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Abbreviations

aGvHD Acute graft-versus-host disease

ALL Acute lymphoblastic leukaemia

ALT Alanine transaminase

AML Acute myeloid leukaemia

ARDS Acute respiratory distress syndrome

AST Aspartate transaminase

ATG Antithymocyte globulin

BBB Blood-brain barrier

BM Bone marrow

cGvHD Chronic graft-versus-host disease

Cl Confidence interval

CLL Chronic lymphocytic leukaemia

CML Chronic myeloid leukaemia

CMV Cytomegalovirus

CR Complete remission

CSA Cyclosporine A

CTCAE Common terminology criteria for adverse events

EBMT European Society for Blood and Marrow Transplantation

EBV Epstein-Barr-Virus

ET Essential thrombocythaemia

FLAG Salvage therapy for AML consisting of fludarabine, cytarabine and G-CSF

FLAMSA-RIC | Conditioning regimen containing fludarabine, amsacrine and cytarabine and
followed by a reduced intensity conditioning

FLT3 fms-like tyrosine kinase 3

G-CSF Granulocyte-colony stimulating factor

GvHD Graft-versus-host disease

GvL Graft-versus-leukaemia (or malignancy) effect

Gy Gray (Systéme Internationale unit of absorbed dose of ionizing radiation)

HLA Human leucocyte antigen

HSCT Haematopoietic stem cell transplantation

Ida Idarubicin

JAK2 Janus kinase 2

MAC Myeloablative conditioning

MDS Myelodysplastic syndrome

MHC Major histocompatibility complex

MMF Mycophenolate mofetil

mMUD Mismatched unrelated donor

MPN Myeloproliferative neoplasms

MRD Matched related donor

MTX Methotrexate

MUD Matched unrelated donor

NHL Non-Hodgkin lymphoma

NMC Non-myeloablative conditioning

NPM1 Nucleophosmin 1

NRM Non-relapse mortality

oS Overall survival

PBSC Peripheral blood stem cells

PCR Polymerase chain reaction

PGF Primary graft failure

PIF Primary induction failure

PMN Polymorphonuclear leucocytes




PTLD Post-transplant lymphoproliferative disease

PV Polycythaemia vera

RFES Relapse-free survival

RIC Reduced intensity conditioning

SGF Secondary graft failure

S-HAM Salvage therapy for AML consisting of sequential high dose cytarabine and
mitoxantrone

SOS Sinusoidal obstruction syndrome (previously known as VOD — hepatic veno-
occlusive disease)

TBI Total body irradiation

TKI Tyrosine kinase inhibitor

Treo/Flu Conditioning regimen containing treosulfan and fludarabine

Treo/Flu/AraC

Conditioning regimen containing treosulfan, fludarabine and cytarabine

WHO

World Health Organisation




Abstract

Background: Allogeneic haematopoietic stem cell transplantation (HSCT) remains the only
long-term curative treatment option for selected patients with haematological malignancies
including acute myeloid leukaemia (AML), myelodysplastic syndrome (MDS) and the
myeloproliferative neoplasms (MPN). Those who undergo transplantation do so because they
are unlikely to achieve permanent remission after receiving standard treatment. This is due to
the aggressive and chemotherapy-resistant nature of their disease, or due to a high risk of
disease relapse. For many years, patients of advanced age and those deemed medically infirm
were excluded from undergoing allogeneic HSCT due to the high non-relapse mortality (NRM)
rates of the original myeloablative conditioning (MAC) regimens. Reduced intensity
conditioning (RIC) regimens were therefore developed to afford an acceptable degree of
toxicity for patients who would otherwise not be able to undergo such intensive treatment.
However, it has been observed that patients undergoing RIC have a higher rate of disease
relapse than patients undergoing MAC. The success of RIC relies more heavily on the graft-
versus-malignancy effect (GvL) than MAC, without specifically aiming at the reduction of
residual leukaemic burden before allogeneic HSCT. Regimens are required that provide
effective conditioning for advanced and aggressive disease, reducing the risk of relapse, whilst
remaining tolerable to those unsuited for MAC. The combination of treosulfan and fludarabine
(Treo/Flu) is already an established toxicity-reduced conditioning regimen for patients with a
range of malignant and non-malignant haematological conditions. Previous studies have used
treosulfan at doses between 10 and 14 g/m2. The aim of the addition of cytarabine to this
regimen, one of the most effective chemotherapeutic agents against myeloid malignancies, is
to reduce the leukaemic disease burden prior to transplantation. This, coupled with the use of
a higher dose of treosulfan (14 g/m?), has the potential to reduce the risk of malignant disease
relapse, whilst maintaining an acceptable NRM and level of toxicity. This study aims to assess

the feasibility, tolerability and effectiveness of Treo/Flu/AraC as a conditioning regimen.

Methods: The outcomes of 77 patients who received an allogeneic HSCT between July 2009
and August 2018 with conditioning according to the treosulfan, fludarabine and cytarabine
(Treo/Flu/AraC) regimen were retrospectively analysed. The median age of the population was
54 years (range, 18-69 years). A total of 80 transplantations were evaluated. Three patients
were transplanted twice using the Treo/Flu/AraC regimen. Patients were treated for AML, MDS
or MPN. Only 28 % of patients were in the first complete remission (CR1) at the time of
transplantation. The standard regimen consisted of treosulfan 14 g/m? intravenously from day
-6 to day -4 or day -4 to day -2, fludarabine 30mg/m? intravenously from day -6 to day -2 and
cytarabine 2000 mg/m? intravenously on day -6 to -5. For patients receiving grafts from
unrelated donors, rabbit-derived antithymocyte globulin (ATG) 10 mg/kg was given

intravenously from day -4 to day -2. The prophylaxis regimen against graft-versus-host disease
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(GvHD) consisted of cyclosporine A in combination with either methotrexate or mycophenolate
mofetil. The primary outcome was relapse-free survival (RFS). Secondary outcomes were
overall survival (OS), NRM, cumulative incidence of relapse, neutrophil and platelet
engraftment, chimaerism, acute and chronic GvHD and occurrence of toxicities or adverse

events.

Results: Median follow-up time was 1161 days (3.2 years, range, 13 days-9.8 years). One-,
two- and three-year RFS rates were 47.5 %, 40.7 % and 37.3 %, respectively. One, two- and
three-year OS rates were 59.3 %, 49.3 % and 45.4 %, respectively. Cumulative incidences of
NRM were 10 % (95 % confidence interval (Cl), 5 %-18 %) at 100 days, 18.8 % (95 % ClI,
11 %-28 %) at 1 year and 20.1 % (95 % ClI, 12 %-30 %) at 2 years. The one- and three-year
cumulative incidences of relapse were 34 % (95 % ClI, 24 %-44 %) and 41 % (95 % CI, 30 %-
52 %), respectively. The day 28 cumulative incidence of engraftment of neutrophils was 85 %
(95 % CI, 75 %-91 %). By day +37 all patients had achieved neutrophil engraftment. The day
28 cumulative incidence of platelet engraftment was 82.5 % (95 % ClI, 72 %-89 %). By day
100, this had increased to 85 % (95 % ClI, 75 %-91 %). The cumulative incidence of complete
donor-type chimaerism was 84 % (95 % Cl, 74 %-90 %) on day +28. Day 100 cumulative
incidences of grade | - IV, Il - IV and Ill - IV acute GvHD were 38 % (95 % Cl, 27 %-48 %),
22 % (95 % Cl, 13 %-33 %) and 6 % (95 % Cl, 2 %-14 %). Acute grade IV GvHD of the liver
led to the death of one patient. The cumulative incidence of mild to severe chronic GvHD at
two years was 15 % (95 % Cl, 8 %-24 %). Mucositis was an important complication occurring
in 41 % of patients at grade I-IV. Sinusoidal obstruction syndrome (SOS) was diagnosed in
three patients. One patient ultimately died from liver failure caused by this condition. There
was only one case of grade 3-4 nephrotoxicity. A rise in bilirubin reached grade 3-4 in 16 % of
cases and an alanine transaminase (ALT)/aspartate transaminase (AST) rise in 22 %. All

organ toxicities except for the one case of grade 3-4 nephrotoxicity were reversible.

Conclusion: The Treo/Flu/AraC regimen provides feasible, tolerable and effective
conditioning for patients with AML, MDS or MPN even in advanced disease states. The
incidence of NRM is acceptable in this heavily pre-treated patient population. A prospective
randomised controlled clinical trial comparing this regimen with Treo/Flu and/or FLAMSA-RIC
conditioning needs to be carried out to confirm the non-inferiority and/or superiority of the
Treo/Flu/AraC regimen. The patients who would benefit the most from the application of this

conditioning should be identified.



Zusammenfassung

Hintergrund: Eine allogene hamatopoetische Stammzelltransplantation (HSCT) ist die
einzige kurative Behandlungsmoglichkeit fiur viele Patienten mit den malignen
hamatopoetischen Erkrankungen akute myeloische Leukamie (AML), myelodysplastisches
Syndrom (MDS) und die myeloproliferativen Neoplasien (MPN). Patienten werden fir eine
Transplantation selektiert, falls unter einer Standardbehandlung keine langfristige Remission
erreicht werden kann. Bei alteren Patienten und die mit zahlreichen Komorbiditaten, konnten
friher keine Stammzelltransplantationen durchgefuhrt werden. Die therapiebedingte Mortalitat
(non-relapse mortality, NRM) der urspriinglichen myeloablativen Konditionierungsschemata
(myeloablative conditioning, MAC) war inakzeptabel hoch. Fir solche Patienten wurden
Protokolle mit einer reduzierten Intensitat zur Konditionierung (Reduced Intensity Conditioning,
RIC) entwickelt, um die Toxizitat auf ein akzeptables Mal3 zu senken. Leider fiihrte der Einsatz
von RIC zu einer hoheren Rate von Rezidiven als unter einem MAC-Regime. Der Erfolg von
RIC beruht zum Teil auf dem Graft-versus-Malignancy-Effekt. So besteht weiterhin ein Bedarf
an verbesserten Konditionierungsschemata, die gegen fortgeschrittene und aggressive
maligne hamatopoetische Erkrankungen wirksam sind. Die Schemata miissen aber eine gute
Vertraglichkeit und akzeptable NRM-Rate haben. Die Kombination von Treosulfan und
Fludarabin (Treo/Flu) ist bereits ein etabliertes Behandlungsschema mit reduzierter Toxizitat
fur Patienten mit einer Reihe von hamatologischen boésartigen und nicht bdésartigen
Erkrankungen. Eine retrospektive Beobachtungsstudie sollte zeigen, ob die Zugabe von
Cytarabin zu diesem Protokoll, und die Verwendung einer hoheren Dosis von Treosulfan
(14g/m? anstelle von 10g/m?), das Risiko eines Rickfalls bei bosartigen Erkrankungen
verringert, ohne dass Toxizitdt und NRM ansteigen. Diese Studie zielt darauf ab, die
Durchfuihrbarkeit, ~ Vertraglichkeit ~ und  Wirksamkeit von  Treo/Flu/AraC  als

Konditionierungsschema zu bewerten.

Methoden: Ergebnisse von 77 Patienten im Alter von 18 bis 69 Jahren (medianes Alter 54
Jahre), die zwischen Juli 2009 und August 2018 eine allogene HSCT mit Konditionierung nach
Treosulfan, Fludarabin und Cytarabin (Treo/Flu/AraC) erhielten, wurden retrospektiv
analysiert. Insgesamt wurden 80 Transplantationen ausgewertet. Drei Patienten wurden
zweimal unter Verwendung des Treo/Flu/AraC-Protokolls transplantiert. Die Patienten wurden
wegen AML, MDS oder MPN behandelt. Nur 28 % der Patienten befanden sich zum Zeitpunkt
der Transplantation in der ersten vollstandigen Remission (CR1). Das Regime bestand aus
Treosulfan 14 g/m? intraventés von Tag -6 bis Tag -4 oder Tag -4 bis Tag -2, Fludarabin
30 mg/m? intravends von Tag -6 bis Tag -2 und Cytarabin 2000 mg/m? intravends am Tag -6
bis -5. Bei Patienten, die Transplantate von nicht verwandten Spendern erhielten, wurde
zusatzlich von Kaninchen stammendes Antithymozytenglobulin 10 mg/kg von Tag -4 bis Tag

-2 intravends verabreicht. Die Prophylaxe gegen der Graft-versus-Host-Reaktion (graft-
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versus-host disease, GvHD) bestand aus Cyclosporin A in Kombination mit Methotrexat oder
Mycophenolatmofetil. Das priméare Ergebniskriterium war das rezidivfreie Uberleben (RFS).
Sekundare Endpunkte waren das Gesamtiberleben (OS), die NRM, die kumulative
Rezidivinzidenz, die kumulative Inzidenz des Neutrophilen- und Thrombozytenengraftments
(Einwachsen des Transplantats) und des Chiméarismus, die kumulative Inzidenz der akuten

und chronischen GvHD sowie das Auftreten von Toxizitéten oder unerwiinschten Ereignissen.

Ergebnisse: Die mediane Nachbeobachtungszeitraum umfasste 1161 Tage (3,2 Jahre,
Spannweite: 13 Tage—9,8 Jahre). Die ein-, zwei- und dreijahrigen RFS-Raten betrugen
47,5 %, 40,7 % bzw. 37.3 %. Die ein-, zwei- und dreijahrigen OS-Raten betrugen 59.3 %,
49,3 % bzw. 45,4 %. Die kumulative Inzidenz von NRM betrug 10 % (95 % Konfidenzintervall
(C), 5%-18 %) nach 100 Tagen, 18,8 % (95 % CI, 11 %-28 %) nach ein Jahr und 20,1 %
95% CI, 12%-30%) nach zwei Jahren. Die kumulative Inzidenz des
Neutrophilenengraftments erreichte 85,0 % (95 % CI, (75 %-91 %) am Tag +28. Am Tag +37
hatten alle Patienten ein erfolgreiches Neutrophilenengraftment erreicht. Die kumulative
Inzidenz des Thrombozytenengraftments erreichte 82,5 % (95 % Cl, 72 %-89 %) am Tag +28.
Bis zum Tag +100 war dieser Wert auf 85 % (95 % CI, 75 %-91 %) angestiegen. Der
vollstandige Spenderchimarismus erreichte 84,0 % (95 % ClI, 74 %-90 %) am Tag +28. Die
kumulative Inzidenz der aGvHD bis Tag +100 betrugen 38 % (Grad I-1V, 95 % ClI, 27 %-48 %),
22 % (Grad II-1V, 95 % ClI, 13 %-33 %) und 6 % (95 % Cl, 2 %-14 %). Akute Leber-GvHD Grad
IV verursachte den Tod eines Patienten. Die kumulative Inzidenz von leichter bis schwerer
chronischer GvHD nach zwei Jahren betrug 15 % (95 % ClI, 8 %-24 %). Mukositis stellte eine
schwere Komplikation bei 41 % der Patienten dar. Bei drei Patienten wurde eine vendse
okklusive Leberkrankheit (auch als hepatic sinusoidal obstruction syndrome (SOS) bekannt)
diagnostiziert. Ein Patient starb an dieser Komplikation. Bei einem Patienten (1,3 %) trat eine
Nephrotoxizitat 3-4 Grades auf. Ein Anstieg des Bilirubins und des ALT/AST Wertes erreichte
Grad 3-4 in etwa 22 % der Falle. Alle Organtoxizitaten mit Ausnahme des einen Falls von

Nephrotoxizitat 3-4° waren letztendlich reversibel.

Fazit: Das Treo/Flu/AraC-Schema stellt eine durchfihrbare, tolerable und wirksame
Konditionierung fir Patienten mit AML, MDS oder MPN, auch bei fortgeschrittenen
Krankheitsverlaufen, dar. Die NRM ist in dieser intensiv vorbehandelten Patientenpopulation
akzeptabel. Weitere Studien waren erforderlich, um diese Ergebnisse zu Uberprifen und
Patienten zu identifizieren, die am meisten von der Therapie mit erhdhter antileukamischer
Aktivitat profitieren kdnnten. Eine prospektive randomisierte kontrollierte klinische Studie, in
der dieses Schema mit Treo/Flu und FLAMSA-RIC verglichen wird, ware hilfreich um die Non-

Inferioritat oder Superioritat der Treo/Flu/AraC-Konditionierung zu tberprifen.



Introduction

Allogeneic haematopoietic stem cell transplantation (HSCT) is a potentially curative treatment
for a variety of haematological disorders, both malignant and benign. Less commonly, it is
employed for the treatment for solid tumours and autoimmune diseases (1). The success of
an allogeneic HSCT relies on many factors. The preparation begins long before admission to
hospital. After a patient gives their consent to the procedure, a battery of tests will be conducted
to assess their suitability and to identify if any underlying infections or health problems need to
be treated beforehand. A search begins for a suitable donor, either from within the family or in
the form of an unrelated donor. The donor should be as good an HLA-match to the patient as
possible. Every nucleated cell in the human body expresses glycosylated cell surface proteins
called human leucocyte antigens (HLA). They are an important part of the adaptive immune
system. T-lymphocytes can only recognise an antigen if it is associated with one of these
molecules. The HLA proteins are coded for by a gene complex, also known as the major
histocompatibility complex (MHC), on chromosome six. Three of the genes (HLA-A, HLA-B
and HLA-C) code for the class | MHC proteins. The HLA-D (HLA-DP, HLA-DR and HLA-DQ)
loci codes for the class Il MHC proteins. Patients and donors are typically typed based on HLA-
A, -B, -C, -DP and -DQ alleles. A fully matched donor and recipient will have identical alleles
of these five genes. If a donor’s cell express different HLAs to the recipient, an immune
response may be initiated by the donor cells in the recipient. This is known as graft-versus-
host disease (GvHD). Therefore, the success of an allogeneic HSCT depends, in part, on the
matching of the donor’s and patient’s HLAs. Once a donor is found, the conditioning regimen
for the patient can be discussed and chosen. This decision will be based on the individual’s
characteristics including diagnosis, comorbidities, age and disease stage and sensitivity to
previous treatments. Much research has been conducted in to the safety and efficacy of
various regimens, with an emphasis on reducing both medullary and extra-medullary toxicity.
Conditioning regimens should reduce malignant disease burden. The graft-versus-malignancy
(GvL) effect can be exploited so that pre-transplant conditioning need not completely eradicate
all malignant cells in the body. Sufficient immunosuppression should also be provided by the
regimen in order to encourage engraftment and reduce the risk of graft rejection and GvHD.
This immunosuppressive effect can be, for example, provided by low dose total body irradiation
(TBI) with 2 Gray (Gy) (2, 3). Additionally, prior to the infusion of the donor stem cells, the
patient begins receiving immunosuppressive drugs to further reduce the incidence of GvHD
and rejection. Antithymocyte globulin (ATG) is also given prior to the administration of stem
cells to reduce the risk of GvHD. The immunosuppressive drugs are continued for some
months after the transplant and are tapered off in the absence of GvHD. The
immunosuppressive regimen must also allow for the development of the graft-versus-

leukaemia (GvL) effect, whereby the donor cells reduce the risk of relapse of the malignant



condition by killing the residual leukaemic or malignant cells. Balancing the level of
immunosuppression is difficult and requires an experienced clinician and regular monitoring of
disease activity and donor-host chimaerism. From beginning to end, this process is fraught
with potential complications. The immune system and the interaction between the host and the
graft is complex. Even with current advances in our knowledge, the outcomes seen after
allogeneic HSCT, though far better than they were 50 years ago, are still not optimal for every
patient. The aim of current research is to understand the factors that limit the success of a

transplant and how to use that knowledge to improve the outcomes for our patients.

This work will focus on patients with acute myeloid leukaemia (AML), myelodysplastic
syndromes (MDS) or myeloproliferative neoplasms (MPN) that were conditioned with a
combination of treosulfan, fludarabine and cytarabine (Treo/Flu/AraC) before allogeneic
HSCT. Here, the haematological conditions included in the study will be briefly outlined. Then
follows a short summary of the history of allogeneic haematopoietic stem cell transplantation,
with an emphasis on the conditioning regimens that have been trialled. The regimen that has
been used in this study, and the rational for its use, will be outlined and will be followed by a

short discussion on the current use of ATG in allogeneic HSCT.

Myelodysplastic Syndromes

Myelodysplastic syndromes (MDS) are a heterogeneous group of clonal stem cell disorders
characterised by ineffective haematopoiesis. The term, ‘clonal stem cell disorder’, describes
the situation in which alterations in a single haematopoietic progenitor cell can give rise to an
entire disease (4). The clonal evolution of this disorder can lead to the development of acute
myeloid leukaemia. MDS most commonly affects the elderly, with a median age at diagnosis
of 70 years. The condition can arise de novo, from exposure to environmental toxins, or as a
result of treatment of a primary malignancy. Cases of MDS present with dysplasia, refractory
peripheral blood cytopenia (most commonly anaemia) and bone marrow that shows either
normal or increased cellularity (5). Dysplasia, an abnormality in the maturation of cells, can
affect one or more haematopoietic lineages. Commonly observed dysplastic changes in MDS
include megaloblastoid erythroid maturation, neutrophil hypolobulation or hypogranulation and
small megakaryocytes. Cytopenias, deficiencies of a particular type of blood cell, are most
likely caused by dysregulated cell death pathways in haematopoietic precursors (6). In MDS,
the apoptotic index of cells found in bone marrow biopsies is consistently higher than in healthy
subjects and cells of all stages of maturation, ranging from blasts to terminally mature cells
belonging to all three lineages are affected (7). Most sufferers will die of complications

associated with their cytopenias.

There have been numerous attempts to create a classification system for MDS. The systems

that have been devised rely on morphologic, cytochemical and immunophenotypic features of
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the pathological cells. The World Health Organisation (WHO) classification system is the one
in current use and was revised in 2016 (8). The system relies on an integrated approach tying
in haematologic, morphologic, cytogenic and molecular genetic findings. Cytopenic and
morphological changes have been refined along with new information that has emerged on the
genetics of MDS. The number of dysplastic lineages and cytopenias, as well as the peripheral
and bone marrow blast counts and the presence or absence of ringed sideroblasts, continue
to make up a central part of the classification system. In the case of myeloid neoplasms, the
malignant blast cells are immature precursors of granulocytes. These cells lose their ability to

differentiate normally and do not respond to normal regulators of cell proliferation.

The best treatment choice for MDS is based on several factors. The goals of therapy are to
ameliorate symptoms and reduce the risk of transformation to AML, thereby improving quality
of life and potentially improving prognosis. As the average age at diagnosis is 70, many of
those diagnosed have pre-existing comorbidities, which may limit the treatment that can be
offered. At the time of diagnosis, a patient will be stratified according to the Revised
International Prognostic Scoring System (IPSS-R) into very low risk, low risk, intermediate risk,
high risk and very high risk (9). Patients receive a score based on their cytogenetic risk group,
marrow blast count and severity of cytopenia. The IPSS-R is yet to incorporate molecular
genetic information to group patients as the prognostic significance of commonly found
mutations needs to be further investigated. The scoring system is also only validated for adult
patients with de novo disease treated according to best supportive care guidelines (10).
Despite these limitations, the IPSS-R score still forms a large part in the decision-making
surrounding treatment options. These options range from watchful waiting to potentially
curative therapy. Concurrent comorbidities and the patient’s performance status also play a
sizeable role in deciding which treatments patients can reliably tolerate. Patients are assigned
a performance status based on their general well-being and ability to perform normal daily
activities. The most commonly used scoring system is the Karnofsky Index, which runs from
100 (perfect health) to O (death).

Early treatment of MDS has not been shown to reduce the risk of AML transformation or death.
Therefore, observation is appropriate for asymptomatic low risk patients until they display
symptoms (11). Erythropoiesis-stimulating agents with or without granulocyte colony
stimulating factor (G-CSF) can improve anaemia in 40-50 % of anaemic patients with low-risk
MDS (12). Blood and/or platelet transfusions can be offered for symptomatic cytopenia. After
repeated blood transfusions, an iron chelator may be necessary, and this is generally offered
at a ferritin level above 1000 ng/ml. The most appropriate treatment of neutropenia has not yet
been established. It often does respond to myeloid growth factors, but they have not been

shown to improve survival or to significantly reduce infection risk (13).



Within the revised 2016 WHO classification of myelodysplastic syndromes there is a distinct
clinical entity known as MDS with isolated del(5q). This is a distinct haematological disorder,
first described in 1974 (14), associated with an acquired deletion of the long arm of
chromosome 5. The region that is most commonly found to be deleted is a 1.5 megabase
interval at 5932 (15). Patients with this 5q deletion syndrome tend to have a good prognosis
with a longer life expectancy compared to other MDS subgroups and a lower risk of
progression to AML (16). These patients may be offered therapy with lenalidomide (a derivative
of thalidomide). This drug is an immunomodulator with several mechanisms of action. It has a
direct effect on MDS blast cells by both inhibiting their proliferation and inducing apoptosis, as
well as an immune modulatory effect by activating T- and natural killer (NK)-cells (17). For
those with intermediate and high risk MDS, without the 5q deletion syndrome, and for those
for whom a transplant is not planned, 5-azacytidin, a cytidine analogue and hypomethylating
agent, can be administered. Treatment with 5-azacytidin has been shown to improve overall
survival and prolong time to AML transformation (18). A once daily administration over seven
continuous days has been found to be the most effective dosing schedule (19). Those with
intermediate to high risk disease may be offered an allogeneic HSCT if they are deemed
suitable, and if they so choose. This is the only treatment to offer the chance of a long-term
cure. Itis not clear if bridging therapy as an attempt at reducing the disease burden, also known
as cytoreduction, prior to allogeneic HSCT is beneficial in MDS. A recent review on the matter
concluded that in those patients with more than 10 % blasts, cytoreductive therapy could be
considered, especially if reduced intensity conditioning is planned (20). Those with less than
10 % blasts should proceed straight to transplantation. However, the results of randomised

controlled trials are still awaited.

Acute Myeloid Leukaemia

Like the myelodysplastic syndromes, acute myeloid leukaemia is a complex and
heterogeneous malignant disease, affecting the myeloid cell lineage. The condition is
characterised by an increase in the number of immature myeloid cells (blasts) in the bone
marrow (21). It may arise de novo, be secondary to MDS/MPN or secondary to exposure to
cytotoxic drugs used to treat other malignancies. The median age at diagnosis is 70 years.
After chronic lymphocytic leukaemia, it is the most commonly diagnosed leukaemia in adults
(22). It still has a very poor prognosis and is fatal in around 80 % of patients. According to a
large study performed by the Swedish Acute Leukaemia Registry, outcomes were strongly
dependent on age and performance status (23). Other factors affecting overall survival and
relapse-free survival include: existing comorbidities, disease characteristics including
cytogenetics and available treatment options. AML presents with a range of signs and
symptoms including those associated with bone marrow failure (fatigue, bleeding, increased

number and severity of infections and atypical infections) and organ infiltration with leukaemic
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cells (splenomegaly, lymphadenopathy, gingival hyperplasia and, rarely, pericarditis and
myopericarditis (24)). Signs and symptoms caused by infiltration of the brain and lung with
leukaemic cells have also been reported (25, 26). Blood results may reveal a bi- or

pancytopenia, or indeed a leucocytosis with or without circulating blasts.

Like MDS, the classification of AML has undergone a revision since the last WHO update in
2008. There is an increased focus on significant cytogenetic and molecular genetic subgroups,
reflecting the advances in research in this field (8). Treatment of AML is based partially on the
risk profile afforded by the specific mutations found in the leukaemic blast cells (see Table 1).

Table 1: 2017 European LeukemiaNet (ELN) risk stratification by genetics. Reproduced from
[23]

Risk Category | Genetic Abnormality

Favourable t(8;21)(g22;922.1); RUNX1-RUNX1T1

inv(16)(p13.1922) or t(16;16)(p13.1;922); CBFB-MYH11

Mutated NPM1 without FLT3-ITD or with FLT3-ITDlow*

Biallelic mutated CEBPA

Intermediate Mutated NPM1 and FLT3-ITDhigh*

Wild-type NPM1 without FLT3-ITD or with FLT3-ITDlow* (without
adverse-risk genetic lesions)

t(9;11)(p21.3;923.3); MLLT3-KMT2A

Cytogenetic abnormalities not classified as favourable or adverse
Adverse 1(6;9)(p23;934.1); DEK-NUP214

t(v;11923.3); KMT2A rearranged

t(9;22)(q34.1;911.2); BCR-ABL1

inv(3)(g21.3926.2) or t(3;3)(gq21.3;926.2); GATA2,MECOM(EVI1)
25 or del(5q); 27; 217/abn(17p)

Complex karyotype, monosomal karyotype

Wild-type NPM1 and FLT3-ITDhigh*

Mutated RUNX1, ASXL1 or TP53

*Low: low allelic ratio (<0.5), high: high allelic ratio (=0.5)

A mutation in the nucleophosmin (NPM1) gene is the most commonly acquired molecular
abnormality in AML cells (27). NPM1 is expressed ubiquitously and is predominantly localised
in the nucleolus. It shuttles between the nucleus and cytoplasm and has been implicated in
multiple cell functions, including ribosomal protein assembly and transport and control of
centrosome duplication (28). Mutations in exon 12, the part of the gene that encodes for the
nucleolar localisation sequence, seem to be the most commonly associated with AML (29). An
NPM1 mutation in leukaemic cells with a normal karyotype and no further genetic abnormalities
provides a good prognosis. At the other end of the spectrum leukaemic cells with a complex
karyotype and a 5q deletion provide a poor prognosis for the patient. However, the course of
the disease and response to standard treatment is also a big factor in considering the best
treatment to offer the patient. There is a significant survival advantage for those who achieve
complete remission (CR) within 100 days of starting standard therapy (30). The most
commonly employed treatment protocol consists of two rounds of induction therapy followed
9



by three to four rounds of consolidation therapy. Induction consists of, for example, a seven-
day course of a low-dose continuous infusion of cytarabine combined with a three-day course
of daunorubicin, a DNA intercalating agent. Consolidation therapy consists generally of three
to four courses of high dose cytarabine. If, on day 15 after the first induction therapy, there are
still more than 5 % myeloid blasts in the bone marrow, the initiation of a salvage or rescue
therapy should be considered. Frequently used regimens include FLAG (fludarabine,
cytarabine, G-CSF), with or without idarubicin (Ida), or S-HAM (sequential high dose
cytarabine and mitoxantrone). Although idarubicin and mitoxantrone stem from different drug
classes, they both prevent DNA replication by interfering with the action of the enzyme
topoisomerase Il. Suitable patients with a high-risk leukaemia should be informed early on of
their option to undergo an allogeneic HSCT. A transplantation may be performed as early as

following the first course of induction.

As we learn more about the molecular biology of acute myeloid leukaemia, more targeted
therapies are being developed and approved. One therapy of note is for patients with mutations
in the gene FLT3 (fms-like tyrosine kinase). This gene encodes a receptor tyrosine kinase that
regulates haematopoiesis and the mutations that lead to AML cause a constitutive activation
of this enzyme. Midostaurin, a tyrosine kinase inhibitor, has been approved for use in patients
with FLT3 mutations based on the international phase Il RATIFY study (31). Midostaurin was
given orally and combined with standard chemotherapy, induction and consolidation, and
patients received midostaurin as maintenance therapy for a year after completion of standard
treatment. The placebo-controlled study showed a significant improvement in overall and
event-free survival for patients treated with midostaurin. Whilst research is ongoing in to
specific drug targets in acute myeloid leukaemia (22), for many patients with high risk disease

characteristics, an allogeneic HSCT remains the only option to induce long term remission.

Myeloproliferative Neoplasms

The myeloproliferative neoplasms (MPN) are a collection of seven pathological entities that
occur due to the clonal expansion of one or more haematopoietic cell lineages in the bone
marrow. The diagnosis is based on bone marrow histology and mutational analysis of cells.
The conditions are classified as one of the following: polycythaemia vera, essential
thrombocythaemia, primary myelofibrosis, chronic myeloid leukaemia (CML), chronic
neutrophilic leukaemia, chronic eosinophilic leukaemia (not otherwise specified) and MPN
unclassifiable. The diagnosis still depends heavily on bone marrow morphology, but mutational
screening and analysis is becoming a bigger part of the diagnostic process. The classification
system for MPN was also updated in 2016 by the WHO (32). Changes partially reflected the
advances in the understanding of the molecular biology of this group of diseases and the
advances regarding the characterisation and standardisation of morphological bone marrow
features. Patients present with features specific to the condition, for example, unprovoked
10



thromboses in essential thrombocythaemia. In the case of CML, 30-50 % of those diagnosed
will have been asymptomatic at diagnosis, and the condition will have been picked up on a
routine blood test (33). Symptomatology is associated with the phase of presentation, of which
there are three (defined by the WHO): chronic stable, accelerated and blast crisis (8).
Symptomatic presentations of CML include nonspecific symptoms of weight loss and fatigue
and symptoms related to hepato- or splenomegaly such as early satiety and abdominal pain.
Those in the accelerated or blast crisis phase may present with symptoms of bone marrow

failure such as bleeding and increased frequency and severity of infections.

Treatment of CML is also based on the individual condition and genetic mutations found within
the aberrant cells. The Philadelphia chromosome, created by a translocation between
chromosome 9 and 22, leads to the production of the fusion gene BCR-ABL. This gene
encodes for a constitutively active tyrosine kinase and is present in almost all cases of CML.
Several targeted tyrosine kinase inhibitors (TKIs) are available to treat CML. Their discovery
was seen as the first successful example of targeted therapy for a malignant disease. Prior to
the introduction of TKiIs, allogeneic HSCT was a standard treatment for CML (34). In the TKI
era, there are still several indications for transplantation, although the timing of transplantation
remains controversial (35). TKI therapy may not be possible due to the absence of the
Philadelphia chromosome (Ph-CML). If TKI therapy is indicated, it may become ineffective due
to the development of resistant mutations such as T315I or cannot be tolerated. In these cases
allogeneic HSCT may be indicated. Patients presenting in the accelerated phase or in blast

crisis also benefit from transplantation (36).

The constitutively activating V617F mutation of the JAK2 (Janus Kinase 2) is found in 97 % of
all cases of polycythaemia vera (PV) (37). JAK2 is a member of a family of tyrosine kinases
involved in cytokine receptor signalling. The main treatment of PV is venesection to maintain
the haematocrit level under 45 %. If this is unsuccessful, then hydroxyurea may be considered.
For those patients who do not respond to either of these two therapies, a JAK1/2-inhibitor is
available. Ruxolitinib was approved, based on a phase 3 open label study called RESPONSE,
which showed that in these patients, ruxolitinib was superior to standard therapy in controlling
haematocrit, reducing spleen volume and improving symptoms associated with the disease
(38).

Essential thrombocythaemia (ET) will be found to have the JAK2-V617F-mutation in 55 % of
cases. Other mutations that are commonly found are in the genes encoding calreticulin (CALR,
25 %), additional sex combs-like 1 (ASXL1, 11 %) and myeloproliferative leukaemia virus
oncogene (MPL, 3 %). Therapy involves reducing the risk of thromboembolism, by keeping the
platelet count under 400,000/ul and leukocytes under 10,000/pl. Hydroxyurea and anagrelide

(inhibitor of platelet maturation from megakaryocytes) are both options based on patient age,

11



comorbidities and clinician preference. The use of ruxolitinib in patients with JAK2 mutations
is not routine, due to the publication of two conflicting studies in 2017. The MAJIC trial, a
randomized trial comparing ruxolitinib to best available therapy in a total of 110 patients, did
not show superiority of ruxolitinib to current second line treatments for ET (39). However, an
open label phase 2 trial including 39 patients, conducted by the MD Anderson Cancer Centre
in Texas, concluded that patients who were refractory to or intolerant of hydroxyurea could
achieve clinically meaningful and durable reductions in platelet and leucocyte counts and
improvements in disease-related symptoms under ruxolitinib (40). The results of these trials
are difficult to compare as the trial structures, sizes and follow-up times are radically different.
Median follow-up during the MAJIC trial was 31.3 months, whereas the MD Anderson group
followed patients for 82.8 months. Certainly, large randomised controlled trials are required to

assess the effectiveness of ruxolitinib.

Advanced primary myelofibrosis is often treated palliatively with erythrocyte and thrombocyte
transfusions and the administration of erythropoietin. In 60 % of patients, the JAK2 mutation
will be present. Ruxolitinib is approved for the treatment of myelofibrosis (primary and
secondary to PV and ET) to improve splenomegaly and disease-related symptoms (41). The
United States Food and Drug Administration (FDA) has recently approved a second JAK2
inhibitor, Fedratinib, for use in myelofibrosis based on the phase Il JAKARTA trial (42). An
allogeneic HSCT should also be considered for suitable patients with a poor prognosis. Several
scoring systems are available to assess prognosis in primary and secondary myelofibrosis
including IPSS, DIPSS, MIPSS70 (primary myelofibrosis) and MYSEC-PM (secondary
myelofibrosis) (43). A failure to respond to ruxolitinib is a further indication to proceed to

transplantation.

A Brief History of Allogeneic Haematopoietic Stem Cell Transplantation

The first report of an allogeneic HSCT performed in humans was published in 1957 by E.
Donnall Thomas (44). Patients were treated with chemotherapy and radiation and then infused
with bone marrow harvested from an unmatched donor. Only two of the six patients engrafted,
and all died within a hundred days of the transplant. The first allogeneic HSCTs attempted with
matched donors were performed in the late 1960s (45, 46). These transplants were performed
in patients who were suffering from severe inherited immunodeficiency disorders. However, it
was already clear from animal studies, that an immune competent host would need to be
immunosuppressed in order to achieve engraftment (47). Engraftment is the process by which
the stem cells within the graft find their way into bone marrow niches and begin to proliferate.
By the 1970s, allogeneic HSCTs were being performed in patients with acute leukaemias and
aplastic anaemia, as well as inherited immunodeficiency disorders. Conditioning regimens at
the time included high dose cyclophosphamide (45-50 mg/kg over 4 days)(48, 49) and total
body irradiation (TBI, total doses generally between 10 Gray and 16 Gray) (50).
12



Due to the relatively poor tolerability of regimens containing high-dose TBI, researchers were
spurred on to find alternatives. Animal studies in the 1970s led to the study and introduction of
busulfan in conditioning regimens for humans (51, 52). Busulfan is an alkylating agent that
causes crosslinks between strands of DNA - inhibiting DNA replication. One of the early studies
in the 1980s combined busulfan with cyclophosphamide in patients with Wiskott-Aldrich
syndrome, and showed that they were able to achieve engraftment without the use of TBI (53).
It was postulated by some at the time, that only TBI could provide satisfactory ablation of host
haematopoiesis to allow for engraftment. Three years later, a study comparing a regimen
containing TBI to conditioning using busulfan and cyclophosphamide in patients with
congenital bone marrow disorders, showed that the regimens were comparable for rates of
engraftment. However, transplant related mortality was higher in those treated with TBI (54).
In the years following these studies, busulfan was established as one of the mainstays in
conditioning regimens, alongside the established cyclophosphamide and TBI. Over the years,
researchers have attempted to alter the doses and application of these three treatments to
reduce toxicity or improve relapse-free survival (55, 56). Some have combined these
treatments with other substances such as etoposide for acute lymphoblastic leukaemia (57),

thiotepa for genetic diseases including B-thalassaemia (58) or melphalan for AML (59).

Today, conditioning regimens are often grouped in to three categories: myeloablative
conditioning (MAC), reduced intensity conditioning (RIC) and nonmyeloablative conditioning
(NMC) (60). These classifications are based on the duration of the cytopenia that the regimen
causes and whether stem cell support is needed or not. At the far end of the spectrum, MAC
causes irreversible cytopenia with a requirement for stem cell support to resume normal
haematopoiesis. At the other end, nonmyeloablative regimens do not require stem cell support
and cause minimal cytopenia. Reduced intensity conditioning does not fit in to either of these
categories, as the cytopenia may be reversible, but stem cell support is generally required.
Reduced intensity regimens rely on the GvL effect to reduce the risk of relapse, rather than the
cyto-reductive effect of the conditioning therapy. Conditioning regimens containing TBI (= 5 Gy
single dose or 2 8 Gy fractionated dose) and busulfan (> 8mg/kg) are considered
myeloablative. Within the past 25 years, the use of RIC for patients not deemed suitable for
MAC, has become popular. Many of the RIC regimens contain fludarabine, a purine analogue,
which was introduced into treatment protocols in the late 1990s (61). Fludarabine is often
combined with another agent such as busulfan or melphalan in reduced doses or with reduced
dose TBI. The use of fludarabine in conditioning regimens will be discussed in more detail in

the next section.

In an attempt to tackle the problem of poor relapse rates in high-risk AML, a regimen known

as FLAMSA-RIC, was introduced in 1999. The FLAMSA regimen contains fludarabine,

amsacrine and cytarabine. Amsacrine is an acridine derivative first described in the 1970s (62).
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Although its exact mechanism of action remains to be elucidated, it is thought to intercalate
with DNA and inhibit the activity of topoisomerase Il (63). It has been employed in the treatment
of acute myeloid leukaemia and may be able to induce remission in patients refractory to
daunorubicin and cytarabine (64). The first FLAMSA-based protocol was combined with a TBI
and cyclophosphamide RIC regimen (65). The rationale behind this regimen was to reduce the
leukaemic burden in high-risk AML patients by giving a short intensive course of chemotherapy
and then RIC before transplantation. The reduction of leukaemic disease burden gives GvL
time to develop and eradicate remaining malignant cells. Several iterations of RIC portion of
the FLAMSA-RIC protocol have been trialled including; treosulfan/cyclophosphamide (66),
busulfan/cyclophosphamide (67) and busulfan/fludarabine (68).

Across almost all studies, comparing outcomes based on conditioning intensity, the greater
the intensity, the lower the risk of relapse, but the higher the NRM (69). This balancing act

between reducing the risk of relapse, promoting GvL and safety, is extremely challenging.

The number of allogeneic HSCTs performed yearly has increased dramatically since the 1970s
(70, 71). In 2016, according to the European Society for Blood and Marrow Transplantation
(EBMT), 16,507 allogeneic haematopoietic stem cell transplants were performed by 679
centres in 49 countries (1). The list of indications for performing a transplantation has
lengthened since its inception over 50 years ago. Whilst great progress has been made in
developing the regimens used for conditioning, there is still much room for improvement.
Protocols should be tailored to the conditions and individuals being treated, taking in to account
disease biology as well as patient history and comorbidities. The search for a regimen with
more intensive anti-leukaemic activity, but with limited toxicity, is what has driven the

development of the combination of drugs used in this study.

Conditioning with Treosulfan, Fludarabine and Cytarabine

This section will be structured as an introduction to the development of the conditioning
regimen containing treosulfan and fludarabine, followed by an explanation as to the reasons

behind the addition of cytarabine.

Treosulfan is a bifunctional alkylating agent that has been approved in several European
countries since the late 1990s for use in ovarian cancer. It is a hydrophilic analogue of busulfan.
Within its use as a treatment for ovarian cancer it has been seen to be well tolerated, especially
in elderly patients, with toxicities being classified as moderate (72, 73). The highest tolerated
dose before haematological toxicity becomes unacceptable has been found to be 10 g/m? (74).
Whilst the use of busulfan at doses required for successful MAC is often limited by toxicities,
such as interstitial pneumonitis, convulsions, sinusoidal obstruction syndrome (SOS),
mucositis and haemorrhagic cystitis (75), treosulfan has been seen to have an improved extra-

medullary toxicity profile at doses up to 46 g/m? (76). Furthermore, treosulfan demonstrates
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pronounced in vitro committed (unipotent) and non-committed (pluripotent) haematopoietic
stem cell toxicity (77). This is in contrast to busulfan, which preferentially depletes non-
committed stem cells (78). Furthermore, it has also been demonstrated to have improved anti-
leukaemic activity when compared with busulfan in an in vitro analysis of leukaemic cells from
paediatric patients (79). These properties made treosulfan a good candidate for use in

conditioning prior to allogeneic HSCT.

In 2004, an initial study was published assessing the safety, tolerability and efficacy of a
conditioning regimen containing treosulfan and fludarabine (Treo/Flu) in 30 patients who were
not otherwise eligible for standard conditioning (80). The haematological malignancies
included in the study were AML, MDS, CML, multiple myeloma, non-Hodgkin lymphoma (NHL)
and chronic lymphocytic leukaemia (CLL). Only 10 % of the patients were in CR1 at the time
of transplantation. Patients received fludarabine at a dose of 30 mg/m?intravenously from day
-6 to day -2 (day O defined at the day the transplant takes place) and treosulfan at a dose of
10 g/m? from day -6 to day -4. Patients receiving an unrelated donor transplant were given
ATG (10 mg/kg, day -4 to day -2). Extramedullary toxicity was generally mild and sinusoidal
obstruction syndrome, cardiac and pulmonary toxicity were not observed. SOS is an
obliterative venulitis of the terminal hepatic venules caused by, among other things,
cytoreductive therapy prior to allogeneic HSCT (81). The mechanism of injury is believed to be
damage to endothelial cells in the liver causing their necrosis and extrusion into the terminal
hepatic venules and sinusoids (liver capillaries), leading to obstruction and congestion. It is a
feared complication because of its high risk of mortality. Overall survival- and treatment-related
mortality rates of the Treo/Flu regimen compared favourably to existing regimens and given
the selection of patients in this small study, the results were very promising. Since that first
study was published, several other small studies have been published looking at this regimen
to treat conditions including AML, MDS, CML and multiple myeloma (82-86). Other studies
have combined treosulfan with other agents, including cyclophosphamide, thiotepa and
replacing TBI in the FLAMSA-RIC protocol (66, 87). The regimen has also been studied in non-
malignant diseases such as chronic granulomatous disease, sickle cell disease and -
thalassaemia (88, 89). A large-scale retrospective multicentre analysis, using registry data
from the EBMT, comparing the outcomes of patients with de novo or secondary AML, treated
with busulfan or treosulfan-based conditioning regimens, was published in 2017 by Shimoni et
al. (90). This showed that the outcomes were similar for both regimens but that treosulfan can
be administered in older patients with lower rates of GvHD. There was also the suggestion that
the outcomes after using treosulfan are better in patients who were not transplanted in
remission. In 2018, a further large analysis, again using registry data of the EBMT, comparing
the use of treosulfan and fludarabine with two FLAMSA (fludarabine, amsacrine and
cytarabine) based protocols (FLAMSA/TBI and FLAMSA/busulfan) in patients with AML was
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published (91). The multivariate analysis showed that those conditioned with FLAMSA/TBI had
a decreased risk of relapse and better leukaemia-free survival rates compared to treosulfan
and fludarabine. However, rates of acute GvHD (aGvHD) were significantly higher in those
treated with FLAMSA/TBI. Overall survival, non-relapse mortality and chronic GvHD (cGvHD)
were not significantly different between the groups.

A recently published open-label, randomised, non-inferiority, phase Il clinical trial, compared
the outcomes of patients with AML (in CR) or MDS undergoing allogeneic SCT with either
Treo/Flu or Bu/Flu conditioning. A non-inferiority trial is designed to determine if a new
treatment is not worse than an established treatment by a predetermined amount with a given
degree of confidence (92). This study has demonstrated the non-inferiority of Treo/Flu
compared to Bu/Flu as a conditioning regimen (93). Two-year overall survival, transplant-
related mortality and non-relapse mortality were all significantly better in the Treo/Flu group
compared to those conditioned with Bu/Flu. Event-free survival was also better in the Treo/Flu
group, but the difference did not achieve the rigid significance level set for superiority. During
the implementation of this trial, two important observations with regard to the design of the
Treo/Flu protocol came to light. Firstly, the dose of treosulfan in the initial trial design was
14 g/m?. Due to concerns about prolonged neutropenia and related infectious complications in
a planned interim analysis, the dose of treosulfan was reduced to 10 g/m?2. Secondly, due to
the same concerns, the first dose of treosulfan was administered on day -4 instead of day -6.

Again, the aim was to reduce the length of the neutropenic pre-engraftment phase.

Fludarabine, a purine analogue, enters cells via active transport as the free nucleoside 9-3-
Darabinosyl-2-fluoroadenine (F-ara-A). Inside the cell it is phosphorylated to form the 5'-
triphosphate, F-ara-ATP. F-ara-ATP is required for the cytotoxic effect of fludarabine. The
principal mechanism of action is via the inhibition of DNA synthesis, although it is also able to
inhibit RNA synthesis (94). One of its main indications is in the treatment of chronic lymphocytic
leukaemia (95), however, with the advent of the new tyrosine kinase inhibitors, such as
ibrutinib, its place is being questioned. Fludarabine is also incorporated into the FLAG
(Fludarabine, cytarabine, G-CSF) salvage regimen for the treatment of refractory or relapsed
AML. Fludarabine has recently replaced cyclophosphamide in many conditioning regimens. A
large meta-analysis, published in 2016, comparing busulfan/fludarabine and
busulfan/cyclophosphamide regimens concluded that both regimens have similar efficacy, but

that toxicity was lower with the fludarabine containing regimen (96).

In the two centres in this study, treosulfan and fludarabine have been combined with high-dose
cytarabine (2000 mg/m?). Cytarabine, a pyrimidine analogue, is one of the chemotherapeutic
backbones in the treatment of haematologic malignancies. It is included in regimens for: AML,

acute lymphoblastic leukaemia (ALL), aggressive non-Hodgkin lymphoma, indolent non-

16



Hodgkin lymphoma and primary central nervous system (CNS) lymphoma. It has been used
in AML for over four decades and is one of the most effective drugs in the arsenal against this
condition (97). It has been shown to be effective even in salvage therapies in the treatment of
refractory AML (98). Resistance to cytarabine has been documented, and the underlying
mechanism is thought to be caused by a number of factors including reduced levels of
activating enzymes and increased levels of inactivating enzymes. This ultimately leads to a
reduction in the intracellular levels of the active metabolite ara-CTP in the leukaemic cells (99).
When fludarabine is infused prior to the administration of cytarabine, there is evidence to
suggest that the intracellular accumulation of ara-CTP is potentiated (100). The combination
of fludarabine and cytarabine could, therefore, sensitise leukaemic cells that were previously

resistant to cytarabine.

Based on the evidence discussed above, the combination of cytarabine with fludarabine and
treosulfan should provide a tolerable regimen with improved antileukaemic activity compared
to standard Treo/Flu conditioning. The addition of cytarabine, with the synergistic effects of
fludarabine, and potent stem and leukaemic cell toxicity of treosulfan, should make this a good
regimen for patients transplanted with active disease and those with a high risk of relapse.
When compared to the long pre-transplant conditioning phase of FLAMSA-RIC (12- 13 days),

the shorter duration of this regimen could result in a reduction of infectious complications.

Antithymocyte Globulin and Its Use in Allogeneic HSCT

In the two centres involved in this study, rabbit ATG was given to all patients who received an
unrelated donor transplant. ATG is the purified polyclonal 1gG fraction of sera from rabbits,
horses or, rarely, goats that have been immunized with thymocytes or T-cell lines. It is given
in allogeneic HSCT to deplete the T-lymphocytes in the graft. Additionally, it depletes host T-
lymphocytes that have survived the conditioning and thereby reduces the risk of graft rejection.
It is thought to deplete T-lymphocytes through a combination of complement-dependent lysis,
T-cell activation and apoptosis. However, there is evidence that ATG does more than just
deplete T-lymphocytes and it is thought to have, through various mechanisms, an
immunomodulatory effect as well (101). Mechanisms that have been suggested include; the
modulation of key cell surface molecules that mediate leukocyte/endothelial interactions;
apoptosis induction in B-cell lineages; interference with the function of dendritic cells; and

induction of T-regulatory and natural killer T cells.

Use of ATG goes back over 40 years in allogeneic HSCT, but its use continues to be
controversial. It has been reported to significantly reduce the incidence of acute and chronic
GvHD (102). However, there are some conflicting reports about the risk reduction of aGvHD
following the administration of ATG (103). Reducing the risk of GvHD is especially important

in unrelated donor transplants and peripheral blood stem cell transplants, both of which are
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associated with a higher risk of the condition (104). ATG does not, however, according to a
Cochrane analysis, affect overall survival, relapse rate or non-relapse mortality (105).
However, a large retrospective study that looked at the use of ATG in patients undergoing RIC,
found that the use of in vivo T-cell depletion led to a higher incidence of disease relapse (106).
This effect was deemed likely due to the reduced GvL effect following T-cell depletion. ATG
has also been linked to an increased incidence of cytomegalovirus (CMV) and Epstein-Barr-

virus (EBV) reactivation and a significant delay in neutrophil engraftment (107, 108).

Whilst ATG has classically been used in patients receiving a transplant from an unrelated
donor, the use in patients receiving stem cells from a sibling donor has also been examined.
A small early study of 56 patients with haematological malignancies receiving MAC showed
no significant toxicity but also no beneficial effect of giving ATG (109). In contrast, a recent
prospective, multicentre, open-label, randomised phase Il study in 168 patients receiving MAC
and a transplant from a related donor showed a significantly lower rate of chronic GvHD in
those receiving ATG (110). Survival rate was similar and, perhaps surprisingly, relapse-free

survival was also higher in those receiving ATG.

A recent discussion in the journal, Blood Advances, examined the current opinion on the use
of ATG in Europe compared with that in the USA. In this article, Andreas Bacigalupo argued
strongly for the continued use of ATG in unrelated donor transplants as well as those from
related donors (111). This was based on a number of randomised trials that show no increased
risk of disease relapse related to the use of ATG (112, 113). However, the counter argument
presented by Kekre and Antin from the USA and Canada, respectively, spoke against the
blanket use of ATG and called for a more measured approach (114). They recommended the
use of ATG to be considered on an individual patient basis. Those who are at an increased
risk of relapse, including those at an advanced disease stage, those who have a poor
cytogenetic profile or those receiving RIC, should not be given ATG due to the reduction in the
GvL effect. As mentioned earlier, an increased risk of disease relapse was seen with the use
of ATG after RIC (106). The authors referenced a recent American prospective, randomised,
double-blind, phase 1l clinical trial encompassing 254 patients undergoing MAC and
transplants from unrelated donors, suggesting that the use of ATG did not improve moderate
to severe cGvHD-free survival, but the rate of moderate to severe cGvHD was lower in those
receiving ATG. Worryingly however, progression-free survival and overall survival were worse
in those patients receiving ATG (115). Why this study did not reproduce the findings of previous
trials, in which progression-free survival and overall survival were not affected by the
administration of ATG, is not clear. The authors offer some suggestions, which included; the
dosing of ATG used (50 % higher in this study than in others), difference in the donors used

(unrelated vs. sibling) and the impact of the conditioning regimen. There is no clear-cut answer
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as to whether the use of ATG in allogeneic HSCT is appropriate for every patient and more
research is needed to define the patients who will benefit the most.

Conclusion and Goal of the Study

Allogeneic HSCT is an important treatment modality for haematological malignancies. In an
era where ever more targeted therapies are being developed, the conditioning of patients prior
to allo-HSCT should also aim to target the underlying disease being treated. This should not
only make the treatment more effective by reducing the risk of relapse, but also improve non-
relapse mortality. For the reasons described in the previous sections, the addition of cytarabine
may improve the antileukaemic activity of the Treo/Flu protocol. Furthermore, the shorter
duration of Treo/Flu/AraC (six days) in comparison to FLAMSA-RIC (twelve-thirteen days) may
improve NRM over the FLAMSA-RIC protocol, due to a potential reduction of the length of the
neutropenic phase. The goal of this retrospective analysis is to observe the feasibility of the
regimen and outcomes of patients conditioned with Treo/Flu/AraC. Questions regarding the
superiority of this regimen over existing Treo/Flu and FLAMSA-RIC regimens can only be
definitively answered by prospective randomised controlled trials, but a rough comparison of
the outcomes observed here will be made with those of existing trials in similar patient

populations.
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Patients and Methods

A retrospective analysis of patients conditioned with a regimen containing treosulfan and
fludarabine in combination with cytarabine before allogeneic HSCT was performed. Data was
collected on patients between July 2009 and August 2018 from two centres, University Hospital
Oldenburg and University Hospital Jena in Germany. Patients were followed up until June
20109.

Patients

In total 77 patients with AML, MDS and MPN who were between 18 and 69 years of age
(median age 54 years) were conditioned before allogeneic HSCT using treosulfan and
fludarabine in combination with cytarabine. In total, 80 transplantations were evaluated.

The decision to give this regimen was made by an experienced clinician and based on,
amongst other considerations: comorbidities, previous response to therapy and disease status.
All patients gave written informed consent to the treatment. Patient characteristics are listed in
Table 2. The number of pre-treatments were defined as one or more cycles of chemotherapy
or tyrosine kinase inhibitors that were intended to induce or consolidate remission. Salvage
chemotherapy, given due to insufficient response or relapse, was considered to be a further

line of treatment. Prior allogeneic HSCT was also counted as one line of treatment.

The disease status of patients prior to transplantation was defined according to the Center for
International Blood and Marrow Transplant Research (CIBMTR) (116).

A note on the HCT-CI: the haematopoietic cell transplantation-specific comorbidity index (HCT-

Cl) was devised by Mohamed Sorror et al. and published in 2005 (117). It is also known as the
Sorror score. Scores are given based on the presence of comorbidities (for a full list and a
tutorial on how to score patients, please see (118)). It provides valuable prognostic information
and predictions for non-relapse mortality and overall survival rates following allogeneic HSCT.
The original study examined the outcomes of patients with a range of haematologic conditions,
both malignant and non-malignant. There have been some criticisms of the validity of the score
with one single-centre study by Birninger et al., published in 2011, who concluded that it had

no predictive value in patients with high-risk AML (119).
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Table 2: Characteristics of all 77 patients

Patient Characteristic

Number (%)

Median patient age (years)

54 (range, 18-69)

Male 52 (68)
Female 25 (32)
Diagnosis at time of transplantation

Primary acute myeloid leukaemia 33 (43)

Secondary acute myeloid leukaemia 25 (32)

Myelodysplastic syndrome 6 (8)

Myeloproliferative neoplasm 13 (17)
Primary AML ELN risk stratification by genetics (120)

Favourable 5(15)

Intermediate 20 (61)

Adverse 8 (24)
Status at transplantation

CR1 20 (25)

CR2 13 (16)

>CR3 34

First or second partial response 12 (15)

Relapse 6 (7.5)

Progressive disease 14 (18)

First or second chronic phase 5 (6)

First blast crisis 1(1)

Stable disease 6 (7.5)
CR1 (breakdown of diagnoses within this group)

Secondary AML

Primary AML

e Adverse genetic risk (ELN)
e Intermediate genetic risk (ELN) *

High-risk CML (ELTS score) 3
Treatment before transplantation (no. of lines)

None 2 (3)

One 25 (31)

Two 32 (40)

>Two 21 (26)
Prior allogeneic HSCT 10 (13)

21




Patient Characteristic

Number (%)

Median interval from diagnosis to transplantation

147.5 days (range, 26—818 days)

CMV status (patient/donor)

Negative/negative 26 (32.5)
Negative/positive 9 (11)
Positive/negative 18 (22.5)
Positive/positive 27 (34)
Haematopoietic cell transplantation-specific
comorbidity index (HCT-CI)
0 48 (60)
1-2 20 (25)
>2 12 (15)

*These patients with intermediate genetic risk AML (ELN) failed to respond to standard

induction and required salvage therapy.

Donors and Grafts

Donor and graft characteristics are listed in Table 3.

Table 3: Donor and graft characteristics

Donor or Graft Characteristic Number (%)
Donor

Matched related donor (MRD) 21 (26)

Matched unrelated donor (MUD) 49 (61)

Mismatched unrelated donor (mMUD) 10 (13)
Stem cell source

Bone marrow 2 (2.5)

Mobilised peripheral blood stem cells 78 (97.5)
Donor blood type

Identical 35 (44)

Blood group major incompatibility only 24 (30)

Blood group minor incompatibility only 12 (15)

Both minor and major incompatibility 9(11)
Sex (donor)

Male 55 (69)

Female 25 (31)
Female donor for male recipient 17 (21)
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The majority of patients received either a matched related donor (MRD, 26 %) or a matched
unrelated donor transplant (MUD, 61 %). Ten patients received an HLA-mismatched unrelated
donor transplant (mMUD, 13 %). Two patients were transplanted with unmanipulated bone

marrow (BM) and 78 patients with G-CSF-mobilised peripheral blood stem cell (PBSC) grafts.

A median number of 4 million/kg body weight (range, 0.8 million-8.3 million/kg body weight)
CD34+ cells were transplanted. Thirty-five patients received a transplant from a donor with an
identical blood group, twenty-four with a blood group major incompatibility only, twelve with a
minor incompatibility only and nine with both major and minor incompatibilities. Thirty-four
patients received a graft from a donor of a different gender. Seventeen male patients received

a graft from a female donor.

HLA-Typing

HLA- typing was performed on patients to identify a suitable donor. Typing was based on high-
resolution testing of class | and class Il HLA antigens. Twenty-one patients had an MRD, forty-
nine an MUD and ten an mMUD. Three of the mismatched transplants had an HLA-A
incompatibility, four had an HLA-B incompatibility, one an HLA-DRB1 incompatibility, one an
HLA-DQBL1 incompatibility and one an HLA-DQB1 and an HLA-DRB1 incompatibility (8/10).
High resolution matching of the HLA-A, -B, -C and -DRBL1 alleles has been shown to be
associated with the best clinical outcomes (121). Those who received a transplant from an
mMUD were informed and consented to the increased risks of mortality and morbidity including

the increased risk of GVHD and graft failure (122).

Conditioning Regimen

Fifty-one patients received 14 g/m?treosulfan (Medac, Hamburg, Germany) intravenously over
two hours from day -6 to day -4. Twenty-eight patients received the same dose of treosulfan
on day -4 to -2. One patient received treosulfan on day -5 to -3. The reasoning behind giving
treosulfan later in the regimen was to potentially reduce the duration of neutropenia that the
patients experienced (93). Fludarabine (Schering, Berlin, Germany) was given at a dose of
30 mg/m?intravenously over 30 minutes from day -6 to day -2. Cytarabine was administered
at a dose of 2000 mg/m? once daily over three hours on day -6 to -5. Since July 2009,
cytarabine has been supplied by a number of different manufacturers including; Hospira Ltd,
Accord-UK Ltd and Fresenius Kabi AG. For patients receiving grafts from unrelated donors,
rabbit ATG (various manufacturers including Fresenius) 10 mg/kg was given intravenously

from day -4 to day -2.

Supportive Care

Patients were treated in high-efficiency particulate air (HEPA) filtered rooms. All patients
received cotrimoxazole as prophylaxis against Pneumocystis jirovecii infection. Antiviral

prophylaxis with aciclovir and antifungal prophylaxis with fluconazole was given routinely.
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Erythrocyte and platelet transfusions were given to maintain haemoglobin levels above 80 g/L
and platelet counts above 10 x 10%L in patients without fever or bleeding and above 20 x 10%L
in those patients with fever or signs of bleeding. Blood products were irradiated and CMV

status was matched.

Febrile neutropenia was treated with broad-spectrum antibiotics based on local hospital
guidelines. Sepsis was treated empirically unless a pathogen was isolated from blood cultures.
Antibiotic treatment was then changed according to sensitivity of the isolated pathogen.
Patients who experienced delayed granulocytic reconstitution were given G-CSF at the

discretion of the treating clinician.

Prophylaxis against GvHD consisted of cyclosporine A (CSA) 1.5 mg/kg every 12 hours
starting on day -1. The dose of CSA was then adjusted accordingly to maintain whole-blood
steady-state trough concentrations between 100 ng/ml and 200 ng/ml. Dosing was reduced as
clinically indicated for nephrotoxicity. CSA was given initially intravenously and then converted
to oral dosing before discharge. The dose of CSA was tapered and discontinued after
discharge in the absence of GvHD. Methotrexate (MTX) as prophylaxis against GvHD was
also administered intravenously at a dose of 15 mg/m? on day +1, and at a dose of 10 mg/m?
on day +3, +6 and +11. Doses were omitted as clinically indicated for hepatotoxicity. Five
patients were given mycophenolate mofetil (MMF) instead of MTX as GvHD prophylaxis
according to local practice. Two patients were changed to tacrolimus from CsA, one due to an
unsatisfactory blood concentration and the other due to intractable nausea and vomiting under

the immunosuppressant.

Chimaerism

Chimaerism was evaluated from BM aspirates or peripheral blood using polymerase chain
reaction (PCR) to amplify previously identified microsatellites. Analysis was performed by the
MLL Munchner Leukamielabor GmbH. Complete chimaerism was defined as 298 % of donor

type chimaerism.

Chimaerism analysis was performed on day +28, day +100 and day +180 as standard. Further

analyses were performed as clinically indicated.

Definition of Primary and Secondary Endpoints

The primary endpoint was relapse-free survival (RFS). This was defined as the length of time
in days after day O that the patient survived without any cytological, histological or molecular
evidence of disease relapse. Day 0 is the day on which the donor cells were infused into the
patient.

Secondary endpoints included overall survival (OS), non-relapse mortality (NRM), cumulative

incidence of relapse, cumulative incidence of engraftment and graft failure (primary or
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secondary), cumulative incidence of chimaerism, cumulative incidence of aGvHD and cGvHD
and toxicities/adverse events as defined by the common terminology criteria for adverse
events (CTCAE) version 5.0. Overall survival was the length of time in days from day O until
death due to any cause. Non-relapse mortality was the probability of dying without previous
occurrence of a relapse. This also included deaths due to transplant-related complications.
The relapse of a haematological malignancy was defined by the standard cytological or
molecular criteria in use at the time of the event. When relapse occurred, it was deemed to be
the primary cause of death, irrespective of other events. Engraftment of neutrophils was
defined as the first of three consecutive days where neutrophil counts exceed 0.5 x 1091
Engraftment of platelets was defined as the first of three days where the platelet count
exceeded 20 x 109/1. This number had to be independent of platelet transfusions. Primary graft
failure (PGF) was the failure to achieve engraftment by day +28 after allogeneic HSCT with
the addition of a failure to achieve complete chimaerism without evidence of disease relapse
(123). It is important here to distinguish PGF from poor graft function. Poor graft function was
defined as failure to achieve the criteria set out in the definition of engraftment by day +28, but
in the presence of complete donor chimaerism and in the absence of severe GvHD and relapse
(124). Secondary graft failure was defined as loss of donor cells after initial engraftment (122).
Ideally, other causes of pancytopenia will have been excluded, for example infections
(parvovirus, CMV, HHV-6), drug toxicity, GVHD and hypersplenism. Acute and chronic GvHD
were grading according to standard criteria (125, 126). Toxicities and adverse events were
graded according to CTCAE version 5.0. They were recorded during conditioning and the first

28 days following transplantation.

Although not considered an endpoint, the duration and neutropenia that patients experienced
was also recorded. Neutropenia was defined as an absolute neutrophil count of less than
1000/ul.

Statistical Analysis

The primary endpoint was RFS (see definitions under "Definition of Primary and Secondary
Outcomes”). Patients alive and free of disease at their last follow-up were censored. RFS was
considered to be the time from the day of infusion of donor stem cells to death or disease
progression/relapse. Analysis was performed using the Kaplan-Meier method, with day 0 being

the starting point.

Secondary endpoints included OS, NRM, relapse, engraftment, chimaerism, graft failure
(primary or secondary), acute and chronic GvHD and toxicities as defined by the CTCAE
version 5.0. Overall survival was analysed using the Kaplan-Meier method. Patients still alive
at their last follow-up were censored. Non-relapse mortality, relapse, engraftment, chimaerism,

acute and chronic GvHD were estimated using cumulative incidence analysis considering
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competing risks. In the case of NRM, a relapse was considered a competing event. In the case
of relapse, NRM was considered a competing event. For engraftment, death without recovery
was a competing event and patients who did not engraft on or by day 28 were censored. For
chimaerism, death before day +28, +100 or +180 (control points) were considered a competing
event. Those who did not achieve complete chimaerism at the control points, but were still
alive, were censored. In the case of GvHD, death without the development of GvHD prior to
the cut-off of 100 days for aGvHD and two years for cGvHD was considered a competing
event. Those who were alive at the cut-offs without development of GvHD were censored.
Relapse or progression were not considered as a competing event in this case. In the case of
graft failure, another proven cause for pancytopenia was a competing event. The incidence of
adverse events was calculated as the number of patients who experienced at least one

adverse event of a certain CTCAE category as the percentage of the total number of patients.

For exploratory purposes, outcome data (RFS, OS, NRM and cumulative incidence of relapse)
were stratified by type of donor (MRD vs. MUD vs. mMUD), remission status at time of
transplantation (CR1 vs. all other statuses) and age (<50 years old vs. = 50 years old at time
of transplantation). In the univariate analysis comparing groups, log-rank Mantel-Cox tests
were used in Kaplan-Meier analyses and Gray’s test was applied to cumulative incidence
curves. To allow a better comparison between the patient group presented here and those
observed in the FLAMSA-RIC studies, a subgroup analysis of patients with a diagnosis of AML,
both primary and secondary, was performed. The Mann-Whitney U test (two-tailed) was used
to compare the length of neutropenia between patients who became neutropenic after day -7

and those who were neutropenic before day -7.

Statistical analysis using the Kaplan-Meier method was performed using SPSS (IBM Corp.
Released 2017. IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp.)
kindly provided by the University of Oldenburg on Windows platform. Cumulative incidence
curves with competing risk analysis and 95 % confidence intervals were performed using R
version 3.5.3, kindly provided by the R Foundation. The method for the univariate analysis was

provided by Scrucca et al (127, 128). The level of statistical significance was defined at 0.05.

Ethics and Data Protection

The ethics commissions of the Universities of Oldenburg and Jena approved the study in its
current form (reference number University of Oldenburg: 2018-106, University of Jena: 2019-
1316-BO, see Appendix Il).

Analysis was performed on pseudonymised data and in accordance with the Declaration of

Helsinki.
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Results

Patients

A total number of 77 patients with AML, MDS or MPN underwent allogeneic HSCT according
to the protocol described under “Conditioning Regimen'. Three patients underwent an
allogeneic HSCT twice with the same protocol, one after a late relapse of AML, two after an
early relapse of secondary AML. An early relapse was defined as cytological or molecular
evidence of disease relapse, prior to, or six months after day 0. The median follow-up time was
1161 days (3.2 years, range, 13 days-9.8 years). This was calculated using the method
described by Schemper and Smith, published in 1996 (129).

Table 2 summarises patient and disease characteristics. The median age of subjects included
in the study was 54 years (range, 18-69 years). In all, 25 % of the patients were in CR1, 15 %
in CR2 and 4 % in CR3 at the time of transplantation. Fifty-four percent were not in remission
at the time of transplantation either with partial remission, refractory or stable disease, or
following disease relapse. Cytogenetic characteristics according to predefined categories for
AML (33 patients, 43 %) were adverse in 24 %, intermediate in 61 % and favourable in 15 %
of patients. Thirty-two percent of all patients had a secondary AML (43 % of all patients with a
diagnosis of AML included in the study). The remaining 25 % of patients had either a diagnosis
of MDS or MPN at the time of transplantation. Of the six patients transplanted with a diagnosis
of MDS, one was classed as very high-risk, four were classed as high-risk and one as
intermediate-risk according to the IPSS-R. Of the 13 patients diagnosed with an MPN, ten had
CML (four Philadelphia chromosome negative, six in blast crisis). Two subjects had a diagnosis
of myelofibrosis with intermediate-1l risk according to the DIPSS and a failure to respond to
JAK2 inhibitor therapy with ruxolitinib. The final patient was diagnosed with an MDS/MPN

overlap syndrome with bone marrow fibrosis and splenomegaly (Ph negative, JAK2 negative).

Of those patients transplanted in CR1, 17 were diagnosed with AML. Of those 17 patients,
nine had sAML. Of the remaining eight with a de novo AML, four had an adverse genetic risk
profile according to the ELN risk profile and four were classified as intermediate risk. All four
patients classified as intermediate risk had a failure to respond to standard induction therapy
and required salvage therapy (either FLAG-lda or S-HAM) to achieve complete remission. The
remaining three patients transplanted in CR1 were high risk CML patients (according to the
EUTOS-Long Term Survival (ELTS) score (130)).

Remission Status Following Immune Reconstitution

Three patients either did not achieve a complete remission directly following transplantation or
relapsed within 30 days. All three patients had a diagnosis of AML. The first was diagnosed
with primary AML with an MLL-rearrangement and a t(1;9;11) translocation and was
transplanted in CR2 (borderline remission, blasts 5 % in cytology at the time of transplantation).
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This patient appeared to achieve engraftment (neutrophils on day +20, platelets on day +16),
however, a persistence of the previously diagnosed AML was discovered on day +29. Analysis
revealed a mixed chimaerism with 41 % of all peripheral leucocytes originating from the host.
Following the relapse, the patient died on day +38 due to progression of the disease. The
second patient, diagnosed with secondary AML M2, was found to have a BM blast count of
10-12 % on day +28. This patient, however, had a blast count of 24 % with progressive disease
prior to transplantation. Immunosuppressive drugs were stopped, and complete remission was
achieved on day +58. This patient relapsed on day +386 and died +416 days following the
transplantation. The third patient, who had a diagnosis of AML M7, refractory to standard
conditioning, was transplanted in CR1 (cytology showed 3.1 % blasts and a cell poor smear)
after salvage therapy with FLAG. The third patient was found to have a relapse on day +28
with a mixed chimaerism (24 % host). Immunosuppression was stopped in order for the GvL

effect to halt the progression of disease. However, he subsequently died on day +35.

Relapse-Free Survival

As the median follow-up was 3.2 years, RFS and OS were measured at one-, two and three-
year cut-offs. Relapse-free survival was measured from day 0 until relapse, or in the case that
the patient did not experience a relapse, until last follow-up. Patients who died from non-

relapse causes were censored. The median relapse-free survival was 1,098 days.
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Figure 1: Relapse-free survival estimates, calculated using the Kaplan-Meier method, for all
77 patients conditioned with Treo/FIlu/AraC. Crosses denote a censored event. At risk refers
to the number of patients at risk of relapse.

One-, two- and three-year relapse free survival rates were 47.5 %, 40.7 % and 37.5 %,

respectively (see Figure 1 and see Table 3 for an overview of all results). For patients who

28



received a transplant from an MUD these figures were 46.9 %, 38.0 % and 35.4 %,
respectively. For those receiving a transplant from an MRD these figures were 52.4 %, 47.1 %
and 39.3 %, respectively. For patients receiving a transplant from an mMUD, RFS was 40 %
at one year and remained at this level throughout follow-up. There was no significant difference

between RFS rates between the three groups (p = 0.76, log-rank Mantel-Cox test).

Those patients transplanted in CR1 had a one-, two and three-year RFS of 45.0 %, 40.0 %
and 33.3 %, respectively. The figures for those transplanted in all other states were 48.3 %,
41.0 % and 38.7 %, respectively. Again, there was no significant difference in RFS between

these two groups (p = 0.978, log-rank Mantel-Cox test).

Those patients receiving a transplant at or over the age of 50 had a one-, two- and three-year
RFS of 49.1 %, 43.1 % and 40.2 %, respectively. The figures for those transplanted under the
age of 50 was 44.4 %, 37.0 % and 33.3 %, respectively. Again, there was no significant

difference in RFS between these two groups (p = 0.969, log-rank Mantel-Cox test).

One-, two- and three-year RFS rates for the AML subgroup analysis were 43.3 %, 38.1 % and
33.5 % (see Figure 2).
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Figure 2: Relapse-free survival estimates, calculated using the Kaplan-Meier method, for all
58 patients with a diagnosis of acute myeloid leukaemia. Crosses denote a censored event.
At risk refers to the number of patients at risk of relapse.
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Table 4: Overview of the RFS rates for all patients and group analyses

Patient Groups (number of
transplants/patients)

Relapse-Free Survival (%)

P-value

(log-rank test)

One-year Two-year Three-year

All patients (77) 47.5 40.7 37.3

MUD (49) 46.9 38.0 35.4 0.76
MRD (21) 52.4 47.1 39.3

mMUD (10) 40.0 40.0 40.0

CR1 (20) 45.0 40.0 33.3 0.978
All other statuses (60) 48.3 41.0 38.7

<50 years (27) 44.4 37.0 33.3 0.969
>50 years (53) 49.1 43.1 40.2

AML patients (58) 43.3 38.1 335

Overall Survival

Overall survival is the length of time in days from day 0 to death due to any cause. Those

who were still alive at their last follow-up were censored.
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Figure 3: Overall survival estimates, calculated using the Kaplan-Meier method, for all 77
patients conditioned with Treo/Flu/AraC. Crosses symbolise a censored event. At risk refers
to the number of patients at risk of mortality.
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One, two- and three-year OS rates were 59.3 %, 49.3 % and 45.4 %, respectively (see Figure
3 and see Table 4 for an overview of all overall survival results). One, two and three-year OS
for those transplanted with an MRD were 70.0 %, 48.1 % and 40.1 %, respectively. The same
figures for those receiving a transplant from an MUD were 56.8 %, 49.9 % and 46.7 %,
respectively. The one-year OS for those receiving an mMUD was 48 %. The difference

between the three groups was not statistically significant (p = 0.95, log-rank Mantel-Cox test).

For those patients transplanted in CR1 the one-, two- and three-year OS rates were 60.0 %,
60.0 % and 52.5 %, respectively. For those not transplanted in CR1 these figures were 59.7 %,
47.1% and 42.1 % respectively. The difference between the two groups did not reach

statistical significance (p = 0.825, log-rank Mantel-Cox test).

Thirty-four percent of the patients were aged under 50 years at the time of transplantation. The
one-, two- and three-year OS for patients aged under 50 were 58.1 %, 54.2 % and 44.4 %,
respectively. Those rates for patients aged 50 and over were 60.3 %, 47.4 % and 44.5 %,
respectively. There was no significant difference between the two groups (p= 0.785, log-rank

Mantel-Cox test).

The one-, two- and three-year OS of the patients with AML (both primary and secondary) were
56.5 %, 48.9 % and 43.5 % (see Figure 4).
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Figure 4: Overall survival estimates, calculated using the Kaplan-Meier method, for all 58
patients with a diagnosis of acute myeloid leukaemia. Crosses denote a censored event. At
risk refers to the number of patients at risk of mortality.
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Table 5: Overview of the OS rates for all patients and group analyses

Patient Groups (hnumber of Overall Survival (%) P-value

transplants/patients) (log-rank test)
One-year Two-year Three-year

All patients (77) 59.3 49.3 45.4

MUD (49) 56.8 49.9 46.7 0.95

MRD (21) 70.0 48.1 40.1

mMUD (10) 48.0 48.0 48.0

CR1 (20) 60.0 60.0 525 0.825

All other statuses (60) 59.7 47.1 42.1

<50 years (27) 58.1 54.2 44.4 0.785

250 years (53) 60.3 47.4 44.5

AML patients only (58) 56.5 48.9 43.5

Non-relapse Mortality

Eighteen patients were neutropenic before the start of conditioning and eight began
conditioning with radiological evidence of fungal pneumonia. A total of eighteen patients died
without previous relapse of their disease. Four patients died within 28 days of transplantation.
The first two died on day +13. One due to SOS and the other as a result of sepsis. Both patients
had received a transplant from an mMUD. The third patient died on day +20 of sepsis. This
patient, with AML M4, had been transplanted with a peripheral blast count of 50 % after not
responding to standard or salvage chemotherapy. The fourth patient died of pneumonia on
day 23. This patient was one of the three patients in the study who had previously received a
transplant following Treo/Flu/AraC conditioning. Following the first transplant he suffered a

relapse of his disease on day +160.

The causes of death for the remaining fourteen patients were sepsis/infection including
pneumonia (7), acute respiratory distress syndrome (ARDS, 2), intracerebral bleed (1), post-
transplant lymphoproliferative disorder (PTLD, 1) and grade 1V aGvHD of the liver (1). In the

case of two patients the cause was unknown as they were lost to follow-up.

Cumulative incidences of NRM were 10.0 % (95 % CI, 5 %-18 %) at 100 days, 18.8 % (95 %
Cl, 11 %-28 %) at one year and 20.1 % (95 % ClI, 12 %-30 %) at two years (see Figure 5).
Only two patients died of non-relapse related causes more than two years following
transplantation. The exact cause of death of these patients is unknown as they were lost to
follow-up. It seems in this patient population that the critical period for NRM are the first two
years following transplantation. This is largely in line with what has been found in large long-
term follow-up studies for AML patients ((131), (132)).
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Figure 5: Cumulative incidence of non-relapse mortality for all patients (full line) with 95 %
confidence intervals (broken line). At risk refers to the number of patients at risk of NRM.

There was no significant difference in NRM between patients receiving an MUD, MRD or
mMUD (p=0.31, Gray’s test). For those receiving an MUD the NRM at 100 days, one- and two-
years was 12 % (95 % ClI, 5 %-23 %), 16 % (95 % Cl, 7.5 %-28 %) and 16 % (95 % ClI, 7.5 %-
28 %), respectively. For those receiving an MRD transplant these figures were 0 %, 19 %
(95 % CI, 6 %-38 %) and 24 % (95 % CI, 8 %-45 %), respectively. For those receiving an
mMUD these figures were 20 % (95 % ClI, 27 %-49 %), 30 % (95 % ClI, 6 %-60 %) and 30 %,

respectively.

There was no significant difference in NRM between patients receiving a transplant in CR1 or
any other status (p=0.27, Gray’s test). For those receiving a transplant in CR1 the NRM at 100
days, one- and two-years was 10.0 % (95 % ClI, 2 %-28 %), 25.0 % (95 % ClI, 9 %-46 %) and
25.0 % (95 % ClI, 9 %-46 %), respectively. For those receiving a transplant in any other disease
status these figures were 10 % (95 % ClI, 4 %-19 %), 16.7 % (95 % CI, 8 %-27 %) and 18.5 %
(95 % CI, 10 %-29 %), respectively.

There was no significant difference in NRM between patients receiving a transplant at or above
the age of 50 and those receiving a transplant below the age of 50 (p=0.077, Gray’s test). For
those receiving a transplant under the age of 50 the NRM at 100 days, one- and two-years
was 0 %, 11 % (95 % CI, 3 %-26 %) and 11 %, respectively. For those receiving a transplant
at or over the age of 50, these figures were 15 % (95 % ClI, 7 %-26 %), 23 % (95 % CI, 12 %-
35 %) and 25 % (95 % Cl, 14 %-37 %), respectively (see Table 5 for an overview of all results).
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For those patients with a diagnosis of AML, 100 day, one- and two-year NRM was 11.7 %
(95 % CI, 6 %-21 %), 21.7 % (95 % CI, 12 %-33 %) and 21.7 % (95 % CI, 12 %-33 %),
respectively (see Table 6 for an overview of all results).

Table 6: Overview of the NRM rates for all patients and group analyses

Patient Groups (humber of Non-Relapse Mortality (%) P-value

patients/transplants) (Gray'’s test)
100 days One-year Two-year

All patients (77) 10.0 18.8 20.1

MUD (49) 12.0 16.0 16.0 0.31

MRD (21) 0.0 19.0 24.0

mMUD (10) 20.0 20.0 30.0

CR1 (20) 10.0 25.0 25.0 0.27

All other statuses (60) 10.0 16.7 18.5

<50 years (27) 0.0 11.0 11.0 0.077

250 years (53) 15.0 23.0 25.0

AML patients only (58) 11.7 21.7 21.7

Cumulative Incidence of Relapse

The one- and three-year cumulative incidences of relapse were 34 % (95 % CI, 24 %-44 %)
and 41 % (95 % ClI, 30 %-52 %), respectively (see Figure 6).

There was no significant difference in the cumulative incidence of relapse for patients
transplanted using an MRD, MUD or an mMUD with a p-value of 0.25 (Gray’s test). For MRD
the one- and three-year rates of relapse were both 29 % (95 % ClI, 11 %-49 %). For MUD the
one- and three-year rates of relapse were 37 % (95 % ClI, 23 %-50 %) and 48 % (95 % ClI,
33 %-62 %), respectively. For mMUD these both one- and three-year figures were 30 % (95 %
Cl, 6 %-60 %).

One- and three-year cumulative incidences of relapse for patients transplanted in CR1 were
30 % (95 % CI, 12 %-51 %) and 35 % (95 % ClI, 15 %-56 %), respectively. For those patients
not transplanted in CR1, these figures were 35 % (95 % ClI, 23 %-47 %) and 42.8 % (95 % ClI,
30 %-55 %), respectively. Although there was a trend to a lower rate of relapse for those
transplanted in CR1, there was no significant difference between the two groups (p= 0.23,
Gray’s test). Performing the same analysis on patients transplanted in any complete remission
and comparing it to patients transplanted not in complete remission also yielded no significant
difference (p= 0.73, Gray’s test). The figures for one- and three-year relapse rates were for
any complete remission 32 % (95 % CI, 18 %-48 %) and 41 % (95 % ClI, 25 %-56 %),
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respectively, and for no remission/active disease, 35 % (95 % ClI, 21 %-49 %) and 41 % (95 %
Cl, 25 %-56 %), respectively.

With regards to age there was also no significant difference in the relapse rate for patients
transplanted at or over the age of 50 and those transplanted under the age of 50 (p = 0.08,
Gray’s test). The one- and three-year relapse rates for those transplanted over at, or over, the
age of 50 were 28 % (95 % CI, 17 %-40 %) and 32 % (95 % CI, 20 %-45 %), respectively.
Those figures for those transplanted under the age of 50 were 44 % (95 % CI, 25 %-62 %) and
55 % (95 % Cl, 34 %-72 %), respectively.

For those patients with a diagnosis of AML one- and three-year relapse rates were 35.0 %
(95 % CI, 23 %-47 %) and 42.5 % (95 % CI, 29 %-55 %), respectively (see Table 6 for an

overview of all results).
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Figure 6: Cumulative incidence of relapse for all patients (full line) with 95% confidence
intervals (broken line). At risk refers to the number of patients at risk of relapse.
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Table 7: Overview of the relapse rates for all patients and group analyses

Patient Groups (humbers of | Rate of Relapse (%) P-value

transplants/patients) (Gray’s test)
One-year Three-year

All patients (77) 34.0 41.0

MUD (49) 37.0 48.0 0.25

MRD (21) 29.0 29.0

mMUD (10) 30.0 30.0

CR1 (20) 30.0 35.0 0.41

All other statuses (60) 35.0 42.8

<50 years (27) 44.0 55.0 0.08

250 years (53) 28.0 32.0

AML patients only (58) 35.0 42.5

Engraftment, Graft Failure and Chimaerism

CTCAE grade IV neutropenia, leukocytopenia and thrombocytopenia occurred in all patients.
Three patients failed to achieve neutrophil or platelet reconstitution, two having died on day 13
(SOS and sepsis, respectively) and the other from sepsis on day 20. One patient achieved
primary engraftment of neutrophils on day 11, but then died on day 23 from pneumonia before
platelet engraftment was achieved. All other patients achieved primary engraftment of

neutrophils and platelets.

The day 28 cumulative incidence of engraftment of neutrophils (or polymorphonuclear
leucocytes [PMN]) reached 85 % (95 % ClI, 75 %-91 %). By day +37 all patients had achieved
successful PMN engraftment. The day 28 cumulative incidence of platelet engraftment
reached 82.5 % (95 % CI, 72 %-89 %). By day +100, this had increased to 85 % (95 % ClI,
75 %-91 %). Two patients achieved successful platelet engraftment after day +100, the first on

day +117 and the second on day +174.

The median time to neutrophil engraftment was 20 days (range, 9-37 days). The median time
to platelet engraftment was also 20 days (range, 11-174 days). No primary or secondary
engraftment failure was documented. There were nine documented cases of poor graft
function with regards to neutrophil engraftment and twelve cases with regards to platelet

engraftment.

The cumulative incidence of complete donor-type chimaerism was 84 % (95 % ClI, 74 %-

90 %), 66 patients were complete chimaeras) on day +28. By day +100, 80 % of patients were
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found to have complete donor-type chimaerism (55 subjects). By day +180 this figure was
68 % (41 subjects).

Acute and Chronic Graft-Versus-Host Disease

Two patients experienced grade IV aGvHD. The first patient received a histologically confirmed
diagnosis of grade 1V aGvHD of the liver on day +29. The same patient was diagnosed with
grade II-1ll intestinal aGvHD. The second patient developed a late-onset of grade IV aGvHD
of the liver after ending immunosuppression on day +188. Cyclosporine A was restarted, then
changed to tacrolimus after a poor response to this drug. Unfortunately, this could not reverse
the process and the patient died on day +266 as a consequence of aGvHD. This was the only

patient in the study to die as a direct result of aGvHD.

Day +100 cumulative incidences of grade | - IV, Il - IV and Il - IV acute GvHD were 38 % (95 %
Cl, 27 %-48 %), 22 % (95 % CI, 13 %-33 %) and 6 % (95 % CI, 2 %-14 %). Five patients
developed late-onset aGvHD after day +100, on day +108, +176, +188, +267 and +284. The
first patient, who developed aGvHD on day +108, was diagnosed with keratoconjunctivitis
sicca, with an infective conjunctivitis as the differential diagnosis. This was assessed as being
a manifestation of aGvHD and not cGvHD (133). The second patient (day +176) was
diagnosed with a late onset aGvHD of the liver (grade Il). The third patient (day +188) was
diagnosed with grade | aGvHD of the skin and grade IV of the liver for an overall grade of IV.
The fourth patient (day +267) developed skin aGvHD (grade II). The fifth and final patient (day
+284) developed intestinal aGvHD (grade ). These late manifestations of aGvHD were likely

as a result of a reduction in the immunosuppressive medication.

The cumulative incidence of mild to severe cGvHD at two years was 15 % (95 % ClI, 8 %-
24 %). There were three cases of severe cGvHD, two affected the skin (day +879, day +1755)
and one affected the gastrointestinal tract (day +199).

Of the ten patients who received an mMUD transplant, known to be a risk factor for the
development of acute and chronic GvHD (134), only three developed either of these conditions.
The first developed skin and intestinal aGvHD grade | on day +16. They did not go on to
develop cGvHD and were still alive at the time of writing. The second developed aGvHD of the
skin, liver and intestine with an overall grade of Il. He went on to develop mild cGvHD of the
skin and was still alive at the time of writing. The third patient developed grade | aGvHD of the
skin. This patient experienced an early relapse of his disease on day +64 but was still alive at

the time of writing.
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Toxicities and Adverse Events

Every patient experienced chemotherapy-related myelosuppression that was expected after
the application of the conditioning regimen. Every patient required the transfusion of blood
products prior to or following the transplantation as a direct consequence of the conditioning
chemotherapy. In some cases, myelosuppression was also caused by the underlying
malignant condition or previous bridging or salvage therapy given prior to the start of

conditioning.

The diagnosis of SOS (grade 3) was suspected in two patients and they were successfully
treated with defibrotide. A third patient is thought to have died due to SOS (grade 5).

One patient developed PTLD diagnosed on day +98 following allogeneic HSCT. He presented
with manifestations in the liver and cervical, mediastinal, hilar and axillary lymph nodes. The
BM was not affected. They were treated with three courses of R-CHOP (rituximab,
cyclophosphamide, hydroxydaunorubicin, vincristine and prednisolone), but unfortunately

succumbed to the illness on day +167.

The toxicities and adverse events that were recorded for all patients from day -6 to day +28
following allogeneic HSCT are summarised in Table 8. Further adverse events included
haemorrhagic colitis (1), neutropenic colitis (1), pericardial effusion with haemodynamic

relevance (2), NSTEMI (1), pulmonary embolism (1) and cardiac decompensation (2).

Two of the patients developed a solid tumour subsequent to the allogeneic HSCT. Whether
these malignancies were related to the transplantation cannot be definitively said. The first
developed a palliative gallbladder cancer three years following an mMUD transplantation for
AML M5. The second developed a ductal carcinoma in situ (ER negative, PR positive, Ki67
30 %, pTis, pNO, RO, G3) just over two and a half years following MUD transplantation for CML.
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Table 8: Toxicities and adverse events that occurred during conditioning up until day +28

following transplantation, graded according to the CTCAE version 5.0

Adverse Event

Number of Patients (%)

Oral mucositis

Grade 1-2 14 (18 %)

Grade 3-4 18 (23 %)
Creatinine rise

Grade 1-2 34 (44 %)

Grade 3-4 1(1.3%)
Sinusoidal obstruction syndrome

Grade 3-4 2 (2.6 %)

Grade 5 1(1.3%)
AST/ALT rise

Grade 1 33 (43 %)

Grade 2 22 (29 %)

Grade 3-4 17 (22 %)
ALP rise

Grade 1-2 45 (58 %)

Grade 3-4 3 (3.9 %)
Bilirubin rise

Grade 1-2 52 (68 %)

Grade 3-4 12 (16 %)
Febrile neutropenia

Grade 3-4 48 (62 %)
Sepsis

Grade 3-4 32 (42 %)

Grade 5 2 (2.6 %)
Lung infection

Grade 3-4 27 (34 %)

Grade 5 1(1.3%)
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Duration of Neutropenia

The median length of neutropenia was 24 days (range, 11-137 days). Eighteen patients were
neutropenic before the start of the conditioning regimen due to disease progression or prior
chemotherapy used to induce remission. Fifty-one patients received treosulfan from day -6 to
day -4. Twenty-eight patients received treosulfan from day -4 to -2 and one patient received
treosulfan on day -5 to -3. The median length of neutropenia when excluding patients who
were neutropenic prior to the start of conditioning was 23 days (range, 11-50 days). There
was no significant difference in the length of neutropenia between the patients who first
received treosulfan on day -6 and those who first received it on day -4 (p-value = 0.79) (see
Table 9). Patients who were neutropenic prior to the start of conditioning (day -7) were

excluded from this analysis.

Table 9: Median duration of neutropenia for all patients not neutropenic at the start of
conditioning (divided in to two groups based on the first day of treosulfan application).

Number of Patients First Day of Treosulfan Median Duration of
Neutropenia (Days)
36 -6 22.5 (range, 11-50)
26 -4 23 (range, 14-36)

For those patients who were neutropenic prior to day -7, the median length of neutropenia was
47 days (range, 23—-137 days). Those who became neutropenic after day -7 this figure was 23
days (range, 11-50 days). There was a significant difference in the duration of neutropenia

between these two groups of patients (p = <0.0001).

The OS, RFS, NRM and cumulative incidence of relapse of patients who were neutropenic
prior to day -7 and those who became neutropenic after day -7 were compared. Those who
were neutropenic prior to day -7 had one-, two- and three-year OS rates of 44.4 %, 27.8 % and
22.2 %, respectively. These figures for those who became neutropenic during conditioning
were 64.1 %, 56.8 % and 51.6 %, respectively. There was a significant difference in the OS

between these two groups (p = 0.028, log-rank Mantel-Cox test, see Figure 7).
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Figure 7: Overall survival estimates, calculated using the Kaplan-Meier method, comparing
patients who became neutropenic after day -7 (full line) with those who were neutropenic
before day -7 (broken line). Crosses denote a censored event. P-value = 0.028, log-rank

Mantel-Cox test.

Of the eighteen patients who were neutropenic prior to day -7, four were alive at the time of

writing. Two died of pneumonia, one of sepsis, one due to ARDS secondary to a fungal

pneumonia and one due to VOD. The remaining nine patients died as a result of a relapse of

their underlying disease.
There was no significant difference in the RFS (p = 0.14, log-rank Mantel-Cox test), NRM (p =

0.89, Gray’s test) and relapse rates (p = 0.24, Gray’s test) between the two groups of patients

(see Table 10 for a summary of results).

Table 10: NRM and relapse rates comparing patients who were neutropenic before day -7
with those who became neutropenic after day -7. Abbreviation: n — number of patients
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Neutropenic Before Day -7 (n= 18) | Neutropenic After Day -7 (n= 62)
RFS One year | Two years | Three years | One year | Two years | Three years

38.9 % 27.8% 222 % 49.9 % 445 % 42.0 %
NRM Day 100 Oneyear | Twoyears | Day 100 | Oneyear | Two years

16.7 % 16.7 % 222 % 8.1% 19.3 % 19.3 %
Relapse One year Three years | One year Three years
Rate 44 .4% 55.6% 30.7% 36%




Discussion

The results of the current study show that treosulfan and fludarabine, in combination with
cytarabine, provides a feasible and tolerable conditioning regimen prior to allogeneic HSCT for
patients with AML, MDS or MPN. The combination of treosulfan and fludarabine has already
been shown to be a promising conditioning regimen in phase Il and more recently phase I
studies (135) for the treatment of primary MDS (136), acute myeloid and lymphoid leukaemias
(137) and CML (138). The addition of cytarabine to the Treo/Flu regimen has the potential to
further increase its antileukaemic activity with the aim of reducing the risk of relapse, especially
in high-risk patients. As previously discussed, fludarabine and cytarabine are shown to work
synergistically to increase their individual antileukaemic effects. Treosulfan has also been
found to have significant antileukaemic activity in its own right. It is also seen as a good
alternative to busulfan due to its better toxicity profile (78). The advantage of Treo/Flu/AraC
conditioning over FLAMSA-RIC is the reduced length of the regimen (six days instead of
twelve-thirteen days), and corresponding potential reduced length of hospital stay, reduced
transfusion requirement, reduced duration of pancytopenia, and associated infectious

complications.

When examining the outcomes presented here, it is important to consider the retrospective
nature of this trial and the inherent biases and problems with data collection that are associated
with this type of study. Furthermore, it is must be remembered that there are a group of
variables that have been shown to have prognostic value in all predictive models, independent
of the conditioning regimen employed. These are as follows: age, performance status, disease
status, type of donor (MRD, MUD or mMUD), HLA compatibility, CMV serology, interval
between diagnosis and HSCT (most relevant in CML), comorbidities (Sorror score, HCT-CI),
iron overload due to previous blood transfusions and/or hereditary haemochromatosis and the
experience of the centre (139). The median age of patients in this study was 54 (range, 18—
69). When comparing this to that of the Treo/Flu and FLAMSA-RIC studies, this number sits in
the middle of the range (45-60 years). The patients in this study were, as a group, heavily pre-
treated with 66 % having received two or more previous lines of treatment. Thirteen percent of
the patients had previously undergone an allogeneic HSCT. The degree of pre-treatment of
the patient will impact negatively on their condition and iron overload status prior to
transplantation. It may, however, improve engraftment due to increased host

immunosuppression.

Only 25 % of the patients in the current study were in CR1 at the time of transplantation. An
allogeneic HSCT in CR1 offers the best outcomes for patients. Those in CR1 are most often
the patients who are evaluated in studies for new medications and regimens. The definition of

CR1, given by the CIBMTR, includes the statement, ‘Include recipients meeting the above CR
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criteria regardless of how many courses of therapy were required to achieve CR’. The patients
in the current study, who met the criteria of a CR1, were nonetheless at very high risk of
relapse. This was due to a number of different factors including: a diagnosis of SAML, having
required salvage chemotherapy to achieve remission and having a high risk MPN (see Table
2). Many studies do not specify the exact status of their CR1 patients, instead relying on an
inclusion criterion such as, ‘indication for allogeneic HSCT according to institutional policy’.
The definition of CR1 hides a wide spectrum of differently responsive leukaemic blasts, making

comparisons between studies difficult.

Additionally, further complicating the comparison between allogeneic HSCT studies
specifically, the definition of CR1 according to the CIBMTR explicitly states that, ‘In some
cases, there may not be a four-week interval between completion of therapy and the pre-
transplant disease assessment. In this case, CR should still be reported as the status at
transplant since it represents the “best assessment” prior to HCT. This is an exception to
the criteria that CR be durable beyond four weeks’. Patients who experience a relapse
less than four weeks after achieving CR have different disease biology to those who have
been able to maintain a durable remission beyond this time point. However, if
transplantation is carried out in the four weeks after achieving CR, it would have been
impossible to ascertain if a patient would have relapsed or not. This could mean the

relapse risk of their malignant disease is underestimated.

To avoid confusion, the current study will be referred to as the Treo/Flu/AraC study

throughout the discussion.

Remission Status Following Immune Reconstitution

Three patients did not achieve complete remission directly following transplantation. All three
patients had a diagnosis of AML, but their risk factors for not achieving a complete remission
were drastically different. Table 11 provides an overview of patient and transplant

characteristics.

The first patient, diagnosed with primary AML with an MLL-rearrangement and a translocation
(1;9;11) and transplanted in a borderline complete remission (CR2), had already experienced
an early relapse of his disease following standard induction therapy. He had not responded to
the first salvage therapy (FLAG-Ida) and achieved only a borderline remission following second
line salvage therapy (S-HAM). The outcomes of patients in first relapse of AML following
standard induction therapy are partially dependent on the cytogenetics of their disease and the
length that they were in remission (140). According to the study by Weltermann et al. (140),
published in 2004, this patient with intermediate risk cytogenetics and an early relapse, would

have a poor probability of long-term survival with a three-year OS of 18 %.
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The second patient, diagnosed with secondary AML M2, was found to have a BM blast count
of 10-12 % on day +28. This patient had a blast count of 24 % with progressive disease prior
to transplantation as a result of primary induction failure (PIF). Patients transplanted after PIF
have much poorer outcomes than those transplanted in complete remission (141). Several
studies have looked at the outcomes of patients with AML who were not in complete remission
at the time of transplantation. The studies have shown a three-year leukaemia-free survival
rate of between 21 % and 31 % in this group (142-144). Some studies suggest that 8-30 % of
patients who fail to respond to initial induction therapy can be salvaged by early allogeneic
HSCT, although large trials are lacking (145, 146). So even though outcomes are poor,

allogeneic HSCT has the potential to offer a long-term cure.

Patient three, who had a diagnosis of AML M7 refractory to standard induction and
transplanted in CR1 after salvage therapy with FLAG, was found to have a relapse on day +33
with a mixed chimaerism (24 % host). Immunosuppression was stopped in order for the GvL
effect to halt the progression of disease. Unfortunately, he died subsequently on day +35 as a
result of the relapse. AML M7, or acute megakaryocytic leukaemia, is a rare subtype of
leukaemia and makes up about 1 % of cases diagnosed in adults. Reports suggest that the
risk of relapse of this disease after standard induction and consolidation therapy are higher
than with other AML subtypes (147). Although allogeneic HSCT offers a good chance of long-
term survival, relapse rates are also still high after this intervention (148).

Table 11: Characteristics of the three patients who did not achieve full remission directly
following transplantation

Patient One Patient Two Patient Three
Diagnosis 1° AML with MLL- 2°AML M2, NPM1 AML M7
rearrangement and wild type
t(1;9;11)
Age 18 56 55
Treatment lines Four One Two
before allo-HSCT
Status Before Borderline CR2 Progressive disease, | CR1 (salvage
Transplantation blast count 24 % therapy required)
Donor Type MUD MUD MUD
Engraftment (days)
Neutrophils | 20 18 20
Platelets 16 19 19
OS (days) 38 416 35
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Primary Outcome: Relapse-free Survival

At the time of writing, there has been no other study reporting the outcomes of patients
following Treo/Flu/AraC conditioning for allogeneic HSCT. The median age of our population
was 54 years (range, 18-69 years). Table 15 (Appendix 1) summaries the studies in which
patients with haematological malignancies including AML, MDS or CML were conditioned with
Treo/Flu prior to allogeneic HSCT. It can quickly be gleaned from this summary, that the patient
populations observed in these studies are extremely heterogeneous with regards to diagnoses,
disease characteristics, remission status and risk factors for relapse. The results that were
reported were also drastically different. Comparing the results of the Treo/Flu/AraC study to
the outcomes of similar patient groups treated with a combination of treosulfan and fludarabine
should be done with caution. The patient population of the Treo/Flu/AraC study is also very
heterogeneous as they were selected to receive Treo/Flu/AraC conditioning on an individual
treatment basis (see Table 2). Twenty-five percent of all patients were in CR1, 15 % in CR2
and 4 % in CR3 at the time of transplantation. As discussed above, CR1 hides a potentially
wide range of different disease characteristics and risk of relapse. Fifty-four percent were not
in remission at the time of transplantation either with partial remission, refractory or stable
disease, or following disease relapse. Cytogenetic characteristics according to predefined
categories for AML (33 patients, 43 %) were adverse in 24 %, intermediate in 61 % and
favourable in 15 %. Thirty-two percent of all patients had a secondary AML (43 % of all patients
with a diagnosis of AML included in the study). The remaining 25 % of patients had either a

diagnosis of MDS or MPN at the time of transplantation (see Table 2).

Taking in to account the characteristics of the group of patients treated in the Treo/Flu/AraC
study and comparing their outcomes with those of patients conditioned with Treo/Flu, we can
form an idea of what can be achieved or what is expected in similar patient populations.
FLAMSA-RIC is employed almost exclusively in high-risk AML patients, either in remission or
with active disease. Therefore, a comparison of the RFS results with the FLAMSA-RIC protocol

will be discussed later under the AML subgroup analysis.

One-, two- and three-year relapse-free survival rates in the Treo/Flu/AraC study were 47.5 %,
40.7 % and 37.3 %, respectively. In contrast to the patients included in this study, the majority
of prospective Treo/Flu studies to date have selected AML patients in complete remission or
MDS/CML patients with a low relapse risk (93, 136, 149, 150). A prospective nonrandomised
phase Il study observing the outcomes of 75 patients with AML in complete remission (CR1
80 %, CR2 17 %, CR3 3 %) with a median age of 45 years demonstrated a two-year relapse
free survival of 55 % (149). This result is better than the one achieved in the Treo/Flu/AraC
study, however, the patients in the phase Il study were younger and in complete remission at

the time of transplantation. A separate small prospective study including 31 medically infirm
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patients (median age 55 years, HCT-CI >2) with AML, MDS or treatment-related AML showed
an impressive disease-free survival of 79 % at 20 months (151). Again, these patients were all
transplanted without active disease. A further small prospective study examining the outcomes
of 26 patients, median age 60 years, with advanced MDS or sAML (47 % CR1) observed a
two-year relapse-free survival of 34 % (85). These patients were older than the group in the
Treo/Flu/AraC study, however, the disease characteristics were similar between the two
studies. This could suggest that in high risk patients Treo/Flu/AraC provides an improved RFS.
From this small overview of the studies of Treo/Flu conditioning, it can be seen that there is a
large variation in the RFS rates following allogeneic HSCT. The results of the Treo/Flu/AraC

study sit within the range of those observed in the published Treo/Flu studies.

Following the analysis of the whole patient population conditioned with Treo/Flu/AraC, patients
were split into groups, based on the type of donor, remission status at transplantation and age.
Patients who received a transplant from an MUD were found to have a one-, two- and three-
year RFS of 46.9 %, 38.0 % and 35.4 %, respectively. For those receiving a transplant from
an MRD, these figures were 52.4 %, 47.1 % and 39.3 %, respectively. Patients receiving a
transplant from an mMUD had an RFS of 40.0 % at one year and remained at this level
throughout follow-up. Although there was a trend to better RFS after MRD transplantation, this
was not statistically significant in the univariate analysis. It is still accepted that the standard
donor should be an HLA-matched sibling. That said, prospective (152, 153) and retrospective
studies (154, 155) have indicated that outcomes after MRD and MUD HSCT are comparable.
No randomised trial has compared outcome of transplants from different donors. The results
of a large retrospective study, published in 2010 by Woolfrey et al., concluded that patients
with high-risk disease displayed equivalent overall survival and disease-free survival rates after
receiving an MRD transplant as compared to an MUD transplant. However, those with
intermediate-risk disease had a worse overall survival after receiving an MUD transplant than
after an MRD transplant (156). This could be explained by the added importance of the GvL
effect in disease with a higher risk of relapse. In contrast, another large retrospective study of
patients with AML, ALL or CML, published in 2009 by Ringdén et al., concluded that there is a
similar GvL effect between MRD and MUD transplants (157). In the Treo/Flu/AraC study, due
to the homogeneity of the diagnoses and remission status at transplantation, a multivariate
analysis controlling for risk of relapse, could not be meaningfully performed. However, from
the results of the univariate analysis, it can be said that the type of donor used in this patient

group did not affect the outcome of the transplantation with regards to RFS.

Transplants from mMUDs have been associated with an increased risk of GvHD and a related

increase in NRM with poorer OS (121, 158). The success of a transplant from an mMUD is

dependent on the level of mismatch (9/10, 8/10) and exactly which loci are mismatched (121).

The deleterious effects on NRM and GvHD have to be weighed against the potential for an
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improved RFS rate due to the increased GvL effect in patients with advanced and high-risk
disease (159). In this study, three of the ten patients who received a graft from an mMUD
experienced an early relapse of disease (< 6 months following allogeneic HSCT). However, no
patient experienced a late relapse. Indeed, this may have been due to the enhanced GvL effect

in these high-risk patients.

Those patients who were transplanted in CR1 did not achieve significantly better RFS rates
than those transplanted in CR2, CR3 or other non-remission states. There was atrend to better
RFS at one year, but by two years there was no difference in RFS and at three years this trend
had reversed. The difference between the two groups was not significant (p = 0.839). Most
large randomised studies of potential new conditioning regimens take patients in CR1 as they
have the best rates of RFS and OS (160). A large study using registry data by Nagler et al.,
examined the outcomes of AML patients conditioned with Treo/Flu and found a significantly
improved leukaemia-free survival for patients transplanted in CR1 compared to those with
active/advanced disease (161). The finding that there was no significant difference in the RFS
of the two patient groups in the Treo/Flu/AraC study could suggest that the addition of
cytarabine makes this regimen more effective against those transplanted with high-risk or
active disease. This could be a significant finding and could indicate a positive effect of
cytarabine on RFS. However, as discussed previously, even patients in CR1 have widely
varying risks of disease relapse. The patients in the Treo/Flu/AraC study who were
transplanted in CR1 were, despite initial response to therapy, still at a very high risk of relapse

and this too, could explain the result observed here.

Those patients receiving a transplant at the age of 50 or over had a one-, two- and three-year
RFS of 49.1 %, 43.1 % and 40.2 %, respectively. The figures for those transplanted under the
age of 50 were 44.4 %, 37.0 % and 33.3 %, respectively. Again, there was no significant
difference in RFS between these two groups (p = 0.969). Age has been shown, however, to
be a poor prognostic indicator in predicting outcomes, especially RFS, following allogeneic
HSCT (162). This observation matched the findings of this study.

Whether a patient will experience a relapse or not is governed by the interplay of many factors.
By increasing the antileukaemic activity of the Treo/Flu protocol with the addition of cytarabine
and the use of the higher dose of treosulfan (14 g/m?instead of 10 g/m?), it was hoped that the
Treo/Flu/AraC protocol would reduce the risk of disease relapse in high-risk patients.
Prospective randomised studies against established conditioning regimens such as Treo/Flu

and FLAMSA-RIC are required to prove this assumption.
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Secondary Qutcomes

Overall Survival

One, two- and three-year OS rates were 59.3 %, 49.3 % and 45.4 %, respectively. As with the
RFS results, there was no significant difference in the OS between patients transplanted with
MRD, MUD or mMUD, no difference in those transplanted in CR1 and all other disease
statuses and no difference with regards to those transplanted aged 50 or above and those

transplanted below the age of 50.

Comparison with other studies is hampered by the fact that authors report RFS and OS at
different time points depending on the length of follow-up. Table 15 (Appendix 1) summarises
the studies observing the outcomes of patients with AML, MDS and/or MPN who were
conditioned with Treo/Flu. Studies report overall survival rates at a range of time points from

one year to five years.

A small retrospective study evaluating the outcomes of patients with MDS undergoing
treosulfan-based conditioning with a median age of 48.3 years at transplantation saw one- and
three-year overall survival of 74 % and 57 % respectively (82). A prospective nonrandomised
phase Il trial of AML patients in complete remission (median age 45) undergoing Treo/Flu
conditioning observed a two-year overall survival of 61 % (149). The results of these two
studies are somewhat better than that of the Treo/FIlu/AraC study, however, the median age
of patients included was lower and in the AML study, all patients were in complete remission
at the time of transplantation. A small prospective study of patients by Kroger et al. with
advanced MDS or secondary AML (7/15 in CR1, 6/15 in 2CR2, 2/15 untreated or refractory)
with a median age of 60 undergoing Treo/Flu conditioning observed a two- year OS of 36 %
(85). A larger registry data study by Nagler et al., analysing the outcomes of patients with AML
treated with a treosulfan-based conditioning regimen found a five-year overall survival of 38 %
(161). In the Nagler study, 43% of all patients were in CR1, compared to 25% of the patients
in the Treo/Flu/AraC study. Extrapolating the results of the Treo/Flu/AraC study to the five-year
mark gives an overall survival of 39.7 %. The results of the Treo/Flu/AraC study demonstrate
potentially better OS compared to the Kréger and Nagler studies, when the number of patients

in CR1 are taken in to account.

Even from looking at this small group of studies, the overall survival rates, like the RFS rates
for patients with AML, MDS or MPN following allogeneic HSCT, vary greatly. However, the

results reported in the Treo/Flu/AraC study are acceptable in this high-risk population.
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Non-relapse Mortality
Cumulative incidences of NRM in this study were 10 % (95 % CI, 5 %-18 %) at 100 days,
18.8 % (95 % ClI, 11 %-28 %) at one year and 20.1 % (95 % CI, 12 %-30 %) at two years. After

two years there were only two patients who died without a known relapse of their disease.

Again, as with the RFS and OS rates, the cumulative incidence of NRM varies greatly between
the Treo/Flu studies. A treosulfan dose escalation study, published in 2010 by Casper et al.,
analysed the outcomes of 56 patients with various haematological malignancies conditioned
with Treo/Flu (median age 50 years). They found an NRM of 13 % at day 100 and 20 % at two
years (83). A study by Claudiani et al., published in 2016, observed the outcomes of 14 patients
with myelofibrosis with a median age of 57 years and found an NRM at two years of 39 %
(163). The authors suggest a number of reasons for this high NRM including; high median age
of patients, a heavy pre-HSCT transfusion history and splenomegaly = 20cm in all patients. A
further study by Casper et al., published in 2012, examined the outcomes of 75 patients with
AML after Treo/Flu conditioning and showed an NRM of 11 % at two years (149). The reason
for this low NRM compared to that of the Treo/FIu/AraC study is likely the strict exclusion
criteria for participants including therapy-related secondary AML, previous allogeneic HSCT,
active infectious disease and impaired renal function and the median age of the study
participants was 45 years old. The NRM of the Treo/Flu/AraC study is acceptable, in the heavily
pre-treated population studied, and comparable to that of a number of the Treo/Flu studies. To
gather better quality data for comparison of the regimens, a prospective, randomised controlled

trial would need to be carried out.

As with the results of RFS and OS, there was no significant difference in NRM between patients
receiving different donor types and disease status at transplantation. Studies in the
myeloablative setting have suggested that patients receiving grafts from MUDs have a higher
NRM due to the increased risk of GVHD (157, 164). However, in the nonmyeloablative setting
(2Gy TBI +/- fludarabine) there seems to be no significant difference in NRM between different
donors (165). In the Treo/Flu studies where this analysis was performed, there also appears
to be no significant difference in NRM between donor types (136, 149), in agreement with the

results of the Treo/Flu/AraC study.

Traditionally, the high risk of NRM is a major obstacle in transplanting patients with active
neoplastic haematological disease. Historical trials using busulfan- or TBI-based regimens
report an NRM of 30-40 % at day 100 in patients not transplanted in remission (142, 166). An
advanced or active disease status at transplantation was also found to be an independent risk
factor for NRM in the large registry-based analysis of 520 patients with AML conditioned with
Treo/Flu (161). The authors of this registry-based analysis did not suggest a reason for this
finding. In the univariate analysis of the Treo/FIu/AraC study, there was no significant
difference in the NRM between patients transplanted in CR1 and those in other remission
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statuses. The findings of the Treo/Flu/AraC study could be explained by the number of previous
lines of treatment that were required by patients to achieve CR1. Patients transplanted in CR1
and those transplanted in other remission statuses had a median of two previous lines of
chemotherapy. Therefore, the factors contributing to NRM were likely to have been similar

between the two groups.

Age is also said to be a factor in the incidence of NRM following allogeneic HSCT (161, 167),
and in our study the difference almost reached significance (p = 0.077, with younger age being
the positive prognostic factor). This suggests that age may play a role in the rate of NRM in
patients conditioned with Treo/Flu/AraC. However, some studies have not found any significant
difference in NRM based on age in both the myeloablative and reduced intensity conditioning
setting (149, 168). Indeed, within the HCT-CI devised by Sorror et al. age has been shown to
be a poor prognostic factor and is assigned only one point (162). A dual centre retrospective
study from the UK, observing the outcomes of patients with AML, MDS, ALL and CML
undergoing RIC, concluded that age, disease status at transplantation and HCT-CI, taken
alone, did not have an impact on NRM. However, patients with two or more of these adverse
factors had worse NRM than those with none or one of them (169). The role that age alone
plays in the incidence of NRM is not clear, and with improvements in supportive care and
reduced intensity conditioning regimens, patients should not be excluded from allogeneic

HSCT based solely on age.

Cumulative Incidence of Relapse

The one- and three-year cumulative incidences of relapse in the Treo/Flu/AraC study were
34 % (95 % ClI, 24 %-44 %) and 41 % (95 % CI, 30 %-52 %), respectively. These results are
on the higher end of the range that was reported in the Treo/Flu studies (see Table 15,
Appendix 1) and reflects the highly aggressive nature of the diseases included in the
Treo/Flu/AraC study. The exact risk an individual has of experiencing a relapse is dependent
on many factors. The presence and severity of aGvHD and cGvHD has been found to be
related to a reduced risk of AML, CML and MDS relapse following allogeneic HSCT (170),
(171)). In the Treo/Flu/AraC study, the cumulative incidence of cGvHD was much lower than
expected and this may also have contributed to the higher incidence of relapse. Severe aGvHD
(grades l1lI-1V) was also only recorded in 6 % of patients. However, the strength of the
correlation between GvHD and graft-versus-malignancy effect differs between AML, CML and
MDS. AML is the least sensitive disease to this effect, MDS has an intermediate sensitivity
and CML is the most sensitive malignancy (172). Therefore, the cumulative incidence of

relapse observed in this study cannot solely be explained by the low incidence of GvHD.

The other major factors affecting the risk of relapse are the individual disease characteristics

(specific diagnosis, cytogenetic and mutational analysis), conditioning intensity and donor
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choice. The patients selected for treatment with the Treo/Flu/AraC regimen were at an
exceptionally high risk of disease relapse and this is another contributing factor to the

cumulative incidence of relapse observed here.

As with RFS, OS and NRM, there was no significant difference between the cumulative
incidence of relapse between patient groups based on donor type and remission status at
transplantation. As previously discussed under “Primary Outcome: Relapse-free Survival’, the
finding that there was no significant difference between rates or relapse based on donor type
(MRD vs. MUD vs mMUD) is in line with the findings of several studies (154, 173). However,
the large Treo/Flu registry study by Nagler et al., found a significantly lower risk of relapse in
patients who received a graft from an MUD or an mMUD when compared to those who
received a graft from an MRD (161). This finding could be due to the increased GvL effect in
patients receiving unrelated donor grafts. There is still a lot of conflicting evidence surrounding
optimal donor selection for allogeneic HSCT.

With regards to remission status, most studies have found that patients transplanted in
complete remission have lower incidences of relapse than those transplanted with active
disease (131, 141, 161). There are, however, a number of studies in which remission status
prior to transplantation has not influenced the incidence of relapse. These include a FLAMSA-
RIC study (174) and a single centre experience of both MAC and RIC (170). As discussed
previously, the reason for the difference between the outcomes of patients in CR1 in these
studies is likely due to the heterogeneity of relapse risk of patients transplanted in CR1. The
20 CR1 patients in the Treo/Flu/AraC study were, despite achieving a complete remission, still
at a very high risk of disease relapse. The same is likely true for the patients transplanted in
the aforementioned FLAMSA-RIC study. This finding could, however, also mean that the
increased antileukaemic activity of the Treo/Flu/AraC regimen makes it a good candidate as a
conditioning regimen for patients with very high-risk disease, regardless of their remission

status prior to transplantation.

The available data on age and risk of relapse is also conflicting. Some Treo/Flu studies have
found that patients under the age of 50 have a lower incidence of relapse compared to those
transplanted at or over the age of 50 (149), whereas others have found the risk of relapse to
be independent of age (151). In the Treo/Flu/AraC study the p-value examining the difference
in the risk of relapse between the two groups (age <50 versus =50) was 0.08, in favour of
patients transplanted at or over the age 50. This result seems counterintuitive given that older
patients tend to have poorer prognostic factors including high-risk cytogenetics and secondary
AML (23, 175). That the p-value almost reached significance perhaps warrants further
investigation and suggests that the Treo/Flu/AraC regimen may have a positive effect on the
incidence of relapse for patients transplanted at or over the age of 50. However, the reason
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for this result is likely to be a combination of many factors both dependent and independent of
the conditioning regimen. As the goal of the study was to assess the efficacy and feasibility of
the Treo/Flu/AraC regimen and not to identify general risk factors for relapse and NRM, a

detailed investigation of these findings does not fit within the scope of this work.

Engraftment and Graft Failure

The source of stem cells is one of the most important factors affecting engraftment kinetics
(176, 177). Haematopoietic reconstitution is fastest after transplantation with PBSCs, then BM,
and slowest after umbilical cord blood transplants. Other factors that appear to affect the speed
of haematopoietic reconstitution (engraftment) include; underlying disease (reconstitution in
AML faster than MDS, (178)), number of CD34" cells infused (=5 x 10%kg for PMN,
> 2 x 10%/kg for platelets) (179, 180) and graft composition (the numbers of CD8+ and CD56+
cells) (181). The effect of the conditioning regimen on engraftment kinetics is not clear. Two
retrospective studies examined the outcomes of patients with AML or MDS who underwent
MAC or RIC prior to allogeneic HSCT. Time to engraftment was found to be independent of
the conditioning regimen employed (182, 183). In contrast, a separate phase Ill randomised
trial, published in 2017, comparing the outcomes of 272 patients with AML and MDS who
underwent RIC or MAC, found that PMN engraftment was significantly quicker after MAC than

RIC (184). There was no significant difference in the time to platelet engraftment.

After allogeneic transplantation with PBSCs, it is normally expected that the neutrophil count
exceeds 0.5 x 109 between day +14 and day +21 (178, 185). A short engraftment time is
important to prevent complications such as infection (186) and bleeding (187). The median
time to neutrophil and platelet engraftment in the Treo/Flu/AraC study was 20 days. This is
comparable to the time required for engraftment in patients with CML conditioned with Treo/Flu
(138), where 21 days were required for engraftment. However, other studies examining
conditioning with Treo/Flu found that the period to engraftment was shorter. In a study
examining patients with primary MDS, the time to neutrophil engraftment was 17 days and 16
days for platelets (136). Even faster engraftment was found in a small retrospective study
examining outcomes in 31 patients with AML or MDS conditioned using Treo/Flu. The median
time to neutrophil and platelet engraftment was 10 and 12 days, respectively (151). However,
the protocol in this study included giving G-CSF as standard after transplantation. This is not
the case in our institutions. G-CSF has only been found to reduce the neutropenic pre-
engraftment phase by a few days without reducing the number of infections or length of hospital
stay (188).

In the Treo/Flu/AraC study, the day +28 cumulative incidence of engraftment for neutrophils
was 84.4 % (95 % Cl, 74 %-91 %). By day +37 all patients had achieved successful neutrophil

engraftment. The day +28 cumulative incidence of platelet engraftment in our study was 82 %
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(95 % CI, 71 %-89 %). By day 100, this had increased to 92 % (95 % CI, 83 %-97 %). Two
patients achieved platelet engraftment after day +100, the first on day +117 and the second
on day +174. The large registry data study by Nagler et al., looking at 520 patients with AML
(43 % in CR1) who underwent transplantation using treosulfan-based regimens found that
neutrophil engraftment rates were 94 % at day +30 (161). Ninety-three percent of patients had
platelet engraftment by day 180. In a prospective nonrandomised phase Il study examining the
outcomes of 75 patients with AML (80 % in CR1) conditioned with Treo/Flu, a conditional
cumulative incidence of neutrophil and platelet engraftment were found to be 93 % at day 28
(149). The cumulative incidence of neutrophil and platelet engraftment observed in the

Treo/Flu/AraC study compare well with the findings of other studies.

Primary graft failure is a relatively rare complication of allogeneic HSCT. One large
retrospective study of 967 patients identified only 6 cases (0.6 %) of PGF (123). The same
study found 48 cases (4.9 %) of secondary graft failure. Several risk factors for graft failure
have been identified and these should be modified if possible, prior to transplantation. These
include: HLA-mismatches, use of an MUD, lower number of CD34+ cells in the graft,
conditioning regimen (TBI reduces the risk of graft failure) and drug toxicity (139). There was
no case of primary or secondary graft failure observed in the Treo/Flu/AraC study. However,
nine patients (11 %) experienced poor graft function. Poor graft function is an important
complication following allogeneic HSCT and occurs in 5% to 27 % of patients (124). It is
associated with considerable morbidity and mortality due to the increased duration of
vulnerability to infection and haemorrhage. Few allogeneic transplantation studies define or

even mention poor graft function making a comparison of this outcome unfeasible.

From the results of the Treo/Flu/AraC study it can be concluded that the combination of
treosulfan and fludarabine with cytarabine performs well against other regimens in preparing

the BM of the host for the engraftment of donor stem cells.

Chimaerism

The assessment of chimaerism after allogeneic HSCT monitors the origin of the
haematopoiesis seen in the full blood count. It may alert the clinician to the development of
graft rejection and the possibility of an impending relapse of the malignant disease. In patients
transplanted due to a malignant disease, a mixed chimaerism may indicate the reappearance
of the malignant cells, normal host haematopoiesis or both. All, but two, of the 20 patients in
the Treo/Flu/AraC study, who were found to have a degree of mixed chimaerism between
day 0 and day +180, experienced a relapse of their disease at or around the time that mixed
chimaerism was detected. Of the two patients who did not experience a relapse following the
detection of mixed chimaerism, one had a very low level of host cells (3-4 %) and the other

had a decreasing mixed chimaerism over time.
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The combination of Treo/Flu conditioning regimen has been shown to provide both the stem
cell toxicity and immunosuppressive features to allow engraftment and complete chimaerism
in the majority of patients (189). The cumulative incidence of complete donor-type
chimaerism in the Treo/Flu/AraC study was 84 % (95 % CI, 74 %-90 %) on day +28. By day
+100, 80 % of the patients were found to have complete donor-type chimaerism. By day
+180 this figure was 68 %. The figures for day +28 complete chimaerism seen in the
Treo/Flu studies range from 72 % (149) to 100 % (151). Day +100 figures range as well from
76 % (day 84) (190) to 94 % (83). The figures presented here fit comfortably within this
range. The Treo/Flu/AraC conditioning regimen allows for the development of complete

chimaerism in the patient population observed here.

Acute and Chronic GvHD
Acute and chronic GvHD greatly affect the quality of life, morbidity and NRM of patients

following transplantation. The incidence of aGvHD is dependent on a number of well-defined
risk factors including increasing degrees of HLA-mismatching, older age, the use of female
donors for male recipients, prior alloimmunisation of the donor and the nature of GvHD
prophylaxis (139). Other less well-defined risk factors include increasing donor age (191),
increasing intensity of the conditioning regimen (192), the use of PBSC over BM (193) and
recipient seropositivity for CMV (194).

In this study the day 100 cumulative incidences of grade | - IV, Il - IV and Il - IV acute GvHD
were 38 % (95 % Cl, 27 %-48 %), 22 % (95 % ClI, 13 %-33 %) and 6 % (95 % ClI, 2 %-14 %),
respectively. According to the EBMT Handbook 2019 the incidence of moderate to severe
aGvHD occurs in around 40 % of all recipients of an allogeneic HSCT (139). This figure is,
however, heavily dependent on the donors used and the prophylaxis employed to avoid GvHD.
Looking at the figures from published Treo/Flu conditioning studies, the overall incidence of
aGvHD grade I-1V ranges from 27 % (137) to 56 % (136). The figure published here sits in the
middle of this range. Furthermore, the incidence of grade llI-IV aGvHD in the Treo/Flu/AraC

study was comparable to the results seen in the Treo/Flu studies.

The cumulative incidence of mild to severe chronic GvHD at two years was 15 % (95 % ClI,
8 %-24 %). There were three cases of severe cGvHD, two affecting the skin (day +879, day
+1755) and one affecting the gastrointestinal tract (day +199). The incidence of cGvHD in our
study is very low compared to the results seen in the numerous Treo/Flu conditioning studies,
where the incidence of cGvHD ranged from 24 % (137) up to 72 % (82). Risk factors for cGvHD
are MUD or mMUD transplant, older donor age, female donor for a male recipient and the use
of TBI. The strongest risk factor is the history and severity of aGvHD (139). All three of the

patients who developed severe cGvHD had a history of aGvHD, although the severity of the
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aGvHD did not exceed grade Il. Two of the patients received stem cells from an MUD and the
third patient received an MRD.

The low rate of cGvHD in the Treo/Flu/AraC study could be explained by several factors.
Firstly, the subjects presented here received treosulfan at the higher dose of 14 g/m?. In the
2010 dose escalation study by Casper et al., there were no cases of cGvHD observed in
patients treated at this dose (83). The majority of Treo/Flu studies to date have used doses of
3 x 10 g/m?-3 x 12 g/m?. Treosulfan has been shown to exhibit strong immunosuppressive
characteristics with less proinflammatory cytokine release than busulfan or cyclophosphamide
in a mouse model (195). The increased immunosuppressive effect of the higher dose of
treosulfan with the addition of cytarabine may have contributed to the lower incidence of
cGvHD observed here. However, this observation is somewhat counteracted by the observed
cumulative incidence of cGvHD of 48.1 % at one year by Sakellari et al (151). This group
administered treosulfan at a dose of 14 g/m?. The relationship between the dose of treosulfan
and the cumulative incidence of GvHD is not clear. Secondly, ATG for unrelated donors was
employed in the protocol described here. The use of this substance has, as discussed
previously, been shown to reduce the incidence of cGvHD. Thirdly, the retrospective nature of
our study may also mean that not all cases of cGvHD were captured during data collection.
Given that the biggest risk factor for cGvHD is the history and severity of aGvHD, our rates of
aGvHD were not unusually low. A prospective study would need to be conducted to see if the
low incidence of cGvHD could be reproduced in a similar patient population following

Treo/Flu/AraC conditioning.

Toxicity and Adverse Events

The Treo/Flu regimen has already been demonstrated to achieve acceptable toxicity levels
when used as a conditioning protocol prior to allogeneic HSCT. A retrospective study by
Remberger et al. examining potential treosulfan-related toxicity in 118 patients undergoing
Treo/Flu conditioning for both malignant and non-malignant haematological conditions
concluded that the extramedullary toxicity of this regimen is low despite similar marrow
toxicities when compared to myeloablative regimens (190). In the Remberger study, SOS
occurred in one patient and incidences of infections, graft failure, GvHD and NRM did not differ

from reduced intensity regimens.

Three patients (4 %) in the Treo/Flu/AraC study were suspected to have SOS and treated with
defibrotide. One patient died on day 13 of SOS. This patient had received a graft from an
mMUD. This has been identified as a risk factor for the development of SOS (196). Neither of
the other two patients died as a result of SOS. The administration of the treosulfan analogue,
busulfan, in conditioning regimens for allogeneic HSCT has been also shown to be an

independent risk factor for the development of SOS (197). Following stem cell transplantation,
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the overall mean incidence of SOS is thought to be in the range of 8 % to 14 %. This figure,
however, varies greatly and is dependent on many factors including patient characteristics,
type of stem cell transplant and conditioning regimen used (198). Treosulfan-based
conditioning is believed to afford a lower risk of SOS compared to busulfan-based conditioning.
The incidence of 4 % reported here, falls very much under the average value for all conditioning
regimens and is broadly similar to the results found in some Treo/Flu studies (84), (161). In
other Treo/Flu studies no cases of SOS were reported at all (82, 199). The addition of
cytarabine to the Treo/Flu protocol does not seem to have a marked effect on the incidence of
SOS.

As discussed previously, treosulfan is a hydrophilic analogue of busulfan. High-dose busulfan
has long been associated with severe neurotoxicity and tonic clonic seizures as its lipophilic
form allows it to easily cross the blood-brain barrier (BBB) (200, 201). Studies in rats have
found that treosulfan does not readily cross the BBB (202). This result corresponds with clinical
studies in children and adults, where serious neurotoxicity and seizures have only been
observed in children under 4 months of age, due to the immaturity of the BBB (203). In our
study no patient experienced seizures during their inpatient stay.

Mucositis is a common problem experienced during treatment with chemotherapeutic agents.
Its incidence varies hugely in allogeneic HSCT with one systematic review estimating that oral
mucositis occurs in between 47 % and 100 % of patients undergoing the procedure (204). It is
defined as the painful inflammation and ulceration of the mucous membranes lining the
gastrointestinal tract and can lead to increased bacterial translocation from the gut leading to
sepsis and ultimately death. The increased friability of the Gl tract also increases the risk of
bleeding in already thrombocytopenic patients. In total, 41 % of the patients in our study
experienced some degree of oral mucositis. This compares well with the Treo/Flu studies,
especially as with the addition of the S-phase-specific agent cytarabine, the incidence of
mucositis might be expected to be higher (205). The retrospective nature of this study may
mean, however, that the incidence of mucositis in our patients was underreported. A
prospective study with mucositis as a toxicity endpoint would need to be conducted to verify

this result.

Renal and hepatotoxicity were, in the vast majority of the patients, self-limiting and reversible.
Renal toxicity, measured by a rise in serum creatinine, was observed at grade 3-4 in only one
patient. From this result we can see that there was a low occurrence of severe nephrotoxicity
during and after Treo/Flu/AraC conditioning. The combination of treosulfan and fludarabine
was also found to have relatively low nephrotoxic potential with no grade 3-4 creatinine rise
seen in the original phase I/l study (80). The addition of cytarabine to the regimen could
potentially increase the risk of nephrotoxicity, however, renal dysfunction comes under one of
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the less commonly observed side-effects following the administration of this substance (206).
The one patient who was observed to develop grade 3 nephrotoxicity required haemodialysis
and subsequently developed chronic kidney disease stage lllb. This patient had chronic kidney
disease stage Il prior to transplantation. In addition, she was very heavily pre-treated, having

had two previous allogeneic HSCTs and numerous salvage therapies.

A transaminase rise was observed in 94 % of all patients, but at grade 3-4 only in 17 %. A
grade 3-4 rise in the level of alkaline phosphatase was seen only in 3 patients, but in 58 % a
grade 1-2 rise was observed. A grade 3-4 rise in bilirubin was seen in 16 % of patients. These
results highlight the relatively low occurrence of severe hepatotoxicity in line with the findings
of several Treo/Flu studies. It might be expected that with the addition of cytarabine the
regimen would lead to increased hepatotoxicity. A study comparing high-dose cytarabine with
intermediate dose cytarabine in the induction and consolidation of AML found that even with
those receiving intermediate doses of cytarabine, 54 % suffered grade 3-4 hepatotoxicity
(206). Such high numbers were not observed in the Treo/Flu/AraC study, suggesting that the

Treo/Flu/AraC regimen provides acceptable levels of hepatotoxicity.

Infectious complications occurred in a large proportion of the patients in the Treo/Flu/AraC
study. Sixty-two percent of all patients experienced febrile neutropenia at some point between
the start of conditioning and day +28. Sepsis affected 45 % of patients with two patients dying
in the first 28 days following transplantation as a result. A lung infection was diagnosed in 28
patients. One patient died on day +23 as a consequence of pneumonia. In total, an infectious
cause was solely responsible for three out of the four deaths within the first 28 days following
transplantation. The one cause of death in the first 28 days that was officially recorded as SOS
was likely compounded by concurrent febrile neutropenia, fungal and bronchopneumonia.
Therefore, it is highly likely that an infectious cause was responsible, at least in part, for all four
of the early deaths. This remains a huge problem following allogeneic HSCT, especially with
the increased prevalence of multidrug-resistant bacteria. In order to reduce the incidence of
infection with Treo/Flu/AraC conditioning, the timing of the administration of treosulfan and
cytarabine could be moved from day -6 to -4 to day -4 to -2. This could potentially reduce the

duration of neutropenia and vulnerability to infection.

It is pertinent here to make a comparison with the FLAMSA-RIC regimen. As described
previously, FLAMSA-RIC has been employed in the treatment of high-risk AML and the
protocol is administered over 12 to 13 days. The toxicities and adverse events recorded after
these regimens are administered, will be partially dependent on the specific treatments used
in the RIC. An example of this is the incidence of SOS following FLAMSA-RIC. A regimen
containing busulfan reported two deaths attributed to SOS (67). Other than these two cases,
no other case of SOS has been reported following FLAMSA-RIC.
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Due to the length of the FLAMSA-RIC protocol, the duration of pre-engraftment neutropenia
may be longer when compared to that of other regimens, including Treo/Flu/AraC. The duration
of neutropenia experienced by patients is very rarely reported in the literature. In the
Treo/Flu/AraC study, three (4 %) of patients died, of an infectious cause, in the first 28 days
following transplantation. A further three patients died as a result of an infection in the first 100
days. According to the FLAMSA-RIC study published by Malard et al. in 2017, 11.7 % of the
subjects died from infection, the most common cause of NRM in this study. The authors do
not, however, specify in what time frame these deaths took place and, therefore, it is unclear
if they are related to the conditioning regimen. Schneidawind et al. reported a total number of
five deaths (8 %) from infection in their FLAMSA-RIC (Bu/Flu, Bu/Cy or TBI/Cy) study (68).
Again, the timeframe of these deaths was not explicitly stated. The analysis of 17 high-risk
AML patients conditioned with FLAMSA and treosulfan-based RIC by Cheminitz et al., reported
that two patients died of septic shock prior to day +100 (11.7 %) (66). In a further treosulfan-
based RIC FLAMSA study by Holtick et al. (167), eight patients (13.8 %) died due to infectious
causes. Again, the time frame of these deaths was not reported. The NRM due to infection in
these studies appears to be higher than that recorded in the Treo/Flu/AraC study.
Unfortunately, none of these papers reported on the incidence of sepsis, pneumonia or febrile
neutropenia. One FLAMSA-RIC study by Krejci et al. have published these figures. They
reported that the most frequent toxicities were grade IIl/IV infections, occurring in 84 % of all
patients (207). This is similar to the findings of the Treo/Flu/AraC study, with 85 % of the
patients experiencing a grade lll/IV infectious complication. This suggests that although
patients conditioned with Treo/Flu/AraC may experience the same number of infectious

complications, there is a lower mortality rate from these infections.

In the two FLAMSA-RIC studies in which the RIC protocol contains treosulfan, thereby giving
us the best toxicity comparison to our protocol, the reporting of side-effects is scanty at best.
The small study by Chemnitz et al. (66) use the Bearman criteria to grade toxicities. The
Bearman grade toxicities as follows; grade I: reversible without treatment, grade II: requires
treatment but not life-threatening, grade lll: life-support intervention required, grade 1V: fatal
toxicity (208). According to these criteria 29.4 % of patients in the Chemnitz study experienced
grade IlI/IV regimen-related toxicities. There was no reported case of SOS. Hepatic, renal and
CNS toxicities were also published. The spectrum of toxicities is similar to that of the
Treo/Flu/AraC study, but due to the smaller size of the study and the different grading systems,
a direct comparison is not possible. FLAMSA combined with TBI- or busulfan-based RIC has
been far more widely studied and reported on. Schneidawind observed a very high incidence
of mucaositis, with 58 % of all patients experiencing grade lI/IV symptoms. This is far higher
than the rate of 23 % in the Treo/Flu/AraC study and may be attributable to the use of TBI.

Hepatobiliary toxicities were comparable between the study by Schneidawind et al. and the

58



Treo/Flu/AraC study (16 % vs 22 %). Renal toxicity was slightly higher in the Schneidawind
study (15 % vs. 1.3 % grade llI/1V) perhaps due to the use of cyclophosphamide in the RIC
protocol. The toxicities and adverse events recorded during the Treo/Flu/AraC study, compare
well to those reported following FLAMSA-RIC. However, to make any conclusions about the
incidence of toxicities and adverse events between the FLAMSA-RIC and Treo/Flu/AraC

regimens, prospective randomised controlled trials need to be conducted.

Two patients developed a secondary malignancy following HSCT. The first developed a
palliative gallbladder cancer three years following the mMUD transplantation for AML M5. The
second developed a ductal carcinoma in situ (ER negative, PR positive, Ki67 30 %, pTis, pNO,
RO, G3) just over two and a half years following MUD transplantation for CML. The
development of secondary malignancies following allogeneic HSCT is a well-defined late
complication (209). They are responsible for some 5-10% of late deaths following
transplantation. Patients who have undergone allogeneic HSCT develop solid tumours at
double the rate of the general population (210). Major risks factors for their development are
TBI as part of the conditioning regimen and the development of moderate to severe cGvHD.
Neither of our patients had either of these risk factors. Whilst the increased risk of breast
cancer has been well studied and defined with a twenty-five-year cumulative incidence of 11 %
(211), the occurrence of gallbladder carcinoma seems to be extremely rare. In fact, the only
reference to a biliary cancer in the literature is a single case report of a patient developing a
tubular adenocarcinoma of the lower bile duct nine years after allogeneic HSCT (212).
Astoundingly, the adenocarcinoma in this case contained cells of donor origin. There is still
much to be learned about the development of secondary malignancies after allogeneic HSCT

and regular screening is recommended during long-term follow-up of patients.

Duration of Neutropenia

The severity and duration of neutropenia is a major factor in predicting the outcomes for
patients following treatment with chemotherapy (213). A study looking at 396 patients who
experienced febrile neutropenia following cancer treatment with chemotherapy found that
18.4 % suffered an unfavourable outcome and 3.4 % died as a result (214). Outcomes
considered unfavourable were as follows; respiratory failure, refractory hypotension, intensive
care unit admission, decreased mental status and renal failure requiring dialysis. A prolonged
neutropenia (four or more days of a neutrophil count < 500/pl) was independently associated

with an unfavourable outcome.

Due to the increased risk of unfavourable outcomes dependent on the duration of neutropenia,
this is an important factor to consider when designing a conditioning regimen. The duration of
the pre-engraftment neutropenic phase following the conditioning regimen and transplantation

is critical. It has been shown in a large prospective multicentre study of patients treated for

59



various haematological malignancies with autologous or allogeneic HSCT, that one of the risk
factors for the development of gram-negative sepsis is the duration of pre-engraftment
neutropenia (215). In the univariate analysis of allogeneic HSCT patients, the presence of
pretransplant neutropenia was not a significant risk factor for death within four months following

transplantation.

Indeed, the most recent trial phase Il trial comparing the outcomes of patients undergoing
Treo/Flu or Bu/Flu conditioning had to temporarily suspend patient accrual as a result of
concerns over the duration of neutropenia and infectious complications in the Treo/Flu group
(93). As a result, the dose of treosulfan used in the study was reduced from 14 g/m?to 10 g/m?

and the first day of the infusion schedule was changed from -6 to -4.

Eighteen patients in the Treo/Flu/AraC study were neutropenic prior to the start of conditioning
(day -7). These patients had a significantly worse OS compared to those patients who became
neutropenic after day -7. Although there was a trend to higher rates of relapse and worse RFS
and NRM amongst patients neutropenic prior to day -7, the differences did not reach
significance. The reason for the poorer OS is manifold and not solely a result of the longer
period of neutropenia that these patients experienced. This was a heavily pretreated patient
group. Of the 18 patients, four had had one previous allogeneic HSCT, and one had already
had two. All but one patient had undergone two or more previous lines of treatment, and four
had undergone five. The trend to the higher cumulative incidence of relapse in those patients
who were neutropenic prior to day -7 suggests that these patients had higher risk disease. A

combination of this and poorer NRM likely led to the significantly worse OS.

The majority of patients in the Treo/Flu/AraC study were neutropenic before day 0 and some
for quite some time before this. As discussed previously, 25 patients in this study were given
treosulfan on days -4 to -2 instead of -6 to -4, in the theoretical hope of reducing the duration
of the vulnerable pre-engraftment phase. It was found, however, that the difference in timing
of the administration of treosulfan did not lead to a significant difference in the duration of
neutropenia. A larger follow-up study would be required to reproduce or disprove this result
and to observe the effect that the timing of administration of treosulfan has on the risk of

infectious complications.

AML Subgroup Analysis

To aid comparison between the outcomes of patients treated with Treo/Flu/AraC and FLAMSA-
RIC, a subgroup analysis of patients in the Treo/Flu/AraC study with a diagnosis of AML at the
time of transplantation, was performed. Table 16 (Appendix 1) summarises the outcomes of
adult patients treated with FLAMSA-RIC for AML. Table 17 (Appendix 1) summarises outcomes
of studies comparing treatment with Treo/Flu and FLAMSA-RIC.

60



FLAMSA-RIC is primarily employed to condition patients with refractory or high-risk AML (see
(167) for a definition). As discussed previously in the introduction the rationale behind the
FLAMSA-RIC regimen is to reduce the leukaemic burden in high-risk AML and MDS patients
by giving a short intensive course of chemotherapy and then RIC before transplantation. There
are several iterations of the FLAMSA-RIC treatment protocol, but the one most closely
resembling our Treo/Flu/AraC regimen consists of; fludarabine 30 mg/m?, cytarabine
2000 mg/m? and amsacrine 100 mg/m?day -13 to -10, treosulfan 10 g/m? day -6 to day -4 and
cyclophosphamide on day -3 to -2 (40 mg/kg/day for an MRD and 60 mg/kg/day for an
unrelated donor). This protocol differs with respect to the Treo/Flu/AraC regimen in the timing
of the administration of fludarabine, cytarabine and treosulfan and with the addition of
amsacrine and cyclophosphamide. The patients in the Treo/Flu/AraC study also fit in the

definition of high-risk or refractory AML. The results can be seen in Table 12.

Table 12: Outcomes of the AML subgroup analysis of the Treo/Flu/AraC study

Outcome Observed Result (%)

100 days One year Two years Three years
Relapse-free Survival | Not reported 43.3 38.1 33.5
Overall Survival Not reported 56.5 48.9 43.5
Non-relapse Mortality | 11.7 21.7 21.7 Not reported
Relapse Rate Not reported 35.0 41.2 42.5

There have only been two FLAMSA-RIC studies where TBI has been replaced by treosulfan.
Chemnitz et al. treated 17 patients with refractory or high-risk AML (median age 57), with only
29 % being in CR1 at the time of transplantation (66). Holtick et al. treated 58 patients with
high risk or relapsed AML (median age 60), with 31 % of patients being in CR1 at the time of
transplantation (167). The results of these two studies are summarised in Table 13 and Table
14.

Table 13: Outcomes of the FLAMSA-RIC study with treosulfan replacing TBI from Chemnitz

et al. 2012

QOutcome Observed Result (%)

Chemnitz et al. (66) 100 days One year Two years Three years
Relapse-free Survival | Not reported 55.0 Not reported Not reported
Overall Survival Not reported 62.0 Not reported Not reported
Non-relapse Mortality | Not reported 20.0 Not reported Not reported
Relapse Rate Not reported 25.0 Not reported Not reported
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Table 14: Outcomes of the FLAMSA-RIC study with treosulfan replacing TBI from Holtick et

al. 2017
Outcome Observed Result (%)
Holtick et al. (167) 100 days One year Two years Four years
Relapse-free Survival | Not reported Not reported Not reported 41.0
Overall Survival Not reported Not reported Not reported 47.0
Non-relapse Mortality | Not reported Not reported Not reported 28.0
Relapse Rate Not reported Not reported 32.0 Not reported

As can be seen by these short summaries, as is often the problem with comparing publications,
is that the endpoints are calculated at different times. However, the results seem to be
comparable with the Treo/FIlu/AraC study. Extrapolating the results further gives a four-year
RFS rate of 45.5 % from patients in the Treo/Flu/AraC study, which again compares well to the
FLAMSA-RIC study by Holtick et al. The relapse rate was higher in the Treo/Flu/AraC study
compared with either of the FLAMSA-RIC studies. A prospective head to head comparison of
both conditioning regimens would need to be performed to ascertain if this difference is

reproducible and significant.

The FLAMSA-RIC protocols that use TBI have also had comparable results to our study with
one exception (see Table 16, Appendix I). The 2016 study by Pfrepper et al. observed a three-
year OS of 15 %, a three-year event-free survival of 12 % and an NRM and a relapse rate of
18 % and 69 % respectively. A total of 43.2 % of the 44 AML patients in the study by Pfrepper
et al. had an adverse cytogenetic risk profile according to the ELN and over half of the patients
had a blast count of 220 % prior to conditioning. The extremely poor risk factors of these
patients compared with the patients in the Treo/Flu/AraC study and those of the other
FLAMSA-RIC studies, could explain the very high risk of relapse and mortality of these

patients.

Future Perspectives

Retrospective studies have several limitations including the risk of bias and confounding
factors. However, they are useful to collect pilot data that may be helpful in the design of a
prospective study. To more accurately assess the safety of Treo/Flu/AraC conditioning in the
treatment of AML/MDS/MPN a prospective trial would need to be conducted. To assess
efficacy against an existing conditioning regimen such as busulfan/fludarabine or
treosulfan/fludarabine, a controlled prospective randomised trial would need to be conducted.
Although Treo/Flu/AraC has been shown in this study to have an acceptable safety profile, the
addition of cytarabine at a dose of 2 g/m? is not without the possibility of worsening side-effects
over the established Treo/Flu regimen. It is therefore important to identify the patients who
would benefit most from the use of this regimen. A slightly higher NRM rate may be acceptable

if the total RFS of carefully selected patients is significantly higher. Patients who would

62



potentially benefit from the increased antileukaemic effect of this conditioning regimen include
those with high risk AML and those with higher blast counts prior to HSCT.

During the patient accrual phase of the recently published phase Il Treo/Flu versus Bu/Flu
trial, there were concerns about prolonged neutropenia and related infectious complications
(93). As aresult, the first day of administration of treosulfan was moved from day -6 to day -4.
To reduce the length of neutropenia produced by the Treo/Flu/AraC regimen, the first day of
administration of cytarabine could be also moved from day -6 to day -4. As fludarabine is
administered from day -6 to day -2, the synergistic antileukaemic effect that the two agents

have together could still be exploited.

There have been several studies emerging looking at the combination of Treo/Flu conditioning
with TBI. A preclinical study in a rat model of allogeneic HSCT found that treosulfan possesses
some features of a radiosensitizer and that gastrointestinal toxicity was a limiting factor in this
combination of treatments (216). A prospective phase Il trial by Gyurkocza et al. found no
increase in the incidence of NRM with the addition of 2 Gy TBI (217). They summarised that
the regimen was effective in conditioning patients with AML/MDS prior to allogeneic HSCT and
resulted in a low incidence of relapse. A further prospective randomised phase |l ‘pick the
winner’ trial in patients with AML or MDS conducted by Deeg et al., found that the addition 2
Gy TBI to the Treo/Flu regimen improved the overall outcome for patients by reducing the risk
of relapse (218). The effect of the addition of TBI was notably more marked in those with AML
than with MDS. The authors report that even with the addition of TBI, the regimen was very
well tolerated. Perhaps the addition of 2 Gy TBI to the Treo/Flu/AraC could reduce the risk of
disease relapse even further. High-dose cytarabine (HDAC) combined with TBI and
cyclophosphamide has already been used to condition patients with AML/MDS receiving cord
blood transplants (219). The authors found an increased OS with the addition of HDAC and a
reduction in tumour-related death without an increase in NRM. However, the same study
design conducted in patient with AML/MDS who received a PBSC/BM transplant found no
improvement in outcomes with the addition of HDAC to CY/TBI and an increase in NRM (220).
It is unclear, then, from existing studies, if the addition of TBI to the Treo/Flu/AraC regimen
would significantly improve outcomes. However, it is of potential interest to try this combination

to reduce the risk of relapse of the underlying malignant disease.

There are several substances that have been shown to increase the antileukaemic effect of
cytarabine. In one study in a retrovirus-mediated murine model of leukaemia, three leukaemia
cell lines and seven primary AML samples, valproic acid enhanced the toxic effect of cytarabine
on leukaemic cells by significantly upregulating the expression of the proapoptotic protein BAX
(BCL-2 associated X protein) (221). The CD33 targeted antibody-drug conjugate, SGN-

CD33A, has been shown in preclinical models of AML to act synergistically with cytarabine to
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increase the antileukaemic activity of both substances (222). The potential to introduce a
nonchemotherapeutic agent into a conditioning regimen to increase the antileukaemic activity

of that regimen is an option that should be evaluated further in clinical trials.

A cytological complete remission of leukaemia is defined as <5 % blasts found within the BM.
This could mean, though, that a large number of malignant cells remain within the patient. As
a result, minimal residual disease monitoring is coming into more widespread use in the
monitoring of the remission status of patients with myeloid malignancies. Measuring the level
of expression of the Philadelphia chromosome has long been employed in the monitoring of
minimal residual disease in CML (223). Due to the heterogeneity of the mutations present in
MDS/AML, monitoring of these conditions using approaches to measure minimal residual
disease has proven more difficult (224). However, thanks to improvement in DNA sequencing
(next generation sequences), along with digital PCR and imaging techniques such as PET-CT,
monitoring of these conditions has become easier and will continue to improve (225). It is of
vital importance to quantify the level of minimal residual disease in the transplant setting. A
large metanalysis has concluded that patients with AML transplanted in complete remission
with minimal residual disease have a significantly increased risk of relapse compared to those
in which minimal residual disease was not detected (226). Therefore, with improved minimal
residual disease monitoring in AML, we may be able to identify further candidates that will

benefit from a conditioning regimen with increased antileukaemic activity.

The use of existing chemotherapeutic agents and/or TBI to design disease-specific
conditioning protocols is a direction that is being currently being explored and developed. The
Treo/Flu/AraC protocol is one example of a conditioning protocol designed to maximise
antileukaemic potential. The combination of fludarabine with melphalan has been used to
condition patients prior to allogeneic HSCT for multiple myeloma (227, 228). Melphalan, an
alkylating agent, which was first synthesised in the 1950s, has been used for many decades
in the treatment of myeloma (229, 230). The Treo/Flu protocol has also been trialled in
intensively pre-treated myeloma patients (84). Rituximab has been studied in RIC regimens
for B-cell non-Hodgkin lymphoma and early data suggest it improves progression-free survival
over non-Rituximab containing regimens (231). Treo/Flu has also proved effective as
conditioning prior to allogeneic SCT in lymphoid malignancies (232). Perhaps using treosulfan
alone or in combination with fludarabine as a backbone for more disease-specific conditioning

protocols could reduce toxicity whilst improving relapse- or progression-free survival.
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Conclusion

From the outcomes observed in this retrospective study, we conclude that the combination of
treosulfan and fludarabine with cytarabine is a feasible and effective conditioning regimen with
low non-haematological toxicities and low cumulative incidence of cGvHD, resulting in an
acceptable NRM. Treo/Flu/AraC conditioning can be offered as an alternative to those not just
with aggressive disease with a poor prognosis, but also for those of advanced age and patients
with significant comorbidities. The RFS and OS observed in the Treo/Flu/AraC study compares
well to the same figures reported in Treo/Flu and FLAMSA-RIC studies in similar high-risk

populations.

The advantage of Treo/Flu/AraC over FLAMSA-RIC is the shorter duration of treatment with
the potential of a reduced length of hospital stay and neutropenic phase. The results of the
Treo/Flu/AraC study suggest that although the numbers of patients experiencing febrile
neutropenia is similar between the two regimens, the mortality due to an infectious
complication is lower following Treo/Flu/AraC conditioning that following FLAMSA-RIC. The
rationale behind the use of amsacrine in the FLAMSA-RIC protocol is to target leukaemic blasts
that previously did not respond to cytarabine-based therapy. However, cytarabine has been
found to be effective in salvage therapies even after failure of standard cytarabine-based
induction or consolidation regimens (98). The idea of disease-specific conditioning protocols,
such as cytarabine for AML and melphalan for myeloma, using treosulfan as a backbone

should be investigated in the era of targeted therapies.

The cumulative incidence of relapse reported here is, although relatively high, not unexpected
in this high-risk patient population. The advantage of the Treo/Flu/AraC regimen over the
original Treo/Flu conditioning is its increased antileukaemic effect. This is a result of the higher
dose of treosulfan alongside the synergistic effect of the combination of fludarabine and
cytarabine. The data indicate that treosulfan and fludarabine combined with cytarabine is an
effective conditioning regimen for HCT in patients who have AML/MDS/MPN in any remission
status at the time of HCT.

A comparison between studies with vastly different patient populations, as performed here,
has many limitations. A large multicentre, multinational prospective randomised study
incorporating this regimen is required to provide robust evidence with enough statistical power
on the outcomes of patients conditioned with Treo/Flu/AraC. This regimen should be compared
to the established Treo/Flu and FLAMSA-RIC protocols to establish the characteristics of

patients who will benefit the most from this regimen.
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Appendix |

Table 15: Summary of the results of Treo/Flu studies in patients with AML, MDS and/or MPN

Study Population Intervention RFS and OS NRM and Cl Engraftment | Chimaerism | aGvHD and | Toxicity
of Relapse cGvHD
Casper et al., 30 patients with | Treosulfan 10 Event-free NRM 20 % at | 97 % Day 14: aGvHD ALT/AST rise
2004 phase AML, MDS, g/m? survival 49 % at | 22 months PMN 70 % grade III/IV grade 3/4 in
1/2 (80) CML, multiple day -6 to -4, 22 months engraftment Day 28: 14 %, 33 %, nausea
myeloma, NHL fluo}ar?blne 30 Relapse rate | median day 81 % cGvHD and vomiting
or CLL. Median :jne?yrf]e t0 -2 0OS 73 % at 22 not reported 11.5, plts 18 39 % grade 3 in one
age 49 months days patient,
mucositis
< grade 2
Kroger et al., 26 patients with | Treosulfan 10-14 | RFS 34 % at Treatment Leucocyte 13/16 aGvHD II-lll | Mucositis grade
2006, MDS (advanced | 9/m? day-6to-4, | two years related engraftment achieved 23 %, no I-11 65 %
prospective disease) or fludarabine 30 mortality 16 days, plts | complete grade IV Grade Il
study SAML (7/15 in ;lng/met ) 0S 36 %attwo | (TRM)28% at | 17 days. No chimaerism | cGvHD toxicity: cardiac
(85) CR1) ineligible ay-oto- years 100 days PGF, one SGF | at a median | 36 %, (n=2),
for standard of 34 days extensive in | pulmonary
conditioning. Two-year 18 % (n=1), hepatic
Median age 60 cumulative (n=1), CNS
incidence (Cl) (n=2), lethal
of relapse grade IV toxicity
21 % at two in 3 cases
years
Baronciani et 46 patients Treosulfan 12-14 | RFS38 % at 30 | TRM 9 % at 96 % 97.5 % aGvHD: Gl grade | (1)
al., (AML, ALL, MDS, | 9/m?day -6to -4, | months 100 days, PMN presented a | 27 %, 8 Hepatotoxicity
2008 MPN, MM, fludarabine 30 15 % at 7 engraftment complete grade I, 3 grade | (1),
Phase 2 lymphoma), mg/m 0S51%at30 | months median 15 chimaerism | grade II, 1 grade 11 (5)
(137) heavily pre- day -6 t0 -2 months days, plts 14 grade Il Nephrotoxicity
treated, age Cl of relapse days, one PGF cGvHD: grade | (2),
>50 years or not reported 24 %, grade Il (1)
presence of limited in all | No grade IV,
comorbidities. but one one grade Il
Median age 48. case constipation
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Study Population Intervention RFS and OS NRM and CI Engraftment | Chimaerism | aGvHD and | Toxicity
of Relapse cGvHD
Casper et al. 56 patients with | Treosulfan 10-14 | RFS 49 % at NRM 13 % at Day 28 77 % on aGvHD at Grade IlI/IV:
2010 various g/m?day -6t0-4 | two years day 100 cumulative day 28, day 100 ALT rise 29 %
Prospective haematological | (20x10 9/’?2’ 18 % at one incidence of 94 % on Grade II-IV: | AST rise 16 %
dose malignancies 1?’(%29/ m% 17x14 | 0S 64 % attwo | year engraftment: day 100 42 % Febrile
escalation incl.; AML 19, ﬁun(;lla)r,abine 30 years 20 % at two 98 % PMN, Grade Ill/IV: | neutropenia
study (83) CML 6, MDS 6. mg/m2 years 80 % plts 5% 29 %
42% CR, 58 % | day -6 to -2 Median time to cGvHD Hyperglycaemia
non-CR (incl. Cl of relapse engraftment limited and 11 %
untreated MDS 31 % at two 14-14.5 days extensive Renal failure
pts) years 57 % 11%
Median age 50 Two seizures
Shimoni et al. 105 patients with | Treosulfan 10-12 | RFS 37 % at NRM 25 % at | 95 patients Not aGvHD Not reported
2010 (86) AML/MDS/ g/m?day -6 to -4, | three years three years engrafted, 3 reported overall
CMl__/lympl.‘lOid fludar?bine 30 early PGF or 26 %, grade
ma"?r]l?‘”c"?s’ mg/m*day -610 -2 | 55 45 o at Clofrelapse | SGF. PMN -1V 11 %
my elofibrosis. three years 30 % at three engraftment cGvHD
igh risk patient .
group, 23 % in years median 12 53 %
CR (1%t or later) days, plts 16
Median age 57 days
Nemecek et al. | 60 patients, AML, | Treosulfan 12-14 | RFS 58 % for all | NRM 5 % at PMN 18 days CD3+:82% | aGvHD II-1ll | No SOS,
2011 ALL, MDS g/m*day -6 to -4, | patients at two 100 days, 8 % | Plts 16 days by day 28, 55.2 % at mucositis grade
Prospective High risk of fludarabine 30 years, 88 % for | at 2 years 85 % by day | gay 90 I-11 in 52 %,
study (199) ;%Z%i&rLNRM r,\rl‘g/;\“_l_ gay -610-2 | ihose without (1:0D(333+_ cGVHD grade I-II
. . high risk Cl of relapse ‘ 65 % AST/ALT rise in
patients in CR1, . 97 % by day
18 % with cytogenetics 33 % at two 28, 97 % by 60 %
relapsed or years day 100
refractory disease OS 65 % at two
Median age 46 years
Ruutu et al. 45 patients with Treosulfan 14 RFS 67 % at NRM 17 % at Day 28: 96 % 78 % on aGvHD at day | 87 % grade llI-IV
2011 1° MDS. Median g/m2 two years two years PMN day 28, 100: adverse event,
International age 50 day -6 to -4, engraftment, 93 % on grade I-IV infection (80 %),
- 78 % no prior fludarabine 30 87 % for plts. 56 %, II-1V Gl events (22 %).
ﬁ:)?]s_pectlve treatmenfor mg/m? ?esar7sl % attwo %(IS g/]; r:tl?\gie Median tilrone to 2836 56 and 24 %, llI-IV 2% grgde(lv :
. chemotherapy, day -6 to -2 PMN recovery 16 % mucositis. Two
randomised 18 % high-risk years 17 days, cGVHD at 2 patients grade Il
phase Il trial according to IPSS platelets 16 years 59 %, SOS, resolved
(136) days. One PGF, extensive
one SGF 28 %
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Study Population Intervention RFS and OS NRM and CI Engraftment | Chimaerism | aGvHD and | Toxicity
of Relapse cGvHD
Hilgendorf et 19 patients with | Treo/Flu (84 %) or | RFS 74 % at NRM 5 % at Not reported Not aGvHD by No SOS
al. 2011 MDS, primary Treo/Cyclophosph | one year, 57 % | 100 days, reported day 100 Mucositis grade
Retrospective | or therapy amide (16 %) at three years 26 % at one grade I/l 1/l 57.9 %,
analysis related. HCT-CI year, 38 % at 36.9 %, grade Il
(82) >237T% OS 74 % at one | three years 21.1% 10.5 %, no
Median age year, 57 % at cGvHD grade IV
48.3 three years Cl of relapse 72 %,
5 % at three extensive
years 50 %
Casper et al., 75 patients Treosulfan 14 DFS 55 % at NRM 11 % at PMN: 93 % at | 72 % day aGvHD II-IV | Grade llI-IV —
2012 (AML in CR), g/m? two years two years day 28, MTE: 28 21 %, infections 59 %,
Prospective median age 45. | day -6 to -4, 20 days 88 % day extensive gastrointestinal
nonrandomised fludarabine 30 OS6l%attwo | Clofrelapse | Plts:93% at | 56 cGVHD 7%
phase Il trial mg/m*day -610 -2 | v o org 34%attwo | day 28, MTE: | 92 % day | 16 %
(149) years 14 days. 100
No PGF, one
SGF
Michallet et al. | 56 patients, Treosulfan 12 RFS 47 % NRM 20 % at 96 % 90 % at aGvHD 2 Infection most
2012 AML g/m? event-free 12 months, 23 | engraftment, one month, | grade Il frequent, 62 %
Phase I (CR1/CR2), day -6 t0 -4, survival at three | at 24 months PMN recovery | 95 % at 31 % at = grade I,
prospective MDS, CML, fludarabine 30 years median 16 four three sepsis in 27 %
study MM, CLL and mg/m?=day -6 to -2 Cl of relapse days, plts 11 months, months, Three EBV-
(150) ALL. 0OS 52 % at 25 % at three days 100% at6 | cGvHD induced
Median age 57 three years years months limited 32 % | lymphomas
at12
months, 6 %
extensive
Claudiani et al. | 14 patients with | Treosulfan 14 RFS 46 % at NRM 39 % at | All patients 12/13 aGvHD grade | Mucositis grade
2016 myelofibrosis g/m? three years two years engrafted by day | achieved 1-1V'50 %, W= 1 171 4/13
Retrospective | Median age 57. | day -6t0 -4, +60 full donor :\\A/ :36 %t ’ No VOD
study fludarabine 30 OS 54 % at Clof relapse | 80-:day ClOfpit | chimaerism | cavere covhp | SePsis 5/13
(163) mg/m*day -6 10 -2 | 4 00 years not reported %%;Oaftment by day +28 | 48 % FUO 3/13
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Study Population Intervention RFS and OS NRM and CI Engraftment | Chimaerism | aGvHD and | Toxicity
of Relapse cGvHD
Remberger et 118 patients, 93 | Treosulfan 12-14 | N/A NRM 7.5% at | 100 % 83 % day aGvHD AST/ALT rise
al., with a g/m?day -6 to -4, 100 days, 28 grade lI-lV | grade 3 two
2017, haematological | fludarabine 30 11.9 % at one 76 % day | 31 %, grade | cases
retrospective malignancy mg/m=day -6 10 -2 year 84 -V 6.8 % | Bilirubin rise
study looking (AML/ALL, grade 4 one
at early toxicity | CML, Cl of relapse case
of Treo/Flu lymphoma, not reported Creatinine rise
(190) MM). Median grade 2 five
age 50 cases
Nagler et al. 520 patients Treosulfan based | LFS 33 % at five | NRM five-year | 96 %, one Not aGvHD VOD 2.2 %, 2
2017, with AML, CR1 | regimens, 94 % years cumulative graft rejection | reported grade II-IV deaths
retrospective | 43 %, 2CR2 Treo/Flu incidence 24 %, grade | Cardiac toxicity
multicentre 21 %, OS 38 % atfive |25% /v 11 % 3 % of deaths
analysis active/advanced years cGvVvHD 5- Haemorrhage
(161) disease 36 %. Cl of relapse year 5 % of deaths
Median age 57 42 % at five cumulative Infection 26 %
years incidence of deaths
38 % Interstitial
pneumonitis
3 % of deaths
Sakellarietal. | 31 patients, Treosulfan 14 6 % relapse, NRM 20.2 % 100 % 100% CC | aGvHD No grade llI/IV
2017 Treo/Flu | HCT >2 g/m? one at three at one year engraftment, by day 30 grade II-IV toxicity
compared to (medically day -6 to -4, months, one at PMN 19.4 % at observed.
historical infirm), AML or | fludarabine 30 nine months Cl of relapse engraftment one year Mucositis grade
Bu/Flu group MDS without mg/m=day -6 to -2 post-transplant, | mortality 7.4 % | median day cGvHD INl'in 27/31
(151) active disease. 79 % at one at one year 10, plts 48.1 % at
Median age 55 year median day 12 one year

OS 76 % at one
year
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Study Population Intervention RFS and OS NRM and CI Engraftment | Chimaerism | aGvHD and | Toxicity
of Relapse cGvHD
Shimoni et al. 3293 patients Treosulfan 12-14 | LFS at two NRM at two Overall 98.3 % | Not aGvHD Major causes of
2018 with de novo g/m? day -6to-4, | years: FT12 years: FT12 PMN reported grade II-1IV death: disease
Retrospective | (2588) or fludarabine 30 44%, FT14 46% | 16%, FT14 engraftment 22 %, FT recurrence,
multicentre secondary AML | Mg/m*day -6 t0 -2 21% median day 16 associated | GvHD, infection
analysis, (705) OS at two years: (FT14 97.5 % with lower (17 %), organ
Bu/Flu (FB4 or | FT14 median FT12 51%, Cl of relapse 17 days) risk of toxicities (3 %).
FB2) vs age 57, CR1 FT14 53% at two years aGvHD FT14 VOD no
Treo/Flu (FT14 | 56 %, CR2/3 FT12 40%, cases, FT12
or FT12) 21 %, active FT14 34% cGvHD VOD 2 cases
(90) disease 23 %, 37 %
secondary AML
25 %

Deeg et al. 100 patients Treosulfan 14 Progression free | NRM 8 % at PMN All patients | aGvHD Grade 3
2018, with MDS or g/m? survival 54 % at | day 100, 9 % engraftment who did not | grade Il mucositis and
prospective AML (CR1/CR2, day -6 to -4, one year at one year 15 days, plts relapse 49 %, grade | skin rashes.
randomised refractory 3 %) ﬂ“%ar?g'”e go ) 11 days achieved -1V 20 %
phase I, Median age 57 mg ;\nTGay bto- 0OS 69 % at one | CI of relapse complete at a median
Treo/Flu +/- year 34 % at one donor of 32 days.
TBI (218) year chimaerism | cGvHD

by day 28. 44 % at 2

No graft years

rejection
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Study Population Intervention RFS and OS NRM and CI Engraftment | Chimaerism | aGvHD and | Toxicity
of Relapse cGvHD
Beelen et al. 476 patients Treosulfan 10 Event-free NRM 11.4 % 28-day PMN 93.5 % at aGvHD Mucositis =3
2019, AML in CR or g/m? survival (event at two years engraftment day 28 grade II-1IV grade 4.5 %
Multicentre MDS, increased | day -4 to -2, relapse, graft 96.8 % 86.4 % at 52.1 % at Renal and
prospective risk for standard | fludarabine 30 failure or death) | Cl of relapse | Plts 96.8 % day 100 100 days, urinary
randomised regimens 250 mg/m=day -6 10 -2 | 54 o4 at two or progression grade lII/IV | disorders grade
phase Il trial, yrs and/or HCT- years 24.6 % at two 6.4 % 1/2 8 %, grade
Treo/Flu vs. Cl>2 years cGvHD 41%
Bu/Flu Median age 60 0S 71.3 % at 60.1 % at 2 | Hepatobiliary
(93) two years years, disorders grade
extensive 1/2 1 %, grade
184 % 3<1%

Abbreviations: PGF — primary graft failure, SGF — secondary graft failure, MTE — median time to engraftment, TBF — thiotepa/busulfan/fludarabine, FLAMSA —

fludarabine, intermediate dose Ara-C, amsacrine, SAML — secondary acute myeloid leukaemia, plts — platelets
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Table 16: Results from a selection of FLAMSA-RIC studies observing outcomes of patients with AML

Study Population Intervention RFS and OS NRM and Cl of | Engraftment | Chimaerism | aGvHD Toxicity
Relapse and
cGvHD
Chemnitz et 17 patients with FLAMSA RFS 55 % at NRM 20 % at Leucocyte 13/16 aGvHD 29.4 % of
al. 2012 refractory or high- | day -13to -10. one year one year median time patients grade | in | patients
Prospective risk AML. 29 % 1st | RIC: Treosulfan 10 to developed 6 developed
study CR, 29 % with g/m2 day -6 to day | OS 62 % at Cl of relapse engraftment complete patients, grade lI/1V
(66) primary induction -4, one year 25 % at one 18, platelets chimaerism grade Il in | regimen
failure, 42 % cyclophosphamide year 21 by day 30. 3 related
relapse after 1st 40mg/kg/day All patients 13/14 patients. toxicities
CR. Median age MRD, engrafted patients cGvHD
57.4 60mg/kg/day UD One SGF developed limited: 6
day -3to -2 complete patients,
chimaerism extensive
by day 100 12
patients
Krejci et al. 60 patients with FLAMSA day -12 RFS 38 % at NRM 25 % at PMN median | Complete aGvHD Grade llI/IV
2013 high-risk AML. CR | to -9. one year, 33 % | one year, 28 % | to chimaerismin | 47 %, I/1l | infections
Retrospective | 57 %, active RIC: TBI 4Gy day | atthree years at three years engraftment 71 % after a 29 %, 84 %,
analysis disease 43 % -5, 17 days, median of 30 | II/IV Gastrointestina
(207) Median age 52 cyclophosphamide | OS 45 % at 38 % of platelets 18 days aGvHD | 18 % | toxicity grade
40mg/kg/day one year, 42 % | patients days cGvHD ll'in 29 %
MRD, at three years experienced 85 % 55 %,
60mg/kg/day UD relapse after achieved limited
day -4 to -3 37 months engraftment 39 %,
median follow- extensive
up 16 %
Schneidawin | 62 patients with FLAMSA day -12 Event-free NRM 22 % at Neutrophil 38 % aGvHD = | Mucositis
detal. 2013 | primary refractory | to -9. survival 26 % two years engraftment complete grade I grade IlI/IV
Retrospective | or relapsed AML. RIC either at two years at a median chimaerism at | 21 % 58 %
single centre | 68 % blast count FLU/BU, TBI/CY Cl of relapse of 17 days, day 20,65 % | cGvHD Hepatobiliary
analysis >20 % prior to or BU/CY 0OS 39 % at 52 % at two platelet at day 60, 26 % system toxicity
(68) conditioning two years years engraftment 71 % at day (limited grade /1
Median age 55 at 22 days 100 n=12, 16 %
extensive | Renal toxicity
n=4) grade III/IV
15%
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Study Population Intervention RFS and OS NRM and CI of | Engraftment | Chimaerism | aGvHD Toxicity
Relapse and
cGvHD
Pfrepper et 44 patients with FLAMSA day -12 Event-free NRM 18 % at Not reported 30/41 aGvHD in | Not reported
al. 2016 primary refractory | to -9. survival 12 % three years between day | 55 %,
(233) or relapsed AML. RIC: 4Gy TBIl on at three years +12 and day grade | in
Median age 52 day -5, Cl of relapse +40 32 %,
cyclophosphamide | OS 15 % at 69 % at three grade Il-
120mg/m? day -4 three years years IV in
to -3 23 %.
cGvHD in
8 patients
(26 %).
Six had
limited,
two had
extensive
Holtick et al. 130 patients with FLAMSA day -13 RFS 41 % at NRM 28 % at FLAMSA/TBI | FLAMSA/TBI | Not Not reported
2017 high risk or to -10 four years four years PMN 93 % CC at reported Death from
Retrospective | relapsed AML, 58 RIC: Treosulfan 10 | (FLAMSA/treo) | (FLAMSA/treo) | engraftment day 30, 87 % | Death infection in
analysis FLAMSA/treosulfa | g/m? day -6 to day |, , 13 % at four 69/72, at day 100 from eight patients
FLAMSA-RIC | n (median age 60), | -4 or 4Gy TBI, 40 % at four years median 16 FLAMSA/Tre | GvHD in (13.8 %) in the
TBI vs. 72 FLAMSA/TBI cyclophosphamide | years (FLAMSA/TBI) | days 096 % CC on | seven treosulfan
treosulfan (median age 46) 40mg/kg/day (FLAMSA/TBI) FLAMSA/Tre | day 30,90 % | patients group.
(167) 77 patients in CR, MRD, Cl of relapse 0 58/59 on day 100 (12 %) in
53 with refractory 60mg/kg/day UD OS 47 % at 46 % at two median 15 treosulfan
disease or blast day -3to -2 four years years for days group
persistence (FLAMSA/treo) | FLAMSA/TBI,
, 32 % for
43 % at four FLAMSA/Treo
years
(FLAMSA/TBI)
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Study Population Intervention RFS and OS NRM and CI of | Engraftment | Chimaerism | aGvHD Toxicity
Relapse and
cGvHD
Malard et al. | 265 patients with FLAMSA day -12 LFS52.8% at | NRM at two 96.2 % Not reported aGvHD 2 deaths
2017 intermediate- or to -9 RIC: two years years 24 % engrafted in grade Il related to
Retrospective | high-risk AML in 1st | Cyclophosphamid TBI group, to IV day | cardiac toxicity
multicentre (81.5 %) or 2nd e 40mg/kg/day 0S 56.1 % at Cl of relapse 95.3 % in the 100:
analysis (18.5 %) complete | MRD, two years 22.8 % at two Bu group 28.5% 2 cases of
(67) remission. 60mg/kg/day UD years PMN TBI 17 cGvHD at | SOS
Median age 55 day -4 to -3 days, Bu 14 2 years:
TBI 4Gy or days 31.8% 31 deaths
Busulfan related to
infection
Regimens:

FLU/BU: fludarabine 30 mg/m2 on days -5 to -4, busulfan 0.8 mg/kg twice on day -6, and 0.8 mg/kg four times daily on days -5 to -4 (n=12)
TBI/CY: 4 Gy TBI on day -5, cyclophosphamide 60 mg/kg on days -4 to -3 (n=31)

BU/CY: busulfan 0.8 mg/kg once on day -6, 0.8 mg/kg four times daily on day -5, and 0.8 mg/kg three times on day —4, cyclophosphamide 60 mg/kg for
mismatched and unrelated donors or 40 mg/kg for MRD on days —3 to -2 (n=19).

Table 17: Summary of the outcomes of two trials comparing FLAMSA-RIC with Treo/Flu conditioning

Retrospective analysis comparing Treo/Flu,
FLAMSA/TBI and FLAMSA/Busulfan

Study Population Conclusions
Sheth et al. 2018 629 patients with AML, 281 Treo/Flu, 203 Multivariate analysis: FLAMSA/TBI decreased
(91) FLAMSA/TBI, 145 FLAMSA/Busulfan risk of relapse and superior leukaemia-free

survival compared to Treo/Flu. Acute GvHD
rates significantly higher in FLAMSA/TBI group
compared to Treo/Flu.

OS, NRM and cGvHD were not significantly
impacted by conditioning regimen used.

Saraceni et al. 2019, (234) retrospective
analysis comparing Treo/Flu,
thiotepa/busulfan/fludarabine (TBF), and
FLAMSA/TBI

856 patients with AML, transplanted in active disease—

primary refractory, first and second relapse, 113

patients received Treo/Flu (median age 58), 112 TBF
(median age 52.1) and 631 FLAMSA/TBI (median age

51.5)

Results similar across protocols, OS determined
by Karnofsky performance score (<80 %) and
CMV serology. Age was not a determinant of
Os.

Global survival of 34 % at 2 years
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Sehr geehrter Herr Prof. Casper,

Ihr Antrag hat der medizinischen Ethikkommission in ihrer Sitzung am
24.10.2018 zur Beratung vorgelegen.

Die medizinische Ethikkommission hat keine Bedenken gegen die
Durchfiihrung der o.g. Studie.

Hinweise/Empfehlungen:
Die medizinische Ethikkommission empfiehlt,

e das Einholen einer Patienteneinwilligung
e das Versenden des Anschreibens in einem neutralen Umschlag

Die medizinische Ethikkommission weist daraufhin, dass nach einer ge-
wissen Anzahl von individuellen Heilversuchen eine Beratung durch eine
medizinische Ethikkommission empfohlen wird, da es sich dann um sys-
tematische Heilversuche und damit um Forschung handelt.
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Bitte beachten Sie noch folgende Punkte:

* Die Ethikkormmission erwartet, dass ihr ohne Aufforderung ein
Abschlussbericht mit dem beigelegten Formular B Gbermittelt
wird.

» Unabhangig davon ist die Ethikkommission unaufgefordert und
zeitnah Ober alle Anderungen am Priifplan, sowie den in diesem
Antrag vorgelegten Dokumenten unaufgefordert und unverziiglich
zu unterrichten. lhr sind unaufgefordert alle schweren uner-
wunschten Ereignisse mitzuteilen, soweit sie im Zusténdigkeits-
bereich der Ethikkommission aufgetreten sind.

¢ Die ethische medizinische und juristische Verantwortung des
Studienleiters und des an der Studie beteiligten medizinischen
und wissenschaftlichen Personal bleibt entsprechend der Bera-
tungsfunktion der medizinischen Ethikkommission durch diese
Stellungnahme unberihrt.

¢ Die Ethikkommission kann dieses Votum jederzeit zuriickziehen
oder andern. Dies wird dem Antragsteller mitgeteit.

¢ Bitte machen Sie dieses Votum und die der Begutachtung zu-
grundeliegenden Dokumente allen beteiligten Arztinnen und Arz-
ten und Wissenschaftlerinnen und Wissenschaftlern zuganglich.

An der Beratung und Beschlussfassung haben keine Kommissionsmit-
glieder teilgenommen, die selbst an dem Forschungsvorhaben mitwirken
oder deren Interessen davon benihrt werden.

Wir bitten um Mitteilung der teilnehmenden Arztinnen und Arzte im Zu-
standigkeitsbereich der Universitét Oldenburg, sobald diese bekannt sind
bzw. sofern im Verlauf weitere Arztinnen und Arzte hinzukommen.

Wir méchten darauf hinweisen, dass die Stellungnahme der medizi-
nischen Ethikkommission und die studienrelevante Korrespondenz an
alle teilnehmenden Arztinnen und Arzte weiterzuleiten ist.

Bitte informieren Sie die Ethikkommission unter Nutzung des beige-
fligten Formulars A iiber den Beginn der Rekrutierung an lhrem
Studienzentrum.

Wir wiinschen thnen bei der Durchfiihrung Ihrer Studie viel Erfolg.

Mit freundlichen Griuen
/ 5‘1&\

Dr. jur. Hans Oehlers
stellvertretender Vorsitzender der medizinischen Ethikkommission
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