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Abstract

Background: Allogeneic hematopoietic cell transplantation (Allo-HCT) is the only curative option for marrow
failure, myelodysplastic syndrome (MDS), and acute myeloid leukemia associated with dyskeratosis congenita
(DKC). Due to chromosomal instability and sensitivity to radiation and alkylating agents, HCT is associated with
a high incidence of transplant-related mortality in DKC.

Case report: A 25-year-old male presented with DKC-associated cutaneous manifestations and myelodysplastic
syndrome / acute myelogenous leukemia (MDS/AML). Targeted next-generation sequencing revealed mutation
of the DKC1 and RUNX1 genes. His mother and sibling sisters were carriers for the DKC1 mutation. Due to high
donor-specific antibody mean fluorescence intensity (DSA-MFI) against the unshared Human Leukocyte Antigen-
A (HLA-A) allele of his 6/12 HLA-matched father, his paternal cousin’s sister was selected as a haploidentical (6/
12 HLA-matched) donor for HCT. He underwent allo-HCT with stable disease burden using a specifically-
designed RIC regimen containing treosulfan (at 50% reduced dosing), fludarabine, and rabbit anti-thymocyte
globulin. The graft versus host disease (GVHD) prophylaxis contained reduced-dose post-transplant cyclophos-
phamide (PTCy dose reduction of 50%) with mycophenolate mofetil and cyclosporine. He engrafted with com-
plete donor chimerism, and the day +30 marrow was in complete morphological remission with undetectable
measurable residual disease by flow cytometry. On day +126, he developed steroid-responsive late-onset grade
Il acute GVHD (stage Ill skin GVHD). He suffered from morphologic relapse on day +220 and succumbed from
sepsis with septic shock on day +256.

Conclusion: This case demonstrates the safety and feasibility of haploidentical-HCT using a treosulfan-based
reduced-intensity conditioning (RIC) regimen and modified PTCy-based GVHD prophylaxis in DKC. Disease re-
lapse in this patient underscores the impact of pretransplant disease burden on relapse free survival in DKC pa-
tients with MDS/AML who are not eligible for myeloablative conditioning.

Key words haploidentical hematopoietic cell transplantation, reduced intensity conditioning, GVHD prophylaxis, dyskeratosis congenita

Submitted September 25, 2024; Accepted December 23, 2024; Published online February 25, 2025; Issued online February 25, 2025
Correspondence: Alka Khadwal, Department of Clinical Haematology and Medical Oncology, Faculty offices, BMT Centre, 3rd Floor,
Block-C, Nehru Hospital, Post Graduate Institute of Medical Education and Research, Sector 12, Madhya Marg, Chandigarh,160012, India,

E-mail: alkakhadwal @hotmail.com

and dystrophic nails is common with DKC mutation,

Introduction though these features may be subtle or present with

Dyskeratosis congenita (DKC) is a telomeropathy re- varying combinations’. Allogenic hematopoietic stem
sulting from mutations in genes involved in the mainte- cell transplantation (Allo-HCT) is the only curative
nance of telomeres, including DKCI, TERT, TERC, therapy of severe bone marrow failure (BMF), myelo-
NOP10, NHP2, TCAB1, RTELI, and TINF2'. The clas- dysplastic syndrome (MDS), and acute myeloid leuke-
sic triad of oral leukoplakia, skin hyperpigmentation, mia (AML) in DKC patients, though it does not correct
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(a)

Figure 1. Dermatologic features in the index case (a) (b) Diffuse reticular hyperpigmentation of the skin (c) Dystrophic

nail changes with dyspigmentation of hands and feet

other organ dysfunctions associated with telomeropathy,
such as liver fibrosis and pulmonary fibrosis'. Histori-
cally, long-term outcomes after myeloablative HCT
have been poor in DKC patients’. In this case report,
we have described the feasibility of haploidentical HCT
using a rationally designed reduced intensity condition-
ing (RIC) regimen with a modified graft versus host
disease (GVHD) prophylaxis protocol in a DKC patient
with MDS/AML.

Case Description

A 25-year-old male with generalized hyperpigmented
skin lesions and dystrophic nails presented to our center
with progressive pancytopenia for one year. Detailed
history revealed insidious onset hyperpigmented skin le-
sions from 14 years of age, which gradually increased
in extent to involve 100% of body surface areas at 18
years of age. Clinical examination showed hyperpig-
mented reticular skin lesions (Figure 1A and 1B) and
dystrophic nails (Figure 1C). A clinical diagnosis of
DKC with BMF was suspected. Bone marrow aspira-
tion with trephine biopsy showed 14% blasts, and flow
cytometry of marrow aspirate was consistent with clo-
nal myeloid blasts. Targeted next-generation sequencing
for bone marrow failure syndrome panel genes per-
formed on bone marrow aspirate samples revealed a
likely pathogenic missense mutation in the DKC1 gene
(X-linked recessive) at exon 12 (c.1223C>T) with a
variant allele frequency (VAF) of 95% and a pathogenic
RUNX1 gene at exon 3 (c.297C>A) with a VAF of
19%. A conventional karyotype performed on bone
marrow aspirate samples was normal (46XY). Sanger
sequencing in peripheral blood samples of the mother
and both sibling sisters detected the same DKCI1 muta-
tion in heterozygous condition. A diagnosis of DKC
with MDS/AML was made based on clinical findings,

molecular genetics, and the presence of carrier states
for the same DKC1 mutation in the mother and sisters.
An ultrasound of the abdomen and a high-resolution
computed tomography (HRCT) scan of the chest did
not show any hepatic or pulmonary comorbidity. He
had no prior history of malignancy. He was started on
single agent Azacytidine 75 mg/m’, once daily for 7
days in each cycle. With each cycle of azacytidine he
developed febrile neutropenia with recurrent soft tissue
infection by methicillin-sensitive staphylococcus aureus
(MSSA). After 6 cycles of single agent azacytidine, he
had stable disease with 15% blasts in marrow aspirate.
HLA typing of the parents and both sibling sisters were
done, and all were 6/12 HLA-matched with the index
case. The donor-specific antibody (DSA) mean fluores-
cence intensity (MFI) was 15,000 against the unshared
HLA-A allele of the father. In extended family HLA
typing on the paternal side, there was one 6/12 HLA-
matched unmarried cousin’s sister. The DSA MFI was
1,782 against the unshared HLA-B allele and 1,656
against the HLA-C allele. The cousin’s sister was cho-
sen as the prospective HCT donor. His age-adjusted
HCT-CI score was 0. The patient underwent a sex-
mismatched, ABO-incompatible (recipient O+ve / donor
A+ve), cytomegalovirus (CMV)-mismatched (donor
anti-CMV IgG positive/recipient anti-CMV IgG nega-
tive) haploidentical HCT following an RIC regimen.
The regimen was designed to include fludarabine at 30
mg/m’/day from day -5 to day -1 with reduced-dose
treosulfan at 5 mg/m*day from day -3 to day -1 and
rabbit anti-thymocyte globulin (ATG) at a dose of 2.5
mg/kg/day from day -8 to day -7 (Figure 2). Granulo-
cyte colony stimulating factor (GCSF) mobilized pe-
ripheral blood stem cell was harvested and infused with
a CD34+ve cell dose of 12.28 X 10%kg. A modified
GVHD prophylaxis consisting of low-dose post-
transplant cyclophosphamide (PTCy) (25 mg/kg/day) on
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Figure 2. Schematic representation of conditioning regimen and graft versus host disease prophylaxis used for the index case
r-ATG, rabbit anti-thymocyte globulin; Flu, fludarabine; Treo, treosulfan; PTCy, post transplant cyclophosphamide; CSA, cyclospo-

rine; MMF, mycophenolate mofetil

days +3 and +4 with mycophenolate mofetil from day
+5 to day +35 and cyclosporine was used (Figure 2).
Neutrophil engraftment and platelet engraftment took
place on days +13 and +17, respectively. The pre-
engraftment period was complicated by grade II mu-
cositis and grade II febrile neutropenia. A day +30 bone
marrow study showed complete morphological remis-
sion, and measurable residual disease (MRD) by flow
cytometry was undetectable. Chimerism analysis by the
short tandem repeat (STR) method showed complete
(100%) donor chimerism. He developed CMV reactiva-
tion on day +76, which responded completely to oral
valganciclovir. His day +100 chimerism analysis by the
STR method showed complete (100%) donor chimer-
ism. Cyclosporine tapering was started on day +80 and
was tapered off on day +120. The patient developed
late-onset grade II acute GVHD involving only skin on
day +126 and was started on oral prednisolone at a
dose of 1 mg/kg. The skin GVHD responded com-
pletely to steroid therapy, and oral prednisolone was
completely tapered off on day +160. During follow up
on day +220, he presented with leukocytosis with ane-
mia and thrombocytopenia. Subsequent bone marrow
aspirate showed 60% blasts, consistent with a morpho-
logical relapse of AML. Chimerism analysis of marrow
aspirate samples by the STR method showed mixed
chimerism with only 14.4% donor pattern. He was
started on azacytidine therapy on day +226 but ulti-
mately succumbed to progressive disease with sepsis on
day +256.

Discussion

Allogeneic hematopoietic cell transplantation in DKC
patients is challenging because of the inherent sensitiv-
ity to chemotherapy and radiotherapy resulting in in-
creased early and late toxicities and the frequent pres-
ence of pulmonary and hepatic comorbidities. Late
death after HCT in this patient population results from
gastrointestinal and pulmonary complications, as well
as development of second cancers®’.

To overcome these challenges, we specifically de-

signed an RIC regimen containing rabbit ATG, fluda-
rabine and reduced-dose treosulfan. The GVHD pro-
phylaxis regimen was modified by a 50% dose reduc-
tion of PTCy.

This transplant presented specific challenges. Firstly,
there was a high risk of early and late toxicity, which
may have resulted from the conditioning regimen and
PTCy. Secondly, the disease was not in remission be-
fore transplant, which requires a conditioning regimen
with a strong anti-myeloid property. Thirdly, it was nec-
essary to overcome the immunological barrier of
haploidentical-HCT in a polytransfused patient with a
high risk of alloimmunization to ensure engraftment
and continued graft function. We choose treosulfan, an
alkylating agent with strong efficacy against myeloid
cancer’ albeit with lesser toxicity’. To make the RIC
regimen, we empirically decreased the myeloablative
dose of treosulfan by 50%. Fludarabine was included
primarily as an immunosuppressive agent in the context
of haplo-HCT. The timing of ATG administration is
also important. The mean half-life of rabbit-ATG is
close to 30 days’. Compared to early administration
(before day -5), late administration (close to day 0) of
ATG likely results in a greater degree of T-cell deple-
tion in the graft and is expected to result in more viral
infections’ and a higher incidence of relapse'. The use
of rabbit ATG on days -8 and -7 in our protocol had a
dual purpose of immunosuppression to prevent graft re-
jection as well as GVHD.

Previous reports using an RIC regimen in DKC have
shown varying rates of primary as well as secondary
graft failure and levels of mixed chimerism™"'. In con-
trast, a study by Nelson et al. reported complete donor
chimerism and no early or late graft failure in a cohort
of 7 patients'. Our regimen achieved complete donor
chimerism with a well-functioning graft. Use of fluda-
rabine and ATG in our conditioning regimen provided
the needed potent immunosuppression to facilitate com-
plete donor cell engraftment.

Similarly, to reduce the complications of PTCy, we
reduced the dose of this alkylating agent by 50%. The
absence of grade III-IV acute GVHD and chronic
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GVHD in our case shows the efficacy and safety of this
modified GVHD prophylaxis regimen in DKC patients.
Studies have shown the efficacy of low-dose PTCy/
ATG for GVHD prophylaxis in haploidentical periph-
eral blood stem cell transplants. In this protocol, ATG
was given on days -2 to -1 and a single dose of PTCy
50 mg/kg was administered on day +3".

The relapse of AML on day +226 in this patient is
not unusual as the HCT was performed using an RIC
regimen in high-risk MDS/AML (RUNXI-mutated in
this case) and the disease was not in morphological re-
mission at pretransplant.

One limitation of this case report is that germline
testing for the DKC1 variant was not done. This mis-
sense variant is likely pathogenic as it results in the
amino acid substitution of isoleucine for threonine at
codon 408 and has been reported previously as a novel
mutation in DKC showing genotype-phenotype correla-
tion"”. The high VAF with genotype-phenotype correla-
tion and presence of a carrier state in the mother and
siblings, strongly suggest the germline nature of the
mutation.

This case demonstrates the feasibility and safety of
this novel conditioning regimen with a modified GVHD
prophylaxis protocol in this challenging and vulnerable
group of patients. The relapse of the AML in this pa-
tient underscores the impact of disease control before
transplant, especially in a population of patients who
are at very high risk of morbidity and mortality from
myeloablative transplant.
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