
Citation: Zanini, U.; Faverio, P.;

Bonfanti, V.; Falzone, M.; Cortinovis,

D.; Arcangeli, S.; Petrella, F.; Ferrara,

G.; Mura, M.; Luppi, F. The ‘Liaisons

dangereuses’ Between Lung Cancer

and Interstitial Lung Diseases: A

Focus on Acute Exacerbation. J. Clin.

Med. 2024, 13, 7085. https://doi.org/

10.3390/jcm13237085

Academic Editor: Milo Frattini

Received: 15 October 2024

Revised: 13 November 2024

Accepted: 19 November 2024

Published: 23 November 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Review

The ‘Liaisons dangereuses’ Between Lung Cancer and Interstitial
Lung Diseases: A Focus on Acute Exacerbation
Umberto Zanini 1,* , Paola Faverio 1 , Valentina Bonfanti 1, Maria Falzone 1, Diego Cortinovis 2,
Stefano Arcangeli 3 , Francesco Petrella 4 , Giovanni Ferrara 5, Marco Mura 6 and Fabrizio Luppi 1

1 Department of Medicine and Surgery, University of Milano-Bicocca, SC Pneumologia, Fondazione IRCCS
“San Gerardo dei Tintori”, 20900 Monza, Italy

2 Department of Medicine and Surgery, University of Milano-Bicocca, SC Oncologia, Fondazione IRCCS
“San Gerardo dei Tintori”, 20900 Monza, Italy; diego.cortinovis@unimib.it

3 Department of Medicine and Surgery, University of Milano-Bicocca, SC Radioterapia, Fondazione IRCCS
“San Gerardo dei Tintori”, 20900 Monza, Italy

4 Department of Medicine and Surgery, University of Milano-Bicocca, SC Chirurgia Toracica, Fondazione
IRCCS “San Gerardo dei Tintori”, 20900 Monza, Italy

5 Division of Pulmonary Medicine, University of Alberta, and Alberta Health Services,
Edmonton, AB T6G 2B7, Canada

6 Division of Respirology, Western University, London, ON N6A 3K7, Canada
* Correspondence: u.zanini@campus.unimib.it; Tel.: +39-039-2339373; Fax: +39-039-2336660

Abstract: Patients with interstitial lung disease (ILD) are about five times more likely to develop lung
cancer than those without ILD. The presence of ILD in lung cancer patients complicates diagnosis
and management, resulting in lower survival rates. Diagnostic and treatment procedures needed
for cancer can increase the risk of acute exacerbation (AE), one of the most severe complications for
these patients. Bronchoscopic techniques are generally considered safe, but they can trigger AE-ILD,
particularly after cryoprobe biopsies. Surgical procedures for lung cancer, including lung biopsies
and resections, carry an elevated risk of AE-ILD. Postoperative complications and mortality rates
highlight the importance of meticulous surgical planning and postoperative care. Furthermore, cancer
treatments, such as chemotherapy, are all burdened by a risk of AE-ILD occurrence. Radiotherapy is
important for managing both early-stage and advanced lung cancer, but it also poses risks. Stereotactic
body radiation and particle beam therapies have varying degrees of safety, with the latter potentially
offering a lower risk of AE. Percutaneous ablation techniques can help patients who are not eligible
for surgery. However, these procedures may complicate ILD, and their associated risks still need to
be fully understood, necessitating further research for improved safety. Overall, while advancements
in lung cancer treatment have improved outcomes for many patients, the complexity of managing
patients with concomitant ILD needs careful consideration and multidisciplinary assessment. This
review provides a detailed evaluation of these risks, emphasizing the need for personalized treatment
approaches and monitoring to improve patient outcomes in this challenging population.

Keywords: interstitial lung disease; lung cancer; acute exacerbation; prognosis

1. Introduction

Interstitial lung disease (ILD) refers to a group of over 200 conditions marked by
inflammation and scarring in the lungs, with the most representative diseases being sar-
coidosis and idiopathic pulmonary fibrosis (IPF) [1]. IPF is a progressive form of interstitial
lung disease marked by fibrotic tissue accumulation in the lungs, impairing lung func-
tion [1]. The disease progression varies, and its prognosis is generally poor, with a median
survival of 3 to 5 years after diagnosis [2]. Moreover, patients with ILD are often older and
have other health conditions that can affect their survival [3,4].

Lung cancer, including both small-cell lung cancer (SCLC) and non-small-cell lung
cancer (NSCLC), is the leading cause of mortality worldwide [5,6]. ILD patients have a
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five-fold higher risk of developing lung cancer compared to the general population since
they have common risk factors, particularly cigarette smoking and fibrosis parenchymal
changes [7–9]. Additionally, lung cancer is a predictor of mortality, with an estimated
median survival of 96.0 months in patients without lung cancer and 26 months in patients
with [10]. Managing lung cancer in patients with ILD is particularly challenging due
to the heightened risk of severe complications, including the increased likelihood of the
occurrence of an ILD acute exacerbation (AE), characterized by new widespread alveolar
abnormalities and high mortality ranging from 50% to 80% [8]. Various factors, including
the progression of functional, radiological, and clinical indicators, together with the severity
of ILD at the time of diagnosis, can significantly increase the risk of AE in ILD patients
affected by lung cancer [11].

The current literature on the impact of AE in patients with ILD and lung cancer is
mainly based on retrospective and anecdotal data. Additionally, differentiating AE-ILD
from other complications during treatment, such as drug-induced lung toxicity or radiation
pneumonia, can be challenging for patients with ILD and lung cancer [12,13]. Our review
aims to provide a synthesis of the current literature on AE in ILD patients with lung cancer,
investigating its prevalence and clinical implications.

2. Defining Acute Exacerbation of Interstitial Lung Disease

In 2007, Collard and colleagues, in a consensus statement aimed to provide a standard
definition of AE-IPF, defined this event as an acute, clinically significant deterioration of
unidentifiable cause in a patient with underlying IPF, and distinct from acute respiratory
worsening related to a known cause [14]. Although this statement was the first to address
AE-IPF diagnosis, the proposed definition was difficult to apply in clinical practice, mainly
because of the difficulty of excluding all potential known causes of acute respiratory failure
in severely ill patients. A main controversial diagnostic issue was related to the role of
bronchoalveolar lavage (BAL) in identifying infectious agents with a risk of worsening
hypoxemia with bronchoscopy in non-intubated patients with severe respiratory failure [15].

The difficulty in defining an event as AE-IPF based on these criteria, together with the
concept that ‘idiopathic’ AE-IPF may be indistinguishable both clinically and prognostically
from that induced by known causes of acute lung injury, including pulmonary infection,
led an expert working group to revise the previous document, published in 2016, with the
aim to update the diagnostic criteria for AE-IPF and facilitate their application in clinical
practice. The major differences with the previous statement include the exclusion of the term
‘idiopathic’ from the definition of AE-IPF, the change of the range for AE diagnosis from
30 days to ‘typically less than 1 month’, and the exclusion of acute respiratory failure caused
by cardiac failure or fluid overload, because of its better prognosis, together with other
extrapulmonary causes, such as pneumothorax, pleural effusion, and pulmonary embolism.

However, AE is not restricted to IPF but may also complicate the course of other ILDs,
including AE of rheumatic diseases (RDs) [16,17]. Unfortunately, there is not yet a specific
definition of AE-ILD in non-IPF ILDs. In most studies, the diagnostic criteria applied to
define an AE in non-IPF patients refer to the criteria indicated for IPF [18].

3. Differential Diagnoses of AE-ILD

While AE-ILD is a severe complication, other diseases in the differential diagnosis can
make recognition difficult, including drug-induced lung toxicity, radiation pneumonitis,
and infections, as shown in Table 1.

Drug-induced (DI) lung toxicity is an increasing cause of ILD [13]. A Fleischner Society
paper outlines three key diagnostic criteria for DI-ILD: new pulmonary opacities on CT,
temporal association with systemic therapeutic agent use, and exclusion of other causes of
ILD [19]. The drugs that more frequently can cause lung toxicity include disease-modifying
antirheumatic drugs (DMARDs), antiarrhythmics, antimicrobial, and antineoplastic drugs,
particularly immune checkpoint inhibitors (ICIs) and, more recently, the antibody-drug
conjugates (ADCs) [20–22].
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Table 1. Main features of differential diagnosis of acute exacerbations of interstitial lung diseases.

AE–ILD Drug–Induced
Toxicity

Radiation
Pneumonia Lung Infection

Onset Typically less than
1 month

Either within weeks
or delayed 3–12 weeks Acute

Symptoms

Dyspnea, cough
(with or without

sputum
production), fever

and flu-like
symptoms.

Dyspnea, fever, and
peripheral

eosinophilia. Rare
hemoptysis, and

anaemia.

Nonproductive
cough,

dyspnea, and
chest pain.

Productive
cough, dyspnea

and fewer.

BAL
Useful for
differential
diagnoses.

Eosinophilic/
lymphocytic. Lymphocytic. Neutrophilic.

CT-pattern

Bilateral GGos or
consolidative

opacities over an
ILD.

Non specific. Major
radiological pattern
are: NSIP, OP, DAD,

and simple
pulmonary

eosinophilia. UIP is
rare.

GGos and/or
airspace

consolidation.

Airspace
opacities. PJP

and CMV can be
interstitial
opacities.

Prognosis Mortality ranging
from 50% to 80%

Early drug
discontinuation

leads to recovery.
Delayed diagnosis

risks ARDS.

Improving
within 3–18

months

Variable
depending on

patient and
infection.

AE: Acute Exacerbations; ILD: Interstitial Lung Diseases; BAL: Bronchoalveolar Lavage; CT: Computed Tomog-
raphy; GGos: Ground-Glass Opacities; NSIP: Nonspecific Interstitial Pneumonia; OP: Organizing Pneumonia;
DAD: Diffuse Alveolar Damage; UIP: Usual Interstitial Pneumonia; PJP: Pneumocystis Jiroveci Pneumonia; CMV:
Cytomegalovirus; ARDS: Acute Respiratory Distress Syndrome.

Radiation-induced lung injury (RILI) is a complication of radiotherapy and is related
to treatment factors, such as radiation dose, fractionation, dose rate, and lung volume; this
condition could be complicated or exacerbated by the concomitant or sequential use of
antiblastic agents (i.e., pneumonitis recall signs) [23].

Finally, patients with lung cancer have a higher risk of recurrent infections, including
those opportunistic, due to comorbidities and immunosuppression related to lung cancer
therapies and chronic steroid use [24]. The infectious causes of disease can be divided into
three categories: bacteria (most commonly Pseudomonas aeruginosa, Stenotrophomonas
maltophilia, and Nocardia species), viruses (such as respiratory syncytial virus, parain-
fluenza virus, influenza virus A and B, and cytomegalovirus), and fungi (including As-
pergillus, Fusarium, and Mucorales species, and Pneumocystis jirovecii) [25–27].

4. Treatment Approaches in Lung Cancer Therapy

The treatment of lung cancer is a rapidly evolving and complex field, with treatment
approaches varying based on the type and stage of the tumor, as well as the patient’s
overall health. The primary goal is to reduce or eliminate the tumor, manage symptoms,
and improve the patient’s quality of life.

For NSCLC, radical surgical intervention offers the best survival and cure in the early
stage [28]. It is less commonly used in SCLC since it is typically diagnosed in the advanced
stage [29].

Chemotherapy for lung cancer uses drugs to destroy or slow the growth of cancer
cells. This systemic approach is generally conceived to treat all stages of SCLC and is
widely employed in NSCLC with an indication in the advanced stage, but more recently,
it has been introduced in perioperative settings other than the consolidated indication in
adjuvant settings [28,29]. The backbone drugs employed in current clinical practice are
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platinum or derivative agents. Generally, the preferred strategy is to combine platinum
with a second drug, such as tyrosine kinase inhibitors (TKIs) or ICIs, due to their synergistic
activities [28,29].

Recently, many TKIs acting on specific, actionable genomic alterations (AGAs) in lung
cancers have been employed [30]. Generally, these drugs are administered orally and are
more effective and less toxic than traditional chemotherapy in selected patients.

ICIs are a new backbone for the treatment of different stages of lung cancer [31]. The
proof of principle of these agents is to stimulate the body’s immune system to recognize
and attack cancer cells [31]. The use of ICIs, such as PD-1 or PD-L1 inhibitors, has radically
transformed the treatment of advanced lung cancer, leading to impressive longer disease
control in well-defined subpopulations like the so-called PD-L1 strong positive tumors
(tumor proportion score TPS > 50%) [31].

Finally, a new class of drugs, the ADCs, are actively studied in all comers immunother-
apy refractory/pretreated NSCLC, and now a huge number of clinical trials try to demon-
strate their clinical usefulness in the first-line setting in combination with platinum agents
and/or ICI [32,33].

Instead, radiotherapy uses high-energy radiation to kill cancer cells. It is often com-
bined with surgery or chemotherapy. Radiation may be applied using stereotactic or
conventional techniques. Radiofrequency ablation (RFA) and cryoablation are alternatives
to radiation [28,29].

In conclusion, lung cancer treatment is personalized based on cancer type, disease
stage, and molecular characteristics. Recent advancements in targeted therapies and im-
munotherapy, among other compounds, have resulted in more effective, less invasive
treatments with improved outcomes for many patients, even if lung surgery plus a mul-
timodality approach applied to early/locally advanced stages of the disease remains the
best way to definitively cure this cancer.

5. Material and Methods

A search of relevant medical literature in the English language, including observa-
tional, interventional, and review studies, through September 2024, was conducted in
Medline/PubMed and EMBASE databases. Table 2 reports the keywords used to perform
the research. Editorials, narratives, conference abstracts, and pre-print publications were
excluded. All studies involving ILD patients with lung cancer who experienced AE were
included. Three authors (UZ, MF, and VB) searched and screened relevant abstracts and
articles independently. When there was a discrepancy between the authors, the articles
were collectively discussed, analyzing relevance, strengths, and limitations.

Table 2. Keywords used to perform the research.

- Interstitial Lung Diseases (OR ILD OR Diffuse Parenchymal Lung Diseases OR IPF) AND
Acute Exacerbations (OR AE-ILD OR AE) AND Bronchoscopy (OR BAL OR Cryoprobe);

- Interstitial Lung Diseases (OR ILD OR Diffuse Parenchymal Lung Diseases OR IPF) AND
Acute Exacerbations (OR AE-ILD OR AE) AND Surgical Lung Biopsy (OR SBL OR Surgery);

- Interstitial Lung Diseases (OR ILD OR Diffuse Parenchymal Lung Diseases OR IPF) AND
Acute Exacerbations (OR AE-ILD OR AE) AND Chemotherapy (OR ICIs OR Immune
Checkpoint Inhibitors);

- Interstitial Lung Diseases (OR ILD OR Diffuse Parenchymal Lung Diseases OR IPF) AND
Acute Exacerbations (OR AE-ILD OR AE) AND Radiotherapy (OR Stereotactic Body
Radiation Therapy OR Stereotactic Ablative Radiation Therapy OR Proton Beam Therapy
OR Carbon Ion Beam Therapy);

- Interstitial Lung Diseases (OR ILD OR Diffuse Parenchymal Lung Diseases OR IPF) AND
Acute Exacerbations (OR AE-ILD OR AE) AND Percutaneous Ablation (OR IGTA OR RFA
OR MWA);

ILD: Interstitial Lung Diseases; IPF: Idiopathic Pulmonary Fibrosis; AE: Acute Exacerbations; BAL: Bronchoalve-
olar Lavage; SBL: Surgical Lung Biopsy; ICIs: Immune Checkpoint Inhibitors; IGTA: Image-Guided Tumor
Ablation; RFA: Radiofrequency Ablation; MWA: Microwave Ablation.
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6. AE-ILD Triggered by Bronchoscopic Procedures in Patients with Lung Cancer

Bronchoscopy and different techniques, such as transbronchial cryobiopsy (TBCB)
and BAL, are the cornerstone to obtaining tissue samples for histological analysis in lung
cancer and ILD diagnosis [34]. Generally, bronchoscopy is a safe procedure, with rare
complications such as bleeding and pneumothorax that occur in less than 1% of cases [35].

TBCB is a recent technique for diagnosing ILD and a promising procedure for periph-
eral lung tumors [36]. No data are available regarding the incidence of AE-ILD in patients
with lung cancer, even if various studies suggest TBCB offers better diagnostic yield and
sample quality than conventional forceps biopsy for lung cancer diagnosis [37].

In 2014, Casoni et al. reported the first case report of AE-ILD after a cryoprobe lung
biopsy [38]. The authors recognized that only one patient out of sixty-nine developed
AE-ILD after the cryobiopsy. In a larger prospective cohort, Kronborg-White et al. analyzed
two hundred and fifty ILD patients who underwent TBCB in a prospective cohort, and only
one patient experienced an AE-ILD [39]. In a study involving 106 patients, Bango-Álvarez
and colleagues reported no cases of AE-ILD [40]. Similarly, Dhooria et al. found that only
three out of one hundred and twenty-eight patients developed AE-ILD after cryoprobe
lung biopsy in India [41]. Although the sample size was small, these studies highlighted
the limited risk of AE in ILD patients who underwent TBCB.

BAL is also a diagnostic procedure used in the management of lung cancer and
ILD [41]. In particular, BAL also plays an important role in diagnosing and managing
some ILDs [42]. When combined with clinical data and HRCT imaging, in some cases,
BAL can provide enough diagnostic information to avoid invasive procedures [43]. The
literature reported different studies about patients with ILD who developed AE after the
BAL procedure [44–48]. In a recent retrospective study, Sakamoto et al. analyzed one
hundred and twelve IPF patients, of whom four were complicated by AE, of which three
cases were fatal [45]. Additionally, the authors conducted a literature review, examining
all the characteristics of ILD patients who developed AE after BAL. The patients analyzed
were older than 65 (mean age of 66), with a clear predominance of males. Radiologically,
most of them exhibited a pattern of usual interstitial pneumonia (UIP).

In conclusion, bronchoscopic procedures, such as TBCB and BAL, play a central role in
diagnosing and treating both cancer and ILD. While generally, they are safe in the general
population with less than 1% of complications; some studies show how these procedures
could develop AE in up to 3% of cases in patients with ILD. Further studies are needed to
assess the impact of bronchoscopy on lung cancer patients with ILD.

7. Surgical Lung Biopsies as Triggers for AE-ILD in Lung Cancer Patients

Surgical lung biopsy (SLB) is commonly used to diagnose and stage lung tumors in
ILD patients and, at times, to diagnose ILD itself. While complications like pneumothorax
and hemorrhage are well-known, the specific risks for ILD patients with lung cancer remain
less understood, though they can greatly affect survival [49,50].

In-hospital mortality following SLB can reach 6.4%, with rates ranging between 1.7%
for elective and 16% for non-elective cases [51]. Mortality is notably higher in patients with
severe or rapidly progressive disease, significant comorbidities, or malignancy [51]. This
increased risk is often linked to post-surgery AE in patients with ILD [52]. For instance, Utz
et al. found that among 60 ILD patients who underwent SLB, seven died within 30 days
due to a following AE [53].

Data on AE incidence in ILD patients with concurrent lung cancer undergoing SLB
are lacking. However, studies on ILD patients undergoing SLB showed a broad range of
outcomes, possibly also in relation to the inclusion of patients with different degrees of
severity. Fibla et al. reported a 10.6% 90-day mortality rate in a study of 311 ILD patients,
with 23 experiencing AE [54]. In contrast, Kondoh et al. found only a 2% AE incidence
in a study of 236 ILD patients, though the associated mortality was high (60%) despite
treatment [55].
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In conclusion, surgical lung biopsies in ILD patients, especially those with lung cancer,
pose significant risks and high postoperative mortality, with the incidence of adverse events
still poorly understood.

8. Surgical Lung Resection as Triggers for AE-ILD in Lung Cancer Patients

The data on lung resection for lung cancer in ILD patients are more consistent because
lobectomy with mediastinal lymph node dissection remains the “gold standard” for treating
early-stage NSCLC [56]. While surgery could be curative in patients with lung cancer, the
procedure is correlated with an increased risk of postoperative complications and worse
survival in ILD patients, also in relation to the occurrence of AE-ILD [7].

Sato et al. reviewed data from 108 lung cancer patients with IPF who underwent
pulmonary resection, observing that 23% of these patients developed AE-IPF postopera-
tively, resulting in a 3-year overall survival rate of 34%, with most of the deaths attributed
to cancer and AE. The authors emphasized the high incidence of AE and the poor out-
comes, suggesting that intensive long-term surveillance is necessary to justify the risks of
surgery in these patients [57]. Similarly, another study analyzed 1763 lung cancer patients
with ILD who underwent pulmonary resection, showing that 9.3% experienced AE within
30 days post-surgery, with a mortality rate of 43.9%, making AE the leading cause of 30-day
mortality [58].

Several risk factors for postoperative complications in ILD patients have been iden-
tified, with poor lung function, indicated by lower forced vital capacity (FVC) and/or
diffusing capacity of the lungs for carbon monoxide (DLCO), being linked to more severe
complications and reduced survival. Furthermore, the presence of a usual interstitial
pneumonia (UIP) pattern on a computed tomography (CT) scan is associated with a higher
incidence of AE-ILD following surgery [59–61]. These findings are supported by Kawasaki
et al., who reported increased postoperative morbidity and mortality in IPF patients com-
pared to those with other ILDs. In their study of 711 patients, IPF patients experienced
significantly higher rates of pulmonary complications (26% vs. 9.1%) and mortality (8% vs.
0.8%). Additionally, the 5-year survival rate was notably lower for IPF patients (43% vs.
64%) [62].

Surgical techniques and the duration of the intervention can impact AE risk [63].
Surgical interventions lasting over 4 h and extensive lung resections increase the risk [8]. In a
study of 101 patients with IPF and lung cancer, 10% experienced AE following lobectomy or
sublobar resection [64]. Another study reported a 20% AE rate following pneumonectomy
and lobectomy, but no AE occurred after sublobar resection [65]. These findings are
supported by a recent meta-analysis, showing that the incidence of postoperative AE in
IPF patients with lung cancer was 14%. Notably, sublobar resections were linked to a
reduced risk of AE, though the extent of surgical resection did not significantly impact
long-term survival. Authors suggested that perioperative strategies, such as screening
high-risk cases and opting for sublobar resections, help balance the risk of local recurrence
with in-hospital mortality [66]. In this context, minimally invasive techniques such as
video-assisted thoracoscopic surgery (VATS) have shown promise in reducing surgical
complications in ILD patients [67]. Recent studies suggest that less extensive procedures
might provide similar survival outcomes for ILD patients with early-stage lung cancer [68].
However, despite these advancements, ILD patients still experience significantly worse
long-term survival rates after lung resection compared to those with lung cancer but
without ILD [8].

In summary, while lung resection is often considered a primary option in lung cancer
treatment, it may involve the risk of AE in ILD patients, with an incidence reported
between 9 and 23%. It is advisable to take a cautious approach and employ strategies such
as intensive monitoring and less invasive techniques to reduce these risks.
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9. Drug-Induced AE-ILD in Lung Cancer Treatment

Chemotherapy is a key component of lung cancer treatment, particularly for those
who are not eligible for surgery or have metastatic tumors [69]. However, the choice of
adequate systemic therapy is challenging in ILD patients with lung cancer due to the
risk of developing AE-ILD [70]. In a recent meta-analysis on ILD patients with NSCLC
treated with first-line chemotherapy, Wang et al. reported 8% of AE-ILD, ranging to 5–12%
according to the chemotherapy regimen [71].

Before ICIs were available, the standard first-line chemotherapy for lung cancer was
usually a platinum-based regimen combined with a histology-specific partner such as
paclitaxel, docetaxel, gemcitabine, or etoposide [72]. In Japan, a nationwide surveillance
study assessed the risk of AEs following chemotherapy in patients with ILD [73]. This
study included 396 lung cancer patients who received first-line chemotherapy between
1990 and 2009. Among these patients, 13% experienced AEs [73]. The most common
first-line treatments were carboplatin plus paclitaxel and carboplatin plus etoposide, with
AE incidence rates of 8.6% and 3.7%, respectively [73]. A subsequent retrospective study
of 278 patients who received second-line chemotherapy between 2002 and 2012 found an
AE incidence rate of 16.2% [73]. Two Japanese clinical trials have investigated the efficacy
and safety of carboplatin combined with nab-paclitaxel in ILD patients with NSCLC. One
study by Kenmotsu et al., which analyzed 94 patients with lung cancer and ILD, found that
only 4% developed AE-ILD after therapy [74]. Another similar study involving thirty-six
patients reported only two cases of AE-ILD after chemotherapy, with one resulting in
death [75]. The incidence of AE-ILD is higher in patients treated with second-line agents
such as docetaxel and gemcitabine, with rates of 28% and 43%, respectively [76].

Targeted therapies, such as EGFR and ALK inhibitors, are increasingly being used to
treat NSCLC [77]. However, these therapies come with an increased risk of pneumonitis
in patients with ILD [78]. For instance, a study of over 3000 Japanese NSCLC patients
revealed that 4% developed AE-ILD within 12 weeks of gefitinib treatment [79]. Similarly,
a meta-analysis of over 2000 NSCLC patients treated with ALK inhibitors found a 2%
incidence of AE [80].

The introduction of ICIs has significantly improved overall survival in lung cancer
patients, though immune-related side effects remain a concern. While the risk of pneu-
monitis is well-documented, the incidence of AE in ILD patients is still unclear due to the
limited number of small retrospective studies [81]. For example, Nishiyama et al. found
that 14.5% of 48 NSCLC and ILD patients treated with nivolumab, pembrolizumab, or
atezolizumab developed AE-ILD [82]. In another recent study by Takahara et al., almost
50% of 27 patients with ILD and lung cancer experienced AE [83].

Few studies evaluated AE-ILD incidence in patients with lung cancer treated with a
combination of CT and ICIs. A recent multicenter prospective study enrolled 21 patients
with extensive-stage SCLC and ILD treated with a combination of carboplatin-etoposide
and durvalumab. The authors showed that AE-ILD incidence during induction treatment
was only 9.5%, similar to that of patients treated with chemotherapy alone [84].

Regarding ADCs, some side effects are reported for trastuzumab ILD patients, but data
are limited, and ADCs are actually contraindicated in all ILD patients with NSCLC [85].

Recent studies underlined the promising role of biomarkers in identifying cancer
patients with ILD who are at higher risk of AEs during systemic therapy [86–88]. Krebs
von den Lungen-6 (KL-6) has been associated with an increased risk of AE in ILD patients
with lung cancer [87,88]. Further research is essential to standardize these biomarkers and
establish risk thresholds to improve monitoring and facilitate early intervention.

In conclusion, while chemotherapy is important in treating lung cancer, its use in pa-
tients with concomitant ILD carries significant risks. Looking for the best risk/benefit ratio
and balancing treatment efficacy with the potential for severe adverse events, especially
AE-ILD, is a challenge, and most importantly, the multidisciplinary team is essential to
deciding the best way to treat this special population.
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10. Radiotherapy and the Risk of AE-ILD in Lung Cancer Patients

Radiotherapy (RT) plays a central role in the treatment of lung cancer. Lung cancer is
the second most common indication for RT globally and has consistently been demonstrated
to be the most common indication for palliative RT [89–91]. Chemo-radiotherapy, followed
by maintenance immunotherapy, is the standard of care for the treatment of advanced
NSCLC. While radiotherapy is generally well tolerated, the side effects can vary depending
on the total dose, the treatment area, and size [92]. Even if most studies have focused
more on radiation pneumonitis, one of the side effects in ILD patients is the occurrence of
AE [93].

The incidence of AE-ILD in patients with lung cancer treated with chemo-radiotherapy
varies widely, ranging from 6% to 83% [94]. In a retrospective study with one hundred
and twenty-two patients enrolled, Koyama et al. reported that seven patients with SCLC
were treated with chemo-radiotherapy [95]. Data showed that five of them reported an
AE-ILD. On the other hand, Taya et al. showed a lower incidence, with only one out of
fifteen patients experiencing AE-ILD during chemo-radiotherapy [96].

Kim et al. studied 101 lung cancer patients with IPF and found that 17.9% who
received radiation therapy experienced AE [64]. Patients with AE had a median survival of
five months, compared to sixteen months for those without AEs [64].

Chen et al. conducted a systematic review of the incidence of AE-ILD in treatments for
early-stage non-small cell lung cancer (ES-NSCLC) with coexisting ILD [97]. They found
that stereotactic ablative radiation therapy (SABR) had high rates of treatment-related
mortality and toxicity, especially in patients with IPF (15% vs. 33% and 25% vs. 71%) [97].

In contrast, particle beam therapies, including proton beam therapy (PBT) and carbon
ion beam therapy (CIBT), demonstrated a lower incidence of treatment-related mortality
(4.3%) and toxicity (18.2%) compared to SABR [98]. A retrospective study by Hyun et al.
investigated the relationship between AEs and treatment modalities in lung cancer patients
with ILD. They discovered that 16.2% of those who received radiotherapy experienced
adverse events, which were linked to poorer survival outcomes compared to patients
without adverse events [86].

In conclusion, RT in lung cancer patients with ILD faces a higher risk of AE. Newer
treatments like PBT and CIBT show promising results in reducing mortality and toxicity
compared to chemo-radiotherapy and SABR.

11. AE-ILD Risk Following Percutaneous Ablation of Lung Cancer Tumors

Image-guided tumor Ablation (IGTA), including RFA and cryoablation, has emerged
as an important treatment option for patients with lung cancer who are not suitable
candidates for surgery due to advanced disease, age, or other comorbidities [99]. IGTA
utilizes thermal or electrical methods to destroy tumor cells directly and is primarily
performed under CT guidance [100]. These minimally invasive procedures offer palliative
benefits by alleviating pulmonary symptoms in patients who have limited treatment
options, mainly when systemic chemotherapy is too dangerous or has failed [101]. The
experience with the use of IGTA in ILD patients with lung cancer is limited. However, in
the general population, the procedure is generally safe. It is associated with pneumothorax,
although it is not associated with increased mortality. In an observational study, Dupuy et al.
found that the 2-year survival rates in 54 patients were similar to those historically reported
for stereotactic body radiotherapy (SBRT) [102]. Kashima and colleagues described the use
of IGTA in ILD patients [103]. In their retrospective analysis, three out of forty-two patients
with lung cancer and ILD died of AE-ILD [103]. A recent systematic review analyzed
46 patients with ILD who were treated with RFA for lung cancer. The review reported
an ILD-specific toxicity rate of 25% and a 9% mortality rate [104]. Finally, Yamauchi et al.
reported that 2 out of 11 patients with IPF (18%) experienced AE-ILD and subsequent
death after percutaneous cryoablation for lung cancer [105]. In conclusion, IGTA is an
emerging treatment supported by promising preliminary data. However, further studies
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are necessary to validate these results, and the risk of AE needs to be considered in patients
with concomitant ILD.

12. Treatment of AE-ILD

Since no evidence-based management strategy is available for AE-ILD, as well as for
AE-IPF, the currently used approach is based on supportive care and unproven drugs [18].
Thus, the IPF guidelines weakly recommend the use of systemic steroids in patients with
AE-IPF, with no recommendation on the most appropriate type, dose, and duration of
steroids to be used [106]. However, in a recent retrospective study, no evidence was found
that corticosteroid use improves the outcomes of patients with IPF admitted because of an
AE [107]. Currently, two prospective studies are ongoing, the first exploring the efficacy
of glucocorticoids versus placebo for the treatment of AE-IPF (EXAFIP2) [108], the other
evaluating the efficacy of pulse steroid for 3 days with methylprednisolone 10 mg/kg daily
followed by background steroid therapy compared to background steroid therapy [109].

In 2016, Collard and colleagues recommended that immunosuppressive therapy
should be studied in randomized controlled trials to better evaluate their possible benefit
in AE-IPF [18]. In a recent randomized, placebo-controlled trial, Naccache and colleagues
showed that intravenous pulses of cyclophosphamide (CYC) added to high-dose gluco-
corticoids did not reduce all-cause mortality in patients with AE-IPF. In contrast, a trend
towards increased mortality at 3 months, although less pronounced after 6 months, was
observed in patients receiving CYC compared with placebo [110].

Nevertheless, in a pilot study, patients affected by AE-IPF were treated with therapeu-
tic plasma exchange and rituximab (RTX), a chimeric mouse-human anti-CD20 antibody,
supplemented in some cases with intravenous immunoglobulins (IVIGs) [111].

Seven patients treated with RTX combined with therapeutic plasma exchange demon-
strated a one-year survival rate of 46% compared to 5% in historical controls treated only
with corticosteroids, particularly when IVIGs were added [111]. These results will be further
evaluated in an ongoing, prospective, multicenter, randomized controlled trial [112].

Although excluding an infectious trigger is not required to diagnose AE-ILD, detect-
ing possible pathogens remains important to choosing the most appropriate antibiotic
treatment.

Therefore, considering the difficulties in differentiating AE-ILD, and particularly AE-
IPF, from a bronchopulmonary infection, broad-spectrum antibiotics are often administered
in patients with acute worsening of dyspnea [113].

Although most patients with AE-IPF develop acute respiratory failure, current treat-
ment guidelines suggest that these patients should not receive mechanical ventilation (MV)
based on the futility of the intervention. However, in more recent studies, the overall
survival of some patients improved [114], and possible predictive factors for mortality
associated with MV have recently been investigated, but further studies are required to
correctly select the subgroup of patients to be treated [115].

Nevertheless, considering the very frequent unfavorable outcomes, palliative care
appears to be an important treatment for these patients, considering that most of them
generally are not intubated. Palliation of dyspnea and anxiety is generally treated with
opioids and benzodiazepines [116,117]. Respiratory depression is often wrongly considered
a major clinical problem; nevertheless, a discussion with patients and relatives is mandatory
to explain the aims of palliation [118]. Cough management, which is also important, can be
done by using various types of drugs, including opioids, to palliate this symptom [116].

13. Limitation

This narrative review has some limitations that should be considered. First of all,
since the prevalence and impact of AE in ILD patients with lung cancer is very limited and
heterogeneous, most of the studies used were retrospective and with a small sample size.
Secondly, the studies analyzed may refer to a different definition of AE, as the definition of
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AE was updated recently and included different populations of patients with ILD. Finally,
we did not perform a formal assessment of the quality of the studies.

14. Conclusions

In conclusion, AE-ILD remains a critical and challenging complication in lung cancer
patients from diagnosis to treatment. According to the revised 2016 criteria, AE-ILD is
most extensively studied in IPF, but it is also observed in other ILDs, often applying the
same criteria due to clinical similarities. As summarized in Table 3, the risk of AE is
further influenced by diagnostic and therapeutic interventions, such as bronchoscopy,
surgical procedures, chemotherapy, and radiotherapy, all of which can precipitate AE-ILD
in susceptible patients. Despite advances in diagnostic techniques and treatment strategies,
AE-ILD continues to carry a high mortality risk, underscoring the need for monitoring
and a cautious approach to managing ILD patients, mainly when invasive procedures
are considered. Future research should focus on understanding the mechanisms behind
AE-ILD across various types, not just IPF. This could lead to more tailored treatments.
Longitudinal studies are also needed to evaluate alternative treatment strategies that may
reduce AE-ILD risk in lung cancer patients undergoing invasive procedures. Moreover,
identifying predictive biomarkers for AE-ILD could help clinicians better anticipate and
manage risks before invasive treatments. As research progresses, a better understanding of
the mechanisms driving AE-ILD and the development of tailored therapeutic approaches
are essential to improve outcomes for these patients.

Table 3. Summary of incidence of AE-ILD and AE-IPF associated with medical procedures and
oncological treatments.

Procedures Incidence of AE-ILD Incidence of AE-IPF References

Bronchoscopic procedures

TBCB 0–2% - Casoni et al. [38], Kronborg-White et al. [39],
Bango-Alvarez et al. [40], Dhooria et al. [41]

BAL - 3% Sakamoto et al. [45]

Surgical Procedures

SLB 2–7% 11% Utz et al. [53], Fibla et al. [54], Kondoh et al. [55]

SLR 9% 23% Sato et al. [58], Sato et al. [57]

Systematic Therapy

Chemotherapy 5–12% - Wang et al. [71]

TKIs 4% - Kudoh et al. [79]

ALK inhibitors 2% - Suh et al. [80]

ICIs 14–50% - Nishiyama et al. [82], Takahara et al. [83]

Radiotherapy

SBRT - 17% Kim et al. [64]

SABR 33% 71% Chen et al. [97]

Particle beam therapy 18% - Vyfhuis et al. [98], Hyun et al. [86]

Percutaneous Ablation

IGTA 7% - Kashima et al. [103]

RFA 25% - Chen et al. [104]

Cryoablation 18% - Yamauchi et al. [105]

AE: Acute Exacerbations; ILD: Interstitial Lung Diseases; IPF: Idiopathic Pulmonary Fibrosis; TBCB: Trans-
bronchial Cryobiopsy; BAL: Bronchoalveolar Lavage; SLB: Surgical Lung Biopsy; SLR: Surgical Lung Resection;
TKIs: Tyrosine Kinase Inhibitors; ALK: Anaplastic Lymphoma Kinase; ICIs: Immune Checkpoint Inhibitors; SBRT:
Stereotactic Body Radiotherapy; SART: Stereotactic Ablative Radiation Therapy; IGTA: Image-Guided Tumor
Ablation; RFA: Radiofrequency Ablation.



J. Clin. Med. 2024, 13, 7085 11 of 16

Author Contributions: Conceptualization: U.Z., P.F., D.C., S.A., F.P., G.F., M.M. and F.L.; Data
collection: U.Z., V.B. and M.F.; Writing first draft: U.Z., V.B., M.F., P.F., D.C., S.A., F.P., G.F., M.M. and
F.L.; Critical revisions: U.Z., V.B., M.F., P.F., D.C., S.A., F.P., G.F., M.M. and F.L. All authors have read
and agreed to the published version of the manuscript.

Funding: This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Institutional Review Board Statement: The authors acknowledge that this research work is original
and has not been previously published or is currently being considered for publication elsewhere. All
sources used are properly disclosed, and all authors who have been involved are mentioned. Ethical
approval is not required for this study in accordance with local guidelines.

Data Availability Statement: All data generated or analyzed during this study are included in this
article. Further inquiries can be directed to the corresponding author.

Acknowledgments: We acknowledge that the work of Fabrizio Luppi and Paola Faverio is partially
supported by the Grant: Italian MUR Dipartimenti di Eccellenza 2023–2027 (l. 232/2016, art. 1,
commi 314–337).

Conflicts of Interest: U.Z., P.F., V.B., M.F., D.C., S.A., F.P., M.M. and F.L. do not have any conflicts of
interest to declare. GF declares honoraria for educational events sponsored by AstraZeneca, Roche,
and Boehringer Ingelheim; consulting fees for advisory board work with Roche and Boehringer
Ingelheim. SA declares honoraria for educational events supported by ACCORD, ASTRA ZENECA,
ISPEN, RECORDATI, and JANSSEN. MM declares honoraria for educational events sponsored
by GSK.

References
1. Raghu, G.; Remy-Jardin, M.; Richeldi, L.; Thomson, C.C.; Antoniou, K.M.; Bissell, B.D.; Kreuter, M.; Lynch, D.A.; Maher, T.M.;

Martinez, F.J.; 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, E18–E47. [CrossRef] [PubMed]

2. Ley, B.; Collard, H.R.; King, T.E. Clinical course and prediction of survival in idiopathic pulmonary fibrosis. Am. J. Respir. Crit.
Care Med. 2011, 183, 431–440. [CrossRef] [PubMed]

3. Margaritopoulos, G.A.; Antoniou, K.M.; Wells, A.U. Comorbidities in interstitial lung diseases. Eur. Respir. Rev. 2017, 26, 160027.
[CrossRef] [PubMed]

4. Luppi, F.; Kalluri, M.; Faverio, P.; Kreuter, M.; Ferrara, G. Idiopathic pulmonary fibrosis beyond the lung: Understanding disease
mechanisms to improve diagnosis and management. Respir. Res. 2021, 22, 109. [CrossRef] [PubMed]

5. Global Burden of Disease Cancer Collaboration; Fitzmaurice, C.; Abate, D.; Abbasi, N.; Abbastabar, H.; Abd-Allah, F. Global,
Regional, and National Cancer Incidence, Mortality, Years of Life Lost, Years Lived with Disability, and Disability-Adjusted
Life-Years for 29 Cancer Groups, 1990 to 2017: A Systematic Analysis for the Global Burden of Disease Study. JAMA Oncol. 2019,
5, 1749–1768.

6. Travis, W.D.; Brambilla, E.; Nicholson, A.G.; Yatabe, Y.; Austin, J.H.M.; Beasley, M.B.; Chirieac, L.R.; Dacic, S.; Duhig, E.; Flieder,
D.B.; et al. The 2015 World Health Organization Classification of Lung Tumors: Impact of Genetic, Clinical and Radiologic
Advances Since the 2004 Classification. J. Thorac. Oncol. 2015, 10, 1243–1260. [CrossRef]

7. Fisher, D.A.; Murphy, M.C.; Montesi, S.B.; Hariri, L.P.; Hallowell, R.W.; Keane, F.K.; Lanuti, M.; Mooradian, M.J.; Fintelmann,
F.J. Diagnosis and Treatment of Lung Cancer in the Setting of Interstitial Lung Disease. Radiol. Clin. N. Am. 2022, 60, 993–1002.
[CrossRef]

8. Naccache, J.-M.; Gibiot, Q.; Monnet, I.; Antoine, M.; Wislez, M.; Chouaid, C.; Cadranel, J. Lung cancer and interstitial lung disease:
A literature review. J. Thorac. Dis. 2018, 10, 3829–3844. [CrossRef]

9. Horowitz, J.C.; Osterholzer, J.J.; Marazioti, A.; Stathopoulos, G.T. “Scar-cinoma”: Viewing the fibrotic lung mesenchymal cell in
the context of cancer biology. Eur. Respir. J. 2016, 47, 1842–1854. [CrossRef]

10. Oh, J.Y.; Lee, Y.S.; Min, K.H.; Hur, G.Y.; Lee, S.Y.; Kang, K.H.; Shim, J.J. Impact and prognosis of lung cancer in patients with
combined pulmonary fibrosis and emphysema. Sarcoidosis Vasc. Diffus. Lung Dis. 2020, 37, e2020020.

11. Faverio, P.; Piluso, M.; De Giacomi, F.; Della Zoppa, M.; Cassandro, R.; Harari, S.; Luppi, F.; Pesci, A. Progressive Fibrosing
Interstitial Lung Diseases: Prevalence and Characterization in Two Italian Referral Centers. Respiration 2020, 99, 838–845.
[CrossRef] [PubMed]

12. Rahi, M.S.; Parekh, J.; Pednekar, P.; Parmar, G.; Abraham, S.; Nasir, S.; Subramaniyam, R.; Jeyashanmugaraja, G.P.; Gunasekaran,
K. Radiation-Induced Lung Injury-Current Perspectives and Management. Clin. Pract. 2021, 11, 410–429. [CrossRef] [PubMed]

13. Spagnolo, P.; Bonniaud, P.; Rossi, G.; Sverzellati, N.; Cottin, V. Drug-induced interstitial lung disease. Eur. Respir. J. 2022, 60,
2102776. [CrossRef] [PubMed]

https://doi.org/10.1164/rccm.202202-0399ST
https://www.ncbi.nlm.nih.gov/pubmed/35486072
https://doi.org/10.1164/rccm.201006-0894CI
https://www.ncbi.nlm.nih.gov/pubmed/20935110
https://doi.org/10.1183/16000617.0027-2016
https://www.ncbi.nlm.nih.gov/pubmed/28049126
https://doi.org/10.1186/s12931-021-01711-1
https://www.ncbi.nlm.nih.gov/pubmed/33865386
https://doi.org/10.1097/JTO.0000000000000630
https://doi.org/10.1016/j.rcl.2022.06.010
https://doi.org/10.21037/jtd.2018.05.75
https://doi.org/10.1183/13993003.01201-2015
https://doi.org/10.1159/000509556
https://www.ncbi.nlm.nih.gov/pubmed/33264777
https://doi.org/10.3390/clinpract11030056
https://www.ncbi.nlm.nih.gov/pubmed/34287252
https://doi.org/10.1183/13993003.02776-2021
https://www.ncbi.nlm.nih.gov/pubmed/35332071


J. Clin. Med. 2024, 13, 7085 12 of 16

14. Collard, H.R.; Moore, B.B.; Flaherty, K.R.; Brown, K.K.; Kaner, R.J.; King, T.E.; Lasky, J.A.; Loyd, J.E.; Noth, I.; Olman, M.A.; et al.
Acute exacerbations of idiopathic pulmonary fibrosis. Am. J. Respir. Crit. Care Med. 2007, 176, 636–643. [CrossRef] [PubMed]

15. Luppi, F.; Cerri, S.; Taddei, S.; Ferrara, G.; Cottin, V. Acute exacerbation of idiopathic pulmonary fibrosis: A clinical review. Intern.
Emerg. Med. 2015, 10, 401–411. [CrossRef]

16. Ryerson, C.J.; Collard, H.R. Acute exacerbations complicating interstitial lung disease. Curr. Opin. Pulm. Med. 2014, 20, 436–441.
[CrossRef]

17. Luppi, F.; Sebastiani, M.; Salvarani, C.; Bendstrup, E.; Manfredi, A. Acute exacerbation of interstitial lung disease associated with
rheumatic disease. Nat. Rev. Rheumatol. 2022, 18, 85–96. [CrossRef]

18. Collard, H.R.; Ryerson, C.J.; Corte, T.J.; Jenkins, G.; Kondoh, Y.; Lederer, D.J.; Lee, J.S.; Maher, T.M.; Wells, A.U.; Antoniou, K.M.;
et al. Acute Exacerbation of Idiopathic Pulmonary Fibrosis. An International Working Group Report. Am. J. Respir. Crit. Care Med.
2016, 194, 265–275. [CrossRef]

19. Johkoh, T.; Lee, K.S.; Nishino, M.; Travis, W.D.; Ryu, J.H.; Lee, H.Y.; Ryerson, C.J.; Franquet, T.; Bankier, A.A.; Brown, K.K.; et al.
Chest CT Diagnosis and Clinical Management of Drug-related Pneumonitis in Patients Receiving Molecular Targeting Agents
and Immune Checkpoint Inhibitors: A Position Paper from the Fleischner Society. Radiology 2021, 298, 550–566. [CrossRef]

20. Martins, F.; Sofiya, L.; Sykiotis, G.P.; Lamine, F.; Maillard, M.; Fraga, M.; Shabafrouz, K.; Ribi, C.; Cairoli, A.; Guex-Crosier, Y.; et al.
Adverse effects of immune-checkpoint inhibitors: Epidemiology, management and surveillance. Nat. Rev. Clin. Oncol. 2019, 16,
563–580. [CrossRef]

21. Camus, P.; Fanton, A.; Bonniaud, P.; Camus, C.; Foucher, P. Interstitial lung disease induced by drugs and radiation. Respiration
2004, 71, 301–326. [CrossRef] [PubMed]

22. Chai, M.; Li, L.; Wu, H.; Liu, Y.; Yi, Z.; Yu, H. Lung toxicity induced by anti-HER2 antibody–drug conjugates for breast cancer.
Crit. Rev. Oncol. Hematol. 2024, 195, 104274. [CrossRef] [PubMed]

23. Giuranno, L.; Ient, J.; De Ruysscher, D.; Vooijs, M.A. Radiation-Induced Lung Injury (RILI). Front. Oncol. 2019, 9, 877. [CrossRef]
[PubMed]

24. Budisan, L.; Zanoaga, O.; Braicu, C.; Pirlog, R.; Covaliu, B.; Esanu, V.; Korban, S.S.; Berindan-Neagoe, I. Links between Infections,
Lung Cancer, and the Immune System. Int. J. Mol. Sci. 2021, 22, 9394. [CrossRef]

25. Park, M.; Ho, D.Y.; Wakelee, H.A.; Neal, J.W. Opportunistic Invasive Fungal Infections Mimicking Progression of Non–Small-Cell
Lung Cancer. Clin. Lung Cancer 2021, 22, e193–e200. [CrossRef]

26. Kim, Y.-J.; Lee, E.S.; Lee, Y.-S. High mortality from viral pneumonia in patients with cancer. Infect. Dis. 2019, 51, 502–509.
[CrossRef]

27. Lanoix, J.-P.; Pluquet, E.; Lescure, F.X.; Bentayeb, H.; Lecuyer, E.; Boutemy, M.; Dumont, P.; Jounieaux, V.; Schmit, J.L.; Dayen, C.;
et al. Bacterial infection profiles in lung cancer patients with febrile neutropenia. BMC Infect. Dis. 2011, 11, 183. [CrossRef]

28. Postmus, P.E.; Kerr, K.M.; Oudkerk, M.; Senan, S.; Waller, D.A.; Vansteenkiste, J.; Escriu, C.; Peters, S.; ESMO Guidelines
Committee. Early and locally advanced non-small-cell lung cancer (NSCLC): ESMO Clinical Practice Guidelines for diagnosis,
treatment and follow-up. Ann. Oncol. 2017, 28, iv1–iv21. [CrossRef]

29. Dingemans, A.-M.C.; Früh, M.; Ardizzoni, A.; Besse, B.; Faivre-Finn, C.; Hendriks, L.E.; Lantuejoul, E.; Peters, S.; Reguart, N.;
Rudin, C.M.; et al. Small-cell lung cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up✩. Ann.
Oncol. 2021, 32, 839–853. [CrossRef]

30. Attili, I.; Corvaja, C.; Spitaleri, G.; Del Signore, E.; Aliaga, P.T.; Passaro, A.; de Marinis, F. New Generations of Tyrosine Kinase
Inhibitors in Treating NSCLC with Oncogene Addiction: Strengths and Limitations. Cancers 2023, 15, 5079. [CrossRef]

31. Yoneda, K.; Imanishi, N.; Ichiki, Y.; Tanaka, F. Immune Checkpoint Inhibitors (ICIs) in Non-Small Cell Lung Cancer (NSCLC). J.
UOEH 2018, 40, 173–189. [CrossRef] [PubMed]

32. Paz-Ares, L.G.; Juan-Vidal, O.; Mountzios, G.S.; Felip, E.; Reinmuth, N.; de Marinis, F.; Girard, N.; Patel, V.M.; Takahama, T.;
Owen, S.P.; et al. Sacituzumab Govitecan Versus Docetaxel for Previously Treated Advanced or Metastatic Non-Small Cell Lung
Cancer: The Randomized, Open-Label Phase III EVOKE-01 Study. J. Clin. Oncol. 2024, 42, 2860–2872. [CrossRef] [PubMed]

33. Ahn, M.-J.; Tanaka, K.; Paz-Ares, L.; Cornelissen, R.; Girard, N.; Pons-Tostivint, E.; Baz, D.V.; Sugawara, S.; Cobo, M.; Pérol, M.;
et al. Datopotamab Deruxtecan Versus Docetaxel for Previously Treated Advanced or Metastatic Non-Small Cell Lung Cancer:
The Randomized, Open-Label Phase III TROPION-Lung01 Study. J. Clin. Oncol. 2024, 2024, JCO2401544. [CrossRef] [PubMed]

34. McLean, A.E.B.; Barnes, D.J.; Troy, L.K. Diagnosing Lung Cancer: The Complexities of Obtaining a Tissue Diagnosis in the Era of
Minimally Invasive and Personalised Medicine. J. Clin. Med. 2018, 7, 163. [CrossRef] [PubMed]

35. Herth, F.J.F. Bronchoscopy and bleeding risk. Eur. Respir. Rev. 2017, 26, 170052. [CrossRef]
36. Simon, M.; Simon, I.; Tent, P.A.; Todea, D.A.; Harangus, , A. Cryobiopsy in Lung Cancer Diagnosis-A Literature Review. Medicina

2021, 57, 393. [CrossRef]
37. Cheng, T.-L.; Huang, Z.-S.; Zhang, J.; Wang, J.; Zhao, J.; Kontogianni, K.; Fu, W.-L.; Wu, N.; Kuebler, W.; Herth, F.; et al.

Comparison of cryobiopsy and forceps biopsy for the diagnosis of mediastinal lesions: A randomised clinical trial. Pulmonology
2024, 30, 466–474. [CrossRef]

38. Casoni, G.L.; Tomassetti, S.; Cavazza, A.; Colby, T.V.; Dubini, A.; Ryu, J.H.; Carretta, E.; Tantalocco, P.; Piciucchi, S.; Ravaglia, C.;
et al. Transbronchial lung cryobiopsy in the diagnosis of fibrotic interstitial lung diseases. PLoS ONE 2014, 9, e86716. [CrossRef]

https://doi.org/10.1164/rccm.200703-463PP
https://www.ncbi.nlm.nih.gov/pubmed/17585107
https://doi.org/10.1007/s11739-015-1204-x
https://doi.org/10.1097/MCP.0000000000000073
https://doi.org/10.1038/s41584-021-00721-z
https://doi.org/10.1164/rccm.201604-0801CI
https://doi.org/10.1148/radiol.2021203427
https://doi.org/10.1038/s41571-019-0218-0
https://doi.org/10.1159/000079633
https://www.ncbi.nlm.nih.gov/pubmed/15316202
https://doi.org/10.1016/j.critrevonc.2024.104274
https://www.ncbi.nlm.nih.gov/pubmed/38295890
https://doi.org/10.3389/fonc.2019.00877
https://www.ncbi.nlm.nih.gov/pubmed/31555602
https://doi.org/10.3390/ijms22179394
https://doi.org/10.1016/j.cllc.2020.10.001
https://doi.org/10.1080/23744235.2019.1592217
https://doi.org/10.1186/1471-2334-11-183
https://doi.org/10.1093/annonc/mdx222
https://doi.org/10.1016/j.annonc.2021.03.207
https://doi.org/10.3390/cancers15205079
https://doi.org/10.7888/juoeh.40.173
https://www.ncbi.nlm.nih.gov/pubmed/29925736
https://doi.org/10.1200/JCO.24.00733
https://www.ncbi.nlm.nih.gov/pubmed/38843511
https://doi.org/10.1200/JCO-24-01544
https://www.ncbi.nlm.nih.gov/pubmed/39250535
https://doi.org/10.3390/jcm7070163
https://www.ncbi.nlm.nih.gov/pubmed/29966246
https://doi.org/10.1183/16000617.0052-2017
https://doi.org/10.3390/medicina57040393
https://doi.org/10.1016/j.pulmoe.2023.12.002
https://doi.org/10.1371/journal.pone.0086716


J. Clin. Med. 2024, 13, 7085 13 of 16

39. Kronborg-White, S.; Sritharan, S.S.; Madsen, L.B.; Folkersen, B.; Voldby, N.; Poletti, V.; Rasmussen, T.R.; Bendstrup, E. Integration
of cryobiopsies for interstitial lung disease diagnosis is a valid and safe diagnostic strategy-experiences based on 250 biopsy
procedures. J. Thorac. Dis. 2021, 13, 1455–1465. [CrossRef]

40. Bango-Álvarez, A.; Ariza-Prota, M.; Torres-Rivas, H.; Fernández-Fernández, L.; Prieto, A.; Sánchez, I.; Gil, M.; Pando-Sandoval,
A. Transbronchial cryobiopsy in interstitial lung disease: Experience in 106 cases-how to do it. ERJ Open Res. 2017, 3, 00148–2016.
[CrossRef]

41. Dhooria, S.; Mehta, R.M.; Srinivasan, A.; Madan, K.; Sehgal, I.S.; Pattabhiraman, V.; Yadav, P.; Sivaramakrishnan, M.; Mohan, A.;
Bal, A.; et al. The safety and efficacy of different methods for obtaining transbronchial lung cryobiopsy in diffuse lung diseases.
Clin. Respir. J. 2018, 12, 1711–1720. [CrossRef] [PubMed]

42. Zhang, H.; Deng, D.; Li, S.; Ren, J.; Huang, W.; Liu, D.; Wang, W. Bronchoalveolar lavage fluid assessment facilitates precision
medicine for lung cancer. Cancer Biol. Med. 2023, 21, 230–251. [CrossRef] [PubMed]

43. Meyer, K.C.; Raghu, G. Bronchoalveolar lavage for the evaluation of interstitial lung disease: Is it clinically useful? Eur. Respir. J.
2011, 38, 761–769. [CrossRef] [PubMed]

44. Hiwatari, N.; Shimura, S.; Takishima, T.; Shirato, K. Bronchoalveolar lavage as a possible cause of acute exacerbation in idiopathic
pulmonary fibrosis patients. Tohoku, J. Exp. Med. 1994, 174, 379–386. [CrossRef] [PubMed]

45. Sakamoto, K.; Taniguchi, H.; Kondoh, Y.; Wakai, K.; Kimura, T.; Kataoka, K.; Hashimoto, N.; Nishiyama, O.; Hasegawa, Y. Acute
exacerbation of IPF following diagnostic bronchoalveolar lavage procedures. Respir. Med. 2012, 106, 436–442. [CrossRef]

46. Taniguchi, H.; Ebina, M.; Kondoh, Y.; Ogura, T.; Azuma, A.; Suga, M.; Taguchi, Y.; Takahashi, H.; Nakata, K.; Sato, A.; et al.
Pirfenidone in idiopathic pulmonary fibrosis. Eur. Respir. J. 2010, 35, 821–829. [CrossRef]

47. Kondoh, Y.; Taniguchi, H.; Katsuta, T.; Kataoka, K.; Kimura, T.; Nishiyama, O.; Sakamoto, K.; Johkoh, T.; Nishimura, M.; Ono, K.;
et al. Risk factors of acute exacerbation of idiopathic pulmonary fibrosis. Sarcoidosis Vasc. Diffuse Lung Dis. 2010, 27, 103–110.

48. Suga, T.; Sugiyama, Y.; Ohno, S.; Kitamura, S. [Two cases of IIP which developed acute exacerbation after bronchoalveolar lavage].
Nihon Kyobu Shikkan Gakkai Zasshi 1994, 32, 174–178.

49. Samhouri, B.F.; Kanj, A.N.; Chehab, O.; Ryu, J.H. Outcomes for Elective Open and Thoracoscopic Surgical Lung Biopsies in the
United States and Temporal Trends. Mayo Clin. Proc. Innov. Qual. Outcomes 2022, 6, 87–97. [CrossRef]

50. Winokur, R.; Pua, B.; Sullivan, B.; Madoff, D. Percutaneous Lung Biopsy: Technique, Efficacy, and Complications. Semin. Intervent
Radiol. 2013, 30, 121–127. [CrossRef]

51. Hutchinson, J.P.; Fogarty, A.W.; McKeever, T.M.; Hubbard, R.B. In-Hospital Mortality after Surgical Lung Biopsy for Interstitial
Lung Disease in the United States. 2000 to 2011. Am. J. Respir. Crit. Care Med. 2016, 193, 1161–1167. [CrossRef] [PubMed]

52. Amundson, W.H.; Racila, E.; Allen, T.; Dincer, H.E.; Tomic, R.; Bhargava, M.; Perlman, D.M.; Kim, H.J. Acute exacerbation of
interstitial lung disease after procedures. Respir. Med. 2019, 150, 30–37. [CrossRef] [PubMed]

53. Utz, J.P.; Ryu, J.H.; Douglas, W.W.; Hartman, T.E.; Tazelaar, H.D.; Myers, J.L.; Allen, M.; Schroeder, D. High short-term mortality
following lung biopsy for usual interstitial pneumonia. Eur. Respir. J. 2001, 17, 175–179. [CrossRef] [PubMed]

54. Fibla, J.J.; Brunelli, A.; Cassivi, S.D.; Deschamps, C. Aggregate risk score for predicting mortality after surgical biopsy for
interstitial lung disease. Interact. Cardiovasc. Thorac. Surg. 2012, 15, 276–279. [CrossRef] [PubMed]

55. Kondoh, Y.; Taniguchi, H.; Kitaichi, M.; Yokoi, T.; Johkoh, T.; Oishi, T.; Kimura, T.; Nishiyama, O.; Kato, K.; du Bois, R.M. Acute
exacerbation of interstitial pneumonia following surgical lung biopsy. Respir. Med. 2006, 100, 1753–1759. [CrossRef]

56. Hartwig, M.G.; D’Amico, T.A. Thoracoscopic lobectomy: The gold standard for early-stage lung cancer? Ann. Thorac. Surg. 2010,
89, S2098–S2101. [CrossRef]

57. Sato, S.; Shimizu, Y.; Goto, T.; Kitahara, A.; Koike, T.; Ishikawa, H.; Watanabe, T.; Tsuchida, M. Survival after repeated surgery for
lung cancer with idiopathic pulmonary fibrosis: A retrospective study. BMC Pulm. Med. 2018, 18, 134. [CrossRef]

58. Sato, T.; Teramukai, S.; Kondo, H.; Watanabe, A.; Ebina, M.; Kishi, K.; Fujii, Y.; Mitsudomi, T.; Yoshimura, M.; Maniwa, T.; et al.
Impact and predictors of acute exacerbation of interstitial lung diseases after pulmonary resection for lung cancer. J. Thorac.
Cardiovasc. Surg. 2014, 147, 1604–1611.e3. [CrossRef]

59. Shintani, Y.; Ohta, M.; Iwasaki, T.; Ikeda, N.; Tomita, E.; Kawahara, K.; Ohno, Y. Predictive factors for postoperative acute
exacerbation of interstitial pneumonia combined with lung cancer. Gen. Thorac. Cardiovasc. Surg. 2010, 58, 182–185. [CrossRef]

60. Song, J.W.; Hong, S.-B.; Lim, C.-M.; Koh, Y.; Kim, D.S. Acute exacerbation of idiopathic pulmonary fibrosis: Incidence, risk factors
and outcome. Eur. Respir. J. 2011, 37, 356–363. [CrossRef]

61. Plönes, T.; Osei-Agyemang, T.; Elze, M.; Palade, E.; Wagnetz, D.; Loop, T.; Kayser, G.; Passlick, B. Morbidity and mortality in
patients with usual interstitial pneumonia (UIP) pattern undergoing surgery for lung biopsy. Respir. Med. 2013, 107, 629–632.
[CrossRef] [PubMed]

62. Kawasaki, H.; Nagai, K.; Yoshida, J.; Nishimura, M.; Nishiwaki, Y. Postoperative morbidity, mortality, and survival in lung cancer
associated with idiopathic pulmonary fibrosis. J. Surg. Oncol. 2002, 81, 33–37. [CrossRef] [PubMed]

63. Aranaz-Ostáriz, V.; Gea-Velázquez De Castro, M.T.; López-Rodríguez-Arias, F.; San José-Saras, D.; Vicente-Guijarro, J.; Pardo-
Hernández, A.; Aranaz-Andrés, J.M.; on behalf of the ESHMAD Director Group and External Advisers. Surgery Is in Itself a Risk
Factor for the Patient. Int. J. Environ. Res. Public. Health 2022, 19, 4761. [CrossRef] [PubMed]

64. Kim, H.C.; Lee, S.; Song, J.W. Impact of idiopathic pulmonary fibrosis on clinical outcomes of lung cancer patients. Sci. Rep. 2021,
11, 8312. [CrossRef] [PubMed]

https://doi.org/10.21037/jtd-20-2431
https://doi.org/10.1183/23120541.00148-2016
https://doi.org/10.1111/crj.12734
https://www.ncbi.nlm.nih.gov/pubmed/29105361
https://doi.org/10.20892/j.issn.2095-3941.2023.0381
https://www.ncbi.nlm.nih.gov/pubmed/38164737
https://doi.org/10.1183/09031936.00069509
https://www.ncbi.nlm.nih.gov/pubmed/21540304
https://doi.org/10.1620/tjem.174.379
https://www.ncbi.nlm.nih.gov/pubmed/7732520
https://doi.org/10.1016/j.rmed.2011.11.006
https://doi.org/10.1183/09031936.00005209
https://doi.org/10.1016/j.mayocpiqo.2021.12.003
https://doi.org/10.1055/s-0033-1342952
https://doi.org/10.1164/rccm.201508-1632OC
https://www.ncbi.nlm.nih.gov/pubmed/26646481
https://doi.org/10.1016/j.rmed.2019.02.012
https://www.ncbi.nlm.nih.gov/pubmed/30961948
https://doi.org/10.1183/09031936.01.17201750
https://www.ncbi.nlm.nih.gov/pubmed/11334116
https://doi.org/10.1093/icvts/ivs174
https://www.ncbi.nlm.nih.gov/pubmed/22596096
https://doi.org/10.1016/j.rmed.2006.02.002
https://doi.org/10.1016/j.athoracsur.2010.02.102
https://doi.org/10.1186/s12890-018-0703-8
https://doi.org/10.1016/j.jtcvs.2013.09.050
https://doi.org/10.1007/s11748-009-0569-z
https://doi.org/10.1183/09031936.00159709
https://doi.org/10.1016/j.rmed.2012.11.020
https://www.ncbi.nlm.nih.gov/pubmed/23337301
https://doi.org/10.1002/jso.10145
https://www.ncbi.nlm.nih.gov/pubmed/12210025
https://doi.org/10.3390/ijerph19084761
https://www.ncbi.nlm.nih.gov/pubmed/35457626
https://doi.org/10.1038/s41598-021-87747-1
https://www.ncbi.nlm.nih.gov/pubmed/33859288


J. Clin. Med. 2024, 13, 7085 14 of 16

65. Okamoto, T.; Gotoh, M.; Masuya, D.; Nakashima, T.; Liu, D.; Kameyama, K.; Ishikawa, S.; Yamamoto, Y.; Huang, C.-L.; Yokomise,
H. Clinical analysis of interstitial pneumonia after surgery for lung cancer. Jpn. J. Thorac. Cardiovasc. Surg. 2004, 52, 323–329.
[CrossRef]

66. Patel, A.J.; Walters, G.I.; Watkins, S.; Rogers, V.; Fallouh, H.; Kalkat, M.; Naidu, B.; Bishay, E.S. Lung cancer resection in patients
with underlying usual interstitial pneumonia: A meta-analysis. BMJ Open Respir. Res. 2023, 10, e001529. [CrossRef]

67. Liu, S.; Li, S.; Tang, Y.; Chen, R.; Qiao, G. Minimally invasive surgery vs. open thoracotomy for non-small-cell lung cancer with
N2 disease: A systematic review and meta-analysis. Front. Med. 2023, 10, 1152421. [CrossRef]

68. Frank, A.J.; Dagogo-Jack, I.; Dobre, I.A.; Tait, S.; Schumacher, L.; Fintelmann, F.J.; Fingerman, L.M.; Keane, F.K.; Montesi, S.B.
Management of Lung Cancer in the Patient with Interstitial Lung Disease. Oncologist 2023, 28, 12–22. [CrossRef]

69. Chaft, J.E.; Rimner, A.; Weder, W.; Azzoli, C.G.; Kris, M.G.; Cascone, T. Evolution of systemic therapy for stages I-III non-metastatic
non-small-cell lung cancer. Nat. Rev. Clin. Oncol. 2021, 18, 547–557. [CrossRef]

70. Shen, X.; Zhao, B. Efficacy of PD-1 or PD-L1 inhibitors and PD-L1 expression status in cancer: Meta-analysis. BMJ 2018, 362,
k3529. [CrossRef]

71. Wang, Y.; Miao, L.; Hu, Y.; Zhou, Y. The Efficacy and Safety of First-Line Chemotherapy in Patients with Non-small Cell Lung
Cancer and Interstitial Lung Disease: A Systematic Review and Meta-Analysis. Front. Oncol. 2020, 10, 1636. [CrossRef] [PubMed]

72. Ettinger, D.S.; Wood, D.E.; Akerley, W.; Bazhenova, L.A.; Borghaei, H.; Camidge, D.R.; Demmy, T.L.; Dilling, T.J.; Dobelbower,
M.C.; Govindan, R.; et al. Non-Small Cell Lung Cancer, Version 6.2015. J. Natl. Compr. Canc Netw. 2015, 13, 515–524. [CrossRef]
[PubMed]

73. Minegishi, Y.; Gemma, A.; Homma, S.; Kishi, K.; Azuma, A.; Ogura, T.; Hamada, N.; Taniguchi, H.; Hattori, N.; Nishioka, Y.; et al.
Acute exacerbation of idiopathic interstitial pneumonias related to chemotherapy for lung cancer: Nationwide surveillance in
Japan. ERJ Open Res. 2020, 6, 00184–2019. [CrossRef] [PubMed]

74. Kenmotsu, H.; Yoh, K.; Mori, K.; Ono, A.; Baba, T.; Fujiwara, Y.; Yamaguchi, O.; Ko, R.; Okamoto, H.; Yamamoto, N.; et al. Phase
II study of nab-paclitaxel + carboplatin for patients with non-small-cell lung cancer and interstitial lung disease. Cancer Sci. 2019,
110, 3738–3745. [CrossRef] [PubMed]

75. Asahina, H.; Oizumi, S.; Takamura, K.; Harada, T.; Harada, M.; Yokouchi, H.; Kanazawa, K.; Fujita, Y.; Kojima, T.; Sugaya, F.;
et al. A prospective phase II study of carboplatin and nab-paclitaxel in patients with advanced non-small cell lung cancer and
concomitant interstitial lung disease (HOT1302). Lung Cancer 2019, 138, 65–71. [CrossRef]

76. Kenmotsu, H.; Naito, T.; Kimura, M.; Ono, A.; Shukuya, T.; Nakamura, Y.; Tsuya, A.; Kaira, K.; Murakami, H.; Takahashi, T.; et al.
The risk of cytotoxic chemotherapy-related exacerbation of interstitial lung disease with lung cancer. J. Thorac. Oncol. 2011, 6,
1242–1246. [CrossRef]

77. Li, S.; de Camargo Correia, G.S.; Wang, J.; Manochakian, R.; Zhao, Y.; Lou, Y. Emerging Targeted Therapies in Advanced
Non-Small-Cell Lung Cancer. Cancers 2023, 15, 2899. [CrossRef]

78. Ding, P.N.; Lord, S.J.; Gebski, V.; Links, M.; Bray, V.; Gralla, R.J.; Yang, J.C.-H.; Lee, C.K. Risk of Treatment-Related Toxicities
from EGFR Tyrosine Kinase Inhibitors: A Meta-analysis of Clinical Trials of Gefitinib, Erlotinib, and Afatinib in Advanced
EGFR-Mutated Non-Small Cell Lung Cancer. J. Thorac. Oncol. 2017, 12, 633–643. [CrossRef]

79. Kudoh, S.; Kato, H.; Nishiwaki, Y.; Fukuoka, M.; Nakata, K.; Ichinose, Y.; Tsuboi, M.; Yokota, S.; Nakagawa, K.; Suga, M.; et al.
Interstitial lung disease in Japanese patients with lung cancer: A cohort and nested case-control study. Am. J. Respir. Crit. Care
Med. 2008, 177, 1348–1357. [CrossRef]

80. Suh, C.H.; Kim, K.W.; Pyo, J.; Hatabu, H.; Nishino, M. The incidence of ALK inhibitor-related pneumonitis in advanced
non-small-cell lung cancer patients: A systematic review and meta-analysis. Lung Cancer 2019, 132, 79–86. [CrossRef]

81. Cameli, P.; Faverio, P.; Ferrari, K.; Bonti, V.; Marsili, S.; Mazzei, M.A.; Mazzoni, F.; Bartolucci, M.; Scotti, V.; Bertolini, F.; et al.
Immune-Checkpoint-Inhibitor-Related Lung Toxicity: A Multicentre Real-Life Retrospective Portrait from Six Italian Centres. Life
2022, 12, 1149. [CrossRef] [PubMed]

82. Nishiyama, N.; Honda, T.; Sema, M.; Kawahara, T.; Jin, Y.; Natsume, I.; Chiaki, T.; Yamashita, T.; Tsukada, Y.; Taki, R.; et al. The
utility of ground-glass attenuation score for anticancer treatment-related acute exacerbation of interstitial lung disease among
lung cancer patients with interstitial lung disease. Int. J. Clin. Oncol. 2020, 25, 282–291. [CrossRef] [PubMed]

83. Takahara, Y.; Tanaka, T.; Ishige, Y.; Shionoya, I.; Yamamura, K.; Sakuma, T.; Nishiki, K.; Nakase, K.; Nojiri, M.; Kato, R.; et al. Risk
factors for acute exacerbation in lung cancer complicated by interstitial lung disease with slight reticular shadows. Thorac. Cancer
2021, 12, 2758–2766. [CrossRef] [PubMed]

84. Shibaki, R.; Fujimoto, D.; Miyauchi, E.; Tsukita, Y.; Nakachi, I.; Arai, D.; Sakata, Y.; Shingu, N.; Shimokawa, T.; Kijima, T.; et al.
Durvalumab with etoposide and carboplatin for patients with extensive-stage small cell lung cancer and interstitial lung disease:
A multicenter, open-label prospective trial. Lung Cancer 2024, 196, 107958. [CrossRef] [PubMed]

85. Heist, R.S.; Sands, J.; Bardia, A.; Shimizu, T.; Lisberg, A.; Krop, I.; Yamamoto, N.; Kogawa, T.; Al-Hashimi, S.; Fung, S.S.; et al.
Clinical management, monitoring, and prophylaxis of adverse events of special interest associated with datopotamab deruxtecan.
Cancer Treat. Rev. 2024, 125, 102720. [CrossRef]

86. Hyun, D.; Han, S.J.; Ji, W.; Choi, C.; Lee, J.C.; Kim, H.C. Clinical characteristics and prognostic impact of acute exacerbations
in patients with interstitial lung disease and lung cancer: A single-center, retrospective cohort study. Thorac. Cancer 2023, 14,
3323–3330. [CrossRef]

https://doi.org/10.1007/s11748-004-0063-6
https://doi.org/10.1136/bmjresp-2022-001529
https://doi.org/10.3389/fmed.2023.1152421
https://doi.org/10.1093/oncolo/oyac226
https://doi.org/10.1038/s41571-021-00501-4
https://doi.org/10.1136/bmj.k3529
https://doi.org/10.3389/fonc.2020.01636
https://www.ncbi.nlm.nih.gov/pubmed/33014824
https://doi.org/10.6004/jnccn.2015.0071
https://www.ncbi.nlm.nih.gov/pubmed/25964637
https://doi.org/10.1183/23120541.00184-2019
https://www.ncbi.nlm.nih.gov/pubmed/32494570
https://doi.org/10.1111/cas.14217
https://www.ncbi.nlm.nih.gov/pubmed/31608537
https://doi.org/10.1016/j.lungcan.2019.09.020
https://doi.org/10.1097/JTO.0b013e318216ee6b
https://doi.org/10.3390/cancers15112899
https://doi.org/10.1016/j.jtho.2016.11.2236
https://doi.org/10.1164/rccm.200710-1501OC
https://doi.org/10.1016/j.lungcan.2019.04.015
https://doi.org/10.3390/life12081149
https://www.ncbi.nlm.nih.gov/pubmed/36013328
https://doi.org/10.1007/s10147-019-01576-x
https://www.ncbi.nlm.nih.gov/pubmed/31720993
https://doi.org/10.1111/1759-7714.14121
https://www.ncbi.nlm.nih.gov/pubmed/34409749
https://doi.org/10.1016/j.lungcan.2024.107958
https://www.ncbi.nlm.nih.gov/pubmed/39312871
https://doi.org/10.1016/j.ctrv.2024.102720
https://doi.org/10.1111/1759-7714.15124


J. Clin. Med. 2024, 13, 7085 15 of 16

87. Miyazaki, K.; Kurishima, K.; Kagohashi, K.; Kawaguchi, M.; Ishikawa, H.; Satoh, H.; Hizawa, N. Serum KL-6 levels in lung cancer
patients with or without interstitial lung disease. J. Clin. Lab. Anal. 2010, 24, 295–299. [CrossRef]

88. Zhang, T.; Shen, P.; Duan, C.; Gao, L. KL-6 as an Immunological Biomarker Predicts the Severity, Progression, Acute Exacerbation,
and Poor Outcomes of Interstitial Lung Disease: A Systematic Review and Meta-Analysis. Front. Immunol. 2021, 12, 745233.
[CrossRef]

89. Åsli, L.M.; Myklebust, T.Å.; Kvaløy, S.O.; Jetne, V.; Møller, B.; Levernes, S.G.; Johannesen, T.B. Factors influencing access to
palliative radiotherapy: A Norwegian population-based study. Acta Oncol. 2018, 57, 1250–1258. [CrossRef]

90. Huang, J.; Wai, E.S.; Lau, F.; Blood, P.A. Palliative radiotherapy utilization for cancer patients at end of life in British Columbia:
Retrospective cohort study. BMC Palliat. Care 2014, 13, 49. [CrossRef]

91. Atun, R.; Jaffray, D.A.; Barton, M.B.; Bray, F.; Baumann, M.; Vikram, B.; Hanna, T.P.; Knaul, F.M.; Lievens, Y.; Lui, T.Y.M.; et al.
Expanding global access to radiotherapy. Lancet Oncol. 2015, 16, 1153–1186. [CrossRef] [PubMed]

92. Barazzuol, L.; Coppes, R.P.; van Luijk, P. Prevention and treatment of radiotherapy-induced side effects. Mol. Oncol. 2020, 14,
1538–1554. [CrossRef] [PubMed]

93. Niska, J.R.; Schild, S.E.; Rule, W.G.; Daniels, T.B.; Jett, J.R. Fatal Radiation Pneumonitis in Patients with Subclinical Interstitial
Lung Disease. Clin. Lung Cancer 2018, 19, e417–e420. [CrossRef] [PubMed]

94. Saha, A.; Dickinson, P.; Shrimali, R.K.; Salem, A.; Agarwal, S. Is Thoracic Radiotherapy an Absolute Contraindication for
Treatment of Lung Cancer Patients with Interstitial Lung Disease? A Systematic Review. Clin. Oncol. R Coll. Radiol. 2022, 34,
e493–e504. [CrossRef] [PubMed]

95. Koyama, N.; Iwai, Y.; Nagai, Y.; Aoshiba, K.; Nakamura, H. Idiopathic pulmonary fibrosis in small cell lung cancer as a predictive
factor for poor clinical outcome and risk of its exacerbation. PLoS ONE 2019, 14, e0221718. [CrossRef] [PubMed]

96. Taya, T.; Chiba, H.; Yamada, G.; Takahashi, M.; Ikeda, K.; Mori, Y.; Otsuka, M.; Takahashi, H. Risk factors for acute exacerbation of
idiopathic interstitial pneumonia in patients undergoing lung cancer treatment. Jpn. J. Clin. Oncol. 2019, 49, 1126–1133. [CrossRef]

97. Chen, H.; Laba, J.M.; Boldt, R.G.; Goodman, C.D.; Palma, D.A.; Senan, S.; Louie, A.V. Stereotactic Ablative Radiation Therapy
Versus Surgery in Early Lung Cancer: A Meta-analysis of Propensity Score Studies. Int. J. Radiat. Oncol. Biol. Phys. 2018, 101,
186–194. [CrossRef]

98. Vyfhuis, M.A.L.; Onyeuku, N.; Diwanji, T.; Mossahebi, S.; Amin, N.P.; Badiyan, S.N.; Mohindra, P.; Simone, C.B. Advances in
proton therapy in lung cancer. Ther. Adv. Respir. Dis. 2018, 12, 1753466618783878. [CrossRef]

99. Lin, M.; Eiken, P.; Blackmon, S. Image guided thermal ablation in lung cancer treatment. J. Thorac. Dis. 2020, 12, 7039–7047.
[CrossRef]

100. Wang, M.; Wei, Z.; Ye, X. Issues and prospects of image-guided thermal ablation in the treatment of primary and metastatic lung
tumors. Thorac. Cancer 2023, 14, 110–115. [CrossRef]

101. Jiang, B.; Mcclure, M.A.; Chen, T.; Chen, S. Efficacy and safety of thermal ablation of lung malignancies: A Network meta-analysis.
Ann. Thorac. Med. 2018, 13, 243–250. [PubMed]

102. Dupuy, D.E.; Fernando, H.C.; Hillman, S.; Ng, T.; Tan, A.D.; Sharma, A.; Rilling, W.S.; Hong, K.; Putnam, J.B. Radiofrequency
ablation of stage IA non-small cell lung cancer in medically inoperable patients: Results from the American College of Surgeons
Oncology Group Z4033 (Alliance) trial. Cancer 2015, 121, 3491–3498. [CrossRef] [PubMed]

103. Kashima, M.; Yamakado, K.; Takaki, H.; Kodama, H.; Yamada, T.; Uraki, J.; Nakatsuka, A. Complications after 1000 lung
radiofrequency ablation sessions in 420 patients: A single center’s experiences. AJR Am. J. Roentgenol. 2011, 197, W576–W580.
[CrossRef] [PubMed]

104. Chen, H.; Senan, S.; Nossent, E.J.; Boldt, R.G.; Warner, A.; Palma, D.A.; Louie, A.V. Treatment-Related Toxicity in Patients with
Early-Stage Non-Small Cell Lung Cancer and Coexisting Interstitial Lung Disease: A Systematic Review. Int. J. Radiat. Oncol. Biol.
Phys. 2017, 98, 622–631. [CrossRef] [PubMed]

105. Yamauchi, Y.; Izumi, Y.; Hashimoto, K.; Yashiro, H.; Inoue, M.; Nakatsuka, S.; Goto, T.; Anraku, M.; Ohtsuka, T.; Kohno, M.; et al.
Percutaneous cryoablation for the treatment of medically inoperable stage I non-small cell lung cancer. PLoS ONE 2012, 7, e33223.
[CrossRef]

106. Raghu, G.; Collard, H.R.; Egan, J.J.; Martinez, F.J.; Behr, J.; Brown, K.K.; Colby, T.V.; Cordier, J.-F.; Flaherty, K.R.; Lasky, J.A.;
et al. An Official ATS/ERS/JRS/ALAT Statement: Idiopathic pulmonary fibrosis: Evidence-based guidelines for diagnosis and
management. Am. J. Respir. Crit. Care Med. 2011, 183, 788–824. [CrossRef]

107. Farrand, E.; Vittinghoff, E.; Ley, B.; Butte, A.J.; Collard, H.R. Corticosteroid use is not associated with improved outcomes in acute
exacerbation of IPF. Respirology 2020, 25, 629–635. [CrossRef]

108. Available online: https://clinicaltrials.gov/study/NCT05674994#xd_co_f=NjYzZmYzMmItNWUwNy00ZDI4LTk4ZGEtMmRmM2
YzMzU1MzE3~ (accessed on 15 October 2024).

109. Available online: https://clinicaltrials.gov/study/NCT04996303 (accessed on 15 October 2024).
110. Naccache, J.-M.; Jouneau, S.; Didier, M.; Borie, R.; Cachanado, M.; Bourdin, A.; Reynaud-Gaubert, M.; Bonniaud, P.; Israël-Biet, D.;

Prévot, G.; et al. Cyclophosphamide added to glucocorticoids in acute exacerbation of idiopathic pulmonary fibrosis (EXAFIP): A
randomised, double-blind, placebo-controlled, phase 3 trial. Lancet Respir. Med. 2022, 10, 26–34. [CrossRef]

111. Donahoe, M.; Valentine, V.G.; Chien, N.; Gibson, K.F.; Raval, J.S.; Saul, M.; Xue, J.; Zhang, Y.; Duncan, S.R. Autoantibody-Targeted
Treatments for Acute Exacerbations of Idiopathic Pulmonary Fibrosis. PLoS ONE 2015, 10, e0127771.

https://doi.org/10.1002/jcla.20404
https://doi.org/10.3389/fimmu.2021.745233
https://doi.org/10.1080/0284186X.2018.1468087
https://doi.org/10.1186/1472-684X-13-49
https://doi.org/10.1016/S1470-2045(15)00222-3
https://www.ncbi.nlm.nih.gov/pubmed/26419354
https://doi.org/10.1002/1878-0261.12750
https://www.ncbi.nlm.nih.gov/pubmed/32521079
https://doi.org/10.1016/j.cllc.2018.02.003
https://www.ncbi.nlm.nih.gov/pubmed/29526532
https://doi.org/10.1016/j.clon.2022.01.043
https://www.ncbi.nlm.nih.gov/pubmed/35168842
https://doi.org/10.1371/journal.pone.0221718
https://www.ncbi.nlm.nih.gov/pubmed/31442290
https://doi.org/10.1093/jjco/hyz115
https://doi.org/10.1016/j.ijrobp.2018.01.064
https://doi.org/10.1177/1753466618783878
https://doi.org/10.21037/jtd-2019-cptn-08
https://doi.org/10.1111/1759-7714.14742
https://www.ncbi.nlm.nih.gov/pubmed/30416597
https://doi.org/10.1002/cncr.29507
https://www.ncbi.nlm.nih.gov/pubmed/26096694
https://doi.org/10.2214/AJR.11.6408
https://www.ncbi.nlm.nih.gov/pubmed/21940529
https://doi.org/10.1016/j.ijrobp.2017.03.010
https://www.ncbi.nlm.nih.gov/pubmed/28581404
https://doi.org/10.1371/journal.pone.0033223
https://doi.org/10.1164/rccm.2009-040GL
https://doi.org/10.1111/resp.13753
https://clinicaltrials.gov/study/NCT05674994#xd_co_f=NjYzZmYzMmItNWUwNy00ZDI4LTk4ZGEtMmRmM2YzMzU1MzE3~
https://clinicaltrials.gov/study/NCT05674994#xd_co_f=NjYzZmYzMmItNWUwNy00ZDI4LTk4ZGEtMmRmM2YzMzU1MzE3~
https://clinicaltrials.gov/study/NCT04996303
https://doi.org/10.1016/S2213-2600(21)00354-4


J. Clin. Med. 2024, 13, 7085 16 of 16

112. Kulkarni, T.; Criner, G.J.; Kass, D.J.; Rosas, I.O.; Scholand, M.B.; Dilling, D.F.; Summer, R.; Duncan, S.R. Design of the STRIVE-IPF
trial- study of therapeutic plasma exchange, rituximab, and intravenous immunoglobulin for acute exacerbations of idiopathic
pulmonary fibrosis. BMC Pulm. Med. 2024, 24, 143. [CrossRef]

113. Azadeh, N.; Limper, A.H.; Carmona, E.M.; Ryu, J.H. The Role of Infection in Interstitial Lung Diseases. Chest 2017, 152, 842–852.
[CrossRef] [PubMed]

114. Kondoh, Y.; Cottin, V.; Brown, K.K. Recent lessons learned in the management of acute exacerbation of idiopathic pulmonary
fibrosis. Eur. Respir. Rev. 2017, 26, 170050. [CrossRef] [PubMed]

115. Martin, M.J.; Moua, T. Mechanical Ventilation and Predictors of In-Hospital Mortality in Fibrotic Interstitial Lung Disease with
Acute Respiratory Failure: A Cohort Analysis Through the Paradigm of Acute Respiratory Distress Syndrome. Crit. Care Med.
2020, 48, 993–1000. [CrossRef] [PubMed]

116. Simon, S.T.; Higginson, I.J.; Booth, S.; Harding, R.; Weingärtner, V.; Bausewein, C. Benzodiazepines for the relief of breathlessness
in advanced malignant and non-malignant diseases in adults. Cochrane Database Syst. Rev. 2016, 2016, CD007354. [CrossRef]
[PubMed]

117. Kohberg, C.; Andersen, C.U.; Bendstrup, E. Opioids: An unexplored option for treatment of dyspnea in IPF. Eur. Clin. Respir. J.
2016, 3, 30629. [CrossRef]

118. Kronborg-White, S.; Andersen, C.U.; Kohberg, C.; Hilberg, O.; Bendstrup, E. Palliation of chronic breathlessness with morphine
in patients with fibrotic interstitial lung disease—A randomised placebo-controlled trial. Respir. Res. 2020, 21, 195. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/s12890-024-02957-3
https://doi.org/10.1016/j.chest.2017.03.033
https://www.ncbi.nlm.nih.gov/pubmed/28400116
https://doi.org/10.1183/16000617.0050-2017
https://www.ncbi.nlm.nih.gov/pubmed/28954766
https://doi.org/10.1097/CCM.0000000000004366
https://www.ncbi.nlm.nih.gov/pubmed/32355133
https://doi.org/10.1002/14651858.CD007354.pub3
https://www.ncbi.nlm.nih.gov/pubmed/27764523
https://doi.org/10.3402/ecrj.v3.30629
https://doi.org/10.1186/s12931-020-01452-7

	Introduction 
	Defining Acute Exacerbation of Interstitial Lung Disease 
	Differential Diagnoses of AE-ILD 
	Treatment Approaches in Lung Cancer Therapy 
	Material and Methods 
	AE-ILD Triggered by Bronchoscopic Procedures in Patients with Lung Cancer 
	Surgical Lung Biopsies as Triggers for AE-ILD in Lung Cancer Patients 
	Surgical Lung Resection as Triggers for AE-ILD in Lung Cancer Patients 
	Drug-Induced AE-ILD in Lung Cancer Treatment 
	Radiotherapy and the Risk of AE-ILD in Lung Cancer Patients 
	AE-ILD Risk Following Percutaneous Ablation of Lung Cancer Tumors 
	Treatment of AE-ILD 
	Limitation 
	Conclusions 
	References

