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Abstract

Chronic allograft dysfunction (CLAD) is one of the leading causes of death after lung
transplantation [1]. CLAD is a progressive and irreversible decline in lung function after
transplant, manifested as an obstructive, restrictive, or mixed ventilatory impairment without
any identifiable etiology as infection or acute rejection. Multiple risk factors have been
associated with this condition. Despite its significant effect on the mortality of transplanted
patients, there is still a lack of powerfully effective therapies for patients with CLAD. Avoiding
and correcting risk factors and close patient monitoring is critical in preventing disease
progression. This article will discuss CLAD, the risk factors for developing the umbrella of
syndromes under this term, and the current treatment alternatives and management
available up to 2023.
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1. Introduction

Infection, cancer, and chronic allograft dysfunction (CLAD) are the principal long-term causes of
death after lung transplantation [1]. CLAD causes an indolent decrease in the function of the lung
allograft, impacting the patient’s quality of life and ultimately shortening survival. The condition
progresses from a minimally symptomatic irreversible decline in the spirometry to exertional
dyspnea and then to significant symptoms, even at rest. CLAD is progressive, but can also presents
sub acutely, with a minimum of 3 weeks of allograft dysfunction to make diagnosis [2]. Data
published by the International Society for Heart and Lung Transplant (ISHLT) registry reports a fifty
percent incidence of CLAD in the first five years after transplant and almost three-quarters of
patients after ten years [3]. Over 50% of patients were reported to die primarily due to CLAD in a
single-center retrospective analysis that followed patients for more than ten years [4]. Overall
survival of lung transplant recipients has improved in recent years, especially within the first year
[5]. However, the multiple risk factors for the development of CLAD and limited treatment options
for this condition are still significant roadblocks to patients’ long-term survival. In this article, we
will review new advances in the management of CLAD and how these have impacted the quality of
life and life expectancy of lung transplant recipients.

2. Chronic Lung Allograft Dysfunction
2.1 Evolution of CLAD and the Grading System

Prior to the term CLAD being coined, any loss of lung function post-transplant was attributed to
BOS. This is a physiologic definition, much like CLAD is as well. The need to define BOS emanated
from the recognition that when patients lost lung function post-transplant it was mostly due to
bronchiolitis obliterans (BO). However, BO is a pathologic entity that requires a tissue diagnosis.
Bronchoscopy is relatively insensitive and the best way to diagnose BO is through a surgical lung
biopsy. In order to circumvent this, the physiologic entity of “bronchiolitis obliterans syndrome” was
hence proposed and defined in 1992. It took almost 2 decades to recognize that not all forms of
post-lung transplant loss of lung function are due to BO and that patients can develop radiographic
abnormalities associated with a permanent loss of lung function. Hence, the all-encompassing
“umbrella” term chronic lung allograft dysfunction (CLAD) was first coined in 2010. This was
endorsed by a consensus statement in the International Society for Heart and Lung Transplantation
published in 2014 and subsequently refined in 2019, differentiating the reversible causes of graft
dysfunction from CLAD and emphasizing the restrictive phenotype within the CLAD definition [6].

2.2 Definition

Chronic Lung Allograft Dysfunction is defined by a decline in lung function that persists for more
than three weeks, starting three months post-transplant, with no other identified cause. Patients
qualify as having CLAD after a decrease in post-transplant baseline FEV1 of at least 20% from the
best post-transplant value [6].
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2.3 CLAD Phenotypes

The various CLAD phenotypes include Bronchiolitis Obliterans Syndrome (BOS), Restrictive
Allograft Dysfunction (RAS), as well as undefined and mixed phenotypes. Each phenotype has a
specific definition based on pulmonary function test (PFT) parameters and findings on chest imaging.
The most common phenotype is BOS, which presents as an obstructive ventilatory defect on PFTs
(FEV1/FVC <70%) secondary to obliterative fibrosis of the small airways. In recent years, a new
phenotype of CLAD has been described as restrictive allograft syndrome (RAS). RAs can presents
with persistent subpleural predominant fibrosis, bronchiectasis, reticular parenchymal changes and
multi-lobar opacities, and a restrictive pattern on PFTs, which include a decrease in total lung
capacity of >10% [6]. This phenotype includes chest image changes that most commonly
demonstrate upper lobe fibrotic changes, but may include ground glass opacities and peripheral,
basal fibrosis, with reticular changes that persist for at least 3 months [6]. There are also a mixed
and an undefined phenotype that include both obstruction and/or restriction with or without
persistent image changes. Some patients can present with an obstructive graft dysfunction that can
be partially or completely reversible with azithromycin, and is called azithromycin-responsive
allograft dysfunction, or ARAD [2]. These patients show a pro-inflammatory profile in the lung, with
neutrophil count of more than 15% in the bronchoalveolar lavage without evidence of infection [7].
Unlike CLAD, that is primarily progressive and irreversible, patients with ARAD show improvement
in lung function parameters after treatment with low dose azithromycin [7]. Is thought that around
40% of patients with suspected BOS respond to azithromycin with an increase in their FEV1 of at
least 10% [2], and those patients usually presents with bronchial neutrophilia. However,
neutrophilia in the bronchoalveolar lavage can also occurs in BOS, especially if the patient has over
imposed infection.

2.4 Severity of CLAD

The severity of CLAD is based on the decrease of FEV1 from baseline. Once the FEV1 decreases
to <80% of the best baseline, serial categorical decreases of 15% define each stage of progression
in CLAD (Figure 1) [6]. As expected, a decrease in lung function measured implies an increase in
mortality, with a study suggesting a threefold increase in mortality with each 1% loss of FEV1 [8].
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Figure 1 CLAD severity staging.
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For years, multiple therapies have been considered as a means to treat or at least slow the
progression of the disease. These include identifying and mitigating risk factors as well as medical
interventions intended to maintain lung function.

3. Risk Factors and Causes of CLAD

The pathologic events driving the development of CLAD have not been well categorized. For
years CLAD was primarily thought to be a sequela of rejection, however, as new risk factors have
been identified, the disease is felt to represent allograft tissue remodeling to multiple internal and
external stimuli [8]. Recipient pre-existent conditions, as well as post-transplant immunologic and
non-immunologic complications, have been highly associated with an increased risk of CLAD.

Pre-transplant HLA antibodies may predispose patients to antibody-mediated rejection and
eventually to CLAD after transplant [9]. Koutsokera et al. [9] published a series of more than 400
pts, where the detection of donor-specific antibodies (DSA) was an early marker associated with the
development of graft dysfunction. Some studies have suggested that the presence of pre-transplant
HLA antibodies does not impact the risk of development of CLAD and mortality [10]. However,
recent literature suggests that pre-transplant HLA antibodies are associated with worse waitlist and
post-transplant survival, as well as higher rates of acute cellular rejection and BOS [11].

The treatment of patients with donor specific antibodies (DSA) without clinical or histopathologic
evidence of rejection has also been shown to prolong the time to development of CLAD [11]. In
addition, the severity and frequency of acute cellular rejection are directly correlated with the risk
of developing CLAD [12]. While some publications propose that asymptomatic acute cellular
rejection has not been associated with the development of CLAD [13], others suggest that multiple
biopsies showing subclinical Al rejection correlate with the eventual development of CLAD [12].

Gastroesophageal reflux (GER) is common following lung transplantation and is thought to
predispose to the development of CLAD. Chronic aspiration is linked to increased pro-inflammatory
cytokines, recruitment of alveolar inflammatory cells, and a reduction of surfactant proteins and
anti-proteolytic mechanisms that protect the lung. [14] GER has also been associated with the
development of acute cellular rejection, which is another mechanism whereby it might predispose
to the development of CLAD [14]. Aggressive therapy for GER such as fundoplication has been
shown to improve survival, even in patients with established CLAD [15].

Infection is a well-known cause and driver of progression of CLAD. Viral, bacterial, and fungal
infections have all been implicated in the development of acute and chronic rejection and the loss
of lung function. Viral infections have been associated with progressive loss of lung function,
especially those that cause pneumonia, such as adenovirus and parainfluenza [16]. Detection of
Cytomegalovirus (CMV) in the blood of transplanted patients is also associated with the
development of BOS. However, high levels of CMV viral load in the BAL have not been associated
with the development of CLAD, suggesting that the virus acts more as an activator of the
immunologic system rather than acting as a direct trigger of the chronic rejection process [17].
Covid-19 infections after transplant are associated with high mortality in patients requiring
hospitalization [18]. A multicenter retrospective study showed that transplanted patients may
develop a restrictive ventilatory impairment that can last more than three months after Covid-19
infection; however, the effect on lung function in the long term remains to be determined [18].
Other viruses as Respiratory syncytial virus (RSV), parainfluenza virus (PIV) and human
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metapneumovirus (RMPV) have been linked to an almost 20% risk of developing CLAD after a severe
infection [19].

Bacterial infections have also been associated with CLAD, with the most commonly identified
being S. aureus and P. Aeruginosa. Both infection and colonization by these organisms have been
shown to increase the risk of CLAD [20]. Pseudomonas is known to cause activation and proliferation
of T cells and promote acute and chronic rejection [20]. Other microbes in transplanted patients,
such as fungal infections, have also been identified as possible triggers for both acute lung allograft
dysfunction and CLAD. In this regard, invasive Aspergillus infection as early as the first-month post-
transplant has been identified as a risk factor for the development of CLAD [21]. Even colonization
with this fungus has been linked to decreased lung function [22]. For this reason, most centers use
three to six months of universal antifungal prophylaxis to reduce the risk of early colonization and
invasive infection [20].

Other risk factors associated with the development of CLAD include the primary diagnosis leading
to lung transplant and the development of primary graft dysfunction (PGD) in the immediate post-
operative period [23, 24]. The lung damage caused by the inflammatory process during severe PGD
prime the adaptive immune response against the allograft increasing the risk of rejection and CLAD
[19]. Patients with a diagnosis of pulmonary fibrosis and cystic fibrosis have a higher incidence of
CLAD than other lung transplant indications [23]. A body mass index (BMI) greater than 30 increases
the risk of developing PGD, and consequently the risk of CLAD [25].

Lungs from smoking donors, high oxygen concentration (>40% FIO2), and tidal volumes >8 ml/kg
during lung reperfusion are associated with greater severity of primary graft dysfunction and, as a
consequence, increased risk of CLAD. Bilateral lung transplant recipients do not have a lower
incidence of CLAD compared to a single lung transplant recipients, but they do have a reduced
mortality after it presents [25].

3.1 Natural History and Progression of CLAD

The development and progression of CLAD after transplant depends on the interaction of all
identified post-transplant risk factors, the primary disease diagnosis of the recipient, and the
donor's characteristics. It is well known that more than 50% of lung recipients will develop graft
dysfunction at five years, with an average post-transplant survival of 6 years [26]. When CLAD is
identified, the prognosis also depends on the phenotype, with the RAS phenotype having the worst
survival rate [27]. In addition, the BOS grade is also associated with mortality; specifically each
incremental increase in grade is associated with a three-fold increase in mortality [27]. Monitoring
lung volumes in patients with BOS will identify patients with significant hyperinflation
(RV/TLC >50%), which is also a sign of early mortality [28]. Early identification and treatment for
acute rejection, controlling risk factors, using infectious prophylaxis, and interventions such as
azithromycin have been strategies to prolong CLAD-free time and survival after transplant.

4. Strategies to Prevent CLAD

The first line of defense against CLAD is protecting the patient from the known risk factors.
Patients should maintain a healthy body weight, as a BMI of >30 kg/m? as an independent risk factor
for the development of CLAD [29]. Monitoring and treating for GER may also mitigate the risk of
CLAD. Transplant candidates should have routine GER diagnostics performed during the pre-
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transplant evaluation, which allows for early medical and surgical interventions. The institution of
acid suppressant therapy in at risk patients before and after transplant is warranted and has been
shown to decrease risk of both acute and chronic rejection. Delaying treatment for GER in the first
six months after transplant has been shown to double the risk of CLAD [30]. At risk patients with
scleroderma who underwent lung transplant and fundoplication thereafter have been shown to
have prolonged CLAD free time and improved survival [31]. Given the available data, periodic
monitoring for symptoms of GER and objective testing in patients with recurrent or recalcitrant
rejection, could be a strategy to decrease the rate of CLAD progression in transplant recipients. The
use of prokinetic agents, as metoclopramide, will promote bolus clearance and gastric emptying,
decreasing episodes of reflux [15]. Surgery, and gastric peroral endoscopic myotomy are reasonable
options for patients with evidence of GER and delayed gastric emptying despite acid suppressant
therapy and prokinetics.

Early diagnosis of rejection allows one to identify modifiable risk factors to prevent further
episodes as well as institute therapy expeditiously. Asymptomatic loss of lung function may be a
harbinger of CLAD. Therefore, serial lung function testing has been the bedrock tool for the early
identification of CLAD. Analysis of CT images can be used to rule out other causes of declining lung
function and to identify early abnormalities secondary to CLAD. A high resolution chest CT should
be obtained in all transplant recipients approximately six months after their lung transplant to
establish a radiographic baseline, with a repeat study if 210% drop in lung function is identified [31].
Patients with early CLAD usually have more early abnormal findings and higher quantitative image
scores for the extent of ground glass opacities, fibrosis, honey-combing and air trapping [32].

Transbronchial lung biopsies are typically performed to assess for evidence of acute cellular or
antibody mediated rejection as routine surveillance or in patients with worsening lung function.
Identifying CLAD with transbronchial biopsies has a low yield, but findings such as organizing
pneumonia and bronchial eosinophilia can suggest CLAD in the appropriate clinical context [33].

Acute cellular and antibody mediated rejection are known risk factors for the development of
CLAD. In addition, circulating donor specific antibodies have been linked to the developing of acute
rejection and CLAD. Persistence of high levels of donor specific antibodies has been associated with
the RAS phenotype in particular [33]. Plasma levels of donor-derived cell free DNA (dd-cfDNA) from
the lung allograft increase during episodes of rejection, and thresholds with high sensitivity and
negative predictive value have been established to detect rejection, even in asymptomatic patients
[28]. Routine monitoring of these markers has been adopted by multiple transplant centers to
facilitate the early diagnosis and treatment of acute and chronic rejection.

5. Therapy for CLAD

Specific therapy for CLAD has been of limited efficacy. Optimizing maintenance
immunosuppression and treating acute events of rejection have been the cornerstones of CLAD
treatment. Maintenance immunosuppressive therapy for lung transplant recipients usually consists
of a calcineurin inhibitor such as cyclosporin or tacrolimus, an antimetabolite medication and
systemic corticosteroids. A study of lung transplant recipients with BOS described a decrease in the
rate of loss of lung function after changing from cyclosporine to tacrolimus [34]. The study
demonstrated that patients on tacrolimus had fewer episodes of acute rejection, and less bacterial
infections, both of which have been associated with the development of CLAD. Given this,
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tacrolimus is the first line of immunosuppression used by most transplant centers, and is usually
only substituted with cyclosporin or calcineurin free regimes when intolerable side effects or
significant renal dysfunction occur. The antimetabolite drugs reduce lymphocyte cell proliferation
by interfering with DNA synthesis. The most common antimetabolite medications used are
mycophenolate mofetil (MMF) and azathioprine (AZA). A follow up study of patients with BOS
demonstrated stabilization of lung function almost a year after starting MMF [35]. A retrospective
study following patients with cyclosporine, steroids and either AZA or MMF identified less episodes
of ACR and a smaller decline in lung function in those patients on MMF [36]. The use of MMF may
also be associated with less need for systemic steroids [37]. Thus, a combination of MMF and
tacrolimus are the principal post-transplant immunosuppression combination based on their
association with a reduced incidence of CLAD. Azithromycin is a macrolide antibiotic shown to
decrease neutrophilic inflammation and decrease levels of interleukin 8 [38], which is thought to be
a mediator in the pathogenesis of CLAD. A meta-analysis published in 2017, showed that initiating
azithromycin three weeks after transplant was associated with a lower incidence and severity of
CLAD [39]. Also azithromycin improves esophageal motility and accelerates gastric emptying,
reducing the risk of aspiration, itself a risk factor for CLAD [38].

Montelukast has been shown to improve pulmonary function in patients who develop
obliterative bronchiolitis after graft versus host disease following bone marrow transplantation [40].
A pilot study published in 2011 showed a slower rate of decline in FEV1 with montelukast when
compared to similar control cases [41]. There was no mortality benefit seen with the use of
montelukast in a randomized control trial, but a post-hoc subanalysis suggested a delay in lung
function decline in patients with Stage 1 BOS [42].

Lymphocyte depleting drugs have also been considered as part of the treatment algorithm of
CLAD. Alemtuzumab is a recombinant monoclonal antibody directed against CD52, that can induce
a prolonged lymphocyte depletion through cytolysis, and it use in early stages of BOS patients
suggest that it can decrease lung function decline with a reduced efficacy in more advanced CLAD
[19].

Extracorporeal photopheresis (ECP) removes activated lymphocytes through leukopheresis, then
exposes the cells to a drug that later is activated by ultraviolet light decreasing the immune reaction.
A ten-year lung transplant center experience described a slower rate of lung function decline in
patients with BOS treated with ECP [36]. Follow up studies of patients treated with ECP for ACR have
also shown improved survival [37], particularly in patients with the BOS phenotype without an
increased risk of infections or significant adverse events [19]. Also ECP have shown improvement in
lung function independently of CLAD stage and duration at treatment initiation [19]. In some
publications this is considered as the first line of therapy for CLAD after optimizing
immunosuppression.

The use of tumor necrosis factor alpha (TNFa) inhibitors have been also considered in the
treatment of CLAD. TNF cause inflammation and tissue damage by upregulation of various cytokines,
and growth factors, and is thought to have some role on the development of rejection and CLAD. In
a study with five patients with BOS, lung function and 6 minute walk distance improved in 4 patients,
and all patients remained stable for at least 18 months [19].

Preliminary data in kidney transplant patients suggest that the use of interleukin 6 blockage and
JAK inhibitors may be effective strategies to decrease rejection [43], but there is thus far no data in
lung transplant patients.
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Lung re-transplantation is a consideration in patients with end-stage CLAD. However, this is only
an option for a minority of highly select patients and despite this survival outcomes are significantly
lower compared to initial transplantation [44].

6. Conclusion

CLAD is one of the principal causes that limit the lifetime of the lung allograft. Reducing risks
factors, early identification of episodes of rejection, and early initiation of available treatment
options are the only tools available to decrease CLAD. New therapeutic options are currently on
development including medications to control anti-inflammatory signaling, as JAK inhibitors, and
cell control and regulation based therapies that target donor memory T cells after the allograft
implantation [44]. Studies of novel agents to treat CLAD are sorely needed for this common and
potentially devastating complication which remains the “Achilles heel” of lung transplantation.

Acknowledgments
Advanced Lung Disease & Transplant Fellowship Program, Inova Fairfax, VA.
Author Contributions

Onix J Cantres-Fonseca, Shambhu Aryal, Christopher King, and Steven D. Nathan contributed
equally to this work. All authors make equal contributions to writing and editing the document.

Competing Interests
The authors have declared that no competing interests exist.
References

1. Ehrsam JP, Caviezel C, Schneiter D, Hillinger S, Schuurmans MM, Opitz |, et al. Cause of death
after lung transplantation-a single center analysis. J Heart Lung Transplant. 2021; 40: S313.

2. Verleden GM, Raghu G, Meyer KC, Glanville AR, Corris P. A new classification system for
chronic lung allograft dysfunction. J Heart Lung Transplant. 2014; 33: 127-133.

3. The International Society for Heart and Lung Transplantation. International thoracic organ
transplant (TTX) registry data slides-2019 Adult Lung Transplantation Statistics [Internet].
Chicago, IL: The International Society for Heart and Lung Transplantation; 2019. Available from:
https://ishltregistries.org/registries/slides.asp?yearToDisplay=2019.

4. Nykanen A, Raivio P, Perakyla L, Stark C, Huuskonen A, Lemstrom K, et al. Incidence and impact
of chronic lung allograft dysfunction after lung transplantation-single-center 14-year
experience. Scand Cardiovasc J. 2020; 54: 192-199.

5. Thabut G, Mal H. Outcomes after lung transplantation. J Thorac Dis. 2017; 9: 2684-2691.

6. Glanville AR, Verleden GM, Todd JL, Benden C, Calabrese F, Gottlieb J, et al. Chronic lung
allograft dysfunction: Definition and update of restrictive allograft syndrome-A consensus
report from the Pulmonary Council of the ISHLT. J Heart Lung Transplant. 2019; 38: 483-492.

7. De Zwart A, Riezebos Brilman A, Lunter G, Vonk J, Glanville AR, Gottlieb J, et al. Respiratory
syncytial virus, human metapneumovirus, and parainfluenza virus infections in lung transplant

Page 8/11


https://ishltregistries.org/registries/slides.asp?yearToDisplay=2019

OBM Transplantation 2024; 8(1), doi:10.21926/obm.transplant.2401207

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

recipients: A systematic review of outcomes and treatment strategies. Clin Infect Dis. 2022; 74:
2252-2260.

Lari SM, Shino MY, Derhovanessian A, Sayah D, Lynch JP, Saggar R, et al. The impact of pre-
transplant donor specific anti-HLA antibodies (DSAs) on lung transplant outcome: A single center
experience. Eur Respir J. 2019; 54: PA1107.

Koutsokera A, Royer P, Fritz A, Benden C, Tissot A, Aubert JD, et al. Risk factors for chronic
lung allograft dysfunction (CLAD) in the SysCLAD cohort. Eur Respiratory J. 2015; 46: PA1800.
De Mol W, Bos S, Beeckmans H, Lagrou K, Spriet |, Verleden GM, et al. Antifungal prophylaxis
after lung transplantation: Where are we now? Transplantation. 2021; 105: 2538-2545.

Agbor Enoh S, Ponor |, Shah P, Levine D, Cochrane A, Philogene M, et al. To treat or not to treat:
DSA positive lung transplant recipients. J Heart Lung Transplant. 2020; 39: S164.

Parulekar A, Cao C. Detection, classification, and management of rejection after lung
transplantation. J Thorac Dis. 2019; 11: S1732-S1739.

Levy L, Huszti E, Tikkanen J, Singer L, Juvet S, Martinu T, et al. The impact of first untreated
subclinical minimal acute rejection on risk for chronic lung allograft dysfunction or death after
lung transplantation. Am J Transplant. 2020; 20: 241-249.

Hathorn K, Chan WW, Lo WKI. Role of gastroesophageal reflux disease in lung transplantation.
World J Transplant. 2017; 7: 103-116.

Leiva M, Benvenuto L, Costa J, Blackett JW, Aversa M, Robbins H, et al. Identification of lung
transplant recipients with a survival benefit after fundoplication. Ann Thorac Surg. 2022; 113:
1801-1810.

Allyn P, Duffy E, Humphires RM, Injean P, Samuel S, Saggar R, et al. Graft loss and CLAD onset is
hastened by viral pneumonia after lung transplantation. Transplantation. 2016; 100: 2424-2431.
Kawashima M, Ma J, Huszti E, Levy L, Berra G, Renaud-Picard B, et al. Association between
cytomegalovirus (CMV) and chronic lung allograft dysfunction (CLAD) in lung transplant
recipients. J Heart Lung Transplant. 2021; 40: S304.

Roosma E, Van Gemert JP, De Zwart AE, van Leer Buter CC, Hellemons ME, Berg EM, et al. The
effect of COVID-19 on transplant function and development of CLAD in lung transplant patients:
A multicenter experience. J Heart Lung Transplant. 2022; 41: 1237-1247.

Bos S, Pradére P, Beeckmans H, Zajacova A, Vanaudenaerde BM, Fisher AJ, et al. Lymphocyte
depleting and modulating therapies for chronic lung allograft dysfunction. Pharmacol Rev.
2023; 75:1200-1217.

Gregson AL. Infectious triggers of chronic lung allograft dysfunction. Curr Infect Dis Rep. 2016; 18:
21.

Young KA, Ali HA, Beermann KJ, Reynolds JM, Snyder LD. Lung transplantation and the era of
the sensitized patient. Front Immunol. 2021; 12: 689420.

Piloni D, Gabanti E, Morosini M, Cassinelli G, Frangipane V, Zavaglio F, et al. Fifteen-year
surveillance of LTR receiving pre-emptive therapy for CMV infection: Prevention of CMV disease
and incidence of CLAD. Microorganisms. 2022; 10: 2339.

Le Pavec J, Pradére P, Gigandon A, Dauriat G, Dureault A, Aguilar C, et al. Risk of lung allograft
dysfunction associated with Aspergillus infection. Transplant Direct. 2021; 7: e675.
Pennington K, Yost KJ, Escalante P, Razonable R, Kennedy CC. Antifungal prophylaxis in lung
transplant: A survey of United States’ transplant centers. Clin Transplant. 2019; 33: e13630.

Page 9/11


https://www.researchgate.net/profile/Angela-Koutsokera
https://www.researchgate.net/journal/European-Respiratory-Journal-1399-3003
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6783728/
https://www.sciencedirect.com/journal/american-journal-of-transplantation
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5409910/
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=27467538
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=31173402

OBM Transplantation 2024; 8(1), doi:10.21926/obm.transplant.2401207

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Fakhro M, Broberg E, Algotsson L, Hansson L, Koul B, Gustafsson R, et al. Double lung, unlike
single lung transplantation might provide a protective effect on mortality and bronchiolitis
obliterans syndrome. J Cardiothorac Surg. 2017; 12: 100.

Shaver CM, Ware LB. Primary graft dysfunction: Pathophysiology to guide new preventive
therapies. Expert Rev Respir Med. 2017; 11: 119-128.

Glanville AR. Physiology of chronic lung allograft dysfunction: Back to the future? Eur Respir J.
2017; 49: 1700187.

Kotecha S, Paraskeba MA, Levin K, Snell Gl. An update on chronic lung allograft dysfunction.
Ann Transl Med. 2020; 8: 417.

Yonas A, Kanade R, Mohanka M, Wait M, Torres F. Association of changes in body weight with
development of chronic allograft dysfunction. Chest. 2018; 154: 1110A-1111A.

Lo W, Goldberg HJ, Sharma N, Wee JO, Chan WW. Routine reflux testing guides timely antireflux
treatment to reduce acute and chronic rejection after lung transplantation. Clin Transl
Gastroenterol. 2023; 14: e00538.

Brun AL, Chabi ML, Picard C, Mellot F, Grenier P. Lung transplantation: CT assessment of chronic
lung allograft dysfunction (CLAD). Diagnostics. 2021; 11: 817

Weigt SS, Kim GH, Jones HD, Ramsey AL, Amubieya O, Abtin F, et al. Quantitative image analysis
at chronic lung allograft dysfunction onset predicts mortality. Transplantation. 2022; 106: 1253-
1261.

Verleden SE, Hendriks JM, Lauwers P, Yogeswaran SK, Verplancke V, Kwakkel Van Erp JM.
Biomarkers for chronic lung allograft dysfunction: Ready for prime time? Transplantation. 2023;
107: 341-350.

Keller M, Sun J, Mutebi C, Shah P, Levine D, Aryal S, et al. Donor-derived cell-free DNA as a
composite marker of acute lung allograft dysfunction in clinical care. J Heart Lung Transplant.
2022; 41: 458-466.

Cairn J, Yek T, Banner NR, Khaghani A, Hodson ME, Yacoub M. Time-related changes in
pulmonary function after conversion to tacrolimus in bronchiolitis obliterans syndrome. J Heart
Lung Transplant. 2003; 22: 50-57.

Whyte RI, Mulligan MS, Florn R, Baker L, Gupta S, Martinez FJ, et al. Mycophenolate mofetil for
obliterative bronchiolitis syndrome after lung transplantation. Ann Thorac Surg. 1997; 64: 945-
948.

Ross DJ, Waters PF, Levine M, Kramer M, Ruzevich S, Kass RM. Mycophenolate mofetil versus
azathioprine immunosuppressive regimens after lung transplantation: Preliminary experience.
J Heart Lung Transplant. 1998; 17: 768-774.

Cristeto Porras M, Mora Cuesta VM, lturbe Fernandez D, Tello Mena S, Alonso Lecue P, Sdnchez
Moreno L, et al. Early onset of azithromycin to prevent CLAD in lung transplantation: Promising
results of a retrospective single centre experience. Clin Transplant. 2023; 37: e14832.

Safavi S, Prayle A, Hall IP, Parmar J. Azithromycin for treatment of bronchiolitis obliterans
syndrome in adult lung transplant recipients. Cochrane Database Syst Rev. 2017; 2017:
CD012782.

Verleden GM, Verleden SE, Vos R, De Vleeschauwer Sl, Dupont LJ, Van Raemdonck DE, et al.
Montelukast for bronchiolitis obliterans syndrome after lung transplantation: A pilot study.
Transplant Int. 2011; 24: 651-656.

Page 10/11


https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=28074663
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7186740/
https://www.researchgate.net/journal/Chest-1931-3543
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9875950/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9875950/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8147203/
https://www.sciencedirect.com/journal/the-journal-of-heart-and-lung-transplantation
https://www.sciencedirect.com/journal/the-journal-of-heart-and-lung-transplantation
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6483818/

OBM Transplantation 2024; 8(1), doi:10.21926/obm.transplant.2401207

41.

42.

43.

44.

Ruttens D, Verleden S, Vandermeulen E, Bellon H, Van Raemdonck D, Yserbyt J, et al.
Montelukast for bronchiolitis obliterans syndrome after lung transplantation: A randomized
controlled trial. J Heart Lung Transplant. 2016; 35: S43-544,

Del Fante C, Scudeller L, Oggionni T, Viarengo G, Cemmi F, Morosini M, et al. Long-term off-line
extracorporeal photochemotherapy in patients with chronic lung allograft rejection not
responsive to conventional treatment: A 10-year single-centre analysis. Respiration. 2015; 90:
118-128.

Isenring B, Robinson C, Buergi U, Schuurmans MM, Kohler M, Huber LC, et al. Lung transplant
recipients on long-term extracorporeal photopheresis. Clin Transplant. 2017; 31: e13041.
Miller CL, Allan JS, Madsen JC. Novel approaches for long-term lung transplant survival. Front
Immunol. 2022; 13: 931251.

Page 11/11



