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Abstract
Lung transplantation (LTx) can be a life-extending treatment option for patients with advanced and/or
progressive fibrotic interstitial lung disease (ILD), especially idiopathic pulmonary fibrosis (IPF), fibrotic
hypersensitivity pneumonitis, sarcoidosis and connective tissue disease-associated ILD. IPF is now the
most common indication for LTx worldwide. Several unique features in patients with ILD can impact
optimal timing of referral or listing for LTx, pre- or post-transplant risks, candidacy and post-transplant
management. As the epidemiology of LTx and community practices have evolved, recent literature
describes outcomes and approaches in higher-risk candidates. In this review, we discuss the unique and
important clinical findings, course, monitoring and management of patients with IPF and other progressive
fibrotic ILDs during pre-LTx evaluation and up to the day of transplantation; the need for co-management
with clinical experts in ILD and LTx is emphasised. Some post-LTx complications are unique in these
patient cohorts, which require prompt detection and appropriate management by experts in multiple
disciplines familiar with telomere biology disorders and infectious, haematological, oncological and
cardiac complications to enhance the likelihood of improved outcomes and survival of LTx recipients with
IPF and other ILDs.

Introduction
Lung transplantation (LTx) can extend and improve quality of life for patients with advanced lung disease.
The International Society for Heart and Lung Transplantation (ISHLT) has reported a steady increase in
worldwide transplants over the past two decades, with nearly 4500 performed in 2017 [1]. These data are
estimated to capture approximately three-quarters of worldwide lung transplant activity, of which roughly
55% and 34% of total transplants have been performed in North America and Europe, respectively [2].
The distribution of diagnoses undergoing LTx has also evolved, with interstitial lung disease (ILD)
surpassing COPD as the most common indication in 2007, and the percentage of total worldwide
transplants for ILD having increased in 2017 to 40.5%, including 32.4% for idiopathic pulmonary fibrosis
(IPF) [1]. The trend is most pronounced in North America, including the USA, where 60% of total lung
transplants were performed for restrictive lung disease in 2018 [1, 3]. With the community transitioning
toward a philosophy of transplanting those at highest short-term risk of death, simulations evaluating
broader organ sharing and high emergency allocation systems also project increasing transplant rates
among candidates with ILD [4–6].

LTx outcomes have improved for patients transplanted for ILD and other diagnoses. The ISHLT reports a
median post-transplant survival of 5.2 years for patients with idiopathic interstitial pneumonia, and
6.7 years for other ILDs transplanted between 1992 and 2017, with outcomes improving in the most recent
years [1]. In IPF treatment guidelines by the American Thoracic Society (ATS)/European Respiratory
Society (ERS)/Japanese Respiratory Society ( JRS)/Latin American Thoracic Association (ALAT), LTx
receives a strong recommendation based on a 75% reduced risk of death compared to medical management
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alone in well-selected patients, a survival benefit that probably also extends to patients with other severe or
progressive ILDs [7–11].

With a growing population of pre- and post-transplant patients with ILD, there is increasing need to fully
appreciate the unique issues faced by this complex population that can impact candidacy, peri-operative
risks and post-LTx management. In this article, we review the unique and important considerations in
patients transplanted for IPF and other fibrotic lung diseases.

Consideration and timing of LTx in patients with ILD
Preparing for LTx in a given patient includes the separate, often overlapping phases of 1) transplant
referral; 2) an evaluation period guided by the transplant centre; 3) active listing by the transplant team;
and 4) concurrent management of disease progression by an experienced ILD team (figure 1). Determining
the optimal timing can be challenging, and particularly in IPF, some advocate for a philosophy of broad
referral for LTx as early as feasible, while others, acknowledging limitations in resources including
transplant programme capacity, suggest a more selective approach [12]. International guidelines
recommend that LTx be considered in patients with chronic lung disease who have a high risk of death
within 2 years [13, 14], and the timing of both referral and listing for LTx incorporate current quality of
life and expected survival, along with patient preferences.

IPF, the prototype ILD manifesting progressive pulmonary fibrosis carries a generally poor prognosis with
median survival 2–5 years from diagnosis [13, 15–17]. However, prediction in a given individual remains
challenging, considering that >20% of the overall IPF population exhibits a less aggressive disease
course [18]. Moreover, the long-term effects of antifibrotics on prognosis remain unclear, with both
nintedanib and pirfenidone shown to reduce the rate of forced vital capacity (FVC) decline and acute
exacerbations, and post hoc pooled analyses suggesting mortality benefit [19–21]. In addition to clinical
experience suggesting stabilisation with antifibrotics in a subset of patients, longer term outcomes were
recently reported in a 2-year extension of the TOMORROW trial (which had compared 52 weeks of
nintedanib versus placebo in IPF [22]), demonstrating mortality in only 25.9% of patients treated with
full-dose nintedanib over the extension period [23].

Survival varies significantly among patients with non-IPF ILD, often exceeding that of IPF by many years,
particularly in sarcoidosis, connective tissue disease (CTD)-associated nonspecific interstitial pneumonia
(NSIP) and occupational ILD [24–26]. A recent French study grouped several different and specific
(non-IPF) ILDs into a single entity termed progressive-fibrosing ILD, defined by ⩾10% fibrosis on
baseline high-resolution computed tomography (HRCT) and clinical disease progression for 2 years prior
to study inclusion (by symptoms, lung function and/or HRCT) [27]. Survival was worse in unclassifiable
disease or hypersensitivity pneumonitis compared to CTD-ILD, sarcoidosis or other ILDs, but was >87%
at 2 years and 49.1–80.2% at 7 years in all groups, indicating survival at the time of initial assessment
exceeding the usual thresholds to consider LTx. Furthermore, several recent studies have demonstrated a
benefit of antifibrotics in non-IPF ILDs [28–31], suggesting that these agents may stall disease progression
and delay or obviate the need for LTx in some.

In contrast, the majority of patients with IPF experience an aggressive course, and the progressive disease
in some with non-IPF ILD resembles that of IPF [25, 27, 32–34]. Moreover, the unpredictability and
severe consequences of ILD exacerbations should be appreciated, as should the potential for diagnostic
uncertainty. Finally, certain barriers to LTx may disproportionately impact candidates with ILD, including
small chest cavity in combination with short stature, as well as allosensitisation in those with CTD;
although not generally considered when determining LTx referral timing, these factors do have the
potential to increase waiting-list times and mortality and thus impact the optimal timing of listing [35–37].

Referral and listing guidelines generalise between forms of ILD and incorporate factors associated with
worse outcomes including lower/declining pulmonary function (particularly FVC and diffusing capacity of
the lung for carbon monoxide (DLCO)), higher oxygen needs, lower 6-min walk distance (6MWD),
pulmonary hypertension (PH), history of pneumothorax or other respiratory hospitalisation, usual
interstitial pneumonia pattern on HRCT, frailty and low performance status [13, 27, 38–44] (table 1).
Response or lack of response to antifibrotics should be considered. Upcoming guidelines do not alter
referral and listing recommendations in patients treated with nintedanib and pirfenidone, but acknowledge
the associated challenges in determining timing of LTx [13], and more data are needed to delineate the
impacts of antifibrotics on optimal timing of transplantation. Clinical models may improve prediction, but
are not widely used in practice [45], and various biomarkers hold promise, but are not yet validated [46]. It
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Assess disease progression:

Risk stratification, prognosis

Telomere assessment

Discuss LTx as a treatment option

ILD care#

3–4-monthly visits and as-needed

ILD PROGRESSION

Symptoms, lung function, HRCT

POST-TRANSPLANT 

CLINICAL COURSE

Modifiable barriers to LTx:

Nutrition, body mass index

Deconditioning

Psychosocial

Management of disease progression:

Oxygenation

Antifibrotics

Palliative care

Pulmonary rehabilitation

Specialised disease management:

Pulmonary hypertension

CTD manifestations

GOR

Sleep apnoea

Fundoplication:

Early for patients with severe pre-transplant GOR

Late for new severe GOR

Late for CLAD onset with co-existing GOR

Consider testing for telomere disorders if:

Pre-transplant testing not performed

Familial ILD

Young age of ILD onset

Severe haematological, liver or renal complications

Cardiovascular risk reduction:

   Body weight      Blood pressure

   Nutritional assessment     Hyperlipidaemia

   Pulmonary rehabilitation     Blood glucose

Oesophageal dysmotility including systemic sclerosis:

Consideration of post-pyloric enteral nutrition

Multidisciplinary education to reduce aspiration risks

Modified fundoplication may be required for patients with GOR

For confirmed telomere disorders:

Diligent haematological and other laboratory monitoring

Reductions in immunosuppression often required

Multidisciplinary management (haematology–oncology, infectious diseases)

Malignancy risk (including MDS, leukaemia, head and neck cancer)

Cancer screening and evaluation:

Routine age-appropriate

Routine dermatological screening

Lung cancer in the native lung in SLTx recipients

Lymphoma (particularly in EBV-seronegative recipients)

Telomere disorder-associated malignancy

Reductions in immunosuppression often required for confirmed malignancy

Prompt referral for LTx based on 

disease severity:

Communication

Coordination of care

Co-management by ILD and

LTx programmes

Management of GOR:

Symptomatic assessment

Diagnostic testing

Medical management (anti-acids)

Surgical correction

Acute exacerbation or

disease progression:

Optimal disease management

Supportive care

Ongoing evaluation of LTx candidacy

Palliative care

Options for bridging to LTx

LTx-specific evaluation:

Telomere assessment

CTD manifestations

GOR

Other standard testing

LTx centre management

Listing for DLTx and/or SLTx:

Procedure choice based on age,

frailty, disease severity,

pulmonary artery pressures,

anatomy, donor availability

LTx

a)

b)

FIGURE 1 Suggested approach for management of progressive interstitial lung disease (ILD) a) before and b) after lung transplantation (LTx).
HRCT: high-resolution computed tomography; CTD: connective tissue disease; GOR: gastro-oesophageal reflux; DLTx: double lung transplantation;
SLTx: single lung transplantation; CLAD: chronic lung allograft dysfunction; MDS: myelodysplastic syndrome; EBV: Epstein–Barr virus. #: ILD care
should preferably be undertaken by experts in ILD in an experienced centre.
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should be noted that FVC decline has been shown to be a less reliable predictor in patients with combined
pulmonary fibrosis and emphysema [47].

Acknowledging difficulties in predicting prognosis and higher waiting-list mortality among candidates with
ILD compared to other diagnoses [3], the ISHLT emphasises the most conservative strategy of early
referral. However, it is important to recognise that specific referral and listing practices vary significantly
by ILD and transplant programme, influenced by nation and allocation system, usual waiting times for
suitable organs, programme resources, as well as patient volumes and geographic distribution.

Unique risk factors and consideration for LTx in candidates with ILD
Emphasising the importance of long-term outcomes, guidelines currently under development by the ISHLT
recommend that LTx be considered only in candidates with a high (>80%) likelihood of 5-year
post-transplant survival from a general medical perspective, provided there is adequate graft function [13].
Some factors including recent malignancy, life-threatening extrapulmonary organ dysfunction and severe
psychosocial problems are considered “absolute contraindications” due to the excessive associated risks of
poor outcome (table 2). Accounting for significant variability in handling between transplant centres, the
term “relative contraindications” has been replaced by a list of characteristics associated with worse
outcomes, with the updated document also commenting on the additive nature of multiple risk factors
(table 2) [13]. Many are common in ILD and warrant increased attention, focused management or
discussions between referring providers and transplant centres (table 3; see also the section “Management
while being considered or after listing for LTx”).

Advanced age in IPF
Age remains a controversial selection criterion for LTx. Based on the ethical principles of justice and
utility, the international transplant community has generally expressed a preference to prioritise organ
allocation to younger patients [13, 48], and this may be particularly important in programmes and nations
with the most pronounced donor shortages. Published literature reports worse survival in recipients older
than 65–70 years [1, 49, 50], and elderly recipients appear to be at greater risk of malignancy, vascular
events, drug toxicity and cognitive decline [51, 52]. Previous guidelines classified age >65 years with low
physiological reserve as a relative contraindication to LTx, commenting also that patients aged >75 years
are unlikely to be candidates [14].

Recent literature is more encouraging in the elderly, particularly pertaining to short-term LTx outcomes,
where 1-year post-transplant survival appears comparable between recipients aged 70–79 years versus 60–
69 years [50]. With an ageing population and increasing experience, the proportion of lung transplants
performed in elderly patients is increasing. Worldwide data show an increase in the proportion of LTx
recipients aged >65 years from 2.6% in 2004 to 17% in 2016 [51]. The trend appears most pronounced in
the USA, where >30% of candidates on the waiting list are now aged >65 years [3]. This population

TABLE 1 Criteria for referral and listing for lung transplantation in patients with interstitial lung disease (ILD)

Timing of referral# Timing of listing

Histopathological UIP Hospitalisation for respiratory decline, pneumothorax or acute
exacerbation

Radiographic probable or definite UIP pattern Desaturation to <88% on 6MWT or >50 m decline in 6MWD over
6 months

FVC <80% or DLCO <40% pred Pulmonary hypertension on right heart catheterisation or
echocardiography

Relative decline in pulmonary function over the past 2 years:
FVC ⩾10% or
DLCO ⩾15% or
FVC ⩾5% with symptomatic or radiographic progression

Absolute decline in pulmonary function over the past 6 months
despite appropriate treatment:
FVC >10% or
DLCO >10% or
FVC >5% with radiographic progression

Any resting or exertional oxygen requirement
For inflammatory ILDs, disease progression despite treatment

Referral or listing should be considered if meeting any one criterion. UIP: usual interstitial pneumonia; FVC: forced vital capacity; DLCO: diffusing
capacity of the lung for carbon monoxide; 6MWT: 6-min walk test; 6MWD: 6-min walk distance. #: earlier referral is recommended for patients with
connective tissue disease or familial idiopathic pulmonary fibrosis to address potential extrapulmonary manifestations. Reproduced and modified
from [13] with permission.
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largely comprises patients with IPF, and 2016 data show that >40% of IPF transplants are now in patients
aged >65 years [51].

More data are needed to better risk-stratify older patients with IPF undergoing transplant. This is especially
important in the antifibrotic era, where slowing of disease progression may delay the need for LTx in a
subset of patients, and in turn lead to encroachment upon programmatic age limits for transplant. A recent
study of 5815 patients aged >65 years (70% with restrictive lung disease) demonstrated that increasing age
strata, creatinine, bilirubin, hospitalisation at time of transplant, and pre-transplant steroid use were all
associated with increased mortality [53]. Other literature focuses on differentiating biological from
chronological age, incorporating sarcopenia and frailty, each of which has been independently associated

TABLE 2 Risk factors for adverse post-transplant outcomes in candidates for lung transplantation

General High or substantially increased risk Absolute contraindications

Age 65–70 years
GFR 40–60 mL·min−1·1.73 m−2

CAD including prior CABG
LV ejection fraction 40–50%
Peripheral vascular disease
Connective tissue disease
Severe GOR
Oesophageal dysmotility
Bone marrow dysfunction
Osteoporosis
BMI 30–34.9 kg·m−2

BMI 16–17 kg·m−2

Frailty
Hypoalbuminaemia
Poorly controlled diabetes
Edible marijuana
Scedosporium apiospermum
infection

HIV with undetectable viral
load

Previous thoracic surgery
including pleurodesis

Mechanical ventilation
Re-transplantation

Age >70 years
Severe CAD requiring CABG at transplant
LV ejection fraction <40%
Significant cerebrovascular disease
Severe oesophageal dysmotility
Untreatable haematological disorders (bleeding
diathesis, thrombophilia, severe bone marrow
dysfunction)

BMI ⩾35 kg·m−2

BMI <16 kg·m−2

Limited functional status with poor rehabilitation
potential

Psychiatric, psychological or cognitive conditions with
potential to interfere with medical adherence

Unreliable support system
Lack of understanding of disease and/or transplant
despite teaching

Mycobacterium abscessus infection
Lomentospora prolificans infection
Burkholderia cenocepacia or gladioli infection
Hepatitis B or C infection with detectable viral load
and liver fibrosis

Chest wall or spinal deformity expected to cause
restriction after transplant

Extracorporeal life support
Re-transplantation for restrictive CLAD,
antibody-mediated rejection or within 1 year
following initial lung transplant

Lack of patient willingness or acceptance of transplant
Malignancy with high risk of death or recurrence
GFR <40 mL·min−1·1.73 m−2 unless being considered for
multi-organ transplant

Acute coronary syndrome within 30 days (excluding
demand ischaemia)

Stroke within 30 days
Liver cirrhosis with portal hypertension or synthetic
dysfunction unless being considered for multi-organ
transplant

Acute liver failure
Acute renal failure with rising creatinine or on dialysis
and low likelihood of recovery

Active extrapulmonary infection including septic shock
Active tuberculosis infection
HIV infection with detectable viral load
Severely limited functional status with poor rehabilitation
potential

Progressive cognitive impairment
Repeated episodes of nonadherence without evidence of
improvement

Active substance use or dependence including current
tobacco use, vaping, marijuana smoking or intravenous
drug use

Other severe uncontrolled medical condition expected to
limit survival after transplant

GFR: glomerular filtration rate; CAD: coronary artery disease; CABG: coronary artery bypass grafting; LV: left ventricular; GOR: gastro-oesophageal
reflux; BMI: body mass index; CLAD: chronic lung allograft dysfunction. Reproduced and modified from [13] with permission.

TABLE 3 Common risk factors for adverse post-lung transplant outcomes in candidates with interstitial lung
disease

Advanced age
Overweight status
Telomere biology disorders
Prior thoracic surgery
Limited functional status, deconditioning, frailty
Gastro-oesophageal reflux
High-risk atherosclerotic disease
Connective tissue disease manifestations
Corticosteroids, other immunosuppressants
Acute exacerbations
Active mechanical ventilation
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with worse outcomes [54]. Ultimately, no absolute upper age limit for LTx is endorsed by the ISHLT, and
candidacy in elderly patients remains a centre-specific decision [13].

Overweight status
Biological factors, reduced activity and/or corticosteroids lead to weight gain in many with advanced ILD.
One study from the USA of 5978 LTx recipients showed that 67% of the 1246 transplanted patients with
ILD were overweight (body mass index (BMI) ⩾25 kg·m−2) prior to LTx. Compared to normal-weight
recipients, those who were overweight or obese had a 15% or 22% higher multivariable-adjusted rate of
post-transplant death, respectively [55]. In addition to improving pre-transplant symptoms, weight loss
before LTx in overweight candidates has been associated with dose–response improvements in
post-transplant survival [56], and many transplant programmes utilise BMI thresholds of 30–35 kg·m−2 as
criteria for active listing.

CTD-associated ILD
LTx has been used for advanced lung disease in rheumatoid arthritis, mixed CTD, systemic sclerosis,
Sjogren syndrome, systemic lupus erythematosus, polymyositis/dermatomyositis/antisynthetase syndrome
and pulmonary vasculitis. Although data are limited in CTD-ILD, several cohort studies report
post-transplant survival similar to IPF, with no differences in primary graft dysfunction or rejection rates
[57–60]. Functional status has been shown to improve [58], and recurrent or progressive nonpulmonary
disease after LTx appears to be rare [57, 59, 61]. Even in systemic sclerosis, where some may be
considered ineligible for LTx due to aspiration risks, several studies show post-transplant survival similar
to IPF without increased risk of chronic lung allograft dysfunction (CLAD) [62–66].

It should be recognised that available studies on LTx for CTD are retrospective and limited by selection
bias. In this context, the ISHLT considers CTD to be a risk factor for poorer outcomes and recommends
screening for extrapulmonary disease in collaboration with rheumatology when possible [13]. Although
post-transplantation immunosuppression generally renders extrapulmonary inflammatory disease quiescent,
efforts should be made to control pre-transplant disease at the lowest levels possible to reduce peri-operative
infectious risks, while also ensuring that any nonreversible disease does not pose excessive threat to
post-transplant outcomes or rehabilitation potential. Systemic sclerosis with severe oesophageal dysmotility
may be considered a contraindication at some centres; assessment of swallowing and oesophageal function
is crucial, and patients should also undergo evaluation for skin thickening, digital ulceration, renal
insufficiency and cardiomyopathy. For inflammatory myopathies, comprehensive cancer screening is
required [13, 60]. Comprehensive ISHLT guidelines on LTx for CTD have recently been published [13].

Considerations in other ILDs including sarcoidosis
LTx is an option for several other ILDs including Langerhans cell histiocytosis [67], occupational ILD
including silicosis [68, 69], pleuroparenchymal fibroelastosis (PPFE) [70], chronic hypersensitivity
pneumonitis [71] and sarcoidosis. Sarcoidosis is the most common of these less-frequent indications for
LTx, accounting for 2.4% of worldwide transplants between 1995 and 2018 [1]. LTx candidacy in
sarcoidosis is generally approached similarly to other ILDs, with the addition of careful pre-transplant
screening for conductive and/or infiltrative cardiac disease based on the clinical scenario [72]. Patients with
advanced cardiac dysfunction may require heart–lung transplantation, with sarcoidosis accounting for 1.9%
of worldwide heart–lung transplants between 1998 and 2018 [1]. Transplant for sarcoidosis appear to yield
similar outcomes compared to the general transplant population [72, 73]. One study analysed 695 patients
with sarcoidosis transplanted between 1987 and 2012 and found no difference in survival or bronchiolitis
obliterans syndrome (BOS) compared to nonsarcoidosis controls, with the sarcoidosis cohort having a
median survival of 63.1 months and a 10-year survival of ∼30% [74]. Sarcoidosis does recur in the
allograft in up to 35% of lung transplants, but rarely impacts clinical outcomes (see also the section
“Outcomes and considerations after LTx for ILD”) [75].

Although data are limited, other ILDs have also been shown to have similar, if not better, survival after
LTx compared to IPF and other control groups [71]. Evaluation of LTx candidacy is also similar, although
surgical complexity can be increased in those with dense pleural adhesions. For example, one study
compared outcomes of LTx for occupational lung disease versus other diagnoses, and demonstrated similar
long-term survival, but a higher need for cardiopulmonary bypass and delayed chest closure in the
occupational lung disease cohort [69]. PPFE, presenting either as its own entity or co-existing with other
patterns of ILD, can be particularly challenging operatively, with dense adhesions often leading to thoracic
contraction and increased bleeding risk [76]. LTx for PPFE or other disorders associated with dense pleural
adhesions should be performed only in experienced centres [69, 76].
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Telomere disorders (pre-transplant considerations)
Chromosomal telomeres protect against loss of genetic information during normal cell division. Critical
shortening, often associated with specific mutations in telomere maintenance (including telomerase (TERC/
TERT)), can lead to cell-cycle arrest with associated bone marrow failure and cancer predisposition [77].
A tendency toward both haematological and other forms of cancer, including of the head and neck, is
reported [78]. In addition, telomere disorders have been implicated in ILD pathogenesis. A leukocyte
telomere length <10th percentile is found in up to 25% of patients with sporadic and 37% of familial
IPF [79], with disorders also recognised in several other forms of ILD [80]. Pre-transplant, telomere
shortening is associated with earlier age of presentation and a progressive phenotype [81], and predicts poor
response to immunosuppressants in IPF [82].

Reduced telomere length has been linked with worse post-transplant outcomes. Among 86 patients
transplanted for ILD, one study demonstrated that pre-transplant telomere length <10th percentile was
independently associated with worse survival (hazard ratio 10.9, 95% CI 2.7–44.8; p=0.001) and higher
risks of primary graft dysfunction and CLAD [83]. Haematological and several other post-transplant
medical complications are also more common in this cohort [81, 84–86]. With these associations in mind,
haematological abnormalities in the context of telomere disorders are now recognised by the ISHLT as a
risk factor for poor LTx outcomes [13]. Testing for telomere length and the associated mutations in
candidates with ILD is now performed in some centres and may be particularly useful in early-onset or
familial ILD. More data are needed to determine whether and how best to integrate testing into the routine
pre-transplant evaluation, but it may assist in determining pre-transplant prognosis, risk-stratifying
candidates, and predicting post-transplant complications (see also the section “Outcomes and
considerations after LTx for ILD”).

Management while being considered or after listing for LTx
In addition to determining timing of LTx referral (and listing), management of progressive ILD should take
place in an experienced ILD centre and requires a comprehensive approach aimed at 1) slowing disease
progression and improving symptoms; 2) mitigating risks to improve the likelihood of successful LTx; and
3) optimising candidacy for LTx (figure 1). If the ILD expert is different from the lung transplant
pulmonologist, the teams must work in a concerted manner to optimise care and communication (figure 1).
Coordination of care may be facilitated if the ILD and transplant pulmonologists are at the same centre, but
this may not be required, assuming frequent and close communication can be achieved.

Many recommendations from the ATS/ERS/JRS/ALAT 2011 and 2015 IPF management guidelines apply
broadly to advanced ILD, including regular assessment of oxygenation, consideration of antifibrotics, and
pulmonary rehabilitation [10, 11]. Palliative care should be considered and advance directives addressed
while the candidate is an outpatient, and these steps should not be construed as mutually exclusive from
treatment-oriented care including LTx [87, 88]. Psychosocial support may be valuable, and caregiver and
financial planning are required prior to LTx to improve the likelihood of successful outcome.

Finally, evaluation for and management of common comorbidities can be beneficial, including obstructive
sleep apnoea, coronary artery disease (CAD), gastro-oesophageal reflux (GOR), venous thromboembolism
and associated PH [89, 90]. For patients with PH, sildenafil, including in a placebo-controlled trial of 274
IPF patients with DLCO <35%, has been shown not to improve dyspnoea or 6MWD [91], and received a
conditional recommendation against their use in the 2015 guidelines [11]. However, PH can guide
transplant timing and appears to be common in this population, with one study showing right ventricular
dysfunction in >40% of those with IPF and DLCO <35% [91], and another showing pre-transplant mean
pulmonary artery pressure >40 mmHg in nearly 20% of patients with restrictive lung disease who
underwent double LTx (DLTx) [92]. Functional 6MWD benefits have been demonstrated with sildenafil in
IPF patients with right ventricular dysfunction [93]. From a transplant perspective, PH is associated with
increased risk of primary graft dysfunction and early post-operative mortality after LTx and its presence
impacts surgical planning [94, 95], use of mechanical circulatory support and anaesthetic management,
although it is unknown how pre-transplant treatment impacts these considerations. Therefore, evaluation for
PH should be considered in progressive ILD, particularly in patients with suggestive signs exceeding those
expected from their lung disease alone, or in those with systemic sclerosis or other CTDs in which an
overlapping component of vasodilator-responsive (World Health Organization group 1) PH is more likely
[96, 97].

Relative risks associated with ILD pharmacotherapies
Specific treatments may impact peri-operative risks in ILD patients approaching LTx. Chronic, high-dose
corticosteroids in particular may increase wound healing complications and risk of anastomotic dehiscence,
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and one study demonstrated increased mortality among 62 patients (38% with ILD) treated with
pre-transplant prednisone doses >0.42 mg·kg−1·day−1 [98]. Other data suggest that doses <40 mg or
0.3 mg·kg−1·day−1 are probably safe [99]. Based on potential risks, many LTx programmes consider
maintenance prednisone-equivalent doses >20 mg·day−1 to be a contraindication (excluding augmented
doses for acute exacerbations), and discussions between ILD and transplant programmes on specific
corticosteroid policies are necessary. There are no data on the impact of other immunomodulating agents
on LTx outcomes, but in general it is best to limit immunosuppressants for ILD to the lowest effective
doses while a patient is listed for transplant.

Lastly, despite early attention, recent studies have not demonstrated differences in survival, anastomotic
dehiscence or other complications among ILD patients treated with pre-transplant pirfenidone or nintedanib
[100, 101]. The use of antifibrotics leading up to the day of LTx is not considered a contraindication.

Proactive management of obesity and deconditioning
As described earlier, overweight status is common in patients with ILD approaching LTx. Nutritional
counselling and appropriate weight loss can increase the likelihood of successful LTx [56] and improve
candidacy, while also potentially improving pre-transplant symptoms. Deconditioning, reduced functional
status, frailty and sarcopenia have also been shown to impact pre-transplant trajectory and post-transplant
outcomes [102–105]. All appear to be common in advanced ILD, with frailty demonstrated in ∼30% of
candidates with restrictive lung disease [103, 106, 107], and small studies showing reduced muscle mass
by imaging criteria in 20–40% of candidates [105, 108]. Frailty and impaired functional status are
considered risk factors for poor outcomes with LTx [13], and patients with advanced ILD warrant a
thorough assessment of conditioning and functional status. Pulmonary rehabilitation has been associated
with improved (pre-transplant) symptoms, quality of life and 6MWD, along with more favourable early
post-transplant outcomes [13, 109, 110]. It should be considered in all patients with advanced ILD and
may be required for LTx.

Anti-reflux surgery for abnormal GOR
GOR has been demonstrated in up to 90% of people with IPF and has been implicated in ILD
pathogenesis [111–113]. The impact of GOR may be amplified in those with co-existing gastrointestinal
dysmotility, most notably in systemic sclerosis [114, 115]. In the WRAP-IPF study, 58 patients with IPF
and FVC >50% predicted (mean 76.5% pred) were randomised to laparoscopic fundoplication versus
medical management alone. There was no difference in FVC change over 48 weeks, but the surgical cohort
had numerically fewer acute exacerbations, respiratory hospitalisations and deaths, without major
complications [116].

Reflux and oesophageal motility evaluation is generally required by transplant programmes during
evaluation based on associations between GOR and oesophageal dysfunction and post-transplant early
allograft injury, infection, acute rejection and CLAD [117–119]. Pre- or early post-transplant
fundoplication has been shown to mitigate these risks [120, 121]. Although pre-transplant surgery probably
carries increased risks compared to those with less severe ILD, it has been shown to be safe in
well-selected patients approaching LTx, including in one cohort with mean FVC 50% pred [120]. Surgical
management may serve several purposes, including slowing pre-transplant disease progression, fulfilling
candidacy requirements and improving post-transplant outcomes, although more data are needed, especially
in advanced ILD. It should be noted that patients with co-existing GOR and oesophageal dysmotility may
require modified (Toupet) fundoplication. Ultimately, surgical decisions are generally made on a
case-by-case basis in multidisciplinary fashion.

Pre-transplant acute exacerbations
Most literature on acute ILD exacerbations pertains to IPF (AE-IPF), defined as acute (typically less than
1 month’s duration) respiratory deterioration with widespread alveolar abnormality, and exclusion of
alternative diagnoses including pulmonary oedema [122]. The prognosis of AE-IPF is poor, with
in-hospital mortality nearly 50% and as high as 90% in those requiring mechanical ventilation [10], along
with a median survival following AE-IPF of only 3–4 months [122]. Corticosteroids may be beneficial in
some cases including non-IPF ILD, but supportive evidence in AE-IPF is limited, and without other
effective treatments management is largely supportive.

For listed patients, data from the USA show that waiting-list mortality is highest for candidates with
restrictive lung disease and with lung allocation scores (LAS) ⩾50, at 29.7 and 121.8 deaths per 100
waitlist-years [3], respectively. Many deaths are attributable to acute exacerbations, but transplant in the
setting of AE-IPF is also associated with worse outcomes. A 2018 analysis of 89 listed IPF patients
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showed 1- and 3-year post-transplant survival of 71% and 60%, respectively, for those transplanted in the
midst of an AE-IPF, compared to 94% and 90% for those with stable pre-transplant disease [123]. This
and other studies have documented an association between higher LAS at transplant and worse
post-transplant outcomes [124], further reinforcing the need for timely transplant referral in ILD.

During an acute exacerbation, close communication with a LTx centre is required to review candidacy and
listing status. Currently >60% of worldwide lung transplants are allocated based on the LAS, including in
Eurotransplant and the USA [125], and scores should be updated upon presentation and during
exacerbations. Some nations use other forms of high-emergency allocation systems with varying criteria
that a patient may qualify for during acute exacerbations, a practice that has been shown to reduce
waiting-list mortality [125, 126].

Potential options for bridging with mechanical support should also be reviewed. With improvements in
technologies and experience, extracorporeal life support (ECLS) bridging is being increasingly used with
improving outcomes [127, 128]. In a 2018 propensity-matched analysis, 49 patients (mean age 44 years;
29 (59%) with restrictive lung disease) bridged to LTx with mechanical ventilation plus ECLS were
compared with unbridged controls, as well as a cohort bridged with mechanical ventilation alone [127].
1-year post-transplant survival was 79.5% in those bridged with mechanical ventilation plus ECLS, which
was not statistically different from controls. However, bridging is resource-intensive and certainly an
important risk factor for poor post-transplant outcomes [13]. Patient selection is critical, with outcomes
having shown to be best in experienced centres, age ⩽40 years, awake/ambulatory systems and shorter
bridging duration [129–131]. Extrapulmonary organ dysfunction and uncontrolled sepsis are
contraindications, and the ISHLT emphasises that patients presenting de novo (without previous evaluation
for LTx) represent higher-risk candidates [13, 14].

Single versus double LTx for ILD
The growth in worldwide LTx volume over the past two decades is largely composed of DLTx, which
comprised 81% of total transplants in 2018, compared to only 50% in 2000 [1]. That said, the decision on
single LTx (SLTx) versus DLTx continues to garner debate in ILD. SLTx provides an opportunity to serve
two recipients, a very important advantage given the growing supply–demand mismatch in LTx in the
modern era. Moreover, in patients who may be candidates for SLTx or DLTx, studies have demonstrated
that listing for either option, as opposed to only DLTx, is associated with decreased waiting-list mortality
and increased transplant rate, without compromising 1- or 5-year post-transplant survival [132–134].
Surgically, compared to DLTX, SLTx leads to decreased use of cardiopulmonary bypass, operative and
ischaemic times, and duration of mechanical ventilation and intensive care unit stays, factors that may be
particularly advantageous for older or more frail patients [135, 136]. SLTx has shown comparable or even
superior post-transplant outcomes in the first 3–12 months and in older patients, with lower rates of death
from primary graft dysfunction [136, 137]. Longer-term, despite lower lung function, recipients of SLTx
versus DLTx have been shown to have similar improvements in health-related quality of life [138].

Other literature supports DLTx as the optimal procedure choice in ILD. Among >60000 transplants (1992–
2017), the ISHLT median survival after DLTx was 7.8 years, compared to 4.8 years after SLTx [1]. In
4134 patients with IPF, a 2015 analysis demonstrated adjusted median survival of 65.2 months versus
50.4 months (p<0.001) with DLTx and SLTx, respectively [139]. A 2018 analysis confirmed these
findings among patients with restrictive lung disease, demonstrating 10-year survival rates of 55% versus
32%, respectively [140]. Contrary to earlier reports in older patients, in a 2015 study of nearly 1000
patients with IPF aged ⩾65 years, DLTx after propensity-matching was associated with no difference in
early survival, and significantly improved 5-year survival (48.7% versus 35.2%, p<0.01) compared to
SLTx [141]. The potential advantages of DLTx for ILD are probably most pronounced in younger patients,
and those with associated PH or higher LAS [140, 142].

Ultimately, a flexible approach is warranted in ILD, with the choice of procedure best determined by
individual programmes on a case-by-case basis factoring in age, frailty, overall disease severity including
LAS and pulmonary artery pressures, anatomic factors and availability and suitability of donor lung(s).

Outcomes and considerations after LTx for ILD
Although improving, outcomes following LTx are inferior to transplantation of other solid organs, with the
majority of deaths related to infections or CLAD [1]. ISHLT registry data show that among ILD recipients
surviving >5 years, ∼25% of deaths are due to malignancy including lymphoma, and nearly 7% are due to
cardiovascular causes [143]. Although the general management of patients transplanted for ILD is similar
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to the overall LTx population, several medical comorbidities warrant increased attention for their ability to
impact morbidity and long-term survival (table 4, figure 1) [143].

Coronary artery disease
Cardiovascular disease is common in ILD, probably due to inflammation, endothelial injury, lipid
abnormalities and/or disease treatments [144, 145]. CAD in particular has increased incidence in IPF and
some CTDs including systemic lupus erythematosus and rheumatoid arthritis, where it is recognised as an
important cause of mortality [144–147]. The prevalence of CAD is as high as 68% in IPF patients
undergoing cardiac catheterisation during a pre-transplant evaluation [133], and in patients referred for
LTx, after adjustment for traditional risk factors fibrotic lung disease has been independently associated
with increased CAD risk compared to other diagnoses [148]. Carefully selected patients with CAD can
undergo successful LTx without increased mortality, but a vigilant approach is required after transplant to
monitor symptoms and optimise cardiovascular risk factors [149].

Gastrointestinal disease
Many candidates with ILD may be considered for antireflux surgery before LTx [120]. Fundoplication is
often considered after LTx if pre-transplant surgery is deemed unsafe, or if a patient develops
post-transplant GOR symptoms or lung function decline. For those with early post-transplant GOR,
observational studies of mixed populations including ILD have shown antireflux surgery to improve
mortality, lung function and freedom from BOS [121, 150–152], with the effects most pronounced if
performed early after LTx. Additionally, guidelines recommend considering GOR as a cause of
post-transplant pulmonary decline including CLAD [150], where antireflux surgery has been associated
with improved lung function [153].

Gastrointestinal dysmotility is common after LTx, with one study showing delayed gastric emptying in
>50% of patients transplanted for restrictive lung disease [154]. Dysmotility has been associated with
increased risk of BOS [155], and although this finding has not been consistent, it can certainly increase
symptoms, impact drug absorption and render conventional antireflux surgery unsafe in those with
co-existing GOR [13]. Particularly important for CTDs including systemic sclerosis, in experienced
centres, carefully selected patients with severe oesophageal dysmotility can have reasonable outcomes after
LTx using a cautious, multidisciplinary approach including speech pathology, nutrition and thorough
education on GOR and aspiration precautions [62, 64]. After LTx for systemic sclerosis, some centres
describe a prolonged nil-per-mouth approach with post-pyloric tube feeding until a patient demonstrates
pulmonary stability and adequate swallowing function on objective studies [64]. Others use a time-based
approach, extending enteral nutrition to ⩾6 months post-transplant [65].

Post-transplant complications of telomere biology disorders
The post-transplant risks related to chromosomal telomere shortening in both sporadic and familial ILD are
being increasingly recognised. Anaemia occurs after LTx in nearly all recipients with known telomere
shortening and can require recurrent transfusions and/or erythropoietin supplementation [83, 85, 86]. Small
studies have shown leukopenia, filgrastim requirement and thrombocytopenia in up to 83%, 33% and 88%
of patients, respectively [84, 86]. Myelodysplastic syndrome has been reported and should be considered in
refractory cases [85], and general cancer risk also appears to be increased [78]. Infectious complications
are common, including cytomegalovirus, for which treatment can be challenging, particularly given the
associated bone marrow toxicities [85]. Chronic renal disease and elevations in transaminase levels have

TABLE 4 Morbidity rates in survivors at 5 years after lung transplantation for interstitial lung disease

Idiopathic interstitial pneumonia % of
survivors with listed diagnosis

Other interstitial lung diseases % of
survivors with listed diagnosis

Hypertension 79.5 80.0
Creatinine >2.5 mg·dL−1 35.8 34.4
Chronic dialysis or renal
transplant

2.7 2.7

Hyperlipidaemia 63.4 57.1
Diabetes 37.7 33.2

Data from the International Society for Heart and Lung Transplantation 2016 registry [143].
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been demonstrated in up to 80–85% of patients [86]. Together, the various complications often lead to
intolerance of immunosuppression, most frequently leading to reductions or complete cessation of the
antiproliferative agent [85, 86].

Somewhat paradoxically, patients with ILD and known telomere shortening also appear to be at greater
risk of CLAD after LTx, with one study showing incidence of 50% versus 23% (p=0.022) in recipients
with telomere length less than or greater than the 10th percentile, respectively [83]. The authors suggested
potential mechanisms for this finding including general immune dysregulation, altered adaptive immunity
and propensity for lower respiratory tract infections driving airway inflammation [83], and it is also
conceivable that reduced immunosuppression itself may contribute.

Optimal management after LTx in patients with telomere disorders is unclear, but requires closer
monitoring for haematological, malignant and other complications, and reduced immunosuppression is
often required. Consultation from a haematologist familiar with telomere disorders should be considered,
and care may also require co-management with infectious diseases, particularly in cases of persistent or
resistant cytomegalovirus.

Native lung considerations in SLTx recipients
Progression of fibrotic lung disease in the native lung is common anecdotally and was shown to occur in
all patients receiving SLTx for IPF in one small series [156]. Despite this, hypoxic vasoconstriction leads to
appropriate diversion of 60–90% of blood flow to the allograft in most ILD patients receiving SLTx [157],
lessening the clinical importance of native lung function after transplant.

Time post-transplant

12 years 13 years 14 years 14 years

21 months 24 months 26 months 27 months

a)

i) ii) iii) iv)

Time post-transplantb)

i) ii) iii) iv)

FIGURE 2 Examples of post-transplant complications in the native fibrotic lung after single lung transplantation (SLTx). a) Images from a
57-year-old male 12 years after left SLTx for familial idiopathic pulmonary fibrosis; i) demonstrates a mycetoma in the native right upper lobe on
axial computed tomography images. Bronchoalveolar lavage cultures from the (native) right upper lobe as well as from the (allograft) left upper
lobe grew Aspergillus fumigatus. He was treated with prolonged voriconazole, but surveillance imaging showed increasing size of the mycetoma at
ii) 13 and iii) 14 years post-transplant, with iv) sagittal imaging also demonstrating several new, smaller mycetomas. b) Images from a 62-year-old
male 21 months after left SLTx for rheumatoid arthritis-associated interstitial lung disease. On axial computed tomography, i) demonstrates a small
nodule versus focus of scarring superimposed upon underlying fibrosis in the native lung (arrow). ii, iii) Surveillance imaging demonstrated
evolution into a clear nodule which increased in size over 5 months (arrows). iv) Positron emission tomography (sagittal image) confirmed a
hypermetabolic right upper lobe nodule, along with multiple hypermetabolic lesions in the liver consistent with metastases. Percutaneous biopsy
of the lung nodule confirmed adenocarcinoma. The patient died at 29 months post-transplant due to complications from brain metastases.
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Several specific complications in the native fibrotic lung have been reported after SLTx for ILD including
infections, mycetomas, pneumothorax and bronchopleural fistula [7, 157, 158] (figure 2). Most
importantly, with fibrotic disease carrying a five-fold increased risk of malignancy compared to the general
population that may be amplified with post-transplant immunosuppression, native lung cancers have been
reported in up to 10% of ILD SLTx recipients [158–160]. Detection can be difficult due to fibrosis and
outcomes are poor, with reported survival after diagnosis <1 year [160, 161]. With these risks in mind,
some programmes perform routine CT imaging in SLTx recipients, though more data are needed to guide
the optimal approach.

Disease recurrence in the allograft
Recurrence of native disease in the lung allograft is rare, probably due to post-transplant
immunosuppression, and, particularly in older recipients a relatively short average graft survival compared to
typical disease onset. One study reported that only 1% of 1934 LTx recipients developed disease recurrence
[75]. Incidence was highest in sarcoidosis, with nine (35%) out of 26 developing recurrent radiographic or
pathological signs. In a more recent analysis, among 30 recipients of LTx for sarcoidosis, histological and
radiographic recurrence were documented in seven (23.3%) and one (0.4%), respectively [162]. Interestingly,
acute rejection rate was significantly lower in those that developed recurrent sarcoidosis, and recurrence did
not impact 1- or 5-year survival. Recurrence of hypersensitivity pneumonitis [71], Langerhans cell
histiocytosis [75], desquamative interstitial pneumonitis [163] and NSIP have all been reported in the
allograft, and an index of suspicion should be maintained after LTx for these entities [164], but clinically
relevant disease is quite rare. Recurrence of IPF in the allograft lung has not been reported to date.

Conclusions
LTx offers the potential for vastly improved quality and duration of life for patients with advanced and/or
progressive fibrotic ILD. With an increasing proportion of transplants for ILD it is important for both
general and transplant pulmonologists to appreciate the complexities specific to this population that impact
candidacy, pre-transplant risks and post-transplant management. In most cases, disease progression should
prompt early referral to a LTx centre concurrent with care at an ILD centre to guide slowing the fibrotic
lung disease, stabilising overall clinical status and optimising a candidate for LTx. Candidacy and
procedure choice remain influenced by centre-specific policies. Recognition of common comorbidities in
ILD is also required after LTx to optimise the chance of long-term survival.

Future directions
Further study is needed to optimise care and improve outcomes with LTx for ILD. The shortage of
adequate donor lungs is especially important to recognise with increasing transplant volumes and
proportion of transplants for ILD. Particularly with antifibrotics, improved methods are needed to
determine prognosis in candidates with various types of ILD and identify those in greatest need of LTx.
The use of marginal lungs, including with ex vivo lung perfusion, and how expanded-criteria lungs may be
used in sicker candidates with ILD warrants attention. Serving two candidates with SLTx (versus DLTx)
also provides an opportunity to reduce the number of patients dying without transplant; determining which
patients may be best suited for SLTx, how to ensure that both donor lungs are used and the optimal
management strategies after SLTx all represent areas of interest.

Finally, the transplant community is transitioning toward higher-risk, sicker candidates, and more data are
needed to guide optimal practice in those with ILD and advanced age, frailty, CTD-associated issues
including oesophageal dysmotility, respiratory failure requiring bridging and telomere biology disorders.
This includes not only candidacy for LTx, but also personalising post-transplant care including
immunosuppression to reduce infectious and malignant complications while still protecting against CLAD.
Based on the antiproliferative characteristics of antifibrotic agents, treatment clinical trials with antifibrotic
agents for CLAD are worthwhile considerations to pursue biological plausibility.
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