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Alemtuzumab, a monoclonal antibody targeting CD52 that causes lymphocyte
apoptosis, is a form of advanced immunosuppression that is currently used as a
therapy for refractory acute cellular rejection and chronic lung allograft dysfunction in
lung transplant recipients (1-3). Side effects of alemtuzumab include bone marrow
suppression, infection, and malignancy. Whether alemtuzumab can be safely used in
allograft recipients that have an increased propensity for bone marrow suppression
due to telomeropathies is unknown. In a retrospective case series, we report
outcomes associated with alemtuzumab in three lung allograft recipients with short
telomere lengths, comparing endpoints such as leukopenia, transfusion needs, infection,
hospitalization and survival to those of 17 patients without known telomeropathies
that received alemtuzumab. We show that the use of alemtuzumab in lung transplant
recipients with short telomeres is safe, though is associated with an increased
incidence of neutropenia, thrombocytopenia and anemia requiring packed red blood cell
transfusions. Alemtuzumab appears to be an acceptable advanced immunosuppressive
therapy in patients with telomeropathies, though given the design and scope of this study,
the actual clinical effect needs further evaluation in larger trials.

Keywords: alemtuzumab, chronic lung allograft dysfunction, lung transplantation, short telomeres, chronic
rejection, telomere length, augmented immunosuppression

INTRODUCTION

Lung transplantation is a life-saving therapy for patients with end-stage lung disease recalcitrant
to medical therapies (4). While lung transplantation is associated with improved survival and
quality of life, outcomes are limited by the development of chronic lung allograft dysfunction
(CLAD) (4-7). Over 50% of lung transplant recipients will develop CLAD by 5 years
post-transplant (8-10). Therapies for CLAD are limited. The macrolide antibiotic, azithromycin,
is generally used as a first-line agent to minimize inflammation, particularly in the neutrophilic
reversible allograft dysfunction phenotype (11, 12). Montelukast, a leukotriene inhibitor, may
also help stabilize lung function in patients with a more mild stage of CLAD (13-15). Small
studies have shown the potential for advanced immunosuppressive therapies such as extracorporeal
photopheresis or alemtuzumab, for the treatment of refractory acute cellular rejection (ACR) and
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severe CLAD (2). Alemtuzumab is a monoclonal antibody
that binds to CD52 on lymphocytes and promotes a sustained
apoptotic response, often leading to undetectable levels of
CD3/CD4 lymphocytes for years (16). In retrospective studies,
alemtuzumab has been shown to be efficacious in stabilizing lung
function (2, 3, 17). However, the potential for sustained bone
marrow suppression seen with alemtuzumab is of concern, given
the susceptibility of lung transplant recipients to infections and
malignancies; this concern may be more pronounced in patients
with predispositions to bone marrow suppression, including
those with short telomeres.

Telomeres are non-coding hexanucleotide tandem repeats
at the ends of chromosomes that protect them from gradual
degradation. Patients with telomeropathies are at risk for
chromosomal damage and can ultimately develop bone marrow
suppression, skin abnormalities, hepatic dysfunction, pulmonary
fibrosis, and malignancies (18-20). Moreover, patients with
inherited forms of pulmonary fibrosis (including those due to
telomeropathies) are known to have both abnormal quantities
of immune mediator cells and altered immune cell function
(21, 22). Detection of short telomere lengths in patients with
end-stage lung disease requiring lung transplantation is not
uncommon, given the predisposition to pulmonary fibrosis in
these patients (18, 23). In the Brigham and Women’s cohort,
about 15% of lung transplant recipients with interstitial lung
disease have been found to have short telomere lengths, although
this likely under-represents the true prevalence, given that a
pragmatic approach to telomere length screening was utilized,
assaying only individuals with disease manifestations (18).
Unfortunately, lung transplant recipients with short telomeres
have worse outcomes, including decreased CLAD-free survival
and overall survival (24, 25). They may also have other co-
morbidities post-transplant including bone marrow-suppression,
intolerance of immunosuppression and increased rates of renal
dysfunction (24).

We recently counseled a patient with short telomere syndrome
who was ~2-years status-post bilateral lung transplant on
treatment options for rapidly progressive CLAD. During the
discussion it became evident that there is a deficit of literature
regarding the effects of alemtuzumab on patients with short
telomeres. We wondered if lung transplant recipients with short
telomere lengths experience profound bone marrow suppression
with alemtuzumab, and whether that might be associated
with increased morbidity including cytopenias, infections,
increased hospitalizations and untimely death. We performed a
retrospective analysis of our cohort to determine if alemtuzumab
in patients with short telomeres is associated with acceptable
outcomes and report the results as a case series of 3 individuals.
Outcomes are compared to 17 lung transplant recipients without
known telomeropathies that received alemtuzumab.

Abbreviations: ACR, Acute cellular rejection; ALC, Absolute lymphocyte count;
ANC, Absolute neutrophil count; BWH, Brigham and Women’s Hospital;
CD, Cluster of differentiation/Classification determinant; CLAD, Chronic lung
allograft dysfunction; CMV, Cytomegalovirus; EBV, Epstein Barr Virus; FEV1,
Forced expiratory volume in 1 second; FISH, Fluorescent in-situ hybridization;
G-CSE Granulocyte colony stimulating factor; HSV, Herpes simplex virus; IQR,
Interquartile range; NK, Natural Killer.

METHODS

Permission to perform this retrospective analysis was obtained
from the Partners institutional review board (IRB#2018P002267).
Lung allograft recipients transplanted at BWH between 1/1/2012
- 12/31/2018 and who received alemtuzumab for refractory ACR
or CLAD were included in this retrospective analysis. Patient
outcomes were assessed through 11/12/2019. ACR was diagnosed
in accordance with International Society of Heart and Lung
Transplant guidelines (26). ACR was defined as refractory if
there was a significant decline in spirometry (>10% change
from peak FEV1) despite corticosteroid pulse and taper (27).
Notably, our center began to routinely assess for telomere lengths
in the pre-transplant setting in high-risk patients in 2012 (18).
Patients underwent telomere length testing if they met any of
the following criteria: family history of interstitial lung disease,
premature graying, evidence of bone marrow dysfunction and/or
evidence of hepatic dysfunction. Telomere length testing was
performed using combined flow cytometry and FISH, which
enables telomere length analysis in six different cell lines (Repeat
Dx, North Vancouver, BC, Canada). Results are age-adjusted.
Telomere length was defined as “Low” if it fell below the tenth
percentile of a reference range of healthy controls and “Very
Low” if it was below the first percentile. In this analysis patients
were classified as having short telomeres if lymphocyte telomere
length was less than the 10th percentile corrected for age (18, 28).
Patients with suspected or documented short telomeres also
underwent bone marrow biopsy as part of the lung transplant
evaluation process.

Lung transplant recipients at BWH were managed per
usual standard of care, as previously described, which
includes  induction  therapy [antithymocyte  globulin
(Thymoglobulin®) or anti-IL-2R (basiliximab)] and three-
drug immunosuppression with a calcineurin inhibitor
(preferably tacrolimus), an anti-proliferative agent (preferably
mycophenolate mofetil) and a corticosteroid (prednisone)
(2). Patients received CMV or HSV prophylaxis for 6-12
months depending on donor and recipient serologic status.
Patients also received Pneumocystis jirovecii (PJP) prophylaxis
lifelong  (trimethoprim/sulfamethoxazole preferred). Upon
administration of alemtuzumab, patients had their anti-
proliferative immunosuppressant discontinued. Moreover,
prophylaxis against CMV and mold (using voriconazole
or isavuconazole) was instituted until the bone marrow
recovered (as evidenced by CD4+ lymphocyte counts >
200/uL). If patients developed persistent cytopenias then
trimethoprim/sulfamethoxazole prophylaxis was changed to
atovaquone in patients that were Toxoplasma IgG negative
(donor and recipient and HSV/CMV prophylaxis was withheld
and patients were monitored weekly for recrudescent or de
novo viremia.

Patients were included in our analysis if they survived > 3
months post-administration of alemtuzumab.

Definitions
We assessed for several different outcomes post-administration
of alemtuzumab; any complication occurring more than 7
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days post- administration of alemtuzumab was included.
Outcomes assessed include leukopenia (total WBC <4,000/uL),
neutropenia (ANC  <1000/ul), lymphocytopenia (ALC
<1000/uL), thrombocytopenia (platelets <150,000/uL), need
for packed red blood cells (PRBCs), platelets, or granulocyte
colony stimulating factor (G-CSF), time to CD4+ lymphocyte
recovery (>200 cells/mL), hospital readmission, infection
requiring hospitalization, occurrence of malignancy, CMV
viremia (>137 copies of CMV DNA in serum), EBV viremia
(>2,000 copies DNA) and time to death. At BWH, G-CSF
is routinely given if absolute neutrophil counts are <1000
despite adjustment of bone marrow-suppressive medications,
regardless of presence of infection. Hospital readmission was
defined as any unplanned hospitalization. Infection was defined
as any suspected or documented organ dysfunction due to a
microorganism that required hospitalization, and for which
antimicrobials were prescribed.

Statistical Analysis

Statistical analysis was performed using STATA version 15. 1
(StatCorp LLC, College Station, TX). For all results, p < 0.05
were considered significant. Differences in baseline demographic
data were assessed using Fisher’s Exact test for binary data. We
performed univariate analyses using Fisher’s Exact test to assess
for significant differences between alemtuzumab and telomere
length for binary outcomes.

RESULTS

Twenty-two patients who underwent lung transplantation
between 1/1/2012 and 12/31/2018 ultimately received
alemtuzumab for either refractory ACR or CLAD. Of those
patients, 2 died within 90 days of alemtuzumab administration
and were excluded from the analysis; these patients did not have

TABLE 1 | Age-adjusted telomere lengths in various cell lines and bone marrow biopsy results in patients with short telomeres.

Patient Telomere Lengths

Bone Marrow Biopsy Results

Lymphocytes Granulocytes CD45 RA+ Naive Cells CD45 RA+ Memory Cells CD20+ B cells CD57+ NK Cells

1 VL V0L VL L
2 L VL L L
3 L V0L L L

VL L Markedly hypocellular marrow
with trilineage hematopoiesis
with left shifted myeloid

elements.

Moderately hypocellular with
maturing trilineage
hematopoiesis

Moderately hypocellular with
maturing trilineage
hematopoiesis

Normal (N) > 10th percentile.
Low (L) < 10th percentile but > 1st percentile.
Very Low (VL) < 1st percentile.

TABLE 2 | Baseline characteristics of patients that received alemtuzumab for ACR or CLAD.

Short Telomere Length (N = 3)

Without Known Telomeropathy (N =17) P=

#1 #2 #3

Age > 60 years at transplant No Yes Yes 9 (56%) 1.000

Female Sex No Yes Yes 7 (41%) 0.566

Bilateral lung transplant Yes Yes Yes 11 (65%) 0.521

CMV D+/R- Status No Yes Yes 5/16 (31%) 0.523

EBV D+/R- Status No No No 1 (6%) 1.000

Type of end-stage lung disease
Obstructive - - - 4 (24%) 0.539
Pulmonary vascular - - - 1 (6%)

Cystic fibrosis - - - 0
Interstitial Yes Yes Yes 12 (71%)

Chronic lung allograft dysfunction as indication for alemtuzumab Yes Yes Yes 11 (69%) 0.521
Bronchiolitis obliterans syndrome Yes Yes Yes 10/11 (91%) 1.000
Restrictive allograft syndrome No No No 1/11 (9%) 1.000

Alemtuzumab administered <2 years post-transplant No Yes Yes 10 (59%) 0.546
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known telomeropathies. Of the remaining 20 patients, 4 patients
met pre-specified criteria to undergo telomere length testing (see
criteria listed in the Methods section). Three of the four patients
who were tested met criteria for having short telomere lengths,
with documented lymphocyte telomere lengths <10th percentile.
See Table 1 for further details. The other 17 patients did not
meet our pre-specified criteria to undergo telomere length
analysis. Notably, while all three patients had low lymphocyte
telomere lengths, patient #1 had very low telomere lengths in the
lymphocyte lineage, with age-matched lengths <1st percentile.
Pre-transplant bone marrow biopsy results mirrored the degree
of involvement of telomeropathies (See Table 1); patient #1
had markedly low cellularity, while patients #2 and #3 had
moderately reduced cellularity.

Baseline characteristics for patients receiving alemtuzumab
are shown in Table2. In our small cohort, there were no
significant differences in baseline characteristics of patients
with short telomeres vs. those patients without known
telomeropathies who received alemtuzumab for ACR or CLAD.

Patients with short telomeres who received alemtuzumab had
significantly increased incidence of neutropenia (66 vs. 5.9%,
p = 0.046), thrombocytopenia (100 vs. 23.5%, p = 0.031),
and anemia requiring PRBCs (66 vs. 5.9%, p = 0.046). There
was no significant difference in unplanned hospitalizations,
infections necessitating hospitalization, lymphocytopenia, need
for G-CSF therapy or CMV or EBV viremia. Moreover, there
did not appear to be numerical differences in post-alemtuzumab

survival, though this could not be statistically analyzed (Table 3).
There did appear to be a trend towards greater response to
alemtuzumab in patients without known telomeropathy, with
greater stability of FEV1 over a 6-month period following therapy
administration, though the small sample size precludes statistical
analysis (Figure 1).

DISCUSSION

To our knowledge, this is the first report of the use
of alemtuzumab in lung transplant recipients with short
telomeres. In our small case series of 3 patients, we find that
alemtuzumab in patients with short telomeres is associated
with increased incidence of cytopenias, including neutropenia,
thrombocytopenia, and anemia requiring PRBC transfusions.
The episodes of thrombocytopenia were not associated with an
increased need for platelet transfusions. Similarly, prevalence
of neutropenia was not associated with a significant trend
towards greater use of G-CSF. There was no significant effect
of cytopenias on rates of infection or hospitalization. While
alemtuzumab appeared to stabilize lung function in patients
without known telomeropathys, its effect did not appear to be as
potent in patients with short telomeres, though the sample size
was too small to make definitive conclusions. Notably, the rate
of decline of FEV1 in patients with CLAD that do not receive
advanced immunosuppressive therapy has been shown to be

TABLE 3 | Outcomes in patients receiving Alemtuzumab.

Short telomere length (N = 3)

Without known telomeropathy (N= 17) P=

#1 #2 #3

Unplanned hospitalizations Yes Yes Yes 14 (82.3%) 1.000
Infection requiring hospitalization No Yes No 3(17.6%) 0.509
Malignancy No No No 1(5.9%) 1.000
Leukopenia Yes Yes Yes 16 (94.1%) 1.000

Lymphocytopenia (<1000/ul) Yes Yes Yes 16 (94.1%) 1.000

Neutropenia (anc<1000) Yes Yes No 1(5.9%) 0.046
G-CSF therapy Yes Yes No 4 (23.5%) 0.202
Thrombocytopenia Yes Yes Yes 4 (23.5%) 0.031
Prbc transfusions Yes Yes No 1(5.9%) 0.046
Platelet transfusions Yes No No 0 0.150
Cd4 <200/ml

Died before recovery Yes - - 7 (41.1%) 1.000

Alive without recovery - Yes Yes 4 (23.5%) 0.202

Time to CD4 >200/ml (days)*™* - - - 778 (605-962) N/A
CMV viremia Yes No No 1(6.9%) 0.284
EBV viremia No No No 0 1.000
Post-alemtuzumab survival (days)* 471 620+ 100+ 368 (175-1040) N/A
Delta fev1 () post-alemtuzumab*** -0.22 —0.36 N/A 0.05 (-0.09-0.14) N/A
Delta fvc () post-alemtuzumab™*** -0.18 -0.92 N/A 0.11 (-0.16-0.33) N/A

* At the time of this analysis 14/33 (35%) patients are still alive.
** 4 patients had recovery of CD4 T lymphocytes following treatment with alemtuzumab.

*** Patient #3 was too unstable to have spirometry measured following alemtuzumab therapy. Bolded values are ones that are significant (p < 0.05).
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FIGURE 1 | Allograft function in patients after receiving Alemtuzumab.

~0.1 L/month, so patients with short telomeres do seem to derive
some benefit, albeit a muted one (2).

We are careful to not overstate findings from this series,
given the limited number of patients that met inclusion criteria.
The number of lung allograft recipients with underlying short
telomeres that were treated with alemtuzumab for refractory
ACR or CLAD in our cohort is limited. Another limitation of
this study is that telomere length analysis was not performed in
patients that did not meet specified criteria; the possibility that
these patients do not have short telomeres cannot be definitively
excluded. This could potentially mute outcomes between groups.

Despite the limitations of our study, these findings are
relevant given the increasing identification of short telomere
syndromes in lung transplant recipients and the high rate of
CLAD in lung allograft recipients. While there are currently
no FDA-approved therapies for CLAD, there is evidence that
alemtuzumab as advanced immunosuppression is associated with
improved stability in lung function (1, 2, 17). Therefore, it is likely
that lung transplant physicians will increasingly be faced with
the dilemma of treating CLAD with bone marrow suppressive
therapies such as alemtuzumab in patients with short telomeres.

Short telomeres are associated with a variety of hematologic
effects with different degrees of severity (29). Recent evidence
suggests that T cells from patients with short telomere syndrome
show stigmata of a premature aging phenotype, and a distinct
molecular program with upregulated intrinsic apoptosis and
DNA-damage double-strand break response (22). While the
number of patients with short telomeres receiving alemtuzumab

REFERENCES

1. Benden C, Haughton M, Leonard S, Huber LC. Therapy options for chronic
lung allograft dysfunction-bronchiolitis obliterans syndrome following first-
line immunosuppressive strategies: A systematic review. | Heart Lung
Transplant. (2017) 36:921-33. doi: 10.1016/j.healun.2017.05.030

in our cohort is too small to make definitive conclusions, our
data suggests that alemtuzumab exacerbates the propensity for
bone marrow disarray, with increased incidence of cytopenias.
However, it is reassuring that patients with short telomeres in our
cohort who received alemtuzumab did not seem at higher risk of
infection, albeit in the presence of appropriate anti-fungal, viral
and PJP prophylaxis. Certainly, patients with telomeropathies
receiving alemtuzumab do warrant close monitoring.

As more reports are published about the safety of lung
transplantation in patients with short telomeres, and since short
telomeres are associated with shorter time for development of
CLAD (30), it is important that therapeutic options for this
patient population are investigated. Our report is the first to
offer insight into the use of alemtuzumab in patients with short
telomeres; based on our findings alemtuzumab seems to be an
acceptable therapeutic option in this patient population, albeit
associated with increased side effects. Certainly, well designed
prospective studies assessing outcomes of the management of
lung transplant recipients with short telomeres are needed.

DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the
article/supplementary material.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Brigham and Women’s Institutional Review Board.
Written informed consent for participation was not required for
this study in accordance with the national legislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

AT and SE-C contributed conception and design of the study.
AT, KTo, RK, and TT organized the database. AT performed
the statistical analysis. AT and SE-C wrote the first draft of the
manuscript. All authors contributed to manuscript revision and
read and approved the submitted version.

FUNDING

Research in the SE-C Lab is supported by NIH R01-HL130275
and by the John M. Kent Memorial Fund.

ACKNOWLEDGMENTS

We thank our patients who participated in our program.

2. Moniodis A, Townsend K, Rabin A, Aloum O, Stempel ], Burkett P,
et al. Comparison of extracorporeal photopheresis and alemtuzumab for the
treatment of chronic lung allograft dysfunction. J Heart Lung Transplant.
(2018) 37:340-8. doi: 10.1016/j.healun.2017.03.017

3. Ensor CR, Rihtarchik LC, Morrell MR, Hayanga JW, Lichvar AB, Pilewski
JM, et al. Rescue alemtuzumab for refractory acute cellular rejection and

Frontiers in Immunology | www.frontiersin.org

May 2020 | Volume 11 | Article 1063


https://doi.org/10.1016/j.healun.2017.05.030
https://doi.org/10.1016/j.healun.2017.03.017
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

Trindade et al.

Alemtuzumab Lung Transplant Short Telomeres

10.

11.

12.

13.

14.

15.

16.

17.

. Vock DM, Durheim MT, Tsuang WM,

bronchiolitis obliterans syndrome after lung transplantation. Clin Transplant.
(2017) 31:4. doi: 10.1111/ctr.12899

. Rana A, Gruessner A, Agopian VG, Khalpey Z, Riaz IB, Kaplan B, et al.

Survival benefit of solid-organ transplant in the United States. JAMA Surg.
(2015) 150:252-9. doi: 10.1001/jamasurg.2014.2038
Finlen Copeland CA,
Tsiatis AA, et al benefit of lung transplantation in
the modern era of lung allocation. Ann Am Thorac Soc. (2017)
14:172-81. doi: 10.1513/AnnalsATS.201606-5070C

Survival

. Shahabeddin Parizi A, Krabbe PFM, Verschuuren EAM, Hoek RAS, Kwakkel-

van Erp JM, Erasmus ME, et al. Patient-reported health outcomes in long-term
lung transplantation survivors: A prospective cohort study. Am J Transplant.
(2018) 18:684-95. doi: 10.1111/ajt.14492

. Singer JP, Katz PP, Soong A, Shrestha P, Huang D, Ho J, et al. Effect of

lung transplantation on health-related quality of life in the era of the lung
allocation score: A U.S. Prospective Cohort Study. Am ] Transplant. (2017)
17:1334-45. doi: 10.1111/ajt.14081

. Verleden SE, Sacreas A, Vos R, Vanaudenaerde BM, Verleden GM. Advances

in understanding bronchiolitis obliterans after lung transplantation. Chest.
(2016) 150:219-25. doi: 10.1016/j.chest.2016.04.014

. Verleden GM, Glanville AR, Lease ED, Fisher AJ, Calabrese F Corris

PA, et al. Chronic lung allograft dysfunction: definition, diagnostic
criteria, and approaches to treatment-A consensus report from the
Pulmonary Council of the ISHLT. J Heart Lung Transplant. (2019) 38:493-
503. doi: 10.1016/j.healun.2019.03.009

Meyer KC, Raghu G, Verleden GM, Corris PA, Aurora P, Wilson KC,
et al. An international ISHLT/ATS/ERS clinical practice guideline: diagnosis
and management of bronchiolitis obliterans syndrome. Eur Respir J. (2014)
44:1479-503. doi: 10.1183/09031936.00107514

Vos R, Vanaudenaerde BM, Verleden SE, De Vleeschauwer SI, Willems-
Widyastuti A, et al. A randomised controlled trial of azithromycin to prevent
chronic rejection after lung transplantation. Eur Respir J. (2011) 37:164-
72. doi: 10.1183/09031936.00068310

Corris PA, Ryan VA, Small T, Lordan J, Fisher A], Meachery G, et al.
A randomised controlled trial of azithromycin therapy in bronchiolitis
obliterans syndrome (BOS) post lung transplantation. Thorax. (2015) 70:442—
50. doi: 10.1136/thoraxjnl-2014-205998

Verleden GM, Verleden SE, Vos R, De Vleeschauwer SI, Dupont
LJ, et al. Montelukast for bronchiolitis syndrome
after lung transplantation: a pilot study. Transpl Int. (2011)
24:651-6. doi: 10.1111/j.1432-2277.2011.01248 x

Ruttens D, Verleden SE, Demeyer H, Van Raemdonck DE, Yserbyt J,
Dupont L], et al. Montelukast for bronchiolitis obliterans syndrome after
lung transplantation: A randomized controlled trial. PLoS ONE. (2018)
13:¢0193564. doi: 10.1371/journal.pone.0193564

Vos R, Eynde RV, Ruttens D, Verleden SE, Vanaudenaerde BM,
Dupont LJ, et al. Montelukast in chronic lung allograft dysfunction
after lung transplantation. ] Heart Lung Transplant. (2019)
38:516-27. doi: 10.1016/j.healun.2018.11.014

van der Zwan M, Baan CC, van Gelder T, Hesselink DA. Review of the
Clinical Pharmacokinetics and Pharmacodynamics of Alemtuzumab and
Its Use in Kidney Transplantation. Clin Pharmacokinet. (2018) 57:191-
207. doi: 10.1007/s40262-017-0573-x

Reams BD, Musselwhite LW, Zaas DW, Steele MP, Garantziotis S, Eu PC, et al.
Alemtuzumab in the treatment of refractory acute rejection and bronchiolitis

obliterans

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

obliterans syndrome after human lung transplantation. Am ] Transplant.
(2007) 7:2802-8. doi: 10.1111/j.1600-6143.2007.02000.x

George G, Rosas 10, 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) 147:1549-
57. doi: 10.1378/chest.14-0631

Shay JW, Wright WE. Telomeres and telomerase: three decades of progress.
Nat Rev Genet. (2019) 20:299-309. doi: 10.1038/541576-019-0099-1

Calado RT, Regal JA, Hills M, Yewdell WT, Dalmazzo LE, Zago MA,
et al. Constitutional hypomorphic telomerase mutations in patients with
acute myeloid leukemia. Proc Natl Acad Sci USA. (2009) 106:1187-
92. doi: 10.1073/pnas.0807057106

El-Chemaly S, Cheung E, Kotliarov Y, O’Brien KJ, Gahl WA, Chen J, et al. The
Immunome in Two Inherited Forms of Pulmonary Fibrosis. Front Immunol.
(2018) 9:76. doi: 10.3389/fimmu.2018.00076

Wagner CL, Hanumanthu VS, Talbot CC, Abraham RS, Hamm D, Gable DL,
et al. Short telomere syndromes cause a primary T cell immunodeficiency. J
Clin Invest. (2018) 128:5222-5234. doi: 10.1172/JCI120216

Courtwright AM, El-Chemaly S. Telomeres in interstitial lung disease:
the short and the long of It. Ann Am Thorac Soc. (2019) 16:175-
81. doi: 10.1513/AnnalsATS.201808-508 CME

Courtwright A, El-Chemaly S. Broadening the investigation-short telomeres
and lung transplantation outcomes in pulmonary fibrosis. ] Heart Lung
Transplant. (2017) 36:833-4. doi: 10.1016/j.healun.2017.02.020

Faust HE, Golden JA, Rajalingam R, Wang AS, Green G, Hays SR, et al. Short
lung transplant donor telomere length is associated with decreased CLAD-free
survival. Thorax. (2017) 72:1052-4. doi: 10.1136/thoraxjnl-2016-209897
Stewart S, Fishbein MC, Snell GI, Berry GJ, Boehler A, Burke MM,
et al. Revision of the 1996 working formulation for the standardization of
nomenclature in the diagnosis of lung rejection. J Heart Lung Transplant.
(2007) 26:1229-42. doi: 10.1016/j.healun.2007.10.017

Davis WA, Finlen Copeland CA, Todd JL, Snyder LD, Martissa JA, Palmer
SM. Spirometrically significant acute rejection increases the risk for BOS
and death after lung transplantation. Am ] Transplant. (2012) 12:745-
52. doi: 10.1111/j.1600-6143.2011.03849.x

Weng N. Interplay between telomere length and telomerase in human
leukocyte differentiation and aging. J Leukoc Biol. (2001) 70:861-7.

Calado RT, Young NS. Telomere diseases. N Engl ] Med. (2009) 361:2353-
2365. doi: 10.1056/NEJMra0903373

Newton CA, Kozlitina J, Lines JR, Kaza V, Torres F, Garcia CK. Telomere
length in patients with pulmonary fibrosis associated with chronic lung
allograft dysfunction and post-lung transplantation survival. ] Heart Lung
Transplant. (2017) 36:845-53. doi: 10.1016/j.healun.2017.02.005

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Trindade, Thaniyavarn, Townsend, Klasek, Tsveybel, Kennedy,
Goldberg and El-Chemaly. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Immunology | www.frontiersin.org

May 2020 | Volume 11 | Article 1063


https://doi.org/10.1111/ctr.12899
https://doi.org/10.1001/jamasurg.2014.2038
https://doi.org/10.1513/AnnalsATS.201606-507OC
https://doi.org/10.1111/ajt.14492
https://doi.org/10.1111/ajt.14081
https://doi.org/10.1016/j.chest.2016.04.014
https://doi.org/10.1016/j.healun.2019.03.009
https://doi.org/10.1183/09031936.00107514
https://doi.org/10.1183/09031936.00068310
https://doi.org/10.1136/thoraxjnl-2014-205998
https://doi.org/10.1111/j.1432-2277.2011.01248.x
https://doi.org/10.1371/journal.pone.0193564
https://doi.org/10.1016/j.healun.2018.11.014
https://doi.org/10.1007/s40262-017-0573-x
https://doi.org/10.1111/j.1600-6143.2007.02000.x
https://doi.org/10.1378/chest.14-0631
https://doi.org/10.1038/s41576-019-0099-1
https://doi.org/10.1073/pnas.0807057106
https://doi.org/10.3389/fimmu.2018.00076
https://doi.org/10.1172/JCI120216
https://doi.org/10.1513/AnnalsATS.201808-508CME
https://doi.org/10.1016/j.healun.2017.02.020
https://doi.org/10.1136/thoraxjnl-2016-209897
https://doi.org/10.1016/j.healun.2007.10.017
https://doi.org/10.1111/j.1600-6143.2011.03849.x
https://doi.org/10.1056/NEJMra0903373
https://doi.org/10.1016/j.healun.2017.02.005~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

	Alemtuzumab as a Therapy for Chronic Lung Allograft Dysfunction in Lung Transplant Recipients With Short Telomeres
	Introduction
	Methods
	Definitions
	Statistical Analysis

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


