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European Hematology Association (EHA)
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Development Program.
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- Eligible to apply for the EHA Career Development Program Subscription to the EHA Newsletter, the official
newsletter for members of EHA, published in May and November.

- Subscription to the EHA monthly e-bulletin

- Access to EHA membership directory

- Priority access to webcasts of the EHA Annual Congress

- Nomination and voting rights in EHA Board member election Eligibility to EHA Congress travel grants

www.ehaweb.org



EUROPEAN
HEMATOLOGY
ASSOCIATION

Raise the voice of European Hematology:

Join EHA now -
every member counts!

Reduced fee of € 20 for Junior Members (up to 36 years of age]
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Word of Welcome

On behalf of the EHA Board and the Scientific Program Committee we are pleased to present the
Abstract Book of the 18th Congress of EHA.

The Scientific Program Committee has compiled an exciting and topical program of Simultaneous
Sessions and Poster Sessions from close to 3,000 submitted abstracts. Please join our expert modera-
tors for a walk along the posters in your field of interest on Friday and Saturday. The six best abstracts
have been selected for presentation during the Presidential Symposium on Saturday, June 15.

On behalf of the EHA Board, the committees and all the people involved in this years’ EHA congress,

we thank you for coming to Stockholm.
%MM-__,

e —

Jorge Sierra
Chair Scientific Program Committee
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P001

INVESTIGATING THE BIOLOGY OF STIL-TAL1 FUSION POSITIVE T-ALL
AND ITS GENETIC SUBCLONAL ARCHITECTURE

C Furness!” F van Delft!, M Mansur'2, A Ford?, L Kearney?, C Harrison3,
M de-Oliveira2, M Greaves'

THaemato-Oncology Research Unit, Division of Molecular Pathology, Institute
of Cancer Research, Sutton, United Kingdom, 2Paediatric Haematology-Oncol-
ogy Program, Instituto Nacional de Cancer (INCA), Rio de Janeiro, Brazil,
3Leukaemia Research Cytogenetics Group, Northern Institute for Cancer
Research, Newcastle University, Newcastle, United Kingdom

Background: The STIL-TAL1 fusion occurs in 25% of T-ALL as a result of a
1p33 deletion which removes the coding regions of STIL and places TAL1
under the control of the STIL promoter. Our study aims to investigate the biol-
ogy of this leukaemia subtype and its genetic sub-clonal architecture in order
to aid rational design of future targeted treatment strategies. The hypothesis is
that drugs targeted at events occurring at a sub-clonal level will likely fail due
to Darwinian evolution and the emergence of drug resistance from a minor sub-
clone selected out by environmental modifiers (drug therapy).

Aims: We aimed to determine the common genetic aberrations occurring in
STIL-TAL1 fusion positive T-ALL in children and young adults (age 1 — 25 years)
and to investigate how the leukaemic clone evolves genetically in order to deter-
mine the early and founder genetic events amenable to therapeutic targeting.
We describe our current approach to this issue using SNP arrays, mutation
screening and single cell 4 colour FISH.

Methods: DNA from 17 STIL-TAL1 fusion positive T-ALL cases and one cell line
(RPMI 8402) was screened using the Affymetrix SNP 6.0 platform to detect copy
number alterations (CNA) and was sequenced to detect mutations in NOTCH1
(exons 26,27,34), FBXW7 (exons 9, 10), PTEN (exon 7) and IL7R (exon 6). Genom-
ic localisation of copy number alterations using CNAG version 3.3.0 software was
used to design in house FISH probes for STIL-TAL1 fusion and losses of CDKN2A,
PTEN, LEF1 and CASP8AP2 in order to permit examination of single cells by mul-
ticolour FISH. Interphase FISH was performed on methanol-acetic acid fixed nuclei
from diagnostic samples. The FISH probe to detect STIL-TAL1 fusion consisted of
two fosmids whose genomic localisation corresponds to the 1p33 deletion and two
control fosmids located downstream of TAL1. This reliably detected the deletion in
8 samples screened to date.

Results: The most frequent CNA detected was CDKNZ2A loss (94% of samples).
Other frequent CNA were losses of PTEN (22%), the region 6q13-6916 including
CASP8AP2 (22%), LEF1 (11%) and gain of MYB (11%). Mutation screening revealed
mutation frequencies of 55% for NOTCH1/FBXW7 and 38% for PTEN. Mutations
in IL7R were not detected in this cohort. Single cell 4 colour FISH performed on 4
patients showed the presence of the STIL-TAL1 fusion in all cells with an abnormal
FISH signal pattern. Scoring of 100 — 200 cells per patient with 3 — 4 differentially
labelled FISH probes allowed reconstruction of the evolution of the malignant clone
through phylogenetic trees.

Summary / Conclusion: This study provides an overview of key genetic aberrations
in this T-ALL subgroup. Results support the hypothesis that, in accordance with oth-
er types of leukaemia, the STIL-TAL1 fusion is a founder event being present in all
cells with an abnormal FISH signal pattern. Loss of CDKN2A occurred early in the
evolution of the leukaemogenic clone in line with its key role in T-ALL. Copy number
losses such as PTEN, CASP8AP2 and LEF1 occurred sub-clonally to CDKN2A
loss. PTEN inactivation is frequent in SIL-TAL1 T-ALL with either mutation or copy
number losses detected in 50% of samples. Comparison of multicolour FISH results
for two patients with PTEN loss suggests that the evolutionary timing of this event
may vary between patients. Future work will incorporate gene mutations into the sin-
gle cell analysis to determine the position of key mutations, such as
NOTCH1/FBXW7/PTEN, in STIL-TAL1 T-ALL evolution.

P002

DEVELOPMENT OF MINIMAL RESIDUE DISEASE (MRD) ANALYSIS IN
CHILDHOOD ACUTE LYMPHOBLASTIC LEUKAEMIA (ALL) BY NEXT GEN-
ERATION SEQUENCING (NGS)

H Williamson®* J Hancock!, J Moppett2, E Roberts?

1Bristol Genetics Laboratory, North Bristol NHS Trust, 2Paediatric Oncology,

Bristol Royal Hospital for Children, Bristol, United Kingdom

Background: Detection of sub-microscopic levels of disease (minimal resid-
ual disease; MRD) in childhood acute lymphoblastic leukaemia (ALL) after ini-
tial treatment is an important prognostic factor. Currently, stratification of ther-
apy for the new frontline trial in childhood ALL (UKALL2011) is provided by
MRD analysis using real time quantitative PCR (RQ-PCR) to identify and quan-
titate patient specific rearrangements of the immunoglobulin (Ig) and T-cell
receptor (TCR) genes. Although MRD is a powerful and essential tool in strat-
ification of ALL patients, the current methodology is expensive, time-consum-
ing and complex to perform, and 8% of individuals in the current UKALL2011
trial do not have an informative MRD result.

Aims: Recently, Next Generation Sequencing (NGS) has led to the opportuni-
ty to improve Ig/TCR based MRD analysis by revealing the entire Ig/TCR reper-
toire. In addition, this technology may also have the potential to allow improved
quantification of disease, by detecting lower disease levels, resulting in a poten-
tial increase in the specificity and sensitivity of MRD analysis in childhood ALL.
Results: To date, this project has concentrated on the IgH locus using the BIO-
MED 2 primers (van Dongen et al., 2003) for target identification. These primers
have been adapted in a novel manner to allow the deep sequencing of this locus
using the lllumina MiSeq. Using a simple sequence analysis pipeline, this tech-
nology has been used in twelve patients, firstly, to identify the major clones
revealed by current methodologies, and secondly, to detect many related and
unrelated low-level clones. This NGS methodology has also been used to delin-
eate patterns of IgH rearrangements in two patients previously shown to have
oligoclonal rearrangements (greater than two). Such patients represent a time
consuming and technical challenge for current technologies as it is important
that all targets at the locus are followed by RQ-PCR to provide an informative
MRD result. In addition to target identification, this approach can also be used
for the quantification of MRD. Logarithmic dilution series of patient DNA in nor-
mal PBMC DNA have been analysed using this novel pipeline and reveal that
stratification based on a clinical threshold of 1 in 10,000 is possible using this
NGS methodology. An important consideration for both MRD target identifica-
tion and quantification of disease is to undertake an assessment of the normal
background repertoire, as well as the repertoire present at the end of induction
therapy; both of which represent critical thresholds. Having established this
technology it will be used to quantitate disease levels in end of induction sam-
ples, previously analysed by RQ-PCR, and the results compared.

Summary / Conclusion: This approach to target identification allows the study
of multiple evolved clones, and therefore has the potential to reduce false neg-
ative results. Furthermore, this approach also represents a significant time sav-
ing (5-7 days) in comparison to established methods (3-4 weeks). Indeed, the
interrogation of the entire Ig repertoire will further improve the predictive value
of MRD testing. Additionally, further investigation into the clinical utility of NGS
for MRD analysis will concentrate on analysing earlier timepoints in treatment
and study the potential use of blood rather than bone marrow.

P003

NOVEL COPY NUMBER ALTERATIONS IN INFANTS WITH T-CELL ACUTE
LYMPHOBLASTIC LEUKAEMIA (T-ALL)

M Mansur?2* F van Delft2, S Colman2, M Pombo-de-Oliveira!, M Greaves2,
A Ford?

1Paediatric Haematology-Oncology Program, Instituto Nacional de Cancer -
INCA, Rio de Janeiro, Brazil, 2Haemato-0ncology Research Unit, Division of
Molecular Pathology, The Institute of Cancer Research - ICR, Sutton, United
Kingdom

Background: Infant Acute Lymphoblastic Leukaemia (I-ALL) is a rare disease
associated with MLL rearrangements, B cell precursor lineage with CD10- (pro-
B ALL) and prenatal origin. In contrast to infant pro-B ALL, in which an in utero
origin has been extensively demonstrated, the genetic origin and timing for
infant T-cell ALL (T-ALL) has not been fully elucidated. Although very rare in
infants, T-ALL is prevalent in older children, this raises the question of whether
the aetiology of childhood T-ALL is likely to involve prenatal molecular alter-
ations.

Aims: The overall aims of this study are to elucidate more definitively the ear-
ly onset of these abnormalities in infants T-ALLs; to delineate the additional
genomic hits required to accelerate the emergence of a frank leukaemia; and
to compare infant cases with older children/adolescent T-ALL by tracing CNA
accumulation.

Methods: The availability to us of a very rare series of 7 infant (€12 months)
T-ALL cases along with 6 remission samples and 4 Guthrie cards allowed us
to genetically characterize infant T-ALL (Sanger sequencing, RT-PCR, Q-PCR,
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FISH), to trace CNAs and LOH/UPD profiles (SNP-array) and to backtrack pre-
natal origin.

Results: The main clinical and demographic characteristics observed in our
series were a median age of 7 months, no predominance of gender and high
WBC count (250,000) in 6 out of 7 cases at diagnosis. The infants were treat-
ed according to Brazilian GBTLI protocol (n=3), BFM protocol (n=2) and INTER-
FANT (n=2). All samples have been analyzed at diagnosis for the main T-ALL
abnormalities and our results showed 3 cases mutated for NOTCH1, all cas-
es were WT for FBXW?7, PTEN and IL7R mutations and we did not observe any
SIL-TAL1+ or TLX3+ cases. TCRG & D were rearranged in 5 cases, 4 of them
also being rearranged for TCRB; 1 case presented with only TCRG rearrange-
ment and 1 case showed no receptor gene rearrangement at all. This latter case
also had a classical ETP profile. MLL rearrangements were detected by FISH
in 3 out of 6 cases. All diagnostic samples were analyzed by SNP-array to
identify genomic losses and gains. As a summary of the SNP results, a recur-
rent chromosome 3 deletion was observed in 3 cases. This loss results in the
complete deletion of MLF1 and has not previously been described in T-ALL.
MLF1 plays a key role in AML and myelodysplasic syndromes leukaemogen-
esis. Q-PCR and FISH assays were used to confirm the copy number of MLF1
in those cases analysed. Akin to paediatric T-ALL we observed a PTEN dele-
tion in 1 patient and 2 further cases with a 11p13 deletion that could lead to acti-
vation of LMO2. Strikingly and unlike childhood T-ALL, none of the infants
showed deletions in CDKN2A. We confirmed these results using a Q-PCR
copy number assay for CDOKN2A and FISH.

Summary / Conclusion: Since the long term aims of this study include exome
sequencing, we cannot rule out the possibility of still having classic and rele-
vant alterations yet to be discovered in these cases, however our preliminary
data suggest that infant T-ALL in general presents different genetic abnormal-
ities from childhood T-ALL.

P004

THE ROLE OF THE JANUS-FACED TRANSCRIPTION FACTOR PAX5-JAK2
IN CHILDHOOD ACUTE LYMPHOBLASTIC LEUKEMIA

D Denk! K Fortschegger’, M Kauer?, S Anderl!, R Kofler2, S Strehl?

1CCRI, Children’s Cancer Research Institute, St. Anna Kinderkrebsforschung
e.V., Vienna, 2Tyrolean Cancer Research Institute, Biocenter - Division of
Molecular Pathophysiology, Innsbruck Medical University, Innsbruck , Austria

Background: In B-cell precursor acute lymphoblastic leukemia (BCP-ALL) the
transcription factor PAX5, a master regulator of B-cell commitment and main-
tenance, is fused to several different partner proteins including other transcrip-
tion factors, structural proteins, and the tyrosine kinase JAK2. Mutations and
translocations affecting JAK2 are found in a variety of hematopoietic malignan-
cies and lead to its constitutive activation and cytokine-independent JAK-STAT
signaling.

Aims: In this study, we aimed to determine the functional consequences of the
chimeric PAX5-JAK2 protein, which contains the DNA binding paired domain
of PAX5 and the JH1 kinase domain of JAK2.

Results: Indirectimmunofluorescence displayed nuclear localization of PAX5-
JAK2. Furthermore, the chimeric protein retains the ability to bind to wild type
PAXS5 target loci and to activate some PAX5 target genes, like CD79A but not
CD19, as shown by chromatin immunoprecipitation and reporter gene assays,
respectively. This suggests that the fusion protein has an influence on PAX5
target gene expression. In order to determine whether PAX5-JAK2 is tyrosine
phosphorylated and whether it is capable of activating STAT proteins, intracel-
lular phosphoprotein analyses using flow cytometry and / or Western blotting
of different transfected cell lines were performed. Our data provide compelling
evidence that PAX5-JAK2 itself is phosphorylated and acts as an active kinase,
which in turn phosphorylates and activates downstream STAT proteins. Gene
expression profiling of PAX5-JAK2 positive samples revealed high similarities
with BCR-ABL1 and JAK2-mutated BCP-ALLs, further supporting an activation
of the JAK-STAT pathway. Importantly, the kinase activity of the fusion can be
efficiently blocked by JAK2 inhibitors rendering it a potential target for thera-
peutic intervention.

Summary / Conclusion: Together, our data show that PAX5-JAK2 may dereg-
ulate the PAX5 and the JAK-STAT transcriptional network at the same time and
thus, by interfering with these two important pathways, may promote leukemo-
genesis.

This project is funded by the Austrian Science Fund FWF (P21554).

P005

THE PRE-B-CELL RECEPTOR PATHWAY IS A THERAPEUTIC TARGET IN
SPECIFICALLY TCF3-REARRANGED B-CELL PRECURSOR ACUTE LYM-
PHOBLASTIC LEUKEMIA

AVan Der Veer!" V van der Velden2, M Willemse', P Hoogeveen?, E Petricoin3,
H Beverloo4, G Escherich®, M HorstmannS, R Pieters', M Den Boer!
1Pediatric Oncology, Erasmus MC - Sophia Children’s Hospital, 2lmmunology,
Erasmus MC, Rotterdam, Netherlands, 3Applied proteomics and molecular
medicine, George Mason University, Manassas, United States, 4Genetics,
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Erasmus MC, Rotterdam, Netherlands, SCOALL study group, University Med-
ical Center Eppendorf, Hamburg, Germany

Background: TCF3-rearranged B-cell precursor (BCP) ALL displays high lev-
els of cytoplasmic Igm (Cylgm) which is a known component of the pre-B-cell
receptor (pre-BCR).

Aims: We investigated whether an activated pre-BCR pathway in TCF3-
rearranged BCP-ALL that may serve as therapeutic target.

Methods: The rearrangement pattern of immunoglobulin heavy chain (/IGH),
and light chains (/GK and /IGL) was analyzed by multiplex PCR in leukemic cell
samples of 190 non-TCF3-rearranged and 22 TCF3-rearranged childhood
BCP-ALL patients. Expression levels of pre-BCR pathway components (EBF1,
ZAP70, SLP65, BTK, PI3K-p1106 and IRF4) were measured by reverse-phase
protein assays. Cytotoxicity of Ibrutinib (a BTK inhibitor) was determined in six
TCF3-rearranged and six non-TCF3-rearranged cases by methyl-thiazol-tetra-
zolium (MTT) assays. The effect of Ibrutinib on Erk expression levels was test-
ed by western blot.

Results: 84.6% (11/13) of TCF3-rearranged cases was highly positive for
Cylgm-expression compared to 20.9% (68/325) of non-rearranged cases
(P<0.001). The Ig-rearrangement pattern of the majority (86.4%) of TCF3-
rearranged cases was arrested at IGH level without further processing of
IGK/IGL genes. In contrast, only 17.9% of non-TCF3 rearranged cases was
blocked at /GH level (P<0.001). Expression levels of pre-BCR pathway proteins
(ZAP70, SLP65, BTK, PI3Kd110, IRF4 and EBF1) were 1.2 to 5.2-fold higher
in TCF3-rearranged compared to non-rearranged samples (P<0.05). The con-
centration of Ibrutinib lethal to 50% of primary leukemic cells was 16.7mM for
TCF3-rearranged cases and >50 mM for non-rearranged cases (P<0.001).
Ibrutinib effectively reduced the expression of Erk in the MHH-CALL3 (TCF3-
rearranged) leukemic cell line whereas this level remained unaffected in the
non-rearranged cell lines NALM6 and MHH-CALL4 .

Summary / Conclusion: This study indicates that TCF3-rearranged BCP-ALL
is characterized by an immature pre-BCR signature with a concommitant acti-
vated pre-BCR signaling pathway. Inhibition of this pathway selectively reduced
the cell viability of TCF3-rearranged BCP-ALL. These findings warrant clinical
application of pre-BCR inhibitors (such as Ibrutinib) in the treatment of TCF3-
rearranged BCP-ALL.

P006

ACUTE LYMPHOBLASTIC LEUKEMIA RECOGNITION BY NATURAL
KILLER CELLS: CLINICAL AND THERAPEUTIC IMPLICATIONS

G Torelli’,” N Peragine !, S Raponi®, D Pagliara2, W Barberi', A Vitale', A Guar-
ini', G Basso3, F Locatelli2, R Foal

Department of Cellular Biotechnologies and Hematology, Sapienza Universi-
ty, 2Department of Pediatric Hematology/Oncology, Ospedale Pediatrico Bam-
bino GesU, Rome, 3Department of Pediatric Onco-Hematology, University of
Padova, Padova, Italy

Background: Natural killer (NK) cell recognition of malignant targets is finely
tuned by activating and inhibitory receptors. The major receptors with activat-
ing functions are NCRs, NKG2D and DNAM-1. NCRs are orphan receptors,
MICA/B and ULBPs are ligands for NKG2D, PVR and Nec-2 for DNAM-1. The
pathway of NK cell-acute lymphoblastic leukemia (ALL) recognition is unclear.
Differences in NK cell killing susceptibility among age-related subgroups of
ALL patients have been described in the haploidentical stem cell transplant
(SCT) context. Possible differences in the expression of NK cell activating lig-
ands among molecularly defined subgroups of ALL patients have been also
hypothesized.

Aims: In this study, we aimed at analyzing the pathways of NK-ALL recogni-
tion and at verifying whether differences in NK cell activating receptor ligands’
expression among groups defined by age of patients or presence of cytoge-
netic/molecular aberrations correlate with susceptibility to NK cell recognition
and killing.

Methods: We analyzed 103 newly diagnosed ALL patients: 46 adults, median
age 34 years (18-74); 57 children, median age 4 years (0.1-17). Ninety patients
had B cell precursor (BCP)-ALL: 39 were adults (15 BCR-ABL+, 7 MLL-AF4+,
2 E2A-PBX1+, 15 negative) and 51 children (6 BCR-ABL+, 3 MLL-AF4+, 1
MLL-ENL+, 10 TEL-AML1+, 31 negative); 13 patients had T-ALL (7 adults and
6 children). Phenotypic analyses to evaluate the expression of NKG2D and
DNAM-1 ligands (MIC-A/B, ULBP1-2-3, Nec-2 and PVR) on primary ALL blasts
and of NKG2D and DNAM-1 on a population of activated NK cells of donor ori-
gin were performed. Cytotoxic activity of activated NK cells against primary ALL
blasts was also evaluated. For blocking experiments, NK cells were pre-treat-
ed with anti-NKG2D or anti-DNAM1 neutralizing mAbs. Student’s paired ¢ test
was used for statistical analysis.

Results: ALL blast cells of children showed a higher expression of Nec-2
(P=.03), ULBP-1 (P=.01) and ULBP-3 (P=.04) compared to adult ALL samples
(Figure 1A). The differential expression between adults and children was con-
fined to BCP-ALL blasts with no known molecular alterations. The analysis
performed within molecularly defined subgroups of ALL cases revealed a high
surface expression of NKG2D and DNAM1 ligands on BCR-ABL+ blasts,
regardless of the age of patients. In line with the phenotypic results, pediatric



BCP-ALL without molecular markers showed a higher susceptibility to NK cell
killing than molecularly negative adult samples. In addition, primary blasts from
BCR-ABL+ ALL appeared significantly more sensitive to NK-dependent lysis
than BCP-ALL blasts without molecular aberrations (P=.01) (Figure 1B). Final-
ly, when performing cytotoxic assays in the presence of neutralizing mAbs, the
NK cell killing potential was significantly inhibited with the use of anti-DNAM-1
(P=.006), thus indicating a possible pathway of recognition of ALL blast cells in
the setting of the Nec-2/DNAM-1.

Summary / Conclusion: For the first time a possible biological explanation
responsible for the different role played by alloreactive NK cells in pediatric and
adult ALL is suggested. The high expression of these ligands in BCR/ABL+
ALL cases, with the highest levels of cytotoxicity exerted by NK cells targeting
this subgroup of ALL blasts, indicate a new possible immunotherapeutic strat-
egy based on the in vivo infusion of activated NK cells for controlling/eradicat-
ing minimal residual disease in this subgroup of patients. The possible corre-
lation between the level of activating receptor ligands’ expression and suscep-
tibility to lysis may help to identify those patients that may maximally benefit from
NK-based immunotherapy and from NK alloreactive donors in the haploidenti-
cal SCT context.
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KRASG12D INITIATES ACUTE T-CELL LYMPHOBLASTIC LEUKEMIA IN
COOPERATION WITH LOSS OF THE WILD-TYPE KRAS ALLELE

A Staffas!,” C Karlsson2, L Palmqyist!, M O Bergd?

1Biomedicine, 2Medicine, University of Gothenburg, Gothenburg, Sweden

Background: Activating mutations in RAS (NRAS, KRAS and HRAS) are found
in patients of all major subtypes of hematopoietic malignancies including acute
myeloid leukemia (AML), myeloproliferative disease (MPD) and acute lym-
phoblastic leukemia (ALL). Activation of KRAS in hematopoietic malignancy has
been studied using the Mx1-Cre;Kras-SL-G12D mouse model, where expression
of oncogenic Kras®12D is induced by injection of polyinosinic-polycytidylic acid (pl-
pC). Injection with plpC leads to rapid development of a 100% penetrant MPD.
Surprisingly, when bone marrow from these MPD-mice is transplanted to wild-type
recipients this leads to development of acute T-cell lymphoblastic leukemia (T-
ALL). The cause for this lineage switch is not known. Injection with plpC in the
primary mice leads to expression of KrasG12D also in non-hematopoietic tissues
including the liver, colon and in the skin, which may affect the malignant pheno-
type. Alternatively, during transplantation, KrasG12D tumor initiating cells of
myeloid and T-lymphoid lineage might home differently.

Aims: In addition to understanding the cause of this lineage switch, this mouse
model also gives an ideal situation for studying the effects of KRAS-activation
both in myeloid and in T-lymphoid cells.

Methods: To investigate this and to address what causes the lineage switch
we have performed cross bone marrow transplantations between Mx1-
Cre;Kras-SL-G12D and wild-type mice.

Results: Expression of KrasG12D has a greater proliferative driving force in
myeloid compared to T-lymphoid cells. Expression of KrasG12D also increases
differentiation of myeloid cells which leads to induction of the primary MPD-phe-
notype. In parallel, expression of Kras®12D expands immature T-cell populations
in the thymus leading to a pre-leukemic state in T-cells. plpC injected Mx1-
Cre;Kras-SL-G12D cannot be rescued by transplanting wild-type bone marrow
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meaning that the cause of death in the primary mice is unrelated to their MPD.
Transplanting the KrasG12D bone-marrow extends the lifetime of the tumor, cre-
ating time for additional mutations to occur that transforms the pre-leukemic
state into T-ALL. One of these additional mutations is loss of the wild-type Kras
allele.

Summary / Conclusion: The effects of KrasG12D expression differs between
myeloid and T-lymphoid cells. In myeloid cells activated Kras increases prolif-
eration and differentiation which induces MPD without the ability to transform
into AML. In T-lymphoid cells expression of KrasG12D |eads to a pre-leukemic
state with expanded immature populations that with time and additional muta-
tions transforms into T-ALL. This indicates that activation of Kras in the devel-
opment of acute leukemia, is a potent first genetic hit in the T-lymphoid lineage,
but not in the myeloid lineage. Also, loss of the wild-type Kras allele in the T-
ALL tumors indicates a tumor-suppressive role for wild-type KRAS in T-cell
tumorigenesis.

P008

FREQUENCY AND PROGNOSTIC SIGNIFICANCE OF COPY NUMBER
ALTERATIONS (CNA) IN HIGH-RISK B-LINEAGE ADULT ACUTE LYM-
PHOBLASTIC LEUKEMIA (ALL) PATIENTS ENROLLED IN RISK-ADAPTED
PROTOCOLS

J Ribera!,” M Morgades’, L Zamora’, J Nomdedeu?, S Brunet?, M Pratcoro-
na3, J Esteve3, M Tormo#4, M Collado4, J Martinez5, P Martinez-Sanchez5, J
Hernandez-Rivas®, M Gonzalez8, J Gonzalez-Campos?, P Trujillo?, | Gémez-
Segui8, P Montesinos8, E Genesca', N Ruiz-Xivillé!, | Granada', S Marcé?!, M
Cabezon', F Solé?, J Juncal, F Millat, E Feliu®, J Ribera’

TInstitut de Recerca contra la Leucémia Josep Carreras, Institut Catala d’On-
cologia, Hospital Germans Trias i Pujol, Badalona, 2Hospital de la Santa Creu
i Sant Pau, 3Hospital Clinic de Barcelona, Barcelona, 4Hospital Clinico Univer-
sitario de Valencia, Valencia, °Hospital Doce de Octubre, Madrid, éHospital Cli-
nico Universitario de Salamanca, Salamanca, "Hospital Universitario Virgen del
Rocio, Sevilla, 8Hospital Universitario de La Fe, Valencia, Spain

Background: In the last years, great advances in the understanding of ALL biol-
ogy have been achieved. Several studies in pediatric patients have identified
copy number alterations (CNA) in genes involved in cell differentiation, tumor
suppression, cell cycle control and apoptosis as markers with prognostic sig-
nificance. The frequency and prognostic value of CNA in adult ALL are less stud-
ied.

Aims: To analyze the frequency and prognostic significance of CNA in B-cell
development genes in a series of high-risk B-lineage adult ALL patients enrolled
in high-risk protocols from the Spanish PETHEMA Group.

Methods: Bone marrow or peripheral blood samples at diagnosis from 78 high-
risk B-lineage adult ALL patients were studied by MLPA for the following genes:
IKZF1, IKZF2, IKZF3, EBF1, CDKN2A/B, PAX5, ETV6, BTG1, RB1, X/IY PAR
region genes (CRLF2, CSF2RA and IL3RA), 14q32.33 region genes (IGH D,
MTA1 and KIAA0284) and hsa-miR-31.

Table 1. Frequency of CNA in 78 higt-risk B-lineage adult ALL patients
enrolled in PETHEMA protocols.

| Deletion, n (%) Duplication, n (%) Normal, n (%)
IKZF! 23(37) 1{1) 43(62)
£BF1 §110) 504) 57 (86
CDKN2A/B 30(38) 0 43(62)
PAXS 27(35) 1{1) 50(64)
hsa-mik-31 17(22) 0 51(78)
ETVE 3(4) 0 75 (%)
BI61 5(8) 11) 71(91)
RB1 13(17) 0 95(83)
1443233 region 15(19) 4(5) 59 (76
X/N PAR region 5(8) 9(12) 53(80)
IKZF2 ] 34 73(96)
IK2F3 1(1) L18) 73(%4)

Results: The median age was 46 [15-74] years, 40 (51%) males, median WBC
count 15.4 x109/L [0.4-388]. Immunophenotype: 8 pro-B (10%), 44 common
(57%), 15 pre-B (20%), 8 mature-B (10%), 3 undetermined (3%). Cytogenet-
ics: 13 normal (17%), 6 hyperdiploid (8%), 2 hypodiploid (3%), 17 1(9:22) (22%),
51(1;19) (6%), 5 11923/MLL (6%), 7 t(8;14)/C-MYC (9%), 1 complex (1%), 9
other translocations or deletions (12%), 13 no growth (17%). CNA results report-
ed by MLPA are shown in table 1. Deletions of IKZF1 were significantly asso-
ciated with older age and Ph+ ALL. Patients with EBF1 or RB1 deletions showed
higher WBC count at presentation and RB1 deletions were associated with
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high frequency of CNS infiltration. IKZF 1 deletions were also significantly asso-
ciated with EBF1 deletions. In the 9p region, we observed a high codeletion rate
of CDKN2A/B with PAX5, CDKN2A/B with hsa-miR-31 and PAX5 with hsa-
miR-31. We also observed concomitant deletions of PAX5 with BTG1, BTG1
with 14932.33 region, PAX5 with 14932.33 region and PAX5 with X/Y PAR
region. Seventy six patients were evaluable for prognosis. In the whole and in
the Ph-negative cohorts, patients with BTG 1 or those with ETV6 deletions had
a significant lower complete remission (CR) rate than those not deleted. Con-
cerning overall survival (OS), deletions of IKZF1, CDKN2A/B, hsa-miR-31and
X/Y PAR region CNA were associated with significantly lower OS rates in the
entire cohort. In Ph-negative patients, IKZF1 deletions were also associated
with lower OS, and X/Y PAR CNA showed a trend to reduced OS (P=0.052).
In terms of CR duration, patients with deletions of IKZF1 or CDKN2A/B showed
significantly higher relapse rates in both the whole and the Ph-negative cohorts.
Summary / Conclusion: In high-risk B-lineage adult ALL patients the frequen-
cy of CNAis similar to that reported in childhood ALL. Resistance to therapy is
associated with BTG 1 and ETV6 deletions. IKZF1 and CDKN2A/B deletions are
associated with lower CR duration, and deletions in IKZF1, CDKN2A/B, hsa-
miR-31 as well as X/Y PAR CNA correlated with poorer OS.

Supported by the grants P110/01417 from FIS and RD12-0036-0029 from Insti-
tuto Carlos Ill and a grant from the Spanish Society of Hematology (2012).
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P38ALPHA/BETA INHIBITION PREVENTS ALL PROLIFERATION IN VIVO
S Strube’,” S Krause', C Vokuhl2, K Timm-Richert!, M Schrappe’, M Stanul-
la?, D Schewe'
1Pediatrics, 2Childrens Pathology, Universitatsklinikum Schleswig-Holstein,
Kiel, Germany

Background: P38a/B stress-activated protein kinase (SAPK) has been
described as an important regulator of dormancy and tumor cell dissemination
in different epithelial malignancies. However, p38a/ also regulates other cel-
lular processes such as inflammation, differentiation, apoptosis and, rarely, cell
cycle progression.

Aims: Here, we study the role p38a/B as a targetable mediator of acute lym-
phoblastic leukemia (ALL) proliferation.

Methods: We performed in vitro and ex vivo flow cytometric analyses to study
the role of p38a/B in ALL growth in cell lines. Biochemical analyses were con-
ducted by Western Blotting. For in vivo studies, ALL xenografts were created
by injecting fluorescently labeled ALL cells into large vessels in the chorioal-
lantoic membrane of fertilized avian embryos (domestic turkey, Meleagris gal-
lopavo). Engraftment in target organs was measured by flow cytometry and
immunohistochemistry after 11 days. For in vitro and in vivo p38a/f inhibition,
the kinase inhibitors SB203580 and BIRB-796 were used.

Results: P38a/B was highly phosphorylated during log-phase of ALL cell growth
in culture. Importantly, intracellular flow cytometric analyses found that high
phosphorylation of p38a/f correlated with the S-and G2/M-phases of the cell
cycle and low phosphorylation of p38a/f with GO/G1. Remarkably, maximal
p38a/B activation was found in ALL cells proliferating in permissive microenvi-
ronments like the bone marrow of avian xenografts. Additionally, growth sup-
pressive measures such as L-Asparaginase therapy lead to an abrogation of
p38 signaling while other MAPK pathways remained unaffected. Inhibition of
p38a/B with SB203580 and BIRB-796 causing accumulation of cells in GO/G1
in vitro, markedly suppressed engraftment and proliferation in vivo.
Summary / Conclusion: We propose p38a/B as a mediator of important
growth-stimulatory mechanisms in ALL cells and suggest p38a/f inhibition as
a potential adjunct therapeutic approach in the treatment of this disease enti-
ty warranting further mechanistic exploration and validation in patient samples.

P010

A UNIQUE FAT1 CADHERIN ISOFORM REGULATES THE PROLIFERA-
TION OF T-CELL ACUTE LYMPHOBLASTIC LEUKEMIA (T-ALL) CELLS
C de Bock™:2," A Boyd3, G Burn?, J Cools2, R Thorne'

1Cancer Research Unit, University of Newcastle, Callaghan, NSW 2308, Aus-
tralia, 2Center for the Biology of Disease, VIB Center for the Biology of Disease
/ KU Leuven, Leuven, Belgium, 3Leukaemia Foundation Laboratory, Queens-
land Institute of Medical Research, Herston, QLD, Australia

Background: The large 550 kDa FAT1 protein is a member of the cadherin
superfamily and an ortholog of the Drosophila fat protein, which is implicated
in cell proliferation during development. We recently reported that FAT1 cad-
herin is expressed by a range of leukemia cell lines, but not by normal periph-
eral blood and bone marrow cells from healthy donors. In silico analysis of
expression data revealed significant expression levels of FAT1 in 11% of acute
myeloid leukemia, 29% of T-ALL and 63% of B-ALL, and little or no transcript
in normal blood cells. Using RNA-sequencing and Northern blot analysis of T-
ALL cell lines, we now have identified a novel isoform of FAT1, which is unique
to T-ALL and bears striking similarity to the drosophila allele Gull, an antimorph
of the drosophila Fat.

Aims: To characterize the expression and function of FAT1 and the smaller
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unique isoform using in vitro and in vivo models.

Methods: RNA-seq data from a panel of leukemic T-ALL cell lines in combina-
tion with Northern blotting was mined focusing on members of the FAT cadherin
family for mutations. Transcript and Protein expression of FAT1 and the iso-
forms was assessed through gPCR and Western blotting on both T-ALL lines
and bone marrow aspirates from both primary B-ALL and T-ALL samples. The
function of one of the isoforms, gulFAT1, was analysed in vitro using cell pro-
liferation, colony forming and soft agar assays. To study the effects of the FAT1
isoforms in vivo, we expressed the gulFAT1 construct as well as the FAT1 cyto-
plasmic tail only in mouse hematopoietic cells through viral transduction. Trans-
duced cells were injected into sublethally irradiated recipient mice.

Results: Using Northern blotting, we identified two novel FAT1 isoforms that
occur as truncated transcripts at the RNA level (12 kb and 2.8 kb) compared
to the wild type full length FAT1 mRNA (15 kb). The smaller truncated transcripts
were found to be both unique and specific to T-ALL. RACE analysis showed
the smaller 2.8 kb is the result of a cryptic transcription start site incorporating
a retained intron and predicted protein to have a novel N-terminus. Interesting-
ly the sequence is the striking ortholog of a gene mutation in drosophila (Gull)
that results in developmental abnormalities of the wing [JC1] and we have
therefore named this smaller human equivalent as gulFAT1. In murine NIH3T3
fibroblasts, gulFAT1 expression caused a significant increase in proliferation,
which was abrogated upon removal of the carboxyl-terminal PDZ binding pep-
tide. We have found that this motif can specifically bind to the DLG1, MAGI3
and SCRIB, proteins, which have previously been indicted in the etiology of T-
ALL. Transient siRNA knockdown in human T-ALL lines decreased cellular pro-
liferation, and on going experiments with expression of gulFAT1 in the bone
marrow cells of mice caused increased white blood cell count.

Summary / Conclusion: The FAT cadherins have recently been implicated in
a number of cancers, and our results have identified a short FAT 1 transcript gul-
FAT1 that is potentially involved in the leukomogenesis of T-ALL. The exact role
of gulFAT1 it yet to be determined, but may act by sequestering PDZ binding
proteins from their normal function. With the expression of the shorter FAT1 iso-
forms unique to leukemic cells they could be considered as markers for diag-
nosis and minimal residual disease, and potentially future therapeutic targets.
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COMMON AND DISTINCT FEATURES OF PAX5 FUSION PROTEINS

S Anderl!,” K Fortschegger®, D Denk?, S Strehl?

1CCRI, Children’s Cancer Research Institute, St.Anna Kinderkrebsforschung
e.V,, Vienna, Austria

Background: In B-cell precursor acute lymphoblastic leukemia PAX5, a tran-
scription factor pivotal for B-cell commitment and maintenance, is frequently
affected by genetic alterations including deletions, mutations, and chromoso-
mal rearrangements. The latter result in the expression of chimeric proteins that
retain the PAX5 DNA-binding paired domain at the N-terminus, which is fused
to the C-terminal domains of a heterogeneous group of partner proteins. PAX5
fusion proteins are hypothesized to act as aberrant transcription factors antag-
onizing wild-type PAX5 function.

Aims: To characterize PAX5 fusions we investigated the biochemical and func-
tional properties of PAX5-DACH1, PAX5-DACH2, PAX5-ETV6, PAX5-HIPK1,
and PAX5-POM121.

Results: Ectopic expression of these fusion proteins showed a predominant
nuclear localization, which may be explained by the presence of the paired
domain and at least one nuclear localization signal provided by PAXS5 itself or
the respective partner protein. Oligomerization was only observed for those
fusion proteins that contain a known self-interaction motif like the sterile alpha
motif of ETV6 or the coiled-coil domains of DACH1 and DACH2. In chromatin
immunoprecipitation experiments all PAX5 fusion proteins exhibited binding to
endogenous PAX5 target sequences. Notably, reporter gene assays showed
that some fusions are capable of activating the CD79A promoter whereas oth-
ers are not. However, none of the chimeras activated Cd79a and surface IgM
expression in murine 558LuM plasmacytoma cells.

Summary / Conclusion: Our data show that PAX5 fusion proteins exhibit
shared as well as distinct features, which may modulate their function and thus
the development of the respective leukemia.

This project is funded by the Austrian Science Fund FWF (P21554-B19).
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ANALYSIS OF CRLF2 EXPRESSION IN A COHORT OF 91 NEWLY DIAG-
NOSED ADULT PATIENTS WITH B-CELL PRECURSOR ACUTE LYM-
PHOBLASTIC LEUKEMIA: CORRELATION WITH CLINICO-BIOLOGICAL
FEATURES AND OUTCOME

F Brugnoletti’,” S Chiaretti!, K Bontempi2, L Elia®, A Negulici’, M Vignetti'2,
A Vitale!, A Guarini', R Foa’

Division of Hematology, Department of Cellular Biotechnologies and Hema-
tology, Sapienza University of Rome, 2GIMEMA Data Center, GIMEMA Foun-
dation, Rome, Italy

Background: A deregulated expression of the cytokine receptor-like factor 2



(d-CRLF2) has been described in B-cell precursor acute lymphoblastic leukemia
(BCP-ALL) lacking recurrent chromosomal aberrations. An increased CRLF2
expression is associated with activating JAK1/JAK2 mutations and IKZF1
lesions, seems to correlate with a “Ph-like” genomic profile and a poor out-
come in high-risk patients. While the frequency and prognostic relevance of a
CRLF2 abnormal expression has been extensively investigated in pediatric
cases, little is known about its role in adult ALL.

Aims: In order to evaluate the clinical relevance of CRLF2 expression levels
in adult ALL, we analyzed 91 newly diagnosed adult BCP-ALL cases (median
age 44 years, range 19-81) negative for recurrent fusion genes, and correlat-
ed d-CRLF2 with the clinico-biological characteristics and outcome. In addition,
we assessed the incidence of the P2RY8/CRLF2 transcript and its clinical
impact on the same cohort of patients.

Methods: Total RNA was extracted from mononuclear cells of patients enrolled
in different GIMEMA protocols. All samples were collected at diagnosis and
contained at least 70% of leukemic blasts. Ninety-one BCP-ALL adult patients
were studied: molecular screening, performed on all cases, proved negative for
the recurrent fusion genes (BCR/ABL1, ETV6/RUNX1, E2A/PXB1, MLL/AFF1).
To evaluate the expression of CRLF2, we performed quantitative PCR (Q-PCR)
and the results were normalized on the housekeeping gene GAPDH (ACt = Ct
crLF2 - Cteappp)- ACt values are inversely correlated to the expression levels
of the gene. RT-PCR was carried-out to identify the presence of the
P2RY8/CRLF2 transcript.

Results: In our cohort, CRLF2 showed an extremely heterogeneous expres-
sion (ACt range: 1.5-17.3). Correlation between CRLF2 expression levels and
the clinico-biological characteristics - i.e. age, white blood cell (WBC) and
platelet (Plts) counts, and hemoglobin (Hgb) levels - showed a statistically sig-
nificant association with hyperleukocytosis (P=0.0014) and thrombocytopenia
(P=0.037), but not with age and Hgb levels. Next, by using a ACt <8 cut-off,
based on martingale residuals, a statistically significant correlation was found
with disease-free survival (DFS) and overall survival (OS) (P=0.004 and
P=0.044, respectively); no association with response to induction chemother-
apy was found. In addition, we evaluated the incidence of the P2RY8/CRLF2
transcript: the fusion gene was identified in 7/91 patients (7.7%), with 3 cases
showing a concomitant CRLF2 overexpression. The correlation with outcome
showed that of the 7 P2RY8/CRLF2+ cases, 2 experienced a relapse at 3 and
6 months, respectively, and 2 died during treatment.

Summary / Conclusion: These results indicate that CRLF2 expression is high-
ly heterogeneous in adult BCP-ALL cases and highlight a correlation with an
increased WBC count and a decreased PLT count, as well as with a poor out-
come. Furthermore, our study demonstrates that the incidence of the
P2RY8/CRLF2 transcript in adult BCP-ALL is similar to that reported in pedi-
atric cohorts and confirms the lack of an absolute concordance between its
presence and high CRLF2 levels. Despite the small number of P2RY8/CRLF2+
cases, a negative role of this transcript on the outcome of adult patients is sug-
gested.
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A CLINICALLY RELEVANT POPULATION OF LEUKEMIC CD34+CD19+
CD58- CELLS IN PHILADELPHIA CHROMOSOME-POSITIVE ACUTE LYM-
PHOBLASTIC LEUKEMIA

Y Kong',” Y Liu', Y Wang?!, Q Jiang?, H Jiang?!, Y Qin', Y Lai', K Liu®,
X Huang'

1Peking University People’s Hospital, Peking University Institute of Hematology,
Beijing Key Laboratory of HSCT, Beijing, China

Background: Xenotransplantation studies indicate that leukemia selectively
develop from a faction of leukemia-initiating cells (LIC). Current therapies,
despite actively targeting leukemic bulk blasts, often spare the quiescent and
resistant LIC responsible for relapse. If clinically relevant, it is expected that LIC
would be enriched in minimal residual disease (MRD) and predictive of relapse.
Despite the considerable research on LIC over the past 2 decades, its clinical
significance remains uncertain.

Aims: To investigate the leukemia-initiating capacity of CD34+CD19+CD58-
cells and determine the prognostic significance of CD58 (lymphocyte
function—associated antigen 3) expression by CD34+CD19+ cells in patients
with de novo Philadelphia chromosome-positive acute lymphoblastic
leukemia(Ph+ALL) treated in Peking University Institute of Hematology.
Methods: First, the leukemia-initiating potential of sorted CD34*CD19+*CD58*
and CD34*CD19*CD58- compartments was investigated in vivo using anti-
mouse CD122 monoclonal antibody conditioned NOD/SCID mice by intra-bone
marrow—injection. Second, we prospectively analyzed whether the
CD34*CD19*CD58- compartment at diagnosis correlates with MRD frequency
after therapy and clinical outcome in 49 adult patients (18-60 years) with de
novo Ph*ALL. According to ROC analysis, more than 20% of CD34*CD19*
cells with CD58 expression analyzed by flow cytometry at diagnosis were
defined as CD34*CD19*CD58*, all other cases were defined as
CD34*CD19*CD58-.

Results: Xenotransplantation of the sorted CD34*CD19*CD58- cells led to a
repopulation of human B-ALL in recipient mice, which were phenotypically and
clonally derived from the original Ph*ALL patients analyzed by flow cytometry,
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as well as fluorescence in situ hybridization and quantitative reverse transcrip-
tion-PCR for leukemia-specific cytogenetic abnormalities. In patients with
Ph*ALL, a CD34*CD19*CD58- phenotype at diagnosis significantly correlated
with a lower complete remission rate and high MRD frequency. Additionally, it
directly correlated with higher cumulative incidence of relapse(CIR,
51.79%%2.16% vs. 16.43%+0.49%, P=0.02) and unfavorable disease-free sur-
vival (DFS,40.18%+13.61% vs. 66.20%+12.17%, P=0.04) at 30-month. A good
correlation between the MRD results detected by CD34+*CD19*cells with aber-
rant CD58/CD123 expression and the BCR-ABL transcript levels was observed
during the follow-up (n=360 pairs, Spearman r=0.88, P<0.0001). The
CD34*CD19*CD58- group exhibited a higher rate of BCR-ABL mutations con-
ferring higher level imatinib resistance than the CD34*CD19*CD58* group
(42.86% vs. 5.71%, P=0.005). Multivariate analyses revealed that
CD34*CD19*CD58- phenotype at diagnosis was an independent risk factor for
relapse (HR=4.85, P=0.01) and DFS (HR=0.32, P=0.04) in Ph*ALL.
Summary / Conclusion: Both the xenotransplantation data, as well as the
clinical correlation studies, show that CD34*CD19*CD58- compartment enrich
for leukemia-initiating cells in Ph*ALL. CD34*CD19*CD58- phenotype at diag-
nosis independently correlates with an adverse prognosis, which promises to
be an efficient tool for relapse prediction in Ph*ALL patients.
Acknowledgments This work was supported by grants from National Natural
Science Foundation of China (grant no.30800483), Beijing Municipal Science
and Technology Program (grant no.Z111107067311070) and the Key Program
of National Natural Science Foundation of China (grant no.81230013).
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TUMOR HETEROGENEITY IN T-CELL ACUTE LYMPHOBLASTIC
LEUKEMIA: IMMUNOPHENOTYPE-DEFINED CELL SUBPOPULATIONS
AND TCR GENE CLONALITY
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Background: The ability to distinguish leukemic cells based on their
immunophenotype or on DNA sequences of rearranged clonal T-cell receptor
(TCR) loci is a prerequisite for minimal residual disease (MRD) monitoring in
T-cell acute lymphoblastic leukemia (T-ALL). A problem in T-ALL is discrepan-
cies between flow cytometry (FC)- and PCR-based MRD results. Occurrence
of blast subpopulations/subclones is a potential pitfall of MRD monitoring. Sub-
populations might harbor different rearranged TCR DNA sequences leading to
risk of underestimated PCR-MRD results which are based on sequence infor-
mation from the main population at diagnosis.

Aims: The aim of this study is to characterize T-ALL leukemic blast immunophe-
notypic heterogeneity and the TCR gene rearrangement profiles for distinct cell
subpopulations, and thereby evaluate whether PCR-based MRD monitoring
detects these subpopulations.

Methods: We analyzed the leukemia-associated immunophenotype (LAIP) by
multicolor FC in diagnostic bone marrow/peripheral blood samples from 41
consecutive Danish T-ALL patients treated according to the NOPHO ALL-2008
protocol. The analysis focused on characterization of heterogeneous FC
expression patterns (bimodal defined as distinct populations in contour-plot, and
broad). 24 patients, having leukemic cell subpopulations with heterogeneous
expression of one/more markers, are currently being investigated by flow-sort-
ing and screening of TCR clonality patterns (IdentiClone Clonality assay).
Results: 83% of the T-ALL patients had leukemic cell subpopulations (compris-
ing <2% of total blast count) characterized by bimodal marker expression, most
often of TdT, CD1a and CD4 (27-34% of patients), as well as cytCD3 and CD34
(15-17%). A common heterogeneity comprised of bimodal CD1a with ~2/3 of
the blasts being negative and ~1/3 positive. Markers that often showed broad
expression pattern were: TdT, CD34, CD4, cytCD3 and CD1a.

Results from TCR clonality testing in flow-sorted subpopulations in 24 patients
will be presented. Preliminary data from 9 patients showed that the majority of
patients (8 out of 9) have identical TCR gene rearrangements in flow-sorted indi-
vidual leukemic cell subpopulations. But one patient had a CD1a-bright subpop-
ulation negative for a TCRD and TCRB V-J gene rearrangement found in the
bulk CD1a-neg. leukemic population. The TCRD and TCRB markers had been
used for PCR-MRD, but FC revealed that the CD1a-pos. cell population had dis-
appeared at treatment day 29. (The LAIP and gene rearrangement profile of the
CD1a-pos. subpopulation showed to be identical to that of the leukemic cell pop-
ulation detected in the lymph node biopsy).

Summary / Conclusion: Our data show that the majority of T-ALLs have
leukemic cell subpopulations by FC analysis, often characterized by heteroge-
neous expression of markers used for flow-MRD monitoring (eg. TdT, CD1a,
CD34). Our preliminary data show that cell subpopulations may be negative for
TCR clonal markers identified in the bulk cell population, thus leading to a risk
of MRD underestimation. Using both FC and PCR-based monitoring could min-
imize this risk, which is important for correct treatment stratification.
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IMMUNOPHENOTYPE AND PROLIFERATION PROFILE OF NORMAL B
CELL PRECURSORS IN REGENERATING BONE MARROW FROM PEDI-
ATRIC ACUTE LYMPHOBLASTIC LEUKEMIA PATIENTS
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Background: During follow up of B cell precursor (BCP) acute lymphoblastic
leukemia (ALL) patients, the detection of minimal residual disease is the most
important prognostic factor for relapse. The regeneration pattern of normal
BCPs in bone marrow (BM) forms the background to which these remaining
malignant blasts should be detected. During the treatment course of BCP-ALL,
BCP numbers decrease dramatically. However, in between treatment blocks
and after stop of treatment, massive regeneration of BCPs occurs in the BM.

Aims: BCP regeneration may hamper sensitive detection of MRD. In order to
get more insight in the characteristics of regenerating BCPs in the BM of BCP-
ALL patients, we compared the immunophenotype and proliferation profile of
BCPs in regenerating BM and BM from healthy controls.

Methods: BM samples of healthy individuals (normal BM), patients with BCP-
ALL after induction therapy (day 79) and patients with BCP-ALL one year after
stop of therapy (month 36) were analyzed.For immunophenotypic analysis, 8
color flow cytometry was performed. Newly designed Infinicyt Software was
used to define multiple maturation stages in the BCP population. For each indi-
vidual marker, the expression pattern during these maturation stages was com-
pared between regenerating BM and normal BM. To assess proliferation, four
BCP subsets were sorted from each BM sample: pre-B-|, pre-B-ll-large, pre-
B-ll-small and immature B cells. To determine the percentage of proliferating
cells, propidium iodide (Pl) was added and Pl expression was measured using
flow cytometry. The proliferation history of BCPs in the pre-B-II-small en imma-
ture subsets was assessed by performing a K-rearrangement excision circle
(KREC)-assay. The ratio between the KREC and the rearranged /GK-gene
represented the average amount of replication cycles the BCPs had undergone
since IGK-rearrangement.

Results: The BCP expression patterns of CD19, CD10, CD34, CD58, CD66c,
CD38, CD123, CD9, CD81, CD24, TdT, Igk and IgA of regenerating BM at day
79 and month 36 were similar to the expression patterns of BM from healthy
individuals. As expected, most proliferation in normal and regenerating BM
occurred in the pre-B-ll-large subset. The average percentages of proliferation
in respectively the pre-B-l and pre-B-ll-large subsets were 13%+2% and
29%=+3% at day 79 and 9%+2% and 30%+3% at month 36. This was compa-
rable to the percentages of proliferating cells in the pre-B-I and pre-B-lI-large
subsets of normal BM. Regenerating BM at month 36 and normal BM showed
no significant proliferation in the pre-B-Il-small and immature BCP subsets. In
regenerating BM at day 79, these two subsets were hardly present. KREC-
analysis of the pre-B-ll-small and immature subsets confirmed that no cell divi-
sions had occurred after IGK-rearrangement in both normal BM and regener-
ating BM at month 36.

Summary / Conclusion: Regenerating BM in BCP-ALL patients seems
immunophenotypically similar to normal BM. Proliferation in regenerating BM
takes mainly place in the pre-B-ll-large subset, like in normal BM. The percent-
age of proliferating cells and the number of cell divisions after IGK-rearrange-
ment in the BCP subsets of regenerating BM are comparable to normal BM.
Therefore, the regeneration of BCPs during and after therapy is unlikely the
result of enhanced proliferation in the pre-B-I, pre-B-ll-large, pre-B-Il-small or
immature subset, but might be due to a larger influx of non-committed stem cells
into the B cell lineage. Knowledge on regenerating BCPs may support the
design of sensitive flow cytometric MRD assays.

P016

INHIBITION OF S100A6 INDUCES GRAFT VERSUS LEUKEMIA EFFECTS
IN MLL/AF4-POSITIVE ALL IN HUMAN-PBMC-SCID-MICE MODEL

H Tamai',” H Yamaguchi’, K Dan?, K Inokuchi’

THematology, Nippon Medical School, Tokyo, Japan

Background: Mixed-lineage leukemia (MLL)/AF4-positive acute lymphoblas-
tic leukemia (ALL) is associated with poor prognosis even after allogeneic
hematopoietic stem cell transplantation (allo-HSCT). The resistance to graft-
versus-leukemia (GVL) effects may be responsible for the poor effect of allo-
HSCT on MLL-AF4-positive ALL. Cytotoxic effector mechanisms mediated by
tumor necrosis factor-alpha (TNF-a) was reported to contribute to the GVL
effect. We have previously shown that MLL-AF4-positive ALL escapes from
TNF-a-mediated apoptosis by up-regulation of S100A6 expression followed
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by interfering with p53-caspase 8-caspase 3 pathway in vitro.

Aims: We examined whether inhibition of S100A6 can induce effective GVL
effect in a mice model.

Methods: To examine the long-term effects of inhibition of S100A6, we pro-
duced MLL/AF4- positive ALL cell lines (SEM) transduced with lentiviral vec-
tors expresses both S100A6 siRNA and luciferase (SEM-Luc-S100A6siRNA).
As a control SEM transduced with lentiviral vectors expresses both control siR-
NA and luciferase were produced (SEM-Luc-controlsiRNA). In vitro analysis,
the growth of each cells were assessed with or without of TNF-a (1 and10
ng/mL). In vivo analysis,1x107/Body of SEM-Luc-S100A6siRNA cells were
injected into five SCID mice and 1x107/Body of SEM-Luc- control siRNA cells
were injected into five SCID mice. After confirmation of engraftment of SEM
cells by in vivo imaging system (IVIS), each groups of mice were injected
4.8x107 of human- peripheral blood mononuclear cells (PBMCs). The serum
concentrations of human-TNF-a three weeks after injection of human PBMCs
were measured by ELISA (enzyme-linked immunosorbent assay) in each five
mice.In addition to overall survival (OS) rate and tumor growth were assessed
bylIVIS.

Results: /n vitro analysis, there were no significant differences between the
growth of SEM-Luc-S100A6siRNA and those of SEM-Luc-control siRNA with-
out TNF-a (P=0.890). However, the growth of SEM-Luc-S100A6siRNAwere
significantly inhibited by TNF-a in comparison with the growth of SEM-Luc-
control siRNA (P=0.012 for 1 ng/mL of TNF-a and P=0.005 for 10 ng/mL of TNF-
a). In vivo analysis, although there were no significant differences between the
serum concentrations of human-TNF-a after injection of human PBMCs of
SEM-Luc-S100A6siRNA injected mice and those of SEM-Luc-control siRNA
injected mice (145.0+5.0 pg/mL VS 150.0+40.0 pg/mL, P=0.95), significant dif-
ferences were observed between OS of each mice (median >100 days VS
median 54 days, P=0.002). As for tumor growth of 6 weeks after SEM cells
engraftment, significant differences were observed between SEM-Luc-
S100A6siRNA injected mice and SEM-Luc-control siRNA injected mice
(2.95+0.10x10° p/s VS 1.42+0.05x107p/s, P=0.001)

Summary / Conclusion: Our results showed thatinhibition of S100A6 can
induce effective GVL effect in a mice model. These results suggest that inhibi-
tion of S100A6 may be a promising therapeutic target for MLL/AF4-positive ALL
in combination with allo-HSCT because it induce effective GVL effectson
MLL/AF4-positive ALL which is resistant to GVL effects.
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ETV6/RUNX1 TRANSCRIPT IS A POTENTIAL TARGET OF RNA-BINDING
PROTEIN IGF2BP1

M Stoskus’,2,” A Eidukaite2,3, L Griskevicius',4

THematology, Oncology and Transfusion Medicine Center, Vilnius University
Hospital Santariskiu Clinics, 2State Research Institute Centre for Innovative
Medicine, 3Children‘s Hospital, Vilnius University Hospital Santariskiu Clinics,
4Clinics of Internal, Family Medicine and Oncology, Faculty of Medicine, Vilnius
University, Vilnius, Lithuania

Background: In our previously published study (Stoskus et al. Blood Cell Mol
Dis 2011) we have determined that IGF2 mRNA binding protein 1 (IGF2BP1)
is significantly overexpressed in t(12;21)(p13;922)-positive leukemia compared
to other acute lymphoblastic leukemia (ALL) subtypes and healthy controls.
These findings prompted us to hypothesize about the interaction and potential
functional relationship between RNA-binding protein IGF2BP1 and leukemia
fusion gene ETV6/RUNXT (TEL-AML1) transcript.

Methods: To test the possible interaction between IGF2BP1 protein and
ETV6/RUNX1T mRNA, we employed RNA immunoprecipation (RIP) approach
using cytoplasmic extracts form ETV6/RUNX1-positive leukemia cell line REH
and clinical samples of t(12;21)-positive ALL. Cytoplasmic extracts from clini-
cal samples were prepared using -80°C frozen WBC pellets. IGF2BP1/mRNA
complexes were precipitated using RIP-grade rabbit anti-IGF2BP1 antibody
(MBL International) and isolated with ProtA Dynabeads (Life Technologies) as
described by Jain R. et al (Methods Mol Biol. 2011). Normal rabbit IgG was used
as a negative control for RNA immunoprecipitation (isotype control). Enrichment
of control transcripts — ACTB, CTNNB1, MYC — and a potential target -
ETV6/RUNX1 — was assayed by RT-gPCR method. The level of IGF2BP1
expression in the RNA input aliquot was used as a reference for normalization
in delta Cq calculation.

Results: By using RIP approach we have identified ETV6/RUNX1 leukemia
fusion gene transcript in the anti-IGF2BP1 immunoprecipitate of
1(12;21)(p13;922)-positive cell line REH cytoplasmic extracts (Figure 1). Quan-
titative analysis indicates that the enrichment of ETV6/RUNXT mRNA is com-
parable to the values obtained for the known targets of IGF2BP1 — ACTB,
CTNNB1, and MYC (Figure 1). Furthermore, we have validated these results
in t(12;21)(p13;922)-positive ALL using frozen WBC pellets prepared from five
different diagnostic samples of this leukemia type (Figure 1). Note, that a “title”
target of IGF2BP1 protein — IGF2 mRNA — is not expressed in REH cell line
and diagnostic samples of t(12;21)(p13;922)-positive ALL (data not shown)
indicating that other pathways might be modulated by this evolutionary highly-
conserved protein in ETV6/RUNX1-positive leukemia.

Summary / Conclusion: Taken together, these data indicate that



ETV6/RUNXT transcript is a potential target of RNA-binding protein IGF2BP1
and warrant further research of IGF2BP1’s role in ETV6/RUNX1-mediated
leukemogenesis.
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SNP ARRAY ANALYSIS OF ADULT ALL: A POPULATION BASED STUDY
OF LITHUANIAN PATIENTS

V Dirsel,” T Zvirblis?, L Griskevicius?:2

THematology, Oncology and Transfusion Medicine Center, Vilnius University
Hospital Santariskiu Klinikos, 2Clinics of Internal, Family Medicine and Oncol-
ogy, Faculty of Medicine, Vilnius University, Vilnius, Lithuania

Background: The frequency of abnormal karyotypes in adult acute lymphoblas-
tic leukemia (ALL) is 64-85%. The different outcomes of adult compared to chil-
dren ALL may be related to different frequencies of specific abnormalities
(Mrozek et al., 2004). There is a need for novel markers in adult and adoles-
centALL to allow a better risk stratification of these patients and to identify new
treatment targets (Paulsson et al., 2008). Considering high resolution and sen-
sitivity of SNP array (SNP-A), it is possible to detect not only established but
also new submicroscopic aberrations. The application of SNP-A method on a
population level may give new information on distribution of known genomic
aberrations and help to identify new candidate genes and loss of heterozygos-
ity (LOH) related to the pathogenesis of ALL as well as their phenotypic and clin-
ical relevance.

Aims: To characterize genomic aberrations of adult ALL on a population scale
using SNP-A and identify new candidate genes relevant to the pathogenesis of
ALL.

Methods: We assumed 70% (+/-8%) incidence of chromosomal abnormalities
in a sample of ALL cases. A minimum sample size for the Lithuanian popula-
tion was calculated to be 55. Adult ALL bone marrow samples were screened
by Infinium HD whole-genome genotyping assay with the HumanCytoSNP-12
BeadChip (lllumina Inc., San Diego, CA, USA). Genotypes were called by
GenomeStudio GT module version 1.7 (lllumina Inc.). QuantiSNP version 1.1
software was used for detailed analysis of structural and numerical chromoso-
mal aberrations and loss of heterozygosity. All detected genomic lesions were
checked and filtered using Database of Genomic Variants database.
Results: Bone marrow samples of 57 adult ALL cases diagnosed between
2007 and 2012 were analyzed. SNP-A analysis detected 694 genetic abnormal-
ities not corresponding to known copy number polymorphisms (96% of all the
patients, 55/57). These comprised 160 (23%) hemizygous and 34 (5%) homozy-
gous deletions, 363 (52%) duplications and 137 (20%) amplifications (copy
number >3). The most aberrations we detected in 1921-q41 region. Most
hemezygous and homozygous deletions were detected in chromosomes 5q and
9p respectively, whereas most duplications and amplifications were detected
in 1q and 4p (Figure 1). The majority of aberrations was <5 Mb and hence
expected to be cytogenetically cryptic. The median size of all aberrations was
75.2 Kb. The median size (Kb) of hemizygous deletions, homozygous deletions,
duplications and amplifications was 113.9, 50.1, 97.3 and 41.9. Loss of het-
erozygosity (LOH) (>10 Mb) was detected in 27 genomic regions. The analy-
sis revealed 170 recurrent copy-number changes. These copy number abnor-
malities encompassed several leukemia-related genes — CDKN2A (16 cases,
28%), CDKN2B (4 cases, 7%), MLL (7 cases, 12%), IKZF1 (3 cases, 5%),
PAXS5 (4 cases, 7%). We identified several new recurrent aberrations which
included possible new target genes TACC3 (22 cases, 38%), FGFR3 (16 cas-
es, 28%), LRP1B (10 cases, 17%), FAM5C (10 cases, 17%), RAD51B (7 cas-
es, 12%).

Summary / Conclusion: SNP-A analysis provides the landscape of genomic
lesions on population level of adult ALL. New candidate genes of adult ALL were
identified.

Stockholm, Sweden, June 13 — 16, 2013
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IN VIVO DUAL LUCIFERASE IMAGING ON PATIENTS’ ACUTE LEUKEMIA
CELLS GROWING IN MICE

M Carlet?, | Jeremias?,”

1Gene Vectors, Helmholtz Center Munich, Munich, Germany

Background: Acute lymphoblastic leukemia (ALL) is a frequent disease in chil-
dren and adults which remains difficult to treat in a major part of patients. Nov-
el therapeutic options are intensively desired.

Aims: The aim was to establish dual luciferase in vivo imaging in patient-
derived xenograft ALL cells growing in mice for use in decisive preclinical treat-
ment trials.

Methods: We transplanted primary tumor cells from patients with ALL into
immuno-compromised mice as establisehd in the known individualized
xenograft mouse model of ALL. We established lentiviral transduction of indi-
vidual xenograft ALL cells for expression of transgenes. In patient-derived ALL
cells, either Gaussia luciferase or an codon-optimized version of firefly luciferase
was expressed.

Results: Using either Coelenterazine or Luciferine as a substrate in mice,
patient-derived ALL cells could be easily monitored by in vivo imaging with
either of both luciferases. Both luciferases enabled reliable and continuous fol-
low up leukemic growth in mice. Sensitivity of both luciferases was high and
allowed monitoring of minimal residual disease in mice as well as distinct dis-
ease phases and classical treatment outcome parameters. Most importantly,
two distinct classes of leukemia cells could be monitored in parallel in a single
mouse by use of the two different luciferases.

Summary / Conclusion: Taken together, dual luciferase imaging allows eval-
uating two different cell subpopulations in parallel in a single mouse in real time
on patients’ ALL cells in vivo. The method allows comparing, e.g., the therapeu-
tic effect on genetically altered versus control cells in future preclinical treatment
trials in mice.
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OVEREXPRESSION OF INTRONIC MIR-3151 AND ITS HOST GENE BAALC
INCREASES LEUKEMOGENESIS IN ACUTE MYELOID LEUKEMIA (AML)
BY DIRECT DEREGULATION OF TP53 AND MAY BE TARGETED BY
BORTEZOMIB

A Eisfeld!,” S Schwind!, R Patel!, X Huang?, R Santhanam’, C Walker!, T
Jarvinen', B Leffel!, D Perrotti’, G Marcucci', C Bloomfield, A de la Chapelle’
1Comprehensive Cancer Center, The Ohio State University, Columbus, Unit-
ed States

Background: High expression of both intronic miR-3151 & its host gene
BAALC associate with poor prognosis in cytogenetically normal (CN)-AML
patients (Eisfeld et al. Blood 2012). The underlying mechanisms are
unknown.are unknown.

Aims: To elucidate how the miR-3151 & BAALC interplay contributes to aggres-
sive AML.

Results: Pathway analysis of a previously derived gene expression profile that
associates with miR-3151-expression in CN-AML patients (n=179; Eisfeld et al.
Blood 2012) revealed TP53 signaling as the top canonical pathway. TP53 is an
in silico predicted direct miR-3151 target. Luciferase assays proved a direct
downregulating effect on the transcript from the TP53-3'-UTR by miR-3151 (-
40% mean [+1.6 standard deviation] miR-3151 vs. scramble control, P<.001).
Forced miR-3151 expression reduced TP53 mRNA and protein compared to
scramble in AML cells (KG1 cells: -70%, P=.007; MV4-11 cells: -86%, P=.002).
Thus miR-3151 directly deregulates TP53. We hypothesized that its host,
BAALC, impacts the same pathway and tested the effects of miR-3151 &
BAALC overexpression on 30 TP53-pathway associated genes in primary AML
blasts (n=4). miR-3151 overexpression downregulated 15/30 genes compared
to scramble. Overexpression of BAALC in comparison with scramble upregu-
lated 8 genes, including the oncogene JUN (5.5 [+2.2]-fold). Thus, both miR-
3151 & BAALC deregulated the TP53-pathway. Caspase assays confirmed a
decrease of apoptosis following miR-3151 or BAALC overexpression, likely
due to TP53 impairment, after 72h in KG1 (miR-3151 vs. scramble: .44-fold
[+.02], P=.002; BAALC vs. scramble: .36-fold [+.004], P<.001) and in MV4-11
(miR-3151 vs. scramble: .70-fold [+.009], P<.001; BAALC vs. scramble: .80-fold
[+.002], P<.001) cells. Next, we analyzed the impact of miR-3151 & BAALC on
AML leukemogenesis in vivo using a NOD scid gamma knock-out (NSG) mouse
model, by injecting MV4-11 cells overexpressing miR-3151, BAALC, miR-
3151/BAALC, or scramble (n=6 mice/group). Mice injected with miR-3151 or
miR-3151/BAALC had a significantly shorter survival compared to the scram-
ble mice (miR-3151/BAALC: P=.006; miR-3151: P=.008; Figure 1). Survival of
the mice injected with BAALC overexpressing cells did not differ from the
scramble group (P=.4). Next, we sought to identify the causes of miR-3151 &
BAALC overexpression. We identified 2 possible transcription start sites (TSS-
3151, -362 bp upstream of the stemloop; TSS-BAALC, -2038 bp upstream of
the BAALC ATG). SP1 & NF-kB were in silico predicted to target both TSSs.
Luciferase assays showed increased luciferase activity for both TSSs after
addition of SP1 & NF-kB-constructs (TSS-3151: SP1: 4.9-fold [+.2], NF-kB: 2-
fold [+.15]; TSS-BAALC: SP1: 5-fold [+.44], NF-kB: 1.8-fold [+.13]). Electromo-
bility shift assays (EMSAs) confirmed SP1 & NF-kB binding. The proteasome
inhibitor bortezomib abrogates SP1/NF-kB binding (Liu et al. Cancer Cell 2010).
A decrease of miR-3151 & BAALC expression was observed as early as 3
hours after bortezomib (100pg/ml) treatment compared to vehicle treated con-
trol cells (KG1a cells: miR-3151 expression: -70%, P=.002; BAALC expression:
-62%, P=.001).

Summary / Conclusion: We identify an interplay of an oncomiR, miR-3151,
with its host gene, BAALC, that leads to deregulation of the TP53-pathway &
thus promotes aggressive disease in AML. Overexpression of both miR-3151
& BAALC may be targeted by bortezomib treatment in these high risk patients.
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Figure 1. Survival of NSG mice after miR-3151 and/or BAALC overespres-
sion.
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SP1 STABILIZATION IS REQUIRED FOR AML1-ETO LEUKEMOGENESIS
AMaiques’,” M Hernando®, M Martin®, M Wunderlich2, J Mulloy?, J Cigudosa’,
S Alvarez!

TMolecular Cytogenetics Group, Spanish National Cancer Research Centre
(CNIO), Madrid, Spain, 2Division of Experimental Hematology, Cincinnati Chil-
dren’s Hospital Medical Center, Cincinnati, United States

Background: The AML1-ETO (AE) fusion protein generated by the t(8;21),
present in 10% of Acute Myeloid Leukemias (AMLs), has been shown to alter
the transcriptional pattern of leukemic cells trough chromatin modifications and
interaction with transcriptional factors. In murine and human hematopoietic
stem and progenitor cells (HSPCs) AE promotes self-renewal and blocks line-
age differentiation, but does not by itself cause leukemic transformation.
Recently, genome-wide analyses have demonstrated the importance of sever-
al transcription factors recruiting AE promoter binding to non-AML1 binding
sites. We have identified the transcriptional factor Sp1, an essential transcrip-
tion factor for haematopoiesis development, as a crucial element driving AE
DNA binding pattern and thus supporting the role of Sp1-targeted therapy 1.
Aims: Determine the mechanism of Sp1 accumulation upon AE expression and
the role of Sp1 protein in the leukemic transformation of HSPC-AE to study Sp1
targeting as a possible therapeutic strategy.

Methods: We made use of human hematopoietic stem cells retrovirally trans-
duced with AE (HSPC-AE)? and the 1(8;21) SKNO1 cell line. Several com-
pounds were used: Mithramicyn A and a proteasome inhibitor (MG-132) from
Sigma-Aldrich, JNK inhibitor 1l (SP600125) from Calbiochem. Lentiviral vector
MISSION pLKO.1shRNA-puro constructs targeting human Sp1 were obtained
from Sigma-Aldrich.

Results: Upon AE expression high Sp1 protein levels on the presence of low
Sp1 mRNA levels were observed, pointing to Sp1 protein stabilization and
accumulation. To elucidate the mechanism under Sp1 accumulation, JNK1
mRNA and protein levels were investigated, as JNK1 kinase has been shown
to phoshporylate Sp1 inhibiting its degradation via proteasome. High levels of
JNK1 mRNA and protein in HSPC-AE relative to HSPC controls and a positive
correlation between JNK1 and Sp1 protein levels were observed. Indeed, phar-
macological inhibition of JNK1 kinase activity on SKNO1 cell line abrogated Sp1
protein phosphorylation and accumulation. The exposure of SKNO1 to the pro-
teasome inhibitor MG132, known to activate JNK1, leaded to Sp1 protein accu-
mulation. These data further support JNK1 activation as a mechanism of Sp1
protein stabilization on AE expressing cells.The biological importance of Sp1
on t(8;21) leukemia was further studied by lentiviral sShRNA knockdown system.
A complete abrogation of self-renewal of two independent HSPC-AE clones and
a total impairment of proliferation in SKNO- Sp1 knockdown cells were
observed. Interestingly, on THP1 cell line, harbouring the MLL-AF9 fusion pro-
tein, little effect upon Sp1 knockdown was observed. Furthermore, we evalu-
ate the sensitivity of inhibiting Sp1 DNA binding using Mytramicin A. Higher sen-
sitivity to this drug in the presence of the AE fusion protein compared to cells
harbouring other fusion proteins was also confirmed. Finally, genome-wide
expression profiling has been performed upon pharmacological Sp1 binding
inhibition to determine the role of Sp1. A complete analysis of the changes
induced by this pharmacological inhibition is warranted.

Summary / Conclusion: We have shown that, through JNK1 phosphorylation,
Sp1 is stabilized in AE expressing leukemia cells, leading to a Sp1 accumula-
tion that is required for AE leukemogenesis. These results further support Sp1
as a potential drugable target
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PML/RAR-ALPHA INHIBITS PTEN EXPRESSION IN HEMATOPOIETIC
CELLS BY COMPETING WITH PU.1 TRANSCRIPTIONAL ACTIVITY

N Noguera®.23,” G Angelini2, G Gaur2, G Catalano3, S Amadori3, F Lo Coco23
1Department of Chemical Biochemistry, Rosario National University, Rosario,
Argentina, 2Santa Lucia Foundation, 3Department of Biomedicine and Preven-
tion, Tor Vergata, University, Rome, Italy

Background: The chimeric PML/RARA protein contributes to the pathogene-
sis of APL by impairing the formation of functional PML nuclear bodies (PML
NBs), downregulation and displacing of tumor suppressors and by deregulat-
ing genes that are critical to myeloid differentiation. All-trans retinoic acid
(ATRA) treatment antagonizes PML/RAR effects, reverts the leukemic pheno-
type and enables leukemic cells to undergo terminal differentiation. Inactivat-
ing mutations of p53 and PTEN (phosphatase and tensin homologue deleted
in chromosome 10) are uncommon in patients with APL and AML. Instability and
downregulation caused by PML/RARA have been demonstrated for p53, while
displacement to cytoplasm with loss of its nuclear function has been shown for
PTEN in APL. The anti-oncogenic activity of PTEN is dose-dependent and
down-regulation of the protein may be an additional relevant mechanism con-
tributing to its impaired function. We found that primary blasts from patients with
APL have significantly lower PTEN expression than blasts from other AML sub-
types. To determine whether PML/RARA could directly down-regulate PTEN
expression, we performed computational analysis of its promoter region and



found two RARE plus PU.1 and one RARE half plus PU.1 motifs. Ets transcrip-
tion factor PU.1 is essential for myeloid development, and its silencing pro-
duces dysfunction and maturation arrest of hematopoietic stem cells.

Aims: The aim of this work is to asses PTEN expression in patients with APL
and its modululation by PML-RARA protein.

Methods: Twenty eight APL and 28 unselected AML patients were analyzed by
quantitative PCR using Tagman Probes to measure mRNA PTEN level expres-
sion. PTEN protein levels were also analysed in 15 AML and 12 APL cases
using Western Blot. In addition, PTEN mRNA and protein levels were studied
in: i) PR cells, a Zn inducible PML/RARA cell line; ii) APL patient primary blasts
and NB4 cells after treatment with ATRA and ATO. ChlP-gPCR was used to
analyse the regulatory PTEN sequence for the presence of PU.1 protein.
Results: PTEN mRNA and protein levels were significantly lower in APL as
compared to AML samples (P=0.036 and P<0.0001, respectively). PTEN pro-
tein expression increased in primary patient blasts and in NB4 cells after in vit-
ro treatment with ATRA. By analyzing the PR9 cell line transfected with a zinc
inducible PML-RARA construct, we detected a decrease of PTEN mRNA at 2
and 4 hours, simultaneously with PML-RARA maximal expression. Treatment
with arsenic trioxide (ATO) also enhanced PTEN expression for the first 1-2
hours, corresponding with degradation of PML/RARA protein. The upstream
promoter sequence of PTEN gene locus contained several RARE and one
RARE half plus PU.1 motifs. Treatment of NB4 cells with ATRA resulted in
increased binding of PU.1 to PU.1-RARE half site as demonstrated by ChIP-
gPCR analysis.

Summary / Conclusion: This is the first report showing that PTEN expression
is suppressed in APL, and restored upon treatment with ATRA. In leukemic
cells PU.1 enhances PTEN expression via binding to two specific motifs on the
PTEN promoter sequence. We show that PML/RARA inhibits PTEN expression
by directly binding to the protein promoter and displacing a pro-expression
PU.1-RARA complex. The binding causes a major decrease of PTEN produc-
tion thus contributing to compromise its antioncogenic activity.
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ACUTE MYELOID LEUKEMIA WITH T(8;21)/RUNX1-RUNX1T1 DEMON-
STRATE A HIGH NUMBER OF SECONDARY GENETIC LESIONS: FRE-
QUENCY AND IMPACT ON CLINICAL OUTCOME

M Krauth.2,* C Eder!, T Alpermann?, W Kern', C Haferlach?, T Haferlach?,
S Schnittger?

TMLL Munich Leukemia Laboratory, Munich, Germany, 2Department of Medi-
cine |, Division of Hematology & Hemostaseology, Medical University Vienna,
Vienna, Austria

Background: The translocation t(8;21) with the resulting RUNX71-RUNX1T1
rearrangement is one of the most common chromosomal abnormalities in acute
myeloid leukemia (AML). Although it is generally associated with a favourable
prognosis, impact of additional mutations is poorly understood.

Aims: In the present study, we aimed to assess the frequency and clinical
impact of secondary mutations in AML patients (pts) harbouring t(8;21)/RUNX1-
RUNX1T1.

Methods: We analyzed 139 pts which were referred to our laboratory for first
diagnosis of AML between 2005 and 2012 (65 females, 74 males; median age
53.3 years, range 18.6 - 83.8 years) and were proven to have t(8;21)/RUNX1-
RUNX1T1. Diagnosis was established using cytomorphology and multiparame-
ter flow cytometry according to FAB and WHO classifications. Chromosome
banding analysis and fluorescence in situ hybridisation were performed for
detection of t(8;21) and/or RUNX1-RUNX1T1. Mutation analysis of ASXL1,
FLT3-ITD, FLT3-TKD, KIT (D816V, exon8 and 9-11), NPM1, MLL-PTD, IDH1
and IDH2, KRAS, NRAS, CBL, and JAK2 was performed in all pts.

Results: 107/139 were classified according to FAB criteria (77.0%). 34/107
had AML M1 (31.8%) and 73/107 AML M2 (68.2%). 117/139 had de novo AML
(84.2%), 22/139 therapy-related AML (t-AML) (15.8%). 69/139 (49.6%) had at
least one molecular alteration in addition to RUNX1-RUNX1T1, 23/139 (16.5%)
had two or more additional mutations. Most common were KIT mutations
(23/139; 16.5%), followed by NRAS (18/139; 12.9%) and ASXL1 (16/139;
11.5%). FLT3-ITD, FLT3-TKD, CBL, and KRAS were found in 4.3% - 5.0% of
all pts, whereas IDH2 and JAK2 were detectable in 3.6% and 2.9%, respective-
ly. IDH1 mutations were found in only 0.7% (1/139), and, notably, NPM1 and
MLL-PTD were never found in RUNX1-RUNX1T1. FLT3-ITD as well as FLT3-
TKD were exclusive of ASXL1. Although not significant, KIT mutations were fre-
quently associated with NRAS and FLT3-ITD, when compared to wildtype
(NRAS: 21.7% vs. 11.2%; FLT-ITD 28.6% vs. 15.9%). With exception of FLT3-
ITD, which was only present in de novo AML, there was no difference in muta-
tion frequencies between de novo AML and t-AML. Cytogenetic data were avail-
able in all pts. 69.8% (97/139) had at least one chromosomal aberration in
addition to 1(8;21)(q22922). Most frequent was the loss of either X- or Y- chro-
mosome (together 46.8%), followed by del(9q) (15.1%), and trisomy 8 (5.8%).
FLT3-ITD, FLT3-TKD and trisomy 8 were found to be mutually exclusive. The
number of secondary chromosomal aberrations did not differ between pts with
de novo AML or t-AML, showing a trend towards higher frequency of -Y, del(9q),
and trisomy 8 in pts with t-AML. Survival was calculated in pts with intensive
treatment (n=111/139, 79.9%; median follow-up 26.9 months; 2-year survival
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rate 73.4%). With exception of KITD816V, which had a negative impact on sur-
vival in de novo AML (2-year survival rate 64.2% vs. 82.3%, P=0.05; pts cen-
sored on the day of transplantation), we found, that none of the above men-
tioned mutations influenced outcome. This also holds true for pts with 2 or more
coexistent secondary molecular lesions. Moreover, no influence of secondary
chromosomal aberrations on survival was found.

Summary / Conclusion: We analysed a sizeable cohort of pts with AML
1(8;21)/RUNX1-RUNX1T1 and screened for a broad panel of mutations as well
as chromosomal aberrations. With exception of KITD816V, which negatively
influenced survival, our results emphasize the impact of the prognostic
favourable 1(8;21) status, which was not altered by secondary molecular or
chromosomal lesions.
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CELLULAR AND MOLECULAR TARGETS OF MLL-AF9 IN A NOVEL CON-
DITIONAL MOUSE MODEL

V Stavropoulou®,” S Kaspar?, L Brault!, S Juge'!, S Morettini2, A Tzankov3,
M Kyba#4, A Peters2, J Schwaller?

Dept. of Biomedicine, University Hospital Basel, 2Friedrich Miescher Institute
for Biomedical Research, 3Department of Pathology, University Hospital Basel,
Basel, Switzerland, 4Department of Pediatrics, Lillehei Heart Institute, Univer-
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Background: Gene fusions involving the mixed lineage leukemia 1 (MLL1)
gene on the long arm of chromosome 11 are associated with infant, pediatric
and adult de novo and therapy related leukemia that are often linked to poor
prognosis. Expression of several leukemia-associated mixed lineage leukemia
(MLL) fusion genes transform human and mouse bone marrow cells in vitro and
in vivo.

Aims: To dissect the molecular and cellular targets of the MLL-AF9 fusion using
a novel inducible doxycycline (DOX)-regulated transgenic mouse model.
Results: Conditional ex vivo activation of MLL-AF9 induced aberrant self-
renewal and impaired differentiation capacity of long-term hematopoietic stem
(LT-HSC) and various progenitors including granulocyte-macrophage progen-
itor (GMP) cells. MLL-AF9 expression in LT-HSC or GMP cells caused accu-
mulation of immature blast-like cells that displayed distinct origin-associated
properties in colony formation, differentiation capacity and resistance to
chemotherapeutic drugs. Turning-off of fusion expression resulted in multi-lin-
eage differentiation of LT-HSC-derived cells, whereas differentiation of GMP-
derived cells was restricted to mature macrophages and granulocytes suggest-
ing maintenance of origin identity during MLL-AF9-mediated transformation. In
vivo, conditional MLL-AF9 expression induced an aggressive and trans-
plantable disease characterized as acute myelo-monocytic leukemia closely
mimicking the human MLL-AF9 expressing disease. Fusion gene expression
and leukemia induction was DOX dosage dependent and reversible upon DOX
removal. LT-HSCs induced a more aggressive leukemia than GMPs. Notably,
10% of LT-HSC derived leukemia had a 50% shorter median latency (LT-“Ear-
ly”) as compared to other LT-HSC-, or GMP-derived leukemias. Cytarabine
(Ara-C) treatment significantly delayed leukemia induction by GMP- but not LT-
HSC-derived blasts. Gene expression profiling in immortalized pre-leukemic
cells revealed MLL-AF9-dependent expression of over 300 genes, including
well-known MLL targets such as Meis1, HoxA5, HoxA9 and HoxA10. LT-HSC-
derived blasts displayed distinct gene signatures that clearly separated them
from the GMP-derived blasts. Evi-1 and Erg, two known prognostic markers in
patient-derived leukemia gene signatures where expressed differentially in LT-
and GMP-derived disease. The aggressive “early” LT-derived murine leukemia
displayed high Evi-1 and Erg expression levels (Evi-1 high, Erg high) as com-
pared to the “late” LT-derived (Evi-1 low, Erg high) or the GMP-derived
leukemias (Evi-1 low, Erg low).

Summary / Conclusion: These observations suggest that the previously
reported poor prognosis associated with elevated EVI/-1 and/or ERG expres-
sion might directly reflect the cellular origin of the disease. We are currently
exploiting this highly informative MLL-AF9 disease model to evaluate the func-
tional relevance of novel MLL-AF9 origin-dependent genes and to identify nov-
el prognostic markers and potential therapeutic targets.

P025

STAT3 AND 5 ARE CONSTITUTIVELY ACTIVATED IN T(6;9)(DEK/CAN)-
POSITIVE ACUTE MYELOID LEUKEMIA MODELS AND EFFICIENTLY
INHIBITED BY EXPOSURE TO ARSENIC TRIOXIDE

C Oancea’,” H Held!, M Heinssmann, B Brill2, Hubert Serve!, M Ruthardt'
THematology, Goethe University Clinic, 2Georg Speyer Haus, Frankfurt, Ger-
many

Background: Acute myeloid leukemia (AML) is characterized by an abnormal
accumulation of hematopoietic progenitors in the bone marrow (BM). The AML
phenotype is maintained by an accelerated proliferation of blast cells and is sup-
ported by the aberrant stem cell capacity of poorly defined leukemic stem cells
(LSC) along with a block in differentiation. AMLs are frequently associated with
specific chromosomal translocations, such as t(15;17), (8;21) or t(6;9) which
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encode aberrant fusion proteins (FPs). These Fps, i.e. PML/RARa (PR), AML-
1/ETO (AE) or DEK/CAN (DC), recapitulate the leukemic phenotype in the
mouse. Constitutive STAT activation is frequently found in AML and it is postu-
lated that the aberrant stem cell capacity in leukemia is correlated to the acti-
vation of STATs. A relationship between STAT-activation and response to
arsenic trioxide (ATO) has been documented in models of t(15;17)(PR)-posi-
tive AML. The (6;9)(DC)-positive AML represents a separate entity with a young
age of onset and poor prognosis. The leukemogenic mechanisms of DC-
induced AML are poorly understood.

Aims: Here we analyzed the activation status of STAT3 and 5 in models of
DEK/CAN-positive leukemia and investigated whether the STAT-activation
plays a role for the pathogenesis of t(6;9)-positive AML.

Methods: The expression and activation status of STAT3 and 5 was investi-
gated by western blotting and intracellular flow cytometry with antibodies
against the phosphorylated and total form of STATs. Apoptosis was measured
by 7-AAD staining of U937 cells retrovirally transduced to express DC or PR
and treated for 5 days with 1 yM ATO. As models of DC-induced AML we used
primary Sca1+Lin- murine hematopoietic stem and progenitor cells (HSPCs)
which were retrovirally transduced to express DC or PR as control. For the in
vivo studies, we used DC-positive primary as well as 2° leukemic cells from
established DC-induced AML. The effect of constitutively active STAT3
(STAT3*) on the stem cell capacity was investigated in serial replating and
CFU-S12 assays using transduced mHSPCs. ATO treatment of the mice inoc-
ulated with DC-positive primary leukemic cells started at day 5 after transplan-
tation and was performed for a period of two weeks. The leukemia development
and the response to ATO treatment was assessed 30 days post-transplanta-
tion by spleen size and the effect on STATs activation was analyzed in BM and
spleen.

Results: Here we show that i) in the pre-leukemic state of DC-positive AML the
activation of the STATs was hardly detectable; ii) both STAT3 and 5 were strong-
ly activated in primary blasts of DC and PR from mouse leukemia as well as in
retrovirally transduced primary HSCPs; iii) the expression of STAT3* in HSPCs
led to an increased replating efficiency in the presence of cytokines and slight-
ly increased the CFU-S12 colony number as a read out for short-term stem cell
and early progenitor potential; iv) similar to PML/RARa, DEK/CAN also sensi-
tized the U937 cells to arsenic-induced apoptosis in vitro; v) ATO treatment led
to a significantly decreased spleen size as compared to solvent treated con-
trols; vi) exposure to ATO abolished the phosphorylation of STAT5 in vivo.
Summary / Conclusion: Our results indicate a direct relationship between
the expression of the leukemogenic fusion proteins DC or PR and the activa-
tion of STATs which seem to play an important role for the maintenance of the
leukemic stem cell. The STATS5 activation was efficiently targeted by ATO. Con-
sequently, ATO treatment represent a novel therapeutic concept for the t(6;9)-
positive AML.
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THE GENE SIGNATURE IN C/EBPA DYSFUNCTIONAL AML PREDICTS
RESPONSIVENESS TO HDAC INHIBITORS

M Alberich Jorda®:2," A Liss3, C Ooi3, P Zjablovskaja2, T Benoukraf3, H Radom-
ska’, C Ju3, M Wu3, M Balastik2, R Delwel4, T Brdicka2, P Tan3, D Tenen?,3
1THarvard Medical School, Boston, United States, 2Institute of Molecular Genet-
ics of the ASCR, Prague, Czech Republic, 3Cancer Science Institute, Nation-
al University of Singapore, Singapore, Singapore, 4ErasmusMC, Rotterdam,
Netherlands

Background: C/EBPa plays a crucial role in granulocytic development, and
defects in this transcription factor have been reported in acute myeloid leukemia
(AML). K562 cells stably transfected with an inducible C/EBPa-estrogen recep-
tor fusion protein (C/EBPa-ER) have been used as a model for human granu-
locytic differentiation. When stimulated with b-estradiol (E,) to induce nuclear
translocation of C/EBPa, these cells differentiate towards neutrophils.

Aims: The aims of this project are: 1. To identify genes upregulated upon
C/EBPa activation, and therefore involved in granulocytic development. 2. To
determine whether this set of genes, referred as the C/EBPa signature, is
downregulated in AML patient samples. 3. To identify small compounds that
could reactivate the C/EBPa signature, and promote granulocytic differentia-
tion.

Results: K562 C/EBPa-ER expressing cells were stimulated with 1 uM E, or
EtOH vehicle control, and gene expression profiles were determined by
microarrays. By using prediction analysis of microarrays (PAM), we identified
the C/EBPa signature, characterized by a set of 33 genes which are upregu-
lated upon C/EBPa activation. We analyzed the expression of the C/EBPa sig-
nature in a cohort of 525 de novo AML patients, and identified a subset of 110
patient samples characterized by low expression of this signature. We referred
to this group of patients as the C/EBPa dysfunctional subset. Remarkably, a
large percentage of samples harboring C/EBPa biallelic mutations clustered
inside this subset. We hypothesize that re-activation of the C/EBPa signature
in the C/EBPa dysfunctional subset could have therapeutic potential. In search
for small molecules able to reverse the low gene expression of the C/EBPa sig-
nature we applied the Connectivity Map. This analysis predicted a positive con-
nectivity between the C/EBPa activation signature and histone deacetylase
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(HDAC) inhibitors. We showed that HDAC inhibitors (trichostatin A and vorino-
stat) reactivate expression of the C/EBPa signature in K562 cells. Next, we
determined that patient samples with biallelic mutations in C/EBPa from inside
the dysfunctional group cultured in the presence of HDAC inhibitors showed
upregulation of cell surface granulocytic markers such as CD15 and CD11b.
On the contrary, patient samples with biallelic mutations in C/EBPa, but clus-
tering outside the dysfunctional group, had no significant changes in the same
conditions. In addition, quantitative RT-PCR showed upregulation of granulo-
cyte specific genes such as G-CSF-R (CSF3R), Gelatinase A (MMP2), C/EBPe
(CEBPE), and lysozyme (LYZ) in HDAC inhibitor treated cells compared to
vehicle control (EtOH) in samples from inside, but not from outside, the C/EBPa
dysfunctional group.

Summary / Conclusion: Altogether, our data identify HDAC inhibitors as
potential candidates in the treatment of certain AMLs characterized by the
downregulation of the C/EBPa signature.

P027

AXL, A THERAPEUTIC TARGET IN AML MEDIATES STROMA-INDUCED
CHEMORESISTANCE

| Batalla®, A Schultze 1, M Wroblewski!, R Erdmann?, M Heuser?, K Weber3,
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Background: Novel targets with potential to improve treatment of AML are
urgently needed. Members of the Tyro3, Axl, Mer receptor (TAMR) tyrosine
kinase family are abundantly expressed in physiological and malignant
hematopoiesis and circumstantial evidence in literature links Axl expression to
AML pathobiology. We discovered that Axl, the receptor for Growth Arrest-spe-
cific protein 6 (Gas6), represents a novel prognostic marker and potential ther-
apeutic target in AML (Blood (ASH Annual Meeting Abstracts), Nov 2011; 118:
940).

Aims: Validate Axl as a new therapeutic target in AML and investigate its
involvement in chemoresistance.

Methods: Gas6 levels were measured by ELISA and immunohistochemistry.
Axl expression was detected by flow cytometry. Co-cultures of (murine) BM
stroma cells (primary, OP9, S17) with Mv4-11 and OCI-AMLS5 cell lines were
performed.

Results: By investigating primary AML and healthy BM (BM)(i) higher expres-
sion of Axl in AML BM compared to healthy BM donors (66.20+10.87 vs.
0.65+0.10%; n=8/6; P<0.05); (ii) Axl expression by 68+31% of AML blasts and
(iv) higher expression of Axl by CD34+*CD38- AML stem cells compared to
healthy CD34*CD38- BM stem cells (58.43+4.63% vs. 6.00+2.01%; n=7/6;
P<0.05). Thus, Axl blockade might be useful to inhibit AML stem cells. Subse-
quently we determined therapeutic efficacy of BGB324 on primary human AML
cells. We incubated AML cells from patients at primary diagnosis with different
concentrations of BGB324 and found a dose dependent inhibition of prolifera-
tion with a mean IC50 of 1.8 uM (range 0.2341-3.711 uM). Interestingly, sen-
sitivity towards BGB324 (i.e. a lower IC5) correlated with Axl expression on
leukemia cells (Pearson’s r = -0.9656, P<0.05). To investigate effect of BGB324
treatment on chemosensitivity of human AML cells we incubated primary AML
cells with BGB324 in combination with cytarabine and found additive therapeu-
tic effects of both treatments. Notably, BGB324 was also effective in cytarabine-
refractory primary AML cells and could sensitize them for chemotherapy. Thus,
AxI might be implicated in development of chemoresistance in AML. Analyses
of BM sections revealed that expression of AxI's ligand Gas6 was low in AML
cells, similar to healthy hematopoietic cells while it was abundantly expressed
in AML BM stromal cells with fibroblastic/mesenchymal morphology (referred
to as BMDSCs). Gas6 expression was considerably lower in control BMDSCs
(86+14% vs. 20+20%; n=5/7; P<0.05) thus suggesting a possible paracrine
interaction between AML cells and BMDSCs leading to Gas6 upregulation in
the stroma compartment. In order to test this hypothesis we utilized co-cultures
of (murine) BM stroma cells (primary, OP9, S17) with Mv4-11 and OCI-AML5
leukemia cell lines. These experiments revealed specific upregulation of murine
(m)Gas6 in BMDSCs mediated by leukemia-cell derived IL-10 and M-CSF. Co-
cultures with antibodies blocking hiL-10 and hM-CSF could abrogate stromal
Gas6 upregulation. Protective effect of stroma cells towards cytarabine-induced
cytotoxicity could be eliminated by shAxl, sAxl or by BGB324. Thus, interac-
tion between stroma-derived Gas6 and AxI* leukemia cells forms a chemopro-
tective niche for leukemia cells. In line with these findings Axl blockade



chemosensitizes Mv4-11 cells for treatment with doxorubicine in vivo.
Summary / Conclusion: Ax| represents a therapeutic target in AML and AxI
inhibition by BGB324 holds potential to treat chemosensitive and —resistant
AML.
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RECURRING FLT3 N676K MUTATIONS IN CORE BINDING FACTOR
LEUKEMIA ACTIVATE MAPK-SIGNALING AND CONFER FACTOR INDE-
PENDENT GROWTH OF BA/F3 CELLS
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Background: The t(8;21) and inv(16)/t(16;16) rearrangements affecting the
core-binding factors, RUNX1 and CBFB, respectively, are found in 15-20% of
adult de novo AML cases and are associated with a favourable prognosis. Since
expression of CBFB/MYH11 or RUNX1/RUNX1T1 on their own is not sufficient
to cause leukemia it is likely that additional mutations are required for malig-
nant transformation.

Aims: I|dentification of mutations which may collaborate with CBFB/MYH11
during leukemogenesis.

Methods: We performed exome sequencing of an AML sample with an inv(16).
The sample was selected based on availability and absence of known addition-
al genetic alterations. By comparing the AML exome sequence with the exome
sequence of a remission sample from the same patient we were able to iden-
tify leukemia-specific sequence variants as described previously (Greif et al.,
2012, Blood).

Results: By exome sequencing of a an AML patient with inv(16) we found an
N676K mutation in the ATP-binding domain (TKD1) of the fms-related tyrosine
kinase 3 (FLT3) gene. Mutations affecting N676 resulting in variable amino acid
changes (N676D or N676S) were initially discovered in a screen for resistance
to tyrosine kinase inhibitors (TKI) in FLT3 internal tandem duplication (ITD)
expressing Ba/F3 cells (Cools et al., 2004, Cancer Res). An N676K point muta-
tion has been reported in a cytogenetically normal (CN) AML patient with FLT3-
ITD and TKl-resistance (Heidel et al., 2006, Blood). In contrast, our patient with
inv(16) and the FLT3 N676K did not carry an additional FLT3-ITD. In a cohort
of 84 de novo AML patients with a CBFB/MYH11 rearrangement and in 36
patients with a RUNX1/RUNX1T1 rearrangement, the FLT3 N676K mutation
was identified in 5 and 1 patients, respectively (5/84, 6%; 1/36, 3%). None of
the CBF AML patients with FLT3 N676K mutation had an additional FLT3-ITD.
In 90 CN-AML patients we detected only a single FLT3 N676K mutation and the
affected patient had a concurrent FLT3-ITD. In addition we analyzed mutation-
al hotspots of several commonly mutated genes in our CBFB/MYH11 positive
cohort: FLT3, KRAS, NRAS, KIT, WT1, MLL and NPM1 (Figure 1).
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Figure 1. Frequency of additional mutations in CBFB/MYH11 positive AML.

Clinical parameters of 56 CBFB/MYH11 rearranged patients enrolled in the
AMLCG-99 trial were correlated with FLT3 N676 status: The FLT3 N676K muta-
tion was significantly associated with higher leukocyte counts (P=.02), elevat-
ed LDH (P=.02) and male sex (P=.02). There was no significant difference in
survival of patients with a FLT3 N676K (n=4) compared to patients with FLT3
N676 wild type (n=47). However, there was a trend towards reduced complete
remission rates associated with FLT3 N676K mutations.
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To test the transforming potential we expressed the FLT3 N676K mutant in
Ba/F3 cells. As controls we expressed FLT3 wild type (WT), FLT3 mutants
D835Y or ITD in parallel. Cell surface expression of N676K was similar to WT,
but increased compared to D835Y and ITD. Cell proliferation assays were done
in presence and absence of IL-3 or FLT3 ligand (FL). FLT3 N676K leads to IL-
3 and FL independent cell growth reaching 25% of IL-3 mediated growth. FLT3
inhibition by AC220 or PKC412 abrogates this proliferation, but N676K is slight-
ly more resistant to inhibition than ITD. In contrast to ITD expression that results
in STAT5 phosphorylation, N676K expression leads to phosphorylation of MAPK
and AKT.

Summary / Conclusion: Our findings point towards a specific association of
activating FLT3 N676K mutations with CBF leukemia. Although FLT3 is a well
known mutational target in AML, it appears that the spectrum of FLT3 mutations
is still not fully understood. Unbiased mutation screening by exome sequenc-
ing allows the detection of novel sequence variations even in extensively stud-
ied genes.
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THE EFFECT OF ARA-C TREATMENT ON HEMATOPOIETIC STEM CELL
EXPANSION AND LEUKEMOGENESIS IN A MOUSE MODEL OF CEBPA
MUTANT ACUTE MYELOID LEUKEMIA

M Cimino?, A Venanzi!, T Frammartino!, D Sorcini!, S Bruscoli’, C Nerlov2,
C Riccardi’, O Bereshchenko?,3,"

1Department of Clinical and Experimental Medicine, Sec of Pharmacology, Uni-
versity of Perugia, Perugia, Italy, ZMRC Molecular Hematology Unit, Weather-
all Institute of Molecular Medicine, University of Oxford, Oxford, United King-
dom, 3Joseé Carreras Young Investigator, EHA, Perugia, Italy

Background: Acute myeloid leukemia (AML) is the most common acute
leukemia in adults. Acquired mutations in the CEBPA gene are found in 11-12%
of all AML cases and include N- and C-terminal mutations that are frequently
found within the same patient on separate alleles. We have recently demon-
strated that combining N- and C-mutations in mice resulted in loss of hematopoi-
etic stem cells (HSC) quiescence and expansion of premalignant pool of cells,
associated with accelerated AML. Therefore, pharmacologic targeting of the
pre-leukemic HSCs has emerged as another critical step to combat tumor pro-
gression particularly relevant to prevent tumor relapse. Increased cycling of
mutant pre-leukemic HSCs suggests that they could be susceptible to the action
of anti-proliferative agents used in chemotherapy.

Aims: We will address the impact of cytosine arabinoside (Ara-C) treatment on
proliferating mutant HSCs survival, as well long-term tumor development in a
mouse model of CEBPA mutant AML. We will evaluate whether 1) Ara-C treat-
ment leads to a selective mutant HSCs apoptosis and a consequent drop in
mutant HCS number; 2) reduction in mutant HSC number affects tumor devel-
opment.

Methods: We performed Ara-C treatment experiments in radiation chimeras
generated by transplanting E14.5 fetal liver cells (CD45.2 allotype) of wild type
or CEBPA N/C combined mutant genotype along with wild type competitor bone
marrow cells (CD45.1 allotype). Apoptosis in wild type (CD45.1+) and mutant
(CD45.2+) long term-HSCs (defined as Lin-c-kit+Sca1+CD150+) was measured
by flow cytometry method using Annexin V/SytoxBlue staining. Frequency and
total number of wild type and CEBPA mutant HSCs was calculated at 24 and
72 hours after a single injection of 150 mg/kg of Ara-C. In addition, cohorts of
mice treated or not with Ara-C for 1 week were monitored overtime for: i)
CD45.2/CD45.1 ratio, ii) percentange of Mac1+ cells, iii) white and red blood
cells counts in the peripheral blood and mice survival.

Results: Here we demonstrate that Ara-C efficiently and selectively induced
apoptosis in mutant HSCs and downregulated their frequency and total num-
ber. However it did not lead to their complete elimination. Interestingly, we found
that mice treated with Ara-C at early stages of AML progression showed a
greater accumulation of Mac-1+ cells and a reduction in the frequency of B and
T cells in the peripheral blood at 4 and 6 months after treatment, as compared
to untreated mice. Moreover mice treated with Ara-C showed a statistically sig-
nificant increase in the number of white blood cells, a reduction in the number
of red blood cells, hemoglobin and hematocrit at 6 months following the Ara-C
treatment, suggesting an earlier onset of leukemic blasts accumulation and
leukemia-associated anemia in these mice.

Summary / Conclusion: These data demonstrate that Ara-C treatment induces
preleukemic HSC apoptosis, but does not lead to complete mutant cell clear-
ance, revealing that Ara-C resistant mutant HSC population exists and initiates
leukemia. Moreover, our results demonstrate that Ara-C-mediated HSC reduc-
tion does not lead to delay in leukemia progression. To the contrary, several
parameters show even negative long-term effects of Ara-C treatment on AML
progression, suggesting that either Ara-C directly modifies HSCs or post-treat-
ment bone marrow provides environmental cues favoring further HSC expan-
sion and leukemia progression. Caution therefore has to be taken in evaluat-
ing of the presence of residual mutant HSC in patients’ bone marrow after
chemotherapy. This study points to a critical role of therapy-resistant HSCs in
leukemia progression or relapse and warrants further studies on their better
characterization.
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COMBINED ANALYSES OF ROS, CELL CYCLE AND IMMUNOPHENOTYPE
SHOWS THAT NORMAL HEMATOPOIETIC PROGENITOR SUBSETS HAVE
A DIFFERENTIAL ROS PROFILE THAT IS LOST IN ACUTE MYELOID
LEUKEMIA
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Background: There has been recent interest in the role of reactive oxygen
species (ROS) in myeloid malignancies, driving efforts to target redox state as
a therapeutic strategy. Leukemia stem cells (LSC) in acute myeloid leukemia
(AML) appear to maintain low levels of ROS, which confers drug-resistance.
However certain AML genetic abnormalities such as FLT-3/ITD are associated
with increased ROS. Redox state may vary in the heterogenous leukemic sub-
populations that are enriched for LSC. This may impact on redox-targeting
drug sensitivities. It is thus important to understand if ROS are differentially
modulated in normal CD34+ hematopoietic stem cells (HSC) and downstream
progenitor subsets and how this may be altered in AML.

Aims: To compare ROS/cell cycle profile of normal CD34+ stem/progenitor
with immunophenotypically equivalent AML subsets.

Methods: We performed 8-colour flow cytometric analysis of normal bone mar-
row (BM) and AML presentation BM and peripheral blood (PB) samples. This
combined the ROS indicator dye, dichloro-dihydro-fluorescin diacetate (DCF),
with monoclonal antibodies (mAb) specific for human stem/progenitor cell mark-
ers. Intracellular ki67 staining of DCF/mAb labelled cells allowed cell cycle
analysis. Colony Forming Unit (CFU) assays were performed on purified cells
to verify lineage potential of selected cell subsets.

ROS levels in normal BM and AML
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Results: Total CD34+38hi cells had higher DCF staining than total CD34+38lo
cells in normal BM (n=27) but within these two immunophenotypic compart-
ments there was differential DCF staining (Figure 1). In CD38lo cells, lym-
phoid-primed multi-potent progenitors (LMPP; CD90-CD45RA+) had the high-
est DCF staining (mean 877 arbitrary units - calculated from MFI of 27 sam-
ples) while both HSC (CD90+CD45RA-) and multipotent progenitor cells (MPP;
CD90-CD45RA-) were DCF-low (means 501 and 516 respectively). In the
CD38hi subset, common myeloid progenitors (CMP; CD123+CD45RA-) were
DCF-int (mean 1131), with ROS levels upregulated further (DCF-high - mean
2179) in granulocyte-macrophage progenitors (GMP; CD123+CD45RA+).
However megakaryocyte-erythrocyte progenitors (MEP; CD123-CD45RA-)
were mainly DCF-low (mean 596), akin to HSC and MPP. Purified CD34+38hi
ROS-hi cells exclusively generated granulocyte (CFU-G) and macrophage
(CFU-M) or mixed GM colonies (CFU-GM) in CFU assays, and had lost CFU-
E potential. Sorting of CD45RA- cells into ROSIo/ROS-int/ROShi fractions
revealed that CFU-E potential was limited to the ROS-low fraction and that
increasing ROS correlated with higher CFU-M potential. CD38hi cells were
also more actively cycling (40-90% ki67+) than CD38low cells (5-23% ki67+)
consistent with an association between quiescence and low ROS. However
since GMP (ROS-hi), CMP (ROS-int) and MEP (ROS-lo) were all mainly ki67+
(means 57.5%, 60%, 65% respectively), lower ROS could not be correlated with
quiescence in CD34+CD38hi cells. CD34+ AML presentation samples (n=29)
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were most frequently composed of abnormally expanded GMP-/LMPP-like
populations, although MPP-/CMP-like populations were also observed. ROS
levels varied but were significantly lower in both immunophenotypically imma-
ture (MPP- and LMPP-like) and mature (CMP- and GMP-like) subsets (Figure
1 grey symbols) compared to normal subsets, with no difference between BM
and PB blasts. Blasts with lowest ROS were enriched for quiescent cells.
Summary / Conclusion: ROS levels are maintained at different levels in nor-
mal stem/progenitor subsets; GMP cells are ROS-hi, while MEP cells are ROS-
low similar to HSC. However both immature and more mature CD34+AML
blasts appear to have downregulated ROS levels, suggesting a shared redox
adaptation in different types of AML cells. These results provide a platform to
investigate whether leukemic progenitor ROS levels correlate with treatment
resistance and can be used to detect residual LSC.
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PROGNOSTIC IMPACT OF EXPRESSION LEVELS OF CELL SURFACE
PROTEINS COMMONLY EXPRESSED BY BLASTS AND HEMATOPOIET-
IC PRECURSOR CELLS IN DE NOVO ACUTE MYELOID LEUKEMIA: A
REPORT FROM THE SPANISH CETLAM GROUP
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Background: The prognostic impact of immunophenotypic markers in AML has
been long controversial. Few studies have analyzed the prognostic value of the
intensity of surface membrane antigen expression commonly expressed on
AML blasts.

Aims: The prognostic impact of CD34, CD117, CD7, and CD123 levels of
expression was analyzed on AML blasts and normal hematopoietic precursors
by Multiparameter Flow Cytometry (MPFC) in de novo AML patients (pts). We
also determined the correlation with disease characteristics and clinical out-
come.

Methods: Five hundred ninety-two bone marrow samples from adult de novo
AML pts excluding APL and diagnosed between 12/2003 to 08/2011 were
included. All cases were diagnosed according to the WHO criteria and they
were immunophenotyped using an extensive 4-color panel of monoclonal anti-
bodies by MPFC. Patients were treated according to the multicenter CETLAM
AML-03 protocol. Blast cells were gated after excluding all other cell popula-
tions, as well-delineated clusters of SSClow/intyCD45dim gvents (“blast gate”)
using the merge function of the Infinicyt software (Cytognos SL, Salamanca,
Spain). For each case, the reactivity for the following markers was evaluated
in terms of mean fluorescence intensity (MFI; arbitrary units): CD123, CD117,
CD34 and CD7. Normal residual bone marrow lymphocytes were used as ref-
erence for internal quality control purposes. Cytogenetic and molecular risk
stratifications were based on the European LeukemiaNet (ELN) criteria. Over-
all survival (OS), leukemia-free survival (LFS) and relapse incidence (CIR)
were measured by the Kaplan—Meier method and curves were compared with
the log-rank test. Multivariate analysis was performed using the Cox regression
model. P-value <0.05 was considered to be statistically significant.

Results: Median age was 52 years (range: 16-70) and M/F ratio was 324/268.
Seventy-two pts (12%) had favourable cytogenetics, 380 (64%) intermediate,
and 90 (15%) adverse according to MRC classification; 29 (5%) pts had no
metaphases and 21 (4%) were unknown. NPM1mut was detected in 152 pts
(34%), 136 pts (23%) harboured a FLT3-ITDmut, 23 (5%) pts carried CEBPA-
mut, and 29 (5%) had MLL-PTD. In the overall series, the median follow-up of
survivors was 17 months (range 3-100) and the OS, LFS and Rl at 5 years were
3912%, 42+3% and 47+7%, respectively. Independent prognostic variables
were, age (P<.001), cytogenetics (P<.001), NPM1/FLT3-ITD status (P=.001),



molecular category (NPM1mut or CEBPAmMut/FLT3-ITD neg vs. other; P<.001)
and MLL-PTD rearrangement (P=.05) for OS. Univariate analysis of prognos-
tic factors showed an association between higher MFI CD117 expression
(>284.01; P=.019) and a higher MFI CD34 (>143.39; P=.004) expression with
both a shorter OS and DFS and a higher RI. In addition, higher MFI CD7 expres-
sion (>15.61; P=.017) was associated with a shorter DFS and a higher RI. In
multivariate analysis, a higher CD34 MFI retained its value as an independent
predictor of a shorter OS (P=.005; HR=1.51, 95% CI=1.13-2.01) and DFS
(P=.002; HR=1.66, 95% CI=1.20-2.29), and a higher RI (P=.016; HR=1.62,
95% CI1=1.09-2.41). High MFI CD117 levels were an independent predictor of
shorter DFS (P=.019; HR=1.52, 95% CI=1.07-2.16). Moreover, higher levels
of MFI CD7 expression were an independent risk factor for Rl (P=.017;
HR=1.63, 95% CI=1.09-2.43).

Summary / Conclusion: In this study we show that high expression levels of
immunophenotypic markers associated with immature myeloid precursors
(CD34, CD117, and CD7) as assessed by MPFC, may have some prognostic
value in de novo AML.
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C/EBPA REGULATES CXCR4 EXPRESSION
LEUKEMIA
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IN ACUTE MYELOID

Background: CCAAT/enhancer binding protein a (C/EBPa) is a transcription
factor, whose expression plays an essential role in granulopoiesis. It blocks cell
cycle progression and induce terminal maturation of hematopoietic cells. Muta-
tions in one or both alleles of CEBPA are reported in about 7% to 15% of
patients with acute myeloid leukemia (AML). These mutations can be divided
into two types: the N-terminal mutations that result in the expression of the p30
isoform and the C-terminal mutations that disrupt the bZip region, which is
responsible for DNA binding. Retrospective studies showed that patients with
CEBPA mutant AML have an improved prognosis. SDF-1/CXCR4 signaling is
involved in tumor progression, metastasis, and cell survival. In mouse models,
the expression of CXCR4 in AML cells induces leukemia cell chemotaxis and
migration beneath marrow stromal cells. Those leukemic cells show cell cycle
arrest and reduced numbers of cell divisions, providing a potential mechanism
of leukemia cell evasion from chemotherapy. AML patients with higher expres-
sion of CXCR4 have poorer prognosis than those with lower expression.
Aims: By searching the publicly available microarray database, we found that
CXCR4 transcription can be induced by CEBPa activation in murine 32D-
CEBPa-ER cells. In addition, AML patients with CEBPA mutations showed low-
er CXCR4 mRNA expression when compared to those with wild type CEBPA.
Sequence analysis also revealed that the CXCR4 promoter contains several
conserved C/EBPa binding motifs. These clues compelled us to investigate the
role of C/EBPa in the regulation of CXCR4-mediated chemotaxis in AML cells
and evaluate whether CEBPA mutation would influence this effect.

Methods: C/EBPa wild type (p42) or mutants were ectopically expressed in
293T and K562 cells, which do not express C/EBPa. The RNA and protein lev-
els of CXCR4 were measured by using quantitative RT-PCR and Western blot
analysis. C/EBPa-mediated transcriptional activation of CXCR4 was studied
using luciferase reporter, gel-shift and chromatin-immunoprecipitation (ChIP)
assays. Finally, RNA interference methods in combination with in vitro cell
migration assays were used to assess the role of C/EBPa in regulation of
CXCR4-mediated chemotaxis.

Results: Wild-type C/EBPa overexpression both in 293T or K562 cells
increased endogenous CXCR4 expression. In contrast, the expression of p30
diminished CXCR#4 transcription. Similarly, p42 but not p30 increased the
CXCR4 promoter activity. Furthermore, p42 no longer activated the truncated
CXCR4 promoter which does not contain any C/EBPa binding site. These data
showed C/EBPa as an activator of CXCR4. Next, we defined the site at -231
to -246 on the CXCR4 promoter that can be occupied by C/EBPa using the gel-
shift assay and detected the binding of p42 to the CXCR4 promoter in vivo by
the ChIP assay. Finally, we demonstrated that the induction of p42 in the
inducible K562-CEBPa cell lines increased the chemotactic migration, where-
as the expression of mutants did not. Moreover, decreased expression of
C/EBPa by RNA interference decreased levels of CXCR4 protein expression
in U937 cells, thereby abrogating CXCR4-mediated chemotaxis.

Summary / Conclusion: Our results provide the first evidence that C/EBPa
indeed regulates the activation of CXCR4, which is critical for the homing and
engraftment of AML cells. Thus, CXCR4 blockage in AML cells may disrupt
their interaction with the BM niche and sensitize them to chemotherapy.

Stockholm, Sweden, June 13 — 16, 2013
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COMBINED INHIBITION OF C-KIT AND PI3K/MTOR SIGNALLING HAS
SYNERGISTIC ACTIVITY IN C-KIT MUTANT AML

S Tinsley 1," R Gale 1, A Khwaja’

THAEMATOLOGY, Cancer Institute, University College London, London, Unit-
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Background: Activating mutations of the c-KIT tyrosine kinase (TK) receptor
are found in AML and mast cell leukaemias. In AML c-KIT is frequently mutat-
ed (~28%) in core binding factor leukaemias (CBFLs). CBFL are defined by the
presence of 1(8;21)(q22;922) or inv(16)(p13;922) which generate the fusion
proteins RUNX1-RUNX1T1 and CBFB-MYH11 respectively. This subset of
patients have a favourable outcome although ~40% will relapse with current
therapy. c-KIT is highly expressed in most CBFLs and is mutated via point
mutations in exon 17 or insertion/deletions in exon 8. The presence of c-KIT
mutations is associated with an increased risk of relapse. Dasatinib, an inhibitor
of wild-type and mutant c-KIT isoforms, has been shown to inhibit c-KIT phos-
phorylation and induce apoptosis in cell lines expressing c-KIT mutations.
Mutant c-KIT can activate downstream proteins including PI3K, mTOR, MEK
and AKT. However, therapy with single agents targeting individual cell signalling
molecules has had only modest activity in early clinical trials in AML and other
malignancies.

Aims: Therefore this study examined the effect of combining Dasatinib with
selective inhibitors of AKT (AZD5363), MEK (PD184352), mTOR (WYE-354),
PI3K (ZSTK-474) and PI3K + mTOR (BEZ-235) on cell survival and signalling.
Model cell lines including the CBFL Kasumi-1 (c-KIT N822K) and the mast cell
leukaemia HMC1.2 (V560G/D816V c-KIT) were used to evaluate drug combi-
nation efficacy.

Results: In both Kasumi-1 and HMC1.2 cells combined inhibition of c-KIT
(Dasatinib) and PI3K (ZSTK-474), mTOR (WYE354) or PI3K + mTOR (BEZ-
235) led to strong synergistic cell killing (<0.3 Combination Index (Cl) by Chou-
Talalay). The most potent effects were seen combining Dasatinib with the dual
PI3K/mTOR inhibitor BEZ-235 (e.g. Kasumi-1 cell line: average live cell frac-
tiontSEM as % control; Dasatinib alone (20 nM) 69%+1.25, BEZ-235 alone
(0.25 uM) 66.2%z4.4, Dasatinib (20 nM) + BEZ-235 (0.25 pm) 38%4.6) No sig-
nificant effect was seen when combining Dasatinib with MEK (PD184352) block-
ade in either cell line. In HMC1.2 cells Dasatinib inhibited c-KIT autophospho-
rylation fully at 313nM. However, there was still residual MEK, AKT, PI3K and
mTOR signalling as shown by western blotting. In Kasumi-1 cells 40nM of
Dasatinib inhibited c-KIT autophosphorylation and MEK fully but there was
residual PI3K/mTOR signalling. Combining Dasatinib and BEZ-235 eliminated
¢-KIT auto-phosphorylation and markedly reduced residual MEK, AKT, PI3K and
mTOR signalling compared with just Dasatinib treatment in both cell lines. Cell
death was apoptotic shown by an increase in PARP cleavage and a reduction
in pro-caspases 3 and 9. Screening of the Bcl-2 family of apoptosis regulators
showed combined c-KIT and PI3K/mTOR inhibition led to a decrease in Mcl-1,
Bcl-2 and Bcl-x. As a control for Dasatinib specificity, MV4-11 & MOLM-13
(FLT3-ITD AML cell lines) showed no synergistic effect when treated with a
combination of Dasatinib and BEZ-235. However, combined FLT3 inhibition
(AC220) and BEZ-235 demonstrated synergistic cell killing suggesting a broad-
er application for combining TK inhibition with PI3K/mTOR blockade.
Summary / Conclusion: The combination of Dasatinib and PI3K/mTOR inhi-
bition was synergistic at cell killing in CBFLs. Similar results were observed with
AC220 + PI3K/mTOR inhibition in FLT3-ITD AML cell lines suggesting that a
combination of TK and PI3BK/mTOR blockade may provide a novel approach to
treating c-KIT mutant CBFLs as well as FLT3 mutant AML.

P034

THE FUSION GENE NUP98-HOXA9 AS A MODEL FOR LEUKEMOGENE-
SIS: EXPLORING ITS MOLECULAR MECHANISMS AND FUNCTIONAL
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Background: The chromosomal translocation t(7; 11)(p15, p15), that results in
the oncogenic fusion protein Nup98-Hoxa9, appears in 1% of patients with
Acute Myeloid Leukemia and it is associated with poor prognosis and low
degree of overall survival. Nup98-Hoxa9 seems to regulate the transcription of
target genes involved in leukemogenesis and it appears that not only the home-
odomain of the partner gene HOXA9 is necessary in gene regulation, but also
the region of NUP98 present in the fusion could play a role in its oncogenic
effect. Still, there is a long way to have a good understanding of the molecular
mechanisms supporting the malignancy of this fusion protein. In fact, recent
studies in mouse models have suggested a possible interaction between Nup98
and p300, a molecular relationship that remains to be explored in the context
of our fusion gene model.

Aims: We are aimed to investigate the molecular mechanisms by which the
fusion protein Nup98-Hoxa9 may be responsible of the leukemic transforma-
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tion; mostly studying its binding sites in the DNA and its interactions with oth-
er transcription factors.

Methods: - Development of human cellular models that constitutively express-
es Nup98-Hoxa9 (human hematopoietic precursors (hHSC) and HEK293FT
cells).

- Chromatin Immunoprecipitation Sequencing (ChIP-Seq), which will offer
insight into the genomic binding regions of Nup98-Hoxa9.

- Validation of target gene regions by qRT-PCR and luciferase assays.

- Co-Immunoprecipitation assays for knowing which proteins interact with each
other in the activator complex.

Results: We have cloned the cDNA of NUP98-HOXA9 fused to FLAG-tag into
a lentiviral vector and we have efficiently transduced hHSC and HEK293FT
cells. Transcription of the fusion MRNA and the expression of the fusion pro-
tein have been demonstrated by conventional methods. Preliminary function-
al studies included the analysis of long-term cultures of h(HSC and shown that
the expression of NUP98-HOXA9 conferred an advantage in proliferation, sup-
porting so far the fitness of the model for further studies. We have optimized
the ChiP-seq protocol in NUP98-HOXA9 transduced human cells, customizing
the gRT-PCR design to analyze the enrichment in some of the target genes of
the fusion previously described. This is relevant since no previous data of the
binding DNA sequences within the target genes of NUP98-HOXA9 has been
documented. Our data showed, for the analyzed genes, an enrichment of the
binding sites of the fusion protein that was evenly scattered along the 15 Kb
region upstream of the transcription start site.

Summary / Conclusion: Our results provided the first evidence of the specif-
ic binding of Nup98-Hoxa9 to the DNA, describing its topography, and clarify-
ing the role of this fusion protein as a transcription factor. This work provides a
general methodology for the establishment of hHHSC models that will allow the
analysis of the effect of this and other leukemic fusion genes. Although the
preliminary results are very promising, it is necessary to complete the planned
experiments to fully understand the molecular mechanisms of Nup98-Hoxa9.
Finally, the importance of this project lies in two major areas. By one hand, it
will provide a better knowledge about the role of this fusion protein in the devel-
opment of such as an aggressive leukemia. Secondly, it has an intrinsic bio-
logical interest since it will allow to study how a structural protein, such as the
nucleoporin Nup98, upon a chromosome rearrangement, is able to function as
a transcription factor, merely by changing its subcellular localization.
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ACID CERAMIDASE PROMOTES ACUTE MYELOID LEUKEMIA SURVIVAL
THROUGH MCL-1 UPREGULATION
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Background: Acute Myeloid Leukemia (AML) is a heterogeneous disease
affecting the differentiation and survival of myeloid precursors characterized by
the CD34* marker. As a result, patients have elevated immature leukemic cells
known as blasts. Current therapeutics in AML exhibit limited success, and only
approximately 25% of patients will remain disease free after achieving complete
remission. Sphingolipids have recently emerged as a class of bioactive mole-
cules, where the balance between pro-apoptotic ceramide and pro-survival
sphingosine-1-phosphate (S1P) has been shown to play an important role in
cancer cell fate. Ceramidases are hydrolases acting within the sphingolipid
pathway that metabolize ceramide into sphingosine and free fatty acid. Sphin-
gosine can then undergo sphingosine kinase-mediated phosphorylation to form
S1P. Hence, elevated ceramidase activity increases S1P levels while reducing
ceramide levels, thereby shifting the sphingolipid balance to a pro-survival
state. Lysosomal acid ceramidase (AC) is highly expressed in solid tumors iso-
lated from prostate, melanoma and breast cancers, as well as T-cell large gran-
ular lymphocyte (T-LGL) leukemia. Moreover, targeting AC induces pro-
grammed cell death and increases sensitivity to cytotoxic agents.

Aims: Our aims were to determine whether AC is elevated in AML, is essen-
tial in AML survival, and to identify the mechanism through which AC maintains
blast survival in AML.

Methods: We used microarray and fluorogenic AC substrate to quantify AC
expression and activity levels in primary cells. AC inhibitor LCL 204 and AC
shRNA were used to assess AC’s role in survival of patient samples and cell
lines. We created a stably-overexpressing AC cell line for functional studies into
AC-mediated survival. We used ESI-MS/MS to perform lipidomics analysis with
AC inhibition and overexpression. For in vivo studies, we used a murine mod-
el to determine efficacy of AC inhibition to increase overall survival of mice
engrafted with leukemic cells.

Results: Here, we report that AC is an important enzyme in AML blast survival.
Our microarray data showed that AC, but not neutral or alkaline ceramidases,
exhibited significantly elevated expression in AML patient mMRNA samples com-
pared to normal donor CD34+ cells. We confirmed this finding with an AC activ-
ity screen of 66 AML patients’ samples and 12 normal donor CD34+ cells.
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These results showed elevated AC activity in each prognostic group (good,
intermediate and poor) compared to normal controls. Treatment of patient sam-
ples and seven human AML cell lines with LCL 204 reduced viability and
induced apoptosis in a dose-dependent manner through caspase-3 activation.
Furthermore, AC overexpression in HL-60 cell line increased proliferation rate
and expression of pro-survival Mcl-1. This is of significance as Mcl-1 has been
identified as the predominant Bcl-2 family member responsible for survival in
AML. Conversely, AC knockdown or inhibition reduced Mcl-1 levels. AC over-
expression also induced a pro-survival lipid profile, with S1P levels significant-
ly increased while ceramide species Cg, C,4 and total ceramide decreased.
Interestingly, AC overexpression was shown to induce NF- kB activation, pos-
sibly through the increase of endogenous S1P. Our in vivo study using murine
AML cell line (C1498) engraftment model showed AC inhibition significantly
increased overall survival.

Summary / Conclusion: Collectively, these studies demonstrate that AC is
important in AML survival through its regulation of Mcl-1 and should be further
explored as a potential therapeutic target in AML.
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Background: Acute myeloid leukemia (AML) is a heterogeneous malignancy
with an overall leukemia-free survival of only 40-50% even after intensive ther-
apy. Intracellular signaling through the phosphatidylinositol 3-kinase (PI3K)-
Akt-mammalian target of rapamycin (mTOR) pathway is important for regula-
tion of cellular growth and metabolism and aberrant signaling through this path-
way has been implicated in AML. PI3K and mTOR inhibitors have currently
entered clinical trials for AML, however despite their theoretical potential as
antileukemic agents, they effects seem limited with potential effect in only sub-
set of patients. The reasons of their lack of affectivity remain elusive.

Aims: The aims of the present study were to further analyze effects of differ-
ent inhibitors of the PI3BK-Akt-mTOR pathway in primary human AML cells, and
especially to search for differences in gene expression which can define differ-
ences in pharmacological effect among AML patients.

Methods: The study included consecutive adult patients with a diagnosis of
AML and with high peripheral blood blast counts. Cells were isolated from
peripheral blood by density gradient separation. AML cells were cultured under
highly standardized in vitro conditions, and pharmacological effects of two
mTOR inhibitors (rapamycin and temsirolimus), and two PI3K inhibitors (GDC-
0941 and 3-methyladenin (3-MA)) were evaluated. We analyzed cytokine
dependent proliferation by seven days culturing (3H-thymidine incorporation).
Results were compared with microarray experiments performed using the lllu-
mina iScan Reader. Real time polymerase chain reaction (rt-PCR) for control
was performed.

Results: A larger experiment of antiproliferative effect of the four PI3K-mTOR
inhibitors at four different concentrations including 56 consecutive AML patients
using the 3H-thymidine incorporation assay was performed. Heterogeneous
effects among patients were observed, with patients usually responding simi-
lar to the different agents. The results were used to perform an unsupervised
hierarchical clustering analysis base on differences in pharmacological
responses, dividing patients in two major patient subset, were then identified;
one group with a minimal effect of the pharmacological intervention (23 of 56
patients, 41%), and a second group with a relatively strong antiproliferative
effect for all drugs and drug concentrations (36 of 56 patients, 59 %). The dif-
ferences observed in antiproliferative effects had no correlation to cytogenet-
ic, FLT-3 or NPM-1 mutation status. For 48 of the 56 patients described for
antiproliferative effect of mTOR-PI3K inhibitors gene expression data were
obtained. By dividing the patient population in sensitive and resistant cases we
used the significance analysis of microarrays (SAM) algorithm to detect differ-
ently expressed genes between the two groups. Only five genes were found
highly different expressed between the two subset (false discovery rate
(FDR)<0.01). The only gene detected know to be involved in cell proliferation
was CDC25B, encoding the protein cell division cycle 25B, a phosphatase
which are a key regulator of the cell cycle. The finding was confirmed by cor-
relation to RT-PCR for CDC25B.

Summary / Conclusion: Their lack of antileukemic effect of mTOR-PI3K
inhibitors has been elusive. Here we demonstrate a distinct gene profile asso-
ciated with resistance to these agents, special characterized with high expres-
sion of CDC25B. Further targeting of this pathway remains potential in AML.
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L-ASPARAGINASE ALTERS TRANSCRIPTION AND TRANSLATION OF
GENES INVOLVED IN METABOLISM IN MYELOID LEUKEMIA
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Background: L-asparaginase is an enzyme that has been a part of the stan-
dard components of acute lymphocytic leukemia therapy for decades. The
enzyme catalyzes the degradation of extracellular asparagine and glutamine.
Cancer cells are vulnerable to the amino acid depletion as cells need excess
amino acids for rapid biomass and protein synthesis for proliferation and cell
survival. Amino acid degradation, in particular glutamine, may be useful in tar-
geting cancer cell metabolism in addition to inhibiting protein synthesis.
Aims: To characterize the cellular response to L-asparaginase in myeloid
leukemic cells and identify biological pathways affected by L-asparaginase
treatment, and to assess the potential use of L-asparaginase in acute myeloid
leukemia (AML) treatment.

Methods: To see the effect of amino acid depletion by L-asparaginase, we
assayed proliferation and colony forming ability in a panel of myeloid leukemia
cell lines and primary AML cells. Primary AML cells were transplanted in mice
to study CD45+ cell engraftment in vivo. We selected two cell lines - K562 and
HL60 — as representative resistant and sensitive lines respectively, to compare
responses to L-asparaginase treatment by polysome profile analysis. Total RNA
and efficiently translated RNA from polysomal fractions were isolated to eval-
uate and compare changes in gene transcription and translation. Geneset
enrichment analysis of microarray data was utilized to identify enriched biolog-
ical pathways in differentially expressed genes after L-asparaginase treatment.
Results: We observed inhibition of cell growth in cell lines treated with L-
asparaginase. L-asparaginase also inhibited clonogenic survival of cell lines and
primary AML cells. Results from the in vivo experiment demonstrate the aver-
age levels of CD45+ cell engraftment in the bone marrow was markedly
decreased in treated mice.

Polysome profile analysis revealed a decrease in the amount of polysome-
bound ribosomal RNA in both cell lines after treatment, indicating global RNA
translation inhibition. Microarray analysis of total and polysomal mRNA provid-
ed information on enriched biological pathways altered by L-asparaginase treat-
ment in K562 and HL60. As predicted, metabolic pathways were identified in
addition to other cellular processes. In the resistant cell line K562, metabolic
pathways such as aminoacyl-tRNA biosynthesis, amino acid metabolism, TCA
cycle, pyruvate metabolism, and nucleotide metabolism were identified. Inter-
estingly, it appears that K562 is capable of down-regulating TCA cycle. In HL60,
amino acid metabolism pathways were also enriched as well as other carbo-
hydrate metabolism pathways. For most genes, changes in total RNA levels
(transcription) correlated with changes in polysomal mRNA (efficiently translat-
ed). However, we identified a short list of genes that are predicted to be trans-
lated differently through post-transcription regulation as a response to com-
pensate for nutrient starvation.

Summary / Conclusion: L-asparaginase has cytotoxic and cytostatic effects
in myeloid leukemia and inhibits global mRNA translation. It also induces a
metabolic response in cell lines, demonstrating the potential of L-aspraginase
as an effective drug with multiple targets including cancer metabolism, a role
that was not previously recognized. This study discusses the off-label use of L-
asparaginase for acute myeloid leukemia.
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THE TYROSINE KINASE CSK ASSOCIATES WITH FLT3 AND KIT RECEP-
TORS AND REGULATES DOWNSTREAM SIGNALING IN ACUTE MYELOID
LEUKEMIA
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Background: The type Il receptor tyrosine kinases (RTKs), FLT3 and KIT are
widely expressed in acute myeloid leukemia (AML) and a number of AML
patients carry an oncogenic mutant of FLT3 or KIT. In normal cells these recep-
tors play important roles in a variety of cellular processes. A number of SH2-
domain containing proteins interact with FLT3 and KIT regulating downstream
signaling. The tyrosine kinase Csk is mainly studied in context of regulating Src
family kinases. Here we present an additional role of this SH2-domain contain-
ing non-receptor protein tyrosine kinase in RTK signaling.

Aims: We aimed to identify the role of Csk in type Il RTKs, FLT3 and KIT sig-
naling in the context of AML.

Methods: We used Ba/F3 cells as a model system to analyze downstream
signaling of FLT3 and KIT. Different Csk mutants were used to detect binding
sites and localization patterns. Csk mRNA expression data from patient sam-
ples and corresponding healthy donors were used to compare Csk expression
in AML. Both selective Csk inhibitor and Csk siRNA were used to study down-
stream signaling and biological events.

Results: We show that Csk interacts with FLT3 and KIT in a phosphorylation
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dependent manner. This interaction is facilitated through the SH2-domain of
Csk. Under basal condition Csk is mainly localized throughout the cytosolic
compartment but upon ligand stimulation it is recruited to the inner side of cell
membrane. Csk association did not alter receptor ubiquitination or phosphory-
lation but disrupted downstream signaling. Selective depletion of Csk using
siRNA, or inhibition with the Csk inhibitor, led to an increased phosphorylation
of Akt and Erk but not of p38 upon FLT3-ligand stimulation. KIT-ligand-mediat-
ed Akt and Erk phosphorylation was also elevated by Csk inhibition. However,
siRNA mediated Csk knockdown increased KIT-ligand stimulated Akt phospho-
rylation but decreased Erk phosphorylation. Akt activation was mediated
through phosphorylation of SHC, Gab2 and SHP2. Furthermore, Csk depletion
contributed to oncogenic FLT3- and KIT-mediated cell proliferation, but not to
survival. A significant decrease in Csk expression was also detected in AML
patients.

Summary / Conclusion: The results indicate that Csk association with type IlI
RTKs, FLT3 and KIT can have differential impact in receptor downstream sig-
naling in AML.
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WHOLE GENOME AND TARGETED BISULFITE SEQUENCING REVEALS
3 DNA METHYLATION CLUSTERS AND NEW BIOLOGICALLY RELEVANT
HYPERMETHYLATED GENES IN AML PATIENTS
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Background: In acute myeloid leukemia (AML), aberrant DNA methylation has
been linked to the pathogenesis and progression of the disease. Changes in
DNA methylation of promoters, or other regions, are studied primarily with
respect to which pathways are involved in tumor transformation and their impact
on prognosis.

Aims: The aim was to profile DNA methylation changes in AML patients using
methods of next-generation sequencing and to correlate these changes with
gene expression for discovering biologically relevant genes affected by hyper-
methylation.

Methods: Whole genome (3 AML, 2 controls) and targeted (14 AML, 1 control)
bisulfite libraries were run on a HiSeqTM2000 sequencer (lllumina) using 105
bp paired-end sequencing reads. Validation of acquired methylation data was
performed using 454 pyrosequencing and HumanMethylation27 Infinium arrays
(lumina). HumanHT-12 v4 Expression BeadChip (lllumina) was utilized for
whole genome expression profiling. Expression data of selected genes were
validated and extended to a larger number of examined patients by TagMan
real-time PCR.

Results: Unsupervised hierarchical clustering of CpG methylation outside
and/or inside CpG islands revealed three DNA methylation clusters. From the
clinical and molecular characteristics, only CBF/IMYH11+ patients clustered
together. None of the other molecular abnormalities (i.e. DNMT3A mutations,
MLL translocation, NPM1 mutations FTL3/ITD and CEPBa mutation) formed
clusters and we did not observe an effect of clinical status of AML (de novo, sec-
ondary, AML with dysplastic changes or relapsed AML). A correlation between
methylation and expression data enabled us to distinguish between aberrant
DNA methylation with no effect on expression of downstream located genes
(probably tissue-specific methylation) and biologically relevant DNA methyla-
tion (accompanied with changes of gene expression). ELAVL2 and CACNATE
had enormous differences in DNA methylation between AML samples and con-
trols; however they are very probably genes displaying tissue-specific methy-
lation changes, because we did not detect their expression even in healthy
precursor cells. On the other hand, there were genes - most notably CHFR and
PBX3, where DNA methylation changes were accompanied with a change in
their expression. We measured expression of CHRF and PBX3 genes in 123
AML samples at diagnosis. 20% of AML had down- and 22% up-regulated
PBX3 expression, 5% of AML down- and 7% up-regulated CHFR expression.
454 pyrosequencing confirmed the role of DNA methylation in down- and up-
regulation of PBX3 gene, hypomethylation (median methylation level 0.25,
range 0.15 — 0.36) of a regulatory region located downstream of an annotated
CpG island were connected with elevated levels of PBX3, whereas hyperme-
thylation (median methylation level 0.51, range 0.31 — 0.98) with decreased lev-
els of expression. Control samples displayed intermediate levels of methylation
(median 0.35, range 0.19 — 0.51). Furthermore we observed correlation
between PBX3 and HOXA9 expression, which is consistent with recently pub-
lished data that PBX3 is an important cofactor of HOXA9 in leukemogenesis.

Summary / Conclusion: In summary, we found new and biologically important
genes that are influenced by differential DNA methylation and were able to dis-
tinguish 3 major DNA methylation clusters in AML patients.

This study was a part of the COST Action BM0801 (EuGESMA) and was sup-
ported by the Czech Ministry of Education, Youth and Sports OC10042 grant
and institutional funding grant IHBT00023736.
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EXPRESSION OF THE SPLICE VARIANT NPM1-R2 HAS STRONGER
PROGNOSTIC VALUE THAN NPM1 MUTATIONAL STATUS IN ACUTE
MYELOID LEUKEMIA
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Background: Recently, next generation sequencing technology has identified
many new gene mutations in acute myeloid leukemia (AML) that provide nov-
el insights into the mechanisms of leukemogenesis and that further unravel the
molecular heterogeneity, in particular within the group of cytogenetically nor-
mal (CN) AML. In addition to genomic aberrations, aberrant expression levels
of several genes have been identified as prognostic markers and deregulated
gene expression is also involved in the pathogenesis of CN-AML. In this group
of patients mutations of the nucleophosmin-1 (NPM1) gene identify a group with
favorable prognosis in the absence of a FMS-like tyrosine kinase 3 internal tan-
dem duplication(FLT3-ITD). Notably, wildtype NPM1 encodes for three alterna-
tively spliced isoforms R1 (B23.1), R2 (B23.2), and R3 (B23.3) that might also
impact cellular function.

Aims: Since splicing variants play an important role in cellular functioning and
splicing factor mutations have been reported in myeloid tumors including AML,
the current study focuses on the characterization of NPM1-R2 splicing variant
expression as well as its impact in AML patients.

Methods: For 201 samples (105 CN-AML and 96 samples with cytogenetic
aberrations) gRT-PCR was performed. Expression level of NPM1-R2 was
assessed. The existence of NPM1-R2 at the protein level was evaluated with
the use of Western Blot technique.

Results: We found that the expression of R2 splicing variant was significant-
ly higher in all AML patients compared to HVs with a median expression of 1.64
vs 0.33 (P=0.009). We have found no differences between groups of AML
patients with and without NPM1 mutations (1.21 vs 0.82, P=0.13). Based on
the high coincidence of high expression R2 levels and FLT3-ITD mutations we
analyzed the relevance of R2 high expression and FLT3-ITD mutations by com-
paring  R2high/noFLT3-ITD, R2low/noFLT3-ITD, R2low/FLT3-ITD,
R2high/FLT3-ITD. As shown in Figure1, overall survival (OS) was longer in
R2high/noFLT3-ITD than in the rest of groups (P<0.001).

Summary / Conclusion: In our study we found that the expression level of
NPM1-R2 was elevated compared to HVs suggesting that not only NPM1 muta-
tion but also its splice variant expression might play some role in the process
of the tumorigenesis. As the R2 splicing variant represents a truncated form of
NPM?1 gene due to the of the lack of exons 11 and 12 (coding for the domain
responsible for nucleolar localization of the protein), this isoform mostly local-
izes in the nucleoplasm, and thus might also have a biological impact in the
malignant cells. Most importantly, in our cohort of cases survival differences
seen between the established ELN groups according to a NPM1/FLT3-ITD
stratification were less impressive than between groups stratified according to
R2 expression combined with FLT3-ITD mutational status. In summary, the
expression of NPM1-R2 might be of biological importance for CN-AML patients.
Moreover, R2 splice variant provides prognostic value for CN-AML patients
and might information in addition the NPM1 mutational status.
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LEUKEMOGENIC FUNCTION OF TIM-3, ALEUKEMIA STEM CELL MARK-
ER, IN ACUTE MYELOGENOUS LEUKEMIA AND MYELODYSPLASTIC
SYNDROMES
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Background: Acute myeloid leukemia (AML) originates from self-renewing
leukemic stem cells (LSCs), an ultimate therapeutic target for AML. We have
reported that the T-cell immunoglobulin mucin-3 (TIM-3) is expressed on LSCs
in most types of AML but not on normal hematopoietic stem cells (HSCs). TIM-
3* AML cells reconstituted human AML in immunodeficient mice, whereas TIM3-
AML cells did not, suggesting that the TIM-3* population contains all function-
al LSCs. We established an anti-human TIM-3 mouse 1gG2a antibody having
complement-dependent and antibody-dependent cellular cytotoxic activities.
This antibody did not harm reconstitution of normal human HSCs, but blocked
engraftment of AML after xenotransplantation. Furthermore, when it is admin-
istered into mice grafted with human AML, this treatment dramatically dimin-
ished their leukemic burden, and eliminated LSCs capable of reconstituting
human AML in secondary recipients (Kikushige et al, Cell Stem Cell, 2010).
Aims: The aim of this study is to clarify the expression and function of TIM-3
in various types of human hematological malignancies.

Methods: We analyzed bone marrow samples from primary MDS patients by
multicolor FACS, and also performed the gene expression analysis of primary
AML samples as we previously reported(Kikushige et al, Cell Stem Cell, 2010).
Results: We extended the analysis of TIM-3 expression into various types of
human hematological malignancies, and found that human TIM-3 is expressed
in the vast majority of CD34*CD38- LSCs of human myeloid malignancies
including chronic myeloid leukemia, chronic myelomonocytic leukemia and
myelodysplastic syndromes (MDS). Although TIM-3 was not expressed in
CD34*CD38- stem cell fraction in normal bone marrow cells, TIM-3 was pro-
gressively up-regulated in this population of MDS, along with disease progres-
sion into leukemia: The average percentages of TIM-3* cells in the
CD34*CD38- population was 7.8% in RCMD (n=10), 19.2% in RAEB-1 (n=10),
84.0% in RAEB-2 (n=10) and 92.2% in overt AML (n=10). Thus, TIM-3 might
be useful to isolate malignant stem cells responsible for progression into AML
in MDS patients. The close association of TIM-3 expression with transforma-
tion into AML led us to hypothesize that TIM-3 itself has a function in AML stem
cell development. TIM-3 is type 1 cell-surface glycoprotein and has a structure
that includes an N-terminal immunoglobulin variable domain followed by a
mucin domain, a transmembrane domain and a cytoplasmic tail. Tyrosine
residues are clustered in the cytoplasmic tail, suggesting that TIM-3 can induce
signal transduction in TIM-3* AML cells. Previous reports have shown that
galectin-9 and HMGB-1 are the ligand of TIM-3 in lymphocytes and dendritic
cells. TIM-3 is reported to signal differently in lymphocytes and myeloid cells,
because TIM-3 ligation results in different patterns of tyrosine phosphorylation
in these cell types, suggesting that TIM-3 has lineage- or cellular context-
dependent signal transduction pathways or functions. Therefore, we considered
that it should be critical to identify the function of TIM-3 in primary AML cells.
We cultured TIM-3* AML cells in the presence or absence of galectin-9 or
HMGB-1, and performed cDNA microarray analysis to find genes activated in
response to TIM-3 ligation. Interestingly, pro-apoptotic genes such as BAX and
SIVA were significantly down-regulated in the presence of ligands, suggesting
that TIM-3 signaling could promote survival of TIM-3-expressing LSCs.
Summary / Conclusion: These data suggest that TIM-3 is a surface marker
useful to track malignant LSCs in progression from MDS to AML, and TIM-3
may function for maintenance of LSC through inducing survival-promoting sig-
naling.
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LARGE SCALE ANTIBODY ARRAY ANALYSIS OF PROTEIN MACHINER-
IES IN LEUKAEMIA
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Background: Leukaemia classification is currently based on morphology, sur-
face markers, cytogenetics and molecular genetics. Cellular behaviour is reg-
ulated by proteins that act in networks. Knowledge of these networks is rele-
vant to understand intracellular pathways involved in leukemogenesis.

In this study, we applied a bead-based antibody array to detect up to 1725 pro-
teins in each sample of mononuclear cells (MNC). MNC'’s were procured before
treatment from 34 leukaemia patients. (23 AML, 6 ALL, 4 CLL and 1 T-PLL).
Informed consent was obtained.

Aims: The overall aim of the study was to determine whether our bead based
antibody array could be applied to study protein expression in leukaemic cells.



Subsequently, we wanted to investigate lineage-specific protein expression in
subgroups of leukaemias.

Methods: Sample preparation: Proteins from cytosol, organelles, membranes
and nuclei were extracted using a newly developed chemical method (Figure
ure 1A). Proteins were biotinylated and separated by size exclusion chromatog-
raphy (SEC) (Figure 1B and Figure 1C). A total of 96 sample fractions were incu-
bated with arrays of antibodies bound to colour-coded latex beads. (Figure 1D).
Captured proteins were labelled with fluorochrome-conjugated streptavidin and
detected by flow cytometry. (Figure 1E and Figure1 F). Data Analysis: Flow
cytometry files were processed using a custom-made software that automati-
cally identifies populations of colour-coded beads and exports data for the
median streptavidin fluorescence for each subsets. (Figure 1F). The output text
files were imported into excel spreadsheets. Excel was used to generate line
plots and calculate peak integrals.

Results: Many antibodies captured more than one target. Knowledge of the
subcellular distribution of the intended target was highly useful to discriminate
specific binding from cross-reactivity. Antibodies to nuclear proteins including
RUNX1, PARP, DNMT1 and RB were found to capture well defined targets
from the nuclear fraction. Cell surface proteins (CD antigens) were detected as
reactivity peaks in the membrane fraction with elution profiles typical for micelle-
associated proteins. Caspases, CDK's and STAT's were expressed in the
cytosolic fraction. Markers of cytoplasmic organelles were found in a separate
fraction obtained by treatment of digitonin-permeabilized cells with the deter-
gent Tween 20. The size distribution profiles showed that several of the proteins
occur in multi-molecular complexes. Results obtained with antibodies against
hematopoietic lineage markers were in good accordance with immunopheno-
types obtained by diagnostic flow cytometry. CD33 was consistently found in
AML and CD14 was expressed in acute monocytic leukaemia. CD10 was rec-
ognized in ALL patients. (Figure 2).Lineage-specific markers included CD2,
CD3E, CD4 and CD8 in T-ALL and CD40 and CD 72 in B-ALL. PAX5 was reg-
ularly expressed in CLL and B-ALL patients. (Figure 2)

Summary / Conclusion: The results show that it is feasible to perform paral-
lel detection with thousands of antibodies. Combination of subcellular fraction-
ation and SEC provides the resolution needed to ensure specificity. The abili-
ty to classify leukaemias on the basis of lineage-restricted surface proteins
demonstrates that the technology has diagnostic potential. Compared to stan-
dard flow cytometry, antibody array analysis allows detection of more intracel-
lular proteins.
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HIGH RESPONSE RATE AND BRIDGING TO HEMATOPOIETIC STEM CELL
TRANSPLANTATION WITH QUIZARTINIB (AC220) IN PATIENTS WITH
FLT3-ITD-POSITIVE RELAPSED/REFRACTORY ACUTE MYELOID
LEUKEMIA (AML)
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Background: FMS-like tyrosine kinase 3 internal tandem duplications (FLT3-
ITD) in acute myeloid leukemia (AML) are associated with early relapse after
standard chemotherapy and poor survival. Quizartinib (AC220) is an oral FLT3
receptor tyrosine kinase inhibitor that is active against both ITD mutant and wild
type FLT3.

Aims: To assess the efficacy of quizartinib monotherapy in FLT3-ITD—positive
patients with AML relapsed or refractory to second-line, salvage chemothera-
py or relapsed after hematopoietic stem cell transplantation (HSCT).
Methods: A phase 2 study was conducted to assess the efficacy and safety of
quizartinib monotherapy in FLT3-ITD—positive and FLT3-ITD-negative patients
(N=333 in 2 cohorts). We present here final data on the 136 FLT3-ITD—positive
patients, comprising patients aged 218 years with AML relapsed or refractory
to second-line, salvage chemotherapy or relapsed after HSCT. Patients were
tested by a central laboratory for the FLT3-ITD mutation with a >10% ratio of
ITD to total FLT3 defined as positive. Quizartinib was administered once daily
as an oral solution during 28-day treatment cycles. The initial starting dose
administered to the first 17 patients was 200 mg/day, but because of the occur-
rence of QT interval prolongation, the dose was reduced to 135 mg/day for
men and 90 mg/day for women. Composite complete remission (CRc) consist-
ed of complete remission (CR) plus CR with incomplete platelet recovery (CRp)
plus CR with incomplete hematologic recovery (Cri).

Results: The CRc rate was 46% (5 CR, 2 CRp, and 55 CRi), with a median
duration of CRc of 10.6 weeks and median overall survival of 24.0 weeks. Of
those refractory to their last AML therapy, 47% achieved a CRc with quizartinib.
Quizartinib was discontinued for HSCT in 47 of 136 patients (35%); 44 of the
47 patients (94%) had at least a partial response (PR) with 2 CRp, 24 CRi, and
18 PR on quizartinib. 8 of 47 patients (17%) had received previous HSCT and
32 of 39 patients (82%) who did not receive previous HSCT were refractory to
second line therapy. Median overall survival (OS) was 41.5 weeks for patients
who achieved a CRc (n=26) prior to HSCT and 29 weeks for patients with PR
(n=18). The 1 year survival rate was 39% for both response groups. Patients
with a CRc (n=36) or PR (n=20), but no HSCT, had a median OS of 24.5 weeks
and 20.9 weeks, respectively, and 1-year survival rates of 25% and 5%, respec-
tively. Of 27 patients with OS >52 weeks, 17 (63%) had HSCT. The group com-
prising responders going to HSCT compared to responders not receiving HSCT,
were similar with median age of 44.5 vs. 47 years, 70% vs. 54% refractory to
last chemotherapy and 5% and 4% prior MDS. Responders receiving HSCT
were less likely to have had a prior transplant (25% vs. 46% previous HSCT).
Summary / Conclusion: The prognosis of relapsed/refractory FLT3-ITD—pos-
itive patients, including those relapsing after HSCT, is remarkably poor. In this
context, our results demonstrate notable activity of quizartinib therapy and very
promising survival, particularly for responding patients who subsequently
received HSCT.
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PROGNOSTIC IMPACT OF THE FERRITIN LEVEL AT DIAGNOSIS IN
ACUTE MYELOID LEUKEMIA PATIENTS WITH INTERMEDIATE CYTOGE-
NETIC RISK

D Lebon!," F Vergez2, S Bertoli3, V Harrivel4, S De BottonS, J Marolleaus,
C Recher3

1Service d’Hématologie Clinique, CHU AMIENS, AMIENS CEDEX1, 2Labora-
toire d'Immunologie, Centre de Recherche en Cancérologie de Toulouse, Uni-
versité Paul Sabatier, 3Service d’Hématologie, Centre de Recherche en Can-
cérologie de Toulouse, Université Paul Sabatier, CHU de Toulouse, TOULOU-

haematologica | 2013; 98(s1) | 17



18" Congress of the European Hematology Association

SE, 4Laboratoire d’Hématologie, CHU Amiens, AMIENS CEDEX1, 5Service
d’Hématologie Clinique, Institut Gustave Roussy, VILLEJUIF, 8Service d’'Héma-
tologie Clinique, Université de Picardie Jules Verne, CHU Amiens, AMIENS
CEDEX, France

Background: Elevated ferritin level (FL) has been described as an unfavorable
prognostic factor in myelodysplastic syndromes. Little is known in acute myeloid
leukemia (AML) although the pre-allogeneic stem cell transplantation (alloSCT)
high FL has been shown to influence outcome.

Aims: In this study, we evaluated the prognostic impact of the FL at diagnosis
in de novo AML patients with intermediate cytogenetic risk treated by intensive
chemotherapy.

Methods: Since 2007, quantification of the FL performed by spectrophotome-
try is included in the initial workup of AML. Between May 2007 and December
2011, 164 patients with de novo WHO defined-AML were treated by 3+7-like
chemotherapy in Toulouse University Hospital Center. The relevant ferritin
threshold was calculated using ROC curves analysis. Briefly, median age of
these patients was 59 years (16-81y); complete remission (CR) was achieved
in 85% (140/164); 5-years disease free (DFS) and overall survival (OS) were
35% and 38%. Median follow-up for patients alive at the date of last contact
was 30 months. 43 patients (26%) had a FL at diagnosis superior to 4N. Those
patients had a higher white blood cell (WBC) count (P=0.003) and a higher rate
of good mutational profile (NPM1cPOSFLT3-ITD"e9, P=0.04). Then, results were
validated in an independent cohort of 66 patients treated between 2007 and
2011 in Amiens University Hospital Center.

Results: FL, WBC count and NPM1cPoSFLT3-ITD"e9 had no impact on
achievement of CR whereas age had a significant impact. By logistic regres-
sion, age lower than 60 years and WBC count retained significance for CR
achievement. For the 140 complete responders, WBC count had no impact on
disease-free survival (DFS). Interestingly, patients with FL<4N and FL>4N had
median DFS of 26.9 and 9.2 months, respectively (P=0.033, Figure 1A).
NPM1cPoSFLT3-ITD"eg, age and alloSCT were also significantly associated
with DFS. In multivariate analysis, FL>4N was significantly associated with
shorter DFS (P=0.001, HR: 2.39, 95%CI 1.4-4.0). FL, age, WBC count,
NPM1cPoSFLT3-ITDMed and alloSCT significantly influenced OS. Median OS
was 39 and 11.6 months for patients respectively with FL<4N and those with
FL>4N (P=0.0015, Figure 1B). Multivariate analysis for OS retains 4 significant
factors: WBC count (HR: 1.01, 95%Cl, 1.00-1.01, P=0.004), alloSCT (HR: 0.36,
95%Cl, 0.2-0.7, P=0.0009), NPM1cPOSFLT3-ITD"eg (HR: 0.24, 95%Cl, 0.12-
0.47,P<0.0001), and FL>4N (HR: 2.64, 95%Cl, 1.6-4.4, P=0.0002). Among the
35 patients with NPM1cPOSFLT3-ITD"eg, FL>4N was predictive of shorter DFS
(median: 10.5 months vs not reached, P=0.005) and OS (median: 21.4 months
vs not reached, P=0.01). The impact of the FL at the threshold of 4N, was also
significantly correlated with OS in an independent cohort of de novo AML
patients with intermediate cytogenetic-risk (n=66). Median OS was 27.6 and 7.7
months for patients with FL<4N and with FL>4N, respectively (P=0.01).
Summary / Conclusion: This study emphasizes the prognosis impact of the
FL at diagnosis in AML patients. If validated on a larger prospective cohort of
patients enrolled in multicenter clinical trials, the FL could represent a new
prognosis marker easily translated into the clinical practice. Furthermore, the
heterogeneity of FL at diagnosis in a “non-iron overload” setting and its impact
on leukemic relapse suggest a link between inflammatory response, oxidative
stress, metabolic syndrome and chemoresistance.
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Figure 1. Impact of FL on outcome of patients with de novo AML. A. DFS
of 140/164 complete responder patients. B. OS of 164 patients treated by
3+7 chemotherapy.
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PROGNOSTIC RE-CLASSIFICATION OF ADULT ACUTE MYELOID
LEUKEMIA BASED ON THE COMPREHENSIVE GENETIC ANALYSIS
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ment of Internal Medicine, Shinshu University School of Medicine, Matsumo-
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betology (DNHMED), Yamagata University School of Medicine, Yamagata,
22Department of Internal Medicine, Division of Hematology, Aichi Medical Uni-
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Background: Several genetic alterations, which are involved in the develop-
ment and progression of acute myeloid leukemia (AML), have been identified.
Although their prognostic relevance are not fully clarified, the European
LeukemiaNet (ELN) recently recommended a novel risk classification system
based on the genetic status in addition to the cytogenetic risk. However, sev-
eral groups suggested that the combination with another genetic status would
stratify each ELN risk group into further risk groups.

Aims: To establish more precise risk classification system, we comprehen-
sively analyzed mutations in 51 genes as well as the karyotype, and evaluat-
ed their prognostic impacts in AML.

Methods: The study population included 197 de novo adult AML patients who
were registered to the Japan Adult Leukemia Study Group (JALSG) AML201
study. Bone marrow samples were collected from them at initial diagnosis.
Informed consent was obtained from all patients to use their samples for bank-
ing and molecular analysis, and approval was obtained from the ethics com-
mittee of all participating institutes. We screened mutations in 51 genes using
the high throughput sequencing system, and confirmed each mutation by the
Sanger sequence method.

Results: Mutations were identified in 44 genes. We identified mutations of
Class | in 117 patients (59%), those of Class Il in 84 (42%), those of epigenet-
ic regulators in 91 (46%), those of BCOR family in 17 (9%), those of NCOR fam-
ily in 18 (9%), those of NOTCH1/2in 19 (10%), those of the cohesion complex
in 22 (11%), and those of splicing factors in 9 (5%). FLT3, NPM1, CEBPA,
DNMT3A and IDH2 mutations were predominantly identified in cytogenetical-
ly normal (CN)-AML, while KIT and TP53 mutations were frequent in core bind-
ing factor (CBF)-AML and AML with complex karyotype, respectively. A multi-
variate logistic-regression analysis showed that TP53 mutation, wild-type NPM1
and cytogenetic findings other than good risk were independent unfavorable
factors for achieving complete remission (CR). Univariate analysis showed that
FLT3-ITD, DNMT3A, TP53, RUNX1, and MLL-PTD mutations were the poor
prognostic factors for overall survival (OS). When patients were stratified into
the ELN risk groups, their prognoses were clearly distinguished. However,
DNMT3A, GATA2, MLL-PTD and TP53 mutations were identified to be further
poor prognostic factors in the favorable genetic risk, intermediate risk I, inter-
mediate risk Il and adverse risk groups of the ELN classification, respectively.
Based on these findings, we could stratify AML patients into 3 risk groups;
Favorable: CBF-AML or CN-AML harboring CEBPA or NPM1 mutation without
FLT3-ITD and DNMT3A mutation (n=83, OS at 4 year: 73%, event free survival
(EFS) at 4 year: 48%, CR rate: 93%), Intermediate: DNMT3A mutation, FLT3-
ITD, adverse-risk karyotype and none of the mutation or cytogenetic abnormal-
ity leading to assignment into Favorable and Adverse groups (n=83, OS at 4
year: 37%, EFS at 4 year: 21%, CR rate: 80%), Adverse: RUNX1, MLL-PTD,
GATAZ2 or TP53 mutations (n=31, OS at 4 year: 5%, EFS at 4 year: 0, CR rate:
58%).

Summary / Conclusion: We demonstrated a modified risk classification sys-
tem for adult AML patients based on the genetic and cytogenetic status by the



comprehensive mutation analysis. However, the frequencies of most mutations
were less than 5%. Further large-scale studies are required to confirm the prog-
nostic impact of each mutation.
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Figure 1. Overall survival according to risk groups.
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LYSYLOXIDASE IS ASSOCIATED WITH INFERIOR OUTCOME AND
EXTRAMEDULLARY DISEASE IN ACUTE MYELOID LEUKEMIA

F Stélzel!,” M Kramer!, T llimer!, C Dill', M Bornhduser!, G Ehninger?,
M Schaich’

TMedizinische Klinik und Poliklinik 1, University Hospital Carl Gustav Carus
Dresden, Dresden, Germany

Background: Lysyloxidase (LOX) has been described as necessary for
premetastatic niche formation in epithelium-derived malignancies and its
expression level correlates with distant metastasis free- and overall survival
(0S).

Aims: We were interested to investigate whether the LOX-concentration in
AML plasma samples is of prognostic relevance and whether it is associated
with certain characteristics such as extramedullary disease.

Methods: Plasma samples of 683 patients with AML (age 17 — 60 years) who
were treated within the prospective AML2003 trial (NCT00180102) of the SAL
study group were analyzed for LOX concentration using the Amplite Fluorimet-
ric LOX Assay Kit (AAT Bioquest, Sunnyvale, CA, USA). All fluorescence reads
were performed in triplicate with recombinant human LOXL2 (R&D Systems,
Minneapolis, MN, USA) for standard curve estimation. Signals were read by a
fluorescence microplate reader at ExX/Em 540/590 nm. Supernatant of the NPM1
mutated AML cell line OCI/AML3 served as internal control. The method of
Kaplan-Meier was used to estimate OS and event-free survival (EFS). Survival
distributions were compared using the log-rank test. Prognostic parameters
were tested in a Cox regression model for OS and event-free survival (EFS).
Results: The range of LOX concentration for all patients was 0 — 2184 ng/mL.
Inspection of the Martingale residuals of a Cox model testing the influence of
LOX on OS revealed that a cut-off model is the most appropriate. The optimal
cut-off LOX value was determined using a minimal-p-value method resulting in
a logarithmic logLOX = 2.0403 (109 ng/mL) which identified dichotomizing all
patients into a LOX-high group (>109 ng/mL, n=272, 40%) and a LOX-low
group (109 ng/mL, n=411, 60%). Comparing LOX-high and LOX-low patients
revealed a 3-year OS of 47% (95% CI: 40 — 53%) and 53% (95% CI: 48 — 58%,
P=.022), and 3-year EFS of 27% (95% CI: 21 — 32%) and 35% (95% CI: 31 —
40%, P=.005), respectively. In the Lox-high group significantly more patients
had reported extramedullary AML compared to the Lox-low group, P=0.037.
Indeed in the multivariate analysis the LOX-extramedullary interaction term for
OS and EFS was significant (P=.025 and P=.006, respectively). Therefore, in
patients with extramedullary disease the LOX level predicted survival. Patients
within the LOX-low group had an OS of 43% (95% CI: 23 — 63%) and EFS of
36% (95% CI: 17 — 54%) as compared to the LOX-high group with an OS of
13% (95% CI: 1 —25%) and EFS of 6% (95% CI: 0 — 15%), P=.002 and P=.008,
respectively.

Summary / Conclusion: High LOX levels are associated with statistically sig-
nificant worse OS and EFS in AML patients. The positive correlation between
high LOX levels and extramedullary AML suggests a potentially pathophysio-
logical relevant mechanism involved in extramedullary homing and growth of
AML and may offer further insights into AML biology. Furthermore, the prognos-
tic heterogeneous group of AML patients with extramedullary disease can be
separated in those with superior and those with inferior survival by applying the
plasma LOX level at diagnosis. Future prospective clinical trials will have to con-
firm these data and experimental studies will need to address the functional
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modalities of how LOX is regulated and how it contributes to migratory and
adhesion properties in AML.
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REAL-WORLD OUTCOMES AMONG AML PATIENTS TREATED WITH
DECITABINE OR AZACITIDINE
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2Hematology/Oncology Clinical Reserch and Development, 3Global Pricing &
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Background: Both decitabine (DEC) and azacitidine (AZA) are indicated for
treatment of elderly AML patients with 20%>30% BM blasts in the EU.

Both agents have shown an improvement in survival, however these studies
were limited: DEC demonstrated an OS benefit (2.1 month gain; P=0.5735) in
an unplanned statistical analysis (DACO-016 clinical study) and AZA demon-
strated a 9 months (P=0.001) survival benefit (the AZA-001 trial) in a study of
high grade MDS patients that also included elderly AML patients with 20-30%
blasts.

Aims: The purpose of this study is to compare overall survival (OS) and other
clinical benefits of DEC and AZA using real world data.

Methods: US health plan data were assessed between 01 January 2006 and
31 April 2012 to identify enrollees initiating DEC or AZA for treatment of AML
(ICD-9-CM: 205.0x). Comparisons between DEC and AZA patients made via
survival models to account for variable length of follow up. Similarly, the num-
ber of hospitalizations was measured and calculated as ‘hospitalizations per
person-year.” A Cox proportional hazards model was used to examine the rela-
tionship between choice of demethylating agent and OS, controlling for age,
gender, comorbidity score, prior MDS diagnosis, prior red blood cell transfusion,
prior hospitalizations, and insurance type.

Results: 487 AML patients were identified as initiating therapy during the study
period (n=199 DEC and n=288 AZA). The two cohorts were similar in terms of
age, gender, prior MDS diagnosis, prior red blood cell transfusion needs, and
insurance coverage, but patients receiving DEC were more likely to have had
a hospitalization in the prior six months (70% vs 62%; P=0.032) and more like-
ly to have Charlson comorbidity score of 3 or greater (59% vs 50%; P=0.036).
Median OS (6.9 vs. 10.1 mos.; P=0.007) and time to hospitalization (3.9 vs. 6.6
mos.; P=0.015) were significantly longer among AZA treated patients. After
controlling for demographic and clinical characteristics, AZA treated patients
continue to show better OS (hazard ratio=0.721; P=0.008) and a greater time
to hospitalization (hazard ratio=0.787; P=0.020). DEC patients averaged more
hospitalization (3.15 per person-year) than AZA patients (2.72 per person-year).
Summary / Conclusion: Although AZA and DEC have not been formally com-
pared head to head in elderly patients with AML, it is generally accepted that
both agents have clinical activity in such patients. This analysis suggests that
AML patients treated with AZA do better clinically than those patients who physi-
cians elect to treat with DEC based on statistically significant longer OS and few-
er hospitalizations.
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Background: Recent genomic studies have provided new insight on muta-
tions contributing to AML onset and progression. However, the aberrations
observed are often complex and rarely directly actionable in selecting patient
therapies. To rapidly identify novel patient-specific therapies, we developed a
high-throughput drug sensitivity and resistance testing (DSRT) platform. This
assay allows us to determine the sensitivity of patient AML cells ex vivo against
a pharmacopeia-wide panel of oncology drugs, as well as emerging inhibitors
to discover novel therapeutic options for individual patients.

Aims: Here we present drug screening results for the first 16 AML patients
tested, and report the clinical outcome of DSRT-guided therapies.

Methods: Fresh mononuclear cells from bone marrow aspirates of 16 relapsed
or refractory AML patients (>50% blast count) and 5 healthy donors were
screened against a collection of all clinically available cytotoxic chemotherapy
agents (n=103) and targeted preclinical and clinical drugs (n=100-170). The
drugs were tested over a 10,000-fold concentration range for constructing dose-
response curves for each compound and sample. A leukemia-specific drug
sensitivity score (sDSS) was derived from the area under each dose response
curve in relation to the total area, and relating results from leukemia samples
to normal bone marrow. The turnaround time for the DSRT assay was 4 days.
When enough cells were available, the samples also underwent exome and
transcriptome sequencing to define clonal evolution and mechanisms of
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response and drug resistance from consecutive sampling of the patients.
Results: DSRT-profiles were unique to each AML patient and sample (Figure
1 for an example). Drugs which commonly showed selective responses ex vivo
were dasatinib, temsirolimus, MEK-inhibitors and sunitinib. DSRT results were
considered clinically implementable in a patient if a distinct leukemia-selective
response pattern was observed and drugs with the most leukemic-selective
responses were clinically available (as compassionate or on/off-label use).
DSRT-guided therapy was possible in 13/16 (81%) of the patients. Non-guid-
ed chemotherapy was chosen for 6 patients (treatment protocol). Of the remain-
ing 7 patients, 2 patients received 2 courses of DSRT-guided personalized
treatment based on two separate DSRTs from different relapse time points. Of
the 9 therapies, 3 patients had a response to therapy (ELN criteria, table): 1
complete response (CRi), 2 with a morphologic leukemia free state. Three
remaining patients showed meaningful clinical responses not meeting the ELN
criteria. Patient 560 showed a rapid clearance of blasts in peripheral blood
after five days of treatment (dasatinib, sunitinib) after which therapy was dis-
continued due to gastrointestinal toxicity. Patient 252 had an 8 week progres-
sion-free period during dasatinib monotherapy (bone marrow blasts 65-40-
70%). Patient 784 achieved a transient response with bone marrow blasts
decreasing from 70 to 35%. Analysis of exome/transcriptome indicated mech-
anistic clues to patient responses/relapses and suggested individual biomark-
ers for response.

Summary / Conclusion: Our drug-response phenotype-based assay provid-
ed actionable drug candidates for most patients with relapsed, chemorefracto-
ry AML. Promising clinical responses suggest good predictive power of the ex
vivo testing platform. DSRT is a powerful tool for drug repurpositioning and
devising personalized therapies. When combined with next-gen sequencing,
DSRT will provide unique insight into the pathogenesis of relapsed AML and
may facilitate introduction of new treatments to otherwise refractory patients.
Off-label use: Many of the drugs used in DSRT-guided therapies are not indi-
cated for AML.

Pt# DSRT-guided Disease state at | Treatment response (ELN)

|treatment treatment start Gelective DSS
252 DAS Relapsed, resistant SD 8 weeks
383 DAS Relapsed, PR Mol evaluable
560_1 DAS, TEM Relapsed, CR RD
560_2 DAS, SUN Relapsed Clearance of blasts (blood)
600 DAS, TEM, SUN Relapsed, resistant CRi
718 CLO, SOR i t phologic leuk free state
784_1 DAS, SUN, TEM Resistant RD, transient response

784_2 CYT, ETO, SUN, VBL Raesistani
800 CLO,DAS, VBL R

DAS:Dassings SUN:Suritrd TEM=temuruieun, SOR=Mrstenss CLOSTistarating

RD, transient response
ia-froo state

YTeCytambera, ETD-siopotids

Figure 1.
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Background: To aid in the identification of effective treatments for individual
patients, ex vivo assays for detecting cell death inducible by drugs for hema-
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tological malignancies have been in development for over 20 years. We have
developed a novel automated flow cytometry-based platform (ExviTech).
Aims: The purpose of this study is to examine the ex vivo pharmacology of sin-
gle drugs used to treat AML against the malignant cell population in bone mar-
row samples from 80 AML patients.

Methods: Bone-marrow samples from patients diagnosed with AML were sent
to Vivia from 24 hospitals across Spain within 24 hrs, in collaboration with
PETHEMA. The whole sample was plated into 96-well assay plates containing
8 concentrations of each drug. The plates were incubated for 48-hours, and
then prepared for analysis by our flow cytometry-based ExviTech® platform. All
processes have been automated and multiple controls are used that greatly
increase the accuracy of the analysis. The percentage of leukemic cell death
was determined via labeling with monoclonal antibodies and AnnexinV-FITC.
A survival index is computed for each drug, the lower the survival index, the
more effective the drug. Dose-response curves of cytarabine, idarubicin,
daunorubicine, etoposide, mitoxantrone, fludarabine, decitabine, 5-azacitidine,
clofarabine, panobinostat, sorafenib, melphalan, cyclophosphamide, lenalido-
mide, busulfan and 6-thioguanine were measured in 64-99 patient samples.
Results: There is a large range of interpatient variability in the response to a
single drug. These two results are depicted in Figure 1. The red line is the
average patient response to fludarabine, while the light grey lines are the indi-
vidual results from 94 patients, representing wide interpatient variability. The
dark blue lines are average dose response curves for the other 15 drugs ref-
erenced above, demonstrating the range of effect of these drugs ex vivo. Inter-
estingly, panobinostat (far left blue line), was the most potent and effective
drug tested, suggesting that for a subset of patients it could potentially be a use-
ful treatment. The anthracyclines, idarubicin, daunorubicin and mitoxantrone
show a similar average response. Although anthracyclines are stronger drugs
than fludarabine on average, certain fludarabine patient curves actually over-
lap with Dauno and Mito average curves. This means personalizing treatment
may be as important as average drug strength. Clofarabine presented the
widest variability of all of the drugs tested, with some patients responding very
well while others were totally resistant. Epigenetic drug 5-azacytidine, which
clinically requires several cycles to work at low doses, shows depletion dose
responses at 48 h similar to Cytarabine. This likely reflects its cytotoxic mech-
anism at high doses, but still most sensitive patients identified here may also
be sensitive for the hypomethylation mechanism. Interestingly, the related epi-
genetic drug Decitabine acting on the same target is very inefficient in this
assay.

Summary / Conclusion: By testing the drugs used in the treatment protocols
for AML directly on patient samples, a pharmacological based model could be
developed to infer drug resistance or sensitivity, patient by patient. Idarubicin,
daunorubicin and mitoxantrone are commonly used in combination with cytara-
bine, and testing may be able to determine which would be better for each indi-
vidual patient. Similarity, testing could be used as a companion diagnostic to
identify subsets of patients for which treatments such as clofarabine or panobi-
nostat would be effective.
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Figure 1. Red line, average curve of fludarabine; gray lines, individial
curves of fludarabine; black lines, average curves of other drugs tested
with panobinostat (PAN), idarabucin (IDA), mitoxantrone (MIT), daunoru-
bicin (SDAU) and clofarabine (CLO) identified.



P050
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Background: Immunotherapeutic strategies represent a major advance in the
treatment of haematological malignancies. Conventional chemotherapy is inef-
fective in the majority of patients with Acute Myeloid Leukaemia (AML). Mono-
clonal antibodies (gemtuzumab ozogamacin (GO) and lintuzumab) which recog-
nise the CD33 antigen expressed on myeloid progenitors) have been reported
to improve outcome in some randomised controlled trials (RCTs). However,
reports of associated excess toxicity have resulted in GO’s licence being with-
drawn. As a result, the role of these agents in the management of AML remains
unclear.

Aims: Our aim was to assess the effectiveness and safety of anti-CD33 anti-
body treatment in patients with AML.

Methods: Standard systematic review methods were employed. We searched
Medline (1946-2012), Embase (1974-2012), Cochrane Library (up-to 2012)
and major conference proceedings for RCTs, where one arm included anti-
CD33 antibody therapy. Fixed effects meta-analysis methods were used, involv-
ing calculation of observed minus expected number of events, and variance for
each endpoint in each trial, with the overall treatment effect expressed as Petos’
odds ratio with 95% confidence interval.

Results: Fourteen RCTs met the inclusion criteria, 12 with GO, 2 lintuzumab.
Meta-analysis of 12 RCTs with 14 randomisations involving GO was undertak-
en. GO did not improve complete remission (CR) rates (OR=1.03, 95% CI=0.77-
1.37, P=0.9). In the setting of induction treatment (total 1961 patients), 13 cas-
es of VOD were reported, but there was no significant adverse impact of GO
on induction death. However, a clear reduction in resistant disease (P=0.02) can
be seen. There was an impact of GO on cumulative incidence of relapse (CIR)
(HR=0.88, 95% CI=0.79-0.97, P=0.01), largely related to the use of GO in
induction (HR=0.83, 95% CI=0.73-0.93, P=0.002). There was no effect of GO
on death in CR (P=0.7). The reduction in CIR resulted in an improvement in
relapse-free survival (RFS) with GO (HR=0.88, 95% CI=0.81-0.96, P=0.003).
Subgroup analyses investigated the optimal delivery of GO and whether some
types of patient may benefit more. A benefit on RFS was clearly seen when GO
was used as part of induction therapy (HR=0.85, 95%CI=0.77-0.94, P=0.001).
There was no evidence that the effect size for RFS differed depending on the
dose of GO (less than or more than 9 mg/m2) or with patient age (less than or
greater than 60). Based on data from a limited number of trials, the benefit of
GO appears greatest in patients with favourable genetics, with no evidence of
benefit in patients with adverse genetics, for overall survival (test for trend:
P=0.009).

Summary / Conclusion: GO has a clinically important anti-leukaemic effect,
as demonstrated by reductions in relapse and resistant disease. The sugges-
tion of increased toxicity of GO is not confirmed by this meta-analysis. Further
trials are needed to clarify whether certain types of patients benefit more than
others and what is the optimal dose and schedule of GO.
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Background: The outcome of adult AML still remains unsatisfactory due to
two main reasons: 1) the risk-category allocation based on the sole definition
of pre-treatment biological features may fail to distinguish some high-risk
patients who, therefore, might necessitate to be timely addressed to allogene-
ic SCT (ASCT); 2) the delivery of ASCT is often hampered by the paucity of can-
didates (25-30%) with a full matched family donor. We have reported (Buc-
cisano et al, Blood, 116:2295-303, 2010) that a proper combination of upfront
genetics/cytogenetics and minimal residual disease (MRD) represents a pow-
erful tool to predict the risk of relapse on an individual basis.

Aims: We have designed a risk-adapted strategy in which high-risk patients
(those with an adverse karyotype, FLT3-ITD mutations, or MRD positivity after
consolidation therapy) should receive ASCT.

Methods: Definition of MRD positivity required = 3.5x10-4 residual leukemic to
be counted in the bone marrow and once a given patients was declared to be
at high-risk, he received ASCT whatever the source. For comparison, we ana-
lyzed the outcome of a matched historical cohort of high-risk patients who were
submitted to ASCT only in the case a full matched family donor was available
or, alternatively, to autologous stem cell transplantation (AuSCT).

Stockholm, Sweden, June 13 — 16, 2013

Results: The prospective and retrospective cohort included 34 (1 MRD+, 3
favorable-K/MRD+, 16 intermediate-K/MRD+, 7 adverse-K and 7 FLT3-ITD)
and 77 patients (2 MRD+, 9 favorable-K/MRD+, 50 intermediate-K/MRD+, 3
adverse-K and 13 FLT3-ITD), respectively. Sixteen of 77 (21%) in the retrospec-
tive cohort received ASCT whereas in the prospective cohort 25 of 34 (74%)
did the same (8 from a matched family donor, 17 from alternative sources)
(P<0.001). After a median follow-up of 33 and 50 months, respectively, survival
of high risk patients in the prospective cohort was significantly longer than the
one of high risk patients in the retrospective one (61% vs 21%) and similar to
that of a historical group of patients categorized as low risk (58%) (P=0.006)
(Figure n.1). Relapse rate before transplant was similar in the 2 cohorts (26%
vs 22%, respectively, P=NS).

Summary / Conclusion: We conclude that in adult patients with AML, a ther-
apeutic approach based on the risk-driven “transplant versus no transplant”
rather than “donor versus no donor” strategy is feasible and may favorably
impacts on the negative prognostic role of MRD positivity and adverse genet-
ics/cytogenetics.
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CHARACTERISTICS AND PROGNOSIS OF ACUTE ERYTHROLEUKEMIA
(AEL) - RESULTS OF A SUBGROUP ANALYSIS OF THE STUDY ALLIANCE
LEUKEMIA (SAL) AML TRIALS
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Background: Acute erythroleukemia (AEL) represents a rare type of acute
myeloid leukemia accounting for less than 5% of all cases. So far, according to
WHO classification this AML entity is thought to have a poor prognosis in itself.
Aims: We assessed the influence of relevant clinical and demographic param-
eters, FLT3-ITD, NPM1 status and cytogenetics on complete remission rates
(CR), overall survival (OS) and event free survival (EFS) separately in AEL and
non-AEL patients.

Methods: 3267 patients with newly diagnosed AML were treated according to
the protocols of the AML96, AML2003 or AML60+ studies of the Study Alliance
Leukemia (SAL). Informed consent was obtained by all patients. 116 of these
patients had acute erythroleukemia (AEL). In only 78 of these cases slides for
systematic morphologic review were available. Only cases with morphological
review were included into subgroup analysis.

Results: After morphological review, three diagnostic groups could be separat-
ed according to WHO 2008: acute erythroid/myeloid leukemia (n=54; AML M6a
according to FAB), pure erythroid leukemia (n=4; AML M6b according to FAB)
and acute myeloid leukemia with multilineage dysplasia (n=20). No significant
differences between these distinct groups could be elucidated, but all BM har-
borded severe dysplastic features and mostly multilineage dysplasia. Com-
pared to non-AEL AML, NPM1 and FLT3-ITD mutations were found in 13.3%
and 6.3% of the patients with AEL and in 32.1% and 20.7% of the patients with
non-AEL AML (P=0.002, P=0.008), respectively. All patients with AEL and NPM1
mutations were de novo AMLs and had normal cytogenetics. Several cytoge-
netic aberrations, most of them associated with poor prognosis, are found more
often in the AEL cohort than in the non-AEL AML cohort (Trisomie 8: 16.3% vs.
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9%, P=0.026; del(5q): 12.5% vs. 6.6%, P=0.038; -7: 12.5% vs. 5%, P=0.003;
complex aberrant: 27.5% vs. 13.3%, P<0.001; abnl 17p: 11.3% vs. 4.2%,
P=0.003; other monosomies: 16.3% vs. 5%, P<0.001). Despite these differ-
ences, no significant differences in CR rates, OS and EFS were found between
both groups. This finding was confirmed in a multivariate analysis including
cytogenetics, molecular markers and clinical parameters (LDH, WBC, blast
count, platelet count and ECOG). According to the analysis, AEL morphology
was not an independent prognostic factor for OS and EFS. Within the AEL
group, patients with monosomy 7 (n=10), complex aberrant karyotype (n=22)
and abnl 17p had a shorter median OS (5.7, 5.2, 4.3 months) compared to
patients with AEL and not such aberrancies (20.4, 22.3, 18.9 months) (P=0.001,
<0.001, 0.015), respectively. A complex aberrant karyotype was found more
often in patients with secondary AEL than in patients with de novo AEL
(P=0.024).

Summary / Conclusion: According to our data, the characteristic morpholog-
ical features of acute erythroleukemia do not confer an unfavorable prognosis
in itself. Compared to non-AEL AML, cytogenetic aberrations associated with
poor prognosis are found more often in patients with AEL, but it confers only
within the AEL group to a significant worse OS. NPM1 and FLT3-ITD mutations
were much less common in patients with AEL.
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ELACYTARABINE / IDARUBICIN IN PATIENTS WITH ACUTE MYELOID
LEUKEMIA WHO FAILED CYTARABINE BASED INDUCTION, AND EVAL-
UATION OF THE IMPACT OF THE TRANSPORTER HENT1 ON RESPONSE;
RESULTS OF A PHASE Il STUDY

D Rizzieri!, N Vey2,” X Thomas3, F Huguet-Rigal4, R Schlenk5, J Krauter®, T
Kindler’, B Gjertsen®, | Blau®, M Johansen'0, T Bergeland'0, Athos Gianella-
Borradori'0, T Jacobsen0, U Krug?"

1Duke University Medical Center, Durham, United States, 2Institut J. Paoli and
|. Calmettes, Marseille, 3Hospital Edouard Herriot, Lyon, 4Hospital Purpan,
Toulouse, France, SUniversitatsklinikum Ulm, Ulm, 8Medizinischen Hochschule
Hannover, Hannover, 7Johannes-Gutenberg-Universitat, Mainz, Germany,
8Haukeland University Hospital, Bergen, Norway, 9Charite University Hospital
Benjamin Franklin, Berlin, Germany, 10Clavis Pharma, Oslo, Norway, 1'Univer-
sitatsklinikum Munster, Minster, Germany

Background: Elacytarabine is a novel, patented anti-cancer drug in develop-
ment (phase lll) for treatment of acute myeloid leukemia (AML). Elacytarabine
has demonstrated longer plasma elimination half-life, prolonged intracellular
retention compared to cytarabine and activity independence of membrane
nucleoside transporters. The human equilibrative nucleoside transporter 1
(hENT1) in particular has been reported as an important modulator of resist-
ance to cytarabine (Hubeek et al., 2005). A phase | study established elacy-
tarabine 1000 mg/m2/d continuous infusion (CIV) d 1 — 5 as the recommend-
ed dose given in combination with idarubicin 12 mg/m2/d IV d 1-3 (Giles et al,
2012).

Aims: To determine the efficacy and safety of elacytarabine in combination with
idarubicin in adult patients with AML who did not respond to a first cytarabine-
anthracycline remission induction course. To explore the relationship between
the hENT1 status in AML cells and response to elacytarabine and to cytarabine.
Methods: A bone marrow (BM) sample was collected at diagnosis and
analysed by immunocytochemistry (ICC) for hENT1 protein expression.
Patients who had not attained blast clearance after the first remission induc-
tion course, entered the study and received elacytarabine + idarubicin at dos-
es/schedules as described above. The hENT1 expression level in BM was
again analysed before elacytarabine+idarubicin treatment. Safety and effica-
cy were assessed. Patients are followed for duration of response and survival
for at least 12 months.

Results: The study recruited 51 patients [28 male, 23 female, median age 61
years (range 18-78), ECOG PS 0-2]. 35% of the patients were diagnosed with
secondary leukaemia. The median time from start of cytarabine induction to
study entry was 37 days (range 18-78). After treatment with elacytarabine and
idarubicin the overall response rate (ORR) is 45%, with 21 out of 47 evaluable
patients in CR or CRi. Median time to remission was 41.5 days (range 21 to
169). The incidence of low-level hRENT1 protein expression both at time of ini-
tial AML diagnosis as well as at study entry was approximately 45%. The
response to elacytarabine was similar in both groups with 10 out of 23 patients
responding in the hENT1 high expression group and 8 out of 19 patients in the
hENT1 low expression group. The response to cytarabine was lower for the
hENT1 low expression group (9 out of 18 patients) compared to the hENT1 high
expression group (15 out of 22 patients). The most frequently reported non
haematological adverse events, CTCAE grade 23, were infections/sepsis,
hypokalemia, hypoalbuminaemia, fatigue and hypoxia. Five patients died with-
in 30 days after start of treatment, all due to sepsis/infections. Four patients died
within 60 days after start of treatment either due to progressive disease (three
patients) or complications after stem cell transplantation (one patient). Seven
of nine patients who died early were initially diagnosed with secondary
leukaemia.

Summary / Conclusion: Elacytarabine in combination with idarubicin shows
promising clinical activity with a CR/CRi rate of approximately 45% in patients
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in whom an initial and single cytarabine based induction course has failed. As
hypothesized, the hENT1 expression level demonstrated no impact on the effi-
cacy of elacytarabine while it influenced response to cytarabine. The safety pro-
file is manageable and is as expected for a combination cytotoxic therapy.
Updated event free survival and survival data will be presented.
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RISK STRATIFICATION OF 444 PATIENTS WITH DE NOVO NON-M3
ACUTE MYELOID LEUKEMIA BY INTEGRATING MOLECULAR GENE
MUTATIONS WITH CYTOGENETICS
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Background: Acute myeloid leukemia (AML) is a heterogeneous hematolog-
ic malignancy with great variability in the pathogenesis, clinical features and
treatment outcomes. The goal of risk stratification is to explore personalized
therapy, thereby reduce the risk of relapse and treatment-related side effects.
Aims: Extensive mutational analysis can better discriminate AML patients into
various prognostic groups.

Methods: We investigated a comprehensive analysis of cytogenetic change
and 17 molecular alterations, includingClass | mutations, such as FLT3-ITD and
FLT3-TKD, N-RAS, K-RAS, JAK2, KIT and PTPN11 mutations and Class I
mutations, such as MLL-PTD, CEBPA and AML1/RUNX1 mutations, as well as
NPM1, WT1, and epigenetic alterations, such as ASXL1, IDH1, IDH2, TET2 and
DNMT3A mutationsin a large cohort of 444 de novo non-M3 AML patients in
Taiwan.

Results: Genetic alterationsoccurred more frequently in patients with interme-
diate-risk cytogenetics (92.1%) than in those withfavorablekaryotype (68.9%)
or unfavorable cytogenetics (50.8%, P<0.0001).We found that mutations of
AML1/RUNX1, WT1, ASXL1 and DNMT3A were associated with poorer over-
all survival (OS) while NPM1*/FLT3-ITD-, CEBPAdouble-mutation gnd |IDH2 muta-
tion predicted better survival. Further refinement of intermediate-risk cytogenet-
ic group can be achieved through molecular screening of these eight relevant
genes. Patients with mutant NPM1, IDH2 and CEBPAdouble-mutation in absence
of FLT3-ITD belong to a favorable molecular genotype, an unfavorable molec-
ular genotype including mutant AML1/RUNX1, WT1, ASXL1, and DNMT3A
while the remaining genotypes was part of intermediate genotype. The proba-
bility of achieving a CR for favorable-risk, intermediate-risk and unfavorable-
risk profile was 90.2%, 76.9% and 64.1%, respectively (P<0.001). The relapse
rate for the three risk groups was 40.6%, 63.3% and 67.1%, respectively
(P=0.0006). The median OS for favorable-risk, intermediate-risk and unfavor-
able-risk profile was not reached, 25 months and 12.3 months, respectively and
five-year survival rate was 59.6%, 38.6% and 18.2% in these three risk groups
(both P<0.001). Intriguingly, allogeneic HSCT may improve OS among patients
with unfavorable molecular genotype.

Summary / Conclusion: These findings suggest the proposed risk stratifica-
tion using integration of both cytogenetic and mutational profiles can further dis-
criminate patients into different prognostic groups, especially in those with inter-
mediate-risk cytogenetics. Further, allogeneic HSCT may provide survival ben-
efits for patients with unfavourable mutational profile.
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ACUTE MYELOID LEUKEMIA (AML) PATIENTS HARBOURING BOTH,
FLT3-ITD AND NPM1 MUTATION, MAY BENEFIT FROM A MINIMAL RESID-
UAL DISEASES (MRD) GUIDED TRANSPLANT DECISION
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Background: Minimal residual disease (MRD) monitoring in patients with acute
myeloid leukemia (AML) can predict relapse clearly in advance and therefore
allows early therapeutic intervention. Moreover, recent studies have highlight-
ed the significance of personalized treatment on the basis of MRD status for
improving outcome in AML.

Aims: The FLT3 internal tandem duplication (FLT3-ITD) occures in 15-35% of
all AML. Clinically, FLT3-ITDs have been strongly associated with poor out-
come. However, due to the high sequence variability of individual FLT3-ITD
commonly a universal PCR approach is applied which has a low sensitivity
(approx. 1: 5x102).

Methods: To develop a novel cDNA-based, highly sensitive quantitative real-
time reverse transcription polymerase chain reaction (QRT-PCR) assay for the
detection of the FLT3-ITD mutation level. On the basis of invidual FLT3-ITD,
mutation-specific primers were designed. The expression of FLT3-ITD was
determined using complementary DNA samples at different points in time diag-
nosis and subsequent treatment.

Results: From a total of 394 newly diagnosed AML patients 55 (14%) were
FLT3/ITD positive. Retrospectively we analyzed ITD mutation of FLT3 in 39
available cases. The length of ITD ranged from 3 to 144 base pairs (median



46). Nine patients had extra insertions of 2-38 base pairs between two repeats.
For the FLT3-ITD quantification we developed patient-specific qRT-PCR for 29
individuals with mutation-specific forward primers and studied 83 peripheral
blood and 61 bone marrow samples. Three cases with WT7, fifteen with NPM1,
three with MLL-PTD and five with PML/RARa fusion genes expression levels
were compared with FLT3-ITD expression levels. 26 of 29 assays (90%) were
highly specific (1:104 - 1:105) and yielded similar results when compared to oth-
er high sensitive assays for molecular markers like NPM1 or PML/RARa. In
three cases (10%) a co-amplification of the wild-type could not be avoided
resulting in lower sensitivity (1:103). We could show that FLT3-ITD positivity reli-
ably predicted relapse up to 10 months in advance. 92% patients, who achieved
FLT3-ITD negativity with our assay, did not relapse. Furthermore we compared
paired PB and BM samples at diagnosis and after induction therapy in 5 cas-
es. The difference in FLT3-ITD expression were not statistically significant
(P=0.8) which is in line with recent studies.

Summary / Conclusion: We conclude that highly sensitive detection of indi-
vidual FLT3-ITD posses equal prognostic power in AML like established molec-
ular MRD markers. Using this approach MRD guided treatment decisions
appear to be justified and should be incorporated in future studies.
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PATTERNS OF RELAPSE IN 169 PATIENTS TREATED WITH ORAL
ARSENIC TRIOXIDE DURING INDUCTION AND/OR MAINTENANCE: A 12-
YEAR EXPERIENCE
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Background: Despite excellent response rates and long-term survivals with
current treatment strategies, multiple relapses and central nervous system
(CNS) disease remain major causes of treatment failure and mortality in patients
with acute promyelocytic leukaemia (APL).

Aims: In this study, 169 patients with APL treated with oral arsenic trioxide
(As,03) during maintenance at first complete remission (CR1), or as re-induc-
tion and subsequent maintenance, were prospectively investigated. We aimed
at describing different patterns of relapse, identifying risk factors for relapse and
CNS disease, and prognostic factors for survival.

Methods: This was a 12-year prospective follow-up study of 169 patients treat-
ed with oral arsenic trioxide during induction and/or maintenance. Clinicopatho-
logic features, treatment characteristics and outcome of relapsed APL were
reviewed. Prognostic factors for relapse and CNS involvement were analyzed
using logistic regression. Survivals were analyzed using Kaplan-Meier method
and Cox-proportional hazard regression.

Results: Risk factors for relapse. A total of 79 patients had one or more
relapses, including 14 patients with CNS involvement. Maintenance regimens
without arsenic trioxide at CR1 and high peak white blood cell (WBC) count
were independently associated with increased risk of relapse (P<0.001 and
P=0.008 respectively). By Cox-proportional hazard regression, patients who
received maintenance regimens without arsenic trioxide had significantly infe-
rior relapse-free survival (hazard ratio=12.97, P<0.001, 95% confidence inter-
val:6.61-12.05).

Patterns of relapse. Three different patterns of relapse were compared. There
were 65 patients with isolated medullary relapse, 8 patients with concurrent
bone marrow and CNS involvement at relapse, and 6 patients with isolated
CNS relapse. Risk factors associated with isolated CNS relapses included high
WBC count on presentation (P=0.007); relapses beyond second complete
remission (P=0.003); and relapse while on maintenance regimens containing
oral arsenic trioxide (P=0.001). Risk factor for concurrent medullary and CNS
relapse was relapses beyond second complete remission (P=0.003). Patients
relapsing while on oral arsenic trioxide maintenance have more frequent Fms-
like tyrosine kinase 3-internal tandem duplication (FLT3-ITD) at the time of
relapse (odds ratio=4.61, P=0.03, 95% confidence interval:1.13-18.92). Isolat-
ed positive molecular testing for PML-RARA fusion gene during oral arsenic tri-
oxide maintenance predicted a subsequent morphologic relapse (odds
ratio=6.18, P=0.024, 95% confidence interval:1.27-29.94).

Survivals. The 5-year overall survival of our cohort of patients was 85.9%.
Three factors were associated with significantly inferior survivals: relapse while
on oral arsenic trioxide (hazard ratio=9.43, P<0.001, 95% confidence inter-
val:4.01-21.32); relapses beyond third complete remission (hazard ratio=16.45,
P<0.001, 95% confidence interval:4.49-60.34); and concurrent bone marrow
and CNS relapse (hazard ratio= 22.84, P<0.001, 95% confidence interval:5.88
- 88.74).

Summary / Conclusion: Advanced relapses, high WBC count and relapse
while on oral arsenic trioxide were associated with a higher risk of CNS involve-
ment and in turn inferior overall survivals. Identification of such risk factors is
important in formulating effective treatment and prophylactic protocols for high-
risk APL patients.
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LOSS OF CHROMOSOMESs, 7 AND 17 IN OLDER PATIENTS WITH AML.
FIRST EVALUATION OF CYTOGENETIC DATA FROM THE POPULATION
BASED SWEDISH AML REGISTRY
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Background: The incidence and impact of chromosomal abnormalities (abns)
in AML have mostly been evaluated in younger and/or highly selected patients
(pts) treated within clinical trials, whereas data from large population-based
studies are lacking. The Swedish National Acute Leukemia Registry contains
data on 98% of all Swedish AML pts diagnosed 1997-2006 (Blood
2009;113:4179). During this period, karyotyping was recommended at diagno-
sis for all pts eligible for intensive treatment, but molecular analyses were not
routinely performed. We have now retrospectively added cytogenetic data from
the original medical reports to the database.

Aims: We analyzed the impact on survival of the number of chromosomal abns,
those involving 5g-/-5, 7q-/-7, and/or 17p-/-17, and monosomal karyotype in pts
treated with intensive chemotherapy. Pts with APL were excluded in this analy-
sis. Survival was updated in May 2012. Data was analyzed by the R-program
software (http://www.r-project.org), and p-values were computed from a Cox
proportional hazards model.

Overall survival for patients, 70-79 yrs with
intensive Tx, with number of changes (n=348)

Overall survival (%)

Years from diagnosis

Figure 1.

Results: Evaluable karyotypes were found in 1904/3293 registered patients,
i.e., in 150 (78%) of patients <40 years, 492 (78%) in ages 40-60 yrs, 467
(71%) between 60-69 yrs, 591 (58%) in patients 70-79 yrs, and 199 (25%) of
patients over the age of 80. Karyotypes were missing due to several reasons,
e.g., not performed, not indicated, report not available. Pats with 25 chromo-
somal abns had significantly worse overall survival than those with 3-4 vs 1-2
abns or normal karyotype in all age groups (Figure 1), whereas the difference
between 3-4 vs fewer abns were less. Monosomal karyotype did not separate
survival curves within the groups with 3-4 vs=5 abns in any age group; e.g., 2
yrs OS with 3-4 abn:s: MK+ 48% vs MK- 44%; and with 25 abn:s MK+15% vs
MK-, 16%, (P=NS). Abns involving 5/7/17 were strongly correlated and often
occurred together in monosomal karyotypes; pats with all three of those abns
had very poor outcome.

Summary / Conclusion: We now have population-based data on cytogenet-
ics in the largest age cohort of AML, i.e., 60-79 years. There is a significant over-
lap between complex karyotypes, and abns involving chromosomes 5/7/17,
and monosomal karyotype, in all age cohorts. Five or more chromosomal abns
were clearly worse than 3-4 abns, especially with combined chromosome abns
involving 5/7/17.
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PATIENTS WITH LATE RELAPSE OF ACUTE MYELOID LEUKEMIA HAVE
A HIGH RATE OF DURABLE SECOND COMPLETE REMISSIONS WHEN
TREATED WITH CHEMOTHERAPY ONLY
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Background: Complete remission (CR) rates are high among patient with
acute myeloid leukemia (AML) but long-term survivors are few, because even-
tually more than half of the patients relapse. A relapse usually occurs within two
years of achieving CR, while late relapses, defined as a recurrence of AML after
more than five years from achieving CR, are considered rare events. The prog-
nosis is generally poor when there is a relapse. However, the remission rate is
higher among patients with a long duration of the first complete remission (>18
months) and with favorable cytogenetics at diagnosis. Allogeneic stem cell
transplantation (SCT) is often recommended to sustain the second CR although
a number of patients, particularly those with favorable cytogenetics, can
achieve durable second remissions when treated with chemotherapy alone.
Aims: The aim was to assess the number of patients with late relapse in a pop-
ulation-based cohort of long term AML survivors and to collect detailed infor-
mation on clinical and laboratory features.

Methods: All patients diagnosed with AML in the Stockholm, Uppsala, and
Orebro regions between January 1st 1973 and December 31st 2003 were
identified in the Swedish Cancer Registry. Patients who died within five years
of their AML diagnosis were identified through the Cause of Death Registry and
excluded from the study. Thus, only patients surviving five years or more were
included. In 228 long-term survivors clinical information was available. Detailed
information on laboratory variables including cytogenetics and immunopheno-
type at diagnosis and relapse, treatment (type of chemotherapy regimen, num-
ber of courses, SCT), myelodysplastic syndrome (MDS) preceding the relapse
and cause of death was collected from medical records.

Results: Among 228 patients surviving for at least 5 years after their AML diag-
nosis, 33 patients had a recurrence of their disease 36 months or more after
first CR. Results of cytogenetic analysis at diagnosis were available in 23
patients (70%); thirteen had a normal karyotype, three patients had unfavor-
able karyotypes while there were no patients with core binding factor (CBF)
leukemia. Cytogenetic analyses were available in 13 patients (39%) at relapse;
five patients had a normal karyotype. In 11 patients cytogenetic information was
available at both diagnosis and relapse, with a change in karyotype occurring
in four patients. Seven patients were diagnosed with MDS (n=6) or chronic
myelomonocytic leukemi (CMML; n=1) preceding their AML relapse. In two of
these patients, MDS related karyotypes were identified at relapse but not at
diagnosis. Results of treatment will be presented here in detail only for the
group of patients who relapsed five years or more after AML diagnosis because
the inclusion criteria excluded patients relapsing prior to this date if they did not
survive at least two years from their relapse. There were 23 patients (10%) out
of 228 patients with a relapse after more than five years of achieving first CR
(median age at relapse 66 years; range 32-88). Seventeen were treated with
intensive chemotherapy and 12 (71%) achieved a second CR. Intensively treat-
ed patients had a median survival of 3.8 years (Figure 1). Six patients are alive
(one underwent allogeneic SCT) with a median follow-up time after relapse of
7 years. The cause of death was AML in 18 patients, one patient died from graft
versus host disease, and one patient died of pneumonia while in MDS phase.
In three patients the cause of death was not associated with AML and in the
remaining the cause was unknown.

Summary / Conclusion: Late relapse of AML is probably more common than
we like to think. However, in the event of a late relapse the outcome of treat-
ment is favorable, also among elderly patients, unless MDS features are pres-
ent. Therefore, this group of patients may not necessarily need SCT to remain
in a second CR.
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Figure 1. Overall survival (years) among patients with first five or more
years after diagnosis, stratified by treatment.
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SURVIVAL IN PATIENTS WITH ACUTE MYELOBLASTIC LEUKEMIA IN
GERMANY AND THE UNITED STATES: UNEXPLAINED DIFFERENCES IN
SURVIVAL IN YOUNG ADULTS

D Pulte!,2,” L Jansen?, A Gondos, A Katalinic3, B Barnes#, M Ressing®, B
Holleczek®, S Luttmann?, H Brenner?!

1German Cancer Research Center, Heidelberg, Germany, 2Medicine, Thomas
Jefferson University, Philadelphia, United States, 3Cancer Registry of
Schleswig-Holstein, Luebeck, 4Robert Koch Institute, Berlin, 5Cancer Registry
of Rhineland-Paltz, Mainz, 6Saarland Cancer Registry, Saarbruecken, Can-
cer Registry of Bremen, Bremen, Germany

Background: The prognosis for patients with acute myeloblastic leukemia
(AML) varies by age, with older patients usually showing poorer prognosis.
However, previous population based studies in the United States (US), found
lower survival in young adults compared to middle-aged adults, with adults
age 15-24 having a lower survival than adults age 25-34 at 47.2% and 53.5%,
respectively, in 2001-2005 (Pulte D, Gondos A, Brenner H. Expected long-term
survival of patients diagnosed with acute myeloblastic leukemia during 2006-
2010. Ann Oncol. 2010;21(2):335-4). Here, we compared survival for patients
with AML in the US with patients in Germany. If the unexpectedly low survival
in young adults in the US is due to biological factors, a similar pattern is likely
to be observed in Germany. If, however, the pattern is due to socioeconomic
issues such as poverty, compliance, or insurance a consistent decrease with
age, rather than a deep decrease in early adulthood with a better survival in
middle age, is more likely to be observed in Germany.

Aims: To determine survival of patients with AML diagnosed in Germany in the
early 21t century and compare these results to patients diagnosed in the same
time period in the US

Methods: Data were extracted from the Surveillance, Epidemiology, and End
Results database in the US and 11 cancer registries in Germany. Patients diag-
nosed with AML and age <65 were included in the analysis. Cases reported to
the cancer registry by death certificate only were excluded. Period analysis was
used to estimate 5-year relative survival (RS) for the period 2002-06. Because
acute promyelocytic leukemia (APL) has a better prognosis and different treat-
ment options compared with other forms of AML, an analysis excluding APL was
also performed, to rule out the possibility that differences observed were due
to differences in the frequency of APL.

Results: Overall, age-adjusted RS for patients age 15-64 was higher in Germany
at 40.4% than in the US at 32.8% (Table 1). Estimates of 5-year RS in Germany
were higher than in the US for each age group, with differences ranging from
+16.3 percentage points (age 18-24) to +5.4 percentage points (ages 35-44 and
60-64). In Germany, survival decreased with age, with the highest RS observed
for patients age 18-24 at 60.2%, compared with 43.9% for patients of the same
age in the US. In contrast, in the US the highest survival was seen in patients
aged 35-44 at 50.4%. When APL was excluded from the analysis, survival
decreased for both countries, but the differential in survival increased, with over-
all RS for Germany and the US being 39.0% and 27.9%, respectively.
Summary / Conclusion: Five year relative survival for younger and middle-
aged patients with AML is higher in Germany than in the US. Survival for
patients with AML in the US is lower in young adults than in middle-aged adults.
This pattern is not observed in Germany such that there is an especially large
disparity for ages 18-24.

Table 1.
G y us

S-year S-year P-value

Age N RS N RS SE Diff (Model)
1824 134 60.2 5.8 364 439 38 +163  0.0309
15-24 193 58.2 48 507 45.0 31 +13.2 0.0145
25-34 261 56.0 43 652 495 28 +6.5 0.1073
35-44 546 55.4 3.0 908 504 25 +54 0.1537
4554 642 471 2.7 1410 340 19 +13.1 <.0001
55-59 526 30.3 29 897 243 22 +6 0.0936
6064 834 29 21 950 175 19 +5.4 0.0081
Overall' 3002 40.4 1.2 5324 328 0.9 +7.6 <.0001
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TREATMENT WITH FLAG-IDA OR FLAGO-IDA REGIMEN IN ADULT
PATIENTS WITH RELAPSED/REFRACTORY ACUTE MYELOID LEUKEMIA.
RETROSPECTIVE ANALYSIS OF THE PETHEMA AML REGISTRY

J Burgués',” P Montesinos2, D Martinez-Cuadron2, J Serrano3, P Fernandez4,
C Ray6n5, M Sayas®, M Barrios?, C Pérez8, P Herrera%, M Martinez'9, R Gar-
cia'l, J Gayoso'2, M Pérez-Encinas’3, R Riaza4, J Prieto'5, M Colorado6, M
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16n, 12Hematologia, Hospital Gregorio Marafion, Madrid, 3Hematologia, Hos-
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Severo Ochoa, Madrid, 'SHematologia, Hospital San Pedro de Alcéantara, Cac-
eres, 16Hematologia, Hospital Universitario Marqués de Valdecilla, Santander,
17THematologia, Hospital Montecelo, Pontevedra, Spain

Background: Patients with acute myeloid leukemia (AML) who fail to achieve
a complete remission (CR) after the first cycle of induction therapy and those
with relapsed disease have a bleak prognosis. The FLAG-IDA regimen (flu-
darabine plus idarubicine and cytarabine) has been frequently used to achieve
a second CRin refractory/relapsed patients and may be a bridge towards stem
cell transplant (SCT). In an attempt to improve the CR rates in relapsed/refrac-
tory patients, the Programa Espafiol de Tratamientos en Hematologia (PETHE-
MA) group recommended between 2007 and 2010 the addition of gentuzum-
ab ozogamizin (GO) to the FLAG-IDA regimen (FLAGO-IDA).

Aims: To analyse the results (short- and long-term outcomes) of salvage ther-
apy with FLAG-IDA or FLAGO-IDA regimen in a large series of patients with
relapsed/refractory AML treated with first-line PETHEMA LMA protocols.
Methods: This retrospective and multicenter study was performed in patients
treated with first-line PETHEMA LMA protocols (LMA99, LMA2007, and
LMA2010) consisting of 3+7 regimens (daunorubicin or idarubicin plus cytara-
bine) followed by consolidation with anthracycline/cytarabine combination with
or without SCT in first CR. In patients who achieved a partial remission (PR)
after first induction cycle an identical second cycle of 3+7 was recommended
in the PETHEMA LMA99 and LMA2010 protocols, while FLAG-IDA or FLAGO-
IDA administration was recommended in the LMA2007 protocol. In all protocols,
FLAG-IDA or FLAGO-IDA was routinely administered in patients showing
absolute resistance after first cycle or relapse. The inclusion of GO to second-
line induction therapy depended on the resources of each centre. We perform
a univariate analysis to establish the factors associated to CR rates and over-
all survival (OS) estimates using the Kaplan-Meir method. A multivariate analy-
sis for OS risk factors is also reported.

Results: Between May 1999 and January 2012, 157 patients with
refractory/relapsed AML who received second line therapy with FLAG-IDA or
FLAGO-IDA were identified in the PETHEMA AML registry (82 males, 75
females, median age 50 years [range 14-76], 40 patients older than 60 years).
Study protocol distribution was: 48 patients in the LMA99, 89 in the LMA2007,
20 in the LMA2010. FLAGO-IDA/FLAG-IDA was administered in 85 refractory
patients and in 72 relapsed patients; 122 patients received FLAG-IDA and 35
patients received FLAGO-IDA. FLT3-ITD was present in 21% of patients,
favourable karyotype in 12 patients (9%), intermediate in 86 (62%),
unfavourable in 40 (29%), and no available results in 19 patients (12%). The
median follow-up of the patients still alive was 25 months. The median OS was
16.5 months (21% OS at 5 years). The CR rate was 46% in relapsed patients
(33 out 72) and 34% in refractory/PR patients (30 out 85). Stem-cell transplan-
tation (SCT) was performed in 43 patients (39 allogenic, 4 autologous). The uni-
variate analyses showe significant differences between patients relapsed after
12 months, before 12 months, and primary refractory patients (median OS:
104, 13.8, and 9.3 months, respectively; P<0.0001), cytogenetic risk (median
OS: favourable 34.7, intermediate 19.2, and unfavourable 7.8 months;
P=0.0002), FLT3-ITD vs. no FLT3-ITD (median OS: 9 vs. 22.3; P=0.004), and
SCT vs. no SCT (median OS: 45.8 vs. 11.4 months; P<0.0001). No significant
differences were observed between FLAGO-IDA and FLAG-IDA (median sur-
vival 11.3 vs. 18.7 months; P=0.26). Age >60 years was almost significant asso-
ciated with lower OS (median 10 vs. 19, P=0.052). In multivariate analyses
unfavourable karyotype, no SCT, FLT3-ITD and primary refractory/early relapse
were associated with lower OS.

Summary / Conclusion: FLAG-IDA or FLAGO-IDA may induce a CR2 in an
acceptable percentage of patients with relapsed/refractory AML We could iden-
tify several risk factors predicting worse OS after second-line therapy
(unfavourable karyotype, FLT3-ITD, refractory disease/early relapse). Patients
with favourable genetic and molecular characteristics presenting late relapse
(>12 months after CR1) have a good prognosis after salvage therapy with FLA-
GO-IDA or FLAG-IDA, especially when CR is followed by an allo-SCT. Alterna-
tive salvage strategies to improve outcomes could be recommended in the
remaining subsets.

Stockholm, Sweden, June 13 — 16, 2013
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LOW- DOSE CHEMOTHERAPY AND DIFFERENTIATING AGENTS AS
POST- REMISSION MAINTENANCE PROLONGED DISEASE- FREE AND
OVERALL SURVIVAL IN A CASE-CONTROL RETROSPECTIVE STUDY ON
POOR PROGNOSIS AML/MDS PATIENTS

D Ferrero!,” E Crisa', T Gatti', V Giai!, C Aguzzi', F Marmont?, E Audisio?,
S D’Ardia2, C Frairia®, B Bruno®, M Festuccia®, R Passera3, M Boccadoro!
THaematology, University of Turin, Torino, 2Haematology, A.O. Citta della Salute
e della Scienza, torino, 3Nuclear Medicine, A.O. Citta della Salute e della Scien-
za, Torino, ltaly

Background: Patients aged over 60 or with poor prognosis AML or MDS have
an unfavourable outcome despite of the achievement of a complete response
(CR) with aggressive treatments. In fact, only about 10% of these patients
become long-term survivors. It is therefore evident that standard post-remission
chemotherapy should be integrated by somewhat different strategies to improve
the outcome of this group of patients. Indeed, some studies have already shown
an advantage in relapse free survival with low dose cytarabine based mainte-
nance treatment (Blchner et al 2003, Krug et al 2010).

Aims: To evaluate the impact of a maintenance therapy with low-dose
chemotherapy plus differentiating agents on survival and remission duration in
a cohort of poor prognosis AML/MDS patients in CR after standard induction
chemotherapy.

Methods: We included 92 patients treated from 1997 to 2012. AML patients (82)
had poor prognosis for either age over 60, and/or therapy-related AML, AML
secondary to MDS, or second CR. MDS patients (10) were at intermediate
2/high risk according to the IPSS.

All patients have been in stable CR for at least 2 months after induction +/- con-
solidation therapy and were ineligible to allogeneic stem cell transplantation at
CR achieving. Forty-two patients received a maintenance therapy and were
compared to a matched historic population of 51 patients that had not received
further therapy after consolidation. Maintenance treatment consisted on two
alternated schedules: the first one included 6-thioguanine 40 mg daily for 3
weeks and 13-cis retinoic acid 40 mg daily + (OH)2 vitamin D3 (D3) 1 ug daily
for 5 weeks; the second one contained cytarabine 8 mg/mq bis daily by subcu-
taneous injection for 2 weeks and all-trans retinoic acid 30 mg bis daily + D3
0,5 ug bis daily for 5 weeks. This therapy was started after a median time of 3
months from CR achievement and was continued for 4 years or until relapse.
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Results: The two groups of patients were balanced with regard to both patient
and disease characteristics, in particular median age (63 years) and preva-
lence of unfavourable karyotype (24% versus 28%). Relapse incidence (RI) was
significantly lower in the maintenance group than in the control group: 53,6%
versus 83,3% at 3 years and 67,5% versus 88,5% at 5 years, respectively (P
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0,004). Disease free survival (DFS) too was better in the maintenance group
with a median of 21 months (ms) vs 9 ms in the control group (P 0,012). The
reduction in the relapse rate led to an overall survival (OS) advantage too, with
a median OS of 40 ms and survival rates at 3 and 5 years of 51.4% and 34.5%,
respectively, in the maintenance group compared to a median OS of 16 ms and
21.4% and 12.8% survival at 3 and 5 years, respectively, in the control group
(P 0,003). The presence of unfavourable karyotype negatively affected OS,
but in multivariate analysis maintenance therapy remained an independent
outcome predictor.

Summary / Conclusion: Our maintenance therapy significantly prolonged
patients survival by reducing the relapse incidence. The treatment schedule
was safe and well tolerated. Therefore, our results suggest that a different
strategy of post-remission therapy based on the association of differentiating
agents and low dose chemotherapy might improve the outcome of poor risk
AML/MDS patients. These data, however, need to be confirmed in a larger
prospective study.
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A STUDY OF ELACYTARABINE IN RELAPSED OR REFRACTORY AML
EVALUATING CARDIAC SAFETY AND PHARMACOKINETIC PROPERTIES
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Background: Elacytarabine, an elaidic acid ester derivative of cytarabine, has
pharmacokinetic (PK) and pharmacodynamic properties that may lead to
improved clinical outcome (Adema et al 2011) compared to cytarabine (ara-C).
Elacytarabine is metabolized to active cytosine arabinoside 5'-triphosphate
(ara-CTP) and inactive ara-U. The compound has reached phase I of clinical
development for the treatment of patients with relapsed or refractory acute
myeloid leukaemia (AML).

Aims: The on-going study was designed to evaluate the cardiac safety and PK
of elacytarabine. In addition the clinical efficacy and safety were evaluated.
Methods: Elacytarabine for infusion 7.5 mg/mL was administered at 2000
mg/m?2/day as a continuous intravenous infusion (CIV) for 120h to adult patients
with relapsed or refractory AML. Blood samples for PK analyses were collect-
ed and electrocardiography (ECG) was assessed pre-treatment, during treat-
ment and after treatment at specified time-points. The PK was characterised
by compartmental as well as non-compartmental analyses. The ECG was cen-
trally monitored. Safety and efficacy were assessed. Patients are followed for
relapse and survival for at least six months.

Results: Forty-three patients [26 males, 17 females, median age 64 years
(range 18-77), ECOG PS 0-1] were treated with elacytarabine. All patients had
previously been treated with ara-C, and had relapsed or were refractory follow-
ing previous treatment. Of these 43, 23 had blood sampled using a rich-sam-
pling protocol for PK characterization and 30 had ECGs taken with matching
blood sample collection for determination of plasma concentration of elacy-
tarabine and its metabolites. Thirty-six patients were evaluated for response
and the overall response rate was 42% with nine patients achieving a complete
remission (CR) and six patients a complete remission but with incomplete blood
count recovery (CRi) following study treatment. The most frequently reported
non-haematological adverse events (CTCAE grade 23) were infections, febrile
neutropenia, hyponatremia, hypokalaemia and increased alanine aminotrans-
ferase. The ECG assessments showed that 12 of 30 patients had a change in
the QTcF interval from baseline to peak by >30 msec, in addition three patients
had a change in the QTcF interval from baseline to peak by >60 msec. This
increase seemed to be unrelated to the plasma concentrations of elacytarabine,
ara-C and ara-U and there were no concomitant torsades de pointes. No patient
had a peak QTcF above 500 msec. The most frequently reported cardiac
adverse events was tachycardia (six patients). One patient experienced a grade
3event of; all others were grade 1 or 2. The plasma concentrations of elacy-
tarabine and ara-C declined rapidly once the infusion was stopped. Using non-
compartmental analysis, the median terminal half-life and total clearance for
elacytarabine were 12.8 h and 4.6 L/h/m2. For ara-C and ara-U the median ter-
minal half-lives were 2.6 and 8.9 h, respectively.

Summary / Conclusion: Elacytarabine is a novel anti-leukemic agent in devel-
opment for treatment of patients with advanced AML. Its efficacy, tolerability,
safety and PK characteristics make it a promising single agent treatment for
patients with relapsed or refractory AML. Finale results will be presented at the
meeting.
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MULTI-LINEAGE DYSPLASIA AS ASSESSED BY IMMUNO-PHENOTYPE
HAS NO IMPACT ON OUTCOME OF ACUTE MYELOID LEUKEMIA WITH
MUTATED NUCLEOPHOSMIN (NPM1)
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THematology, University of Florence, Florence, Italy

Background: World Health Organization (WHO) classification of myeloid neo-
plasms considers AML with multi-lineage dysplasia (MLD) as a separate sub-
set. Morphologic assessment of residual hemopoiesis at AML diagnosis is the
standard criteria for defining MLD. The prognostic value of MLD is still under
debate due to technical and biologic reasons. Technical reasons include: i)
residual non-blast cells are few at AML diagnosis; ii) morphology is an opera-
tor-dependant technique. Moreover, MLD-related poor prognosis is supposed
to rely on neoplastic progression: MLD would imply a pre-existing myelodys-
plastic syndrome (MDS). On the other hand, MLD might merely be the result
of pathologic differentiation/maturation by the leukemic clone. A major contro-
versy concerns the significance of MLD in NPM1-mutated (NPM1+) AML. This
issue has major implications since NPM1+ status correlates with a relatively
good prognosis (especially when FLT3-wt). Falini et al (Blood 2010) showed
that morphologic MLD has no impact on biologic and prognostic features of
NPM1+ AML.

Aims: To investigate the prognostic significance of MLD in NPM1+ AML by a
technique alternative to morphology. Flow cytometry (FC) is emerging as a
useful method to study dysplasia, mainly by investigating the expression of
key antigens along with maturation. The application of FC to maturing cell com-
partments at AML diagnosis can provide some advantages compared to mor-
phology: i) the amount of studied cells is much larger; ii) phenotypic parame-
ters can be quantified and referred to controls and thus reliably standardized.
Methods: Patients: 70 pts with NPM1+ AML were included and characterized
according to standard criteria (morphology, karyotype, molecular genetics).
Flow cytometry: FACSCanto Il (BD) and Infinicyt software (Cytognos) were
used for data acquisition and analysis, respectively. Some major bone marrow
compartments (blast cells; maturing granulocytic, monocytic and erythroid com-
partments) were identified on the basis of light scatter and reactivity for CD45
and CD34. We adapted to AML an approach previously described for MDS
(Matarraz et al, Leukemia 2008): MLD was appraised through an immuno-phe-
notypic score (IPS) including 18 parameters (14 for granulocytic and 4 for ery-
throid lines).

Results: MLD was analyzed in 70 intensively treated NPM1+ AML cases.
Median age was 57 (24-70). Median white blood count (WBC) was 48.0 x 109/L
(1.2-260.0). Karyotype was normal in 62 (88.6%) pts. FLT3-ITD occurred in 27
pts (38.6%). MLD was assessable by morphology in 66 cases; according to
WHO criteria, 24 (36.4%) showed MLD. IPS was calculated in all 70 pts. Medi-
an IPS value was 6.25 (range 0.5-18.5). Pts were categorised according to IPS
higher (IPS+) or lower-equal (IPS-) than the median. Age, WBC and incidence
of morphologic MLD were not different in IPS groups. IPS+ group showed low-
er incidence of FLT3-ITD (25.7% vs 51.4%; P=0.048); interestingly, Falini et al
(Blood 2010) have reported analogue results with morphologic analysis. CR
rate was not different in IPS- (82.9%) and IPS+ (74.3%; P=0.56) groups. IPS
did not affect disease-free survival and overall survival, as displayed in Figure
1 A-B. FLT3 status confirmed its prognostic value in our cohort (Figure 1 C-D).
Summary / Conclusion: This study provides evidence that MLD, as assessed
by flow cytometry, does not influence clinical characteristics and outcome of
NPM1+ AML. These findings further support NPM1+ AML to be considered as a
separate entity and its prognostic assessment should not be based upon MLD.

A B
i\ DFS 11 o0s

PL s 823

[p—

"5 s 6.13 "S5 8.23

DFS 1 05

Com vurvial

BLTH - ITD

Figure 1.



P064

COMPREHENSIVE GENE MUTATION ANALYSES IN ACUTE MYELOID
LEUKEMIA: OVERLAP OF THE GENE MUTATIONS ARE IMPORTANT FOR
THE PROGNOSIS OF THE INTERMEDIATE RISK KARYOTYPE GROUP

S Wakita!,” H Yamaguchi®, T Ryotokuiji!, T Hirakawa®, | Omori', T Kitano?,
K Arail, F Kosaka!, K Dan?, K Inokuchi’

Division of Hematology, Department of Internal Medicine, Nippon Medical
School, Tokyo, Japan

Background: Molecular abnormalities in acute myeloid leukemia (AML) have
been revealed to be important.

Aims: To clarify their importance, we analyzed de novo AML patients with the
intermediate risk karyotype for molecular abnormalities in C/EBPa, NPM1, MLL-
PTD, FLT3, N/K-RAS, DNMT3a, IDH1/2 and TET2 genes.

Methods: We analyzed samples from 142 AML patients with the intermediate
risk karyotype diagnosed at Nippon Medical School Hospital from 2000 to 2012.
Bone marrow or peripheral blood samples containing 20% or more blast cells
were used for analyses. Mutation analyses were performed using PCR ampli-
fication for FLT3-ITD and MLL-PTD, and direct sequence for NPM1, C/EBPa,
DNMT3a, IDH1/2, TET2 and N/K-RAS.

Results: The NPM1, DNMT3a, FLT3-ITD, IDH1/2, TET2, C/EBPa, N/K-RAS
and MLL-PTD mutations were detected in 40.1%, 26.8%, 24.6%, 18.3%, 17.6%,
14.8%, 13.4% and 6.3% of our cohort, respectively. Many gene mutations were
found to be overlapped, but mutations of TET2 and IDH1/2, FLT3-ITD and N/K-
RAS mutation were mutually exclusive. When we performed prognostic analy-
ses for mutations of these genes, DNMT3 mutation and FLT3-ITD were isolat-
ed as a poor prognostic factor in overall survival (OS) as previously reported
(DNMT3a mutation: P=0.0056) (FLT3-ITD: P=0.0077). Moreover, in the FLT3-
ITD positive cases, OS of patients with DNMT3a R882 mutation was significant-
ly shorter than those without R882 mutation (P=0.0256). On the other hand,
NPM1 and C/EBPa mutation known as a favorable prognostic factor in the
FLT3-ITD negative cases did not affect the prognosis. Patients with DNMT3a,
FLT3-ITD, NPM1, IDH1/2, TET2 and C/EBPa, mutations frequently had over-
lapping gene mutations in 92.1%, 82.9%, 77.2%, 76.9%, 72.0% and 38.1%,
respectively. Furthermore, the prognosis of these AML patients could be clas-
sified by the number of overlapping mutations of these genes except no muta-
tion group (Figure 1, P<0.0001), and their prognostic importance was also
shown after excluding FLT3-ITD positive cases (P=0.0034). Additionally, in
patients with multiple gene mutations, DNMT3a mutations, especially of R882
mutations, were found highly frequently (DNMT3a: P<0.0001) (DNMT3a R882:
P<0.0001).

Summary / Conclusion: Our study revealed that the gene mutations appeared
to be overlapped, and the number of these gene mutations significantly affect-
ed the prognosis. Intriguingly the DNMT3a mutation may contribute to an occur-
rence of other gene mutation by giving genetic instability to acute myeloid
leukemia cells.
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MEDIUM-SIZED FLT3 INTERNAL TANDEM DUPLICATIONS CONFER
WORSE PROGNOSIS, THAN SHORT AND LONG DUPLICATIONS
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AdamZ2, A Kozma2, N Lovas2, A Sipos2, J Dolgos?, S Fekete2, P Remenyi2, T
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THungarian National Blood Transfusion Cervice, 2Department of Hematology
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Background: The internal tandem duplication (ITD) of the fms-like tyrosine
kinase 3 (FLT3) gene occurs in about 25% of adult acute myeloid leukemia

Stockholm, Sweden, June 13 — 16, 2013

(AML) patients. Several previous studies attempted to characterize the impact
of the size and the load of FLT3-ITD. While high mutant-to-wild type ratio was
repeatedly shown to be associated with adverse prognosis, different conclu-
sions emerged about how the length of the duplication may influence the out-
come.

Aims: To investigate the frequency of FLT3-ITD mutations and the possible cor-
relation between FLT3-ITD insertion size and clinical associations and progno-
sis in AML patients.

Methods: 388 AML patients (184 males/204 females; median age: 51; range:
16-93 years) diagnosed and followed between 2001-2009 were enrolled in the
study. Remission and relapse rates and survival were analyzed for 324 patients
younger than 60 years and treated with curative intention. FLT3-ITD mutations
were studied using PCR followed by capillary electrophoresis.

Results: FLT3-ITD mutations were detected in 82/388 (21.1%) cases. The
presence of ITD was related to de novo AML etiology (P<0.001). It associated
more frequently with M5 [34% (25/74) ITD+ vs. 15% (40/273) ITD-; P=0.0004].
ITD+ patients presented with significantly higher WBC counts and LDH at diag-
nosis (both P<0.001). ITD+ associated with intermediate risk cytogenetics [86%
(65/76) ITD+ vs. 50% (147/292) ITD-; P<0.001] and NPM1 mutation [59%
(47/80) ITD+ vs. 16% (50/304) ITD-; P<0.001]. In our entire patient cohort,
ITD+ itself did not associate with adverse prognosis, only relapse rate seemed
to be increased [65% (33/51) in ITD+ vs. 51% (88/174) ITD-; P=0.08]. The
FLT3 ITD- and NPM+ subgroup showed better overall and disease free survival
(OS and DFS) in the intermediate and normal karyotype subgroups. In contrast,
FLT3-ITD mutants with insertion length shorter or longer than 48bp, showed
similar clinical characteristics at diagnosis, but profoundly different treatment
outcome in the entire AML group. Longer ITDs were associated with higher ear-
ly death ratio [17% (5/30) ITD>48bp vs. 0% (0/38) ITD<48bp; P=0.01]; a ten-
dency toward higher relapse rate [84% (16/19) ITD>48bp vs. 55% (17/31)
ITD<48bp; P=0.06]; resulting in worse OS (P=0.02) and DFS (P=0.005).
Patients with ITD>48bp had worse OS and DFS compared to ITD negative
patients (n=255; P=0.04; P=0.013 respectively). Interestingly individuals with
longer than 60bp insertions (ITD>60bp; n=15) showed better OS and DFS com-
pared to patients with insertion between 48 and 60bp (ITD48-60bp; n=15,
P=0.014; P=0.019 respectively). Median survival at 24 months was 0% in
ITD48-60bp, 40+3% in ITD negative, 45+8% in ITD<48bp and 33%+12% in
ITD>60bp AML groups.

Summary / Conclusion: Our results suggest that the length of ITD mutations
may influence disease outcome, in a way that medium-sized FLT3 ITDs (48-
60 bp) may confer worse prognosis than shorter or longer mutations. As a pos-
sible explanation, ITD was reported to lead to the constitutive activation of the
kinase domain by disrupting the autoinhibitory interaction between the jux-
tamembrane domain and activation loop. In line with this hypothesis, longer
ITDs could lead to more profound destabilization of the inactive kinase. On the
other hand, longer ITDs were reported to be inserted more C-terminally in the
FLT3 protein, which may cause increased interference with the kinase activity,
leading to a reduced transforming capacity.
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CHARACTERIZATION OF FLT3 AND NPM1 MUTATIONS IN 17,783 AML
PATIENTS

N Adams!,” T Fodrie2, F Neff!, A Cubbon?,2

1LABPMM GMBH, Martinsried, Germany, 2LabPMM LLC, San Diego, United
States

Background: A recent series of publications confirms that FLT3 internal tan-
dem duplications (ITD) mutations are driver mutations for acute myeloid
leukemia (e.g., Smith et al., Nature. 2012. 485:260-3). From 2008 through Feb-
ruary 2013 our laboratories assayed bone marrow specimens and peripheral
blood 17,783 AML patients to identify and characterize ITD, FLT3 tyrosine
kinase domain (TKD) and NPM1 mutations.

Aims: A systematic review of the data derived from testing 17,783 patient sam-
ples for ITD, TKD, and 2743 patients for NPM1 mutations.

Methods: The ITD and TKD containing regions of the FLT3 gene, and exon 12
of NPM1 gene were amplified using PCR. The size of the ITD and NPM1 ampli-
con products were determined by capillary electrophoresis. The TKD amplicon
product was first digested with the EcoRV restriction enzyme and presence of
the mutation was determined by capillary electrophoresis. We determined the
rates of mutation for age/gender groups, and probed the dataset for trends for
co-incident evidence of mutations. Patients older than 100 were allocated to the
90-100 years age group. The mutations in ITD positive patients (n=3,240) were
assessed and characterized by ITD insertion size, number of insertions and the
presence of a concurrent TKD or NPM1 exon 12 mutation.

Results: For all mutations, the highest mutation rates were found in samples
in the middle age range and were lower in younger and older patients (e.g. 10-
20 years ITD 19.4%, TKD 4.1%, NPM1 22.1%; cf 30-40 years ITD 21.9%, TKD
7.6%, NPM1 22.1%; cf 80-90 years ITD 12.7%, TKD 4.5%, NPM1 5.1%). The
positive rate in females was higher compared to male subjects (14% higher for
all ages, but 48% higher in the 50-60 years age group). For all patients who test-
ed positive for an ITD mutation, there is an increased chance that they will test
positive for the TKD mutation. In the 20-50 years age group, this rate is 15%;

haematologica | 2013; 98(s1) | 27



18" Congress of the European Hematology Association

between 80-90 years the co-mutation rate is 55% increased in a TKD positive
result compared to the chances of being positive over all. Similar trends are
seen when comparing other combinations. ITD insertions varied from 3bp to
382bp with over 50% of insertions less that 57bp. Approximately 9% harbour
the TKD mutation and >29% contained more than one ITD insertion. Of patients
(n=304) also tested for NPM1 48% had a detectable exon 12 mutation.
Although the majority of AML patients harbouring ITD mutations have a single
mutation and an ITD that is <57bp, more than 9% of patients had ITD muta-
tions that were more than 100bp in size.

Summary / Conclusion: The rate of FLT3 ITD and TKD mutations seen in this
patient population (22.5%, n=17783) is similar to the 23% (n~53000) reported
by the Wellcome Trust Sanger COSMIC DB (www.sanger.ac.uk/genetics/
CGP/cosmic/) for all mutations in FLT3. Forty eight percent of FLT3 ITD posi-
tive patients also had a NPM1 mutation.

P067

THERAPY-RELATED MYELOID NEOPLASMS: REPORT OF THE ITALIAN
NETWORK ON SECONDARY LEUKEMIAS

L Fianchi’,” M Voso®, A Candoni2, G Gaidano3, M Criscuolo?, G Specchia#4,
E Pogliani®, B Monarca®, L Maurillo?, C Mecucci8, M Breccia¥, F Aversa'0,
R Musto’!, M Rondoni'2, C Fozza'3, R Invernizzi'4, A Spadea'®, S Fenu'6, G
Buda'?, M Gobbi'8, V Santini'®, S Mancini20, A Molteni2!, L Pagano?,
G Leone!
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tology Department, Ospedale Sant'Andrea, Roma, “Hematology Department,
Policlinico Universitario Tor Vergata, Roma, Roma, 8Hematology Department,
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di Genova, Genova, 1®Hematology Department, Universita di Firenze, Firen-
ze, 20Hematology Division, Ospedale S. Camillo, Roma, 2'Hematology Divi-
sion, Ospedale Niguarda, Milano, Italy

Background: In 2001, the World Health Organization (WHO) recognized ther-
apy-related myeloid neoplasms (t-MN) as a distinct entity including acute
myeloid leukemia (AML) and myelodisplastic syndromes (MDS). At present,
about 10% of all AML patients have a previous history of exposure to
chemotherapy and/or radiation for a primary malignancy or autoimmune dis-
ease.

Aims: In 2009, we initiated through a Web-database an epidemiological reg-
istry, with the purpose of collecting t-MN observed at Italian Hematological or
Oncological Divisions. Demographic and clinical information on individuals with
t-MN were included in the database whose access was restricted to selected
users and was password-protected.

Methods: Between May 2009 and December 2012 a total of 275 patients
observed at 21 Italian Centers [119 males and 154 females; median age 64
years (range 24-88 years)] with secondary leukemia were registered in the
web-database. Patients were diagnosed with a t-MN between 1999 and 2012,
with 246 cases arising after chemo or radiotherapy for a primary malignancy
or immunosuppressive therapy for an autoimmune disease, while in 29 cases
leukemia represented a second cancer in patients treated for a primary malig-
nancy with surgery alone.

Results: The primary malignancy (PM) was a hematological neoplasm in 115
cases (42%), a solid tumor in 152 cases (55%), an autoimmune disease in 8
patients (3%). Thirteen patients (5%) had a history of two or more previous can-
cers. Among hematological malignancies, the most frequent PM were lympho-
proliferative diseases (83/115 cases), while breast cancer (62/152 cases) was
the most frequent primary solid tumor. In particular, hematological PM were: 83
lymphoprolipherative diseases (62 Non Hodgkin and 17 Hodgkin lymphoma,
4 chronic lymphocytic leukemia); 12 Multiple myeloma; 1 Acute lymphoblastic
leukemia; 4 Acute myeloid leukemia (acute promielocytic leukemia in 2 cases).
There were also 15 patients with a previous history of myeloproliferative neo-
plasms (10 Myelofibrosis; 3 polycitemia vera; 2 essential thrombocythemia).
Sites of primary solid tumors were: 62 Breast; 37 Urogenital (17 prostate; 7
bladder; 1 kidney; 7 uterus; 5 ovarium) ; 17 Colon-rectal; 11 Lung; 7 Thyroid;
6 CNS; PM were localized at sites uncommon for t-MN in 11 patients (1 stom-
ach, 4 skin, 4 oropharynx; 2 sarcoma); 1 unknown. Eigth patients had previ-
ously received immunosuppressive therapy for a rheumatologic disease (5
with mitoxantrone and 3 with methotrexate). Two-hundred-eight patients had
previously received chemotherapy for their primary malignancy, associated to
radiotherapy in 79 cases. RT represented the only primary treatment in 38 cas-
es. Median latency between PM and t-MN was 6.6 years (range 0.2-48). No
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differences were observed in age of patients (P=0.09) or in the median laten-
cy (P=0.20) between t-MN after lymphoprolipherative diseases or after breast
cancer. According to morphology, t-MN were classified as 172 AML, 97 MDS
and 6 ALL. Kariotype was available for 188 patients only and was unfavorable
in 65 patients (complex in 51 patients including del(7) in 36 cases; 14 cases
with isolated del(7)]. A recurrent chromosomal translocation was present in 12
patients only [3 t(8;21), 8 t(15;17) and 1 inv(16)]. One-hundred-forty-eight
patients received chemotherapy for t-MN, while the hypomethylating drug Azac-
itidine was administered to 54 patients. Fifty-four patients underwent bone mar-
row transplantation (39 allogeneic and 15 autologous). Median OS from the t-
MN diagnosis was 9.4 months (range 0.2-128+).

Summary / Conclusion: The incidence of t-MN is rising as a result of the
increasing number of cancer survivors. Lymphoprolipherative diseases and
breast cancer result as the most common primary malignancies at risk of devel-
oping this disorder.
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AZACITIDINE FOR RELAPSE TREATMENT IN MYELOID MALIGNANCIES
FOLLOWING ALLOGENEIC HAEMATOPOIETIC STEM CELL TRANSPLAN-
TATION

B Tessoulin!,” P Chevallier!, S LeGouill!, P Moreau?, P Peterlin!, A LeBour-
geois’, M Mohty2, T Guillaume'

1Clinic of Hematology, University Hospital, Nantes, 2Clinic of Hematology, Uni-
versity Hospital-Saint Antoine, Paris, France

Background: Relapse after allo-HSCT for acute myeloid leukemia (AML) and
myelodysplastic syndromes (MDS) remains the main cause of treatment fail-
ure and is associated with poor prognosis and short survival. Pharmacological
immune-modulatio, chemotherapy with or without DLI(Donor Lymphocyte Infu-
sion) or second allo-HSCT are classically used as slavage therapy, but usual-
ly yield disappointing results with a relatively high toxicity, highlighting the need
for novel salvage therapies in this situation.

Aims: We aimed to assert the safety and efficacy of the hypomethylating agent
5-Aza with a standard dosing (75 mg/m?2/d for 7 days) as a salvage regimen at
relapse after Allo-SCT for myeloid malignancy, associated or not with DLI.
Methods: Between Sept. 2006 and Sept. 2012, thirty-one pts (median age, 57
y (range, 14-69) with de novo AML, n=13; secondary AML, n=6; MDS, n=11;
MPN, n=1, were treated in our institution with AZA for relapse occurring at a
median of 3.7 months (range, 1.7-37.6) after allo-HSCT.

Results: AZA was given SC at 75 mg/m2/d for 7 days per cylce. Grade IIl-IV
toxicities were observed in 32% of cases. AZA had to be discontinued due to
toxicity in 8 pts. 35% of the pts had to be readmitted to hospital due to compli-
cations of AZA. No de novo GVHD was reported during AZA therapy. Eleven
pts achieved a response: 7 partial responses, 4 complete responses, with a
median time to best response of 92 d (range, 35-247). The median overall sur-
vival (OS) time from treatment with AZA for the whole group was 153 days
(range, 39-928) without any difference in survival between patients receiving
or not subsequent DLI or other additional treatments. In univariate analysis,
achieving a response to 5-Aza improved the OS (308d vs 108d) whereas hav-
ing a monosomic or complex caryotype impaired the OS (118 vs 188, 105 vs
198, respectively), there was no interaction between rate of response to 5-aza
and caryotype characteristics, except for a trend between having a complex
caryotype and non-response to 5-Aza (OR=0,16 [P=0,11]). With multivariate
analysis, only the response to 5-Aza and the monosomic caryotype did still have
a significant level to impact the OS. Of note, the DLI had no significative ben-
efit, even for people obtaining a response (31months with DLI vs 13m without)
in our small cohort.

Summary / Conclusion: These findings suggest that AZA might be a potential-
ly effective strategy for relapse of high risk myeloid malignancies post allo-HSCT,
without unexpected toxicities or de novo GVHD. Prospective studies, but also pre-
emptive strategies using AZA are needed in such high risk diseases.

Probabiity of Survival

Figure 1.
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MONITORING MINIMAL RESIDUAL DISEASE IN NPM-1 MUTATED ACUTE
MYELOID LEUKEMIA. PRELIMINARY RESULTS AT A SINGLE INSTITU-
TION

C Pagani',” E Borlenghi’, E Cerqui’, G Ruggeri2, F Antoniazzi', F Schieppati®,
C Lamorgese’, C Cattaneo’, M Chiarini3, G Rossi’

1UO EMATOLOGIA, 2IIl Laboratorio, 3Laboratorio Biotecnologie, Spedali Civi-
li, Brescia, Italy

Background: The measure of minimal residual disease (MRD) can be a reli-
able prognostic tool in patients (pts) with acute myeloid leukemia (AML), even
in those with better prognosis because of NPM-1 mutation.

Aims: To identify pts at higher risk of relapse westudied MRD by real-time
quantitative PCR of NPM-1 (Gorello, 2006) at different time points, compared
with WT-1 expression quantification (Cilloni, JCO 2009) and with identification
of aberrant leukemia-associatedimmunophenothypes (LAIPs) by six-color mul-
tiparametric flow cytometry (MFC).

Methods: From June 2010 to January 2013, we observed 31 de novo, consec-
utive NPM-1 mutated pts (1 B-type, 30 A-type) [M/F 15/16; median age 60y
(range 30-75y)], treated according to GIMEMA AML17 and NILG AMLOO pro-
tocols. At diagnosis, 26/31(83.8%) had normal karyotype and 5 had chromo-
somal abnormalities; FLT3-ITD was detected in 10/30 (33,3%) cases. Periph-
eral blood (PB) and bone marrow (BM) samples were collected at diagnosis,
after induction, consolidation and at the end of therapy. The cut-off value used
for MFC detection of MRD was 0.1% after induction (Al-Mawali, 2009) and
0.035% after consolidation (Buccisano, 2010).

Results: Complete remission (CR) was achieved in all pts after one course of
chemotherapy (ICE or MICE or FLAG). Relapse occurred in 6 (19.3%) at a
median of 12 months (range 6-17) from the achievement CR and 1,5 months
(range 1-7) from the end of therapy. Median follow-up was 12 months (1-41).
MRD data at different time points were evaluated as predictors of relapse risk.
There weren't differences in the pretreatment parameters of CCR vs relapsed
pts, particularly median age (60 vs 63 y), FLT3-ITD mutation (36% vs 20%) and
chromosomal aberrations (19% vs 20%), respectively. The median level of
NPM-1/ABL x 104 was significantly lower in CCR then in the relapsed pts [50054
(range 380-97280) vs 96175 (range 843-132390), (P 0.039 Student’s T test)].
At CR achievement and after consolidation, the negativity of NPM-1, consider-
ing all the series, was achieved in 4/29 (13,8%) and in 10/27 (37%) respective-
ly, without difference between the 2 groups of pts. The decrease of NPM-1 lev-
el compared to pretreatment levels was greater in CCR then in relapsed pts
(40,6% vs 20%>P 0.3 Fisher’s test). At the end of therapy NPM-1 was unde-
tectable in 11/19 pts (57,9%), with significant difference between CCR and
relapsed pts (11/13 vs 0/6: p0.001 Fisher’s exact test). The WT-1 was over-
expressed in PB and in BM in all pts, without differences between PB vs BM
and CCR vs relapsed pts. Significantly more pts who obtained the WT-1 nor-
malization levels (<213/abl x104) in BM after CR did not relpase(P 0,009-Fish-
er’s test). LAIPs were identified in 21/25 (84%) at diagnosis; 9/19 (47.3%) and
4/18 (22,2%) had MRD negative in MFC in the post induction and after consol-
idation, respectively, without differences in 2 groups. The overall survival
between 2 groups was significantly different (P 0.017).

Summary / Conclusion: In AML patients with NPM-1 mutation, only NPM
median levels among pretreatment parameters including FLT3-ITD status, age
and additional chromosomal aberrations, significantly influenced prognosis.
Achieving WT-1 negativity post induction and, more strongly, NPM-1’s negativ-
ity at the end of therapy, as reported also by Kronke (JCO, 2011), significantly
predicted continuous CR. The role of NPM-1 clearance during treatment and
of LAIPs MRD levels need further studies.
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THE PROGNOSTIC IMPACT OF ADDITIONAL KARYOTYPIC ABNORMAL-
ITIES IN T(8;21) ACUTE MYELOID LEUKEMIA

L Zhentang!,” H Fung?, N Hin2, L Zi Yi2, C Xin', C Charles’, H Aloysius’
THaematology, Singapore General Hospital, 2Haematology-Oncology, Nation-
al University Cancer Institute, Singapore, Singapore

Background: Acute myeloid leukemia (AML) with translocation (8;21)(q22;922)
is associated with a favourable prognosis with standard treatment for AML with
an overall survival of 50-60% based on large databases. However, significant
heterogeneity appears to exist amongst the patients diagnosed with t(8;21)
AML, with some patients experiencing early relapse and subsequently refrac-
tory disease. In addition, a few Asian studies also showed that t(8;21) was not
found to be associated with a better survival compared with normal risk AML,
suggesting that unidentified genetic polymorphism might be at play.

Aims: We aim to perform a retrospective analysis of patients with t(8;21) AML
from registry databases in the National University Hospital (NUH) and the Sin-
gapore General Hospital (SGH) looking at prognostic factors that may influence
outcomes of these patients.

Methods: Patients diagnosed with t(8;21) AML identified from the registry were
included in the review. Those who did not receive induction chemotherapy were
excluded. Univariate survival and outcomes data were analysed according to
demographic and cytogenetic subgroups using the Kaplan Meier method. Mul-
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tivariate analysis of the different subgroups was performed using cox-regres-
sion.

Results: 61 patients were available for analysis. The median age was 38 years
old (interquartile range (IQR): 25-51 years), 31.1% of patients were younger
than the age of 30. 47.5% of the patients were female. The median total white
count was 11.65x109/L (IQR: 5.75-25.68) and median bone marrow blast was
60% (IQR: 40-77%).

5 patients were excluded from analysis of overall survival and progression sur-
vival as they did not receive intensive chemotherapy with curative intent. The
median follow up time was 81.3 months (range: 1.4 to 178 months). 3 patients
(5.4%) of the patients did not attain a complete remission after induction and
required a second induction. Overall survival at 8 years was 61.9% and relapse
free survival was 50.6% Most of the patients relapsed within 15 months after
initiation of induction treatment. In univariate analysis, the age of > 30, > 1
additional structural cytogenetic abnormality and the presence of additional
chromosomal abnormalities other than sex chromosome or 9q deletion appears
to be associated with a worse overall survival. In particular, t(8;21) AML asso-
ciated with additional chromosomal abnormalities other than sex chromosome
or 9q deletion is associated with only 22.7% 8 year survival compared with
82.2% 8 year survival in those with an additional sex chromosome or 9q dele-
tion (P=0.001). This remained significant after multivariate analysis, HR 4.14
(95% ClI: 1.02-16.95). C-Kit mutation analysis was performed on 42(68%)
patients, D816 mutation was found in 8 (19%) of the patients. The presence of
D816 mutation showed a trend towards worse relapse free survival (P=0.059)
but not overall survival (P=0.32).

Summary / Conclusion: There is significant heterogeneity amongst the (8;21)
AML cohort, those with complex cytogenetics or additional chromosomal abnor-
malities other than sex chromosome or 9q deletion appear to be associated with
a worse prognosis. Further analysis using whole exome sequencing is under-
way to further identify partner mutations that may affect the prognosis of this
cohort of patients.
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BAALC GENE EXPRESSION REDUCTION DURING INDUCTION PREDICTS
OUTCOME IN ACUTE MYELOID LEUKEMIA
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THematology, Careggi Hospital, Florence, Italy

Background: Age, cytogenetics and secondary versus de novo disease are the
most important factors predicting CR in AML patients. These factors provide a
pre-treatment stratification in risk groups with different probabilities to obtain CR
but they are not sufficient to predict the individual response to induction treat-
ment that is variable. Moreover, to collect the necessary information in time to
allow stratification at diagnosis is not generally possible. Recently, a variety of
novel molecular markers have refined the risk stratification of intermediate-risk
AML; in addition altered genes expression have been proposed as important
prognostic marker. BAALC (Brain And Acute Leukemia, Cytoplasmic) is a gene
located on chromosome 8g22.3, it encodes a protein with unknown function.
BAALC expression was found mainly in CD34+ cells but is restricted to the com-
partment of progenitor cells, while no expression was detected in mature bone
marrow or circulating white blood cells. High BAALC expression levels were
shown to be associated with treatment outcome in AML.

Aims: In our previous studies we displayed that early peripheral blast clearance
(PBC), as assessed by flow cytometry and by WT1 copy reduction, well corre-
lates with first course response and CR attainment in AML. We investigated
whether assessment of BAALC transcript levels in peripheral blood the first
days during standard induction therapy could provide information on the
chemosensitivity of leukemic blasts and predict for clinically relevant end points.
Methods: We explored the kinetics of BAALC transcript to estimate PBC in
peripheral blood samples collected on day 1 (immediately before starting ther-
apy) and on day 5 (the fifth day after start of treatment, immediately before
cytarabine infusion) in 57 adult patients with AML. Written informed consent was
obtained in accordance with the Declaration of Helsinki. Quantification of
BAALC gene expression was carried out by real time quantitative PCR using
BAALC ProfileQuant Kit from Ipsogen. We calculated BAALC ratio as the ratio
of copy number measured on day 1 and on day 5. We used median BAALC ratio
as the cut-off to divide the patients into two groups.

Results: Main characteristics of 57 examined patients were: median age 48
years (18-65), median WBC count/microL 13400 (1240-286000), low interme-
diate and high cytogenetic risk group patients number was7, 32, 15 respective-
ly, FLT-3-ITD occurred in 14 patients (24%). The median BAALC ratio in over-
all cohort was 5.82 (range 0.83-373.11). The median BAALC ratio was greater
in patients attaining CR as compared to non responders (10.7 vs 2.04;
P=0.0006). Of 29 patients with a BAALC ratio >5.82, 24 (82%) achieved CR
compared to 11 of 28 patients (41.4%) with a ratio <5.82 (P=0.002). We found
that among the 35 patients attaining CR after the “3+7” course, the DFS (Fig-
ure 1A) and OS (Figure 1B) were significantly longer in those patients display-
ing a BAALC ratio >5.82 compared to patients with a BAALC ratio <5.82
(P=0.024 and P<0.001, respectively).

Summary / Conclusion: These data confirmed that PBC assessment by
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BAALC kinetics is an early predictor of disease outcome and it allows accurate
stratification of patients since the very first days of therapy; as such, it entails
potential implications for the management of AML, specifically in order to cus-
tomize treatment since the outset.

A Disease-free Survival B Overall Survival
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Figure 1.
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MIDOSTAURIN (MIDO) DEMONSTRATES A FAVORABLE SAFETY PRO-
FILE IN OLDER PATIENTS (PTS) WITH ACUTE MYELOID LEUKEMIA (AML)
OR MYELODYSPLASTIC SYNDROME (MDS)
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Background: The majority of pts with AML are aged = 60 years (y) and have
therapeutic challenges related to host factors (such as age or comorbidities)
and to intrinsic resistance to available therapies. Fms-like tyrosine kinase recep-
tor 3 internal tandem duplications (FLT3-ITD) are observed in 25-30% of old-
er pts with AML and correlate with poor prognosis. The multitargeted FLT3
tyrosine kinase inhibitor (TKI) mido (PKC412) has demonstrated activity and
tolerable safety as a single agent in pts with systemic mastocytosis (Gotlib et
al. Blood. 2012) as well as in a phase 2 study in AML or high-risk MDS (Fisch-
er et al. J Clin Oncol. 2010). The current subset analysis represents full safe-
ty data from the latter study to better define the safety of mido in older (60-74
y and 2 75 y) pts with AML or MDS.

Methods: Pts with relapsed/refractory (r/r) AML or de novo AML not on stan-
dard chemotherapy (n=85) or MDS (n=10) were included. Pts received mido
50 mg (n=51) or 100 mg (n=44) twice daily (BID) in 28-d cycles. All pts received
at least 1 dose of study drug and were evaluable for safety.

Table 1. Most frequent studydrug related-AEs (210% of pts unless other-
wise indicated).

Al Pts2 60 y, Group A Group B: Group C:
n (%) Pts 60-Tdy, n(%) | Pts276y. n(%) | Pts<60y, n(%)
(N = 80) (n = 58) n=22 n=1

1(5)
Headache (4) 1 (5) 12) 0 4(27)
_Biochemical abnormalities
increased AST o [ 3@ T702 [ 1@) FIT] FIC] 17) 0
Increased ALT 8(10) | 3(4) | 6(10) | 2(@3) 2(9) 1(8) | 2013} 0
“‘"”“:""" 3(4) 0 23) 0 1(5) 0 3(20) 0
%—M [1] [1] [1] 0 [1] 0 2(13) [1]
* Occuming in2 5% of pts.
bincludes the terms "abdominal pain® and “abdominal pain upper.”
ALT, alanine # - AST, £

Results: Of 95 enrolled pts, 58 were aged 60-74 y (Group A; median 67 y) and
22 were 275y (Group B; median 77 y). Fifteen pts were aged <60 y (Group C).
More pts in Group A vs Group B had r/r disease at baseline (48% vs 14%,
respectively). Pts aged 60-74 y were also more likely to have AML than MDS
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(91% vs 82% with AML in Group A and B, respectively), a recurrence within 3
mo of study entry (40% vs 9%), and poorer performance status (WHO 22: 12%
vs 5%). The median duration of exposure to mido was shorter in Group Avs B
(44 d [range, 1-332] vs 62 d [range, 12-187]). All pts experienced at least 1
adverse event (AE). The first onset of most AEs occurred by cycle 2. Pyrexia
was the only AE with first onset occurring during or after cycle 3 in 2 10% of
pts (n=9, 11%). Study drug—related AEs were experienced by 70% of pts (69%
and 73% of pts in Group A and B, respectively) and were mainly grade 1/2, with
gastrointestinal (Gl) toxicity occurring most frequently (Table 1). Rates of drug-
related AEs of any grade were slightly higher in pts aged 60-74 y than in pts =
75y, with the exception of thrombocytopenia, nausea, diarrhea, and anorexia.
Drug-related grade 3/4 AEs were less frequent in pts aged 60-74 y (17% vs 36%
in Group A vs B) and most commonly included hematologic AEs and laborato-
ry abnormalities. No drug—related grade 4 Gl AEs were reported. Drug-related
AEs (any-grade and grade 3/4) were more frequent with 100 mg BID vs 50 mg
BID in pts aged 275y, but this dose effect was not observed in pts 60-74 y. Seri-
ous AEs occurred in 58 pts (73%; 42 and 16 pts in Groups A and B, respec-
tively) and most commonly included febrile neutropenia (n=18), pneumonia
(n=18), and pyrexia (n=12). Twelve (21%) and 4 (18%) pts in Groups A and B,
respectively, discontinued study treatment due to AEs, most commonly due to
infections or respiratory, thoracic, and mediastinal disorders. Of the 27 pts who
died on study, more deaths occurred in pts aged 60-74 y (36% and 27% of pts
in Groups A and B), a higher proportion of whom had r/r disease.

Summary / Conclusion: Overall, AEs occurring on mido monotherapy were
less frequent in pts aged 60-74 y than in the small group of pts = 75 y. The most
common AEs were low-grade Gl events that resolved with dose modification
or interruption. There were only slight differences in the rates of Gl AEs (nau-
sea, diarrhea) between pts aged 60-74 and = 75 y, and fewer AEs, including
GI AEs, were observed in pts aged 2 60 than pts <60 y.
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HAEMOSTATIC PARAMETERS AS PROGNOSTIC FACTORS IN ACUTE
MYELOID LEUKEMIA

I Djunic!,” N Suvajdzic-Vukovic’,2, M Virijevic!, A Novkovic3, M Mitrovic?,
N Colovic':2, A Vidovic!,2, D Tomin?:2

1Clinic for Hematology, Clinical Center of Serbia, 2Faculty of Medicine, Univer-
sity of Belgrade, 3Clinical Hospital Center Zemun, Belgrade, Serbia

Background: Haemostatic abnormalities are apparent at presentation in a
subset of patients with nonpromyelocytic acute myeloid leukemia (AML).
Recent studies indicated that a high level of fibrinogen at presentation is cor-
related with a poor outcome for patients with AML (Lancet.
2010;376(9757):2000-8; ASH abstract 2011: No 3593).

Aims: The aim of this study was to determine the role of haemostatic param-
eters as prognostic factors for overall survival (OS), complete remission (CR)
rate, disease-free survival (DFS) and early death (ED) in patients with AML.
Methods: This single-center study involved 302 adult patients with nonpromye-
locytic de novo AML during follow-up of 48 months. At presentation of disease
the following haemostatic parameters were evaluated at diagnosis as risk fac-
tors for OS, CR, DFS and ED: fibrinogen level > 4 g/L, prothrombin time (PT)
<60%, activated partial prothrombin time (aPTT) > 35s, D-dimer level >250
ng/mL and International Society for Thrombosis and Haemostasis Scoring Sys-
tem for disseminated intravascular coagulation (ISTH DIC score) = 5. Patients
were treated according to Medical Research Council (MRC) 12 protocol, with
50% reduction of the anthracycline dose for subjects aged > 60 years. Patients
aged >75 years received hydroxyurea per os. Risk factors were identified using
univariate and multivariate analysis.

Results: The mean patients’ age was 57 years (range 19-79 years). Multivari-
ate logistic regression analysis indicated that a high fibrinogen level was the
most significant factor for poor OS (P<0.001, relative risk (RR) = 2.168; 95%
Cl 1.574-2.986). In addition, multivariate analysis identified a high fibrinogen
level as the most significant factor for both - lower CR rate (P=0.001, RR =
0.378; 95% CI 0.203-0.706) and shorter DFS (P=0.016, RR = 1.971; 95 % CI
1.135-3.423). In contrast, multivariate analysis identified an ISTH DIC score =
5 to be the most important haemostatic parameter for ED (P=0.006, RR 2.371;
95 %Cl 1.282-4.385).

Summary / Conclusion: This study has shown that a high fibrinogen level at
presentation of nonpromyelocytic AML is significantly correlated with poor OS,
CR rate and DFS, while ISTH DIC score 2 5 is associated with a higher ED rate.
According to data in the literature high fibrinogen levels in AML have a poten-
tial role in resistance to chemotherapy. A high concentration of fibrinogen may
also be a marker of increased inflammation in AML patients, which needs to
be confirmed in further investigations.
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SUCCESSFUL SALVAGE TREATMENT WITH CLOFARABINE AND
CYTARABINE (ARA-C) IN RELAPSED/REFRACTORY ACUTE MYELOID
LEUKEMIA

A Malato!,” A Santoro®, R Felice, S Magrin®, D Turri?, R Di Bella', D Salemi®,
F Acquaviva', R Scimé’, F Fabbiano'

1UOC Ematologia con UTMO, Ospedali Riuniti Villa Sofia-Cervello, Palermo,
Palermo, Italy

Background: Relapsed/refractory AML patients have a poor prognosis, with CR
rates of 1%>30%, unless allogeneic hematopoietic stem cell transplantation
(HSCT) is an available option. Although retrospective modeling studies have
demonstrated the prognostic value of selected parameters, responses with sal-
vage therapies remain still poor. It was previously established the activity of clo-
farabine plus cytarabine in AML relapse (clofarabine dosed once daily for 5
days with 40 mg/m2 followed 4 hours later by ara-C at 1 g/m2 per day). How-
ever, madifications of this combination in AML therapy of relapsed/refractory
patients warrant further evaluation.

Aims: To determine the efficacy and safety of clofarabine and cytarabine (Ara-
C) in adult patients with relapsed or refractory acute myeloid leukemia (AML).
Methods: Twenty-five patients aged (30-67) years with refractory/relapsed
AML were treated at the dose of clofarabine 30 mg/mq on days 1-5 + cytara-
bine 1000 mg/mq gg on days 1-5. We evaluated the complete remission rate
(CRR), duration of remission (DOR) and overall survival (OS). Minimal resid-
ual disease (MRD) by molecular targeting was considered in all patients.
Results: Twenty-five patients received clofarabine 30 mg/mq on days 1-5 +
cytarabine 1000 mg/mqg gg on days 1-5, (followed by gentuzumab therapy in
only three patients). All patients had relapsed/refractory myeloid leukemia and
had received multiple priors therapies. Six pts had received a prior hematopoi-
etic stem cell transplant (HSCT). Fourteen patients achieved a complete remis-
sion (CR); nine patients went on to receive allogeneic transplants after clofara-
bine/ARA-C salvage. The complete remission rate (CRR) was (56,00 %) The
Median of Overall survival for all patients was (149) days (range 12-1152),
while the media of Overall survival (OS) was (221.52) days, and we estimated
a duration of remission (DOR) as (195.00) days in median (range 41-1131), and
(311.36) days in media (we calculated from the first day of remission). Treat-
ment was complicated by neutropenic fever (n=16), grade Ill-IV mucositis (n=2),
skin rush (n=1) grade II- lll, hepatic transaminase elevations (n=2). Two (n=5)
patient died before their disease status could be evaluated

Summary / Conclusion: Combination treatment with clofarabine 30 mg/mq
and ARA-C 1000 mg/mq in adults pts with refractory or relapsed AML resulted
in an ORR of (56,00 %) and of the (14) patients who achieved a CR, nine
(64.29%) proceeded to HSCT (Five are still alive). The safety profile is accept-
able in this relapsed/refractory population, and our results are very similar to
previous regimes using higher clofarabine dosages. More studies with this com-
bination in adults are warranted

Stockholm, Sweden, June 13 — 16, 2013

Chronic lymphocytic leukemia: Translational
Research
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ACHIEVING BONE MARROW CLL MINIMAL RESIDUAL DISEASE-FREE
STATUS WITH FIRST-LINE FCR IS ASSOCIATED WITH IMPROVED PFS
AND CAN BE CONSIDERED A PRIMARY TREATMENT OBJECTIVE

P Strati!,” M KEATING?, S O'Brien’, A Ferrajoli’, J Burger?, N Jain?, Z Estrov?,
J Jorgensen, S Faderl!, W Wierda’

1MD Anderson Cancer Center, Houston, United States

Background: MRD-Free Status After 3 courses of First-Line FCR Achieves
Comparable PFS to 4-6 Courses

Aims: To prospectively investigate clinical and biological factors associated
with bone marrow MRD status and outcomes in first-line FCR. To determine the
prognostic and therapeutic implications of bone marrow MRD in CLL.
Methods: Two-hundred thirty-seven pts with CLL and standard NCI/IWCLL
indication for treatment were evaluated for pretreatmet characteristics, includ-
ing prognostic factors. They received up to 6 courses of standard first-line flu-
darabine, cyclophosphamide, and rituximab (FCR) between 09/2008 and
09/2012. MRD was prospectively assessed in bone marrow by 4 or 6-color
flow cytometry after course 3 and 2 months after 6t or last course of treatment.
Categorical and continuous variables were compared using x2 and Mann-Whit-
ney tests. Kaplan-Meier estimates were compared using the log-rank test. Cox
regression was used for multivariate analyses (MVA).

Results: All 237 pts completed treatment and were evaluable for response
assessment by NCI/IWCLL criteria; 61% were male, 21% were older than 65
years, 40% had Rai stage IlI-IV CLL, 41% had beta2-microglobulin (B2M) * 4
mg/L, 61% had unmutated /GHV gene, and 18% had FISH analysis positive for
trisomy 12 (+12), 21% for deletion 11q and 7% for deletion 17p (del17p). Seven-
ty-five percent of pts received more than 3 total courses of FCR. The complete
remission (CR) and overall response (OR) rate was 65 and 97%, respectively.
MRD negativity was achieved in 59% of pts at response assessment. Baseline
characteristics independently associated with MRD negative status in MVA were
Rai stage 0-1I (P=0.04), mutated IGHV gene (P=0.002), +12 (P=0.02) and lack
of del17p (P=0.02). After a median follow-up of 28 months (range 4-53), median
progression-free survival (PFS) and overall survival (OS) were not reached. Base-
line characteristic associated with a shorter PFS in MVA were unmutated IGHV
gene (P=0.03) and presence of del17p (P<0.001). When evaluating response
variables in MVA, partial remission (P=0.01), non-response (P=0.03) and MRD
positivity (P=0.002) were independently associated with shorter PFS. Five groups
were defined according to number of FCR courses and MRD status (Figure 1):
pts receiving 3 or fewer total courses, MRD positive (MRD3+) and MRD nega-
tive (MRD3-); pts receiving more than 3 total courses, negative both after 3 cours-
es and at response assessment (MRD3-/EOT-), positive at both time points
(MRD3+/EOT+), or positive after 3 courses, but negative at response assessment
(MRD3+/EOT-). PFS was significantly shorter for MRD3+ (median 30 months,
P<0.001) and for MRD3+/EOT+(median not reached, P<0.001). No differences
in PFS were observed between MRD3-, MRD3-/EOT- and MRD+/EQOT- with cur-
rent follow up. When comparing MRD3+/EOT- and MRD3+/EOT+ according to
baseline and treatment characteristics, only a high CR rate was associated with
MRD3+/EOT- (P<0.001).

Summary / Conclusion: CLL pts with early stage disease, mutated IGHV gene,
+12 positive and lack of del17p are more likely to achieve MRD negativity with
frontline FCR therapy, which is independently associated with improved PFS.
With this early follow up, it appears that if MRD free status is achieved after 3
courses, FCR can be safely stopped without compromising PFS outcome.
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DEVELOPMENT OF A COMPREHENSIVE PROGNOSTIC INDEX FOR PRE-
VIOUSLY UNTREATED PATIENTS WITH CHRONIC LYMPHOCYTIC
LEUKEMIA

N Pflug?,” J Bahlo!, T Shanafelt?, B Eichhorst!, M Bergmann3, T Elter?,
K Bauer!, G Malchau4, K Rabe®, S Stilgenbauer3, H Déhner3, U Jager®,
M Eckart’, G Hopfinger8, R Busch9, A Fink10, C Wendtner!!, K Fischer,
N Kay'2, M Hallek’

1Department | of Internal Medicine and Center of Integrated Oncology Cologne
Bonn, University hospital of Cologne, KéIn, Germany, 2Department of Internal
Medicine, Division of Hematology, Mayo Clinic, , Rochester, United States,
3Department of Internal Medicine 1Il, Ulm University Hospital, Ulm, 4Institute of
Clinical Chemistry, University hospital of Cologne, Kéln, Germany, SDepart-
ment of Health Sciences Research, Mayo Clinic, Rochester, United States,
6Department of Internal Medicine I, Division of Hematology and Haemostase-
ology and Comprehensive Cancer Center, Medical University of Vienna, Vien-
na, Austria, "THamatologische und Onkologische Schwerpunktpraxis, Erlangen,
Germany, 8Department lIl of Internal Medicine, University Hospital of Salzburg,
Salzburg, Austria, ®Institute for Medical Statistics and Epidemiology, Munich,
10Department of Internal Medicine |, Division of Hematology and Haemostase-
ology and Comprehensive Cancer Center, University hospital of Cologne, Kdln,
"Department of Hematology, Oncology, Immunology, Palliative Care, Infecti-
ology and Tropical Medicine, Hospital Munich- Schwabing, Munich, Germany,
12Department of Internal Medicine, Division of Hematology, Mayo Clinic,
Rochester, United States

Background: Until now, the prognosis and indication for treatment in chronic
lymphocytic leukemia (CLL) are guided by the staging systems of Binet and Rai.
During the last decade, however, a number of robust predictors of overall sur-
vival (OS) have been identified. The multiplicity of new markers, limited infor-
mation on their independent prognostic value, and a lack of understanding of
how to interpret discordant markers have been major barriers to application of
these prognostic tools in routine clinical practice.

Aims: We therefore performed a pooled analysis using the database of the Ger-
man CLL Study Group (GCLLSG) to develop an integrated prognostic index.
This index was subsequently validated in an independent cohort of untreated
CLL patients (pts) from the Mayo Clinic CLL Database.

Methods: The development of the index was based on data collected between
1997 & 2006 in three GCLLSG phase Ill trials: 710 in CLL1 (“watch and wait”
versus fludarabine (F)), 362 in CLL4 (F versus F and cyclophosphamide (FC))
and 817 pts in the CLLS8 trial (FC versus FC and rituximab (FCR)). The exter-
nal validation was performed on a series of 676 pts with newly diagnosed CLL
followed and managed at Mayo Clinic.
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Results: The GCLLSG data set, a total of 1948 pts (median age of 60 years
(range, 30 to 81 years)), was used for the pooled analysis. The study popula-
tion consisted of physically fit patients at all stages of disease (799 (42.4%)
Binet stage A, 717 (38.0%) Binet stage B and 370 (19.6%) Binet stage C
patients). After a median observation time of 63.4 months 485 deaths were
reported. Multivariate analyses of 23 prognostic factors including baseline char-
acteristics, laboratory results, molecular cytogenetic, mutational status and
serum parameters were performed. Eight parameters were identified as inde-
pendent predictors for OS: sex, age, ECOG status, genetic aberrations del(17p)
and del(11q), /IGHV mutation status, s-TK, and s-B,m. By using a weighted
grading of independent factors, a prognostic index was derived separating four
different pts groups: low risk (score 0 - 2), intermediate risk (score 3 - 5), high
risk (score 6 - 10) and very high risk (score 11 - 14) (Figure 1A) with significant
different OS rates (95.2%, 86.9%, 67.7% and 18.7% survival after 5 years for
the low, intermediate, high and very high risk group (P<0.001, respectively)).
This prognostic index was then validated in a cohort of 676 pts from the Mayo
Clinic. At last follow-up, 163 (24.1%) patients have been treated and 66 (9.8%)
have died. At presentation, 396 (57.1%) patients were Rai stage 0, 270 (39.9%)
Rai stages I-1l and 20 (3.0%) Rai stages IlI-V. The four risk groups of the prog-
nostic index for OS were reproduced with 98.3%, 95.4%, 75.4% and 10.8% sur-
vival after 5 years (Figure 1B). Slight differences in survival rates by risk cate-
gory between the two cohorts are likely explained bya shorter observation time
(median, 63.4 versus 47.0 months, P<0.001) and high proportion of censored
data. The prognostic index predicted survival independent of disease stage for
all Rai risk categories (not shown). Furthermore the index score provides accu-
rate estimations regarding the time to first treatment for newly diagnosed CLL
patients (Figure 1C).

Summary / Conclusion: Using a multi-step process including an independent
external validation cohort, we developed a comprehensive prognostic index for
pts with CLL. The prognostic index provides more accurate prediction of both
treatment-free and overall survival for CLL patients and appears generally
applicable.
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THE EXPRESSION OF A SINGLE MICRORNA - MIR-34A - IS A RELIABLE
MARKER FOR IMPAIRMENT OF P53-PATHWAY IN CHRONIC LYMPHO-
CYTIC LEUKEMIA

M Mraz!,” K Cernal, K Musilova', J Malcikova®l, K Plevova’, S Pavlova’,
B Tichy', Y Brychtova'!, M Doubek?, J Mayer!, M Trbusek!, S Pospisilova’
1CEITEC MU, Brno, Czech Republic; Dept. of Internal Medicine — Hematology
and Oncology, University Hospital Brno and Faculty of Medicine, Masaryk Uni-
versity, Brno, Czech Republic, Brno, Czech Republic

Background: We and others have shown that miR-34a is down-regulated in
the aggressive CLL subtype harbouring p53 aberration (Mraz, 2009; Zenz,
2009; Asslaber, 2010). However, these studies only specifically studied the
expression of miR-34a or few other selected miRNAs that were previously
shown to be associated with cancer biology.

Aims: Here we performed an unbiased search for miRNAs that are involved
in fludarabine-induced cell death in CLL cells in vitro and in vivo to investigate
the relevance of miR-34a as a marker for impairment of p53 pathway and
resistance of CLL to therapy.

Results: To test for miRNAs that are involved in apoptotic pathways in CLL cells
we treated in vitro ten purified primary CLL B-cell samples with fludarabine
(IC50 dose of 3.5 ug/mL, 48hrs), and profiled the expression of 750 miRNAs
(TagMan miRNA Cards, ABI). This identified induction of 15 miRNAs (fold induc-
tion [FI] >1.5) with miR-34a being the most prominently up-regulated miRNA
(FI13.7). To verify this observation in vivo we obtained peripheral blood from CLL
patients treated with a FCR regimen that includes administration of rituximab
(R) on day1, followed by fludarabine (F) and cyclophosphamide (C) on day2, 3
and 4. The samples were obtained from patients before administration of ther-
apy, 24hrs after administration of R and 48hrs after FC. The administration of
R did not induce miR-34a expression, which was however clearly induced in
most samples (96%) after FC administration (FI 2.2, P<0.0001). Additionally,
the levels of miR-34a before or after FCR administration were strongly corre-
lated with P53-aberration present in 5 out of 52 FCR-treated patients; with
patients harbouring P53-aberration having the lowest miR-34a levels from the
whole cohort. Interestingly, CLL cases with deletion of ATM (del11923, N=19),
an up-stream regulator of p53, had similar basal and induced levels of miR-34a
compared to cases without del11923 (N=28). Importantly, when the FCR-treat-
ed patients were divided into terciles based on the level of miR-34a after FC,
those with the lowest levels of miR-34a experienced significantly shorter time
to treatment failure (1.1 years vs. 2.2 years; P=0.037; HR 3.01). These data
and the broad screening of fludarabine-induced miRNAs confirmed that miR-
34ais the preferential miRNA activated with apoptosis and DNA damage path-
way in CLL. This prompted us to develop an assay for absolute quantification
of miR-34a that allowed us to determine the copy numbers of miR-34a and to
define the precise cut-offs(similarly to assays for ber-abl quantification in CML).
Using this assay, we profiled the expression of miR-34a in 200 CLL patients
(miR-34a expression ranged from 1 to 81820 copies/10e6 copies of internal
standard). Significantly, miR-34a levels below 2500 copies (N=47) were corre-



lated with shorter overall survival (9.6 years vs. not-reached, HR 2.2 [CI 1.1-
4.5], P=0.03). The low miR-34a levels were also apparently associated with the
deletion & p53 mutation of 17p13 (N=18) or sole p53 mutation (N=13) in this
second CLL cohort (P<0.005).

Summary / Conclusion: Our data provide evidence and novel tool for the use
of miR-34a as a marker of p53-aberration, which can be especially useful in cas-
es with sole p53 mutation not accompanied by 17p13 deletion that cannot be
discriminated by routine FISH. Patients with sole p53 mutation represents
approx. 1/3 of p53 aberrant cases with inferior prognosis similar to cases with
del17p13.

IGA MZCR NT11218-6/2010, FR-TI2/254.
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CHRONIC LYMPHOCYTIC LEUKEMIA CELLS FROM PAIRED LYMPH
NODE AND PERIPHERAL BLOOD SHOW A DIFFERENT PATTERN OF
COPY NUMBER ABERRATIONS

S Boninal,” | Giudice®, S Chiaretti’, M Marinelli’, M Messina®!, F Mauro?,
\% Mai?ﬂ M Propris!, S Raponi’, M Nanni!, D Rossi2, G Gaidano?, A Guarini?,
R Foa

1Division of Hematology, Department of Cellular Biotechnologies and Hematol-
ogy, Sapienza University of Rome, Rome, 2Division of Hematology, Depart-
ment of Translational Medicine, Amedeo Avogadro University of Eastern Pied-
mont, Novara, Italy

Background: Chronic lymphocytic leukemia (CLL) is characterized by the
accumulation of neoplastic B cells in peripheral blood (PB), bone marrow (BM),
lymph nodes (LN) and hepatosplenic tissue. BM and LN are most likely the sites
of disease maintenance and progression, where the crosstalk with accessory
stromal cells prevents CLL cells from apoptosis and enhances their prolifera-
tion. Recent data indicate that CLL cells obtained from PB exert a different
gene expression profile compared to LN cells.

Aims: Aim of the study was to assess if CLL shows a distinctive qualitative and
quantitative pattern of chromosomal alterations in different disease compart-
ments by analyzing copy number aberrations (CNAs) by single nucleotide poly-
morphism (SNP) arrays in tumor cells extracted concurrently from the PB and
LN of each patient.

Methods: Genomic DNA was extracted from paired PB, LN and saliva samples
of 10 CLL patients. Cases were selected on the basis of: j) availability of CLL
cells simultaneously extracted from PB and LN biopsies; ij) CD5*/CD19* cells
in PB and LN >70%; iii) absence of Richter syndrome and iv) availability of
germline material (saliva). CNA analysis was performed by genomic hybridiza-
tion using the CytoScan HD array (Affymetrix), according to manufacturer’s
instruction. The array contains more than 2.6x106 copy number markers, includ-
ing 750.000 SNPs. Data were analyzed using the Chromosome Analysis Suite
(ChAS) Software (Affymetrix). Germline DNA was used to exclude non tumor-
related aberrations.

Results: LN samples showed CNAs in all cases, with an average of 4.8
CNAs/case (range1-16). LN CNAs were mainly represented by losses (81%),
of which 38% were focal (€10 genes) and 62% non-focal. The other 19% of
CNAs were non-focal gains. PB samples showed CNAs in 9/10 cases, with a
mean of 4.4 CNAs/case (range 0-16). A similar pattern to that of LN was found
in PB, with 79% of losses and 21% of gains, with a slight increase of focal
lesions (45% losses and 17% gains). Overall, a total of 26 CNAs were shared
by paired LN and PB samples, while 6 CNAs specific of the LN compartment
were not found in the corresponding PB; 2 lesions were specific of the PB com-
partment. An intra-patient analysis showed that in 3 cases (30%) LN revealed
different CNAs compared with the corresponding PB: one exclusive LN lesion
(del6q16.3-926) in case #1, 4 in case #2 (del8p23.3-p11.11, del9p24.3-p13.1,
del13914.1-g31.1 and del13q31.1), while case #3 showed one CNAs exclusive
of the LN (del5q14.3-q21.3) and 2 specific of the PB (del6g23.3-q24.1 and
del13914.11). In addition, two shared CNAs were much larger in the LN than
PB in case #2 and case #3. The other 7 cases shared the same lesions in both
compartments. Among them, it is interesting to note that 8 CNAs of 4 patients
were represented at a higher percentage in the LN compared to the PB (mean:
81% in LN and 64% in PB).

Summary / Conclusion: This study shows that a subset of CLL patients with
LN involvement reveals a specific pattern of CNAs in LN-derived tumor cells
compared to the corresponding circulating counterpart. In fact, LN-derived cells
can show either additional or larger CNAs than PB in at least one third of cas-
es, with a greater clonal representation of the common lesions, corroborating
the notion that the LN microenvironment contributes to CLL cell proliferation and
possible clone selection. Further investigations on the genetic lesions are war-
ranted.

Stockholm, Sweden, June 13 — 16, 2013
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SF3B1 MUTATIONS IN CLL ARE FUNCTIONALLY EQUIVALENT TO ATM
GENE ALTERATIONS AND CAUSE DEFECTIVE PUMA AND P21 UPREG-
ULATION IN RESPONSE TO DNA DAMAGE
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Departments of Hematology and Experimental Immunology, Academic Med-
ical Center Amsterdam , Amsterdam, Netherlands, 2CEITEC - Center of Molec-
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lic, 3Department of Translantional Oncology, National Center for Tumor Dis-
eases (NCT), German Cancer Research Center (DFKZ) & Department of Med-
icine V, University Hospital Heidelberg, Heidelberg, Germany, 4Department of
Hematology, Rigshospitalet, Copenhagen, Denmark, 5School of Cancer Sci-
ences, University of Birmingham, Birmingham, United Kingdom

Background: Mutations or deletions of the tumor suppressor p53 or its
upstream kinase ATM are well-known determinants of poor prognosis in chron-
ic lymphocytic leukemia (CLL). In recent years, genome-wide sequencing has
uncovered novel gene mutations that also correspond with poor prognosis.
Specifically, recurrent mutations in the splicing factor SF3B7 and the Notch1
proto-oncogene have been found. These mutations were (in part) mutually
exclusive with TP53 aberrations, which suggested their overlap in biological
function.

Aims: To investigate whether SF3B71 and Notch1 mutations affect the p53/ATM
axis.

Results: Here, we report results of a comparative analysis of p53 target genes
and in vitro responses to cytotoxic drugs in CLL samples with TP53 (n=13), ATM
(n=18), SF3B1 (n=20) and Notch1 (n=10) mutations. Upon irradiation, mRNA
induction of p53 targets genes (p21, Puma, CD95, Bax, PCNA, FXDR) was
decreased in SF3B1 (overall P<0.01), but notin Notch1 mutated CLL samples.
SF3B1 mutated samples resembled ATM mutated CLL in displaying a defec-
tive but not absent p53 response. At protein level, Puma and p21 induction
were defective or absent. This corresponded with decreased apoptosis after in
vitro treatment with fludarabine. Treatment with nutlin, either alone or in com-
bination with fludarabine, restored cell death induction, again indicating an over-
lap with ATM dysfunction. Since it is emerging that SF3B7 mutation correlates
with 11q deletion we performed extensive analysis of the coding sequence of
the ATM gene (exons 1-62) in all SF3B1 mutated cases. In this cohort there was
an overlap of SF3B1 mutations with ATM mutations and/or 11qdeletions in 59%
of SF3B1 mutated cases (10/17; in 3 cases ATM analysis is ongoing), and of
18% (3/17) with TP53 mutation. Importantly, 4 SF3B1 mutated cases did not
have an ATM mutation, 11q deletion or TP53 mutation, but still these samples
displayed an impaired response to irradiation and cytotoxic drugs, indicating that
the functional defect can occur independently of ATM or TP53 mutation/dele-
tion.

Summary / Conclusion: In conclusion, the recently described mutations in a
splicing factor SF3B71 in CLL can be linked at the functional level to defective
ATM and/or p53 target gene responses, providing an explanation for the poor
clinical prognosis of CLL patients with SF3B1 mutations.
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A HIGH NUMBER OF LOSSES IN 11Q CHROMOSOME IS ASSOCIATED
WITH SHORT TIME TO FIRST TREATMENT (TFT) AND OVERALL SUR-
VIVAL (OS) IN PATIENTS WITH CHRONIC LYMPHOCYTIC LEUKEMIA (CLL)
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Background: Genetic abnormalities in CLL define subgroups of patients with
different survival. Recently, our group and others have reported that the num-
ber of losses in 13q or 17p is associated with the prognosis. CLL patients with
11g- have a bad prognosis, although the exact impact of 11g- in the outcome
remains to be elucidated

Aims: To analyze in a multicentric study whether the number of losses in 11q
in patients with CLL has an influence in OS and TFT.

Methods: A total 0f2,493 patients registered in DataBase of CLL of Spanish
Group of Cytogenetics (GCECGH) and Spanish Group of CLL (GELLC) were
included. Clinical data, FISH information (11q, 12, 13q, 14q and 17p probes)
and molecular studies were recorded. Genome-wide expression analysis of
clonal B-cell lymphocytes of 11qg- patients was also performed using Human
Gene 2.0 microarrays (Affymetrix).

Results: A total of 242 patients (10.3%) had 11g-. The final analysis was lim-
ited to 197 cases (151 male, median age 65 yr) after excluding cases with
monoclonal B-cell lymphocytosis, lack of clinical data or inappropriate follow-
up. Most of patients (61%) were in Binet's stage A. In 82 out of 197 patients
(42%) 11g- was the sole cytogenetic aberration at diagnosis. Median OS of
patients with 11g- was 106 months (CI95%, 97-128) and TFT was 25 months
(CI195%, 31-44). Interestingly, in patients with loss of 11q 40 % of cells (146
cases, 74%), the OS was 90 months (CI95%, 57-123), while in the group with
<40 % of losses in 11q, the OS has not been reached (C195%, 114-157)
(P=0.008).In the univariate analysis, clinical stage (P=0.002), B-symptoms
(P=0.041), hepatomegaly (P=0.025), splenomegaly (P<0.0001), lymphocyte
count >20 x 109/L (P= 0.049), a high serum LDH (P<0.0001), B,M levels
(P<0.0001) and high number of cells 11g- (>40) (P< 0.0001) were associated
with a short OS. In the Cox analysis for OS, variables included in the final mod-
el were serum LDH (P=0.035), BoM serum (P=0.005) and del11q 240
(P=0.004).Regarding TFT, in patients with 240% of losses in 11q the median
TFT was 18 months (CI95%, 12-24) vs. 44 months (CI95%, 33-55)
(P<0.0001).In the univariate analysis, significant variables were clinical stage
(P=0.004), serum LDH (P=0.045), serum $2M (P=0.012), high CD38 expres-
sion (P=0.022), high ZAP70 expression (P=0.025), unmutated IGVH
(P<0.0001) and del11q 240 (P<0.0001). In the multivariate analysis, only unmu-
tated IGVH status resulted significant in predicting TFT (P=0.014). No differ-
ences in OS or TFT were observed between patients with del11q as a sole cyto-
genetic aberration vs. del11q plus other cytogenetic aberration, although
patients with 11g- and 13g- combination exhibited a trend for a better OS
(P=0.06). Regarding gene expression analysis, patients with 11g- showed a dis-
tinctive gene expression profile characterized by an activation of NFkB signal-
ing, due to the overexpression of genes such as BTRC and TLR. In addition,
an overexpression of URB4, ILK, BSG, SHH, and downregulation of STC1 and
CASR, leading to a decreased apoptosis (P=0.006), as well as upregulation of
ILK, BTRC, RPL7A and FOXM1, involved in deregulation of the cell cycle
(P=0.03) was observed in 11g- patients. Of note, overexpression of JUNB,
described as a proto-oncogen was also observed in 11g-patients, which could
lead to a higher cell proliferation (P=0.009).

Summary / Conclusion: In patients with CLL, a high number of losses in 11q
is associated with a shorter TFT and OS. This group of patients is character-
ized by an activation of NFkB signaling leading to a decreased apoptosis and
high proliferation
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NOTCH1 MUTATED IGHV UNMUTATED CHRONIC LYMPHOCYTIC
LEUKEMIA CONSTITUTIVELY OVEREXPRESSED NUCLEOPHOSMIN-1
AND RIBOSOME-ASSOCIATED COMPONENTS
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Background: stabilizing mutations of NOTCH1 have been identified in about
10% of chronic lymphocytic leukemia (CLL) cases at diagnosis, with a higher
frequency in unmutated /IGHV (IGHV-UM), immuno-chemorefractory or
advanced disease phase CLL. In CLL, all NOTCH1 mutations disrupt the C-
terminal PEST domain (about 80% of which are a 7544-7545delCT frameshift
deletion) and cause an accumulation of an active NOTCH1 isoform. Clinically,
the presence of NOTCH1 mutations is an independent predictor of overall sur-
vival in CLL and identifies a subset of patients with particularly unfavourable
prognosis (Rossi et al, Blood, 119, 2012; Del Poeta et al, Br J Haematol, 160,
2013).

Aims: to identify molecular/biological features of NOTCH1 mutated CLL.
Methods: the presence of the NOTCH1 7544-7545delCTwas investigated by
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ARMS-PCR.The percentage of NOTCH1 DNA in the context of the CLL clone
was determined by quantitative real-time PCR (QRT-PCR). Gene expression
profile (GEP) was performed by a one-color labeling strategy using the 4x44K
platform. Specific gene/protein validations were performed by QRT-PCR, west-
ern blotting, immunofluorescence for confocal microscopy and immunohisto-
chemistry. Proliferation of CLL cells by CpG/IL2 stimulation was evaluated by
a BrdU uptake assay.

Results: in a cohort of 431 IGHV-UM CLL, the NOTCH1 7544-7545delCT was
found in 97/431 (22.5%) cases. QRT-PCR revealed a percentage of NOTCH1
mutated DNA ranging from 1 to 37%. CLL carrying the NOTCH1 7544-
7545delCT (NOTCH1-mut, 8 cases; from 11% to 37% of NOTCH1 mutated
DNA) showed higher NOTCH1 protein expression than cases lacking
NOTCH1-mut (11 cases) employing monoclonal antibodies either recognizing
the trans-membrane (mean fold increase=3.0) or the intra-citoplasmic (mean
fold increase=2.1) NOTCH1 domain. A GEP comparing purified cells of 5 IGHV-
UM NOTCH1-mut CLL (from 15% to 37% of NOTCH1 mutated DNA) and 5
IGHV-UM CLL lacking NOTCH1-mut selected nucleophosmin-1 (NPM1) and
genes codifying for several ribosomal proteins (RPS6, RPS10, RPS17, RPS28,
RPSA, RPL7A, RPL18) as significantly up regulated in NOTCH7-mut CLL.
QRT-PCR validations confirmed GEP results in a wider series of 34 cases (18
NOTCH1-mut cases). Western blot in 19 cases (8 NOTCH17-mut cases) con-
firmed a higher NPM1 protein expression in NOTCH17-mut cases (1.3-5.2 range
of fold increase). Consistently, lymph nodes preparations from NOTCH1-mut
cases revealed a strong NPM1 staining both in nucleoli and cytoplasms. When
intracellular distribution and fluorescent intensity of NPM7 immunostaining was
evaluated, both NOTCH1-mut and NOTCH1-wt showed a visible nucleoplas-
mic staining; with an additional cytoplasmic staining visible in NOTCH7-mut
cases. Finally, when stimulated in-vitro with the CpG/IL2 combination,
NOTCH1-mut IGHV-UM CLL cells proliferated, as detected by a BrdU uptake
assay (>10 fold increase over control), and up-regulated NPM1 both at tran-
script (mean fold increase=2.02 after 18 hours of CpG exposure, P=0.001)
and protein (fold increase=1.34 after 6 hours of CpG exposure) levels.
Summary / Conclusion: NPM1 was constitutively overexpressed in NOTCH1-
mut /IGHV-UM CLL together with several ribosome-associated components. An
increased activity of the ribosomal machinery/DNA-repair mechanisms (Lind-
strom MS. Biochem. Res. Int. 2011, 2011) in NOTCH1-mut CLL may concur to
explain immuno-chemorefractoriness of patients affected by CLL bearing this
novel mutation.
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CLL: DIFFERENT AGES, DIFFERENT ANTIGEN RECEPTOR PROFILES
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Background: CLL is considered a disease of the elderly, however, 20-30% of
patients referred to specialized hematological centers are aged 55 or younger.
Limited information is available concerning possible distinctive features of
younger patients, especially with respect to the immunoglobulin (IG) repertoire
of the clonotypic antigen receptors, which is relevant in view of recent thera-
peutic developments.

Aims: We conducted a large, multicenter study aiming at obtaining insight into



the clinical and biological characteristics of patients in different age groups,
with a special emphasis on immunogenetic profiles.

Methods: The cohort included 4615 patients with the following characteristics:
males: 2953/4615 (64%); Binet stage A/B/C: 2154/624/346; mutated/unmutat-
ed (M/U) IGHV genes: 2472 (53.5%)/2143 (46.5%); CD38 expression:
905/3176 (28.5%); del(13q): 1383/2284 (61%), del(11q): 362/2248 (16%),
del(17p): 258/2272 (11%), trisomy 12: 414/2090 (20%). Based on age distribu-
tion, patients were divided in four groups, each representing almost a quartile
of the sampled population: A: 71+ years, n= 1048; B: 63-70 years, n=1158; C:
55-62 years, n=1218; and D: <55 years, n=1191.

Results: Advanced age (71+) was associated with Binet stage C (P=0.003),
CD38 expression (P=0.015) and trisomy 12 (P<0.001); in contrast, del(11q),
del(13q) and del(17p) were equally distributed among the four age groups. The
mutational status of the clonotypic IGHV genes was overall similar in all age
groups. Notably, however, the four age groups exhibited distinct IGHV gene
repertoires: (i) lower frequency of the IGHV4-34 and IGHV1-69 genes in group
A (71+) versus groups B-C-D (P=0.008); (ii) higher frequency of the IGHV4-39
and IGHV1-2 genes in group A (71+) versus groups B-C-D (P=0.032); (iii) pre-
dominance of the IGHV3-21 gene in groups A-B-C versus D (<55) (P<0.05).
Extending the analysis to B cell receptor (BcR) stereotypy, the age distribution
of major stereotyped subsets was distinctly different (P<0.001). In particular,
patients in subsets #4 (M-CLL, IGHV4-34), #148 (M-CLL, IGHV2-5), #3, #5
and #7 (U-CLL, all IGHV1-69) had significantly younger ages at diagnosis com-
pared to subsets #1 (U-CLL, Clan | genes), #2 (IGHV3-21), #6 (U-CLL, IGHV1-
69) and #8 (U-CLL, IGHV4-39). Among 2952 cases with available data, disease
progression requiring treatment was seen in 63% of Group A cases, 69% of
Group B cases, 72.6% of Group C cases and 75.2% of Group D cases
(P<0.001); admittedly, this could also be related to the fact that younger patients
are allowed more time to progress before they die of comorbidity. In univariate
analysis, advanced age had a significant negative impact on time-to-first-treat-
ment (TTFT) (P=0.04) along with male gender, advanced clinical stage, unmu-
tated IGHV genes, CD38 expression and del(17p). However, in multivariate
analysis only advanced clinical stage, unmutated IGHV genes and del(17p)
retained significance.

Summary / Conclusion: In conclusion, CLL patients in different age groups
exhibit distinct features extending from clinical stage at diagnosis to immuno-
genetic profiles. The striking |G repertoire differences between younger versus
older patients with CLL could reflect different rates of disease progression or
different antigen exposure histories, including excessive production of apoptot-
ic and oxidative products due to aging that could stimulate cells with distinctive
antigen receptors. Alternatively, repertoire biases in older patients might also
be a consequence of the physiological process of immune senescence.

P083
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Background: Impaired TP53 function through mutations and/or deletions is the
most characterized factor associated with chemoresistance in chronic lympho-
cytic leukemia (CLL). Since direct sequencing, the standard technique for TP53
mutation detection, does not evaluate TP53 function, a functional assessment
of the TP53 pathway may be of interest to identify high risk CLL.

Aims: To develop a short-term functional assay evaluating TP53 and TP53 tar-
get gene modulation upon in vitro exposure of CLL cells to the non-genotoxic
TP53 activator Nutlin-3.

Methods: The functional assay was set-up on cell lines recapitulating all TP53
genotypes (EHEB, TP53wUwt. RAJI, TP53mutwt. MEC-1 and MAVER1,
TP53mutidel: H| -0, TP53del/del) and evaluated in two multi-institutional cohorts,
purposely enriched in CLL bearing TP53 disruption: a training cohort (TC) of 100
cases and a validation cohort (VC) of 40 cases, characterized by FISH and
TP53 direct sequencing. Cells were exposed to 10uM of Nutlin-3 for 24 hours.
TP53 accumulation was evaluated by Western blotting (WB) and TP53 tran-
scriptional activity was determined by quantitative real time PCR (qRT-PCR) of
the TP53-target genes CDKN1A, BAX, PUMA.

Results: By WB analysis on cell lines, we defined: i) a normal pattern (i.e.
absence of basal TP53 and induction after treatment) in EHEB cells; ii) a mutant
pattern (i.e. high basal TP53 without increase after treatment) in MEC-1,
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MAVER-1 and RAJI cells; iii) a null pattern (i.e. absence of TP53 before and
after treatment) in HL-60 cells; iv) a detection sensitivity of 5% of TP53-express-
ing cells by dilution experiments. By WB analysis of the TC, we defined: i) 63
normal patterns (51 TP53wtwt 12 Tp53deliwt); jj) 18 mutant patterns (3
TP53mutiwt 15 TP53mut/del): jii) 19 intermediate patterns, i.e. an important basal
accumulation of TP53 which increased upon Nutlin-3 exposure (11 TP53wtwt,
5 TP53mutiwt; 3 Tp53mutidel) QRT-PCR of TC cases for expression of the TP53-
target genes CDKN1A, BAX, PUMA revealed that all the 25 cases with a mutat-
ed TP53 status (TP53mut/wt or TP53mut/del) had negligible/no induction of all the
three TP53-target genes upon Nutlin-3 exposure, while in the 75 cases with
unmutated TP53 status (TP53"Wt or TP53delWt) a marked induction of all three
genes (P<0.001) was observed. Of note, CDKN1A had the greatest amplitude
of induction compared to BAX or PUMA (P<0.001 for both comparisons), sug-
gesting the use of this target for the TP53 functional evaluation. In particular, a
value of about 5-fold increase for CDKN1A was able to segregate: i) all the 18
mutant patterns from the majority (56/63) of normal pattern cases (including the
12 TP53deliwt cases); ii) in the context of cases with an intermediate pattern by
WB, the 8 cases with a TP53 mutated status from the 11 TP53WtWt cases. In
addition, this approach was able to identify 7 cases with a normal WB pattern
which failed to up-regulate CDKN1A, i.e. putatively carrying defects on the DNA
damage pathway other than TP53 defects. The proposed functional assay was
separately validated “in blind” (5 independent data analysers) in a VC which
included 13 TP53Wtwt cases, 3 TP53delwt cases, 12 TP53Mutwt cases and 12
TP53mutidel cases (sensitivity 0.9, 95% Cl 0.78-1; specificity 0.875, 95% Cl
0.713-1).

Summary / Conclusion: The combined evaluation of TP53 and CDKN1A mod-
ulation upon Nutlin-3 exposure may represent a useful low-cost functional test
to identify TP53 dysfunctional cases that escape FISH and direct sequencing.
This approach may contribute to refine the prognostic assessment of high risk
CLL.
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ATM INACTIVATION DISTURBS ATM-P53 PATHWAY IN RESPONSE TO
DNA DAMAGE INDUCED BY DOXORUBICIN BUT NOT FLUDARABINE IN
CLL CELLS

V Navrkalova®,” L Sebejova®, B Kubesova?, M Doubek?, J Mayer?, S Pospisilo-
val, M Trbusek!

TMolecular medicine, CEITEC, MU, 2Department of Internal Medicine-Hema-
tooncology, University Hospital Brno , Brno, Czech Republic

Background: Abnormalities of ATM gene are frequent in chronic lymphocytic
leukemia (CLL) patients and represent important prognostic factor. ATM defects
are commonly assessed through 11q deletion (11g-) monitoring, nevertheless
complete ATM inactivation stems from biallelic ATM defects (mutation/11g- or
two mutations) or from sole ATM mutation manifesting dominant-negative effect.
After DNA damage caused by ionizing radiation (IR), it is well established that ATM
plays crucial role in response to dsDNA breaks (DSBs), especially through trig-
gering the p53 pathway. The impact of ATM inactivation in response to conven-
tionally used DNA damaging drugs is much less understood although this inacti-
vation could have important predictive value.

Aims: Our aim was to assess ATM inactivation impact on in vitro CLL cells
response to fludarabine and doxorubicin, with respect to the ATM-p53 pathway
activation.

Methods: To assess p53 pathway activation after drug exposure we used: (a)
Real-time PCR to analyze p53-downstream gene (CDKN1A (p21), BBC3
(PUMA), BAX, and GADD45) induction after 24 h treatment of CLL cells with flu-
darabine and doxorubicin or after2, 10, 24 h IR exposure (5 Gy in total, 0.3
Gy/min), (b) Western blotting (WB) for total p53 and Ser15-p53 after 24 h fludara-
bine treatment; these experiments were performed on wt samples with artificial-
ly inactivated ATM (inhibitor KU55933) and on CLL samples harboring ATM muta-
tion(s), and (c) WB for Ser1981-ATM and Ser15-p53 to evaluate immediate ATM
activation in mutated samples after 1 h IR exposure.

Results: The samples with inactivated ATM exhibited clearly impaired induction
of all four p53-downstream genes after doxorubicin, but not fludarabine treat-
ment (3/3 artificially inactivated samples and 16/20 ATM-mutated samples from
our previous study; 14 samples harbored biallelic defect and two harbored sin-
gle mutation at hot-spot codon 3008). Since doxorubicin is supposedly
radiomimetic drug, we verified the ATM-dependent response to DSBs using IR.
We performed the same analysis on 8 ATM-mutated samples and 5 samples with
preserved ATM function (i.e., wt or sole 11g-) and observed similarly impaired
response in ATM-defective group, however with the exception of BAX gene that
had preserved induction. The preserved p53-downstream pathway response
after fludarabine prompted us to analyze p53 accumulation and activation. First-
ly, we confirmed that fludarabine creates DSBs (gH2AX accumulation after 24 h
exposure) and then showed that in relevant proportion of cases the p53 stabiliza-
tion is present (2/4 artificially inactivated samples and 3/4 ATM-mutated samples;
the last mutated sample demonstrated partial p53 stabilization). Our observations
show subtle ATM impact on studied response to fludarabine suggesting the
involvement of other signaling kinase(s) in the p53 pathway activation. To further
analyze loss of ATM function within the DNA damage response cascade, we also
monitored ATM autophosphorylation on Ser1981 and p53 phosphorylation on
Ser-15 in two ATM-mutated samples after IR. One ATM-mutant showed obvious-
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ly diminished autophosphorylation and both mutants completely lost any activi-
ty towards p53 activation and stabilization.

Summary / Conclusion: CLL cells lacking ATM activity manifest clearly impaired
p53 pathway activation after doxorubicin, while this response appears to be nor-
mal after fludarabine. It seems that ATM inactivation is prominently manifested
in the end of ATM-p53 pathway while initial processes are less influenced. The
work was supported by grants FR-T12/254, NT13519 and MUNI/A/0723/2012.
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SEQUENTIAL MRD ANALYSIS IN CLL DEMONSTRATES EXPONENTIAL
EXPANSION WITH A PATTERN THAT CANNOT BE PREDICTED FROM
PRE-TREATMENT DOUBLING TIME.

A Rawstron!,” R de Tute?, T Munir2, A Jack?, P Hillmen2

THMDS, 2ZHaematology, St. James's Institute of Oncology, Leeds, United King-
dom

Background: Minimal residual disease (MRD) is an independent predictor of dis-
ease-free and overall survival in B-cell chronic lymphocytic leukaemia. There is a
correlation between the levels of residual disease and the time to relapse which
suggests that CLL cells probably undergo exponential expansion even at a very
low level. However the kinetics of disease progression when CLL cells represent
less than 1% of total leucocytes is not clearly defined.

Aims: To obtain pilot information on the pattern of relapse at low level which could
be valuable for the design of clinical trails aimed at consolidation, maintenance and
MRD eradication.

Methods: Peripheral blood samples from 30 individuals with CLL who achieved
MRD-negative status after treatment were prospectively assessed for minimal
residual disease using multi-parameter flow cytometry with a detection limit of
0.004% every 3-6 months. Inclusion criteria for this analysis were the availability
of at least 4 sequential samples with detectable residual disease with no thera-
peutic intervention during the follow-up period and 18/30 patients were evaluable.
Results: CLL cells showed an exponential increase from the first point of detec-
tion in all evaluable cases. There was a median of 6 (range 4-19) informative
time-points in the 18 cases. The Pearson correlation coefficient between log CLL
cell level and time since first MRD-positive sample was a median 0.981, range
0.903-0.998. Doubling times after treatment were significantly lower than pre-
treatment (pre-treatment median 6.3 months vs. post-treatment median 2.3
months, paired T-test P=0.03). Although the expansion was exponential it was not-
ed that in many individuals there was an apparent pause in progression followed
by a change in the expansion rate when the CLL cell level approach normal B-cell
levels, i.e. approximately 500/uL. We further analysed 8 patients with sufficient data
to evaluate expansion kinetics when the CLL cell levels were below 500/uL and
compared to the rate of expansion when CLL cell levels were above 500/uL. The
doubling time was on average twice as long when the CLL cell levels were above
500/uL compared to the initial rate (paired T-test P=0.049) although individuals with
an initial doubling time less than 4 months typically maintained a rapid doubling
time (n=5). Changes in the doubling time from less than 6 months to more than
12 months were seen in 2/8 cases.

Summary / Conclusion: The results from this pilot data support the hypothesis
that expansion of CLL cells even at the lowest detectable levels follows an expo-
nential pattern. Cases with a rapid doubling time before treatment also show rap-
id expansion after treatment but otherwise the post-treatment CLL doubling rate
is not predictable from pre-treatment lymphocyte doubling time. In many cases the
rate of expansion changes as CLL cell count approaches normal B-cell levels.
Analysis of a larger series of cases is required to understand the pattern of expan-
sion and identify optimal time-points to re-introduce treatment. The data provides
biological support for the application of MRD as a surrogate end-point in CLL
treatment.
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NOTCH1 MUTATIONS ARE ASSOCIATED WITH THE 14Q DELETION IN
CHRONIC LYMPHOCYTIC LEUKEMIA (CLL) AND LYMPHOCYTIC LYM-
PHOMA (LL)

F Nguyen-Khac',” A Cosson2, E Chapiro’, N Belhouachi, H Cung’, B Keren?,
F Damm3, C Algrin!, CLefebvre4, SFert-Ferrer5, | Luquets, N Gachard?,
F Mugneret8, C Terre9, M Collonge-Rame'0, L Michaux!, | Rafdord-Weiss'2,
P Talmant!3, L Veronese'4, N Nadal5, S Struski'6, C Barin'7, C Helias'8,
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Background: The deletion of the long arm of chromosome 14 (del14q) is a rare
(<5%) but recurrent event in CLL. The size of the deletion is variable, and its
molecular consequences are unknown.

Aims: The aim of our study is to characterize this abnormality in a large cohort
of patients.

Methods: The Groupe Francophone de Cytogenetique Hematologique (GFCH)
collected data from 89 patients with CLL or LL, harboring a del14q. Morpho-
logical review was performed for 65 of them and immunological review for 48.
All karyotypes were reviewed by members of the GFCH. Fluorescence in situ
hybridization (FISH) analysis was performed with 5 probes (CEP12, 13q14,
TP53, ATM, 6921), an IGH probe, and BACs RP11-35D12 and RP11-226F19
covering the ZFP36L1 gene on 14g24.1. SNP-array analysis (illumina omni1,
omin2.5) was performed for 37 patients. The IGHV status was analyzed local-
ly, or in our laboratory. The mutation hotspots of NOTCH1 (exon 34), SF3B1
(exons 14-16), XPO1 (exons 14-15), MYD88 (exon 5) and TP53 (exons 4-10)
were analyzed by direct sequencing.

Results: Patients were classified as 49 CLL Matutes score 4-5, 5 atypical CLL
score 3 (all CD5+, CD23+), and 27 LL. The sex ratio M/F was 1.02. Among CLL,
there were 35 (66%) stages A and 18 (34%) stage B/C. The median time from
diagnosis to first treatment was 17 months for CLL, 1 month for LL. Eight
patients were excluded with a Matutes score<3 or not evaluable. The karyotype
showed chromosomal translocation in 26/79 (33%) (10 balanced, 16 unbal-
anced) and was complex (> 3 abnormalities) in 26/79 (33%) cases. Using kary-
otype and FISH, we observed 28/79 (35%) trisomy 12, 12/79 (15%) 13q14
deletions, 11/80 (14%) TP53 deletions, 5/79 (6%) ATM deletions, 3/76 (4%),
6921 deletions. The whole CLL cohort showed 15/53 (28%) tri 12, 11/53 (21%)
del13q, 8/54 (15%) delTP53, 4/53 (7%) delATM, 2/50 (4%) del6qg. There was
no significant difference between CLL score 4-5 and CLL score 3. IGHV sta-
tus was not mutated in 41/53 (77%) patients, and the gene IGHV1-69 was
rearranged in 21/52 (40%) cases. NOTCH1 gene was mutated in 14/45 (31%)
patients, SF3B1 in 3/45 (7%), XPO1 in 2/45 (4.5%), MYD88 in 0/43, TP53 in
6/43 (14%) cases. Comparing LL to CLL, there was no significant difference
regarding cytogenetic and molecular abnormalities except for trisomy 12, more
frequentin LL (13/26 (50%) vs 15/53 (28%), P=0.08) and 13q14 deletion, less
frequentin LL (1/26 (4%) vs 11/53 (21%), P=0.09). The 14q deletions appeared
distributed along chromosome 14 from bands q11 to q32. The centromeric and
telomeric breakpoints of the 14q deletion were investigated by FISH or SNP-
array when material was available, and allowed us to categorize the patients
in 4 groups: Group 1: 37/77 (48%) patients, with IGH and ZFP36L1 loci
rearranged; Group 2: 17/77 (22%), with ZFP36L1 deleted and IGH not delet-
ed; Group 3: 7/77 (9%), with ZFP36L1 and IGH not deleted; Group 4: 16/77
(21%), all the other combinations. Group 1 showed a deletion del14924.1-
14q32.3 of about 38 megabases, which broke in or near ZFP36L1, and in the
IGH gene. It included 26 (70%) LLC score 4/5 and 11 (30%) LL. When com-
pared to the other patients, patients in Group 1 showed significantly more tri-
somy 12 (18/36 (50%) vs 7/40 (17.5%), P=0.004), and NOTCH1 mutations
(9/18 (50%) vs 4/26 (15.5%), P=0.02). Of note NOTCH1 mutation was not sta-
tistically correlated with trisomy 12. IGHV status was unmutated in 22/24 (92%)
patients in Group1, 12/24 (50%) harboring the gene V1-69.

Summary / Conclusion: When compared to the literature, both CLL and LL
with del14q are associated with higher tri12, lower 13q deletion, higher
del TP53, higher unmutated /IGHV status, with an over-representation of the V71-
69 repertoire, and higher NOTCH1 mutated, some of them being poor prog-
nostic factors. The size of the 14q deletion is variable, with in about half of the
cases a recurrent interstitial deletion 14924.1-14932.3. Among all 14q deletions,
patients with both IGH and ZFP36L1 loci rearranged are more specifically asso-
ciated with trisomy 12, NOTCH1 mutated, /IGHV unmutated, and the V7-69
gene.
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UNRAVELING THE HETEROGENEITY OF T-CELL PROLYMPHOCYTIC
LEUKEMIA (T-PLL)
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Background: T-cell prolymphocytic leukemia (T-PLL) is a proliferation of small
to medium sized prolymphocytes with a mature post-thymic T-cell phenotype.
T-PLL accounts for 2% of all mature lymphocytic leukemias in adults over the
age of 30. T-PLL is a heterogeneous disease with a wide range of clinical, mor-
phological and molecular features which occasionally impedes the diagnosis.
Despite current knowledge of the biology, T-PLL patients remain to have a poor
prognosis with a short median survival of 7.5 months due to an aggressive dis-
ease progression and limited therapeutic responses.

Aims: To further understand the biology of this disease and to identify possi-
ble subgroups we selected 27 T-PLL cases for a comprehensive analysis of
phenotypic and genotypic features.

Methods: Multi-color flow cytometry, micro-array gene analysis, TCR
rearrangement analysis.

Results: For all 27 T-PLL clonality was confirmed, but no stereotyped T-cell
receptor beta (TRB) usage was observed. Cytogenetic analysis showed com-
plex aberrations, including frequent occurrence of the inv(14)/t(14;14) aberra-
tion. In accordance with literature, our T-PLL cohort consists of 56% CD4+/CD8-
, 33% CD4+/CD8+ and 11% CD4-/CD8+, whilst no other clear subgroups could
be observed by extensive eight-color flowcytometry. Interestingly, when com-
paring the T-PLL phenotype to that of normal T-cell subsets, T-PLL mostly clus-
ter with normal memory T-cells and less with naive and effector T-cells, sug-
gesting that memory T-cells might be the normal counterpart of T-PLL. Prelim-
inary micro-array-based gene expression data on 23 T-PLL and these normal
T-cell subsets confirms this suggestion. Furthermore, unsupervised analysis of
the gene expression data is suggestive of at least 2 T-PLL subgroups, but these
T-PLL subgroups do not seem to directly correlate with morphological variants
of T-PLL (blastic vs. lymphocytic).

Summary / Conclusion: Overall, our findings seem to support the idea of sub-
groups within the T-PLL entity, and further investigations are required to estab-
lish the potential clinical implications of this heterogeneity.

This work was supported by an unrestricted grant from Genzyme and Sanofi.
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EPIGENETIC INACTIVATION OF MIR-34B/C IN ADDITION TO MIR-34A AND
DAPK1 IN CHRONIC LYMPHOCYTIC LEUKEMIA
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Background: TP53 mutation or del(17p) is only found in only 5% to 10% of
chronic lymphocytic leukemia (CLL) patients at diagnosis. The inactivation of
other members in TP53-centered network, may also block TP53 downstream
pathway. DAPK1 gene, as the upstream gene of TP53, could trigger TP53 acti-
vation upon oncogenic cellular transformation and its methylation may con-
tribute to CLL progression by blocking the apoptosis of leukemia cells. More-
over, since miR-34 family is a transcriptional target of TP53, its methylation
might also lead to the perturbation of the TP53 tumor suppression pathway.
Aims: We postulated that components of TP53-centered tumor suppressor
network, miR-34b/c, in addition to DAPK1 and miR-34a might be inactivated by
DNA hypermethylation in CLL. Moreover, we tested if miR-34b/c methylation
might correlate with miR-203 or miR-124-1 methylation.

Methods: miR-34b/c, miR-34a and DAPK1 methylation was studied in 8 nor-
mal controls, 7 CLL cell lines, and 78 diagnostic CLL samples by methylation-
specific polymerase chain reaction. MEC-1 cells were treated with 5-Aza-2'-
deoxycytidine for reversal of methylation-associated miRNA silencing. Tumor
suppressor function of miR-34b was illustrated upon over-expression of precur-
sor miR-34b in MEC-1 cells.

Results: miR-34b/c promoter was unmethylated in normal controls, but com-
pletely methylated in 4 CLL cell lines. miR-34b/c expression was inversely cor-
related with miR-34b/c methylation. 5-Aza-2’-deoxycytidine treatment led to
promoter demethylation and miR-34b re-expression in MEC1 cells. Moreover,
over-expression of miR-34b resulted in enhanced cellular death and inhibition
of cell proliferation. In 78 primary CLL samples, miR-34a, miR-34b/c and DAPK1
methylation was detected in 2.6%, 17.9% and 34.6% of patients at diagnosis
respectively. Furthermore, 39.7%, 3.8% and 2.6% patients had methylation of
one, two or all three genes respectively. Overall, 46.2% patients had methyla-
tion of at least one of these three genes. Besides, miR-34b/c methylation was
associated with methylation of miR-34a (P=0.03) and miR-203 (P=0.012).

Stockholm, Sweden, June 13 — 16, 2013

Summary / Conclusion: miR-34b/c is a tumor suppressor miRNA frequently
methylated, and hence silenced in CLL. Together with DAPK1 methylation,
miR-34b/c methylation may contribute to the disruption of the TP53-centered
tumor suppressor pathway. Moreover, the association of miRNA methylation in
CLL warrants further study.
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GENOMIC LANDSCAPE OF PRIMARY ULTRA-HIGH RISK AND REFRAC-
TORY CHRONIC LYMPHOCYTIC LEUKEMIA: RESULTS FROM THE CLL20
TRIAL
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Background: Ultra-high risk chronic lymphocytic leukemia (CLL) can be
defined by the presence of TP53 loss and/or mutation, refractory disease or ear-
ly relapse (<24-36 months) after treatment with purine analogue-based combi-
nations. The underlying pathogenic mechanisms are yet only partly understood.
Aims: To obtain a comprehensive registry of the genome in primary ultra-high
risk and refractory CLL, 83 samples obtained from the CLL2O trial were
screened for copy number alterations (CNAs) and copy-neutral loss of het-
erozygosity (CN-LOH) by Affymetrix 6.0 single nucleotide polymorphism (SNP)
arrays in parallel with chromosome banding analysis (CBA).

Methods: 52 cases were treatment-naive, primary ultra high-risk cases carrying
del(17p). The other 31 cases were refractory to fludarabine or bendamustine-
based therapy. SNP-array analysis was performed on CD19 sorted CLL cells
against intra-individual reference DNA (paired); data was analyzed using dChip-
SNP, reference alignment and circular binary segmentation. CBA was performed
using the immunostimulatory CpG-oligonucleotide DSP30 and IL-2.
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Figure 1. Kaplan-Meier estimates for progression free survival, according
to the presence of a complex karyotype detected by combined SNP-array
and chromosome banding analysis (defined by >3 aberrations per case).

Results: In total, 499 tumor-specific CNAs were discovered by SNP-array
analysis leading to a mean number of 6.01 per case. Compared to data
obtained from standard-risk patients at first treatment, this number was strik-
ingly high (CLLS trial; 1.8 CNAs per case). In contrast, tumor-specific CN-LOH
was rare as it was found in only 10 cases. 122 (24%) CNAs detected by SNP-
array could not be observed by CBA mostly due to their small size. Of note, 290
(77%) of the remaining 377 CNAs resulted from complex genomic rearrange-
ments. Only 87 (23%) CNAs were described as simple loss or gain of genom-
ic material by CBA. Altogether 280 translocations — mostly unbalanced - could
be observed in CBA in 71 cases (range: 1 to 12/case). Translocation break-
points in at least 5 cases were found in the following cytobands: 17p11 [n=15],
13914 [n=12], 17p12 [n=9], 14932 [IGH-locus, n=7], 12q24 [n=6], 3q21, 8p11,
13p11 and 19913 [n=5 each]. Of note, 47 unbalanced translocations in 37 cas-
es had their breakpoint in the centromere resulting in whole arm translocations.
Whole arm translocations with concomitant loss of the short arm were the most
frequent mechanism leading to del(17p) [n=35; 42% of all 17p deletions] with
chromosomes 18 [n=7], 8 [n=5], 15 [n=5] and 17 [isochomosome 17q; n=5]
being the most common translocation partners. Other mechanisms leading to
del(17p) were complex genomic rearrangements resulting in derivative [n=30;
36%)] or dicentric chromosomes [n=5; 6%]. Simple loss of the short arm was
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the underlying mechanism in only 13 cases [16%]. Interestingly, up to three dif-
ferent mechanisms of acquiring del(17p) could be observed within one case.
Despite the complex and heterogeneous genomic lesions, recurrent concomi-
tant lesions could be identified. The most common ones were gain(8)(q24.21)
[n=14; 17%]; del(15)(q15.1) [n=12; 14%], del(10)(q24.32) [n=12; 14%] and
del(9)(p21.3) [n=10; 12%]. Cases with loss and/or mutation of TP53 [n=70]
had more genomic aberrations per case than those without [median 6 vs. 4;
P=0.02]. Of note, prior therapy had no influence on genomic complexity: treat-
ment-naive cases had a mean of 6.7 aberrations per case versus 6.0 in cas-
es with prior Fludarabine or Bendamustin-based therapy. In univariate analy-
sis, patients with a complex karyotype defined by more than 3 aberrations had
an inferior progression free survival (PFS) [P=0.04] and a trend towards infe-
rior overall survival [P=0.11].

Summary / Conclusion: Primary ultra-high risk (17p-/ TP53 mutated) CLL is
characterised by high genomic complexity, similar to refractory CLL. Whereas
mutation or loss of TP53 was associated with increased genomic aberrations,
prior therapy did not appear to further increase this. The presence of a com-
plex karyotype was associated with shorter PFS, though its prognostic value
has to be further evaluated in multivariate analysis.
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ALL SURVIVAL IN CHRONIC LYMPHOCYTIC LEUKEMIA: RESULTS FROM
MULTI-CENTER POOLED ANALYSIS
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Background: A number of data support the value of CD49d expression as
independent prognostic variable in chronic lymphocytic leukemia (CLL). How-
ever, the available studies differ for: i) clinical end points employed (overall
survival, OS; treatment free survival, TFS); ii) factors included in multivariate
analyses; iii) choice of cut-off to define CD49d positivity.

Aims: To perform a worldwide multi-center pooled analysis using individual
patient data (IPD) from published as well as unpublished series to evaluate the
ability of CD49d to predict OS in CLL.

Methods: Authors provided IPD from published cohorts identified by Medline
search by 30 April 2011, as well as from unpublished series. The following vari-
ables were collected: date of diagnosis, OS, TFS, CD49d, CD38, ZAP-70,
immunoglobulin mutational status (/IGHV), del17p and del11q chromosomal
aberrations, age, stage, absolute lymphocyte count (ALC), and 2 microglob-
ulin concentration. We performed a pooled analysis with a fixed effect model,
applied multivariate Cox proportional regression analysis, stratified for study
site, and recursive partitioning to rank the relative importance of CD49d with
respect to the other flow cytometry prognostic factors in CLL (CD38, ZAP-70).
The optimal CD49d cut off to predict OS was chosen with a training/validation
strategy.

Results: IPD from3,267 patients was initially available. After excluding 265
patients for missing data, the remaining2,972 CLL patients were included in final
analysis (1,556 published; 1,416 unpublished). The optimal CD49d expression
cut-off was investigated by applying both data-driven and outcome-driven meth-
ods. Although these methods failed to agree on a single cut-off, the value of
30% CD49d positive CLL cells was finally chosen because of its slightly high-
er outcome discrimination capacity, (C-index 0.61 vs 0.59 for 30% and 45%
respectively; P<0.0001). By pooled analysis of the merged database CD49d
expression 230% associated with a 2.5 increase in the hazard of death
(HR=2.5; 95% Cl, 2.1-3.0), resulting into an OS decrease of 7% at 5-years (94%
in CD49d- CLL versus 87% in CD49d+ CLL) and 23% at 10-years (84% in
CDA49d- CLL versus 61% in CD49d+ CLL) for CD49d positive patients com-
pared to CD49d negative cases. OS shortening was explained by the higher
progression rate displayed by CD49d positive cases. Indeed, CD49d positive
patients showed a significantly lower probability of remaining treatment free at
both 5-years (68% in CD49d- CLL versus 42% in CD49d+ CLL), and 10-years
(50% in CD49d- CLL versus 24% in CD49d+ CLL. In a multivariate Cox mod-
el for OS stratified for study site, CD49d, but not CD38 and ZAP-70 expression,
remained an independent prognosticator (adjusted HR=2.0, 95% ClI, 1.4-3.0)
along with age, gender, IGHV mutational status, del17p and ALC. Consistent-
ly, a recursive partitioning hierarchical full-grown tree model which included
the three flow cytometric prognosticators, selected CD49d at the first split indi-
cating that no additional prognostic power was given by CD38 and ZAP-70 after
CD49d was considered. CD49d was also at the first split in tree models devel-
oped for early stage and young (<65 years) patients.

Summary / Conclusion: Our large, multi-center study preferentially selected
CD49d ahead of CD38 and ZAP-70 as a powerful independent prognostic
marker for OS in CLL; a 30% cut-off value provided optimal separation. These
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findings may have implication for patient stratification in future prospective
studies and potential therapeutic efforts targeting CD49d or CD49d signaling.
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BIALLELIC LOSSES OF 13Q DO NOT CONFER A POORER OUTCOME IN
CHRONIC LYMPHOCYTIC LEUKEMIA: ANALYSIS OF 627 PATIENTS WITH
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A Puiggros',” J Delgado?, A Rodriguez-Vicente3, R Collado4, A Aventin5, E
Lufio®, J Grau?, J Hernandez8, | Marugan 9, M Ardanaz'0, T Gonzalez 1, A
Valiente2, M Osma'3, M Calasanz’4, M Salido?, D Ivars4, C Sanzo®, N Ruiz-
Xivillé”, A Carrio2, M Gonzalez®, | Benet?, M Ortega'®, R Santacruz?, E Fer-
nandez'1, F Ortufio3, P Abrisqueta’S, E Olavarria’2, A Oliveira’6, M Marco7,
E Arranz'8, J Cerveral9, A Batlle20, E Abella’, E Gimeno, C Ferra?, M Terol9,
C Mufoz8, A Ferrer?, J Loscertales'8, F Bosch'5, F Carbonell4, F Solé21, J
Hernandez3, B Espinet’

THospital del Mar, 2Hospital Clinic, Barcelona, 3Hospital Universitario de Sala-
manca, Salamanca, 4Consorcio Hospital General Universitario, Valencia, SHos-
pital Sant Pau, Barcelona, Hospital Universitario Central de Asturias, Oviedo,
"Hospital Universitari Germans Trias i Pujol, Badalona, 8Hospital Infanta
Leonor, Madrid, ®Hospital Clinico Universitario, Valencia, 19Hospital Txagor-
ritxu, Vitoria, 1"Fundacion Publica Galega de Medicina Xenémica, Santiago de
Compostela, 12Complejo Hospitalario de Navarra, Pamplona, '3Hospital Uni-
versitario Morales Meseguer, Murcia, 14Universidad de Navarra, Pamplona,
15Hospital Vall d’'Hebron, Barcelona, 16Hospital de Bellvitge, L’Hospitalet de Llo-
bregat, 17Hospital General de Castellon, Castellon, 18Hospital La Princesa,
Madrid, 1®Hospital la Fe, Valencia, 20Hospital Universitario Marqués de
Valdecilla, Santander, 2'Institut de Recerca contra la Leucémia Josep Car-
reras, Badalona, Spain

Background: Losses in 13q as a sole abnormality by FISH confer a good
prognosis in chronic lymphocytic leukemia (CLL). Nonetheless, patients with
del(13q) are a heterogeneous group. Prognostic differences related to the per-
centage of altered cells or the size of the deletion have been proved. Regard-
ing the number of deleted alleles, whereas about 70% of the 13q deletions are
monoallelic (13gx1), some cases harbour biallelic (13gx2) or mosaic mono/bial-
lelic (13gqM) losses (about 15% each). IThe clinical significance of biallelic 13q
deletions still remains controversial.

Aims: To describe and compare the characteristics and clinical course of
patients harboring isolated monoallelic and biallelic 13914 deletions by FISH.
Methods: Electronic database containing information from 2452 patients with
CLL from 26 Spanish institutions was screened for CLL patients with
del(13)(q14) at diagnosis or prior to treatment. Clinical and evolutive data, as
well as cytogenetics and FISH for 1123, CEP12, 13914 and 17p13 results
were analyzed.

Table 1. Baseline patients characteristics at diagnosis.

Patients characteristics del(13qx1) del(13qx2) del(13M)
(N=515) | (N=54) |  (N=53) |

Median age at diagnosis (range) 66 (28-92) |65 (43-80) 60 (44-88)
Male 314 (81%) 133 (81.1%) 30 (51.7%)
Binet stage (N=616) |

A 454 (89 4%) 143 (84.3%) 53 (93%)

B 38 (7.5%) |5 (9.8%) 3(5.3%)

c 16 (3.1%) 1315.9%) 1(3.2%)
o) White blood cell count 1495 29-357) [207(38-150) (20 (6.463)
o i 129(19-287) [153(18-1149) [138 (1.7-60.1)
Hemoglobin I?JdL) 14 (6,4-18) |14 (11-17) 14 (6-18)
Platelets {x10°/L) 196 (40-560) | 194 (83-470) 200 (74-450)
Lactate dehydrogenase (IU/L) 314 (81-1420) |318 (103-575) | 330 (151-658)
Beta-2 Microglobulin (mg/L}) 20(D6-174) [1.9(1-57) 23(1-67)
Adenopathies (n=512) 124 (20 5%) 111 (31.4%) 12 (21.1%)
|Splenomegaly (n=615) 43 (8.5%) 13 (5.8%) 3(5.2%)
Hepatomegaly (n=425) 25 (4.9%) 12 (3.8%) 3(52%)
ZAP-T0 positive (n=278) 671223 (30%) |TM9(36.8%) 336 (8.3%)
CD38 positive (n=418) 571345 (16.5%) (4/33 (12.1%) 6/40 (15%)
Unmutated IGHV (n=148) 291124 (23.4%) | 418 (22.2%) | 1/6 (16.7%)
|Abnormal G-banding karyotype |67/251(26.7%) |5/19 (26.3%) 15/43 (34.9%)
[Median follow-up (months) |52(0-250)  |s3(0-196)  |39(0-250) |

Results: A total of 627 patients (377M/250F, median age 66) presented isolat-
ed del(13)(q14): 515 (82.1%) were monoallelic (13gx1), 54 (8.6%) were bial-
lelic (13gx2), and 58 (9.3%) were considered as mosaics due to the coexistence
of monoallelic and biallelic clones (13gM). No significant differences in the clin-
ical characteristics among all three groups were found (Table 1). The median
percentage of altered nuclei significantly differed across groups (55% in 13gx1,
72.5% in 13gx2 and 80% in 13gqM groups; P<0.001). Focusing in the 13gM
group, the median percentage of both monoallelic and biallelic clones found in
each patient was not significantly different (35% and 27.5%, respectively;
P=0.651). Moreover, no predominance of any of the clones was observed in
the 13gM group. After a median follow-up of 50 months (0-250), 195 patients
(31.1%) required treatment and 94 (15%) died. No significant differences in the



five-year cumulative incidence of treatment (TtFT) or overall survival (OS) were
observed among different groups. The percentage of abnormal cells had a sig-
nificant impact on the outcome of the studied patients, being 90% the highest
predictive power cut-off for a worse TfFT (45% vs 28%;P<0.005) and the OS
(148m vs not reached;P<0.005).

Summary / Conclusion: 1. Patients with biallelic 13q deletions do not show a
poorer clinical outcome than those with monoallelic del(13)(q14). 2. Detection
of 13914 deletion in more than 90% of nuclei, is associated to a worse clinical
outcome.
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A HIGH SENSITIVITY METHOD REVEALED A TWOFOLD-INCREASED
INCIDENCE OF NOTCH1 MUTATION WITH ADVERSE PROGNOSTIC
IMPACT IN CHRONIC LYMPHOCYTIC LEUKAEMIA

P Sportoletti!,” S Baldoni'!, B Del Papa’, P Aureli!, L Ruggeri’, S Plebani?,
A Di Tommaso2, M Cantelmi®, M Di lanni2, F Falzetti’

THaematology Section, University of Perugia, Perugia, 2Department of Internal
Medicine and Public Health, University of L'Aquila, L'Aquila, Italy

Background: Our understanding of the genetics of chronic lymphocytic
leukaemia (CLL) has advanced significantly in the last few years. We were the
first group to show the presence of activating mutations of NOTCHT in CLL
patients at diagnosis (Di lanni 2009) and correlate this genetic alteration with
an unfavourable clinical outcome (Sportoletti 2010). Whole genome and exome
sequencing studies confirmed that CLL genome harbours recurrent mutations
of NOTCH1 that impacted on overall survival (OS). About 80% of NOTCH1
mutated CLL cases displayed a c.7544_7545delCT frame shift deletion. The
currently available approaches for the detection of the NOTCH1 mutations dis-
play a low sensitivity, thus hampering the diagnostic accuracy and increasing
the risk of false negatives especially in patients with oligoclonal B cell mutated
clones.

Aims: (1) Developing a sensitive, easy, and inexpensive test for the detection
of the NOTCH1 c.7544_7545delCT mutation in blood samples, (2) Assessing
the accuracy of this test in a large cohort of CLL patients and correlate NOTCH1
mutation with other clinical and biological prognostic factors. (3) Evaluating the
impact of the NOTCH1 c.7544_7545delCT mutation on the clinical outcome of
CLL patients

Methods: We investigated 303 consecutive unselected CLL patients with medi-
an age 63 years (range 30-89). The NOTCH1 c.7544_7545delCT mutation was
screened by using a newly developed allele specific PCR (AS-PCR) and direct
Sanger sequencing at CLL diagnosis.
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Figure 1.

Results: The analytical sensitivity of our new AS-PCR in serial dilutions of DNA
established the lower detection limit to be the 0.1% of mutant alleles. Striking-
ly, the analysis of 303 CLL samples demonstrated an increased incidence of
NOTCH1 mutation detected by the AS-PCR, compared to Sanger sequencing
(20.4% vs 10,5%). In our cohort of patients, NOTCH1 mutation was associat-
ed with adverse prognostic markers such as unmutated IgVH status (280 total
available cases, 42/57; P<0.0001) and ZAP-70>20% (189 total available cas-
es 31/49; P=0.0034). In addition, NOTCH1 mutated patients had more fre-
quently trisomy 12 (132 total available cases 15/39; P=0.0006). To determine
whether the AS-PCR detectable NOTCH1 mutation maintained its prognostic
impact in CLL, we estimated its influence on OS, in our cohort of patients.In uni-
variate analysis, patients with NOTCH1-mutated CLL showed shorter median
OS when compared with unmutated patients (13.46 vs 21.86 years; P<0.001;
HR, 2.484; 95% Cl, 2.14-6.66) (Figure 1).NOTCH1 mutation was confirmed to
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be an independent prognostic factor for OS in a 6 variable model multivariate
analysis that included age, sex, Rai Stage, IgVH and ZAP70 (P<0.05, HR 2.053;
95% CI 1.007-4.180).

Summary / Conclusion: The new PCR based approach, exploited in the cur-
rent study, revealed a significant increased incidence of NOTCH1 mutation in
CLL. Univariate and multivariate statistical analysis proved that NOTCH7 muta-
tion is an independent prognostic factor retaining its predictive value in CLL. Our
diagnostic test allowed us to identify patients with a low allelic burden in the
blood demonstrating that the presence of small clonal NOTCH1 mutated frac-
tions impact on the clinical outcome of CLL patients. Therefore, the AS-PCR
determination of NOTCH1 mutation should be considered in drawing prognos-
tic scores.
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PREDICTIVE CLINICAL MODEL FOR UNTREATED DEL(17P13.1) CHRON-
IC LYMPHOCYTIC LEUKEMIA (CLL) PATIENTS

D Stephens’,” A Ruppert’, J Jones®, J Woyach?, K Maddocks', S Jaglowski?,
L Andritsos', Joseph M Flynn?, Michael R Grever?!, N Muthusamy?, N Heere-
ma2, J Byrd'

THematology, 2Cytogenetics, The Ohio State University, Columbus, Ohio, Unit-
ed States

Background: The subset 10% of CLL patients (pts) with del(17p13.1) (17p-) kary-
otype typically exhibit poor response to therapy. There are limited data on clinical
outcomes of these pts and no publication of a large group of these patients treat-
ed at a single institution.

Aims: We aimed to report the characteristics and time to treatment of de novo 17p-
CLL patients from initial visit at Ohio State University (OSU).

Methods: We retrospectively reviewed records of 115 CLL pts with 17p- with no
prior therapy seen at OSU from 2002-2012. Treatment free survival (TFS) was cal-
culated from date of 1st OSU visit until date of 1st treatment or death from any
cause, censoring pts alive and treatment-free. Overall survival (OS) was calculat-
ed from date of 1st OSU visit until date of death or last follow-up. TFS/OS estimates
were calculated using the Kaplan-Meier method. Proportional hazards models
were fit using backwards selection to identify variables significantly associated
with TFS & OS.

Results: Median time from CLL diagnosis (dx) to 1st OSU visit was 4.8mos (range:
0 days-19.7 yrs). Median age at 1st OSU visit was 62yrs (40-92), 70% were male,
and 92% were Caucasian. At CLL dx, 55%, 35%, and 10% had Rai Stage (RS) 0,
1/2, and 3/4 respectively. Median WBC, hemoglobin, platelets, and LDH were
26.8K/uL (2.4-446.6), 13.5g/dL (5.9-16.8), 186.5K/uL (13-385), and 169U/L (99-
1791) respectively. 39% (80 evaluable) had f2microglobulin23mg/L. In addition to
17p-, 14%, 55%, and 21% of patients harbored 11g-, 13g- and tri(12) aberrations
respectively. Complex karyotype (CK; =23 abnormalities including 17p-) was iden-
tified in 37% (n=42), and 70% (n=38/54 evaluable patients) expressed un-mutat-
ed IgVH status.Of 105 pts followed for TFS, 57 have started treatment (54%) and
8 died prior to treatment, most within 2yrs of visit. Median TFS estimate was
16.2mos (95%CI=6.4-27.0) with a 2-yr TFS estimate of 42% (95%CI:0.31-0.52).
At median follow-up of 3yrs, 47 pts have died. Estimated median OS was 4.2yrs
(95%CI:3.4-7.8) with an OS estimate at 2yrs of 77% (95%CI:0.68-0.85). In multi-
variable analysis, the variables significantly associated with shorter TFS were old-
er age (hazard ratio [HR] for 10yr increase:1.53 (95% Cl:1.19-1.97 ;p50%. Age and
RS remained in a multivariable model for OS (P<0.0001), yet CK was included
instead of 17p -% as an independent significant prognostic factor (P=0.009), and
presence of 11g- was not significantly associated with OS.

Summary / Conclusion: Pretreatment characteristics of higher age at referral,
higher RS at diagnosis, higher 17p -%, and presence of 11g- can identify pts who
will progress quickly and require treatment sooner than those without these
adverse risk factors in this population of de novo 17p- CLL. The role of 17p-% and
CK warrants further study, considering the strong degree of association between
the two variables.
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NOVEL ASSAY FOR THE IDENTIFICATION OF NOTCH1 PEST DOMAIN
MUTATIONS USING FRAGMENT ANALYSIS AND ALLELE SPECIFIC PCR
P Campregher?,” R Petroni’, N Muto?, j Rodrigues?, r santana’, o Ramos', R
Sitnik, N Bacal’, E Velloso', g Oliveira2, | Metze2, N Hamerschlak
1Albert Einstein Hospital, Sao Paulo, 2UNICAMP, Campinas, Brazil

Background: NOTCH1 is a proto-oncogene with activating mutations
described in a variety of malignancies, including acute lymphoblastic leukemia
(ALL), mantle cell ymphoma (MCL) and chronic lymphocytic leukemia (CLL).
While the prognostic significance of NOTCH1 mutations remains controversial
in ALL, recent data suggest that NOTCH1 PEST domain mutations are asso-
ciated with adverse prognosis in patients with CLL.

Aims: NOTCH1 mutations are found in around 10% of CLL patients at diag-
nosis, and since this disease has a heterogeneous clinical course and few
prognostic markers, we aimed at designing a fast, cost effective and robust
assay to detect NOTCH1 PEST domain mutations in patients with CLL.
Methods: While 92% of the mutations in NOTCH1 PEST domain found in CLL
are insertions or deletions, only 8% are represented by point mutations. There-
fore we decided to use a fragment analysis approach in our assay. Given that
a single mutation (c.7544_7545delCT), represents roughly 75% of all PEST
domain mutations in CLL we designed a test that can, at the same time, detect
the presence of this mutation specifically and also any insertion or deletion in
exon 34. We designed a PCR reaction using one FAM-labeled forward primer
anchored at codon 2407 and two reverse primers. One specific for the
c.7544_7545delCT mutation anchored at codon 2414 yielding a product of 356
base pairs (bp) and one anchored at codon 2425, yielding a product of 391 bp,
comprising the hot spot for mutations in the NOTCH1 PEST domain. Primers
were designed with Primer3 software (http://frodo.wi.mit.edu/) and the speci-
ficity of the reaction evaluated using the tool “PCR in silico” (http://genome.
ucsc.edu/cgi-bin/hgPcr?command=start). The test yields three possible out-
puts: a) A single 391 bp peak: wild type samples; b) Three peaks (391 bp, 389
bp and 356 bp): heterozygous for ¢.7544_7545delCT; c) Two peaks (391 bp and
another bigger or smaller, depending on the size of insertion / deletion): anoth-
er insertion or deletion, but not ¢.7544_7545delCT.

Results: We have first studied 46 blood samples from unselected patients with
CLL, in several disease stages. NOTCH1 wild type was detected in forty
patients. Six patients had a pattern compatible with c.7544_7545delCT
NOTCH1 mutation (Figure 1A), and no patient presented with another muta-
tion. DNA sequencing was performed in selected samples, and the specificity
of our assay was confirmed (Figure 1B). Recent studies have demonstrated
that NOTCH1 mutation occur more frequently in CLL patients with trisomy 12
(2). In order to confirm these findings, we studied a second cohort of 14 CLL
patients with trisomy 12. Of these, 7 patients presented with mutated NOTCH1
(50%). Overall the frequency of NOTCH1 mutations in our series was: 12% and
50% in patients without and with trisomy 12 respectively, in agreement with pre-
vious reports. All mutated cases (N=13) had c.7544_7545delCT. We were not
able to study the correlation between NOTCH1 mutations and clinical features
at this time, since clinical information was not available for most patients.
Summary / Conclusion: In conclusion, we have designed a robust, fast and
cost effective assay for routine identification of NOTCH1 PEST domain muta-
tions using fragment analysis and allele specific PCR that is suitable for imple-
mentation in the clinical setting for CLL patient evaluation.
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Figure 1. Assay results for NOTCH1 PEST domain mutation.
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LONG-LASTING RESPONSES TO LENALIDOMIDE AS INITIAL THERAPY
OF ELDERLY PATIENTS WITH CHRONIC LYMPHOCYTIC LEUKEMIA

P Strati’,” M KEATING!, W Wierda!, X Badoux!, S Calin?, J Reuben?,
S O’Brien?, S Kornblau', H Kantarjian®, B Lee', A Ferrajoli

1TMD Anderson Cancer Center, Houston, United States

Background: We conducted a phase Il study evaluating the activity of lenalido-
mide as initial therapy for elderly pts with CLL. At the time of its initial report,
this treatment was associated with an overall response rate of 65% and an
overall survival of 88% at 2 years (Badoux, Blood 2011).

Aims: We analyzed outcome, toxicity, clinical and laboratory characteristics of
long-term responders in this trial.

Methods: Pts with a response lasting 36 months or longer were defined as
“long-term responders” (LTRs). Clinical characteristics, prognostic factors,
serum immunoglobulin levels, circulating T cell numbers (up to 36 months) and
plasma cytokine levels of LTRs were compared with the rest of the study pop-
ulation using non-parametric and Chi-square tests. Differences were consid-
ered to be significant if p was equal to or less than 0.05.

Results: Thirty-four of the 60 pts (57%) are LTRs. Best responses among
LTRs consisted of 24 (71%) complete remissions (CR), including 5 pts with
MRD-negative CR, and 10 (29%) partial remissions. Median time to failure
(TTF) has not been reached for LTRs, after a median follow up of 47 (37-60)
months. The median daily dose of lenalidomide at last follow-up in LTRs pts is
5 mg (2.5-10). Twenty-four LTRs are still on therapy and ten have discontin-
ued lenalidomide. Reasons for treatment discontinuation were: progression
after 43 months in 1 pt, toxicity in 6 pts (deep venous thrombosis after 41
months in 1 pt, moderate neuropathy after 30 and 39 months in 2 pts, persist-
ent fatigue after 23 months in 1 pt, moderate weight loss after 5 months in 1
pt, immune thrombocytopenia after 11 months in1 pt), infectious complications
in 1 pt (sepsis, after 12 months), second malignancy (new onset invasive squa-
mous cell carcinoma of the skin after 26 months) in 1 pt and change of institu-
tion in 1 pt. Lenalidomide is often associated with myelosuppression in pts with
CLL. Interestingly, LTRs experienced neutropenia during the first 12 months of
therapy that later resolved in 83% of pts (Figure 1A); additionally a recovery in
hemoglobin and platelets compared to baseline values was also seen in 100
and 77% of LTRs, respectively (Figure 1B-C). We also observed a recovery in
the percentage of circulating T cells (CD3+) in 41% ofpts and a recovery in plas-
ma levels of immunoglobulins A, G and M levels in 68, 58 and 52% ofpts,
respectively (Figure 1D). As therapy continues until progression, we focused
on lenalidomide-related late (defined as toxicities observed after 48 months of
therapy) toxicities. Grade 1-2 diarrhea was observed in 2 pts and Grade 1
peripheral neuropathy in 3 pts. One patient developed skin lesions shown to
be in situ squamous and basal cell carcinomas on biopsy. We compared pre-
treatment clinical characteristics of LTRs and the other pts on study. We
observed that LTRs had lower baseline beta-2-microglobulin (median values:
4 vs 5 mg/L; P=0.005) and were less likely to have a deletion 17q (0 vs 6;
P=0.005) but more likely to have trisomy 12 (11 vs 2; P=0.03). Furthermore,
baseline plasma levels of IL8, IFNy, sVEGFR2 and MIP1a were significantly
lower in the LTRs (P=0.05, 0.06, 0.05 and 0.02, respectively).

Summary / Conclusion: Lenalidomide as initial therapy of elderly pts with
CLL induced responses that are durable, with 57% of pts maintaining their
response for more than 3 years. Myelosuppression is observed, but it is tran-
sient and resolves past the first year. Compared to the pts with shorter response
duration, LTRs were more likely to have lower baseline levels of beta2-
microglobulin, IL8, IFNy, sVEGFR2 and MIP1a and intermediate or favorable
cytogenetic abnormalities.
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LOW-DOSE FCR IN ELDERLY/COMORBID PATIENTS WITH CHRONIC
LYMPHOCYTIC LEUKEMIA/SMALL LYMPHOCYTIC LYMPHOMA
(CLL/SLL): UPDATED RESULTS OF PROJECT Q-LITE BY CZECH CLL
STUDY GROUP

L Smolej!,” Y Brychtova?, E Cmunt3, M Doubek?, M Spacek3, D Belada’,
M Motyckova®, | Zygulova4, D Adamova4, V ProchazkaS, M Simkovic?,
K Klaskova®, T Kozak®

14th Department of Internal Medicine - Hematology, Charles University Hospi-
tal and Faculty of Medicine, Hradec Kralove, 2Department of Internal Medicine
— Hematology and Oncology, University Hospital, Brno, 3First Department of
Medicine, Charles University General Hospital, Prague, 4Hematology/Tranfu-
siology Department, Silesian Hospital, Opava, 3Department of Hematology-
Oncology, University Hospital, Olomouc, éDepartment of Internal Medicine -
Hematology, University Hospital Kralovské Vinohrady, Prague, Czech Repub-
lic

Background: Combination of fludarabine, cyclophosphamide and rituximab
(FCR) is currently considered the treatment of choice in physically fit patients
(pts) with chronic lymphocytic leukemia (CLL). However, many patients cannot
tolerate this aggresive regimen because of advanced age and/or serious comor-
bid conditions which may lead to unacceptable toxicity. Protocols based on
low-dose fludarabine have recently demonstrated promising results in small
studies.

Aims: Aims: to assess efficacy and safety of low-dose FCR regimen used in
elderly/comorbid patients with CLL/SLL; updated results including first data on
progression-free survival (PFS) and overall survival (OS) are presented.
Methods: Between March 2009 and July 2012, a total of 207 pts with active
disease (CLL, n=196, SLL, n=11) were treated by low-dose FCR at 16 centers
cooperating within Czech CLL Study Group. Dose reduction of chemotherapy
in comparison to full-dose FCR was following: 50% of fludarabine dose (12
mg/m?2 i.v. or 20 mg/m?2 orally on days 1-3) and 60% of cyclophosphamide dose
(150 mg/m2 i.v./p.o. on days 1-3). Rituximab was administered in standard
schedule (375 mg/m2 i.v. day 1 in 1st cycle, 500 mg/mZ2 i.v. day 1 from 2nd
cycle). Treatment was repeated every 4 weeks; antimicrobial prophylaxis with
sulfamethoxazol/trimethoprim and aciclovir or equivalents was recommended.
Data regarding efficacy and safety are currently available in 199 pts; the descrip-
tive characteristics are summarized in Table 1.

Results: Based on intention-to-treat principle, the overall response rate / com-
plete responses (including clinical CR [without bone marrow biopsy] and CRi
[with incomplete marrow recovery]) were 79/37% in first line and 64/29% in
relapsed/refractory setting. Serious (CTCAE grade I1l/IV) neutropenia was fre-
quent (57 and 49%) but did not translate into high occurrence of serious infec-
tions (14 and 18%, Table 1). The most common causes of death were CLL pro-
gression and infections. At the median follow-up of 19 months, median progres-
sion-free survival for previously untreated and relapsed/refractory patients was
20 and 15 months; median overall survival has not been reached in previous-
ly untreated pts (80% at 2 years) and was 31 months in relapsed/refractory pts.
CIRS score and age did not significantly influence PFS or OS.

Summary / Conclusion: Our data show that treatment of elderly/comorbid
patients with CLL/SLL using low-dose FCR has promising efficacy in first line
as well as relapsed/refractory disease, including reasonable PFS and OS. Tox-
icity is acceptable and manageable.

Table 1. Basic charcateristics, therapeuic efficacy and severe (CTCAE
grade IlI/IV) toxicity.

1" line Relapsed/refractory

Total number of patients 102 97
Age (median, range) 69 (54-83) 71 (58-87)
Males 64% 59%
Advanced Ral stages 56% 66%
Bulky lymphadenopathy 1% 3™
CIRS score (median, range) 5 (0-13) 6(0-14)
Unmutated igVH % %
Del 11q 2% 36%
Del 17p 8% 9%
Number of FCR cycles (median, range) 5(1-7) 4(1-6)
Overall response rate 79% 64%
CR +cCR+CRI ™ 29%
Stable disease 9% 1%
Progressive disease 8% %
Not luabl 9%
Neutropenia 5T% 49%
Anemia 10% 13%
Thrombocytopenia ™ 19%

fecti 14% 18%
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PLATINUM AND HIGH-DOSE CYTARABINE-BASED CHEMOTHERAPY IN
ULTRA HIGH-RISK CHRONIC LYMPHOCYTIC LEUKEMIA AND RICHTER’S
SYNDROME: RESULTS OF A RETROSPECTIVE MULTICENTER STUDY
E Durot!," V Leblond?, S Leprétre3, A Michallet4, Q Le', A Delmer’
THematology, Hopital Robert Debré, Reims, 2Hematology, Hépital Pitié Salpé-
triere, Paris, 3Hemato|ogy, Centre Henri Becquerel, Rouen, 4Hematology,
Centre hospitalier Lyon-Sud, Pierre Bénite, France

Background: Ultra high-risk chronic lymphocytic leukemia (CLL) and Richter’s
syndrome (RS) usually display a poor prognosis. Although they are widely used
as salvage therapy in many types of lymphomas, platinum and cytarabine (Pl
+ AraC)-based regimens have not been evaluated in large cohorts of patients
with CLL or RS.

Aims: The aim of this study was to assess the efficacy of Pl + AraC-based reg-
imens in patients with aggressive forms of CLL (high or ultra high-risk CLL or
Richter’s syndrome).

Methods: This French retrospective analysis included 75 patients with
relapsed/refractory CLL or RS, who received at least one course of Pl + AraC-
based chemotherapy (DHAPzrituximab, ESHAPzrituximab or OFAR) in 4 cen-
ters between 2000 and 2012.

Results: Forty-seven patients with relapsed or refractory CLL (including 36
ultra high-risk CLL) and 28 with RS were included. Median age was 62 years
(range, 18-79 years). The median number of previous therapies was 3 (range,
1-7), including fludarabine-based regimens (75%) and alemtuzumab (32%),
and 61% of the patients were refractory to the last treatment. Tumor mass >5
cm and splenomegaly were present in 32% and 42% of patients respectively.
LDH and B2-microglobulin were elevated in 75% of cases. The incidences of
17p and 11q deletions were 40% and 39% respectively. The overall response
rate was 60% with 24% complete response (CR) in CLL, and 43% with 25% in
RS. The median progression-free survival and overall survival were 11 and
14.6 months respectively. Fludarabine refractoriness and 17p deletion were
not associated with a poorer outcome. In multivariate analysis, the only factors
associated with a shorter survival were performance status 22 (P=0.04) and
albumin level <35 g/L (P=0.0004). The main toxicities were myelosuppression
(grade llI-1V in 80% of cases) and infectious complications (toxic death 15%).
Twenty-one patients underwent thereafter autologous or allogeneic stem cell
transplantation (SCT).

Summary / Conclusion: Platinum and high-dose cytarabine-based regimens
provide high response rate in high-risk CLL and RS. In ultra-high-risk CLL (17p
deletion or fludarabine refractoriness), these regimens should be considered as
an option for tumor control before allogeneic transplantation.
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DOSE-ESCALATION AND PHARMACOKINETICS (PK) OF DIFFERENT
LENALIDOMIDE (LEN) STARTING DOSE REGIMENS IN PATIENTS WITH
RELAPSED OR REFRACTORY (REL/REF) CHRONIC LYMPHOCYTIC
LEUKEMIA (CLL) (CC-5013-CLL-009)
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Background: CLL patients (pts) who relapse after purine-analog or bendamus-
tine-based treatments have a poor prognosis. Lenalidomide is an immunomod-
ulatory agent that has shown significant activity in rel/ref CLL. Various doses
and schedules have been explored. Here we report the preliminary results on
tolerability, efficacy, and PK from the CLL-009 study, in which different doses
were investigated to determine the optimum starting dose regimen.

Aims: To investigate primarily the safety and secondarily the efficacy of LEN
initiated at 3 starting doses (5, 10, and 15 mg/d) followed by a step-wise dose
escalation as tolerated in rel/ref CLL. Exploratory endpoints included PK analy-
ses.

Methods: In this phase2, randomized, double-blind, multicenter trial, rel/ref
CLL pts (after =2 1 purine-analog or bendamustine-based regimen) were ran-
domized 1:1:1 to receive a starting dose (5, 10, or 15 mg/d) of oral LEN on days
1-28 of each 28-day cycle. All doses were escalated by 5 mg increments every
28 days to reach a maximum dose of 25 mg/d, as tolerated. In case of poor tol-
erability, dose reductions occurred in 5 mg decrements.

Results: A total of 104 pts were enrolled; median age was 64.5 years (range
32-81). Pts were heavily pretreated-median number of 3 prior treatments-and
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had poor prognostic features. The safety population consisted of 103 pts and
PK data are available for 26 pts: 11/34 in the 5 mg, 6/34 in the 10 mg, and 9/35
in the 15 mg dose level. For the 103 evaluable pts, 51.4% did not escalate
above their starting dose level (50.0%, 38.2%, and 65.7% for thes, 10, and 15
mg groups, respectively). Additionally, 56% of dose reductions occurred in the
first 3 treatment cycles. In cycle1, 17.6% (5 mg), 29.4% (10 mg), and 22.9% (15
mg) of pts had dose reductions; in cycle2, dose reductions from the respective
starting dose occurred in 20.6%, 11.8%, and 20.0%. Reductions in these 2
cycles were primarily due to hematologic events of neutropenia (41%) and
thrombocytopenia (10.3%). 7 pts in cycle 1 and 1 pt in cycle 2 were dose
reduced due to tumor flare; the average duration was 13.8 days and each of
these patients continued study therapy. However, of the 39 responders (13 in
each group) 7.7% (5 mg), 23.1% (10 mg), and 53.8% (15 mg) did not escalate
to a higher dose level. 34 responders (87.2%) reached a dose 215 mg/d and
38.5% escalated to the maximum allowed dose of 25 mg/d. LEN was rapidly
absorbed and eliminated. The maximum plasma concentration was observed
1 hour after dosing and the mean terminal half-life was approximately 3 hours
in all starting dose levels (Table 1). The differences in plasma exposure in each
group were approximately proportional to the starting doses from 5 to 15 mg/d.
The PK pts had a median age of 64 years (range 54—78) and 46% were 2= 65
years old. It is noted that the mean LEN clearance in pts = 65 years and < 65
years was 184 and 212 mL/min, respectively (p > 0.05), consistent with the
respective mean creatinine clearance of 78.7 and 89.3 mL/min. Cross-study
comparisons suggested that LEN clearance in CLL pts is comparable to
patients with multiple myeloma or myelodysplastic syndromes.

Summary / Conclusion: Efficacy data with a longer follow-up will be present-
ed, but at a median treatment duration of 34.0 wks, ORR was 38.2% in this
heavily pretreated population. The data suggest that titration of doses up to 15
mg/d or greater correlates with better responses, while starting dose of 15
mg/d appears to be too high. The PK of LEN in CLL pts is consistent with that
observed in other disease populations studied.

Table 1. Pharmacokinetic parameters of lenalidomide in CLL patients.

Parameter 5 {:g‘:‘:,“ 10 ;‘:E:TSE 15 ;:;1 t;?se

| Tenax () 1(0.5-2) 1(0.5-3) 1(0.5-4)

“Cm,(ngme) [ g(zz;_s_) o 220 (4?3) I 2&315 C

“AUC:,, (ng*h/mL) ‘ 414 (21.0) 1,022 (22.7) 1,247 (43.3)
ty2(h) | 337(235) 3.35(43.3) 3.09(38.2)
CL/F (mL/min) 201 (21.0) 163 (22.7) 201 (43.3)

ViF (L) 58.7(24.7) 473 (51 8) [ 53.7(20.5)

Data are expressed as median (range) for T, and geometric mean (coefficient
of variation) for other parameters.

Abbreviations: AUC,,, area under the curve at 24 hours; CL/F, total clearance;
Cmax: maximum plasma concentration; t,,, mean terminal half life; T, time to
maximum plasma concentration; V/F, volume of distribution.
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Background: Combination immunochemotherapy with fludarabine (F),
cyclophosphamide (C) and rituximab (R) gave superior progression free and
overall survival compared to FC in the CLL8 Study. The median age in CLL8
was 61 years compared to the median age of CLL overall at 72 years. There
is debate regarding the tolerability of FCR based therapy in the elderly.

Aims: We aimed to assess the safety and tolerability of F(C)R based therapy
in fit elderly patients with CLL requiring treatment in a dose de-escalation study.

42 | haematologica | 2013; 98(s1)

Fitness was assessed as a Cumulative lliness Rating Scale [CIRS] score <6.
This analysis was performed on 12 February 2013, seven months after the last
recruitment, when all patients should have completed therapy, and focused on
toxicity and response by CIRS score and age. The study was supported by
Roche Products Australia, and Genzyme (formerly Bayer Schering).
Methods: Previously untreated fit patients with progressive CLL aged 265
were randomized to one of three treatment regimens “FR5”, “FCR3” and
“FCR5" as follows: (i) Fludarabine 24 mg/m?2 orally for five days + Rituximab
(375 mg/m2 C1, 500 mg/m2 C2-6) iv Day 1 (FR5), (ii) Fludarabine 24 mg/m2
and Cyclophosphamide 150 mg/m2 both orally for three days (D1-3) + Ritux-
imab iv D1 (FCR3) or (iii) Fludarabine 24 mg/m?2 + Cyclophosphamide 150
mg/m?2 both orally for five days (D1-5) + Rituximab iv D1 (FCR5), all given at 4
weekly intervals for an intended 6 cycles. Patients were administered their
therapy arm with no dose reduction. Therapy was delayed up to 2 weeks if there
was grade 3 or 4 toxicity, and if unresolved after 2 weeks, patients were taken
off study. If toxicity resolved to grade 2 or less, therapy proceeded.

Results: Recruitment of all 120 randomised patients was completed in July
2012. Median age was 71 (range 65-83) years. Binet stage at registration was
progressive A— 20 (16.7%), B — 56 (46.7%) and C — 44 (36.7%). Haematolog-
ical toxicity and overall response rates (ORR) are as follows for the total patient
cohort by CIRS comorbidity score and age bracket but with no analysis by
treatment arm. The overall grade 3/4 neutropenia rate was 39.8% and febrile
neutropenia / infection was 15.9%. Grade 3/4 toxicity across the CIRS score
brackets 0-2, 3-4 and 5-6 respectively was 56%, 39% and 56% for all haema-
tological toxicity, 43%, 31% and 50% for neutropenia, and 15%, 19% and 13%
for febrile neutropenia and/or infection. Grade 3/4 toxicity across the age brack-
ets 65-69, 70-74, 75-79, and 80-84 respectively was 52%, 53%, 43% and 20%
for all haematological toxicity, 45%, 38%, 43% and 0% for neutropenia, and
18%, 7%, 33% and 0% for febrile neutropenia and/or infection. The overall
response rate (ORR) across the CIRS score brackets 0-2, 3-4 and 5-6 respec-
tively was 94%, 87% and 100%, and across age brackets 65-69, 70-74, 75-79,
and 80-84 respectively was 93%, 91%, 92% and 100%. Using stringent stop-
ping criteria, 35% stop early due to toxicity, intercurrent iliness or patient choice,
and 61.9% have a delay during therapy.

Summary / Conclusion: Oral F(C)R therapy appears generally safe and well
tolerated in CLL patients aged 265 years requiring first-line therapy according
to incomplete data 7 months from end of recruitment. For fit elderly patients,
neither a CIRS score between 0 ande, nor age bracket appear to be associat-
ed with toxicity. ORR is high at 92.4%, and complete remission in 40.5% at Final
Staging 2 months after treatment. ORR was similar across all CIRS score and
age brackets.
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Background: PI3K-delta (d) is critical for activation, proliferation and survival
of B cells and plays a role in homing and retention in lymphoid tissues. PI3Kd
signaling is hyperactive in many B-cell malignancies. Idelalisib is a first-in-
class, selective oral inhibitor of PI3K3. It has shown activity as a single agent
and in combinations with bendamustine and anti-CD20 mAbs, in patients with
relapsed or refractory (R/R) CLL.

Aims: The primary objective of this study is to evaluate the safety of the addi-
tion of idelalisib to chlorambucil (Chl) and chlorambucil plus rituximab (R) in pts
with R/R CLL. The secondary objective is to evaluate the clinical activity of the
combination. Preliminary results are presented.

Methods: Pts required therapy according to IWCLL 2008 guidelines. All pts
received idelalisib 150 mg po bid continuously. Those on idelalisib+Chl received
Chl 10 mg/m2 po qd on days 1-7 every 28 days for a minimum of 3 and maxi-
mum of 12 cycles, based on achievement of optimal response. Those on ide-
lalisib+Chl+R received, in addition, R 375 mg/m2 on day 1 of the first 6 cycles.
Response was assessed by the investigators based on scheduled CT evalua-
tions and clinical criteria following IWCLL 2008.

Results: 29 subjects were enrolled from March 2011 through August 2012:
median age 65 (range: 41-82); M/F 83/17 (%); WHO 0/1/2 79/21/0 (%); current
Rai lll/IV 3/48 (%). The median number of prior regimens was3, means, range
1-11. 48% of subjects were refractory to their last therapy (progressed within
6 months) and 48% had relapsed at >6 mo, 4% unknown. Of 13 subjects treat-
ed with idelalisib+ChI+R, 5 (39%) were refractory to rituximab. The ORR was



63% for idelalisib+Chl (1/16 CR, 9/16 PR) and 92% for idelalisib/Chl/R (1/13 CR,
11/13 PR). Median PFS has not been reached. As of 22 Feb 2013, 4 subjects
have discontinued therapy (2 from each arm): 1 PD (idelalisib+Chl), 1 death, 1
withdrew consent and 1 other. The median time on idelalisib therapy is current-
ly 8.1 mos (range: 0.9-10.2). The most frequently reported treatment-emergent
AEs (220% of all subjects) and lab abnormalities are shown in Table 1.
Summary / Conclusion: Idelalisib, when combined with either chlorambucil or
chlorambucil plus rituximab, is effective in inducing responses in the majority
of relapsed and refractory patients with CLL. The safety profile is not different
from what would be expected from the addition of each of the administered
drugs. These results support further studies with these combinations in patients
with CLL.

Table 1.

Adverse Event Idelalisib / Chl (N=16) Idelalisib / ChUR (N=13)
Total (%) 2Gr 3 (%) Total (%) 2Gr 3 (%)

Diarrhea 25 6 46 8
Cough 25 0 30 0
Fatigue 19 0 3 8
Pyrexia 13 0 36 8
Febrile Neutropenia 3 31 8 8
Rash 13 0 3 15
Lab Abnormality
Neutropenia 88 69 69 46
Thrombocylopenia 69 38 39 15
Anemia 56 19 39 8
ALT/AST elevation 3 0 46 23
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Background: FCR is widely regarded as standard 1st line therapy for chronic
lymphocytic leukaemia. In October 2009 the UK National health Service made
FCR freely available to all patients in England for this indication. However, the
landmark studies establishing the role of this treatment had patient populations
younger than the median age and in generally more robust health, e.g. medi-
an performance status in CLL8 is 1.

Aims: To determine the applicability and tolerance of trial derived standard
treatment to the unselected CLL patient population To determine the degree to
which patients entering trials were representative of the unselected patient pop-
ulation. To determine the range of non-FCR treatments in use. To determine the
sequence of 15t and 2" line treatments in current use and any impact on 2nd
line treatment of toxicity from 1st line treatment

Methods: We initiated a prospective survey of 1st line treatment choices and
outcomes in CLL from 1St October 2009 at 7 hospitals across England serving
a combined population of approximately 3.3 million. The survey consists of
short questionnaires at treatment initiation, 6 months post treatment comple-
tion and at relapse.

Results: To date 209 patients have received treatment, 6 month follow up is
available for 151 of these and 12 month for 43. Median age at treatment initia-
tion is 70, Binet stages are A22%, B 28% and C 50%. Treatment choice:97 were
scheduled for full dose FCR (88) or received non-FCR treatment in a trials with
an FCR arm (9). The full range of treatments is shown in Table 1. For the 54%
(112) of patients not considered suitable for full dose FCR the reasons not to
use it were medically unfit 25%, known 17p 0%, patient choice 18%, patient age
33%, other 24%. (including previous non-haematological cancer, omission of
Rituximab because of grossly elevated WCC, the perception of FCR as exces-
sive for low disease burden and a desire to avoid marrow suppression). 8% (17)
of all patients were treated within a trial. Treatment completion:Of patients
planned for 6 cycles of full dose FCR only 41% receive this while 26% receive
<5 cycles, 12% have dose reductions and a further 20% have both cycle num-
ber and dose reductions. Data from 6 months after completion of treatment is
available for 54 of these and 51% have some cytopenia with 34% having severe
cytopenia (neutrophil <1x109/L, Hb<100 g/L or platelets <100x109/L). Of
patients planned to have dose reduced FCR from the outset 61% required fur-
ther dose reduction and 33% have persisting cytopenia 6 months post treat-
ment. At 12 months 30% of those exposed to FCR have persisting cytopenia
and 5 have required second line therapy, in 2 cases choice or dose was altered
by post=FCR cytopenia.

Summary / Conclusion: Our survey indicates that: 1. a wide range of 1t line

Stockholm, Sweden, June 13 — 16, 2013

treatment options remain in use. 2. fewer than 50% of patients are felt suitable
for full dose FCR. 3. Patients planned for full or reduced dose FCR tolerate it
poorly with 60% required unplanned dose reductions. 4. Long term cytopaenia,
which could compromise future treatment choices, may be a significant prob-
lem following full dose FCR treatment. 5. Patients entering trials of 1stline treat-
ment represent a very small percentage of the patient population

Table 1.
Initial Treatment choice Number (Percentage)
Full dose FCR 96 (41%)
Reduced dose FCR 29(14%)
FC 2(1%)
Chiorambucil + Prednisolone*® 15(796)
Chlorambucil alone 40 (19%)
Chlorambucil + spleneciomy/ 3 (1.5%)
splenicirradiation
R-CVP 2(1%)
R-CHOP 1 (0.5%)
R-HDMP 1 (0.5%)
FC 2 (1%)
FCMR (trial) 6 (3%)
FCM-miniR (trial) 2 (1%)
Rituximab+oral prednisclone 2(1%)
R-Chlorambucil 2 (1%)
Bendamustine 1(0.5%)
HDMP 2(1%)
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Background: Recent studies showed that stabilizing mutations of NOTCH1
gene occur in about 10% CLL at diagnosis and are associated with advanced
disease and unfavourable prognosis (Rossi et al, Blood, 2012; Del Poeta et al,
Br J Haematol, 2013).

Aims: Here, we investigated whether: i) NOTCH1 mutations (NOTCH1mut) are
confirmed to be an independent predictor of poor clinical outcome in a cohort
of CLL patients (pts) all treated with the same therapeutic approach, and ii)
NOTCH1mut are able to identify a subset of CLL pts not benefiting from the use
of rituximab (rtx).

Methods: We assessed the incidence and impact of NOTCH1™Mut in 123 CLL
symptomatic pts, median age 63 years (37-80), homogeneously treated in first
line with six monthly courses of intravenous (25 mg/m?2) or oral fludarabine (30-
40 mg/m2) followed by four weekly doses (375 mg/m?) of rtx. Out of 123 pts,
43 reached complete remission (CR); the remaining 80 pts either reached CR
but remained positive for minimal residual disease detection by flow cytometry
(CR/MRD+; n=46), or underwent partial remission/stable disease (PR/SD;
n=34). Among them, 21 pts entered follow-up without further therapy (uncon-
solidated pts), while 59 underwent to a consolidation-maintenance phase (con-
solidated pts) with rtx (four monthly cycles of rtx at 375 mg/m2 followed by
twelve monthly doses of rtx at 150 mg/m2; Del Poeta et al, Cancer, 2008).
NOTCH1 c.7544_7545delCT mutation was investigated by amplification refrac-
tory mutation system (ARMS) PCR using frozen samples collected at presen-
tation.

Results: NOTCH1mut were found in 20 of 123 pts (16.3%). Regarding base-
line characteristics, there were significant associations of NOTCH1mut with tri-
somy 12 (P=0.03), unmutated /GHV (P=0.0001), ZAP-70 >20% (P<0.0001)
and CD49d >30% (P=0.0004). Regarding response to therapy, 12 out of 20
(60%) NOTCH1mut pts showed only PR/SD vs 22/103 (22%) NOTCH1 wild-type
(NOTCH1Wt) pts (P=0.002). At extended follow-up (median 68 months),
NOTCH1mut was associated with significantly decreased response duration
(RD), (13% vs 48% at 8 years, P=0.00004, Figure 1) and inferior overall sur-
vival (0S), (0% vs 57% at 15 years, P=0.00002). The 59/80 consolidated
patients showed a longer RD vs the 21/80 unconsolidated pts [50% vs 0% at
5 years; P=0.001]. Equally, OS was longer in consolidated pts vs unconsolidat-
ed pts (81% 0% at 13 years; P=0.0008). Among consolidated pts, NOTCH7mut
cases (10/59) experienced significantly shorter RD and OS intervals than con-
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solidated NOTCH1%t pts (RD, 0% vs 61% at 5 years, P=0.004; Figure 2; OS,
38% vs 95%, at 10 years, P=0.004). Of note, RD and OS intervals of
NOTCH1mut consolidated pts was not dissimilar to that of the 21 unconsolidat-
ed CLL pts (p>0.05 in both cases), 8 of them bearing a NOTCH1mut genotype.
NOTCH1mut maintained an independent prognostic impact in Cox regression
multivariate analyses, by evaluating: i) RD (NOTCH1Mut HR 2.96, P=0.02)
along with consolidation-maintenance (HR 0.38, P=0.005) and IGHV (HR 2.73,
P=0.01); ii) OS (NOTCH1Mut HR 7.31, P=0.002) along with IGHV (HR 3.14,
P=0.04), TP53mut/del (HR 4.18, P=0.02) and age >60 years (HR 4.14, P=0.03).
Summary / Conclusion: Our results confirm that NOTCH1mMut represent an
independent clinical prognostic factor in homogeneously treated CLL pts and
identify a subset of CLL pts that does not benefit from the addition of rtx to ther-

apy.
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Background: EZH2 is the enzymatic subunit of the polycomb repressive com-
plex 2 (PRC2), which induces gene repression through trimethylation of histone
H3 at lysine 27 (H3K27). EZH2 over-expression has been reported in a broad
range of both hematopoietic and solid malignancies and associated with poor
prognosis. Furthermore, activating mutations of the EZH2 gene are recurrent
in B cell ymphomas of germinal center origin. Recently, we demonstrated for
the first time that EZH2 is expressed in CLL and, notably, that EZH2 mRNA and
protein levels were up-regulated in the aggressive stereotyped subset #1 ver-
sus the indolent subset #4.

Aims: In order to obtain deeper insight into the role of EZH2 in CLL pathobiol-
ogy, here we extended our studies by investigating EZH2 expression and func-
tion in a well-annotated cohort of 116 patients with CLL.

Methods: EZH2 mRNA levels were determined in negatively selected CD19+
cells from peripheral blood samples obtained at diagnosis or before any treat-
ment by real-time quantitative PCR (RQ-PCR) using abl as the housekeeping
gene. Using Western blotting, we also evaluated (i) EZH2 protein expression;
and, (i) its functional effects, by measuring H3K27me3 levels.

Results: A total of 116 cases were evaluated for EZH2 mRNA expression by
RQ-PCR; of these, 55 (47.4%) carried unmutated IGHV genes (98-100% iden-
tity to the germline, U-CLL), whereas the remaining 61 cases (52.6%) carried
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mutated IGHV genes (<98% identity to the germline, M-CLL). Significantly high-
er EZH2 mRNA levels were identified in U-CLL vs. M-CLL (fold difference, FD,
>2, P<0.00001). In accordance with this result, Western analyses of 59 cases
(U-CLL, n=26; M-CLL, n=33) revealed significantly higher EZH2 protein expres-
sion in U-CLL vs M-CLL (FD=4.5, P<0.0001). Interestingly, we also observed
higher levels of H3K27me3 in U-CLL vs M-CLL (FD=4.3, P<0.01), strongly
supporting that EZH2 over-expression in U-CLL is functionally relevant. We next
evaluated whether the clustering of CLL cases in subsets based on BcR stereo-
typy might be reflected in subset-biased differences in EZH2 expression, focus-
ing on the largest subsets in the present cohort, namely: (i) subset #1 — IGHV1
clan genes, U-CLL, n=8; (ii) subset #4 — IGHV4-34, M-CLL, n=9; (iii) subset #6
—IGHV1-69, U-CLL, n=8; and, (iv) subset #8 — IGHV4-39, U-CLL, n=7. Signif-
icantly (FD>1.7-2.2, P<0.05) higher EZH2 mRNA levels were identified in (i)
subset #1 versus subset #4, confirming our previous findings; (ii) subset #1 ver-
sus U-CLL subsets #6 and #8 as well as U-CLL in general. Finally, we investi-
gated possible clinical implications and found significantly shorter time-to-first-
treatment (P=0.04) in patients with increased EZH2 mRNA levels. However,
likely due to relatively small numbers, EZH2 mRNA levels did not retain prog-
nostic significance on multivariate analysis, where only advanced clinical stage
and U-CLL status emerged as independent negative prognostic factors.
Summary / Conclusion: EZH2 is over-expressed in aggressive CLL sub-
groups and seems to have a functional impact as evidenced by distinctive his-
tone marks. These results offer hints about the evolution of CLL through epi-
genetic activation of oncogenic signaling cascades and inhibition of pro-differ-
entiation pathways. Better understanding of the molecular basis of such regu-
lation in agressive CLL could help in establishing EZH2-mediated epigenetic
silencing as a therapeutic target.
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OUTCOMES OF PATIENTS WITH FLUDARABINE-REFRACTORY CHRON-
IC LYMPHOCYTIC LEUKAEMIA (CLL) — A POPULATION-BASED STUDY
FROM A WELL-DEFINED GEOGRAPHIC REGION

S Sylvan®,” L Hansson?, C Karlsson?, S Norin?, J Lundin?, Anders Osterborg’
1Departments of Hematology and Oncology, Karolinska University Hospital,
Stockholm, Sweden

Background: Treatment of fludarabine-refractory (FR) chronic lymphocytic
leukemia (CLL) remains unsatisfactory. Several new agents have been or are
currently being tested in pivotal, non-controlled phase 2 trials. Knowledge on
the natural history of similar groups of advanced-phase CLL and outcome of
existing salvage regimens in routine health care is therefore mandatory.
Aims: To study the outcome of consecutive patients with FR CLL from a geo-
graphically well-defined area without external referrals. Such patients are like-
ly to represent an important group of non-selected patients that can serve as
comparators for data obtained with new orphan drugs in non-randomised phase
I trials.

Methods: Patients with CLL (n=1479) were identified from the Cancer Registry
in Stockholm (1991-2010). 1301 patient files (94%) were identified and
reviewed to identify FR patients. Efficacy and toxicity of salvage therapies were
recorded as well as long term follow-up. Patients were also subclassified as fol-
lows: FR with bulky lymph nodes (BFR group); double-refractory to both F and
alemtuzumab (DR group), or being FR without fulfilling criteria for BFR or DR
(group “Other”).

Results: Chart review identified totally 92 consecutive, non-referred patients
with FR CLL undergoing various types of salvage therapy. Median age was 69
years, most had Rai stage lll/IV and had received a median of 3 prior thera-
pies (range 1-9). The overall response rate (ORR) was 20% (all but 3were
PR), which was significantly lower in the BFR subgroup (ORR 8%) and the DR
group (ORR 20%) than in the group “Other” (ORR 31%) (P=0.01). Median time
to treatment failure in all patients was 5 months. The ORR in patients who
received antibody therapy was 35% with a median time to start of next thera-
py of 10 months. Early deaths (within 8 wk) occurred in 5% and = grade 3
infections in 20% of patients which appeared lower than previously reported
from other centers/series. Median overall survival (OS) was 18 months; it was
significantly longer in BFR patients (median 29 months) than in the DR group
(median 13 months) (P<0.05, log-rank test). There was no significant difference
in OS between refractory patients treated in the first decade vs the second time
period of this study. Among baseline prognostic factors on survival, only gen-
der reached statistical significance (P=0.01, multivariate Cox regression analy-
sis).

Summary / Conclusion: Our study describes the natural history of fludarabine-
refractory CLL in consecutive patients in a region with almost complete follow-
up and without influence on the results from external referrals. Such results may
be used for comparison with data obtained in non-controlled phase 2 trials on
new orphan drugs.
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PROLONGED CYTOPENIA RELATED TO FLUDARABINE, CYCLOPHOS-
PHAMIDE AND RITUXIMAB IN CHRONIC LYMPHOCYTIC LEUKEMIA

P Strati!,” W Wierda', J Burger!, AFerrajoli', S Lerner!, M Keating', S O'Brien’
1Leukemia, The University of Texas, M.D. Anderson Cancer Center, Houston,
United States

Background: Fludarabine, Cyclophosphamide and Rituximab (FCR) is the
most effective frontline treatment for Chronic Lymphocytic Leukemia (CLL).
This regimen is often associated with transient cytopenia during administration
that resolves after treatment. In a fraction of patients (pts), cytopenia persist-
ence can raise concerns for CLL relapse, increased risk of infections, or devel-
opment of secondary myeloid malignancies (SMM).

Aims: To define laboratory and clinical features associated with the develop-
ment of cytopenia after frontline FCR in CLL pts. To investigate its association
with survival and risk for SMM.

Methods: Cytopenia were graded according to CTCAE4 criterias and consid-
ered significant if grade 2-4. Only pts achieving complete remission (CR), CR
with incomplete marrow recovery (CRi) and nodular partial remission were
included. Categorical and continuous variables were compared using the x2 and
Mann-Whitney test. Kaplan-Meier estimates were compared using the log-rank
test.

Results: Three-hundred pts were treated with frontline FCR at our institution
between 1999 and 2002. Two-hundred-seven pts met criteria for analysis. The
incidence of cytopenia after treatment at3, 6 and 9 months is described in the
Table 1. Baseline characteristics of cytopenic (CY)(72) and non-cytopenic
(NCY)(132) pts, including prognostic factors, were compared. CY pts were sig-
nificantly older (P=0.02), had more advanced Rai stage disease (P=0.01) and
more profound baseline neutropenia (P=0.04), anemia (P=0.04) and thrombo-
cytopenia (P=0.001). CY pts had a significantly lower likelihood of completing
6 cycles of FCR (67% vs 87%)(P=0.001). Progression Free Survival (PFS) for
CY pts was 135 months and Overall Survival (OS) has not been reached, after
a median follow up of 114 months (7-155). No differences in PFS (135 vs 95
months, P=0.31) and OS (both not reached, P=0.84) were observed in com-
parison to NCY pts, even for CY with persistence of cytopenia at 6 and 9
months. The incidence of SMM was comparable between the 2 groups (2 CY,
5 NCY)(P=NS).

Summary / Conclusion: Cytopenia commonly occurs during FCR. Our analy-
sis indicates that cytopenia is a more frequent finding in older patients, and
patients presenting with Rai stage IV disease. Response duration, OS, and the
rate of SMM are identical to those seen in patients without cytopenia.

Table 1.
- - -
3 months 721207 (35%) 32/72 (44%) 40/72 (56%)
6 months 45/191 (24%) 20/45 (44%) 25/45 (56%)
New onset* 13/45 (29%) 8/13 (62%) 5/13 (38%)
Persistence 32/45 (71%) 12/32 (38%) 20/32 (62%)
9 months 24/198 (12%) 8/24 (33%) 16/24 (67%)
New onset** 2/24 (8%) 0/2 (0%) 2/2 (100%)
Persistence 22124 (92%) 8/22 (36%) 14/22 (64%)
*': 11/13 with previous G1 cytopenia
*2. 2/2 with previous G1 cytopenia
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FRONTLINE TREATMENT OF CHRONIC LYMPHOCYTIC LEUKEMIA WITH
DELETION 17P

P Strati!,” M Keating?, S O’Brien?, A Ferrajoli’, J Burger?, S Faderl!, N Jain?,
W Wierda’

1MD Anderson Cancer Center, Houston, United States

Background: Patients (pts) with relapsed Chronic Lymphocytic Leukemia
(CLL) bearing deletion 17p (del17p) are very high-risk for poor clinical out-
comes.

Aims: We summarize outcomes for first-line treatment of del17p CLL.
Methods: We identified 63 pts with CLL and del17p by FISH who received
first-line treatment at MDACC between 1/04 and 12/12. Log-rank test and Cox
regression were used for univariable and multivariable analyses.

Results: Baseline characteristics are shown (Table 1). Median time from diag-
nosis to first treatment (TTFT) was 15 (11-19) months (mos); no association
between % del17p positive cells at diagnosis and TTFT was noted (P=.45).

Stockholm, Sweden, June 13 — 16, 2013

First-line therapy consisted of fludarabine, cyclophosphamide, rituximab (FCR)
based regimen in 49 pts, rituximab-based in 6 pts, and lenalidomide-based in
8 pts. Ninety pts (30%) achieved complete remission (CR), 2 (3%) nodular par-
tial remission (nPR), 18 (30%) PR, and 24 (37%) were non-responders. Four-
teen CR pts (78%) were minimal residual disease free by 4-colour flow cytom-
etry. The median time-to-treatment failure (TTF) was 14 (10-18) mos (43
events); the median follow-up was 33 (1-89) mos. Univariable analyses showed
age >65 yrs (P=.04), complex karyotype (P=.02), lack of response to therapy
(P<.001) and >50% cells positive for del17p by FISH (P=0.009) associated
with shorter TTF. The multivariable model showed karyotype (P=.005) and qual-
ity of response (P<.001) independently associated with TTF. Median overall sur-
vival (OS) was 63 (43-83) mos (28 deaths). Fifteen pts (23%) developed Richter
Syndrome (RS) after a median of 12 (1-27) mos; 8 deaths (29%) were related
to RS. Univariable analyses showed that only lack of response was associat-
ed with a shorter OS (P=.001).

Summary / Conclusion: Del17p CLL is high-risk for first-line therapy; better
response to therapy was observed in young patients with <50 % del17p posi-
tive cells by FISH who received FCR. New strategies and agents must aim at
both improving response and maintaining remission, particularly in pts with
complex karyotype.

Table 1.
| Characteristics (N=63) | _n_| CR/nPR(%) | ORR (%) |PFS (mos)| OS (mos) |
Age>65y 25 8* 44* 13* 15
<65y 38 50 74 18 NR
Rai stage IlI-IV 27 33 59 17 49
o-1l 36 33 B4 14 63
B2M > 4 mg/L 43 33 60 14 55
<4 20 a5 65 16 63
IGHV UM 47 34 60 13 52
M 1 36 64 17 NR
Del17p FISH
> 50% cells 45 22 56 13* 49
<50% 18 61 78 36 NR
Karyotype
complexw del17p 20 15 55 11* 35
complex wio del17p 9 56 56 13 48
<3 abnw del17p 6 50 83 NR NR
< 3 abn wio del17p 19 42 68 20 NR
FCR 49 43" 71 16 55
Rituximab/Lenalidomide 14 0 29 10 50

*p < 0,05 (Chi-square or log-rank)
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THE IMPACT OF NOVEL RECURRENT GENETIC MUTATIONS ON THE
EFFICACY OF ALEMTUZUMAB CONTAINING TREATMENT IN HIGH RISK
CLL PATIENTS: RESULTS FROM THE HOVONG68 TRIAL

D Te Raa',” AKater!, W Ghidey Alemayehu?, D Luijks’, A Jethwa3, J Hiillein3,
E Eldering?, T Stankovic4, T Zenz3, C Geisler®, M Van Oers'

1Departments of Hematology and Experimental Immunology, Academic Med-
ical Center Amsterdam , Amsterdam, 2HOVON Data Center, Erasmus MC, Rot-
terdam, Netherlands, 3Department of Translational Oncology, National Center
for Tumor Diseases (NCT), German Cancer Research Center (DFKZ) & Depart-
ment of Medicine V, University Hospital Heidelberg, Heidelberg, Germany,
4School of Cancer Sciences, University of Birmingham, Birmingham, United
Kingdom, SDepartment of Hematology, Rigshospitalet, Copenhagen, Denmark

Background: Alemtuzumab treatment is effective in CLL patients with 17p
deletion and with chemo refractory disease, indicating that alemtuzumab may
act independently of the ATM/p53 axis. However, the impact of ATM mutations
on alemtuzumab efficacy is less well defined. Moreover, it is currently not known
whether alemtuzumab is also effective in patients with the recurrent somatic
mutations, which were recently discovered in CLL by next generation sequenc-
ing. These include SF3B1 and NOTCH1 which have been shown to be asso-
ciated with impaired prognosis.

Aims: To study the incidence and clinical impact of the novel recurrent genet-
ic mutations in high risk CLL patients treated with alemtuzumab in combination
with fludarabine and cyclophosphamide (FCA).

Methods: In the HOVONGS trial, treatment naive CLL patients with a high risk
profile defined as either 17p deletion, 11q deletion, trisomy 12, unmutated IGHV
and/or VH3-21, were randomized between treatment with 6 cycles of FC (Oral
fludarabine 40 mg/m2 day1-3 and cyclophosphamide 250 mg/m?2 day1-3) and
FC + alemtuzumb (30 mg sc, in cycle 1 day-1 to +1, in cycles 2-6 day1 only).
We evaluated 119/272 (43.8%) trial patients based on availability of DNA. This
cohort was representative for the complete trial population as there were no dif-
ferences in main prognostic factors, including age, clinical stage, IGHV muta-
tional status, ZAP-70 or cytogenetic aberrations (17p-, 11g-, trisomy 12, 13q-).
Mutational analysis of SF3B1 (ex14+15), NOTCH1 (ex34), TP53 (ex4-10),
BRAF (ex11+15), KRAS (ex2+3), NRAS (ex2+3), EZH2 (ex16), MYD88 (ex3+5)
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and PIK3CA (ex9+20) was performed by next generation sequencing. Exten-
sive mutational analysis of ATM (ex1-62) is currently being performed (analyzed
at present: n=19). Complete analysis will be reported at EHA.

Results: 19 (16%) SF3B1, 12 (10%) NOTCH1, 16 (13%) TP53, 5 (4%) BRAF, 5
(4%) KRAS, 2 (2%) NRAS and 1 (1%) MYD88 mutations were found. Thus far ATM
mutations were identified in 5 (out of 19) patients. Mutations in TP53 correlated with
17p deletion (P<0.0001), SF3B1 mutations with 11q deletion (P=0.008) and
NOTCH1 mutations with trisomy 12 (P=0.001). The overall response rate (ORR) and
complete response (CR) were decreased in patients with TP53 mutation (P=0.001
and P=0.01 respectively) but not in those with the other mutations. FCA improved
ORR in patients with TP53 mutations (14% vs 67%, borderline-significance P=0.06).
However in patients with the other mutations there were no differences in ORR/CR
between the two treatment arms.

The median follow-up was 42.5 months (range: 4-82 months). Progression free sur-
vival (PFS) was impaired in patients with TP53 mutation (P<0.001) but not in patients
with NOTCH1 mutation (P=0.82). FCA improved PFS in patients with TP53 muta-
tion (median 3 vs 16 months, P=0.02), as well as in SF3B71 mutated patients (medi-
an 33 vs 44 months, P=0.05). Overall survival (OS) was only decreased in TP53
mutated (P=0.02) patients and there was a trend for improved OS due to FCA (medi-
an 24 vs 67 months, P=0.09).

Summary / Conclusion: Novel recurrent mutations were found in this high risk
CLL treatment naive patient group, in frequencies comparable to those reported in
recent literature. As expected, TP53 mutations had an adverse prognostic impact
as to ORR, CR, PFS and OS, which was overcome by alemtuzumab. In addition,
we found that patients with an SF3B87 mutation might benefit from alemtuzumab. This
latter finding is in line with our recent observation suggesting that SF387 mutations
affect the ATM/p53 axis.
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UPDATED RESULTS OF A PHASE Il STUDY OF LENALIDOMIDE AND RITUX-
IMAB IN RELAPSED/REFRACTORY (R/R) CHRONIC LYMPHOCYTIC
LEUKEMIA.

M Piris-Villaespesa®,” J Chavez2, S Dalia2, M Veliz3, Jeffrey Lancet?, C Bello2, E Tur-
ba2, B Shah2, R Komrokjiz, L Sokol2, F Locke4, M Kharfan-Dabaja%,
E Sotomayor2, J Pinilla-lbarz2

1Hematology, Hospital Universitario Puerta de Hierro-Majadahonda, Madrid, Spain,
2Malignant Hematology, H. Lee Moffitt Cancer Center, 3Hematology, Central Flori-
da Hematology Onc, 4Bone Marrow Transplant, H. Lee Moffitt Cancer Center, Tam-
pa, FL, United States

Background: Chronic lymphocytic leukemia (CLL) is a heterogeneous disease with
variable clinical course. Patients with R/R disease have a very poor outcome.
Response rates to salvage therapy are 20 to 40%; however they are short-lasting.
Lenalidomide (L) has shown encouraging and significant response duration in phase
I studies with acceptable toxicity. It is postulated that lenalidomide enhances the anti-
body dependent cytotoxicity (ADCC) of rituximab (R) by potentiating NK cell respons-
es.

Aims: The primary endpoints included objective response rate (ORR) [complete
(CR) and partial (PR) remission], clinical benefit [stable disease (SD) + ORR] and
safety and tolerability of the combination regimen. Secondary endpoints were time
to treatment failure (TTF), overall survival (OS) and assessment of adverse events
(AEs).

Methods: This phase Il study evaluated a combination of L+R in R/R CLL. The reg-
imen consisted in dose-escalated L=2.5 mg (days 1-7), 5 mg (days 8-14) and 10
mg (days 15-21) followed by 7 days of rest in a 28-day cycle; for cycle 2 and beyond
L=20 mg was given on days 1-21 on a 28 day cycle. R was dosed at 375 mg/m2 IV
weekly for 4 weeks starting on day 15 of cycle 1. In high tumor burden disease (lym-
phocytes count 225,000/uL) R was given prior to lenalidomide. Treatment was con-
tinued until disease progression or if unacceptable toxicity ensues. Responses were
assessed according to IWCLL 2008 criteria.

Results: Twenty four patients were enrolled in the study. Median age was 62.5
years (41-79). Male/female ratio was 1.67. Patients characteristics included: Rai
stage llI-IV=13 (54%), bulky disease=11 (45.8%), median number of prior
chemotherapy regimens=3 (range 1-5), fludarabine refractory=4 (16.7%), unmutat-
ed IgVH =13/19 (54.2%), CD38 230%=9/23 (37.5%), ZAP-70=5/15 (20.9%). Cyto-
genetic abnormalities included trisomy 12 (10/24), del11q (9/24), del13q (9/24) and
del17p (3/24). Five patients did not complete more than 3 cycles [hypercalcemia (1),
seizures (1), ischemic stroke (1), severe hematological toxicity (1) and withdrawal
of consent (1)] and one patient did not initiate L (due to infusion reaction to R). The
ORR in 18 evaluable patients was 61.1% and on the intention to treat (ITT) analy-
sis was 45.8%. The clinical benefit (ORR+SD) was 83.3% in evaluable patients. The
median time-to-response and median duration of response were 4.1 and 22.5
months, respectively. The ORR was independent of age, gender, Rai Stage, bulky
disease, hierarchical genetic abnormalities, IgVH mutational status or fludarabine
refractoriness. The regimen was well tolerated. The most common grade 3/4 AEs
were fatigue (33.3%), infections (25%) and diarrhea (12.5%). Most common caus-
es of infections were pneumonia (20.8%) and sinusitis (8.3%). Hematological toxi-
city consisted of grade 3/4 neutropenia (50%) anemia (8%) and thrombocytopenia
(4%). Tumor flare reaction was observed in eight cases (33.3%). The TTF in the
evaluable patients was 17.7 months and in the ITT analysis was 14.3 months. After
a median follow-up time of 31.2 months the OS was not reached. By univariate
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analysis, achieving a response predicted a better overall survival.

Summary / Conclusion: The combination of lenalidomide and rituximab is a fea-
sible alternative for the treatment of R/R active CLL, including high risk and heavily
pretreated patients, with significant and durable responses and an acceptable tox-
icity profile.
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A MULTICENTER, PHASE IV OBSERVATIONAL SAFETY STUDY OF OFATU-
MUMAB IN CHRONIC LYMPHOCYTIC LEUKEMIA (CLL): A EUROPEAN
RESEARCH INITIATIVE ON CLL (ERIC) STUDY

C Moreno!,” M Montillo2, P Panayiotidis3, A Bloor4, J Dupuis5, A SchuhS,
S Norin?, C Geisler8, P Hillmen®, M Doubek'0, M Trnény'!, P Obrtlikova'l,
L Laurenti’2, S Stilgenbauer'3, L Smolej'4, P Ghia'>, F Cymbalista’®,
U Jaeger'?, K Stamatopoulos'®, N Stavroyianni8, P Carrington'®, H Zouabi20, V
Leblond20, J Gomez2!, R Marasca?2, G Musuraca23, L Rigacci?4, L Farina25, R
Paolini26, S Pospisilova®, E Kimby', C Bradley?, E Montserrat’

THematology, European Research Initiative on CLL, Barcelona, Spain, 2Hematol-
ogy, Niguarda Ca’ Granda Hospital , Milano, Italy, 3Department of Hematology,
Laikon General Hospital, Athens, Greece, 4Hematology, The Christie NHS Founda-
tion Trust, Manchester, United Kingdom, SHematology, Hépitaux Universitaire Hen-
ri Mondor, , Créteil, France, 8Hematology, Churchill Hospital, Oxford, United King-
dom, "Hematology, Karolinska University Hospital Huddinge, Stockholm, Sweden,
8Hematology, Rigshospitalet, Copenhagen, Denmark, ®Hematology, St. James'’s
University Hospital, Leeds, United Kingdom, 10Hematology, University Hospital Brno,
Brno, 1"Hematology, Charles University Hospital, Praha, Czech Republic, 12Hema-
tology, Policlinico Agnostino Gemelli, Roma, Italy, 13Department of Internal Medicine
111, Ulm University, Ulm, Germany, 14Hematology, University Hospita Hradec Kralove,
Hradec Kralove, Czech Republic, 1SHematology, Universita Vita-Salute San Raffaele
and Istituto Scientifico San Raffaele, Milano, Italy, 16Hematology, Hopital Avicenne,
Bobigny, France, 17Hematology, Medical University of Vienna, Vienna, Austria,
18Hematology, G. Papanicolaou Hospital, Thessaloniki, Greece, "®Hematology, Traf-
ford General Hospital, Manchester, United Kingdom, 20Hematology, Groupe Hos-
pitalier Pitié Salpétriére, Paris, France, 2"Hematology, Hospital General de Albacete,
Albacete, Spain, 22Hematology, Policlinico di Modena, Modena, 23Hematology,
IRST Meldola, Meldola, 24Hematology, Azienda Ospedaliero Universitaria Careggi,
Firenze, 25Hematology, Fondazione IRCCS Istituto Nazionale Tumori, Milano,
26Hematology, ULSS 18-Rovigo Ospedale “S.Maria della Misericordia’, Rovigo, Italy

Background: Ofatumumab was given a conditional approval in the EU on April
2010 for the treatment of CLL refractory to fludarabine (F-ref) and alemtuzumab (A-
ref), encouraging the retrieval of further data in patients treated in a “daily life” set-
ting and to investigate treatment safety.

Aims: The main objective of the study was to obtain information on the safety pro-
file of ofatumumab in patients with CLL treated outside clinical trials. The secondary
endpoints were efficacy, progression free survival (PFS), and overall survival (OS).
Methods: This was an observational, retrospective study. Patients were eligible for
the study regardless of prior treatments or disease status and provided they had not
been included in phase Il or phase Il ofatumumab clinical trials. Data on patients’
characteristics at diagnosis, prior treatment, toxicity to therapy, response rate, PFS
and OS were recorded.

Results: One hundred and twenty patients were screened, of which 103 from 25
centers in 10 European countries were eligible for the study. There were 71 males;
median age at initiation of ofatumumab was 64 years (range, 38-84); 66% patients
were in advanced clinical stage;54% were F-ref, 70% A-ref and 41% were both. One
hundred and sixty one toxic events were reported in 68 patients, with 28 (17%) of
them being considered as ofatumumab-related. Infusion reactions occurred in 19
(30%) patients (grade IlI-IV: 21%). Neutropenia was reported in 26% patients (grade
I1I-1V: 22%), thrombocytopenia in 15% (grade IlI-1V: 12%) and anemia in 15% (grade
1-IV: 7%). The non-hematological adverse events were infection (29%), dyspnea
(10%), fatigue (7%), fever (7%), rash (7%), cough (5%), diarrhea (4%) and nausea
(1%). A correlation was observed between the number of prior lines of therapy and



hematologic toxicity. Autoimmune hemolytic anemia was recorded in one patient.
One patient developed Richter’s syndrome while receiving ofatumumab. Two heav-
ily pre-treated patients presented progressive multifocal leukoencephalopathy. The
overall response rate (ORR) was 23% and the median PFS and OS were 5 and 12
months, respectively. The main causes of death were disease progression (61%)
and, infection (28%).

Summary / Conclusion: These results show that with the only exception of the ORR
(lower in this study) all endpoints (PFS, OS) and safety profile in CLL patients treat-
ed with ofatumumab in daily practice are consistent with those observed in phase ||
and lll clinical trials.
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THE PROGNOSTIC VALUE OF THE NUMBER OF CELLS WITH A DELETION
OF 13Q14 IN PATIENTS WITH CHRONIC LYMPHOCYTIC LEUKEMIA

T Zagoskina',” V Ovsepyan', E Zotina®, S Baranchikova, E Krinitsyna

1Kirov Research Institute of Hematology and Blood Transfusion, Kirov, Russian Fed-
eration

Background: The presence of isolated deletion 13q14 (del13q14) in patients with
chronic lymphocytic leukemia (CLL) is a favourable prognostic factor of the disease.
However, patients with CLL differ in the number of cells with del13q14, as well as in
the degree of expression of Zap-70 and the level of thymidine kinase (TK). Zap-70
and TK are considered as the independent predictors of overall survival (OS) and
the outcome of CLL.

Aims: Determine the prognostic value of the number of cells with del13g14 in asso-
ciation with Zap-70 and TK.

Methods: We identified 124 patients with CLL. The median age was 61 years.
Twenty-five were in Binet stage A, 84 in stage B and 15 in stage C. Chromosomal
abnormalities were determined by FISH. Moreover, the expression of Zap-70 and
the contents of serum TK were determined by flow cytometry (cut-off value 20%) and
a radioenzyme method accordingly (cut-off value 20 U/L). All researches were per-
formed during the time of diagnosis before specific therapy.

Results: Del13q14 was detected as the only chromosomal abnormality or in com-
bination with other chromosomal disorders in 77 (62%) and 47 (38%) patients accord-
ingly. Patients with a single del13q14 were divided into 2 groups according to the
number of cells with this aberration. The first group included 41 (53%) patients with
del13qg14 in 2 60% of cells, the second one — 36 (47%) patients with del13q14 in <
60% of cells. Among patients with del13q14 in 260% of cells positive level of protein
expression Zap-70 and the content of TK >20 U/L in serum were detected in 39 (95%)
and 40 (98%) patients accordingly. At the same time, among patients with del13q14
in < 60% of cells positive expression of Zap-70 and high levels of serum TK were
not detected in any case. Median follow-up was 68 months. Median OS in patients
with del13q14 in <60% of cells was 144 months, median time to first treatment (TFT)
was 42 months. In patients with del13q14 in 260% of cells median OS was 65
months, but median TFT — 13 months (P=0.034 and P=0.002, respectively). By uni-
variate analysis, OS was significantly shorter in patients older than 60 years
(P=0.017), Binet stage B or C (P<0.001), with del13q14 in 260% of cells (P=0.002),
the content of TK 220 U/L (P=0.023) and the positive expression level of Zap-70
(P<0.001). During undertaking of the multivariate analysis by the independent pre-
dictors of OS and TFT the level of expression of Zap-70 (P=0.014; p=0.023) the con-
tents of TK (P=0.036; P=0.009), and the number of cells with del13q14 (cut-off val-
ue 60%) (P=0.016; P=0.025) were determined in patients with CLL.

Summary / Conclusion: Patients with del13q14 in = 60% of cells have a poorer
prognosis than patients with del13q14 in < 60% of cells. For a more precise stratifi-
cation of patients into risk groups a set of factors should be used simultaneously,
including the number of cells with del13q14, Zap-70 and TK which will identify patients
with a poor prognosis more accurately.
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FINAL RESULTS OF AMULTICENTER PHASE IB SINGLE AGENT STUDY WITH
THE NOVEL ANTI-CD20 MONOCLONAL ANTIBODY UBLITUXIMAB (TG-1101)
IN PATIENTS WITH RELAPSED CHRONIC LYMPHOCYTIC LEUKEMIA (CLL)
B Cazin'," S Leprétre2, B Coiffier3, T Aurran4, G CartronS, P Feugier8, O Brehar2, A
Sadoun?, P Sportelli8, H Miskin8, V Ribrag®

1Service des Maladies du Sang, Hopital Huriez, CHRU Lille, Lille, 2Centre Henri Bec-
querel, Rouen, 3Departement d’Hematologie, Centre Hospitalier Lyon-Sud, Pierre-
Benite Cedex, 4Hematology, Institut Paoli-Calmettes, Marseille, 5Service d’Héma-
tologie-Oncologie Médicale, Hopital Saint Eloi, Montpellier, 8Service d’'Hématologie,
Hépital Adultes de Brabois, Vandoeuvre Les Nancy, 7LFB Biotechnologies, Les Ulis,
France, 8TG Therapeutics, Inc., New York, United States, SInstitut Gustave Roussy,
Villejuif, France

Background: Ublituximab (TG-1101, previously LFB-R603) is a novel, chimeric
monoclonal antibody (mAb) targeting a unique epitope on the CD20 antigen. Ubli-
tuximab has been glycoengineered to enhance affinity for all variants of FcyRllla
receptors and therefore demonstrates greater antibody-dependent cellular cytotox-
icity (ADCC) activity than rituximab and ofatumumab, particularly against tumor cells
that express low CD20 levels. A weekly x 4 dose regimen of ublituximab was found
to induce rapid, profound and sustained blood lymphocyte depletion in patients (pts)
with advanced stage CLL in a first-in human dose-escalation phase | study (Part 1).
The second part of the study (Phase Ib) was designed to evaluate a fixed, weekly x
8 dose regimen for safety, pharmacokinetics (PK) and efficacy of ublituximab in pts

Stockholm, Sweden, June 13 — 16, 2013

with CLL relapsed after at least one prior course of therapy with fludarabine.

Aims: Herein, we report the final results of the Phase Ib study.

Methods: From April 2010 to August 2011, 12 pts were enrolled at 9 centers in
France and followed for 12 months. Eight infusions of ublituximab were administered
once weekly consisting of an initial dose of 150 mg followed by 7 doses of 450 mg,
with no maintenance therapy. Safety was the primary endpoint (CTCAE v. 3.0), with
PK and efficacy (IWCLL, Hallek 2008) secondary endpoints.

Results: Median age was 69.5 years [62—77], median time from diagnosis to inclu-
sion was 10.4 years [4.0-23.6], median prior therapies was 3 [range 1-8]. Seven pts
(58%) received at least one prior rituximab-containing regimen. Abnormal cytoge-
netics: 10/12 (2 with 17p del). Bulky (>5cm) lymph node enlargement was observed
in 4 pts (33%), splenomegaly in 9 pts (75%), and hepatomegaly in 4 pts (33%).
Median lymphocyte bone marrow infiltration was 85% [40-94]. PK data showed an
increase of mean Cmax, AUCy and t,, term from the first to the eighth infusion from
23.4 t0 220.5 mg/L, 732 to 50, 760 mg.h/L, and 13.4 to 147.8 h, respectively where-
as mean CL decreased from 424 to 38.6 mL/h. Median lymphocyte count at base-
line was 46.6 (x109/L; after 1 month (M1) = 1.5 (94%); M4=1.4 (91%]) and M6=2.0
(89%1). 12/12 patients (100%) achieved a peripheral lymphocyte response. All pts
but one received the planned 8 infusions without any dose reduction. One patient
was prematurely withdrawn due to a concomitant secondary leukemia. Most frequent
drug-related AEs were infusion related reactions (IRR) (75% of the pts, including 33%
of pts with Grade 3 IRR). Other Grade 3/4 AE’s > 10% included: neutropenia (67 %)
and increase ALT/AST (17%). All AEs were reversible spontaneously or with sup-
portive care intervention. Response was evaluated at M4 for the 11 evaluable pts,
with an initial response rate of 64% (7/11) with a confirmed response at M6 in 5/11
pts (45%) pts (all PRs). 4/11 pts achieved stable disease. At the 1 year follow-up, no
responders had progressed demonstrating all confirmed responses were durable,
despite no ublituximab maintenance therapy. Median PFS was not reached at the
12 month follow-up.

Summary / Conclusion: Ublituximab induced a durable 45% ORR in pts with
advanced stage CLL at a relatively low dose regimen (total 3300 mg over 8 weeks,
with no maintenance). PK data indicates that the dose and the schedule of admin-
istration could be optimized. Toxicity was manageable and typical for anti-CD20 ther-
apy, enabling combination with novel agents. Phase I/l studies evaluating ublitux-
imab at doses > 450 mg as a single agent, in addition to combination therapy with
lenalidomide in pts with CLL and NHL are currently ongoing. Monthly maintenance
with ublituximab has been incorporated into ongoing clinical trials.
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CLL CELLS ARE HIGHLY SENSITIVE TO THE INHIBITION OF PI3K-P110
ALPHA ISOFORM WHICH IS ASSOCIATED WITH DOWNREGULATION OF
CcD23

S Schnabl’-2,” M Reiter’2, D Demirtas’,2, R Hubmann',2, M Hilgarth 2, E Ponath2,
U Jaeger'2, C Zielinski’-2, M Shehata'-2

1Comprehensive Cancer Center, 2Department of Medicine |, Medical University of
Vienna, Vienna, Austria

Background: PI3K/Akt signalling cascade is emerging as a promising therapeutic
target in chronic lymphocytic leukemia (CLL). However, CLL cells highly express all
four isoforms of PI3K (alpha, beta, gamma and delta). Therefore, the advantage of
using pan- or isoform-selective PI3K inhibitors remains to be extensively explored.
Aims: The primary aim of the work is to compare the effect of different pan and iso-
form selective PI3K inhibitors on the viability of CLL cells in a well characterized
cohort of CLL patients in terms of clinical stage, cytogenetics and IgVH mutational
status.

Methods: Exposure of CLL cells to the inhibitors is performed in suspension culture
and in co-culture with bone marrow stromal cells (BMSC) to minimize the sponta-
neous apoptosis rate of CLL cells. The inhibitors included pan PI3-K inhibitors
(LY294002, wortmannin and PI-103), and the isoform selective inhibitors against
p110-a: (N-((1E)-(6-Bromoimidazo[1,2-a]pyridin-3-yl)ethylene)-N'-methyl-N"-(2-
methyl-5-nitrobenzene)sulfonohydrazide), p110-b: (TGX-221), p110-c: (5-(2,2-Diflu-
oro-benzo[1,3]dioxol-5-ylmethylene)-thiazolidine-2,4-dione) and p110-d: (IC87114
and CAL-101). Cell viability was assessed by FACS (annexin V/Pi staining) and
MTT assay. Induction of apoptosis was confirmed by detection of Caspase and
PARP cleavage using western blotting. In addition, effects on the activation status
of the central PI3K pathway molecules Akt and PTEN were analysed by western blot-
ting and intracellular FACS.

Results: The results revealed that the p110-a isoform selective inhibitor was the most
effective in inducing apoptosis in CLL cells compared to other inhibitors at equal con-
centrations. Dose and time kinetics showed that the IC50 ranged between 10 and
40 nM within 24 hours of incubation with some variation between patients. Inhibition
of p110a subunit led to a rapid induction of apoptosis (within 6 hours) at nanomolar
concentrations (10-100nM). The induction of apoptosis was accompanied by Cas-
pase and PARP cleavage and a decrease in CD23 surface expression as assessed
by FACS. Decrease in CD23 and Mcl-1 expression could also be detected by west-
ern blotting. In parallel, p110a-inhibitor induced a significant de-phosphorylation of
Akt particularly at Thr308 and de-phosphorylation of PTEN at several residues in its
tail domain. PI3K-alpha inhibitor was highly effective in suspension culture and could
overcome the supportive effect of BMSC in co-culture. The response to PI3K-alpha
was observed in all patients tested independently of the clinical stage, cytogenetics
and IgVH mutation status. In addition, downregulation of surface CD23 expression
correlated to the response to PI3-K inhibitors.
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Summary / Conclusion: The data confirm the importance of PI3K as a therapeu-
tic target in CLL and reveal the high sensitivity of CLL cells to the inhibition of p110a
isoform in particular. The results also demonstrate that CD23 expression may rep-
resent a reliable biomarker for monitoring the response to PI3-K inhibitors. There-
fore, PI3K alpha may represent an important therapeutic target in CLL and warrants
further investigation and clinical validation.
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CLL PATIENTS CARRYING 13Q DELETION SHOW CLINICAL HETEROGENE-
ITY ACCORDING TO IGVH MUTATIONAL STATUS AND CD38 EXPRESSION
A Visentinl*, F Frezzato!2, M Castelli!, V Trimarco'2, C Gattazzo?:2,
V Martini?, L Bonaldi3, A Martines3, | Gianesello?, F Pavanello’, R Zambello'.2, M
Facco'2, G Semenzato?-2, L Trentin12

1Dept. of Medicine, Hematology and Clinical Immunology Branch, University of Pad-
ua, 2Venetian Institute of Molecular Medicine, 3Dept. of Surgical Sciences, Oncolo-
gy and Gastroenterology, University of Padua, PADUA, Italy

Background: Chronic Lymphocytic Leukemia (CLL) is one of the most common and
indolent hematological malignancies characterized by a heterogeneous clinical
course and outcome. Over the last years several clinical or biological markers have
been identified as prognostic factors. In particular, patients carrying chromosome
13914 deletion (13g-) have been usually considered to have a good prognosis.
Despite this, some of these patients require treatment a few years after the diagno-
sis.

Aims: The aim of this study was to investigate clinical features in 13g- CLL patients
by correlating/integrating different prognostic factors, i.e. IgVH mutational status and
CD38 expression, in the effort to define a scoring system useful for clinical practice
and patients risk stratification.

Methods: Fluorescence in situ Hybridization (FISH) was performed in 214 CLL
patients, referred to the Hematology Division of Padua University Hospital from 1989
to 2011; 114 out of 214 (53%) showed chromosome 13q14 deletion. Both IgVH
mutational status (mutated, MUT or unmutated, UNMUT) and CD38 expression
(CD38* or CD38; cut-off: 30%, as determined by cytofluorymetric) were available
for 105/114 patients. Considering these two parameters in 13- group, we developed
a scoring system assigning score 0 to 13g- patients which were MUT&CD38-, score
1 to 13g- patients which were UNMUT&CD38- or MUT&CD38™, and score 2 to 13g-
patients which were UNMUT&CD38* (Figure 1A). Statistical analyses for time to first
treatment (TTT) and overall survival (OS) were performed using Kaplan-Meier Log-
Rank test; p values <0.05 were considered significant.

Results: On the basis of the above mentioned scoring system, 13g- CLL patients
were stratified in 3 different groups: 65/105 (59%) patients with score 0; 30/105
(29%) with score 1 and 10/105 (9%) with score 2 (Figure 1B). The number of treat-
ed patients was 28% for score 0, 43% for score 1 and 60% for score 2; 2% with score
0, 7% with score 1 and 17% with score 2 patients died. According to this scoring sys-
tem, the analysis of TTT and OS of our 13g- patients stratified them in 3 statistical
different groups (P<0.002 for TTT, Figure 1C and P<0.001 for OS, Figure 1D). In par-
ticular, score 0 patients showed an indolent disease and only the 16% of their require
therapy after 3 years from diagnosis and @ 5 years OS of 100%; conversely, score
2 patients had an aggressive clinical course with @ 3 years TTT of 70% and @ 5
years OS of about 53%.

Summary and Conclusions: Chromosome 13q deletion has usually been expect-
ed to assign a favorable outcome to CLL patients. Despite this, some patients are
treated or die few years from the diagnosis, demonstrating that not all 13g- CLL
patients have the same clinical behavior, with some of them showing an aggressive
clinical course. Herein we have underlined this clinical diversity demonstrating that
13- patients UNMUT&CD38* (defined as score 2) have a shorter TTT and OS than
score 0 patients (MUT&CD38-). Hence the need to develop a prognostic system,
including low risk CLL, that allows risk stratification and helps in timing and choice
of therapy as well as to define following scheduling.
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IMATINIB OR DASATINIB TREATMENT OF CHRONIC MYELOID
LEUKEMIA REDUCES CIRCULATING MYELOID-DERIVED SUPPRESSOR
CELLS AND INCREASES THEIR CD40 EXPRESSION

S Séderlund?,” L Christiansson?, H Hjort-Hansen3, M Héglund4, B MarkevarnS,
Jo Richter®, L Stenke’, B Simonsson', S Mustjoki8, A Loskog?, U Strémberg’
1Dept of Medical Sciences, Uppsala University, Uppsala, Sweden and Section
of Hematology, Uppsala University Hospital, Uppsala, Sweden , 2Dept of
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Science for Life Laboratory, Uppsala University, Uppsala, Sweden , Uppsala,
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Helsinki and Helsinki University Central Hospital, Helsinki, Finland. , Helsinki,
Finland, ®Dept of Immunology, Genetics and Pathology, Science for Life Lab-
oratory, Uppsala University, Uppsala, Sweden , Uppsala, Sweden

Background: Tyrosine kinase inhibitors (TKIs) such as imatinib or dasatinib are
first line therapy for chronic phase chronic myeloid leukemia. Studies show
that TKls can modulate cells of the immune system, possibly affecting anti-
tumor immunity of treated patients as well as giving rise to immunological
adverse events. Myeloid-derived suppressor cells (MDSCs) are a heteroge-
neous group of myeloid cells that regulate T cell activation during immune
responses. MDSCs utilize different mechanisms for suppressing immune
responses, including up-regulation of the enzyme arginase 1 (Arg1) which
leads to inhibition of T cells and other immune cells. Moreover, MDSCs can
affect the immune system by induction of T regulatory cells (Tregs) which reg-
ulate the immune system by inhibition of effector cells. MDCSs and Tregs are
expanded in patients with different solid tumors, and increased levels have
been associated with worse prognosis. The mechanism by which Tregs are
induced by MDSCs has not been extensively studied, but involvement of the
CD40/CD40 ligand (CD40L) pathway has been suggested.

Aims: To investigate samples from patients treated with imatinib or dasatinib
for the presence of immune escape mechanisms such as MDSCs, Arg1 and
Tregs and to investigate the CD40 expression. Samples were also analyzed
for the presence of natural killer (NK) cells and T memory cells.

Methods: Patient samples were from the clinical trial “Randomized Study Com-
paring the Effect of Dasatinib and Imatinib on Malignant Stem Cells in Chron-
ic Myeloid Leukemia (NordCMLOO06)". The study was performed according to
the declaration of Helsinki and all patients gave their written informed consent.
Samples were analyzed at baseline and after one and six months of treatment
by flow cytometry and ELISA.

Results: Patient MDSC levels decreased with TKI treatment and at 6 months
there was a significant difference compared to baseline (P<0,05). The leuko-
cyte count at baseline, reflecting the tumor burden, correlated with the MDSC
level at baseline (Spearman r: 0,6713, P<0,0001). The median Arg1 concen-
tration at baseline (44,8 ng/ml, range 14,5-277 ng/ml) was higher than has
been reported for control subjects and treatment with TKls significantly
decreased the level of Arg1 after one and six months (P<0,05 and P<0,05,
respectively). The baseline Arg1 concentration was correlated with the level of
MDSCs at baseline (Spearman r: 0,5238, P=0,005). CD40 expression on
MDSCs was low in patients at baseline (median 12,6%, range 6,5-32,3%) and
increased during treatment (6 months: median 33,6%, range 9,2-64,8%)
(P<0,05). Treg levels were significantly increased at one and six months of
treatment (P<0,05 and P<0,05, respectively). Natural killer cells were increased
by TKI treatment (P<0,05 median 10,6%, range3,4-44,4% at baseline and medi-
an 15,7%, range2,6-49,0% at 1 month of treatment) and there was a non sig-
nificant trend towards increasing T memory cells.

Summary / Conclusion: Dasatinib and imatinib decrease MDSC levels while
simultaneously promoting expression of CD40 on myeloid cells which may
explain the increase of effector lymphocytes such as NK- and memory T cells.
Taken together, our results indicate that TKls, even though shown to be immune
inhibitory in many in vitro studies, can be immunostimulatory in vivo because
of a combination of inhibition of regulatory cells and stimulation of effector cells.
These results may aid the understanding of which patients could benefit from
TKI discontinuation after achieving a complete molecular response.
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THE AXIS SHP-1/SHP-2 MODULATES VEGFR2 SIGNALING IN CML CELL
LINES: VEGFR2 DEREGULATION MAY BE IMPLICATED IN IMATINIB (IMA)
RESISTANCE

N Esposito!,” C Quintarelli!, V Manzo?, | Colavita2, B De Angelis', S Errichiel-
lo?, M Raia?, L Del Vecchio?, L Luciano3, F Pane’
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Background: The Imatinib (IMA) discovery revolutionized the treatment and
management of CML patients and represented the gold standard therapy for
this disease. However, although the vast majority of patients respond to the ther-
apy, the resistance is emerging as a significant problem. Our previously pub-
lished data showed that SHP-1 plays a key role in the response to IMA treat-
ment through negative regulation of SHP-21. Thus, we evaluated the putative
factors able to activate SHP-2 in Ph+ CML cells resistant to TKI activity (named
KCL22R). Gene expression profile of KCL22-R cell line revealed an up-regu-
lation of Vascular Endothelial Growth Factor Receptor-2 (VEGFR-2) respect to
the TKI sensitive cell line KCL22S. In this regard, several groups showed that
the signaling from VEGFR-2 is necessary for proliferation, chemotaxis and cell
survival of several tumor systems.

Aims: The aim of this study is to evaluate a possible involvement of VEGFR-
2 signaling in the regulation of IMA responsiveness in CML cells resistant to TKI
treatment.

Methods: We assessed the level of gene and protein expression of VEGFR-2
in KCL22 cell lines by RT-gPCR and western blot (WB) analysis. Moreover, we
performed co-immunoprecipitation assays to evaluate a putative interaction
between the two phosphatases SHP-1 and SHP-2 with VEGFR-2. Then, we
carried out WB to specifically demonstrate that this interaction is functional. in
vitro cellular experiments were done to assess the role of VEGFR-2 to modu-
lating cell viability in CML cells resistant to IMA treatment.

Results: First, we demonstrated that VEGFR-2 is expressed at higher level in
KCL22R respect KCL22S cell line, at both mRNA (2.2+1.2 vs 0.1+0.14 VEG-
FR-2/ABL mRNA copy numbers; P=0.01) and protein level. In addition, we
demonstrated that VEGFR-2 forms a complex with SHP-1 and SHP-2 in
KCL22S cell line but not in KCL22R cell line, in which we detected only the inter-
action with SHP-2, since SHP-1 is down-regulated. Indeed, the ectopic SHP-1
expression in KCL22R cell line allow the interaction VEGFR-2/SHP-1. Recent-
ly, Bhattacharya et al, demonstrated that SHP-1 regulates negatively VEGFR-
2 signaling by dephosphorylation of specific tyrosine residues in HUVEC cells.
Thus, we hypothesized that SHP-1 may have an important role in the down-reg-
ulation of VEGFR-2 signalling in Ph+ cells sensitive to TKI treatment, and on
the contrary, the VEGFR-2 activation in resistant Ph+ cells due to the down-reg-
ulation of SHP-1 may account for a novel mechanism of tumour escape. Indeed,
we demonstrated that VEGFR-2 activation sites (Y996 and Y1059) remain
phosphorylated after IMA treatment only in KCL22-R but not in KCL22-S cell
line and that the ectopic SHP1 expression in resistant cell line is associated with
dephosphorylation of the same sites. Thus, to evaluate if the activation status
of VEGFR2 was correlated with expression levels of its ligand VEGF, we per-
formed ELISA assay on KCL22 supernatant cells. This analysis revealed that
VEGEF is equally produced in both sensitive and resistant cell lines and that IMA
treatment reduces its level. To better clarify the functional role of VEGFR2 acti-
vation in IMA resistant cell line, we treated KCL22S and R with the VEGFR-2
inhibitor sorafenib. Sorafenib treatment induced apoptosis in 60% of KCL22R,
whereas it does not produced effects on KCL22S viability.

Summary / Conclusion: Taken together, our dataindicate the involvement of
VEGFR-2 in the signaling pathways, Ber-Abl independent, implicated in IMA
resistance and that the axis SHP-1/SHP-2 may modulate VEGFR2 signaling in
CML cell lines.
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SYNERGY BETWEEN JAK INHIBITOR RUXOLITINIB AND TYROSINE
KINASE INHIBITORS (TKIS) TO OVERCOME DRUG RESISTANCE RELAT-
ED TO BONE MARROW (BM) STROMA MICROENVIRONMENT IN CHRON-
IC MYELOID LEUKEMIA (CML)

C Quintarelli',” B De Angelis, S Errichiello?, S Caruso®, N Esposito’, M Raia?,
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Background: Patients with CML in chronic-phase (CML-CP) treated with Ima-
tinib has shown an overall survival rate of 85% in a 8 year result update of IRIS
trial, but only a minority of them achieve complete molecular response (CMR).

Stockholm, Sweden, June 13 — 16, 2013

Although second-generation TKils yield higher rates of CMR versus Imatinib
there is no still evidence to support the eradication of CML stem cells. Recent
evidence suggests that upon TKI treatment, CML stem cell survival is BCR-ABL
kinase independent phenomena. The BM is a dynamic microenvironment with
high concentration of soluble factors that regulates haematopoiesis, enhances
leukemia blast survival and modulates their resistance to pharmacological treat-
ment. Indeed, enhanced survival in leukemia stem cell (LSC) protective
microenvironments, such as the BM niche, also contributes to LSC persist-
ence.

Aims: We assess the potential role of BM mesenchymal stroma cells (BM-
MSC) in mediating resistance to TKls in LSC derived from CML patients. More-
over, we evaluate if the IC50 of three clinical relevant TKIs: Imatinib, Nilotinib
and Dasatinib significantly increase when Ph+ cell lines are treated in the pres-
ence of stroma conditioned media (SCM) produced by BM-MSCordirect MSC
interaction.Last, we evaluate if Ruxolitinib synergizes with TKis in the induction
of apoptosis in CML cells.

Methods: K562 Ph+ cell line was treated with TKis in the presence of either
RPMI medium, defined as regular media (RM) or human stroma cell line HS-5
serum-free supernatant, named HS5/SCM. After 72hrs of treatment we evalu-
ate apoptosis induction by Annexin-V staining. IC50 was calculated based on
the level of viable cells residual after treatment with increasing doses of drugs
in the presence or absence of HS-5/SCM. CD34+ cells from BM samples of
CML-CP patients were treated with TKls and tested for the clonogenic poten-
tial in Colony Forming Cell (CFC) assay.

Results: The apoptosis of Ph+ cell line K562, treated with clinical doses of Ima-
tinib, Nilotinib or Dasatinib on HS-5 monolayer is significantly reduced
(18%+13%, 50%+6%, or 10%+10%, respectively), respect to RM (46%+12%,
84%+15%, or 53%+20%, respectively). Moreover, the TKl-resistance is also
related to soluble factors produced by HS-5 cells. Indeed, apoptosis is greatly
reduced when K562 cell line is treated with Imatinib, Nilotinib or Dasatinib in the
presence of HS-5/SCM (20%+9%, 29%+18%, or 17%+6%, respectively),
respect to RM. Furthermore, the IC50 of Imatinib, Nilotinib or Dasatinib is sig-
nificantly increased when K562 cell are cultured on HS-5/SCM (5309.29nM,
381.14nM, 2.31nM, respectively) vs the IC50 observed when Ph+ cells are cul-
tured in RM (564.97nM, 14.26nM and 1.13nM, respectively). Moreover, we
prove that HS-5/SCM cell exposition induces BCR-ABL independent STAT3
activation, without significant modification of cell cycle phases. These prelimi-
nary evidences were further confirmed in CD34+ primary cells derived from BM
CML-CP patient’'s samples. Indeed, Imatinib, Nilotinib or Dasatinib show a slight
ability to impair the formation of CML colonies in the presence of HS-5/SCM
(55%, 46% and 41% colonies, respectively, relative to untreated controls). How-
ever, combination of Ruxolitinib/Imatinib or Ruxolitinib/Nilotinib demonstrated
a substantial improvement of reducing the formation of CML colonies, relative
to untreated controls (5% and 4%, respectively). Importantly, Imatinib, Nilotinib,
and Ruxolitinib, alone or in combination did not significantly impair the forma-
tion of normal erythroid and myeloid colonies.

Summary / Conclusion: This data suggests that stroma related drug resist-
ance has a relevant role in TKls responsiveness in patients with CML. Combi-
nation therapy applying TKI and Jak inhibitor Ruxolitinib, has a potential value
to overcomethe “protective effect” of BM stroma microenvironment.
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CHRONIC MYELOID LEUKEMIA WITH VARIANT T(9;22) REVEALS A DIF-
FERENT SIGNATURE FROM CASES WITH CLASSIC TRANSLOCATION.
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Background: The 1(9;22)(q34;q11) generating the Philadelphia chromosome
and the BCR/ABL1 fusion gene represents the cytogenetic hallmark of chron-
ic myeloid leukemia (CML). About 5-10% of CML cases show variant translo-
cations with the involvement of other chromosomes in addition to chromosomes
9 and 22. The prognostic significance of variant t(9;22) was unclear and debat-
ed in the pre-imatinib era, whereas recent studies of large CML series showed
that the presence of variant translocations has no impact on the cytogenetic and
molecular response or on prognosis. However, the molecular bases of differ-
ences between CML patients with classic and variant t(9;22) have never been
elucidated.

Aims: The aim of this study is to perform a gene expression profiling (GEP) by
microarrays to identify a signature discriminating CML patients bearing variant
rearrangements from those with classic t(9;22)(q34;q11) and to unveil the
molecular bases of CML heterogeneity in chronic phase.

Methods: Conventional and molecular cytogenetic analyses allowed the iden-
tifications of 12 CML cases with classic t(9;22) and 8 cases with variant translo-
cations. Total bone marrow RNA was labeled and hybridized on the Agilent
SurePrint G3 Human GE 8x60K Microarray slide. To validate microarray data,
quantitative real-time polymerase chain reaction experiments were performed.
Microarray data were analyzed using two different gene annotation databases
(Database for Annotation, Visualization and Integrated Discovery, DAVID; Inge-
nuity Pathways Analysis, IPA).

Results: A set of 59 genes was identified as differently expressed in CML cas-
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es with variant t(9;22) rearrangements. Querying the DAVID database showed
that the enhanced biological process in our gene set involved the intracellular
protein kinases cascade. The kinases list included 5 genes: TRIB1 (tribbles
homolog 1), STK17B (serine/threonine kinase 17b), PTK2B (PTK2B protein
tyrosine kinase 2 beta), C5AR1 (complement component 5a receptor 1) and
ZFP36 (zinc finger protein 36, C3H type, homolog). Further IPA analysis yield-
ed strong indications that 19 out of 59 dysregulated genes from our dataset are
involved inthe “Haematological System Development and Function, Tissue
Morphology, Cellular Development” network. A central role in this network is
played by several proteins that are known to be activated in BCR/ABL1 cells,
namely ERK1/2 (extracellular signal-regulated kinases), p38MAPK (p38 mito-
gen-activated protein kinase), JNK (c-Jun N-terminal kinase), and cell cycle reg-
ulator AKT (RAC-alpha serine/threonine-protein kinase). Noteworthy, the upreg-
ulated kinase genes, previously revealed by DAVID analysis, are also enclosed
in the network identified by IPA. Moreover, TRIB1, PTK2B and C5AR1 kinas-
es are involved in the regulation of the RAS/MAPK pathway.

Summary / Conclusion: In conclusion, our GEP analysis performed on CML
cases with variant t(9;22) improved the understanding of the biological mech-
anisms at the basis of the CML heterogeneity. Overall, our results reveal that
in CML cases with variant t(9;22) there is an enhancement of the MAPK path-
way deregulation already known to underlie the CML pathogenesis and point
out the role of interesting candidate genes, such as TRIB1, PTK2B, and
C5AR1. These findings show that kinases are a common target of molecular
alterations in hematological disorders and reinforce the idea that a perturbed
action of signal transduction pathways is one of the hallmarks of cancer.
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ALIGNMENT STRATEGIES ON INTERNATIONAL SCALE FOR BCR-ABL1
MRNA QUANTIFICATION METHODS: ARE THEY EQUALLY VALID?
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Background: Serial quantitative measurement of BCR-ABL1 mRNA levels in
peripheral blood of patients undergoing tyrosine kinase inhibitor (TKI) therapy
have proven relevant to aid clinical decisions. Harmonization efforts for improv-
ing comparability of the results between laboratories are ongoing worldwide and
it is now accepted that results should be expressed on the international scale
(IS). The process by which laboratories can access to IS has been extensive-
ly described (S. Branford, blood 2008) and applied to European laboratories
under the aegis of the European Treatment and Outcome Study (EUTOS) for
CML program. It is based on establishment of a laboratory-specific conversion
factor that allows alignment of local results on IS. More recently, a genetic ref-
erence panel for quantification of BCR-ABL1 mRNA has been approved by the
World Health Organization (WHO) and made available for manufacturers, in
order to calibrate secondary reference reagents.

Aims: We report here results from a comparative study performed between two
commercial kits designed for quantification of BCR-ABL1 mRNA and calibrat-
ed on the WHO reference panel and two “in-house” methods routinely used in
two EUTOS French laboratories. Main objectives of this study was (i) to eval-
uate the comparability of the two IS alignment strategies; (ii) to evaluate the
added value of kits on interlaboratory reproducibility and (iii) to measure the
impact of a preanalytical delay on the results.

Methods: Overall, 4 methods were compared. M1: “in-house” method devel-
oped in Saint-Louis hospital (SLS), Paris; M2: “in-house” method developed in
Lille hospital (Lille); M3: Xpert BCR-ABL Monitor (Cepheid) run in SLS and
Lille; M4: BCR-ABL MBCR IS-MMR DX (Ipsogen) run in SLS and Lille. Sixty
CML patients under TKI therapy, with BCR-ABL1 levels expected between 10
and 0.001%, were included in the study. Upon reception, samples were sys-
tematically splitted into two. One part was processed within a working day (DO,
<8 hours) and another part was stored at room temperature and processed on
the next day (D1, 24-36 hours). Processing included leukocytes retrieval and
RNA extraction using Trizol for M1, M2 and M4, or lysis of 0.2ml of blood into
the Xpert BCR-ABL Monitor lysis buffer (LB) for M3. Trizol or LB samples har-
vested at DO an D1 were dispatched in the 2 laboratories and analyzed using
M1, M3 and M4 in SLS or using M2, M3 and M4 in Lille. It is to note (i) that both
laboratories are involved in the EUTOS project and have validated their “in-
house” method (i.e.: M1 or M2) specific CF and (ii) that M3 and M4 are IS
aligned through calibration procedures based on the WHO genetic reference
panel. Acceptable concordance between the results of two methods was
defined as achievement of 2 of the 3 following landmarks: (i) = 50% between
a 2-fold range; (ii) =2 75% between a 3-fold range; (iii) 2 90% between a 5-fold
range. (Miller MC, Leukemia 2009)

Results: Methods M2, M3 SLS, M3 Lille, M4 SLS and M4 Lille fulfilled the
acceptability criteria as compared to method M1, suggesting that both align-
ment strategies on the IS are equally valid. Interlaboratory comparisons showed
that “in-house” as well as kit based methods fulfilled the acceptability criteria
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and led to comparable reproducibility levels. Finally, comparison between DO
and D1 samples showed that acceptability criteria were met for all 4 methods,
suggesting that samples may be processed up to one day after their collection.
Summary / Conclusion: All BCR-ABL1 mRNA quantification methods tested
in this study, aligned on the IS either by the EUTOS procedure or by the WHO
genetic reference panel, give concordant results as defined by our acceptabil-
ity criteria. The use of CE-IVD labeled kits led to similar interlaboratory repro-
ducibility than “in-house” methods developed in two highly standardized labo-
ratories. A storage period at room temperature of 24 to 36 hours between sam-
ples collection and processing did not lead to discordant results. To our knowl-
edge, this is the first study evaluating the two alternative strategies for IS align-
ment: Eutos versus WHO reference panel calibration.
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REDUCED EXPRESSION OF CHIBBY IS A COMPONENT OF BETA-
CATENIN ACTIVATION IN CHRONIC MYELOID LEUKEMIA STEM CELLS
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Background: Chibby (Cby) is a B-catenin antagonist encoded by C220rf2 on
chromosome 22g13.1 in close proximity to the Ber breakpoint involved in the
Ber-Abl rearrangement. It hinders B-catenin binding with Tcf/Lef transcription
factors, thereby repressing target gene expression, and drives B-catenin
nuclear export and cytoplasmatic relocation in a stable tripartite complex
encompassing 14-3-3 scaffolding proteins, thereby attenuating -catenin sig-
naling. Notably, although the Bcr-Abl fusion gene is the causative genetic lesion
of chronic myeloid leukemia (CML) and Ph+ acute lymphoblastic leukemia
(ALL) the critical signal for proliferation and survival of leukemic stem cells
(LSC) is B-catenin.

Aims: The aim of our study was to investigate whether Cby has a role in B-
catenin activation in Ber-Abl+ hematopoiesis and, in particular, in the LSC com-
partment.

Methods: In first instance we analyzed C220rf2 location in Ber-Abl+ cells. We
performed FISH analysis on mononuclear cell fractions (MCF) of 15 CML
patients at diagnosis. We used 2 different probes mapping the entire region on
chromosome 22q13.1. We then evaluated by means of quantitative PCR and
Western blot (WB) analyses the Cby expression levels in mononuclear cell
fractions (MNCs) from bone marrow samples of 30 CML patients at clinical
diagnosis and 8 ALL patients compared to a pool of MCF from healthy donors.
Moreover, we compared Cby expression levels in the putative stem cell com-
partment (CD34+) and MCF. Finally, we studied the epigenetic modifications
(methylation) of the C220rf2 promoter in MCF and CD34+ cells of 5 CML
patients at diagnosis.

Results: FISH analyses were carried in MCF of CML patients. They showed
that one C220rf2 allele was invariably translocated to the derivative 9 chromo-
some and fused to upstream Bcr sequences. WB analyses revealed a signifi-
cant Cby reduction (>than 70% compared to healthy controls) in the great
majority (19/30) of CML patients and all 8 ALL patients. Notably, Cby reduction
was associated with a significant increase of nuclear B-catenin. The analysis
of gene expression in 4 CML patients at diagnosis and at the moment of major
molecular response (MMR) under Nilotinib therapy confirmed that Cby reduc-
tion is restricted to the Ber-Abl+ leukemic clone. However, it was not contingent
upon transcriptional events, as proved by the marginal reduction of C220rf2
transcripts associated with Bcr-Abl expression. Further analysis carried in 5
CML patients at diagnosis showed that C220rf2 transcript levels were signifi-
cantly reduced in the putative stem cell compartment (CD34+) compared to
MCF. These findings support that Chibby transcriptional down-regulation occurs
at the level of an early progenitor compartment still retaining stemness traits.
Further work provided evidence of the epigenetic control on C220rf2 transcrip-
tion. In particular, we found a significant increment of C220rf2 promoter methy-
lation in CD34+ cells from CML patients compared to MCF and to CD34+ cells
from healthy donors.

Summary / Conclusion: Our results indicate that transcriptional Cby downreg-
ulation associated with Bcr-Abl is restricted to a stem cell compartment and
mediated by epigenetic events encompassing the gene promoter methylation.
Further investigation is presently underway to evaluate the Bcr-Abl-associat-
ed mechanisms affecting the Cby protein stability in more differentiated
leukemic progenitors.
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DIFFERENTIAL ACTIVATION OF MTOR KINASE IN CHRONIC AND BLAS-
TIC PHASE OF CHRONIC MYELOGENOUS LEUKEMIA
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Background: Introduction of tyrosine kinase inhibitors (TKI) into clinical prac-
tice transformed chronic myeloid leukemia (CML) into chronic disorder. This
holds true for majority of patients, but there is still a significant group of patients
who develop resistance to the treatment and progress to blast crisis. Residual
leukemia stem cells (LSCs) that are resistant to TKI may play a role of a “tick-
ing bomb” contributing to the relapse of the disease. It has been shown that
mTOR (mammalian target of rapamycin) kinase is engaged in BCR-ABL1-pos-
itive leukemias, moreover this pathway may be responsible for development of
drug resistance in course of CML treatment. Therefore inhibitors of this path-
way may provide interesting therapeutic approach to overcome drug resist-
ance and to target LSCs.

Aims: Analysis of mMTOR pathway activity in chronic phase of the CML in com-
parison to acute phase of the disease and potential involvement of ERK (extra-
cellular signal-regulated kinase) also known as MAPK (mitogen-activated pro-
tein kinase) pathway in this activation. Evaluation whether rapamycin can over-
come resistance to imatinib of non-dividing CD34+ cells pool (containing LSCs).
Methods: In this study primary CD34+ cells were used as well as CML cell lines
(human K-562 and murine myeloid 32Dcl3 cells BCR/ABL-transformed). Pri-
mary cells were obtained after informed consent from the patients with CML in
different stages of disease. CD34+ cells were isolated from peripheral blood
leukocytes using magnetic beads systems and were cultured with addition of
growth factors or starved. Activation status was determined by Western blot-
ting using phosphospecific antibodies. Response of non-dividing CD34+ cells
pool (containing LSCs) to rapamycin and/or imatinib was assessed by flow
cytometry using CellTrace® CFSE dye.

Results: We focused our study on CML CD34+ progenitor cell pool from dif-
ferent phases of the disease, which contains primitive LSCs as well as early pro-
genitors. First, we tested the contribution of ERK to activation of mTOR path-
way in CD34+ cells. ERK inhibition (by MEK inhibitor -U0126) was effective in
cells from all phases of the disease, however the resulting suppression of
TORCH1 activity varied. In CML-CP CD34+ cells mTOR was inactivated by ERK
inhibition, while this effect was not observed in the CML-BC CD34+ cells. This
indicates, that mTOR activation mode may change with the progression of CML
(becoming ERK independent in more advanced stage of the disease) and that
ERK contributes differently to mTOR signaling in chronic and blastic phase of
CML. We also showed, that rapamycin in low, selective dose of 20nM effective-
ly inhibited TORC1 in CD34+ CML cells regardless of the phase of the dis-
ease. In order to verify whether rapamycin can overcome resistance to imatinib,
CML-BC CD34+ were analyzed by flow cytometry for the number of CD34+
CFSE-containing cells upon treatment with imatinib, rapamycin or both inhibitors
after several days of culture. We used selective dose of rapamycin, that was
shown to inhibit TORC1 in CML-BC CD34+ primary cells and corresponded to
the serum level of this inhibitor in clinical conditions, however the number of non-
proliferating, CML-BC CD34+ CFSEhigh cells was unaffected by imatinib,
rapamycin or the combination of both of them.

Summary / Conclusion: In summary, we demonstrated, that mTOR activation
in CML CD34+ progenitor cells is ERK-dependent in chronic phase of the dis-
ease, and ERK-independent in blast crisis. Our results suggest diverse regu-
lation of MTOR pathway during progression of CML. We also showed, that inhi-
bition of BCR-ABL1 and/or TORC1 did not influence the number of non-divid-
ing CD34+ CML cells (which contain LSCs).
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MYELOID-DERIVED SUPPRESSOR CELLS ARE INCREASED IN CHRON-
IC MYELOID LEUKEMIA AND EXERT IMMUNE SUPPRESSIVE ACTIVITY
C Giallongo?!,” N Parrinello?, D Tibullo?, P La Cava', A Cupri!, A Romano?,
A Chiarenza’, F Stagno?, G Palumbo’, F Raimondo’

Iclinical and molecular Biomedicine, Section of hematology, Ospedale Fer-
rarotto, university of Catania, Catania, Italy

Background: In some solid tumors it has been demonstrated that a subpopu-
lation of myeloid cells, defined as “myeloid-derived suppressor cells” (MDSCs),
plays an important role in inducing T cell tolerance by production of arginase 1
(arg1) that depletes microenvironment of arginine, an essential aminoacid for
T cell function. Since chronic myeloid leukemia (CML) patients have high lev-
els of immature myeloid cells it is of interest to investigate if these cells have
MDSCs phenotype and activity.

Aims: The aim of this study was to analyze MDSCs and investigate their
immunosuppressive activity in CML patients.

Methods: MDSCs were analyzed in peripheral blood (PB) of healthy donors
(HD; n=20) and 30 CML patients at diagnosis. Twenty-one of them were also
analyzed during treatment with tyrosine kinase inhibitors (TKIls). Granulocytic
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MDSCs (G-MDSCs) cells were identified as cells CD11b+CD33+CD14-HLADR-
, while the monocytic MDSCs (Mo-MDSCs) as CD14+HLADR by cytofluori-
metric analysis. Using real time PCR, arg1 expression was also assessed in
PB HD and CML patients at diagnosis and during TKls therapy Purification of
granulocytes, monocytes and lymphocytes from PB was performed by a posi-
tive magnetic separation kit (EasySep, STEMCELL Technologies). Arg activity
was measured in granulocyte lysates using a colorimetric test after enzymatic
activation and arginine hydrolysis. To evaluate the activation of CD3+ T lympho-
cytes after mitogen stimulation, we analyzed at 24, 48, 72 h the following mark-
ers: CD69+, CD71+, DR+. T cell proliferation was analyzed by CFSE labeling
after 72 h. Microvesicles (MV) were isolated from CML serum at diagnosis
(n=5) by sequential ultracentrifugation.

Results: CML patients showed high levels of Mo- and G-MDSCs at diagnosis
in comparison to HD (6318 and 83+12,2% respectively in CML vs4,94+2,1 and
55,8+5,3% respectively in HD; P<0.001) while after TKls therapy MDSC levels
returned to normal values. Either in PB and in the purified granulocytes sub-
population, arg1 expression was 30 fold higher in CML at diagnosis (P<0.001)
than HD and decreased after therapy. Arg enzymatic activity resulted increased
in granulocytes of CML patients (n=10) compared to HD (n=10) (P<0.001). The
suppressive function of CML granulocytes was measured by their ability to
inhibit the proliferation and activation of HD T cells. CML myeloid cells from 4
patients exerted a significantly suppression both on activation and proliferation
of HD T cells (P<0.001). CML as well as HD T lymphocytes showed a normal
activation in vitro which was significantly lost when they was incubated with CML
serum (n=4). In addition, an increase of Mo-MDSCs in vitro was observed after
incubation of HD Mo (n=4) with CML serum (n=6) (29+13%;P<0.0001) or
microvescicles (8+2,8%;P<0.05) vs control serum.

Summary / Conclusion: G- and Mo-MDSCs are increased in CML patients at
diagnosis and decrease during TKis treatment. CML granulocytes have high
arg1 activity and immunosuppressive activity. Moreover, CML serum as well as
CML microvesicles increase the percentage of Mo-MDSCs.
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Background: Recent studies have been established the efficacy of second-
generation tyrosine kinase inhibitors (2G-TKI) as first-line therapy in chronic
myeloid leukemia (CML). 2G-TKI treated patients achieved faster responses
compared with imatinib treated patients. Therefore, detailed analyses for clin-
ical significance of early molecular responses in patients treated with 2G-TKI
are needed.

Aims: The aim of this study was to evaluate clinical significance of early molec-
ular responses in CML patients treated with first-line 2G-TKI.

Methods: 87 patients were newly diagnosed as CP CML, and started therapy
dasatinib (n=13), nilotinib (n=24), bosutinib (n=13), and radotinib (n=37) with-
out prior treatment except hydroxyurea or anagrelide. Among them, 79 patients
with available quantitative reverse transcriptase polymerase chain reaction
(gRT-PCR) data at 3 months were analyzed for this study. Failure free survival
(FFS) includes death resulting from any reason, progression to AP or BP, or
treatment failure by ELN.

Results: A total of 79 first-line 2G-TKI treated CP CML patients (including 54
men and 25 women) were included. Their median age was 40 years (range, 18-
73). The percentages of patients with low, intermediate and high Sokal risk
scores were 42%, 37% and 20%, respectively with unknown Sokal risk scores
in 1%. At 3 months, patients showed BCR-ABL1 <0.01% (n=2, 2.5%), >0.01 to
<0.1% (n=11, 13.9%), >0.1 to 1% (n=37, 46.8%), or >1 to <10% (n=20, 25.3%)
or >10% (n=9, 11.4%). For 68 patients with qRT-PCR data at 6 months, they
showed BCR-ABL1 <0.01% (n=6, 7.6%), >0.01 to <0.1% (n=26, 32.9%), >0.1
to £1% (n=29, 36.7%), or >1 to £10% (n=6, 7.6%) or >10% (n=1, 1.3%).
After a median follow-up of 16.9 months (3.9-65.1 months) after first-line treat-
ment, no progression to AP/BP occurred. At the time of analysis, 61 (77%)
patients remained first-line therapy. Primary reasons for first-line therapy dis-
continuation included loss of CCyR (n=3), primary resistance (n=1), intoler-
ance (n=13), and others (n=1). In patients with BCR-ABL1 £10% at 3 months,
significantly higher rates of cumulative incidence (Cl) of CCyR by 1 year (98%
vs 60%, P=0.002) were observed, compared with that of patients with BCR-
ABL1 >10%. They also had significantly better 1-y FFS (95.7% vs 60.0%,
P=0.003). Patients with BCR-ABL1 <1% at 3 months had a trend for better ClI
of CCyR by 1 year (97.7% vs 85.9%, P=0.061). However, there were no signif-
icant differences in 1-y FFS. Molecular response with BCR-ABL1 <10% at 6
months was associated with better 1-y FFS (100% vs 94.1%, P<0.001), com-
pared with those who achieved >10% response at 6 months, and BCR-ABL1
<1% at 6 months had significantly better 1-y FFS (95.7% vs 60.0%, P=0.003).
Summary / Conclusion: Our data showed that BCR-ABL1 £10% at 3 months
was a predictor for Cl of CCyR at 1year and FFS. BCR-ABL1 <10% and <1%
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cut-offs at 6 months had a significance for FFS. It suggested that the 3 and 6-
month gRT-PCR assessment may apply prognostic information in CML patients
treated with first-line 2G-TKI. However, further clinical investigations in a larg-
er patient population with longer follow-up are needed.
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DEEP SEQUENCING OF THE BCR-ABL KINASE DOMAIN REVEALS A
FREQUENCY OF 35INS INSERTION/TRUNCATION HIGHER THAN
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Background: The spectrum of Ber-Abl kinase domain mechanisms that con-
fer resistance to tyrosine kinase inhibitors (TKIs) in Philadelphia-positive (Ph+)
Leukemia is quite heterogeneous. Not always molecular events underlying
drug-resistance can be explained by presence of mutations; Ber-Abl KD inser-
tions/deletions can be an alternative mutational mechanisms. The recent devel-
opment of “deep-amplicon sequencing” (DS) technologies has opened the way
to a more accurate characterization of molecular aberrations in Ph+ Leukemia
with higher sensitivity of screening for know and unknown mutations.

Aims: We took advantage of a DS approach in order to fully characterize the
spectrum of insertions and deletions in CML and Ph+ ALL patients who had
developed resistance to one or multiple lines of TKI therapy.

Methods: We set up a Ber-Abl KD mutation screening assay on the Roche GS
Junior instrument that allows to reliably detect sequence variants and deletions
or insertions with a lower detection limit of 1%. A total of 67 samples from 26
CML and 13 Ph+ ALL patients who had developed resistance to one or multi-
ple TKils (Imatinib, Dasatinib, Nilotinib) were selected for this analysis. In order
to reconstruct the dynamics of growth of mutations we evaluated their presence
in a serial follow-up samples collected during TKI therapy in 6 patients.
Results: DS revealed a 35-base insertion (35INS) in 18/26 (69%) CML and
11/13 (84%) ALL Ph+ patients with an abundance from 1% up to 96% of all Bcr-
Abl transcripts. Interestingly DS highlighted an increased expression of 35INS
over time in 6 patients (growth ranged from 2% to 96% within a few months).
This insertion is known to retain a stop codon which causes the loss of 653 C-
terminal amino acids of Ber-Abl resulting in early termination and a truncated
Ber-Abl1 protein missing a significant portion of the C-terminal regulatory
regions. In addition DS detected 2 in-frame deletions in 3 samples, with an
abundance from 2% to 19% . This not previously described variants include a
72-nt deletion (1233-1304) between the junction of Abl exon 6 and 7 that caus-
es the loss of 24 amino acids (aa 359-383) and a 42-nt deletion in exon 7
(1258-1299) which leads to loss of 14 amino acids (aa 371-384).

Summary / Conclusion: Our results show that DS technologies on the GS
Junior instrument allow a more accurate characterization of mutational status
of patients in comparison to conventional sequencing methods. The higher
sensitivity of DS approach allowed to highlight, both in CML and in Ph ALL+
patients, a frequency of 35INS higher than previously reported (60%). The
35INS thus seems to be very frequent in CML and Ph+ ALL patients who devel-
op resistance to one or multiple lines of TKI therapies but its abundance is
dynamic in individual patients and seems not to be related to TKI therapy. In
line with our results, recent 35INS in vitro studies have demonstrated that this
insertion is kinase-inactive and should not contribute to TKil-resistance.
Although this insertion does not predict for a specific TKIs-resistance its role in
Ph+ Leukemia merit additional studies and further analysis of a larger number
of samples will be needed to better understand its biological and clinical rele-
vance.

Supported by Fondazione CARISBO, PRIN 2009, IGA MZCR NT11555, AlL e
AIRC.
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Background: miRNAs are non-coding regulatory RNAs that control gene
expression at the post-transcriptional level. Deregulated miRNA expression
has been discovered in numerous tumors and it is now clear that they contribute
to cancer development and progression. Chronic myeloid leukemia (CML) is a
clonal myeloproliferative disorder characterized by the fusion oncogene BCR-
ABL. This oncogene encodes the tyrosine kinase BCR-ABL whose expression
is essential for sustained proliferation of leukemic cells and has become a tar-
get for therapy. Imatinib, a selective BCR-ABL tyrosine kinase inhibitor (TKI),
induces apoptosis of BCR-ABL+ cells and is currently the first line therapy for
newly diagnosed CML patients. Non-negligible incidences of imatinib resistance
emphasize the need to identify novel biomarkers significant for CML pathogen-
esis, progression and resistance.

Aims: Current miRNAs expression data in CML is inadequate and their role in
CML is still poorly understood. We aim to find miRNAs acting as biomarkers in
CML pathogenesis. We will also determine potential target genes and signal-
ing pathways affected by these signature miRNAs.

Methods: miRNA expression was profiled using Agilent human miRNA microar-
rays and verified with Applied Biosystems TagMan. Results were analyzed with
Partek genomics suite software. Bioinformatics analysis was performed using:
Ingenuity systems, KEGG database, Venn diagrams

Results: We used 2 BCR-ABL+ cell lines, K562 and Meg-01 to identify a CML
specific, BCR-ABL-dependent miRNA expression pattern. MiRNA expression
profiling was performed in reference to a pool of healthy blood. In addition, we
studied the expression profile of K562 cells treated with imatinib and dasatinib.
According to unsupervised hierarchical clustering, healthy blood samples were
clustered separately from K562 and Meg-01 cells. Untreated K562 cells were
clustered separately from treated ones and imatinib treated K562 cells were
clustered closely to dasatinib treated cells. Validation was done by real-time
PCR. We continued by focusing on miRNAs whose expression level in K562
and Meg-01 cells was opposite to their expression in healthy blood. Venn dia-
gram revealed 73 miRNAs meeting this criterion. Within these miRNAs, we
focused on those whose expression in K562 cells was routed back to normal
levels following TKI treatment. Fourteen miRNAs; miRNA-9, 23b, 30e, 132,
154, 193b, 320a, 320b, 454, 500, 564, 671-5p, 765, and 892 satisfied this cri-
terion and were further analyzed. Of these miRNAs, miRNA-9 whose expres-
sion was high in the CML cell lines was also high in 30% of the tested CML
patients. Similarly, miRNA-454 whose expression was low in the CML cell lines
was also low in 30% of the tested CML patients. The expression of both of these
miRNAs was routed back to normal levels in these patients following imatinib
treatment. TargetScan revealed that miR-454 targets genes such as TGFBR1,
p21, E2F2, MAPK1, and SMAD4 known to be associated with CML. MiR-9
was found to target ACVR1B, CCNDBP1, LZTS2, SOCS4 and BCL2L11. Reas-
suringly, the analysis identified CML as the main diseases associated with
these miRNAs. MAPK, ErbB, mTOR and focal adhesion were the central
molecular pathways related with these expression patterns.

Summary / Conclusion: Further patient studies are needed however, we hope
that with these preliminary data, we will identify novel deregulated miRNAs
and highlight new candidate gene targets allowing for a better understanding
of the molecular mechanism underlying CML development and propose pos-
sible new avenues for therapeutic treatment.
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A NEW NON CANONICAL ROLE OF IKB ALPHA IN CHRONIC MYELOID
LEUKEMIA PATHOGENESIS

S Crivellaro!,” C Panuzzo?!, G Carral, F Crasto!, R Lorenzatti!, F Daraio,
F Carnuccio®, G Saglio®, A Morotti'

1Clinical and biological sciences, San Luigi Hospital, turin, Italy

Background: Background: lkappaBalpha (IkBa) is commonly known as
inhibitor of the transcriptional factor (TF) NFkB. Under specific stimuli IkBais
phosphorylated, subsequently ubiquitinated and eliminated by proteasome. As
consequence free NFKB enters the nucleus and regulate the transcription of
many genes involved in immune and inflammatory responses, as well as genes
regulating cell proliferation and survival, including IkBa.

Aims: Aims: In recent years many studies have focused their attention on
IkBa; it has been found involved and deleted in some disease such as Hodgkin



lymphoma and glioblastoma, suggesting its important rule as tumor suppres-
sor. Moreover IkBais described to be able to physically interact with the tumor
suppressor protein p53 and as consequence to decrease the p53 transcription
activity. For these reasons our group decided to study IkBain Chronic myeloid
leukaemialkBa, where its rule is poorly investigate.

Methods: Methods: mRNA derived from 25 CML Philadelphiapositive (Ph+)
chronic phase and 8 normal donor bone marrow were analyzed for IkBaexpres-
sion with real-time quantitative PCR. Subsequently fresh cells derived from
patients were used for immunoprecipitation, western blot analysis and immuno-
fluorescence assay, in order to understand protein level and localization. Ph+
cells were also incubated with 10 uM Imatinib mesilate, the common Bcr-Abl
inhibitor, for 6 hours and subsequently processed for WB and IF.

For biochemical studies, 293T cells were transfected with IkBaexpression vec-
tor alone or in combination with Bcr-Abl expression vector and analysed after
treatment with 10 yM Imatinib mesilate and MG-132, a known inhibitor of pro-
teasome.

Results: Results:Despite real time quantitative analysis shown no significant
difference between CML patients at diagnosis and control samples, IkBapro-
tein level was increased in patients greater than in donors. This results was con-
firmed both by western blot of patients cells lysate than immunofluorescence,
where we observed a strong cytoplasmatic IkBalocalization. After Imatinib incu-
bation, CML patients cells show reduced levels of IkBa, suggesting a strong
control kinase-dependent. To investigate this hypothesis we performed the
same experiments in 293T cells transiently transfected with [kBaand Bcr/Abl.
in vitro studies confirmed all our observations; Bcr/Abl plasmid transfection did-
n’t modify the IkBamRNA, but we observed a strong increased of IkBaprotein;
by immunofluorescence we confirmed that also IkBalocalization, that is main-
ly diffuse in nucleus and cytoplasm when it is alone, became predominantly
cytoplasmatic when it is co-transfected with Bcr/Abl. Treatment of 293T cells
with MG-132, a proteasome inhibitor, shown a strong increase of IkBaonly
when it is transfected alone, suggesting the ability of Bcr/Abl to stabilize
IkBaproteinat a post-translational level. The non canonical IkBarole as interac-
tor of p53 led us to investigate this mechanism in our CML Ph+ model; in 293T
transfected we shown that in presence of Bcr/Abl these two protein physically
interact, in a stronger way than in basal condition and as a consequence p53
activity is drastically reduced. The same results was also confirmed in CML
patients.

Summary / Conclusion: Summary/conclusions: this work shows how Bcr-
Abl induces an higher amount of IkBaprotein and as consequence promotes
IkBa-p53 interaction. It will be important to analyse if Imatinib is able to disso-
ciate the interaction between IkBaand p53, in order to identify a new role of p53
on cellular response after tyrosine kinase treatment.
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L-AMINO ACID OXIDASE ISOLATED FROM BOTHROPS PIRAJAI
INDUCES APOPTOSIS IN BCR-ABL POSITIVE CELLS AND POTENTIATES
IMATINIB MESYLATE EFFECT

S Burin!,” L Rocha Ayres?, R Neves', LAmbrésio!, F Morais!, M Baruffil,
S Sampaio?, L Pereira-Crott!, F Castro?

1Department of Clinical, Toxicological and Bromatological Analysis, School of
Pharmaceutical Sciences - University of Sao Paulo, Ribeirdo Preto, Brazil

Background: Chronic myeloid leukemia (CML) is a myeloproliferative disorder
characterized by the presence of Philadelphia chromosome and by BCR-ABL
which encodes the BCR-ABL oncoprotein. Although imatinib mesylate (IM) is
effective for CML treatment, patients in accelerated and blastic phases of the
disease are often refractory to this therapy. Therefore potential new drugs are
being investigated to improve the efficiency of the CML therapy. The L-amino
acid oxidase from Bothrops pirajai (BpirLAAO-I), a toxin isolated from snake
venoms is capable of inducing apoptosis in various tumor cell lines.

Aims: 1) To evaluate the BpirLAAO-I effect on BCR-ABL positive cells, 2) To
determine the BpirLAAO-I combined with IM effect on HL-60.BCR-ABL. 3) To
evaluate the BpirLAAO-I effect on normal peripheral blood mononuclear cells
(PBMC).

Methods: To determine the BpirLAAO-I potential as apoptosis inducer, a hun-
dred thousand cells of HL-60 (sensitive to chemotherapeutic drugs) and HL-
60.BCR-ABL (HL-60 cells transfected with BCR-ABL gene) were cultured with
different concentrations of BpirLAAO-I (0.5; 1.0; 1.5; 2.0; 2.5 and 5.0ug/mL) for
18h. One million cells of HL-60.BCR-ABL were also incubated with 10uM IM
during 2 and 18h or with 10 yuM IM combined with BpirLAAO-I at the concen-
trations of 0.5; 1.0; 1.5; 2.0 and 2.5 pg/mL for 18h. Also 1mM of Actinomicin-D
(ACT-D), an apoptosis inducer agent was used as control. Apoptosis was quan-
tified by Hypotonic Fluorescent Solution (HFS) method by flow cytometry and
the results were expressed as the mean of the percentage of hypodiploid nuclei.
The HL-60 and HL-60.BCR-ABL apoptosis activation was confirmed detecting
caspases3, 8 and 9 expression by Western blot. The phosphotyrosine and c-
abl expression was detected to evaluate the BCR-ABL kinase inhibition also by
Western blot. To evaluate the effect on normal PBMC, five hundred thousand
cells were treated with different concentrations of BpirLAAO-I (3.125; 6.25;
12.5; 25.0 and 50.0ug/mL) and the cytotoxicity assay was performed by MTT.
The results were expressed as percentage of cell viability.

Stockholm, Sweden, June 13 — 16, 2013

Results: The BpirLAAO-I was able of inducing apoptosis on HL-60 and HL-
60.BCR-ABL cell lines in a dose-dependent manner and was capable of induc-
ing apoptosis in HL-60.BCR-ABL mainly in concentration of 2.5 ug/mL (52.37%
+3.2). As expected the ACT-D induced apoptosis only in HL-60 (76.9%z6.1).
The HL-60 and HL-60.BCR-ABL apoptosis was confirmed by caspase3s, 8 and
9 activation. We also observed a significant increase of apoptosis when Bpir-
LAAO-I is combined with IM on HL-60.BCR-ABL compared to these cells treat-
ed only with IM or with BpirLAAO-I. The data obtained from the association of
BpirLAAO-I with IM by Western blot suggested that BpirLAAO-I potentiates the
inhibition of BCR-ABL tyrosine kinase activity. BpirLAAO-I did notinduced cyto-
toxicity against normal PBMC.

Summary / Conclusion: The results indicate that BpirLAAO-| presents a anti-
leukemic potential against HL-60.BCR-ABL cells and potentiates IM effect but
not affects PBMC normal cells. Since some patients are resistant to IM, the
description of news drugs or adjuvant for CML treatment is relevant.
Supported by: CNPq, Fapesp and NAP-TOXAN-USP.
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IL-2, IL-12 AND IL-15 PREVENT REACTIVE OXYGEN SPECIES ACCUMU-
LATION ON NATURAL KILLER CELLS FROM CHRONIC MYELOID
LEUKEMIA PATIENTS FOLLOWING INTERFERON-ALPHA, IMATINIB AND
DASATINIB THERAPY

D Silva', P Couceiro?, M Ferreira-Teixeira'.2, P Freitas-Tavares3, P Santos?4,"
TInstituto de Imunologia, Faculdade de Medicina, Universidade de Coimbra,
2| aboratorio de Imunologia e Oncologia, Centro de Neurociencias e Biologia
Celular, Universidade de Coimbra, 3Servico de Hematologia, Centro Hospita-
lar e Universitario de Coimbra, 4Laboratorio de Imunologia e Oncologia, Cen-
tro de Neurociéncias e Biologia Celular, Universidade de Coimbra, Coimbra,
Portugal

Background: Tyrosine kinase inhibitors (TKIs) change dramatically the onco-
logic treatment in chronic myeloid leukemia (CML) as also in other tumors.
However the complete remission of the disease is normally not achieved but
instead the patient enters in a chronic free symptomatic state during TKI admin-
istration. Cytotoxic lymphocytes such NK cells could have an important contri-
bution in immunotherapy against tumors. However, in many cancers (e.g. CML),
extracellular reactive oxygen species (ROS) produced by phagocytes are the
main responsible for the immunosuppressive state of NK cells due to the uncon-
trolled expansion of myeloid cells. NK cells can perform lytic action over CML
cells. However, they normally have decrease expression of membrane recep-
tors in vivo, which are necessary for the cytotoxic action over BCR-ABL posi-
tive cells.

Aims: We aimed to investigate alterations of ROS levels in NK cells of CML
patients due to oxidative burst from phagocytes, taking into account the type
of treatment and disease progression.

Methods: In this work, we analysed 109 peripheral blood samples from 50
CML patients. CML patients were under IFN-a, Imatinib or Dasatinib therapy.
Production of ROS was evaluated using flow cytometry by the conversion of
dihydrorhodamine 123. In addition, peripheral blood NK cells and monocytes
from 6 healthy individuals were sorted and co-cultured under different condi-
tions, to evaluate the NK cell capacity to resist to ROS production.

Results: As expected, myeloid cells presented a substantial increase of ROS
production in peripheral blood of CML patients. However, we also found chron-
icincreased ROS levels in blood NK cells of CML patients comparing to healthy
controls after in vitro PMA stimulation. We found that CD569m CD16* NK cells
had increased levels of ROS than CD56bright CD16- subset, confirming an
increased susceptibility of the cytotoxic subset. The expression of NKp46 and
CD16, two important receptors in antitumor response, was significantly
decreased in NK cells from CML patients. TKls were found to influence ROS
levels in NK cells, mainly in patients treated with Imatinib 600 mg. IFN-a
revealed a minor impact on ROS in NK cells. Interestingly, stimulation of NK
cells with IL-2, IL-12 and IL-15 before contact with stimulated monocytes
revealed a protective role, decreasing ROS accumulation in sorted NK cells
from healthy controls.

Summary / Conclusion: NK cells from CML patients presented a significant
increase of ROS levels. A combination of costimulatory cytokines (IL-2, IL-12
and IL-15) prevents NK cells from immunosuppressive state induced by myeloid
cells. Refinement of current therapeutic protocols increasing NK cell function-
al properties seems to be a promising field to explore in CML therapy.
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EFFECT OF NILOTINIB ON THE FUNCTION OF CAROTID ARTERY
ENDOTHELIAL CELLS

AKatgi!, AGokbulut?, O Sevindik!,” F Yiiksel!, S Solmaz!, G Ozsan’, Y Baran2,
O Pigkin?

1Department of Hematology, Dokuz Eylul University, 2Department of Molecu-
lar Biology and Genetics, Izmir Institute of Technology, Izmir, Turkey

Background: Chronic myeloid leukemia is a clonal myeloproliferative disorder
caused by abnormally proliferating hematopoietic stem cells. CML is treated
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with tyrosine kinase inhibitors that inhibit BCR-ABL1 chimeric protein. Nilotinib
is a more active second generation tyrosine kinase inhibitor, synthetically
derived from imatinib. There have been concerns about the possible pro-throm-
botic effects of nilotinib especially on patients having cardiovascular risk fac-
tors. The potential mechanism behind the increased risk of thromboembolic
events is still not clear.

Aims: In this study, we aimed to evaluate possible harmful effects of nilotinib
on endothelial cells. To this aim, we examined proliferative capacity and secre-
tory functions of healthy human carotid endothelial (HCtAE) cells in response
to Nilotinib.

Methods: MTT cell proliferation method was used to determine antiprolifera-
tive effects of Nilotinib on HCtAE cells. HCtAE cells were incubated 5-, 10- and
100 nM doses of Nilotinib for 72 h. Then, in order to assess the endothelial func-
tion, Nitric Oxide (NO), von Willebrand Factor (VWF), tissue plasminogen acti-
vator (tPA), plasminogen activator inhibitor 1 (PAl 1) and endothelin 1 (secret-
ed from endothelial cells) levels were evaluated with ELISA from tissue culture
supernatants.

Results: There were slight decreases in cell proliferation in response to Nilo-
tinib. Nilotinib increased the secretion of t-PA, PAI 1 and vVWF in a dose depend-
ent manner when compared with untreated control group. ET-1 secretion was
lower in 5 nM and higher in 10 and 100 nM Nilotinib treated cells as compared
to untreated cells. Regarding NO secretion, lower levels were observed in 5 nM
and 10 nM and higher levels were detected in 100 nM Nilotinib treated cells as
compared to untreated control group cells.

Summary / Conclusion: It cannot be explicitly concluded that nilotinib effects
the endothelial cell functions in a pro-thrombotic or anti-thrombotic fashion. In
addition, the results obtained from this in vitro designed study may not correct-
ly reflect the in vivo affect of the drug. We may finally conclude that our study
is a preliminary pilot study trying to establish the effect of nilotinib on carotid
artery endothelial cells. Some further studies may clarify the possible patho-
genetic mechanisms involved in the pro-thrombotic process caused by nilotinib
and may induce therapeutic approaches to decrease the incidence of this harm-

ful side effect.
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STANDARDIZATION OF MRD DETECTION IN CML BY USE OF A PEER-
GROUP CONVERSION FACTOR

E Dumoulin,” F Nollet?, J Billiet!, J Emmerechts’

1Department of Laboratory Medicine, Hematology, AZ Sint-Jan, Bruges, Bel-
gium
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Figure 1.

Background: The goal of treatment with tyrosine kinase inhibitors in patients
with CML is achieving a major molecular response (MMR). Due to the complex-
ity of the reverse-transcription quantitative polymerase chain reaction (RQ
PCR) for measurement of the BCR-ABL fusion transcripts and the use of dif-
ferent control genes, a universal and reproducible unit of reporting is manda-
tory for standardization. In 2006 an international scale (I1S) was proposed where
100% IS defined the standardized baseline and 0.1% IS defined MMR. In order
for laboratories to report results in IS, the European treatment outcome study
(EUTOS) for CML has proposed the concept of reference laboratories. By a
hierarchical and serial strategy of sample exchange a conversion factor (CF)
is calculated for each participating laboratory. Since July 2010 an increasing
number of participants of the external quality assessment scheme of
UKNEQAS (Sheffield, UK) report results in the IS. In 2010 the World Health
Organization established primary reference material for manufacturers. Sub-
sequently, secondary reference material recently became available for clinical
laboratories. However, to date variability in test results between laboratories
remains high and as CF’s might need to be recalculated over time, the use of
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reference material is expensive and time-consuming.

Aims: The aim of this study is to establish a laboratory-specific CF by making
use of the available results of an external quality assessment scheme
(UKNEQAS) for BCR-ABL fusion transcript analysis and to confirm this method
by use of reference material.

Methods: RQ PCR was performed on two ViiA 7 Real —Time PCR Systems
(Applied Biosystems, Foster City, CA, USA) according to the guidelines of the
Europe Against Cancer (EAC) program. ABL was used as a control gene and
results were reported as ratios (BCR-ABL/ABL %). Analytical sensitivity was
determined by calculating the chance of detecting 5 plasmid BCR-ABL mole-
cules when each sample was analyzed in duplicate. A lab-specific CF was cal-
culated by comparing our pre-conversion results for 10 past UKNEQAS sam-
ples (period July 2010 to July 2012) with the mean post-conversion values
reported by the UKNEQAS. The newly defined CF was confirmed by the use
of reference material (Philadelphia p210 Q-P210 standard).

Results: Based on the UKNEQAS results, a CF of 0.37 and 0.46 was calcu-
lated for both analyzers, respectively. An analytical sensitivity of 5 molecules
BCR-ABL was accepted with the chance of having a false negative result of
1.63%, corresponding to 0.011% IS (95% CI: 0.007-0.015) for both systems
after conversion with our newly defined CF. Highly similar CF’s were obtained
for both systems when using the commercial reference material (0.41 and 0.46
respectively), confirming the calculated CF’s based on peer-group comparison.
Summary / Conclusion: In conclusion, we propose a novel approach for stan-
dardization of molecular monitoring of BCR-ABL in patients with CML. We
believe this is an achievable and acceptable, less time-consuming and less
expensive approach for routine laboratories as compared to the EUTOS con-
cept of reference laboratories and commercial reference material. Whether the
use of a conversion factor based on peer group comparison will improve
between-laboratory variability remains to be elucidated.
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BIOLOGICAL CHARACTERISTICS AND DYNAMICS OF BCR-ABL1 MUL-
TIPLE MUTATIONS IN TYROSINE KINASE INHIBITOR RESISTANT CML
SKim1,”S Choi’, S Lee', JBang’, H Jeon?, Y Oh', J Park’, E Jang?, D Kim',2
1Cancer Research Institute, The Catholic University of Korea, 2Division of
Hematology, St. Mary’s Hospital, The Catholic University of Korea, Seoul,
Korea, Republic Of

Background: BCR-ABL1 kinase domain (KD) point mutation causes resist-
ance to tyrosine kinase inhibitors (TKI) in chronic myeloid leukemia (CML)
patients through impaired binding of TKI to the target site. Recent studies have
reported that multiple mutations detected in 2-9% of patients with imatinib (IM)-
resistant CML were associated with poor response rate and survival outcomes.
However, biological characteristics and dynamics of multiple mutations are still
not assessed with a quantitative serial follow-up data in the same populations.
Aims: The aim of this study was to investigate biological characteristics and
dynamics of multiple mutations in the serial samples from the patients carry-
ing multiple mutations using subcloning and sequencing.

Methods: Since 2002, 414 CML patients were screened for mutation analysis
due to sign of resistance to TKis including imatinib (IM), nilotinib (NIL), dasa-
tinib (DAS), bosutinib (BOS), radotinib (RAD) or ponatinib (PON) at Seoul St
Mary’s Hospital using direct sequencing and allele specific oligonucleotide-
polymerase chain reaction (ASO-PCR). Among them, 31 patients carried > 2
BCR-ABL1 kinase domain mutations. We analyzed 137 samples from these 31
patients using subcloning and sequencing (in total, 2737 colonies were
sequenced). By cloning and sequencing, two or more missense mutations
present in the same clone were defined as compound mutation and co-exis-
tence of single missense mutations in the separated clones was defined as
polyclonal mutation. Co-existence of single missense mutation and compound
mutation harboring two or more missense mutations in the same clone was
defined as mixed mutation.

Results: In a total of 2737 colonies from 137 samples, 1596 (58%) colonies
harbored compound mutations with a median 2 (range, 2 — 7) mutations, and
905 (33%) colonies with a single mutation and 236 (9%) colonies with wild
type were observed. We identified 700 different mutations encompassing 278
residues in the kinase domain. The residues most frequently involved in mis-
sense mutations were T315 (11.5%), E255(5.4%), M244 (4.2%), V299 (4.1%),
E459 (3.5%), F359 (2.9%), and Y253 (2.9%). By cloning and sequencing of
each sample, most samples (117/137, 85%) was in the type of mixed mutation,
that is co-existence of single missense mutation and compound mutation har-
boring two or more missense mutations in the same clone. In the next sample
from the time of first detection by cloning and sequencing, multiple mutations
were changed though different ways; among 30 patients with available next
sample, 9 (30%) patients had an acquisition of different point mutation in same
clone. In 33% (8/30) patients, new mutation occurred in separate clones. Each
sample was observed in AP or BP (23%; 31/137) and CP (77%; 106/137), and
on therapy with IM (12%, 16/137), NIL (15%, 21/137), DAS (35%, 48/137),
BOS(4%, 6/137), RAD (3%, 4/137), PON (10%, 14/137), and others (18%,
25/137).

Summary / Conclusion: Our data by subcloning and sequencing showed
basic characteristics and dynamics of multiple mutations. Samples harboring



multiple mutations showed mixed patterns with co-existence of single missense
mutation and compound mutation. Variable dynamic changes of each clone
were observed, including an acquisition of different point mutation in same
clone and new mutation development in separate clones. In the meeting, we
will show further analyzed data about the effect of prior drug exposure and
BCR-ABL1 tyrosine kinase activity on dynamical change of multiple mutations.
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ESTIMATION OF THE CURRENT SURVIVAL MEASURES IN CHRONIC
MYELOID LEUKEMIA: METHODOLOGY AND NEW SOFTWARE TOOLS

J Mayer!,2” T Pavlik3, E Janousova3, H Klamova#4, D Zackova?, Z Racill.2,
K Machova?, V Nemethova?, J Brezinova4, P Cetkovsky#4, L Dusek3
1CEITEC, Masaryk University Brno, 2Masaryk University and University Hos-
pital Brno, 3Masaryk University, Brno, 4Institute of Hematology and Blood Trans-
fusion, Prague, Czech Republic

Background: Common ways of survival assessment, the leukemia-free sur-
vival (LFS) and the cumulative incidence (Cl), are not fully comprehensive for
the outcome assessment in chronic myeloid leukemia (CML) because these
measures do not account for multiple relapses and leukemia-free periods dur-
ing the treatment course. Therefore, the concept of the so-called current sur-
vival measures, which accounts for the proportion of patients who have lost the
first disease remission as well as the proportion of leukemia-free patients who
achieved the subsequent remissions, has recently become discussed in the lit-
erature. Proper estimation methods and publicly available software tools are
needed to make the current survival measures widely usable.

Aims: To demonstrate the validity of the current survival measures. To introduce
the methodology, software, and web-based calculator for the CCl and CLFS
estimation.

Methods: The current survival measures, the CCl and CLFS, were estimated
using nonparametric statistical methods, which are commonly used in survival
analysis (Pavlik et al, BMC Med Res Methodol. 2011; 11:140). R software pack-
age currentSurvival (http://cran.r-project.org/web/packages/currentSurvival/)
was also made publicly available for the CCI and CLFS calculation. Moreover,
a web-based calculator at http://www.iba.muni.cz/data-analysis-tools/cur-
rentSurvival/ will be launched on May 15t 2013. In total, 233 Czech CML patients
in chronic phase received the first-line imatinib between July 2003 and Decem-
ber 2011; records were registered in the Czech database INFINITY
(http://www.leukemia-cell.org/en/databaze/).

Results: Regarding all 233 patients, the estimated CCl at 3 and 5 years after
starting imatinib therapy was 75.4% and 73.4%, respectively. On the other
hand, the common Cl at 3 and 5 years after starting imatinib was estimated as
85.2% and 87.1%, respectively. Thus, the estimated difference between the CCI
and Cl curves reached 9.8% and 13.7% at 3 and 5 years after starting imatinib,
respectively. Only 185 patients (79.4%) who achieved at least one CCgR were
available for the CLFS calculation. The estimated CLFS at 3 and 5 years after
achieving the first CCgR was 90.9% and 92.8%, respectively. The LFS was esti-
mated as 74.2% and 64.0% at 3 and 5 years after achieving the first CCgR,
respectively. Therefore, at 3 and 5 years after the achievement of the first
CCgR, the difference between the CLFS and LFS estimates reached 16.7% and
28.8%, respectively.

Summary / Conclusion: The common Cl overestimates the probability of being
alive and in CCgR after initiating imatinib therapy, whereas the common LFS
underestimates the probability of being alive and in CCgR after the achievement
of first CCgR on the imatinib therapy. Thus, both current survival measures, the
CCl and CLFS, more reliably illustrate a CML patient’s disease status in time
because they account for multiple leukemia-free periods during the treatment
course. Moreover, the methodology for CCl and CLFS estimation is now avail-
able for public use in the form of either R software package currentSurvival or
web-based calculator.

Stockholm, Sweden, June 13 — 16, 2013
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10058-F4 A SMALL MOLECULE C-MYC INHIBITOR DECREASES CIP2A
AND REDUCES BCR-ABL1 TYROSINE KINASE ACTIVITY IN CHRONIC
MYELOID LEUKAEMIA (CML)

C Lucas',” R Harris', A Giannoudis®, R Clark!

TMolecular and Clinical Cancer Research (Haematology), University of Liver-
pool, Liverpool, United Kingdom

Background: Disease progression in CML is associated with inhibition of the
phosphatase PP2A. PP2A is functionally impaired by cancerous inhibitor of
PP2A (CIP2A), leading to the stabilisation of c-Myc. CIP2A protein is a prospec-
tive biomarker of disease progression in imatinib treated CML patients (Lucas
et al Blood 2011; 117: 6660-8). We have previously shown that CIP2A is not sup-
pressed by imatinib treatment and that CIP2A levels rise as patients progress
into blast crisis. Moreover, high CIP2A levels are associated with high c-Myc
and high BCR-ABL1 tyrosine kinase activity.

Aims: The aim of this work was to inhibit c-Myc using the small molecule
inhibitor 10058-F4 in order to disrupt the CIP2A/c-Myc interaction and thus
attempt to suppress CIP2A indirectly.

Methods: Cell lines and newly diagnosed chronic phase patients cells were cul-
tured with 60uM 10058-F4 for 48 hours. CIP2A, PP2A, pY307-PP2A and c-Myc
and pS62-c-Myc proteins were assessed by flow cytometry and western blot-
ting. mRNA expression was assessed using the Tagman expression assays. c-
Myc siRNA was transfected into K562 cells for 72 hours.

Results: 10058-F4 inhibited both c-Myc and pS62-c-Myc (P=0.003) in K562
cells. Reduction in c-Myc protein resulted in a concomitant decrease in both
CIP2A protein levels (P=0.003) and BCR-ABL1 tyrosine kinase activity
(P=0.003). 10058-F4 treatment decreased both c-Myc and BCR-ABL1 mRNA
expression (P=0.002 and P=0.004 respectively). No effect on CIP2A mRNA
expression was observed. To investigate whether the decrease in CIP2A pro-
tein was a direct result of c-Myc reduction or an indirect effect via BCR-ABL1,
AGS cells (a gastric carcinoma line which is CIP2A positive but BCR-ABL1
negative) were treated with 10058-F4 for 48 hours. Again, c-Myc inhibition
resulted in a decrease in CIP2A (P=0.001); thus, the decrease in CIP2Ais a
direct result of c-Myc inhibition and not due to BCR-ABL1. Importantly, the
effect of 10058-F4 on decreasing BCR-ABL1 in CML cells is a result of the
reduction in both c-Myc and CIP2A, implying that both are upstream of BCR-
ABL1. Knockdown of c-Myc resulted in increased PP2A activity, decrease in
CIP2A levels (P=0.004) and decreased BCR-ABL1 tyrosine kinase activity
(P=0.001). These data suggest that c-Myc and CIP2A act to stabilise each oth-
er at the protein level.

Newly diagnosed chronic phase patients cells were cultured with 60uM 10058-
F4 for 48 hours (n=6). In samples with high CIP2A protein expression, c-Myc
inhibition led to a significant reduction in both CIP2A and BCR-ABL1 tyrosine
kinase activity. BCR-ABL1 tyrosine kinase activity was also reduced in samples
with low CIP2A expression, suggesting that c-Myc inhibition would be advan-
tageous to all CML patients.

Summary / Conclusion: CIP2A can be targeted by using c-Myc as a surrogate
target. Inhibition of c-Myc in K562 and CML primary cells either with 10058-F4
or c-Myc siRNA resulted in the reactivation of PP2A, a decrease in CIP2A and
a decrease in BCR-ABL1 tyrosine kinase activity. c-Myc may contribute to dis-
ease progression by promoting aneuploidy as a result of deregulated cell divi-
sion and increased mismatch repair, as well as stabilising CIP2A. Both c-Myc
and CIP2A are therefore attractive therapeutic targets for preventing disease
progression.

haematologica | 2013; 98(s1) | 55



18" Congress of the European Hematology Association

Chronic myeloid leukemia - Clinical 1

P132

IMPACT OF DRUG TRANSPORTER ABCG2 HAPLOTYPES IN MOLECU-
LAR RESPONSE OF CML PATIENTS IS MODULATED BY IMATINIB DAILY
DOSE
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Background: Imatinib and other tyrosine kinase inhibitors (TKls) have revolu-
tionized the therapy of chronic myelogenous leukemia (CML). Along with
parameters such as the initial Sokal score, comorbidities, age, co-medications
clinicians need patient-related parameters such as specific genetic profile relat-
ed to response or tolerance in order to optimize treatment strategies. Prelimi-
nary studies have reported polymorphisms in candidate genes like OCT1,
ABCG2 or MDR1 implicated in response to imatinib. However, no systematic
association study was performed testing constitutive variations in drug trans-
porter genes and allocated dose of imatinib. This study was approved by the
local Human Ethics Committee. Written informed consent was obtained from
all patients prior to study participation.

Aims: To evaluate the role of constitutive variations in drug transporter genes
on imatinib response using longitudinal data relative to molecular response in
CP-CML patients allocated to either imatinib 400 mg/day or 600mg/day.

To validate results according to early molecular responses (BCR-ABL'S at 3
months <10%) and response of interest (BCR-ABL'S at 12 months < 1%, BCR-
ABLIS at 18 months <0.1%).

Methods: We use a custom DNA chip covering 857 SNPs covering 94 drug
transporter genes to analyses two independent cohorts of CP-CML patients.
The first (St-Louis hospital cohort) composed of patients treated with imatinib
400 mg/day (n=105) and the second cohort (SPIRIT cohort) composed of
patients from the SPIRIT randomized clinical trial allocated to 400 mg/day
(n=132) or 600mg/day (n=107). Association study was performed on cumula-
tive incidence of major molecular response (CI-MMR) using the Fine & Gray
model. (Switch in treatment due to treatment toxicity was the competing event).

Figure 1.

Results: Two “favorable” haplotypes of ABCG2 gene were associated to higher
CI-MMR in patients allocated to imatinib 400 mg/day but not in patients allocat-
ed to imatinib 600 mg/day. Patients allocated to imatinib 400 mg/day with at least
one copy of the favorable haplotypes had similar outcome as compared to
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patients with common haplotype receiving 600 mg/day. Interestingly, these favor-
able haplotypes were common: about half the population present at least one
copy of these haplotypes. Quadrant A, B and C of the figure illustrate discrimi-
nation of patients with respect to ABCG2 haplotypes globally, in the 400 mg/day
arm and in the 600 mg/day arm respectively. Quadrant C shows the similar out-
come of patients allocated to imatinib 400 mg/day with favorable haplotype ver-
sus patients allocated to imatinib 600 mg/day with common haplotype. As expect-
ed results were validated in term of early molecular responses (BCR-ABL!S at 3
<10%) and response of interest (BCR-ABL!S at 12 months <1%, BCR-ABL'S at
18 months <0.1%) only in patients allocated to imatinib 400 mg/day.

Summary / Conclusion: Here we show that response to imatinib is deter-
mined by constitutive haplotypes in drug-transporter genes such as ABCG2 in
a dose dependent fashion. Moreover, higher response associated with high
doses of imatinib could also be reached by patients having favorable haplotypes
while treated at low intensity. As about half of the population is targeted by the
favorable haplotype, the ABCG2 status in newly diagnosed CP-CML patients
could help clinicians to optimize treatment strategies.
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Background: Nilotinib (NIL) induced significantly faster and deeper molec-
ular responses than imatinib (IM) in the ENESTnd trial. The 12-month results
of the ENESTcmr study demonstrated that patients (pts) on IM with ongoing
BCR-ABL positivity who switched to NIL achieved faster, deeper molecular
responses than pts remaining on IM.

Aims: The ENESTcmr study evaluates the potential benefit of switching pts
with persistent residual disease on long-term IM therapy to NIL. Here, we
report the 24-month follow-up of this study.

Methods: ENESTcmr includes pts with Philadelphia chromosome—positive
(Ph+) CML-CP who achieved a complete cytogenetic response (CCyR) but
had detectable BCR-ABL transcripts after 22 years of IM therapy. Pts were
randomized to continue their IM dose (400 or 600 mg once daily [QD; n=103])
or switch to NIL 400 mg twice daily (BID; n=104). Molecular response (includ-
ing major molecular response [MMR, BCR-ABL'S <0.1%] and MR4-5 [BCR-
ABLIS <0.0032%]) was determined by RQ-PCR. Confirmed undetectable
BCR-ABL was achieved if 2 consecutive samples (with sensitivity of = 4.5
logs) had negative RQ-PCR results.

Results: With 24 months of follow-up, 77% and 91% of pts remained on
study in the NIL and IM arms, respectively. The higher rates of discontinua-
tion with NIL were expected, as these pts switched to a new therapy from a
well-tolerated long-term therapy. Most discontinuations occurred within the
first 12 months on study, with comparable rates of discontinuation across
arms between 12 and 24 months. By 24 months, confirmed undetectable
BCR-ABL was achieved by significantly more pts who switched to NIL vs pts
continuing IM (22.1% vs 8.7%; P=.0087). Twice as many pts achieved and
maintained undetectable BCR-ABL on 3 consecutive assessments on NIL vs
IM (n=10 vs 5). The increase in the proportion of pts with undetectable BCR-
ABL from month 12 to 24 was higher in the NIL arm (9.6 percentage points)
vs the IM arm (2.9 percentage points). In pts without MR4-5 at study start, sig-
nificantly more pts in the NIL arm achieved MR4-5 by 24 months than in the
IM arm (42.9% vs 20.8%; P=.0006), and more pts maintained MR45 (or bet-
ter) on 3 consecutive assessments with NIL vs IM (n=18 vs 6). Rates of MR4-5
were superior on NIL regardless of response at study start (Table 1), but the
difference between the treatment arms was particularly pronounced in pts
without MMR at study start (MR#-5 achieved in 29.2% vs 3.6% of pts on NIL
vs IM; P=.016). No pt without MMR at study start who continued on imatinib
achieved confirmed MR#4:5 or undetectable BCR-ABL (on 2 consecutive
assessments). No pt progressed to accelerated phase/blast crisis since the
12-month follow-up. Events were experienced by 3 pts on NIL (confirmed
loss of MMR, n=2; death, n=1) and 7 on IM (confirmed loss of MMR, n=4; con-
firmed loss of CCyR, n=3). Prior interferon therapy (with vs without) and
length of prior IM therapy (< 36 vs > 36 months) did not significantly affect
the rate of MR4:5 in either treatment arm. The safety profiles of NIL and IM
were consistent with previous studies.

Summary / Conclusion: In pts with detectable residual disease on long-



term IM therapy, NIL induced deeper molecular responses than continued IM,
and these responses were more frequently maintained in consecutive assess-
ments. The difference between arms in rates of MR4-5 and undetectable BCR-
ABL increased between 12 and 24 months. These deeper molecular respons-
es achieved after switch to NIL may increase eligibility for tyrosine kinase
inhibitor—free remission studies.

Table 1.
NIL T M
400 mg BID 400 or 600 mg QD
| (n = 104) | (n =103) P Value

| Confirmed undetectable BCR-ABL" (ITT), % _ ) ]
By 12 months 125 58 108
By 24 months | 21 | 87 | 0087

: Response by 24 months (in pts without the response of interest at study start), %

(n=24) (n=28)

MMR 833 536 0342
Undetectable BCR- (n=101) | {n=100) 0106
ABL* N7 17.0

| MR™*by 24 months by response at study start, %
Without MMR at study (n=24) (n=28) 016
start | 292 | 36
Without MR* at study (n=74) (n=78) 005
start . 3 115 $
Without MR* * at study (n=94) (n=91) 0006
start | 429 . 208 :

E d rate of event-free survival, %

Al 24 months I 966 [ 928 | 4387

; Resp : by 24 hs ding to prior interferon use, % )
e el S LS aesh : .
interferon 542 386 W s mf:em'
MR"™, with prior [ (n = 45) | (n=46) 5289 uM)J
interferon 400 326

| Response by 24 months according to prior d of IM treatment, %

MR*®, 5 36 months 0‘;5 168’ tn:;l:" s 36 vs > 36 months:
T n=8§ | (=8 iyt
A months 465 254 8161 (IM)

* & 4.5-og sample sensitivity
IM, imatinib; ITT, intent-to-treat; NIL, nilotinib.
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Background: BCR-ABL kinase domain mutations frequently cause tyrosine
kinase inhibitor (TKI) failure in chronic myeloid leukemia (CML). Ponatinib, a
potent oral pan-BCR-ABL TKI, has shown preclinical activity against all single
mutants tested, including T315I.

Aims: The impact of baseline (BL) mutations on response to ponatinib (45 mg
once daily) and the end of treatment (EOT) mutation status in patients discon-
tinuing treatment were evaluated in the phase 2 PACE ftrial.

Methods: Data for chronic phase (CP) CML patients are described herein;
data for patients with advanced disease will be presented. Heavily pretreated
CP-CML patients (94% received =2 prior TKls, 60% received 23 prior TKIs)
resistant or intolerant to dasatinib or nilotinib (N=203) or with T315I confirmed
at BL (N=64) were enrolled. Among CP-CML patients receiving prior dasatinib
or nilotinib (n=256), 84% were resistant to dasatinib and/or nilotinib, 16% were
intolerant only. The primary endpoint was major cytogenetic response (MCyR).
Minimum follow up at analysis (9 Nov 2012) was 12 mos (median 15 [0.1-25]
mos). Sanger sequencing was performed at a single central laboratory.
Results: At BL, no mutations were detected in 136 (51%) patients, 1 mutation
was detected in 105 (39%) patients, 22 mutations were detected in 26 (10%)
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patients; 27 unique mutations were observed. Responses were observed
regardless of BL mutation status. MCyR rates were: 56% overall, 49% in
patients with no mutations, 64% in patients with 1 mutation, 62% in patients with
=2 mutations; 57% in patients with mutation(s) other than T315I (n=67), 74%
in patients with T3151 only (n=50), 57% in patients with T315] + other
mutation(s) (n=14). Although higher response rates were observed in patients
with T315I, multivariate analyses have shown that T315l is not an independent
predictor of response. Responses (MCyR) were seen against each of the 15
mutations present in >1 patient at BL: T3151 45/64 (70%), F317L 11/22 (50%),
F359V 6/13 (46%), G250E 7/8 (88%), E255K 6/8 (75%), M244V 3/5 (60%),
V299L 3/5 (60%), H396R 1/5 (20%), F3591 3/4 (75%), F359C 1/4 (25%), E459K
3/3 (100%), E355A 1/2 (50%), L248V 1/2 (50%), Y253H 1/2 (50%), E255V 1/2
(50%). Ninety-nine patients discontinued (35 adverse event, 20 progressive
disease, 14 withdrawal by subject, 11 lack of efficacy, 8 physician decision, 11
other). Of the 99 patients discontinuing, 56 patients had EOT mutations
assessed. 5 patients lost a mutation, 46 had no change, and 5 gained muta-
tions. In 2 of the 5 patients, single mutations were newly detected at EOT
(E255V [10% of transcripts]; T315I [100% of transcripts]); both patients had a
prior history of the same mutation, and responses were achieved in other
patients with these mutations at BL. In the other 3 patients, multiple mutations
were newly detected at EOT (T315I/M351T [100%/40% of transcripts];
T3151/F359V [100%/90% of transcripts]; Y253H/F359V [100%/100% of tran-
scripts]). In all 3 patients, 1 of the mutations was present at BL and/or the
patient had a prior history of 1 or both mutations. In 1 patient, the multiple muta-
tion Y253H/F359V may have been associated with progressive disease; the avg
dose intensity of ponatinib in this patient was 26 mg/day. Overall, 11 patients
lost MCyR (none with T3151 at BL); 6 of the 11 discontinued, and 4 had EOT
mutations assessed and no changes from BL were observed (Table 1).
Summary / Conclusion: Responses to ponatinib were observed regardless of
BL mutation status. No single mutation conferring resistance to ponatinib in
CP-CML has been observed to date. Data with a minimum follow up of 18 mos
will be presented. NCT01207440.

Table 1.

CP-CML Patients With Loss of MCyR

Avg
Dose Duration
Prior BL EOT |ntensity Reason|of MCyR
Therapy| Mutation Mutation (mg/day) for D/C (months)
| LDIN | None | None 37 | PD 28
II,D‘N‘B! G250E | G250E 15 | AE 55
I,D,N None None 45 | PD 9.3
I.LD.N F311L | F311L 29 | AE 2.8
| 1D None | ND 23 | AE 27
IDNB| E255v | ND | 28 |12k 3
| | | efficacy
I,D,N,B Ei;élé n/a 5 n/a 56
"IDN | F359C | n/a 29 | nla 30
1D None | n/a 4 | nla 28
1,D,B gg;g\é n/a 18 n/a 2.7
_IDN | F359l | na | 42 [ wa [ 31

BL=baseline, D/C=discontinuation; PD=progressive disease,
AE=adverse event; |=imatinib; D=dasatinib; N=nilotinib;
B=bosutinib; ND=not done; n/a=not applicable, patient
remains on study and has not had post-baseline mutations
assessed
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Background: Combining Imatinib (IM) with pegylated interferon alfa2a
(PeglFN) seems to improve molecular responses for de novo chronic phase
CML (CP-CML) patients (pts) compared to IM. Second generation TKI (TKI2)
such as nilotinib induce higher levels of cytogenetic and molecular responses
than IM in the first line for CP-CML.

Aims: This is the M15 update of the use of nilotinib+PegIFN for front line ther-
apy in CP-CML pts.

Methods: This is a 2-step study, where pts were assigned first to PegIFN (+HU)
for 4 wks (90 pg/wk) prior to a combination of nilotinib 300 mg BID+PegIFN 45
ug/wk for = 1 year. The primary endpoint was the rate of MR4-5 by M12 con-
firmed on 2 datapoints. Molecular assessments were centralised and expressed
as BCR-ABL!S in %. All pts have signed up an informed consent to enter the
study.

Results: Forty one pts (+1 screen failure) were enrolled in a first step and 20
additional pts were planned if the primary endpoint would not been reached in
the first cohort. The current median FU is 20.5 (17-23.2) months (M). Sokal and
Euro scores were high for 15% and 5%, interm. for 41% and 54% and low for
44% and 41% respectively. Eutos score was high for 2 pts. Median age was
53 (23-85) years. Two pts had a masked Ph, 3 a variant form, and 1 had an
ACA, all pts had a “M” BCR transcript. CHR was obtained in 5%of pts at M1
and 100% at M3. Analysed in ITT, the rates of CCyR at M3, 6, and 12 (= at2,5,
8 and 11 M of TKI2) were 39%, 56%, 71% respectively. Overall 75.6% of pts
were in MMR at M12 and 80.6% at M15. The MR#:5 rates increase with time:
9.8% at M6 to 29.3% at M15, and the MRS rates followed the same pattern (Fig-
ure 1). Of note, 87% of pts had a BCR-ABL!S <10% at M3 and, at M12, had
significantly higher rates of MMR (77% vs 20%, P=0.028) and MR#4-5 (20% vs
0%, P=0.034) than pts >10%. One pt progressed to myeloid blast crisis at M6
with no detectable BCR-ABL mutation, and is alive after allogeneic SCT. At last
FU, 7 pts went out of study:M2 for non-observance, M6 for seizures related to
an extra-dural hematoma in a non-thrombocytopenic pt, M6 for recurrent grade
3 hepatic toxicity, M9 for recurrent grade 3 pruritus, M15, 18 & 18 for coronary
stenoses. The mean doses of PegIFN/Wk during the first year were 32.8 pg/wk,
significantly higher in pts achieving MR4-5 at M12 (45.3 vs 30.2 ug/wk, P=0.02)
and the mean doses of nilotinib during the first year (493 mg/day) were not dif-
ferent in pts achieving MR4-5 at M12 (505 vs 490 mg/day, P=0.68). At M15, the
rate of grade 3-4 hematologic toxicities overall were anemia 2%, thrombocy-
topenia 24%, neutropenia 24% and pancytopenia 2% of pts. These occurred
mainly during M1-M3 (22% neutropenia, 24% thrombocytopenia, 2% pancy-
topenia, 2% anemia), rarely during M3-M6 (7% neutropenia, 2% thrombocy-
topenia) and never thereafter. Grade 3-4 non-hema toxicities followed a simi-
lar pattern, and overall we observed 20% liver toxicities, 15% of neuro-psy
episodes, 10% gut/pancreas disturbances, 2% arthro-myalgias. Three late
coronary stenoses occurred at M15, 18 & 18, although no case of PAOD has
been reported to date.

Summary / Conclusion: The combination of nilotinib+PegIFN is relatively well
tolerated despite frequent initial hematologic toxicities, and provides high rates
of MR4:5 at M12 and beyond. The cohort n°2 will not be enrolled as the M12
MR45 rates are beyond planned initial expectations. The M15 and M18 updates
will be presented during the meeting
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Background: Early cytogenetic and molecular responses have been associ-
ated with a better outcome in patients treated with imatinib, dasatinib, or nilo-
tinib frontline. In particular, BCR-ABL transcript level < 10% at 3 months corre-
lated with: increased 2-year cumulative incidence of CCyR, MMR, and MR#-5
with dasatinib (Marin D et al, Blood 2012); better progression-free survival
(PFS) and overall-survival (OS) at 3 years, with dasatinib (DASISION; Saglio
G et al, ASH 2012, abs. 1675); higher probability of future MMR and MR#4-5, and
better PFS and OS, with nilotinib (ENESTnd; Hochhaus A et al, ASH 2012, abs.
167). There is increasing interest in identifying as early as possible patients who
will not respond optimally to tyrosine kinase inhibitors in order to consider treat-
ment modifications.

Aims: To evaluate the impact of BCR-ABL transcript level and cytogenetic
response at 3 months on subsequent response and outcome in an independ-
ent cohort of patients treated with frontline nilotinib-based regimens in Italy
(CML ltalian Registry of Nilotinib).

Methods: The CML ltalian Registry of Nilotinib includes 215 patients, enrolled
in 2 multicenter phase Il studies conducted by the GIMEMA CML WP (Clinical-
Trials.gov. NCT00481052 and NCT00769327) or treated at the Bologna Uni-
versity Hospital, with nilotinib 300 mg or 400 mg BID as initial treatment. The
median age was 53 years (range 18-86). Ten out of 215 patients (5%) had a
high EUTOS score. The median follow-up was 33 months (range 21-51
months). At 3 months 196/215 (91%) and 189/215 (88%) patients were evalu-
able for the molecular and cytogenetic response, respectively. BCR-ABL tran-
script levels were: 1% in 88%; >1% to < 10% in 11%; > 10% in 1%; given the
very low proportion of patients with a BCR-ABL > 10% (n. 2), patients have
been divided into 2 groups, with a transcript level £1% (n=173, 88%), or >1%
(n=23, 12%). Cytogenetic response was: MCyR 93% (CCyR 84%; PCyR 9%);
less than MCyR 7%. We analysed the rate of MMR at 1 year, and the failure-
free survival (FFS, according to ELN 2009 definitions), PFS, and OS (any death
included) according to the BCR-ABL transcript levels and to the cytogenetic
response at 3 months.

Results: Patients with BCR-ABL <1% at 3 months had a higher rate of MMR
at 12 months with respect to those with a transcript level <1% (79% vs. 35%,
P<0.001). A lower transcript level at 3 months correlated with a better 3-years
FFS (92% vs. 74%; P<0.001) and PFS (95% vs. 83%; P=0.009) and a similar
OS (96 vs. 86%; P=0.059). Patients with a MCyR at 3 months vs. patients with
less than a MCyR had higher rates of MMR at 12 months (77% vs. 46%;
P=0.02). Moreover, patients in MCyR at 3 months had a better 3-years FFS
(92% vs. 69%; P=0.001) and PFS (96% vs. 77%; p 0.001), but similar OS (96%
vs. 92%; P=0.48). Patients with a CCyR at 3 months vs. patients with less than
a CCyR had higher rates of MMR at 12 months but similar FFS, PFS, and OS
(data not shown).

Summary / Conclusion: In our national experience a very small proportion of
patients treated frontline with nilotinib failed to achieve a reduction to < 10%
level of BCR-ABL transcript (2/196 or 1%). The cut-off of 1% of BCR-ABL at 3
months in our experience is a reliable surrogate marker of response at 1 year
(MMR) and outcome (PFS and FFS), along with the level (MCyR) of cytoge-
netic response achieved. The absence of these early responses may represent
an adverse factor to be considered in the management of patients treated with
nilotinib frontline.

Acknowledgements: European LeukemiaNet, COFIN, Bologna University,
BolognAlIL



P137
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Background: Second generation tyrosine kinase inhibitors (TKIls) induce
higher cytogenetic and molecular response rates with respect to imatinib
(IM) in chronic myeloid leukemia (CML) patients in early chronic phase, but
outcome differences have not been clearly demonstrated and IM still rep-
resents an important frontline therapeutic option. Early response-related
prognostic factors are extremely relevant to optimize the treatment strate-
gy and to consider a switch to 2"d line therapy in patients who are not able
to achieve an optimal response. In IM-treated patients, BCR-ABL!S tran-
script levels >10% at 3 months and >1% at 6 months were able to identify
high-risk groups (Marin et al, JClinOncol 2011; Hanfstein et al, Leukemia
2012). Similar analysis were performed within the IM arms of the ENEST-
nd trial (Hochhaus et al, EHA 2012) and the DASISION trial (Jabbour et al,
EHA 2012).

Aims: To investigate the prognostic impact of a large BCR-ABL!S transcript
amount at 3 and 6 months (in particular, £1% vs >1%) on the subsequent
response and the long-term outcome of CML patients treated frontline with
IM, describing the characteristics of patients with higher transcript levels.
Methods: 559 patients enrolled within 3 trials of the GIMEMA CML WP
(ClinTrialsGov NCT00514488/NCT00510926, observational trial CML023)
were analyzed. Evaluable QPCR sample at 3 and 6 months: 487/559 (87%)
and 492/559 (88%), respectively.Definitions: major molecular response
(MMR): BCR-ABL!S ratio <0.1%; molecular response with 4.0-log reduction
(MR4.0): BCR-ABL'S ratio <0.01% (at least 10.000 ABL copies); failure:
according to 2009 ELN recommendations; progression: transformation to
advanced phases; all deaths. at any time and for any reason, were includ-
ed. Patients with events or censored within 3 or 6 months were excluded
from the respective analysis.

Results: Median age: 52 years (range 18-84). IM dose: 76% 400 mg, 24%
800 mg. Overall risk distribution: high Sokal score: 22%; high EUTOS score:
7%. Median follow-up: 76 months (range: 7-99; 95% of patients with at least
5-year observation). BCR-ABL!S ratio at 3 months: <1% in 336/487 (69%),
>1% to <10% in 120/487 (25%) and >10% in 31/487 (6%). BCR-ABL!'S ratio
at 6 months: 1% in 425/492 (86%), >1% to <10% in 54/492 (11%) and
>10% in 13/492 (3%). As expected, baseline characteristics of patients with
higher BCR-ABL!S transcript levels were different with respect to patients
with lower levels: patients with BCR-ABL!S ratio >1% at 3 months had low-
er hemoglobin concentration, higher blast % in peripheral blood (PB), larg-
er spleen, higher Sokal and EUTOS scores (patients with BCR-ABL!S ratio
>1% at 6 months, in addition, showed also a higher frequency of CCA in Ph+
cells). A detail of response and outcome according to transcript levels at 3
and 6 months is presented in Table 1.

Summary / Conclusion: In a multicentric nationwide experience, the pro-
portion of patients with BCR-ABL'S transcript levels >10% at 3 and 6 months
was low. The risk distribution and the presence of a proportion of patients
treated with high-dose IM may explain, at least in part, the differences with
other published reports. At 3 and 6 months, a BCR-ABL!S cutoff of 1% was
areliable surrogate marker of response and outcome. A cutoff of 10% iden-
tified, at 3 and 6 months respectively, two smaller cohorts with inferior
response rates, lower failure-free survival, lower progression-free survival
and lower overall survival, but the outcome differences did not result sta-
tistically significant, probably due to the small number of patients with a
BCR-ABL'S ratio >10%. A BCR-ABL!S level >1% at 3 and 6 months repre-
sents a warning, requiring a close monitoring. A switch to 2nd generation
TKIls should be considered.

Stockholm, Sweden, June 13 — 16, 2013
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Table 1.
BCR-ABL at Imonths | <1% > 1% <10% | >10%

(N = 487) =336 (=151 | P |oi=as6) | u=31) | P
CCaR at 1 year, % 875 603 |<0001 | s09 516 |<0.001
MMR at 1 year, % j05 351 =0.0M 621 26 =0.001
MR4 ot 2 years, % 25 86 |<0o01 | 200 32 |oo17

FFS, % 837 868 |<0001| 792 583 | 04104

PFS, % 8rs 89 0.004 a52 900 oM

05, % 834 836 oMo 865 871 0622
BCR-ABL at 6months | <1% 1% <10% | >10%

(N = 482) =425) | M=67) | P |=ar9) | =13 | P
CCgRat 1 year, % 87 463 |<0001| 843 208 |<0.001
MMR at 1 year, % a 134 =000 647 77 =0.001
MR4 at 2 years, % 214 45 |<opo1| 198 0 0143

FFS, % 836 574 |<0001| s10 571 | 0045

PFS, % o756 784 |o0002 | o854 741 | 0115

05, % 883 808 oo 873 7649 0078

Res poms & at each timepoim were compared s ing x2 test or Feher exact test, @ appropriate
Failure-Free Survival (FFS), Progression-free Survival (PRSJand Owerall Survival (05)were estimated us ing.
the Kaplan-Meber method and pared by log-rank test
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TARGETED NEXT-GENERATION SEQUENCING FOR THE IDENTIFICA-
TION OF GENOMIC BCR-ABL1 FUSION JUNCTIONS TO QUANTIFY
RESIDUAL DISEASE IN CML PATIENTS IN CMR
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A Reid?
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Background: Recent studies indicate that 40% of CML patients who achieve
complete molecular remission (CMR) on imatinib remain disease-free after
drug discontinuation, raising the possibility of an “operational cure”. However,
the safe introduction of a TKI withdrawal policy would require a reliable and cost
effective method of identifying patients with the lowest likelihood of relapse,
which is likely to be related to presence residual disease. Preliminary data sug-
gest that PCR of genomic DNA might be more sensitive for the detection of
residual disease than one that relies on cDNA and may therefore help to pre-
dict outcome post-withdrawal. However, the former method is arduous since it
requires a customised patient-specific assay.

Aims: Here we describe a method based on targeted-next-generation sequenc-
ing allowing identification of BCR-ABL1 breakpoints from enriched genomic
BCR and ABL1 DNA followed by rapid generation of DNA-based gPCR assays.
Methods: The location of the BCR-ABL1 fusion junction was mapped in dis-
ease samples from 30 CML patients using lllumina’s MiSeq platform. A custom
TruSeq DNA target enrichment kit (lllumina) was used to enrich for the BCR and
ABL1 genes. The enriching probes were designed via the online tool Design
Studio covering both genes plus 50kb upstream and downstream of BCR and
ABL1, respectively. The workflow involved sample quantification, library prep,
multiplexed sample pooling (10 sample/run), enrichment-probe hybridisation,
template preparation, and sequencing. Subsequent mapping of t(9;22) translo-
cation junctions was performed via a custom designed bioinformatics algo-
rithm.

Results: All breakpoints were successfully mapped. DNA gPCR assays were
designed and validated for 9 patients. In clinical samples from patients in com-
plete molecular remission, the RT-gPCR assays detected residual disease in
three out of nine patients, demonstrating that DNA-qPCR can detect residual
disease in patient samples in which CML cells persist below the detection
threshold of RT-gPCR. Furthermore, since assay performance criteria were
optimal, we presume that disease levels in the remaining 6 were exceedingly
low or completely absent, consistent with the notion that residual disease lev-
els may differ in “CMR” patients.

Summary / Conclusion: NGS-facilitated DNA-gPCR may therefore prove valu-
able for the stratification of patients with low levels of residual disease and,
therefore, in the identification of patients for whom TKI therapy could be safe-
ly reduced or stopped.

haematologica | 2013; 98(s1) | 59
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LONG TERM MOLECULAR RESPONSE OF CHRONIC PHASE CML AFTER
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Background: Imatinib (IM) is the standard front line therapy for CP-CML result-
ing in complete cytogenetic response (CCyR) and major molecular response
(MMR) for almost 2/3 of patients (pts). CCyR is associated with improved sur-
vival and MMR with progression free survival and stability of the response.
Around 10% of these pts achieve a durable undetectable molecular response
allowing them candidates for cessation of TKI's according to the STIM study:
Sokal risk score, duration of IM, and sex were predictive for the maintenance
of molecular response.Before the IM era and besides allogeneic hematopoiet-
ic stem cell transplantation, interferon alpha (IFNa) based regimens were used
for CML treatment. Maintenance of CCyR and MMR after discontinuation of
IFNa has also been reported for rare pts.

Aims: The aim of this study was to analyse the characteristics and molecular
response pattern of CML pts after long term discontinuation of IFNa.
Methods: Between 2011 and 2012, 77 CP-CML pts treated with IFNa based
regimens and in remission without therapy after IFN discontinuation were
reported from 10 European centers. This analysis has been performed on the
60 consecutive cases with an assessable molecular follow-up.

Results: All pts had their CML diagnosed between 1980 and 2001. Median age
was 45 years, 57% were female. Sokal risk score was low, intermediate and
high for 43 (74%), 13 (22%) and 2 pts respectively. At IFNa discontinuation, all
pts were in CCyR. Molecular response was assessed either by non quantita-
tive polymerase chain reaction (PCR n=28) or quantitative PCR (RTQPCR
n=28) depending on the technique locally available at that time. Among them,
18 pts had a negative PCR and 20 had an undetectable BCR-ABL transcript
by RTQPCR. During follow-up, all pts maintained CCyR: 28 had a sustained
undetectable residual disease (UND-MRD) confirmed by RTQPCR, while MRD
was detectable in 28. In that latter group, MRD was between 0.1 and 0.001%
for the majority of pts (n=25), fluctuation between 1 and 0.001% was observed
in 2 cases, and transcript was stable between 1 and 0.1% for 1 pt. Therefore,
we distinguished 2 groups: sustained UND-MRD (n=28) or detectable MRD
(n=27). As the median follow-up after IFN discontinuation was 125 (41-227) and
119 (43-215) months respectively, comparison between the 2 groups was per-
formed. No difference in term of age, gender, CML presentation, response to
IFN was detected. MCyR was more rapidly achieved in the UND- than in the
positive MRD group (6.67 versus 12.09 months, P=0.010) but not significant-
ly CCyR (P=0.053) and not for MMR (P=0.913). Median IFN exposure was
longer in the detectable MRD group (99 (7-180) vs 75 months (23-191)
P=0.030) that suggests a slower response. At the last molecular assessment,
4 pts had lost MMR after a median time off-IFN of 129 months (85-205). All of
them had a detectable MRD after IFN discontinuation. Two pts died from oth-
er reason than CML.

Summary / Conclusion: This study describes a cohort of CML pts who still
maintained their CCyR without treatment after long term IFN discontinuation,
whatever their distribution within two groups according to the molecular
response pattern: sustained UND or detectable MRD.

Based on a long follow-up, this study illustrates also that “operational cure” of
CML does not require the complete eradication of the residual disease.
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Background: Radotinib is an orally active, selective Bcr-Abl1 tyrosine kinase
inhibitor (TKI), approved for patients with chronic phase chronic myeloid
leukemia (CP-CML) resistant to or intolerant of imatinibtdasatinib in Korea. The
preliminary phase 2 result of radotinib has been reported to be one of treatment
options in patients with TKI-failed CP-CML (Kim SH et al., Blood (ASH Annual
Meeting Abstracts), Nov 2012; 120:695).

Aims: Here, we update the clinical efficacy and safety results in imatinib or ima-
tinib+dasatinib failed patients with a minimum follow-up of 12 months.
Methods: Philadelphia chromosome - positive (Ph*) CP-CML patients who
failed or were intolerable to TKls (imatinib or imatinib + dasatinib) were enrolled
between July 2009 and November 2011. All patients were treated with rado-
tinib 400 mg twice daily. The primary end point was an achievement of major
cytogenetic response (MCyR, Ph*£35%) by 12 months. Safety parameters
were also analyzed.

Results: A total of 77 CP CML patients (18 years of age or over) were enrolled
from 12 sites in Korea, India, and Thailand. This analysis includes data from
last enrolled patient who received at least 12 months of radotinib therapy. The
median age of patients was 43 (range; 22-75) years, and 65 (84.4%) were
imatinib-resistant including 3 patients who have dasatinib intolerance with ima-
tinib resistance and intolerance and 12 (15.6%) were imatinib-intolerant includ-
ing 1 patient who have dasatinib intolerance with imatinib intolerance. With a
median follow-up of 23.4 months, treatment with radotinib is ongoing in 36
patients (46.7%) and 33 patients (42.9%) discontinued the treatment including
two deaths (2.6%). Median duration of radotinib exposure was 378 (8-1050)
days. Overall MCyR rate was 64.9%, including 36 patients (46.8%) complete
cytogenetic response and 14 patients (18.2%) partial cytogenetic response.
Among the 14 patients with known BCR-ABL1 KD abnormality at baseline,
43% achieved MCyR and 21% achieved CCyR. And MCyR and CCyR rates
were higher in patients without mutation. The median time to MCyR was 2.8
months (85 days) and the median duration of MCyR was 20.2 months. Of
patients achieving complete cytogenetic response, 30.5% (11/36) achieved
major molecular response. Within follow-up durations, 55 patients (71.4%)
required dose interruption and 53 patients (68.8%) had dose reduction. Most
common grade 3/4 hematologic and laboratory adverse events (AEs) were
thrombocytopenia (29.9%), neutropenia (10.4%), anemia (6.5%), and hyper-
bilirubinemia (33.7%). Common non-hematologic AEs (210%) were rash
(23.4%), fatigue (16.9%), pruritus (14.3%), headache (13.0%), decreased
appetite (10.4%) myalgia (10.4%) and nausea (10.4%). The majority of AEs
were easily manageable with temporal dose interruption and/or reductions. In
all patients with CP-CML treated with second-line radotinib, estimated progres-
sion-free survival and overall survival rate by 12months was 86.3% (95% ClI,
75.1-92.7%) and 96.1% (95% ClI, 88.4-98.7% ), respectively. The PFS rate
was higher among patients without a baseline mutation compared with those
who had baseline mutations at both 12 months (90.3% vs 69.6%; P=0.0518)
and 24 months (83.3% vs 60.9%; P=0.0364).

Summary / Conclusion: With a minimum follow-up of 12 months, radotinib
continues to demonstrate efficacy and maintains tolerability in patients with
both imatinib or imatinib+dasatinib failed CP-CML. Most of the AEs occurred
in the early treatment period, were tolerable, and were easily controlled by
dose interruption or reduction.

Table 1. Summary of patients’ characteristics, efficacy and safety profile.

N=TT
| Age 47 (24-78) yoars
male 54 (T0.1%)
Gender
female 23 (29 9%}
Imatinid resistance 65 (B4.4%)
+ dasatinid imtolerance 1M
T — Ienatinib intolerance 12 (18.0%)
+ dasatinid intokerance 1(1.3%)
Complota CYIDQENOR: response 34 (40.7%)
A — Partial cytogenetic response 14 (18.2%)
Dose inbermuption 55 (T1.4%)
Dose moditcation Dose reduction 53 (68.0%)
Thrombocytopenia 23 29.9%)
Grade ¥4 hematologic adverse svents Neutropania B{10.4%)
Anemia 5 8 5%)
The most common grade 34 adverse event | Hyperbilirubinemia 28 (33.7%)
Rash 18 @21.4%)
Fatigue 13(16.9%)
Prutus. 1 (14.3%)
Common non-hematologic sdverse events (> 10%) Headache 10 (13%)
Decreased appetite 8{104%)
hysiges 8{10.4%)
Hamea B (10.4%)
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Background: Nilotinib is a potent and selective BCR-ABL inhibitor approved
for the frontline treatment of CML. The latest update (4-year follow-up) of the
ENESTnd study demonstrated sustained superiority of nilotinib vs. imatinib,
with a confirmed significantly decreased risk of progression to accelerated-
blast phase (AP/BP) and a higher rate of molecular responses, which were
faster and deeper than those observed with imatinib (Kantarjian H et al, ASH
2012, abstract 1676). This extended the patient population achieving deeper
responses that may potentially enter into Treatment Free Remissions (TFR) tri-
als in the near future. It is important to understand, in patients (pts) treated for
a long period with nilotinib, which characteristics are associated with a deep
molecular response.

Aims: To evaluate the long-term (5-year minimum follow-up) results, and, in par-
ticular the stability of the deep molecular response (MR4-0), of pts treated front-
line with nilotinib in an investigator-initiated phase Il study (GIMEMA CTs
CML/0307).

Methods: The GIMEMA CML WP conducted a multicentre phase 2 trial with
nilotinib 400mg BID as frontline therapy (ClinicalTrials.gov.NCT00481052).
Median follow-up for the present analysis was 55 months (range: 50-62
months). Definitions: MR3.0: detectable disease <0.1% BCR-ABLIS; MR4.0:
either detectable disease <0.01% BCR-ABL'S or undetectable disease in cDNA
with >10,000 ABL transcripts; stable deep molecular response: MR#-0 in at least
3 samples over 21 year period without any result with less than MR4-0; failures:
according to the 2009 ELN recommendations; events: failures and treatment
discontinuation for any reason. All analyses have been conducted according to
the intention-to-treat principle.

Results: 73 pts enrolled: median age 51 years; 45% low, 41% intermediate and
14% high Sokal risk. Two pts never achieved a MR30, 1 of these pts progressed
to AP/BP (see below), the other is in stable and confirmed CCyR at 48 months.
Only 3 pts had a confirmed loss of MR3-0 due to poor adherence (all 3 are still
on nilotinib). The overall estimated probability of MR4-0 was 82%, with a medi-
an time to MR4:0 of 18 months. During the 3" year of therapy, 56/73 (76%) pts
obtained a MR40 at least once, stable in 16/73 (22%) pts; fluctuations around
MR4.0 (always in MR3-0) in 37/73 (51%) pts; fluctuations with unconfirmed loss
of MR3-0in 3/73 (4%) pts. During the 4th year of therapy (months 37-48), 57/73
(78%) pts had a MR4.0 at least once, stable in 21/73 (29%) pts; fluctuations
around MR4:0 (always in MR3-0) in 33/73 (45%) pts; fluctuations with uncon-
firmed loss of MR3-0 in 3/73 (4%) pts. Overall, 19/73 pts (26%) showed a sta-
ble MR4.0 during the 34 and 4th year of therapy. Final analysis of the 5t" year
of therapy is still ongoing and will be presented. Only one patient progressed
at 6 months to AP/BP and subsequently died (high Sokal risk, T315] mutation).
Overall, 11 pts (15%) permanently discontinued nilotinib: 1 progression to
AP/BP; 1 unrelated-death; 7 adverse events; 2 refusal. The estimated proba-
bility of overall survival, progression-free survival and failure-free survival was
97% at 5 years; the estimated probability of event-free survival was 83% at 5
years.

Summary / Conclusion: After 5 years of follow-up, the great majority of pts are
still on nilotinib, and a significant proportion have a stable deep molecular
response (MR4.0) and may potentially enter into Treatment Free Remissions
(TFR) trials.
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Background: With many treatment options for chronic myeloid leukaemia
(CML) providing similarly fortunate survival probabilities, endpoints like health-
related quality of life (HRQoL) move into focus. HRQoL might be essential for
deciding on treatment strategies. Data on HRQoL in CML are rare (Efficace et
al., 2011), especially for patients after HSCT.

Aims: We sought to evaluate HRQoL in German patients who had been reg-
istered in the prospective, randomized CML studies Il to IV (Hehimann et al.,
2011, 2007 and 2003). Main interest was the comparison of HRQoL between
different treatment strategies.

Methods: In December 2010, the EORTC QLQ 30 questionnaire (including
global health status and five functioning scales) was sent out to 241 German
CML study participants. With all scales ranging from 0 to 100, 8 points is regard-
ed as a minimally important difference suggesting benefit or harm (Efficace et
al., 2013). To investigate whether participation could be assumed to be “ran-
dom”, baseline data of responders (R) and non-responders (NR) were com-
pared. Associations between two variables were assessed by the Fisher or
Mann-Whitney tests, as appropriate. Level of significance was 0.05.

Results: A total of 1634 patients of CML studies I-1V could have received the
questionnaire. During January to April 2011, 858 questionnaires (53%) were
sent back. Fifteen study centres denied participation. Compared to NR, R were
older (median age: 55 (NR) vs. 58 (R), P=0.0426); years since diagnosis (medi-
an 6.5 (R) vs. 7.4 (NR)) and the percentage that had been transplanted were
lower (18% (R) vs. 24% (NR)). No statistically significant differences were
observed regarding sex, Euro score (Hasford et al., 1998), or time since trans-
plantation. With 517 patients, 60% (of 858) received 400mg imatinib mono-
therapy when answering the questionnaire and 102 (12%) were off therapy
after HSCT. Less than 10% received either higher-dose imatinib mono-thera-
py, imatinib 400 mg + AraC or interferon, nilotinib, or dasatinib. Time since diag-
nosis was <3 years in 156 (18%), > 3 and < 7 years in 309 (36%), and >7 years
in 393 (46%) of the patients. Women (352 of 858, 41%) perceived a statistical-
ly significant reduction in global health status (mean: 63, P<0.001), role (65,
P=0.0016), emotional (60, P=0.0002), and physical functioning (75, P<0.0001)
when compared to males (means: 69, 72, 68, and 83 respectively). Cognitive
(mean: 77, all) or social functioning (69, all), age, time since diagnosis, and the
percentage of transplantations were not significantly different between the sex-
es. Time since diagnosis was >7 years for 100 patients off therapy after HSCT
and for 203 patients receiving imatinib 400 mg mono-therapy. In comparison,
global health status (71 vs. 65, P=0.252) and physical functioning (84 vs. 75,
P=0.0003) were higher in the off-therapy group. Additional adjusted analysis
including age groups will be presented.

Summary / Conclusion: In this cross-sectional study, women showed an
impaired global health status, role, emotional, and physical functioning com-
pared to males. In the latter two cases, this perception met the definition of a
clinically relevant difference. Long-term survivors of HSCT had an at least com-
parable overall global health status and a better physical functioning when com-
pared to patients on imatinib treatment more than 7 years after diagnosis. How-
ever, the younger age of transplanted patients has also to be taken into account.
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WHICH METHOD BETTER EVALUATES MOLECULAR RESPONSE IN IMA-
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Background: The molecular response of chronic myeloid leukemia (CML)
patients by tyrosine kinase inhibitor treatment could be evaluated either by the
BCR-ABL mRNA levels on the international scale (IS) or by the log reduction
from the laboratory’s individual baseline level. Conversion to the IS is achieved
by the application of laboratory specific conversion factors which are acquired
through sample exchange with reference laboratories. Because a three log
reduction from the laboratory’s individual baseline level usually does not equal
to 0.1%!S for non-reference laboratories, the patients’ molecular response eval-
uated by these two methods might be different. To date, there is no compari-
son on these two evaluation methods.

Aims: We tried to investigate which method better evaluates molecular
response in imatinib treated CML patients.

Methods: We compared the two evaluation methods in 248 consecutive ima-
tinib treated newly diagnosed chronic phase CML patients. Bone marrow (BM)
aspirations for morphology and cytogenetics were performed every 3 to 6
months until complete cytogenetic response (CCyR) was achieved, then every
6 to 12 months, and BCR-ABL mRNA levels were tested in the peripheral blood
(PB) or BM samples every 3 to 6 months by real-time quantitative PCR. Only
the BCR-ABL mRNA levels in PB were analyzed in the current study. All sam-
ples were collected with informed consent. Our laboratory acquired CF by sam-
ple exchange with international reference laboratory in Adelaide, Australia. Pro-
gression was defined as death for any reason and the development of accel-
erated-phase or blast-crisis CML as defined by the ELN.

Results: Achieving major molecular response (MMR) during treatment evalu-
ated by them similarly predict progression free survival (PFS, all P<0.0001),
whereas significantly more patients were defined as MMR by IS than by log
reduction method (173/220 vs 137/220, 78.6% vs 62.2%, P<0.0001) and all
MMR patients were alive without progression. Furthermore, the patients’ molec-
ular response at 3 and 6 months evaluated by them had similar predictive val-
ue on their cytogenetic response at 12 months and molecular response at 18
months: £10%!S/ 21 log reduction of BCR-ABL at both 3 months (n=65) and 6
months (n=77) associated with CCyR at 12 months (all P<0.001); <1% 'S /= 2
log reduction of BCR-ABL at both 3 months (n=66) and 6 months (n=77) asso-
ciated with achieving MMR at 18 months (all P <= 0.003). Both < 10% 'S and
>1 log reduction of BCR-ABL at 3 months (n=79) and <1% !S at 6 months (n=92)
significantly associated with PFS (P=0.0011, 0.0090 and 0.0064), whereas 22
log reduction at 6 months (n=92) did not significantly associated with PFS
(P=0.11) (Figure 1). Both < 1% 'S and 22 log reduction of BCR-ABL in PB sig-
nificantly associated with CCyR in corresponding BM (all P<0.001). For BM
samples with CCyR, there were significantly more corresponding PB samples
with £1% 'S than those with 22 log reduction of BCR-ABL (171/185 vs 134/185,
92.4% vs 72.4%, P<0.001). We further compared the molecular responses in
our center to those of Germany CML Study IV on the premise of similar cyto-
genetic response: the proportions of patients with BCR-ABL!S <1%, >1-10%
and >10% in Germany trial were very similar to those with BCR-ABL!S, but sig-
nificantly different from those evaluated by log reduction method in our center.
Summary / Conclusion: The molecular response evaluated by BCR-ABL'S has
a similar trend in predicting PFS and response, but can better differentiate patients
compared to that by log reduction method. Furthermore, the IS makes the molec-
ular response results reported by the different laboratories comparable.
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DISCONTINUATION OF BCR-ABL1 TYROSINE KINASE INHIBITOR IN CML
PATIENTS WITH UNDETECTABLE MOLECULAR RESIDUAL DISEASE
FOR AT LEAST 1 YEAR: INCLUDING UPDATED DATA FROM KIDS STUDY
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Background: The recent several reports to assess whether imatinib (IM) can
be discontinued in chronic myeloid leukemia (CML) patients have shown that
IM discontinuation can be employed based on clinical study in patients who had
enough IM therapy and UMRD durations prior to IM discontinuation. However,
further validation on precise indications for tyrosine kinase inhibitor (TKI) ces-
sation is needed.

Aims: This study is performed to identify predictor of successful TKI discontin-
uation for CML patients achieving undetectable molecular residual disease
(UMRD) for at least 1 year.

Methods: A total of 74 patients discontinued IM therapy, including 59 patients
enrolled on the Korean Imatinib Discontinuation Study (KIDS) and 15 patients
with TKI discontinuation due to patient’s request (n=11), major surgery (n=2)
and drug related adverse event (n=2) after achieving a UMRD. In this study,
23 patients with previous allogeneic stem cell transplantation were included.
71 patients received only IM; upon the intolerance of IM, 3 patients were giv-
en a new TKI (DAS = 1, NIL = 1, BOS = 1) before TKI discontinuation with
achieving a UMRD for at least 1 year. For the patients enrolled on KIDS, molec-
ular response was monitored using quantitative reverse transcriptase poly-
merase chain reaction (QRT-PCR) assay every month up to 6 month follow-up,
every 2 months up to 12 month follow-up, and every 3 months thereafter,
whereas in real practice gqRT-PCR was monitored normally every 3 months. The
loss of MMR and UMRD were defined on 2 consecutive assessments, and if
loss of MMR occurred, IM treatment was re-introduced.

Results: A total of 74 UMRD patients (including 34 men and 40 women) were
analyzed. Their median age was 45 years (range, 19-74). The percentages of
patients with low, intermediate and high Sokal risk scores were 38%, 31% and
18%, respectively with unknown Sokal risk scores in 14%. Prior to discontinu-
ation, the median time to UMRD was 26.2 months (range, 0.5-104.6 months)
and the median TKI duration was 86.5 months (range, 17.7-129.5 months)
including 45.6 months (range, 13.6-105.7 months) of sustained UMRD.

After a median follow-up of 16.2 months since discontinuation of TKI, loss of
MMR was observed in 12 non-transplant patients after a median time of 3.6
months (range, 1.9 - 7.6) of treatment discontinuation. Loss of UMRD was
detected in 14 non-transplant patients. The 12-month probability of sustained
MMR and UMRD were 80.3% and 76.6%, respectively. Probabilities for sus-
tained MMR and UMRD were 62.8% and 68.6% in non-transplant group,
respectively. 3 patients received with 2G TKI showed sustained MMR and
UMRD. All 13 patients who lost MMR were re-treated with IM for a median of
12.1 months (range, 3.7 - 17.9 months). 11 of these patients re-achieved MMR
at a median of 1.8 months (range, 0.9 - 2.8 months) after resuming IM thera-
py and 7 of these patients re-achieved UMRD at a median of 5.6 months (range,
2.8 - 12.1 months). Univariate analysis of factors affecting loss of MMR showed
that TKI duration and UMRD duration before treatment discontinuation had a
higher 12-month probability of sustained MMR.

Summary / Conclusion: Although probability of sustained molecular response
is relatively lower than those of our previous KIDS, our data suggested TKI may
be discontinued in CML patients with undetectable molecular residual disease
for at least 1 year, with utilizing increasingly sensitive PCR technology. To make
more concrete conclusion, further clinical investigation on a large patient pop-
ulation and much longer follow-up are needed.
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COMBINATION OF EUTOS SCORE AND 3-MONTHS BCR-ABL TRAN-
SCRIPT LEVEL IDENTIFIES A DISTINCT SUBGROUP OF ECP-CML
PATIENTS WITH HIGH RISK OF NON OPTIMAL RESPONSE AND IMATINIB
DISCONTINUATION
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Background: Response to TKIl is considered the strongest predictor of long-
term outcome in CML patients. Effective treatment overcomes the negative
impact of most prognostic factors, including Sokal and Hasford scores and
recent data demonstrated that an early molecular response is strictly related to
the outcome. In fact, missing the 10% BCR-ABL landmark at 3 months predicts
inferior long-term survival. The ‘EUTOS Score’ combines baseline spleen size
and peripheral blood basophils to foresee the achievement of complete cyto-
genetic remission (CCyR) and progression-free survival (PFS). Since its effi-
cacy is still matter of debate, the predictive power of EUTOS in discriminating
poor risk patients could be improved if associated with early molecular response
assessment.

Aims: We tested whether a combination of EUTOS score and 3-months BCR-
ABL transcript level identifies a poor prognosis population of CML patients.
Methods: 148 ECP CML patients treated with front-line standard dose imatinib
(400 mg daily) at 5 major hematological centres in the north-eastern area of Italy
were evaluated. Partial cytogenetic response (PCyR) and complete cytogenet-
ic response (CCyR) were defined as 1-35% and 0% Ph+ metaphases, respec-
tively; major molecular response (MMR) was defined as BCR-ABL <0.1%IS. For
the purpose of the analysis patients were stratified into 3 subgroups according
to EUTOS and 3-months molecular response (“good”: low EUTOS score and
<10%IS BCR-ABL transcript level; “intermediate”: high EUTOS score or >10%IS
BCR-ABL; “poor”: high EUTOS score and >10%IS BCR-ABL). TTF was meas-
ured from the start of imatinib to the date of any of the following events: pro-
gression to accelerated or blastic phase, death for any cause at any time, pri-
mary or secondary hematologic or cytogenetic resistance leading to imatinib dis-
continuation. PFS was measured from the start of imatinib to the date of pro-
gression to accelerated or blastic phase or death for any cause at any time. Sur-
vival probabilities were estimated by the Kaplan-Meier method and compared
by log rank test; differences among variables were evaluated by the Chi-
squared test or by Cochran—-Mantel-Haenszel test.
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Figure 1. Progression-free survival and time to imatinib treatment failure
according to aggregated EUTOS score-3 months molecular response
patients stratification.

Results: The median age was 55 years (range 19-84), with 80 males and 68
females. The median follow-up was 42.7 months (range 11-109). The median
time from diagnosis to imatinib therapy was 0.9 months (range 0-7.9). The dis-
tribution according to the EUTOS score was: 132 patients (89.2%) low risk; 16
patients (10.8%) high risk ; 3-months BCR-ABL transcript was <10% in 114
(79.2%) patients, >10% in 30 (20.8%). Patients with “good risk”, “intermediate
risk” and “poor risk” profile were 72.1%, 22.1% and 4.7%, respectively. The
“optimal response” endpoints to imatinib were: 6 months PCyR: 91.7% vs 76.7%
vs 42.9%; 12 months CCyR: 91.8% vs 65.4% vs 28.6%; 18 months MMR:
76.7% vs 27.3 vs 25% (differences among groups were significant except for
intermediate vs poor profile). Imatinib discontinuation rate for failure was sig-
nificantly different between poor risk group compared with intermediate and
low risk (71.4% vs 21.2% and 13%; P=0.008, P<0.0001 respectively), as well
as PFS and TTF (Figure 1). Remarkably, all progressions to blast crisis were
observed in “poor risk” group.

Stockholm, Sweden, June 13 — 16, 2013

Summary / Conclusion: Combination of High EUTOS score and 3-months
BCR-ABL transcript level higher than 10% IS identifies a subpopulation of CML
patients with significant probability of treatment failure and poorer outcome.
Early switch to alternative treatment strategies (including allo-BMT) should be
considered for these patients.
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SUBOPTIMAL MOLECULAR RESPONSES TO STANDARD-DOSE IMA-
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Background: Achievement of major molecular response (MMR) is a significant
prognostic factor in chronic myeloid leukemia (CML) as it has been shown to
be associated with longer duration of complete cytogenetic response (CCyR)
and long-term progression-free survival (PFS). In IRIS study, patients who
achieved both CCyR and MMR showed a higher PFS, compared to those who
had CCyR without MMR. Compared to standard dose of imatinib, higher dos-
es of imatinib and second-generation tyrosine kinase inhibitor are expected to
yield higher CCyR and MMR rates in patients with CP CML who are resistant
to imatinib.

Aims: In this study, the efficacy of nilotinib and high-dose imatinib was inves-
tigated in suboptimal molecular response patients who received first line ima-
tinib therapy at a daily dose of 400 mg.

Methods: Early CP CML patients who have achieved CCyR but no MMR after
at least 18 months and up to 24 months on first line imatinib therapy at a daily
dose of 400 mg were enrolled in this clinical trial, and informed consents were
obtained prior to participation. In nilotinib arm, patients received 400 mg BID
(800 mg/day), and patients received 400 mg BID (800 mg/day) in high-dose
imatinib arm. To assess the drug efficacy, cytogenetic and quantitative reverse
transcriptase polymerase chain reaction (QRT-PCR) assays were performed at
regular intervals, and baseline mutational analysis was conducted for every
patient with subsequent mutational analyses to demonstrate either lack of
response or disease progression. Primary endpoint is to evaluate the cumula-
tive MMR rates by 12 months, and secondary endpoints are to evaluate the
cumulative CMR rates and time to and duration of MMR and CMR during fur-
ther 24 month follow-up. PFS and safety profiles will also be assessed.

Table 1. Characteristics of patients and autcomes.

Data cut-off date: 01 Fob 2013 RE. E

otal Nilotini cohort _ imatinib conort
L) N-2e Ne2s
Characterintics of patients
Age, median (range) T (17-89) 45(19-85) 36(17-89)
Sex (F) 138 915 Era
Transcript type (bJa2b2a2) 209 [ 14
Solkal risk, N (%)
Low 249 (43) 11724 (46) 10725 (40)
Intermediate 1840 (37) 10724 (42) w637
High 849 (16) 224 (8) 25 (24)
Data not availsbie 240 (4) 1724 (4) 125 (4)
T T 10(0-36) 10 (0-30) 10(1-38)
Time fro W1T-24) 1W(18-22) 18(17-24)
Time to achieve CCyR with imatinib therapy (mos) 6(3-13) 8(3-12) 6(313)
Follow-up durason (mos) 24(1-50 24(1-36) 6(3-60)
Outcomes

Cross-over during study®, N (%) 1249 (24) 024(0) 12126 (48)
= of MMR by 5 - Qar wr
MR by 1 M%) - 1024 (42) T25(28)
Overall MMR schievement”, N (%) - 1724(1) 025(32)
Loss of MMR 049 (0) 024(0) 025(0)
Loss of CCyR 0:49(0) 024 (0) 0725 (0)
Progression to AP or BC 0449 (0) 024 (0) 025(0)
Death 049(0) 024(0) 025(0)

1 Overall § patients have schieve MMR.
* Pe0.379

L fore 12

up, ten pationts cross-over after 12 months follow.up.
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Results: With a data cut-off date of 01 Feb 2013, a total of 49 patients were
randomized into nilotinib arm (n=24) or high-dose imatinib arm (n=25). With a
median follow-up of 24 months (range, 1 - 50 months), all patients have main-
tained CCyR without progression to advanced disease, and decrease in BCR-
ABL1 transcript level was observed. Cumulative MMR rates by 12 months were
not significantly different between nilotinib arm compared to high-dose imatinib
arm (43.7% vs. 32.7%, P=0.379). Four patients in nilotinib arm and two patients
in high-dose imatinib arm achievedMR#-0 by last follow-up. Twelve patients in
high-dose imatinib arm crossed over to the nilotinib arm at a median of 14
months (range, 3-27 months) due to lack of response (n=10) and intolerance
(n=2). Post-crossover, three patients have achieved MMR by 12 months at a
median of 6 months (range, 3-12 months) and cumulative MMR rates was
27.8%. By last follow-up, five patients have achieved MMR at a median of 18
months (range, 3-33 months).

Overall, the patients treated with high-dose imatinib showed toxicities more
frequently, such as leukopenia, thrombocytopenia, edema and decreased phos-
phate. Although toxicity was observed in both arms, all patients currently main-
tain the initial dose.

Summary / Conclusion: These preliminary results demonstrate that early
switching to nilotinib or high-dose imatinib could be recommended in subopti-
mal molecular responders. When the tolerability of treatment was considered,
switching to nilotinib may be preferred. Through further clinical investigation on
a large patient population and longer period of observation, the efficacy of ear-
ly intervention of suboptimal molecular response using nilotinib or dose esca-
lation of imatinib will be assessed.
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OCT1 GENETIC VARIANTS ARE ASSOCIATED WITH LONG TERM OUT-
COMES IN IMATINIB TREATED CML PATIENTS
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Background: Treatment with the tyrosine kinase inhibitor (TKI) imatinib has
become the cornerstone of CML therapy and has markedly changed the out-
come of this disease. While most patients in early chronic phase started on ima-
tinib achieve major responses, longer follow up of the pivotal IRIS study has
shown that only 63% of patients remaining on imatinib at 6 years were still in
a CCyR.Currently, the only pre-treatment predictive features for treatment
response are disease associated clinical scores including the Sokal and the
recently introduced EUTOS scores. The human organic cation transporter 1
(OCT1) effectively mediates the active transport of imatinib into cells (influx
pump), and its inhibition decreases the intracellular concentration of imatinib.
Single nucleotide polymorphisms (SNP) in hOCT1 were previously reported to
predict response and resistance to imatinib therapy.

Aims: To study whether hOCT1 genetic variants are associated with long term
outcomes in CML.

Methods: We studied 4 non-synonymous genetic variants in hOCT1,
rs683369, rs628031, rs12208357 and rs41267797 using the Sequenom Mas-
sARRAY platform (Sequenom, San Diego, CA, USA)in 167 CML patients. Fre-
quency of the genetic variants was associated with clinical outcomes.
Results: Median age at CML diagnosis was 55 years (18-80), F/M 55/112,
and most patients were diagnosed (76%) and treated (70%) with imatinib in CP.
Overall, 93%, 74%and 56% of evaluable patients achieved CHR, CCyR and
MMoR, respectively, during treatment with imatinib. Frequency of the different
alleles in the study population was consistent with reported frequency in Cau-
casians according to the NCBI dbSNP database. There was no difference
between the response rates when comparing between the different allele vari-
ants for each of the SNP studied. Sixty-six patients were studied for the pres-
ence of kinase domain mutation (KD) due to imatinib suboptimal response or
failure, resulting in the discovery of KD mutations in 15 (23%). Patients with
rs628031 AA/GA genotypes had a higher frequency of KD mutations compared
to the GG genotype (8/16 vs. 5/27, P=0.04). With a median follow up of 80
months, the median EFS was 109 months and median OS was not reached
for the entire cohort. Median EFS in CP was shorter in patients with the rare
genetic variants (comparing heterozygous + homozygous minor allele frequen-
cy with homozygous major allele frequency) for all studied SNPs, with statisti-
cal significance for rs628031 genotype AA/AG compared with the GG genotype
(EFS 61 months and not reached, respectively, P=0.03) and borderline signif-
icance for rs12208357 genotype CT compared with CC (EFS 58 and not
reached, respectively, P=0.09). In multivariate analysis rs628031 genotype
remained an independent predictor for EFS with a hazard ratio of 1.9, 95% CI
1-3.8, P=0.006. There was a trend for lower OS for patients with the AA/AG
rs628031 genotypes compared with GG genotype (P=0.09).

Summary / Conclusion: hOCT1 rs628031 AA and AG genotypes are associ-
ated with worse long term outcomes in CP CML. Consideration should be giv-
en to incorporation of genotypic variables into pretreatment risk stratification of
CP CML patients. With availability of several TKis for first line therapy in CML,
this data could potentially assist in the decision to choose one TKI over the oth-
er in the specific patient.
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ASSESSMENT OF EARLY CYTOGENETIC RESPONSE AS A PREDICTOR
OF LONG-TERM CLINICAL OUTCOMES IN A PHASE 1/2 STUDY OF BOSU-
TINIB IN CHRONIC PHASE (CP) CHRONIC MYELOID LEUKEMIA (CML)
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Background: Bosutinib (BOS) is an oral, dual Src/Abl tyrosine kinase inhibitor
approved for the treatment of Ph+ CML following resistance/intolerance to pri-
or therapy.

Aims: This retrospective landmark analysis investigated early response to
BOS as a predictor of long-term outcomes in CP CML patients (pts) receiving
BOS as second-line (CP 2L; after imatinib [IM] only) or third/fourth-line (CP 3L;
after IM + dasatinib [DAS] and/or nilotinib [NIL]) therapy.

Methods: In this phase 1/2, open-label trial, pts aged 218 y with CP CML
received oral BOS starting at 500 mg/d. Pts evaluable for cytogenetic response
(CyR) had received 21 BOS dose and had a valid baseline assessment. Pts
evaluable for molecular response (MR) had received 21 BOS dose; pts in Chi-
na, India, Russia, and South Africa were not evaluable due to logistical con-
straints. MR was not evaluated using the International Scale. P values for asso-
ciation of response with cumulative incidence distribution of progression or
death (P/D; including lack of efficacy) were based on Gray'’s test; P values for
association of response with overall survival (OS) distribution were based on
log-rank test. P values >0.05 were considered not statistically significant.

Table 1.
Cumulative progression/death Overall survival
Probability Probability at
n at 24 mo n 24 mo
Response evaluable (95% Cl) P value|evaluable  (95% CI) P value
CP2L;by3mo
MCyR 95 12% (7-21) 96 8% (92-599)
No MCyR 157 25% (19-33) 0002 | 485  gge (82.02) 0005
CP2L; by 6 mo
MCyR 19 14%(921) oo | 126 97%(9299) 0.
No MCYR 101 27% 20-37) ¥ 151  88% (82-93) O
CP2L; by 9 mo
MCyR 120 13% (9-21) 141 06% (92-99)
No MCYyR 80 28%(19-39) 01| 434  sg9; (82.93) 0%
TP 3L by3mo
MCyR 28 21% (11-44) 0.049 28 88% (68-96) 0.232
No MCyR 67  30%(20-53) O 81 86%(76-02)
CP3L; by 6 mo
MCyR 36 19%(1038) oo o| 40 @2%(TON o0
No 