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 Short Telomeres, Telomeropathy, and Subclinical 
Extrapulmonary Organ Damage in Patients With 
Interstitial Lung Disease     

  Gautam   George ,  MD ;  Ivan O.   Rosas ,  MD ;  Ye   Cui ,  MD ,  PhD ;  Caitlin   McKane ,  RN ;  Gary M.   Hunninghake ,  MD ; 

 Phillip C.   Camp ,  MD ;  Benjamin A.   Raby ,  MD ;  Hilary J.   Goldberg ,  MD ,  MPH ; and  Souheil   El-Chemaly ,  MD ,  MPH  

  BACKGROUND:    Human telomere disease consists of a wide spectrum of disorders, including 

pulmonary, hepatic, and bone marrow abnormalities. Th e extent of bone marrow and liver 

abnormalities in patients with interstitial lung disease (ILD) and short telomeres is unknown. 

  METHODS:    Th e lung transplant clinic established a prospective protocol to identify short telo-

meres in patients with ILD not related to connective tissue disease or sarcoidosis. Patients with 

short telomeres underwent bone marrow biopsies, liver biopsies, or both as part of the evalua-

tion for transplant candidacy. 

  RESULTS:    One hundred twenty-seven patients met ILD categorization for inclusion. Th irty 

were suspected to have short telomeres, and 15 had the diagnosis confirmed. Eight of 

13 (53%) patients had bone marrow abnormalities. Four patients had hypocellular marrow 

associated with macrocytosis and relatively normal blood counts, which resulted in changes to 

planned immunosuppression at the time of transplant. Four patients with more severe hema-

tologic abnormalities were not listed because of myelodysplastic syndrome (two); monoclonal 

gammopathy of unclear signifi cance (one); and hypocellular marrow, decreased megakaryo-

cyte lineage associated with thrombocytopenia (one). Seven patients underwent liver biopsies, 

and six had abnormal liver pathology. Th ese abnormalities did not aff ect listing for lung trans-

plant, and liver biopsies are no longer routinely obtained. 

  CONCLUSIONS:    Subclinical bone marrow and liver abnormalities can be seen in patients with 

ILD and short telomeres, in some cases in the absence of clinically signifi cant abnormalities in 

peripheral blood counts and liver function tests. A larger study examining the implication of 

these fi ndings on the outcome of patients with ILD and short telomeres is needed.   
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  Human telomere disease consists of a wide spectrum of 

disorders, including pulmonary, hepatic, and bone marrow 

abnormalities (eg, aplastic anemia, acute leukemia).  1   

Mutations in genes controlling telomere length have 

incomplete penetrance and can induce single or multi-

organ disease, associated with diff erent phenotypes 

and varying degrees of severity.  1,2   Short telomeres and 

telomerase mutations are important risk factors for 

familial and sporadic forms of idiopathic pulmonary 

fi brosis (IPF).  3,4   Approximately 15% of patients with 

familial interstitial pneumonia (FIP) have mutations in 

telomerase reverse transcriptase (TERT) or telomerase 

RNA complex (TERC).  5   Moreover, about 25% of patients 

with sporadic IPF have short telomeres in peripheral 

blood leukocytes, despite no detectable telomerase 

mutations,  6   suggesting that other genetic or nongenetic 

causes could lead to shortened telomeres. Usual intersti-

tial pneumonia, the histologic hallmark of IPF, is found 

in 85% of patients with interstitial lung disease (ILD) 

and short telomeres.  7   However, other ILDs  7   as well 

as the combined pulmonary fi brosis emphysema  8,9   

syndrome have also been reported in association with 

telomerase mutations and short telomeres. 

 Material and Methods 
 Subjects 

 In September 2011, the lung transplant program at Brigham and Women’s 

Hospital established clinical guidelines designed to increase the index of 

suspicion for short telomeres and associated disease(s) in patients referred 

for consideration of candidacy. Here, we report the results of this inter-

vention. All patients with ILD and two or more visits to the program 

were included in the study cohort. Patients with sarcoidosis or connective 

tissue disease (CTD)-associated ILD were excluded. Patients with ILD 

were suspected to have short telomeres if they had any of the following: 

 •  WBC count, hematocrit level, or platelet count below the lower limit 

of normal  13   

 •  Mean corpuscular volume (MCV) above the upper limit of 

normal  14,15   

 •  Abnormal liver function tests  11   

 •  Abnormal coagulation profi le 

 •  History or evidence of hepatosplenomegaly on abdominal ultra son-

ography 

 •  Family history of interstitial pneumonia, self-reported early graying, 

aplastic anemia, or liver disease 

 Individuals with suspected short telomeres then underwent telomere 

length testing. Th ey were diagnosed with short telomeres if telomere 

length was shorter than the 10th percentile of the reference population. 

Patients with short telomeres were referred for bone marrow and liver 

biopsies to further evaluate their candidacy for lung transplantation. 

 Demographic and laboratory characteristics of those who were sus-

pected of having short telomeres and those who were not are listed in   

 e-Table 1 . An analysis of the results of the implementation of this pro-

tocol was conducted with approval from the Institutional Review Board   

(Protocol# 2011-P-002391/1). 

 Diagnosis of ILD and Clinical Information 

 A review of medical records including CT scanning and existing sur-

gical lung biopsy results was used to determine the diagnosis of ILD  . 

Hematology, chemistry, and pathology results were obtained through a 

review of the computerized medical records. 

 Telomere Length by Flow Fluorescence In Situ 
Hybridization 

 Telomere length analysis in peripheral blood lymphocytes was performed 

with a Clinical Laboratory Improvement Amendments-approved test 

performed at Repeat Diagnostics Laboratory, Vancouver, Canada.  16,17   

Th e control population for this test consisted of 835 subjects iden-

tifi ed only by age and sex; no other demographic or medical informa-

tion was available.  17   Th e age distribution of the control population was 

as follows: 0 to 40 years, 398; 41 to 50 years, 80; 51 to 70 years, 155; 

and  .  70 years, 202 control subjects. Telomere length was defi ned as 

short if it was under the 10th percentile of age-matched control subjects, 

which represented the statistical outlier of telomere length compared 

with the control population (details of the study population are in 

e-Table 1 of Reference  14 ). 

 Sequencing and Mutation Analysis 

 Seven subjects consented to genetic testing. Sequencing and muta-

tional analysis for  TERT  and  TERC  were performed in a Clinical 

Laboratory Improvement Amendments-approved laboratory. 

 Statistical Analysis 

 Results are expressed as mean  �  SD for n number of samples. Analysis 

of difference between groups was conducted using an analysis of 

variance,  t  test, or Fisher exact test as appropriate. A two-sided 

 P  value  ,  .05 was used for statistical signifi cance. All analysis was done 

using GraphPad Prism soft ware (GraphPad 5.0). 

FOR EDITORIAL COMMENT SEE PAGE  1450 

 Prior studies of the manifestations of short telomeres 

have examined kindreds of aff ected subjects and found 

that telomere length and genetic mutations of genes 

controlling telomere length were associated with aplastic 

anemia and pulmonary and liver disease.  3,10,11   However, 

the extent of subclinical bone marrow and/or liver 

disease in patients with ILD and short telomeres has 

not been previously investigated. 

 In 2011, a subject suspected of having short telomeres 

underwent a lung transplant at our institution, which 

was complicated by severe bone marrow and liver failure. 

Th is led our program to establish a comprehensive plan 

to evaluate subjects with ILD for potential telomer-

opathy, as defi ned by short telomeres and any organ 

dysfunction known to be associated with functional 

mutations in genes encoding telomerase.  12   Here, we 

report the results of our evaluation and its eff ectiveness 

at assessing for telomeropathy and subclinical organ 

dysfunction in a cohort of patients with ILD undergoing 

evaluation for lung transplantation. 
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  Figure 1  – Study fl ow diagram. 
CTD    5  connective tissue disease; 
ILD  5  interstitial lung disease.   

 Results 

 From September 2011 until December 2013, 127 patients 

met our preestablished inclusion criteria of ILD without 

evidence of sarcoidosis or CTD and at least two visits 

to our lung transplant clinic ( Fig 1 ,    Table 1   ). Most 

patients (60.6%) were diagnosed with IPF. Based on 

our predefi ned screening criteria, 30 patients (23.6%) 

were suspected of having short telomeres, and 22 of 

127 (17.3%) patients underwent telomere length testing. 

Eight patients did not undergo telomere testing for the 

following reasons: Th ree patients were too well for trans-

plant and elected to defer testing, two patients died, 

two patients were rejected for transplant for other causes, 

and one patient was diagnosed with CTD during the 

evaluation process. Macrocytosis (86.3%) was the most 

common fi nding that led to telomere testing, followed 

by a family history of early graying and FIP ( e-Table 2 ). 

 Th ere were no statistically signifi cant diff erences in age 

or demographic characteristics between patients who 

did not meet criteria for telomere testing and those 

who were suspected to have short telomeres. Patients 

who were suspected of having short telomeres had signif-

icantly higher MCV and lower platelet counts ( e-Table 1 ). 

 Targeted Testing for Short Telomeres in a Cohort 

of Patients With ILD 

 Using the previously established criteria predictive of 

telomeropathy  14   described previously we prospectively 

assessed 22 patients with ILD being evaluated for lung 

transplantation and found that 15 (68.2%) had telo-

meres shorter than the 10th percentile predicted for age 

( Table 1 ). 

 As expected, telomere length was signifi cantly shorter 

in the cohort diagnosed with short telomeres compared 

with those who had normal telomere length ( Fig 2 )  . 

Th e average diff erence in lymphocyte telomere length 

between patient and expected age-adjusted 50th percen-

tile value was  2 1.94  �  0.69 kb for patients with short 

telomeres as compared with  2 0.2  �  1.03 kb in those 

with normal telomere length ( P   ,  .001). 

 The average age of patients tested for short telo-

meres was 60.2  �  7.7 years (range, 45-72 years); 15 of 

22 (68.2%) patients were men ( Table 2 )  . Th ere was no 

statistically signifi cant diff erence in RBC indexes and 

platelet counts between 15 patients with short telomeres 

and the seven patients with normal telomere length; 

however, this could be because of the small number of 

subjects in each group. In subjects with short telomeres, 

median hemoglobin and MCV levels were 13.5 g/dL and 

97.9  m m 3 , indicating that for most patients, changes in 

peripheral blood counts were relatively mild. 

 In patients with ILD referred for lung transplantation 

and who were tested for telomere length, macrocytosis 

had a sensitivity of 68.4% and a positive predictive 

value of 86.6% in identifying subjects with short telo-

meres. Th e prevalence of macrocytosis in patients with 

short telomeres was 86.6% (13 of 15 patients). Th e two 

patients who had short telomeres without macrocy-

tosis had a history of FIP and early graying, and one 

http://journal.publications.chestnet.org
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subject also had abnormal liver function tests ( Table 2 , 

 e-Table 3 ). 

 Subclinical Bone Marrow Abnormalities in 

Patients With ILD and Short Telomeres 

 Short telomeres have been associated with aplastic 

anemia, cytopenias, and macrocytosis.  10   To investigate 

the degree of associated marrow dysfunction, patients 

with short telomeres underwent a bone marrow biopsy. 

Among the 15 patients with short telomeres, 13 (87%) 

underwent a bone marrow biopsy, and two patients 

were still completing their lung transplant evaluations 

at the time of manuscript preparation. Bone marrow 

abnormalities were found in eight of 13 (61.5%) patients 

( Table 3 )  . Of the eight patients with bone marrow abnor-

malities, four demonstrated hypocellular marrow alone, 

two demonstrated fi ndings consistent with early myelo-

dysplastic syndrome, one patient had hypocellular 

marrow with decreased megakaryocyte lineage, and one 

patient was noted to have increased plasma cells and 

was ultimately diagnosed with monoclonal gammopathy 

of undetermined signifi cance (MGUS). In this group 

of eight patients with abnormal bone marrow fi ndings, 

the median hemoglobin level was 12.9 g/dL (range, 

11.3-17 g/dL). Two of 15 subjects with short telomeres 

had a low platelet count (13.3%), and all subjects had 

normal WBC counts. Only one of the 13 patients who 

underwent bone marrow biopsy was taking immuno-

suppressive therapy (mycophenolate mofetil); however, 

this patient was noted to have peripheral blood count 

abnormalities that preceded the initiation of immuno-

suppressive therapy. No complications developed as a 

result of the bone marrow biopsies. Of note, patients 

who had normal bone marrow biopsies but slightly 

abnormal peripheral blood counts were ultimately 

diagnosed with anemia of chronic disease. 

 Subclinical Liver Abnormalities in Patients With 

ILD and Short Telomeres 

 In previous reports, liver fi brosis has been associated 

with IPF, especially in patients with dyskeratosis con-

genita.  18   To investigate the extent of subclinical liver 

disease in our cohort of patients with ILD and short 

telomeres, seven patients underwent liver biopsies, fi ve 

of whom had no prior evidence of liver disease such 

as abnormal liver function tests or fatty liver. Of the 

remaining two patients, one had fatty liver evidence on 

abdominal ultrasonography and the other had abnormal 

liver function tests ( Table 3 ). Liver biopsy specimen 

was abnormal in six of seven (86%) patients. Of the 

six patients with an abnormal liver biopsy specimen, 

four patients demonstrated evidence of regenerative 

changes alone, and two patients demonstrated evidence 

of hepatitis and steatosis without cirrhosis. One of 

these patients had evidence of fatty liver on abdominal 

  Figure 2  – Lymphocyte telomere length in patients with interstitial 
lung disease and suspected short telomeres. Telomere length as mea-
sured by fl ow fl uorescence in situ hybridization is shown for patients 
with short telomeres ( � ) and those with normal telomere length ( � ). 
A, Lymphocyte telomere length of tested subjects shown relative to 
indicated percentiles of a reference cohort as reported in the clinical 
testing by Repeat Diagnostics (Vancouver, Canada). B, Mean O  2  E   
(50th percentile age-adjusted telomere length) for subjects with interstitial 
lung disease with ( � ) and without ( � ) short telomeres. E  5  expected; 
O  5  observed.   

  TABLE 1   ]     Summary of Study Patients 

Interstitial Pneumonia  IPF NSIP HP Unclassifi ed IP CPFE Total

No. (%)  a  77 (60.6) 12 (9.4) 5 (3.9) 19 (14.9) 14 (11) 127

Tested for telomere length,  b   No. (%) 11 (14.2) 1 (8.3) 2 (40) 5 (26.3) 3 (21.4) 22 (17.3)

Confi rmed short telomeres,  c   No. (%) 9 (81.8) 0 (0) 2 (100) 2 (40) 2 (66.6) 15 (68.2)

 CPFE  5  combined pulmonary fi brosis emphysema; HP  5  hypersensitivity pneumonitis; IP  5  interstitial pneumonia; IPF  5  idiopathic pulmonary fi brosis; 
NSIP  5  nonspecifi c interstitial pneumonia. 
  a Percent of total. 
  b Percent of No. 
  c Percent of tested. 
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ultrasonography. One patient had bleeding aft er liver 

biopsy that resolved without intervention, and no other 

complications of biopsies were observed. 

 Impact of Evaluation on Lung Transplant 

Candidacy 

 Of the 13 patients with short telomeres who underwent 

bone marrow biopsies, nine were accepted and listed 

for lung transplantation, with planned modifi cation of 

standard immunosuppression (no induction) for those 

with hypocellular bone marrow. Of the four patients not 

deemed suitable candidates for lung transplantation, two 

had changes consistent with myelodysplastic syndrome 

on bone marrow biopsy, one patient had MGUS, and 

one patient had a hypocellular marrow, rare megakaryo-

cytes on bone marrow biopsy and thrombocytopenia. 

Liver biopsies did not have any impact on the evaluation 

process ( Table 3 ). 

 Identifi cation of Telomerase Mutations 

 Of our cohort of patients with short telomeres, seven 

patients agreed to genetic testing. Of the seven patients 

who underwent genetic testing, two patients were noted 

to have coding mutations in  TERT  believed likely to be 

pathogenic (one patient was noted to have a mutation 

[c.2768C  .  T] resulting in a substitution of leucine for 

proline at position 923, and the other patient was 

noted to have a mutation [c.2225G  .  A] resulting in a 

histidine replacing an arginine at position 742), three 

patients were noted to have a previously described non-

synonymous coding variant in  TERT  (Ala 1062 Th r), 

and two patients had no detectable mutations in either 

 TERT  or  TERC  ( Table 4 )  . Of the two patients with 

likely pathogenic mutations in  TERT , one patient 

(c.2768C  .  T) was listed for lung transplant, and the 

other (c.2225G  .  A) was rejected because of bone 

marrow fi ndings consistent with early myelodysplastic 

syndrome. 

 Comparison of Telomere Length in 

Multiple Cellular Subtypes 

 Previous reports have shown diff erences in telomere 

attrition between diff erent leukocyte cellular subtypes, 

with natural killer (NK) (NK/T cells) showing the largest 

change in non-age-adjusted measurements and naive 

lymphocytes showing the most decline in age-adjusted 

length in patients with telomerase defi ciency compared 

with their unaff ected relatives.  17   Telomere length was 

measured using fl ow fl uorescence in situ hybridization 

in six diff erent leukocyte subtypes (lymphocytes, granu-

locytes, naive T cells [CD45RA  1  ], memory T cells 

[CD45RA  2  ], B cells [CD20], and NK cells [CD57]), and 

a subtype analysis of peripheral blood leukocytes was 

performed. First, in our cohort of patients with normal 

or short telomere length, we compared telomere length 

and age-adjusted telomere length in all six leukocyte 

subtypes. Results showed a statistically signifi cant diff er-

ence in age-adjusted and absolute telomere length in 

all leukocyte subtypes ( e-Figs 1A, 1B , respectively). 

Further, in the subgroup of patients with short telomeres, 

we found that granulocyte age-adjusted telomere length 

was signifi cantly shorter than telomere length in all other 

leukocyte subtypes ( e-Fig 1C ). In this relatively small 

group, an analysis of telomere length and age-adjusted 

  TABLE 2   ]     Summary of Demographic and Laboratory Data of Patients Who Underwent Telomere Length 
Analysis 

Telomere Length Tested for Telomere Length (N  5  22) Short Telomeres (n  5  15) Normal Telomere Length (n  5  7)

Age, mean  �  SD 60.2  �  7.7 59.3  �  7.0 62.0  �  9.2

Sex, male, No. (%) 15 (68.2) 10 (66.6) 5 (71.4)

Hematologic analysis

 Hemoglobin, g/dL 14.0  �  1.7 13.5  �  1.7 15.1  �  1.4

 RBC count, 10 6 / m L 4.33  �  0.54 4.14  �  0.46 4.74  �  0.37

 MCV,  m m 3 96.9  �  6.6 97.9  �  7.2 95.0  �  4.9

 Platelets, 10 3 / m L 215  �  63 211  �  73 223  �  33

Liver abnormalities  a  6 4 2

Family history

 Fibrosis 10 7 3

 Early graying 10 8 2

 Cirrhosis/aplastic anemia 1 1 0

 MCV  5  mean corpuscular volume. 
  a Liver abnormalities: abnormal liver function tests or liver ultrasonography. 

http://journal.publications.chestnet.org
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telomere length in all six leukocyte subtypes did not 

show any statistically signifi cant diff erence between 

patients with bone marrow abnormalities and those 

with normal bone marrow biopsy results ( e-Fig 2 , 

 e-Table 4 ). 

 Discussion 

 We report signifi cant subclinical marrow and liver 

abnormalities in our cohort of patients with ILD and 

short telomeres referred for lung transplantation. Th is 

group of patients showed important bone marrow 

abnormalities, in some cases in the absence of clinically 

signifi cant changes in peripheral blood counts. 

 Others have shown that short telomere syndrome can 

present with lower RBC counts, leukopenia, thrombocy-

topenia, abnormal liver function, increased MCV, and 

early graying.  14   We used these criteria to identify a subset 

of patients who had a high likelihood of having telomere 

disease. Our protocol led to the detection of short telo-

meres in 68.2% of patients in whom short telomere 

syndrome was suspected. 

 Short telomeres and telomeropathies are a spectrum 

of diseases that can include lung, bone marrow, and 

liver disease with incomplete penetrance. Macrocytosis  15   

has previously been associated with short telomere 

syndrome; however, the extent of bone marrow involve-

ment in patients with mild peripheral blood fi ndings has 

not been previously described. Our data show the pres-

ence of signifi cant abnormalities in  .  50% of tested 

patients even though in some cases peripheral blood 

abnormalities were minimal. 

 Previous reports have shown that signifi cant liver 

abnormalities can exist in patients with short telomeres 

in the absence of dyskeratosis congenita.  3,10   In the series 

from Alder et al,  3   3% of patients with IPF had concomi-

tant liver cirrhosis. Our data show that in subjects 

with ILD associated with short telomeres, liver biopsy 

results were abnormal in most patients, even in the 

absence of peripheral blood abnormalities. In six of 

seven (86%) patients, liver biopsy results showed abnor-

malities, with regenerative changes being the most 

common. However, more signifi cant fi ndings of infl am-

mation, steatosis, and fi brosis were also observed. In 

our series, none of the patients had cirrhosis, and the 

biopsy fi ndings did not infl uence the decision-making 

process regarding lung transplant eligibility. Th ese fi nd-

ings led us to modify our protocol, and we no longer 

obtain liver biopsy samples. 

 Th e constellation of lung disease and bone marrow and 

liver abnormalities is highly suggestive of germline 

mutations in telomerase. Typically, in these instances, 

telomere length is less than the fi rst percentile predicted 

for age.  7   Genetic sequencing of  TERT  and  TERC  in 

seven patients with short telomeres revealed novel and 

likely pathogenic mutations in two patients. Th ree patients 

with short telomeres were noted to have a previously 

described nonsynonymous coding variant (Ala 1062 Th r) 

in  TERT , for which there are somewhat confl icting data 

on the pathogenicity. Estimates of the allelic frequency 

of this mutation range from 0.6% in an ethnically 

diverse population  19   to 2.5% in a white population.  2   In 

vitro analyses have previously demonstrated that het-

erozygosity in the Ala 1062 Th r variant of  TERT  does 

not result in signifi cant decrease in telomerase activity.  3   

In contrast, another study has demonstrated that the 

Ala 1062 Th r variant of  TERT  can result in a decrease in 

telomerase enzymatic activity via haploinsuffi  ciency.  19   

These findings raise the possibility of mutations in 

  TABLE 4   ]     Evaluation for Telomerase Mutation in Patients With Short Telomeres 

Sex, Age, y Diagnosis Bone Marrow Mutation  TERT / TERC 

F, 51 Hypersensitivity pneumonitis Hypocellular R742H

M, 58 Idiopathic pulmonary fi brosis Hypocellular P923L

M, 58 Idiopathic pulmonary fi brosis Normal A1062T

M, 54 Combined pulmonary fi brosis emphysema Hypocellular A1062T

M, 60 Combined pulmonary fi brosis emphysema Hypocellular A1062T

M, 48 Unclassifi ed interstitial pneumonia Normal No mutation identifi ed

M, 57 Unclassifi ed interstitial pneumonia Hypocellular 
marrow/karyotypic 
changes  a  

No mutation identifi ed

 A1062T  5  alanine to threonine substitution at residue 1062 in  TERT ; P923L  5  proline to leucine substitution at residue 923 in  TERT ; R742H  5  arginine to 
histidine substitution at residue 742 in  TERT . See  Table 3  legend for expansion of other abbreviations. 
  a Trisomy 1q and monosomy 7q. 
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other genes involved in telomere length or, perhaps, 

global effects of oxidative stress on telomere 

length.  20,21   

 Telomere length in diff erent cellular subtypes in periph-

eral blood has been studied in the context of the pres-

ence or absence of  TERT  and  TERC  mutations. Our data 

demonstrate that diff erent cellular subtypes have similar 

diff erences in telomere length. Th is analysis demonstrates 

two important fi ndings. First, telomere length in granu-

locytes is believed to be refl ective of myeloid precursor 

telomere length, since granulocytes do not undergo cell 

division.  22   Granulocyte age-adjusted telomere length 

was signifi cantly shorter than lymphocytes, naive and 

memory T cells, B cells, and NK cells. Second, and sur-

prisingly, granulocyte age-adjusted telomere length could 

not diff erentiate between patients with and without 

marrow abnormalities. 

 Th ere are several limitations to the present study. First, 

we did not test the entire cohort of patients for telomere 

length; it is conceivable that other patients in the cohort 

who did not meet our testing criteria have short telo-

meres. Since these tests were performed in a clinical 

setting, it was not justifi able to test subjects in whom 

we did not have a clinical suspicion of short telomeres. 

Second, the cohort examined included patients with 

advanced lung disease, who may refl ect a skewed popu-

lation with a higher predilection toward organ dysfunction. 

Finally, and importantly, there is a lack of longitudinal 

follow-up. It is of interest to know whether the changes 

detected in marrow and/or liver biopsies will result in 

the future development of clinically signifi cant cytope-

nias, hematologic malignancies, or liver failure in patients 

with ILD and short telomeres. Th is question remains 

unanswered and merits additional longitudinal follow-up 

studies. 

 Since these patients had end-stage lung disease and 

limited life expectancy, these fi ndings were unlikely to 

progress and develop into clinically signifi cant disorders 

in the absence of lung transplantation. A recent report 

by Silhan et al  23   documents the increased risks of hema-

tologic abnormalities, particularly thrombocytopenias, 

in patients with short telomeres and telomerase muta-

tions aft er lung transplantation. Drugs used to treat 

patients aft er transplantation, such as immunosuppres-

sive and antiviral medications, can lead to declines in 

peripheral blood counts, and it is possible that those 

with a hypocellular marrow prior to transplant are at 

higher risk of developing cytopenias when they receive 

these drugs. Limited information is available regarding 

hematologic complications aft er lung transplant, but 

neutropenia is known to be associated with graft  failure 

and poor outcomes aft er kidney transplant.  24   Furthermore, 

infection is one of the leading causes of death in the fi rst 

year aft er transplant, and coexisting cytopenias could 

complicate treatment of infections posttransplant.  25   In 

the absence of signifi cant changes in peripheral blood 

count or features suggestive of myelodysplastic syndrome 

or predisposition to other hematologic malignancies, 

patients with short telomeres and bone marrow dysfunc-

tion are candidates for lung transplant in our program; 

however, we have implemented changes to planned 

immunosuppression by avoiding induction at the time 

of transplant. Our limited experience highlights the need 

to determine the outcome of patients with telomeropa-

thies, particularly regarding bone marrow or liver dys-

function, and the development of secondary hematologic 

malignancies or susceptibility to infections in the setting 

of solid organ transplantation. 

 Conclusions 

 In summary, our study shows that predetermined non-

invasive testing can identify a subset of patients with 

ILD who should be tested for short telomeres. Further, 

seemingly mild peripheral blood abnormalities were 

associated with signifi cant bone marrow pathology and 

regenerative changes on liver biopsy. Th ese results 

increase our understanding of telomeropathies and have 

potentially important implications for patients with 

interstitial lung disease. A larger study is indicated to 

further examine the prevalence of these fi ndings and 

their potential implications for patients with short telo-

meres who undergo lung transplantation. 
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