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Abstract

Acute exacerbation of chronic obstructive pulmonary disease (AECOPD) is the sudden worsening in airway function and
respiratory symptoms in patients with COPD which range from self-limited diseases to episodes of florid respiratory failure
requiring mechanical ventilation. An average patient with COPD might experience 2 episodes of AECOPD per year and 10% of
these episodes require hospitalization. Pidotimod, an immunostimulant, has shown promising results in conditions with underlying
cause of suppressed cell-mediated immunity like chronic bronchitis and recurrent respiratory tract infection (RRTI). The current
study evaluated the safety, efficacy and cost effectiveness of Pidotimod in adult Indian patients with COPD as an add-on drug in
maintenance therapy of acute exacerbations. In this prospective, open label, single arm, single centre study, Pidotimod was
administered as an add-on therapy for 2 months in 114 patients (> 18 years and < 55years; mean age: 59.51+ 8.66 years) with
COPD having experienced two or more exacerbation that required antibiotics. The study comprised of screening visit, enrolment
and 3 follow-up visits (at the end of 2, 6 and 12 months). Of the 111 patients at baseline, only one patient had an AECB episode at
2 and 6 months. At the end of 12 months, none of the patient had an AECB. Only one subject was prescribed with antibiotic
treatment at the end of 2 and 6 months. No episodes of either exacerbations or antibiotic prescription at the end of 12 months were
reported. A significant reduction (p<0.05) in mean modified British Medical Research Council (MMRC) score was observed at the
end of 6 and 12 months from baseline. There were no hospitalizations at any of the follow-up visits. Only one patient (0.9%) was
taking reliever/rescue medication. The mean expenses significantly reduced at the end of 2 and 6 months of treatment with
Pidotimod. Pidotimod was well tolerated. In conclusion, Pidotimod is safe, effective and cost effective as maintenance therapy for
exacerbation of COPD, when added to the standard of care.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a
progressive and non-reversible respiratory illness
characterized by airflow limitation and exacerbations. It
is a major cause of morbidity and mortality
worldwide[1,2]. The exacerbations are mostly caused by
either viral upper respiratory tract infections (URTI) in
COPD or due to bacteria. S. pneumoniae, H. influenzae,
H. parainfluenzae, M. catarrhalis and P. aeruginosa and
resistant Gram-negative bacteria are the dominant
pathogens in severe exacerbations[3]. Additionally, host
factors, i.e., genetic abnormalities, abnormal Ilung
development and accelerated aging predispose an
individual to COPD [4]. COPD affects around 210
million people worldwide and is predicted to be the third
leading cause of death worldwide by 2020[1,5].
According to the World Health Organization (WHO)
fact sheet (2017), and the Global Burden of Disease
Study report, a prevalence of 251 million cases of COPD
was reported globally in 2016[6]. The low and middle
income countries contribute to >90% of COPD deaths
with only India and China contributing to 66% deaths[3].
As per the Global Burden of Diseases, Injuries, and Risk
Factors Study (GBD) 2016done from 1990 to 2016, the
contribution of chronic respiratory diseases to the total
deaths and disability-adjusted life-years (DALYS ) in

India increased from 4-5% (95% Ul 4-0-4-9) in 1990 to
6-4% (5-8-7-0) in 2016[7].

There is an evidence which indicates that
components of innate immunity in COPD, i.e. those
provided by the airway epithelial barrier, including
alveolar macrophages, neutrophils, dendritic cells and
natural killer cells, are broadly suppressed in COPD[8].
Adaptive immune responses elicited by the lung tissue
antigens in the lungs of patients with COPD, with the
participation of cytotoxic CD8+ T cells, T helper 1, Th17
CD4+ cells, and B-cell responses with antibody
production aggravates the condition. Percentage of
CD8+ T cells expressing toll like Receptors (TLRs) is
significantly increased in patients with COPD. Also,
TLR2/1 and TLR2 on lung CD4+ T cells and CD8+
NKT cells, respectively, show a significant increase in
COPD[9,10].

Antimicrobial therapy, bronchodilators such as
long-acting muscarinic antagonist (LAMA), long-acting
beta agonist (LABA), inhaled corticosteroids (ICS)are
the conventionally prescribed treatment in the
management of COPD[11, 12]. Despite the availability
of diverse treatment options, the disease is still widely
affecting adults. This could be due to the antibiotic
resistance or due to immune-deficiencies in the
individuals[13, 14]. There are still many unmet needs in
the management of COPD for both patients and health
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providers. Hospitalization needs due to frequent and
potentially life threatening exacerbations, and expensive
treatment add financial burden to the patient and family
for disease management and treatment of
exacerbations[12]. COPD exacerbations alone account
for the greatest proportion of total COPD burden on the
healthcare system. Therefore, there is a need to develop
cost-effective treatment strategy for patients with severe
COPD who continue to exacerbate despite existing
bronchodilator and antimicrobial therapies.

Studies from various clinical trials and expert
opinion reports have shown that the
immunosuppressants (IS) are effective in management
of COPD in comparison to other conventional treatment
[15,16]. IS such as cyclosporine, tacrolimus, CpG (TLR-
9 agonists) and few monoclonal antibodies have shown
effective results in treating AECB by targeting the prime
inflammatory pathways[17,18]. In adults, IS are the
suitable choice as monotherapy or in combination with
antibiotic therapy[19,20].

Pidotimod (3-L-pyroglutamyl-L-thiaziolidine-4

carboxylic acid) is a synthetic dipeptide molecule with
immune modulatory properties[21]. It eliminates
infection symptoms faster, promotes the recovery and
allows the reduction of concomitant medications[22]. Its
potential for immune stimulation has been evaluated in
conditions with underlying cause of suppressed cell-
mediated immunity to certain extent, such as chronic
bronchitis and recurrent respiratory tract infection
(RRTI)in children and adults[13,21,23,24].
Previous studies suggested that Pidotimod is clinically
effective in the treatment of exacerbations and helps in
better and faster remission of symptoms by repairing and
improving immune responses[25,26]. However, there is
a lack of data from India. The current study evaluated the
safety, efficacy and cost effectiveness of Pidotimod in
adult Indian patients with COPD as an add-on drug in
maintenance therapy of acute exacerbations.

Materials and Methods
Study Design and Setting

This was a prospective, open label, single arm,
single centre study conducted at Life point Research LLP
/Life point Multispecialty Hospital, Pune, Maharashtra,
India from 27 June 2016 to 03 February 2018. The study
was performed in accordance with approved protocol,
applicable local regulations and international guidelines.
All the study participants were provided a freely
obtained written informed consent before participation
in the study. The study was compliant to the good
clinical practices (GCP) guidelines for clinical trial on

pharmaceutical products in India and ethics of
biomedical research, ministry of health and family
welfare. The study was conducted as per Declaration of
Helsinki for biomedical research on human subjects[27].

Study Subjects

Patients (age: 38-73 years; Mean: 59.51+ 8.66) of
either gender diagnosed with COPD according to the
GOLD criteria having experienced two or more
exacerbation of COPD that required antibiotics for
therapy or one or more exacerbation requiring
hospitalization in last 12 months were included. The
included patients were required to be clinically stable (no
episode of exacerbation) during one month prior to
enrolment into study and have FEV1 < 80% and > 30%.
Patients with hypersensitivity/allergy to the study
medication, those on steroid therapy, i.e., >10 mg of
prednisone a day for more than 1 week within a month
prior to enrolment in the study; patients with asthma
(defined as episodic symptoms of airflow obstruction
which was reversible with bronchodilators, assessed
with lung function testing) were excluded from the
study.

Study Visits/Schedule

This was a 21 months study conducted from June
2016 to February 2018 (6 months for enrolment, 12
months of study participation and 3 months of data
management and analysis) comprised of five visits.
Following a screening visit (Visit 1, Day -7 to Day 0),
the patients were enrolled (Visit 2, Day 1). The patients
were followed at the end of 2 (Visit 3), 6 (Visit 4) and 12
(Visit 5) months (Fig. 1). During the screening, patient’s
demographics, medical history, smoking history,
concomitant medications, complete physical
examination, and baseline laboratory assessment was
conducted. At every follow-up visit, complete details of
any exacerbations occurring post enrolment, medical
expenses incurred (direct and indirect), smoking history,
and concomitant medications were recorded. A complete
physical examination, administration of modified British
Medical Research Council (mMRC),St. George’s
Respiratory Questionnaire (SGRQ)[28] and Pulmonary
function testing (FVC, FEV1 and any other) along with
complete haematology and biochemistry were conducted
during all these follow-up visits.

In addition, patients were followed up on telephone
at the end of 4 and 9 months for details of any AECB
since the last visit. All the subjects were advised to report
any adverse events (AEs) encountered during the study
period.
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Fig. 1: Study Design

Dosage Schedule

Pidotimod was administered as an add-on therapy at
a dose of 800mg twice daily for 8 days and continued at
800 mg once daily till completion of 2 months of
treatment to the enrolled patients.
Safety and Efficacy Variables

Reduction in the number of exacerbations of COPD
in 12 months post commencement of Pidotimod
treatment was the primary efficacy variable. Other
evaluations included; average duration of each episode
of exacerbation, number of episode requiring antibiotic
therapy, average duration of antibiotic therapy required
per episode, number of episodes requiring
hospitalization, number of work days lost due to
exacerbations of COPD, change in COPD symptom
score as evaluated on modified British Medical Research
Council (mMRC) and change in quality of life evaluated
on SGRQ. Evaluation of AEs, serious adverse events
(SAEs) and concomitant medication evaluation were
safety end points for the study. Change in cost of medical
management (direct and indirect) and hospital expenses
after therapy with Pidotimod was the end-point for cost-
analysis variable.

Sample Size and Statistical Analysis

For the study to have a power of the study of 95%;
a sample size of 108 was optimal. Assuming a drop-out
rate of 10%, total 119 patients were to be enrolled into
the study. Safety analysis was done for safety population
(patients who completed the entire study). For efficacy
analysis, intention to treat (ITT; those who were enrolled
in the study and received at least one dose of study drug).
Last observation carried forward (LOCF) approach was
used for missing values. Demographic data such as age,
gender, weight, and other variables were summarized
using descriptive statistics. Quantitative variables were
expressed as mean, SD with range. Qualitative variables
were presented as counts and percentage. Chi square test
and Student t-test were used to analyse the data.
Statistical package for social science (SPSS) (Version
10) software was used for statistical analysis.

Results

A total of 114 subjects (77 men; 67.5% and 37
women; 32.5%) with a mean age of 59.51+ 8.66 years
(range: 38 to 73 years) received Pidotimod. Of these, 30
patients had duration of smoking ranging from 1 to 50
years, with an average of 20.57+£11.88 years. Smoking
history of the patients ranged from 1 — 40 packs with an
average of 7.61+ 8.65 packs. A total of 110 (96%) of
patients were on bronchodilator followed by 68 (59.6%)
on antibiotics.
Table 1 shows the demographic characteristics of
patients recruited. Overall, 111 patients completed the
study and were analysed for efficacy parameters. Three
subjects were withdrawn as they were lost to follow up.

Table 1: Demographic Characteristics of Patients

Age (years)

Mean £SD 59.51 +08.66
Range 38.00 — 73.00
Sex (%)

Male 77 (67.5)
Female 37 (32.5)
Smoking History (No. of packs)

(N=31)

Mean +SD 07.61 +08.65
Range 01.00 — 40.00
Years of smoking (N = 30)

Mean + SD 20.57 +£11.88
Range 01.00 — 50.00

Efficacy Analysis (Fig. 2)

1. Number of AECB Episodes and Prescription of
Antibiotics after Treatment: The mean number of
AECB episodes at baseline were 2.10 £ 0.50. Of the
111 patients at baseline, only one patient had an
AECB episode at 2 and 6 months. None of the
patient had an AECB at the end of 12 months.

The mean number of episodes of antibiotics
prescribed at baseline were 2.08 + 0.56. After
treatment with Pidotimod, only one subject was
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prescribed with antibiotic treatment for 5 days each.
The baseline duration of antibiotic treatment was
5.58+1.21 days. There were no episodes of either
exacerbations or antibiotic prescription at the end of
12 months.

2. Modified British Medical Research Council
(mMRC) and St. George’s Respiratory
Questionnaire (SGRQ) Score: The mean mMRC
score at baseline was 2.81+ 0.60, which reduced to
2.65+ 0.97 at the end of 2 months and significantly
(p<0.05) reduced to 2.46+ 0.73 and 2.47+ 0.67 at the
end of 6 and 12 months, respectively. There was an
overall decrease in mMRC score after treatment
with Pidotimod. The SGRQ score was 39.09+ 13.77
throughout the study (p=1.000).

i FEV1/FVC Ratio and Hospitalizations: There
was no significant change (p>0.05) in FEV1 /
FVC ratio from baseline to 2 months of
treatment duration. At baseline, 4 patients
(4/114; 3.5%) were hospitalized and the
average duration of hospitalization was 4.00 +
2.45. There were no hospitalizations at any of
the follow-up visits during the study. Only one
patient (0.9%) was taking reliever / rescue
medication.

Apart from the above efficacy parameters, we
also observed changes in body weight from
baseline as one of the secondary end points. At
baseline the mean body weight was 63.85 +
12.51 Kg. After the treatment, the mean
difference reported were 00.49 + 02.37 Kg,
00.48 + 01.98 Kg and00.46 + 01.92 Kg at 2, 6
and 12 months respectively. Mean difference
was statistically significant at 6 (p=0.029) and
12 (p=0.031) months.

Cost Analysis: Expenses after Treatment (Fig.
2 (b)) The mean expenses at baseline were
Rs.1676.13, however, the data of only 28
patients was available after 2 months, which
showed expenses of treatment significantly
reduced to Rs. 919.64. After 6 months, the
available data of only 5 patients showed mean
expenses of Rs. 970.00 per patient.

—fte Mean MMRC Score

Mean Change/Score

2 Duration of Antiotics

2.81 (n=111) —m - Episodes of Antibiotics

-+~ AECB
2.65 (n=106)
2.46* (n=99)
(08
- iy — 2.47% (n=91)
2.12 -

Baseline 2 months 6 months 12 months

* Significant (p<0.05)

Fig. 2 (a): Efficacy results at the end of study: Number of AECB episodes and prescription of antibiotics after

treatment and MMRC score
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Fig. 2 (b): Efficacy Results: Cost Analysis

Safety Analysis

.% 919.64% (n=28) 1

1

2 Months

970* (n=5)

6 Months

Amongst the 114 study patients, two patients reported SAEs and one with AE were observed. The AEs observed
were pain in knees, body pain and weakness (Table 2). The intensity of events was moderate for all the cases, which
was resolved during the treatment. None of the patients had to stop treatment because of AEs. No significant change
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in laboratory parameters such as LFT (SGPT and SGOT), total proteins, serum alboumin, BUN, RFT (serum creatinine)
and urine routine was observed among the study population. Two deaths (one due to acute on chronic respiratory
failure and other of bilateral lung consolidation) were reported during the study which were not related to the study

drug.

Table 2: Profile of Adverse Events (AEs)/ Serious Adverse Events (SAE) among Study Cases

Adverse Events No. of Cases | Percentage
(N=114)

Patients with SAE 02 01.8
Patients with at least one AEs 01 00.9
Profile of Events (n=3)

Pain in knees 01 00.9
Body pain 01 00.9
Weakness 01 00.9

Discussion

Pidotimod induces dendritic cells (DCs) maturation,
up-regulates the expression of HLADR and of co-
stimulatory molecules, stimulates DCs to release pro-
inflammatory molecules such as IL-2, TLRs and release
of interferon (INF)-y [29,30]. Pidotimod can be safely
prescribed in patients with COPD even at a high risk of
exacerbation[20].

The effectiveness of Pidotimod is demonstrated in
adult patients (n=137) with chronic bronchitis of stage I,
Il and I1l. Pozzi et al. evaluated the effect of Pidotimod
(800 mg twice a day) in combination with antibiotics
(amoxicillin and clavulanic acid 1 g twice daily) in
comparison to placebo(n=69) in adults and antibiotic
group (n=68) for a period of 45 days. Within 8 days of
treatment, there was a decrease in sputum volume by
36.8 % in the Pidotimod group. Changes of potentially
pathogenic bacteria in sputum reduced to 8.1% in
Pidotimod group and 9.7% in placebo group[19].
Similarly, in another study of 16 adult patients with
primary or metastatic neoplasm, Pidotimod proved to be
clinically effective. A 12% increase in CD3 lymphocytes
compartment was observed with a dose of 400
mg/day[24,26].

In India, there are limited clinical trials with
Pidotimod (CTRI/2018/02/011898 and one on-going for
Pidotimod in paediatric patients with ARTI and
asthma)[31]. On an average, patients with COPD
experience from one to four episodes of acute
exacerbations (or acute bronchitis) per year. These
episodes are the most common cause of death in COPD,
and profoundly reduce the quality of life (QOL) of the
patients. Despite the use of antibiotics, antipyretic drugs,
and symptomatic drugs, the frequency of AECOPD is
still high. A functional approach for AECOPD could
thus be non-specifically increasing the immune response
or enhancing the innate defence mechanisms; thus
making the immunostimulant drugs an important
strategic treatment approach to prevent and to attenuate
infections.

Our study results showed that there was a decrease
in the episodes of exacerbations from 2.12 at baseline to
1 at 6 months of treatment. A significant reduction was

also observed in duration of episode, i.e., 5.54 days at
baseline as compared to almost nil at the end of
treatment. These results were consistent with similar
studies based on immunomodulator based treatment in
COPD. Study by Bruno et al., showed reduction in
pathogen activity and recurrent exacerbations in COPD
patients with immunomodulation effect of the
treatment[32]. Similarly, Koatz et al, also found
significantly lower rate of respiratory tract infections
(74% reduction) and exacerbations in COPD and asthma
patients (36% reduction) effect of drug ( OM-85 oral
bacterial lysate) on immune system (p<0.05)[33].

In our study, 60% of patients were taking antibiotics
during an exacerbation of COPD. We evaluated the
change in the number of episodes of antibiotics
prescribed and duration of antibiotics along with
Pidotimod maintenance treatment. We reported the
reduction in both the number of episodes and duration of
antibiotic treatment. After 2 months of treatment, for
only one patient antibiotic was prescribed for one
episode and that was continued for follow up period of 6
months. None of the patient required antibiotic treatment
after follow up of 12 months. These results are also in
consistency with the results reported in one of the
systematic reviews of controlled trials which concluded
that treatment with immunomodulator was effective with
regard to the average length of the exacerbations and
antibiotic treatment used for the exacerbations. Both the
variables declined significantly in the group treated with
immunomodulator (AM3) (3.10 days and 8.07 days, p <
0.001, respectively)[34]. This decline in use of
concomitant medications also suggests that Pidotimod
maintenance treatment is nevertheless a cost-effective
treatment which could reduce the financial burden of
expensive drugs.

We also evaluated other parameters such as change
in COPD symptom score using mMRC and SGRQ
questionnaire. SGRQ is the disease-specific instrument
which was designed to measure impact on overall health,
daily life, and perceived well-being in patients with
obstructive airways disease. Various studies have used
this questionnaire to measure the improvement in
patients with respiratory disorders[35,36]. As per the

IP Indian Journal of Immunology and Respiratory Medicine, October-December, 2018'3(4):203-209

207



Goyal A.

Pidotimod in Maintenance Therapy of AE COPD

mMRC and SGRQ scores, we reported a significant
decrease in symptoms e.g. dyspnea, improvement in
quality of life and decreased daily cost of treatment with
Pidotimod. The findings suggest that the immune
modulating effect of Pidotimod could be attributed to the
positive results of MMRC and SGRQ.

Since acute exacerbations are the main cause of
hospitalization among patients with COPD and
approaches to prevent exacerbations could be very cost
effective and may improve the QoL. In literature, there
are few studies available to analyse the cost effectiveness
of drugs used in COPD treatment. Studies done by Hertel
et al., using Markov cohort model to predict lifetime
costs, outcomes, and cost-effectiveness of various
combinations of a long-acting muscarinic antagonist
(LAMA), a long-acting beta agonist (LABA), an inhaled
corticosteroid (ICS), and Roflumilast in a fully
incremental analysis. Based on the results a cost-
effectiveness frontier was determined, indicating those
treatment regimens which represent the most cost-
effectiveness approach[12]. The reduction in cost of
treatment with Pidotimod reported in our study is in
consistency with the conclusion of studies by Kallaru et
al., which states that there could be controlled cost of
treatment if there is a reduction in the episodes of
exacerbations[37]. Our results with Pidotimod cost
effectiveness also showed a great fall in treatment
expenses using Pidotimod as add on therapy; almost 50%
reduction from baseline to end of the treatment.
However, the number of patients was less to derive any
conclusive statement in this regard.

In the previous studies, Pidotimod has reported a
good safety and tolerability profile[5]. Our study also
confirmed a good safety profile for Pidotimod. Only 3
AEs were reported in the study; one patient reported
(0.9%) pain in knee, body pain and weakness and 1.8%
were the SAEs which were unrelated to the drug. No new
AEs were reported during the study. The deaths reported
in the study were not related to Pidotimod treatment.
Almost all the patients (97.3%) completed the treatment
without safety concerns.

Conclusion

A reduction in the overall number of exacerbations,
reduced use of antibiotics, a significant reduction in
duration of exacerbations episode from baseline to the
end of treatment, reduced time to recovery and reduced
hospitalizations strongly suggest use of Pidotimod as a
promising treatment option for adult patients with
AECOPD. To conclude, Pidotimod is a safe, efficacious,
and cost-effective maintenance therapy for patients with
AECOPD, when added to the standard of care.
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