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Abstract 

Idiopathic pulmonary fibrosis (IPF) is a chronic, rare disease characterized by continuous 

fibrosis of the lung parenchyma. It mainly affects the elderly; however, it is increasingly being 

diagnosed in younger patients as well. Risk factors include smoking, occupational dust 

exposure and genetic factors. Symptoms of IPF include shortness of breath, dry cough and 

reduced exercise tolerance, leading to a reduced quality of life for patients. Diagnosis is based 

on imaging, mainly high-resolution CT scans, and the exclusion of other causes of interstitial 

lung disease. Two antifibrotic drugs, nintedanib and pirfenidone, are now approved to slow 

disease progression. Nintedanib acts as a tyrosine kinase inhibitor, blocking the signaling 

pathways of lung fibroblasts. Pirfenidone, on the other hand, has anti-inflammatory and anti-

fibrotic effects by inhibiting TGF-b signaling pathways. Clinical trials have confirmed their 

efficacy in reducing the decline in increased vital capacity and the risk of disease progression. 

In Poland, patients with IPF can benefit from nintedanib and pirfenidone therapy under the drug 

program. Despite advances in treatment, more research is needed on new IPF therapies. Clinical 

trials of zinpentraxin, ziritaxestat and pambrevalumab have not confirmed their efficacy in 

treating IPF. Results from initial studies of bexotegrast show promise, but further studies are 

needed and are ongoing. Despite advances in the treatment of IPF, further research into new 

therapies is needed to improve therapeutic outcomes and patient quality of life. 

 

1. Introduction 

Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive disease of unknown cause 

characterized by continuous fibrosis of the lung parenchyma, with the histological and/or 

radiological picture of usual interstitial pneumonia [1]. IPF is a rare disease. Estimates of 

incidence and prevalence range from 0.09-1.30 and 0.33-4.51 per 10,000 people, depending on 

latitude [2]. The average age of a patient's incidence is in the 6th or 7th decade of life, but there 

are cases in younger age groups. With the aging population, the number of cases is projected to 

increase in the future [1]. IPF affects men more often. In addition, people who smoke tobacco 

and are exposed to metal and wood dust inhalation are at higher risk. It is also suspected that 

genetic factors may be behind the increased susceptibility to the disease [3]. Typical of the 

course of IPF is the increase in disease symptoms with the duration of the disease. 

Characteristically, patients experience shortness of breath, the occurrence of a dry, non-

productive cough and reduced exercise tolerance. Physical examination usually reveals 
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symmetrical buttress crackles. As the disease progresses, crackles may begin to be heard in the 

higher parts of the lungs. Shallow breathing and tachypnoe are also often observed in patients. 

In the advanced stage of the disease, clubbing fingers and complications such as cyanosis 

resulting from respiratory failure and signs of heart failure as a consequence of pulmonary 

hypertension can be observed [4]. Pulmonary function tests show reduced enhanced lung 

capacity (FVC) and reduced enhanced first-second expiratory volume (FEV1). A reduced lung 

gas exchange capacity estimated by DLco testing is also found. The treatment providing the 

best long-term results is lung transplantation. Currently, there is no pharmacological treatment 

available to completely cure IPF, and the probability of 5-year survival from diagnosis is 20% 

to 40% [5]. Two antifibrotic drugs, nintedanib and pirfenidone, are approved for the treatment 

of IPF, both of which slow the progression of the disease. The purpose of this work is to discuss 

the efficacy of nintedanib and pirfenidone therapy in slowing the progression of IPF and to 

review work on potentially new therapies for IPF. 

2. Materials and methods 

In this review paper, we discuss the efficacy of nintedanib and pirfenidone therapy in slowing 

the progression of idiopathic pulmonary fibrosis and briefly review recent studies of new IPF 

therapies. Scientific articles were reviewed within the databases: PubMed, Google Scholar and 

Web of Science using the following keywords: idiopathic pulmonary fibrosis, nintedanib, 

pirfenidone, treatment, IPF pathogenesis 

3. Pathophysiology 

A good understanding of the pathophysiological mechanisms that cause IPF will allow a proper 

understanding of the mechanisms of action of drugs used to treat IPF. The pathomechanism of 

idiopathic pulmonary fibrosis is very complex and involves a large number of cells and 

signaling pathways. The pathogenesis of IPF is associated with several factors. Prominent 

among them are smoking, chronic infections, exposure to environmental factors and genetic 

predisposition. It is believed that people with a genetic predisposition are particularly 

susceptible to developing IPF, that is, carriers of telomerase gene mutations, in which there is 

telomere shortening of alveolar epithelial cells. This leads to ongoing damage to alveolar cells 

[6, 7]. In response to factors that provoke cell damage and inflammation, a cellular response is 

induced in the lung parenchymal tissue, characterized by the onset of fibrosis. During the initial 

phase of the inflammatory response, inflammatory cells such as neutrophils and macrophages 

release many pro-inflammatory and profibrogenic cytokines. These include substances such as 
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transforming growth factor beta (TGF-β), platelet-derived growth factor (PDFG) and tumor 

necrosis factor (TNF-α). Of all these substances, transforming growth factor-β (TGF-β) seems 

to have the greatest role [8]. This factor is involved in apoptosis and damage of alveolar 

epithelial cells and activation of myofibroblasts and fibroblasts. Membrane receptors - 

serine/threonine kinases - are involved in signal transduction involving TGF-β. SMAD proteins 

are responsible for transmitting the signal to the cell nucleus, affecting various transcription 

factors in the cell nucleus to promote the expression of various genes [9]. Released TGF-β 

factor combining on the cell membrane with a specific type II receptor (TβRII) leads to its 

phosphorylation and activation of the type I receptor (TβRI). The complex thus formed triggers 

a cascade of events leading to the phosphorylation of SMAD-type proteins. The complex 

formed from the combination of SMAD2, SMAD3 and SMAD4 proteins is transported to the 

cell nucleus where it induces transcription of genes responsible for the production of 

extracellular matrix proteins and collagen [10]. Increased production of matrix proteins and 

collagen results in increased fibrosis of lung parenchymal tissue. The fibrosis processes do not 

occur simultaneously in the lung tissue and may be more or less expressed in different segments 

of the lung. This heterogeneous picture of fibrosis corresponds morphologically to typical 

lobular pneumonia [11]. 

4. Diagnostic 

The clinical symptoms presented by patients with idiopathic pulmonary fibrosis are nonspecific 

and require expanded diagnosis. The disease should be suspected in all adults who present with 

chronic exertional dyspnea unrelated to another diagnosed condition, chronic cough, crackles 

at the base of the lungs or characteristic clubbing fingers with no other identifiable cause [11, 

12]. In February 2022, guidelines for the diagnosis and treatment of IPF were published. These 

guidelines are the result of the work of experts from the American Thoracic Society, the 

European Respiratory Society, the Japanese Respiratory Society and the Asociacion 

Latinoamericana de Torax. Idiopathic pulmonary fibrosis can be identified on the basis of a 

characteristic radiographic and/or histologic picture, which is the typical picture of usual 

interstitial pneumonia [11]. Definitive diagnosis requires exclusion of other causes that may 

cause interstitial lung disease. We are talking about such factors as connective tissue diseases, 

occupational diseases, exposure to harmful agents and toxic effects of drugs. Laboratory tests 

can be helpful in ruling out these causes, but do not play a significant role in making the 

diagnosis of IPF [11, 13]. High-resolution computed tomography (CTWR) plays a dominant 

role in the diagnosis of IPF. IFP is characterized by a radiological pattern of interstitial 
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pneumonia (UIP). This pattern can be diagnosed if there are radiological features of fibrosis, 

i.e. dilatation of peripheral bronchi and bronchioles with pulling, and the occurrence of so-

called honeycombing - a cluster of cysts 3-10 mm in diameter with clearly visible walls [14]. 

If a typical radiological pattern is found on CTWR, a lung biopsy is usually not necessary to 

confirm the diagnosis. If the "honeycomb" is not visualized on CTWR, or other features atypical 

of IPF are found, further histological diagnosis is indicated. Transbronchial lung cryobiopsy, 

which can be considered an equivalent technique to surgical lung biopsy, can be performed in 

patients with an uncertain diagnosis [4, 11]. As with CBCT, typical patterns of disease that 

correspond to interstitial pneumonia are needed to make a confident diagnosis in the biopsy. 

These areas are characterized by spatial heterogeneity with areas of marked fibrosis adjacent to 

normal-appearing tissue, distorted architecture, "honeycombing," and scattered fibroblastic 

foci, which are thought to be sites of active fibrogenesis [15, 16]. If typical lesions are not 

visualized in the biopsy or atypical lesions are visualized, a multidisciplinary discussion 

between pulmonologists, radiologists and pathomorphologists may be necessary to make a 

definitive diagnosis based on the clinical picture, CTWR examination and evaluation of the 

biopsy material [11]. 

5. Treatment 

Until 2014, the standard treatment for IPF was combination therapy with prednisone, 

azathioprine and n-acetylcysteine. A study conducted and results published in 2012 showed that 

patients on this therapy, compared to patients who took placebo, were hospitalized more often 

for disease exacerbations, and the death rate was also higher than in the group taking placebo 

[17]. Due to the ineffectiveness of the therapy at the time, two drugs with antifibrotic effects - 

nintedanib and pirfenidone - were approved for the treatment of IPF [18]. To evaluate the effect 

of nintedanib on IPF progression, clinical trials called INPULSIS-1 and INPULSIS-2 were 

conducted. These were phase III clinical trials using a double-blind, randomized design. The 

studies included 1,066 patients. The studies were undertaken to examine the effect of nintedanib 

therapy at a dose of 150mg twice daily on the progression of IPF. It was shown that the annual 

rate of decline in enhanced vital capacity (FVC) was significantly lower in patients receiving 

nintedanib compared to those receiving placebo. In the INPULSIS-1 trial, the annual decline in 

FVC was 125.3 mL less compared to patients taking placebo, while in the INPULSIS-2 trial, 

the difference was 93.7 mL in favor of nintedanib. In addition, the results of the study indicate 

a lower risk of disease exacerbation in patients taking nintedanib. Both studies show that the 

risk of progression was significantly reduced for patients treated with nintedanib compared to 
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placebo, indicating a 40% reduction in the risk of progression compared to placebo. The 

analysis also provides results on patient mortality during 52 weeks of follow-up. Mortality in 

the group of patients taking nintedanib was lower at 5.5% of patients, compared to 7.8% of 

patients in the placebo group [19,20]. Three large, multicenter clinical trials have been 

conducted to evaluate the efficacy of pirfenidone in the treatment of idiopathic pulmonary 

fibrosis [21]. Two studies compared treatment with pirfenidone at a daily dose of 2403 mg with 

placebo, while in the third study the dose of pirfenidone was 1800 mg/day (Japanese 

population). The drug was administered three times daily. After 72 weeks, FVC values were 

assessed. It was shown that among patients taking pirfenidone, there was a significant reduction 

in the decline in FVC values from baseline, compared to patients receiving placebo, in whom 

the decline was greater. Moreover, a decrease from baseline in the percentage of FVC values ≥ 

10% was observed in 20% of patients receiving pirfenidone compared to 35% of patients in the 

placebo group. In both studies, the mortality rate in the group taking pirfenidone was lower than 

in the group taking placebo by about 2% [21, 22]. Nonpharmacologic treatments for patients 

with IPF include oxygen therapy especially indicated in patients with significant hypoxemia at 

rest or during exercise. It is also advisable to conduct pulmonary rehabilitation programs in 

patients aimed at maintaining or improving previous exercise tolerance [18]. The indications 

for lung transplantation should be considered early in each patient. The main advantage over 

other treatments is that lung transplantation can significantly alleviate disease symptoms as well 

as increase estimated survival time [23, 24]. Among the criteria for placing a patient on the 

transplant waiting list are a rapid decline in FVC, hypoxemia, a decrease in distance covered 

during the 6-minute walk test, pulmonary hypertension, hospitalization for respiratory failure 

or pneumothorax [5]. The value of 5-year survival after lung transplantation oscillates around 

50% of patients [25]. 

6. Nintedanib 

Nintedanib is a small-molecule inhibitor of tyrosine kinases, including platelet-derived growth 

factor receptors (PDGFR) α and β, and receptors for fibroblast growth factor (FGFR) and 

vascular endothelial growth factor (VEGRF) [26]. Nintedanib blocks TGF-β-induced activation 

of the FGFR and PDGFR signaling pathways, which play a key role in the processes of 

proliferation, migration and differentiation of lung fibroblasts and myofibroblasts. In addition, 

nintedanib reduces the amount of collagen produced in response to TGF-β, and increases the 

secretion of metalloproteinase two, which plays a positive role in the breakdown of extracellular 

matrix components [27]. In addition, the beneficial anti-inflammatory effects of nintedanib may 
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be suggested by results obtained from bronchoalveolar lavage fluid from animal models, which 

showed reduced numbers of neutrophils and lymphocytes compared to models without 

nintedanib therapy [28]. Maximum plasma concentration of nintedanib is reached within 2-4 

hours after oral intake. It binds mainly to serum albumin, and is metabolized mainly by 

hydrolytic cleavage by esterases. The involvement of CYP enzymes in its metabolism is minor. 

It is excreted mainly in bile and stool, and complete elimination of the drug from the body 

occurs within 4 days after administration [20]. The most common side effects associated with 

the use of nintedanib are diarrhea and nausea, which in most cases are mild. Increased liver 

enzymes are also common. However, it is mild and reversible in nature, not coexisting with 

clinical signs of liver failure [19]. 

7. Pirfenidon 

Pirfenidone is an oral drug with antifibrotic and anti-inflammatory effects [29]. The exact 

mechanism of action of pirfenidone remains unclear; however, it has been suggested that it 

inhibits TGF-β-activated signaling pathways, including SMAD protein-dependent signaling 

pathways [30]. The consequence of this action is a reduction in pulmonary fibroblast 

proliferation and differentiation into myofibroblasts and extracellular matrix accumulation 

[21,31]. Studies in animal models where lung fibrosis was induced with bleomycin demonstrate 

the beneficial effects of pirfenidone on reducing fibroblasts, myofibroblasts and inflammatory 

cell accumulation in lung tissue [31, 32]. Pirfenidone in the human body binds mainly to plasma 

albumin. It is metabolized by CYP isoenzymes, mainly by the CYP1A2 isoenzyme. 

Concomitant use of pirfenidone and potent CYP1A2 inhibitors such as fluvoxamine or 

ciprofloxacin may result in the need to reduce the daily dose of pirfenidone [21]. Smoking, 

which is a CYP1A2 inducer, may decrease plasma concentrations of pirfenidone [21]. 

Approximately 80% of an orally administered dose of pirfenidone is excreted in the urine within 

24 hours after intake. The most common reported side effects of pirfenidone are nausea, rash, 

fatigue, diarrhea, indigestion and photosensitivity [33]. 

8. Drug program "treatment of idiopathic pulmonary fibrosis with pirfenidone" and "treatment of 

idiopathic pulmonary fibrosis with nintedanib" (Program B.87.). 

In Poland, patients with idiopathic pulmonary fibrosis have the opportunity to participate in drug therapy with 

nintedanib and pirfenidone under drug program B.87. "treatment of idiopathic pulmonary fibrosis." Patients who 

have reached the age of 18 are eligible for the drug program. Inclusion in the program requires a diagnosis of IPF 

on the basis of a high-resolution computed tomography scan (CTWR), after a pulmonology specialist has ruled 
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out known causes of pulmonary fibrosis. In a situation where the CT scan has failed to make a confident diagnosis, 

evaluation of biopsy material taken from lung tissue is required before inclusion in the program. In addition, 

another criterion for inclusion in the program is that the patient obtains an FVC value above 50% of the normal 

value on spirometry and a DLco above 30%. Contraindications for inclusion in the drug program include severe 

liver dysfunction, chronic renal failure with creatinine clearance below 30 ml/min, pregnancy and breastfeeding, 

and the presence of other severe chronic diseases such as cancer or severe heart failure. Patients in the drug program 

are subject to continuous monitoring aimed at assessing disease progression. Tests to assess respiratory function 

such as spirometry, DLco and blood gasometry should be performed every 6 months. The imaging test used for 

monitoring is a high-resolution CT scan (of the chest), which should be performed every 12 months. In addition, 

ALT and AspAT activity should be monitored once a month for the first six months of treatment, after which time 

the test should be performed once every three months. Blood counts should be performed every six months. 

Exclusion of a patient from the drug program occurs as a result of the treatment team's assessment of treatment 

failure. For this, it is necessary to find a reduction in FVC of at least 10% during the first 12 months of treatment 

and every 6 months thereafter, confirmed by two spirometry tests performed 2-4 weeks apart measured every 6 

months of treatment [34]. 

9. Latest clinical trials 

Idiopathic pulmonary fibrosis is still a disease whose pathogenesis has not been fully elucidated. Clinical trials are 

constantly being conducted to understand the mechanisms of the disease and develop new therapies [7]. 

Considerable hopes were pinned on a multicenter, randomized phase II clinical trial testing a recombinant human 

protein, Pentraxin-2 (zinpentraxin) which inhibits the differentiation of monocytes into profibrotic macrophages 

and fibrocytes. After a promising Phase II clinical trial in which patients treated with zinpentraxin showed a smaller 

decrease in FVC values, Phase III clinical trials were initiated. Unfortunately, the Phase III clinical trial involving 

665 participants failed to confirm the efficacy of zinpentraxin in patients with IPF and was prematurely terminated 

in 2023 [7,35]. Clinical trials of ziritaxestat, an inhibitor of the enzyme autotaxin, ended with similar results. 

Autotaxin is an enzyme that catalyzes the hydrolysis of lysophospholipids to lysophosphatidic acid, elevated levels 

of which are found in IPF. Ongoing phase II clinical trials have shown increased FVC values in IPF patients using 

ziritaxestat compared to the placebo group. A large multicenter randomized phase III study failed to confirm the 

drug's efficacy in slowing FVC decline and observed an increased mortality rate in the ziritaxestat-treated group 

compared to the placebo group. The study was terminated early in 2023 [36]. Pambrevalumab, a monoclonal 

antibody against connective tissue growth factor (CTGF), has also become an object of research in the context of 

IPF. Excessive CTGF activation in IPF leads to excessive collagen accumulation in lung tissue. The potential 

inhibitory effect of pambrevalumab on CTGF has raised hopes for its use in IPF therapy. In a phase II clinical trial 

involving 103 subjects, the decline in FVC from baseline after 48 weeks of pambrevalumab was 4.3% lower than 

in the placebo group [37]. Despite promising phase II studies, the phase III study that was initiated was terminated 

due to failure to meet the study's main objectives, which were to significantly delay disease progression and reduce 

the risk of death [38]. An open-label, randomized, double-blind phase IIa study of the integrin inhibitor avβ6 and 

avβ1 ended with promising results. avβ integrins are key regulators of transforming growth factor TGF-β 

activation. They have also been shown to be expressed in fibroblasts and fibrosis-affected lung tissue [39]. In a 
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study called INTEGRIS-IPF, which tested an integrin inhibitor called bexotegrast (PLN-74809), patients received 

the inhibitor at a varying dose (40-320mg). Preliminary results of the study are promising and indicate that the 

average decrease in FVC in patients in the group receiving 320mg of bexotegrast was 15.1ml, compared to the 

group of patients taking placebo, where the decrease in FVC was 74.1ml [40]. Currently underway is a multicenter, 

randomized, double-blind phase IIb study called BEACON-IPF. The study involves 270 patients with IPF. The 

study is evaluating the effect of bexotegrast at doses of 160 mg or 320 mg on FVC at week 52 of therapy relative 

to baseline FVC. Other factors to be evaluated in the study will be the frequency of IPF exacerbations during 

therapy, the effect on mortality rates, the frequency and type of adverse symptoms experienced, and the drug's 

effect on the patient's overall health [41]. 

10. Summary 

Idiopathic pulmonary fibrosis is a severe chronic disease affecting more and more patients worldwide. It mainly 

affects people in their 6th and 7th decades of life. It is characterized by increased fibrosis of lung tissue, likely 

influenced by genetic factors such as telomere shortening of alveolar epithelial cells, and environmental factors 

such as smoking and exposure to toxic substances. The disease leads to impaired gas exchange and manifests as 

shortness of breath, dry cough, crackles at the base of the lungs and impaired exercise tolerance, among other 

symptoms. The pathogenesis of the disease is not yet precisely elucidated, but with high probability a large role is 

attributed to pro-inflammatory cytokines and factors such as TNF-a, or TGF-b, which induce fibrotic processes in 

lung tissue in response to cellular damage. Making a diagnosis of IPF requires detecting a pattern of typical 

interstitial pneumonia on a high-resolution CT scan and/or in a biopsy specimen taken from a lung biopsy. As of 

today, two antifibrotic drugs - nintedanib and pirfenidone - are approved for pharmacological treatment and form 

the basis of IPF drug therapy. The former is used at a dose of 150mg twice daily, while the latter is used at a dose 

of 801mg three times daily. Numerous large randomized clinical trials have demonstrated the effectiveness of 

these drugs in slowing disease progression. In Poland, both of these drugs are reimbursed to patients under drug 

program B.87. In parallel with pharmacotherapy, pulmonary rehabilitation and oxygen therapy should be used in 

patients who require it. An early decision should also be made to include the patient in the waiting list for lung 

transplantation, since at the moment this is the only treatment that significantly reduces patient mortality in the 

long term. Since IPF is a disease affecting an increasing number of people, and no pharmacotherapy has been 

developed to date to ensure a permanent cure for the disease, it is important to continue research into new therapies 

and the search for predictive biomarkers responsible for the pathogenesis of IPF, which will enable a better 

understanding of the disease and the development of new treatments. 

11. Disclosure 

Authors contribution:  

Conceptualization: Michał Żuber, Paulina Dąbrowska, Michał Dacka 

Methodology: Michał Żuber, Paulina Dąbrowska, Michał Dacka 

Formal analisys: Michał Żuber, Paulina Dąbrowska 

Investigation: Michał Żuber, Paulina Dąbrowska, Michał Dacka 



 

10 

 

Writing – rough preparation: Michał Żuber, Paulina Dąbrowska 

Writing – review and editing: Paulina Dąbrowska, Michał Żuber, Michał Dacka 

Visualization: Michał Żuber, Michał Dacka 

All authors have read and agreed with the published version of the manuscript. 

Conflicts of Interest: The authors declare no conflict of interest. 

Funding statement: No external funding was received to perform this review. 

Board statement: Not applicable – this review included analysis of the available literature. 

Statement of informed consent: not applicable. 

References 

1. Spagnolo P, Kropski JA, Jones MG, Lee JS, Rossi G, Karampitsakos T, Maher TM, 

Tzouvelekis A, Ryerson CJ. Idiopathic Pulmonary Fibrosis: Disease Mechanisms and Drug 

Development. Pharmacol Ther. 2021;222:107798. doi:10.1016/j.pharmthera.2020.107798 

2. Maher TM, Bendstrup E, Dron L, Langley J, Smith G, Khalid JM, Patel H, Kreuter M. Global 

Incidence and Prevalence of Idiopathic Pulmonary Fibrosis. Respir Res. 2021;22(1). 

doi:10.1186/s12931-021-01791-z 

3. Checa M, Ruiz V, Montaño M, Velázquez-Cruz R, Selman M, Pardo A. MMP-1 

Polymorphisms and the Risk of Idiopathic Pulmonary Fibrosis. Hum Genet. 2008;124(5):465-

472. doi:10.1007/s00439-008-0571-z 

4. Piotrowski W, Iwona B, Adam B. Wytyczne Polskiego Towarzystwa Chorób Płuc dotyczące 

diagnostyki i leczenia idiopatycznego włóknienia płuc. Pneumonol Polska. 2020;(1):9-67. 

5. Glass DS, Grossfeld D, Renna HA, Agarwala P, Spiegler P, DeLeon J, Reiss AB. Idiopathic 

Pulmonary Fibrosis: Current and Future Treatment. Clin Respir J. 2022;16(2):84-96. 

doi:10.1111/crj.13466 

6. Spagnolo P, Cottin V. Genetics of Idiopathic Pulmonary Fibrosis: From Mechanistic 

Pathways to Personalised Medicine. J Med Genet. 2016;54(2):93-99. doi:10.1136/jmedgenet-

2016-103973 

7. Bonella F, Spagnolo P, Ryerson C. Current and Future Treatment Landscape for Idiopathic 

Pulmonary Fibrosis. Drugs. 2023. doi:10.1007/s40265-023-01950-0 

8. Fernandez IE, Eickelberg O. The Impact of TGF-β on Lung Fibrosis. Proc Am Thorac Soc. 

2012;9(3):111-116. doi:10.1513/pats.201203-023aw 



 

11 

 

9. Stępień-Wyrobiec O, Hrycek A, Wyrobiec G. Transformujący czynnik wzrostu beta (TGF-

beta) – budowa, mechanizmy oddziaływania oraz jego rola w patogenezie tocznia 

rumieniowatego układowego. Postepy Hig I Med Doswiadczalnej. 2008;(62):688-693. 

10. Hamanaka RB, Mutlu GM. Metabolic Requirements of Pulmonary Fibrosis: Role of 

Fibroblast Metabolism. FEBS J. 2021. doi:10.1111/febs.15693 

11. Raghu G, Remy-Jardin M, Richeldi L, Thomson CC, Inoue Y, Johkoh T, Kreuter M, Lynch 

DA, Maher TM, Martinez FJ, et al. Idiopathic Pulmonary Fibrosis (An Update) and Progressive 

Pulmonary Fibrosis in Adults: An Official ATS/ERS/JRS/ALAT Clinical Practice Guideline. 

Am J Respir Crit Care Med. 2022;205(9):e18-e47. doi:10.1164/rccm.202202-0399st 

12. Sgalla G, Biffi A, Richeldi L. Idiopathic Pulmonary Fibrosis: Diagnosis, Epidemiology and 

Natural History. Respirology. 2015;21(3):427-437. doi:10.1111/resp.12683 

13. Gross TJ, Hunninghake GW. Idiopathic Pulmonary Fibrosis. New Engl J Med. 

2001;345(7):517-525. doi:10.1056/nejmra003200 

14. Piciucchi S, Tomassetti S, Ravaglia C, Gurioli C, Gurioli C, Dubini A, Carloni A, Chilosi 

M, Colby TV, Poletti V. From “Traction Bronchiectasis” to Honeycombing in Idiopathic 

Pulmonary Fibrosis: A Spectrum of Bronchiolar Remodeling Also in Radiology? BMC Pulm 

Med. 2016;16(1). doi:10.1186/s12890-016-0245-x 

15. Cavazza A, Rossi G, Carbonelli C, Spaggiari L, Paci M, Roggeri A. The Role of Histology 

in Idiopathic Pulmonary Fibrosis: An Update. Respir Med. 2010;104(S11—S22). 

doi:10.1016/j.rmed.2010.03.013 

16. Jones MG, Fabre A, Schneider P, Cinetto F, Sgalla G, Mavrogordato M, Jogai S, Alzetani 

A, Marshall BG, O’Reilly KM, et al. Three-Dimensional Characterization of Fibroblast Foci in 

Idiopathic Pulmonary Fibrosis. JCI Insight. 2016;1(5). doi:10.1172/jci.insight.86375 

17. Raghu G, Anstrom K, Lasky J. Prednisone, Azathioprine, and N-Acetylcysteine for 

Pulmonary Fibrosis. New Engl J Med. 2012;366(21):1968-1977. doi:10.1056/nejmoa1113354 

18. Munchel J, Shea B. Diagnosis and Management of Idiopathic Pulmonary Fibrosis. RI Med 

J. 2021;104(7):26-29. 

19. Richeldi L, du Bois RM, Raghu G, Azuma A, Brown KK, Costabel U, Cottin V, Flaherty 

KR, Hansell DM, Inoue Y, et al. Efficacy and Safety of Nintedanib in Idiopathic Pulmonary 

Fibrosis. New Engl J Med. 2014;370(22):2071-2082. doi:10.1056/nejmoa1402584 

20. Summary of Product Characteristics - Ofev. European Commission. Available online: 

https://ec.europa.eu/health/documents/community-

register/2018/20180726141683/anx_141683_pl.pdf (accessed on 29.03.2024). 



 

12 

 

21. Summary of Product Characteristics - Esbriet. European Commission. Available online: 

https://ec.europa.eu/health/documents/community-

register/2014/20140627129051/anx_129051_pl.pdf (accessed on 29.03.2024). 

22. Wright WA, Crowley LE, Parekh D, Crawshaw A, Dosanjh DP, Nightingale P, Thickett 

DR. Real-World Retrospective Observational Study Exploring the Effectiveness and Safety of 

Antifibrotics in Idiopathic Pulmonary Fibrosis. BMJ Open Respir Res. 2021;8(1):e000782. 

doi:10.1136/bmjresp-2020-000782 

23. Somogyi V, Chaudhuri N, Torrisi SE, Kahn N, Müller V, Kreuter M. The Therapy of 

Idiopathic Pulmonary Fibrosis: What Is Next? Eur Respir Rev. 2019;28(153):190021. 

doi:10.1183/16000617.0021-2019 

24. Bag R, Kiyan E. Lung Transplantation in Idiopathic Pulmonary Fibrosis. Guncel Gogus 

Hastalık Serisi. 2020;5(2):72-92. doi:10.5152/gghs.2017.0022 

25. Laporta Hernandez R, Aguilar Perez M, Lázaro Carrasco M, Ussetti Gil P. Lung 

Transplantation in Idiopathic Pulmonary Fibrosis. Med Sci. 2018;6(3):68. 

doi:10.3390/medsci6030068 

26. Hilberg F, Roth GJ, Krssak M, Kautschitsch S, Sommergruber W, Tontsch-Grunt U, Garin-

Chesa P, Bader G, Zoephel A, Quant J, et al. BIBF 1120: Triple Angiokinase Inhibitor With 

Sustained Receptor Blockade and Good Antitumor Efficacy. Cancer Res. 2008;68(12):4774-

4782. doi:10.1158/0008-5472.can-07-6307 

27. Hostettler KE, Zhong J, Papakonstantinou E, Karakiulakis G, Tamm M, Seidel P, Sun Q, 

Mandal J, Lardinois D, Lambers C, et al. Anti-Fibrotic Effects of Nintedanib in Lung 

Fibroblasts Derived From Patients With Idiopathic Pulmonary Fibrosis. Respir Res. 

2014;15(1). doi:10.1186/s12931-014-0157-3 

28. Wollin L, Maillet I, Quesniaux V, Holweg A, Ryffel B. Antifibrotic and Anti-Inflammatory 

Activity of the Tyrosine Kinase Inhibitor Nintedanib in Experimental Models of Lung Fibrosis. 

J Pharmacol Exp Ther. 2014;349(2):209-220. doi:10.1124/jpet.113.208223 

29. Lancaster LH, de Andrade JA, Zibrak JD, Padilla ML, Albera C, Nathan SD, Wijsenbeek 

MS, Stauffer JL, Kirchgaessler K-U, Costabel U. Pirfenidone Safety and Adverse Event 

Management in Idiopathic Pulmonary Fibrosis. Eur Respir Rev. 2017;26(146):170057. 

doi:10.1183/16000617.0057-2017 

30. Conte E, Gili E, Fagone E, Fruciano M, Iemmolo M, Vancheri C. Effect of pirfenidone on 

proliferation, TGF-β-induced myofibroblast differentiation and fibrogenic activity of primary 

human lung fibroblasts. Eur J Pharm Sci. 2014;58:13-19. doi:10.1016/j.ejps.2014.02.014 



 

13 

 

31. Shakeel I, Afzal M, Islam A, Sohal SS, Hassan MI. Idiopathic Pulmonary Fibrosis: 

Pathophysiology, Cellular Signaling, Diagnostic and Therapeutic Approaches. Med Drug 

Discov. 2023;100167. doi:10.1016/j.medidd.2023.100167 

32. Inomata M, Kamio K, Azuma A, Matsuda K, Kokuho N, Miura Y, Hayashi H, Nei T, Fujita 

K, Saito Y, et al. Pirfenidone Inhibits Fibrocyte Accumulation in the Lungs in Bleomycin-

Induced Murine Pulmonary Fibrosis. Respir Res. 2014;15(1):16. doi:10.1186/1465-9921-15-

16 

33. King Jr TE, Bradford WZ, Fagan EA. A Phase 3 Trial of Pirfenidone in Patients With 

Idiopathic Pulmonary Fibrosis. New Engl J Med. 2014;371(12):1172. 

doi:10.1056/nejmx140048 

34. Medicinal Product Program B.87. Portal gov.pl. Available online: 

https://www.gov.pl/attachment/2bde78b8-c0d8-4b39-bb99-18d42df62185 (accessed on 

29.03.2024). 

35. Raghu G, van den Blink B, Hamblin MJ, Brown AW, Golden JA, Ho LA, Wijsenbeek MS, 

Vasakova M, Pesci A, Antin-Ozerkis DE, et al. Long-Term Treatment With Recombinant 

Human Pentraxin 2 Protein in Patients With Idiopathic Pulmonary Fibrosis: An Open-Label 

Extension Study. Lancet Respir Med. 2019;7(8):657-664. doi:10.1016/s2213-2600(19)30172-

9 

36. Maher TM, van der Aar EM, Van de Steen O, Allamassey L, Desrivot J, Dupont S, Fagard 

L, Ford P, Fieuw A, Wuyts W. Safety, Tolerability, Pharmacokinetics, and Pharmacodynamics 

of GLPG1690, a Novel Autotaxin Inhibitor, to Treat Idiopathic Pulmonary Fibrosis (FLORA): 

A Phase 2a Randomised Placebo-Controlled Trial. Lancet Respir Med. 2018;6(8):627-635. 

doi:10.1016/s2213-2600(18)30181-4 

37. Richeldi L, Fernández Pérez ER, Costabel U, Albera C, Lederer DJ, Flaherty KR, Ettinger 

N, Perez R, Scholand MB, Goldin J, et al. Pamrevlumab, an Anti-Connective Tissue Growth 

Factor Therapy, for Idiopathic Pulmonary Fibrosis (PRAISE): A Phase 2, Randomised, Double-

Blind, Placebo-Controlled Trial. Lancet Respir Med. 2020;8(1):25-33. doi:10.1016/s2213-

2600(19)30262-0 

38. Fibrogen Company. Available online: https://investor.fibrogen.com/news-releases/news-

release-details/fibrogen-announces-topline-results-phase-3-zephyrus-1-study (accessed 

29.03.2024). 



 

14 

 

39. Decaris ML, Schaub JR, Chen C, Cha J, Lee GG, Rexhepaj M, Ho SS, Rao V, Marlow MM, 

Kotak P, et al. Dual inhibition of αvβ6 and αvβ1 reduces fibrogenesis in lung tissue explants 

from patients with IPF. Respir Res. 2021;22(1). doi:10.1186/s12931-021-01863-0 

40. Mullard A. Pliant’s Integrin Inhibitor Boosted by Phase II IPF Data. Nat Rev Drug Discov. 

2022. doi:10.1038/d41573-022-00135-w 

41. Pliant Therapeutics Announces Initiation of BEACON-IPF, a Phase 2b Clinical Trial of 

Bexotegrast in Idiopathic Pulmonary Fibrosis. Pliant Company. Available online: 

https://ir.pliantrx.com/news-releases/news-release-details/pliant-therapeutics-announces-

initiation-beacon-ipf-phase-2b/ (accessed 2.04.2024). 


