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Objective: To assess the efficacy and safety of the combination of N-acetylcysteine and acebrophylline (Combination named
Abiways), in patients with moderate to severe COPD and Asthma.

Materials and Methods: In this non-randomized, interventional, prospective, single-arm, post-marketing surveillance study,
participants were administered Abiways as an add-on therapy for 90 days. The primary endpoint was Quality of Life, evaluated
using the COPD Assessment Test (CAT) and Asthma Control Test (ACT) questionnaires. Secondary endpoints included mean FEV1
and FVC changes. Adverse events were recorded throughout the study.

Results: 97 (of 102 subjects enrolled) completed the study (76 COPD and 21 Asthma patients, respectively; mean age 57.9 + 8.1 years;
33 females, 64 males). Overall, FEV1 improved significantly from 1.287L to 1.484L (p < 0.001) with similar statistical improvements in
COPD (1.237 L to 1.414 L; p = 001) and asthma (1.477 L to 1.747 L; p = 0.004) subpopulations. COPD patients showed statistically
significant improvements in CAT scores (17.2 £ 1.0 to 10.6 + 0.9, p = 0.0001); however, such significance was not observed in the ACT
scores for asthma patients. FVC remained unchanged in all subgroups. No severe adverse events were reported.

Conclusion: The combination of N-acetylcysteine and acebrophylline improves QoL in moderate to severe COPD patients and FEV 1
in both COPD and asthma patients with a favorable safety and tolerability profile. The combination appears safe and effective for
managing obstructive airway disease.
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Introduction

India, home to 18% of the global population, bears one-third of the total global health loss. Notably, the total disability-
adjusted life years (DALYS) per person with chronic obstructive pulmonary disease (COPD) and asthma in India are 1.7
and 2.4 times higher than the global average, respectively.'*

Bronchodilator therapy with long-acting muscarinic antagonists (LAMAs) and long-acting [,-agonists (LABAs)
therapy remains the mainstay of respiratory obstructive disease management. Treatment guidelines recommend add-on
therapy in patients with a history of frequent/severe exacerbations or in those with concomitant asthma.® For moderate-
severe COPD, methylxanthines or mucolytics (Global Initiative for Chronic Obstructive Lung Disease, GOLD 2024,
level B recommendation) may be added if exacerbations persist despite long-term control therapy,>* while add-on or
controller therapies are also considered for asthma® patients with persistent symptoms despite optimized treatment.®

N-acetylcysteine (NAC), a typical mucus-modifying medication has garnered significant attention in managing
respiratory conditions characterized by excessive mucus production. The Placebo-controlled study on the efficacy and
safety of N-acetylcysteine High dose in Exacerbations of Chronic Obstructive Pulmonary disease (PANTHEON) study’
established the usefulness of NAC as a therapeutic approach in moderate to severe COPD. Acebrophylline is a
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preferrable add-on muco-regulator for both bronchial asthma and COPD in adults.® Acebrophylline is a combination of
ambroxol + theophylline 7-acetate and is required only twice daily. It is claimed to be superior to theophylline due to
inclusion of ambroxol in the compound and claimed to be better tolerated.'®

Historically, COPD severity was assessed solely based on forced expiratory volume in 1 second (FEV1), a marker of
airflow limitation. However, this approach may overlook the multidimensional effects of systemic inflammation on health.
Consequently, in 2011, the GOLD Strategy developed a combined COPD assessment approach which categorizes patients
based on airflow limitation (FEV 1), symptoms (or COPD Assessment Test [CAT] score), and exacerbation history.!' Research
has demonstrated a correlation between CAT scores and FEV1% predicted, suggesting that CAT is linked to the severity of
airflow limitation and GOLD classification in stable COPD patients.'? Furthermore, CAT scores have shown predictive value
for COPD exacerbations in high-risk patients.'* Similarly, in asthma management, the Asthma Control Test (ACT) has been
widely adopted to assess asthma control and serve as an appropriate measure for overall asthma impact.'*

The mucolytic properties of NAC'>!'® and the mucociliary clearance induced by acebrophylline'” are hypothesized to
ameliorate airway obstruction in COPD and asthma, potentially leading to an enhanced QoL for these patients. Patient
compliance is a crucial parameter in disease management. A cross-sectional Indian study reported that 48% of asthma
patients were reluctant to undergo inhaler therapy,'® highlighting the role and need of oral combination therapies. NAC
combination is preferred for a variety of bronchitis conditions, emphasizing its effectiveness in managing not only acute
exacerbations but also chronic manifestations such as hyper mucus secretion.'® Acebrophylline combination may be used if
asthma symptoms remain uncontrolled with ICS and long-acting p2-agonists.”’ However, there is a paucity of literature on
the real-world efficacy of the oral combination, particularly in the moderate to severe disease subgroup from the Indian
subcontinent. To address this knowledge gap, we conducted a prospective post-marketing surveillance study to evaluate
QoL changes (evaluated through CAT and ACT questionnaire in COPD and asthma patients respectively) in subjects with
moderate to severe COPD or asthma following adjunctive therapy with a combination of NAC and acebrophylline.
Secondary objectives included assessing changes in FEV1 and Forced Vital Capacity (FVC).

Materials and Methods

This was a non-randomized, interventional, prospective, single-arm, post-marketing surveillance study conducted for 3
months. Patients with COPD or asthma visiting outpatient departments of selected hospitals of Kolkata and Delhi were
enrolled for the study. The two centres were a private tertiary care hospital, CK Birla Hospital in Kolkata, and an
outpatient clinic, Chawla Clinic, in New Delhi.

Ethical Approvals

The study was performed in compliance with the principles of the Declaration of Helsinki, the Ethical Guidelines for
Biomedical Research on Human Participants, Indian Council of Medical Research, New Delhi 2006, Good Clinical Practice
(GCP), and in compliance with local regulatory requirements. The study was conducted at 2 sites. One site is a tertiary care
hospital and approval was taken from the respective ethics committee. The other site is a private clinical and does not have
an attached EC; thus, approval was obtained form an independent ethics committee mentioned here. All participants
provided written informed consent. EC approval numbers for the study were IEC/02/2023/APRV/05 (Calcutta Medical
Research Institute, Kolkata) and GSER/2023/BMR-AP/020 (Good Society for Ethical Research, New Delhi).

We included 102 patients with moderate-to-severe COPD, as per GOLD guidelines* or moderate to severe asthma, as per
Global Initiative for Asthma (GINA) guidelines (patients categorized as GINA 3-5)*! and aged between 18 and 65 years of
age. All patients were on inhalational therapy (either Muscarinic Antagonist, LAMA or Beta-Agonist, LABA for COPD, and
LABA/ICS for asthma) and the combination tablet was used as an “add on” medication as first line of treatment.

Patients who had a history of auto-immune disease, epilepsy, active liver disease, severe renal impairment, concurrent
corticosteroid use, a mental health diagnosis, difficulty speaking and completing the QoL questionnaire, hypersensitivity to the
study drug, involvement in other clinical trials, intensive care unit (ICU) admission, severe renal impairment (including those
receiving dialysis), patients with active liver disease (including those with primary biliary cirrhosis and unexplained persistent
liver function abnormalities), pregnant, breastfeeding, placed on concurrent use of corticosteroids, history of auto-immune
disease or any other condition that might affect the interpretation of the study results were excluded from the study.
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The study was conducted for a period of 3 months. There were three visits for the study including a baseline visit and
two follow up visits at 45 and 90 days, respectively. At visit 1 (baseline), eligible participants were given acetylcysteine
600 mg + acebrophylline 100 mg (the combination is already approved by Drugs Controller General of India [DCGI] for
respiratory illness) oral tablets BID for 90 days as an add-on treatment to the standard treatment. Demographic data,
including age, gender, height, weight and body mass index (BMI), was collected at baseline and a physical examination
was done to record the medical and surgical history including co-morbidities, and the current medications. Vitals
including systolic (SBP) and diastolic blood pressure (DBP), pulse rate and body temperature were obtained by qualified
personnel with patient placed in supine position following adequate rest. Spirometry evaluation was done to record
Forced Expiratory Volume (FEV1) and Forced Vital Capacity (FVC). Patient medical history was obtained, with special
emphasis on respiratory medication that had been consumed in the past or continued till date alongside other concomitant
diseases and smoking habits. Every patient was given a Quality-of-Life Evaluation COPD & Asthma specific ques-
tionnaire (CAT and ACT questionnaires were filled by the patients) to fill to record baseline QoL scores.

At visit 2 at day 45, general physical examination was done. At visit 3 or end of study visit at 90 days post study
initiation, physical examination was done along with spirometric and QoL assessment (CAT and ACT scores). Safety
data was collected throughout the study. Adverse events were regarded as treatment-emergent adverse events if they
started on or after the date and time of administration of the first dose of the study drug, or if they were present prior to
the administration of the first dose of the study drug and increased in severity during the study.

Endpoints

The study’s primary endpoint was to monitor the improvement in QoL based on a validated questionnaire, CAT and ACT,
for COPD and asthma, respectively. The secondary endpoints were to observe improvement or change in FEV1 and FVC
scores from baseline to follow-up visits, along with the associated adverse events and serious adverse events (after the
treatment with acebrophylline 100 mg + acetylcysteine 600 mg oral tablets BID for 90 days).

Statistical Analysis

102 patients were screened and enrolled. Study participants were summarized using descriptive statistics. Continuous
variables were presented using mean/median and SD/quartiles, and categorical variables were reported as frequency and
percentage. The analysis was performed on the intent-to-treat (ITT) population. The threshold for a clinically significant
difference between baseline and follow-up was 2 and 3 units for CAT and ACT, respectively. The paired z-test was applied to
see the FEV1 and FVC scores change between baseline and follow-up visits. The threshold for a clinically significant
difference between the baseline (before the start of the treatment) and follow-up (after the treatment with acebrophylline
100 mg + acetylcysteine 600 mg oral tablets BID for 90 days) was 2 and 3 units respectively for CAT and ACT.

Results
Demographics
A total of 102 patients were enrolled in the study, out of which 97 (95.1%) completed the study, 3 (2.9%) patients were
lost to follow-up, and 2 (2.0%) patients had consent withdrawals (Figure 1).

76 (78.4%) participants had moderate to severe COPD and 21 (21.6%) were moderately to severely asthmatic. The
majority (66%) of the subjects were males. Notably, most subjects were non-smokers (67%). The baseline BMI was 25.9
+ 5.43 kg/m? (Table 1).

Quality of Life

The CAT score of the COPD population improved from 17.2 + 1.02 at baseline to 10.6 + 0.9 at 3 months, showing a
statistically significant change of 6.6 units with a p-value of 0.0001 (Figure 2). No significant improvement was observed
in the ACT scores at the end of the study in asthma patients (17.9 £ 0.9 baseline to 18.0 + 1.1 at 90 days; p = 0.9611).
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Figure | Flow Chart for Patient Disposition.

Improvement in FEVI and FVC

Overall Population

For the total population of 97 patients, the mean FEV1 changed from 1.287 L at baseline to 1.484 L at 90 days, showing
an increase of 0.197 L, which was statistically significant (p < 0.001). However, a non-significant change of 0.090 L
(from 2.120 L at baseline to 2.210 L at 90 days) was observed for the FVC parameter. (Table 2)

Subgroup Analysis

Within the COPD population (78.4% patients), the change in FEV1 was improved from 1.237 & 0.5L at baseline to 1.414
+ 0.5L at 90 days, showing a significant increase of 0.177 L (p = 0.0001), while the change in FVC (2.1 L at baseline to
2.2 L at 90 days) was not statistically significant (p = 0.33). (Figure 3a)

Table 1 Baseline Demographic

Characteristics of Study Participants
Variable Values (N=97)
Moderate to severe COPD | 76 (78.4%)
Moderate to severe asthma | 21 (21.6%)
Males 64 (65.9%)
Females 33 (34.0%)
Former smokers 32 (33.9%)
Non-smokers 65 (67.0%)
Current smokers 13 (13.4%)
Mean Age 57.9+8.1 years
Mean Weight 69.4+18.7 kg
Mean Height 160.6£10.2 cm
Mean BMI 5.9+5.4 kg/m?
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Figure 2 Change in quality of life (CAT scores in COPD patients and ACT in asthma patients) scores from baseline to 90 days of treatment in the overall population.

Among the asthma sub population (21.6%), the change in FEV1 improved from 1.477 + 0.1L to 1.747 + 0.3L,
representing an increase of 0.270L, which was statistically significant (p = 0.004). The change was insignificant for the
FVC parameter (2.3 L at baseline to 2.4 L at the end of the study; p = 0.83) at 90-day treatment (Figure 3b).

Safety
No significant adverse events were noted with the combination of acetylcysteine and acebrophylline (Abiways) during
the 90-day treatment period. One subject reported weakness and a mild headache.

Discussion
QoL is a crucial endpoint in evaluating obstructive airway diseases, reflecting the patient’s perspective on disease impact.
This study uniquely explored the combined effects of two established mucolytics, NAC and acebrophylline, in managing
COPD and asthma. The adjunctive therapy with these agents significantly enhanced QoL in COPD patients and improved
FEV1 in all patients.

A 2024 meta-analysis by Papi et a
an improvement in symptoms and/or QoL among 911 COPD patients (Odd’s ratio [OR] = 2.82; 95% confidence interval

12? confirmed the significant association of NAC with the likelihood of experiencing

[CI] CI 1.25-6.38). However, heterogeneity was observed between the studies in these analyses. Among the included
studies, Tse et al*® reported that eligible patients were enrolled four weeks post-exacerbation after appropriate treatment,
with similar proportions receiving corticosteroids [ICS], LAMAs, and ICS/LABA before NAC therapy. Similarly, Pela

Table 2 Change in FEVI and FVC from Baseline to 90 days of Treatment in
the Total Population and Subgroups

Total population | FEVI (Litres) | 97 | 1.287+0.5 1.484+0.5 <0.001*

FVC (Litres) | 97 | 2.120%0.6 2.210£0.7 0.33

COPD FEVI (Litres) | 76 | 1.237%0.5 1.414+0.5 0.0001

FVC (Litres) | 76 | 2.070%0.6 2.170+0.7 0.33

Asthma FEVI (Litres) | 21 | 1.477%0.1 1.747+0.3 0.004

FVC (Litres) | 21 | 2.300+0.6 2.350+0.6 0.083

Notes: *Statistically significant p-value.
Abbreviations: FEVI, Forced Expiratory Volume in | second; FVC, Forced Vital Capacity.
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Figure 3 (a) FEVI and FVC from baseline to 90 days of treatment in COPD subpopulation. (b) FEVI and FVC from baseline to 90 days of treatment in the Asthma
subpopulation.

and colleagues®® demonstrated significant QoL improvements in NAC-treated patients with moderate to severe COPD,
with 65% reporting better QoL compared to only 29% in the placebo group. These findings suggest that NAC may alter
the natural history of moderate to severe COPD providing symptomatic relief.

To further analyse the quantum of the treatment’s impact, we assessed the change in FEV1 value from baseline to 90 days,
observing a significant improvement in lung physiology and function; however, the change in FVC was non-significant. This
improvement aligns with the meta-analysis by Jiang et al,>> which reported significantly higher FEV1 in NAC-treated COPD
patients, a critical factor given the progressive decline in FEV1 in COPD. An Indian study conducted by Bachh AA et al*® further
substantiates the benefits of NAC. The research revealed that consistent NAC use over four months led to notable improvements
in patients with moderate to severe COPD. Specifically, the study observed a significant reduction in exacerbations and hospital
admissions, alongside measurable enhancements in lung function parameters with no reported adverse effects.

Acebrophylline, similarly, has shown promise in COPD management. In line with our findings. Tapadar SR et al reported
consistent FEV1 improvement with 100 mg acebrophylline twice daily, alongside fewer cardiovascular side effects than
theophylline. The drug’s efficacy in enhancing blood gas parameters further supports its role in COPD treatment.?” The benefits
of acebrophylline extend beyond its anti-inflammatory properties. Studies have demonstrated its positive impact on blood gas
parameters, with a significant increase in PaO, and a decrease in PaCO, in COPD subjects. These rheological properties
contribute to its overall efficacy in managing COPD symptoms.”® With successful management of COPD, this pathophysiology
may be arrested or improved to some extent, attributing to the improved FEV1 in the present study.

FEV1 improvement represents the airflow maintenance in both small and large airways. Consequently, a decrease in
FEV1 is associated with an increased risk of severe exacerbations of asthma. Therefore, the regular monitoring of
pulmonary function is crucial, especially in asthma patients who may not perceive their symptoms until airflow
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obstruction is severe. The significant improvement seen in the mean FEV1 in asthma subjects in this study is consistent
with other Indian studies on acebrophylline*® and improvement in breathlessness with NAC 600 mg in acute bronchitis.*

Our study did not demonstrate significant QoL improvements in the asthma subgroup, which differed from the
findings of Sharma et al evaluating the efficacy of acebrophylline® This discrepancy may be due to differences in study
design and patient populations. Our study focused on moderate to severe asthma subjects followed over 90 days,
compared to Sharma et al’s 4-week study, in which no distinction was made in the grades of asthma. Moreover, our
study included a small number of asthma subjects (n = 21), nearly one-third of the latter’s study (n = 75).

Regarding safety, no significant adverse effects were reported. A single subject reported weakness and mild headache.
Treatment compliance was high, with a 95% completion rate, indicating excellent patient tolerability.

Strengths of the Study
This study is the first to suggest the therapeutic value of the NAC and acebrophylline combination in improving QoL and
lung function parameters in COPD and asthma patients from the Indian subcontinent.

Limitations of the Study

The study’s limitations include a small asthma cohort, possibly lack of a control group, and a relatively short duration of
3 months, all of which may introduce selection bias and limit the generalizability of the findings.

Conclusion

The findings of this study underscore the potential of the combination of acetylcysteine and acebrophylline as an
effective therapeutic approach for managing obstructive airway diseases, demonstrating significant improvements in
FEV1 in both COPD and asthma patients. Additionally, the observed enhancement in quality of life among COPD
patients further substantiates the clinical efficacy of this combination. Notably, the treatment was well-tolerated, with no
safety concerns and good patient compliance. Future large-scale studies, particularly with a broader asthma population,
are warranted to provide deeper insights into its long-term benefits and applicability.
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