Open Access Review
Cureus Article DOI: 10.7759/cureus.56140

Current and Novel Treatment Modalities of
Idiopathic Pulmonary Fibrosis

Mahnoor Arshad !, Zoraize Moeez Athar !, Tasneem Hiba !

Review began 02/21/2024

Review ended 03/10/2024

Published 03/14/2024 1. Internal Medicine, BronxCare Health System, Bronx, USA

© Copyright 2024

Arshad et al. This is an open access article Corresponding author: Zoraize Moeez Athar, zathar@bronxcare.org

distributed under the terms of the Creative
Commons Attribution License CC-BY 4.0.,
which permits unrestricted use, distribution,

e ovginl aurr st sowce me saies.  AbStract
Idiopathic pulmonary fibrosis (IPF) presents a clinical challenge characterized by progressive fibrosis and
destruction of lung tissue. Despite recent advancements, including antifibrotic medications like pirfenidone
and nintedanib, IPF remains a chronic and often fatal condition with limited treatment options. This article
provides an overview of the current treatment modalities for IPF and explores the need for new therapeutic
approaches. Antifibrotic medications have shown efficacy in slowing disease progression but are not
curative and may not be suitable for all patients. Ongoing research focuses on emerging therapies such as
stem cell therapy, immunomodulatory agents, and novel pharmacological targets like phosphodiesterase 4B
(PDE4B) inhibitors. While these treatments offer promise, there remains an unmet need for effective
therapies capable of halting or reversing fibrotic lung damage.
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Introduction And Background

Idiopathic pulmonary fibrosis (IPF) is the most common interstitial lung disease (ILD) [1]. It is characterized
by fibrosis, inflammation, and eventual destruction of the lung architecture. The main pathogenesis
theorized is damage to the alveolar epithelium and abnormal wound repair. It is a progressive, chronic
condition with a poor long-term prognosis. Chances of survival from 5 years of diagnosis range between 20-
40% [2]. About 70% of this demographic is male with cigarette smoking identified as a common correlation
[3]. Diagnosing IPF can present a clinical dilemma for clinicians, however, in an immunocompetent
individual, the presence of all of the following major criteria and three of four minor criteria increases the
chances of a correct diagnosis [4].

Major criteria: 1) Effectively ruling out other known causes of ILD; 2) Pulmonary function testing (PFT)
demonstrating restrictive pattern; 3) High-resolution computed tomography (HRCT) scans significant for
bibasilar reticular abnormalities with minimal ground glass opacities; 4) Transbronchial lung biopsy ruling
out other alternative diagnoses.

Minor criteria: 1) Duration of illness >3 months; 2) age at onset >50 years; 3) unexplained causes of dyspnea
at exertion; 4) bibasilar inspiratory crackles.

Pathogenesis

The pathogenesis of IPF has been subject to much debate over the centuries. There is growing evidence that
IPF may represent a separate disorder in which fibrogenesis results, at least in part, from multi-focal
epithelial micro-injury. Repeated injury to the alveolar epithelial cell (AEC) leads to apoptosis, which might
lead to disordered epithelial-fibroblastic interactions and aberrant repair processes, finally resulting in
fibrosis [5]. It is generally acknowledged that repeated injury is caused by an interaction between genetic
predisposition and injurious environmental agents.

Genetic Factors

Interestingly, familial clustering of IPF cases has been reported implicating a genetic predisposition. New
research includes the characterization of the ELMOD2 gene and the role of surfactant protein (SP)-C.
ELMOD2 mRNA expression is significantly decreased in IPF lungs in comparison with healthy control
subjects. ELMOD2 has been shown to be implicated in the regulation of interferon-related antiviral
responses [6].

Injurious Agents

Multiple hit hypotheses have been proposed to understand the underlying pathogenesis of IPF, which
signifies the association of a genetic predisposition to abnormal epithelial cell regulation with
environmental triggers. So far, the best-known environmental factors recognized are viruses and
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gastroesophageal reflux.

Viruses implicated in the pathogenesis of IPF include Epstein-Barr virus (EBV), human herpes viruses 7 and
8, cytomegalovirus, hepatitis C virus, herpes simplex virus, parvovirus B19, and torque teno virus [7]. EBV
infection is frequently found in IPF patients, both in familial and sporadic cases. EBV has been detected in
the lung tissue of IPF patients, particularly in the AECs [8,9]. The expression of certain EBV proteins in AEC
is associated with a poorer prognosis in IPF [10]. Treatment with oral antiviral therapy has shown some
clinical stability in IPF patients. EBV-infected cells exposed to transforming growth factor Beta-1 (TGF-B1),
a key cytokine in IPF, display viral activation and resistance to growth inhibition [11]. Therapies targeting
TGF-B1 are now under study as potential treatments for IPF.

A study by Tcherakian et al. has provided evidence for the role of gastroesophageal reflux in the
pathogenesis of both IPF and acute exacerbations. The researchers found that gastroesophageal reflux was
more prevalent in patients with asymmetrical IPF compared to those with symmetrical IPF. Additionally,
patients with asymmetrical IPF experienced a higher frequency of acute exacerbations than those with
symmetrical IPF. The authors suggest that the observed asymmetry may indicate the involvement of factors
such as gastroesophageal reflux or specific regional conditions in the development and progression of
pulmonary fibrosis and acute exacerbations [12].

Prospective risk factors

Cigarette smoking has been identified as a potential risk factor from multiple case-controlled studies with
an odds ratio of 1.6 to 2.9 in every smoker around the world [13,14]. A study in the US revealed that those
with a history of smoking for 21 to 40 pack-years had an OR of 2.3 (95% confidence interval (CI), 1.3 to 3.8)
[4].

Commonly Prescribed Drugs

One case-control study has found an association between IPF and anti-depressants [4], however, the
significance is unknown.

Chronic Aspiration

Gastroesophageal reflux has been implicated in the development of IPF, however, the role in the
pathogenesis of IPF is unclear.

Infectious Agents

As discussed agents, numerous viruses, including EBV, have been studied to drive the pathogenesis of IPF.
Additionally, mycoplasma and legionnaires disease have also been implicated [4].

Genetic Risk Factors

Genetic predisposition to IPF has been noted through studies on families with several affected members. In
a Mexican case-control study, the presence of a family history of pulmonary fibrosis was found to be the
most important risk factor for IPF with an odds ratio of 6.1 (95% confidence interval, 2.3-15.9) on
multivariate analysis [15].

Despite the identification of various risk factors, the progressive nature and extensive remodeling involved
in IPF remains unexplained and an understudied area in modern medicine.

Clinical presentation

Dyspnea has been reported to be the most prevalent symptom present at the initial visit in a patient with
IPF. There have been several studies which correlate between the severity of dyspnea and quality of life and
survival in patients with IPF [16]. Another common manifestation of the disease is cough which is more
common in nonsmokers and in advanced disease. Additionally, cough is also considered a predictor of
disease progression [17]. On physical examination, fine crackles, predominantly in the lower posterior lung
zones, are commonly reported in patients with IPF, and clubbed fingers are reported in 30-50% of patients.

Routine spirometry reveals a restrictive pattern with decreased lung volumes and a decrease in diffusing
capacity. As the severity of the disease progresses, forced expiratory volume in one second/FVC (forced vital
capacity) increases, and diffusing capacity of the lungs for carbon monoxide (DLCO) decreases. An
important predictor of mortality is a decline in FVC over a period of 6 to 12 months and a decline in DLCO
has also been associated with decreased survival [18-20].

HRCT Findings
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A usual interstitial pneumonia (UIP) pattern on HRCT, in an appropriate clinical setting, is diagnostic of IPF
[18,21] HRCT findings of UIP consistent with IPF include subpleural, basal reticular abnormalities in the
presence of honeycombing, with or without traction bronchiectasis, and the absence of any of inconsistent
features [18]. Inconsistent features include upper or mid-lung predominance, peribronchovascular
predominance, extent of ground-glass abnormality greater than reticular abnormality, profuse micronodules
(bilateral, predominantly upper lobes), discrete cysts (multiple, bilateral, away from areas of
honeycombing), diffuse mosaic attenuation/air-trapping (bilateral, in three or more lobes), or consolidation
in bronchopulmonary segment(s)/lobe(s).

The following figures demonstrate a definite UIP pattern (Figure /) and an HRCT pattern inconsistent with
UIP (Figure 2) [22].

FIGURE 1: Definite usual interstitial pneumonia (UIP) pattern showing
sub-pleural basal honeycombing (black circle) with traction
bronchiectasis (red circle)

Source: Sverzellati [22]

FIGURE 2: High-resolution computed tomography pattern inconsistent
with UIP — demonstrating patchy ground glass (red circle) and
peripheral reticular opacities (black circles)

Source: Sverzellati [22]

While UIP patterns are commonly associated with IPF, there are instances where HRCT findings may not
align with histopathological evidence. In such scenarios, it becomes crucial to explore alternative diagnoses

2024 Arshad et al. Cureus 16(3): €56140. DOI 10.7759/cureus.56140 30f9


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://assets.cureus.com/uploads/figure/file/927015/lightbox_da0b0b20d09711ee9a6bff7c939b5e7b-1465-9921-14-S1-S3-1.png
javascript:void(0)
https://assets.cureus.com/uploads/figure/file/927018/lightbox_825bf670d09a11ee8830ed8d2ca4db2a-1465-9921-14-S1-S3-3.png
javascript:void(0)

Cureus

Treatment Modality
Pirfenidone
Nintedanib

Oxygen Therapy

Pulmonary
Rehabilitation

Lung Transplantation

such as systemic sclerosis-related ILD, rheumatoid arthritis-related ILD, connective tissue disease-ILD, and
pulmonary sarcoidosis [23]. These alternative diagnoses present challenges and may indicate worse
prognoses for ILD [23]. However, when both HRCT and histologic findings are consistent with UIP, the
diagnosis of IPF is confirmed [23].

Review

Current treatment modalities are diversified from pharmacotherapy to lung transplantation, as summarized
in Table I [1,3,4].

Description

Oral medication that reduces fibroblast activity and pro-inflammatory cytokines.

Oral medication that inhibits multiple tyrosine kinases involved in fibroblast proliferation.

It provides supplemental oxygen to improve oxygenation and relieve symptoms of hypoxemia.

Comprehensive programs, including exercise training, education, and support to improve lung function and overall well-
being.

It is considered for patients with advanced idiopathic pulmonary fibrosis who meet specific criteria to improve survival and
quality of life.

TABLE 1: Current treatment modalities

In the next section, we will be going over these treatments.

Current treatment & success

Antifibrotic Medications
Currently, only two drugs have been approved to be used as appropriate pharmacotherapy for IPF.

Pirfenidone: The first trial was CAPACITY. The trials enrolled a total of 779 patients with IPF. The CAPACITY
trials consisted of two Phase III randomized, double-blind, placebo-controlled trials: CAPACITY 1 and
CAPACITY 2. These trials evaluated the efficacy and safety of pirfenidone in patients with IPF. Results from
these trials demonstrated that pirfenidone reduced the decline in FVC compared to placebo. Additionally,
pirfenidone was associated with a reduction in disease progression and improved progression-free survival
compared to placebo [24].

The next trial conducted was ASCEND. The trial enrolled a total of 555 patients with IPF. The ASCEND trial
was a Phase III randomized, double-blind, placebo-controlled trial conducted in multiple countries. This
trial evaluated the efficacy and safety of pirfenidone in a broader population of patients with IPF, including
those with more advanced disease. Pirfenidone-treated patients experienced a slower decline in FVC
compared to placebo. Pirfenidone was associated with improved progression-free survival and slower
disease progression. The ASCEND trial confirmed the findings of the CAPACITY trials and further supported
the use of pirfenidone in IPF [25].

The RECAP trial was an open-label extension study, which further showed pirfenidone is beneficial to use in
IPF and has a tolerable safety profile [26].

Overall, the evidence from multiple clinical trials, including the CAPACITY, ASCEND, and RECAP trials and
many more, along with real-world studies, supports the use of pirfenidone as an effective treatment option
for patients with IPF.

Nintedanib: The first clinical trial supporting the use of nintedanib was the TOMORROW trial. The trial
involved a total of 432 patients with IPF. It was a phase IIb randomized, double-blind, placebo-controlled
trial. The trial aimed to evaluate nintedanib's impact on IPF progression, particularly on FVC. Results
showed nintedanib significantly slowed FVC decline compared to placebo, indicating its beneficial effect on
lung function [27].

The next trial is INPLUSIS. INPULSIS trials collectively enrolled 1,058 patients with IPF. The trials consisted
of two phase III randomized, double-blind, placebo-controlled trials: INPULSIS-1 and INPULSIS-2. The
purpose of this trial was to assess the impact of nintedanib on disease progression, particularly on the
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decline in FVC, in patients with IPF. The trials demonstrated that nintedanib significantly reduced the
annual decline in FVC compared to placebo. Nintedanib also reduced the risk of acute exacerbations and
disease progression in patients with IPF [28].

The study was expanded into the INPLUSIS-ON trial. This was an open-label extension study, which
followed patients who completed the INPLUSIS trial. Results from this further supported the use of
nintedanib [29].

Other key trials included INMARK and INBUILD. Together all these trials supported the use of nintedanib for
IPF. [30, 31]

Both pirfenidone and nintedanib are excellent medications currently used in patients with IPF, as evidenced
by multiple trials supporting both. There is, however, a lack of studies comparing both drugs; due to which
neither of them can be said to be superior to the other.

Oxygen

There is a lack of high-quality studies evaluating the efficacy of oxygen in patients with IPF and for ILD in
general. Most patients with IPF will develop hypoxemia as the disease progresses initially with exertion and
then with rest. The use of oxygen therapy is appropriate for these patients. There is evidence that
supplemental oxygen improves exercise capacity and quality of life in patients with ILD [32].

Pulmonary Rehabilitation

Pulmonary rehabilitation is a comprehensive program of exercise training, education, and behavioral
interventions designed to improve the physical and psychological well-being of individuals with chronic
respiratory diseases, including but not limited to chronic obstructive pulmonary disease (COPD), IPF, and
bronchiectasis. Broadly the components of pulmonary rehabilitation include exercise training, education
about the disease, behavioral interventions to achieve a better lifestyle, and psychological support. A
Cochrane review summarizing multiple trials showed that pulmonary rehabilitation in patients with IPF led
to an improvement in six-minute walk test results, higher peak work capacity, lower dyspnea, better quality
of life, and improved survival [33].

Lung Transplant

Generally, the mainstay has been to perform single lung transplants, studies have shown that bilateral lung
transplants may lead to significantly higher survival times in younger patients, and better symptomatic
improvement in everyone compared to single lung recipients [34, 35].

Table 2 summarizes the criteria for transplant referral for placement on the list [36]

Referral for Transplant:

Histologic or radiographic evidence of usual interstitial pneumonia (UIP)

Diffusing capacity for carbon monoxide (DLCO) <40% of predicted or FVC <80% of predicted.
Dyspnea or functional limitation attributed to lung disease.

Oxygen desaturation below 89% saturation, particularly during exertion.

Placement on the Transplant List:

Forced vital capacity (FVC) decline 210% or DLCO decline 215% over six months.

Oxygen desaturation to <88% or decline in distance walked in the six-minute walk test
Pulmonary hypertension confirmed by right heart catheterization or echocardiogram.

Hospitalization due to respiratory decline, pneumothorax, or acute exacerbation.

TABLE 2: Criteria for transplant referral and placement on the list

However, lung transplantation comes with its own drawbacks, including rejection, lifelong
immunosuppressive therapy, and frequent follow with a healthcare professional. Despite all the efforts to
make lung transplants possible, there will be many potential candidates who may never end up getting
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transplants due to a long waiting list.

New treatment & success

There are various treatments that are currently being studied to limit the progression of IPF including PDE4B
inhibitors, combination treatment, and Pamrevlumab.

PDEA4B Inhibitors

A recent study conducted in 2022 was published determining the success of PDE4B inhibition in mitigating
the decline of lung function in patients diagnosed with IPF. This study that took place over the span of 12
weeks showed positive outcomes regarding the use of PDE4B inhibitors, either as standalone therapy or as
part of a comprehensive combination regimen. patients who had not previously received antifibrotic
treatment were administered PDE4B inhibitors. They demonstrated a substantial positive change in FVC,
with an increase of 5.7 mL compared to a stark decline of -81.7 mL observed in the placebo group. Similarly,
in patients concurrently taking antifibrotic medications such as nintedanib or pirfenidone, an improvement
of 2.7 mL in FVC was observed in contrast to the placebo group's decline of -59.2 mL. The most common
adverse effect was diarrhea. The study establishes the efficacy of PDE4B inhibitors in curbing disease
progression over the 12-week period, whether administered alone or in conjunction with antifibrotic
therapy. This highlights the potential of PDE4B inhibition as a promising avenue for the management of IPF,
offering hope for improved patient outcomes [37].

Pirfenidone and Nintedanib Combination

A comprehensive study conducted in Seoul investigated the efficacy of a novel treatment approach for

IPF over a six-month period. This approach involved the utilization of a combination therapy comprising
Pirfenidone and Nintedanib, with Nintedanib being employed as an adjunct to Pirfenidone therapy. The
study demonstrated a significant decrease in the rate of decline of FVC among patients. The initial rate of
FVC decline, which stood at -17.7 mL/month, exhibited a marked improvement, reducing to -10.6 mL/month
after six months of treatment. The DLCO, on the other hand, did not demonstrate a significant change. It is
imperative to acknowledge that a notable proportion of patients participating in this study discontinued one
of the antifibrotic agents due to the occurrence of adverse reactions, manifesting predominately as anorexia
and diarrhea. Moreover, comparative analysis with monotherapy did not reveal a significant disparity in
outcomes. This study underscores the promising prospects of combination therapy as a potential future
avenue for the treatment of IPF, albeit necessitating further investigation to elucidate its optimal utilization
and long-term efficacy [38].

Pamrevlumab

The PRAISE trial conducted an in-depth investigation into the efficacy of pamrevlumab as a therapeutic
intervention for IPF. Pamrevlumab, an antibody targeting connective tissue growth factor (CTGF), acts by
preventing its interaction with cytokines, thus impeding fibrosis and tissue remodeling processes. Following
a 48-week treatment regimen (approximately 11 months), there was a significant decline in disease
progression. This is evidenced by substantially lower quantitative lung fibrosis scores on HRCT scans
compared to those receiving a placebo, with a remarkable 36.7% absolute difference noted. Importantly, the
therapeutic efficacy of pamrevlumab was found to be comparable to established treatments such as
nintedanib or pirfenidone yet is distinguished by a notably reduced incidence of adverse events. This
promising outcome positions pamrevlumab as a prospective treatment option for individuals experiencing
adverse effects from other IPF medications, offering renewed hope for improved management of this
debilitating condition [39].

Possible future treatments

Transforming Growth Factor-Beta 1

TGF-B1 plays a pivotal role in the intricate pathogenesis of IPF. Its function revolves around the stimulation
of tissue transformation, thereby facilitating fibrogenesis within the pulmonary microenvironment. This
process is predominantly orchestrated through the activation of the Smad Pathway, which subsequently
promotes myofibroblast differentiation, and transition of AECs to mesenchymal cells, and culminates in the
intricate cascade of pulmonary fibrogenesis [40].

Nimbolide

Nimbolide is undergoing investigation as an epithelial-to-mesenchymal transition (EMT) inhibitor aimed at
mitigating pulmonary fibrosis by disrupting the associated pathway cascade. It effectively inhibits TGF-B1-
induced cell proliferation and migration, while also limiting the progressive accumulation of collagen.
Overall, these results suggest that Nimbolide holds promise as an antifibrotic therapeutic intervention for
attenuating PF by addressing various pathological mechanisms driving fibrosis progression [41].
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Stem Cells

Stem cells are cells that can renew and have the potential to differentiate into multiple cell lines. Stem cells
are already widely used via transplantation to manage conditions like leukemia. While trials are currently
only evaluating the safety of stem cell use or are only being used in trials with very few patients.

The AETHER trial is a phase I study that investigates the use of mesenchymal stem cells in nine patients
with IPF, followed over a period of 60 weeks. By 60 weeks post-infusion, there was a 3.0% mean decline in
the percentage of predicted FVC and a 5.4% mean decline in the percentage of predicted DLCO [42].

Another study investigates the safety profile of even higher dose stem cell infusion, the results of which
showed a promising safety profile [43].

With multiple early phases, trials are already underway. The use of stem cells as a potential treatment
consideration for IPF is important to note.

Discussion

IPF raises challenges in clinical management due to its progressive nature and limited treatment options.
The current therapeutic options for IPF primarily revolve around antifibrotic medications, including
pirfenidone and nintedanib, which have demonstrated efficacy in slowing disease progression and
preserving lung function. These medications target key pathways involved in fibrosis and inflammation,
offering patients a chance to delay disease progression and improve quality of life.

Pirfenidone and nintedanib have changed the management of IPF by providing healthcare providers with
medicines to address the underlying pathophysiology of the disease. However, despite their beneficial
effects, these medications are not curative and may only slow disease progression rather than stop it from
progressing altogether. Additionally, they are associated with potential side effects and may not be suitable
for all patients, highlighting the need for alternative treatment options.

Looking ahead, ongoing research and clinical trials hold promise for the development of novel therapies
that could further improve the management of IPF. Emerging treatment modalities include stem cell
therapy, immunomodulatory agents, and novel pharmacological targets such as PDE4B inhibitors. Stem cell
therapy offers the potential to repair damaged lung tissue and modulate the immune response, while
immunomodulatory agents aim to reduce inflammation and fibrosis in the lungs.

Conclusions

In conclusion, while the current treatment options for IPF have significantly advanced our ability to manage
the disease, there remains an unmet need for effective therapies that can halt or reverse fibrotic lung
damage. Ongoing research efforts and clinical trials offer hope for the development of innovative treatments
that could transform the management of IPF and improve outcomes for patients in the future. Collaboration
between clinicians, researchers, and pharmaceutical companies will be essential in driving progress and
addressing the evolving needs of patients with IPF.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Zoraize Moeez Athar, Mahnoor Arshad, Tasneem Hiba
Drafting of the manuscript: Zoraize Moeez Athar, Mahnoor Arshad, Tasneem Hiba
Critical review of the manuscript for important intellectual content: Zoraize Moeez Athar

Supervision: Mahnoor Arshad

Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

2024 Arshad et al. Cureus 16(3): €56140. DOI 10.7759/cureus.56140 7 of 9


javascript:void(0)
javascript:void(0)

Cureus

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Pulmonary Fibrosis: What is It, Causes, Symptoms, Testing & Treatment . (2024). Accessed: 2/19/2024:
https://my.clevelandclinic.org/health/diseases/10959-pulmonary-fibrosis.

Raghu G, Chen SY, Yeh WS, et al.: Idiopathic pulmonary fibrosis in US Medicare beneficiaries aged 65 years
and older: incidence, prevalence, and survival, 2001-11 [published correction appears in. Lancet Respir Med.
2014, 12:566-72. 10.1016/S2213-2600(14)70101-8

Glass DS, Grossfeld D, Renna HA, Agarwala P, Spiegler P, DeLeon |, Reiss AB: Idiopathic pulmonary fibrosis:
current and future treatment. Clin Respir J. 2022, 16:84-96. 10.1111/crj.13466

American Thoracic Society. Idiopathic pulmonary fibrosis: diagnosis and treatment. International consensus
statement. American Thoracic Society (ATS), and the European Respiratory Society (ERS). Am J Respir Crit
Care Med. 2000, 161:646-64. 10.1164/ajrcem.161.2.ats3-00

Selman M, Pardo A: Idiopathic pulmonary fibrosis: an epithelial/fibroblastic cross-talk disorder . Respir Res.
2002, 3:3. 10.1186/rr175

Pulkkinen V, Bruce S, Rintahaka J, et al.: ELMOD2, a candidate gene for idiopathic pulmonary fibrosis,
regulates antiviral responses. FASEB J. 2010, 24:1167-77. 10.1096/fj.09-138545

Wuyts WA, Agostini C, Antoniou KM, et al.: The pathogenesis of pulmonary fibrosis: a moving target . Eur
Respir J. 2013, 41:1207-18. 10.1183/09031936.00073012

Egan J], Stewart JP, Hasleton PS, Arrand JR, Carroll KB, Woodcock AA: Epstein-Barr virus replication within
pulmonary epithelial cells in cryptogenic fibrosing alveolitis. Thorax. 1995, 50:1234-9.
10.1136/thx.50.12.1234

Stewart JP, Egan J], Ross AJ, Kelly BG, Lok SS, Hasleton PS, Woodcock AA: The detection of Epstein-Barr
virus DNA in lung tissue from patients with idiopathic pulmonary fibrosis. Am ] Respir Crit Care Med. 1999,
159:1336-41. 10.1164/ajrccm.159.4.9807077

Tsukamoto K, Hayakawa H, Sato A, Chida K, Nakamura H, Miura K: Involvement of Epstein-Barr virus latent
membrane protein 1 in disease progression in patients with idiopathic pulmonary fibrosis. Thorax. 2000,
55:958-61. 10.1136/thorax.55.11.958

Fukuda M, Ikuta K, Yanagihara K, Tajima M, Kuratsune H, Kurata T, Sairenji T: Effect of transforming
growth factor-betal on the cell growth and Epstein-Barr virus reactivation in EBV-infected epithelial cell
lines. Virology. 2001, 288:109-18. 10.1006/viro.2001.1071

Tcherakian C, Cottin V, Brillet PY, et al.: Progression of idiopathic pulmonary fibrosis: lessons from
asymmetrical disease. Thorax. 2011, 66:226-31. 10.1136/thx.2010.137190

Baumgartner KB, Samet JM, Stidley CA, Colby TV, Waldron JA: Cigarette smoking: a risk factor for
idiopathic pulmonary fibrosis. Am J Respir Crit Care Med. 1997, 155:242-8. 10.1164/ajrccm.155.1.9001319
Iwai K, Mori T, Yamada N, Yamaguchi M, Hosoda Y: Idiopathic pulmonary fibrosis. Epidemiologic
approaches to occupational exposure. Am ] Respir Crit Care Med. 1994, 150:670-5.
10.1164/ajrcem.150.3.8087336

Garcia-Sancho C, Buendia-Roldéan I, Fernandez-Plata MR, et al.: Familial pulmonary fibrosis is the strongest
risk factor for idiopathic pulmonary fibrosis. Respir Med. 2011, 105:1902-7. 10.1016/j.rmed.2011.08.022
King TE Jr, Tooze JA, Schwarz MI, Brown KR, Cherniack RM: Predicting survival in idiopathic pulmonary
fibrosis: scoring system and survival model. Am ] Respir Crit Care Med. 2001, 164:1171-81.
10.1164/ajrccm.164.7.2003140

Nakamura Y, Suda T: Idiopathic pulmonary fibrosis: diagnosis and clinical manifestations. Clin Med Insights
Circ Respir Pulm Med. 2015, 9:163-71. 10.4137/CCRPM.S39897

Raghu G, Collard HR, Egan J], et al.: An official ATS/ERS/JRS/ALAT statement: idiopathic pulmonary
fibrosis: evidence-based guidelines for diagnosis and management. Am ] Respir Crit Care Med. 2011,
183:788-824. 10.1164/rccm.2009-040GL

Zappala CJ, Latsi PI, Nicholson AG, et al.: Marginal decline in forced vital capacity is associated with a poor
outcome in idiopathic pulmonary fibrosis. Eur Respir J. 2010, 35:830-6. 10.1183/09031936.00155108

Latsi PI, du Bois RM, Nicholson AG, et al.: Fibrotic idiopathic interstitial pneumonia: the prognostic value of
longitudinal functional trends. Am J Respir Crit Care Med. 2003, 168:531-7. 10.1164/rccm.200210-12450C
Lynch DA, Sverzellati N, Travis WD, et al.: Diagnostic criteria for idiopathic pulmonary fibrosis: a Fleischner
Society White Paper. Lancet Respir Med. 2018, 6:138-153. 10.1016/S2213-2600(17)30433-2

Sverzellati N: Highlights of HRCT imaging in IPF . Respir Res. 2013, 14 Suppl 1:S3. 10.1186/1465-9921-14-
S1-S3

Raghu G, Remy-Jardin M, Richeldi L, et al.: Idiopathic pulmonary fibrosis (an update) and progressive
pulmonary fibrosis in adults: an official ATS/ERS/JRS/ALAT clinical practice guideline. Am ] Respir Crit Care
Med. 2022, 205:e18-47. 10.1164/rccm.202202-0399ST

Noble PW, Albera C, Bradford WZ, et al.: Pirfenidone in patients with idiopathic pulmonary fibrosis
(CAPACITY): two randomised trials. Lancet. 2011, 377:1760-1769. 10.1016/S0140-6736(11)60405-4

King TE Jr, Bradford WZ, Castro-Bernardini S, et al.: A phase 3 trial of pirfenidone in patients with
idiopathic pulmonary fibrosis. N Engl ] Med. 2014, 370:2083-92. 10.1056/NEJMoal402582

Costabel U, Albera C, Lancaster LH, Lin CY, Hormel P, Hulter HN, Noble PW: An open-label study of the
long-term safety of pirfenidone in patients with idiopathic pulmonary fibrosis (RECAP). Respiration. 2017,
94:408-15. 10.1159/000479976

Richeldi L, Kreuter M, Selman M, et al.: Long-term treatment of patients with idiopathic pulmonary fibrosis
with nintedanib: results from the TOMORROW trial and its open-label extension. Thorax. 2018, 73:581-3.
10.1136/thoraxjnl-2016-209701

Richeldi L, du Bois RM, Raghu G, et al.: Efficacy and safety of nintedanib in idiopathic pulmonary fibrosis. N
Engl ] Med. 2014, 370:2071-82. 10.1056/NE]Moal402584

Crestani B, Huggins JT, Kaye M, et al.: Long-term safety and tolerability of nintedanib in patients with
idiopathic pulmonary fibrosis: results from the open-label extension study, INPULSIS-ON. Lancet Respir
Med. 2019, 7:60-8. 10.1016/S2213-2600(18)30339-4

Maher TM, Stowasser S, Nishioka Y, et al.: Biomarkers of extracellular matrix turnover in patients with

2024 Arshad et al. Cureus 16(3): €56140. DOI 10.7759/cureus.56140

8of9


https://my.clevelandclinic.org/health/diseases/10959-pulmonary-fibrosis
https://my.clevelandclinic.org/health/diseases/10959-pulmonary-fibrosis
https://dx.doi.org/10.1016/S2213-2600(14)70101-8
https://dx.doi.org/10.1016/S2213-2600(14)70101-8
https://dx.doi.org/10.1111/crj.13466
https://dx.doi.org/10.1111/crj.13466
https://dx.doi.org/10.1164/ajrccm.161.2.ats3-00
https://dx.doi.org/10.1164/ajrccm.161.2.ats3-00
https://dx.doi.org/10.1186/rr175
https://dx.doi.org/10.1186/rr175
https://dx.doi.org/10.1096/fj.09-138545
https://dx.doi.org/10.1096/fj.09-138545
https://dx.doi.org/10.1183/09031936.00073012
https://dx.doi.org/10.1183/09031936.00073012
https://dx.doi.org/10.1136/thx.50.12.1234
https://dx.doi.org/10.1136/thx.50.12.1234
https://dx.doi.org/10.1164/ajrccm.159.4.9807077
https://dx.doi.org/10.1164/ajrccm.159.4.9807077
https://dx.doi.org/10.1136/thorax.55.11.958
https://dx.doi.org/10.1136/thorax.55.11.958
https://dx.doi.org/10.1006/viro.2001.1071
https://dx.doi.org/10.1006/viro.2001.1071
https://dx.doi.org/10.1136/thx.2010.137190
https://dx.doi.org/10.1136/thx.2010.137190
https://dx.doi.org/10.1164/ajrccm.155.1.9001319
https://dx.doi.org/10.1164/ajrccm.155.1.9001319
https://dx.doi.org/10.1164/ajrccm.150.3.8087336
https://dx.doi.org/10.1164/ajrccm.150.3.8087336
https://dx.doi.org/10.1016/j.rmed.2011.08.022
https://dx.doi.org/10.1016/j.rmed.2011.08.022
https://dx.doi.org/10.1164/ajrccm.164.7.2003140
https://dx.doi.org/10.1164/ajrccm.164.7.2003140
https://dx.doi.org/10.4137/CCRPM.S39897
https://dx.doi.org/10.4137/CCRPM.S39897
https://dx.doi.org/10.1164/rccm.2009-040GL
https://dx.doi.org/10.1164/rccm.2009-040GL
https://dx.doi.org/10.1183/09031936.00155108
https://dx.doi.org/10.1183/09031936.00155108
https://dx.doi.org/10.1164/rccm.200210-1245OC
https://dx.doi.org/10.1164/rccm.200210-1245OC
https://dx.doi.org/10.1016/S2213-2600(17)30433-2
https://dx.doi.org/10.1016/S2213-2600(17)30433-2
https://dx.doi.org/10.1186/1465-9921-14-S1-S3
https://dx.doi.org/10.1186/1465-9921-14-S1-S3
https://dx.doi.org/10.1164/rccm.202202-0399ST
https://dx.doi.org/10.1164/rccm.202202-0399ST
https://dx.doi.org/10.1016/S0140-6736(11)60405-4
https://dx.doi.org/10.1016/S0140-6736(11)60405-4
https://dx.doi.org/10.1056/NEJMoa1402582
https://dx.doi.org/10.1056/NEJMoa1402582
https://dx.doi.org/10.1159/000479976
https://dx.doi.org/10.1159/000479976
https://dx.doi.org/10.1136/thoraxjnl-2016-209701
https://dx.doi.org/10.1136/thoraxjnl-2016-209701
https://dx.doi.org/10.1056/NEJMoa1402584
https://dx.doi.org/10.1056/NEJMoa1402584
https://dx.doi.org/10.1016/S2213-2600(18)30339-4
https://dx.doi.org/10.1016/S2213-2600(18)30339-4
https://dx.doi.org/10.1016/S2213-2600(19)30255-3

Cureus

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

idiopathic pulmonary fibrosis given nintedanib (INMARK study): a randomised, placebo-controlled study.
Lancet Respir Med. 2019, 7:771-9. 10.1016/52213-2600(19)30255-3

Flaherty KR, Wells AU, Cottin V, et al.: Nintedanib in progressive fibrosing interstitial lung diseases . N Engl
] Med. 2019, 381:1718-27. 10.1056/NE]Mo0a1908681

Quinn C, Wisse A, Manns ST: Clinical course and management of idiopathic pulmonary fibrosis. Multidiscip
Respir Med. 2019, 14:35. 10.1186/540248-019-0197-0

Dowman L, Hill CJ, May A, Holland AE: Pulmonary rehabilitation for interstitial lung disease . Cochrane
Database Syst Rev. 2021, 2:CD006322. 10.1002/14651858.CD006322.pub4

ten Klooster L, Nossent GD, Kwakkel-van Erp JM, et al.: Ten-year survival in patients with idiopathic
pulmonary fibrosis after lung transplantation. Lung. 2015, 193:919-26. 10.1007/s00408-015-9794-7
Neurohr C, Huppmann P, Thum D, et al.: Potential functional and survival benefit of double over single lung
transplantation for selected patients with idiopathic pulmonary fibrosis. Transpl Int. 2010, 23:887-96.
10.1111/j.1432-2277.2010.01071.x

Weill D, Benden C, Corris PA, et al.: A consensus document for the selection of lung transplant candidates:
2014--an update from the Pulmonary Transplantation Council of the International Society for Heart and
Lung Transplantation. ] Heart Lung Transplant. 2015, 34:1-15. 10.1016/j.healun.2014.06.014

Richeldi L, Azuma A, Cottin V, et al.: Trial of a preferential phosphodiesterase 4B inhibitor for idiopathic
pulmonary fibrosis. N Engl ] Med. 2022, 386:2178-87. 10.1056/NE]Moa2201737

Huh JY, Lee JH, Song JW: Efficacy and safety of combination therapy with pirfenidone and nintedanib in
patients with idiopathic pulmonary fibrosis. Front Pharmacol. 2023, 14:1301923.
10.3389/fphar.2023.1301923

Sgalla G, Franciosa C, Simonetti ], Richeldi L: Pamrevlumab for the treatment of idiopathic pulmonary
fibrosis. Expert Opin Investig Drugs. 2020, 29:771-7. 10.1080/13543784.2020.1773790

Ye Z, Hu Y: TGF-B1: Gentlemanly orchestrator in idiopathic pulmonary fibrosis (review). Int ] Mol Med.
2021, 48:10.3892/ijmm.2021.4965

Prashanth Goud M, Bale S, Pulivendala G, Godugu C: Therapeutic effects of Nimbolide, an autophagy
regulator, in ameliorating pulmonary fibrosis through attenuation of TGF-B1 driven epithelial-to-
mesenchymal transition. Int Inmunopharmacol. 2019, 75:105755. 10.1016/j.intimp.2019.105755

Glassberg MK, Minkiewicz J, Toonkel RL, et al.: Allogeneic human mesenchymal stem cells in patients with
idiopathic pulmonary fibrosis via intravenous delivery (AETHER): a phase I safety clinical trial. Chest. 2017,
151:971-81. 10.1016/j.chest.2016.10.061

Averyanov A, Koroleva I, Konoplyannikov M, et al.: First-in-human high-cumulative-dose stem cell therapy
in idiopathic pulmonary fibrosis with rapid lung function decline. Stem Cells Transl Med. 2020, 9:6-16.
10.1002/sctm.19-0037

2024 Arshad et al. Cureus 16(3): €56140. DOI 10.7759/cureus.56140

90f9


https://dx.doi.org/10.1016/S2213-2600(19)30255-3
https://dx.doi.org/10.1056/NEJMoa1908681
https://dx.doi.org/10.1056/NEJMoa1908681
https://dx.doi.org/10.1186/s40248-019-0197-0
https://dx.doi.org/10.1186/s40248-019-0197-0
https://dx.doi.org/10.1002/14651858.CD006322.pub4
https://dx.doi.org/10.1002/14651858.CD006322.pub4
https://dx.doi.org/10.1007/s00408-015-9794-7
https://dx.doi.org/10.1007/s00408-015-9794-7
https://dx.doi.org/10.1111/j.1432-2277.2010.01071.x
https://dx.doi.org/10.1111/j.1432-2277.2010.01071.x
https://dx.doi.org/10.1016/j.healun.2014.06.014
https://dx.doi.org/10.1016/j.healun.2014.06.014
https://dx.doi.org/10.1056/NEJMoa2201737
https://dx.doi.org/10.1056/NEJMoa2201737
https://dx.doi.org/10.3389/fphar.2023.1301923
https://dx.doi.org/10.3389/fphar.2023.1301923
https://dx.doi.org/10.1080/13543784.2020.1773790
https://dx.doi.org/10.1080/13543784.2020.1773790
https://dx.doi.org/10.3892/ijmm.2021.4965
https://dx.doi.org/10.3892/ijmm.2021.4965
https://dx.doi.org/10.1016/j.intimp.2019.105755
https://dx.doi.org/10.1016/j.intimp.2019.105755
https://dx.doi.org/10.1016/j.chest.2016.10.061
https://dx.doi.org/10.1016/j.chest.2016.10.061
https://dx.doi.org/10.1002/sctm.19-0037
https://dx.doi.org/10.1002/sctm.19-0037

	Current and Novel Treatment Modalities of Idiopathic Pulmonary Fibrosis
	Abstract
	Introduction And Background
	Pathogenesis
	Prospective risk factors
	Clinical presentation
	FIGURE 1: Definite usual interstitial pneumonia (UIP) pattern showing sub-pleural basal honeycombing (black circle) with traction bronchiectasis (red circle)
	FIGURE 2: High-resolution computed tomography pattern inconsistent with UIP – demonstrating patchy ground glass (red circle) and peripheral reticular opacities (black circles)


	Review
	TABLE 1: Current treatment modalities
	Current treatment & success
	TABLE 2: Criteria for transplant referral and placement on the list

	New treatment & success
	Possible future treatments
	Discussion

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


