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Abstract

BACKGROUND

Idiopathic pulmonary fibrosis (IPF) is classified under fibrotic interstitial pneu-
monia, characterized by a chronic and progressive course. The predominant cli-
nical features of IPF include dyspnea and pulmonary dysfunction.

AIM

To assess the effects of pirfenidone in the early treatment of IPF on lung function
in patients.

METHODS

A retrospective analysis was performed on 113 patients with IPF who were trea-
ted in our hospital from November 2017 to January 2023. These patients were
divided into two groups: control group (n = 53) and observation group (n = 60). In
the control group, patients received routine therapy in combination with methyl-
prednisolone tablets, while those in the observation group received routine the-
rapy together with pirfenidone. After applying these distinct treatment approa-
ches to the two groups, we assessed several parameters, including the overall ef-
fectiveness of clinical therapy, the occurrence of adverse reactions (e.g., nausea,
vomiting, and anorexia), symptom severity scores, pulmonary function index
levels, inflammatory marker levels, and the 6-min walk distance before and after
treatment in both groups.

RESULTS

The observation group exhibited significantly higher rates than the control group
after therapy, with a clear distinction (P < 0.05). After treatment, the observation
group experienced significantly fewer adverse reactions than the control group,
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with a noticeable difference (P < 0.05). When analyzing the symptom severity scores between the two groups of
patients after treatment, the observation group had significantly lower scores than the control group, with a
distinct difference (P < 0.05). When comparing the pulmonary function index levels between the two groups of
patients after therapy, the observation group displayed significantly higher levels than the control group, with a
noticeable difference (P < 0.05). Evaluating the inflammatory marker data (C-reactive protein, interleukin-2 [IL-2],
and IL-8) between the two groups of patients after therapy, the observation group exhibited significantly lower
levels than the control group, with significant disparities (P < 0.05). Comparison of the 6-min walking distance data
between the two groups of patients after treatment showed that the observation group achieved significantly
greater distances than the control group, with a marked difference (P < 0.05).

CONCLUSION

Prompt initiation of pirfenidone treatment in individuals diagnosed with IPF can enhance pulmonary function,
elevate inflammatory factor levels, and increase the distance covered in the 6-min walk test. This intervention is
conducive to effectively decreasing the occurrence of adverse reactions in patients.

Key Words: Pirfenidone; Early intervention; Idiopathic pulmonary fibrosis; Pulmonary function; Effect evaluation
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Core Tip: This study assessed the effects of pirfenidone in the early treatment of idiopathic pulmonary fibrosis (IPF). A
retrospective analysis was conducted on 113 patients with IPF, who were divided into control and observation groups. The
control group received routine therapy in combination with methylprednisolone tablets, while the observation group received
routine therapy along with pirfenidone. The results showed that the prompt initiation of pirfenidone treatment in individuals
diagnosed with IPF can enhance pulmonary function, elevate inflammatory factor levels, and increase the distance covered
in the 6-min walk test. This intervention is conducive to effectively decreasing the occurrence of adverse reactions.
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INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is classified under fibrotic interstitial pneumonia, characterized by a chronic and
progressive course, with the specific etiology remaining elusive[l-4]. Research suggests that chronic inhalation, viral
infections, genetics, and other factors may act as predisposing factors for IPF. The incidence of IPF is on the rise in China,
posing significant challenges to the well-being and productivity of affected individuals[5,6]. The predominant clinical
features of IPF include dyspnea and pulmonary dysfunction[7,8]. While high-resolution computed tomography is
commonly employed for diagnosis in clinical settings, its lack of specificity increases the likelihood of misdiagnosis[9,10].
Pirfenidone, an effective agent, mitigates the synthesis of inflammatory mediators such as transforming growth factor
beta, thus impeding fibrocyte proliferation and collagen synthesis[11,12]. Accumulating data support the efficacy of pir-
fenidone in attenuating disease progression and averting further deterioration in IPF patients[13,14].

Against this backdrop, this study primarily evaluated the impact of early pirfenidone intervention on pulmonary
function in individuals with IPF, aiming to provide valuable insights into the clinical management of this condition.

MATERIALS AND METHODS

Patient data

A retrospective analysis was conducted on 168 patients diagnosed with IPF who were admitted to our hospital between
November 2017 and January 2023. These patients constituted the subjects of our study. They were divided into two
groups: A control group receiving methylprednisolone treatment and an experimental group receiving combined
pirfenidone treatment. Within the pirfenidone treatment group, patients were further categorized into subgroups based
on their clinical presentation, lung function, chest X-rays, and chest computed tomography (CT) scans upon admission
without prior medication. Patients exhibiting better lung function were classified into an observation group, indicating an
earlier disease stage, while those with poorer lung function were placed into a later treatment group, indicative of a later
disease stage. The control group comprised 53 patients, the observation group consisted of 60 patients, and the later
treatment group included 55 patients. The age range in the control group was 45 years to 89 years, with an average age of
60.66 + 10.51 years, including 45 males and 8 females. In the observation group, ages ranged from 34 years to 91 years,
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with an average age of 60.69 * 10.59 years, comprising 45 males and 15 females. The later treatment group had ages
ranging from 40 years to 88 years, with an average age of 60.58 + 10.48 years, and consisted of 44 males and 11 females.
Statistical analyses revealed no significant differences in demographic characteristics between the groups (P > 0.05).

The inclusion criteria for patient selection were: (1) Patients presenting clinical symptoms consistent with the dia-
gnostic criteria for IPF as established by the American Thoracic Society; (2) Patients whose conditions were stable at the
time of admission; and (3) Patients who had not undergone treatment with glucocorticoids or any other medications re-
lated to research prior to admission.

Exclusion criteria were: (1) Patients with severe allergic constitution; (2) Patients suffering from severe malnutrition;
and (3) Patients with concurrent endocrine disorders such as hyperthyroidism and diabetes.

Methods

The control group underwent routine therapy in addition to methylprednisolone tablets. Routine therapy primarily co-
nsisted of symptomatic approaches such as low-flow oxygen inhalation, cough suppression, and spasmolysis. Patients
were administered methylprednisolone tablets (SFDA Approval No. H20110064) manufactured by Pfizer Italia Srl.
(Milano, Italy). The dosage regimen involved 0.4 mg per dose, taken once daily for the initial 4 wk. Subsequently, the
dosage was halved and maintained for another 8 wk. Following this, a daily dose of 0.1 mg was administered.

The observation group received conventional treatment alongside pirfenidone. Conventional treatment included
symptomatic measures like low-flow oxygen inhalation, cough suppression, and spasmolysis. Patients were provided
with pirfenidone capsules (SFDA Approval No. H20133376) from Beijing Contini Pharmaceutical Co., Ltd. (Beijing,
China). The dosage regimen entailed three administrations daily after meals, with each dose comprising 0.4 g. The
duration of treatment for all patients spanned 30 wk.

Evaluation criteria

Following the implementation of distinct treatment protocols in the two groups, various parameters were analyzed,
including: (1) Total effective rate of clinical treatment; (2) Incidence of adverse reactions, such as nausea, vomiting, and
anorexia; (3) Symptom scores encompassing shortness of breath, fatigue, cough, and spontaneous perspiration; (4)
Pulmonary function index levels, including 1-s forced expiratory volume (FEV1), forced vital capacity (FVC), and the
ratio of FEV1 to FVC; (5) Inflammatory factor indicators such as C-reactive protein (CRP), interleukin 2 (IL-2), and IL-§;
and (6) 6-min walking distance before and after treatment in both groups. These analyses aimed to comprehensively
evaluate the efficacy and safety of the respective treatment regimens employed in the study.

The total effective rate of clinical treatment, comprising markedly effective and effective rates, was evaluated based on
predefined criteria. Marked effectiveness denoted a significant improvement in clinical symptoms such as cough and
dyspnea, accompanied by notable improvement in lung-related symptoms observed through CT examination. Effect-
iveness indicated an improvement in clinical symptoms such as cough and dyspnea, with concurrent improvement in
lung-related symptoms evident on CT examination. Ineffectiveness signified the absence of improvement or even wor-
sening of lung-related symptoms in patients.

Symptom scores for shortness of breath, fatigue, cough, and spontaneous perspiration were assessed on a scale ranging
from 0 to 6. Higher scores indicated greater severity of the corresponding symptom. For shortness of breath, scores of 0-2
indicated occasional shortness of breath after activity, 3-4 indicated shortness of breath upon slight exertion, and 5-6
indicated persistent shortness of breath. Fatigue scores of 0-2 denoted patients' ability to engage in activities despite
feeling low in spirits, 3-4 indicated mental fatigue hindering activity, and 5-6 indicated severe mental fatigue impeding
movement. Cough scores of 0-2 represented occasional dry cough or expectoration of small amounts of white sputum, 3-4
indicated easily triggered cough following exposure to cold or irritants, and 5-6 indicated prolonged cough with white
sputum. Spontaneous perspiration scores of 0-2 indicated slight dampness of the skin at rest, worsening with slight
activity, 3-4 indicated moist skin at rest with visible sweat after mild activity, and 5-6 indicated excessive sweating under
normal conditions.

The levels of lung function indexes, including FEV1, FVC, and the ratio of FEV1 to FVC, were measured using a lung
function tester (ST-150; Shanghai Yimu Medical Instrument Co., Ltd., Shanghai, China).

Inflammatory factor indicators such as CRP, IL-2, and IL-8 were assessed by collecting secretions from the patients'
respiratory tract for testing. The enzyme-linked immunosorbent assay was employed for testing, utilizing the LD-96A
fully automatic enzyme-linked immunosorbent analyzer (Shandong Lainde Intelligent Technology Co., Ltd., Shandong,
China). The testing kit used was specifically matched for these assays.

Statistical methods

All indicator data were inputted into SPSS 23.0 for statistical analysis. The y? test was utilized to verify counting data
expressed as percentages, while one-way analysis of variance was employed for measurement data expressed as means
and standard deviations (SDs). P < 0.05 was considered statistically significant for both types of tests. This rigorous
statistical analysis aimed to discern any significant differences between groups and evaluate the efficacy of the treatment
interventions.
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RESULTS

Comparison of the total effective rate of clinical treatment between the three groups

In the comparison of the clinical treatment total effective rates among the three groups of patients after therapy, the data
in the observation group were significantly higher than those in both the later treatment group and control group,
demonstrating a clear difference (P < 0.05). This information is summarized in Table 1 and illustrated in Figure 1.

Table 1 Comparison of the total effective rate of clinical treatment among the three groups

Group Number of cases Markedly effective Effective Invalid Total effective rate
Observation group 60 28 30 2 96.67
Later treatment group 55 26 23 6 89.09
Control group 53 25 20 8 84.91
» 5.279
P value 0.509

Comparison of the frequency of adverse reactions (vomiting, nausea, anorexia) among the three groups of patients

In comparing the frequency of adverse reactions (vomiting, nausea, anorexia) among the three groups of patients after
therapy, the observation group exhibited lower incidence compared to both the later treatment group and the control
group, indicating a significant difference (P < 0.05). This information is summarized in Table 2 and depicted in Figure 2.

Table 2 Incidence of adverse reactions (nausea, vomiting, anorexia) compared among the three groups of patients

Group Number of cases Nausea Vomiting Anorexia Frequency of adverse reactions
Observation group 60 1 1 0 3.33

Later treatment group 55 2 1 2 9.09

Control group 53 5] 3 3 16.98

X 5.864

P value 0.021

Comparison of symptom scores between the three groups of patients (shortness of breath, fatigue, cough,

spontaneous perspiration)

In the comparison of symptom scores (shortness of breath, fatigue, cough, and spontaneous perspiration) among the three
groups of patients after therapy, the observation group demonstrated lower scores compared to both the later treatment
group and the control group, indicating a significant difference (P < 0.05). This information is summarized in Table 3 and
illustrated in Figure 3.

Table 3 Comparison of symptom scores among the three groups of patients

Group Number of cases Shortness of breath Fatigue Cough Spontaneous perspiration
Observation group 60 0.54 £0.18 0.61£0.21 0.62 £0.23 1.12+£0.43

Later treatment group 55 1.56 +£0.21 1.66 +0.32 1.85+0.11 1.84 £0.12

Control group 53 1.94 +0.52 245+063  283+092  205+053

F value 289.83 278.74 215.92 91.95

P value 0.000 0.000 0.000 0.000

Comparison of the levels of pulmonary function indexes among the three groups (FEV1, FVC, and the ratio of FEV1 to

FVC)
In assessing the pulmonary function index levels, including the FEV1, FVC, and the ratio of FEV1 to FVC, among the
three patient groups post-therapy, it was observed that the observation group displayed notably higher values compared
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to both the later treatment group and the control group, indicating a significant difference (P < 0.05). This finding is
summarized in Table 4 and depicted in Figure 4.

Table 4 Comparison of the levels of pulmonary function indicators among the three groups

e Number of Forced expiratory volume  Forced vital Ratio of forced expiratory volume in one second to
cases in1sinL capacity in L forced vital capacity

Observation 60 3.56 +0.32 4.88+0.44 79.39 +7.61

group

Later treatment 55 3.14+0.22 475+013 70.36 + 4.57

group

Control group 53 2.93+0.21 415£0.35 6813 + 6.41

F value 115.50 93.79 56.00

P value 0.000 0.000 0.000

Comparison of inflammatory factor indicators (CRP, IL-2, IL-8) among the three groups of patients
When comparing the data of inflammatory factor indicators (CRP, IL-2, IL-8) among the three patient groups post-
therapy, it was evident that the observation group exhibited lower values compared to both the later treatment group and

the control group, indicating a significant difference (P < 0.05). This finding is summarized in Table 5 and visualized in
Figure 5.

Table 5 Comparison of inflammatory factor indicators among the two groups of patients

Group Number of cases C-reactive protein in mg/L Interleukin-2 in ng/L Interleukin-8 in ng/L
Observation group 60 9.11£0.81 13.47 £1.02 20.11 £1.38

Later treatment group 55 11.21 £0.31 18.63 +0.99 26.31 +£1.43

Control group 53 12.78 £1.12 19.57 £1.63 28.25+251

F value 267.26 267.26 263.35

P value 0.000 0.000 0.000

Comparison of the 6-min walking distance among the three groups of patients before and after therapy

Before therapy, there was no obvious distinction in the 6-min walking distance data among the three groups of patients (
P > 0.05). In the comparison of the data of 6-min walking distance among the three groups of patients after therapy, the
observation group had greater data than the later treatment group and control group, with obvious differences (P < 0.05).
This finding is summarized in Table 6 and depicted in Figure 6.

Table 6 Comparison of the 6-min walking distance between the two groups of patients before and after therapy

Group Number of cases Before treatment After treatment

Observation group 60 397.77 +30.22 420.69 +20.31

Later treatment group 55 398.21 +30.16 410.35 + 21.67

Control group 53 398.61 +30.21 406.66 +23.33

Fvalue 0.34 7.44

P value 0.711 0.001
DISCUSSION

Previous research has predominantly focused on assessing the overall therapeutic efficacy of pirfenidone in IPF.
However, it has become increasingly evident that IPF is a chronic disease prone to acute exacerbations, emphasizing the
importance of early intervention to prevent such exacerbations. Therefore, this study highlights the potential benefits of
early pirfenidone administration by comparing treatment outcomes among the early, late, and control groups. The goal is
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Control group
(7 = 45, 43.69%)

Observation group
(n =58, 56.31%)

Figure 1 Comparison of the total effective rate of clinical treatment between the two groups.

Observation group |
(n =2,18.18%)

Control group
(n =9, 81.82%)

Figure 2 Comparison of the frequency of adverse reactions (vomiting, nausea, anorexia) between the two groups of patients.

to underscore the significance of prompt initiation of pirfenidone treatment upon detection of IPF, thereby enhancing
clinical management of the disease.

IPF represents the most prevalent form of fibrotic interstitial lung diseases, characterized by a progressive and
irreversible nature[15,16]. Patients with IPF typically experience symptoms such as dyspnea, dry cough, and limited
mobility, which worsen over time. The incidence and fatality rates of the disease tend to rise with age[17,18]. While some
IPF patients may rapidly progress to death, others may face a gradual decline in lung function, significantly impacting
their quality of life[19-22]. A subset of IPF patients may also experience acute respiratory deterioration, often termed
acute exacerbations, which are associated with high mortality rate[23,24]. Pirfenidone, acting on fibrogenesis as a multi-
target cellular drug, is among the approved therapeutic options for IPF patients[25,26].

Pirfenidone is an orally administered small molecule compound, initially synthesized in the United States in 1974. It
exhibits pleiotropic effects, including anti-inflammatory and antioxidant properties. In a clinical trial conducted in 2005, it
was observed that pirfenidone had the potential to delay the decline in vital capacity and mitigate acute exacerbations in
patients with IPF[27,28]. Furthermore, the change in FVC served as the primary endpoint in Phase III clinical trials,
wherein pirfenidone demonstrated its ability to delay the progression of IPF[29].

Research has consistently demonstrated that pirfenidone, compared to placebo, exhibits efficacy in delaying the
progression of IPF, reducing disease severity, and significantly delaying the decline in FVC, ultimately leading to reduced
mortality rates among patients. The conventional formulation of pirfenidone is in capsule form, intended for oral
administration, typically recommended after meals to minimize gastrointestinal adverse reactions. Interestingly, some
clinical experimental data[30] suggest that taking pirfenidone with food can notably decrease the occurrence of adverse
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Figure 3 Comparison of symptom points between the two groups of patients. A: Shortness of breath; B: Fatigue; C: Cough; D: Spontaneous
perspiration.

reactions.

Indeed, recent clinical experimental data[30] underscore the potential benefits of pirfenidone in the treatment of
pulmonary fibrosis. Researchers induced pulmonary fibrosis in rats and administered pirfenidone orally and via
inhalation for 14 consecutive days to assess their efficacy and pharmacokinetics. The findings revealed that inhaled
pirfenidone can be directly delivered to the lungs, achieving higher drug concentrations in lung tissue with a smaller
dose compared to oral administration. Specifically, inhalation of 100 mg pirfenidone aerosol resulted in a 35-fold increase
in maximum drug concentration in alveolar epithelial cell fluid and a 20% increase in the area under the plasma concen-
tration-time curve compared to oral administration of the same dose. Importantly, no adverse effects on respiratory rate
or lung function were observed with pirfenidone aerosol inhalation. Furthermore, both inhalation and oral routes
demonstrated similar therapeutic efficacy, indicating the potential of inhaled pirfenidone as an alternative administration
route. The clinical data further support the therapeutic potential of pirfenidone in pulmonary fibrosis management. The
observation group exhibited superior outcomes in terms of total effective rate of clinical therapy, pulmonary function
indicators (including FEV1, FVC, and the ratio of FEV1 to FVC), and the 6-min walking distance, compared to the control
group, with significant differences (P < 0.05). Additionally, after therapy, the observation group experienced fewer
adverse reactions (such as nausea, vomiting, and anorexia), lower symptom scores (for shortness of breath, fatigue,
cough, and spontaneous perspiration), and reduced levels of inflammatory factors (CRP, IL-2, IL-8) compared to the
control group, again with significant differences (P < 0.05). These findings underscore the significant clinical value of
early pirfenidone intervention in IPF treatment. The approach demonstrates high safety and feasibility, significantly
alleviating clinical symptoms, improving lung function, and slowing disease progression.
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Figure 4 Comparison of the levels of pulmonary function indicators between the two groups. A: 1-s forced expiratory volume (FEV1); B: Forced
vital capacity (FVC); C: FEVA/FVC.
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Figure 5 Comparison of inflammatory factor indicators between the two groups of patients. A: C-reactive protein (CRP); B: Interleukin 2 (IL-2); C:
IL-8.

It is essential to note that the findings of this study had certain limitations, including the relatively small scope of
research, limited number of selected cases, and absence of long-term follow-up. Consequently, there may be some degree
of deviation in the research data. Therefore, future research endeavors should aim to broaden the scope of study
selection, increase the number of selected cases, and incorporate long-term follow-up assessments. By doing so, the
reliability of the research conclusions can be improved, providing a more robust foundation for clinical decision-making
and patient management in IPF.

CONCLUSION

The implementation of early pirfenidone intervention in patients with IPF appears to several favorable outcomes. These
include improvements in pulmonary function, reductions in inflammatory factor levels, enhancements in the 6-min
walking distance, and a decrease in the frequency of adverse reactions, ultimately promoting faster patient recovery.
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Figure 6 Comparison of 6-min walking distance between the two groups of patients before and after therapy. A: Before therapy; B: After
therapy.
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