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ABSTRACT

Introduction: A significant number of patients
with moderate asthma remain symptomatic
despite treatment with inhaled corticosteroids
(ICS). These patients do not yet meet the criteria
for oral corticosteroids (OCS) and monoclonal
antibodies. The new anti-chemokine oral drug
XC8 could represent an alternative treatment
option for these patients. The objective of this
trial was to evaluate the effect of different doses
of the XC8 in patients with partly controlled
asthma in a phase 2a clinical trial.

Methods: A double-blind, parallel-group, ran-
domized, multicenter, phase 2a trial was con-
ducted at 12 sites in Russia. Patients with
asthma were randomized into four groups
(n = 30 each) to receive XC8 at 2 mg, 10 mg,
100 mg or placebo once-daily for 12 weeks in
addition to low-dose ICS with or without LABA.
Efficacy and safety parameters were evaluated at
weeks 0, 2, 6, and 12.
Results: No statistically significant difference
between the treatment arms in the number of
patients with adverse events was observed. The
primary endpoint, improvement of forced
expiratory volume in 1 s (FEV1) % predicted
over 12 weeks compared to placebo, was not
statistically significant. The treatment of
patients with XC8 (100 mg) resulted in statisti-
cally and clinically significant improvements in
FEV1 compared to baseline (7.40% predicted,
p\0.001). Patients with elevated peripheral
blood eosinophil count (PBEC,[300 cells/ll)
or serum interferon-c (IFN-c) level ([100 pg/
mL) treated with XC8 (100 mg) achieved a sta-
tistically significant improvement in FEV1

(11.33% predicted or 8.69% predicted, respec-
tively, p\0.05) as compared to the baseline
versus the placebo. The strongest effect was
observed in patients with both high PBEC and
IFN-c level. Pharmacodynamic engagement was
demonstrated through the reduction of serum
levels of C–C motif ligand 2 (CCL2) and C–X–C
motif chemokine 10 (CXCL10). Treatment with
XC8 (100 mg) alleviated resistance to
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maintenance ICS therapy in patients with ele-
vated IFN-c level.
Conclusions: Given the high safety, oral route
of administration, and efficacy, XC8 may pro-
vide a promising treatment option for patients
with mild-to-moderate asthma.
Trial Registration: 795–30/12/2015 (Ministry
of Health Russian Federation), NCT03450434
(ClinicalTrials.gov).

Keywords: Asthma; Chemokine; Cortico-
steroid resistance; Eosinophils; Interferon-
gamma; XC8

Key Summary Points

The treatment of patients with XC8 100
mg over 12 weeks resulted in statistically
and clinically significant increase in FEV1

by 0.24 liters and 7.40 % predicted
compared to the baseline.

The treatment of patients with elevated
PBEC ([300 cells/ ll) and/or IFN-c level
([100 pg/mL) with XC8 at 100 mg over 12
weeks resulted in statistically significant
increase in FEV1 (% predicted) compared
to the baseline versus placebo.

Pharmacodynamic engagement was
demonstrated through the reduction of
serum levels of C-C motif ligand 2 (CCL2)
and C–X–C motif chemokine 10
(CXCL10).

Treatment with XC8 (100 mg) alleviated
resistance to maintenance ICS therapy in
patients with a high IFN-c level

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13007351.

INTRODUCTION

With more than 300 million patients affected,
asthma remains one of the most widespread
chronic diseases [1]. Despite the large number of
treatment options available on the market for
asthma, supportive therapy during remissions
remains one of the key problems due to limited
efficacy of existing solutions. Treatment of
asthma mainly comprises control over the
clinical manifestations of the disease as per
Global Initiative for Asthma (GINA 2015)
guidelines [2]. Drugs used for the treatment of
asthma include maintenance therapy and
relievers [3]. The administration of mainte-
nance drugs is daily and long-term in most
patients. This group of drugs includes inhaled
corticosteroids (ICS) and systemic oral corti-
costeroids (OCS), antileukotrienes, and long-
acting inhaled b2-agonists (LABA) in combina-
tion with ICS [4]. A significant number of
patients with moderate asthma remain symp-
tomatic despite ICS or other maintenance
therapy. These patients do not have adequate
asthma control but do not yet fulfill the criteria
for treatment with monoclonal antibodies
(mAbs) and OCS. They are also often not
adherent to ICS therapy. Therefore, an oral drug
would be well received by these patients. Pros-
taglandin D2 (DP2) receptor antagonists hold
promise for addressing this unmet need,
demonstrating good efficacy combined with
oral bioavailability. However, several late-stage
clinical failures of this class of compounds [5],
including the recent failure of the DP2 antago-
nist Fevipiprant in phase 3 reported by Novartis,
keep an unmet medical need for a safe oral drug
for asthma in place.

According to Douwes et al., approximately
50% of asthma patients have an eosinophilic
phenotype of disease [6], which is occasionally
challenging to treat (reviewed in [7]). The
management of patients with uncontrolled
eosinophilic asthma is almost twofold more
expensive compared to patients with normal
peripheral blood eosinophil count (PBEC) [8].
Elevated PBEC have also been shown to be
associated with an increased frequency of
asthma exacerbations [9]. Novel therapeutics—
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mAbs targeting key mediators of type 2 eosi-
nophilic asthma as interleukin-4 (IL-4), IL-5, IL-
13, as well as anti-IL receptors IL-4Ra (IL-4/IL-
13), IL-5R, and thymic stromal lymphopoietin
(TSLP) are being developed [10]. The meta-
analyses revealed no statistically significant
superiority of one mAb over the others [11, 12].
MAbs, such as mepolizumab, reslizumab, and
benralizumab blocking IL- 5/IL-5R were shown
to be beneficial in the treatment of severe per-
sistent eosinophilic asthma (step 4/5, GINA)
[13–16]. Dupilumab targets IL-4Ra and was
shown to improve the clinical outcomes and
quality of life of patients with moderate-to-
severe asthma when used together with ICS
[17]. However, the utility of mAbs for patients
with moderate (step 3, GINA) disease is rather
limited [3]. The high cost of the mAbs and
parenteral route of administration are the main
limiting factors for patients with moderate
asthma [18, 19].

We have shown earlier that the derivatives of
biogenic amines (peptidoamines) are effective
against some inflammatory diseases [20–22]. We
have found that the glutarimide derivative XC8
reduces the influx of eosinophils into bron-
choalveolar lavage (BAL) in a Sephadex-induced
lung inflammation model in rats [23]. In a
model of acute and chronic asthma, XC8 sig-
nificantly reduced the number of eosinophils in
BAL, degranulating mast cell and goblet cell
number in the lung tissue and specific airway
resistance. The mechanism of action of XC8 is
related to the inhibition of Golgi-resident
human glutaminyl cyclase (gQC), the enzyme,
which catalyzes the pyroglutamination of
chemokines of C–C motif family (unpublished
data). Pyroglutaminated chemokines CCL2,
CCL8, CCL7, and CCL13 are involved in most
inflammatory disorders including asthma [24].
One of their functions is the attraction of eosi-
nophils [25, 26]. Moreover, we showed that the
treatment of mice stimulated with interferon-c
(IFN- c) with XC8 led to a decrease of neu-
trophils in the BAL, which correlated with the
decrease of C–X–C motif chemokine 10
(CXCL10), known as IFN-c inducible protein
(unpublished data). The phase 1 clinical trial of
XC8 conducted in Europe in healthy volunteers
in three dose-groups (10, 50, and 200 mg)

demonstrated its safety [27]. The single and
multiple administration of XC8 for up to
14 days demonstrated good tolerability and a
favorable safety profile for the dose range
10–200 mg without accumulation.

We hypothesize that the addition of XC8 to
low doses of ICS could be a useful strategy to
increase the efficacy of asthma maintenance
therapy, in order to achieve control over the
disease instead of increasing doses of ICS in
patients with partly controlled asthma (GINA
2015, box 2–2). The objective of this study was
to evaluate the effect of different doses of the
anti-chemokine oral drug XC8 in treatment of
asthma patients with poor response to ICS in a
randomized, double-blind, placebo-controlled
phase 2a clinical trial.

METHODS

Study Design

The double-blind, parallel-group, randomized,
multicenter, phase 2a trial (named PULM-XC8-
02) was conducted at 12 sites in Russia. The trial
comprised a 1-week screening period, 2-week
run-in period, 12-week treatment period, and
4-week follow-up period. The trial enrolled 120
patients with asthma that met all of the inclu-
sion criteria and did not have any exclusion
criteria. At baseline, subjects with confirmed
partly controlled asthma (according to GINA
2015, see also below) were randomized to
receive XC8 at 2, 10, and 100 mg or placebo at a
ratio of 1:1:1:1 (30 patients per treatment arm).

The sample size was determined so that 104
patients complete the study (26 patients per
treatment arm) if no more than 13% of patients
discontinue early. This number of patients was
deemed sufficient to compare the groups with
the level of significance a = 5%, power 80%,
difference between groups 9%, standard devia-
tion (SD) 11.5%, considering 30% screen-failure
rate, and 5% withdrawal after the run-in period.

Randomization was done automatically with
the use of Interactive Web Response System
(IWRS). For the purpose of blinding, each
patient simultaneously received three tablets
corresponding to 2 mg or placebo, 10 mg or
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placebo, and 100 mg or placebo. The patients
received treatment with XC8 or placebo for
12 weeks in addition to maintenance therapy
with low doses of ICS (GINA 2015 [2]) with or
without LABA. ICS doses were categorized
according to GINA 2015 (box 3–6), described in
Supplementary Table S1.

The study drug was administered once a day
30 min before breakfast. Patients visited the site
at week 0, week 2, week 6, and week 12 to
evaluate efficacy and safety parameters. Patients
self-measured the peak expiratory flow (PEF)
and maintained a diary where they recorded
their asthma symptoms. At each visit, the data
from the patient’s diary and spirometry results
were evaluated. At week 6 and week 12, a
physical examination, vital signs examination,
body weight measurement, and blood and urine
sampling for laboratory tests were also per-
formed. At week 12, the study treatment was
completed.

Participants

Eligible subjects were non-smoking males and
females between 18 and 65 (inclusively) years
old with a diagnosis of asthma that was estab-
lished at least 12 months prior to screening. The
inclusion criteria were as follows:

1. Signed informed consent is obtained
before performing any assessment.

2. Non-smoking males and females between
18 and 65 (inclusively) years old at the
time informed consent is signed.

3. Physician diagnosis of asthma (as per
GINA 2015 guidelines), made for at least
12 months prior to screening. The con-
firmed reversibility of asthma as rapid
improvements in FEV1 (or PEF), measured
within minutes after inhalation of a rapid-
acting bronchodilator (as per GINA 2015).

4. Continuous therapy with prescribed ICS
with or without LABA for at least 3 months
prior to screening (Step 2 and 3 as per
GINA 2015).

5. Symptoms of partly controlled asthma for
at least 4 weeks prior to screening (as per
GINA 2015).

6. Patients with a pre-bronchodilator FEV1

value of 60% to 80% of individual pre-
dicted value at screening and
randomization.

7. Signed informed consent is obtained to
use effective methods of contraception
throughout the study. The effective meth-
ods of contraception include:

• Established oral or implanted hormonal
methods of contraception

• Barrier method: condom or occlusive cap
with spermicide

• Intrauterine device
8. Ability to comply with all protocol

requirements.

Patients with any of following exclusion
criteria were not eligible for inclusion in the
study:

1. Pregnant or lactating women or women of
child-bearing potential not using effective
contraception.

2. Smoking or ex-smoking patients who
stopped within 1 year prior to screening
or had smoking history of more 10 pack-
year.

3. Severe exacerbations or not controlled
asthma for 3 months prior to screening.

4. Chronic obstructive pulmonary disease
(COPD) or other lung diseases in addition
to asthma.

5. Inflammatory diseases of mouth.
6. Acute respiratory infection within 30 days

prior to screening.
7. Participation of patients in any clinical

trial or use of any investigational products
within 30 days prior to screening.

8. Patients receiving or likely to require
treatment during the study with other
drugs for treatment of asthma (including
antileukotrienes and theophylline
extended-release tablets), except those per-
mitted by the protocol.

9. Patients receiving or likely to require
treatment during the study with OCS,
non-steroid anti-inflammatory agents, or
agents affecting the immune system.

10. Patients receiving or likely to require
treatment during the study with
stable doses of antihistamines.
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11. Patients receiving or likely to require
treatment during the study with immuno-
suppressant drugs within 3 months prior
to screening.

12. Anaphylaxis, generalized urticarial, or
angioedema within 1 year prior to
screening.

13. History of allergy, hypersensitivity, or
contraindication to XC8 or its
components.

14. Systemic autoimmune diseases or collagen
vascular disease in medical history.

15. History of malignancy within the past
5 years (except basal cell carcinoma).

16. Significant cardiac or vascular disease at
the moment of screening or within
12 months prior to screening, including
chronic heart failure according to New
York Heart Association (NYHA) Class III or
IV; severe arrhythmia requiring therapy
with Class Ia, Ib, Ic and Class III antiar-
rhythmic drug; unstable angina; myocar-
dial infarction; cardiac surgery and
coronary artery bypass grafting; relevant
cardiac valves disorders; transient ischemic
attack or stroke; uncontrolled arterial
hypertension with systolic pres-
sure[ 180 mmHg and diastolic pres-
sure[ 110 mmHg; pulmonary embolism
or deep vein thrombosis.

17. Nephrotic syndrome, moderate and severe
chronic renal failure, or significant renal
diseases with creatinine level of[1.5 mg/
dl (132 lmol/l) in males and[1.4 mg/dl
(123 lmol/l) in females or glomerular fil-
tration rate (GFR)\60 mL/min.

18. Patients testing positive for human
immunodeficiency virus (HIV), hepatitis
B or C, or with hepatic cirrhosis in history;
elevated level of serum aspartate amino-
transferase (ASAT) or alanine aminotrans-
ferase (ALAT) C 3 times of the upper limit
of normal (UNL); elevated total biliru-
bin C 2 times of UNL at the screening.

19. Anemia (hemoglobin B 10.5 g/dl in
females and B 11.5 g/dl in males); blood
loss or donating blood (C 500 mL), or
blood transfusion within 12 weeks prior
to screening.

20. Any concomitant disease besides asthma
which is not controlled with
stable treatment.

21. Drug or alcohol abuse at the moment of
screening or in the history.

22. Patients who are unable to read or to write;
unwilling to understand and to follow the
procedures of the study protocol; interfere
with the therapy or procedures that, in the
opinion of the investigator, could affect
the results of the trial or safety of the
patient and interfere with further partici-
pation in the trial; any other comorbid
medical and serious mental conditions
that render the patient ineligible for par-
ticipation in the clinical study, or may
affect the patient‘s ability to participate in
the study.

During the trial, the patients were not
allowed to take the following drugs:

• Changes in the asthma maintenance
treatment.

• Systemic corticosteroids;
• Nonsteroidal anti-inflammatory drugs for

more than three consecutive days of
administration;

• Short- and long-acting anticholinergics;
• Sodium cromoglycate or nedocromil

sodium, ketotifen, leukotriene modifiers,
theophylline (in any pharmaceutical form);

• Anti IgE and IL-5/5R mAbs;
• Antihistamines;
• Beta-blockers, including eye drops;
• Immunosuppressive drugs;
• Cytochrome P450 inhibitors, microsomal

oxidation inducers;
• Methandrostenolone, estrogens (except for

low doses of estrogens in combined oral
contraceptives).

All subjects provided written informed con-
sent before participating in the study. The study
was conducted in accordance with the princi-
ples of the Declaration of Helsinki and the
International Conference on Harmonization
Guidance for Good Clinical Practice. The study
was approved by the Ethics Committee Ministry
of Health of the Russian Federation, protocol
115 from 08.12.2015.
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Investigational Product

XC8 is a 1(2-(1H-imidazol-4-yl) ethyl) piper-
idine-2,6-dione based on IUPAC nomenclature.
The drug substance of XC8 was produced and
released by Alven Laboratories (Czech Republic)
according to current European Good Manufac-
turing Practice regulations. The drug product of
XC8 and placebo were produced by Hennig
GmbH (Germany). The XC8 and the placebo
tablets had identical appearance, shape, color,
labeling, and packaging.

Endpoints

The primary efficacy endpoint was defined as a
change in FEV1 (% predicted value) at week 12
as compared to the baseline at week 0 versus
placebo in patients with partly controlled
asthma (as defined by GINA 2015) receiving
stable treatment with low-dose ICS with or
without LABA.

Secondary efficacy endpoints included a
comparison of each dose of XC8 and the pla-
cebo on week 12 as compared to baseline on
week 0 according to the following parameters:
change in maximum PEF, change in average
daily variability of PEF within a week according
to the results of morning and evening peak
flowmetry before taking the anti-asthmatic
drugs, change in FEV1 (absolute and % pre-
dicted) and other spirometry parameters before
the use of bronchodilators such as forced vital
capacity of lungs (FVC), ratio FEV1/FVC, forced
expiratory flow (FEF) 25–75%, measured in
absolute values and in % predicted, change in
the frequency of the use of short-acting b2-ag-
onists for the alleviation of symptoms of
asthma, percentage of patients who achieved
good control of asthma (GINA 2015) at week 6
and week 12, incidence of severe exacerbations
of asthma during the 12 weeks of the study
treatment, change in eosinophil counts in
blood and sputum, change in serum IgE and IgG
levels, and change in the content of eosinophil
cationic protein and tryptase in serum. Safety
was assessed based on frequency of adverse
events (AEs) and serious adverse events (SAEs) of
different severity using subjective complaints,

laboratory data, general physical examination,
vital signs assessment, and electrocardiography
(ECG).

Assessments

Measurement of CCL2, CXCL10 and IFN-c
Blood sampling for the study was performed for
83 patients at three time points: before the
administration of the XC8 (week 0), at week 6
and week 12 after the treatment period with
XC8 or placebo. The concentration of CCL2 in
the plasma of the patients (without prior dilu-
tion) was measured using the HCYTOMAG-60 K
MILLIPLEX kit in accordance with the manu-
facturer’s protocol (EMD Millipore, Bedford,
MA, USA).

The plasma concentrations of IFN-c and
CXCL10 were determined using the Bio-Plex
Pro Human Chemokine 40-plex (Bio-Rad, Her-
cules, CA, USA) in accordance with the manu-
facturer’s protocol. Cytokines were analyzed in
plasma samples diluted 1:4. The plates were
read with Luminex MagPix (Thermo Fisher Sci-
entific, Waltham, MA, USA). The results were
calculated as mean (M) ± standard deviation
(SD).

Statistical Analysis of the Clinical Data

Statistical analysis for the clinical trial data was
performed using The R Project for Statistical
Computing. Unless otherwise indicated, all of
the data are presented by descriptive statistics
according to treatment arms and study visits (if
applicable). Nominal or ordered data are pre-
sented according to absolute and relative fre-
quencies (percentages), continuous data are
presented according to the number of non-
missing observations. Normal distribution was
checked by Shapiro–Wilk test. At the study vis-
its, the changes versus baseline were compared
between the groups using ANOVA test. Nominal
baseline data were compared using Fisher’s
exact test or Mantel–Haenszel test for all treat-
ment groups. The significance level (a) was 5%,
with power of 80%.

For analysis of the primary efficacy variable,
a null hypothesis (H0) was tested. The null

356 Pulm Ther (2020) 6:351–369



hypothesis suggested that a treatment (XC8)
group is similar or non-inferior to placebo
group. The alternative hypothesis (Ha) sug-
gested that a treatment (XC8) group is superior
to placebo group by efficacy:

H0 : lT � lR �0

Ha : lT � lR [ 0

where lT is the mean value for XC8 groups; lR is
the mean value for placebo group. The
hypothesis was tested using two-side tests with
Holm adjustment, a = 0.05. At each visit, the p
values were calculated for pairwise comparisons
and presented with the use of a Holm
multiplicity adjustment. To compare the
ordered categories in the therapy groups with
the placebo group, ANOVA model for ranked
data (nonparametric statistics) or
Kruskal–Wallis test and Wilcoxon test were
used. This analysis was conducted in two
patient’s populations—modified intention-to-
treat (MITT) and per protocol.

To evaluate the significance of the differences
between the therapeutic groups at posthoc
analysis by changes in FEV1 during the trial, a
two-way analysis of variance with repeated
measurements (repeated measures ANOVA) was
used. The FEV1 values were added as dependent
variables at different study visits (week 0, 2, 6,
and 12). As independent predictors, the thera-
peutic study arm (placebo arm, XC8 arms at
doses of 2, 10, and 100 mg), the elevated base-
line at week 0 PBEC (cut-off of 300 cells/ll), and
serum IFN-c level (cut-off of 100 pg/mL) were
added. To evaluate the significance of the dif-
ference, the effect of interaction between the
visits, groups, PBEC, and IFN-c level was used.
This analysis was performed in the population
Completers, which included all patients from
intention-to-treat (ITT) populations who had
values of FEV1 at baseline (week 0) and at the
week 12. The missing values were completed
using the Last Observation Carried Forward
(LOCF) method (replacing the missing values
with the previous ones). All of the statistical
calculations were performed with the statistical
significance level of a = 0.05.

RESULTS

Baseline Characteristics of Patients

The disposition of subjects that were random-
ized to receive XC8 at 2, 10, and 100 mg, or a
placebo at baseline week 0 is shown on Fig. 1.
Baseline demographic and asthma characteris-
tics were generally well balanced between the
treatment arms. All of the subjects in this study
had previously spirometrically confirmed
reversibility of obstruction (improvement in
FEV1 after inhalation of a rapid action bron-
chodilator such as 200–400 lg salbutamol).
Detailed demographic characteristics are shown
in Table 1. The baseline pulmonary function of
patients is presented in Table 2.

Safety Profile of XC8

A total of 120 subjects were randomized in the
trial at 12 sites in the Russian Federation, 90 of
them received XC8 and 30 subjects received a
placebo and were included in the safety popu-
lation. A total of 119 subjects were included in
MITT population. One patient from the XC8
10 mg treatment arm was excluded from the
MITT population due to the absence of FEV1

evaluations after baseline. The list of AEs (ac-
cording to System Organ Class and Preferred
Term, MedDRA, version 20.1) and SAEs, the
percentage of the subjects with AEs for every
treatment arm (along with the total numbers of
AEs) are summarized in electronic Supplemen-
tary Table S2 for details.

The proportion of subjects with AEs during
the study was similar for placebo (18 AEs in 9/30
(30%) subjects) and XC8 groups: 20 AEs in 8/30
(26.70%) subjects in XC8 2 mg group, 10 AEs in
6/30 (20%) subjects in XC8 10 mg group, and
nine AEs in 6/30 (20%) subjects in XC8 100 mg
group. All of these AEs were considered as not
related or unlikely related to the study drug.
Statistically significant differences between the
treatment arms in the number of patients with
AEs were not observed. One SAE (exacerbation
of asthma, designated as asthma) was registered
in 1/30 (3.30%) subject in the XC8 2 mg group.
It was classified as a SAE due to hospitalization.
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This SAE was considered as not related to the
study drug. No cases of death, early withdrawal,
or discontinuation of the investigated therapy
due to AEs were observed.

Efficacy of XC8

The primary endpoint defined as statistically
significant difference in FEV1% predicted com-
pared to placebo at week 12 was not achieved
for any of the XC8 dose groups.

However, all dose groups of XC8 showed the
improvement in FEV1 at week 12 compared to
baseline (Table 3, Fig. 2). The largest statistically
significant change in FEV1 compared to baseline
was observed for the 100-mg dose group com-
prising 7.40% predicted and 0.24 L (n = 29,

p\0.001). The placebo group showed a statis-
tically significant improvement in the FEV1

change at week 12 from week 0 with a mean
change of 4.10% predicted and 0.14 L (n = 29,
p\0.05).

The secondary endpoints, defined as statis-
tically significant difference versus the placebo
at week 12, were not achieved for any of the
XC8 dose groups. The statistically significant
change at week 12 compared to baseline was
shown for XC8 100 mg in the daily variation of
PEF (- 3.30%, n = 29, p\0.05), in relative
changes of FVC (5.80%, p\ 0.05), in absolute
change in FVC (0.25 L, p\0.001), in FEF
25–75% change (8.20%, p\0.05), and in abso-
lute FEF 25–75% change (0.33 L/s, p\ 0.01). For
the placebo-treated group, the statistically sig-
nificant improvement was shown for PEF

Fig. 1 Subject disposition
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Table 1 Demographic and clinical characteristics of patients (MITT population)

Parameter Placebo XC8 2 mg XC8 10 mg XC8
100 mg

n = 30 n = 30 n = 29 n = 30

Age (years), mean (SD) 48.2 (13.8) 47.5 (13.4) 48.3 (12.8) 51.5 (10.7)

Gender

Male [n (%)] 5 (16.7%) 14 (46.7%) 10 (34.5%) 16 (53.3%)

Female [n (%)] 25 (83.3%) 16 (53.3%) 19 (65.5%) 14 (46.7%)

Race, Caucasian [n (%)] 30 (100.0%) 30 (100.0%) 29 (100.0%) 30 (100.0%)

Height (cm) [mean (SD)] 168.1 (9.9) 168.3 (9.4) 169.2 (8.5) 171.0 (8.8)

Weight (kg) [mean (SD)] 76.1 (13.8) 77.0 (16.3) 79.0 (18.6) 81.9 (16.7)

BMI (kg/m2) [mean (SD)] 27.1 (5.6) 27.1 (4.8) 27.5 (5.3) 28.0 (5.1)

Duration of asthma (years) [mean (SD)] 9.5 (8.0) 10.6 (9.6) 8.8 (8.4) 11.1 (9.8)

The patient has been receiving stable treatment with low doses

ICS for at least 3 months prior to screening

With LABA [n (%)] 18 (60.0%) 18 (60.0%) 18 (62.1%) 22 (73.3%)

Without LABA [n (%)] 12 (40.0%) 12 (40.0%) 11 (37.9%) 8 (26.7%)

Steps of asthma therapy (GINA, 2015)

Step 1 [n (%)] 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Step 2 [n (%)] 15 (50.0%) 14 (46.7%) 14 (48.3%) 11 (36.7%)

Step 3 [n (%)] 15 (50.0%) 16 (53.3%) 15 (51.7%) 19 (63.3%)

Frequency of the use of short-acting b2-agonists, per week, mean

(SD) (n)
4.0 (2.3)

n = 27

5.1 (5.4)

n = 26

4.7 (3.3),

n = 21

4.9 (4.9)

n = 24

Smoking history

Non-smoker [n (%)] 30 (100.0%) 29 (96.7%) 27 (93.1%) 28 (93.3%)

Current smoker [n (%)] 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Ex-smoker [n (%)] 0 (0.0%) 1 (3.3%) 2 (6.9%) 2 (6.7%)

Alcohol use history

Non-alcohol user [n (%)] 28 (93.3%) 28 (93.3%) 28 (96.6%) 29 (96.7%)

Current alcohol user [n (%)] 2 (6.7%) 2 (6.7%) 1 (3.4%) 1 (3.3%)

Ex-alcohol user [n (%)] 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

n number of patients, SD standard deviation, BMI body mass index
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(- 3.70%, n = 29, p\0.01), and for FVC,
respectively 4.20% (p\0.05) and 0.16 L
(p\ 0.05). No statistically significant changes at
week 12 compared to baseline were revealed in
the frequency of the use of short-acting b2-ag-
onists for the alleviation of asthma symptoms,
in the frequency of severe exacerbations of
asthma, in blood and sputum eosinophil count,
in serum IgE and IgG, or in the content of serum
eosinophil cationic protein (data not shown).

Additional Post Hoc Analysis of Study
Results

The investigation of the mechanism of action of
XC8 allowed to hypothesize that the effect of
XC8 could depend on the initial PBEC and IFN-
c level. Therefore, we performed a post hoc
analysis of the study results and evaluated the
efficacy of XC8 in patients according to the
initial PBEC (cut-off of 300 cells/ll) and serum
IFN-c level (cut-off of 100 pg/mL). We have also
analyzed the effect of XC8 on the level of CCL2,
known as strong eosinophil chemoattractant,
and CXCL10 (IFN-c inducible protein). This
analysis was performed for the population of
patients that completed the study and had
estimates of the FEV1 at baseline week 0 and at
the week 12 (Table 4).

No statistically significant improvement in
the FEV1 at week 12 from week 0 (0.07 L and
1.20% predicted, n = 10) was shown for pla-
cebo-treated patients with positive PBEC ([300
cells/lL) status. While placebo-treated patients
with negative PBEC status showed statistically
significant change in the FEV1 with a mean
value of 5.89% predicted (n = 18, p\0.05).
Treatment of patients with elevated PBEC with
XC8 100 mg resulted in a statistically significant
change in FEV1 of 0.39 L (n = 12, p\ 0.05,
compared to baseline) and 11.33% predicted
(p\ 0.05, compared to the baseline versus the
placebo). While no statistically significant
improvement in FEV1 was revealed for patients
with negative PBEC status treated with XC8.
Patients receiving placebo did not show a sta-
tistically significant change in CCL2 regardless
of positive (73.77 pg/mL, n = 9) or negative
(23.30 pg/mL, n = 10) PBEC status. Whereas
treatment of all patients with XC8 100 mg
resulted in the decrease in CCL2 level. The
mean change in CCL2 for patients with positive
PBEC status was statistically significant
(- 111 pg/mL, n = 9, p\ 0.05) as compared to
the baseline versus the placebo.

Treatment of patients with elevated serum
IFN-c level ([100 pg/mL) with placebo resulted
in decline in FEV1 (– 3.11% predicted, n = 9)
indicating the resistance of these patients to the

Table 2 Baseline pulmonary function of patients (MITT population)

Outcome Placebo
n = 30

XC8 2 mg
n = 30

XC8 10 mg
n = 29

XC8 100 mg
n = 30

FEV1% predicted, baseline, mean (SD) 72.5 (6.1) 68.6 (5.8) 71.8 (6.6) 71.2 (6.0)

FEV1 (L), baseline, mean (SD) 2.23 (0.60) 2.24 (0.48) 2.32 (0.49) 2.34 (0.55)

PEF (L/min), baseline, mean (SD) 360.0 (97.0) 375.8 (83.0) 362.3 (103.3) 381.5 (98.5)

Average daily variability PEF, %, baseline, mean (SD) 9.5 (6.6) 10.6 (6.4) 8.0 (5.4) 9.3 (6.3)

FVC %, baseline, mean (SD) 81.9 (10.2) 82.8 (11.7) 77.6 (11.1) 85.0 (14.3)

FVC (L), baseline, mean (SD) 3.07 (0.76) 3.33 (0.82) 3.12 (0.76) 3.50 (1.08)

FEF 25–75%, %, baseline, mean (SD) 53.2 (14.0) 46.8 (19.0) 63.3 (28.3) 50.3 (14.7)

FEF 25–75%, L/s, baseline, mean (SD) 1.74 (0.70) 1.62 (0.65) 2.04 (0.91) 1.65 (0.59)

n number of patients, SD standard deviation
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therapy with ICS with or without LABA. How-
ever, a statistically significant improvement in
the FEV1 was recorded for patients of placebo
group with low (\100 pg/mL) initial IFN-c level
(9.00% predicted, n = 9, p\0.01). Treatment of
patients with positive IFN-c status with XC8
100 mg resulted in statistically significant
change in FEV1 of 0.25 L (n = 13, p\ 0.05,
compared to baseline) and 8.69% predicted,
(p\ 0.001, compared to the baseline versus the
placebo). Treatment of these patients with XC8
100 mg also resulted in statistically significant
decrease in CXCL10 (- 353.9 pg/mL, n = 13,
p\0.05) as compared to baseline versus the
placebo. For patients treated with placebo a
mean change in CXCL10 was not statistically
significant regardless of positive (41.80 pg/mL,
n = 9) or negative (- 27.40 pg/mL, n = 10) IFN-c
status.

The effect of XC8 on patients with positive
status of both PBEC and serum IFN-c was even
more pronounced (Table 5). Treatment of these
patients with XC8 100 mg resulted in

statistically significant improvement in FEV1

(0.36 L and 12.83% predicted, n = 6, p\0.05) at
week 12 as compared to the baseline versus the
placebo. In patients receiving placebo, a statis-
tically significant improvement in FEV1 was
observed only in patients with negative status of
both PBEC and IFN-c (0.30 L and 10.67% pre-
dicted, n = 6, p\0.05).

DISCUSSION

Despite the failure to reach the primary end-
point of the trial, defined as statistically signif-
icant change in the FEV1% predicted at week 12
as compared to baseline versus placebo, treat-
ment of asthma patients with XC8 in addition
to ICS with or without LABA demonstrated
promising results. A statistically and clinically
significant changes in FEV1% predicted and in
absolute FEV1 values at week 12 as compared to
baseline were demonstrated for the XC8 100 mg
group. The improvement in FEV1% predicted

Table 3 Efficacy outcomes

Outcome Placebo
n = 29

XC8 2 mg
n = 29

XC8 10 mg
n = 28

XC8 100 mg
n = 29

Change in FEV1% predicted, baseline to week 12, mean

(SD)

4.1 (10.1) * 4.1 (11.2) 3.7 (13.6) 7.4 (10.8) ***

Change in FEV1 (liters), baseline to week 12, mean (SD) 0.14 (0.33) * 0.11 (0.34) 0.11 (0.44) 0.24 (0.35) **

Change in max PEF (liters/min), baseline to week 12, mean

(SD)

5.8 (53.3) 6.7 (72.9) 8.7 (52.3) 12.4 (47.4)

Change in average daily variability PEF in %, baseline to

week 12, mean (SD)

– 3.7 (7.8) ** – 5.5 (6.6) ** – 3.5(5.7) ** – 3.3(6.9) *

Change in FVC %,baseline to week 12, mean (SD) 4.2 (9.9) * 2.1 (13.3) 5.1 (14.3) 5.8 (9.4) *

Change in FVC (liters),baseline to week 12, mean (SD) 0.16 (0.35) * 0.03 (0.53) 0.18 (0.57) 0.25 (0.36) ***

Change in FEF 25–75% in %, baseline to week 12, mean

(SD)

3.0 (16.2) 3.8 (14.1) 1.3 (16.1) 8.2 (16.8) *

Change in FEF 25–75% (liters/s), baseline to week 12,

mean (SD)

0.12 (0.60) 0.14 (0.67) 0.06 (0.53) 0.33 (0.55) **

n number of patients
*Indicates p\ 0.05
**Indicates p\ 0.01
***Indicates p\ 0.001—difference is statistically significant at week 12 compared to baseline, Holm correction
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from the baseline for this group was 10.50%.
Such magnitude of improvement in FEV1 is
considered clinically important according to
Santanello et al. [28]. According to the results
obtained by these authors, a minimal level of
FEV1 change equal to 0.23 L or 10.38% pre-
dicted from the baseline was required for a
patient to feel the benefits. The minimal clini-
cally significant change of 10% predicted in
FEV1 is also indicated in the American Thoracic
Society [29]. For the groups treated with
XC8 2 mg, and XC8 10 mg changes in FEV1%
predicted and in absolute values from the
baseline were not significantly different.

In order to address the high level of hetero-
geneity among asthma patients that could
affect the response to the XC8 therapy, a post
hoc analysis was performed. We have evaluated
the efficacy of XC8 treatment in patients
according to the initial PBEC and serum IFN- c
level. Patients with elevated PBEC ([ 300 cells/
ll) treated with XC8 100 mg achieved a statis-
tically and clinically significant improvement in
FEV1 (11.33% predicted) as compared to base-
line versus placebo-treated with ICS with or
without LABA. In this subpopulation of

patients, a statistically significant decrease in
CCL2 chemokine level from baseline versus
placebo group was observed.

Patients with elevated initial serum IFN-c
level ([100 pg/mL) treated with XC8 100 mg
for 12 weeks also achieved a statistically signif-
icant improvement in FEV1 values (0.25 L or
8.69% predicted) as compared to baseline versus
placebo. Additionally, in this subpopulation of
patients (dose XC8 100 mg, positive IFN- c sta-
tus), a statistically significant decrease in
CXCL10 chemokine level as compared to base-
line versus placebo was observed.

In a subpopulation of patients with positive
initial both PBEC and IFN-c status, a statistically
significant improvement in FEV1 values com-
pared to baseline versus placebo group was
observed for a dose of XC8 100 mg (0.36 L or
12.83% predicted).

The mechanism of action of XC8 is related to
the inhibition of gQC, the enzyme that cat-
alyzes the pyroglutamination of C–C motif
chemokines. The posttranslational modification
protects these chemokines from proteolysis and
thus supports their functioning [30, 31].
Pyroglutaminated chemokines CCL2, CCL8,

Fig. 2 Change in FEV1 (% predicted) at week 12 relative to baseline week 0. Data are presented as mean (M) with 95%
confidence interval (CI)
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Table 4 Efficacy outcomes according to eosinophilic and IFN-c status (population completers)

Outcome PBEC or IFN-c
status

Placebo XC8 2 mg XC8 10 mg XC8 100 mg

Cut-off of eosinophilic status (300 cells/lL)

Change in FEV1 (L),

baseline to week 12,

mean

P 0.07 (n = 10) 0.06 (n = 10) 0.03 (n = 6) 0.39 * (n = 12)

N 0.18 (n = 18) 0.14 (n = 19) 0.13 (n = 22) 0.14 (n = 17)

Change in FEV1%

predicted, baseline to

week 12, mean

P 1.20 (n = 10) 2.50 (n = 10) 0.83 (n = 6) 11.33 *# (n = 12)

N 5.89* (n = 18) 5.00 (n = 19) 4.5 (n = 22) 4.59 (n = 17)

Change in CCL2 (pg/

mL),

baseline to week 12,

mean

P 73.77 (n = 9) 4.30 (n = 6) 81.12 (n = 4) – 111.03�§

(n = 9)

N 23.30 (n = 10) – 21.33

(n = 14)

5.19 (n = 17) – 19.61 (n = 13)

Cut-off of IFN-c status (100 pg/mL)

Change in FEV1 (L),

baseline to week 12,

mean

P – 0.10 (n = 9) 0.02 (n = 15) 0.041(n = 14) 0.25* (n = 13)

N 0.30** (n = 10) 0.38* (n = 5) 0.1 (n = 7) 0.24* (n = 9)

Change in FEV1%

predicted, baseline to

week 12, mean

P – 3.11 (n = 9) 2.00 (n = 15) 1.36 (n = 14) 8.69### (n = 13)

N 9.00** (n = 10) 12.60** (n = 5) 3.57 (n = 7) 5.56 (n = 9)

Change in CXCL10

(pg/mL), baseline to

week 12, mean

P 41.80 (n = 9) 98.40 (n = 15) – 53.20

(n = 14)

– 353.90§*

(n = 13)

N – 27.40

(n = 10)

9.00 (n = 4) – 12.70

(n = 7)

111.30 (n = 9)

Change in IFN-c, (pg/

mL), baseline to week

12, mean

P 37.32 (n = 9) 51.29*

(n = 16)

28.25 (n = 14) 22.09 (n = 13)
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CCL7, and CCL13 were shown to interact with
specific receptors CCR1, CCR2, CCR3 on the
surface of different immune cells [24]. It has
been demonstrated that functional CCR2
receptor is expressed on the surface of eosino-
phils, and CCL2, CCL8, CCL7, and CCL13
chemokines can serve as strong eosinophil
chemoattractants [25, 26]. Therefore, by
inhibiting gQC, XC8 reduces the activity of
CCL2, CCL8, CCL7, and CCL13 chemokines
and the eosinophil-driven inflammation.

The second important property of XC8 is its
effect on IFN-c signaling. We have shown that
the treatment of mice stimulated with IFN- c
with XC8 resulted in decrease in neutrophil
count in the BAL, which correlated with the
decrease in CXCL10 level, known as IFN-c
inducible protein (unpublished data). These
preclinical data are consistent with the effect
observed in patients of this trial with elevated
initial level of serum IFN-c. Treatment of these
patients with XC8 100 mg in addition to ICS
(with or without LABA), but not with ICS alone,
led to a decrease in CXCL10 level and to an
improvement in FEV1.

Asthma is a disease, driven by Th2 cytokines,
particularly by IL-4 and IL-5 [32]. However, IFN-
c (the principal Th1 effector cytokine), is also
involved in the asthma pathogenesis. Elevated
level of IFN-c is found in patients with more
severe inflammatory airway disease and

increased proinflammatory response [33–35].
Some trials have demonstrated that elevated
level of IFN-c correlates with resistance to ICS in
patients with asthma [36] or COPD [37]. It was
shown that possible mechanism of decreased
responsiveness to ICS is induced by the activa-
tion of Janus kinase (JAK)/signal transducers
and activators of transcription (STAT) signaling
pathway by IFN- c [38]. Here we have demon-
strated that XC8 affects the IFN-c inducible
protein CXCL10. These results open the possi-
bility to restore the responsiveness to ICS by
treatment of patients with XC8. This effect of
XC8 can be of particular importance for the
treatment of patients who do not respond
properly to treatment with ICS with or without
LABA.

The efficacy of XC8 is comparable to that of
some mAbs. The treatment of patients having
moderate-to-severe uncontrolled asthma with
tralokinumab (anti-IL-13 mAb) for 13 weeks led
to the increase in FEV1 of 0.21 L [39], and the
use of reslizumab (anti-IL-5 mAb) for the treat-
ment of patients inadequately controlled by
medium-to-high doses of ICS for one year led to
the improvement of 0.18 L in FEV1 [40]. On the
other hand, treatment of patients with eosino-
philic asthma with mepolizumab (anti-IL-5
mAb) significantly decreased the number of
severe exacerbations, but did not change sig-
nificantly the FEV1 over the course of treatment

Table 4 continued

Outcome PBEC or IFN-c
status

Placebo XC8 2 mg XC8 10 mg XC8 100 mg

N 6.89 (n = 10) 27.72 (n = 14) 10.09 (n = 7) 20.87 (n = 9)

n number of patients in the group
*Indicates p\ 0.05
**Indicates p\ 0.01—difference is statistically significant compared to baseline in patients with the same status
# Indicates p\ 0.05
### Indicates p\ 0.001—difference is statistically significant compared to placebo group in patients with the same status,
uncorrected Fisher’s LSD
� Indicates p\ 0.05—difference is statistically significant compared to baseline in patients with the same status
§ Indicates p\ 0.05—difference is statistically significant compared to placebo group in patients with the same status,
General Linear Models ANOVA
P—positive status meaning elevated initial PBEC ([ 300 cells/lL) or serum IFN-c level ([ 100 pg/mL); N—negative
status meaning low initial PBEC (\ 300 cells/lL) or serum IFN-c level (\ 100 pg/mL)
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Table 5 FEV1 changes by the end of the study (week 12) compared with the baseline (week 0) in patients with a combined
(PBEC and IFN-c) status

Outcome Combined
PBEC and
IFN-c
status

Placebo XC8 2 mg XC8 10 mg XC8 100 mg

Change in
FEV1 (L),
baseline to
week 12,
mean (95%
CI)

NN 0.30* (0.01; 0.59)

(n = 6)

0.39 (– 0.02; 0.79)

(n = 3)

0.06 (– 0.25; 0.38)

(n = 5)

0.15 (– 0.14; 0.44)

(n = 6)

PN 0.30 (– 0.05; 0.65)

(n = 4)

0.38 (– 0.12; 0.87)

(n = 2)

0.25 (– 0.25; 0.75)

(n = 2)

0.43* (0.02; 0.80)

(n = 3)

NP – 0.05 (– 0.40; 0.30)

(n = 4)

0.08 (– 0.13; 0.29)

(n = 11)

0.12 (– 0.08; 0.32)

(n = 12)

0.16 (– 0.10; 0.43)

(n = 7)

PP – 0.14 (– 0.46; 0.17)

(n = 5)

– 0.13 (– 0.48; 0.22)

(n = 4)

– 0.44 (– 0.94; 0.06)

(n = 2)

0.36*# (0.07; 0.65)

(n = 6)

Change in
FEV1 (%
predicted),
baseline to
week 12,
mean (95%
CI)

NN 10.67* (3.45;17.89)

(n = 6)

14.33* (4.12;24.55)

(n = 3)

2.60 (– 5.31;10.51)

(n = 5)

5.17 (– 2.05;12.39)

(n = 6)

PN 6.50 (– 2.34; 15.34)

(n = 4)

10.00 (– 2.51;22.51)

(n = 2)

6.00 (– 6.51;18.51)

(n = 2)

6.33 (– 3.88;16.55)

(n = 3)

NP – 1.25 (– 10.09;7.59)

(n = 4)

3.27 (– 2.06;8.61)

(n = 11)

3.67 (– 1.44;8.77)

(n = 12)

5.14 (– 1.54;11.83)

(n = 7)

PP – 4.60 (– 12.51;3.31)

(n = 5)

– 1.50# (– 10.34;7.34)

(n = 4)

– 12.50 (– 25.01; 0.01)

(n = 2)

12.83*# (5.61;20.05)

(n = 6)

n number of patients
*Indicates p\ 0.05—the difference is statistically significant compared to baseline in patients with the same combined status,
uncorrected Fisher’s LSD
# Indicates p\ 0.05—the difference is statistically significant compared to placebo group in patients with the same combined
status, Mann–Whitney test
P—positive status meaning elevated initial PBEC ([ 300 cells/ll) or serum IFN-c level ([ 100 pg/mL), N—negative status
meaning low initial PBEC (\ 300 cells/lL) or serum IFN-c level (\ 100 pg/mL)
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for 50 weeks [41]. Given the good safety profile
and tolerability as well as the oral route of
administration, XC8 may provide a good treat-
ment option for patients with mild-to-moderate
disease.

The presented trial is the first to evaluate the
efficacy of XC8. The small size of the groups is a
limiting factor of this study. This factor is par-
ticularly important for the post hoc analysis
where the comparison of subpopulations of
patients with elevated PBEC and IFN-c level was
performed. A higher number of patients per
group would also allow to perform a separate
analysis of efficacy in patients treated with ICS
alone or with ICS in combination with LABA.

CONCLUSIONS

To conclude, the treatment of patients with
XC8 (100 mg) over 12 weeks resulted in clini-
cally meaningful increase in FEV1 relative to the
baseline. Therapeutic efficacy of XC8 was more
pronounced in patients with elevated PBEC
and/or serum IFN-c level. The improvement in
FEV1 values for these patients was statistically
significant as compared to baseline versus pla-
cebo. Pharmacodynamic engagement was
demonstrated by a reduction in serum level of
CCL2 and CXCL10 chemokines. Treatment of
patients with elevated serum IFN-c levels with
XC8 (100 mg) alleviated the resistance to the
therapy with ICS. Further investigation of XC8
in phase IIb clinical trial is warranted.
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