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Abstract

Allogeneic hematopoietic stem cell transplantation (HSCT) is the only curative option for 

progressive marrow failure, myelodysplastic syndrome, or leukemia associated with dyskeratosis 

congenita (DC). HSCT for DC is limited by a high incidence of treatment-related mortality, 

thought to be related to underlying chromosomal instability and sensitivity to chemotherapy and 

radiation. We report our experience in 7 patients with DC who underwent allogeneic 

transplantation using a reduced-intensity conditioning (RIC) preparative regimen that contained 

chemotherapy only (no radiation). This RIC regimen, designed specifically for patients with DC, 

contained alemtuzumab, fludarabine, and melphalan (with melphalan at 50% reduced dosing), 

with the goal of decreasing toxicity and improving outcome. All 7 patients engrafted, with none 

developing mixed chimerism or rejection. Two patients experienced acute graft-versus-host 

disease (GVHD) and 1 went on to develop limited chronic GVHD of the skin. Five patients remain 

alive and well at a median follow-up of 44 months (range, 14 to 57 months). We conclude that a 

radiation-free RIC regimen results in durable engraftment, acceptable toxicity, and improved 

overall survival in patients with DC undergoing allogeneic HSCT.
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INTRODUCTION

Dyskeratosis congenita (DC) is a rare genetic telomeropathy resulting in bone marrow 

failure (BMF) and cancer predisposition. The classic triad of dystrophic nails, oral 

leukoplakia, and skin hyperpigmentation is found in the majority of patients with DC, 

though these features may be subtle and present at different later ages [1]. Patients with DC 

have very short telomeres (< first percentile for their age) resulting from mutations in 

telomere biology genes, including DKC1, TERC (hTR), TERT, NOP10, NOLA2 (NHP2), 

NOLA3 (NOP10), TCAB1 (WDR79, WRAP53), RTEL1, and TINF2 [2-6].

Patients with DC are at risk of BMF, myelodysplastic syndrome (MDS)/leukemia, and other 

cancers [7,8]. Allogeneic hematopoietic stem cell transplantation (HSCT) is the only 

curative treatment for severe BMF or MDS/leukemia in these patients. Allogeneic HSCT 

corrects the underlying defect in hematopoietic precursors that led to BMF and/or MDS. 

However, it does not alter other features of the disease, such as pulmonary fibrosis, liver 

cirrhosis and fibrosis, or proliferative retinopathy [3,9-16]. Long-term HSCT outcomes for 

patients with DC have been poor, especially after myeloablative HSCT [17,18]. Reported 

complications include graft rejection and failure, graft-versus-host disease (GVHD), sepsis, 

pulmonary fibrosis, hepatic cirrhosis, and veno-occlusive disease [12,19]. Some of these are, 

in part, related to the underlying telomere biology disorder and its associated pulmonary or 

liver disease [12,17,18,20-23].

Reduced-intensity conditioning (RIC) regimens reported by a handful of institutions have 

shown improvement in overall HSCT outcomes for DC [24-26]. Some of these studies, 

however, incorporate radiation-containing conditioning regimens [18,24,27], which may 

promote engraftment but may also contribute to organ toxicity (particularly, pulmonary and 

hepatic fibrosis) due to the underlying telomere dysfunction [28,29]. We report our 

outcomes in patients with DC undergoing allogeneic HSCT using a nonradiation-containing 

RIC preparative regimen with alemtuzumab, fludarabine, and melphalan (with melphalan at 

reduced dosing of 70 mg/m2).

METHODS

Patients

Seven children with DC underwent RIC allogeneic HSCT between September 2010 and 

April 2014; 6 at Cincinnati Children’s Hospital Medical Center and 1 child at Sydney 

Children’s Hospital, Australia. Patient charts were reviewed retrospectively after obtaining 

approval from the institutional review boards.

Conditioning Regimens and GVHD Prophylaxis

Six of 7 patients received alemtuzumab over days −22 to −18 (n = 1), −14 to −10 (n = 4), or 

−6 to −2 (n = 1), per institutional standard at the time. One patient with both MDS (with 

monosomy 7) and DC did not receive alemtuzumab to avoid mixed chimerism in the 

presence of a malignant clone. Alemtuzumab dosing for the majority of the patients (n = 5) 

consisted of 10 mg, 15 mg, and 20 mg on consecutive days, after a test dose of 3 mg on day 

−22 or −14. Two patients less than 10 kg in weight received .2 mg/kg/dose × 5 days. All 
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patients received fludarabine at 30 mg/m2/dose to 40 mg/m2/dose (5 mg/kg/dose if < 10 kg) 

on days −8 to −4 (higher dose fludarabine was used in the patient not receiving 

alemtuzumab and another as per institutional practice). The melphalan dose was reduced by 

50% to 70 mg/m2 to avoid excessive toxicity related to baseline chemo-sensitivity.

All patients received GVHD prophylaxis consisting of cyclosporine and either prednisone (n 

= 4) or mycophenolate mofetil (n = 3). Cyclosporine trough levels were maintained between 

250 ng/mL and 350 ng/mL. Diagnoses of acute GCHD (aGVHD) and chronic GVHD were 

based on published criteria [30-32].

Supportive Care

All patients were isolated in high-efficiency particulate air filtered rooms from admission to 

day of discharge. All patients received intravenous immunoglobulin replacement to maintain 

levels within normal range (or higher in the presence of active viral infection). Filgrastim 

was started at 5 mcg/kg/dose on day +1 (excluding the patient treated for MDS) and 

continued until engraftment. All patients received antiviral, antifungal, and anti-

pneumocystis jiroveci prophylaxis per institutional standards. Cytomegalovirus, Epstein-

Barr virus, and adenovirus surveillance PCRs were monitored weekly and viral reactivations 

were treated according to standard institutional guidelines.

Engraftment and Donor Chimerism

Outcomes studied included neutrophil engraftment, defined as achieving an absolute 

neutrophil count ≥ .5 × 109/L for 3 consecutive days, and platelet engraftment, defined as 

platelet count ≥ 20 × 109/L without transfusion for 7 days. Engraftment studies were 

performed using XY fluorescence in situ hybridization in the case of opposite sex donors 

and short tandem repeat analysis in the case of same sex donors. Engraftment was followed 

weekly until day 100 and as needed thereafter. Sorted engraftment study was performed as 

necessary. Surviving patients were censored at last follow-up and death from any cause was 

considered an event.

RESULTS

Patients, Diseases, and Transplantation Characteristics

Patient and disease characteristics of the 7 patients who underwent transplantation using 

RIC are shown in Table 1. There were 4 males and 3 female patients with the median age at 

allogeneic HSCT of 6.75 years (range, 1.3 to 12.5 years). All patients had telomere lengths < 

first percentile for their age, and 6 patients also had an identified genetic mutation in the DC 

complex (Table 1).

Indications for transplantation included transfusion-dependent BMF in 6 patients (including 

1 patient with Hoyeraal-Hreidarsson variant with severe colitis) and MDS with monosomy 7 

(refractory cytopenia with multilineage dysplasia) in 1 patient.

There were 6 unrelated donors and 1 matched sibling donor (who did not carry the TINF2 

mutation identified in the patient). Five patients received stem cells from a fully matched 

unrelated donor, 1 patient received stem cells from a matched sibling donor, and 1 patient 
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received stem cells from a 1 antigen–mismatch unrelated donor. Bone marrow was used as 

the allogeneic stem cell source in all patients. The median infused total nucleated cell count 

was 8.8 × 108/kg (range, 5.5 to 10 × 108/kg).

Engraftment

Median time to neutrophil engraftment for all patients was 12 days (range, 10 to 16 days) 

(Table 2). The median time to platelet engraftment for all was 20 days (range, 14 to 35 

days). None of the patients experienced mixed chimerism and none developed graft failure at 

a median follow-up of 44 months (range, 14 to 57 months).

GVHD

Two patients experienced aGVHD. One patient developed grade II skin GVHD, which 

progressed to limited chronic GVHD of the skin (identifiable as they did not have cutaneous 

manifestations of DC before HSCT). Grade III gastrointestinal GVHD was observed in 1 

patient who had pre-existing colitis before HSCT (confirmed on gastrointestinal biopsy). No 

patients experienced grade IV aGVHD.

Infections

Two patients experienced bacteremia with Staphylococcus aureus. Cytomegalovirus was the 

most frequent viral reactivation, occurring in 4 patients, and was successfully treated with 

antiviral and supportive medications. Other viral reactivations included adenoviremia (n 1), 

Epstein-Barr viremia (n = 3), and BK viremia (n = 3). No patients died as the result of viral 

reactivations. No patients experienced fungal infections.

Survival

Five patients (71%) remain alive and well at a median follow-up of 44 months (range, 14 to 

57 months) (Figure 1). Cause of death for 2 patients included multiorgan failure at 28 

months after HSCT secondary to methicillin-resistant Staphylococcus aureus sepsis and 

idiopathic pneumonia syndrome at 5 months after HSCT.

Discussion

Allogeneic HSCT for DC remains challenging because of the inherent chemo-sensitivity and 

related increased toxicity, along with increased potential for late effects related to the natural 

history of the disease. To our knowledge, this is the largest series of pediatric patients who 

underwent transplantation for DC using a uniform RIC regimen containing alemtuzumab, 

fludarabine, and melphalan. We report an overall survival of 71%, which is comparable to 

other recent reports of HSCT with RIC for DC without exposure to potentially damaging 

radiation [18,24].

Traditionally, myeloablative transplantations for DC have resulted in poor outcomes, with 

toxicity and infections contributing to increased mortality [17,33]. Myeloablative grafts also 

resulted in long-term toxicities, including pulmonary fibrosis, which likely develops from 

the combination of the chemotherapy and the inherent pulmonary complications of DC. 

Similarly, a Center for International Blood and Marrow Transplant Research analysis of 34 
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patients with DC also confirmed increased mortality associated with myeloablative therapy 

during unrelated donor transplantation [18]. Although the Center for International Blood and 

Marrow Transplant Research analysis included heterogeneous chemotherapy regimens, more 

recent trends towards RIC-based therapy may lead to decreased acute and chronic toxicity in 

this fragile population.

Complications after HSCT can at times add to the natural history of the disease or can be 

difficult to distinguish from it. Vascular complications affecting the renal, pulmonary, and 

hepatic systems have been described in patients with DC, causing death up to 5 years after 

HSCT [34]. Similarly, pulmonary disease can manifest with symptoms that mimic chronic 

GVHD, making diagnosis and treatment difficult, and contributing to morbidity [20]. We 

have not observed late effects in any of the patients treated using our RIC regimen, though 

we realize that we need longer follow-up to monitor for these complications.

RIC regimens can be associated with a higher incidence of mixed chimerism and graft 

failure [35]. Previous reports of transplantation in DC have shown varying levels of mixed 

chimerism and rates of both primary and secondary graft failure [18,24,36,37]. In contrast, 

none of our patients developed mixed chimerism. Additionally, there was no early or late 

graft failure or graft rejection seen in our cohort, which is quite encouraging. Use of 

fludarabine in our conditioning regimen may have provided the needed potent 

immunosuppression to facilitate full donor cell engraftment. The use of alemtuzumab in an 

intermediate schedule from day -14 has been shown to reduce the incidence of both mixed 

chimerism and GVHD compared with proximal and distal schedules [38] and may have 

benefited our patients. Encouragingly, despite the use of alemtuzumab, viremias were seen; 

however, none of our patients experienced significant morbidity or mortality associated with 

viral infections, which has been a concern with the use of alemtuzumab [39].

Complications related to DC, in addition to long-term effects of HSCT, remain an important 

post-transplantation problem for this vulnerable population. Late death after HSCT has been 

reported to occur because of gastrointestinal and pulmonary complications, as well as 

development of second cancers [22,40,41]. The risk of pulmonary complications in DC 

patients both before and after transplantation has led to careful use of conditioning agents, 

with an effort to avoid both busulfan- and radiation-based conditioning regimens [8,18].

An additional important issue related to HSCT for DC is the wide range of clinical 

phenotypes seen in DC and the possibility of nonmanifesting or very mildly affected 

individuals within families, complicating the selection of related HSCT donors [42]. 

Potential related HSCT donors should be tested either for the mutation present in the 

proband or, if the mutation is not known, for telomere length. The matched sibling donor 

available for 1 of our patients was tested for the TINF2 mutation observed in the recipient 

and was confirmed to be negative for the same before HSCT. Similarly, children who present 

with marrow failure should be screened for telomeropathy as well as Fanconi anemia 

because both these diseases may occur without syndromic features.

Our study is limited by its retrospective nature and a relatively small number of patients, 

making evaluation of risk factors for outcomes quite challenging. Larger, prospective 
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collaborative studies are needed to have a meaningful pre-HSCT risk factor assessment for 

children with DC undergoing HSCT and to identify the best conditioning regimen for these 

high-risk patients. Similarly, long-term follow-up is essential to see if the benefits of RIC 

indeed translate into improved long-term HSCT outcomes. In summary, our results show 

that patients with DC can successfully undergo HSCT using a radiation-free RIC regimen 

with superior overall survival, engraftment, and minimal toxicity. It is possible that 

successful outcomes could be achieved with even lower doses of melphalan or elimination of 

the alkylating agent entirely in future studies. Regular follow-up for the complications that 

are not corrected by HSCT is essential in this group including oral, pulmonary, hepatic, 

ophthalmological, and dermatological examination or evaluation, along with genetic 

counseling for at-risk family members.
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Figure 1. 
Overall survival.
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Table 1

Patient and Disease Characteristics

Patient Sex Age at
Diagnosis, yr

Gene
Mutation

Telomere
Length < First
Percentile

Pre-HSCT BM
Cellularity

Pre-HSCT PFTs Pre-HSCT
Parenchymal
Lung Disease

Pre-HSCT Liver
Abnormalities*

1 Male 6.75 Unknown Yes 60% with MDS Normal Small airway disease Nil

2 Female 7 TINF2 Yes  5% Mild decreased DLCO Normal Nil

3 Female 1.3 RTEL1 Yes 30% Normal Normal Nil

4 Male 3.1 DKC1 Yes  5% Normal Normal Nil

5 Male 12.5 TERT Yes 10% Mild restrictive disease Diffuse lung disease Nil

6 Female 11 TERT Yes  5% Normal Normal Nil

7 Male 3.2 TINF2 Yes 20% Normal Normal Nil

BM indicates bone marrow; PFT, pulmonary function test; DLCO, carbon monoxide diffusing capacity.

*
Including abdominal ultrasonography, computed tomography scan, and hepatic profile.
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