and IL-6 secretion
during the first 612 hours aftet ITx with subseqent decrease
over time in the placebo group after the 1st ITx (P < 0.05);
this was not observed for the remaining chemokines nor for
cytokines or miR-375 (Fig. 6A-I, Table 4).

In the Reparixin group, the same trend over time was
observed not only for CCL4 and IL-6, as in the placebo
group, but also for CXCL8, MCP-1 (CCL2), CCL3,
CXCL10, as well as for miR-375 and miR-375/TEQ
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Table 3. Secondary Endpoints in Patients in the Reparixin vs Placebo Group in Our Cohort. There was no statistically significant difference
in the secondary endpoints between the Reparixin and placebo groups in our cohort (P > 0.05). A column presenting data from the
previously published multicenter trial cohort is added for context.

Reparixin Placebo
Secondary endpoints N=28 N=4 Multicenter trial cohort®
Cumulative SHE 0 0 0
between day 75 and | year
HbAIc (%), median 74—58—5.7 7.0—5.9—5.9 8.1—6.3—6.0
HbAIc (mmol/mol), median
preTx—day 75—1 year after last ITx 57—40—39 53—41—41 65—45—42
HbAIC < 6% (<42 mmol/mol) 75% (6/8) 75% (3/4) N/A
and no SHE at | year
HbAIC < 6.5% (< 48 mmol/mol) 75% (6/8) 75% (3/4) N/A
and no SHE at | year
HbAIC< 7% (< 53 mmol/mol) 100% 100% 71%
and no SHE at | year
Change in HbAlc day 75 after Ist ITx —24% (—1.85) —-19% (—1.30) N/A
%, (value)
Change in HbAIlc | year after last ITx -22% (—1.6) —14% (—0.95) N/A

%, (value)

Insulin independence

At any time point

At day 75 after Ist ITx

At | year after one ITx (Ist or 2nd)

At | year after last ITx

Functioning islet graft at | year after

87.5% (7/8)
50% (4/8)
62.5% (5/8)
75% (6/8)
100% (8/8)

100% (4/4)
25% (1/4)
0
50% (2/4)
100% (4/4)

21.2% (7/33)*
3% (1/33)*
0*

17.2% (5/29)*
82.7% (24129%)

last ITx (serum c-peptide >0.3ng/ml)
Insulin requirements

Change at day 75 after Ist ITx

%, median value

Change at | year after last ITx

%, median value

~100% (-0.41)

~100% (~0.44)

~67.65% (~0.35) —44% (-0.23)

~93% (~0.48) —44% (-0.33)

Clinical outcomes based on islet graft function at | year after last ITx

beta score'®

Success rate, [beta score > 6] (%) 75%
Median beta score 75
Igls classification'?

Success rate [optimal and good function] 8/8 100%
BETA-2, (median)’ 19.4
TEF/IEQ/kg (median)'’ 68

75% 38%
6.5 N/A

4/4 100% ~50%
14.7 N/A
42 N/A

*Rates after excluding patients from our cohort (rates only for the remaining patients in the trial)
Tx: islet transplantation; SHE: severe hypoglycemic episodes; TEF: transplant estimated function; IEQ: islet equivalent dose.

(P < 0.05). Of note, ATG infusion took place during the
same time after the 1st ITx in both groups. For the 2nd ITx,
the trends described above were observed only for miR-375
and miR-375/IEQ and only in the Reparixin group (P <0.05)
(Table 4). Of note, Basiliximab was used instead of ATG
for induction of immunosuppression after the 2nd ITx.

Cytokine, Chemokine, and miR-375 Release after Each
Transplant in the Reparixin and Placebo Groups

Cytokine release during the first 7 days after 1st ITx (ATG)
was significantly higher for CCL3 and CCL4 in the Ist ITx
in the Reparixin group compared to placebo (P = 0.0103,
0.0347) when determined by AUC. There was no statistical
difference in cytokine AUC after the 2nd ITx between the
Reparixin and placebo groups (Table 5).

AUC of cytokine release during the first 7 days after 1st
ITx (ATQG) was significantly higher for CXCL10 compared
to 2nd ITx (Basiliximab) in both the Reparixin and placebo
groups (P < 0.05).

CXCLA release was higher after 1st ITx compared to after
the 2nd ITx only in the Reparixin group but not in the pla-
cebo group (P = 0.0154) (Table 6). There was no statisti-
cally significant difference for the remaining cytokines,
chemokines, or miR-375 released after the 1st ITx nor after
the 2nd ITx in both the Reparixin and placebo groups.

Overall, when ATG was used for immunosuppressive
induction, the use of Reparixin led to a significantly higher
release of CCL3 and CCL4 within the first 7 days after the
Ist ITx when compared to placebo (P = 0.0103, 0.0347).
Additionally, Reparixin led to significantly higher release of
CCl4 during the st ITx compared to the 2nd ITx. This
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Figure 5. Clinical outcomes. (A) Insulin independence at | and 2
years after single ITx; five out of eight patients (62.5%) from the
Reparixin group achieved and maintained insulin independence
over | and even 2 years of follow-up after only one islet Tx,
whereas not one patient from the placebo group was able to main-
tain insuling independence for even | year (P = 0.08). (B) Insulin
independence at | year after last ITx; At the completion of the
study | year after last ITx, 6/8 patients (75%) were still insulin
independent in the Reparixin group vs. 2/4 patients (50%) in the
placebo group. (C) Successful (optimal and good) clinical outcome
as defined by the Igls classification was 100% at | year after last ITx
in both the Reparixin and placebo groups, with a higher rate of
optimal outcome in the Reparixin group.

difference did not exist for the placebo group. There was no
other statistically significant difference in the release of the
remaining cytokines or chemokines evaluated between the
Reparixin and placebo groups (P > 0.05). Only the release of
CLCX10 was increased during the 1st ITx compared to the
2nd ITx in both groups.

There was no difference in the amount of miR-375 and
miR-375/IEQ released during the first 7 days post-ITx
between the Reparixin and placebo groups, between the first

and second transplant, as well as between transplants leading
to insulin independence, partial function, or failure.

Of note, the patient who developed acute rejection on day
7 after their 1st ITx had miR-375 levels 10-fold lower in the
first 7 days when compared to the remaining patients who
did not develop complications. Interestingly, this patient’s
AUC miR-375 release was in the same low range after
uncomplicated 2nd ITx, which resulted in long-term insulin
independence while miR-375 release was again 5 fold higher
in remaining patients at the same time (Fig. 7).

Discussion

Optimal islet engraftment is critical in order to achieve
long-term insulin independence after islet transplantation'?.
Sufficient quantity and quality of islet mass must be trans-
planted in the setting of favorable local conditions at the
engraftment site for optimal islet mass engraftment. Results
from the Edmonton group indicate that transplantation of an
islet mass over 5,000 IEQ/kg per transplant and a total cumu-
lative islet mass of 10,000 IEQ/kg are essential for effective
engraftment and subsequent insulin independence'®. Despite
positive preclinical and phase 1/2 study results, a recent
multicenter trial did not demonstrate any benefit of Repar-
ixin, a CXCLS8 receptor inhibitor which modulates the inher-
ently inflammatory intraportal environment, on engraftment.
Islet engraftment and long-term insulin independence did
not differ in the Reparixin and the placebo groups, however,
the multi-center trial was limited by suboptimal study con-
ditions including a lower- marginal islet mass transplanted
(at least 3,000 IEQ/kg per transplant and a total over 6,000
IEQ/kg for two transplants) and the absence of a standar-
dized immunosuppression regimen’.

Post-hoc analysis of our small cohort suggests that Repar-
ixin may improve engraftment if optimized conditions are
ensured including the use of a standard rather than marginal
islet mass for transplant and the use of a potent anti-
thymocyte globulin for induction of immunosuppression.
Each of the patients in our cohort received over 5,000
IEQ/kg of islet mass during each transplant whereas 49%
of the remaining transplants in the multicenter trial con-
tained a lower islet mass®. A higher islet mass enhanced islet
engraftment and graft function in our cohort'?. Additionally,
previous reports corroborate our observation that ATG in
combination with anti-inflammatory (anti-TNF) therapy dur-
ing initial ITx optimized conditions for islet engraftment and
led to superior outcomes as compared to basiliximab'’.

In terms of complications, our post-hoc analysis demon-
strates a comparable rate of major and minor complications
as experienced in other trials”>%*'. The overall rate of bleed-
ing in our cohort was 20% (4/20 procedures) which was
higher than the 9% reported in another multicenter study but
lower than in other centers which decided to continue to
perform islet transplantation via a mini-laparotomy>*?. The
rate of hemorrhage in our series did not differ statistically
between the two groups and the observed events are unlikely
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Figure 6. Cytokine, chemokine, and miR-375 release profiles after islet transplantation. Concentration of CXCLS8 (a), IL-6 (b), IL-10 (c),
MCP-1 (CCL2) (d), CCL-3 (e), CCL-4 (f), CXCL-10 (g), and CXCL-9 (h) miR-375 (i) was measured in patients in the Reparixin (blue square)
group and the placebo (purple circle) group before induction of immunosuppression (pre-ITx) and 6, 12, 24, 72, 120, 168 hours after the Ist
(single line) and 2nd (dashed line) islet infusion.
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Table 4. Indentification of Cytokine, Chemokine, and miR-375
Characteristic Release Trends Over Time with a Peak 6—12 Hours
after ITx and Subsequent Downfall.

Characteristic Trend of Selected Released Cytokines, Chymokines,
and miR-375, with a Peak 6—12 Hours After ITx with Subsequent
Downfall Was Identified. In placebo group such characteristic trend
was observed for CCL4 and IL-6 secretion after the Ist ITx (P <
0.05) but not for the remaining chemokines, cytokines or miR-375
(P > 0.05). In the Reparixin group, the same trend was observed,
not only for CCL4 and IL-6, as observed in the placebo group, but
also for CXCL8, MCP-1 (CCL2), CCL3, CXCLIO0, as well as miR-
375 and miR-375/IEQ (P < 0.05). For the 2nd ITx, the above
described trends were observed only for miR-375 and miR-375/
IEQ and only in the Reparixin group (P < 0.05).

P-values
ITxI 1Tx2
Reparixin Placebo Reparixin Placebo
CXCL8 0.0003 0.4475 0.7095 0.9498
CcCL2 0.0108 0.0547 0.8875 0.9200
CCL3 0.0304 0.0978 0.8574 0.7833
CCL4 0.0009 0.0186 0.6790 0.9933
CXcCLI0 0.0002 0.1783 0.3509 0.9433
CXCL9 0.1069 0.2289 0.4005 0.1070
IL-6 0.0031 0.0135 0.1273 0.8649
IL-10 0.0552 0.1611 0.9215 0.9490
miR-375 <0.0001 0.1571 0.0252 0.1210
miR-375/IEQ 0.0001 0.0730 0.0030 0.1200

to be related to Reparixin. The most common source of
hemorrhage was at the puncture site on the surface of the
liver after withdrawal of the infusion catheter despite gelatin
sponge embolization®. Patient heparinization, which was
used to prevent portal vein thrombosis, also increased the
risk of hemorrhage. Hemorrhagic complications such as sub-
capsular and intrahepatic hematomas manifest as pain in
right upper quadrant of the abdomen, or in the case of
intra-abdominal hemorrhage, as pain in the lower abdomen.
In our cohort, we noted hemorrhage initially but this com-
plication decreased as more experience helped us avoid
puncture of the intrahepatic arterial branches when advan-
cing the catheter through liver parenchyma en route to can-
nulating braches of the portal vein. In some 25%-33% of
cases, the islet mass was derived from two donors for one
infusion in order to reach the required islet mass for trans-
plantation; however, no thromboembolic events were noted.

In regards to immunosuppression, we experienced a rel-
atively high AMR and de novo DSA rate during the first
transplant. However, the rate was the same in both groups.
In our opinion, this complication was related to inadequate
immunosuppression in the initial post-transplant period in
our cohort. Furthermore, a complete lack of steroids, even
for premedication prior to ATG infusion, led to frequent
episodes of malaise, nausea, vomiting, and headaches. We
later decreased the dose and rate of ATG infusion and also
eliminateted delay in the introduction of the therapeutic

doses of tacrolimus and mycophenolate. Although none of
the patients enrolled in the study had any HLA antibodies
detected (PRA was zero) prior to transplant, 3 of 4 patients
who developed de novo DSA had a sensitization event prior
to islet transplantation (i.e., miscarriage or blood transfu-
sion), which may have additionally triggered DSA
production.

All but one of our patients [11/12 (92%)], became insulin
independent during the study period, in contrast to only 7/34
(20%) at the other trial centers suggesting that our center
employed optimized conditions.” Our protocol enabled a
more controlled examination of Reparixin and enabled us
to demonstrate that, contrary to the multicenter trial, it may
improve islet engraftment and insulin independence. In fact,
in our study the Reparixin group achieved 62.5% insulin
independence at 1 year after a single islet infusion in contrast
to none in the placebo group with a comparable islet mass
infused. This outcome after a single islet infusion is superior
to the majority of other reports and comparable with the
three best series for islet allotransplantation®*2’. Of note,
2/5 patients (40%) in our study had a body weight over 91
kg with a BMI of approximately 28 kg/m2 and received only
a minimal total islet dose (below 5,700 IEQ/kg) and yet were
still able to maintain insulin independence over 2 years after
a single islet infusion. This is similar to the experience
reported by Rickels MR et al.>’. In contrast, all patients in
the two other available reports, by Hering BJ et al. and
Posselt AM et al., weighed less than 67 kg with a BMI of
25 kg/m?2 or less, and required roughly 6,000 IEQ/kg or more
to obtain comparable rates of insulin independence at 1-
year®>2°. Thus, it is possible that the multicenter trial did
not demonstrate improved outcomes with Reparixin because
too few islets were transplanted.

The combination of tacrolimus and mycophenolate was
as effective as rapamycin-based regimens in our cohort with
50% and higher rates of insulin independence®’**. The
remaining 37.5% of patients in the Reparixin group had
severe adverse events including rejection or severe cytokine
release syndrome. While these rates are comparable to the
placebo group, they nevertheless compromise islet engraft-
ment, and thus preclude accurate assessment of the effect of
Reparixin on engraftment. Cytokine release syndrome after
ATG infusion, as observed in our very first patient, has been
well described in almost all patients participating in trials
testing ATG in new onset TIDM even with low doses of
steroids'®. We addressed this problem in subsequent patients
by reducing the infusion rate of ATG, dividing the same total
dose into lower individual doses, and spreading the dosing
over a longer period of time. Steroid avoidance, slow intro-
duction of ATG, as well as maintenance immunosuppression
led to a higher than expected acute AMR and de novo DSA
rate. This complication could be possibly prevented in future
studies by using methylprednisolone during the first few
days after transplanting and with earlier introduction of
therapeutic immunosuppression.
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Table 6. Mixed Models for Treatment (Reparixin vs Placebo), and Induction of Immunosupression (Ist vs 2nd ITx) in Reparixin vs Placebo.
Cytokine released during the first 7 days after the Ist ITx (ATG) based on the calculated AUC was significantly higher for CXCLI0
compared to the 2nd ITx (Basiliximab) in both the Reparixin and placebo groups (P < 0.05). CXCL4 release was higher after the Ist ITx
compared to after the 2nd ITx only in the Reparixin group but not in the placebo group (P = 0.0154).

Reparixin vs placebo
mixed models

I'st vs 2nd Tx Reparixin
(paired t-test)

I'st vs 2nd Tx placebo
(paired t-test)

P-value P-value P-value
CXCLS8 [pg/ml] AUC 0.6381 0.4053 0.9252
MCPI [pg/ml] AUC 0.7814 0.2491 0.3032
CCL3 [pg/ml] AUC 0.6708 0.2396 0.7445
CCL4 [pg/ml] AUC 0.0522 0.0154 0.0702
CXCLI0 [pg/ml] AUC 0.9901 0.0194 0.0315
CXCL9 [pg/ml] AUC 0.7775 0.0516 0.4398
IL-6 [pg/ml] AUC 0.6000 0.5814 0.5948
IL-10 [pg/ml] AUC 0.7348 0.4307 0.6616
miR-375 [copies/ml] AUC 0.2054 0.6976 0.4667
miR-375/IEQ [copies in | ml /infusion IEQ] AUC 0.1918 0.6659 0.4262
6.00
=~ patient # 1 - 1* ITx no rejection, insulin free
5.00 patient # 4 - 1% ITx DSA, required some insulin
— patient # 5 - 1 ITx no rejection, insulin free
4.00 = patient # 7 - 1" ITx rejection on day 7, PNF
8 = patient#7 - 2" Tx no rejection, insulin free
5 3.00
o patient # 8 - 1% 1T, required some insulin
a
8 2.00
1.00
0.00
pre-tx 6 12 24 72 120 168
Time after ITx (hrs)

Figure 7. Comparison of miR-375/IEQ release profiles in one patient with antibody mediated rejection (AMR) and successful islet
transplant with remaining patients after islet transplantation Patient # 7 (Ist ITx) who developed AMR on day 7 with complete islet graft
loss (primary non-function (PNF)) after his |st ITx had miR-375/IEQ levels |10-fold lower in the first 7 days when compared to two other
patients # 5 (Ist ITx) and # | (Ist ITx) who did not develop complications. Interestingly, AUC miR-375/IEQ levels in the same patient (# 7)
were in the same range during his uncomplicated 2nd ITx, which resulted in long-term insulin independence (patient # 7 2nd ITx), and still
were over 5 fold lower compared to other patients with insulin independence - # 5 (Ist ITx) and # | (Ist ITx). Two other patients - # 4 (st
ITx) and # 8 (Ist ITx), who developed donor specific antibody (DSA) with some islet graft dysfunction and required continuous insulin
support, also had similar miR-375/IEQ release profiles when compared to those with excellent islet graft function - # 5 (Ist ITx) and # | (Ist
ITx). MiR-375/IEQ in first 7 days post-transplant did not correlate with islet graft function.

Although we did not find a statistically significant differ-
ence in the AUC for c-peptide/IEQ/kg, which was used to
assess islet engraftment in the trial, our post-hoc analysis of
AUC c-peptide/AUC glucose standardized by transplanted
islet mass expressed in IEQ was statistically significant. The
ratio of serum c-peptide and glucose concentration directly
measures islet function and normalizes it better than body
weight by accounting for differences in insulin resistance
between individual. Additionally, we determined a benefi-
cial effect of Reparixin compared to placebo on islet engraft-
ment by day 75 based on BETA-2 score normalized by islet
mass of the islet graft. We have previously validated the

utility of the BETA-2 score in assessing islet graft func-
tion? '%. A detectable difference in the serum cytokine pro-
file (including ligand CXCL8) was not expected, as
Reparixin is an allosteric receptor inhibitor that selectively
blocks CXCR1 and CXCR2 without hindering ligand inter-
nalization or measurably impacting serum proinflammatory
cytokines levels?®. Accordingly, we did not observe any dif-
ference in the serum CLCX8 profile in Reparixin vs placebo
group in our cohort (Fig. 6). We hypothesized that ATG
improves conditions for islet engraftment over basiliximab
based on previous studies showing improved long-term insu-
lin independence with ATG utilized along with TNF
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inhibitor etanercept/infliximab®®. A lower rate and daily
dose of ATG which we applied, led to no observed differ-
ence in the release of most cytokines in the placebo group
after the 1st ITx with ATG compared to the 2nd ITx with
Basiliximab. As in previous reports pertaining to islet trans-
plantation, we found the same profile of miR-375 release
from islets after transplantation with a peak around 6—12
hours after ITx. Although rising levels of miR-375 has been
correlated with islet destruction and worse clinical outcomes
we did not note this correlation®'**.

Based on the multicenter trial results, Reparixin appears
to have no advantage. However, despite the advantages of a
multicenter trial design, the heterogeneity of the study may
have led to an inability to appreciate an effect (i.e., a type 11
error). In the trial, different transplant centers employed dif-
ferent strategies for donor selection, islet isolation, immuno-
suppression, and a variable transplanted islet mass. Herein,
we suggest that a separate analysis of a cohort of patients
who received Reparixin under more standardized settings
may help elucidate the effect of Reparixin and suggest cri-
teria for further evaluation. Selective analysis based on our
cohort potentially uncovered confounding factors which
could have affected the clinical outcome, and identified spe-
cific conditions in which Reparixin might be beneficial for
islet engraftment. We did not find a significantly higher
overall cytokine /chemokine release in the placebo group
during the first ITx when ATG was used compared to the
second ITx when Basiliximab was utilized. However, Repar-
ixin significantly increased the release of CCL4 and CCL3
when compared to placebo during the 1st ITx, while no
difference was observed during the 2nd ITx. Taken together,
in the setting of the more favorable islet engraftment and
clinical outcomes in our cohort, this pattern may represent
a signature cytokine release profile related to the beneficial
synergistic effect of Reparixin and ATG on islet engraft-
ment. The observation of a significantly different release
profile of several cytokines, chemokines, and miR-375 in
the Reparixin group compared to placebo supports this
hypothesis.

We suggest that Reparixin could be further evaluated
under the more optimized and standardized conditions
described herein (i.e., using ATG for induction and utilizing
islet mass of at least 5,000 IEQ/kg per transplant). A direct
comparison of Reparixin with etanercept, the most
commonly used anti-inflammatory agent, could be be
considered?'*>?%3° Our analysis confirmed that islet allo-
transplantation is a safe and effective therapy for patients
with T1DM and life-threatening hypoglycemia. All patients
had positive outcomes based on Igls classification criteria
including substantially improved HbAlc, and more impor-
tantly, no severe hypoglycemic events. None of the patients
experienced SHE, which in combination with no unexpected
and mostly mild expected adverse events, likely led to a
substantially improved quality of life. Insulin independent
patients maintained long-term stable islet graft function.

There are a number of limitations to our study. Due to the
low number of patients in our post-hoc analysis and the
exclusion of cases where engraftment was affected by other
factors unrelated to the new drug/placebo, we cannot draw
valid statistical conclusions regarding the benefit of the new
agent. However, this analysis suggests that the lack of stan-
dardization of the critical conditions for optimal islet
engraftment may have led to an inability of the trial to detect
the effect of Reparixin. This should be taken into consider-
ation in the design of future trials involving islet
transplantation.

Furthermore, our report is limited by the small number
of patients, the presence of complications, and the use of
post-hoc analysis. Nonetheless, the results are encouraging
and suggest the need for further investigations. Our analysis
highlights the need for continuous optimization of the pro-
cedure, defining critical modifiable factors for success, and
additional standardizations of technical and clinical proto-
cols. High variability in islet processing protocols between
European centers was highlighted in a recent report’>.
Introduction of islet transplantation as a standard-of-care
procedure in the USA, as it currently is practiced in Canada,
Australia, and many European countries would help
increase the number of patients who could benefit from
islet transplantation and would also help stimulate research
and funding®* ¢

In summary, despite the negative outcomes of a multi-
center trial, our post-hoc analysis of a subgroup of patients
suggests that Reparixin may positively affect islet engraft-
ment. Our analysis highlights the importance of standardiz-
ing clinical protocols and ensuring optimized islet
engraftment. Investigation of Reparixin and future novel
agents requires standardized and optimized conditions in
order to exclude confounding factors and to facilitate a more
definitive examination of their role in islet transplantation.
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