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Abstract/Summary

This article summaries the recent development in the field of front line unrelated donor
transplantation for idiopathic aplastic anemia. The role of unrelated donor
transplantation in the algorithm of pediatric aplastic anemia is reviewed and incorporates
upfront unrelated donor transplantation. Newer strategies to delineate which children

should receive immune suppression or transplantation are also discussed.

Key Points

e |diopathic severe aplastic anemia (SAA) is a rare condition and haemopoietic stem
cell transplantation (HSCT) remains the only curative therapy.

e HSCT is considered first line treatment in patients <35 with SAA with a matched
sibling donor (MSD).

e Current best practice is less clear in those without a MSD. Immunosuppressive
therapy (IST) has traditionally been thought of as first-line treatment in those
without a MSD; however there remains a significant risk of relapse and clonal
evolution.

e OQutcomes following matched unrelated donor (MUD) HSCT in SAA have improved
due to advances in the development of high resolution Human Leucocyte Antigen
(HLA) typing, developments in supportive care and implementation of novel

conditioning regimens.



o After careful discussion with the patient and parents, MUD HSCT could be

considered as first-line treatment in selected patients.

Introduction

Aplastic anemia (AA), defined by pancytopenia and a hypocellular marrow in the absence
of reticulin fibrosis or abnormal infiltration. This rare disorder has an incidence of
approximately 2 per million in Europe !. The majority of cases are idiopathic, with T-cell
mediated destruction of haematopoietic stem cells thought to be the underlying
pathophysiology. Without treatment patients are likely to succumb to infection or
haemorrhage. In this review we will discuss how to approach one of the outstanding
guestions in the management of patients with SAA: ‘What is the role of upfront MUD

HSCT in aplastic anemia?’

Treatment of Aplastic Anemia

Allogeneic haematopoietic stem cell transplant (HSCT) from a human leucocyte antigen
(HLA) matched sibling donor (MSD) is the preferred frontline treatment for pediatric and
young adult patients with AA %2, In those lacking such a donor immunosuppressive
therapy (IST) has historically been primary treatment, but with transplants from matched
unrelated donors (MUD) improving in outcomes many centers now consider upfront MUD
HSCT. Whilst historically MSD HSCT was associated with a higher overall survival than IST,
this is no longer the case in children due to better salvage of IST failures. Recent studies

from Japan and EBMT indicate that front line MSD HSCT lead to a better failure free
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survival than IST but not overall survival (OS) >%. Therefore, due to the excellent OS seen
in pediatric SAA, comparisons between IST and HSCT should focus on event free survival

(EFS) rather than OS.

The use of IST as treatment for AA originates from the observation of autologous marrow
reconstitution in patients with graft failure who had undergone HCST with ATG
conditioning °. Current guidelines recommend horse Anti-Thymocyte Globulin (h-ATG)
with cyclosporin (CSA), as combination therapy is superior to ATG alone ©. Pediatric
studies utilizing this combination have reported overall response rates of between 59.9

to 77% 7. Factors influencing response rates are shown in Table 1.

The use of the more immunosuppressive rabbit ATG (r-ATG) is not recommended outside
of relapse/refractory cases as it has been associated with inferior outcomes compared
with h-ATG®!113, Response to IST is evaluated between 3 and 4 months post treatment.
If there has been a response, cyclosporin can be weaned slowly from 6 months with
frequent monitoring of bloods for signs of relapse. Between 15-25% of children remain
CSA dependent °. The monitoring required and ensuing subnormal blood counts may have
a detrimental effect on children and their families’ quality of life. Relapse rates have been
reported in 11.9-33% of patients undergoing IST. Current practice is to use MUD HSCT for
those failing one course of IST, due to superior EFS compared with second course of IST

1 In patients who have had a prior response to IST, in those without a suitable donor, a



repeat IST has a response rate of 60-70%'>1> . Between 10-15% of patients who have
undergone IST for AA will go on to develop clonal evolution &° with the development of a
significant Paroxysmal Nocturnal Haemoglobinuria (PNH) clone, myelodysplastic
syndrome and/or acute myeloid leukaemia (AML). This risk does not plateau, making of
particular concern to the pediatric population. Advantages and disadvantages associated

with IST and MUD HSCT are shown in Table 2 and 3.



Why MUD HSCT transplantation has improved

Outcome after MUD HSCT for SAA has significantly improved over time due to a number
of factors 16, The availability of ‘high resolution’ (allelic) HLA molecular typing mean that
donors who appear equally well matched on serological testing can be distinguished,
thereby reducing rejection, graft versus host disease (GVHD) rates and thus improving
overall survival. Development of less toxic conditioning regimens such as FCC
(Fludarabine, cyclophosphamide and Campath (alemtuzumab)) have also significantly
reduced rates of GVHD, whilst not increasing graft rejection, leading to improvements in
overall survival 1%, A large EBMT study recently highlighted that OS for MUD HSCT is
now approaching that of MSD HSCT, confirming that these developments were leading to
tangible improvements 2°. We also recently published a report of 44 successive children
who received a 10-antigen (HLA-A, -B, -C, -DRB1, -DQB1) MUD HSCT’s, 40 of whom had
previous IST. HSCT conditioning was a fludarabine, cyclophosphamide and alemtuzumab
(FCC) regimen and did not include radiotherapy. There was an excellent estimated 5-year

FFS of 95% with low rates of acute and chronic GVHD 21.



Evidence of upfront MUD HSCT in SAA

Following on from the excellent results that were seen in MUD HSCT post IST failure, we
then determined the outcomes of front line MUD HSCT. Dufour et al, explored the
feasibility and safety of upfront MUD transplantation in 29 children (aged between 0.5-
18.6 years) from a UK cohort who received MUD HSCT (5 patients received mismatched
unrelated donor (MMUD) HSCT) 2. These patients lacked a MSD and did not receive prior
IST. Outcomes measures were OS and EFS, which were derived from standard definitions
used in previous AA publications 22. Outcomes were compared with matched historical

controls who had received:

(i) front-line MSD HSCT
(ii) front-line IST with horse ATG and cyclosporin and

(iii) MUD HSCT post IST failure as second-line therapy.

Time to neutrophil recovery in the MUD cohort was on average 18 days (range 9-29),
translating to a median time from diagnosis to neutrophil recovery of 0.39 years. This
compares favourably with average time to neutrophil recovery with IST of 0.25-0.33

years.

Rates of GVHD were low with fludarabine, cyclophosphamide and alemtuzumab

conditioning (FCC). The 1-year cumulative incidence (Cl) of grade Il-IV acute GVHD was
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10% + 6%, and 19% * 8% chronic GVHD (all cases were limited). One patient experienced
graft failure after a 1-antigen mismatched transplant (this patient also had pre-existing
HLA-A antibodies) and subsequently received a second successful HSCT. There was one
death following MUD HSCT, due to idiopathic pneumonia syndrome after engraftment.

The remaining 27 patients all achieved a complete remission.

There was no significant difference in OS and EFS between the upfront MUD/MMUD
versus MSD controls (96% vs 91%, P=0.3 and 92% vs87%, P=0.37, respectively) (Figurel).
Compared to IST controls, there was no significant difference between the OS seen in
front line MUD HSCT cohort (94% vs 96%, P=0.68). There was however, significantly
higher EFS in the MUD group vs IST control. (92% vs 40%, P=0.0001) (Figure 2). Lastly,
comparison with MUD HSCT post IST failure controls revealed significantly higher OS and
EFS (74% vs 95% for both OS and EFS, P=0.02) in the upfront MUD group (Figure 3). In the
MUD post IST failure controls the median interval between diagnosis and HSCT was one
year. An interval from diagnosis to HSCT greater than 6 months has been shown to
adversely affects survival and this most likely explain the difference in OS seen between
the two groups ?°. A short interval between diagnosis and HSCT is desirable as it reduces

time to acquire infection or development of HLA antibodies from transfusions.

This study and others 17 demonstrate that many of the factors that the previously made

front line MUD HSCT undesirable i.e. severe GVHD, graft failure, treatment related



mortality are no longer major concerns. Furthermore, the very high complete remission
rates seen with MUD HSCT are particularly important in children to enable them to pursue

a normal quality of life.

Both the UK studies are limited by being retrospective with the potential for selection
bias. To counter this, a US prospective trial (TransIT, Trial number NCT02845596) is
currently recruiting patients under 25 with SAA who lack a MSD to compare IST with horse
ATG vs 10/10 or 9/10 MUD HSCT. This study will hopefully determine the safety and

feasibility of front line MUD HSCT and lead to a comparison of EFS between IST and HSCT.



Factors affecting whether to undertake upfront MUD HSCT

The decision to proceed with MUD or IST should be determined based on patient and
donor factors (Table 4). Ethnic origin is a major determinant of a patient’s likelihood of
finding a matched unrelated donor. In one North American study, donors with a 7-8/8
HLA match were found in 90% of White/non-Hispanic patients, 76% of Hispanics, 62% of
Black/African Americans and 33% of Asians 23. Thus for some patients from non-
Caucasian backgrounds, front line MUD HSCT may not be a suitable option. Timing is
highly relevant in whether to proceed with MUD. Patients should be tissue typed in the
diagnostic work-up for SAA, to minimize delays in a MUD search if required. If a suitable
unrelated donor cannot be found, or delays are anticipated with arranging the donation,
then it is preferable to proceed with IST first-line, as delays in proceeding with IST could

adversely affect response rates.
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Counselling the patient and family

The study by Dufour et al?, led the European blood and marrow transplant SAA Working
Party (EMBT SAAWP) and the UK Children’s Cancer and Leukemia Group (CCLG) to
recommend that if a MUD can be found quickly, then HSCT may be considered an upfront
treatment in children who lack a MSD. The UK paediatric idiopathic SAA algorithm is
detailed in Figure 4. In the absence of prospective trials, then it is crucial to weigh up the
factors for and against MUD HSCT in each case. It is recommended that all patients with
SAA are cared for in centers with specialized experience in the management of children
and adolescents with AA. A careful discussion with the patient and family to weigh up
pros and cons of IST vs front line MUD HSCT is required. This can only be done in

specialized hematology centres.

Alternative Stem Cell Sources

Haploidentical transplants are an attractive option due to rapid availability of a potential
donor for most children. A retrospective multicentre data comparing haploidentical HSCT
with matched sibling donor transplants showed similar overall survival (86.1 vs 91.3%)
and failure free survival (85 vs 89.8%) %*. The haploidentical group did experience
significantly higher rates of GVHD; nevertheless this data does suggest that in experienced
centres, front line haploidentical HSCT is an emerging option especially when horse ATG

or a MUD is readily not available?>26, A US prospective study (Trial number NCT02833805)
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is currently recruiting to determine the feasibility and safety of conducting front line

MUD, partially matched and haploidential HSCT in SAA.

Future directions of study

Predicting which patients will respond to IST and who might develop clonal evolution may
help to refine which patients may benefit from front line HSCT or IST. A study of 64
children with AA found that short telomere length (STL), as measured by flow cytometry,
was a predictor of poor response to IST ?’. A follow up paper from the same group showed
that the presence of a minor PNH clone was a predictive of good response to IST, and this
was used to define good risk patients (PNH positive and/or longer telomere lengths)and
poor risk (STL and no PNH clone). The good risk group showed a significantly better
response to IST compared with poor risk (70% vs 19%, P<0.001) 28. A Japanese study is
planned to explore front line transplantation in children who have poor prognostic
markers to IST i.e. STL and absence of PNH clone. Other biomarkers of IST response have
been investigated. Very high levels of thrombopoietin at diagnosis is an independent
predictor of poor response 2%, and the presence of intracellular interferon-gamma in

patients lymphocytes may predict a good response to ISTC,

With the advent of next generation sequencing (NGS) small populations of clonal
haematopoiesis have been found in many patients with AA. Specific mutations may be

predictive of poor response to IST and/or evolution to MDS/AML via immune escape and
12



increased proliferation 3. Analysis suggests that BCOR and BCORL1 mutations are
associated with a good response to immunosuppressive therapy, while ASXL1, DNMT3A
and RUNX1 mutations are linked with poor progression free and overall survival®?. Those
patients found to harbour these deleterious mutations may benefit most from transplant

rather than IST, though this would need to be determined in future studies.

Improving outcomes in those undergoing IST appears to be possible with the addition of
Eltrombopag, a thrombopoietin mimetic which has induced trilineage hemopoietic
recovery in patients with IST-refractory AA33. Recent studies have shown that the addition
of Eltrombopag to IST leads to improved response rates in treatment naive patients 34,
Further studies aim to recruit pediatric patients (NCT01623167) to assess efficacy and
safety in this group. This development may lead to IST outperforming upfront MUD once
again, although clonal evolution remains a potential concern, with some patients in these

studies developing monosomy 7 and complex cytogenetic abnormalities 3°.

Conclusions

Upfront MUD HSCT is a safe and feasible treatment option for children and young adults
with aplastic anemia when a suitable donor is readily available. Thus all patients who lack
a MSD should have a donor search is initiated at diagnosis. The decision to proceed with
transplant requires careful discussion with the patient and their family and should only

be performed in a specialist centre experienced in the management of aplastic anemia.
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