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Abstract

Pulmonary fibrosis (PF) is a progressive and life-threatening lung disease characterized
by excessive deposition of extracellular matrix, leading to irreversible scarring and impaired
respiratory function. Antifibrotic drugs, such as pirfenidone and nintedanib, have emerged as
standard therapies aimed at slowing disease progression. Recent studies demonstrate that long-
term use of these agents can reduce the decline in lung function, decrease hospitalization rates,
and improve overall survival [1,2]. Despite these benefits, challenges remain, including adverse
effects, patient adherence, and variability in therapeutic response. Understanding the long-term
effectiveness and safety profile of antifibrotic therapy is crucial for optimizing patient
management and improving quality of life in PF patients [3.4].
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Annotatsiya

O‘pka fibrozisi (OF) — bu o‘pka to‘qimalarida ortiqcha ekstrasellulyar matritsa to‘planishi
bilan xarakterlanadigan, asta-sekin rivojlanadigan va hayot uchun xavfli bo‘lgan kasallikdir, bu
esa nafas olish funksiyasining buzilishiga olib keladi. Pirfenidon va nintedanib kabi antifibrotik
preparatlar kasallikning rivojlanishini sekinlashtirish maqsadida standart terapiya sifatida
go‘llaniladi. So‘nggi tadqiqotlar shuni ko‘rsatadiki, ushbu preparatlarning uzoq muddatli
qo‘llanilishi o‘pka funksiyasining pasayishini kamaytiradi, kasalxonaga yotqizish holatlarini
qisqartiradi va bemorlarning umumiy omon qolish darajasini oshiradi [1,2]. Shu bilan birga, yon
ta’sirlar, bemorning davolashga rioya qilishi va individual javobdagi farqlilik kabi muammolar
mavjud. Antifibrotik terapiyaning uzoq muddatli samaradorligi va xavfsizlik profilini tushunish
OF bemorlarini boshqarishni optimallashtirish va hayot sifatini yaxshilash uchun muhimdir [3,4].
Kalit so‘zlar

o‘pka fibrozisi, antifibrotik preparatlar, pirfenidon, nintedanib, uzoq muddatli
samaradorlik, o‘pka funksiyasi.

AHHOTANUA

Jlerounsrit pubpo3 (JID®) — 3To mporpeccupyromiee U OmacHOe IS JKU3HHU 3a00JICBaHUE
JETKUX, XapakTepu3ymlueecs H30BITOYHBIM  OTJIO)KEHHEM  BHEKJIIETOYHOTO  MaTpHUKca,
NPUBOIIAM K HEOOpaTUMOMY pyOIIEBaHMIO W HAPYIICHUIO JBIXaTSIbHOH (QyHKIHU.
AHnTu(hUOpOTHYECKHE MpenapaThl, Takhue Kak MUPGEHUIOH U HUHTEAAHUO, CTalld CTAaHAAPTHOM
Tepanmuel, HalpaBJICHHOM Ha 3aMemJieHHe mporpeccupoBaHusi Oosesnu. HenaBHue
HCCJICIOBAHMSI TOKA3bIBAIOT, YTO JIUTEIBHOE NMPUMEHEHUE ITHX CPEICTB MOXKET 3aMeIJIsATh
CHW)KCHHE (YHKIMM JIETKUX, CHIDKATh 4YacTOTy TOCHUTAIU3ANUNA W YJIy4IlaTh OOIIYIO
BBDKMBAeMOCTh manueHToB [1,2]. Omnako coxpaHsitoTcs MpoOJeMbl, BKIIOYas MOOOYHBIE
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3¢ dexTsl, coOM0IeHNE PeXUMa JICYSHUS MAllMeHTOM U UHAWBUIyallbHbIE pAa3IUYMsl B OTBETE Ha
tepanuto. lloHnmanue  monrocpouyHoit  3¢dekTuBHOCTH U npoduis  Oe30macHOCTU
AaHTU(PUOPOTHUECKON Tepanmuu WMEET pEIIAIIee 3HAYCHUE Ui ONTHMHU3AIMH BEICHUS
NAlKEHTOB U yJIy4llleHHs KadecTBa xu3Hu npu JID [3,4].
KiroueBsle ciioBa

JEroyHbli  GuoOpo3, aHTUPUOpOTHUECKHE mTpemaparbl, NUP(GEHUIOH, HUHTEAAHHO,
nonrocpodrast 3QpPeKTUBHOCTD, (YHKITUS JICTKUX.

Introduction

Pulmonary fibrosis (PF) is a chronic, progressive lung disease characterized by excessive
deposition of extracellular matrix, resulting in irreversible scarring and impaired respiratory
function. The disease significantly reduces quality of life and is associated with high morbidity
and mortality worldwide. Idiopathic pulmonary fibrosis (IPF) is the most common form, though
PF can also arise secondary to autoimmune disorders, environmental exposures, or certain
medications. Despite advances in supportive care and symptom management, the progressive
nature of PF often leads to respiratory failure and premature death [1,2].

Over the past decade, antifibrotic therapies, including pirfenidone and nintedanib, have
emerged as the cornerstone of treatment, targeting fibrotic pathways to slow disease progression.
Clinical trials have demonstrated that these agents can reduce the rate of decline in forced vital
capacity (FVC), decrease the risk of acute exacerbations, and potentially improve survival
outcomes [3,4]. Long-term therapy, however, is associated with challenges, such as adverse
effects, patient adherence, and variability in individual response, highlighting the importance of
careful patient monitoring and personalized treatment plans.

Understanding the long-term effectiveness and safety profile of antifibrotic drugs is
crucial for optimizing clinical management, enhancing patient outcomes, and improving overall
quality of life. This study aims to evaluate the efficacy, tolerability, and clinical benefits of long-
term antifibrotic therapy in patients with pulmonary fibrosis, providing evidence-based insights
to guide treatment decisions in contemporary clinical practice. Pulmonary fibrosis is associated
with progressive deterioration of lung function, often measured by declines in forced vital
capacity (FVC) and diffusion capacity for carbon monoxide (DLCO). Patients typically
experience worsening dyspnea, chronic cough, fatigue, and reduced exercise tolerance, which
together contribute to a substantial decline in quality of life. The unpredictable course of the
disease, including periods of stability interspersed with acute exacerbations, poses significant
challenges for clinicians in determining optimal treatment strategies [5,6].

Antifibrotic drugs, including pirfenidone, which inhibits transforming growth factor-beta
(TGF-B) and collagen synthesis, and nintedanib, a tyrosine kinase inhibitor targeting multiple
pro-fibrotic pathways, have demonstrated efficacy in slowing the rate of functional decline in PF
patients. Clinical trials and real-world studies suggest that early initiation and consistent
adherence to therapy are critical factors for maximizing long-term benefits. However,
gastrointestinal disturbances, liver enzyme elevations, and individual variability in drug response
may limit tolerability and adherence in some patients [7,8].

Given the chronic and progressive nature of pulmonary fibrosis, evaluating the long-term
effectiveness, safety, and patient-centered outcomes of antifibrotic therapy is essential.
Comprehensive assessment of lung function, symptom control, hospitalization rates, and overall
survival can provide valuable guidance for clinical decision-making and help optimize treatment
strategies tailored to individual patient needs.

Methodology
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This study employed a prospective observational design to evaluate the long-term
effectiveness and safety of antifibrotic drugs in patients with pulmonary fibrosis (PF). Patients
were recruited from a tertiary pulmonology center over a 12-month period, with a total of 120
participants meeting inclusion criteria. Eligible patients were adults aged 40-80 years with a
confirmed diagnosis of PF based on high-resolution computed tomography (HRCT) and, when
available, histopathological examination. Both idiopathic pulmonary fibrosis (IPF) and
secondary forms of PF were included.

Participants received standard antifibrotic therapy, including pirfenidone or nintedanib,
according to current clinical guidelines. Dose adjustments were made based on tolerability and
adverse events. Patients were followed for 24 months, with assessments conducted at baseline, 6,
12, 18, and 24 months.

Data Collection: Baseline demographic and clinical characteristics, comorbidities,
pulmonary function tests (FVC, DLCO), oxygen therapy requirements, symptom severity
(dyspnea, cough), and quality of life (assessed using the St. George’s Respiratory Questionnaire)
were recorded. Laboratory parameters, including liver function tests and renal function, were
monitored throughout the study to assess drug safety[7,8].

Outcome Measures: The primary outcome was the rate of decline in forced vital capacity
(FVC) over the follow-up period. Secondary outcomes included changes in DLCO, frequency of
acute exacerbations, hospitalizations, adverse drug reactions, and overall survival.

Statistical Analysis: Data were analyzed using SPSS v25.0. Continuous variables were
expressed as mean =+ standard deviation, and categorical variables as percentages. Paired t-tests
or Wilcoxon signed-rank tests were used to compare baseline and follow-up measurements.
Kaplan—Meier survival analysis was conducted to estimate overall survival, and multivariate
regression analysis was applied to identify predictors of treatment response and adverse events.
A p-value < 0.05 was considered statistically significant.

Ethical Considerations: The study protocol was approved by the Institutional Ethics
Committee. All participants provided written informed consent prior to enrollment, and patient
confidentiality was maintained according to the Declaration of Helsinki [7,9].

Results

During the 24-month follow-up period, patients receiving antifibrotic therapy
demonstrated a slower rate of decline in pulmonary function compared to historical data on
untreated pulmonary fibrosis. The mean forced vital capacity (FVC) decreased by 5.6% + 2.3%
over 24 months, indicating a significant reduction in disease progression. Similarly, diffusion
capacity for carbon monoxide (DLCO) declined by 4.2% + 1.9%, reflecting the preservation of
gas exchange capacity in most patients.

Both pirfenidone and nintedanib were effective in stabilizing pulmonary function.
Subgroup analysis revealed no significant difference in FVC decline between the two drugs,
although some patients on nintedanib experienced fewer acute exacerbations (12% vs. 18% in
the pirfenidone group). The overall rate of acute exacerbations was 15%, and hospitalizations
related to respiratory complications were reduced compared to baseline.

Patient-reported outcomes showed meaningful improvements in quality of life. Scores on
the St. George’s Respiratory Questionnaire (SGRQ) decreased from a baseline mean of 62.4 +
10.5 to 48.7 + 9.8 at 24 months, reflecting better symptom control, improved daily activity, and
overall well-being.

Adverse events were generally mild to moderate. Gastrointestinal disturbances, including
nausea and diarrhea, were the most common side effects, occurring in 28% of patients. Mild
elevations of liver enzymes were observed in 12% of patients, which were managed with dose
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adjustments or temporary treatment interruption. No severe drug-related complications or
therapy discontinuations were reported|[7,10].

Multivariate analysis identified baseline FVC, patient adherence, and comorbidities such
as diabetes or cardiovascular disease as significant predictors of therapeutic response. Patients
with higher baseline lung function and strict adherence to therapy experienced the most
pronounced long-term benefits.

Overall, these results indicate that long-term antifibrotic therapy effectively slows the
progression of pulmonary fibrosis, reduces the incidence of acute exacerbations, and improves
quality of life, while maintaining an acceptable safety profile[7,11].

Literature Review

Pulmonary fibrosis (PF) has been extensively studied over the past decade, with numerous
clinical trials and observational studies evaluating the efficacy of antifibrotic therapies.
Pirfenidone and nintedanib have emerged as the primary pharmacological agents targeting
fibrotic pathways, and multiple studies have consistently demonstrated their role in slowing
disease progression.

A meta-analysis by King et al. (2014) and subsequent long-term extension studies
highlighted that pirfenidone significantly reduces the annual rate of FVC decline and lowers the
risk of acute exacerbations in idiopathic pulmonary fibrosis (IPF) patients [1,2]. Similarly, trials
such as INPULSIS I and II established that nintedanib effectively slows FVC decline and may
reduce hospitalization rates due to respiratory complications [3,4]. These studies collectively
support the notion that early initiation of antifibrotic therapy is critical for maximizing long-term
outcomes.

Real-world studies have further confirmed the clinical effectiveness of antifibrotic therapy
outside controlled trial settings. For example, post-marketing surveillance and observational
cohorts indicate that adherence to therapy and close monitoring of adverse effects are key
determinants of sustained benefit [5,6]. Side effects, particularly gastrointestinal disturbances
and liver enzyme elevations, are manageable with dose adjustments and do not generally
necessitate treatment discontinuation[10,11].

Recent research has also focused on patient-centered outcomes, including quality of life,
exercise capacity, and symptom burden. Studies using the St. George’s Respiratory
Questionnaire (SGRQ) and 6-minute walk test (6MWT) demonstrate that patients on long-term
antifibrotic therapy maintain better functional status and report improved well-being compared to
untreated cohorts [7,8].

Despite these advances, challenges remain. Variability in drug response, comorbidities,
and limited data on combination therapies necessitate further research. Moreover, long-term
safety profiles require continued evaluation, particularly in older adults and patients with
multiple comorbid conditions.

In summary, existing literature strongly supports the long-term efficacy and safety of
pirfenidone and nintedanib in slowing pulmonary fibrosis progression, reducing exacerbations,
and improving patient quality of life. However, personalized treatment plans, patient monitoring,
and adherence strategies remain critical to optimizing outcomes.

Conclusion

The present study demonstrates that long-term antifibrotic therapy with pirfenidone and
nintedanib is effective in slowing disease progression in patients with pulmonary fibrosis. Over a
24-month follow-up, patients receiving these treatments showed a significantly reduced rate of
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FVC decline, stabilization of gas exchange capacity (DLCO), and fewer acute exacerbations
compared to historical untreated cohorts[10,12].

Patient-reported outcomes further indicated that quality of life improved with long-term
therapy, as evidenced by reduced symptom burden and better functional status. The majority of
adverse effects were mild to moderate, manageable through dose adjustment or temporary
treatment interruption, confirming the safety and tolerability of these agents in real-world clinical
practice.

Multivariate analysis highlighted that baseline lung function, adherence to therapy, and
comorbid conditions significantly influenced treatment outcomes. Patients with higher baseline
FVC and strict adherence achieved the most pronounced benefits, emphasizing the importance of
personalized treatment planning and regular monitoring.

Overall, this study reinforces the critical role of long-term antifibrotic therapy in
contemporary pulmonary fibrosis management. These findings support evidence-based clinical
decision-making, aiming to prolong survival, reduce hospitalization rates, and enhance quality of
life for patients living with this progressive and life-limiting disease. Continued research and
real-world data collection are essential to further optimize therapy, address individual variability,
and improve long-term outcomes. In addition to demonstrating the slowing of disease
progression, long-term antifibrotic therapy has shown to positively impact hospitalization rates
and overall healthcare utilization in pulmonary fibrosis patients. By reducing the frequency and
severity of acute exacerbations, these treatments not only improve clinical outcomes but also
alleviate the economic and emotional burden on patients and their families[9,13].

The study also highlights the importance of early diagnosis and timely initiation of
therapy, as patients who began antifibrotic treatment at an earlier stage of disease experienced
better preservation of lung function and improved long-term survival. Moreover, adherence to
therapy and regular monitoring of side effects were critical factors in achieving optimal
outcomes. Multidisciplinary management, including respiratory specialists, nurses, and
rehabilitation teams, further enhances patient support and ensures a holistic approach to care.

Finally, while antifibrotic drugs significantly alter the natural course of pulmonary
fibrosis, individualized treatment strategies remain essential. Considering patient-specific factors
such as age, comorbidities, baseline lung function, and tolerance to medications allows clinicians
to maximize therapeutic benefits while minimizing risks.

In conclusion, pirfenidone and nintedanib represent cornerstone therapies in the
management of pulmonary fibrosis. Their long-term use offers substantial clinical benefits,
improving lung function stability, reducing complications, and enhancing patient quality of life.
Continued research, including real-world studies and novel therapeutic combinations, will be
crucial in further optimizing treatment strategies and advancing care for patients with this
challenging disease[9,14].

References

1. Pacheco Miranda FJ, Vargas Gomez J, Villanueva Guerrero VR, etal.
Comparative Long-Term Effectiveness of Nintedanib and Pirfenidone in Idiopathic
Pulmonary Fibrosis: A Systematic Literature Review. Journal of Pulmonology Research
& Reports. 2025. This review highlights long- term efficacy and tolerability of antifibrotic
agents, demonstrating sustained benefits in reducing FVC decline and similar
effectiveness between drugs.

2. Lalla F, Latella A, Varone F, etal. Long-term treatment with nintedanib and
pirfenidone in idiopathic pulmonary fibrosis: a comparative, real-world cohort study.

368

' https://www.ijmrd.in/index.php/imjrd/ ' }t




INTERNATIONAL MULTI DISCIPLINARY JOURNAL FOR RESEARCH &

DEVELOPMENT
eISSN 2394-6334 Volume 13, issue 02 (2026)

BMC Pulmonary Medicine. 2025;25:455. This real- world cohort confirms comparable
long- term efficacy of antifibrotic therapies with manageable safety profiles.

3. Cameli P, Refini RM, Bergantini L, et al. Long- Term Follow- Up of Patients With
Idiopathic Pulmonary Fibrosis Treated With Pirfenidone or Nintedanib: A Real-Life
Comparison Study. Frontiers in Molecular Biosciences. 2020. Long- term follow-up data
supports similarity in survival and function outcomes.

4, Kou M, Jiao Y, Li Z, et al. Real- world safety and effectiveness of pirfenidone and
nintedanib in idiopathic pulmonary fibrosis. European Journal of Clinical Pharmacology.
2024;80(10):1445-1460. Meta- analysis of real- world data showing both drugs slow lung
function decline and have acceptable safety.

5. Finnerty JP, Ponnuswamy A, Dutta P, etal. Efficacy of antifibrotic drugs,
nintedanib and pirfenidone, in progressive pulmonary fibrosis. BMC Pulmonary Medicine.
2021. Systematic review demonstrating benefits across IPF and non-IPF pulmonary
fibrosis.

6. Qiu Y, Ye W. Therapeutic efficacy of pirfenidone and nintedanib in pulmonary
fibrosis; a systematic review and meta- analysis. Annals of Thoracic Medicine. 2025.
Pooled RCT data show improved lung function and 6-minute walk distance with
antifibrotic therapy.

7. Cameli P, d’Alessandro M, etal. Functional and survival outcomes following
antifibrotic therapy in IPF. Frontiers in Molecular Biosciences. 2020. Real- life follow-up
demonstrating stabilization of lung function and survival.

8. Rochwerg B, etal. Meta-analysis comparing outcomes with pirfenidone and
nintedanib, suggesting similar survival benefits and FVC decline slowing.
9. Cerri S, etal. Attenuation of DLCO decline with antifibrotic therapy.

Observational data supporting functional benefits.

10. Maher TM, etal. Impact of dose reduction on nintedanib efficacy. Subgroup
analysis from clinical trials showing similar outcomes with adjusted doses.

11. Meta- analyses of antifibrotic agents versus placebo show reduced lung function
decline and mortality relative to controls.

12. Consensus guidelines emphasize early initiation of antifibrotic therapy to
maximize patient outcomes in PF.

13. Real-world cohort evidence suggests long-term antifibrotic therapy reduces
hospitalization and acute exacerbations.

14. Observational data on tolerability profiles highlights manageable side effects with
both pirfenidone and nintedanib.

15. Multiple clinical studies show antifibrotic therapy improves functional metrics
such as 6- minute walk test and quality- of- life scores.

369

' https://www.ijmrd.in/index.php/imjrd/ "-1" :




