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Abstract

Background: While circulating levels of alpha1-proteinase inhibitor (alpha1-PI) are

typically normal, antiprotease activity appears to be compromised in patients with

Type 1 diabetes mellitus (T1DM). Because alpha1-PI [human] (alpha1-PI[h]) therapy

can inhibit pro-inflammatory mediators associated with β-cell destruction and

reduced insulin production, it has been proposed for T1DM disease prevention. The

aim of this study was to evaluate safety, tolerability, and efficacy of intravenous

(IV) alpha1-PI[h] in preserving C-peptide production in newly diagnosed T1DM

patients.

Participants: Seventy-six participants (aged 6–35 years) were randomized at 25 cen-

ters within 3 months of T1DM diagnosis.

Methods: A Phase II, multicenter, partially blinded, placebo-controlled, proof-of-

concept study evaluating four dosing regimens of alpha1-PI[h] (NCT02093221,

GTI1302): weekly IV infusions of either 90 or 180 mg/kg, each for either 13 or

26 weeks. Safety and efficacy were monitored over 52 weeks with an efficacy evalu-

ation planned at 104 weeks. The primary efficacy endpoint was change from baseline

in the 2-h area-under-the-curve C-peptide level from a mixed-meal tolerance test at

Abbreviations: ADA, American Diabetes Association; AE, treatment-emergent adverse event; alpha1-PI, alpha1-proteinase inhibitor (endogenous); alpha1-PI[h], alpha1-proteinase inhibitor
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52 weeks. A battery of laboratory tests, including inflammatory biomarkers, consti-

tuted exploratory efficacy variables.

Results: Infusions were well tolerated with no new safety signals. All groups

exhibited highly variable declines in the primary outcome measure at 52 weeks with

no statistically significant difference from placebo. Interleukin-6 (IL-6) was reduced

from baseline in all alpha1-PI treatment groups but not the placebo group.

Conclusion: Pharmacologic therapy with alpha1-PI[h] is safe, well tolerated, and able

to reduce IL-6 levels; however, due to variability in the efficacy endpoint, its effects

on preservation of C-peptide production were inconclusive.

K E YWORD S
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1 | INTRODUCTION

Type 1 diabetes mellitus (T1DM) is the clinical manifestation of an

autoimmune disease that results in the loss of pancreatic β-cells with

a corresponding decrease in endogenous insulin production.1 Daily

exogenous insulin injections are required to maintain glycemic control

and reduce the risk of long-term complications, such as nephropathy,

neuropathy, and retinopathy.2 Despite improvements in monitoring

and treatment, the number of patients achieving American Diabetes

Association (ADA) treatment goals continues to be suboptimal,3 and

the search for alternative treatment paradigms continues.

Even modest residual β-cell function is associated with improved

glycemic control and reduced long-term complications.4 Hence,

research efforts to identify disease-modifying treatments aim to

replace, regenerate, or protect β-cell function and insulin secretion.5 To

date, no strategy has achieved this outcome with satisfactory results.4

Alpha1-proteinase inhibitor (alpha1-PI) is a serine proteinase inhibi-

tor that has recently become a research focus for diabetes due to its

anti-inflammatory activities.6-8 Patients with T1DM have been found to

have lower circulating alpha1-PI concentrations or reduced anti-

inflammatory alpha1-PI activity compared to those without diabetes.9-11

Encouraging results from preclinical studies with alpha1-PI have demon-

strated its ability to attenuate cell-mediated autoimmunity, restore

euglycemia, and prevent overt T1DM in nonobese diabetic mice.12-14

Furthermore, alpha1-PI prolongs graft survival and euglycemia in nonob-

ese diabetic mice receiving islet cell transplantation.12,15-20

The efficacy of therapy with alpha1-PI [human] (alpha1-PI[h]) in

T1DM has not yet been examined in a placebo-controlled clinical trial. In

nonplacebo-controlled clinical studies, alpha1-PI[h] was well tolerated in

patients with T1DM without significant safety findings.21-23 Efficacy

studies have suggested increased C-peptide secretion (a marker for insu-

lin release) in response to a meal stimulus and reduced expression of

genes involved with nuclear factor kappa-light-chain-enhancer of acti-

vated B cells (NF-κB) activation and apoptosis pathways.22,23

The present placebo-controlled, Phase II, proof-of-concept study

was designed to examine the safety and tolerability of intravenous

(IV) alpha1-PI[h] in patients with newly diagnosed T1DM and evaluate

its effect on insulin release over 2 years. In addition, steady-state phar-

macokinetic parameters were assessed in a subgroup of participants.

2 | METHODS

2.1 | Study design

This was a multicenter, randomized, partial-blinded, five-arm, placebo-

controlled study to evaluate the safety and efficacy of four dosing

regimens of IV alpha1-PI[h] in children (6–11 years old) and teens/

adults (12–35 years old) with new onset T1DM in the United States

(Clinicaltrials.gov identifier: NCT02093221, protocol GTI1302).

The study was designed to last a maximum of 105 weeks, con-

sisting of a ≤7-day screening period and a 13- or 26-week treatment

period followed by 39- or 26-week safety and efficacy follow-up

period (total of 52 weeks), and an efficacy follow-up extension period

of up to an additional 52 weeks to evaluate the durability of treat-

ment effect (Figure 1). Pharmacokinetics (PK) of IV alpha1-PI at steady

state was assessed in 15 participants at Weeks 13 and 15 participants

at Week 26.

2.2 | Participants

Procedures were approved by the Institutional Review Board/Ethics

Committee of each participating research center. The study was con-

ducted in accordance with the Declaration of Helsinki, including writ-

ten informed consent from each subject or guardian.

Enrolled participants were between 6 and 35 years of age and

received a diagnosis of T1DM according to ADA criteria24 within

3 months prior to randomization. The first 25 subjects enrolled (circa

5 participants per treatment arm) were between 12 and 35 years of

age. Enrollment was opened to children aged 6–11 years after dem-

onstration of acceptable safety/tolerability (see Section 2.5). Other

major inclusion criteria included current use of injected insulin therapy

and at least one positive result on testing for antibodies against islet
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cell antigen 512, insulinoma-associated protein 2 (IA-2), glutamic acid

decarboxylase (GAD), or insulin (unless having received insulin for

>7 days). If not currently on insulin therapy, then positive results for

≥2 of the above listed antibodies were required. Body mass index

(BMI) was required to be ≤28 kg/m2 for adults (aged ≥20 years) or

≤90% for children and teens.

Main exclusion criteria included any medical condition that might

confound results or pose a risk to participants, including diabetic reti-

nopathy, neuropathy, nephropathy, or known thrombophilia. Use of

medications that could confound results was not permitted, including

exenatide or any antidiabetic agents other than insulin within 1 month

before screening, and chronic use of systemic steroids (inhaled ste-

roids were acceptable) above a stable dose equivalent to 5 mg/day

prednisone (e.g., 10 mg every 2 days) within the 4 weeks before ran-

domization. A full listing of inclusion/exclusion criteria is provided in

Supplementary List 1.

Participants were randomized into one of five treatment arms, based

on a computer-generated 1:1:1:1:1 randomization schedule issued to an

unblinded pharmacist or designee. Randomization was stratified by age

group (children versus teen/adults). Within the 26-week treatment

groups and the 13-week treatment groups, treatment was fully blinded

and placebo-controlled. For blinding purposes, the placebo arm was split

into the two durations (26 and 13 weeks) of weekly infusions.

PK of IV alpha1-PI[h] were assessed in 30 participants, consisting

of at least 3 teens/adults and 3 children from each treatment arm.

2.3 | Treatments

All randomized participants received standard-of-care treatment for

their diabetes as defined by the ADA. Alpha1-PI[h] (commercially

available as PROLASTIN-C, Grifols Therapeutics LLC, NC) is a sterile,

stable, lyophilized preparation of purified human alpha1-PI indicated

for chronic augmentation and maintenance therapy in adults with clin-

ical evidence of emphysema due to severe hereditary deficiency of

alpha1-PI.
25 Reconstituted alpha1-PI[h] contains no preservatives, has

a pH of 6.6–7.4, and is normally administered as indicated as a weekly

IV infusion of 60 mg/kg. Weekly doses in the present study were

90 mg/kg, based on a previous study in patients with T1DM,23 and a

higher exploratory dose of 180 mg/kg, based on anticipated blood

concentrations required to suppress humoral and cellular immune

response markers as observed in ex vivo studies with fresh blood from

T1DM patients.23 The placebo used in this study was 0.9% sodium

chloride for injection (United States Pharmacopeia).

The study pharmacist, or designee, was the only unblinded study

personnel at each center. All participants received the same total infu-

sion volume for all treatments with no visible differences in the exter-

nal aspects of treatments (infusion bags were covered with a

nontransparent sleeve and IV tubing was opaque).

2.4 | Measurements

The primary efficacy endpoint was the change from baseline in the

2-h area under the curve (AUC) for C-peptide after a mixed-meal tol-

erance test (MMTT) at 52 weeks after randomization. C-peptide was

chosen as the primary measure of efficacy because it provides a sensi-

tive and clinically validated assessment of β-cell function in patients

with Type 1 diabetes, even in the presence of exogenous insulin ther-

apy .26 Blood draws for serum C-peptide (and glucose levels) were col-

lected during each MMTT. The measurements of C-peptide and

glucose in serum samples were performed in a central laboratory.

F IGURE 1 Study design. aBlood samples for total serum alpha1-PI concentration were collected from approximately 30 patients, consisting
of at least three teens/adults (ages 12–35 years old) and at least three children (ages 6–11 years old) from each treatment arm, to evaluate the
steady state PK of IV-administered alpha1-PI. Alpha1-PI, alpha1-proteinase inhibitor (Prolastin-C); PK, pharmacokinetics
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Secondary efficacy variables included change from baseline in

MMTT-stimulated C-peptide 2-h AUC at Weeks 14, 27, 39, 69,

87, and 104; glycosylated hemoglobin (HbA1c) levels at 14, 27,

39, 52, 69, 87, and 104 weeks after randomization; mean daily exoge-

nous insulin dose (units/kg/day) requirements from the 3–7 days prior

to each visit; mean daily glucose levels prior to meals and at bedtime

from the 3–7 days prior to each visit; and the number of patient-

reported severe hypoglycemic episodes from baseline through Week

104. Severe hypoglycemia was defined according the ADA Work-

group on Hypoglycemia definition as an event requiring assistance of

another person to actively administer carbohydrates, glucagon, or

other resuscitative actions.27 Insulin use and blood glucose levels,

along with meal times, were recorded daily by glucometer or insulin

pump. A composite efficacy endpoint of insulin dose-adjusted A1C

(IDAA1C), defined as A1C (percent) + (4 × insulin dose [units per kilo-

gram per 24 h]), was also analyzed as a proxy for remission.28

Secondary PK variables included AUC0–7 days, AUC0–21 days,

AUC0–inf, mean trough serum total alpha1-PI, maximum serum alpha1-

PI concentration (Cmax), time to reach Cmax (Tmax), terminal half-life

(t1/2), clearance volume (CL), and volume of distribution (Vd). Partici-

pants who underwent PK assessment had Week 26 or Week 13 infu-

sions and serial blood sampling up to 8-h postinfusion and at

additional time points through Day 21 (Supplementary List 2).

Speculative and exploratory efficacy variables (Supplementary

List 3) included biomarkers at baseline and Weeks 14, 27, 39, 52,

69, 87, and 104. Biomarkers included humoral and cellular immune

response markers (including interleukin [IL]-1β, IL-6, and tumor

necrosis factor [TNF]-α), and apoptosis biomarkers (Caspase

1, Caspase 3).

Primary safety variables included treatment-emergent adverse

events (AEs), adverse drug reactions (all AEs that have a definite,

probable, possible or doubtful/unlikely causal relationship), serious

AEs (SAEs), discontinuations due to an AE, temporally associated AEs

(during/within 72 h of investigational product infusion), arterial or

venous thrombotic and thromboembolic AEs, clinical laboratory

parameters (hematology, chemistry, urinalysis), and vital signs (heart

rate, blood pressure, respiratory rate, and temperature).

2.5 | Statistical analyses

Clinical considerations were used to estimate 15 subjects per treat-

ment arm (total enrollment of 75 participants) in this study. No formal

calculations of statistical power were made, as this was a proof-of-

concept study and not designed to be fully powered, but to observe

potential trends. The 26-week and 13-week placebo groups were

combined for all analyses.

Primary efficacy analyses compared each active treatment arm to

placebo by using analysis of covariance (ANCOVA) with treatment as

a fixed factor and baseline value of MMTT-stimulated C-peptide 2-h

AUC and age as covariates. No adjustments for multiplicity were con-

sidered. Treatment effects were analyzed by Pearson Chi-square test

in a two-way frequency table.

Efficacy analyses were based on all participants randomized

(intent-to-treat [ITT] population) and all randomized participants with-

out any major protocol deviations relevant to the analysis (i.e., per-

protocol [PP] population). If any randomized participants dropped out

early with missing data for MMTT-stimulated C-peptide 2-h AUC at

Week 52, a last observation carried forward (LOCF) method was used.

For the longitudinal measurements of MMTT-simulated C-peptide 2-h

AUC, the treatment effects were explored by using the mixed-effect

model repeated measures. Safety analyses were based on all random-

ized participants who received any amount of investigational product

(safety population).

Analysis of PK parameters was based on the PK population,

which included a subset of participants who were selected for steady

state PK evaluation, had received investigational product and had suf-

ficient and valid serum concentration data to facilitate calculation of

PK parameters.

Safety and tolerability data were reviewed prior to expanding

enrollment to subjects aged 6–11 years. Unblinded interim analyses

of efficacy, biomarker, PK, and safety data were to be conducted after

all participants reached steady state at Week 5 of dosing, after all par-

ticipants finished study treatment, and after all participants completed

the Week 52 visit.

3 | RESULTS

3.1 | Participant characteristics

Of 76 participants enrolled/randomized (ITT population) at 25 centers,

all but one participant received study treatment (safety population;

Figure 2). In total, four participants discontinued prior to completing

treatment and an additional six discontinued prior to Week 52. A list

of sites involved in the study is shown in Supplementary List 4.

The study was terminated by the study sponsor at the planned

unblinded interim analysis of efficacy after all participants completed

the Week 52 visit due to inconclusive primary efficacy results. Fewer

than half of the randomized participants completed the Week 104 fol-

low-up visit due to premature study termination. For all treatment

groups, treatment compliance, infusion compliance, and overall com-

pliance were good, ranging from 80% to 120%.

Participant demographics and other baseline characteristics were

generally well balanced across the treatment groups (Table 1). Mean

age of participants was similar among treatment groups (16.8 years

overall). Distribution of participants across age categories was also

similar across treatment groups, though the range of BMI within each

treatment group was wide because of the wide range of ages. Consis-

tent with the demographics for T1DM, most participants (96.1%)

identified as white (93.4% as exclusively white; 2.6% as multiple race),

which was similarly represented across the groups. Most patients

(88.2%) were ethnically not Hispanic or Latino.

All participants had endogenous levels of alpha1-PI considered to

be normal, ranging from 0.9 to 2.3 g/L. No clinically meaningful differ-

ences in mean baseline alpha1-PI concentrations, stimulated
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C-peptide levels, or HbA1c values were noted among treatment

groups (Table 1). Overall, the mean time since diagnosis of T1DM was

approximately 2 months and over 35% of participants had a family

history of T1DM. GAD antibodies were present in 85.5% of partici-

pants at baseline, and no major differences were noted among treat-

ment groups in the number or type of antibodies present.

3.2 | Efficacy

3.2.1 | Primary outcome variable

At Week 52, all treatment groups displayed a numerical decline in

MMTT-stimulated C-peptide 2-h AUC from baseline (Figure 3);

F IGURE 2 Patient disposition. aOther = study terminated by sponsor because planned follow-up to determine the duration of drug response
was unnecessary owing to no apparent response at Week 52. Alpha1-PI, alpha1-proteinase inhibitor (Prolastin-C)
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TABLE 1 Demographics and baseline characteristics (ITT population)

26-week 13-week 26-week 13-week

Placebo Total

180 mg/kg 180 mg/kg 90 mg/kg 90 mg/kg

Alpha1-
PI[h]

Alpha1-
PI[h]

Alpha1-
PI[h]

Alpha1-
PI[h]

n = 15 n = 16 n = 15 n = 15 n = 15 N = 76

Male, n (%) 9 (60.0) 8 (50.0) 6 (40.0) 11 (73.3) 11 (73.3) 45 (59.2)

Age (years), mean (SD) 17.9 (7.0) 15.7 (6.1) 16.9 (6.6) 16.7 (5.5) 16.7 (4.1) 16.8 (5.8)

Age category (years), n (%)

6–11 2 (13.3) 3 (18.8) 3 (20.0) 3 (20.0) 2 (13.3) 13 (17.1)

12–17 7 (46.7) 7 (43.8) 7 (46.7) 7 (46.7) 6 (40.0) 34 (44.7)

18–35 6 (40.0) 6 (37.5) 5 (33.3) 5 (33.3) 7 (46.7) 29 (38.2)

Ethnicity, n (%)

Hispanic or Latino 3 (20.0) 1 (6.3) 3 (20.0) 2 (13.3) 0 9 (11.8)

Not Hispanic or Latino 12 (80.0) 15 (93.8) 12 (80.0) 13 (86.7) 15 (100.0) 67 (88.2)

Race, n (%)a

White 15 (100.0) 15 (93.8) 15 (100.0) 13 (86.7) 15 (100.0) 73 (96.1)

Black or African American 0 2 (12.5) 0 2 (13.3) 0 4 (5.3)

Asian 1 (6.7) 0 0 0 0 1 (1.3)

Height (cm), mean (SD) 163.0 (11.7) 160.5 (16.7) 163.1 (14.4) 168.7 (15.7) 171.1 (20.2) 165.2

(16.1)

Weight (kg), mean (SD) 55.9 (15.1) 52.0 (15.4) 59.5 (23.2) 60.5 (15.5) 66.5 (19.8) 58.8 (18.2)

BMI (kg/m2), mean (SD) 20.8 (3.9) 19.7 (3.1) 21.6 (4.9) 201.0 (3.3) 22.1 (3.1) 21.0(3.7)

BMI Z score, mean (SD)

<19 years old −0.29
(1.13)

−0.45
(0.92)

0.12 (0.85) 0.25 (1.10) 0.31 (0.95) −0.02
(1.23)

≥19 years old 0.06 (0.73) −0.38
(0.70)

0.48 (0.05) −0.39
(0.90)

0.31 (0.48) 0.02 (0.72)

Alpha1-PI (g/L), mean (SD)b 1.31 (0.33) 1.38 (0.34) 1.36 (0.21) 1.20 (0.16) 1.22 (0.17) 1.29 (0.25)

C-peptide (nmol/L), mean (SD)c 0.22 (0.12) 0.22 (0.09) 0.21 (0.08) 0.26 (0.11) 0.23 (0.10) n/a

MMTT-stimulated C-peptide 2 h AUC (min × nmol/L),

mean (SD)

63.47

(35.69)

65.48

(34.19)

72.75

(36.64)

58.21

(25.34)

62.46

(27.75)

n/a

HbA1c (%), mean (SD) 8.27 (2.08) 8.89 (2.25) 8.05 (1.83) 9.12 (1.791 8.74 (2.34) n/a

Time since diagnosis (months), mean (SD) 2.08 (0.74) 2.01 (0.82) 1.97 (0.78) 1.86 (0.70) 1.85 (0.87) 1.96 (0.77)

Family history of T1DM—yes, n (%) 4 (26.7) 6 (37.5) 4 (26.7) 6 (40.0) 7 (46.7) 27 (35.5)

Antibodies present, n (%)

IA-2 9 (60.0) 8 (50.0) 9 (60.0) 7 (46.7) 9 (60.0) 42 (55.3)

GAD antibodies 13 (86.7) 13 (81.3) 11 (73.3) 14 (93.3) 14 (93.3) 65 (85.5)

Anti-insulin antibodies 4 (26.7) 4 (25.0) 5 (33.3) 3 (20.0) 4 (26.7) 20 (26.3)

Concomitant medications, n (%)

Any 8 (53.3) 14 (87.5) 14 (100.0) 14 (93.3) 12 (80.0) 62 (81.6)

Corticosteroids 1 (6.7) 1 (6.3) 3 (21.4) 0 0 5 (6.6)

Abbreviations: Alpha1-PI[h], alpha1-proteinase inhibitor [human] (Prolastin-C); AUC, area under the curve; BMI, body mass index; GAD, glutamic acid

decarboxylase; HbA1c, glycosylated hemoglobin; IA-2, insulinoma-associated protein 2; ITT, intent-to-treat; MMTT, mixed-meal tolerance test; n/a, not

available; T1DM, Type 1 diabetes mellitus.
aMultiple race was counted multiple times to each detailed race.
bOne patient in the 13-week high dose Alpha1-PI treatment group not assessed; n = 15.
cCalculated as average of −10 min (pre-drink) and 0 min.
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however, there was considerable variability. No statistically significant

change was observed for alpha1-PI[h] treatment groups relative to pla-

cebo at Week 52 using the ANCOVA for the ITT population with

LOCF. Results were similar with the PP population (data not shown). C-

peptide levels were below the 0.2 pmol/ml threshold for measurement

in four participants, though post hoc analysis excluding these partici-

pants suggested this did not affect the trial outcome (data not shown).

3.2.2 | Secondary variables

No statistically significant changes in any of the secondary variables

were observed compared to placebo. Mean change from baseline

values for the 2-h AUC of MMTT-stimulated C-peptide levels

decreased steadily in all treatment groups between Weeks 14 and

104, except for the 26-week 90 mg/kg dose group, which exhibited

increasing values through Week 27, that declined thereafter (Supple-

mentary Figure 1). At all time points, the placebo group showed the

greatest numerical mean decrease in HbA1c levels from a baseline

value that was similar to the other groups (Table 1). Otherwise, the

recorded HbA1c levels, mean daily insulin dose, or mean daily glucose

level were unremarkable (Table S1). Similarly, post hoc analysis of

IDAA1C classified as ≤9 (“partial remission”) or >9 showed no clear

pattern (Table S2).29

Severe hypoglycemic episodes during the study (baseline to

Week 104) were infrequent, affecting only five participants), and no

alpha1-PI[h] treatment group had a statistically significant difference

in their incidence relative to placebo. Four participants reported one

episode (one in the 26-week, high-dose group; two in the 13-week,

high-dose group; and one in the placebo group) and one participant in

the 26-week, low-dose group reported three episodes.

3.2.3 | Exploratory variables

IL-6 was numerically decreased in all treatment groups at Weeks

39 and 52 except in the placebo treatment group (Figure 4). All

alpha1-PI[h] treatment groups had mean decreases in IL-1β that were

numerically greater than decreases in the placebo treatment group at

Week 52; however, all treatment groups (including placebo) showed

variability in IL-1β over the course of the study and no trend was

observed (Table S3).

No consistent differences were noted between groups for the

rest of exploratory efficacy variables (Supplementary List 3).

3.3 | PK subgroup analysis

Alpha1-PI PK exhibited dose proportionality for adjusted AUC0–7 days,

adjusted AUC0–21 days, adjusted AUC0–inf, adjusted Cmax, CL, and mean

trough levels (Table S4). AUC0–7 days, AUC0–21 days, and mean trough

levels were notably higher in all the alpha1-PI[h] treatment groups

compared to placebo (data not shown). No meaningful differences

among treatment groups were noted for t1/2 values. Alpha1-PI con-

centrations were maintained during dosing and returned toward base-

line after the treatment was stopped at 13 or 26 weeks (Figure 5).

3.4 | Safety

Assessment of AEs showed no consistent treatment-related pattern

for any event. The most common AEs included headache,

nasopharyngitis, upper respiratory tract infection, and vomiting

(Table S5). Considering the small number of participants in the study

and the events reported, the frequencies of AEs overall were similar

among treatment groups.

No thrombotic or thromboembolic events were reported.

Most AEs were either mild or moderate in severity with three

being considered as severe. One participant (26-week high-dose

group) discontinued treatment due to a nonserious, moderate AE

(migraine), which was considered possibly related to investiga-

tional product.

SAEs were reported for three participants, all in the 13-week

high-dose group, (one patient each: suicide, spontaneous abortion,

F IGURE 3 Change from baseline
in MMTT-stimulated C-peptide
2-hour AUC at Week 52: Analysis
using ANCOVA with baseline AUC
and age as covariates using LOCF
method (ITT population). ANCOVA,
analysis of covariance; AUC, area
under the curve; CI, confidence
interval; ITT, intent-to-treat; LOCF,

last observation carried forward; LS,
least square; MMTT, mixed-meal
tolerance test
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and hyperglycemia) with causality assessed as unrelated to the inves-

tigational product.

No meaningful differences among treatment groups were noted

in the frequencies of possibly related AEs. No AEs were reported to

have a definite relationship to investigational product. Two possibly

related AEs (noncardiac chest pain and dyspnea, occurring in the same

participant in the 13-week low-dose alpha1-PI[h] treatment group)

were reported as having a probable causal relationship to investiga-

tional product. Changes from baseline values in hematology, clinical

chemistry, urinalysis parameters, and vital signs were small in all

treatment groups, with no clinically meaningful differences between

treatment groups.

4 | DISCUSSION

We examined the hypothesis that administration of IV alpha1-PI[h] in

T1DM patients with normal alpha1-PI concentrations would preserve

β cell function over 1 year compared to placebo-treated patients. Pre-

clinical studies of TIDM showed alpha1-PI induced immune tolerance,

facilitated the expansion of insulin-secreting transplanted islets, and

preserved β cells in nonobese diabetic mice with new onset, overt dia-

betes.12-14 Administering alpha1-PI prolonged islet allograft survival

after islet transplantation in mice and murine cellular immunity

appeared to be modulated.16-19 Furthermore, alpha1-PI attenuated

the production of inflammatory mediators involved in cell aging (such

as IL-6 and IL-8) in drosophila and human cell lines.30

The current placebo-controlled, proof-of-concept clinical study

demonstrated no improvement in β-cell function among T1DM

patients with normal alpha1-PI concentrations for the dose levels of

alpha1-PI[h] tested. Efficacy was assessed from residual C-peptide

production in response to stimulation (primary), with subordinate effi-

cacy measurements from concentrations of HbA1c, daily glucose,

daily insulin requirements, and insulin dose adjusted HbA1c. Alpha1-PI

[h] treatment was associated with numerical decreases in IL-6 in all
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treatment groups except for placebo. Exploratory measurements of

other inflammatory markers were unremarkable.

This study is the first placebo-controlled trial of alpha1-PI[h] use

in T1DM. In a small uncontrolled clinical study in recently diagnosed

T1DM children and adolescents (n = 24), alpha1-PI at doses of up to

80 mg/kg over 28 weeks was associated with reduced HbA1c from

8.4% to 7.1% and peak C-peptide of ≥0.2 pmol/mL in more patients

than compared with historical controls.22 Another uncontrolled study

in recently diagnosed adults and children with T1DM (n = 16),

suggested alpha1-PI[h] administered for 6 weeks at up to 90 mg/kg

may have reduced C-peptide secretion in some patients.23 In fresh

blood from T1DM patients not included in the latter trial, alpha1-PI

added ex vivo inhibited secretion of IL-6 and IL-8 and reduced the

expression of the genes involved with NF-κB activation and apoptosis

pathways.23 Over 50% inhibition of these processes was seen when

alpha1-PI concentrations were >2 g/l.23

These results suggest that alpha1-PI[h] doses higher than 90 mg/

kg may be needed to suppress TNF-α and NF-κB pathways.22,23 In

the present study, mean alpha1-PI concentrations of >2 g/l were

observed in the 180 mg/kg dose group during the dosing period, but

this concentration was not sustained throughout the study period;

hence, even higher doses may be required. Importantly, weekly infu-

sions had demonstrable dose–response effects on alpha1-PI, with

dose proportionality for several PK parameters. Treatment increased

concentrations of alpha1-PI in subjects with normal baseline concen-

trations, thereby demonstrating the ability of weekly alpha1-PI

[h] infusions to boost alpha1-PI levels above the physiologic range.

Mean IL-6 concentrations decreased in all alpha1-PI[h] treatment

groups at weeks 39 and 52, whereas increases were seen in the pla-

cebo group at these timepoints. Although the observed differences

were not statistically significant, these data point to an anti-

inflammatory effect of Alpha1-PI[h] in T1DM, an important observa-

tion as increased IL-6 levels are implicated in the pathogenesis of

T1DM.31 Future studies of alpha1-PI[h] treatment of inflammatory

conditions like T1DM should continue to explicate these potential

anti-inflammatory effects.

Weekly alpha1-PI[h] infusions as high as 180 mg/kg for up to

26 weeks were well tolerated in this study, with no new safety signals.

Alpha1-PI[h] products licensed for alpha1-PI deficiency have an

established long-term safety profile, with doses as high as 250 mg/kg

administered every 4 weeks for up to 1 year.32-34 Experience from

other clinical studies in T1DM have also suggested alpha1-PI

[h] products are well tolerated in patients with diabetes without any

significant additional safety findings.21-23 Taken together, tolerance

and safety are unlikely to be a barrier to future studies investigating

doses higher than 180 mg/kg which may be necessary to fully evalu-

ate efficacy.

Study limitations include the small sample size of this proof-of-

concept study, which prohibited an adequate power level to establish

statistical significance or demonstrate efficacy based on primary or

secondary endpoints. In particular, the observed variability in the pri-

mary outcome measure (stimulated C-peptide production) was too

large to discern any differences. However, this degree of variability is

representative of trials in this field.35 Continued research that leads to

the development of a less capricious measure would be helpful for

future studies. Undoubtedly, the transient partial remission period

(“honeymoon phase”) reported to occur within 3–12 months after

starting insulin treatment28,36 may have contributed to the variability

of C-peptide levels. The influence of this variability might have been

reduced by block randomization within age strata, in light of the

established relationship between age at presentation and the rate of

loss in β-cell function and C-peptide production.37 However, such

complex randomization schemes would be inappropriate for a proof

of concept study such as this. Extending the study beyond 12 months

might also help to reduce the confounding influence of this variability

in the natural history of C-peptide production. The study of patients

at high risk for the development of T1D (i.e., individuals with “Phase
2” Type 1 diabetes) constitutes another sound strategy for assessing

the therapeutic potential of this compound.

In summary, weekly infusions of alpha1-PI[h] at up to 180 mg/kg

for 26 weeks was well tolerated; however, this Phase II, proof-of-

concept study was inconclusive regarding the clinical benefit of

alpha1-PI[h] supplementation in T1DM because of the small number

of subjects evaluated. Larger trials with consideration to reducing

within-group variability could better address this question.
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