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Abstract: Despite the availability of antifibrotic therapies, many patients with idiopathic pulmonary
fibrosis (IPF) will progress to advanced disease and require lung transplantation. International guidelines
for transplant referral and listing of patients with interstitial lung disease are not specific to those with
IPF and were published before the widespread use of antifibrotic therapy. In this review, we discussed
difficulties in decision-making when dealing with patients with IPF due to the wide variability in
clinical course and life expectancy, as well as the acute deterioration associated with exacerbations.
Indeed, the ideal timing for referral and listing for lung transplant remains challenging, and the acute
deterioration might be influenced after transplant outcomes. Of note, patients with IPF are frequently
affected by multimorbidity, thus a screening program for occurring conditions, such as coronary
artery disease and pulmonary hypertension, before lung transplant listing is crucial to candidate
selection, risk stratification, and optimal outcomes. Among several comorbidities, it is of extreme
importance to highlight that the prevalence of lung cancer is increased amongst patients affected
by IPF; therefore, candidates’ surveillance is critical to avoid organ allocation to unsuitable patients.
For all these reasons, early referral and close longitudinal follow-up for potential lung transplant
candidates are widely encouraged.
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1. Introduction

Idiopathic pulmonary fibrosis (IPF) is a devastating form of chronic, progressive, fibrosing interstitial
pneumonia of unknown cause, limited to the lung, which carries a poor prognosis with a median survival
of 3–5 years from diagnosis [1–3] and a 5-year mortality rate of 60–80%. The disease course is highly
heterogeneous and unpredictable and is characterized by progressive breathlessness and lung function
decline. While most individuals with IPF experience a slow but steady worsening of their disease
(slow progressors), others experience an accelerated progression (rapid progressors) [2–4]. Moreover,
a minority of the patients may present an acute clinical worsening, named acute exacerbation [2–4].
In these patients, the mortality reaches up to 85%, and no treatment has been proven effective with
randomized controlled trials; an uncontrolled cohort showed conflicting results with corticosteroids or
immunomodulatory therapies [5].

Several predictors of disease progression have been studied, but only a few have been validated
and routinely used in clinical practice. In particular, forced vital capacity (FVC) is a reproducible and
easy-to-perform functional measure, and a predicted annual decline of >10% is associated with higher
5-year mortality [6]. Moreover, it has been frequently adopted as an end-point in clinical trials [7,8].
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Another predictor of outcome is the fibrosis score at High-Resolution Computed Tomography (HRCT),
which can be measured either visually or automatically [9–11]. In order to associate disease severity
and outcome, composite scores that combine information from different domains (e.g., demographic,
physiologic, radiologic, etc.) have been created. In particular, the gender-age-physiology (GAP)
score [12], which incorporates gender (G) and age (A) to functional parameters (P), identifies three
stages of increasing mortality risk. This score was later improved and became more accurate by the
integration of the longitudinal change in lung function values rather than the single value (longitudinal
GAP) [13], and by the replacement of functional parameters with the computed tomography (CT)
fibrosis extent (CT GAP score) [14].

In late 2014, two therapies were approved for use in IPF: nintedanib and pirfenidone. These new
agents provide notable breakthroughs in the management of IPF [15–17]. Both pirfenidone and
nintedanib slow the lung function decline over time [17]. Therefore, it is important to inform
patients that the ultimate goal of treatment is stabilization in terms of slower functional deterioration.
Treatment effects are difficult to evaluate. If the patient is considered to be stable after 6 months of
treatment, the drug may be judged effective, and the clinician should continue to deliver the therapy.
However, treatment may be continued regardless of the results of the lung function tests at follow-up;
in fact, in IPF, the lung function decline during a given period does not necessarily predict a decline in
the following period [18,19]. If the rate of deterioration is unchanged or increased, referral to a lung
transplantation center is recommended [17].

In this review, we dealt with specific challenges associated with lung transplantation, such as
referral and listing criteria for transplant with a particular focus on acute exacerbation; then,
we considered strategies for ensuring that suitable IPF patients are timely referred for lung
transplantation; finally, we addressed the most relevant comorbidities that may impact on
post-transplant outcomes.

2. Referral and Listing Criteria for Lung Transplant

Lung transplantation (LTx) remains a life-saving and life-prolonging procedure for end-stage IPF.
Despite the availability of effective pharmacologic treatments for IPF [15,16], LTx is so far the only
treatment with proven benefit on survival for carefully selected patients with advanced disease and
respiratory failure. Due to the wide variability in clinical course and life expectancy [20,21], as well as
the rapid and often catastrophic deterioration associated with acute exacerbations, the ideal timing
for referral and listing for LTx remains challenging. Therefore, early referral and close longitudinal
follow-up for potential candidates is strongly recommended. Patients with IPF should undergo LTx
when their post-transplant life expectancy exceeds their current life expectancy without the transplant.
Several indices, including lung function, functional status, and radiological severity, have been
associated with poor prognosis and should be serially evaluated to capture the appropriate timing for
referring patients to a transplant center. Given the difficulty in predicting which IPF patients have
the highest mortality, the International Society for Heart and Lung Transplantation (ISHLT) proposed
and recently updated referral and listing guidelines based on described prognostic indicators in IPF
(Table 1) [22]. In addition, major and relative contraindications to transplantation are also explored
in this report (Table 2). Of note, age major of 65 years is included in the relative contraindication to
transplant because increasing age is generally associated with comorbid conditions that are either
absolute or relative contraindications. IPF is defined as a disease of ‘aging’, and an increased number
of organs are frequently allocated to patients older than 65 years, according to the improvement in
lung transplant center expertise. Therefore, the upper limit for LTx is moving toward 70 years old and,
even though long-term data on this patient are not available, the international consensus suggests that
the “physiological age” counts more than a rigid age limit, meaning that a scrupulous screening of
comorbidities, rehabilitation reserve, and social/family support would be the prior decision criteria.
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Table 1. International Society of Heart and Lung Transplantation criteria for referral and listing of
patients with interstitial lung disease (ILD) for lung transplantation.

Criteria for Referral Criteria for Listing

• Histopathologic or radiographic evidence of
usual interstitial pneumonitis (UIP) or fibrosing
non-specific interstitial pneumonitis (NSIP),
regardless of lung function.

• Abnormal lung function: forced vital capacity
(FVC) <80% predicted, or diffusion capacity of
the lung for carbon monoxide (DLCO)
<40% predicted.

• Any dyspnea or functional limitation
attributable to lung disease.

• Any oxygen requirement, even if only
during exertion.

• For inflammatory interstitial lung disease (ILD),
failure to improve dyspnea, oxygen requirement,
and/or lung function after a clinically indicated
trial of medical therapy.

• Decline in forced vital capacity ≥10%, or
diffusion capacity of the lung ≥15% during 6
months of follow-up

• Desaturation to <88% or distance <250 m on a
6-min walk test, or >50 m decline in 6-min walk
distance over 6 months

• Pulmonary hypertension on right heart
catheterization or echocardiography

• Hospitalization because of respiratory decline,
pneumothorax, or acute exacerbation

Reprinted from: 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. David Weill,
Christian Benden, Paul A., Corris, John H., Dark, R., Duane Davis, Shaf Keshavjee, David J., Lederer, Michael J.,
Mulligan, G., Alexander Patterson, Lianne G., Singer, Greg I., Snell, Geert M., Verleden, Martin R., Zamora, Allan, R.
Glanville. Journal Heart Lung Transplant 2015; 34: 1–15. Copyright (2019), with permission from Elsevier.

Table 2. International Society of Heart and Lung Transplantation major and relative contraindications
for listing patients for lung transplantation.

Absolute Relative

• Malignancy in the last 2 years
• Untreatable advanced dysfunction of another

major organ system
• Non-curable chronic extra-pulmonary infection

or evidence of active mycobacterium
tuberculosis infection.

• Significant chest wall/spinal deformityClass II or
III obesity (body mass index > 35.0 kg/m2).

• Documented non-adherence or inability to
follow through with medical therapy or office
follow-up, or both

• Untreatable psychiatric or psychological
condition associated with the inability to
cooperate or comply with medical therapy

• Active substance addiction or within the last 6
monthsAbsence of a consistent or reliable social
support system

• Age older than 65 years.
• Severely limited functional status with poor

rehabilitation potential.
• Critical or unstable clinical conditionProgressive

or severe malnutrition and
symptomatic osteoporosis.

• Colonization with a highly resistant or virulent
pathogenic agent.

• Class I obesity (body mass index 30.0–34.9
kg/m2), particularly truncal (central) obesity.

Reprinted from: 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. David Weill,
Christian Benden, Paul A., Corris, John H., Dark, R., Duane Davis, Shaf Keshavjee, David J., Lederer, Michael J.,
Mulligan, G., Alexander Patterson, Lianne G., Singer, Greg I., Snell, Geert M., Verleden, Martin R., Zamora, Allan R.,
Glanville. Journal Heart Lung Transplant 2015; 34: 1–15. Copyright (2019), with permission from Elsevier.

Stable patients with bad prognostic factors should be promptly assessed for transplant suitability.
Nevertheless, it should be considered that no randomized trial exists to validate these statements. Thus,
the scientific community of each country has variably accepted these recommendations, and great



Medicina 2019, 55, 702 4 of 11

discrepancies can be found when these expert opinions are translated into clinical practice. In order
to standardize the candidate selection and assist the clinicians in the enlisting process, for instance,
an Italian group has provided a national consensus statement on lung transplant patient selection [23].
Of interest, the Italian Ministry of Health attested 143 lung transplants in Italy in 2018, similar to the
previous two years and more than in the previous years, with a mean waiting list time of 12 months
(two months less than what registered in 2002). Ten transplant centers have been recognized in Italy,
with Padua, Turin, and Milan—the three leader centers.

Nonetheless, given the debatable nature of these tools, careful clinical judgment by experienced
health care professionals is important in taking care of this complex patient population. A simplified
representation of all the steps, from diagnosis to transplant, throughout the heterogeneous course of
the disease is proposed in Figure 1.
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Figure 1. Representation of the steps for the transplant process throughout the natural history of patients
with idiopathic pulmonary fibrosis. Tx = transplantation, FVC = forced vital capacity, DLCO = diffusion
capacity of the lung for carbon monoxide.

3. A Focus on Acute Exacerbation: A Good or a Bad Indication?

A recent international working group reported the definition and diagnostic criteria of acute
exacerbation of idiopathic pulmonary fibrosis (AE-IPF) and defined it as an acute, clinically significant
respiratory deterioration characterized by evidence of new widespread alveolar abnormality.
The revised diagnostic criteria include a previous or concurrent diagnosis of IPF; an acute worsening
or development of dyspnea typically less than 1 month duration; computed tomography with new
bilateral ground-glass opacity and/or consolidation superimposed on a background pattern consistent
with usual interstitial pneumonia pattern and a deterioration not fully explained by cardiac failure
or fluid overload [5]. A systematic review of studies, reporting 1- and 3-month survival rates after
AE-IPF, demonstrated a pooled mortality rate over eight studies of 60% and 67%, respectively [24].

Given the lack of successful pharmacological therapies for limiting the devasting outcome of this
acute deterioration and the shortage of evidence-based effective respiratory assistance techniques,
lung transplantation is still considered a potentially lifesaving therapy for those who develop an acute
exacerbation. Indeed, in some institutions, patients may be emergently evaluated and urgently listed for
lung transplantation candidacy during an otherwise lethal acute exacerbation. Very few limited studies
have addressed the problem of outcomes after a lung transplant in stable condition as compared with an
acute exacerbation condition [25–27] and concluded with a recommendation of still going on towards
transplant even during the acute worsening of the clinical condition. However, these experiences are
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limited to single-center retrospective studies with short follow-up, until 1 year of observation after
transplant and without long-term mortality analysis. In a recent study by Dotan Y. et al., conducted in
89 patients with IPF, survival analysis was obtained comparing 52 patients transplanted during stable
IPF versus during acute exacerbation of IPF. The cohort of patients with AE-IPF had lower survival at
one year as well as in the second and third-year post-transplantation compared to patients transplanted
during stable IPF. This observation raises important clinical and ethical questions. In fact, it can
be argued that not transplanting the sickest patients among acute exacerbators would have been a
“death sentence”; however, on the other hand, transplanting the sickest patients leads to less survival
benefit. The authors concluded that patients with AE-IPF and very high LAS (lung allocation score)
might not experience the survival advantage expected from lung transplantation [28]. Given the
shortage of lung donors, further long-term studies will be helpful to deeply ascertain the benefit-risk
ratio and refine the decision-making process for each patient.

4. Timing for Transplant: the LAS (Lung Allocation System) Issue

As the demand for lung allografts increases, it is crucial to optimize the use of limited resources
by selecting recipients with the best prospects of positive long-term outcomes. In the previous decades,
lungs were allocated on the base of the starting date on the waiting list. Because of the inequities of
this time-based system and the high morbidity and mortality rate, to identify the best candidates for
transplant was challenging for clinicians. As a matter of fact, physicians have investigated various
measures to further optimize the listing criteria for LTx. Age, weight, FVC% predicted, the amount
of oxygen required at rest, and outcomes on hospitalization, intensive care unit (ICU) admission,
mechanical ventilation, wedge pressure on catheterization, systolic blood pressure, and psychologic
conditions have been shown as predictors of mortality in IPF patients before transplant [29–31].
Mechanical support at transplant, history of coronary artery disease at the listing, pCO2 at transplant
are considered as predictors of post-transplant survival in IPF [30].

The lung allocation system (LAS) is an allocation system based on a complex risk-benefit ratio of
expected wait-list urgency to expected post-transplant survival and which essentially reflects disease
severity. LAS is calculated using different measures of patient’s health, which estimate survival
probability in the waiting list period and the post-transplant period (Table 3). Higher LAS scores
greater than 46 predict worse post-transplant survival [32]. The beginning of the ‘LAS era’ resulted in
an increased number of IPF patients receiving a lung transplant in the United States and in shorter times
spent in the wait-list, as compared to the patients in the waiting list belonging the pre-LAS period [31].
Despite the lower median wait-list time to transplant and the higher transplant rate among IPF patients
as compared to other pulmonary diseases, Organ Procurement and Transplantation Network (OPTN)
have shown that the pre-transplant mortality rate among adult IPF patients wait-listed for a lung
transplant remains higher as compared to other pulmonary diseases [33]. However, there are far
fewer available donor organs than patients who would potentially benefit from lung transplantation.
Despite the introduction of the LAS, the risk of death remains still high due to the unpredictable course of
IPF or the occurring of acute exacerbations. The optimal use of resources is crucial, and patients should
be selected for transplantation when they have still the best chances for favorable long-term outcomes.

Survival benefits. In the most recent publication from ISHLT, the median survival after lung
transplant for patients with interstitial lung diseases (ILD) is 4.7 years. This is significantly less than
post-transplant survival for chronic obstructive pulmonary disease (COPD) and cystic fibrosis (CF)
patients (and 5.5 and 8.3 years, respectively). The available data from the OPTN and ISHLT demonstrate
that approximately 50% of IPF patients are alive at five years post-transplantation. IPF patients
have poorer survival as compared to lung transplant patients with other underlying diagnoses.
Potential reasons for this survival disparity may include older age at the time of transplant, a relatively
higher proportion of single lung transplants, increased prevalence of age-related comorbidities,
and higher prevalence of bronchiolitis obliterans in this population [34,35]. Pirfenidone and Nintedanib
have been recently established to slow down the functional decline in IPF patients, but only a few
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reports have investigated if they may interfere with wound-healing after major surgery, especially in
the bronchial anastomosis formation after lung transplantation. Up to now, the real-life observational
study has shown that previous use of anti-fibrotic therapy does not increase surgical complications
or post-operative mortality after LTx [36,37]. It remains to be elucidated if antifibrotic therapy may
influence the referral and the subsequent decision on listing for transplant. This issue should be
addressed in further observational studies from transplant centers in order to figure out homogeneous
criteria and capture the right patients for the surgical program.

Table 3. Clinical and functional factors used to calculate LAS (lung allocation system) [30] for all diseases.

Factors Used to Predict Waiting List Survival Factors Used to Predict Post-Transplant Survival

• FVC % predicted
• systolic blood pressure
• O2 (L/min) at rest
• age at transplant
• body mass index (BMI)
• New York Heart Association (NYHA)
• functional status
• diagnosis
• 6-min walk distance <150 feet
• continuous mechanical ventilation
• diabetes

• FVC % predicted
• Pulmonary Capillary Wedge (PCW)
• mean pressure ≥20 mmHg
• continuous mechanical ventilation
• age at transplant
• serum creatinine (mg/dL)
• NYHA functional status
• diagnosis

5. Management Before LTx

Once listed for LTx, it is mandatory to maintain the functional status of the patients as best
as possible. To purpose this aim, it is extremely important that all patients participate actively in
a supervised pulmonary rehabilitation program [38,39]. We have previously described that factors
predictive of IPF post-transplant mortality include history of coronary artery disease at the time
of listing, PCO2 at the time of transplant, and mechanical ventilation at transplant [30], and recent
evidence has added pulmonary hypertension and high or low body mass index to the list [40–43].

Patients with IPF tend to have worse conditions as compared to patients affected by other causes
of end-stage lung disease and waiting for LTx. In fibrotic patients, the time in wait-list is relatively
long as compared to the rapid functional decline and the few therapeutic options. Advancements
in Human Leukocyte Antibody (HLA) testing and the use of extracorporeal membrane oxygenation
(ECMO), as a bridge to lung transplantation in carefully selected patients, have improved recipient
selection standards in the last years [31]. ECMO allows to retard deconditioning in patients on a
waiting list and to reduce preoperative mortality during the waiting time for the organ [44]. Moreover,
in ECMO-treated patients, the aggressive postoperative rehabilitation program improves not only
perioperative outcomes but also long-term survival [45]. Unfortunately, ECMO is mostly indicated in
young patients (younger than 60 years old) with a high residual rehabilitation potential [23,45]; thus,
elderly patients with IPF are now not to be considered.

The Impact of Comorbidities on Mortality–Implication for Transplant

IPF is associated with various respiratory and non-respiratory comorbidities, which are responsible
for the unpredictable natural course of the disease, affecting the quality of life and prognosis of each
patient [46] (Table 4).
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Table 4. The impact of comorbidities on mortality in patients with IPF.

Disease Prevalence–Impact on Mortality

Lung cancer Prevalence 3–22%
The median survival of 38.7 months [47]

Pulmonary
hypertension

Prevalence 3–86%
Median 1-year survival ranges from 4.8 years (<35 mmHg) to 0.7 years (>50 mmHg). An
increase of 10 mmHg was associated with a shortened survival (RR 1.34, p < 0.001) [48]

Coronary artery
disease

Prevalence 3–68%
The median survival of 1 year and a half from the time of left catheterization [49]

Almost 90% of the patients with IPF present at least one comorbidity. Lung cancer is the
most relevant comorbidity that may affect IPF patients. Indeed, patients with IPF have a five-fold
increased risk as compared to the general population to develop lung cancer, with the incidence
of lung cancer in patients with IPF ranging from 3% to 22%, and in some cases, exceeding 50% of
patients during IPF clinical course [47,50]. IPF and lung cancer share several risk factors and also
pathogenic pathways. The concomitant conditions are associated with significantly worse prognosis,
which is almost halved [51]. For all these reasons, in transplant candidates with IPF, strict radiological
surveillance is recommended to exclude the candidates who develop lung cancer during the wait-list.
Nevertheless, even when strict radiological monitoring is made, cancer may not be detectable on CT
imaging because of the huge amount of confluent fibrosis visible in the progressive stage of the disease,
and which may hide the presence of lung nodules or small area of ground-glass opacities. Notably,
several authors have described lung recipients whose explanted lungs harbor unexpected cancer
and which may affect survival after transplant [52,53]. Taking into consideration these concomitant
conditions, clinicians must be keenly aware of the possibility of unexpected neoplasms and should
carefully evaluate new or growing lung nodules in the CT scans of recipients. Moreover, the CT scan
can detect emphysema, which is considered to worsen clinical outcome in IPF [22].

Cardiovascular disease, including coronary artery diseases and pulmonary hypertension, are other
relevant comorbidities found in patients with IPF and associated with a reduction of survival [46,49].
Even without the existence of specific therapy to treat pulmonary hypertension [2], an accurate
evaluation of the mean pulmonary artery pressure and right ventricular function is mandatory to
assess the mortality risk before transplant and to plan the correct anesthesiologic management during
transplantation. As a matter of fact, a positive correlation between mean pulmonary pressure and
survival has been shown, with mortality increasing with higher levels in pulmonary pressure [54].
Similarly, high mean pulmonary pressure is associated with an increased incidence of primary graft
dysfunction and early postoperative mortality after transplant [41]. Finally, previous data have shown
that patients with IPF have a marked relative increase in the risk of vascular disease [55]. Preoperative
screening is essential in patients with IPF and the presence of coronary artery disease amenable to
revascularization might not exclude transplantation. However, patients with the multivessel disease
or impaired left ventricular function are generally considered ineligible.

6. Conclusions

In the new era of accessible medical therapy for IPF, the need for lung transplantation may be
delayed, but it will remain the definitive treatment for advanced end-stage disease. Whether or not the
newly available medications for IPF will change the course of the disease and affect the number of
IPF patients being listed and transplanted remains to be determined. No single criterion is enough to
predict prognosis: experiences and outcomes vary among transplant centers and depend also on organ
allocation systems. Early referral to a transplant center is strongly recommended in order to discuss
with the patient and family the risk/benefit balance of this surgical option.



Medicina 2019, 55, 702 8 of 11

Author Contributions: E.B., E.C., and D.B. have drafted the work; each author has substantively revised and
approved the submitted version.

Funding: This research received no external funding.

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

References

1. Travis, W.D.; Costabel, U.; Hansell, D.M.; King, T.E., Jr.; Lynch, D.A.; Nicholson, A.G.; Ryerson, C.J.;
Ryu, J.H.; Selman, M.; Wells, A.U.; et al. ATS/ERS Committee on Idiopathic Interstitial Pneumonias.
An official American Thoracic Society/European Respiratory Society statement: Update of the international
multidisciplinary classification of the idiopathic interstitial pneumonias. Am. J. Respir. Crit. Care Med. 2013,
188, 733–748. [CrossRef] [PubMed]

2. Raghu, G.; 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.; 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] [PubMed]

3. Raghu, G.; Remy-Jardin, M.; Myers, J.L.; Richeldi, L.; Ryerson, C.J.; Lederer, D.J.; Behr, J.; Cottin, V.;
Danoff, S.K.; Morell, F.; et al. Diagnosis of Idiopathic Pulmonary Fibrosis. An Official ATS/ERS/JRS/ALAT
Clinical Practice Guideline. Am. J. Respir. Crit. Care Med. 2018, 198, e44–e68. [CrossRef] [PubMed]

4. Balestro, E.; Calabrese, F.; Turato, G.; Lunardi, F.; Bazzan, E.; Marulli, G.; Biondini, D.; Rossi, E.; Sanduzzi, A.;
Rea, F.; et al. Immune inflammation and disease progression in idiopathic pulmonary fibrosis. PLoS ONE
2016, 11, e0154516. [CrossRef]

5. 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]

6. Latsi, P.I.; du Bois, R.M.; Nicholson, A.G.; Colby, T.V.; Bisirtzoglou, D.; Nikolakopoulou, A.; Veeraraghavan, S.;
Hansell, D.M.; Wells, A.U. Fibrotic Idiopathic Interstitial Pneumonia. The Prognostic Value of Longitudinal
Functional Trends. Am. J. Respir. Crit. Care. Med. 2003, 168, 531–537. [CrossRef]

7. Richeldi, L.; Cottin, V.; Flaherty, K.R.; Kolb, M.; Inoue, Y.; Raghu, G.; Taniguchi, H.; Hansell, D.M.;
Nicholson, A.G.; Le Maulf, F.; et al. Design of the INPULSIS&trade; trials: Two phase 3 trials of nintedanib
in patients with idiopathic pulmonary fibrosis. Respir. Med. 2014, 108, 1023–1030. [CrossRef]

8. Richeldi, L.; Cottin, V.; du Bois, R.M.; Selman, M.; Kimura, T.; Bailes, Z.; Schlenker-Herceg, R.; Stowasser, S.;
Brown, K.K. Nintedanib in patients with idiopathic pulmonary fibrosis: Combined evidence from the
TOMORROW and INPULSIS(®) trials. Respir. Med. 2016, 113, 74–79. [CrossRef]

9. Oda, K.; Ishimoto, H.; Yatera, K.; Naito, K.; Ogoshi, T.; Yamasaki, K.; Imanaga, T.; Tsuda, T.; Nakao, H.;
Kawanami, T.; et al. High-resolution CT scoring system-based grading scale predicts the clinical outcomes in
patients with idiopathic pulmonary fibrosis. Respir. Res. 2014, 15, 1–9. [CrossRef]

10. Zavaletta, V.A.; Bartholmai, B.J.; Robb, R.A. High Resolution Multidetector CT-Aided Tissue Analysis and
Quantification of Lung Fibrosis. Acad. Radiol. 2007, 14, 772–787. [CrossRef]

11. Cocconcelli, E.; Balestro, E.; Biondini, D.; Barbiero, G.; Polverosi, R.; Calabrese, F.; Pezzuto, F.; Lacedonia, D.;
Rea, F.; Schiavon, M.; et al. High-Resolution Computed Tomography (HRCT) Reflects Disease Progression in
Patients with Idiopathic Pulmonary Fibrosis (IPF): Relationship with Lung Pathology. J. Clin. Med. 2019,
22, 8. [CrossRef] [PubMed]

12. Ley, B.; Ryerson, C.J.; Vittinghoff, E.; Ryu, J.H.; Tomassetti, S.; Lee, J.S.; Poletti, V.; Buccioli, M.; Elicker, B.M.;
Jones, K.D.; et al. A Multidimensional Index and Staging System for Idiopathic Pulmonary Fibrosis.
Ann. Intern. Med. 2012, 156, 1–12. [CrossRef] [PubMed]

13. Ley, B.; Bradford, W.Z.; Weycker, D.; Vittinghoff, E.; du Bois, R.M.; Collard, H.R. Unified baseline and
longitudinal mortality prediction in idiopathic pulmonary fibrosis. ERJ 2015, 45, 1–8. [CrossRef] [PubMed]

14. Ley, B.; Elicker, B.M.; Hartman, T.E.; Ryerson, C.J.; Vittinghoff, E.; Ryu, J.H.; Lee, J.S.; Jones, K.D.; Richeldi, L.;
King, T.E., Jr.; et al. Idiopathic Pulmonary Fibrosis: CT and Risk of Death. Radiology 2014, 273, 570–579.
[CrossRef]

http://dx.doi.org/10.1164/rccm.201308-1483ST
http://www.ncbi.nlm.nih.gov/pubmed/24032382
http://dx.doi.org/10.1164/rccm.2009-040GL
http://www.ncbi.nlm.nih.gov/pubmed/21471066
http://dx.doi.org/10.1164/rccm.201807-1255ST
http://www.ncbi.nlm.nih.gov/pubmed/30168753
http://dx.doi.org/10.1371/journal.pone.0154516
http://dx.doi.org/10.1164/rccm.201604-0801CI
http://dx.doi.org/10.1164/rccm.200210-1245OC
http://dx.doi.org/10.1016/j.rmed.2014.04.011
http://dx.doi.org/10.1016/j.rmed.2016.02.001
http://dx.doi.org/10.1186/1465-9921-15-10
http://dx.doi.org/10.1016/j.acra.2007.03.009
http://dx.doi.org/10.3390/jcm8030399
http://www.ncbi.nlm.nih.gov/pubmed/30909411
http://dx.doi.org/10.7326/0003-4819-156-10-201205150-00004
http://www.ncbi.nlm.nih.gov/pubmed/22586007
http://dx.doi.org/10.1183/09031936.00146314
http://www.ncbi.nlm.nih.gov/pubmed/25614172
http://dx.doi.org/10.1148/radiol.14130216


Medicina 2019, 55, 702 9 of 11

15. King, T.E., Jr.; Bradford, W.Z.; Castro-Bernardini, S.; Fagan, E.A.; Glaspole, I.; Glassberg, M.K.; Gorina, E.;
Hopkins, P.M.; Kardatzke, D.; Lancaster, L.; et al. A phase 3 trial of pirfenidone in patients with idiopathic
pulmonary fibrosis. N. Engl. J. Med. 2014, 370, 2083–2092. [CrossRef] [PubMed]

16. Richeldi, L.; du Bois, R.M.; Raghu, G.; Azuma, A.; Brown, K.K.; Costabel, U.; Cottin, V.; Flaherty, K.R.;
Hansell, D.M.; Inoue, Y.; et al. Efficacy and safety of nintedanib in idiopathic pulmonary fibrosis. N. Engl. J.
Med. 2014, 370, 2071–2082. [CrossRef]

17. Raghu, G.; Rochwerg, B.; Zhang, Y.; Garcia, C.A.; Azuma, A.; Behr, J.; Brozek, J.L.; Collard, H.R.;
Cunningham, W.; Homma, S.; et al. An official ATS/ERS/JRS/ALAT clinical practice guideline: Treatment of
idiopathic pulmonary fibrosis. An update of the 2011 clinical practice guideline. Am. J. Respir. Crit. Care
Med. 2015, 192, e3–e19. [CrossRef]

18. Noble, P.W.; Albera, C.; Bradford, W.Z.; Costabel, U.; du Bois, R.M.; Fagan, E.A.; Fishman, R.S.; Glaspole, I.;
Glassberg, M.K.; Lancaster, L.; et al. Pirfenidone for idiopathic pulmonary fibrosis: Analysis of pooled data
from three multinational phase 3 trials. Eur. Respir. J. 2016, 47, 243–253. [CrossRef]

19. Schmidt, S.L.; Tayob, N.; Han, M.K.; Zappala, C.; Kervitsky, D.; Murray, S.; Wells, A.U.; Brown, K.K.;
Martinez, F.J.; Flaherty, K.R. Predicting pulmonary fibrosis disease course from past trends in pulmonary
function. Chest 2014, 145, 579–585. [CrossRef]

20. Nathan, S.D.; Shlobin, O.A.; Weir, N.; Ahmad, S.; Kaldjob, J.M.; Battle, E.; Sheridan, M.J.; du Bois, R.M.
Long-term course and prognosis of idiopathic pulmonary fibrosis in the new millennium. Chest 2011, 140,
221–229. [CrossRef]

21. Brown, A.W.; Shlobin, O.A.; Weir, N.; Albano, M.C.; Ahmad, S.; Smith, M.; Leslie, K.; Nathan, S.D. Dynamic
patient counseling: A novel concept in idiopathic pulmonary fibrosis. Chest 2012, 142, 1005–1010. [CrossRef]
[PubMed]

22. Weill, D.; Benden, C.; Corris, P.A.; Dark, J.H.; Davis, R.D.; Keshavjee, S.; Lederer, D.J.; Mulligan, M.J.;
Patterson, G.A.; Singer, L.G.; 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 Lung
Transplantation. J. Heart Lung Transplant. 2015, 34, 1–15. [CrossRef] [PubMed]

23. Nosotti, M.; Dell’Amore, A.; Diso, D.; Oggionni, T.; Aliberti, S.; Study Group for Thoracic Organs
Transplantation. Selection of Candidates for Lung Transplantation: The First Italian Consensus Statement.
Transplant. Proc 2017, 49, 702–706. [CrossRef] [PubMed]

24. Agarwal, R.; Jindal, S.K. Acute exacerbation of idiopathic pulmonary fibrosis: A systematic review. Eur. J.
Intern. Med. 2008, 19, 227–235. [CrossRef] [PubMed]

25. Mudambi, L.; Pendurthi, M.; Mankidy, B.; Sinha, N.; Jyothula, S.; Scheinin, S.; Bruckner, B.; Loebe, M.;
Kaleekal, T. Lung Transplantation in Patients with Acute Exacerbations of Idiopathic Pulmonary Fibrosis: A
Single Center Experience (abstract). J. Heart Lung Transplant. 2015, 34, S257. [CrossRef]

26. Tomic, R.; Keenan, A.; Dincer, E.; Kim, H. Impact of Acute Exacerbation of Idiopathic Pulmonary Fibrosis on
Outcomes after Lung Transplantation (abstract). J. Heart Lung Transplant. 2016, 35, S232. [CrossRef]

27. Judge, E.P.; Fabre, A.; Adamali, H.I.; Egan, J.J. Acute exacerbations and pulmonary hypertension in advanced
idiopathic pulmonary fibrosis. Eur. Respir. J. 2012, 40, 93–100. [CrossRef]

28. Dotan, Y.; Vaidy, A.; Shapiro, W.; Zhao, H.; Dass, C.; Toyoda, Y.; Marchetti, N.; Shenoy, K.; Cordova, F.;
Criner, G.; et al. Effect of Acute Exacerbation of Idiopathic Pulmonary Fibrosis on Lung Transplantation
Outcome. Chest 2018, 154, 818–826. [CrossRef]

29. Shitrit, D.; Rusanov, V.; Peled, N.; Amital, A.; Fuks, L.; Kramer, M.R. The 15-step oximetry test: A reliable tool
to identify candidates for lung transplantation among patients with idiopathic pulmonary fibrosis. J. Heart
Lung Transplant. 2009, 28, 328–333. [CrossRef]

30. Egan, T.M.; Murray, S.; Bustami, R.T.; Shearon, T.H.; McCullough, K.P.; Edwards, L.B.; Coke, M.A.;
Garrity, E.R.; Sweet, S.C.; Heiney, D.A.; et al. Development of the new lung allocation system in the United
States. Am. J. Transpl. 2006, 6 Pt 2, 212–227. [CrossRef]

31. Vandervest, K.M.; Zamora, M.R. Recipient risk factors and lung transplant outcomes. Curr. Opin. Organ.
Transplant. 2013, 18, 531–536. [CrossRef] [PubMed]

32. Merlo, C.A.; Weiss, E.S.; Orens, J.B.; Borja, M.C.; Diener-West, M.; Conte, J.V.; Shah, A.S. Impact of U.S. Lung
Allocation Score on survival after lung transplantation. J. Heart Lung Transplant. 2009, 28, 769–775.

33. OPTN Data. Available online: http://optn.transplant.hrsa.gov/latestData/rptData.asp (accessed on 20
May 2019).

http://dx.doi.org/10.1056/NEJMoa1402582
http://www.ncbi.nlm.nih.gov/pubmed/24836312
http://dx.doi.org/10.1056/NEJMoa1402584
http://dx.doi.org/10.1164/rccm.201506-1063ST
http://dx.doi.org/10.1183/13993003.00026-2015
http://dx.doi.org/10.1378/chest.13-0844
http://dx.doi.org/10.1378/chest.10-2572
http://dx.doi.org/10.1378/chest.12-0298
http://www.ncbi.nlm.nih.gov/pubmed/22797563
http://dx.doi.org/10.1016/j.healun.2014.06.014
http://www.ncbi.nlm.nih.gov/pubmed/25085497
http://dx.doi.org/10.1016/j.transproceed.2017.02.026
http://www.ncbi.nlm.nih.gov/pubmed/28457376
http://dx.doi.org/10.1016/j.ejim.2007.04.024
http://www.ncbi.nlm.nih.gov/pubmed/18471669
http://dx.doi.org/10.1016/j.healun.2015.01.714
http://dx.doi.org/10.1016/j.healun.2016.01.659
http://dx.doi.org/10.1183/09031936.00115511
http://dx.doi.org/10.1016/j.chest.2018.06.027
http://dx.doi.org/10.1016/j.healun.2008.12.019
http://dx.doi.org/10.1111/j.1600-6143.2006.01276.x
http://dx.doi.org/10.1097/MOT.0b013e32836519ec
http://www.ncbi.nlm.nih.gov/pubmed/23995373
http://optn.transplant.hrsa.gov /latestData/rptData.asp


Medicina 2019, 55, 702 10 of 11

34. Yusen, R.D.; Edwards, L.B.; Kucheryavaya, A.Y.; Benden, C.; Dipchand, A.I.; Dobbels, F.; Goldfarb, S.B.;
Levvey, B.J.; Lund, L.H.; Meiser, B.; et al. The registry of the International Society for Heart and
Lung Transplantation: Thirty-first adult lung and heart-lung transplant report—2014: Focus theme:
Retransplantation. J. Heart Lung Transpl. 2014, 33, 1009–1024. [CrossRef] [PubMed]

35. Organ Procurement and Transplantation Network (OPTN); Scientific Registry of Transplant Recipients
(SRTR). OPTN/SRTR 2011 Annual Data Report. Rockville, MD: Department of Health and Human Services,
Health Resources and Services Administration, Healthcare Systems Bureau, Division of transplantation;
2012 Adult Lung Transplantation Statistics. Available online: https://www.ishlt.org/registries/slides.asp.
slides=heartLungRegistry (accessed on 22 May 2019).

36. Leuschner, G.; Stocker, F.; Veit, T.; Kneidinger, N.; Winter, H.; Schramm, R.; Weig, T.; Matthes, S.; Ceelen, F.;
Arnold, P.; et al. Outcome of lung transplantation in idiopathic pulmonary fibrosis with previous anti-fibrotic
therapy. J. Heart Lung Transplant. 2017, 37, 268–274. [CrossRef] [PubMed]

37. Balestro, E.; Solidoro, P.; Parigi, P.; Boffini, M.; Lucianetti, A.; Rea, F. Safety of nintedanib before lung
transplant: An Italian case series. Respirol. Case Rep. 2018, 6, e00312. [CrossRef]

38. Keyser, R.E.; Woolstenhulme, J.G.; Chin, L.M.; Nathan, S.D.; Weir, N.A.; Connors, G.; Drinkard, B.; Lamberti, J.;
Chan, L. Cardiorespiratory function before and after aerobic exercise training in patients with interstitial
lung disease. J. Cardiopulm. Rehabil. Prev. 2015, 35, 47–55. [CrossRef]

39. Ferreira, A.; Garvey, C.; Connors, G.L.; Hilling, L.; Rigler, J.; Farrell, S.; Cayou, C.; Shariat, C.; Collard, H.R.
Pulmonary rehabilitation in interstitial lung disease: Benefits and predictors of response. Chest 2009, 135,
442–447. [CrossRef]

40. Weiss, E.S.; Allen, J.G.; Merlo, C.; Conte, J.V.; Shah, A.S. Lung allocation score predicts survival in lung
transplantation patients with pulmonary fibrosis. Ann. Thoracic. Surg. 2009, 88, 1757–1764. [CrossRef]

41. Whelan, T.P.; Dunitz, J.M.; Kelly, R.F.; Edwards, L.B.; Herrington, C.S.; Hertz, M.I.; Dahlberg, P.S. Effect of
preoperative pulmonary artery pressure on early survival after lung transplantation for idiopathic pulmonary
fibrosis. J. Heart Lung Transpl. 2005, 24, 1269–1274. [CrossRef]

42. Mason, D.P.; Brizzio, M.E.; Alster, J.M.; McNeill, A.M.; Murthy, S.C.; Budev, M.M.; Mehta, A.C.; Minai, O.A.;
Pettersson, G.B.; Blackstone, E.H. Lung transplantation for idiopathic pulmonary fibrosis. Ann. Thorac Surg.
2007, 84, 1121–1128. [CrossRef]

43. Allen, J.G.; Arnaoutakis, G.J.; Weiss, E.S.; Merlo, C.A.; Conte, J.V.; Shah, A.S. The impact of recipient body
mass index on survival after lung transplantation. J. Heart Lung Transplant. 2010, 29, 1026–1033. [CrossRef]

44. Brown, A.W.; Kaya, H.; Nathan, S.D. Lung transplantation in IIP: A review. Respirology 2016, 21, 1173–1184.
[CrossRef] [PubMed]

45. Hakim, A.H.; Ahmad, U.; McCurry, K.R.; Johnston, D.R.; Pettersson, G.B.; Budev, M.; Murthy, S.;
Blackstone, E.H.; Tong, M.Z. Contemporary Outcomes of Extracorporeal Membrane Oxygenation Used as
Bridge to Lung Transplantation. Ann. Thorac. Surg. 2018, 106, 192–198. [CrossRef]

46. King, C.S.; Nathan, S.D. Idiopathic pulmonary fibrosis: Effects and optimal management of comorbidities.
Lancet Respir Med. 2017, 5, 72–84. [CrossRef]

47. Tzouvelekis, A.; Spagnolo, P.; Bonella, F.; Vancheri, C.; Tzilas, V.; Crestani, B.; Kreuter, M.; Bouros, D.
Patients with IPF and lung cancer: Diagnosis and management. Lancet Respir. Med. 2018, 6, 86–88. [CrossRef]

48. Hassan, F.; Nadrous Pellikka, P.A.; Krowka, M.J.; Swanson, K.L.; Chaowalit, N.; Decker, P.A.; Ryu, J.H.
Pulmonary Hypertension in Patients with Idiopathic Pulmonary Fibrosis. Chest 2005, 128 (Suppl. 6),
616S–617S.

49. Nathan, S.D.; Basavaraj, A.; Reichner, C.; Shlobin, O.A.; Ahmad, S.; Kiernan, J.; Burton, N.; Barnett, S.D.
Prevalence and impact of coronary artery disease in idiopathic pulmonary fibrosis. Respir. Med. 2010, 104,
1035–1041. [CrossRef]

50. Tzouvelekis, A.; Gomatou, G.; Bouros, E.; Trigidou, R.; Tzilas, V.; Bouros, D. Common Pathogenic Mechanisms
Between Idiopathic Pulmonary Fibrosis and Lung Cancer. Chest 2019, 156, 383–391. [CrossRef]

51. Lee, T.; Park, J.Y.; Lee, H.Y.; Cho, Y.J.; Yoon, H.I.; Lee, J.H.; Jheon, S.; Lee, C.T.; Park, J.S. Lung cancer in
patients with idiopathic pulmonary fibrosis: Clinical characteristics and impact on survival. Respir. Med.
2014, 108, 1549–1555. [CrossRef]

52. Nakajima, T.; Cypel, M.; de Perrot, M.; Pierre, A.; Waddell, T.; Singer, L.; Roberts, H.; Keshavjee, S.;
Yasufuku, K. Retrospective analysis of lung transplant recipients found to have unexpected lung cancer in
explanted lungs. Semin. Thorac. Cardiovasc. Surg. 2015, 27, 9e14. [CrossRef]

http://dx.doi.org/10.1016/j.healun.2014.08.004
http://www.ncbi.nlm.nih.gov/pubmed/25242125
https://www.ishlt.org/registries/ slides.asp.slides=heartLungRegistry
https://www.ishlt.org/registries/ slides.asp.slides=heartLungRegistry
http://dx.doi.org/10.1016/j.healun.2017.07.002
http://www.ncbi.nlm.nih.gov/pubmed/28734935
http://dx.doi.org/10.1002/rcr2.312
http://dx.doi.org/10.1097/HCR.0000000000000083
http://dx.doi.org/10.1378/chest.08-1458
http://dx.doi.org/10.1016/j.athoracsur.2009.07.005
http://dx.doi.org/10.1016/j.healun.2004.10.014
http://dx.doi.org/10.1016/j.athoracsur.2007.04.096
http://dx.doi.org/10.1016/j.healun.2010.05.005
http://dx.doi.org/10.1111/resp.12691
http://www.ncbi.nlm.nih.gov/pubmed/26635297
http://dx.doi.org/10.1016/j.athoracsur.2018.02.036
http://dx.doi.org/10.1016/S2213-2600(16)30222-3
http://dx.doi.org/10.1016/S2213-2600(17)30478-2
http://dx.doi.org/10.1016/j.rmed.2010.02.008
http://dx.doi.org/10.1016/j.chest.2019.04.114
http://dx.doi.org/10.1016/j.rmed.2014.07.020
http://dx.doi.org/10.1053/j.semtcvs.2015.02.006


Medicina 2019, 55, 702 11 of 11

53. Abrahams, N.A.; Meziane, M.; Ramalingam, P.; Mehta, A.; DeCamp, M.; Farver, C.F. Incidence of primary
neoplasms in explanted lungs: Long-term follow-up from 214 lung transplant patients. Transpl. Proc. 2004,
36, 2808e11. [CrossRef] [PubMed]

54. Lettieri, C.J.; Nathan, S.D.; Barnett, S.D.; Ahmad, S.; Shorr, A.F. Prevalence and outcomes of pulmonary
arterial hypertension in advanced idiopathic pulmonary fibrosis. Chest 2006, 129, 746–752. [CrossRef]
[PubMed]

55. Hubbard, R.B.; Smith, C.; Le Jeune, I.; Gribbin, J.; Fogarty, A.W. The association between idiopathic pulmonary
fibrosis and vascular disease: A population-based study. Am. J. Respir Crit. Care Med. 2008, 178, 1257–1261.
[CrossRef] [PubMed]

© 2019 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 (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.transproceed.2004.10.014
http://www.ncbi.nlm.nih.gov/pubmed/15621155
http://dx.doi.org/10.1378/chest.129.3.746
http://www.ncbi.nlm.nih.gov/pubmed/16537877
http://dx.doi.org/10.1164/rccm.200805-725OC
http://www.ncbi.nlm.nih.gov/pubmed/18755924
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Referral and Listing Criteria for Lung Transplant 
	A Focus on Acute Exacerbation: A Good or a Bad Indication? 
	Timing for Transplant: the LAS (Lung Allocation System) Issue 
	Management Before LTx 
	Conclusions 
	References

