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Abstract: Lung transplantation is an established treatment option that can improve quality of life and
prolong survival for select patients diagnosed with end-stage lung disease. Given the gaps in organ donation
and failures to make effective use of available organs, careful selection of candidates for lung transplant
remains one of the most important considerations of the transplant community. Toward this end, we
briefly reviewed recent trends in pretransplant evaluation, candidate selection, organ allocation, and organ
preservation techniques. Since the latest consensus statement regarding appropriate selection of lung
transplant candidates, many advances in the science and practice of lung transplantation have emerged and
influenced our perspective of ‘contraindications’ to transplant. These advances have made it increasingly
possible to pursue lung transplant in patients with risk factors for decreased survival—namely, older
recipient age, increased body mass index, previous chest surgery, poorer nutritional status, and presence
of chronic infection, cardiovascular disease, or extrapulmonary comorbid conditions. Therefore, we
reviewed the updated evidence demonstrating the prognostic impact of these risk factors in lung transplant
recipients. Lastly, we reviewed the salient evidence for current trends in disease-specific indications for lung
transplantation, such as chronic obstructive pulmonary disease, idiopathic pulmonary fibrosis, cystic fibrosis,
emphysema due to alpha-1 antitrypsin deficiency, and pulmonary arterial hypertension, among other less
common end-stage diseases. Overall, lung transplant remains an exciting field with considerable hope for

patients as they experience remarkable improvements in quality of life and survival in the modern era.
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Background innovations have contributed to substantial improvements

in survival and quality of life for transplant recipients.

Lung transplant has been established as the treatment of However, the field of lung transplantation faces appreciable

choice for patients with various forms of end-stage lung challenges, including expanding the lung donor pool

disease, in whom non-transplant therapeutic options and ameliorating posttransplant complications, such

have failed. Many advances in the realms of basic science,
clinical research, surgical technique, and perioperative

management have emerged over the past few decades; these
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as primary graft dysfunction, cellular- and antibody-
mediated rejection, chronic lung allograft dysfunction,
and infection (1). One of the most important questions
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facing the transplant community is how to manage the gap
between supply and demand of donor organs to ensure
that the maximum number of potential recipients receive
this life-saving intervention (2). Selecting candidates for
lung transplant is predicated on the judicious guidelines
established by the International Society for Heart and
Lung Transplantation (ISHLT) (3). Ideal candidates for
lung transplant are individuals with a terminal respiratory
illness who are experiencing significant decrease in quality
of life. Candidates should be able to undergo major surgery
that requires prolonged recuperation and rehabilitation,
and should be otherwise free of significant comorbidities
that might negatively affect successful transplantation.
Despite these consensus statements, many controversial
issues remain regarding the selection of candidates for
lung transplant. Contraindications for lung transplant
are constantly evolving, as valiant investigative efforts
from leading transplant institutions push the boundaries
of feasibility, and indications for lung transplant also
continue to expand. At the dawn of this new decade, the
authors will review current trends in candidate selection,
contraindications, and indications for lung transplant,
describing the rationale and evidence for these trends where
possible.

Trends in pretransplant evaluation, candidate
selection, and organ allocation

Appropriate evaluation, selection of lung transplant
candidates, and organ allocation have powerful effects on
outcomes and survival after transplant (3). Currently, lung
transplant centers use the following general criteria when
determining an individual’s potential for lung transplant:
the risk of death from lung disease without transplant is
>50% within 2 years, the likelihood of surviving at least
90 days after lung transplant is >80%, and the likelihood
of surviving 5 years after transplant based on analysis of
comorbidities is >80%, provided that the graft functions
adequately (3). However, decisions regarding referral
and subsequent evaluation for lung transplant candidacy
appear to be as much an art as they are a science. Decisions
depend upon the waitlist, the capability and activity of
the transplant center, and manifestation of the patient’s
underlying pathology. Every patient should be discussed
with the transplant center before any definite decision
is made to either accept or decline a patient for lung
transplant. Additionally, an overlooked but important
component of the candidate selection process is the role
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of the non-transplant clinician. It is critical for non-
transplant clinicians to refer patients with advanced stages
of lung disease earlier for lung transplant evaluation, if
those patients’ conditions may be amenable to transplant.
Early referral may maximize patients’ chances of meeting
eligibility criteria for transplant, and in cases where relative
contraindications are identified, patients may have an
opportunity to improve such factors prior to listing (4).

Improving the management of lung transplant
candidates during the pretransplant period has been the
focus of much attention, as efforts to delay the time until
need for transplant are being readily developed. The
emergence of highly effective, targeted pharmacologic
agents for diseases such as idiopathic pulmonary fibrosis
(IPF), idiopathic pulmonary arterial hypertension (PAH),
and cystic fibrosis (CF) have demonstrated efficacy in
slowing the otherwise-rapid progressive clinical course
of these respiratory illnesses (5-7). These advances in
pharmacologic treatment have made later listing possible
in some patients, successfully extending the time until
need for transplant and contributing to an overall decrease
in time-to-death for these end-stage lung diseases (8).
Furthermore, chronic infections such as HIV, hepatitis B
virus (HBV), and hepatitis C virus (HCV), are no longer
considered insurmountable barriers to lung transplant, and
recent investigations in these patients have demonstrated
comparable survival to seronegative patients after transplant
(9,10). Novel pharmacologic therapies are demonstrating
adequate infection control in these individuals, thus
paving the way for more inclusive standards for transplant
candidacy (11).

Furthermore, over the past 2 decades, the lung
transplant community has witnessed a revolution in the
allocation of donor organs thanks to the development of
the lung allocation score (LAS). This system was designed
to shift the distribution of donor lungs toward patients
in more dire need—in other words, patients who would
theoretically benefit most from transplant. After the LAS
was introduced, waitlist deaths decreased significantly and
the number of lung transplants increased. The LAS also
resulted in double the annual number of lung transplant
procedures, despite the fact that there was no increase
in donors. The distribution of recipients’ diagnoses also
changed dramatically, with significantly more patients with
fibrotic lung disease receiving transplants; the mean age of
recipients increased significantly; and most patients who
underwent transplant experienced a survival benefit, with
the greatest benefit observed in patients with higher LAS

7 Thorac Dis 2021;13(11):6514-6527 | http://dx.doi.org/10.21037/jtd-2021-09



6516

scores (12,13). The LAS system has been modified since
it was originally introduced, and there remains a need to
further refine the lung allocation process to decrease the
risk of poor outcomes and associated expenses (14,15).

Trends in organ preservation techniques

In the last two decades, ex vivo lung perfusion (EVLP)
has emerged as a new technology with the potential to
recondition human donor lungs that would otherwise fall
below the acceptable threshold for transplant (16). Provided
the need to expand the donor lung pool, the transplant
community explored the use of EVLP as a preservation
technique for suboptimal donor lungs. EVLP describes
a concept of perfusing and ventilating a donor lung in an
ex vivo circuit, allowing transplant clinicians an opportunity
to reassess the allograft function before transplant. The
feasibility of transplanting high-risk donor lungs that have
undergone EVLP has been established in a few clinical
trials, with results suggesting that EVLP-treated lungs
share similar outcomes to conventionally selected and
physiologically stable donor lungs (17,18). The safety and
efficacy of several EVLP techniques have been evaluated in
clinical practice. Normothermic EVLP is being increasingly
investigated, and while continuous normothermic EVLP
is effective in rescuing organs otherwise not suitable for
transplant, it has not shown to be safer or superior to cold
static preservation for standard criteria donor organs. An
acellular EVLP technique has also been developed with the
capability of maintaining donor lungs for at least 12 hours
at body temperature without inducing allograft injury (19).
Existing studies are actively evaluating the potential for
EVLP to improve the function of lung allografts already
deemed acceptable for transplant (20). Ultimately, EVLP
remains a promising technique to increase the number of
higher-quality human donor lungs, and future research may
yield it feasible to integrate other pharmacologic and gene
or cellular therapies with treatment.

Trends in relative contraindications

The selection of appropriate lung transplant candidates is a
multifactorial decision that begins with identifying patients’
contraindications to the procedure. The aforementioned
recipient selection guidelines were developed to supply
transplant clinicians with the most robust scientific evidence
available for suitable candidates. Since the development
of these guidelines, transplant centers have carefully
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weighed this evidence with the goal of safely providing
therapy to as many patients as possible, including those
diagnosed with complex medical conditions. Because
centers have begun routinely transplanting patients
with relative contraindications identified within these
consensus statements, a discussion of the most recent
guidelines is warranted. Especially controversial relative
contraindications will be reviewed below, in light of
since-published evidence regarding patients with existing
comorbidities undergoing transplant.

Recipient age

Existing recommendations state that age alone should not
be considered a contraindication to transplant, with the
caveat that patients over 75 years of age are unlikely to
be candidates. Recipient age over 65 years, if associated
with low physiologic reserve and/or other relative
contraindications, should remain a relative contraindication
to transplant (3). Despite this recommendation, it has
become increasingly common over the past decade to
perform lung transplant in patients older than 65 years;
the most recent investigations have detailed the clinical
outcomes of these patients from a national registry (21,22).
These studies have revealed acceptable outcomes in well-
selected end-stage lung disease patients over the age of
65 years, and these appear comparable to outcomes in
younger recipients. Recipients aged 70 years and older
have made up a greater proportion of the overall lung
transplant population after implementation of the LAS,
and studies have revealed acceptable clinical outcomes and
early survival rates in this cohort (23-25). The results of
future clinical series investigating the age-old question of
whether advanced age is reason to withhold life-prolonging
treatment in patients with otherwise-acceptable risk profiles
are eagerly anticipated.

Nutritional status

The nutritional status of lung transplant candidates is
related to posttransplant survival (26); therefore, guidelines
state that class I obesity [i.e., body mass index (BMI)
30.0-34.9 kg/m’], particularly truncal (central) obesity,
is a relative contraindication to lung transplant, whereas
classes IT and III obesity (BMI >35.0-39.9 kg/m’ and BMI
>40.0 kg/m’) are listed as absolute contraindications (3).
Malnourishment is also cause for great concern in potential
lung transplant candidates, especially in those with CF
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and chronic obstructive pulmonary disease (COPD), and
improved nutritional status must be aggressively pursued
before listing (27-29). The basis for pretransplant obesity
as a contraindication is founded in multiple studies
demonstrating significant risk for mortality after lung
transplant in overweight and obese recipients, independent
of other risk factors (27,30-33). However, a subsequent
study in the LAS era found no significant associations
between class I obesity and short-term mortality after lung
transplant; importantly, classes II and III obesity were
associated with a nearly twofold increase in mortality (34).
Despite its appearance on recipient selection guidelines, a
BMI greater than or equal to 30 kg/m’ may not preclude
lung transplant, and the decision to perform a transplant
procedure in patients with class I obesity remains the
responsibility of individual centers.

Furthermore, the validity of BMI as a measure of obesity
has been questioned, mainly relating to its inability to
distinguish body composition types, resulting in errors in
classification (35). Alternative methods of measuring obesity,
such as adipose tissue quantification, are apt at identifying
volumes of subcutaneous and visceral adipose tissue using
software-based assessments of computed tomograms of the
thorax, and may provide more valuable insight into patients’
body habitus (36). Biomarkers, including leptin, interleukin
receptor 1 antagonist, and intercellular adhesion molecule 1
levels, are associated with adipose tissue volumes and offer
stronger predictions for risk of primary graft dysfunction
after transplant (37).

Osteoporosis

Severe, symptomatic osteoporosis is considered a relative
contraindication to lung transplant (3). Osteoporosis is
common in patients before and after transplant; both the end-
organ failure before transplant, and the immunosuppression
regimens implemented posttransplant contribute to
reduction in bone mass, quality, and strength (38). Bone loss
is especially common in the early posttransplant period, often
a complication of glucocorticoid administration, and the
goal should be to use the lowest possible dose and to taper
and withdraw glucocorticoids as early as possible (38). All
transplant candidates should be monitored for osteoporosis
and fracture risk, and when indicated, therapy should be
initiated early before transplant (39). Patients with CF
awaiting lung transplant for end-stage respiratory failure are
particularly at risk of developing bone disease and fragility
fracture, given their suboptimal levels of 25-hydroxyvitamin
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D levels (40). With appropriate screening and treatment
early before transplant, severe, symptomatic osteoporosis
may not contraindicate lung transplant.

Prior chest surgery

Extensive prior cardiothoracic surgical procedures and those
requiring lung resection may increase both the technical
difficulty of explanting the native lung and the operative risk
of lung transplant. Therefore, extensive prior chest surgery
is stated as a relative contraindication to lung transplant in
consensus guidelines (3). Nonetheless, patients who have
undergone prior surgical procedures of the chest [e.g.,
a coronary artery bypass graft (CABG)] are increasingly
undergoing lung transplant in recent years. Whether it
should remain a contraindication is debated, as reports of
its impact on survival after lung transplant are conflicting in
the literature. In a series of 14,791 patients who underwent
transplant between 2004 and 2013, 292 (2%) had previously
undergone a CABG, which was a predictor of mortality
at 1, 3, and 5 years, with an overall hazard ratio of 1.97
(95% CI, 1.23-3) (41). However, the effect was largely
due to increased mortality among those who underwent
bilateral lung transplant (BLT). In a more recent series of
333 patients who underwent lung transplant between 2004
and 2013, no association was seen between 3-way coronary
artery disease (CAD) status (CAD-CABG, CAD-No CABG,
No CAD) and overall re-transplant-free survival after
adjusting for age, gender, and transplant indication (42).
Simple pneumothorax treated by closed tube thoracostomy,
open lung biopsy, or uncomplicated lobectomy should not
preclude patients to lung transplant, and more complex
cases, such as patients who have undergone CABG, may
undergo lung transplant at the discretion of the center.
In the current era, prior cardiothoracic procedures are no
longer considered contraindications to lung transplant (43).

Extracorporeal life support

It is not uncommon for lung transplant candidates with
end-stage lung disease to decompensate acutely before
a donor organ becomes available. In this scenario,
extracorporeal life support (ECLS) may be considered
as a bridge to transplant or as a bridge to decision (44).
Historically, mechanical ventilation and/or ECLS were
included as a relative contraindication to transplant
on recipient selection guidelines, although it is stated
that select candidates without other acute or chronic

7 Thorac Dis 2021;13(11):6514-6527 | http://dx.doi.org/10.21037/jtd-2021-09



6518

organ dysfunction may be successfully transplanted (3).
However, advances in ECLS technology, personnel
training, and lung-protective strategies have improved
outcomes in patients who have received bridge therapy
to lung transplant (45), and in the past several years,
ECLS use has gradually increased for patients with
severe respiratory failure (46). Notably, the use of ECLS
increased 200% between 2009 and 2013 (47). When
applied to patients whose pulmonary function has rapidly
declined, long-term outcomes and functional status after
transplant have been reported to be comparable to those
who did not receive ECLS as a bridge to transplant (48).
A recent stratified outcome analysis amassing 20 years
of institutional experience with ECLS also revealed that
ECLS bridging yielded similar long-term survival compared
with non-bridged patients (49). There are no universally
accepted indications for ECLS bridge to transplant, but
factors such as age, functional status, disease process,
infection, other organ failure, and anticipated time on the
waitlist are considered when determining a patient’s benefit
from this therapy (50). Contraindications for ECLS are
also based on institutional experience, although traditional
contraindications for lung transplant may likewise be
considered contraindications for ECLS (3,50). The
practice of ECLS is actively evolving, as experiences with
ambulatory ECLS are being reported (51,52). Ambulatory
ECLS may help prevent deconditioning in patients awaiting
organs and subsequent transplant, and further research may
elicit additional advantages (53,54).

Colonization and infection

Colonization or infection with highly resistant or highly
virulent bacteria, fungi, and certain strains of mycobacteria
(e.g., chronic extrapulmonary infection expected to worsen
after transplant) is considered a relative contraindication
to lung transplant and significantly influences decisions on
whether transplant is an appropriate treatment option (3).
Colonization and chronic infection are especially common
in patients with bronchiectasis and CF, and strains of
Aspergillus species, Burkbolderia cenocepacia, Burkbolderia
gladioli, and nontuberculous mycobacteria are frequently
cultured in sputum samples from these patients (55,56).
Patients referred for lung transplant evaluation are assessed
for infection by these microorganisms, and some centers
with less experience in managing infection may decline
the patient for transplant. In high-volume and experienced
centers, the patient is considered for transplant if there
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is reasonable expectation that antibiotic or antifungal
therapy will adequately control the infection. In cases of
rapidly progressive infection with pan-resistant bacterial
strains before or after transplant, targeted combination
antibiotic therapy is indicated for eradication (57,58).
Bacteriophage therapy is a novel strategy for treatment of
multi-drug-resistant bacterial infections; its use has been
reported in 3 transplant recipients diagnosed with life-
threatening multi-drug-resistant Pseudomonas aeruginosa or
Burkbolderia dolosa infections (59). Bacteriophage therapy
necessitates further investigation, but initial experiences
have demonstrated promising results for the treatment of
multi-drug-resistant infections unresponsive to antibiotic
therapy alone. Likewise, chronic infection combined
with HIV, HBV, and HCV were recently considered
relative contraindications to lung transplant (3). However,
studies have since demonstrated that lung transplant
may be acceptable for patients whose chronic infection is
adequately managed (9,10,60). Appropriate management of
HIV may be evidenced by undetectable HIV-RINA, lack of
AIDS-defining opportunistic illnesses, and demonstrated
adherence to combination antiretroviral therapy. Acceptable
candidates with chronic HBV or HCV infection are stable on
appropriate therapy and should demonstrate no significant
clinical, radiological, or biochemical evidence of portal
hypertension or cirrhosis. Direct-acting antiviral therapy
in patients with HCV may even have curative results in
patients undergoing lung transplant (61). Overall, patients
with the above-mentioned infections are more commonly
being considered suitable transplant candidates, despite
existing guidelines, when these patients are evaluated at
transplant centers with significant experience in managing
these infections in the transplant setting.

Within the scope of infection, it is certainly necessary
to discuss the lasting impact of the coronavirus disease
2019 (COVID-19) pandemic on the lung transplant
community, and moreover, the optimal selection and care
of donor lungs. Reports describing the virology, clinical
manifestations, diagnosis, and management of COVID-19
have saturated the literature in the past year, yet there
is still much to determine—namely, its effect on the
safety of elective (and transplant) surgeries (62), whether
transmission of the virus from donor to recipient via a
lung allograft is plausible, and how infection influences the
progression of allograft rejection. Most recently, Bharat
et al. (63) shared their honorable efforts to successfully
transplant three patients suffering from non-resolving
COVID-19-associated respiratory failure. Meanwhile,
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Ceulemans et al. (64) were among the first to successfully
perform a lung transplant from a donor with confirmed,
mild COVID-19 symptoms three months prior to donation.
These early reports certainly demonstrate a resilience
amongst our transplant community, lung donors, and lung
transplant candidates and recipients. In sum, evidence
regarding COVID-19 in lung transplantation is constantly
evolving, and we have made considerable progress since the
beginning of the pandemic; another article in this series will
cover COVID-19 and lung transplantation in detail.

Coronary artery disease

Atherosclerotic disease burden without end-organ
dysfunction is considered a relative contraindication to
lung transplant in consensus guidelines (3). However,
several single-center studies have shown that posttransplant
outcomes in patients with CAD are comparable to those
without CAD when adequately palliated with coronary
revascularization (65,66). There is variability in institutional
practice policies with respect to evaluating and managing
CAD in patients with end-stage lung disease who have
been referred for lung transplant, as well as when to safely
list patients with CAD who are undergoing coronary
intervention for severe coronary disease. Selection of the
mode of coronary intervention (i.e., bare metal stent vs. drug-
eluting stent vs. CABG) based on CAD severity has also
been debated in literature (67,68). Nonetheless, satisfactory
outcomes have been well documented in patients with
coronary artery disease who undergo lung transplant, and
importantly, these recipients rarely die of cardiac causes (69).
Because the risk imposed by coronary artery disease can be
adequately minimized in transplant candidates who undergo
effective palliation, lung transplant should be seriously
considered in patients with atherosclerotic disease burden
without end-organ dysfunction. Additional study on the
prognostic impact of other pretransplant cardiovascular
abnormalities, such autonomic dysfunction (70), will also
better inform our community.

Extrapulmonary conditions

Lastly, consensus guidelines state that certain extrapulmonary
conditions that have not resulted in end-stage organ
damage, including diabetes mellitus, systemic arterial
hypertension, epilepsy, central venous obstruction, peptic
ulcer disease, or gastroesophageal reflux, should be
optimally treated before pursuing lung transplant (3). The
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above-mentioned comorbid diseases have been purported to
increase the likelihood of complications before or after the
transplant procedure, and may therefore adversely impact
the short- and long-term prognoses of the transplant (71).
As with all relative contraindications, it is critical for the
referring agency and the transplant center to establish
effective communication to facilitate early detection of any
comorbidity, as this gives the potential transplant candidate
the greatest amount of time to reduce the risks associated
with their concurrent medical condition.

Trends in absolute contraindications

A number of absolute contraindications to lung transplant
were also listed in the most recent recipient selection
guidelines, with similar intentions of establishing criteria
that optimize the likelihood of survival for patients after
transplant (3). Absolute contraindications are largely
considered inviolable in the process of evaluating a patient
referred for lung transplant; therefore, evidence for each
of these determinations will not be included in this review.
However, a few studies have examined outcomes after lung
transplant in recipients with less than a 2- or 5-year disease-
free interval, as indicated, from malignancy. Salient records
of the current trends in lung transplant for patients with a
history of malignancy will be reviewed.

Malignancy

Current guidelines suggest that lung transplant should
not be offered to adults who have a recent history of
malignancy (3), as malignancies are more common and may
behave more aggressively in immunosuppressed transplant
recipients (72,73). A 2-year disease-free interval combined
with a low predicted risk of recurrence after lung transplant
may be reasonable, such as in the case of skin cancers
other than melanoma that have been treated appropriately.
Localized non-melanoma skin cancer is generally not
considered a contraindication to lung transplant, but
remains common in the posttransplant period (74). A
S-year disease-free interval should be demonstrated in most
cases, particularly for those with a history of hematologic
malignancy, sarcoma, melanoma, or cancers of the breast,
bladder, or kidney. Unfortunately, for certain types of
cancer (e.g., bronchial carcinoma), the risk of recurrence
may remain too high to proceed with lung transplant, even
after a S-year disease-free interval (75).

One malignancy that may contradict these guidelines is
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localized prostate cancer. Many low-risk prostate cancers
may only require active surveillance, thus whether this cancer
should negate lung transplant candidacy is debated. End-
stage lung disease patients with low-risk prostate cancer may
still benefit from lung transplant, as it may both improve
quality of life and increase life expectancy. In the largest
clinical series available, 4 patients with prostate cancer were
safely listed without the recommended 2-year cancer-free
period, and had acceptable short-term survival following
transplant without receiving curative treatment (76).
Nevertheless, data remain scarce, and future studies
reporting recurrence-free survival after lung transplant in
patients with prostate cancer diagnosed during evaluation
are necessary to substantiate this practice.

Trends in disease-specific indications

Lung transplant has been performed worldwide, with
increasing annual numbers (77). According to data from the
International Thoracic Organ Transplant Registry (2019),
the most common indications for lung transplant are
advanced COPD (30.1%), idiopathic interstitial pneumonia
(IIP) 26.1%), CF (15.2%), non-IIP interstitial lung disease
(ILD) (5.7%), emphysema due to alpha-1 antitrypsin
deficiency (A1ATD) (4.7%), re-transplantation (4.0%), and
idiopathic PAH (2.9%) (77). These conditions account for
nearly 90% of all lung transplant procedures, while the
remaining 10% is attributed to a variety of diagnoses that
span the spectrum of end-stage lung disease, including non-
CF bronchiectasis, sarcoidosis, lymphangioleiomyomatosis,
connective tissue disease, and pulmonary Langerhans cell
histiocytosis. Current trends show that ILD (IIP and non-
IIP) as a primary diagnosis comprises the largest percentage
of patients (31.8%) undergoing lung transplant.

The most recent registry data (77) stratify survival
outcomes by transplantation era: 1992-2001, 2002-2009, and
2009-2016. Overall median survival in the most recent era
(i.e., 2009-2016) is 6.7 years, compared to 6.5 years and 4.7
years in 2002-2009 and 1992-2001, respectively. The median
survival rate according to underlying pulmonary disease differs
markedly; patients with CF as an indication for lung transplant
have superior survival (median 9.9 years) compared to all other
groups. Below, the current trends in disease-specific indications
will be reviewed, including any changes in practice.

Idiopatbic pulmonary fibrosis

Idiopathic pulmonary fibrosis is the most common ILD
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among referrals for lung transplant, as well as the most
frequent disease for which lung transplant is performed (77).
Timing for referral is based on clinicians’ confident
radiographic diagnosis of IPF, or a histologic diagnosis
of IPF or fibrosing nonspecific interstitial pneumonia,
regardless of lung function (3). Patients with ILD,
specifically IPF, have the worst prognosis and highest death
rates on the waitlist among the common disease indications
for lung transplant (78). However, since the inception of
the LAS, transplant and mortality rates for patients with
IPF have substantially improved (79). IPF is common
among elderly transplant candidates, and in the LAS era, an
increased number of organs are being allocated to patients
with IPF who are older than 65 years (22). Nonetheless,
it remains difficult to predict which IPF patients have the
highest risk for mortality; therefore, the ISHLT recently
proposed updated referral and listing guidelines based on
available prognostic indicators in IPF (3).

Management of IPF is evolving rapidly in clinical
practice. Recent ATS/ERS/JRS/ALAT Clinical Practice
Guidelines conditionally recommended that patients
be managed with antifibrotic agents (e.g., pirfenidone)
throughout the referral and evaluation process (80).
Previous combinations of prednisone, azathioprine, and
N-acetylcysteine have been associated with increased
risk for hospitalization and death compared to placebo
treatments in patients with IPF (81). Three multinational,
randomized, placebo-controlled phase III trials have
since shown that pirfenidone can reduce the rate of IPF
progression by 50% on average in a single year, measured
by serial changes in forced vital capacity (82). A survival
benefit in patients with IPF who undergo treatment with
pirfenidone is also well documented (83,84).

Once a patient with IPF is listed for lung transplant, the
most important goal becomes maintaining their functional
status. History of CAD at the time of listing and PCO, and
mechanical support at the time of transplant are predictive
factors of posttransplant survival (85); therefore, these
patients should participate in pulmonary rehabilitation
programs before undergoing transplant (86). Although
single-lung transplant (SLT) has historically been the
standard of practice for IPF (87,88), several investigations
have since demonstrated the benefit of BLT on long-term
survival (89,90).

New evidence elicited from basic science research has
emerged in the past few years, and it has redefined our
understanding of IPF pathogenesis and considerations after
treatment. Wu et 4/. (91) identified a novel contribution
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to IPF pathogenesis through the loss of Cdc42 function in
alveolar stem cells (AT2 cells), which leads to the periphery-
to-center pattern of progressive lung fibrosis. Elevated
mechanical tension also activates a TGF-p signaling
loop in AT2 cells, driving this progression. Furthermore,
mutations in the telomerase complex (e.g., TERT and TR),
which serve to maintain telomere length, have now been
associated with IPF and hematologic disorders such as
myelodysplasia, and so these mutations may place patients
at risk for adverse hematologic outcomes and complications
after lung transplant (92,93). The development of specific
recommendations for hematologic risk assessment before
transplant is anticipated.

Chronic obstructive pulmonary disease

Chronic obstructive pulmonary disease (non-A1ATD and
ATATD) constitutes one of the most common indications
for lung transplant worldwide (77). In current practice,
the exact determination of when to refer, list, and offer
lung transplant is still equivocal. The most recent
ISHLT recommendations suggest that patients with
COPD should be referred for lung transplant when their
condition continually progresses despite smoking cessation,
optimization of medications, pulmonary rehabilitation, and
supplemental oxygen (3). Additional referral criteria include
a BODE index of 5 to 6, PCO, >50 mmHg (6.6 kPa) and/
or PO, <60 mmHg (8 kPa), or forced expiratory volume in
one second (FEV)) <25 percent of predicted (3). Defining
disease severity and urgency for transplant can also be
quite complex. Therefore, the following criteria have been
suggested as necessitating transplant; the presence of one
of these conditions is sufficient for listing: BODE index =7,
FEV, <15% to 20% of predicted, =3 severe exacerbations in
the past year, 1 severe exacerbation with acute hypercapnic
respiratory failure, or moderate to severe PAH (3). These
thresholds, particularly for the BODE index, are based on a
study of 54 patients at 2 Swiss hospitals that demonstrated
improved median survival after transplant in a subgroup of
patients with BODE index =7 (94). Posttransplant survival
is superior in patients with COPD compared with patients
diagnosed with most other end-stage lung diseases [median
7.1 years (A1ATD)], with the greatest benefit observed in
patients with more advanced stages of disease (77,94).
Single lung transplant was once considered
the procedure of choice for patients with COPD after
management of the allograft was improved and the
ventilation and perfusion mismatch was minimized (95). In
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preceding decades leading up to the modern day, the BLT
has gradually become the predominant surgical approach
for patients with a primary diagnosis of COPD (77).
Initial retrospective studies investigating survival benefit
by procedural type favored BLT over SLT, especially
for younger recipients with COPD (96,97). Subsequent
analysis of the ISHUT/United Network of Organ Sharing
databases revealed a survival benefit for patients younger
than 60 years receiving BLT; however, the benefit ceased
in older recipients, as mortality after BLT increased in this
demographic (98). A more recent analysis performed in the
LAS era found no difference in survival at 5 years when
comparing patients with COPD who received either SL'T
or BLT (99). The authors, however, noted that survival
would likely favor BLT if the analysis were extended to
10 years, and perhaps equally importantly, BLT was
associated with better allograft survival. Ongoing studies are
needed to determine the ideal timing and type of transplant
for patients with COPD.

Cystic fibrosis

Although lung transplant was not initially offered to
patients with CF on account of the higher incidence of
infectious complications in this subgroup, it is now one of
the more common indications for lung transplant (77). The
appropriate referral criteria were originally detailed by the
ISHLT (3), and in 2019 the Cystic Fibrosis Foundation
provided updated recommendations on the appropriate,
timely referral of patients with CF (100). Importantly, these
guidelines emphasize the significance of early discussion
of lung transplant as a treatment option, assessment
for modifiable barriers to transplant, and establishing
communication between the referring and transplant
centers. Since lung transplant became a viable option for
patients with CF, these transplant recipients have observed
superior survival rates compared to all other indications for
lung transplant (77).

Nevertheless, colonization and infectious complications
with multi-drug-resistant bacteria remain a challenge for
patients with CF (55). All patients with CF who are referred
for transplant are to be evaluated for the presence of B
cenocepacia; patients with species other than B cenocepacia
do not constitute an increased risk for mortality after
transplant, and they can be listed provided that other
criteria are met (75). However, it is recommended that
centers accepting such patients have an active research
program assessing novel approaches to preventing and
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controlling recurrent disease, and these centers should
ultimately be experienced in managing these patients (75).
At the advent of cystic fibrosis transmembrane
conductance regular (CFTR) modulation as a targeted,
pharmacologic therapy, the clinical management of CF
has seen dramatic changes in just the past few years. The
FDA approval of ivacaftor, as well as the subsequent
development of dual combination therapies, significantly
influenced the disease course for patients diagnosed with
CF, and has contributed to improvements in survival
rates (101). Dual therapies have since opened the door for
triple-combination, CFTR modulation therapy currently in
clinical trials. Near the end of this year, Middleton ez 4/ (102),
with support of the VX17-445-102 Study Group, reported
the results of a phase III, randomized, double-blind,
placebo-controlled trial confirming the efficacy and safety
of a triple treatment with elexacaftor/tezacaftor/ivacaftor in
patients diagnosed with CF who had Phe508del-minimal
function genotypes. They found sustained improvements in
FEV, and sweat chloride concentrations, with a reduction
in the number of pulmonary exacerbations in patients for
whom previous treatment with other CFTR modulator
regimens failed. Future research is being directed toward
offering modulation therapy for the majority of CF
genotypes. Although their impact on lung transplant
is yet to be identified, these advancements in targeted
pharmacologic therapy may have promising effects on
delaying the progression of CF and the time to transplant.

Pulmonary arterial bypertension

Pulmonary arterial hypertension, and more specifically
idiopathic PAH (IPAH), is a valid but rare indication for lung
transplant in the current age (77). Judging the appropriate
timing and making the decision to refer patients with
pulmonary vascular disease for transplant evaluation may
be challenging for clinicians, despite existing guidelines (3).
The decision to refer, list, and perform transplant in
patients with IPAH is complicated by the development
of targeted medical therapies that have improved IPAH
management. Medical therapies, including prostanoids,
endothelin receptor antagonists, and phosphodiesterase
inhibitors, are efficacious in managing IPAH; therefore,
most patients who would have been listed for transplant in
the pre-prostanoid era may not require transplant listing
while awaiting clinical response to medical therapy (75). In
patients with medically refractory IPAH in whom transplant
is deemed suitable, BLT or heart-lung transplant are the
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surgical procedures of choice, and they are considered a
definitive therapy (103,104). However, transplant is not
necessarily associated with improved survival; the 3-year
survival of patients who underwent lung or heart-lung
transplant for IPAH is approximately 50% (77). Notably,
the incidence of bronchiolitis obliterans syndrome (BOS)
appears to be higher in patients with IPAH who undergo
lung transplant (105), although this finding warrants more
investigation. Recurrence rates of IPAH after transplant
have not been reported.

Diffuse parenchymal lung disease

Diffuse parenchymal lung disease (DPLD) constitutes a
minority of all indications for lung transplant, with IPF
being the largest indication amongst all DPLD (77). The
other DPLD for which transplants are performed include
sarcoidosis, lymphangioleiomyomatosis, connective tissue
disease, pulmonary Langerhans cell histiocytosis, and
collagen vascular disease-associated ILDs, such as systemic
sclerosis (scleroderma), polymyositis, and rheumatoid

arthritis (106).

Scleroderma and gastroesophageal reflux disease

Lung transplant may be an appropriate therapeutic option
for carefully selected scleroderma patients with severe ILD
or pulmonary hypertension that remains unresponsive to
pharmacologic treatment (107). However, the presence
of extrapulmonary manifestations of scleroderma (e.g.,
esophageal, renal, or cardiac disease) should be assessed
and managed accordingly. Esophageal dysmotility and
gastroesophageal reflux disease (GERD) require especially
careful evaluation, considering the progressive nature of
GERD after lung transplant (108). In a recent clinical
series of patients with scleroderma who underwent lung
transplant, including those with gross reflux and esophageal
dysfunction, survival at 5 years was 70%. Moreover, the
prevalence of BOS in these patients was comparable to
the prevalence in patients without scleroderma (109).
GERD is thought to play a significant role in the decline
in lung function before transplant, as well as in allograft
dysfunction after lung transplant, especially acute rejection
and BOS (110-112). Treatment for GERD in transplant
recipients may necessitate surgical intervention, such as a
Nissen fundoplication. We have previously validated the
importance of performing a fundoplication early (within
6 months) after lung transplant, as it may protect against
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GERD-induced lung damage in lung transplant recipients
with GERD (113). We also demonstrated the ability of
an early fundoplication to slow the decline of pulmonary
function posttransplant, measured by a slower decline in
FEV,. However, the impact of early surgical intervention
for GERD on the occurrence of BOS requires further
investigation (114-116).

Conclusions

Appropriate selection of candidates for lung transplant is
not an exact science, and decisions regarding listing may
rely heavier on newer evidence and the experience of the
transplant center, rather than the most recent international
guidelines for recipient selection. In general, non-
transplant clinicians should understand the importance of
referring patients with end-stage lung disease earlier for
transplant evaluation, as patients’ existing contraindications
may be modifiable. At the dawn of the next decade, lung
transplantation remains an exciting field with considerable
hope for patients as they experience momentous
improvements in quality of life and survival.
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