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telomere dysfunction in tumour development and
progression and further studies are needed to elu-
cidate the impact of TBD in cirrhosis-related hep-
atocellular carcinoma.3

Cryptogenic cirrhosis
Despite significant diagnostic advances in the last
several decades, approximately 5–30% of cirrhosis
cases still lack a definite aetiology.4,5 A concurrent
diagnosis of cryptogenic cirrhosis has been
reported in approximately 7% of patients with
dyskeratosis congenita.6 Additionally, TBDs often
manifest as adult-onset fibrotic disease in slow-
turnover tissues, such as lungs and liver. In con-
trast to dyskeratosis congenita, TBD-related cryp-
togenic cirrhosis presents at a mean age of 37
years (range 20–57).7,8 Aside from a potential
direct effect, telomere shortening secondary to
telomerase gene mutations, also increases the risk
of cirrhosis development in patients with chronic
liver disease of different aetiologies. Two large
independent studies identified a higher incidence
of telomere-associated mutations in patients with
sporadic cirrhosis of known causes compared to
non-cirrhotic controls.9,10 Additionally, the mean
telomere length, measured by quantitative poly-
merase chain reaction (qPCR), in white blood cells
of cirrhotic patients was significantly shorter than
in age-matched controls (!0.114 vs. 0.001).
Greater than 80% of cirrhotic patients had telom-
ere lengths below the median for their age. These
findings suggest that telomere shortening may
play a role in cirrhosis development and/or pro-
gression even in patients with underlying chronic
liver diseases.

The mechanisms of TBD-related cirrhosis
remain unclear. Through quantitative fluorescence
in situ hybridisation (FISH), telomere shortening
was found to be limited to hepatocytes and to cor-
relate with cellular markers of senescence.11 These
findings suggest impaired liver regeneration
which in turn results in fibrosis development and

progression. This hypothesis has been further cor-
roborated in a telomerase-deficient mouse model,
null for the essential telomerase RNA (mTR) gene.
Defects in liver regeneration and accelerated fibro-
sis progression in response to chronic injury were
observed. More interestingly, restoration of telom-
ere function through adenoviral delivery of the
mTR gene resulted in reduced hepatic fibrosis
and improved liver function.12 These results sug-
gest a role for telomere directed therapy in pre-
vention and/or reversal of TBD-related cirrhosis.

Nodular regenerative hyperplasia
NRH is characterised by small diffuse regenerative
hepatic nodules in the absence of surrounding
fibrosis.13 The pathogenesis of NRH remains
unclear, although hepatic blood flow alterations
have been implicated. Various systemic conditions
and medications have been associated with NRH
(Table 1) and portal vein obliteration has been
proposed as the common underlying mechanism
leading to nodular parenchymal hypertrophy.14–
17 This theory, however, has been challenged with
the development of an animal model of NRH
through disruption of Notch1 signalling. Inducible
Notch1 disruption in adult mice resulted in con-
tinuous proliferation of hepatocytes and conse-
quent NRH morphology without vascular
changes in the liver.18 Moreover, endothelial
Notch1 signalling has been found to be essential
for hepatic vascular formation and function.19 In
humans, the expression of Notch1 was found to
be significantly downregulated in liver biopsies
of 14 patients with NRH.20 Additionally, hepato-
portal sclerosis and NRH have been reported in
association with Adams-Oliver syndrome, a rare
genetic disorder caused by Notch1
haploinsufficiency.21

The prevalence of NRH increases with age
as demonstrated in a large autopsy study,13

suggesting an age-dependent mechanism.
Telomere shortening is thought to contribute to
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Fig. 1. Telomere maintenance components. Telomeres are composed of multiple TTAGGG repeats at the end of linear
chromosomes and are coated by a protein complex, shelterin, which helps maintain its integrity. Shelterin also helps recruit
and modulate the telomerase complex, the enzyme responsible for telomere elongation. Telomerase has a 4-protein scaffold
(dyskerin, NOP10, NHP2, and GAR) and an RNA template (TERC) and reverse transcriptase (TERT). Adapted with permission
from Townsley et al.52
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De la Dyskératose Congénitale aux Téloméropathies
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the structure of the telomeric terminus, it has been implicated in the
generation of t-loops, and it controls the synthesis of telomeric DNA
by telomerase. Without the protective activity of shelterin, telo-
meres are no longer hidden from DNA damage-repair mechanisms
and therefore chromosome ends are incorrectly processed by the
DNA-repair pathways. The shelterin complex is composed of
6 proteins: telomeric-repeat binding protein 1 (TRF1), telomeric-
repeat binding protein 2 (TRF2), TRF1-interacting nuclear factor 2
(TIN2), TERF2-interacting protein (RAP1), TIN2-interacting pro-
tein 1 (TPP1), and protection of telomeres (POT1).18 TRF1, TRF2,
and POT1 of the shelterin complex (Figure 3) bind directly to the
telomeric DNA, TRF1 and TRF2 bind to double-stranded DNA, and
POT1 to the single-stranded DNA overhang. The composition and
protein interaction of the components of the shelterin complex
appears to be highly ordered, with TIN2 playing a pivotal role

In a subset of patients with DC, HH, aplastic anemia, and Revesz
syndrome heterozygous mutations in the TIN2 component of
shelterin have been identified.19-20 This discovery extends the range
of the DC spectrum of diseases even further. Revesz syndrome is

characterized by bilateral exudative retinopathy, BM hypoplasia,
nail dystrophy, fine hair, cerebellar hypoplasia, and growth retarda-
tion.21 Patients with TIN2 mutations tend to have severe disease and
this is associated with very short telomere lengths. Interestingly,
nearly all patients have de novo TIN2 mutations that give rise to a
different mechanism that causes the disease. In patients with
heterozygous TERC and TERT mutations, studies have shown that
the phenomenon of genetic anticipation is frequently involved; a
parent of an affected child has the same telomerase mutation, but
usually no overt signs of disease. However, in the child with the
same heterozygous telomerase mutation, the disease manifests itself
at a much younger age and is usually more severe.22-23 This adds
another level of complexity to DC. Mutations in one gene (TERC or
TERT) that take a generation to cause a significant clinical effect can
cause the same disease as mutations in another gene (TINF2) that
arise instantly.

AR-DC
Since 2007, progress has been made in the investigation on the
genetic basis of autosomal-recessive DC (AR-DC). A large linkage

Table 2. DC genetic subtypes

DC subtype
Approximate

% of DC patients
Chromosome

location Gene product Exons

X-linked recessive 30 Xq28 dyskerin 15
Autosomal dominant 5 3q26 TERC 1

5 5p15 TERT 16
10 14q11 TIN2 6

A-R ! 1 15q14 NOP10 2
! 1 5p15 TERT 16
! 1 5q35 NHP2 4
! 1 17p13.1 TCAB1 10

2 16q21 C16orf57 7
Uncharacterized* 40 ? ? ?

*These are likely to represent more than 1 genetic locus and include the genetically heterogeneous AR-DC (data based on the registry in London).

Figure 2. Schematic representation highlighting the diverse presentations of DC. DC presentation includes classic, severe variants, and “cryptic”
variants. The year (in brackets) indicates first genetic recognition.
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Circonstances diagnostiques hématologie adulte

Aplasie – Hypoplasie
Jeunes adultes < 35 ans

Thrombopénie
Pigmentations/canitie

SMD
Adulte 40 -60 ans

Pancytopénie
Pigmentation/canitie

FP (PIC)

Thrombopénie
Bilan de FP

Hépatopathie
Enquête familiale

Antécédents 
familiaux



Téloméropathies : Hématologie adulte

35 cas index diagnostiqué à l’âge adulte
• Age médian 1 ers symptômes rapportés 31 ans
• Age médian diagnostic 40 ans  

NFS diagnostic
• Hb 10,6, VGM 110
• PNN 1,6
• Plaquettes 48 G/L

Télomères < 1er percentile : 24/24
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35 cas index diagnostiqué à l'âge adulte
• Age médian 1 ers symptômes rapportés 31 ans
• Age médian diagnostic 40 ans  

NFS diagnostic
• Hb 10,6, VGM 110
• PNN 1,6
• Plaquettes 48 G/L

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

hematologqiue hépatique pulmonaire

94%

23%
10%

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

cytopenies SMD LAM

42% décédés
Médiane 23 mois après diagnostic

(FU vivant 40 mois) 



Téloméropathies : SMD/LAM, n=9

• 8 SMD : 3 AREB, 5 RCMD
• 1 LAM 
• 5 caryotypes complexes
• 2 caryotypes normaux
• 1 caryotype de pronostic intermédiaire

• 2 PID associées et 1 HNR

Tous au diagnostic de téloméropathie

Age médian  au diag 53 ans (32 à 75) 
1 ers symptômes  42,8 ans (cytopénies 7/9 , hépatique/pulmonaire)
TERT n=4, DKC1 n=1, TERC n=3, TERC+TERT n=1



SMD/LAM Traitements

• 2 Vidaza (3 à 6 cures pour AREB) avec clairance 
blastique

• 1 patient allogreffé d’emblée RCMD
• 1 surveillance seule : RCMD stable
• Soins palliatifs/ support

• 3 patients allogreffés
• 2 décédés de rechute ( médiane 3 mois post 

allogreffe)
• 1 en vie rechute AREB après TH

• 2 pts en vie 63 mois et 25 ans après diagnostic
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a b s t r a c t
Dyskeratosis congenita (DC) is a multisystem disorder, with a disruption in telomere biology leading to very
short telomeres underpinning its pathophysiology. Bone marrow failure is a key feature in DC and is the
leading cause of mortality. Hematopoietic stem cell transplantation (HSCT) is the only curative option for
bone marrow failure in DC; however, small case reports and series have suggested a poor outcome after HSCT.
We undertook a systematic review of all reported patients with DC who underwent HSCT to better charac-
terize outcome and to identify factors associated with improved survival. The outcome of 109 patients found
in the literature was poor, with 5- and 10-year survival estimates of only 57% and 23%, respectively. Patients
transplanted after 2000 had improved early survival, with 5-year survival estimates of 70%; however, longer
term survival was similar (28%). Pulmonary disease, infection, and graft failure were the leading causes of
death. Prognosis after development of pulmonary disease post-HSCT was poor, with only 4 of 15 patients
surviving at last follow-up. Multivariate analysis identified age >20 years at HSCT, HSCT before 2000, and
alternate donor source to be poor prognostic markers. Reduced-intensity conditioning was not significantly
found to be associated with improved survival. This review shows the poor outcome after HSCT in patients
with DC and highlights the need for future collaborative clinical trials and extended follow-up of this rare
patient population to define whether changes in therapy will lead to improved survival.

Crown Copyright ! 2016 Published by Elsevier Inc. on behalf of American Society for Blood and Marrow
Transplantation. All rights reserved.

INTRODUCTION
Dyskeratosis congenita (DC) was first identified in the

early 20th century and was initially recognized by the classic
mucocutaneous triad of nail dystrophy, lacy skin pigment
abnormalities of the neck and upper chest, and oral leuko-
plakia [1]. Since that time, knowledge of the clinical and
biologic aspects of the disorder have advanced, with the
clinical phenotype now broadened to include bone marrow
failure, pulmonary fibrosis, and predisposition to
malignancy.

It is now accepted that DC is a disorder of telomere
maintenance, with most genetic defects found to cause DC

either disrupting the maintenance of telomere length or
affecting proteins important for telomere protection
(reviewed in [2]). These genetic defects lead to abnormally
short telomeres (usually below the first percentile for age
[3]). Telomeres are specialized strands of DNA found at the
ends of chromosomes. Human telomeres consist of the re-
petitive sequence (TTAGGG)n along with its complementary
strand and associated proteins. The telomere functions to
“cap” the blind ends of double-stranded DNA, providing
protection from unwanted DNA damage responses (reviewed
in [4]). With each cell division the telomere shortens, mainly
as a consequence of incomplete replication of the lagging
DNA strand, a phenomenon known as the “end replication
problem”, but also due to the activity of nucleases, and
oxidative damage. Telomere length dictates cellular replica-
tive potential, and when the telomere reaches a critically
short length, cells become unable to divide and enter either
senescence or apoptosis. These insights provide a plausible
explanation for reduced cellular replicative capacity,

Financial Disclosure: See Acknowledgments on page 1157.
* Correspondence and reprint requests: Pasquale Barbaro, BMedSci,

MBBS, FRACP, FRCPA, Department of Haematology, The Children’s Hospital
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premature tissue failure, and heightened susceptibility to
organ damage seen in DC patients.

Bone marrow failure is extremely common in DC,
affecting up to 86% of patients [5], and is the leading cause
of death. Currently, the only curative treatment available is
hematopoietic stem cell transplantation (HSCT); however,
this has not been without difficulty. Early reports, using
standard myeloablative conditioning regimens, had high
mortality rates, mainly due to treatment-related toxicity
[6]. In the largest cohort study to date, the Center for In-
ternational Blood and Marrow Transplant Research re-
ported on 34 patients transplanted since 1981, with 5-year
overall survival rates of only 57% and improved survival in
patients transplanted after 2000 (65% versus 46%) [7]. Most
of these patients received myeloablative conditioning
regimens (26/34), and half received stem cells from
matched sibling donors (MSDs). Long-term follow-up
showed a marked decline in survival, with the estimated
12-year overall survival rates decreasing significantly
(15%), largely because of late deaths from pulmonary dis-
ease. In the current era, reduced-intensity conditioning
(RIC) regimens have enabled improved short-term
outcome, with acceptable rates of engraftment, graft-
versus-host disease (GVHD), and, importantly, reduced
rates of early death from toxicity [8-12]. Medium- and
long-term data on these patients have yet to emerge, with
many questions regarding long-term organ toxicity in DC
patients after RIC HSCT remaining unanswered.

One of the most significant of these questions is the
ability of RIC to decrease long-term complications such as
pulmonary fibrosis. Pulmonary fibrosis is a known
complication of DC and is the second leading cause of
death. There are patients with mutations in DC-associated
genes, who manifest as familial pulmonary fibrosis
without other overt manifestations of DC (mucocutaneous
changes or bone marrow failure) [13]. Pulmonary disease
is seen more commonly in DC patients after HSCT [14]
and is a significant cause of morbidity and mortality
post-transplant.

Most evidence of post-HSCT outcome in patients with
DC comes from small case reports or cohort studies,
which have not yet been systematically reviewed. Thus, we
undertook to systematically review the literature of
patients with DC who have undergone HSCT to better
understand the expected medium- and long-term outcome
for these patients.

METHODS
Literature Search

A search of the literature took place through PubMed central and
Medline. The search terms “dyskeratosis congenita,” “dyskeratosis,” and
“transplant” were used to find appropriate publications. The titles of the
search results were examined for relevancy, and if deemed relevant the
article was examined. Case series, cohort series, or case studies were
included if there was sufficient information regarding patient de-
mographics, conditioning regimen used, and outcome. The references of
these articles were examined to find other relevant articles not identified
through our initial search strategy. Data were reanalyzed to ensure there
were no duplications and that data captured was accurate.

Articles were examined, and information regarding baseline character-
istics of patients (age, sex, etc.), year of transplant, conditioning regimen
used, GVHD prophylaxis, hematopoietic stem cell source, and outcome was
extracted. Primary outcome was death from any cause, with secondary
outcomes being pulmonary fibrosis and GVHD. Conditioning regimens were
separated into RIC, defined as cyclophosphamide dose < 50 mg/kg, busulfan
dose< 3.2 mg/kg, melphalan dose < 70 mg/m2, and total body irradiation<

400 cGy, or myeloablative conditioning if the regimen used did not fulfill the
above criteria.

Statistical Methods
Survival analysis and estimates of 5- and 10-year survival were

performed using the Kaplan-Meier method, with P values calculated
by log-rank (Mantle-Cox) method. Primary outcomes examined in the
analysis were death and pulmonary fibrosis. Analysis of differences be-
tween groups was carried out using Pearson chi-square analysis to
determine significance for ordinal variables, whereas 1-way analysis of
variance was used to compare means for continuous variables. Cox
regression analysis was used to investigate factors associated with sur-
vival, with death being a time-dependent variable, whereas binary logistic
regression analysis was used to analyze factors associated with pulmonary
disease. A P < .05 was considered significant. All analysis was performed
on SPSS version 22 (IBM Inc., St Leonards, NSW, Australia).

RESULTS
Patient and Treatment Characteristics

In total, 109 patients with DC who had undergone HSCT
were found from 36 studies in the literature with sufficient
information to be included in the review [6-12,15-44].
Table 1 summarizes patient and treatment characteristics.
The diagnosis of DC was made by clinical phenotype in most
patients (n ¼ 50), with the remainder a combination of
phenotype and either telomere length testing (n ¼ 6) or
genetic testing; 5 patients were found to have DKC1 muta-
tions, 3 patients had TINF2 mutations, TERT mutations were
found in 2 patients, and 1 patient was found to harbor a

Table 1
Patient and Treatment Characteristics

Characteristic Values

Total 109
Age at treatment, yr
Median 11.0
Range 1-35
>20 yr at HSCT 28 (29)
<20 yr at HSCT 69 (71)

Follow-up, yr
Median 2
Range .2-20

Treatment characteristics
Year of treatment
Median 2000
Range 1976-2013
<2000 42 (47)
>2000 47 (53)

Conditioning Regime
Cy 45 (46)
Cy TBI 23 (24)
Cy Bu 16 (16)
Mel 6 (6)
TBI 6 (6)
Bu 6 (6)
No Alk/TBI 1 (1)

Type of conditioning
Myeloablative 72 (71)
RIC 29 (29)

GVHD prophylaxis
CSA 16 (28)
CSA MTX 18 (32)
CSA MMF 13 (23)
Other 10 (18)

Stem cell source
BM 71 (70)
UCB 16 (16)
PBSC 14 (14)

Type of donor
MSD 57 (52)
Other 52 (48)

Values are number of cases with percent sin parentheses, unless otherwise
noted. Cy indicates cyclophosphamide; TBI, total body irradiation; Bu,
busulfan; Mel, melphalan; Alk, alkylating agent; CSA, cyclosporine; MTX,
methotrexate; MMF, mycophenolate mofetil; BM, bone marrow; UCB, um-
bilical cord blood; PBSC, peripheral blood stem cell.

P. Barbaro, A. Vedi / Biol Blood Marrow Transplant 22 (2016) 1152e1158 1153
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BACKGROUND
Genetic defects in telomere maintenance and repair cause bone marrow failure, 
liver cirrhosis, and pulmonary fibrosis, and they increase susceptibility to cancer. 
Historically, androgens have been useful as treatment for marrow failure syn-
dromes. In tissue culture and animal models, sex hormones regulate expression 
of the telomerase gene.

METHODS
In a phase 1–2 prospective study involving patients with telomere diseases, we 
administered the synthetic sex hormone danazol orally at a dose of 800 mg per 
day for a total of 24 months. The goal of treatment was the attenuation of acceler-
ated telomere attrition, and the primary efficacy end point was a 20% reduction 
in the annual rate of telomere attrition measured at 24 months. The occurrence of 
toxic effects of treatment was the primary safety end point. Hematologic response 
to treatment at various time points was the secondary efficacy end point.

RESULTS
After 27 patients were enrolled, the study was halted early, because telomere attri-
tion was reduced in all 12 patients who could be evaluated for the primary end 
point; in the intention-to-treat analysis, 12 of 27 patients (44%; 95% confidence 
interval [CI], 26 to 64) met the primary efficacy end point. Unexpectedly, almost 
all the patients (11 of 12, 92%) had a gain in telomere length at 24 months as 
compared with baseline (mean increase, 386 bp [95% CI, 178 to 593]); in explor-
atory analyses, similar increases were observed at 6 months (16 of 21 patients; 
mean increase, 175 bp [95% CI, 79 to 271]) and 12 months (16 of 18 patients; 
mean increase, 360 bp [95% CI, 209 to 512]). Hematologic responses occurred in 
19 of 24 patients (79%) who could be evaluated at 3 months and in 10 of 12 patients 
(83%) who could be evaluated at 24 months. Known adverse effects of danazol 
— elevated liver-enzyme levels and muscle cramps — of grade 2 or less occurred 
in 41% and 33% of the patients, respectively.

CONCLUSIONS
In our study, treatment with danazol led to telomere elongation in patients with 
telomere diseases. (Funded by the National Institutes of Health; ClinicalTrials.gov 
number, NCT01441037.)
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All the patients who could be evaluated met 
the primary efficacy end point of reduction in the 
telomere attrition rate at 24 months as specified 
in the protocol (Fig. 1A); in the intention-to-treat 

analysis, the response rate was 12 of 27 (44%; 
95% confidence interval [CI], 26 to 64). In explor-
atory analyses, the telomere length of peripheral-
blood leukocytes at enrollment was compared 
with the telomere length after 6 months and 12 
months of danazol administration; in addition, 
in a subgroup of 8 patients, measurements of 
telomere length at 30 months and 36 months 
(6 months and 12 months, respectively, after per-
protocol discontinuation of danazol therapy) were 
compared with baseline measurements taken at 
enrollment (Fig. 1B and Table 2). Elongation of 
telomeres was found at all time points during 
danazol administration in patients who could be 
evaluated: 16 of 21 patients (76%) at 6 months, 
16 of 18 (89%) at 12 months, and 11 of 12 (92%) 
at 24 months. The mean increase in telomere 
length as compared with baseline was 175 bp 
(95% CI, 79 to 271) at 6 months, 360 bp (95% CI, 
209 to 512) at 12 months, and 386 bp (95% CI, 
178 to 593) at 24 months (which was the time 
point used for the evaluation of the primary end 
point) (Fig. 1B and Table 2). A similar pattern of 
telomere elongation was confirmed by qPCR of 
flow-sorted lymphocytes and by flow-FISH (Fig. 
S4A and S4B and Table S4 in the Supplementary 
Appendix). Among the 8 patients who discontin-
ued treatment per protocol at 24 months and had 
leukocyte telomere length measured at 6 months 
and 12 months after cessation of danazol treat-
ment, the mean decrease in telomere length rela-
tive to the measurement obtained at 24 months 
of treatment was 135 bp at 6 months and 333 bp 
at 1 year after discontinuation of treatment 
(Fig. 1B and Table 2). Although we did not test 
the significance of the observation, telomere 
elongation was greater among patients with 
TERT mutations than in the group with unidenti-
fied mutations, and the smallest amount of 
elongation was found in the group with TERC
and DKC1 mutations (Table S3 in the Supplemen-
tary Appendix).

 Hematologic Responses
Danazol therapy led to a hematologic response 
in 19 of 24 patients (79%) who could be evalu-
ated at 3 months, in 17 of 21 patients (81%) at 
6 months, in 14 of 18 patients (78%) at 12 months, 
and in 10 of 12 patients (83%) at 24 months 
(Fig. 2). Before danazol administration, 13 pa-
tients were transfusion-dependent; after treat-
ment, all but 1 patient no longer required regu-

Figure 1. Changes in Telomere Length in Patients Receiving Danazol.

Panel A shows the telomere length measured at 24 months (the time point 
used for evaluation of the primary end point) in 12 patients, plotted against 
each patient’s baseline telomere measurement. The points above the dotted 
line represent patients who met the protocol-defined primary efficacy end 
point, a telomere attrition rate of 96 bp per year or less. Data for 15 patients 
were missing at 24 months; in the analysis of the primary end point, these 
patients were considered as not having had a response. In Panel B, sum-
mary statistics are shown in box plot format for changes in telomere length 
at landmark visits, as compared with baseline; the line within each box indi-
cates the median, the top and bottom edges the 75th and 25th percentiles, 
respectively, and the I bars the range. The light dashed-and-dotted line rep-
resents the anticipated rate of telomere attrition with age in healthy persons 
(60 bp per year),21-24 and the bold dashed line represents the anticipated 
rate of attrition in patients with telomere diseases (120 bp per year).24 All 
patients who could be evaluated had improvements in telomere attrition 
while receiving danazol. Significant telomere elongation was found at 6, 12, 
and 24 months after the initiation of treatment with danazol, as compared 
with baseline. When treatment with danazol was stopped at 24 months, a 
decrease in telomere length was observed at 30 months and 36 months. 
All available data points were used in this analysis.
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arm 20q developed, occurring in 2 of 20 meta-
phases, without changes in bone marrow myelo-
blast percentage or dysplasia. All three patients 
continued to have a hematologic response to 
treatment.

 Discussion

In this prospective clinical study involving pa-
tients with short telomeres, we found an increase 
in telomere length in response to a pharmaco-
logic intervention. In patients with telomere 
disease, administration of male hormones re-
sulted in telomere elongation in circulating leuko-
cytes in association with hematologic improve-
ment. Androgens have been a therapeutic option 
for marrow failure syndromes since the 1960s, 
without a clear mechanism for their action.12,27

In retrospect, some patients with a response 
probably had telomere deficits. On the basis of 
our previous findings of increased telomerase 
activity in bone marrow hematopoietic progeni-
tors cultured in the presence of sex hormones,15

we designed this study to evaluate the effects 
of a synthetic androgen on telomere length and 
hematopoiesis in a cohort of patients with telome-
ropathy. Since enrollment began for our study, 
case reports28,29 and an observational study11 have 
described similar effects. The single patient car-
rying a TERT mutation described by Brummen-
dorf and colleagues28 had telomere length elon-
gation as well as hematologic improvement in 

association with androgen therapy. Savage and 
colleagues described hematologic improvement 
in 11 of 16 patients with dyskeratosis congenita, 
mainly children, who received androgens.11
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Figure 3. Blood Counts in Patients with Telomeropathy 
Treated with Danazol.

Peripheral-blood counts at various time points during 
the study are shown. Each symbol denotes a blood 
count in one patient; circles denote counts assessed 
during the period in which danazol was administered, 
and squares denote counts assessed after treatment 
with danazol was discontinued, per protocol, at 24 
months. Black symbols denote counts in patients with 
a preexisting abnormally low value in that cell lineage, 
which was used to satisfy the enrollment criterion, and 
paired t-test results were performed for only these pa-
tients; gray symbols denote counts in all other patients 
in the study. The enrollment criterion for protocol en-
try was anemia (hemoglobin level, <9.5 g per deciliter, 
or substantial requirements for red-cell transfusions), 
thrombocytopenia (platelet count, <30,000 per cubic 
millimeter, or <50,000 per cubic millimeter with bleed-
ing), or neutropenia (absolute neutrophil count, <1000 
per cubic millimeter) (summary statistics are provided 
in Tables S5 and S6 in the Supplementary Appendix).
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BACKGROUND
Genetic defects in telomere maintenance and repair cause bone marrow failure, 
liver cirrhosis, and pulmonary fibrosis, and they increase susceptibility to cancer. 
Historically, androgens have been useful as treatment for marrow failure syn-
dromes. In tissue culture and animal models, sex hormones regulate expression 
of the telomerase gene.

METHODS
In a phase 1–2 prospective study involving patients with telomere diseases, we 
administered the synthetic sex hormone danazol orally at a dose of 800 mg per 
day for a total of 24 months. The goal of treatment was the attenuation of acceler-
ated telomere attrition, and the primary efficacy end point was a 20% reduction 
in the annual rate of telomere attrition measured at 24 months. The occurrence of 
toxic effects of treatment was the primary safety end point. Hematologic response 
to treatment at various time points was the secondary efficacy end point.

RESULTS
After 27 patients were enrolled, the study was halted early, because telomere attri-
tion was reduced in all 12 patients who could be evaluated for the primary end 
point; in the intention-to-treat analysis, 12 of 27 patients (44%; 95% confidence 
interval [CI], 26 to 64) met the primary efficacy end point. Unexpectedly, almost 
all the patients (11 of 12, 92%) had a gain in telomere length at 24 months as 
compared with baseline (mean increase, 386 bp [95% CI, 178 to 593]); in explor-
atory analyses, similar increases were observed at 6 months (16 of 21 patients; 
mean increase, 175 bp [95% CI, 79 to 271]) and 12 months (16 of 18 patients; 
mean increase, 360 bp [95% CI, 209 to 512]). Hematologic responses occurred in 
19 of 24 patients (79%) who could be evaluated at 3 months and in 10 of 12 patients 
(83%) who could be evaluated at 24 months. Known adverse effects of danazol 
— elevated liver-enzyme levels and muscle cramps — of grade 2 or less occurred 
in 41% and 33% of the patients, respectively.

CONCLUSIONS
In our study, treatment with danazol led to telomere elongation in patients with 
telomere diseases. (Funded by the National Institutes of Health; ClinicalTrials.gov 
number, NCT01441037.)
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Réponse hématologique
• 3 mois : 19/24 (79%)
• 6 mois : 17/81 (81%)
• 12 mois : 14/18 (78%)
• 24 mois : 10/12 (83%)
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Key Points

• TL for age shortens
over time in patients
with the TBD DC, irre-
spective of treatment
with androgens.

• Prospective long-term
research is needed to
understand the extra-
hematopoietic effects
of androgens for man-
agement of TBDs.

Dyskeratosis congenita (DC) is an inherited bone marrow failure syndrome and the

prototypic telomere biology disorder (TBD). Leukocyte telomere length (TL) less than thefirst

percentile for age, measured by flow cytometry with in situ hybridization (flow FISH), is

diagnostic of DC. Androgens are a therapeutic option for DC/TBD-associated bone marrow

failure (BMF). One report has shown an apparent increase in TL in patients while on

treatment with the attenuated androgen danazol. The aim of this study was to compare TL

over time in 10 androgen-treated and 16 untreated patients with DC. All subjects were

enrolled in institutional review board–approved longitudinal cohort studies of inherited

BMF. TL in 6-panel leukocyte subsets was measured by flow FISH. Generalized estimating

equations (GEE) methodology was used to compare TL changes over time between groups.

Unadjusted analyses showed annual median total lymphocyte TL attrition of262 base pairs/

year (bp/y) in androgen-treated patients with DC compared with 276 bp/y in untreated DC

patients (P 5 .71). Longitudinal analysis using a GEE model, adjusted for age at sample

collection, showed no statistically significant difference in TL change over time between

treated and untreated patients (P 5 .24). The results were similar for each individual

leukocyte subset evaluated. In summary, our data show the expected age-associated

longitudinal telomere shortening in patients with DC, irrespective of androgen therapy.

Caution is warranted when recommending androgen therapy for non-BMF manifestations

of DC or TBDs until the biological mechanisms are better understood.

Introduction

Dyskeratosis congenita (DC) is an inherited bone marrow failure syndrome (IBMFS) and the prototypic
telomere biology disorder (TBD). Telomeres, nucleotide repeats and a protein complex at chromosome
ends, are essential for genomic stability and shorten with each cell division. Although the classic
mucocutaneous triad of dysplastic nails, oral leukoplakia, and reticular skin pigmentation is diagnostic of
DC, a wide range of medical problems result in a spectrum of clinical manifestations now recognized as
the TBDs. These medical problems include bone marrow failure (BMF), pulmonary fibrosis, liver disease,
squamous cell carcinomas of the head and neck, leukemia, and myelodysplastic syndrome, as well as
other manifestations.1,2 Telomere length (TL) less than the first percentile for age measured in leukocyte
subsets by flow cytometry with in situ hybridization (flow FISH) is diagnostic of DC.3,4 DC and the
clinically related TBDs are caused by X-linked recessive, autosomal dominant, or autosomal recessive
inheritance of pathogenic germline variants in key telomere biology genes (DKC1, TERC, TERT, TINF2,
NOP10, NHP2, CTC1, WRAP53, RTEL1, ACD, STN1, NAF1, or PARN).5-7

Submitted 3 February 2018; accepted 6 May 2018. DOI 10.1182/
bloodadvances.2018016964.

12 JUNE 2018 x VOLUME 2, NUMBER 11 1243

Approximately 50% of patients with DC develop clinically significant
BMF by 40 years of age.2,8 Hematopoietic cell transplantation (HCT)
is a curative option for DC-related BMF; however, some patients may
be medically unable or not ready to undergo HCT. We previously
showed that up to 70% of patients with DC and severe BMF attain
independence from transfusions for anemia or thrombocytopenia with
androgen therapy.9 The biological mechanisms by which androgens
effectively treat BMF are not understood. It has been proposed that
androgens may directly increase the production of erythropoietin or
may act on the erythropoietin receptor to elicit a hematological
response.10,11 A limited number of studies on human cell lines and
mouse models of aplastic anemia suggest that androgens may
increase telomerase expression and, in turn, increase TL.12,13 A recent
observational study of the attenuated androgen, danazol, was recently
completed in patients with TBDs with telomere elongation as the
primary end point and TL measured by quantitative polymerase chain
reaction (qPCR) of blood-derived DNA.14 The data in that study
suggested lengthening of telomeres while patients were taking
danazol, with accelerated telomere shortening occurring after
treatment cessation.14 This observation conflicts with our prior report
showing that leukocyte TL (measured by flow FISH) continued to
decline in DC patients on androgens for BMF.9 The primary aim of the
current study was to evaluate the long-term effect of androgens on TL
in patients with DC. Here, we compared the rate of TL change in
patients with DC receiving androgens with those who have never
been treated with androgens.

Methods
Patient characteristics

This retrospective observational study included patients with DC
enrolled in the National Cancer Institute’s (NCI) institutional review
board–approved inherited bone marrow failure syndrome study (NCI
02-C-0052, NCT00027274, www.marrowfailure.cancer.gov)2 Baylor
College of Medicine institutional review board–approved Genetic and
Biologic Determinants of Bone Marrow Failure study (H-17698) in
accordance with the Declaration of Helsinki. Patients were classified
as having DC if they had a germline mutation in 1 of the known DC
genes, or if they had at least 2 features of the classic diagnostic triad
and other clinical findings consistent with DC, such as hematologic or
neoplastic complications.1,15 All participants had a minimum of 2 flow
FISH leukocyte TL measurements performed at an interval of at least 1
year. Medical records were reviewed for androgen treatment details
and response to therapy. Androgens for the treatment of BMF were
started and managed by the primary local hematologist, often
in consultation with the study team. All treated participants were
taking androgens at the most recent TL measurement.

Telomere length

TL in all samples was measured at a single laboratory, which is also
Clinical Laboratory Improvement Amendments certified for clinical
testing (Repeat Diagnostics, Inc, Vancouver, BC, Canada). Six
panel leukocyte subsets TL (granulocytes, total lymphocytes,
CD451 lymphocytes, CD452 lymphocytes, CD201 lymphocytes,
and CD571 lymphocytes) was measured by flow FISH performed
on fresh blood samples as previously described.16

Statistical analysis

We compared the annual TL change in androgen-treated and
untreated DC patients using the Mann-Whitney U test. To account

for the correlations between serially collected samples, we used the
generalized estimating equations (GEE) to perform longitudinal TL
change analysis; models were adjusted for age at sample collections.
All analyses were 2 sided, and P , .05 was considered statistically
significant. Excel (Microsoft, 2007 release) and SPSS Statistics,
version 23 (IBM Corp, Armonk, NY) were used for all analyses.

Results
Participant characteristics and response to therapy

The study included 26 patients with DC who had TL testing by flow
FISH at study enrollment and subsequent serial samples (Table 1;
Figure 1). Sixteen patients never received androgens. The 10
patients treated with androgens were treated with oxymetholone
(n5 4), danazol (n5 5), or halotestin (n5 1). The indications, doses,
and adverse effects (if any) of androgens are detailed in Table 2.
Patients on androgens were followed for a median of 5 years (range
1-15 years) after baseline TL measurement and were treated with
androgens for a median of 3 years (range 0.5-15 years). Untreated
patients were followed for a median of 6 years (range 2-15 years)
(Table 1). Baseline TL was below the first percentile for age in all study
participants (Figure 1).

Response to therapy was defined as either red blood cell and platelet
transfusion independence, or stabilization of previously declining
blood counts. Of the 10 treated patients, 7 showed a consistent red
blood cell and/or platelet response to androgen therapy. One patient
lost his response to androgen therapy after 5 years of consistent
response, developing progressive pancytopenia and myelodysplastic
changes in the bone marrow requiring a therapeutic HCT.17 His last
TL reported was prior to cessation of androgen therapy. Another
patient lost hematologic response after 3 years of therapy. One
patient concurrently treated with oxymetholone and granulocyte
colony-stimulating factor developed splenic peliosis requiring cessa-
tion of the oxymetholone for recovery, and resulting in a drop in blood
counts.18 Oxymetholone was subsequently restarted successfully in
this patient with transfusion independence.

One adult male with a DKC1 mutation, who was started on danazol
for short telomeres and moderate thrombocytopenia at 52 years of
age, developed lipid abnormalities with elevated LDL and de-
creased HDL cholesterol while on danazol. His longitudinal TL
appeared to elongate between the 2 TL measurements performed,
and danazol was continued, although he did not have a hematologic
response. Unfortunately, he developed an aggressive squamous
cell carcinoma of the tongue at age 53 years, underwent extensive
surgical resection and radiation therapy, and died due to complications
of his malignancy, 6 months after diagnosis.

TL change over time

Telomeres shortened over time in both treated and untreated DC
patient groups. As shown in Figure 2, individual lymphocyte TL
shortened over time in all treated patients, except for 3 individuals in
whom TL was stable or minimally longer. Unadjusted analysis
showed that there was no statistically significant difference in
median annual total lymphocyte TL change between treated
(median 262 base pairs/year [bp/y]) and untreated patients
(median 276 bp/y, P 5 .71) (Figure 1; Table 3). Similar loss of
TL per year in treated and untreated patients was also observed in
4 lymphocytes subsets, CD451, CD201, CD571, and NK cells and
in granulocytes (Table 3). Changes in granulocyte TL, the least
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Approximately 50% of patients with DC develop clinically significant
BMF by 40 years of age.2,8 Hematopoietic cell transplantation (HCT)
is a curative option for DC-related BMF; however, some patients may
be medically unable or not ready to undergo HCT. We previously
showed that up to 70% of patients with DC and severe BMF attain
independence from transfusions for anemia or thrombocytopenia with
androgen therapy.9 The biological mechanisms by which androgens
effectively treat BMF are not understood. It has been proposed that
androgens may directly increase the production of erythropoietin or
may act on the erythropoietin receptor to elicit a hematological
response.10,11 A limited number of studies on human cell lines and
mouse models of aplastic anemia suggest that androgens may
increase telomerase expression and, in turn, increase TL.12,13 A recent
observational study of the attenuated androgen, danazol, was recently
completed in patients with TBDs with telomere elongation as the
primary end point and TL measured by quantitative polymerase chain
reaction (qPCR) of blood-derived DNA.14 The data in that study
suggested lengthening of telomeres while patients were taking
danazol, with accelerated telomere shortening occurring after
treatment cessation.14 This observation conflicts with our prior report
showing that leukocyte TL (measured by flow FISH) continued to
decline in DC patients on androgens for BMF.9 The primary aim of the
current study was to evaluate the long-term effect of androgens on TL
in patients with DC. Here, we compared the rate of TL change in
patients with DC receiving androgens with those who have never
been treated with androgens.

Methods
Patient characteristics

This retrospective observational study included patients with DC
enrolled in the National Cancer Institute’s (NCI) institutional review
board–approved inherited bone marrow failure syndrome study (NCI
02-C-0052, NCT00027274, www.marrowfailure.cancer.gov)2 Baylor
College of Medicine institutional review board–approved Genetic and
Biologic Determinants of Bone Marrow Failure study (H-17698) in
accordance with the Declaration of Helsinki. Patients were classified
as having DC if they had a germline mutation in 1 of the known DC
genes, or if they had at least 2 features of the classic diagnostic triad
and other clinical findings consistent with DC, such as hematologic or
neoplastic complications.1,15 All participants had a minimum of 2 flow
FISH leukocyte TL measurements performed at an interval of at least 1
year. Medical records were reviewed for androgen treatment details
and response to therapy. Androgens for the treatment of BMF were
started and managed by the primary local hematologist, often
in consultation with the study team. All treated participants were
taking androgens at the most recent TL measurement.

Telomere length

TL in all samples was measured at a single laboratory, which is also
Clinical Laboratory Improvement Amendments certified for clinical
testing (Repeat Diagnostics, Inc, Vancouver, BC, Canada). Six
panel leukocyte subsets TL (granulocytes, total lymphocytes,
CD451 lymphocytes, CD452 lymphocytes, CD201 lymphocytes,
and CD571 lymphocytes) was measured by flow FISH performed
on fresh blood samples as previously described.16

Statistical analysis

We compared the annual TL change in androgen-treated and
untreated DC patients using the Mann-Whitney U test. To account

for the correlations between serially collected samples, we used the
generalized estimating equations (GEE) to perform longitudinal TL
change analysis; models were adjusted for age at sample collections.
All analyses were 2 sided, and P , .05 was considered statistically
significant. Excel (Microsoft, 2007 release) and SPSS Statistics,
version 23 (IBM Corp, Armonk, NY) were used for all analyses.

Results
Participant characteristics and response to therapy

The study included 26 patients with DC who had TL testing by flow
FISH at study enrollment and subsequent serial samples (Table 1;
Figure 1). Sixteen patients never received androgens. The 10
patients treated with androgens were treated with oxymetholone
(n5 4), danazol (n5 5), or halotestin (n5 1). The indications, doses,
and adverse effects (if any) of androgens are detailed in Table 2.
Patients on androgens were followed for a median of 5 years (range
1-15 years) after baseline TL measurement and were treated with
androgens for a median of 3 years (range 0.5-15 years). Untreated
patients were followed for a median of 6 years (range 2-15 years)
(Table 1). Baseline TL was below the first percentile for age in all study
participants (Figure 1).

Response to therapy was defined as either red blood cell and platelet
transfusion independence, or stabilization of previously declining
blood counts. Of the 10 treated patients, 7 showed a consistent red
blood cell and/or platelet response to androgen therapy. One patient
lost his response to androgen therapy after 5 years of consistent
response, developing progressive pancytopenia and myelodysplastic
changes in the bone marrow requiring a therapeutic HCT.17 His last
TL reported was prior to cessation of androgen therapy. Another
patient lost hematologic response after 3 years of therapy. One
patient concurrently treated with oxymetholone and granulocyte
colony-stimulating factor developed splenic peliosis requiring cessa-
tion of the oxymetholone for recovery, and resulting in a drop in blood
counts.18 Oxymetholone was subsequently restarted successfully in
this patient with transfusion independence.

One adult male with a DKC1 mutation, who was started on danazol
for short telomeres and moderate thrombocytopenia at 52 years of
age, developed lipid abnormalities with elevated LDL and de-
creased HDL cholesterol while on danazol. His longitudinal TL
appeared to elongate between the 2 TL measurements performed,
and danazol was continued, although he did not have a hematologic
response. Unfortunately, he developed an aggressive squamous
cell carcinoma of the tongue at age 53 years, underwent extensive
surgical resection and radiation therapy, and died due to complications
of his malignancy, 6 months after diagnosis.

TL change over time

Telomeres shortened over time in both treated and untreated DC
patient groups. As shown in Figure 2, individual lymphocyte TL
shortened over time in all treated patients, except for 3 individuals in
whom TL was stable or minimally longer. Unadjusted analysis
showed that there was no statistically significant difference in
median annual total lymphocyte TL change between treated
(median 262 base pairs/year [bp/y]) and untreated patients
(median 276 bp/y, P 5 .71) (Figure 1; Table 3). Similar loss of
TL per year in treated and untreated patients was also observed in
4 lymphocytes subsets, CD451, CD201, CD571, and NK cells and
in granulocytes (Table 3). Changes in granulocyte TL, the least
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Previously published studies, based upon cross-sectional data,4,16

have demonstrated an “oscillating” nature of intraindividual TL
changes and suggested that TL elongation over a short period of
time may represent measurement variation or error due to nonlinear
TL changes as opposed to the general trend of attrition over longer
periods of follow-up.23-25 We observed intra-individual TL variation
over time in the study DC patients, but the overall trend with longer
follow-up was for shortening in both androgen-treated and
untreated patients (Figure 1).

The biological mechanism by which androgens improve blood cell
counts in patients with BMF or why they would alter telomere attrition in
other populations is not understood. A previously proposed hypothesis
is that increased expression of telomerase may be mediated by an
estrogen-sensitive element in the telomerase promoter.12,26 However, it
should be noted that danazol is not aromatized to estradiol, a conversion
that would be required if the mechanism of action was via the estrogen
response element in the telomerase promoter.27 A cross-sectional study
of 980 men found a positive correlation with between blood
testosterone metabolite levels and TL, independent of age, and that
aromatase gene polymorphisms were correlated with lower serum
estradiol and shorter TL.28 Conversely, a longitudinal interventional study
in 40 prostate cancer patients and 25 radiotherapy-matched controls
showed that severe and prolonged androgen deprivation therapy did not
cause accelerated shortening of telomeres.29 These studies may
provide insight into further research on the biologic effects of androgens
on sex hormone metabolism and associations with TL change over time.

Of the 5 patients in our study who were treated with danazol, 2 (with
DKC1 and TINF2) showed minimal elongation of TL, 1 showed
stabilization of TL, and 2 showed shortening of TL. However, the
patients treated with danazol had shorter follow-up time on

androgens (median 1.4 years, range 0.5-4 years) than the treated
patients as a group (median 3 years on androgens, range 0.5-15
years). It is important to note that the patient with DKC1 with a small
degree of telomere lengthening developed aggressive tongue
cancer leading to death while on danazol. Patients with DC are at
very high risk of head and neck squamous cell carcinoma, and this
patient may illustrate the natural progression of DC30; however, this
case also illustrates the importance of vigilance and long-term
follow-up for potential late effects. Extensive longer-term trials and
research are required to understand whether there is a differential
effect on TL based on specific androgen used, by length of
treatment, and importantly, the potential implications of TL effect of
androgens (if any) on disease phenotype.

The strengths of this study include long-term longitudinal follow-up of
TL of up to 15 years of androgen-treated and untreated patients with
DC and the use of flow FISH, the most sensitive and specific clinical TL
measurement method. A limitation of our study is that it was not a
randomized trial, and androgen therapy was managed by the local
physician and not directly by the study team. Hence, TL was not always
measured at commencement of androgens. There is also heteroge-
neity among the treated and untreated patients with respect to
age, genotype, and clinical manifestations. However, a strength of this
study is that it reflects data from the real-world use of androgens for
DC-related BMF over a long period of time. As is often the challenge in
rare diseases, this study is limited by sample size. The ideal solution
would be to perform a long-term prospective randomized trial within an
international research consortium to clearly delineate the effects, if any,
of androgen therapy on TL and disease phenotype.

In conclusion, our data show that patients with DC continue to have
telomere shortening over time, regardless of treatment with androgens.

Table 3. Median annual TL change in androgen-treated and untreated participants by leukocyte subset

Leukocyte subset Total granulocytes Total lymphocytes CD451 lymphocytes CD452 lymphocyte CD201 lymphocytes CD571 lymphocyte

Median annual TL change
in bp (range in bp)

Androgen-treated 227 (2678 to 1954) 262 (2343 to 141) 269 (2581 to 155) 289 (2384 to 189) 269 (2387 to 1296) 2118 (21118 to 213)

Untreated 289 (2263 to 11346) 276 (2465 to 1282) 287 (2413 to 1 55) 252 (251 to 1130) 279 (2413 to 127) 262 (2404 to 1279)

P .66 .71 .96 .96 .79 .32
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point over time on androgen therapy (time in years depicted in x-axis).
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research are required to understand whether there is a differential
effect on TL based on specific androgen used, by length of
treatment, and importantly, the potential implications of TL effect of
androgens (if any) on disease phenotype.

The strengths of this study include long-term longitudinal follow-up of
TL of up to 15 years of androgen-treated and untreated patients with
DC and the use of flow FISH, the most sensitive and specific clinical TL
measurement method. A limitation of our study is that it was not a
randomized trial, and androgen therapy was managed by the local
physician and not directly by the study team. Hence, TL was not always
measured at commencement of androgens. There is also heteroge-
neity among the treated and untreated patients with respect to
age, genotype, and clinical manifestations. However, a strength of this
study is that it reflects data from the real-world use of androgens for
DC-related BMF over a long period of time. As is often the challenge in
rare diseases, this study is limited by sample size. The ideal solution
would be to perform a long-term prospective randomized trial within an
international research consortium to clearly delineate the effects, if any,
of androgen therapy on TL and disease phenotype.

In conclusion, our data show that patients with DC continue to have
telomere shortening over time, regardless of treatment with androgens.

Table 3. Median annual TL change in androgen-treated and untreated participants by leukocyte subset
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specific diagnostic subset,3 were inconsistent in androgen-treated
patients showing a median loss of 27 bp/y but mean gain of 9 bp/y.
Untreated patients had a median granulocyte TL loss of 89 bp/y and
mean gain of 33 bp/y (P 5 .66) (Table 3).

Longitudinal analysis using GEEs, adjusting for age at sample
collection and accounting the correlations between multiple
measures, showed TL shortening in both groups (mean annual
rate of TL attrition5225 bp/y in treated and244 bp/y in untreated
patients). This difference was not statistically significant (P 5 .24).

Sensitivity analysis performed with the linear random effects mixed
model yielded similar results.

To understand the suggested possible lower rate of telomere
attrition in treated vs untreated, we repeated the longitudinal TL
analysis, restricting the treatment group to patients with .2 time
points of TL measured (range 3-5 TL measurements) compared
with TL change in the untreated patients. The results showed that
the change of TL over time was not statistically significantly different
between the 2 groups (P 5 .08).

Discussion
This longitudinal study measured DC patient TL in leukocyte
subsets by flow FISH and found no statistically significant difference
in the long-term TL change between androgen-treated DC patients
compared with untreated patients. This finding was irrespective of
the leukocyte subset analyzed or type of androgen and suggests
that the hematologic response to androgens for BMF may not be
related to telomere biology effects.

There are several explanations as to why our data do not agree with
the prior study reporting TL elongation in 11 of 12 patients treated
with danazol for 24months.14 It is possible that our patient population
may have had shorter telomeres andmore complex medical problems
than those in the danazol study (Table 2). Our study also looked at
long-term effects of androgens on TL with androgen treatment of a
median of 3 years (range 0.5-15 years), with longer-term follow-up on
hematologic response and adverse effects of treatment. Finally,
observed differences may also be attributed to different methods of
TL measurement in both studies. Here, we used the highly accurate
flow FISH assay as compared with qPCR assay in the danazol study.
It has been reported that TL by qPCR is highly dependent on DNA
extraction methods and other preanalytic factors.19,20 Notably, qPCR
has been shown to be less accurate for diagnosing DC than flow
FISH.21,22 We also compared the longitudinal TL change in patients
treated with androgens to the untreated patients. Although this is not
a randomized trial, it offers a comparator group with the same
underlying disease biology and similar study referral patterns.
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Figure 1. Longitudinal flow FISH lymphocyte TL in DC

patients, comparing androgen-treated and untreated

participants. Total lymphocyte TL is shown in kilobases (kb).

The curvilinear black lines denote the range of normal TLs, with

the bottom line indicating first percentile for age and the top

line indicating 99th percentile for age.

Table 1. Demographic and genetic details of participants

DC patients treated
with androgens

(n 5 10)

DC patients never
treated with

androgens (n 5 16)

Feature*

Median age at baseline
TL measurement (range), y

7 (3-46) 21 (0-48)

Median age at most recent
TL measurement (range), y

13.5 (3-48) 27 (3-60)

Median follow-up time (range), y 5 (1-15) 6 (2-15)

Male:female 9:1 3:1

Gene (inheritance) (%)

DKC1 (XLR) 3 (30) 1 (6)

TERT (AD) 0 (0) 3 (19)

TERC (AD) 1 (10) 2 (12)

TINF2 (AD) 2 (20) 4 (25)

RTEL1(AD/AR†) 2 (20) 1 (6)

PARN (AR) 1 (10) 3 (19)

Unknown 1 (10) 2 (12)

AD, autosomal dominant; AR, autosomal recessive; DKC1, dyskerin; PARN, poly(A)-
specific ribonuclease; RTEL1, regulator of telomere elongation helicase 1; TERC,
telomerase RNA component; TERT, telomerase reverse transcriptase; TINF2, TRF1-
interacting nuclear factor 2; XLR, X-linked recessive.
*P values of age at baseline TL, age at most recent TL, length of follow-up, and sex were

all ..05.
†RTEL1 is AD inheritance in 1 treated and 1 untreated patient, and AR in 1 treated patient.
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Téloméropathies : androgènes

Données rétrospectives  cohorte française : 

§ 1 pt TERC en RP stable à 4 ans de l’arret du Nilevar
§ 1 pt DKC RP avec cytopénies profonde persistante mais espacement des 

transfusions
-> arrêt 7 mois, progression hépatique sévère avec HTTP et IHC

§ 1 pt TERC RP avec cytopénies profonde persistante mais espacement des 
transfusions, 

-> intolérance hépatique et digestive et CHC : stop
§ 1 pt TERC échec danazol, réponse partielle mais persistante nilevar

(thrombopénie 25 G/L persistante)
§ 1 pt TERC, pancytopénie refracatire : échec danazol 6 mois
§ 1 pt TERT, pancytopénie : danazol 1 mois puis EII

-> cytolyse 10 N : stop
§ 1 pt TERT, pancytopénie + MAT : RP (transfusion)

-> arrêt pour récidive des cytopénies 7 mois
§ 1 pt TERT, MDS hypoplasique, échec à 2 mois
§ 1 pt TERC, aplasie modérée d‘aggravation progressive, echec



PHRC – ANDROTELO : septembre 2018

20 patients Hémato
Hb < 8 g/dL ou tf CG
Plaquettes < 20 G/L ou tf CPA
PNN < 0,5 G/L
Pas de projet allogreffe

20 patients Pneumo
Fibrose > 10% scanner
Pas d’inscription liste TP

Pas de CI aux androgènes
Atteinte hépatique sévère
Thrombose
Pathologie prostatique
Tumeur maligne

Danazol 12 mois 800 mg/j

Critères de réponse principal clinique 12 mois :
• Baisse < 5% de la capacité vitale forcée
• Réponse hématologique globale 

(Tolérance hépatique ++)

Suivi long terme dans le cadre des CRMR



Téloméropathies : prise en charge à l'âge adulte

• Surveillance ++

• Dépistage des atteintes extra hématologiques

• Hépatique / Pulmonaire

• Stomato, risque de cancer 

• Ostéoporose

• Fertilité et grossesse

• Enquête familiale et conseil génétique : difficile ++
• Dépistage des apparentés 

• Descendants : enfants et petits enfants

• DPN : problème double héritabilité

• Prise en charge psychologique



Problématiques adulte

Famille de TELOMEROPATHIE 1
Mutation TERT p.Ala716Val

p.Ala716Val +/-
Diag 28a

p.Ala716Val +/-
Diag 35a

Canitie précoce 19a
Pancytopénie
Taille des télomères â

canitie précoce
Aplasie médullaire
LH
LEMP

Cancer du foie
jeune

Canitie précoce

canitie précoce
Fibrose pulmonaire
LNH

Canitie précoce
Aplasie médullaire
Hypopigmentation

G1

G2

G3

G4

Cancer du foie 40a

p.Ala716Val +/-
Diag 30a

Discrète
Hypopigmentation
Taille des télomères â

Projet de 
Grossesse



Problématiques adulte

Famille de TELOMEROPATHIE 1
Mutation TERT p.Ala716Val

canitie précoce
Aplasie médullaire
LH
LEMP

Cancer du foie
jeune

Canitie précoce

canitie précoce
Fibrose pulmonaire
LNH

G1

G2

G3

G4

Cancer du foie 40a

Projet de 
Grossesse

? ?

?



Téloméropathies : Hématologie

Quand y penser chez adulte ?
• Hypoplasie, Thrombopénie & Macrocytose
• MDS du sujet jeune (< 50 ans)
• ATCD hémato famille : thrombopénie, SMD/LAM
• ATCD fibrose pulmonaire, Hépatopathie, Cancer 

Foie
• Canitie précoce
• Hypo et/ou hyperpigmentation
• Leucoplasies buccales
• Ostéoporose sévère 
• EP ? 
• LNH ?

Hb F élevée
Télomères courts

Hypergamma



Longueur des télomères & diagnostic téloméropathie

• Longueur < 1er percentile pour population de même âge (Ethnie ? Sexe ?)
• Pts avec téloméropathie &  atteinte hématologique sévère
• Pts avec AA acquise typique (AA post hépatitique)
• Pts avec IBMF autres que téloméropathies (FA, SDBS, GATA2, SRP72..)

• Autres écueils :
• Pts  âgés (population témoins restreinte) : < 10ème percentile ?
• Pts SMD ou avec blastose circulante
• Pts traités par chimiothérapie

• Devant un tableau clinico-biologique évocateur avec génétique

• Coût : 414 euros …



Observatoire national des 
insuffisances médullaires

RIME 

Coordination : Régis Peffault De Latour et  Flore Sicre de Fontbrune
Hôpital Saint Louis, Paris

Centre de référence aplasies médullaires acquises et constitutionnelles 
Sous égide de la  filière MaRIH

Base de données clinico-biologiques prospective et rétrospective avec constitution 
d’une collection d’échantillons biologiques

cr.aplasiemedullaire.sls@aphp.fr
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