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resistance of T-cells in IL-2 depeletion®. Then, activated T cells were subjected
to an apoptosis assay by FAS stimulation or IL-2 depletion. Remarkable
resistance to IL-2 depletion but not to FAS-dependent apoptosis (Fig. 1d and e)
was seen. This was in contrast to T cells from FAS mutated ALPS type 1a which
showed remarkable resistance to FAS dependent apoptosis and normal
apoptosis induction by IL-2 withdrawal (Fig. 1d and e). Western blotting analysis
of activated T cells or Epstein-Barr virus-transformed B cells showed reduced
expression of Bim (Fig. 1f).

In case 2, autoimmune phenotype and hepatosplenomegaly were remarkable as
shown in Supplementary data 1. The patient was initially diagnosed as Evans
Syndrome based on presence of hemolytic anemia and autoimmune
thrombocytopenia. DNT cells were 1.1% of TCRap cells in the peripheral blood,
which did not meet with the criteria of ALPS. Although spontaneous colony
formation was shown in PB- and BM-MNC, and GM-CSF hypersensitivity was
demonstrated in BM-MNC derived CD34 positive cell (Supplemental data 1
Table2), she showed no massive monocytosis or increased HbF. Thus the
diagnosis was less likely to be ALPS or JMML. DNA sequencing of JMML related
genes such as NRAS, KRAS, HRAS, PTPN11, and CBL identified somatic but
not germline KRAS G13D mutation (Fig. 1b). KRAS G13D mutation was
detected in granulocytes and T cells. Mutation was not identified in B cells by
conventional DNA sequencing (data not shown). Mutant allele specific
quantitative PCR revealed mutated allele was almost equally present in
granulocytes and T cells, but barely in B cells (Fig. 1c). Activated T cells showed
resistance to IL-2 depletion but not to FAS-dependent apoptosis (Fig. 1d and e).
Both of our cases were characterized by strong autoimmunity, immune
cytopenia and lymphadenopathy or hepatosplenomegaly with partial similarity

with ALPS or JMML. However, they did not meet with the well defied diagnostic
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criteria of ALPS? or JMML®. It is interesting that Case 2 presented GM-CSF
hypersensitivity, which is one of the hallmarks of JMML. Given the strict clinical
and laboratory criteria of JMML and ALPS, our two cases should be defined as a
new disease entity, like RAS associated ALPS like disease (RALD). Recently
defined NRAS mutated ALPS type IV may also be included in a similar disease
entity.

There are several cases of JMML reported simultaneously having clinical and
laboratory findings compatible with autoimmune disease®®. Autoimmune
syndromes are occasionally seen in patients with myelodysplastic syndromes,
including chronic myelomonocytic leukemia'®. These previous findings may
suggest a close relationship of autoimmune disease and JMML. Since KRAS
G13D has been identified in JMML™"™, it is tempting to speculate that KRAS
G13D mutation is involved in JMML as well as RAS associated ALPS like
disease (RALD). It should be noted in JMML, erythroid cells reportedly carry
mutant RAS, while B and T cell involvement was variable™. In both of our cases,
myeloid cells and T cells carried mutant RAS, while B cells were affected variably.
These findings would support a hypothesis that the clinical and hematological
features are related to the differentiation stages of hematopoietic stem cells
where RAS mutation is acquired. JMML-like myelo-monocytic proliferation may
predict an involvement of RAS mutation in myeloid stem/precursor cell level
whereas ALPS-like phenotype may predict that of stem/precursor cells of
lymphoid lineage, especially of T cells. Under the light of subtle differences
between the two cases presented, their hematological and clinical features may
reflect the characteristics of the stem cell level where KRAS mutation is acquired.
Involvement of the precursors with higher propensity toward lymphoid lineage
may lead to autoimmune phenotypes, while involvement of those with propensity

toward the myeloid lineage may lead to GM-CSF hypersensitivity while still
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sharing some overlapping autoimmune characteristics.

One may argue from the other points of view with regard to the
clinicopathological features of these disorders. First, transformation in a fetal
HSC might be obligatory for the development of JMML'* and that in HSC later in
life may not have the same consequences. Second, certain KRAS mutations
may be more potent than the others. Codon 13 mutations are generally less
deleterious biochemically than codon 12 substitutions, and patients with JMML
with codon 13 mutations have been reported to show spontaneous hematologic
improvement'?'®. Thus further studies are needed to reveal in-depth
clinicopathological characteristics in this type of lympho-myelo proliferative
disorders.

KRAS mutation may initiate the oncogenic pathway as one of the first genetic
hits, but is insufficient to cause frank malignancy by itself'®'”. Considering recent
findings that additional mutations of the genes involved in DNA repair, cell cycle
arrest, and apoptosis are required for full malignant transformation, one can
argue that RAS associated ALPS like disease (RALD) patients will also develop
malignancies during the course of the diseases. Occasional association of
myeloid blast crisis in JMML and that of lymphoid malignancies in ALPS will
support this notion. Thus the two patients are now being followed up carefully. It
was recently revealed that half of the patients diagnosed with Evans syndrome,
an autoimmune disease presenting with hemolytic anemia and

thrombocytopenia, meet the criteria for ALPS diagnosis'®'®

. In this study,
FAS-mediated apoptosis analysis was utilized for the screening. Considering the
cases we presented, it will be intriguing to re-evaluate Evans syndrome by IL-2
depletion-dependent apoptosis assay focusing on the overlapping autoimmunity

with RAS associated ALPS like disease (RALD).
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Figure Legends

Figure 1

a. Flow cytometric analysis of DNT cells. CD8 and CD4 double staining was
performed in TCRaB-expressing cells.

b. Electropherogram showing KRAS G13D mutation in BM-MNC in case 1 (left
panel) and case 2 (right panel).

c. Gene dosage of mutated allele in granulocyte (Gr), T cell (T) and B cell (B).
Relative gene dosage was estimated by a mutant allele specific PCR method in
case 1 and 2 using albumin gene as internal control.

d. Apoptosis assay using activated T cells. Apoptosis percent was measured by
flow cytometry with Annexin V staining 24 and 48 hr after IL-2 depletion

e. Apoptosis percent was measured 24hr after addition of anti-FAS CH11
antibody (final 100ng/ml)

f. Western blotting analysis of Bim expression.
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Abstract: DC is an inherited bone marrow failure syndrome mainly
characterized by nail dystrophy, abnormal skin pigmentation, and oral
leukoplakia. Bone marrow failure is the most common cause of death in
patients with DC. Because previous results of HSCT with a myeloab-
lative regimen were disappointing, we used a reduced-intensity condi-
tioning regimen for two patients with classic DC, and one patient
with cryptic DC who harbored the TERT mutation. Graft sources
included two mismatched-related bone marrow (BM) donors and one
unrelated BM donor. Successful engraftment was achieved with few
regimen-related toxicities in all patients. They were alive 10, 66, and
72 months after transplantation, respectively. Long-term follow-up is
crucial to determine the late effects of our conditioning regimen.
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DC is an inherited multisystem bone marrow
failure syndrome characterized by nail dystro-
phy, abnormal skin pigmentation, oral leukopla-
kia, and cancer predisposition. Patients with DC
have very short germ-line telomeres compared
with normal individuals because of a defect of
telomere maintenance. Until now, mutations in
six genes (DKCI, TERC, TERT, NOPI0, NHP2,
and TINF2) involved in telomere maintenance
have been identified in patients with DC (1).

Abbreviations: ATG, anti-thymocyte globulin; CMV,
cytomegalovirus; DC, dyskeratosis congenita; EBV,
Epstein—Barr virus; GVHD, graft-versus-host disease;
HSCT, hematopoietic stem cell transplantation; IST,
immunosuppressive therapy; RIST, reduced-intensity stem
cell transplantation; TBI, total body irradiation.

Bone marrow failure develops in 80-90% of
patients with DC and is the most common cause
of death, up to 60-70% (2, 3). Although andro-
gen has been used to improve cytopenia since the
1960s, allogeneic HSCT is the only curative
treatment for bone marrow failure in patients
with DC. However, the outcome in previous
reports has been disappointing because of unac-
ceptable transplant-related toxicities such as
severe pulmonary/liver complications especially
in transplant using a myeloablative conditioning
regimen or transplants from an alternative donor
(3, 4).

To avoid transplant-related complications,
RIST using a non-myeloablative conditioning
regimen has been recently used in patients with

DC, and encouraging short-term survival
has been achieved. Reducing the intensity of
161
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conditioning results in less tissue damage and
decreased inflammatory cytokine release com-
pared with myeloablative transplantation (5).
However, until now, there have been only a few
reports of non-myeloablative transplants, espe-
cially from an alternative donor. Here, we report
our encouraging results of RIST from an alter-
native donor using a fludarabine-based condi-
tioning regimen and in vivo T-cell depletion by
ATG in three patients with DC.

Patients and methods
Case 1

Patient 1 was a 21-yr-old man with classical DC with nail
dystrophy, abnormal skin pigmentation, oral leukoplakia,
and bone marrow failure. He had no family history of
physical or hematologic abnormalities. Nail changes began
to develop in early childhood. He suffered from cytopenia
and was diagnosed with aplastic anemia at the age of 9. At
age 18, he was referred to our hospital and was diagnosed as
having DC. He had very short telomeres —i.e., less than the
first percentile for his age — although mutation analysis did
not identify any mutations in DKCI, TERC, TERT,
NOPI0, or TINF2. As pancytopenia progressed, we plan-
ned HSCT from a sister who was mismatched at HLA
DRBI allele. He did not undergo HSCT before. Condn-
tioning regimen mcluded cyclophosphamide 750 mg/m?/
day, fludarabine 25 mg/m?/day, and rabbit-ATG (Thymo-
globulin; Genzyme, Cambridge, MA, USA) 2.5 mg/kg/day,
all from days ~5 to -2, and total lymphoid irradiation 3 Gy
(1 fraction) on day —-1. GVHD prophylaxis comprised
tacrolimus (intravenous infusion of 0.02 mg/kg/day starting
on day -1, with dose adjustments to maintain blood levels
of 5-15 ng/dL) and short-term methotrexate (15 mg/m? on
day +1 and 10 mg/m? on days +3, +6, and +11). The
administration route of tacrolimus was switched to oral
after patients recovered from gastrointestinal toxicity.

Case 2

Patient 2 was a nine-yr-old girl with aplastic anemia without
any physical abnormalities. At first, she was diagnosed with

Table 1. Patient and disease characteristics

acquired aplastic anemia of unknown cause. However, she
was identified as having a heterozygous TERT mutation
(T726M) and very short telomeres in our retrospective study
of mutation screening for telomere-related genes. She was
born to healthy non-consanguineous parents and had no
family history of physical or hematologic abnormalities.
Subsequent screening of her family members revealed that
her father had the same heterozygous TERT mutation (6).
She was diagnosed with very severe aplastic anemia at the
age of 8. She received IST with horse-ATG (Lymphoglob-
ulin; Genzyme) 15 mg/kg/day intravenously for five days
and cyclosporine because she had no HLA-matched family
donor. However, the response to IST was poor, and she was
still transfusion-dependent for six months after treatment.
At first, she underwent HSCT from an HLA DRBI one-
allele-mismatched unrelated donor. The first conditioning
regimen included cyclophosphamide 50 mg/kg/day for
four days, TBI 5 Gy (two fractions), and rabbit-ATG
(Thymoglobulin; Genzyme) 2.5 mg/kg for four days.
Patient failed to engraft and had no autologous recovery of
her bone marrow. She underwent a second transplant from
an HLA B and DRBI alleles-mismatched mother, 48 days
post-transplant as salvage therapy Conditioning regimen
included fludarabine 30 mg/m?/day and ATG 2. 5 mg/kg/
day from days —5 to —2, and melphalan 60 mg/m*/day on
days -2 and —1. GVHD prophylaxis was the same as for
case 1.

Case 3

Patient 3 was an 18-yr-old man with classical DC with nail
dystrophy, abnormal skin pigmentation, oral leukoplakia,
and bone marrow failure. He had very short telomeres, and
mutation analysis showed DKC/ mutation. Nail changes
began in early childhood, and pancytopenia was noted at
age 13. Because pancytopenia progressed, we planned
HSCT from an HLA 6/6 alleles-matched unrelated donor.
He did not undergo HSCT before. Condmonmg regimen
included cyclophosphamide 750 mg/m?/day, fludarabine
25 mg/m?/day, and rabbit-ATG 2.5 mg/kg/day, all from
days -5 to -2, and TBI 3 Gy (one fraction) on day —1.
GVHD prophylaxis was the same as for cases 1 and 2.
Table 1 shows patient and disease characteristics. Pre-
transplant cardiac, lung, or liver dysfunction was not
observed in any patient except for slight elevation of liver
transaminase levels in patient 2. Bone marrow examination

Number
of pre-
Pre-transplant transplant
hematological data transfusions
Age at
Patient diagnosis Other ANC Hb PLT
no. Sex of OC Mutation Clinical triad synptoms {x10%/L) {g/dL) (x10°%/1) RBC PLT Cytogenetics
1 Male 18 Not Nail, skin, Cerebellar 09 5.7 16 25 2 46, XY
detected oral hypoplasia,
growth
retardation
2 Female 9 TERT None None 0.3 6 09 40 90 48, XX
3 Male 15 DKC1 Nail, skin, None 0.84 17 19 0 2 48, XY

oral

ANC, absolute neutrophil count; Hb, hemoglobin; PLT, platelet; RBC, red blood cell.
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Table 2. Pre-transplant characteristics of donors and patients

Reduced-intensity conditioning

Patient no. Age at transplant Donor Donor sex Donor age ABO incompatibility Source HLA match Mismatch locus
1 21 Sister Female 24 Compatible BM 5/6 DR

2 9 Mother Female 36 Major BM + PBSC 4/6 B, DR

3 18 un Female 37 Compatible BM 6/6 -

UD, unrelated donor; BM, bone marrow; PBSC, peripheral blood stem cell.

revealed severe hypocellularity and normal karyotypes in all
three patients. Table 2 shows pretransplant characteristics
of donors and patients.

Supportive care

All patients received trimethoprim-sulfamethox-
azole orally or inhaled pentamidine as prophy-
laxis against Pneumocystis jiroveci. Patients
received standard doses of oral amphotericin B
and acyclovir as fungal and viral prophylaxis.
Patients received pre-emptive therapy with ganci-
clovir when CMV antigenemia became positive.
Weekly viral studies for CMV, EBV and human
herpesvirus 6 were obtained until day 90 post-
transplant (7). Granulocyte colony-stimulating
factor was started from day 5 to neutrophil
engraftment. Acute and chronic GVHD was
diagnosed and graded according to established
criteria (8, 9).

Results

Transplant outcomes are shown in Table 3.
Engraftment day was defined as the first of three
consecutive days in which the patient had an
absolute neutrophil count greater than 0.5 x 10°/
L. Neutrophil engraftment was achieved in all
patients, although the days of platelet recovery
were delayed. Analysis of short tandem repeats
or fluorescent in situ hybridization of sex chro-
mosomes revealed that all patients achieved
>95% donor chimerism by day 100.
Engraftment syndrome developed in patient 3
and responded well to steroid therapy (10, 11).
Acute GVHD did not occur in any patient, while
chronic GVHD of the skin occurred in patient 3

Table 3. Outcomes of transplantation

and responded to tacrolimus therapy. Patients 1
and 2 discontinued their treatment with immu-
nosuppressive drugs at 18 and 14 months, respec-
tively, following transplant.

Increases in the EBV genome load were
observed in patients 1 and 3. The dose of
tacrolimus was decreased in patient 1, and one
course of rituximab was administered in patient
3. As a result, EBV genome load decreased in
both patients. Positive CMV antigenemia was
seen only in patient 3. Preemptive therapy with
ganciclovir was administered until the test for
CMYV antigenemia became negative. He did not
progress to CMV disease.

To date, all three patients are alive with a
follow-up of 10, 66, and 72 months, respectively.
No patients have developed pulmonary or liver
complications or malignancies.

Discussion

In our case reports, we report the outcome of two
patients with classical DC and one patient with
aplastic anemia harboring the 7ERT mutation to
assess the feasibility and efficacy of a fludarabine-
based non-myeloablative regimen. Our regimens
are promising, as all three patients achieved
complete chimerism and hematologic recovery
without severe transplant-related toxicities.
Previously, results of HSCT using a myeloab-
lative regimen for patients with DC were disap-
pointing mainly because of pulmonary/liver
complications and GVHD (12-19). Until
recently, there were no survivors who received
unrelated sources of stem cells (3). A high
transplant-related mortality rate is considered

Cell dose Engraftment GVHD
Patient NCC CD34 ANC PLT
no. x10%  (x10% (500 ul)  (>20x10%L)  Acute  Chronic  Complication Follow-up Qutcome
1 3.45 1.73 16 3 No No EBV reactivation 5 yr 6 months Alive
2 96 26 23 123 No No DM, enteritis 6yr Alive
3 0.81 N.E 19 m No Skin Sepsis, engraftment syndrome, 10 months Alive
CMV antigenemia, EBV reactivation
NCC, nuclear cell count; ANC, absolute neutrophil count; PLT, platelet; N.E, not evaluated.
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to be associated with impaired restorative ability
of tissue damage because of defective telomere
maintenance. To avoid these complications,
reduced-intensity regimens have been recently
used and have achieved engraftment with fewer
complications in both related and unrelated
settings (16, 20-24). Most recently, Dietz et al.
reported encouraging results of six patients with
DC who underwent HSCT using fludarabine-
based non-myeloablative regimens (26). Their
non-myeloablative regimen consisted of cyclo-
phosphamide 50 mg/kg for one day, fludarabine
40 mg/m* for five days, and TBI 2 Gy and
alemtuzumab 0.2 mg/kg for five days. Engraft-
ment was achieved in five of six patients. Four
patients are alive, three of whom were recipients
of unrelated grafts. Our regimen is similar to
theirs, including cyclophosphamide, fludarabine,
low-dose irradiation, and ATG instead of alem-
tuzumab. The results of HSCT from an alter-
native donor for DC are shown in Table 4.

It is still unclear whether HSCT can prolong
the overall survival of patients with DC. Dietz
et al. combined 18 cases who had undergone
RIST in the literature with their six cases and

Table 4. Summary of HSCT from an alternative donor for dyskeratosis congenita

calculated an overall survival rate of 65%, which
was similar to another historical cohort that
included both myeloablative and non-myeloab-
lative transplants reported by Alter et al. (4).
However, the follow-up periods in non-myeloab-
lative transplants seem to be shorter than in
myeloablative transplants. Although bone mar-
row failure is the most common cause of death in
patients with DC, pulmonary fibrosis is another
common cause of death (27). Alter et al
reviewed 65 patients who had received HSCT
until 2008 (4). According to the review, nine of 30
deaths after HSCT were because of pulmonary
fibrosis, suggesting that the high rate of this lung
complication might originate from the natural
history of DC. A prospective long-term follow-
up study is necessary to clarify whether HSCT
procedures, including conditioning agents and
allogeneic immune responses to recipient’s organ
such as the lungs and liver, affect the natural
course of DC.

Fludarabine is a potent immunosuppressive
and less myeloablative agent, which has been
used successfully in RIST for aplastic anemia
(28) and other bone marrow failure syndromes

Patient ~ Agefsex  Donor source HLA  Conditicning regimen Outcome Complication References
1 M MUD BM 6/6  CY 120 mg/kg and TB! 12 Gy Death Disseminated candidasis Langston et al. (16)
2 20/M MUD BM 6/6 CY 120 mg/kg and TBI 12 Gy Death Disseminated candidasis Langston et al. {16)
3 29/M MUD BM 6/6 CY 200 mg/kg and TBI 6 Gy Death Rejection Dokal et al. {17)
Died of respiratory failure
after 2nd BMT
4 3/M MUD 6/6 CY 120 mg/kg, Flu 180 mg/m? Alive >15 months Dror et al. (24)
and ATG 160 mg/kg
5 8/F MUD 6/6  CY 120 mg/kg, Flu 180 mg/m? Alive >16 months ~ EBY reactivation Dror et al. {24)
and ATG 160 mg/kg
6 15/M MUD 6/6 CY 120 mg/kg, Flu 180 mg/m? Death Cardio-respiratory arrest Brazzola et al. (25)
and ATG 160 mg/kg on day 0
Diffuse capillaritis
7 24/M MMUD ducB  4/6 CY 50 mg/kg, Flu 200 mg/m?, Death Sepsis outside of hospital Dietz et al. (26)
4/6 TBI 2 Gy and Alem 1 mg/kg
8 5/F MUD BM 6/6 CY 50 mg/kg, Flu 200 mg/m?, Alive >40 months Dietz et al. (26)
T8I 2 Gy and Alem 1 mg/kg
9 2/M MUD BM 8/8 CY 50 mg/kg, Flu 200 mg/m?, Death Adenoviral sepsis Dietz et al. (26)
TBI 2 Gy and Alem 1 mg/kg
10 18/F MMUD dUCB  4/6 CY 50 mg/kg, Flu 200 mg/m?, Alive >12 months ~ Acute GVHD grade IV (gut)  Dietz et al. (26)
5/6 TBI 2 Gy and Alem 1 mg/kg
1 25/M MMUD dUCB  4/6 CY 50 mg/kg, Flu 200 mg/m?, Alive >12 months Dietz et al. (26)
5/6 TBI 2 Gy and Alem 1 mg/kg
12 2AM MMRD BM 5/6 CY 3 g/m?, Flu 100 mg/m?, Alive >5 yr EBV reactivation This report
TLI 3 Gy and ATG 10 mg/kg
13 9/F MMRD 4/6  MEL120 mg/m? Flu 120 mg/m?  Alive >B yr OM, enteritis This report
BM+PBSC and ATG 10 mg/kg
14 18/M MUD 6/6 CY 3 g/m?, Flu 100 mg/m?, Alive >10 months  Sepsis, engraftment This report

TBI 3 Gy and ATG 10 mg/kg

syndrome,
EBV reactivation

MUD, matched unrelated donor; MMUD, mismatched unrelated donor; MMRD, mismatched related donor; BM, bone marrow; PBSC, peripheral blood stem celi;
dUCB, double unrelated cord blood; CY, cyclophosphamide; Flu, fludarabine; Alem, alemtuzumab; MEL, melphalan; BMT, bone marrow transplantation; DM, diabetes

mellitus.
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such as Fanconi anemia (29), Shwachman-Dia-
mond syndrome (30), and Diamond-Blackfan
anemia (31). In this study, fludarabine seemed to
be well tolerated in patients with DC who
achieved engraftment even after transplant from
an alternative donor.

Reduction in the dose of cyclophosphamide
may contribute to a decrease in transplant-
related toxicity. We administered cyclophospha-
mide at a total dose of 3000 mg/m?, which was a
tolerable dose for our patients. In several reports,
the total dose was reduced to 40-50 mg/kg with
durable engraftment. However, one patient who
received 50 mg/kg cyclophosphamide and an
unrelated double-cord graft (one set of 4/6 and
4/6 HLA match) developed primary graft failure
(26). The appropriate dose of cyclophosphamide
remains undetermined.

The dose of irradiation is another important
issue to achieve engraftment without increasing
toxicities. Because patients with DC possess
chromosomal instability, they are suspected
to show increased radiosensitivity. In fact, a
full-dose TBI regimen resulted in unacceptable
toxicities in previous reports (16). From our
experience as well as other reports, inclusion of
low-dose TBI may contribute to achieve durable
engraftment without undesirable complications.

Dietz et al. tried to provide a natural pulmo-
nary compensation by delivering irradiation side-
to-side, instead of anterior-to-posterior, with the
patient in a seated position and the arms resting
at the side of the thoracic cage (26). In our
institute, patients are in a supine position with
the arms at the side of the thoracic cage during
TBI, which is delivered side-to-side. Qur method
also can provide for pulmonary compensation.
In addition to the dose of irradiation, the method
of irradiation may be important to assess the true
effects on lungs in patients with DC.

GVHD prophylaxis is another important issue
for successful transplant from an alternative
donor. In vivo T-cell depletion can reduce the
risk of GVHD in HSCT for bone marrow failure
syndrome (32). Our conditioning regimen
included rabbit-ATG for the purpose of in vivo
T-cell depletion to prevent severe acute GVHD.
Acute GVHD did not occur in any patient in our
series, even in the patient who received both bone
marrow and peripheral blood from an HLA
haploidentical donor. Finke et al. reported the
outcome of patients with hematologic malignan-
cies who underwent HSCT from unrelated
donors using a regimen containing rabbit-ATG
(33). The cumulative incidence of grade II-IV
acute GVHD and chronic GVHD for HLA-
mismatched transplantation was 20% and 44%,

Reduced-intensity conditioning

respectively, which were equal to 21% and 43%
for HLA-matched transplants. The authors con-
cluded that a single-antigen mismatch might not
compromise the outcome after HSCT from an
unrelated donor when ATG is used in addition to
standard GVHD prophylaxis.

In conclusion, our study indicated that RIST
can provide successful engraftment with few
complications in patients with DC, even in
transplants from an alternative donor. Long-
term follow-up is crucial to monitor the late
effects of conditioning agents and allogeneic
immune responses to the recipient’s organs, such
as the lungs and liver. Given these encouraging
results, we believe that RIST should be explored
further.
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