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Introduction
Lung transplantation is the only deﬁnitive treatment for end-stage interstitial lung
disease (ILD). Experience with lung transplantation for patients with classic DC is
limited, primarily consisting of case reports in individuals who have previously
undergone hematopoietic cell transplant (HCT) [1]. As with lung transplantation
following HCT for other causes (e.g., pulmonary graft-versus host disease), careful
selection of affected individuals including consideration of infectious risk and
other HCT or DC-related organ dysfunction is necessary to achieve successful
outcomes [2].
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There is, however, a growing literature regarding lung transplantation among adults
with short telomere-related ILD. Individuals with ILD and short telomeres with or
without known telomere biology disorder (TBD) due to pathogenic germline
variants in TBD-associated genes are at risk for more rapid disease progression
and decreased transplant-free survival compared to those with normal telomere
lengths [3, 4]. Patients and providers should consider early referral to a lung
transplant center to begin the evaluation process. Even for individuals who are
currently too well for listing, having completed the transplant evaluation can create
a safety net in the event of rapid disease progression requiring urgent listing.

Transplant Evaluation
Despite a growing awareness of the role of short telomeres in pulmonary ﬁbrosis, the
majority of patients with ILD who are referred to a lung transplant center will not have
been screened for short telomeres. We recommended screening for telomere length in
individuals with a personal history of early graying (before 30 years old), cytopenias (low
blood cell counts) or macrocytosis (large red blood cells), and/or abnormal liver
function tests or imaging suggestive of hepatic impairment without other explanation;
or with a family history of one or more ﬁrst degree relatives with ILD. Figure 1 and Figure
2 illustrate two potential screening protocols. Additional assessment, including
evaluation for TBD-related mutations, should occur in close collaboration with medical
genetics clinicians and genetic counselors.
Importantly, the goal of telomere length screening is not to identify a contraindication to
lung transplantation. In our opinion, it is important to identify candidates with short
telomeres so as to stratify their risk for extra-pulmonary disease manifestations and to
design appropriate post-transplant management strategies to allow successful
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transplantation. For example, early case series suggested that lung transplant recipients
with short telomeres were more likely to have hematologic complications [5, 6].
Because of the risk of bone marrow failure, two authors (SEC and DH), recommend
routine bone marrow biopsy as part of the lung transplant evaluation for all patients
with short telomeres (<10th percentile for age) [6] (Figure 1). Other programs, however,
only proceed with bone marrow biopsy in the presence of signiﬁcant cytopenias in one
or more cell lines. For potential candidates with severe hypocellular bone marrow
without malignant transformation, consideration should be given to referral to a center
that can offer tandem lung and bone marrow transplant [7]. Two authors (SEC and DH)
recommend routine liver imaging such as FibroScan to evaluate for cryptogenic ﬁbrosis
or cirrhosis in all candidates with short telomeres. We do not, however, recommend
routine liver biopsy as part of the transplant evaluation in the absence of imaging or
biomarkers suggestive of hepatic dysfunction [6]. For potential candidates with hepatic
ﬁbrosis and elevated portal pressures or with cirrhosis, we recommend evaluation for
combined lung-liver transplantation, when appropriate [8].
Brigham and Women’s Hospital Guide to the Care of Lung Transplant Candidate and
Recipients: Evaluation of Patients with Suspected Telomere Biology Disorder

Figure 1. Sample algorithm for screening for short telomeres among patients with interstitial
lung disease referred for lung transplant evaluation. Figure title adapted to reﬂect Telomere
Biology Disorder terminology.
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Hospital of the University of Pennsylvania Lung Transplant Program Guidelines:
Approach to Evaluation of Suspected Telomere Biology Disorder

Figure 2. Sample algorithm for screening for short telomeres among patients with
interstitial lung disease referred for lung transplant evaluation. Figure title adapted to
reﬂect Telomere Biology Disorder terminology.

Transplant Outcomes
Although there is a growing literature on transplant outcomes among recipients with
TBDs, differences in sample size, institutional management and immunosuppression
protocols, and telomere length measurement assays make comparisons between
reports diﬃcult.
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Several moderately-sized cohort studies have identiﬁed an association between short
telomeres and increased post-transplant mortality and/or chronic lung allograft
dysfunction (CLAD) [9-11]. For example, Newton et al found that recipients with ILD and
telomeres below the 10th percentile had a 6-fold increased hazard for CLAD and a
10-fold increase hazard for death [10]. Swaminathan et al similarly reported higher
mortality and CLAD among pulmonary ﬁbrosis recipients with variants in TERT, RTEL1,
and PARN [9]. More broadly, Courtwright et al found an association between decreased
CLAD-free survival and shorter telomere length after transplant among all disease types,
including cystic ﬁbrosis and chronic obstructive pulmonary disease [12]. Importantly,
however, despite the relative increase risk for mortality, overall survival for recipients
with short telomeres in these studies has been in keeping with national benchmarks. In
addition, not every study has shown an association between short telomeres and poor
survival. For example, Faust et al did not ﬁnd decreased CLAD-free mortality among
short telomere recipients [13].
Even if the link between short telomeres and increased post-transplant mortality and/or
CLAD is borne out in larger studies, the mechanisms behind this association remain
unclear. It may be that recipients with short telomeres require immunosuppression
reduction because of cytopenias, placing them at risk for CLAD. Alternatively, they may
be more vulnerable to respiratory viral and other infections that are associated with
CLAD, they may lack the replicative reserve to populate the donor organs with
recipient-derived stem cells, or they may be more susceptible to ﬁbroblast rather than
epithelial proliferation following airway injury [14, 15].
Several other post-lung transplant outcomes aside from survival and chronic rejection
have been reported in short telomere recipients. Popescu et al. identiﬁed impaired
cytomegalovirus (CMV) immunity among patients with short telomeres and pulmonary
ﬁbrosis who underwent lung transplantation [16]. CMV reactivation was particularly
common in mismatch recipients (CMV donor positive, recipient negative), which has
been reported in other cohort studies in the short telomere lung transplant population
[12]. There have also been case reports of bone marrow failure syndromes following
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lung transplant, particularly for TERT variant carriers, as well as systemic
graft-versus-host disease [5, 17]. Short telomere length, however, has not been
associated with de novo donor speciﬁc antibody production or the development of more
severe chronic kidney disease following transplant [11, 18]. There are also mixed
associations between severe primary graft dysfunction and short telomeres [9, 10].
Some, but not all studies, have suggested decreased risk for acute cellular
rejection—potentially related to impaired cellular immunity—among recipients with short
telomeres [10, 11, 19].

Post-Transplant Management
While acknowledging the limitations of the current literature on post-transplant
outcomes, we believe that there are steps that can be taken to optimize care pathways
for lung transplant recipients with shortened telomeres. First, particularly for recipients
with known hematologic manifestations, we recommend avoiding T cell depleting
agents such as anti-thymocyte globulin (ATG), unless there is a strong clinical
indication. ATG has been associated with increased telomere shortening and decreased
telomerase activity in kidney transplant recipients and increases the risk of infectious
complications following transplant [20]. Although a small case series did not show
increased mortality among short telomere recipients with the use of the CD52
monoclonal antibody alemtuzumab, there was an increased incidence of neutropenia,
thrombocytopenia, and need for red blood cell transfusion [21].
Second, given the apparent increased risk for CMV reactivation, we recommend lifelong
CMV prophylaxis for recipients with TBDs, particularly among those who are CMV
mismatches. Because valganciclovir, the most common CMV prophylaxis agent, is
associated with bone marrow suppression, consideration should be given to alternative
drugs such as letermovir. For CMV negative candidates, we do not recommend delaying
lung transplant in favor of a CMV negative donor match given the potential for increased
waitlist mortality. Finally, screening for post-lung transplant skin cancers is particularly
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important in transplant recipients with TBDs, who are at high risk for these conditions
(see also Chapter 6, Dermatologic Manifestations and Chapter 9, Solid Tumors) [22].
Correspondingly, the use of antifungal agents such as posaconazole or
isavuconazonium should be considered, when indicated, rather than voriconazole given
its association with skin cancer.
In the absence of clinical studies demonstrating post-lung transplant beneﬁt, we do not
recommend the routine use of danazol for lung transplant recipients with TBD-related
mutations and refractory bone marrow suppression, including the pediatric population.
Of particular concern is the potential for hepatic toxicity and venous thromboembolism
in a population already at higher risk for these complications [23]. Similarly, although in
vitro data have suggested that mammalian target of rapamycin (mTOR) may be
associated with reduced telomere shortening compared to calcineurin inhibitors, we do
not recommend routine use of mTOR inhibitors for TBD lung transplant recipients in the
absence of another indication (e.g., chronic kidney disease, airway stenosis, etc.).

Conclusion
DC and the related TBDs are not a contraindication for lung transplantation, although
early referral for lung transplant evaluations at an experienced center is warranted.
Additional testing may be required to identify modiﬁable risks to tailor post-lung
transplant management to achieve the best possible outcomes. When the evaluation
identiﬁes two-organ dysfunctions (lung-liver, lung-bone marrow), referral to specialized
transplant centers for evaluation for dual transplantation is warranted.

References
1. Giri N, Lee R, Faro A, et al. Lung transplantation for pulmonary ﬁbrosis in
dyskeratosis congenita: Case Report and systematic literature review. BMC Blood
Disorders. 2011;11(1):3.

Telomere Biology Disorders Diagnosis and Management Guidelines, 2nd Edition, available at teamtelomere.org 261

2. Cheng GS, Edelman JD, Madtes DK, et al. Outcomes of lung transplantation after
allogeneic hematopoietic stem cell transplantation. Biol Blood and Marrow
Transplant. 2014;20(8):1169-1175.
3. Borie R, Tabèze L, Thabut G, et al. Prevalence and characteristics of TERT and
TERC mutations in suspected genetic pulmonary ﬁbrosis. Eur Respir J.
2016;48(6):1721-1731.
4. Stuart BD, Lee JS, Kozlitina J, et al. Effect of telomere length on survival in
patients with idiopathic pulmonary ﬁbrosis: an observational cohort study with
independent validation. Lancet Respir Med. 2014;2(7):557-565.
5. Borie R, Kannengiesser C, Hirschi S, et al. Severe hematologic complications after
lung transplantation in patients with telomerase complex mutations. J Heart
Lung Transplant. 2015;34(4):538-546.
6. George G, Rosas IO, Cui Y, McKane C, Hunninghake GM, Camp PC, et al. Short
telomeres, telomeropathy, and subclinical extrapulmonary organ damage in
patients with interstitial lung disease. Chest. 2015;147(6):1549-1557.
7. McDyer JF, Rowan JA, McIntyre SH, et al. Tandem bilateral lung transplantation
and bone marrow transplantation from a single cadaveric donor in select patients
with end-stage lung disease. Am J Respir Crit Care Med. 2019;201:A7459.
8. Lebeer M, Wuyts WA, Cassiman D, et al. Multiple solid organ transplantation in
telomeropathy: case series and literature review. Transplantation.
2018;102(10):1747-55.
9. Swaminathan AC, Neely ML, Frankel CW, et al. Lung transplant outcomes in
patients with pulmonary ﬁbrosis with telomere-related gene variants. Chest.
2019;156(3):477-485.
10. Newton CA, Kozlitina J, Lines JR, et al. Telomere length in patients with
pulmonary ﬁbrosis associated with chronic lung allograft dysfunction and
post–lung transplantation survival. J Heart Lung Transplant. 2017;36(8):845-853.
11. Courtwright AM, Fried S, Villalba JA, et al.. Association of donor and recipient
telomere length with clinical outcomes following lung transplantation. PloS One.
2016;11:e0162409.
12. Courtwright AM, Lamattina AM, Takahashi M, et al. Shorter telomere length
following lung transplantation is associated with clinically signiﬁcant leukopenia
and decreased chronic lung allograft dysfunction-free survival. ERJ Open
Research. 2020;6(2).
13. Faust HE, Golden JA, Rajalingam R, Wang AS, Green G, Hays SR, Kukreja J, Singer
JP, Wolters PJ, Greenland JR. Short lung transplant donor telomere length is

262 Telomere Biology Disorders Diagnosis and Management Guidelines, 2nd Edition, available at teamtelomere.org

associated with decreased CLAD-free survival. Thorax. 2017 Nov
1;72(11):1052-1054.
14. Armanios M. Telomeres and age-related disease: How telomere biology informs
clinical paradigms. J Clin Invest. 2013;123(3):996-1002.
15. Spencer H. Transbronchial biopsies provide longitudinal evidence for epithelial
chimerism in children following sex mismatched lung transplantation. Thorax.
2005;60(1):60-62.
16. Popescu I, Mannem H, Winters SA, et al. Impaired CMV immunity in idiopathic
pulmonary ﬁbrosis lung transplant recipients with short telomeres. Am J Resp
Crit Care Med 2010;199(3):362-376.
17. Brestoff JR, Vessoni AT, Brenner KA, et al.. Acute graft-versus-host disease
following lung transplantation in a patient with a novel TERT mutation. Thorax.
2018;73(5):489-492.
18. Fan R, Ghosh S, Madala N, et al. Donor-speciﬁc antibodies among lung transplant
recipients with short telomeres. Am J Respir Crit Care Med. 2020;201:A2836
19. Tokman S, Singer JP, Devine MS, et al. Clinical outcomes of lung transplant
recipients with telomerase mutations. J Heart Lung Transplant.
2015;34(10):1318-1324.
20. Crepin T, Carron C, Roubiou C, et al. ATG-induced accelerated immune
senescence: Clinical implications in renal transplant recipients. Am J Transplant.
2015;15(4):1028-1038.
21. Trindade AJ, Thaniyavarn T, Townsend K, et al. Alemtuzumab as a therapy for
chronic lung allograft dysfunction in lung transplant recipients with short
telomeres. frontiers in immunology. 2020;11:1063.
22. Anic GM, Sondak VK, Messina JL, et al. Telomere length and risk of melanoma,
squamous cell carcinoma, and basal cell carcinoma. J Cancer Epidemiol.
2013;37(4):434-439.
23. Courtwright AM, El-Chemaly S. Telomeres in interstitial lung disease: the short
and the long of it. Ann American Thorc Soc. 2019;16(2):175-181.

Telomere Biology Disorders Diagnosis and Management Guidelines, 2nd Edition, available at teamtelomere.org 263

