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Clinical Question Box
Is antifibrotic therapy recommended for patients with idiopathic pulmonary fibrosis (IPF)?

Antifibrotic therapy is recommended for IPF to slow disease progression and preserve lung
function. Nintedanib, pirfenidone, and nerandomilast have demonstrated efficacy in reducing the
decline in forced vital capacity, with the combination of nintedanib and nerandomilast showing
the most pronounced effect. Although a definitive survival benefit has not yet been established,
antifibrotic agents remain a cornerstone of IPF treatment.

Abstract

Introduction: Idiopathic pulmonary fibrosis (IPF) is a progressive lung disease marked by a decline
in forced vital capacity (FVC). While nintedanib and pirfenidone are standard treatments, the
benefits of newer drugs like nerandomilast and combination therapies remain unclear. This study
employed a network meta-analysis (NMA) of randomized controlled trials (RCTs) to compare the
effectiveness and safety of these treatments. Methods: Following PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines, a systematic review and Bayesian NMA were
conducted. Databases were searched up to May 20, 2025, for RCTs involving adult patients with
IPF treated with oral antifibrotic agents. The primary outcome was the change in FVC over 1 year;
secondary outcomes included all-cause mortality and serious adverse events (SAEs). Results: Seven
RCTs involving 4,206 patients were included. The greatest reduction in FVC decline was observed
with high-dose nerandomilast combined with nintedanib (190 mL; confidence interval [95% CI]: 170–
260), followed by low-dose nerandomilast with nintedanib (180 mL; 95% CI: 120–240), nintedanib
monotherapy (120 mL; 95% CI: 80–150), and high-dose nerandomilast with pirfenidone (110 mL;
95% CI: 39–180). These regimens significantly outperformed pirfenidone and the combination of
low-dose nerandomilast with pirfenidone. Most antifibrotic regimens, except NRD-LP, demonstrated
superiority over placebo. No significant differences were observed among treatments in reducing
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all-cause mortality or in increasing the incidence of SAEs. Nintedanib showed the lowest risk of all-
cause mortality, while high-dose nerandomilast had the most favorable safety profile. Conclusion:
This NMA confirms nintedanib’s superior efficacy in IPF, with low-dose nerandomilast emerging as
a promising alternative. Combination therapies involving nerandomilast showed limited additional
benefit, highlighting the need for personalized treatment strategies and long-term data.

Keywords: Idiopathic pulmonary fibrosis, antifibrotic therapy, nintedanib, pirfenidone,
nerandomilast, network meta-analysis

Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive, fibrosing interstitial lung disease of
unknown etiology that primarily affects individuals over the age of 60.1 It is classified among the
idiopathic interstitial pneumonias and is defined by the histopathologic and/or radiographic pattern
of usual interstitial pneumonia.2 Unlike other interstitial lung diseases, IPF is limited to the lungs
and is not associated with systemic diseases. However, several risk factors have been implicated,
including male sex, older age, a history of smoking, and genetic predisposition.3 While most cases
are sporadic, a minority of patients have familial clustering, often due to gene mutations related
to surfactant proteins or telomere maintenance.4 Environmental and occupational exposures, such
as wood, metal, organic dust, air pollutants, and asbestos, have also been suggested as potential
contributors.5 Gastroesophageal reflux disease is commonly observed in IPF patients and may play a
role in disease pathogenesis.6

IPF is characterized by irreversible scarring of the lung parenchyma, resulting in a gradual decline
in pulmonary function and, ultimately, respiratory failure.7 The global incidence of IPF varies
considerably, with adjusted estimates ranging from 0.35 to 1.30 per 10,000 population in Asia-Pacific
countries, 0.09 to 0.49 in Europe, and 0.75 to 0.93 in North America.8 Patients typically present with
an insidious onset of exertional dyspnea and a persistent dry cough that develops over several months.
Systemic symptoms, such as fatigue, weight loss, or fever, are less common.9 Fine bibasilar “velcro-
like”crackles are often noted on physical examination, and digital clubbing may be present in advanced
disease.10

Due to the nonspecific clinical features, a detailed history, including familial and occupational
factors, is critical to distinguish IPF from other interstitial lung diseases. Diagnosis requires excluding
known causes and confirming characteristic imaging or histopathologic findings.11 IPF has a poor
prognosis, with a median survival of approximately 3–5 years after diagnosis, worse than many
cancers.12 Beyond its clinical impact, IPF also presents a substantial economic burden due to recurrent
hospitalizations, long-term oxygen therapy, and the need for specialized care.

Treatment strategies for IPF focus on slowing disease progression, alleviating symptoms, and
improving quality of life, as no curative treatment is currently available.13 Two antifibrotic agents,
nintedanib and pirfenidone, form the cornerstone of pharmacologic therapy. Nintedanib, a tyrosine
kinase inhibitor, targets multiple growth factor receptors implicated in fibrotic signaling pathways.
Pirfenidone exerts both antifibrotic and anti-inflammatory effects, primarily through modulation
of transforming growth factor-beta (TGF-beta) and other cytokines. These agents differ in their
pharmacokinetic profiles and safety characteristics, but both have been shown to significantly reduce
the rate of forced vital capacity (FVC) decline and are recommended for patients with mild to
moderate disease.14 Supportive care measures include pulmonary rehabilitation, supplemental oxygen
for hypoxemia, and routine vaccinations against respiratory pathogens.15 In cases of advanced or
progressive disease unresponsive to medical therapy, lung transplantation remains the only definitive
intervention.16 Comprehensive management also entails regular monitoring, patient education, and
timely referral to specialized centers. Immunosuppressive therapies are no longer advised, as prior
studies have demonstrated an increased risk of harm.1

Recently, nerandomilast, an oral phosphodiesterase 4B (PDE4B) inhibitor, has emerged as a
promising therapeutic candidate.17 In the phase 3 FIBRONEER-IPF trial, nerandomilast significantly
reduced FVC decline over 52 weeks compared with placebo, regardless of background antifibrotic
use. Its safety profile was acceptable, with adverse events and discontinuation rates comparable to
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placebo.18 These results suggest that nerandomilast may offer an additional treatment option for
patients with IPF. However, the lack of direct head-to-head trials among antifibrotic agents limits
clinicians’ ability to determine the most effective strategy. Most available evidence comes from placebo-
controlled trials, restricting comparative assessments of efficacy and safety. To address this gap, we
conducted a systematic review and network meta-analysis (NMA) of randomized controlled trials
(RCTs), enabling indirect comparisons across treatments and providing a broader evidence base to
inform clinical decision-making.

Methods

Protocol and Registration
This review adhered to the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines and the PRISMA extension statement for NMA.19,20 The protocol was
prospectively registered in a public database, the University Hospital Medical Information Network
(UMIN000058009).21

Eligibility Criteria
We included studies that met the following criteria: (1) adults (≥18 years) diagnosed with IPF accord-
ing to international guidelines; (2) use of oral antifibrotic agents, such as pirfenidone, nintedanib, or
nerandomilast, with or without background standard therapy; and (3) RCTs reporting on efficacy or
safety outcomes. Studies were excluded if they (1) were subgroup analyses without additional relevant
information; (2) were observational studies, case series, or non-comparative trials; or (3) were not
published in English.

Information Sources and Search Strategy
We systematically searched PubMed, Embase, Web of Science, and the Cochrane Library from their
inception to May 20, 2025. The search strategy combined free-text keywords to identify the disease
(“Idiopathic Pulmonary Fibrosis” OR “IPF”), the interventions (“Pirfenidone” OR “Nintedanib” OR
“BI 1015550” OR “Nerandomilast” OR “antifibrotic”), and the study design (“randomized controlled
trial” OR “RCT” OR “randomised”). Detailed search strategies for each database are provided in
Table S1.

Selection Process and Data Collection
Two independent reviewers screened titles and abstracts, followed by full-text reviews of potentially
eligible studies. Discrepancies were resolved by discussion or consultation with a third reviewer.
The study selection process is summarized in the PRISMA flow diagram (Fig. S1). Data were
independently extracted by the same reviewers using a standardized form, capturing study charac-
teristics (author, year, location, sample size, duration), patient demographics (age, sex, baseline FVC,
diagnostic criteria), interventions, comparators, and outcomes. Any disagreements were resolved by
consensus or with the input of a third reviewer.

Outcomes
The efficacy of individual antifibrotic agents and combinations of specified antifibrotic therapies was
compared across studies. The primary outcome was the absolute change in FVC in milliliters from
baseline at 1 year (52 weeks). All-cause mortality and serious adverse events (SAEs) were analyzed
regardless of follow-up duration.

Effect Measures
A Bayesian random-effects NMA was performed using the “gemtc” package in R (version 4.3.1),
employing a Markov Chain Monte Carlo approach. Four chains were run for 100,000 iterations each,
following a burn-in of 10,000 iterations. Model convergence was assessed using the Gelman–Rubin
diagnostic, with values less than 1.05 considered acceptable. The appearance of the network graphs was
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enhanced using the “igraph” and “viridis” packages. Mean differences (MDs) and standard deviations
were analyzed for FVC change, while log odds ratios (ORs) with 95% confidence intervals (CIs)
were calculated for all-cause mortality and SAEs. SDs were derived from standard errors, confidence
intervals, or p-values when necessary. Treatments were directly and indirectly compared using placebo
as a common comparator. The surface under the cumulative ranking curve (SUCRA) was calculated
to rank treatment efficacy. A rankogram is a bar plot that displays the probability of each treatment
occupying each possible rank, with the tallest bar indicating the most likely rank for that treatment.
Statistical heterogeneity in pairwise comparisons was assessed using the I2 statistic, while network
inconsistency was evaluated via node-splitting models. Subgroup and sensitivity analyses explored
potential sources of heterogeneity.

Risk of Bias and Certainty Assessment
Publication bias was assessed using funnel plots and Egger’s regression test. The risk of bias for the
included RCTs was assessed using the Cochrane Risk of Bias 2.0 tool. The certainty of evidence
was evaluated using the GRADE (Grading of Recommendations, Assessment, Development, and
Evaluations) framework adapted for NMA, considering risk of bias, inconsistency, indirectness,
imprecision, and publication bias for each comparison.

Results

Study Selection and Characteristics
A total of 2,285 records were identified through database searches (PubMed, Embase, Web of Science,
and the Cochrane Library). After removing 399 duplicates, 1,797 records remained for title and

Table 1. Characteristics of enrolled studies

Author Study name Treatment Cases Agea (years) Male (%) Follow-
up

Kim
et al.
2024

CleanUP-IPF
(post hoc
analysis)

Nintedanib vs
pirfenidone

143 vs 264 70.6 ± 7.4 vs
70.6 ± 7.5

113 (79.0%) vs
212 (80.3%)

72 w

King
et al.
2014

ASCEND
(phase 3)

Pirfenidone vs
placebo

278 vs 277 68.4 ± 6.7 vs
76.8 ± 7.3

222 (79.9%) vs
213 (76.9%)

52 w

Noble
et al.
2011

CAPACITY
(phase 2)

Pirfenidone vs
placebo

345 vs 347 66.2 ± 8.1 vs
67.0 ± 7.7

241 (69.9%) vs
252 (72.6%)

72 w

Richeldi
et al.
2011

TOMORROW
(phase 2)

Nintedanib vs
placebo

84 vs 83 65.4 ± 7.8 vs
65.1 ± 8.6

65 (77.4%) vs
63 (75.9%)

52 w

Richeldi
et al.
2014

INPULSIS
(phase 3)

Nintedanib vs
placebo

638 vs 423 66.6 ± 8.2 vs
67.0 ± 7.8

507 (79.5%) vs
334 (79.0%)

52 w

Richeldi
et al.
2022

NCT04419506
(phase 2)

Nerandomilast-H
vs placebo

97 vs 50 69.6 ± 7.5 vs
69.7 ± 10.0

78 (80.4%) vs
35 (70%)

12 w

Richeldi
et al.
2025

FIBRONEER-
IPF (phase 3)

Nerandomilast-H
vs nerandomilast-L
vs placebo

392 vs 392
vs 393

70.3 ± 7.8 vs
70.5 ± 7.8 vs
69.9 ± 7.5

337 (86.0%) vs
317 (80.9%) vs
323 (82.2%)

52 w

Note: a: mean and standard error; IPF: idiopathic pulmonary fibrosis; vs: versus; w: weeks.
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abstract screening. Following a full-text assessment of 89 articles, 82 were excluded for various reasons
(Fig. S1). The qualitative and quantitative synthesis included seven RCTs (Table 1).18,22–27 These
studies evaluated the efficacy of nintedanib, pirfenidone, and roflumilast in 4,206 patients with IPF.
Sample sizes ranged from 133 to 1,177 participants, with follow-up durations between 12 and 72 weeks.
The mean age of participants was comparable across trials, typically between 66 and 71 years, and the
proportion of male patients ranged from approximately 70%–86%. Most studies were phase 2 or 3 trials
comparing active treatments to placebo, with one post hoc analysis directly comparing nintedanib and
pirfenidone.

FVC Decline
The network graph of the included studies is presented in Fig. 1. Eight treatment strategies were com-
pared with placebo, including low-dose nerandomilast (NRD-L), high-dose nerandomilast (NRD-H),
NRD-L combined with nintedanib (NRD-LN), NRD-L combined with pirfenidone (NRD-LP),
NRD-H combined with nintedanib (NRD-HN), and NRD-H combined with pirfenidone (NRD-
HP), as well as nintedanib and pirfenidone monotherapies. Direct comparisons are shown in Fig. 2A,
where NRD-HN demonstrated the greatest effect with an MD of 190 mL (95% CI: 170, 260), followed
by NRD-LN with 180 mL (95% CI: 120, 240), nintedanib with 120 mL (95% CI: 80, 150), and NRD-
HP with 110 mL (95% CI: 39, 180).

Figure 1. Network graph of included studies assessing FVC decline. H: high dose; HN:
high dose with nintedanib; HP: high dose with pirfenidone L: low dose; LN: low dose with
nintedanib; LP: high dose with pirfenidone.

Table 2 summarizes the NMA results. All treatments, except NRD-HN, demonstrated superiority
over placebo in reducing FVC decline. Nintedanib was significantly more effective than NRD-L,
NRD-H, pirfenidone, and NRD-LP, with MDs of 114 mL (95% CI: 9, 219), 122 mL (95% CI: 19,
227), 145 mL (95% CI: 78, 212), and 150 mL (95% CI: 55, 246), respectively. NRD-LN was superior to
NRD-H, pirfenidone, and NRD-LP with MDs of 111 mL (95% CI: 7, 214), 133 mL (95% CI: 66, 200),
and 138 mL (95% CI: 42, 234), respectively. Nintedanib was superior to pirfenidone and NRD-LP
with MDs of 72 mL (95% CI: 42, 234) and 77 mL (95% CI: 0, 154), respectively. The SUCRA values,
ranked from highest to lowest, were as follows: NRD-HN (0.943), NRD-LN (0.903), nintedanib
(0.656), NRD-HP (0.623), NRD-L (0.442), NRD-H (0.395), pirfenidone (0.265), NRD-LP (0.247),
and placebo (0.027) (Fig. S2).
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Figure 2. Direct treatment comparisons versus placebo across outcomes. (A) Mean difference
in FVC; (B) odds ratio for all-cause mortality; (C) odds ratio for serious adverse events. H: high
dose; HN: high dose with nintedanib; HP: high dose with pirfenidone L: low dose; LN: low dose
with nintedanib; LP: low dose with pirfenidone.

Direct and indirect comparisons among nintedanib, pirfenidone, and placebo are shown in Fig. S3,
indicating no evidence of inconsistency. Publication bias was not detected, as assessed by Egger’s test
(p = 0.08), and there was no apparent heterogeneity with I2 = 0%.

All-Cause Mortality
The network graph of the included studies is presented in Fig. S4. Separate data distinguishing
whether nerandomilast was used with other antifibrotic agents, such as nintedanib or pirfenidone, were
unavailable. The analysis included high- and low-dose nerandomilast, nintedanib, and pirfenidone.
Direct comparisons are shown in Fig. 2B, where none of the treatments significantly reduced mortality.

Table 3 summarizes the NMA results based on log ORs; no treatment demonstrated superiority
over placebo or other active treatments. The ranking of efficacy based on SUCRA values is presented
in Fig. S5. Nintedanib had the highest SUCRA value (0.740), followed closely by NRD-H (0.718).
Pirfenidone ranked moderately (0.466), while NRD-L and placebo had lower SUCRA values of 0.335
and 0.241, respectively (Fig. S5). There was no obvious publication bias (Egger’s test, p = 0.13) or
heterogeneity (I2 = 0%).

SAEs
Fig. S6 presents the network graph of the included studies for SAEs. Separate data distinguishing
whether nerandomilast was used with other antifibrotic agents, such as nintedanib or pirfenidone, were
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Table 2. Network meta-analysis results as a league table comparing treatments for reducing FVC
decline

NRD−HN −13
(−86, 62)

−73
(−130, −16)

−80
(−175, 14)

−114
(−219, −9)

−122
(−227, −19)

−145
(−212, −78)

−150
(−246, −55)

−191
(−255, −128)

13
(−62, 86)

NRD−LN −61
(−118, −4)

−68
(−162, 27)

−101
(−204, 4)

−111
(−214, −7)

−133
(−200, −66)

−138
(−234, −42)

−179
(−243, −115)

73
(16, 130)

61
(4, 118)

Nintedanib −7
(−83, 69)

−40
(−127, 47)

−50
(−136, 37)

−72
(−108, −36)

−77
(−154, 0)

−118
(−148, −89)

80
(−14, 175)

68
(−27, 162)

7
(−69, 83)

NRD−HP −33
(−143, 76)

−42
(−151, 66)

−65
(−132, 2)

−70
(−160, 20)

−111 (−182,
−39)

114
(9, 219)

101
(−4, 204)

40
(−47, 127)

33
(−76, 143)

NRD−L −9
(−118, 101)

−32
(−118, 54)

−37
(−146, 73)

−78
(−161, −4)

122
(19, 227)

111
(7, 214)

50
(−37, 136)

42
(−66, 151)

9
(−101, 118)

NRD−H −22
(−108, 64)

−27
(−138, 81)

−69
(−150, −13)

145
(78, 212)

133
(66, 200)

72
(36, 108)

65
(−2, 132)

32
(−54, 118)

22
(−64, 108)

Pirfenidone −5
(−74, 64)

−46
(−72, −21)

150
(55, 246)

138
(42, 234)

77
(0, 154)

70
(−20, 160)

37
(−73, 146)

27
(−81, 138)

5
(−64, 74)

NRD−LP −41
(−114, 32)

191
(128, 255)

179
(115, 243)

118
(89, 148)

111
(39, 182)

78
(4, 161)

69
(13, 150)

46
(21, 72)

41
(−32, 114)

Placebo

Note: NRD-H: nerandomilast high dose; NRD-HN: nerandomilast high dose with nintedanib; NRD-HP:
nerandomilast high dose with pirfenidone; NRD-L: nerandomilast low dose; NRD-LN: nerandomilast high dose
with nintedanib; NRD-LP: nerandomilast low dose with pirfenidone.

Table 3. League table of network meta-analysis for all-cause mortality and serious adverse events

All-cause mortality

Nintedanib −0.03
(−3.28, 3.86)

0.73
(−2.84, 4.26)

1.01
(−2.15, 4.87)

1.14
(−0.63, 3.56)

0.03
(−3.86, 3.28)

Nerandomilast (H) 0.70
(−1.87, 3.91)

1.05
(−1.83, 3.94)

1.17
(−1.75, 4.08)

−0.70
(−3.91, 1.87)

−0.73
(−4.26, 2.84)

Pirfenidone 0.32
(−3.13, 3.78)

0.43
(−1.54, 2.45)

−1.01
(−4.87, 2.15)

−1.05
(−3.94, 1.83)

−0.32
(−3.78, 3.13)

Nerandomilast (L) 0.12
(−2.70, 2.94)

−1.14
(−3.56, 0.63)

−1.17
(−4.08, 1.75)

−0.43
(−2.45, 1.54)

−0.12
(−2.94, 2.70)

Placebo

Serious adverse events

Nerandomilast (H) 0.07
(−0.52, 0.68)

0.11
(−0.58, 0.83)

0.20
(−0.52, 0.94)

0.20
(−0.31, 0.78)

−0.07
(−0.68, 0.52)

Nerandomilast (L) 0.04
(−0.70, 0.80)

0.13
(−0.63, 0.89)

0.13
(−0.44, 0.74)

−0.11
(−0.83, 0.58)

−0.04
(−0.80, 0.70)

Pirfenidone 0.09
(−0.58, 0.75)

0.09
(−0.35, 0.56)

−0.20
(−0.94, 0.52)

−0.13
(−0.89, 0.63)

−0.09
(−0.75, 0.58)

Nintedanib 0.00
(−0.47, 0.50)

−0.20
(−0.78, 0.31)

−0.13
(−0.74, 0.44)

−0.09
(−0.75, 0.58)

−0.00
(−0.50, 0.47)

Placebo
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unavailable. The analysis included high- and low-dose nerandomilast, nintedanib, and pirfenidone.
Direct comparisons are shown in Fig. 2C, where none of the treatments significantly increased SAEs.

Table 3 summarizes the NMA results based on log ORs, with no treatment showing superiority
over placebo or other active treatments. The ranking of safety based on SUCRA values is presented in
Fig. S7. NRD-H ranked the highest (0.703), followed by low-dose nerandomilast (0.577), pirfenidone
(0.533), and nintedanib (0.367) (Fig. S7). There was no obvious publication bias (Egger’s test, p =
0.08) or heterogeneity (I2 = 12%).

Risk of Bias and Certainty of Evidence
Two studies were rated as having a high risk of bias, one due to issues with randomization and
allocation, and the other due to incomplete data and selective reporting. The remaining five studies
were assessed as having a low risk of bias. The certainty of evidence was rated high across all outcomes,
supporting the efficacy of antifibrotic agents compared to placebo.

Discussion

This NMA evaluated the comparative efficacy and safety of various antifibrotic strategies, including
monotherapies and combination regimens, in patients with IPF. At 1 year of follow-up, NRD-HN or
NRD-LN and nintedanib alone ranked among the top three most effective treatments, demonstrating
superiority over pirfenidone and NRD-LP. NRD-HP, NRD-L, NRD-H, and pirfenidone were all
more effective than placebo; however, NRD-HP did not show superiority over placebo. These findings
highlight the potential of nerandomilast, particularly in combination with nintedanib, as a promising
addition to the antifibrotic treatment options for IPF. This aligns with previous head-to-head and
placebo-controlled trials that consistently support the efficacy of nintedanib.22 Notably, this is the
first analysis to comprehensively evaluate a broad range of nerandomilast-based combinations within
a unified framework, offering new insights into their roles in the antifibrotic treatment landscape.
Nevertheless, the limited availability of long-term data beyond 1 year remains a key limitation of this
analysis.

From a clinical standpoint, these results carry several important implications. First, the promising
efficacy of nerandomilast, especially when combined with nintedanib, suggests it could serve as a
valuable alternative or adjunct in IPF management. This positions nerandomilast as a meaningful
addition to the antifibrotic treatment landscape, particularly for patients who may benefit from
combination strategies. Second, nintedanib consistently demonstrated strong efficacy as a monother-
apy in preserving lung function across various trial populations, reaffirming its central role in
IPF pharmacotherapy. Among nerandomilast monotherapies, the lower dose tended toward greater
effectiveness than the higher dose. In contrast, for pirfenidone, efficacy was observed only when used in
high-dose combinations, while other regimens did not offer additional clinical benefit. These findings
highlight an essential concept in antifibrotic therapy development: selecting between combination
therapy and monotherapy remains challenging, as theoretical advantages do not always translate into
superior outcomes. Additionally, all treatments exhibited similar safety profiles, with no significant
increase in SAEs, and none demonstrated a survival benefit at 1 year.

While the low dose of nerandomilast demonstrated promising efficacy as a single agent, its combi-
nation with pirfenidone did not show superior benefits compared to placebo. One possible explanation
is pharmacokinetic interaction, which may alter the metabolism or bioavailability of either drug,
thereby reducing overall effectiveness. In addition, both agents target similar profibrotic signaling
pathways, such as PDE4B inhibition and TGF-beta suppression.28,29 When one drug sufficiently
inhibits these pathways, adding another may yield limited additional benefit due to receptor saturation
or negative feedback mechanisms. Another contributing factor could be the phenotypic heterogeneity
of IPF; patients may respond differently to treatments depending on disease stage, genetic background,
or coexisting conditions, which could obscure the potential benefits of combination therapies in
population-level analyses.30 These considerations underscore the importance of future precision
medicine trials incorporating biomarkers or molecular profiles to identify the subgroups most likely
to benefit from specific treatment strategies. Notably, when evaluating long-term outcomes, 2-year
changes in FVC showed no statistically significant difference between pirfenidone and nintedanib,
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suggesting that despite differences in their mechanisms of action, their long-term efficacy in preserving
lung function appears comparable.

This study has several limitations. Chief among them is the relatively short follow-up duration of
up to 1 year in the included trials, which limits the ability to evaluate long-term clinical outcomes
such as sustained disease stabilization, mortality benefit, or cumulative toxicity. Additionally, some
combination arms had small sample sizes or were derived from post hoc subgroup analyses, increasing
the potential for selection bias and limiting generalizability. The inability to isolate the effects of
nerandomilast when combined with other agents, due to the lack of disaggregated data, further
complicates interpretation. Finally, while the overall risk of bias was low and heterogeneity minimal,
the relatively narrow evidence base in terms of the number of trials and patient populations limits the
scope of indirect comparisons.

Conclusion

This NMA confirms the superior efficacy of nintedanib in attenuating pulmonary function decline
in patients with IPF. NRD-L also demonstrated promising efficacy, positioning it as a potential
alternative. However, combination regimens involving nerandomilast did not yield additional benefit
compared to monotherapies, although their safety profiles were acceptable. These findings highlight
the need for personalized treatment strategies and long-term data to inform and optimize IPF
management.
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