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Abstract

Purpose of Review Telomere biology disorders (TBD) encompass several illnesses caused by underlying mutations in tel-
omere maintenance leading to premature telomere attrition and telomere dysfunction. These disorders have unique features
but share common disease manifestations including pulmonary fibrosis, cirrhosis, and bone marrow failure. The goals of this
article are to provide an overview of the gastrointestinal and hepatic manifestations of TBD, focusing on their pathophysiol-
ogy, clinical disease states, and current management strategies.

Recent Findings Telomere shortening has been observed in patients with chronic liver disease and is associated with a
higher risk of progression to cirrhosis and portal hypertension. While the directionality of the association between telomere
dysfunction and senescence on liver disease is not fully understood, research in TBD may provide clarity and could lead
to future therapies for this increasingly prevalent disease. While treatment options remain limited in TBD-associated liver
disease, recent studies point to the safety and efficacy of liver transplantation among patients with end-stage liver disease.
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Introduction

The discovery of telomeres and telomerase answered the
longstanding “end replication problem” by identifying how
the ends of chromosomes are fully replicated [1]. Telomeres
are composed of repeat DNA sequences and DNA-binding
proteins. Telomerase is the tightly regulated enzyme that
adds these repeat sequences to the ends of chromosomes.
Even in cells with increased telomerase activity such as
hematopoietic stem cells, telomeres gradually shorten dur-
ing the lifespan. In somatic cells, telomerase regulation
allows telomeres to gradually shorten to a critical length at
which the cells stop dividing. Low telomerase activity leads
to senescence and cell death while high telomerase activity
may allow cancer cells to divide indefinitely [2]. Telomere
biology disorders (TBD) are characterized by defective
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telomerase and premature telomere attrition with associated
clinical syndromes. Disease severity is dependent not on the
specific underlying mutations but rather on their effect on
telomere length and function [3]. Further, genetic antici-
pation is observed in these disorders as shorter telomeres
accumulate in germline cells, leading to more severe and
earlier disease complications in subsequent generations [4].
Manifestations of TBD tend to occur first in fast turno-
ver tissues such as the bone marrow and GI tract. Telomere
syndromes in pediatric patients can manifest as immunode-
ficiency, bone marrow failure, and enteropathy. In slower
turnover tissues such as the lung and liver, patients more
often present in adulthood with idiopathic pulmonary fibro-
sis and cirrhosis or noncirrhotic portal hypertension [3].
Mutations in telomerase components were first associated
with the clinical syndrome of dyskeratosis congenita (DC)
which was later grouped together with other clinical syn-
dromes such as Hoyeraal-Hreidarsson syndrome (HHS),
Revesz syndrome, and Coats plus in which patients have
telomere lengths below the first percentile compared to age-
matched controls [5, 6ee]. The clinical spectrum of TBD
is broad with variable telomere component mutations and
phenotypes with severe disease phenotypes manifesting as
multiorgan dysfunction in the first decade of life [7].
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Bone marrow failure (BMF) is a frequent presentation of
TBD and can be symptomatically managed with androgen
derivatives; however, most patients eventually require bone
marrow transplantation [5, 8]. Idiopathic pulmonary fibro-
sis is another common manifestation that can be initially
managed with antifibrotic regimens; however, the only cura-
tive treatment is lung transplantation. Gastrointestinal and
hepatic manifestations are also common among TBDs and
will be further highlighted in this review. Management of
TBD is challenging as patients require dedicated multidis-
ciplinary collaboration that may not be established outside
of a few centers in the USA. Additionally, while there has
been progress in understanding the genetic basis of these
disorders, there are currently no known curative therapies
and treatment is mostly supportive (Fig. 1).

Diagnosis of a Telomere Biology Disorder

Clinical syndromes within TBD were initially defined by
classic presentations such as the “triad” of nail dystrophy,
oral leukoplakia, and abnormal skin pigmentation in DC
[5]. Over the last few years, quantitative methods have been
developed to evaluate telomere length such as quantitative-
fluorescence in situ hybridization (Q-FISH) and quantita-
tive PCR (qPCR). Telomere length cutoffs were determined
using data from patients with TBD and their families com-
pared to healthy controls [9]. Telomere length measurement
(in total leukocytes and leukocyte subsets) by Q-FISH is the
most sensitive and specific screening test for TBD at this
time [10]. While telomere lengths below the first percentile
are suggestive of TBD, results from telomere length assays
should be interpreted in association with the clinical pres-
entation and diagnostic criteria. It is suggested that patients
with the appropriate clinical presentation and telomere
lengths below the tenth percentile undergo genetic testing
(next-generation sequencing or exome-based genetic testing)
to evaluate for telomerase mutations [11, 12].

Fig. 1 Conceptual framework
of potential contributors to
disease progression in telomere
biology disorder. Abbreviations:
SDOH, social determinants of
health; TBD, telomere biology
disorder; BMT, bone marrow
transplantation; GVHD, graft
versus host disease

Patient factors:
Underlying genetic
mutation(s)
Mosaicism
Genetic
anticipation

Gastrointestinal Manifestations of Telomere
Biology Disorder

The gastrointestinal (GI) epithelial tissue has one of the
highest proliferation rates among all tissues. Maintaining a
constant regenerative capacity is crucial for the functional
integrity of the GI tract. Consequently, telomere dysfunction
in TBD leads to decreased proliferation of intestinal stem
cells and impaired regeneration of the gastrointestinal epi-
thelium which results in a range of disease manifestations.
Among patients enrolled in the Johns Hopkins Telomere
Syndrome Registry, common GI presentations included
failure to thrive, malnutrition, dysphagia, post-prandial
abdominal pain, early satiety, and diarrhea [13]. On histo-
pathology, patients were found to have esophageal strictures/
webs/Schatzki’s rings, atrophic gastritis, enteropathy, and
enterocolitis/pancolitis. GI manifestations in TBD are com-
monly diagnosed in pediatric and young adult patients and
can be one of the first recognized manifestations of these
disorders. Due to the severe consequences on nutritional sta-
tus and development, it is important to perform nutritional
assessments and pursue a diagnostic and treatment strategy
for underlying pathologies.

Esophageal Stenosis

Esophageal stenosis can present in infancy with poor feed-
ing and failure to thrive or can be acquired/milder in older
children and adults [14, 15]. The pathophysiology is likely
similar to the other stenotic lesions seen in DC/TBD such as
lacrimal duct and urethral stenosis [13]. Patients presenting
with dysphagia, regurgitation, and food avoidance should
undergo evaluation for structural causes such as strictures
and rings/webs. Diagnostic evaluation includes esophagog-
raphy, upper endoscopy with biopsies, and manometry. Once
the area of stenosis is identified, endoscopic dilation can
be undertaken, if feasible. In several cases, patients with
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symptom recurrence require repeat esophageal dilations
[16]. Patients with esophageal strictures refractory to dila-
tion or esophageal dysmotility may require stent placement.

Notably, esophageal strictures can also occur after
patients undergo BMT as the esophagus is one of the tar-
get organs in graft-versus-host disease (GVHD) [17]. The
immunologic process in chronic GVHD can cause desqua-
mative esophagitis that predisposes to strictures, webs, and
ulceration [18]. Esophageal dilations can be undertaken in
GVHD-related esophagitis; however, this should be weighed
carefully against the risks of perforation.

Enteropathy and Enterocolitis

Enteropathy is one the most common lower GI manifesta-
tions of TBD and predominantly affects the small bowel.
Patients can present with diarrhea, weight loss, anemia, and
nutrient deficiencies related to malabsorption. Histopathol-
ogy of the small intestine is characterized by villous atrophy,
intraepithelial lymphocytosis, and epithelial apoptosis [13].
These features are difficult to distinguish from those seen in
celiac disease and inflammatory bowel disease. Interestingly,
telomere dysfunction has been associated with upregulation
of immune regulators linked with inflammatory bowel dis-
ease pathogenesis [19]. The role of immune dysfunction in
enteropathy among patients with TBD is not entirely clear.
Based on limited data, enteropathy in TBD often does not
respond to steroids or immunomodulating agents [20e].

Colitis can also be a severe and morbid manifestation of
TBD. Patients may present with bloody diarrhea, abdomi-
nal pain, and failure to thrive. The pathophysiology of this
condition is not entirely clear and likely also stems from
epithelial defects and immune dysfunction. Colonic biop-
sies reveal friability, gland drop-out, and chronic inflamma-
tion. Treatment is mostly supportive including parenteral
nutrition, while some patients require colectomy. There is
insufficient data regarding the course of GI illnesses after
BMT and it is likely that transplantation may only improve
the immunologic abnormalities but not the mucosal deficits
[20e].

Gastrointestinal Hemorrhage

GI bleeding is another shared gastrointestinal manifestation
of TBD and can present early with significant morbidity and
mortality. In a multicenter retrospective study of TBD patients
treated for GI bleeding, endoscopic findings included telan-
giectasias, esophageal varices, gastritis, vascular dysplasia/
ectasia, and “friability” [21e]. Among this cohort of patients,
esophageal endoscopic findings included mucosal abnormali-
ties of varying severity and esophageal varices. Endoscopic

band ligation can be utilized in bleeding varices. In the stom-
ach, endoscopic findings included gastritis, gastric antral
variceal ectasia, and vascular dysplasia. Similarly, lesions in
the colons were also described as having ectatic vasculature
and increased friability.

Patients with TBD can develop portal hypertension and
variceal bleeding from cirrhosis as well as noncirrhotic liver
disease. Trialed interventions included proton pump inhibi-
tors, short-acting octreotide, nonselective beta-blockers
(such as nadolol, propranolol, or carvedilol), androgen ther-
apy, endoscopic interventions, and supportive care. Thera-
peutic interventions include electrocauterization, radiofre-
quency ablation, argon plasma coagulation, and transjugular
intrahepatic portosystemic shunts. Bevacizumab has been
trialed in recurrent GI bleeding from vascular ectasias and
its efficacy was reported in one patient requiring frequent
transfusions with a sustained treatment effect [21e]. The
presence of vascular anomalies in the GI tract and intrahe-
patic/intrapulmonary arteriovenous malformations suggests
an underlying vascular process among TBDs that is yet to
be fully understood [22]. Vascular telangiectasia affecting
multiple organs is also seen in hereditary hemorrhagic tel-
angiectasia and this should be excluded via genetic testing.

Hepatic Manifestations of Telomere Biology
Disorder

Up to half of adults with telomere biology disorder based
on telomere gene mutations and/or clinical features of the
disorder have hepatic manifestations [23e]. These include
persistent transaminase elevations, hepatomegaly, cirrhotic
liver morphology, and portal hypertension. Liver biopsies of
affected patients demonstrate steatohepatitis, cirrhosis, nod-
ular regenerative hyperplasia (NRH), and presumed transfu-
sion-related hemosiderosis. As opposed to pediatric patients
with TBD who present predominantly with bone marrow
failure, adults with TBD develop liver and lung manifes-
tations as these slower turnover tissues develop telomere
shortening. Telomere length and dysfunction have been
implicated in disease progression in patients with cirrho-
sis [24, 25]. However, the mechanisms underlying telomere
length/function and specific liver pathologies are not entirely
clear [26]. Additionally, TBD patients incur more insults to
the liver including transfusion-dependence, medications, and
bone marrow failure which may stimulate cell proliferation
and in turn accelerate the natural course of disease [27e].

Cirrhosis
Patients with TBD can have liver transaminase elevations

predominantly in a cholestatic pattern, followed by hepa-
tocellular and mixed patterns [23e, 28e]. As liver function
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tests can remain normal, surveilling for hepatic fibrosis is
important in this population. Although liver biopsy is the
“gold standard” for assessing hepatic fibrosis, it is an inva-
sive test with unique limitations in this population with a
high prevalence of thrombocytopenia related to bone mar-
row failure. Noninvasive surveillance imaging can be useful
for assessing hepatic fibrosis. Liver magnetic resonance elas-
tography (MRE) is currently the most accurate noninvasive
test available for assessing hepatic fibrosis [29]. Transient
elastography (FibroScan) is an excellent alternative and it is
more readily available, although it requires special training
and carries limitations related to patient factors, such as cen-
tral obesity. Surveillance for advanced liver disease may be
done every 5-10 years, depending on the family history and
liver test abnormalities. Once a diagnosis of cirrhosis has
been established, surveillance for hepatocellular carcinoma
is recommended biannually. Patients with compensated cir-
rhosis should be evaluated for clinically significant portal
hypertension, and if present, nonselective beta-blockers
are now recommended for prevention of first decompensa-
tion. Complications of cirrhosis reported in this population
are inclusive of ascites, hepatic encephalopathy (HE), and
variceal bleeding [30]. Cirrhosis is associated with poor
overall survival and represents a negative prognostic factor
in this population [31]. Patients with decompensated liver
disease should undergo liver transplant evaluation. Timely
listing or consideration of live donors or HCV positive
donors may improve outcomes by shortening waitlist time
[32].

Nodular Regenerative Hyperplasia
and Hepatopulmonary Syndrome

Liver disease in TBD often also manifests as non-cirrhotic
portal hypertension with or without hepatopulmonary syn-
drome (HPS). On liver biopsy specimens, the most common
finding among patients with progressive HPS was nodular
regenerative hyperplasia (NRH). NRH is a rare histopatho-
logic abnormality that is frequently identified in patients
with TBD in the absence of cirrhosis [30]. It has been sug-
gested that NRH occurs because of an underlying vascu-
lar insufficiency [33]. NRH is complicated by noncirrhotic
portal hypertension and patients may present with variceal
bleeding, ascites, or HE. Among a cohort of patients in the
Johns Hopkins Telomere Syndrome Registry with dyspnea,
21% had minimal or no parenchymal lung disease and their
presentation was consistent with HPS [34]. Patients with
hypoxia and restriction diffusion on pulmonary function
testing were found to have arteriovenous fistulas, evidence
of portal hypertension, and intrahepatic arterio-venous
malformations. The connection between NRH and vascular
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malformations is yet not entirely clear but may stem from
abnormal portal inflow.

While the presence of platypnea and hypoxia in a patient
with liver disease is suggestive of HPS, these symptoms
and the presence of a shunt can be seen in other situations
including pulmonary arteriovenous malformations (PAVMs)
[35]. The resolution of PAVMs after liver transplantation
indicates a liver-lung interaction or an underlying vascular
process in patients with non-cirrhotic portal hypertension.
Further understanding regarding these complex interactions
would be valuable to advance long-term management strate-
gies [36].

The role of liver transplantation in patients with non-
cirrhotic portal hypertension with HPS remains unclear.
In a small case series of patients with HPS, patients’ sup-
plemental oxygen dependence completely resolved after
liver transplantation [32]. Patients with HPS are eligible to
receive Model for End-Stage Liver Disease (MELD) excep-
tion points which can decrease time to transplantation.

Treatment Considerations

As telomeropathies affect multiple organ systems, manage-
ment considerations are complex and patients with TBD
should receive multidisciplinary care in centers with exper-
tise in these conditions (Table 1). With regard to pharma-
cologic management, danazol is a synthetic steroid with
structural similarities to androgens that is used in patients
with a variety of telomere disorders. In a prospective study
of 27 patients with TBD as defined by telomere length at
or below the first percentile and/or mutations in telomere
maintenance and repair genes, danazol administration was
associated with a reduction in the yearly telomere attrition
rate [37]. Danazol was also associated with an increase in
hematologic response, as measured by an increase in hemo-
globin within 24 months of treatment. Liver fibrosis was
noted to have improved in three of four patients with cirrho-
sis and worsened in one patient with ongoing alcohol use.
Given limited data, danazol is not routinely used in manage-
ment of liver disease among patients with TBD.

With regard to hepatic manifestations, recognition of
the role of telomere dysfunction in chronic liver disease
presents the possibility of targeted therapies in TBD. A
potential therapeutic strategy involves telomerase activa-
tion to prevent premature telomere attrition. In a mouse
model of telomerase gene delivery, this led to improve-
ments in liver function and cirrhotic morphology [38].
Investigations using animal models have targeted mul-
tiple checkpoints to halt the senescence pathway after
telomere shortening occurs [39]. The applications of tel-
omerase-directed therapies are promising; however, there
is concern regarding malignancy risks associated with
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Table 1 Overview of clinical follow-up recommendations in TBD.
Abbreviations: CBC complete blood count, MDS myelodysplastic
syndrome, AML acute myeloid leukemia, BMT bone marrow trans-

plantation, Q-FISH quantitative fluorescence in situ hybridizations,
HPV human papillomavirus, CT computed tomography, /LD intersti-
tial lung disease, AVM arteriovenous malformation

Specialty Available diagnostic tests Complications Treatments reported
Hematology CBC Cytopenia Transfusion
Bone marrow biopsy Bone marrow failure Androgen therapy
MDS/AML BMT

Medical genetics Genetic testing

Dermatology Skin cancer surveillance
Dentistry Routine dental screening
Ophthalmology Routine eye examinations

Gastroenterology and  Hepatic function tests

Hepatology Liver magnetic resonance elastography
Liver biopsy
Gynecology Cancer screening

Related to androgen treatment: Infertility

Primary care Physical examination
Vaccinations (HPV)

Tobacco use counseling

Pulmonology Pulmonary function tests
Chest computed tomography
Contrast-enhanced echocardiogram
Orthopedics Clinical examination
Radiographs
Otolaryngology Clinical examination
Laryngoscopy
Transplantation Comprehensive transplant evaluation

After head and neck chemotherapy:

aplastic anemia
Genetic anticipation Family counseling and testing
Skin cancer

Caries
Periodontal disease

Oral hygiene

Cataract

Glaucoma

Retinopathy

Cirrhosis

Non-cirrhotic portal hypertension

Transplantation

HPV mediated cancers

Early onset ILD

Idiopathic pulmonary fibrosis
Pulmonary AVM

Avascular necrosis
Osteoporosis

Androgen therapy
Shunt embolization
Transplantation

Joint replacement
Head and neck cancers

Bone marrow failure
Cryptogenic cirrhosis
Pulmonary fibrosis

Organ specific transplantation

halting biological checkpoints or senescence pathways.
Currently, transplantation is an option for patients with
TBD who develop end-stage liver disease. Prior reports
with a mean follow-up of 4.1 years post-liver transplant
demonstrated favorable clinical outcomes with the long-
est reported survival greater than 7 years post-transplant
[40]. Further research to understand telomere biology and
investigate the use of gene therapy is needed in this patient
population.

Lastly, genetic counseling is a cornerstone of care
for this patient population as family members should be
counseled on disease risk and surveillance as well as the
implications of genetic anticipation. Patients considering
related donor transplant should undergo careful evaluation
of any related donors to ensure the asymptomatic related
donor is not a mutation carrier or found to have telomere
lengths below the first percentile. Additionally, patients
can be referred to patient-centered advocacy groups that
provide information and community support [41].

Conclusion

Telomere biology disorders are associated with various
GI and hepatic manifestations with underlying epithelial,
vascular, and treatment-related mechanisms. Recognizing
the clinical presentations of TBD-associated GI pathology
is crucial as these manifestations are best treated under the
framework of the entire telomere-related disease spectrum.
Further advancements are needed to identify targeted and
effective therapies. There are currently clinical trials inves-
tigating danazol and telomerase gene therapy. If treatment
strategies aimed at increasing the activity of telomerase or
increasing telomere length and function are successful and
safe in this population, this would have important impli-
cations for the treatment of pathologies beyond TBD. In
addition to multidisciplinary care, clinicians should con-
sider exploring patient’s concerns, treatment goals, and
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priorities to best support patient-centered outcomes in this
challenging disease.
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