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Abstract: Objective: To study the clinical efficacy of acetylcysteine combined with pirfenidone in patients with pul-
monary fibrosis (PF). Methods: A total of 114 PF patients admitted from January 2018 to January 2019 were retro-
spectively analyzed. Among them, 64 patients treated with acetylcysteine combined with pirfenidone were classi-
fied into a research group, and the other 50 treated with acetylcysteine combined with budesonide were assigned 
into a control group. The clinical efficacy and total effectiveness rate of the two groups were compared after 6 
months of therapy. The quality of life (QoL) in the two groups before and after treatment was evaluatedusing Asthma 
Therapy Assessment Questionnaire for idiopathic pulmonary fibrosis patients (ATAQ-IPF). The 2-year survival of the 
two groups was compared. Additionally, the incidence of adverse reactions was compared between the two groups. 
The changes in forced expiratory volume in 1 second (FEV1), forced vital capacity (FVC), inflammatory factors, and 
PF markers were compared between the two groups before and after therapy. Results: There were no significant dif-
ferences in clinical efficacy or total effectiveness rate (all P > 0.05), serum IL-4, INFγ or IL-6 expression (all P > 0.05), 
as well as FEV1 and FVC levels (all P > 0.05) after therapy between two groups. After therapy, the research group 
showed significantly lower PCIII and HA levels, lower ATAQ-IPF scores, and lower total incidence of adverse reactions 
than the control group (all P < 0.05). In addition, a higher 2-year survival rate was observed in the research group 
than in the control group (P=0.025). Conclusion: Acetylcysteine combined with pirfenidone can reduce adverse 
reactions and improve the QoL and survival time of patients.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic, 
progressive, and fatal lung disease character-
ized by irreversible loss of lung function [1]. Its 
prevalence is gradually increasing. The patho-
genesis of IPF is the remodeling of lung tissues 
caused by alveolar epithelial dysfunction after 
repeated injury [2]. The persistent injury of  
alveolar cells will lead to the activation of α- 
smooth muscle actin in myofibroblasts, and the 
activated alveolar epithelial cells will release 
fibroblast growth factor, promote the migration 
and differentiation of myofibroblasts, and lead 
to excessive deposition of extracellular matrix 
and the destruction of lung structure, trigginga 

decrease in lung function and body resistance 
[3, 4]. In addition, the replacement of normal 
lung tissue by extracellular matrix may lead to 
destruction of alveolar structure, decrease in 
lung compliance, interruption of gas exchange, 
respiratory failure, and even death [5]. The 
prognosis of IPF varies from person to person, 
and the median survival time of IPF patients is 
about 3-5 years [6].

The incidence of IPF in North America and 
Europe is about 3-9 cases/100,000 people 
each year, which is higher than that of South 
America and East Asia (less than 4 cases/ 
100,000 people each year) [7]. Reportedly, in 
the United States, the prevalence of IPF is 
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10-60 cases/100,000 people. In a study in 
2011, the incidence of IPF among adults over 
65 years old was 494 cases/100,000 people, 
which is twice that recorded 10 years ago [8]. 
The increasing hospitalization rate and mortal-
ity triggered by IPF also suggest a growing bur-
den from the disease [9]. In spite of a short 
clinically stable period, the continuous prog-
ress of IPF is inevitable, and its prognosis is 
unfavorable, with 5-year survival similar to that 
of several cancers [10]. Therefore, it is urgent 
to select an effective treatment regimen to 
improve the clinical efficacy and.

Acetylcysteine possesses a strong mucolytic 
effect, and the contained sulfhydryl group (-SH) 
can break the disulfide bond (-S-S) of the glyco-
protein polypeptide chain in sputum, reducing 
phlegm viscosity and liquefying it, thus making 
sputum easier to be coughed up and improving 
patients’ lung function [11, 12]. Pifenidone, a 
small molecule compound popularin recent 
years, has a curative effect in resisting fibrosis 
of heart, liver and kidney, which can achieve 
the purposes of anti-inflammation, anti-fibrosis 
and anti-oxidation by adjusting transforming 
growth factor and fibroblasts [13]. Budesonide 
is an effective inhaled glucocorticoid, with 
strong local anti-inflammatory effect, strong fat 
solubility, strong affinity for its receptor, short 
half-life, quick inactivation in vivo, which is 
adopted through local atomization and has no 
accumulation because of rapid metabolism 
[14]. At present, acetylcysteine combined with 
pirfenidone and acetylcysteine combined with 
budesonide are both effective in treating IPF in 
clinical practice [15]. However, whether the two 
combined regimens have any difference in ther-
apeutic effect is still controversial.

The present study retrospectively analyzed the 
clinical efficacy of the two regimens in in IPF 
patients, with the goal of providing a reference 
for the selection of treatment regimen.

Methods and data

Clinical data

Clinical data of 114 PF patients admitted from 
January 2018 to January 2019 were retrospec-
tively analyzed. Among them, 64 patients were 
treated with acetylcysteine combined with pir-
fenidone as the research group, and the other 
50 were treated with acetylcysteine combined 
with budesonide as the control group. This 

study was approved by the Medical Ethics 
Committee of our hospital, with ethnical app- 
roval number of SDZFY-EC-2018-09. 

Inclusion and exclusion criteria

Inclusion criteria: Adults aged 18-75 years old 
who met the IPF diagnostic guidelines pub-
lished by Chinese Medical Association; patients 
whose predicted forced vital capacity (FVC) was 
≥ 50% of the predicted value and the diffusing 
capacity of the lung for carbon monoxide 
(DLCO) was ≥ 40%; and patients whose 6-min-
ute walking distance (6 MWD) was ≥ 150 m.

Exclusion criteria: Patients who showed evi-
dence of active infection within 1 month before 
screening; patients with severe obstructive 
respiratory dysfunction (FEV1/FVC ratio < 70% 
and FEV1 ratio < 50% of the expected value 
after bronchodilator inhaling); patients with 
oxygen supplementation demand at rest (to 
maintain oxygen saturation > 88%); patients 
with a history of myocardial infarction within 1 
year before screening; patients with heart fail-
ure or arrhythmia requiring drug treatment 
within the first 3 years before screening; preg-
nant or lactating women; patients who took 
part in other IPF clinical trials; patients who 
smoked within 4 weeks after screening; pati- 
ents diagnosed with other interstitial lung  
diseases by high-resolution CT/lung biopsy; 
patients with incomplete clinical data; or 
patients unable to complete this treatment.

Treatment regimen

The control group was treated with acetylcyste-
ine combined with budesonide: Each patient 
was required to inhale budesonide 4 times a 
day, 2 sprays each time (200 μg/spray, 100 
sprays a bottle) and also required to take acet-
ylcysteine orally 3 times a day (Zambon Group, 
Italy, H20090620), 600 mg each time. The 
treatment lasted for 6 months.

The research group was treated with acetylcys-
teine combined with pirfenidone: Each pati- 
ent was given acetylcysteine and pirfenidone 
(Beijing Continent Pharmaceuticals Co., Ltd., 
H20133376). The patient was given 600 mg 
acetylcysteine each time, 3 times a day, and 
200 mg pirfenidone each time, 3 times a day. 
After two weeks of continuous administration, 
the dose of pirfenidone was adjusted to 400 
mg, and after three weeks, it was adjusted to 
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600 mg, three times a day. The treatment also 
lasted for 6 months.

Observation indices

Serum interleukin (Il)-4 (PI618, Beyotime, Sh- 
anghai, China), interferon-γ (INF-γ, PI511, Beyo- 
time, Shanghai, China), IL-6 (PI330, Beyotime, 
Shanghai, China), type III procollagen (PCIII, 
LZ-H93374, Shanghai Razybio Technology Co., 
Ltd. Shanghai, China) and hyaluronic acid (HA, 
LZ-E99896, Shanghai Razybio Technology Co., 
Ltd. Shanghai, China) were quantified through 
ELISA before and after therapy.

Outcome measures

Primary outcome measures: The clinical effica-
cy of the two groups was compared 6 months 
after therapy. Clinical effect: remarkably effec-
tive: symptoms such as cough and dyspnea dis-
appeared without cyanosis and high-pitched 
popping sound in both lungs after therapy. 
Effective: With occasional paroxysmal cough, 
slight dyspnea in a quiet state, cyanosis after 
activity, and high-pitched popping sound at  
the bottom of both lungs. Ineffective: With fre-
quent cough symptoms, obvious dyspnea in a 
quiet state, and cyanosis and high-pitched pop-
ping sound in both lungs at rest. Total effective 

and PF markers were compared between the 
two groups before and after therapy.

Statistical analyses

GraphPad 8 was used for data analysis and fig-
ure rendering. Measured data were expressed 
as mean ± SD, and the inter-group comparison 
was conducted using independent sample 
T-test while intra-group analysis was conducted 
using paired T-test. Counted data (%) were ana-
lyzed using the chi-square test, and presented 
as χ2. The difference in 2-year survival was ana-
lyzed by the Kaplan-Meier test. Cox regression 
was conducted to analyze factors affecting 
patients’ prognosis. P < 0.05 implied a signifi-
cant difference.

Results

Baseline data

According to comparison of the two groups in 
baseline data, there were no significant differ-
ences between the two groups in age, gender, 
body mass index (BMI), course of disease, past 
medical history or smoking history (all P > 0.05, 
Table 1).

Table 1. Comparison of baseline data

Items Control group 
(n=50)

Research group 
(n=64) χ2 P value

Age 0.193 0.660
    ≥ 65 years old 34 41
    < 65 years old 16 23
Gender 0.837 0.360
    Male 27 40
    Female 23 24
BMI 2.234 0.135
    ≥ 23 kg/m2 32 32
    < 23 kg/m2 18 32
Course of disease 1.105 0.293
    ≥ 3 years 33 48
    < 3 years 17 16
Past medical history
    Hypertension 22 31 1.753 0.185
    Diabetes mellitus 18 24 0.027 0.869
Smoking history 0.373 0.542
    Yes 34 40
    No 16 24
Note: Body Mass Index (BMI).

rate = (remarkably effective cases 
+ effective cases)/total cases 
×100%. The quality of life (QoL) of 
IPF patients before and after  
therapy was assessed by Asthma 
Therapy Assessment Questionna- 
ire for idiopathic pulmonary fibro-
sis patients (ATAQ-IPF) [16], which 
covered 13 dimensions, including 
74 items and each item with a 
score of 1-5 points. A higher score 
indicates worse QoL. The Kaplan 
Meier (KM) survival curve was 
adopted to analyze the 2-year sur-
vival rate of the two groups of 
patients, with the death of the 
patient as the end event.

Secondary outcome measures: 
The baseline data of the two gro- 
ups were compared. In addition, 
the incidence of adverse reac-
tions was compared between the 
two groups. The changes in forced 
expiratory volume in 1 second 
(FEV1), FVC, inflammatory factors 
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Therapeutic effect

According to comparison of clinical efficacy 
between the two groups after therapy, the clini-
cal efficacy of the two groups was not signifi-
cantly different (P > 0.05, Table 2). In addition, 
the total effective rate of the two groups was 
similar (P > 0.05).

Changes in inflammatory factors before and 
after therapy

Serum IL-4, INFγ, and IL-6 in the two groups 
were quantified. According to the results, after 
therapy, serum IL-4 in the two groups increas- 
ed significantly, while serum INFγ and IL-6 
decreased significantly (all P < 0.05), but there 
were no significant differences between the 
two groups (all P > 0.05, Table 3).

Influence on lung function before and after 
therapy 

After therapy, FEV1 and FVC of the two groups 
increased greatly (all P < 0.05), but no differ-

ence was observed in FEV1 and FVC levels 
between the two groups after therapy (all P > 
0.05, Table 4).

Changes in PF markers before and after 
therapy

PCIII and HA levels before and after therapy of 
the two groups were compared. According to 
the results, after therapy, serum PCIII and HA 
levels of the two groups decreased significantly 
(P < 0.05). Further analysis revealed significant-
ly lower PCIII and HA levels in the research 
group than those in the control group after ther-
apy (all P < 0.05, Table 5).

Comparison of QoL

ATAQ-IPF was used to evaluate and compare 
the QoL of patients before and after therapy. 
After therapy, the research group got signifi-
cantly lower ATAQ-IPF scores than the control 
group (P < 0.05, Figure 1), and ATAQ-IPF score 
of both groups decreased after therapy P < 
0.05).

Table 2. Clinical efficacy
Group Markedly effective Effective Ineffective Total effective rate
Control group (n=50) 15 27 8 42 (84.00%)
Research group (n=64) 26 24 14 50 (83.33%)
χ2 value 0.622
P value 0.430

Table 3. Changes of inflammatory factors before and after therapy

Group
IL-4 (ng/L) INFγ (ng/L) IL-6 (pg/mL)

Before  
treatment

After  
treatment

Before  
treatment

After  
treatment

Before  
treatment

After  
treatment

Control group (n=50) 283.20±20.47 358.85±24.96* 203.81±20.48 156.83±13.53* 184.27±17.56 111.31±13.56*

Research group (n=64) 279.99±24.55 355.60±19.84* 204.75±18.21 154.26±16.20* 179.02±20.12 108.42±13.87*

T value 0.743 0.775 0.795 0.369 1.459 1.115

P-value 0.459 0.440 0.259 0.902 0.147 0.267
Note: *P < 0.05 vs. Before therapy, Serum interleukin (Il), interferon-γ (INF-γ).

Table 4. Comparison of pulmonary function before and after therapy

Group
FEV1 (L) FVC (L)

Before treatment After treatment Before treatment After treatment
Control group (n=50) 1.54±0.25 2.49±0.19* 2.55±0.16 3.01±0.32*
Research group (n=64) 1.59±0.19 2.47±0.18* 2.52±0.20 2.92±0.30*
T value 1.028 0.788 0.799 0.136
P value 0.306 0.432 0.426 0.150
Note: *P < 0.05 vs. Before therapy, forced expiratory volume in 1 second (FEV1), forced vital capacity (FVC).
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Comparison of adverse reactions

According to comparison of adverse reactions 
between the two groups during therapy, no sig-
nificant difference was found in the incidence 
of individual adverse reaction (P > 0.05), but a 
significantly higher total incidence of adverse 
reactions was found in the control group than in 
the research group (P < 0.05, Table 6).

Analysis of prognostic factors

The patients were followed up for 2 years. 
Among them, 28 patients died with an overall 
2-year survival rate of 75.43%. The clinical  
data of patients were collected. Univariate Cox 
regression analysis showed that age, course  
of disease, treatment regimen, and IL-4 were 
tfactors impacting the prognosis of patients 
(Figure 2, P < 0.05). Further multivariate Cox 
regression analysis showed that the course  
of disease, treatment regimen, and IL-4 were 
independent factors affecting the prognosis of 
patients (Table 7, P < 0.05).

Discussion

Acetylcysteine is an important antioxidant drug 
that can strongly block NF-κB signal transduc-

tion by inhibiting the activity of INF-γ, thus inhib-
iting the inflammatory reaction of patients [17]. 
In addition, acetylcysteine plays a crucial role  
in scavenging free radicals, reducing oxygen 
free radicals, inhibiting the excessive release of 
reactive oxygen species by inflammatory cells, 
and enabling cells in a hypoxic-ischemic state 
to acquire antioxidant capacity and weaken  
cell damage [18]. However, long-term clinical 
practice has revealed that the effect of single 
drug therapy on IPF is not ideal, so it is sug-
gested that combined drug therapy be used 
clinically. Budesonide is a macrolide antibiotic 
commonly used in clinical practice. It binds to 
the 50 S ribosome subunit of sensitive microor-
ganisms, interferes with its protein synthesis, 
and thus possess a good killing or inhibiting 
effect on many pathogenic bacteria [19]. 
Pifenidone is a new type of cytokine inhibitor, 
which can inhibit the growth of fibroblasts by 
reducing excessive deposition of extracellular 
matrix and proliferation of fibroblasts [20, 21]. 
Currently, acetylcysteine combined with pirfeni-
done or budesonide are both frequently adopt-
ed clinically. However, both of them have the 
same effect on alleviating the disease condi-
tion of IPF patients; however, there had been  
no relevant research and analysis on whether 
there is any difference in curative effect be- 
tween the two regimens. In the present study, 
both regimens delivered high clinical efficacy 
for IPF patients, and ameliorated the inflamma-
tory response and improved lung function in 
patients, but no difference was found between 
the two regimens in terms of clinical efficacy, 
serum inflammatory factors or lung function. 
The results reveal that the two regimens can 
effectively treat IPF. However, in further com-
parisons, significantly higher levels of serum 
PCIII and HA levels were found in the research 
group than in the control group after therapy. 
PCIII and HA are crucial indices for the diagno-
sis of PF. PCIII mainly reflects the synthesis of 
type III collagen in the liver, and its serum con-

Table 5. Comparison of PF markers in patients before and after therapy

Group
PCIII (μg/L) HA (μg/L)

Before treatment After treatment Before treatment After treatment
Control group (n=50) 103.47±31.50 84.75±21.80* 154.96±33.68 123.41±27.75*
Research group (n=64) 92.54±35.54 70.73±20.24* 165.25±.38.97 92.24±25.16*
T value 1.711 3.548 1.483 6.271
P value 0.089 0.001 0.141 < 0.001
Note: *P < 0.05 vs. Before therapy, type III procollagen (PCIII) and hyaluronic acid (HA).

Figure 1. Changes in ATAQ-IPF score in patients after 
therapy. Notes: **P < 0.01, ***P < 0.001, a tool to 
assess quality of life in idiopathic pulmonary fibrosis 
(ATAQ-IPF).
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tent is closely related to the degree of hepatic 
fibrosis. HA, which increases in the case of PF 
[22], is a matrix component synthesized by 
interstitial cells, that can adjust protein, bal-
ance extracellular space, and can thus exert a 
strong effect on promoting cell repair. The 

results suggest that acetylcysteine combined 
with pirfenidone is superior to acetylcysteine 
combined with budesonide in alleviating PF. 
The main reason is that pirfenidone can effec-
tively fight against fibrosis, slow down the con-
tinuous increase of fibroblasts and tissues, and 

Table 6. Comparison of adverse reactions

Group Metabolic 
disturbance Nausea Dyspepsia Poor appetite Hypoglycemia Total incidence rate

Control group (n=50) 4 3 3 3 4 17 (34.00)
Research group (n=64) 1 1 2 1 2 8 (12.50)
χ2 value 7.579
P value 0.006

Figure 2. Univariate analysis and meaningful indicators of patients’ survival. A. Relationship between age and pa-
tients’ survival. B. Relationship between the course of disease and patients’ survival. C. Relationship between treat-
ment plan and patients’ survival. D. Relationship between IL-4 and patients’ survival. Note: Serum interleukin (Il).
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reduce pulmonary fibrosis [23, 24]. Moreover, a 
significantly higher incidence of adverse reac-
tions was found in the control group than in the 
research group. This is primarily due to the 
strong immunosuppressive effect of glucocorti-
coids. Long-term use of glucocorticoids can 
easily affect patients’ immune function and 
cause metabolic disorder [25].

Finally, the QoL and 2-year survival rate of 
patients after therapy was analyzed. ATAQ-IPF 
is a QoL score specially established for IPF 
patients, and its effectiveness has been veri-
fied in several clinical trials [26]. In the present 
study, the research group had significantly 
lower ATAQ-IPF scores than the control group 
after 6 months of therapy. The prognosis analy-
sis found that the course of disease, treat- 
ment regimen, and IL-4 were closely correlated 
with prognosis. The above results show that 
acetylcysteine combined with pirfenidone can 
improve the QoL of IPF patients and prolong 
their survival. We believe that this is mainly 
because pirfenidone can improve the postop-
erative survival time and QoL of patients by 
inhibiting PF. Budesonide mainly alleviates the 
clinical symptoms of patients, but its inhibitory 
effect on PF is relatively weak, which leads to 
differences between the two schemes in 
improving the survival of IPF patients.

The study has some limitations. First of all, the 
study did not count the patients’ progression 
time, but only collected the patient’s death 
times, so it was impossible to analyze whether 
the two regimens impacted the patients’ dis-
ease-free survival time. Secondly, the sample 
collection time of this study was short, and only 
the 2-year survival of two groups of patients 
were analyzed, so whether there is any differ-
ence between the two drugs on patients’ long-
term survival still needs further exploration. 
Finally, as a retrospective study, there may be 
some bias in sample collection and result anal-
ysis, and whether this affects the results of this 
study remains unclear. We hope to conduct a 
randomized controlled study in the future, with 
more patient samples and longer follow-up to 
further improve the research conclusions.

Thus, acetylcysteine combined with pirfeni-
done or budesonide can both deliver high clini-
cal efficacy for IPF patients, but compared to 
budesonide, acetylcysteine combined with pir-
fenidone can better reduce adverse reactions, 
improve QoL, and prolong survival time.

Disclosure of conflict of interest

None.

Table 7. Analysis of prognostic factors

Factor
Univariate Cox Multivariate Cox

P value HR 95% CI P value HR 95% CI
Age 0.040 2.755 1.047-7.250 0.083 2.386 0.893-6.372
Gender 0.289 0.670 0.319-1.405
BMI 0.802 0.910 0.433-1.912
Course of disease 0.024 3.963 1.196-13.131 0.015 4.459 1.341-14.822
Hypertension 0.593 1.230 0.576-2.626
Diabetes mellitus 0.490 0.768 0.363-1.624
Smoking history 0.688 0.856 0.401-1.828
Treatment regimen 0.029 2.326 1.089-4.971 0.008 2.882 1.322-6.284
IL-4 0.014 0.981 0.966-0.996 0.015 0.979 0.963-0.996
INF-γ 0.411 0.992 0.972-1.012
IL-6 0.524 0.994 0.974-1.014
FEV1 0.289 2.550 0.452-14.399
FVC 0.573 1.757 0.247-12.476
PCIII 0.326 1.005 0.995-1.016
HA 0.953 1.000 0.990-1.010
Notes: Hazard ratio: HR; 95% Confidence Interval (95% CI); Body Mass Index (BMI); Serum interleukin (Il); interferon-γ (INF-γ); 
forced expiratory volume in 1 second (FEV1); forced vital capacity (FVC); type III procollagen (PCIII); hyaluronic acid (HA).
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