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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 19th Congress of EHA.

The Scientific Program Committee has compiled an exciting and topical program of Simultaneous and
Poster Sessions from over 2,300 submitted abstracts. Join our expert moderators for a walk along the
(eJposters in your field of interest on Friday and Saturday and attend one of the 40 Simultaneous
Sessions on Saturday and Sunday. The six Best Abstracts have been selected for presentation during the
Presidential Symposium on Saturday afternoon.

In addition, please find at the end of the book also the late breaking abstracts that were submitted,
reviewed and selected in April. The Scientific Program Committee is very excited about the quality of the
studies represented in these abstracts and feels that they are a nice addition to the program. The eight
selected oral presentations will be presented on Saturday in two Late Breaking Simultaneous Sessions.
Furthermore, eleven posters are available for viewing in the Poster Area and will be presented on
Saturday as well.

On behalf of the EHA Board, the committees and all the people involved in this years’ EHA congress,
we thank you for coming to Milan and wish you a good meeting.

4 B—

Pieter Sonneveld
Chair Scientific Program Committee
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P100

NOVEL STAT5B MUTATIONS AS DRIVERS OF T-CELL ACUTE LYMPHO
BLASTIC LEUKEMIA

M Kontro!" H Kuusanmaki2, S Eldfors2, T Burmeister3, EI Andersson’
TH Briimmendorf4, @ BruserudS.6, H Edgren2, BT Gjertsen5.6, M Itil4-Remes’
S Lagstréom2, O Lohi8, JM Lépez Marti2, T Lundan®, MM Majumder2,
AParsons2, T Pemovska2, H Rajala’, K Vettenranta0, O Kallioniemi2, S Mustjoki',
K Porkka®, C Heckman?2

THematology Research Unit, Helsinki University Central Hospital Cancer Center,
?|nstitute for Molecular Medicine Finland (FIMM), University of Helsinki, Helsin-
ki, Finland, 3Department of Hematology, Oncology, and Tumor Immunology, Char-
ité Universitatsmedizin Berlin, Berlin, 4Department of Oncology, Hematology and
Stem Cell Transplantation, University Hospital Aachen, RWTH Aachen Universi-
ty, Aachen, Germany, SDepartment of Clinical Science, Hematology Section, Uni-
versity of Bergen, 6Department of Internal Medicine, Hematology Section, Hauke-
land University Hospital, Bergen, Norway, “Turku University Central Hospital,
Department of Clinical Hematology, University of Turku, Turku, 8Tampere Center
for Child Health Research, University of Tampere, School of Medicine and Tam-
pere University Hospital, Tampere, 9Department of Clinical Chemistry and TYK-
SLAB, Turku University Central Hospital, University of Turku, Turku, 10Djvision of
Hematology-Oncology and Stem Cell Transplantation, Hospital for Children and
Adolescents, University of Helsinki, Helsinki, Finland

Background: T-cell acute lymphoblastic leukemia (T-ALL) is caused by the
cooperation of multiple oncogenic lesions. Recent evidence supports that IL-7
and its receptor IL-7R contribute to T-ALL development (Zenatti et al., 2011).
The two main pathways induced by IL-7R are JAK/STAT5 and
PI3K/AKT/MTOR. Activating mutations to IL7R, JAK1, JAK2 or JAK3 are esti-
mated to occur in 20-30% of all T-ALL patients (Cools 2013). STAT5 plays an
important role in many hematologic malignancies but constitutive STAT5 acti-
vation often is a secondary event. Mutations in STAT5B (N642H) were recent-
ly described in LGL-leukemia in patients with an unusually aggressive and fatal
form of the disease (Rajala et al., 2013). Here we report novel activating
STAT5B mutations as drivers of T-ALL.

Aims: The aim for the study is to determine the prevalence and functional
effects of STAT5B mutations in T-ALL.

Results: Sequencing of a relapsed T-ALL index patient revealed 3 different
somatic missense mutations in STAT5B (T648S, N642H, 1704L). To investigate
the prevalence of these mutations in T-ALL we used targeted next generation
sequencing (MiSeq, lllumina) to sequence the SH2 dimerization and the trans-
activation domains of STAT5B from 68 T-ALL patients. In this validation cohort we
detected STAT5B mutations in 5 additional patients, all of which occurred in the
SH2 domain. One patient had a Y665F mutation whereas 4 patients had N642H
mutation. Altogether 6 of 68 patients in the cohort had STAT5B mutations. To
investigate the effect on transcriptional activity and phosphorylation of STAT5B
mutations identified in the index patient (i.e. N642H, T648S, 1704L), the mutant
and wild type (WT) STAT5B constructs were transiently transfected into HelL a cells
together with a STAT5 specific luciferase reporter plasmid. Western blot analysis
showed that the N642H induced strong constitutive phosphorylation of STAT5B,
while the 1704L mutation induced phosphorylation to a lesser extent. Compared
to WT STAT5B the N642H and 1704L mutants increased transcriptional activity
by 26- and 17-fold, respectively, however the T648S mutation had no effect.
Using ex vivo drug testing the STAT5B mutated blasts were resistant (EC50 >=1
uM) to inhibitors of PI3K (e.g. idelalisib, XL147), dual inhibitors of PI3K/MTOR (PF-
04691502, dactolisib) and MTOR inhibitors (temsirolimus, everolimus). Further-
more the blasts showed no response to AKT1 inhibitors (MK-2220) or JAK
inhibitors (ruxolitinb, tofacitinib). In contrast, the cells were most sensitive to the
pan-BCL-2 inhibitor navitoclax (EC50 82 nM). To assess the expression of BCL-
2 family members (BCL-2, BCL-XL, BCL-XS and MCL1) in STAT5B mutated
blasts from the index patient qRT-PCR was performed. RNA from the peripheral
blood CD3-positive fraction of a healthy donor and the mononuclear BM fraction
from two T-ALL patients with no STAT5B mutations served as controls. While
BCL-2 and MCL1 expression were similar across all samples, BCL-XL expres-
sion was higher in the STAT5B mutated blasts compared to controls by 12- and
4-fold in the diagnostic and relapse sample, respectively.

Summary and Conclusions: STAT5B mutations are recurrent (8.8%) in T-
ALL and their occurrence underlines the significance of the IL7R-JAK-STAT5

pathway in the pathogenesis of T-ALL. These mutations are activating and thus
likely oncogenic. Our results suggest that BCL-XL inhibition is cytotoxic to
STAT5B mutated T-ALL blasts, and therefore therapies targeting specifically
BCL-2 may be ineffective.

P101

PHF6 LOSS DRIVES IL7R ONCOGENE ADDICTION IN T-ALL

K Durinck™" P Rondou, | Van de Walle2, C De Bock3:4, N Van Roy, Y Benoit®,
B Poppe’, T Taghon2, J Soulier6, J Cools3:4, P Van Vlierberghe', F Speleman’
1Center for Medical Genetics, Ghent University, 2Department of Clinical Chem-
istry, Microbiology and Immunology, Ghent University Hospital, Ghent, 3Cen-
ter for Human Genetics, KU Leuven, 4Center for the Biology of Disease, VIB
Leuven, Leuven, SDepartment of Pediatric Hemato-Oncology, Ghent Universi-
ty Hospital, Ghent, Belgium, BAPHP Hematology Laboratory, Hopital Saint
Louis, Paris, France

Background: T-cell acute lymphoblastic leukemia (T-ALL) is a genetically het-
erogeneous disease. Genetic subgroups are marked by overexpression of par-
ticular driver oncogenes that disrupt normal thymocyte differentiation, while
other lesions occur across different genetic subtypes and impact on prolifera-
tion, self-renewal and survival. In this latter group, the PHF6 gene is frequent-
ly targeted by loss-of-function mutations or deletions, with the highest preva-
lence in TLX1 or TLX3 rearranged T-ALLs. Further insights into the tumor sup-
pressor role of PHF6 will contribute to the deciphering of the complex rewiring
of the cellular program of normal thymocytes during malignant transformation
and will serve as a prelude to a rational design for targeted therapy.

Aims: Gain insight in the role of PHF6 through transcriptome analysis following
modulation of PHF6 expression in precursor T-cells and T-ALL lymphoblasts and
functionally validate relevant candidate PHF6 target genes both in vitro and in vivo.
Methods: Transcriptome wide perturbation effects were measured following
PHF6 knock down in the PHF6 wild-type T-ALL cell lines Jurkat, ALL-SIL and
MOHITO (mouse) and will be evaluated upon PHF6 reconstitution in PHF6 defi-
cient T-ALL cell lines HPB-ALL and DND-41. In parallel, gene expression profiles
were established from cord blood CD34* progenitor T-cells, cultured for short-term
on an OP9-DL1 feeder layer, with stable knockdown of PHF6. Murine bone mar-
row transplant assays were performed to assess the effects of PHF6 deficiency
in vivo. In addition, a large primary cohort of T-ALL patients was screened for the
association between PHF6 mutations and other genetic defects.

Results: Modulation of PHF6 expression induced robust transcriptional regu-
latory effects of PHF6 on IL7R expression. IL7R encodes a cytokine receptor
critically involved in normal T-cell development and acts as a bona fide onco-
gene in subsets of T-ALLs. Using the IL7-dependent MOHITO mouse T-ALL cell
line, we show that IL7 stimulation induced prolonged and enhanced induction
of the IL7R downstream mediators (pJAK1, pJAK3 and pSTAT5) in PHF6 knock
down cells as compared to PHF6 expressing controls, suggesting a functional
PHF6-IL7R-JAK-STAT pathway in murine T-ALL. Furthermore, genomic analy-
sis of an extend series of primary T-ALL samples unraveled a significant asso-
ciation between PHF6 and JAK3 mutations in T-ALL patients. To further explore
the molecular basis for TLX1-PHF6 interaction, we looked into the TLX1 driv-
en transcriptome and observed suppression of IL7R expression. In view of
these findings, we hypothesize that loss of PHF6 rescues immature TLX1 over-
expressing thymocytes from reduced IL7R-dependent survival/proliferative sig-
nals, thus providing an essential cooperative event in TLX1 driven leukemoge-
nesis. Given the almost exclusive occurrence of PHF6 mutations in T-ALL, we
assumed a specific function for PHF6 in normal T-cell development. Indeed, sta-
ble PHF6 knock down in immature human thymocytes demonstrated strong
effects on normal differentiation in the OP9 culture system in keeping with a con-
text dependent regulatory role for PHF6 in T-cell development.

Summary and Conclusions: Our data provide fundamental novel insights into
the role of PHF6 in T-cell development and transformation. We demonstrate a
crucial role for PHF6-controlled IL7R expression, the latter which is down-reg-
ulated in TLX1 overexpressing T-ALLs, thus suggesting an essential coopera-
tive role for PHF6 during TLX1 driven T-ALL development. These novel obser-
vations mark the IL7R-JAK-STAT signaling pathway as an important entry point
for further therapeutic intervention in TLX1 driven leukemias.

P102

LEAFING THROUGH THE GENOME OF B-LINEAGE ACUTE LYMPHOBLAS-
TIC LEUKEMIA BY NEXT-GENERATION SEQUENCING TECHNOLOGIES

M Messina®." S Chiaretti!, J Wang?, V Gianfelici!, F Brugnoletti!, AL Fedullo®,
A Piciocchi3, AD Negulici®, L Pasqualucci4, AM Testi!, A Vitale!, A Guarini,
R Rabadan?, R Foa'
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Background: The molecular characterization of B-lineage acute lymphoblas-
tic leukemia ALL (B-ALL) currently relies on the identification of recurrent struc-
tural rearrangements (ETV6-RUNX1, TCF3-PBX1, BCR-ABL1, MLL rearrange-
ments) - with a diverse distribution and impact on outcome between children
and adults. However, many of these alterations alone do not induce leukemia
in experimental models. Furthermore, a considerable proportion of patients
lack recurrent chromosomal alterations, thus suggesting that additional submi-
croscopic lesions could have a role in leukemogenesis.

Aims: 1) To describe the molecular landscape of “genetically unclassified” B-
ALL patients; 2) to evaluate the association between specific alterations, affect-
ing one gene or gene category, and age-cohorts; 3) to assess the “targettabil-
ity” of the mutated genes and the suitability of genetically-driven therapies.
Methods: The genome of 15 B-ALL patients (and their paired normal DNA, Dis-
covery panel) without any major chromosomal abnormality and belonging to dif-
ferent age cohorts, namely children (2-15 years), adolescents/young adults
(AYA, 16-40 years) and adults (>40 years) was analyzed by whole-exome
sequencing (WES, Agilent SureSelect Human All Exon 50Mb, lllumina HiSeq
2000). WES was then broadened to 72 additional B-ALL cases (Screening
panel 1) and we focused on the genes resulted from the Discovery panel and
on known driver genes. We then selected the genes recurrently mutated for a
further screening by conventional Sanger sequencing (ABI PRISM 3100 Genet-
ic Analyzer, Applied Biosystems), or targeted amplicon sequencing (Genome
Sequencer Junior, 454 Life Sciences, Roche) of the Screening panel 2 (N=66).
Overall, 29 children, 72 AYA and 52 adults were included in the study.
Results: WES of the Discovery panel highlighted 139 non-silent mutations
(9.3/sample) affecting 135 genes mainly involved in RAS signal transduction,
transcription and chromatin remodeling, regulation of cell proliferation, as well
as genes encoding for tyrosine kinases. Indeed, Screening 1 and 2 revealed
that the RAS pathway is frequently altered in this B-ALL subgroup, with 25%
of cases being affected. FLT3 was mutated in 9% of cases with the mutations
being mainly represented by internal tandem duplications (36%) and affecting
the tyrosine kinase domain in 28% of cases. More importantly, FLT3 mutations
clustered in adults (13%) and AYA (8%), while only 3% of children displayed
FLT3 mutations. KRAS and NRAS were mutated in 8.5 and 9% of cases,
respectively, with the mutations targeting almost exclusively the G12/G13
hotspot. Moreover, we found a trend to accumulate in childhood. The screen-
ing of the genes associated to a high-risk phenotype showed that JAK2 and
IL7R are mutated in 4% of cases. Notably, among the B-lineage specific genes,
we detected PAX5 mutations in 13% of patients with an incidence increasing
with age. Interestingly, besides the well-known P80R we observed other 2
hotspots: G30 and S55.

Summary and Conclusions: By next-generation sequencing, we have shed
light on the genome of “genetically unclassified” B-ALL. This approach showed
that this subgroup is characterized by 9 mutations/sample and a considerable
heterogeneity of mutations distribution across different age cohorts. This pat-
tern of lesions might sustain a diverse outcome between children and adults,
and prompt the development of therapeutic strategies targeted according to the
differential recurrence of the above reported alterations.

P103

IMPACT OF VIRUSES ON THE PATHOGENESIS OF SPORADIC
CHILDHOOD ACUTE LYMPHOBLASTIC LEUKEMIA: INTEGRATION AND
PRESENCE OF 25.525 VIRAL GENOMES TESTED BY NEXT GENERATION
SEQUENCING

U Fischer!.” C Bartenhagen?, K Korn3, M Gombert!, C Chen’, V Okpanyi,
P Husemann', C Eckert4, A Ensser3, M Dugas?, A Borkhardt'

Department of Pediatric Oncology, Hematology and Clinical Immunology, Uni-
versity Children’s Hospital, Medical Faculty, Heinrich Heine University Duessel-
dorf, Duesseldorf, 2Institute of Medical Informatics, University of Muenster, Muen-
ster, 3Institute for Clinical and Molecular Virology, University Hospital, Friedrich
Alexander University of Erlangen-Nuremberg, Erlangen, 4Department of Pedi-
atrics, Division of Oncology and Hematology, Charité Berlin, Berlin, Germany

Background: The incidence of childhood acute lymphoblastic leukemia (ALL)
is rising steadily. Accumulating epidemiologic evidence suggests that viral infec-
tions early in life account for this increase. The putative infectious agent is still
unknown. Theoretically, transforming viruses may integrate into the genome of
precursor B-cells, disturbing differentiation and proliferation control. Alternative-
ly, common pathogens may act indirectly, eliciting an abnormal immunological
response resulting in autonomous precursor B-cell proliferation.

Aims: Previous attempts to identify a candidate virus by low-throughput tech-
niques were unsuccessful due to detection limits: 95% probability to detect
viral genomes >9 kb present in at least one copy per cell was achieved. But
the smallest virus genomes are about 3 kb, and many oncogenic viruses are
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smaller than 9 kb. We aimed at developing a next generation sequencing
based, bioinformatics pipeline for the detection of known and novel viruses in
childhood ALL.

Methods: Whole-genome sequencing of leukemic and remission bone marrow
from 15 children with precursor B cell ALL was performed. Data sets of five
healthy probands derived from the 1000 genomes database
(www.1000genomes.org) were used as controls. Paired-end sequences were
aligned against the human reference genome (GRCh37.55) employing BWA.
Aligment was repeated with all unmapped reads with higher sensitivity and
mapping concordance 285% using Bowtie2. Remaining unmapped reads were
aligned against 25,525 viral reference genomes (Genome Information Broker
for Viruses database, GIB) allowing multiple matches. Repeat sequences and
regions of high homology with the human reference were filtered. Paired-end
reads of both human and viral sequence were considered for breakpoint detec-
tion of viral integration. Viruses with at least two single-end alignments or one
spanning read were chosen for manual inspection and validation.

Results: In silico simulations showed that a typical virus genome (=2 kb) and
viral integration sites are detected with >99.9% probability within 2100 million
sequencing reads by the developed bioinformatics pipeline. 442 million
sequencing reads were generated per sample on average. About 10% could
not be mapped to the human reference and thus potentially encoded viral
sequences. Few viruses were detected in healthy controls: Herpesviridae (EBV,
n=5, HHV-7, n=3) and Adenoviridae (ADV, n=2). In the patient samples, viral
DNA corresponding to common human pathogens (Anelloviridae, Herpesuviri-
dae, and Parvoviridae) was detected in 11 cases. No evidence was found for
the presence of other human or non-human DNA viruses.

Likely due to contaminated blood transfusions the incidence of the Anelloviri-
dae TTV and TTMDV increased from two cases at diagnosis to six in remis-
sion. At diagnosis six patients were positive for at least one other virus. EBV
(n=3), VZV (n=1), and HHV-7 (n=3) were detected. In four relapse samples EBV
(n=3), HHV-7 (n=3), and HHV-6 (n=1) were identified. None of the patients of
whom both diagnosis and relapse samples were available (n=8) showed per-
sistence of a virus.

Most viruses detected at remission were not found in leukemic samples of the
same patient: HSV (1/1), VZV (1/1), CMV (2/2), EBV (0/1), HHV-6 (2/2), HHV-
7 (2/6), Parvovirus B19 (1/1), TTV (4/5), TTMDV (1/2). EBV was detected in
leukemic cells of six out of 15 patients, but only in one corresponding remis-
sion sample.

Summary and Conclusions: Our analyses suggest that the sought-after
virus(es) could be very common ones provoking an exceptional immunologi-
cal response of the B-cell compartment in genetically and immunologically sus-
ceptible children.

P104

THE FIRST LNCRNA LANDSCAPE OF MAJOR GENETIC T-ALL SUBSETS
AND GUILT-BY-ASSOCIATION ANALYSIS FOR ETP-ALL SPECIFIC
LNCRNAS

A Wallaert!" K Durinck®, W Vanloocke®, PJ Volders?, | Vandewalle?, Y Benoit,
B Poppe', P Mestdagh?, J Vandesompele!, T Taghon2, J Soulier3, J Cools?4,
P Rondou', P Van Vlierberghe!, F Speleman'

1Center for Medical Genetics, 2Department of Clinical Chemistry, Microbiolo-
gy and Immunology, Ghent University, Ghent, Belgium, 3Hépital Saint Louis,
Institut Universitaire d’Hématologie, Paris, France, 4Center for Human Genet-
ics, KULeuven, Leuven, Belgium

Background: T-cell acute lymphoblastic leukemia (T-ALL) is a hematologic
cancer caused by uncontrolled proliferation of immature thymocytes that arrest-
ed during differentiation. T-ALL can be classified into molecular genetic sub-
groups that are defined by overexpression of transcription factor oncogenes
including LYL1, TLX1, TLX3, TAL1/LMO2 or HOXA. The LYL 1" T-ALL subtype
characteristically shows an immature immunophenotype and is closely related
to the recently identified poor prognostic T-ALL subtypes including early T-cell
precursor ALL (ETP-ALL) or early immature T-ALL.

Aims: Long noncoding RNAs are emerging as important players in cancer devel-
opment. In order to assess the possible role of INcRNAs in T-ALL, we aimed to
perform IncRNA expression profiling in primary T-ALL samples, T-ALL cell lines
and normal immature thymocytes to define whether a specific IncRNA expres-
sion landscape is linked to particular T-ALL subgroups and driver genes.
Methods: We analyzed a clinically and genetically annotated cohort of 64 T-
ALL samples (including 15 immature, 17 TLX and 25 TAL-rearranged T-ALL
patients), 7 T-ALL cell lines and sorted subsets of immature thymocytes from
four healthy donors using an in house developed Agilent platform covering all
protein coding genes and 12,000 previously annotated INcRNAs. This dataset
was further expanded by RNA-sequencing data from an independent cohort of
31 T-ALLs (Atak et al., PLoS Genetics, 2013).

Results: First, we validated our datasets by demonstrating similar clustering
of major genetic subsets based on the expression pattern of protein coding
genes. Next, we searched for subgroup specific IncRNA expression signatures
in T-ALL. Each of the genetic subgroups was characterized by a distinct sub-
set of differentially expressed IncRNAs, including 461 TLX1-specific, 1494
TAL1-specific and 1448 immature-specific IncRNAs (p <0.05, corrected for



multiple testing). Using the top 50 most differentially expressed IncRNAs for
each subgroup, individual patients could be assigned to their appropriate molec-
ular genetic T-ALL subtype (Pearson clustering). Given their proposed associ-
ation with poor clinical outcome, we further focused on the early immature T-
ALL subtype and looked for putative functionally relevant IncRNAs in this genet-
ic subgroup. To this end, a guilt-by-association was performed for the top 10
most differentially expressed known IncRNAs derived from the Agilent platform
and an additional top 10 expressed previously unannotated IncRNAs identified
through RNA-seq analysis. Of further interest, several immature T-ALL specif-
ic INcRNAs were located in the immediate vicinity of important protein coding
genes implicated in early haematopoiesis and leukemia such as MYB, RUNX2
and MEF2C. Further analyses of selected immature T-ALL associated IncRNAs
also showed strong differential expression between CD34*CD4-CD8- versus
CD4*CD8* double positive thymocytes, pointing at important roles for these
IncRNAs in normal differentiation. Finally, we selected several top candidate
ETP-ALL specific INcRNAs for further functional analyses in order to unravel
their exact role in early haematopoiesis and malignant T cell transformation as
a prelude for possible IncRNA oriented molecular therapy in immature T-ALL.
Summary and Conclusions: This is the first comprehensive analysis of IncR-
NA expression in primary T-ALL samples and their normal thymic counterparts.
Our finding that IncRNA expression patterns follow the previously established
genetic classification is of importance as it marks functional relevance for IncR-
NAs in T-ALL development.
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PTEN MICRO-DELETIONS IN T-CELL ACUTE LYMPHOBLASTIC LEUKEMIA
ARE CAUSED BY ILLEGITIMATE RAG-MEDIATED RECOMBINATION
EVENTS
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Background: T-cell acute lymphoblastic leukemia (T-ALL) is characterized
by distinct chromosomal abnormalities and mutations. The Phosphatidylinos-
itol 3-kinase (PI3K) signal transduction pathway is often aberrantly activated
in various cancers. The main negative regulator of PI3K activity is the phos-
phatase and tensin homolog (PTEN) tumor suppressor gene. In T-ALL, PTEN
is inactivated by point-, frameshift insertion/deletion mutations and entire
locus deletions. For some seemingly PTEN wild-type or monoallelic mutated
T-ALL patients that lack total PTEN protein, the mutational mechanisms
remain unclear.

Aims: Our goal is therefore to investigate copy-number variations among PTEN
exons and to detect potential additional PTEN deletions.

Results: Here, we show that PTEN can be inactivated by micro-deletions span-
ning introns 1-3 or introns 3-5 in 8% of pediatric T-ALL patients. These micro-
deletions were clonal in 5 out of 146 patients, whereas in 8 patients they were
present at the sub-clonal level and only detected through PCR techniques.
Specific sequences flanking these deletions together with insertion of random
nucleotides between the breakpoints pointed to illegitimate RAG-mediated
activity. The cryptic RAG recombination signal sequences (cRSS) that flanked
the breakpoints drive RAG-dependent recombination in an in vitro reporter sys-
tem as efficiently as established RSSs from TCR gene segments. Similar to oth-
er PTEN-inactivating events, PTEN micro-deletions are strongly associated
with the TALLMO T-ALL cluster, characterized by TAL1 or LMO2 chromosomal
rearrangements. As these leukemias frequently display rearranged af T-cell
receptors at a maturation stage with ongoing RAG activity, our results imply that
the TALLMO subgroup has an increased chance of acquiring PTEN micro-dele-
tions. Notably, primary and secondary xenotransplants of human TAL7-
rearranged T-ALL cells in NSG-mice displayed sub-clonal PTEN micro-dele-
tions, and we identified equivalent micro-deletions in thymocytes of healthy
individuals.

Summary and Conclusions: We propose that PTEN micro-deletions result
from ongoing RAG activity that is perpetuated during the leukemogenic process,
thereby contributing to clonal diversification and disease progression.
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Background: CMYC is a transcription factor which regulates critical cell func-
tions such as metabolism, proliferation, and survival. In T-ALL high CMYC
expression is mainly caused by activation of NOTCH17 and post-transcription-
al mechanisms mediated by PTEN.

Aims: To delineate the genetic profile and clinical-hematological features of
human T-ALL with CMYC-translocations.

Methods: We investigated 62 adults and 132 children belonging to the AIEOP,
GIMEMA, and UK clinical trials. CMYC was studied by LS| MYC Dual Color,
Break Apart Rearrangement Probe (Vysis-Abbott) and homegrown
G248P8135G5, RP11-367L7 and RP11-26E5 clones. Affymetrix HU133 Plus
2.0 arrays were used for whole transcriptome profiling (GEP) and Cytoscan HD
Platform for SNPa. CI-FISH was performed as described (La Starza R, Leuk
Res 2013). NOTCH1, FBW7, and PTEN were analysed by DHPLC (Transge-
nomic) and sequencing (AB3500 Genetic Analyzer).

Results: CI-FISH and/or predictive analysis by microarray classified 155 cas-
es into 5 distinct molecular subtypes, i.e. TAL/LMO (56), HOXA (48), TLX3
(31), TLX1 (15), and NKX2-1 (5). CMYC reciprocal translocations were detect-
ed in 12 cases and involved TCR loci in 6 cases while remained undetermined
in the other 6. FISH showed that the 8q24 breakpoints clustered at the telom-
eric region of CMYC in all cases with TCR translocations, while in 3/6 non-TCR
translocations breakpoints fell upstream (1 case) or within (2 cases) fosmid
G248P8135G5. As type B abnormalities, CMYC-translocations occurred in all
cases in association with other changes (range: 1-10 additional abnormalities).
Association with the TAL/LMO subgroup was significant (Pearson Chi-square,
P=0,018). Frequent concurrent rearrangements were CDKN2A/B deletions
(58,3%) and PTEN deletion and/or mutation (41,6%). NOTCH1 and FBXW7
mutations were found in a single case. In accordance with their secondary
nature, CMYC-translocations were found in variable sized subclones (range: 8-
62%) in 6 cases, suggesting a contribution to disease progression rather than
to disease initiation. Notably, CMYC-positive clones appeared to be treatment-
resistant. In one case, paired diagnosis/relapse samples showed an increase
in size of the CMYC clone from 8% to 100%, whereas other abnormalities
ETV69el, BCL1Bdel, and WT1del disappeared. In a second case, backtracking
to initial diagnosis did not show the CMYC-translocation that at relapse was
present in 60% of cells. Within the TAL/LMO subgroup, 7 translocated CMYC
specimens with available material for GEP showed high CMYC expression in
the fourth quartile. Interestingly, in the same quartile, CMYC translocated cas-
es showed significantly upregulated CD44 expression and absence of activat-
ed NOTCH1 signaling compared to cases without these translocations.
Summary and Conclusions: CMYC-translocations occurred in about 6% of
NOTCH1 independent T-ALL with marked leukocytosis (>50.000/mmc in 90%;
>100.000/mmc in 60% of cases) and a cortical/mature differentiation arrest
(60% of cases). CMYC-translocations clustered in TAL/LMO positive T-ALL
with co-occurrence of poor prognostic markers, such as high CD44 expression
and PTEN inactivation. Our findings recapitulate murine models in which c-
Myc had a crucial role on maintenance and self-renewal of leukemia-initiating
cells resulting into resistance to chemotherapy and disease relapse. Early iden-
tification (and eradication) of small CMYC-positive subclones not only at diag-
nosis but also during treatment might be helpful to prevent disease progression.
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REVEALING EXPRESSION, POST-TRANSLATIONAL MODIFICATIONS
AND PROTEOLYSIS IN CHILDHOOD ACUTE LEUKEMIA USING A NOVEL
FLOW CYTOMETRY-BASED METHOD OF AFFINITY PROTEOMICS
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Background: Acute leukemia (AL) is the most common childhood malignan-
cy. It is driven by a number of aberrations detectable at the DNA and mRNA
level, but the functional consequences of these alterations at the cellular level
are not fully understood. Proteins are the entities that form connection between
gene expression and cellular response. Therefore, more effective and sensitive
approaches to detect changes in proteome are needed. In the present study
we develop and validate new affinity proteomics based tool for analysis of clin-
ical samples.

Aims: Using Size-exclusion Chromatography - Microsphere-based Affinity Pro-
teomics (SEC-MAP) we are able to resolve expression and activation (e.g.
phosphorylation) of proteins in AL cells.

Methods: SEC-MAP array is a set of 1728 populations of fluorescently-labeled
latex microbeads each carrying an antibody against a human protein. We iso-
late the cellular proteins from membranes, nuclei and cytoplasm using deter-
gents, label them with biotin and separate them using gel chromatography into
24 fractions. These fractions are incubated with SEC-MAP microbeads and the
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antibody-protein binding is detected using fluorescently-labeled streptavidin
by flow cytometry.

Results: We have compared the data collected by SEC-MAP array in leukemic
cell lines (n=11) and healthy peripheral blood B-cells, T-cells and monocytes
with classical flow cytometry-based immunophenotyping. Thirty-four markers
for leukemia classification correlated qualitatively within both methods. Next,
we evaluated leukemia classification markers in bone marrow or peripheral
blood from fifty-seven patients with leukemia at diagnosis. We were able to cor-
rectly classify all patients’ samples to myelo-, B- and T-cell origin using SEC-
MAP technology. We have further examined the expression of 499 proteins in
69 diagnostic samples of AL. The analysis was performed using in-house auto-
matic software created in R-project. For the normalization of protein expression
we have used loess normalization commonly used in mRNA profiling studies.
Due to ability of SEC-MAP to separate proteins according to their size we have
not only quantified the expression of proteins but also evaluated proteins’ size
that could serve as a sign of proteolysis. We have detected signs of proteoly-
sis in twelve samples (based on e.g. cleaved PARP1, BLNK and BAD). These
samples were therefore excluded from the final analyses. Moreover we have
evaluated the sensitivity to proteolysis of four commonly used house-keeping
proteins (B-actin, B2-microglobulin, AKT1 and ABL1). ABL1 and AKT1 were
cleaved while B-actin and B2-microglobulin were not detected in their cleaved
forms in the proteolytically degraded diagnostic samples. Therefore we propose
to use ABL1 and AKT1 as house-keeping proteins whenever proteolysis has
to be excluded. So far we have identified 44 proteins (e.g. SH2D1A, TCF7,
GLUD1, TCF3, CD72) differentially expressed in different subtypes of AL and
validated their expression with different methods (e.g. flow cytometry, western
blot, real-time quantitative PCR).

Summary and Conclusions: In summary, SEC-MAP is a high-content method
of functional proteomics that combines the capacity of DNA microarray and
high-throughput evaluation by flow cytometry. It can detect changes in expres-
sion, post-translational modification and subcellular localization of hundreds of
proteins in relatively small-size sample (only 10 million cells needed).
Acknowledgements: This work was supported by GAUK 596912, IGA
NT13462, P302/12/G101, UNCE 204012, 00064203, IGA NT12397.
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Background: Acute Lymphoblastic Leukemia (ALL) is the most frequent type
of childhood leukemia. It is a multi-step complex process, characterized by the
expansion of a pre-leukemic clone after a variable latency time, accumulating
cooperative genetic events required for the full transformation and clinical man-
ifestation. Recently, the technological advances for genome-wide profiling have
allowed both a better understanding of the molecular basis and heterogeneity
of pediatric ALL, and a more precise definition of risk factors. However, inci-
dence and cure rates differ among children, reflecting a diverse response to
drug treatment and defining low-risk and high-risk patients. The comprehension
of the leukemia biology, as well as the risk prediction, could be enhanced by
investigations that address the individual differences.

Aims: The aim is to apply a whole-transcriptome sequencing approach (RNA-
Seq) to characterize and compare low- versus high-risk patients to identify new
genetic explanations for their different early response to therapy, as reflected
by the minimal residual disease (MRD) monitoring; moreover, we focused on
the identification of novel pre-leukemic and leukemogenic events.

Methods: Total RNA was extracted from primary leukemic blast samples of 10
pediatric ALL patients, included in the Italian AIEOP-BFM ALL2000 protocol.
Genome-wide DNA profiling was performed by Affymetrix whole-genome 2.7M
arrays. RNA-Seq experiments were carried out by using an lllumina GAllx plat-
form. Different strategies, such as RT-PCR and/or FISH analyses, were
employed for validation.

Results: We analyzed the transcriptome of 10 childhood ALL cases (4 low- and
6 high-risk patients, according to MRD classification), not carrying any other
clinical or genetic risk factor. For each case, we identified the already known
and novel transcripts, single-nucleotide variants, alternative splicing events
and related expression levels. Priority was given to putative fusion transcripts,
which could originate from intra- or inter-chromosomal structural rearrange-
ments. We identified 67 fusion events. Strikingly 60 out of 67 events were iden-
tified as intra-chromosomal fusions, and 59/60 were involving two contiguous
genes or whose gene loci were even overlapping (the so-called “con-joined
genes”, CGs). These new fusion transcripts are being validated, in the same
patient cohort. Furthermore, among the intra-chromosomal fusions, the
NUP214-ABL1 fusion was identified in one high-risk patient. This event is note-
worthy, since it was previously known as involved mainly in T-ALL and to be
responsive to kinase inhibitors, and was found here in a high risk B-cell phe-
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notype leukemia. Moreover, among the seven putative inter-chromosomal
fusions, the novel PAX5-POM121C fusion was identified in one low-risk patient
(and confirmed by RT-PCR and Sanger sequencing on an independent primary
sample).

Summary and Conclusions: RNA-Seq represents one of the most suitable
and comprehensive approaches to identify the genetic alterations harbored by
leukemia clones. Our analyses detected highly recurrent novel fusion genes,
originated either by classical inter-chromosomal or by intra-chromosomal
rearrangements (recently defined as con-joined genes). Further evaluations will
address SNPs, mutations, changes in expression profiles and alternative splic-
ing events that could be related to a different associated risk of relapse and the
feasibility of a screening of the candidates on a large population of consecu-
tive cases.
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DARATUMUMAB TREATMENT ALONE OR IN COMBINATION WITH
VINCRISTINE RESULTS IN THE INHIBITION OF TUMOR GROWTH AND
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LYMPHOCYTIC LEUKEMIA
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Background: Daratumumab is a human antibody that binds to CD38 on the
cell surface and induces cell killing by multiple mechanisms including comple-
ment mediated cytotoxicity (CDC), antibody-dependent cellular cytotoxicity
(ADCC), antibody-dependent cell phagocytosis (ADCP) and apoptosis.
Aims: Efficacy of daratumumab as an anti-tumor therapy was evaluated in 9
ALL tumor cell lines in vitro and in in vivo tumor models.

Methods: The expression of CD38, CD 46, CD55 and CD59 on tumor cell
lines was determined using flow cytometry. ADCC assays were carried out
using tumor cell lines as target cells and human PBMC as effector cells in a
ratio of 50:1. CDC assays were carried out using human serum at 10%. For in
vivo model, NALM-6 ALL cells were injected intravenously via the tail vein in
SCID mice and the animals were treated with daratumumab alone (10 mg/kg
QWx5), vincristine (0.5 mg/kg QWx5) alone or in combination. For patient-
derived ALL models, tumor cells were injected intravenously and the dosing was
initiated when tumor burden in the peripheral blood was no more than 10%. The
animals were treated with daratumumab alone (10 mg/kg QWx3) or a non-
specific control antibody. Tumor growth in the blood was monitored as circu-
lating CD45+ cells by flow cytometry.

Results: Evaluation of the expression of CD38 in 9 ALL cell lines suggested
that CD38 expression varied among different cell lines but the majority (88%,
n=8/9) had >1000 CD38 receptors per cell. Treatment with vincristine did not
modulate CD38 expression. Daratumumab induced apoptosis in 5 out of 9
(55%) cell lines in the presence of a cross-linking agent and <20% apoptosis
was observed in 4 cell lines with or without cross-linker. Interestingly, in tumor
cell killing assays, daratumumab induced minimal ADCC (5-20%) and low lev-
els of (2-5%) CDC mediated cell killing. In addition, no direct correlation was
observed between CD38 expression and the extent of ADCC and CDC. The
levels of complement inhibitory proteins (CIP) (CD46, CD55 and CD59) were
evaluated to determine if these proteins affected CDC in response to daratu-
mumab but no direct correlation was observed between CDC and CIP expres-
sion. In patient-derived CD38*/BCR-ABL* B-ALL-7015 model, daratumumab
treatment resulted in significant tumor growth inhibition p<0.001) by day 22
compared to the control antibody. In CD38*/BCR-ABL- T-ALL-7473 model,
treatment with daratumumab resulted in significant tumor growth inhibition by
day 7 (p<0.05) but the animals developed disease by day 14 and were sacri-
ficed on day 21. In NALM-6 cell line-based model, treatment with daratumum-
ab either alone or in combination with vincristine showed significant prolonga-
tion of survival. The animals in the control group died by day 22 and the ani-
mals in vincristine group died by day 43, however, 80-100% of the animals in
daratumumab alone or in combination with vincristine survived beyond day 88.
Summary and Conclusions: These data suggest that daratumumab inhibits
growth of ALL tumors that express high levels of CD38 and may offer thera-
peutic benefit in the clinical setting of ALL.
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Background: Acute lymphoblastic leukemia (ALL) is a heterogeneous disease
that affects children and adults, with a different incidence and outcome. While
there is a great knowledge of recurrent molecular aberrations (i.e. BCR/ABL1,
MLL rearrangements, E2A/PBX1, ETV6/RUNXT in B-lineage ALL, NOTCH1
and FWB71 in T-lineage ALL), TP53 mutations have not been widely investi-
gated until recently; even at present, its evaluation was carried out in relative-
ly small cohorts of patients, and in children at recurrence of disease.

Aims: Within the IRON (Interlaboratory RObustness of Next-generation sequenc-
ing) Il study, 949 ALL samples were evaluated for TP53 mutations to establish
their incidence at diagnosis and relapse in both adults and children, and to cor-
relate their presence with molecular and immunophenotypic subtypes.
Methods: Ten centers worldwide participated to the study. To identify TP53
mutations, the 454 Life Sciences, a Roche company GS Junior system was
used. A custom assay plate was designed to screen exons 4 to 11. This 96-well
plate allowed studying eleven samples simultaneously, through the use of Mul-
tiplex Identifier (MID) sequences that identify each sample. For analysis, Qual-
ity Control (QC) analysis excluded samples with a coverage less than 80 reads
in forward and reverse directions. The variant analysis was performed central-
ly, using Amplicon Variant Analyzer (AVA-Roche 454) and Sequence Pilot (JSI
Medical Systems) software. A cut-off * 2% was applied to define variants. The
TP53 at ENSG00000141510 was used as reference sequence.

Results: A total of 877 samples were evaluable for variant analysis: 307 were
pediatric and 558 adult; for 12 cases age was not available. The pediatric cohort
was composed of 44 T-ALL and 263 B-ALL: B-ALL cases included 16
BCR/ABL1+, 13 MLL rearranged, 13 E2A/PBX1+, 43 ETV6/RUNX1+ and 175
negative for the above aberrations. The adult cohort included 117 T-ALL and
441 B-ALL, the latter group thus subdivided: 126 BCR/ABL1+, 43 MLL
rearranged, 9 E2A/PBX1+, 244 negative for recurrent fusion genes. Molecular
characterization was not available for a total of 22 cases.

In 95 samples variants were identified, of which 64 were deleterious mutations:
40 missense (42.1%), 3 nonsense and 3 splice variants -all known IARC muta-
tions- and 11 indels plus 7 frameshift (18.9%), not reported in any database;
mutations affected mostly exons 5 (26.6%) and 8 (29.7%).

Overall, 664 patients were exclusively analyzed at diagnosis and 144 at relapse;
69 matched copies at diagnosis and relapses were analyzed. TP53 mutations
were observed at similar rate in B- and T-ALL 4.23% and 4.7% respectively.
Focusing on B-ALL subgroups evaluated exclusively at diagnosis, mutations
were detected in 0.9% BCR/ABL1+, 7.5% MLL rearranged, 5.5% E2A/PBX1+,
3.3% ETV6/RUNX1+, 4.5% in molecularly negative cases; this latter subgroup
was further evaluated for hypodiploidy and mutations were detected in 20% of
cases. In B-ALL, comparison between diagnosis and relapse showed an
increase of TP53 mutation rate in both children (2.3% vs 8.3%, p=0.031) and
adults (5.1% vs 11.5%, p=0.059). A similar trend was observed in T-ALL.
Summary and Conclusions: TP53 mutations affect B- and T-ALL and their
incidence does not significantly differ between children and adults. Within B-ALL
molecular subsets, they were more recurrent in MLL rearranged, E2A/PBX1+
and molecularly negative cases. An association with hypodiploidy is confirmed.
Finally, a significantly increased incidence of TP53 mutations at relapse is
observed for both cohorts. Correlation with outcome is warranted.
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Background: Recently, “Ph-like” or “BCR-ABL1-like” acute lymphoblastic
leukemia (ALL) has been proposed as a subset of B-cell precursor (BCP-) ALL
with unfavorable outcome. Although Ph-like ALL lacks BCR-ABL 1 as well as oth-
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er well-known fusion transcripts, they exhibit a gene expression profile of BCR-
ABL 1-positive ALL-like signature. Since some of Ph-like ALL possess tyrosine
kinase (TK)-related fusion transcript and have sensitivity for tyrosine kinase
inhibitor, it is important to distinguish Ph-like ALL from other fusion gene-neg-
ative BCP-ALLs. The diagnosis of Ph-like ALL is essentially performed by clus-
tering analysis based on gene expression data of a group of patients using
Affymetrix GeneChip®, diagnostic method applicable to individual patient using
other microarray system is strongly desired. Therefore, we have developed
methods to diagnose Ph-like ALL using Gene Set Enrichment Analysis (GSEA).
As we presented previously, GSEA and clustering analysis identified distinct
subsets of BCP-ALL with approximately 40% overlapping, whereas GSEA can
also detect a group with poor prognosis including tyrosine kinase-related fusion
transcript-positive cases (ASH 2013).

Aims: In this study, we intended to Ph-like ALL by GSEA based on gene expres-
sion data using different microarray system. Furthermore, we also investigat-
ed Ph-like ALL specific expression genes to develop alternative diagnostic
method for Ph-like ALL.

Methods: Gene expression of 152 BCP-ALL cases enrolled on Tokyo Children
Cancer Study Group (TCCSG) trials, including TCCSG L07-1602 and L09-
1603, were analyzed by microarray Agilent Whole Human Genome DNA
Microarray 4x44K v2, respectively. Based on these expression data, Ph-like ALL
were investigated using GSEA, a computational method that ascertains whether
a given gene set is significantly enriched in a list of genes ranked by their cor-
relation with a phenotype of interest. The specific expression genes of Ph-like
ALL, as well as Ph1 ALL, were investigated by fold-change analysis using
GeneSpring GX software (Agilent).

Results: 10 cases (6.6%) of Ph-like ALL were identified in 152 cases of BCP-
ALL by GSEA. They included the cases with Ph-like-related fusion transcripts,
such as P2RY8-CRLF2, IGH@-CRLF2, SNX2-ABL1, EBF1-PDGFRB, as well
as ATF7IP-PDGFRB, a novel fusion transcript involving PDGFRB. Some of
them revealed early relapses. Next, genes specifically expressed in Ph-like
and Ph1 ALL were explored. In similar to Ph1-ALL, high expression of
GPR110, MUC4, SEMAG6A, GREM1, IL2RA and BAALC, and low expression
of RICS, SOX11, RGS1, RGS13, BCL2L11, NR4A1, NR4A3 and BTG3 were
observed in Ph-like ALL. Interestingly, high-expression of CRLF2 and LDB3,
and low expression of ABCC4 and CCNA1 were observed only in Ph-like
ALL cases.

Summary and Conclusions: We presented that GSEA can identify Ph-like ALL
cases expressing uncommon TK-related fusion transcripts with poor progno-
sis. Since GSEA is applicable to identification of Ph-like ALL from individual
patient based on the gene expression data using other microarray system than
GeneChip®, it should be more practical for clinical use. We also identified spe-
cific genes expressed in Ph-like ALL cases and the development of method to
distinguish Ph-like ALL from other BCP-ALL based on expression of these
genes is now underway.
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ROLE OF THE HYSTONE DEACETYLASE INHIBITOR GIVINOSTAT (ITF2357)
IN TREATMENT OF CRLF2 REARRANGED ACUTE LYMPHOBLASTIC
LEUKEMIA

AM Savino®!" C Palmi', G Fazio!, M Bardini', F Rizzo", V Cazzaniga', C Bugarin,
G Fossati?, A Biondi'!, G Cazzaniga'

1Pediatric Department, Tettamanti Research Center, University of Milano-Bic-
occa, San Gerardo Hospital, Monza, 2ltalfarmaco S.p.a, Cinisello Balsamo
(M1), Italy

Background: Novel genomic abnormalities of the CRLF2 and JAK2 genes
have been recently reported in a subset of childhood ALL patients without
known chromosomal aberrations, leading to the deregulation of the CRLF2
cytokine receptor pathway and associated to a poor prognosis. Inhibition of
CRLF2/JAK2 signalling has the potential to become a therapeutic intervention
for this subgroup of patients. In addition to the use of JAK2 inhibitors, numer-
ous reports indicate that a broader antitumor activity is necessary to effective-
ly treat tumor cells with aberrant JAK2 signalling. Alterations of epigenetic pro-
grammes is a common feature of tumor cells and novel therapies involving
HDAC inhibition have been employed to treat different kind of neoplasms due
to the key involvement of acetylation in the regulation of transcription and a num-
ber of signal transduction pathways. Previous studies have shown that the
HDAC inhibitor Givinostat/ITF2357 has potent anti-tumor activity against hema-
tological malignancies, including myeloproliferative neoplasms (MPN) carrying
the JAK2V617F mutation. Indeed, the molecule is currently being evaluated in
a phase1/2 study in patients with polycytemia vera.

Aims: In 10% of pediatric high-risk ALL and about 20% in Down Syndrome ALL
patients, JAK2 mutations are characterized by a specific and frequent R683G
mutation. Interestingly R683 and V617, commonly mutated in MPN, are locat-
ed in the same JAK2 pseudokinase domain. This opens the possibility that givi-
nostat could have an inhibitory activity also on ALL blasts positive for JAK2
mutations and on ALL with disregulation of JAK/STAT pathway independently
of JAK2 mutations.

Results: Here we demonstrate that givinostat at low concentrations inhibits pro-
liferation and induces apoptosis in human B cell precursor leukaemia MHH-
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CALL4 and MUTZ 5 cell lines positive for JAK2 mutations (R683G and 1682F
respectively) and CRLF2 rearrangements. Givinostat inhibited proliferation with
IC50 between 0.08-0.17 uM and induced apoptosis with IC50 between 0.17-
0.25 uM. We investigated by RQ-PCR the expression of some target genes of
the JAK-STAT pathway and B cells development. At 100-200 nM, Givinostat
downregulated of the expression of JAK2, STAT5A and its target cMyc togeth-
er with CRLF2 and IL7 receptor genes. Key factors of B cell development
(EBF1, PAX5, IKZF1, E2A) were also downmodulated. The phosphorilation of
target proteins downstream to CRLF2-mediated JAK-STAT pathway were
assayed by phosphoflow analysis. Givinostat inhibited the phoshorilation of
Stat5 both at a basal level and after stimulation with the CRLF2 ligand TSLP.
These analysis were also performed on blasts from different BCP-ALL patients.
Thus, cells from secondary xenograft with wt Jak2 and overexpressing CRLF2
due to P2RY8-CRLF2 fusion, were used. Alow concentration (200 nM) of Givi-
nostat inhibited proliferation and induced cell death of blasts at a three-fold
greater rate than vehicle. Moreover, Givinostat inhibited Stat5 phosphorylation
induced by TSLP stimulation. Downmodulation of basal level of genes of the
JAK/STAT pathway was confirmed in these cells.

Summary and Conclusions: Altogheter, our data indicate that Givinostat
inhibits the proliferation and induces apoptosis of ALL CRLF2 positive cells
bearing or not JAK2 mutations through a specific downmodulation of the genes
involved in JAK/STAT pathway and inhibition of their downstream effector mol-
ecules. Studies on xenograft models of BCP-ALL leukemia in NOD/SCID
mouse are in progress.
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TELOMERE DNA CONTENT AND TP53 STATE PROVIDE AN INSIGHT INTO
GENOMIC INSTABILITY IN OLDER ADULT PATIENTS WITH ALL

G Zakout!" L Rai-Shetty, AV Moorman2, AK Fielding

THematology, Cancer Institute, University College London, 2Leukaemia
Research Cytogenetics Group, Northern Institute for Cancer Research, New-
castle University, London, United Kingdom

Background: Genetic abnormalities in acute lymphoblastic leukemia (ALL)
are a major contributing factor to age-related inferior outcomes. Unfavorable
genetic anomalies - especially low hypodiploid/near triploid and complex kary-
otypes - rise with increasing age. Telomere shortening is a hallmark of aging.
Telomere attrition results from critical telomere shortening, which -in the
absence of TP53 - generates end-to-end chromosome fusion, causing genom-
ic instability. Previous studies assessing cancer genome telomere DNA content
in epithelial tumors revealed a significant association between cancer genome
telomere gain (relative to matched non tumor sample)and frequency of struc-
tural variations/mutations characteristic of genomic instability. We hypothe-
sized that older adult patients with ALL would exhibit leukemic telomere
changes which could confer genomic instability and may account for poor risk
genetics.

Aims: To evaluate the genetic landscape of patients aged 260 with de novo ALL
by assessing cytogenetics, TP53 status and copy number alterations (CNA) of
key ALL genes IKZF1, CDKN2A/B, PAX5, EBF1, ETV6, BTG1, RB1 and the
PAR1 region (CSF2RA, IL3RA, CRLF2 and P2RY8) at diagnosis. To assess
the relationship between genetics and leukemic telomere DNA content.
Methods: Genomic DNA from diagnostic samples of 52 patients aged 260
enrolled in the prospective UKALL14, UKALL60+ and MRD feasibility trials
was assessed for CNA using Multiplex Ligation Probe Amplification (MLPA)
p335-B1 kit. Relative telomere length was quantified using monochrome
multiplex quantitative PCR (qPCR) (Cawthon 2009) in diagnostic and
matched remission DNA (N=22). Relative Telomere/Single copy gene (B glo-
bin) ratio generated for each leukemic DNA sample was compared to that
generated for matched remission DNA and expressed as a log2 ratio. Telom-
ere gain was defined as log2 ratio >0 and loss as <0. TP53 was assessed
by fluorescent in situ hybridization for deletions and direct sequencing of hot
spots exons 5-8 for mutations (N=34). Minimal residual disease (MRD) was
assessed by immunoglobulin gene/T cell receptor rearrangement or BCR-
ABL gPCR.

Results: Patient characteristics are shown in the Table 1. Fourteen of 52
patients (27%) and 12 of 33 (36%) Philadelphia negative patients had 24
genetic anomalies by MLPA, significantly higher than the 3% seen in a
younger cohort from the UKALLXII/ECOG2993 trial. The median number of
CNAwas 2 (range 0-7). Ten had TP53 deletions and/or mutations (deltmut).
Eight of 22 patients (36%) had telomere gain. Those with telomere gain had
significantly more CNA (p<0.01); median 4 (range 2-7) compared to 1 (range
0-2) in those with telomere loss (p<0.01). Of the 22 patients where telomere
state was evaluated, cytogenetic data was available in 20. Patients with
telomere gain were more likely to have low hypodiploid/near triploid or com-
plex karyotype (5/7) and those with telomere loss were more likely to have
t(4;11), t(9;22) or standard risk cytogenetics (12/13); p<0.01. Six of 8 patients
with telomere gain had TP53 deltmut versus 2 of 12 with loss (p=0.01). There
was no association between MRD state post induction and CNA frequency
or telomere state. Paired diagnostic/relapse DNA samples were available in
two patients. In both cases, relapse DNA showed telomere gain relative to
the diagnostic DNA and had new CNA and/or cytogenetic anomalies.
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Table 1. Patient characteristics.
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Summary and Conclusions: The prevalence of genetic anomalies in our older
cohort was strikingly higher than that of a published younger cohort. Of note, the
pattern of telomere DNA alteration in the older adult ALL was similar to that report-
ed in solid tumors. There was a significant association between telomere gain and
both CNA frequency and nonreciprocal translocations. The prevalence of TP53
deltmut in those with telomere gain supports previous observations that
unchecked telomere dysfunction plays a role in genomic instability. This could
account for the poor risk genetic abnormalities characteristic of ALL in older adult
patients. However leukemic telomere gain could be a response to rather than the
cause of a genetic crisis caused by constitutional telomere attrition. A potential
causal relationship will be explored in future mechanistic studies.
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FUNCTIONAL STUDIES OF IK6 EXPRESSION SHED LIGHT ON THE
COOPERATING MECHANISMS UNDERLYING THE GAIN OF MALIGNANCY
IN B-CELL ACUTE LYMPHOBLASTIC LEUKAEMIA

N Zareian'” B Patel!, G Zakout!, A Dey!, AZ Castleton?, L Rai-Shetty?,
A Moorman?, AK Fielding’

1Haematology, University College London (UCL), London, 2Northern Institute
of Cancer Research, Newcastle, United Kingdom

Background: Alterations of the transcription factor IKZF1 gene occur in approx-
imately 70% of BCR-ABL1 and 29% of BCR-ABL 1-negative ALLs. Deletion of
exons 4-7 is the most common alteration, resulting in the expression of domi-
nant negative cytoplasmic isoform, k6. We found /IKZF1A4-7 in 45% of BCR-
ABL 1-negative ALL by a sensitive (10-4) PCR method in 161 consecutive 25-
59 year olds enrolled on UKALL14; approximately double the reported inci-
dence. IKZF1A4-7 was typically subclonal with <0.01% of cells bearing IKZF1A
4-7 in the subclonal cases, compared to in >90% of cells in cases where IKZF1
was part of the major clone. Analysis of paired relapse samples from 14 diag-
nostic cases with IKZF1A4-7 showed patterns discrepant in both directions, as
well as concordant suggesting that the gain of malignancy conferred by IKZF1
lesions must be context dependent.

Aims: We aimed to study the context and mechanisms by which /K6 expression
contributes to enhanced leukaemogenesis and to determine cooperating lesions.
Methods: Three (two BCR-ABL1 neg, NALM-6 and REH and one BCR-ABL1
pos, SD-1) IKZF1 wild-type pre-B ALL cell lines were evaluated by MLPA (P335-
100R). We over-expressed dominant negative isoform, /K6, by retroviral trans-
duction with MSCV-IK6-IRES-mRFP (kindly provided by Charles Mullighan).
Cells were flow-sorted to >95% purity by monomer-red fluorescent protein
expression. mRFP alone vector-transduced cells were the control. We evalu-
ated drug sensitivity to vincristine, daunorubicin and cyatarabine, cell prolifer-



ation kinetics (MTS assay) and DNA double strand break (DSB) repair follow-
ing exposure to y irradiation by confocal microscopy for antiphosphorylated
H2AX. Data are from 3 independent experiments.

Results: MLPA confirmed the IKZF1 wild type status of all cell lines prior to manip-
ulation. SD-1 showed no other genetic abnormalities. Nalm-6 (near diploid kary-
otype) and REH (ETV6-RUNX1 positive) both showed homozygous deletion of
CDKN2A and CDKN2B and duplication of PAX-5 exon 10. REH also showed
deletion of ETV-6 and BTG-1. The doubling time of SD-1/IK6 was significantly
greater than that of SD-1/mRFP, 14.5 vs 28.3 hrs (p=0.042), whereas there was
no significant difference in doubling times in either of the BCR/ABL1 neg cell line
pairs. SD-1/IK6 cells were significantly less sensitive than SD-1/mRFP to all the
drugs tested, at all the 3 concentrations tested (p values<0.05). By contrast, there
was no difference in drug sensitivity between Nalm-6/IK6 and REH/IK6 and their
control counterparts. The Figure 1 shows sensitivity to daunorubicin as an exam-
ple. SD-1/IK6 showed significantly less DSB repair after y irradiation than SD-
1/mRFP at each of the time-points tested (20min (p=0.031), 3hrs (p=0.043), Shrs
(p=0.042), and 24hrs (p=0.014)). By contrast there was no difference in DSB
repair in either of the BCRABL-1 negative cell line pairs.
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Figure 1.

Summary and Conclusions: Our data show that overexpression of /K6 in a
B-precursor ALL cell lines conferred a higher growth rate, drug resistance and
compromised DNA DSB repair when BCRABL1 was present. None of these
changes occurred in the two BCR-ABL 1 negative cell lines studied, despite the
presence of other potential cooperating lesions. Our data suggest a starting
point and a model for further exploration of the link between IKZF1 mutations
and BCR-ABL1 pos ALL and work is ongoing. By contrast, the poor risk phe-
notype conferred by IK6 expression in BCR-ABL1 neg ALL cannot be modeled
or elucidated further by this dataset suggesting that alternative co-operations
to those revealed by MLPA analysis are in operation.
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ETV6-RUNX1 DE-REGULATES THE CYTOSKELETON AND MIGRATION
PROPERTIES OF B CELL PROGENITOR CELLS

C Palmi’." G Fazio!, AM Savino?, J Procter2, L Howell2, G Longinotti!, | Brunati’,
V André’, V Cazzaniga'!, P Della Mina3, A Villa3, M Greaves?, A Biondi?,
G D’Amico’, A Ford?, G Cazzaniga'

1Centro Ricerca Tettamanti, Universita di Milano-Bicocca, Monza, ltaly,
2Haemato-Oncology Research Unit, Division of Molecular Pathology, The Insti-
tute of Cancer Research, Sutton, United Kingdom, 3Microscopy and Image
Analysis Consortium, Universita di Milano-Bicocca, Monza, Italy

Background: Although ETV6-RUNX1 fusion is a frequent initiating event in
childhood leukemia, its role in leukemogenesis is still unknown. The main impact
of the fusion itself is to generate and sustain a clone of clinically silent pre-
leukemic B cell progenitor (BCP) cells. Second hits, occurring even several
years later, are required for overt disease. The understanding of the features
and interactions of ETV6-RUNX1 positive cells during this “latency” period might
help explaining how they can persist, and whether they could be prone to addi-
tional genetic changes. In particular, the site of localization and interaction with
the microenvironment is crucial to sustain the hematopoietic stem cells in qui-
escence and the survival of both normal and pre-leukemic cells.

Aims: The aim of this work was to investigate whether the ETV6-RUNX1 pre-
leukemic clone showed alterations in its adhesive and migratory properties that
could provide a rationale for its persistence and proliferation.

Methods: We have employed two different model systems to study the ETV6-
RUNX1 pre-leukemic phase. Indeed, this type of study is not feasible in clini-
cal samples at diagnosis of leukemia, where the analysis of the fusion function
is confounded by the additional genetic abnormalities. We have therefore used
a murine progenitor cell line (Ba/F3), with hormone inducible ETV6-RUNX1
expression and we confirmed our results in pre-Bl cells, primary cells derived
from a wild-type mouse fetal liver.

Results: We observed that the expression of ETV6-RUNX1 in Ba/F3 cell line
resulted in changes in the cellular morphology and phenotype: several mole-
cules involved in cell adhesion were deregulated in expression and we observed
an increase in the adhesion of ETV6-RUNX1 positive cells to murine endothe-
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lial cell lines. We showed that the expression of the fusion in Ba/F3 cell line
caused alteration in the expression of genes regulating cell shape, formation
of pseudopodia, cell migration, actin and microtubule organization. In particu-
lar, among the most over-expressed genes in ETV6-RUNX1 positive cells, we
identified two negative regulators of CDC42. Consistently, we observed a reduc-
tion of CDC42 at the transcription and protein level. CDC42 not only has a piv-
otal role in cell cycle progression, but also in cytoskeleton rearrangement dur-
ing directional migration. In parallel, we investigated the migration abilities of
ETV6-RUNX1 inducible Ba/F3 cells. Interestingly, we found that the fusion gene
significantly impaired the chemotactic response to CXCL12, although the cell-
surface expression of the receptor CXCR4 was unaffected. Indeed, the CXCL12
chemotaxis defect was not due to a general impairment of movement of ETV6-
RUNX1 positive cells, as their spontaneous motility and migration towards a
general stimulus was instead increased. We then excluded a possible role in
this migration defect of several players of CXCL12/CXCR4 pathway, including
CXCRY7, FLT3L receptor, CCL2/CCR2 and EGF/EGFR axes. We were able to
demonstrate that ETV6-RUNX1 impairs the calcium flux, a very proximal
CXCR4 signaling event, and the phosphorylation of ERK kinase, as a down-
stream event. Importantly, the results observed in the Ba/F3 ETV6-RUNX1
inducible expression system were reproducible in primary pre-Bl cells.
Summary and Conclusions: The abnormalities described here could alter
the interaction of ETV6-RUNX1 pre-leukemic BCP cells with the microenviron-
ment and contribute to the pathogenesis of the disease, with potential implica-
tions to develop strategies for effective eradication of leukemia.
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ECTOPIC EXPRESSION OF THE HEDGEHOG PATHWAY LIGANDS SHH
AND IHH IN T-CELL ACUTE LYMPHOBLASTIC LEUKEMIA (T-ALL)

A Dagklis2” D Pauwels3, | Lahortiga®2, S Degryse’2, K Jacobs'?,
N Mentens'.2, E Radaelli2, J Cools™:2

1Center for Human Genetics, KULeuven, 2VIB Center for the Biology of Dis-
ease, VIB KULeuven Belgium, 3Thrombogenics, Leuven, Belgium

Background: The hedgehog (HH) pathway plays an important role in the devel-
opment of normal tissues and mutations in HH pathway genes have been iden-
tified in various solid tumors. In addition, ectopic activation of the HH pathway
has been reported in hematological malignancies and leads to increased
growth, stem cell survival, resistance to therapy and relapse.

Aims: Based on the importance of the HH pathway in solid cancers, hemato-
logic malignancies and in normal T-cell development, we investigated its poten-
tial role as an oncogenic factor and a potential target for therapy in T-ALL.
Methods: We analyzed gene expression profiles of human T-ALL samples,
and determined the effects of HH ligands IHH or SHH stimulation on T-ALL cell
lines. SMO, GLI1, SUFU or control siRNA were transfected by electroporation
in the same cell lines. For bone marrow (BM) transplantation assays, retroviral
Shh, Ihh, JAK3(M5111) and JAK3(L857Q) constructs, were used to transduce
primary BM cells and transfected cells were injected in irradiated recipient mice.
Results: Analysis of gene expression profiles of primary T-ALL samples identified
a subset of T-ALL cases with elevated expression of the SHH and IHH ligands,
with a clear correlation with increased levels of the main activators of the pathway,
SMO and GLI1. In addition, a strong correlation between hedgehog ectopic expres-
sion and certain T-ALL genes was observed. Inhibition of the HH pathway caused
a decrease of proliferation of various T-ALL cell lines, which was associated with
downregulation of GLI1 and BCL2, two well-established HH pathway target genes.
Furthermore, knock down of negative regulators of the pathway led to increased
cell proliferation. These data indicate that a subset of T-ALL cases have ectopic
expression of HH ligands that may activate an autocrine loop. One of the genes
that was found to be co-expressed with components of the HH pathway in T-ALL
patients was the JAK3 kinase. For this reason we took advantage of a JAK3 muta-
tion driven mouse leukemia model in order to decipher the role of the ectopic HH
pathway activation in a leukemic background. Expression of JAK3 M5111 or JAK3
L857Q activating mutants in the BM cells of mice led to the development of a fatal
transplantable T-ALL disease with a latency of >150 days. The immunophenotype
of the leukemic clones were variable and clonal populations could arise at the
CD4CD8 double negative, CD4CD8 double positive or CD8 single positive stages.
Ectopic expression of the HH ligands in the JAK3 mouse leukemia model did not
lead to an acceleration of the disease, but caused a consistent block in differenti-
ation of the leukemia cells at the CD4CD8 double positive and CD8 single posi-
tive stage in mice expressing the Ihh and Shh ligand respectively. Also in wild type
animals, ectopic expression of lhh or Shh caused a block of differentiation of
CD4CD8 double positive and CD4CD8 double negative thymocytes. As a conse-
quence, the percentage of mature T cells in the blood and spleen was significant
reduced. Moreover, all mice expressing the HH ligands showed enlarged lymph
nodes with a major lymphocytic infiltration.

Summary and Conclusions: In this report we demonstrate that the HH path-
way is activated in a subset of T-ALL patients by ectopic expression of the lig-
ands by the leukemia cells. In addition, HH activation affects T-ALL cells growth
in vitro and causes a block of differentiation in a JAK3 mutant driven mouse T-
ALL model. In conclusion, our data indicate that HH pathway can play a role at
least in a fraction of T-ALL patients and therefore considered as a new target
for therapy in T-ALL.
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NON-INTENSIVE, BUT NO-INTERRUPTIONS PROTOCOL PROVIDES
COMPARABLE RESULTS IN AYA AND OLDER ADULTS WITH PH-NEGA-
TIVE ACUTE LYMPHOBLASTIC LEUKEMIA: THE RUSSIAN ACUTE
LYMPHOBLASTIC LEUKEMIA (RALL) STUDY GR
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90KB, Irkutsk, 100KB, Kirov, 1"OKB, Ryazan, 2Genetic department, 13Biosta-
tistic department, Hematology Research center, Moscow, Russian Federation

Background: It is now broadly discussed that so called “pediatric approach”
applied in adult ALL is more reasonable and effective especially in adoles-
cence and younger adults (AYA), and pediatric schedules are considered to be
more aggressive comparing to adults protocols.

Aims: RALL has initiated a pediatric oriented not in intensity but in prolonged
non-stop cytostatic drugs application protocol and in 2009 has started a
prospective multicenter trial for adult Ph-negative ALL “ALL-2009” based on the
following criteria: 1) less intensity but no-interruptions during induction/consol-
idation/maintenance; 2) prolonged up to the end of treatment L-asparaginase
(Z=590.000 IU) if tolerable; 3) autologous stem cell transplantation with BEAM
conditioning for T-cell ALL followed by maintenance. Allo-BMT was an option
for high risk patients with sibling donors. The study is registered on the Clini-
calTrials.gov public site; NCT01193933.

Methods: From Jan, 2000, till Jan, 2014, 30 centers enrolled 231 pts: median
age 28 years (15-55 years), 104f/127m; in 2,6% phenotype was unknown
(n=6), B-lineage ALL - 62,8% (n=145), T-lineage ALL - 34,2% (n=79), bipheno-
typic - 0,4% (n=1). Cytogenetics was available in 50% of patients (n=116) and
47,4% of them (n=55) had normal karyotype (NK). 27,8% of patients (n=55)
were in the standard risk (SR) group (WBC <30 for B-lineage, <100 for T-line-
age; EGIL BII-lII, T-1II; LDH <2N; no late CR; t(4;11)-negative), 72,2% (n=143)
- in the high risk (HR) group (WBC 230 for B-lineage, 2100 for T-lineage; EGIL
BI, T-I-1I-1V; LDH >2N; late CR; t(4;11)-positive), 18 patients were not qualified
by risk group. The analysis was performed in Jan, 2014.

Results: Blast cell count 225% at +8 day leaded to the substitution of pred-
nisolone by dexamethazone in 60% of patients. The portion of non-responders
to PRD was 51% in SR and 64% - in HR groups (p=0,06). CR rate in AYA was=97
(93,2%); in older adults ALL=75 (82,4%) with 4 (3,8%) and 13 (14,3%) induction
deaths and 3 (2,9%) and 3 (3,3%) resistant leukemia from 104 and 91, respec-
tively. L-asparaginase was stopped due to toxicity in 19% of patients, but it did
not influence long-term results. 20 of 65 (31%) CR T-ALL patients underwent
autologous BMT after BEAM conditioning and proceeded to the maintenance. No
relapses were registered in this group. Allogeneic BMT was performed in 9
patients on our protocol. At 48 mo OS for the whole group constituted - 65,6%,
DFS - 69,3%. OS was substantially better (p=0,01) in AYA (72%) than in older
adults (57,3%), but DFS did not differ much (p=0,3): 71% vs 66,6%, demonstrat-
ing high efficacy of the treatment approach in both groups. OS and DFS differed
in B-ALL patients with NK in comparison with abnormal karyotype: 80% vs
57%,(p=0,01) and 81% vs 61%, respectively (p=0,02), but not in T-ALL patients.
Summary and Conclusions: Our data demonstrate that the applied treat-
ment is rather effective in both age cohorts though OS is somewhat worse in
older adults. DFS approached to 66,6% in older adults and exceeded 70% in
the AYA. Abnormal karyotype for B-ALL is a steady risk factor adversely influ-
encing OS and DFS.
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SIGNIFICANCE OF MRD BY BCR-ABL QUANTITATIVE PCR DURINGCOM-
BINATION TREATMENT WITH VARIOUS TKIS PLUS CHEMOTHERAPY
FOLLOWED BY ALLOGENEIC HEMATOPOIETIC CELL TRANSPLANTA-
TION FOR PH-POSITIVE ADULT ALL
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Background: Recently, next-generation tyrosine kinase inhibitors (TKI) that
inhibit the BCR-ABL tyrosine kinase more potently than imatinib have been
used in the treatment of Ph+ ALL.

Aims: This study evaluated the clinical significance of MRD from the analysis of
two sets of prospective data on the treatment outcomes of imatinib and nilotinib
plus multiagent combination chemotherapy for newly diagnosed adult Ph+ ALL.
Methods: Patients with newly diagnosed Ph+ ALL and either 15 or 18 years old
or over were eligible for each clinical trial when they met the inclusion criteria and
gave informed consent. All patients received induction treatment composed of vin-
cristine/prednisolone/daunorubicin (mVPD) plus concomitant imatinib or nilotinib.
After achieving hematologic complete remission (HCR), either five cycles of con-
solidation therapy with concomitant TKI followed by 2 years of TKI maintenance
(non-alloHCT) or allogeneic hematopoietic cell transplantation (alloHCT) was
performed as post-remission therapy. MRD was evaluated in terms of the ratio
between the amount of BCR-ABL/G6PDH RNA of peripheral blood, and was
monitored from the time of HCR and every 3 months thereafter (for alloHCT
recipients, just before alloHCT and every 3 months afterward) for 2 years. MRD
was monitored with a LightCycler-T® (9;22) Quantification Kit (Roche Diagnotics
[Schweiz] AG, Switzerland) with a sensitivity of 1x10-6. In terms of molecular
response, MR3 was defined as the achievement of <1x10-3, and molecular com-
plete remission (MCR, MR6) was defined as the achievement of <1x10-6.
Results: Eighty-seven patients on an imatinib-based protocol (cohort I) and 90
patients on a nilotinib-based protocol (cohort N) were sufficient for MRD analy-
sis. The median age of patients in cohort N was significantly higher than that
of cohort | (47 vs. 41 years old; p=0.035). The HCR rate of all patients in both
cohorts was 92.7% and the MCR rate at the time of HCR was 52.4%, and the
cumulative rate of MCR was 93.9% among 164 patients who achieved HCR,
which were not significantly different between cohort | and N. When treatment
outcomes were compared according to the MRD level at four time points, the
proportion of patients achieving MR6 in cohort N was slightly higher than that
of cohort | with near statistical significance at 3 time points. After 35.0 months
of follow-up for surviving patients, the 3-year hematologic relapse-free survival
(HRFS) rate was 59.9%, which was significantly higher in cohort N than in
cohort | (73.5% vs. 48.5%; p=0.001). The 5-year overall survival (OS) rate was
35.0%, which was higher in cohort N than in cohort I, with marginal statistical
significance (57.0% vs. 39.2%; p=0.053). The achievement of MR3 at the time
of HCR was an important prognostic factor (5-year OS rate, MR3 vs. no
MR3=33.9% vs. 14.3%; p=0.001) and showed a significant difference in out-
comes, especially in the non-alloHCT cohort (5-year OS rate, MR3 vs. no
MR3=32.3% vs. 50.0%, p=0.877 in the alloHCT cohort and 25.3% vs. 6.9%,
p<0.001 in the non-alloHCT cohort). The achievement of MR6 at 3 months
after alloHCT was an important prognostic factor in both cohort | and N.
Summary and Conclusions: Combination therapy with nilotinib is superior to
that of imatinib in terms of the achievement of deep molecular response, the
prevention of hematologic relapse, and the OS. MRD monitoring based on the
BCR-ABL/G6PDH was a meaningful method for the prediction of outcome,
and the achievement of MR3 at 3 months after HCR and MR6 at 3 months after
alloHCT were important prognostic indices for predicting OS.
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THE POOR PROGNOSTIC VALUE OF IKZF1-DELETION IN CHINESE ADULT
COMMON B-CELL ACUTE LYMPHOBLASTIC LEUKEMIA AND THE SUPE-
RIORITY OF STEM CELL TRANSPLANTATION OVER CHEMOTHERAPY
FOR IKZF1 DELETED PATIENTS
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Background: Early studies suggest that IKZF1 deletions are associated with
an adverse prognosis, especially in pediatric B-cell acute lymphoblastic
leukemia (B-ALL) patients. Nevertheless, the prognostic role of IKZF1 deletions
alone in BCR-ABL-positive or BCR-ABL-negative patients in adult common B
cell (Com-B) ALL is not well defined. It remains unclear whether HSCT
(hematopoietic stem cell transplantation) is superior to chemotherapy alone as
postremission treatment for IKZF1 deleted patients.

Aims: The objectives of the study were designed to evaluate the prognostic role
of the deletions of IKZF1 in adult Com-B ALL and to compare the efficacy of
HSCT with that of chemotherapy alone as postremission treatment for IKZF1
deleted adult ALL.

Methods: Untreated 190 adult ALL patients were recruited from 2007-2012.
Patients received 1-2 cycles of induction therapy and, if in remission, were
allowed to select ongoing systemic chemotherapy or HSCT. BCR-ABL positive
patients were treated with chemotherapy or HSCT plus tyrosine kinase inhibitors
(TKIs). Deletions in the exons 4 to 7, exons 4 to 8, exons 2 to 7, exons 2 to 8
of the IKZF1 gene (types A4-7, A4-8, A2-7, and A\2-8) were detected using
multiplex RQ-PCR, multiplex fluorescent PCR and sequence analysis. The
study’s end points of disease-free survival (DFS) and overall survival (OS) were
analyzed using the Kaplan-Meier method.

Results: The detection rate of IKZF1-deletion in untreated 190 ALL patients was
33.7%, including 32 (66.7%) with BCR-ABL1-positive ALL, and 32(23.0%) with
BCR-ABL1-negative ALL. The 64 positive cases included 4 (18.2%) cases with
type progenitor B ALL, 6 (22.2%) cases with precursor B ALL, 54 (45.0%) cas-
es with Com-B ALL, and no one case with T ALL. In the 120 Com-B ALL,
patients with IKZF1 wide type (n=66) had a significantly better prognosis than
those with IKZF1-deletion (n=54) (OS time: 63.2+2.0 vs 34.7+2.3 months,
P=0.035; DFS time: 40.9+3.5 vs 19.8+2.4 months, P=0.007; Cumulative inci-
dence of relapse (CIR): 47.8% versus 29.7%, P=0.027). Patients with IKZF1-
deletion but not BCR-ABL rearrangement (n=27) experienced inferior outcome
than patients with BCR-ABL rearrangement but not IKZF 1-deletion (n=13) (DFS
time: 14.4+2.2 vs 43.045.8 months, P=0.005, Figure 1 A; CIR: 52.5% versus
15.4%, P=0.033) and patients without IKZF 1-deletion or BCR-ABL rearrange-
ment (DFS time: 14.4+2.2 vs 39.2+4.0 months, P=0.004; CIR: 52.5% versus
27.5%, P=0.037). In Com-B ALL-HSCT group, IKZF1-deleted patients (n=25)
had an unfavorable outcome compared to IKZF1 wild-type patients (n=41) (DFS
time: 19.8+2.4 vs 40.9+3.5 months, P=0.017) while in chemotherapy-alone
group there was no difference between patients with IKZF1-deletion (n=22)
and patients with IKZF1 wild-type (n=23). In IKZF1-deleted group, patients
received HSCT acquired longer OS time (39.2+1.8 vs 27.7+5.1 months,
P=0.004, Figure 1 B) and DFS time (23.4+2.8 vs 12.7+3.0 months, P=0.014,
Figure 1 C) than those received chemotherapy only. Independent negative
prognosis value of IKZF 1 deletions and positive prognosis value of HSCT were
confirmed by multivariate analysis.
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Figure 1. Survival curves of patients with IKZF1-deletion in the Com B
ALL. Results from DFS ratios (Figure 1A) indicate that patients with IKZF1-
deletion but not BCR-ABL rearrangement experience a poor prognostic
outcome. Each subgroup is compared with IKZF1 deleted and BCR-ABL
negative subgroup (see asterisk), respectively. Results from both OS (Fig-
ure 1B) and DFS (Figure 1C) ratios exhibit that HSCT is superior to
chemotherapy alone as postremission treatment for patients with IKZF1-
deletion.

Milan, Italy, June 12 - 15, 2014

Summary and Conclusions: IKZF1 deletions are associated with poor prog-
nosis which is even more obvious than BCR-ABL rearrangement due to the use
of TKls in Chinese adult Com-B ALL. HSCT is superior to chemotherapy alone
as postremission treatment for patients with IKZF 1-deletion.
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PROGNOSTIC IMPACT OF IKZF1 DELETIONS IN PEDIATRIC B-CELL PRE-
CURSOR ACUTE LYMPHOBLASTIC LEUKEMIA TREATED ACCORDING
TO NOPHO PROTOCOLS - THE SWEDISH EXPERIENCE
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and Transfusion Medicine, University of Gothenburg, Gothenburg, 8Women’s
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Background: Recently, IKZF1 deletions have been shown to be associated not
only with the leukemogenic process but also to confer a poor prognosis in all
risk groups of B-cell precursor ALL. In a previous study, we used Multiplex Lig-
ation-dependent Probe Amplification (MLPA) to investigate the presence of
IKZF1 deletions in bone marrow DNA from 116 children diagnosed with BCP
ALL in a single center and treated according to NOPHO protocols. Deletions
were detected in 16% of cases; both event free survival and overall survival
were significantly reduced in the IKZF1-deleted group compared to the group
with intact IKZF1 (Ofverholm et al. Leukemia 2013).

Aims: The aim of our study is to further validate the prognostic impact of IKZF1
deletions, and to ascertain if they are an independent risk factor when minimal
residual disease (MRD) data are taken into account.

Methods: We investigated 362 pediatric BCP ALL cases accrued between
1992 and 2013 and uniformly treated according to the NOPHO-ALL 1992, 2000,
and 2008 protocols in Sweden. The IKZF1 deletion status, based on either
SNP array (n=246) or MLPA (n=116) analyses, was known in all cases.
Results: Preliminary analyses indicate that the prognostic significance of IKZF1
deletions is retained in the larger cohort, with the highest impact on survival
being observed in the group lacking risk-stratifying aberrations at diagnosis.
Updated survival analyses and the clinical implications of IKZF1 aberrations will
be presented at the conference.

Summary and Conclusions: We conclude that our data support the relevance
of IKZF1 deletion as a prognostic factor for childhood BCP ALL treated accord-
ing to NOPHO protocols.
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COMPARISON OF BONE MARROW AND PERIPHERAL BLOOD SAMPLES
FOR MINIMAL RESIDUAL DISEASE MONITORING IN INFANTS WITH
MLL-REARRANGED ACUTE LYMPHOBLASTIC LEUKEMIA TREATED BY
MLL-BABY PROTOCOL
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ogy, Minsk, Belarus

Background: Minimal residual disease (MRD) is powerful tool for prediction of
treatment outcome in leukemia patients of various age groups, including infants
with acute lymphoblastic leukemia (ALL). In the vast majority of cases only
bone marrow (BM) samples are used for MRD detection.

Aims: To estimate prognostic significance of MRD in BM and peripheral blood
(PB) by qualitative detection of different MLL fusion gene transcripts (FGt) in
infants with ALL treated by MLL-Baby protocol.

Methods: Fifty three infants (20 boys and 33 girls) and with defined MLL
rearrangements were included in the current study. Median age was 5.3 months
(range 0.03-11.80). MRD detection was performed from BM and PB samples by
real-time quantitative PCR and nested RT-PCR with sensitivity non-less than 1E-
04. MRD-negativity was defined as absence of FGt in the both assays. Median
of follow-up period in the observed group was 5.2 years. TPs for MRD assess-
ment were as follows: day 15 of remission induction (time point (TP) 1), at the end
of remission induction (TP2), after each course of all-trans retinoic acid (ATRA)
administration (TP3-TP9). Informed consent was obtained in all cases.
Results: We estimated 142 paired BM/PB samples. 79 samples were double pos-
itive, 41 were double negative Thus concordance between MRD results in BM and
PB samples achieved 84.5%. Concordance varied between different TPs of MLL-
Baby protocol from 79.0% to 100%. The highest concordance rate was at TP4
and TP7 (92.3% and 100% respectively). All discrepant results (22 samples
15.49%) were BM-positive/PB-negative. MRD-positivity at TP4 in BM led to unfa-
vorable outcome. Event-free survival was significantly lower in MRD-positive
group in comparison to MRD-negative one (9.946.1 vs 75.948.0, p=0.001). MRD-
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positivity at this TP in BM was the only significant factor in the diagnostic model
where initial risk factors (age at diagnosis, initial WBC count, immunophenotype,
CNS disease, presence of MLL-AF4) were combined to response criteria (num-
ber of blast cells at day 8 of dexamethasone prophase) (Table 1). We could not
find any TP when MRD data obtained from PB samples had prognostic values.

Table 1.
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Summary and Conclusions: Despite high qualitative concordance rate
between BM and PB samples we could not show prognostic significance of
MRD monitoring by FGt detection in PB. Univariate and multivariate analysis
revealed that MRD-positivity at TP4 in BM was significant and independent
prognostic factor of unfavorable outcome
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IN VIVO RESPONSE TO REMISSION INDUCTION POLY-CHEMOTHERAPY
IN NOD/SCID/HUALL REFLECTS PATIENT RISK AND OUTCOME

V Miinch, "N Hasan®, M Schirmer?, S M Eckhoff!, KM Debatin®, L H Meyer'
1Department of Pediatrics and Adolescent Medicine, Ulm University Medical
Center, Ulm, Germany

Background: Acute lymphoblastic leukemia (ALL) is the most frequent malig-
nant disease in children and adolescents. Continuous improvement of thera-
py regimens increased the 5-year event free survival rate to 80%. Therapy
response to initial remission induction treatment, which typically combines vin-
cristine, corticoids, and asparaginase, is an important factor for patient risk
stratification. Nevertheless, overall 20% of patients diagnosed with ALL
encounter relapse. Thus, novel therapeutics are urgently needed and will most
likely be combined with already established treatment regimens. For this rea-
son, we took advantage of our previously established NOD/SCID/huALL
xenograft model, which resembles human disease and is a suitable model for
evaluating novel substances in a preclinical setting.

Aims: In this study, we aimed to establish a poly-chemotherapy treatment reg-
imen in our NOD/SCID/huALL xenograft model in order to test the therapy
effectivity by combining vincristine (V), dexamethasone (D), and asparaginase
(A) on different patient-derived xenograft (pdx) ALL samples, which further can
be combined with the evaluation of novel compounds.

Methods: Pdx B-cell precursor ALL samples (n=6) were established in the
NOD/SCID/huALL model and engraftment efficiency was monitored weekly by
the detection of human cells in the recipients’ peripheral blood. Multi-agent
chemotherapy combining VDA or vehicle-treatment was started upon appear-
ance of 5% human cells and was administered for 2 weeks. Time to leukemia
reoccurrence (TTR) was calculated as the time from treatment start to onset
of leukemia-related morbidity of mice, which then were sacrificed confirming full-
blown leukemia by the detection of high percentages of human cells in spleen,
bone marrow, and peripheral blood.

Results: In each mouse receiving VDA of all 6 individual pdx ALL samples, a
significant delay of post-treatment leukemia manifestation was observed com-
pared to vehicle-treated recipients (Paired T-test, p=.0021). Interestingly,
leukemia manifestation after VDA treatment in one pdx ALL sample did not
reoccur within an observation time of 30 weeks suggesting induction of suc-
cessful long-term remission. Previously, we showed that a short time to
leukemia engraftment (TTLshort) of diagnostic patient ALL cells in NOD/SCID
mice is strongly associated with an early patient relapse, while long time to
leukemia engraftment (TTL!on9) of diagnostic patient ALL cells in our model was
shown to have favourable patient outcome. According to TTLshot/TTLlong phe-
notypes of pdx ALL samples we also observed clear differences of post-treat-
ment leukemia reoccurrence after VDA remission induction treatment. Interest-
ingly, we observed longer TTR of VDA treated TTL!o"g xenografts compared
to significantly shorter TTR of VDA treated TTLShort xenografts, which resem-
bles favourable outcome and higher relapse risk, respectively, suggesting that
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post-treatment leukemia reoccurrence is an intrinsic factor of ALL cells.
Summary and Conclusions: In summary, we successfully established an in
vivo preclinical setting in our NOD/SCID/huALL xenograft model for analysing
novel substances for the treatment of ALL in combination with already applied
multi-agent chemotherapy modalities. Most importantly, we observe that our
model shows leukemia characteristics of human disease, which is reflected by
combination chemotherapy in association of patient relapse probability and
time to leukemia reoccurrence after VDA treatment in pdx ALL samples.
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USE OF BCR/ABL GENOMIC BREAKPOINT FOR MRD MONITORING IN
CHILDHOOD ALL AND ITS COMPARISON WITH OTHER STANDARD
METHODS
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Background: Among childhood ALL subtypes, patients harbouring BCR/ABL
fusion belong to those with the worst prognosis. The role of minimal residual
disease (MRD) in this subgroup is unclear; however, MRD is used in HSCT indi-
cation according to the worldwide protocol for the BCR/ABL+ ALL - EsPhALL.
In general, the standard method for MRD monitoring in ALL is quantification of
Ig/TCR rearrangements. Quantification of the fusion transcript is easier/cheap-
er technique; however, as we showed previously, the correlation between these
two methods in some BCR/ABL+ patients is not satisfactory. We demonstrat-
ed presence of BCR/ABL within the non-lymphoid (Ig/TCR-negative) popula-
tion and worse prognosis of such patients (Zaliova, 2009). Moreover, mMRNA
quantification might not always correspond to the number of positive cells (pos-
sible changes of expression under particular conditions or in various cell types).
Aims: We aimed to establish MRD monitoring based on the detection of the
genomic (intronic) BCR/ABL fusion and the BCR/ABL DNA quantification.
Methods: We performed multiplex long distance DNA PCR to find genomic
BCR/ABL breakpoint in 15 patients with minor BCR/ABL fusion. The patient-
specific fusion sequence was used for MRD quantification by gqPCR. Using
this approach we measured 149 bone marrow (BM) and 64 peripheral blood
(PB) samples from 12 patients. The results were compared with data from
Ig/TCR and BCR/ABL transcript quantification. For correlation analysis double
negative results were excluded.

Results: We found genomic BCR/ABL breakpoint in 14/15 (93%) patients.
Analysis of MRD data in BM samples confirmed poor correlation between
Ig/TCR and BCR/ABL mRNA quantification (R2=0.72; n=89). Moreover, we
saw similar difference also when comparing the two DNA methods (Ig/TCR vs.
BCR/ABL DNA, R2=0.68; n=92). The correlation between BCR/ABL mRNA
and BCR/ABL DNA approach was more satisfactory (R?=0.83; n=98). Corre-
lation in PB samples was higher (R2=0.79, 0.80 and 0.89, respectively).
Summary and Conclusions: We believe that the BCR/ABL quantification at
genomic level brings the most precise picture of leukaemic burden. Our analysis
confirmed poor correlation between BCR/ABL and Ig/TCR data. As we showed
previously, at least in some patients this discrepancy is caused by the presence
of BCR/ABL in non-lymphoid cells. In our cohort, correlation of the two BCR/ABL
based methods was in general good. However, in some patients (4/12) we
observed higher genomic BCR/ABL MRD compared to the transcript levels in con-
secutive samples suggesting either that treatment (possibly by imatinib) can in
some patients influence the BCR/ABL expression or that BCR/ABL+ cells might
differ in their responsiveness to treatment (cells with low BCR/ABL expression
being more resistant). This might be important from the clinical point of view as
these data suggest that not only Ig/TCR monitoring, but also BCR/ABL transcript
quantification might underestimate the real MRD load. We found better correla-
tion of all methods in PB reflecting probably more uniform cell population released
from BM. However, in significant number of paired samples the MRD levels were
more than 1 log lower in PB compared to BM (48%, 38% and 27% using BCR/ABL
mRNA, Ig/TCR and BCR/ABL DNA quantification, respectively) questioning the
use of PB for standard MRD monitoring. The most reliable method for useful and
reasonable MRD detection in BCR/ABL+ ALL needs to be discussed within large
therapeutic protocol and, importantly, with respect to clinical data.

Support: MH CZ-DRO Univ. Hospital Motol 00064203; UNCE 204012.

P124

NEGATIVE OUTCOME IN PTEN MUTATED ACUTE LYMPHOBLASTIC
LEUKEMIA PEDIATRIC PATIENTS COULD BE MODULATED BY THE
PRESENCE OF NOTCH1/FBXW7 MUTATIONS
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de Deu, Barcelona, Spain

Background: Recent advances in the knowledge of biology of acute lymphoblas-



tic leukemia (ALL) and the use of risk-directed therapy have led to a significant
improvement in survival of pediatric patients. However, T-cell ALL patients have
poorer prognosis than B-cell precursor ALL cases and biomarkers to stratify
patients in different risk groups are needed. NOTCH1 activating mutations have
been described to confer a better prognosis in several studies, but their effect on
outcome is controversial. Recently, a role of PTEN and/or RAS mutations on
prognosis of pediatric and adult ALL patients has been suggested.

Aims: To analyze the prognostic effect of clinical and biological variables,
including mutations of NOTCH1/FBXW7 and PTEN in a series of homoge-
neously treated pediatric ALL patients diagnosed in a single center.

Methods: Newly diagnosed ALL patients aged 0-18 years, enrolled in the con-
secutive SHOP (Spanish Hemato-Oncology Pediatric Society) protocols ALL-
SHOP-99 and ALL-SHOP-2005 between 2003 and 2013 were included. Muta-
tions of NOTCH1 (exons 26, 27 & 34), FBXW7 (exons 8-12) and PTEN (exon
7) were screened by PCR and direct sequencing.

Results: A total of 216 patients diagnosed with ALL (B-cell precursor ALL,
n=189; T-cell ALL, n=24) were included. T-cell patients (67% males) had a
median age of 7.6 years (range 2.2-15.4) and a median WBC count of 44.5
x109/L (range 1.1-588). Four patients had CNS involvement. Seventeen cas-
es (71%) presented a T-cortical phenotype and 2 patients were diagnosed with
early-T cell precursor leukemia. Point mutations in NOTCH1 and/or FBXW7
genes were found in 9 cases (9/15 analyzed, 60%) and indels PTEN mutations
were present in 4 patients (4/15, 27%). Minimal residual disease (MRD) at day
+14 by flow cytometry was negative (<0.01%) in 7 cases and 11 patients (46%)
had MRD levels >0.1%. All cases achieved a morphological complete remis-
sion (CR) after induction with negative MRD in 16 patients (67%). After a medi-
an follow up of 3.5 years (0.02-9 years), 6 patients had died (5 of disease pro-
gression after relapse, 1 toxic death after hematopoietic stem cell transplant).
Overall survival (OS) at 5 years of T-cell patients was inferior to B-cell precur-
sor cases (67% vs 83%, p=0.06). In the univariate analysis, male patients
showed a trend for a worse OS (60% vs 100%, p=0.08) and WBC count >200
x109/L associated significantly with a lower OS (40% vs 81%, p=0.035). PTEN
mutations also conferred a significant worse prognosis (OS of 33% vs 90%,
p=0.01). By contrast, NOTCH1/FBXW7 mutations showed a trend for a better
outcome, but the low number of cases precluded the finding of statistical sig-
nificance. When NOTCH1/FBXW7 and PTEN mutations were combined, we
observed significant differences in survival, with the worst survival correspon-
ding to PTEN mutated & NOTCH1/FBXW?7 wild type cases. Noticeably, the
only case with double PTEN& NOTCH1/FBXW7 mutation is still alive in first CR
after 2 years of follow-up. Similar results were obtained for event free survival.
Further analysis to complete the study in the whole series of patients is current-
ly undergoing.

Summary and Conclusions: We have reproduced the value of clinical vari-
ables (gender and hyperleukocytosis >200 x109/L) as prognostic factors in
pediatric T-ALL, and demonstrated the adverse effect of PTEN mutations in our
patients. Our observations, in line with previous reports (Trinquand et al., 2013),
suggest a modulating effect of NOTCH1/FBXW?7 mutations on the worse out-
come of PTEN mutated cases, although a larger number of patients is needed
to confirm our results.
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CORRELATIONS OF EXPOSURE AND RESPONSE FOR INOTUZUMAB
OZOGAMICIN IN PATIENTS WITH RELAPSED OR REFRACTORY,
CD22-POSITIVE ADULT ACUTE LYMPHOCYTIC LEUKEMIA
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Background: Inotuzumab ozogamicin (InO) is an antibody targeting CD22,
conjugated with a cytotoxic antitumor antibiotic (calicheamicin), in development
for the treatment of acute lymphocytic leukemia (ALL).

Aims: As a follow-on to recent findings we report here interim results of expo-
sure-response analysis for this open-label, phase 1 study of InO in patients with
relapsed or refractory CD22-positive ALL.

Methods: InO was administered intravenously on Days 1, 8, and 15 over each
28-day cycle for up to 6 cycles until progressive disease, patient refusal, or intol-
erable toxicity.

Results: A linear, one-compartment, population-based model described InO
concentrations in serum for N=31 patients, yielding clearance of 0.0413 L/hr
(SE=0.00463), and central volume of distribution of 5.02 L (SE=0.524); inter-
individual variability were 72.1% and 34.0%, respectively. Cumulative area
under the serum concentration curve (cCAUC; sum over all treatment cycles) and
average minimum concentration (Cmin; average across all treatment cycles)
were graphically correlated against each patient’s response outcome (N=27
subjects). The median cAUC in patients who experienced a complete response
(CR; 249.2 hrxpg/mL) was higher than for patients who failed treatment (non-
CR; 68.2 hrxpyg/mL). Similarly, the median Cmin in patients with CR (40.6
ng/mL) was higher than for patients with non-CR (4.42 ng/mL). The median pre-
treatment blast count was lower in patients with CR (0/uL) than in patients with
non-CR (553/uL). cAUC across all patients appeared to be negatively trended
with higher blast cell count.

Milan, Italy, June 12 - 15, 2014

Summary and Conclusions: In summary, InO exposure is an important driv-
er of InO response in the treatment of ALL, and this exposure appears to be
contemporaneously influenced by the presence of pre-treatment circulating
blasts.

Reference
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REDUCED PENETRANCE OF INHERITED SUSCEPTIBILITY TO PRE
B-ALL CAUSED BY GERMLINE TRANSMISSION OF PAX5 C.547G>A
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Background: Although the overall survival rate for children affected with pre-
cursor B cell leukemia (pre B-ALL), which is one of the most common childhood
malignancies exceeds 80% the overall survival of relapsed ALL is much less
and needs improvement.

Aims: Since the development of pre B-ALL is multifactorial and so far the rel-
evance of hereditary alterations is insufficiently understood, the identification of
potential susceptibility loci that predispose to leukemia is extremely important
in order to develop individual disease based treatments.

Methods: We describe a family from Ashkenazi Jewish origin with three cas-
es of pre B-ALL. We performed SNP array analysis using the lllumina
Human660W-Quad-v1 BeadChip and whole exome sequencing on a HiSeq
2000 (lllumina) of germline and leukemic samples.

Results: Applying cytogenetic and SNP array analysis we identified the
homozygous loss of a chromosome 9p region involving the CDKN2A/B encod-
ing region in the leukemic samples. Additionally we identified a heterozygous
PAXS5 ¢c.547G>A SNP (p.Gly183Ser) located on chromosome 9p downstream
of the CDKN2A/B region in the germline of the affected children, as described
previously in two families from Puerto Rican and African American ancestries
(Shah et al., 2013). The acquired chr. 9p aberration in the leukemic cells sub-
sequently leads to loss of the wt PAX5 allele and hence to reduced Pax5 activ-
ity, due to retention of the PAX5 allele encoding p.Gly183Ser. In this pedigree,
the PAX5 ¢.547G>A variant is transmitted from the grandfather to the fathers
and subsequently to five out of seven children, three of whom developed pre
B-ALL. Hence the inherited predisposition to pre B-ALL follows an autosomal
dominant mendelian transmission with reduced penetrance.

Summary and Conclusions: Thus we confirm and extend the recently report-
ed genetic susceptibility to pre B-ALL in families carrying a PAX5 c.547G>A
germline mutation in combination with structural chr, 9p aberrations and sub-
sequent loss of heterozygosity of the wt PAX5 allele. With respect to the reduced
penetrance of pre B-ALL development the selection of additional mutations,
which cooperate with inherited PAX5 ¢.547G>A, are likely and currently under
investigation.
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EXPRESSION OF THE IMMUNOGLOBULIN SUPERFAMILY CELL
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Background: The expression of the immunoglobulin superfamily cell mem-
brane adhesion molecule CD146 has been observed on several human cell
types including a subset of T- lymphocytes as well as in a number of solid
tumors.

Aims: Aim of this study was to investigate CD146 expression in Acute Leukemia
(AL) by a multiparametric flow cytometric approach.

Methods: We studied 162 patients diagnosed with AL (121 AML, 38 B-ALL, 3
T-ALL) and 10 healthy controls admitted to 3 italian centers between 2010 and
2012. The purity of CD146+ leukemic blasts was assessed by flow cytometry
and CD146 positivity was considered for an antigen expression of at least 30%.
Conventional cytogenetic analysis of Bone Marrow or Peripheral Blood sam-
ples was performed in all patients. Fluorescence In Situ Hybridization (FISH)
was performed using the following probes: 11q23/MLL, 14q32/IGH, 8q24/MYC,
RUNX1-CBFA2, CBFB/MYH11, ETV6/RUNX1, TCF3/PBX1, BCR/ABL. The
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cut-off level for break-a-part and translocation probes was set at respectively
at 3% and 1.5%. Statistical analysis used Fisher’s exact test and Mann-Whit-
ney test for categorical and numerical variables respectively. A ROC analysis
on 38 B-ALL was performed to illustrate the overall discriminator potential of
CD146 expression for Ph+ B-ALL.

Results: In our series median age was 57 yrs (range 2-87) and Male:Female
ratio was 1.1. ACD146 expression >30% was detected in 4/121 cases of AML
(3.3%, median age 69, range 28-87 yrs) and 11/41 ALL cases (26.8%, medi-
an age 37.5, range 2-80 yrs) (p<0.001). No associations were found for CD146
expression with sex and age. In 10 healthy controls CD146 expression ranged
between the 0.5-1% of the total number of the lymphocytes. In CD146+ AML
cases the mean percentage of CD146+ blasts on the total number of cells
analysed was 15% which was significantly higher than that observed in healthy
controls (p<0.01). The four CD146+ AML cases were classified as secondary
AML not otherwise specified. No associations were found between karyotype
and CD146 expression. Nine out of 38 B-ALL cases were CD146+ (mean val-
ue 67.1%, 44 —-98%). When comparing CD 146+ to CD146- blasts no significant
differences were observed in the expression of common diagnostic markers
(TdT, CD19, CD22, HLA-DR) while CD10 and CD20 expression resulted high-
er in the CD146+ cases though without statistical significance (p=0.21). Of 38
B-ALL cases analysed: 42.1% had normal karyotype, 18.4% a t(9;22) translo-
cation, 10.5% a t(12:21), while t(1;19) and t(4;11) were present in 5.3% and
2.6% of cases respectively. The remaining cases presented hyperdiploid kary-
otype (7.9%) or other aberrations (13.1%). Of the 9 CD146+ B-ALL cases: 7
had a t(9;22) translocation, one had a t(1;19) and the latter hyperdiploid kary-
otype. CD146 expression strongly associated with the presence of Ph+ abnor-
mality (p<0.001). AROC analysis was performed to illustrate the discriminato-
ry potential of CD146 expression for Ph+ B-ALL cases with an area under
curve (AUC) of 0.98 (95% CI: 0.95, 1,00) and a CD146 cutpoint of 44% (sen-
sitivity 100%, specificity 93.6%: positive likelihood-ratio 15.5, negative likeli-
hood-ratio 0). Three cases of T-lineage ALL cases were investigated also due
to their rarity as compared to B-ALL: in 2/3 cases the mean percentage of
CD146+ blasts was 95% of the total number of blasts.

Summary and Conclusions: In conclusion, our results showed a higher
expression of CD146 in ALL compared to AML. Moreover a strong association
between the presence of the t(9;22)/BCR-ABL and CD146 positivity in B-ALL
was also observed suggesting that CD146 may be considered in the setting of
clinical trials as additional marker especially in Acute Lymphoblastic Leukemia
patients.
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MLL REARRANGEMENT CONFERS THE POOREST PROGNOSIS AS THE
SECOND MOST FREQUENT CHROMOSOME ABERRATION IN ADULT
ACUTE LYMPHOBLASTIC LEUKEMIA, DATA FROM A SINGLE INSTITU-
TION IN CHINA
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Background: Chromosomal rearrangements of mixed-lineage leukemia (MLL)
gene are associated with poor prognosis in infant and children acute lym-
phoblastic leukemia (ALL), but it was relatively marginally addressed in adult
ALL. In fact, the prognostic significance of MLL rearrangement might raise up
as tyrosine kinase inhibitors (TKIs) have bridged the gap between Ph-positive
subset and Ph-negative group.

Aims: Herein we presented 24 MLL-rearranged cases by a single institution-
based retrospective analysis among 330 cases of adult ALL to shed light to clin-
ico-pathological features and outcome of this subset among the whole cohort.
Methods: Aretrospective study was undertaken to describe the clinical, patho-
logical, immunological features and outcome of MLL-rearranged population
among adult ALL from JAN 2006 to JAN 2012 in Nanfang Hospital.

Results: Twenty-four MLL-rearranged patients were identified among 330 adult
ALL, being the second (n=24, 7%) most frequent chromosome aberration as
following Philadelphia chromosome (n=66, 20%). The MLL-rearranged popu-
lation included 22 primary patients and 2 cases secondary to breast cancer, a
median age of 30-years old (range 16-73). MLL subset had significantly high-
er white blood count (median=123 G/L) and higher frequency central nervous
system involvement (29%) than Ph-positive and Ph/MLL double-negative (DN)
group. ProB was the predominant immunophenotype (n=14, 58%) in MLL sub-
set, followed by comB (n=5) and early T-cell precursor (ETP, n=4), while com-
mon-B was dominant in both Ph (n=49, 74%) and DN (n=123, 51%) group. Fur-
thermore, proB and ETP subset of the whole cohort were strongly associated
with the poorer outcome of 20% and 15% of 5-year overall-survival (OS),
respectively, comparing with of 40% in comB (proB Vs comB: p=0.001; ETP
Vs comB: p<0.001) and 45% in non-ETP-T ALL (NET) (proB Vs NET: p=0.051;
ETP Vs NET: p=0.023) group. The 5-year OS of MLL subset was only 11%, sig-
nificantly lower than 27% of MLL-negative group (p=0.002), respectively. Pedi-
atric-inspired regimen (n=41, 12%) produced significantly superior 5-year OS
than adult protocol (60% versus 40%, p<0.001). Similarly, allogeneic
hematopoietic stem cell transplantation (allo-HSCT, n=129, 39%) yielded 40%
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of 5-year OS, comparing to 20% in non-HSCT group (p<0.001). Multivariate
survival analysis confirmed MLL rearrangement (p=0.019) and immunopheno-
type (p=0.022) were independent prognostic factors (Figure 1).

Figure 1.

Summary and Conclusions: Our data showed MLL rearrangement confers
the poorest prognosis as the second most frequent chromosome aberration in
adult ALL and it deserves more research efforts.
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Background: Assays that identify clonal lymphocyte populations by detecting
over represented V-J gene rearrangements within the antigen receptor genes
of clinical specimens are used on a routine basis to assist in the detection of
lymphoproliferative disease. Sensitive detection of tumour-specific DNA
sequences, identified in initial samples, can also assist in determining thera-
peutic efficacy and often provide the first indication of clinical relapse. PCR-
based methods run on capillary electrophoresis instruments are the current gold
standard for clonality testing. However, these methods often do not provide suf-
ficient sensitivity and, absent separate sequencing steps, are incapable of iden-
tifying the specific V-J DNA sequence data required to track clones in follow up
testing. The emergence of massively parallel sequencing (MPS) platforms has
facilitated development of powerful new approaches for clonality detection and
monitoring. Here we report performance of an MPS assay and associated
bioinformatics developed for the PGM platform to detect and monitor IGH and
TRG clonality.

Aims: To develop a rapid, easy to use multiplex PCR NGS assay for the com-
bined analysis of TCRG and IGH for clonality detection on the PGM NGS
sequencing platform.

Methods: Optimized V and J consensus primers targeted all /IGH and TRG vari-
able (V) and joining (J) region gene segments that are rearranged in lymphoid
cells. Separate multiplex PCR master mixes amplified /GH and TRG gene
rearrangements while incorporating sequence indices into products, which
allowed simultaneous sequencing and tracking of as many as 12 individual
samples for each marker, plus controls, in each run. Amplicons were purified,
quantified and pooled for library formation. The harmonized, quantified libraries
were loaded onto the OneTouch ES. The enriched emulsion PCR libraries were
sequenced using the lon 316 Chip Kit v2 and lon PGM Sequencing 400 Kits.
Data were analyzed using Invivoscribe proprietary bioinformatics software run
on standard Windows platforms.

Results: The PGM platform provided sustainable, rapid turn around times, fre-
quently less than 36 hours from processing of primary sample to result. This
assay and bioinformatics package reproducibly identified clonality and DNA
sequences for TRG and /IGH V-J gene rearrangements. Automated data out-



puts include frequency distributions and V-J gene usage, as well as complete
DNA sequences for up to 1 million sequence reads. DNAs from cell lines seri-
ally diluted into polyclonal tonsil DNA, confirmed the linearity and low run-to-
run variance of the assay. Good linearity (R2>0.95) and reproducibility were
achieved. Genomic DNA from peripheral blood (PB), tonsil, and bone marrow
aspirates were tested for TRG and /GH gene rearrangements yielding excel-
lent results.

Summary and Conclusions: We have previously developed /IGH and TRG
NGS assays for the lllumina MiSeq and HiSeq platforms. Now we demonstrate
an adapted workflow for the lonTorrent PGM that is quicker and less costly for
laboratories handling small numbers of samples. These assays run on the PGM
platform can simultaneously identify both clonal /GH and TRG V-J rearrange-
ments, associated specimen-specific V-J region DNA sequences, provide fre-
quency distribution of V region and J region segment utilization, and can be
used to monitor their presence in subsequent samples. When coupled with the
bioinformatics and visualization software this assay provides robust detection
and enhanced data-rich outputs.

Milan, Italy, June 12 — 15, 2014

Acute myeloid leukemia - Biology 1
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AML WITH EVI1 REARRANGEMENTS ARE CHARACTERIZED BY
FREQUENT SF3B1 AND IKZF1 MUTATIONS
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TInstitute for Research in Immunology and Cancer, Université de Montréal,
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Background: Acute myeloid leukemias with EVI/1 translocations (EV/7-t AML)
are a rare subtype of AML accounting for less than 3% of patients. The most
frequent rearrangement, inv(3)(q21926.2)/t(3;3)(q21;926.2);RPN1-EVI1, is a
distinct genetic entity in the WHO 2008 classification. It is characterized by
multilineage dysplasia, atypical megakaryocytes with normal or high platelet
counts and a poor outcome.

Aims: Co-occurring gene mutations are unknown in EV/1-t AML. We performed
a comprehensive genome-wide analysis of mutations in EV/7-t leukemias using
next-generation sequencing (NGS) to identify recurrent mutations that may pro-
vide key insights into the biology of this disease.

Methods: We performed transcriptome analysis of 9 adult EVI/1-t leukemias,
including 5 samples with RPN1-EVI1 fusion and 4 with other rearrangements.
Results were compared to our cohort of 143 sequenced AML with various oth-
er cytogenetic anomalies. Libraries were prepared with standard TruSeq pro-
tocols and sequencing was performed using HiSeq2000 (lllumina). Non tumoral
DNA isolated from buccal swabs or saliva was used to confirm the somatic sta-
tus of the identified mutations.

Results: Within a set of 35 genes frequently mutated in AML and other myeloid
malignancies, RAS pathway mutations were the most frequent type in EV/1-t
AML (6/9), followed by mutations in genes involved in RNA splicing (5/9 sam-
ples: 4 SF3B1 and 1 U2AF1). SF3B1 mutations were exclusive to the RPN1-
EVI1 subgroup and rarely detected (2/143) in non EV/1-t leukemias (EVI1-t vs
non EVI1-t, p<0.0001). All other mutations identified in EV/1-t AML are shown
in Figure 1. To identify novel mutations, we analyzed all genes with variants
called in 22 EVI1-t specimens. After removing polymorphisms (dbSNP v.137),
20 genes were selected. Targeted sequencing of non-tumoral DNA revealed
non-annotated inherited polymorphisms in 19/20 genes. One gene, IKZF1, con-
tained 4 somatic mutations in 3/9 samples which were confirmed by Sanger
sequencing of tumor cDNA. No /KZF1 mutation was found in non EV/1-t AML
(3/9 vs 0/143, p=0.0001). To our knowledge, recurrent IKZF1 mutations have
not been described in AML. In acute lymphoblastic leukemia, IKZF1 alterations
can result in haploinsufficiency or in the expression of a dominant negative iso-
form. Two samples shared an IKZF1 N159S mutation. This mutant, located in
one of the N-terminal zinc finger (DNA-binding) domain, is expected to have a
dominant negative effect similar to the G158S variant previously described.
The two additional mutations identified, R213X and p.N270KfsX6, are predict-
ed to result in truncated proteins. IKZF1 is located on chromosome 7p12.2 and
monosomy 7 is the most frequent cytogenetic anomaly associated with EV/71-
t leukemias. Two samples had a monosomy 7 and IKZF1 expression was low-
er in these samples than in those without monosomy 7 (average RPKM: 14 vs
36, p=0.06), suggesting that monosomy 7 might result in IKZF1 haploinsufficien-
cy in EVI1-t AML. In null mice, the loss of Ikaros is associated with abnormal
red cells, increased megakaryocytes and elevated platelet counts (Lopez et al.,
PNAS, 2002), a phenotype similar to that described in EV/1-t leukemias.
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Figure 1. Mutations in EVI1-t AML.
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Summary and Conclusions: We provide the first genomic characterization of
AML with EVI1 rearrangements by NGS. This study reveals frequent SF3B1
and novel recurrent IKZF1 genetic lesions. Although these results need to be
confirmed in a larger cohort, we propose that /IKZF1 mutations and deletions
might contribute to the distinct phenotype of these leukemias, especially in the
RPN1-EVI1 AML subgroup.
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Background: The EV/1 proto-oncogene is overexpressed in 10% of acute
myeloid leukaemia (AML) and is associated with very poor prognosis. EV/1
overexpression is also a key event in leukaemic transformation in Fanconi
Anaemia (FA), an inherited defect in the DNA damage response with extreme
predisposition to malignancy. The EVI1 gene encodes a DNA binding protein
with roles in gene expression and epigenetic regulation. Detailed understand-
ing of EVI1 protein regulation is incomplete, however an important role for post-
translational modification is emerging. We hypothesised that protein phospho-
rylation might be govern EVI1 function.

Aims: Identify and characterise EVI1 phosphorylation events plus their down-
stream effects.

Methods: Endogenous EVI1 from EVI1-overexpressing FA-derived SB1690CB
AML cells was analysed after enrichment using mass spectrometry. EVI1 pro-
tein was analysed from untreated and irradiated (X-rays; 10 Gy) cells and spe-
cific phosphorylation events identified. Phospho-specific antibodies were gen-
erated and used to confirm EVI1 phosphorylation on a specific serine residue,
assess phosphorylation dynamics and characterise the effect of kinase
inhibitors. Phosphorylation site-mutated EVI1 was expressed in bone marrow
progenitor cells and the impact on myeloid transformation determined.
Results: In untreated cells we detected an EVI1 phosphorylation site on ser-
ine-860 (Ser860). However, after DNA damage EVI1 was phosphorylated on
both Ser860 and Ser858. Induction of the doubly phosphorylated form of EVI1
was seen within 15 min of DNA damage and peaked after one hour. In contrast,
the cellular pool of EVI1 phosphorylated on S860 alone was reduced, suggest-
ing that Ser858 and 860 phosphorylation is dynamically phosphorylated in
response to DNA damage. The Ser858 phosphorylation site matches the ATM
kinase motif. Treatment with the ATM inhibitor KU-55933 abrogated the DNA
damage-dependent phosphorylation on Ser858. Increase in the proportion of
blast cells was detected in serial replating assays with phosphomimetic EVI1
mutants compared with a non-phosphorylatable EVI1, indicating that S858 and
S860 phosphorylation modulates EVI1 function.

Summary and Conclusions: DNA damage modulates EVI1 phosphorylation,
which may regulate its function in myeloid transformation and self-renewal.
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Background: Therapy-related myeloid neoplasms (t-MN) are myeloid disor-
ders developing in patients treated with radiotherapy and/or chemotherapy for
cancer or autoimmune diseases. t-MNs are characterized by high incidence of
complex karyotypes and frequent monosomies and/or deletions of chromo-
somes 7 and/or 5, whereas the recently identified mutations of epigenetic reg-
ulators and of the spliceosome machinery are rare, with the exception of
SRSF2. Recently, new sequencing technologies have enabled large screen-
ing of somatic mutations in myeloid malignancies, leading to the discovery of
new hot spot mutations in genes candidate as leukemic transformation drivers.
Among these, SET binding protein 1 (SETBP1) mutations, previously associ-
ated to Schinzel-Giedion syndrome, were reported in several myeloid neo-
plasms, in particular in patients with chromosome 7 alterations and SRSF2
mutations.

Aims: Object of our study was to determine the frequency of SETBP1 muta-
tions in a cohort of 106 t-MN patients.

Methods: The study population included 106 patients affected by t-MN. Accord-
ing to the proportion of blasts, there were 53 t-MDS and 53 t-AML. Karyotype
was abnormal in 52 of 81 (64.19%) patients in whom the karyotype was avail-
able. Chromosome 7 alterations were present in 16/81 (19.75%).
Mononuclear cells (MNCs) were separated from the BM at the time of diagno-
sis by Ficoll gradient centrifugation. DNA was extracted using a QlAamp DNA

14 | haematologica | 2014; 99(s1)

Mini Kit (Qiagen). Detection of SETBP1 mutations was performed by Sanger
sequencing (Life technologies). t-MN patients were also tested for mutations
in DNMT3A, IDH1, IDH2, SRSF2, U2AF1 and SF3B1. Paired T-test was per-
formed to test the association between SETBP1 mutations and other screened
genes and patient’s karyotype.

Results: We identified three point mutations in the SKI-homologous domain of
SETBP1 in our patient cohort (3/106; 2.83%). Two patients had a G870S
(COSM1234973) and one a S869R mutation. Two of three SETBP1 mutated
patients (both carriers of G870S mutation) also had a SRSF2 mutation at posi-
tion P95 (P95H and P95R with contextually P96 insertion). No other associa-
tions between SETBP1 mutations and spliceosome machinery or epigenetic
regulators somatic mutations were found. All three SETBP1-mutated patients
had a different primary tumor (Non-Hodgkin lymphoma, breast and thyroid can-
cer), but interestingly, all patients had developed a t-MDS (one RAEB1 and two
RAEB2). None of the t-AML patients resulted mutated. Looking at karyotype
associations, the two patients carriers of a G870S mutation had a complex
karyotype without chromosome 7 aberration, whereas the S869R mutation car-
rier had a chromosome 7 deletion. The low number of SETBP1-mutated t-MN
patients precluded survival analysis in this cohort.

Summary and Conclusions: We found a low incidence of mutations in the
SKI-homologous domain of SETBP1. In our t-MN patients SETBP1 and SRSF2
mutations were frequently associated, whereas there was no association
between SETBP1 mutation and chromosome 7 alteration, suggesting a limit-
ed role of these mutations in t-MN pathogenesis.
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Background: Therapy-related myeloid neoplasms (t-MN) include myelodys-
plastic syndromes and acute myeloid leukemias occurring as a late effect of
chemotherapy and/or radiotherapy for a primary malignancy or for autoimmune
diseases. The incidence of this complication has been raising in the last years
due to the prolonged survival and the higher number of treated patients. Still,
less than 5% of patients exposed to cytotoxic drugs and radiotherapy develop
a t-MN, suggesting underlying individual susceptibility. The association of breast
and other cancers to myeloid neoplasms is frequent in Fanconi Anemia (FA),
a syndrome characterized by chromosomal instability, developmental abnor-
malities, aplastic anemia and predisposition to cancer. So far, mutations in
FANC genes have been rarely described in hematological malignancies out-
side the syndromic picture of FA.

Aims: We were interested in the prevalence of FANC and other DNA-repair
gene variants in t-MN following cytotoxic treatment for breast cancer and lym-
phoproliferative diseases.

Methods: The test- patient cohort included 37 patients with a t-MN. According
to the proportion of blasts, there were 19 t-MDS and 18 t-AML. The primary
malignancy was Hodgkin lymphoma (HL) in 7 patients, non-HL in 12 patients
and breast cancer in 18 patients. DNA isolated from BM-MNCs at t-MN diag-
nosis was analyzed using Agilent HaloPlex system and validated with Sanger
sequencing and Pyrosequencing. We selected 41 genes, including 14 FANC
pathway genes and 27 further DNA repair genes. For the ATM SNV analysis,
we included BM samples from further 60 t-MN patients, adding to a total of 97
t-MN patients (48 t-MDS and 49 t-AML). Control samples were obtained from
129 Caucasians with a negative history for previous malignancies and normal
PB cell counts. Differences in the distribution of ATM SNV between patients and
controls were evaluated using the Fisher’s Exact test.

Results: DNA-repair and FANC gene variants were frequent in our t-MN
patients, with 21 of 37 patients (57%) carriers of at least one genomic variant.
There were no differences in latency from the primary cytotoxic treatment and
t-MN in mutated vs unmutated patients and the median overall survival after t-
MN diagnosis was similar for the two groups. The gene with the highest fre-
quency of variant sequences was TP53 (15 variants in 10 patients). Looking
at FANC genes, we found 7 heterozygous variants in 6 patients (16%), includ-
ing two FANCA (L6F and S90T), three FANCD2 (T1376A, P256S and M1023V),
one FANCJ (1364V) and one FANCC (L36F). Six variants were novel, accord-
ing to the NCBI and Cosmic databases, whereas the FANCA L6F had been pre-
viously described (www. 17000genomes.org). Control tissues confirmed that the
variants were germ-line in 5 patients with available material (Table 1). The fre-
quency of FANC variants in our t-MN cohort was higher than that reported in
200 de novo AML patients by the Cancer Genome Atlas Research Network.
In the extended study population, the ATM P1054R variant was significantly
more frequent in t-MN compared to controls (10.3% vs 2.3%, p=0.018). This
translates into a 4.8-fold increased t-MN risk.



Table 1. Characteristics of patients with FANC and DNA-repair variants.
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Summary and Conclusions: The high incidence of FANC germline variants
in our t-MN cohort may be the underlying cause for increased susceptibility to
primary cancers and may induce secondary leukemogenesis.

In the same line, the higher prevalence of the ATM P1054R SNV in t-MN may
increase sensitivity of hematopoietic progenitor cells to the DNA damaging
effect of chemo- and radio-therapy leading to secondary leukemia.
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SELECTION OF A PRE-EXISTING TP53 MUTATED CLONE IN THERAPY-
RELATED ACUTE MYELOID LEUKEMIA
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ogy, Medical University of Graz, Graz, Austria

Background: Therapy-related myeloid neoplasms (t-MNs) are thought to arise
due to mutational events in hematopoietic stem and precursor cells induced by
cytotoxic treatments for a primary disorder. However, no consistent biomarker
has been identified yet that unambiguously classifies a particular neoplasm as
“therapy-related”. This raises the possibility that other mechanisms may also
be operational in their pathogenesis.

Aims: Our aim was to demonstrate that leukemia-specific mutations were pre-
existing in some of these patients and we, therefore, focused on the TP53 gene
which is frequently mutated in t-MNs.

Methods: We used Sanger sequencing of paired samples - t-MN and consti-
tutional material - for initial mutation identification and rearrangement-specific
PCR for the detection of a TP53 duplication in pre-leukemic specimens, respec-
tively. Quantitative PCR was performed to semi-quantify the mutated clone and
lon torrent deep sequencing (Life Technologies, Carlsbad, CA) to search for co-
operating mutations.

Results: We screened 53 t-MN specimens for TP53 mutations and identified
one patient with a somatic heterozygous 64-base pair duplication
(NM_000546.5:¢c.276_339dup:p.Leu114Profs*31) who developed therapy-relat-
ed acute myeloid leukemia (t-AML) with complex karyotype (46-
50,XY,del(5)(q12933),?r(7)(p22911)[cp20]) 13 years after combined modality
treatment for Hodgkin’s lymphoma. This duplication was particularly amenable
for detection by a highly sensitive PCR assay enabling the detection of 0.01%
rearranged cells. We could not only unambiguously detect the presence of
TP53 mutated cells in the patient’s pre-treatment bone marrow but also in a lym-
phadenitis sample obtained seven years before lymphoma diagnosis. Quanti-
tative PCR estimated the amount of affected bone marrow cells as <1% as
compared to the t-AML specimen. Analysis of the FLT3, NPM1, ASXL, TET2,
IDH1/2, HRAS, KRAS, RUNX1, MLL, JAK2, WT1, PTEN and PHF6 genes by
deep sequencing using bone marrow and leukemia specimens did not show evi-
dence of co-operating mutations.

Summary and Conclusions: The fact that a leukemia-specific TP53 mutation
is already present before any chemo- or radiotherapy has been administered
suggests a different mode of therapy-related leukemogenesis than currently
assumed. Instead of inducing a leukemia-specific mutation, cytotoxic treat-
ments have facilitated the expansion of a pre-leukemic clone in this patient.
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GENOMIC ANALYSIS OF THE CLONAL ORIGIN AND EVOLUTION OF
ACUTE PROMYELOCYTIC LEUKEMIA IN A UNIQUE PATIENT WITH A
VERY LATE (17 YEARS) RELAPSE

X Zhang'" Q Zhang?, AN Tran3, D Xu', M Bjérkholm

1Department of Medicine, Karolinska Institutet, Stockholm, Sweden, 2Qilu Hos-
pital, Shandong University, Jinan, China, 3Department of Clinical Genetics,
Karolinska Institutet, Stockholm, Sweden

Background: Acute promyelocytic leukemia (APL) is a distinct subtype of acute
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myeloid leukemia characterized by a balanced reciprocal translocation
t(15;17)(922;912-21). The introduction of all-trans-retinoic acid (ATRA) has con-
siderably improved complete remission (CR) rate and survival of APL patients.
APL is now a highly curable disease and late relapses beyond 7 years are very
rare. Here we describe a female patient with manifestation of APL 17 years after
the initial APL diagnosis (Figure 1A).

Aims: To elucidate whether the more recent manifestation of the disease is a
very late relapse or a de novo APL in this unique patient by genomic analyses.
Methods: Whole genome sequencing (WGS) and array-comparative genom-
ic hybridization (CGH) were performed on genomic DNA from the patient’s
bone marrow specimens at initial (1994) and second diagnosis (2011), and
blood samples during second CR.

Results: The patient was initially treated with ATRA and chemotherapy in 1994
while ATRA and chemotherapy plus arsenic were given in 2011 (Figure 1A).
WGS revealed two different PML/RARa gene fusions (Chr17: 38489469-
Chr15:74316176 and Chr15:74316160-Chr17:38489139) in APL cells from both
samples, with the first fusion being predominant in both (Figure 1B). The fusion
genes were further verified by Sanger sequencing (Figure 1B). Although the
fusion genes/breakpoints were identical, significant differences in genetic aber-
rations were observed between the first and second APL samples, as revealed
by WGS and array-CGH. Importantly, WGS and the fragment length analysis
demonstrated FLT3ITD and FLT3-D835 point mutation in the first and second
APL samples, respectively.
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Figure 1.

Summary and Conclusions: We believe that our patient documents the longest
interval between diagnosis and relapse of APL described in the literature to date.
Genomic analyses show how APL clones evolved between the two manifestations
of APL in this patient (Figure 1C). Likely, the patient's hematopoietic cells under-
went PML-RARa gene fusion following a genetic attack, leading to the generation
of abnormal ancestral or pre-leukemic clones, which is consistent with a recent
study. These clones then transformed into APL following acquisition of FLT3ITD by
another genetic attack. The patient obtained a CR following ATRA treatment plus
chemotherapy in 1994. APL blast clones were eradicated after treatment, but the
ancestral clones carrying the PML-RARa fusion gene were persistent and acquired
a FLT3-D835 point mutation later. The PML-RARo/FLT3-D835 clones then con-
tributed to the second onset of APL in 2011. At relapse, the patient was given ATRA
and chemotherapy as induction and ATRA/arsenic acid as consolidation therapy.
The patient has now remained in a molecular remission for three years, hopefully,
indicating that a “non-aggressive” approach was appropriate for this patient. In
summary, we here describe an extremely late relapse of APL and the leukemic clon-
al evolution. Very late relapses in APL, as seen in this unique patient, are more like-
ly caused by a new genetic attack on existing pre-APL clones, which differs from
early relapses resulting from the re-growth of original residual APL blasts. Genom-
ic characterization of late relapses may have therapeutic implications.
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NOVEL MUTATED GENES IN ACUTE PROMYELOCYTIC LEUKEMIA IDEN-
TIFIED BY WHOLE-EXOME SEQUENCING
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Background: Acute Promyelocytic Leukemia (APL) is a rare hematologic neo-
plasm characterized by the fusion gene PML/RARA. However, it is known that
this abnormality itself is not able to reproduce the whole leukemic phenotype.
Preliminary APL whole exome studies have identified a huge number of somat-
ic mutations affecting 135 different genes in a non-recurrent manner, except for
FLT3, WT1 and KRAS. These findings suggest that APL is a heterogeneous
disease with secondary relevant changes not yet defined.

Aims: We performed whole-exome sequencing (WES) of tumor-normal
matched samples to identify new gene mutations that might carry prognostic
value in APL. Novel candidate-genes, together with other previously
described!2, were resequenced in an independent cohort of APL patients. The
obtained results were further studied by in silico analysis to enlarge our under-
standing of their role in the pathology and entry genetic pathways.

Methods: WES was performed on matched samples from 5 de novo APL
patients, as our study cohort. Library preparation and exome capture were per-
formed according to the protocol version 2.1 from Baylor College of Medicine
for sequencing with SOLID 4 platform as recommended by the manufacturer.
WES data were analyzed using and in-house bioinformatic pipeline. Candi-
date variants were confirmed by Sanger sequencing. We extended the analy-
sis of these variants to a validation APL cohort (n=76). Furthermore, a custom
panel of 97 genes (17 genes from in-house results and 80 genes reported to
be mutated in at least 1 patient from APL previous studies'.2) was performed
on a subset of the validation cohort (n=25) using SureDesign Tool (Agilent) for
NGS, according to the manufacturer’s instructions. Samples were provided by
the Hospital La Fe Biobank.

Results: We identified 32 SN Vs non-synonymous coding mutations and 18 small
indels, with an average of 10 mutations per sample (range 7-14). We confirmed
17 SNVs and 1 indel of the candidate variants (36%) in 17 genes by Sanger
sequencing. Among them, no recurrent specific variants were observed through
the study and the validation cohorts, with the exception of FLT3. Over the 25
patients analysed by the genes panel, we detected a mean of 7,76 mutations per
sample (range 1-23). We identified a total of 92 variants affecting 54 different
genes, where 33 were mutated in more than one patient. When we focused our
research on these genes, we found that 10 mutated genes (2 of them, listed
from our WES results) had a higher frequency in our cohort than expected in the
1000g database (P<0,01). Pathways analysis of the mutated genes are been ana-
lyzed and the complete results will be presented in the meeting.

Summary and Conclusions: This study shows a comprehensive analysis of
APL combining WES with the frequency assessment of somatic mutations from
a custom panel of targeted genes by NGS. We identified recurrent deleterious
mutations in 10 genes with a strong potential to be involved in APL pathogen-
esis. The relevance of the newly defined mutated genes for APL pathogenesis
will require functional validation studies.

This work was supported by P112/01047; RD12/0036/0014, RD09/0076/00021;
PROMETEO/2011/025.
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DNA METHYLATION PATTERNS AT DISEASE RELAPSE IN ACUTE
MYELOID LEUKEMIA TARGET CONVERGENT ELEMENTS AND PATH-
WAYS DESPITE INTER-PATIENT HETEROGENEITY
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Background: Disease relapse is a fundamental clinical challenge for Acute
Myeloid Leukemia (AML) since most patients have poor clinical outcomes. The
biological basis of relapse in AML remains unclear, and a role for epigenetic
mechanisms has not been examined in depth. Genetic evolution of the disease
after induction treatment is widely believed to underlie the emergence of
chemotherapy resistant clones. However, recent reports have identified only a
limited number of somatic mutations and copy number abberations upon dis-
ease relapse, and in some cases, no relapse-specific events were detected.
These findings suggest a role for other mechanisms in relapsed AML. We
hypothesize that epigenetic plasticity and dysregulation of biological pathways
contribute to the relapsed disease phenotype in AML.

Aims: In this study, we aimed to determine epigenetic patterning (DNA methy-
lation) and its potential functional consequences in relapsed AML.

Results: DNA methylation profiling using Enhanced Reduced Representation
Bisulfite Sequencing (ERRBS) of 39-paired diagnosis and relapse AML patient
samples was performed. Cells analyzed were enriched for the blast population.
We identified thousands of statistically significant changes in cytosine methylation
patterns. All patients acquired both hyper- and hypomethylated differentially methy-
lated CpGs (DMC) and regions (DMR) resulting in a range of cytosine methyla-
tion patterning upon disease relapse. In spite of the variety of cytosine methyla-
tion patterns, the majority of differentially methylated cytosines are located in inter-
genic regions in all cases. Interestingly, however, a subset of promoters were
hypermethylated in almost all patients at relapse. This heterogeneity is not uniform-
ly driven by mutations in epigenetic modifiers known to affect DNA methylation;
has been confirmed in two independent patient cohorts (n=71 and n=31 paired
diagnosis and relapse AML patient samples); and is reproducible in a xenograft
model of relapsed AML treated with cytosine arabinoside (Ara-C). Integrated analy-
sis with ENCODE datasets revealed enrichment for differential cytosine methyla-
tion upon disease relapse at distal regulatory elements (including enhancers and
insulators) and regions affected by histone marks associated with cell cycle and
transcriptional regulation. Pathway enrichment analysis of differentially expressed
genes (determined from RNA-seq) and genes affected by differential methylation
within their promoters upon disease relapse revealed convergence on common-
ly affected biological pathways between the patients. In particular, there was a
strong overlap between gene promoters differentially methylated in relapsed com-
pared to diagnostic AML in the patients and xenografted sample (p<0.01, hyper-
geometric test), including members of the Wnt signaling pathway.

Summary and Conclusions: We conclude that there are extensive and
dynamic changes in DNA methylation patterns between diagnosis and relapse
in AML. Preliminary analysis demonstrates convergent epigenetic targeting of
specific gene pathways that may contribute to relapsed AML pathogenesis.
The genomic distribution of reprogrammed methylation also suggests a role for
epigenetic plasticity at distal regulatory elements. These findings suggest that
mechanisms regulating cytosine methylation may be altered from de novo
states after exposure to induction chemotherapy or facilitate survival of minor
clones of disease during treatment resulting in widespread epigenetic repro-
gramming upon disease relapse.
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WHOLE EXOME SEQUENCING REVEALS CLONAL EVOLUTION PAT-
TERNS AND DRIVER GENETIC ALTERATIONS OF RELAPSED PEDIATRIC
ACUTE MYELOID LEUKEMIA
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Background: Pediatric acute myeloid leukemia (AML) comprises ~20% of
pediatric leukemia, representing one of the major therapeutic challenges in
pediatric oncology. Nearly 40% of patients still suffer from a relapse after first-
line therapies and once the relapse occurs, long-term survival rates decrease,
ranging from 21% to 34%. The recent development of high-throughput
sequencing technologies has provided an unprecedented opportunity to inves-
tigate comprehensive genetic alterations that are involved in the tumor recur-
rence of various cancers including adult AML. However, little is known about
the molecular mechanisms of relapsed pediatric AML.

Aims: The purpose of this study is to identify the clonal evolution patterns and
the major mutational events in relapsed pediatric AML.



Methods: We performed whole exome sequencing of 6 relapsed AML cases,
in which diagnostic, relapsed and complete remission samples were available.
Copy number alterations and structural variants including tandem duplications
were also analyzed using whole exome sequencing data. Subsequently, deep
sequencing of identified mutations was performed to evaluate intra-tumor het-
erogeneity and the clonal origin of relapsed clones.

Results: Whole exome sequencing of 18 samples from 6 patients with differ-
ent subtypes of pediatric AML were analyzed with a mean coverage of more
than x100, by which 95% of the targeted sequences were analyzed at more than
x20 depth on average. The mean number of nonsynonymous mutations was
higher at relapsed phase than at the time of diagnosis (14.0/case vs 10.5/case).
Mutational signature was dominated by C>T transitions at both phases. Clon-
ality assessment using variant allele frequencies of individual mutations
revealed the presence of intra-tumor heterogeneity both at the diagnostic and
at therelapse phases. In all 6 patients, relapsed AML evolved from one of the
subclones that were present at the diagnostic phase. In all cases, relapsed
AML was accompanied by many additional mutations that were absent (relapse
specific mutations) or existed only with lower allele frequencies (relapse
enriched mutations) in the diagnostic samples, indicating a multistep process
of leukemia recurrence. Mutations that were specific to or enriched in relapsed
specimens were found in several driver genes including ASXL1, NRAS and
CREBBP, suggesting these mutations could contribute to tumor recurrence. In
some cases, AML relapse may accompany a dynamic clonal change. For exam-
ple, some bona fide driver mutations, such as KRAS mutations, that were pre-
dominant at the time of diagnosis disappeared in relapsed samples.
Summary and Conclusions: Whole exome sequencing unmasked the clon-
al structure of primary and relapsed pediatric AML, which helped to understand
the underlying mechanism of relapse in pediatric AML. Our results suggested
that the intra-tumor heterogeneity was common in pediatric AML both at pres-
entation and at relapse and subclonal mutations involving RAS pathway genes
and chromatin modifiers could contribute to the AML relapse.
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SEQUENCING IN ACUTE MYELOID LEUKEMIA.
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Background: For patients with diagnosis of acute myeloid leukemia (AML) the
presence or absence of specific genetic alterations is useful for both progno-
sis and treatment choice (according to AML classification). However standard
techniques, like cytogenetics and PCR, are able to identify only a limited num-
ber of alterations.

Aims: We tested RNA-sequencing in AML patients in order to validate this
technique as a method to identify fusions and mutations in a clinical setting and
obtain information about genetic variations in AML.

Methods: We collected samples from peripheral blood or bone marrow of 13
consecutive patients with new diagnosis AML of any type. RNA-sequencing
data were generated using an lllumina Genome Analyzer lIx following standard
library-prep protocols. Alignment to the reference GRCh37/hg19 genome was
performed using BWA. Alignment data were processed using Samtools. Single
nucleotide and small indels detection was performed using in-house software
and applied to a predetermined list of 45 genes involved in AML pathogenesis
(CEBPA, NPM1, FLT3, RUNX1, MLL, WT1, EZH2, NF1, MECOM(EVI1), KIT,
H-RAS, K-RAS, TET2, IDH1, IDH2, DNMT3A, BCOR, BCORL1, NUP98,
ASXL1, ABCB5, BAALC, CEP72, DIP2C, ROBO1, KLC1, TP53, IGFBP7,
SETBP1, JAK2, NRAS, NOTCH1, CDKN2A, MPL, SF3B1, BRAF, PTPN11,
SRSF2, IKZF1, GATA1, MYD88, ATM, CBL, PHF6, BCL2). The presence of
fusions was assessed using FusionAnalyser.

Results: We identified a total of 9 fusions and 28 single nucleotide variants with
a median number of 2 single nucleotide variants per patient (range 0-6). 5
patients had fusions that were previously detected with standard techniques (1
AML-ETO, 3 PML-RARA and 1 CBFB-MYH11); for all these patients known
fusions were confirmed by RNA-sequencing. In 4 patients, previously unreport-
ed fusions were detected. Two of them were already known from the literature
(ZMYM2-FGFR1 and MLL-MLLT10) and two were new (ETS2-ERG and
WDFY3-WAS). The ZMYM2-FGFR1 is particularly interesting, because it is
potentially targetable by using Ponatinib. Interestingly, we were able to identi-
fy new potential targeted therapies for 7 patients with single-nucleotide muta-
tions: NOTCH1 D622E using NOTCH inhibitors; KIT N511K using Dasatinib;
KRAS A155T using RAS inhibitors; MLL G256E, DNMT3A C599G, TET2
L1801R and EZH2 T80S using demethylating agents. Considering both new
and already known mutations and fusions, 12 out of 13 patients could have
received a patient tailored treatment based on these data (Table 1).
Summary and Conclusions: Our study demonstrates that RNA-sequencing
leads to rapid detection of somatic mutations and fusions in AML patients. The
possibility of recognizing a subset of genetic variations with potentially therapeu-
tic value could pave the way to a genomic-centered, “personalized” therapy.

Milan, Italy, June 12 - 15, 2014

Table 1.
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SUCH AS MLL-PTD IN ACUTE MYELOID LEUKEMIA
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Background: Different next generation sequencing (NGS) platforms generate
high-quality data which allows, in addition to the detection of mutations, small
deletions or insertions (indels), for the estimation of copy number variations
(CNVs). CNVs in combination with concomitant single nucleotide variants
(SNVs) or indels, possibly in the same regions, can be utilized for further delin-
eation of the biology of acute myeloid leukemia (AML). Remarkably, AML
patients have an exceptionally low number of CNVs, with a mean of 2.38 CNVs
per case as previously measured by DNA mapping arrays. The increased res-
olution of NGS derived high-density sequence data could enable the detection
of novel genetic lesions in AML, which could serve as guides towards the iden-
tification of novel cancer-related genes.

Aims: The development of an algorithm that mitigates systematic bias from the
NGS data in conjunction with the robust detection of novel genetic lesions in AML.
Methods: Whole genome sequencing was performed on 3 primary AML
patients, harboring the chromosomal rearrangements inv(3)(q21926) or
1(3;3)(921;926), and matched in vitro cultured T-cells using the Complete
Genomics platform. Whole exome sequencing was performed on 30 primary
AML patients, 30 matched relapse samples, and 30 matched in vitro cultured
T-cells controls using the lllumina HiSeq 2500 platform. The NGS data was
analysed with an in-house developed package CNVsvd. In short, we count the
number of fragments in consecutive 0.5 kb windows and compare them to the
counts derived from a reference set of healthy individuals. Of a selected num-
ber of AML patients the CNVs were also determined using Affymetrix 500K
DNA mapping arrays.

Results: The whole genome sequencing data revealed an extensive number
of small genetic lesions, more than 100 CNVs per AML case, initially missed
with the DNA mapping array. Most of these CNVs are concomitantly detected
in the matched controls and are therefore deemed to be germline CNVs, which
in principal could still play a vital role in leukemogenesis. Importantly, the vast
majority of CNVss was corroborated by structural variants present in the NGS
data. Surprisingly, on average 7 somatic CNVs (sCNV) were detected per AML
case using WGS data in conjunction with the CNVsvd package, while on aver-
age 2 sCNVs per AML case were detected with the DNA mapping arrays. Most
of these novel sCNVs were small genetic lesions, between 1.5 and 6 kb in size,
likely to be missed because of the lower resolution of DNA mapping arrays. Sim-
ilarly, on average, a substantial lower number of CNVs were detected with the
DNA mapping arrays compared to those derived from whole exome sequenc-
ing data (2.4 vs. 9.5, p=0.0345). The power and resolution of our novel statis-
tical tool was illustrated by the detection of acquired MLL-partial tandem dupli-
cation (MLL-PTD) lesions in 7 AML patients, which resurfaced in 4 matched
relapse cases, and were not detected in the matched control samples. All MLL-
PTD lesions were confirmed by standard PCR methodology.

Summary and Conclusions: Our algorithm enables reliable detection of small
genetic lesions from different types of NGS data. The analyses based on NGS
data revealed that AML has, on average, more genetic lesions than previous-
ly thought based on DNA mapping array data. The discordance can be mainly
attributed to the increased resolution of NGS data with respect to DNA map-
ping arrays and the robust removal of systematic noise by our algorithm. Analy-
sis of CNVs derived from whole exome sequencing data reveals a substantial
number of cases with MLL-PTD within diagnostic-relapse AML pairs, previous-
ly missed with DNA mapping arrays.
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Background: Acute myeloid leukaemia (AML) is a deadly haematological
malignancy for which individualized treatment based on prognostic stratifica-
tion is essential to maximize chances of survival. Karyotypic abnormalities car-
ry prognostic significance, but are absent in about 50% of patients (NK-AML),
and in this subgroup analysis of gene mutations can be used to stratify patients.
Recent advances in AML genomics have defined the set of genes which are
recurrently mutated in NK-AML, whilst the prognostic impact of many of these
has been determined. Therefore, clinical-grade sequencing platforms will be
increasingly useful in clinical practice in the next few years, and this highlights
the need for reliable methods targeted gene re-sequencing.

Aims: HaloPlex is a novel, rapid approach for targeted DNA enrichment that
requires low amounts of input DNA. We evaluated its performance in detect-
ing abnormalities in coding sequence and copy number of genes recurrently
mutated in NK-AML, with special focus on reproducibility and on the quantita-
tive value of data.

Methods: Genomic DNA from 43 NK-AML samples from 40 patients was sub-
jected to Haloplex target enrichment for 24 genes. Target-enriched DNA was
sequenced on HiSeq2000, and reads were aligned using BWA. Substitutions
and indels were called using standard algorithms and mutations called as pre-
viously described (Papaemmanuil et al., Blood 2013).

Results: We sequenced 32.26 gigabases (Gb). A mean of 66.13% mapped on-
target (62.94%>74.15%). The mean coverage of the target region was
3674.69x and 91.16% of bases were covered at >30X. Read depth showed sig-
nificant variability, and coverage across consecutive bases could vary by sev-
eral folds. This variability was expected as HaloPlex target-enrichment employs
digestion of genomic DNA and specific capture of variable-length fragments
with subsequent PCR amplification. Nevertheless, we found that this variabil-
ity in coverage was predictable and highly consistent across samples. Conse-
quently, using normalized data we were able to identify an interstitial deletion
of BCOR and three MLL partial tandem duplications. We also report an ampli-
fication of KRAS, an event with driver potential in solid cancers but not previ-
ously described in AML. The quantitative nature if the data was retained when
looking at point mutations, as demonstrated by a narrow range of allelic fre-
quency of heterozygous SNPs. We identified likely oncogenic mutations in
38/40 samples with a median of 3 (1-5) per sample. NPM1 mutations were the
most frequent (69%), followed by FLT3 (58%), DNMT3A (35%) and TET2
(32%). As described, NPM1 mutations co-occurred with FLT3 and DNMT3A.
Both mono- and bi-allelic FLT3-ITDs were reliably identified. The recurrence
rates were consistent with previously published data. We estimated allelic fre-
quency of each mutation and reconstructed the phylogeny of mutations in each.
In 2 cases with serial samples we studied the dynamics of tumour evolution and
described variants lost and gained at relapse, implying that subclonal evolu-
tion can be inferred using Haloplex targeted data.

Summary and Conclusions: Haloplex target enrichment followed by mas-
sively parallel sequencing is a simple, rapid and robust method for high through-
put screening of gene alterations in NK-AML. It may help prognostic stratifica-
tion, treatment decisions and minimal residual disease assessment in clinical
practice. It can reliably call copy number alterations, substitutions and indels.
However, the targeting design should be checked carefully to ensure that the
inherent variability in coverage will not affect the efficiency of variant calling.
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THE CAMP RESPONSE ELEMENT BINDING PROTEIN (CREB) OVEREX-
PRESSION INDUCES MYELOID TRANSFORMATION IN ZEBRAFISH

C Tregnago®"V Bisio®, E Manara2, S Aveic', C Borga®, S Bresolin®, G Germano?,
G Basso', M Pigazzi2

1Dipartimento di salute della donna e del bambino, Universita degli Studi di
Padova, 2Dipartimento di salute della donna e del bambino, IRP, Padova, Italy

Background: Pediatric acute myeloid leukemia (AML), is a heterogeneous
disease characterized by multiplicity of genetic or epigenetic events that can
lead to transformation. Identifying specific leukemogenic aberrations may guide
the development of targeted therapy approaches for selected patient groups.
We previously identified and characterized one AML proto-oncogene: the cAMP
response element binding protein (CREB). Its overexpression has been found
in 66% of pediatric AML patients, and represents a poor prognostic marker in
human AML. In vitro and in vivo studies demonstrated that its overexpression
leads to abnormal cell proliferation, cell cycle progression and higher clonogenic
potential, through an aberrant transcriptional regulation of its target genes.
However the molecular mechanism and the transcriptional networks by which
CREB triggers leukemogenesis has never been underpinned.

Aims: The aim of this study is to investigate the effects of CREB overexpression
on hematopoiesis using the zebrafish in vivo model. Moreover, the identification
of the main deregulated CREB targets will be pursued, in order to discover rele-
vant pathways which will be considered for further therapeutic targeting.
Methods: We developed a zebrafish model that overexpressed human CREB
in myeloid precursor cells, by injecting a plasmid which expressed CREB under
control of pu. 1 promoter into 1-cell stage zebrafish embryos. The plasmid was
constructed using the site-specific recombination-based cloning (multisite Gate-
way technology) Tol2kit system. Gene expression studies were conducted by
RQ-PCR and whole mount in situ hybridization. Hematopoiesis after CREB
enforced expression was investigated by flow cytometry analysis of kidney
marrow cells, by immunohistochemistry. RNA extracted from kidney of 5 CREB
and 5 control zebrafish were analyzed for gene expression (GeneChip
Zebrafish Genome Arrays, Affymetrix, Santa Clara, CA, USA).

Results: Results showed that CREB recognized the cyclic-AMP responsive
elements at genes promoter modifying gene expression. We documented the
up-regulation of its targets, particularly of bcl-2 and jun. Then, we controlled
gene expression of genes involved in myelopoiesis and found increased lev-
els of pu.1, mpo and gata during the primitive hematopoiesis. Then, we mon-
itored the kidney marrow of zebrafish during growth: 6-8 months old CREB
zebrafish showed an impairment of myelopoiesis with a loss of cell precursors
and increased myelo-monocytes by flow cytometry analysis. From 9 to 14
months, CREB overexpressing zebrafish developed a fatal myeloproliferative
neoplasm (MPN) with 41% mortality rate. A clonal expansion of mature mye-
lo-monocitic cells were present in kidney marrow with an impairment of lympho-
cyte production. Histological analysis revealed that myeloid cells infiltrated
extramedullary organs, such as heart, liver, and abdominal organs, leading to
zebrafish death. Immunohistochemistry assays displayed that disseminated
blasts expressed human CREB. Microarray analysis identified 92 CREB target
genes differentially expressed, belonging to proliferation/differentiation MAPK
and cell cycle/DNA repair pathways.

Summary and Conclusions: This represents the first evidence that CREB
overexpression triggers myeloid transformation in zebrafish. This model will
serve to identify CREB mediated genes/pathways that contribute to the myeloid
transformation, with the final aim of identifying novel therapeutic targets.
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POTENT COOPERATION BETWEEN THE NUP98-NSD1 FUSION AND THE
FLT3-ITD MUTATION IN ACUTE MYELOID LEUKAEMIA INDUCTION

A Thanasopoulou™.” A TzankovZ, J Schwaller?
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Background: The NUP98-NSD1 fusion, resulting from an acute myeloid
leukaemia (AML)-associated cytogenetically silent chromosomal translocation,
is frequently found in pediatric cytogenetically normal AML and associated with
aggressive disease and poor prognosis. Co-existence of a FLT3-ITD activat-
ing mutation has been reported in more than 70% of these patients but its func-
tional significance remains unclear.

Aims: In order to address the functional synergism between the two muta-
tions, NUP98-NSD1 and FLT3-ITD, we determined the transforming potential
of retrovirally expressed NUP98-NSD1 and FLT3-ITD in murine bone marrow
in vitro and in vivo.



Methods: Lineage marker-negative murine bone marrow cells were transduced
with pMSCV-NUP98-NSD1-neo or pMSCV-FLT3-ITD-GFP retroviral vectors or
both. Transduced cells were analyzed for their clonogenic potential by serial
plating in growth-factor containing methylcellulose followed by expansion and
injection into sublethally irradiated syngeneic recipients.

Results: Expression of NUP98-NSD1 provided aberrant self-renewal poten-
tial to bone marrow progenitor cells. Co-expression of FLT3-ITD increased
proliferation but impaired self-renewal in vitro. Transplantation of cells
expressing NUP98-NSD1 and FLT3-ITD into mice resulted in transplantable
AML after a short latency. The leukaemic blasts expressed myeloid markers
(Mac-1*/Gr-1*/FcyRII/II*/c-kitlo/CD340). Splinkerette-PCR revealed similar
patterns of potential retroviral integration sites of in vitro immortalized bone
marrow cells before and after expansion in vivo. Mice that received cells
expressing solely NUP98-NSD1 did not develop AML but showed signs of a
myeloid hyperplasia after long latency, characterized by expansion of Mac-
1*/Gr-1* cells in the bone marrow and active extramedullary haematopoiesis
in the spleen. Interestingly, similar to what has been observed in patients car-
rying NUP98-NSD1, an increased FIt3-ITD to wildtype FIt3 mRNA expression
ratio was found to be associated with a more aggressive disease induced by
co-expression of NUP98-NSD1 and FLT3-ITD. Additionally, the shorter laten-
cy of AML induction correlated with increased activation of the FLT3-STAT5
signaling axe as shown by increased pFLT3 levels and increased basal and
GM-CSF induced pSTATS5 levels, as assessed by flow cytometry. To further
underline the importance of FLT3 signaling for NUP98-NSD1 induced AML we
treated ex vivo immortalized progenitors as well as in vivo established
leukemic blasts with a small molecule FLT3 inhibitor (PKC-412) and found that
proliferation of all cells co-expressing NUP98-NSD1 and FLT3-ITD was sig-
nificantly impaired by PKC-412.

Summary and Conclusions: Our data revealed a potent cooperation between
NUP98-NSD1 and FLT3-ITD for the induction of AML disease in vivo and under-
lined the significance of aberrant FLT3 signaling for maintenance of NUP98-
NSD1-positive AML. In addition, we provided the rationale and a mouse mod-
el that allows to functionally explore the use of small molecule FLT3 inhibitors
for NUP98-NSD1 positive AML.
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AN INDUCIBLE MOUSE MODEL FOR MLL-ENL MIXED-LINEAGE LEUKEMIA
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Background: The t(11;19)(q23;p13.3) translocation leading to expression of the
MLL-ENL fusion protein is one of the most prevalent MLL gene alterations,
mostly associated with mixed lineage or B-cell acute lymphoblastic leukemia.
The existing retroviral and knock-in models do not closely recapitulate the
human disease, possibly because of a failure to activate MLL-ENL expression
in the appropriate hematopoietic compartment.

Aims: To establish an inducible mouse model for MLL-ENL that recapitulates
the human disease and thereby facilitates the dissection of the mechanisms
underlying MLL-ENL leukemogenesis.

Results: We used the doxycycline (DOX)-induced gene expression system to
establish transgenic rtTA;MLL-ENL mice. DOX-induced ex vivo expression of
MLL-ENL provided bone marrow and hematopoietic stem and progenitor cells
with a strong long-term self-renewal capacity, causing the accumulation of
immature blast-like cells upon serial replating in methylcellulose cultures. In the
presence of factors favoring myelopoiesis, like IL-3, DOX removal resulted in
a complete differentiation towards the granulocytic-monocytic, lineages
expressing high levels of Mac1/Gr-1, whereas IL-7 favored differentiation
towards the B-cell lineage characterized by the expression of high levels of
B220. Induction of MLL-ENL expression in newborn or adult mice resulted in
100% of the mice in a leukemic phenotype that phenocopied pre-B- and myeloid
mixed lineage leukemia. Diseased mice had excessive splenomegaly, mas-
sive lymph node and multi-organ infiltration characterized by the coexistence
of at least two types of blasts of various sizes and granularity that expressed
intermediate levels of myeloid markers or lymphoid markers. Transplantation
of B220Migh blasts into sub-lethally irradiated recipients rapidly induced the dis-
ease (15.60.5 days) whereas transplantation of B220/°W blasts resulted in sig-
nificantly longer latency (22.5+1.1 days) suggesting that the B220high popula-
tion is enriched for leukemia initiating cells. Expression of the fusion gene and
disease induction was DOX dosage dependent and fully reversible upon DOX
removal. Interestingly, low level MLL-ENL expression resulting from the inher-
ent leakiness of the DOX-inducible system never resulted in any disease. Trans-
plantation of long-term hematopoietic stem cells (LT-HSCs) and granulocyte-
monocyte progenitors (GMPs) from naive rtTA;MLL-ENL mice into lethally irra-
diated recipients revealed that the LT-HSCs induced the disease in all the recip-
ients whereas GMPs never resulted in any disease, suggesting that MLL-ENL
preferentially transforms LT-HSCs rather than committed progenitors.
Summary and Conclusions: We established a novel inducible transgenic
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mouse model that phenocopies the human MLL-ENL mixed-lineage leukemia.
Ex vivo and in vivo transformation and disease development was always DOX
dependent and fully reversible upon MLL-ENL downregulation. Conditional acti-
vation of the fusion in different cells of the hematopoietic hierarchy suggested
that in contrast to other MLL fusions, MLL-ENL leukemia originates from
hematopoietic stem cells or early progenitors rather than more mature lineage-
committed progenitor cells.
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LATS1 IS A NOVEL PUTATIVE TUMOR SUPPRESSOR IN ACUTE HOX-
INDUCED LEUKEMIA
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Background: It is estimated that 50% of human leukemias are induced by the
misregulation of Hox genes and their cofactors such as Meis1. A genetic mod-
ifier screen in drosophila showed that hth/MEIS directly interacts with YKI, a
transcription co-factor and component of the Hippo signaling network. The Hip-
po signaling network has been proposed to play a tumor suppressive role in car-
cinoma development but to date its function in hematopoiesis and leukemia
remains unknown.

Aims: The aim of our study is to elucidate the function of the Hippo signaling
pathway in Hox / Meis induced Leukemia and to characterize its role in the
murine hematopoietic system.

Methods: The core components of the Hippo pathway are expressed in the
Hoxa9+Meis1-induced leukemia named FLA2 in which approximately 70% of
cells represent leukemia initiating cells (LIC) (Wilhelm B et al., 2011). Freshly iso-
lated FLA2 cells were retrovirally transduced with shRNA targeting Hippo signal-
ing network core components (MST1 and 2, LATS1 and 2, YAP and TAZ) and
transplanted into recipient mice. The proportions of shRNA transduced (GFP+)
cells were determined at the time of transplantation (day 0), and at the time of sac-
rifice. We then isolated the CD150+CD48- Lin- stem/progenitor cells from murine
BM, co-infected them first with Hoxa9 and Meis1 cDNA carrying retroviruses,
and then knocked down Yap or Lats1. The latency of leukemia onset after trans-
plantation was compared to the shLuc - control. To test wether normal murine
hematopoiesis is affected by the loss of function of core components of the canon-
ical Hippo pathway, HSC-enriched CD150*CD48-Lin", cells were infected over 5
days by co-culture with retroviral producer cells in an arrayed 96-well format, with
one shRNA per well. Directly after infection, the in vivo reconstituting potential of
4 of each well was evaluated through duplicate competitive repopulation assays
involving the co-transplantation of 1.5x105 congenic BM competitor cells into irra-
diated recipients. The remaining cell fraction served to asses gene transfer by
GFP fluorescence measurements. Blood reconstitution was evaluated at an ear-
ly (4wks) and late time point (16-20wks), tracking the contribution of the donor
CD45.1+ transduced (GFP+) cells to recipient hematopoiesis over time. As base-
line references we used shRNA to Luciferase (no effect) and Nup98HoxA10 over-
expression (stem cell expansion).

Results: Expression of the core Hippo pathway constituents in different sub-
populations of primitive murine hematopoietic cells as well as in FLA2-leukemia
could be detected by quantitative RT-PCR. During the time between transplan-
tation of FLA2-leukemia and sacrifice of the mice, the proportions of shTaz
(GFP+) cells to the leukemic cell populations decreased to 10-20% of the ini-
tial day 0 values. Conversely, the Lats1 knockdown leads to >50% increase over
the initial proportion of the GFP+ cells (p <0.05, Mann-Whitney-Test). This effect
is not limited to FLA2 leukemia. AML development in mice induced by overex-
pression of HoxA9 and Meis is accelerated with additional Lats 1 loss of func-
tion. The Median survival of transplanted mice is 46 days (range 45-50 days)
compared to 53 days of the shLuciferase control (range 52-56 days). Yap loss
of function prolongs the latency of leukemia onset significantly (p <0.05, Man-
tel Cox Test) to >70 days. Consistent with our previous observations we detect-
ed a strong impact of LATS1 loss of function on normal HSC-function, result-
ing in higher long - term reconstitution rates compared the shLuciferase con-
trol. Moreover, one third of transplanted mice developed acute leukemia
(myeloid and lymphoid).

Summary and Conclusions: Our observations suggest that LATS1 acts as a
tumor suppressor in Hox/Meis-induced leukemia and putatively in the
hematopoietic system. This indicates a possibility for a specific targeting of the
Hox/Meis-activated cellular pathways.
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THE MYB-GATA1 FUSION IN THE CONTEXT OF LOW GATA1 EXPRES-
SION FAVOURS THE BASOPHILIC DIFFERENTIATION OF HUMAN
HEMATOPOIETIC STEM/PROGENITOR CELLS
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Background: Acute basophilic leukemia with t(X;6) translocations represent a
rare specific hematological malignancy encountered in male infants. The t(X;6)
translocation has two consequences: i) the fusion of MYB and GATA1, two tran-
scription factors important for the regulation of hematopoiesis and ii) the destruc-
tion of the GATA1 gene, resulting in the absence of this protein in the cells of the
affected male patients (Quelen et al., Blood, 2011;117(21):5719-5722). We and
other have previously shown that murine hematopoietic stem cells expressing
MYB-GATA1 and low levels of GATA1 display an increased self renewal and a
propensity to develop acute myeloblastic leukemia. However, no evidence of a
basophilic phenotype has been observed in this model thus far.

Aims: Since this genetic abnormality correlates with a characteristic basophilic
leukemia, we explored whether the expression of MYB-GATA1 in cells express-
ing a low level of GATA1 would result in a basophilic differentiation.
Methods: Lentiviral vectors encoding MYB-GATA1 along with a TdTomato
marker or a shGATA1 with a GFP marker were generated, as well as control
vectors (empty vector withTdTomato or irrelevant shRNA with GFP). Normal
human CD34+ stem / progenitor cells were isolated from placental blood by
immunoselection. They were infected with control or relevant vectors after a 24
hour culture in medium containing IL-3, SCF and TPO. 100 000 cells were
then engrafted in immunodeficient (NOD-SCID-y) mice after myeloablation by
busulfan. Twelve weeks later, hematopoiesis was examined for basophilic dif-
ferentiation by analyzing the expression of CD117, CD203c, FceRl and CD123
by flow cytometry.

Results: No mouse developed signs of leukemia. There were no anomalies of
the various organs studied (spleen, liver, lungs). CD34+ cells were efficiently
infected by control vectors (45-65% expressing both the TdTomato and GFP
markers) and the MYB-GATA1 and shGATA1 expressing vectors (6-17% dou-
ble transfectants). Efficiencies of engraftments, appreciated by measuring cells
expressing the human CD45 antigen, were similar for control and MYB-
GATA1/shGATA1 infected cells. The proportion of persistent CD34+ cells was
slightly higher in mice engrafted with MYB-GATA1/shGATA1 (median: 21%
versus 10%), as was the percentage of myeloid CD33+ cells (59% vs 19%),
confirming results obtained previously with murine cells. Expression of the
basophilic marker CD123 was similar in both groups (7 vs 5.5%), but other
basophilic / mast cell antigens FceRI (5.05 vs 1.45), CD203c (6.6 vs 1.15) and
CD117 (20.85 vs 1.85) were significantly higher in cells expressing MYB-GATA1
and shGATA1.

Summary and Conclusions: Expression of the chimeric protein MYB-GATA1
in the context of low expression of GATA1 reproduces the conditions observed
in leukemic blast cells. These conditions increase the self renewal of CD34 pos-
itive cells and favour a myeloid differentiation. They also promote the expres-
sion of basophilic and mast-cell markers FceRI, CD203c and CD117. This val-
idates the importance of MYB-GATA1 fusion and low GATA1 expression in
basophilic leukemia, and suggests that additional anomalies are necessary for
the full leukemic phenotype.
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THE IKAROS 6 ISOFORM COOPERATES WITH BCR-ABL1 TO INDUCE
HUMAN ACUTE MYELOID LEUKEMIA IN XENOGRAFTS
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Background: Historically, our understanding of mechanisms underlying human
leukemogenesis are inferred from genetically engineered mouse models. Rel-
atively few models that use primary human cells recapitulate the full leukemic
transformation as assayed in xenografts and myeloid transformation is infre-
quent.

Aims: We aimed to determine the functional consequence of combinatorial
overexpression of BCR-ABL1 and a dominant negative isoform of IKAROS, k6,
in human lineage depleted cord blood (LIN-CB) cells.

Methods: LIN-CB cells were exposed to lentiviruses, and then to retroviral
supernatants. Four independent cultures were generated: control, |k6, BCR-
ABL1 and BCR-ABL1-1k6. Cells were seeded after infection into lympho-
myeloid promoting culture conditions. NSG mice were intrafemorally trans-
planted with transduced LIN-CB and sacrificed at 16-20 weeks post-transplan-
tation or when sick. Engrafted human cells were characterized by flow cytom-
etry and extensive histopathological analysis. Gene expression, gene set
enrichment, pathway and network analysis were performed on purified double-
transduced cells cultured in vitro.

Results: We report a humanized experimental leukemia model where
xenografts develop aggressive acute myeloid leukemia (AML) with disseminat-
ed myeloid sarcomas within 4 weeks following transplantation of cord blood
transduced with vectors expressing BCR-ABL1 and |k6. k6 induced transcrip-
tional programs in BCR-ABL 1 transduced progenitors that contained repressed
B cell progenitor programs, along with strong stemness, proliferation, and gran-
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ulocyte-monocytic progenitor signatures; a novel combination not induced in
control groups.

Summary and Conclusions: Thus, wild type IKAROS restrains stemness
properties and has tumor suppressor activity in BCR-ABL1 initiated leukemia.
Although IKAROS mutations/deletions are common in lymphoid transformation,
they are found also at low frequency in AML that progress from a prior myelo-
proliferative neoplasms (MPN) state. Our experimental system provides an
excellent model to gain insight into these rare cases of AML transformation and
the properties conferred by IKAROS loss of function as a secondary mutation.
More generally, our data point to the importance of deregulated stemness/lin-
eage commitment programs in human myeloid leukemogenesis.
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DERIVED XENOGRAFTS: AN ADVANCED PRECLINICAL MODEL TO
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Background: Despite recent improvements in diagnosis and treatment of acute
myeloid leukemia (AML), the majority of patients suffer from a persistently poor
prognosis. Preclinical research can improve the understanding of AML biology
and help to develop novel therapeutic approaches. In recent years, primary
human AML cells have been engrafted successfully in immuno-compromised
mice to study stem cell features and to analyze treatment response on AML
cells in vivo. However, until now, re-engraftment of patient-derived cells has only
been analyzed to assess self-renewal capacity.

Aims: We aimed at improving the individualized xenograft mouse models of
AML by establishing patient-derived xenografted (Pdx) lines and introducing in
vivo monitoring. To confirm the validity of this model, we evaluated the conse-
quences of sequential transplantation and transgene expression on genetic
and functional characteristics of Pdx cells, and efficiency of in vivo biolumines-
cence imaging (BLI).

Methods: Patient-derived AML cells were injected into NOD/scid IL2 receptor
y chain knockout (NSG) mice. After successful engraftment, human cells were
re-transplanted into next generation recipients for up to six passages to estab-
lish Pdx lines. Pdx cells and lines were genetically characterized by targeted
resequencing of 43 AML-related genes. Furthermore, cells were transduced
with lentiviral constructs containing enhanced firefly luciferase to facilitate BLI.
Results: Serial transplantation of Pdx cells was feasible in 6/12 of initially
engrafted samples. Growth and sample characteristics like passaging time
(indicating time from cell injection until overt disease), percentage of human
cells within mouse bone marrow (BM) or peripheral blood (PB), and
immunophenotype remained stable in Pdx lines. Targeted resequencing con-
firmed that clonal and subclonal mutations in patient specimens were pre-
served in the matched Pdx lines. However, subclones present in the primary
sample became a major clone in two of six Pdx samples, and in another two
samples, subclones within the patient were not detectable within Pdx cells.
Therefore, we conclude that some subclones may have engraftment and/or
growth advantages within the mouse. Nevertheless, the genetic characteristics
of the primary samples were preserved within Pdx cells to a high extent. Until
now, disease monitoring within the individualized xenograft mouse model of
AML was challenging. Human cells are secreted into PB only at late disease
stages. BM biopsies can be performed only infrequently due to animal welfare.
Therefore, most data is determined by post mortem analysis. Here we show
that transgenic Pdx (t-Pdx) cells expressing luciferase can be visualized by BLI.
BLI was very sensitive, visualizing t-Pdx cells on a 104, level of mouse BM cells
on day one after cell injection. Additionally, growth of t-Pdx cells could be fol-
lowed over time in an exponential manner. Furthermore, we performed limiting
dilution transplantation assays, and found that the frequency of leukemia initi-
ating cells could be determined within four to six weeks. Importantly, sample
characteristics of t-Pdx cells still maintain immunophenotypic and mutational
characteristics of the primary patient samples.

Summary and Conclusions: We conclude that Pdx lines faithfully represent
the AML sample they originate from. Prospectively, these advancements enable
repetitive, clinically relevant studies on AML biology and preclinical treatment
trials on genetically defined and heterogeneous subgroups.
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Background: The nucleophosmin 1 (NPM1) gene is an interesting candidate
for targeted immunotherapy in acute myeloid leukemia (AML). Mutations in
NPM1 are one of the most frequent molecular alterations in AML. Immune
responses against the mutated protein of NPM1 were described and might
contribute to the favourable prognosis of AML patients carrying NPM1MUt How-
ever, underlying mechanisms are still not clear. Leukemic stem cells (LSC)
might be the source for leukemic self-renewal and might account to disease
relapse after treatment.

Aims: We were interested in expression differences of the LSC enriched cell
fraction descendent of NPM1%t and NPM1MUt primary AML patients. We sug-
gest that expression differences between the patients groups could be a factor
for the better overall survival of NPM7Mut patients. In addition we aimed to
study new targets on NPM1MUt LSC for new therapeutical purposes.
Methods: We enriched the CD34+CD38- fraction of primary AML peripheral blood
mononuclear cells (PBMC), by Fluorescence-activated cell sorting (FACS). We
sorted 21 AML patient samples; 12 NPM1WE and 9 NPM1MUE We also enriched
healthy donor samples for HSC purification, in order to compare expression lev-
els. Enriched CD34+CD38- cells in NPM1MUt AML samples harbor cytoplasmic
NPM1 demonstrated via immunocytochemical staining. Functional assays, con-
firming the biological importance of these factors have been performed.
Results: We showed that enriched CD34+CD38- cells in NPM1MUt AML sam-
ples harbor cytoplasmic NPM1 via immunocytochemical staining, indicating
that these cells belong to the leukemic clone. The cell number and RNA qual-
ity was sufficient for further Microarray studies in which we analyzed the
CD34+CD38- enriched compartments descendent from NPM1MUt and NPM1WE
patients. Those showed significant differences in gene expression patterns
which noticeably are immunologically coined, for example: immunoglobulin
superfamily, member 10 (p=0.0003405; fold change: 6.22) and the interleukin
12 receptor, B 1 (p=0.000834, fold change: 1.87). This impression was con-
firmed by pathway analysis indicating deregulation of pathways like the NO2-
dependent IL 12 Pathway in NK cells and the Th1/Th2 Differentiation and the
Platelet Amyloid Precursor Protein Pathway. Furthermore we screened our data
for new potential therapeutic target structures, specifically on enriched
CD34+CD38- cells of NPM1Mut patients, comparing the expression level of tar-
get genes to NPM1Wt CD34+CD38- cells, and the expression level on HSC.
Amongst others, our most promising candidates are SERPINA1 (p=0.0062344,
fold change: 14.32), OSCAR (p=6.11E-05, fold change: 9.03) and several fur-
ther interesting genes. These genes could be used in order to target
CD34+CD38- cells of NPM1MUt patients in a therapeutic manner.

Summary and Conclusions: Taken together, we could demonstrate that
leukemic progenitor cells of NPM1MUt and NPM1WE AML patients can be effec-
tively separated for array analysis. The frequency of CD34+CD38- enriched
LSC population in NPM1MUt AML patients is significantly lower. Markedly,
genes with immunological functions seem to play an important role in the
NPM1MUt AML subtype. Besides peptides derived from NPM1MUE which were
already described as an immunogenic target for specific immunotherapy, fur-
ther interesting targets have been detected, like the cell surface marker CD96
and IL12RB1. Our functional assays suggest that these detected targets might
have a therapeutic potential that has to be elucidated in clinical trials.

P151

MESENCHYMAL STEM CELLS (MSCS) OF AML PATIENTS HARBOR
CHROMOSOMAL DEFECTS DISTINCT FROM THOSE OF LEUKEMIC CELLS
P Bernasconi®:" | Dambruoso’!, M Cervio2, M Gotti!, M Boni’, R Zappatore,
C Calvello!, C Delfante2, G Viarengo?, C Perotti2

1Dept. Hematology, Fondazione IRCCS Policlinico San Matteo, 2Dept. Immuno-
Hematology, Fondazione IRCCS Policlinico San Matteo, Pavia, Italy

Background: Various studies have demonstrated that the bone marrow
microenvironment (the niche) is involved in leukemia development. As MSCs
are key components of the niche, it was questioned whether MSCs from AML
patients (pts) carry the same chromosomal defects of leukemic cells.

Aims: Thus, this possibility was tested by the present study which examined
leukemic and MSCs from fourteen AML pts with three different technologies,
conventional cytogenetics (CC), FISH and aCGH/SNPa.

Methods: At disease onset after informed consent all the fourteen pts were sub-
mitted to bone marrow (BM) aspiration. BM cells were submitted to CC and
FISH analyses. In addition, MSC were isolated from BM cell suspension (10-
15 ml) as previously described. Briefly, mononucleated cells were isolated from
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BM by density gradient centrifugation using Lympholyte®-H and seeded in 75
cm? cell culture flasks at a cell density of 106 cells/cm2. Cells were cultured at
37°C, 5% CO2 in MEM-alpha medium containing 1% Penicillin/Streptomycin,
1% L-Glutamine and 10% fetal bovine serum. After 48-h adhesion, non-adher-
ent cells were removed and culture medium replaced. Growth medium was
changed every three days. MSCs were examined after the first passage and
their phenotype was evaluated by flow cytometry. Cells were detached from cul-
ture using Tripsin-EDTA and after washing stained for ten minutes with the fol-
lowing fluorochrome-conjugated antibodies: anti-CD90-FITC, anti-CD105-PE,
anti-CD14-FITC, anti-CD73-PE, anti-CD34-FITC, anti-CD80-PE, anti-CD133-
APC, anti-CD31-PE and anti-CD45-APC-Alexa750. Stained cells were acquired
with a Beckman Coulter Navios instrument and data analyzed with Kalooza soft-
ware. The commercial FISH probes used were LS| D7S486/CEP7, LSI AMLE-
TO from Abbot Molecular Inc. (Chicago, Il, USA) and ON c-Myc/SES8,
SE10(D1021) from Kreatech (Amsterdam, NL). Their cut-off values were deter-
mined by applying a one-sided 95% confidence interval. aCGH/SNPa was car-
ried out with the SureScan Microarray Scanner G4900DA (Agilent Technologies
Inc. Santa Clara, CA).

Results: In leukemic cells CC revealed a chromosomally normal pattern in
seven pts, a -7 in two, a del(7)(q31) in one, a +8 and a +10 in one each, a
1(8;21)(924,922) in one and a complex karyotype in the last pt. All these defects
were confirmed by FISH. In order to establish whether leukemic cells and MSCs
shared the same pattern, MSCs cultures were tested with FISH. Flow-cytom-
etry revealed that MSCs purity was 50-87%. FISH showed a normal pattern in
all the cultures examined. In contrast, aCGH/SNPa revealed an amplification
of the entire chromosome 5 in one pt, a LOH of a 3.8 Mb sized region located
on 13g31.1 in one, a LOH of a 4.3 Mb region mapped on chromosomes 6 and
18 in two, an amplification of three 71Kb, 322Kb and 47Kb sized regions of chro-
mosomes 5, 18 and 20 in one and an amplification of three 17Kb, 40Kb and
70Kb sized regions of chromosomes 9, 11 and 15 in another pt. In this last an
amplification of six genes including JAK1, ELN, FGFR2 was observed. FISH
revealed that chromosome 5 amplification, the only defect tested by this tech-
nique, was produced by a true trisomy.

Summary and Conclusions: In conclusion i) MSCs from chromosomally
abnormal AML pts may have a normal FISH pattern, but may contain on
aCGH/SNPa analysis LOH or amplifications different from those of leukemic
cells; ii) usually, these lesions are uncommon in AML; iii) MSCs defects may
flag a leukemogenic-induced genomic instability which not only affects the
hematopoietic tissue but also the niche; iv) aCGH/SNPa is a powerful technique
for identifying clonal markers.
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ALTERATIONS IN MESENCHYMAL STROMAL PRECURSOR CELLS FROM
THE BONE MARROW OF THE ACUTE MYELOID LEUKEMIA PATIENTS:
NEWLY DIAGNOSED, AND BEFORE AND AFTER ALLOGENEIC
HEMATOPOIETIC STEM CELL TRANSPLANTATION

| Shipounova®" A Bigildeev', N Petinaty, N Drize, T Sorokina2, L Kuzmina2, E
ParovichnikovaZ2, V Savchenko3

1Physiology of Hematopoiesis laboratory, 2High Dose Chemotherapy of hemo-
blastoses, hematopoiesis depressions and Bone Marrow Transplantation
Department, 3Director, National Hematology Research Centre, Moscow, Russ-
ian Federation

Background: Stromal microenvironment is essential for normal hematopoiesis,
as it forms niches for hematopoietic precursors. Leukemia and high dose
chemotherapy affect both hematopoietic and stromal precursor cells. Changes
in the hematopoiesis that occur during acute myeloid leukemia (AML) can cause
some variations in the composition of the stromal microenvironment.

Aims: The goal of this study was to analyze the alterations in the characteris-
tics of human multipotent mesenchymal stromal cells (MSC) and their more dif-
ferentiated progeny - fibroblastic colony forming units (CFU-F), derived from the
bone marrow (BM) of AML patients.

Methods: Eleven newly diagnosed cases and 20 patients before and during 1
year after allogeneic hematopoietic stem cell transplantation (alloHSCT) were
involved in the study after informed consent. BM was aspirated prior to any
treatment in the newly diagnosed group and before the conditioning and at 6
time points during 1st year after the alloHSCT in the group of patients with
alloHSCT. MSC were cultured in aMEM with 10% fetal calf serum. Cumulative
MSC production was counted after 3 passages. CFU-F concentration was ana-
lyzed in standard conditions. The relative expression level (REL) of different
genes was measured by RT2 Profiler PCR Array (Qiagen) and TagMan RQ-
PCR. As a control MSC and CFU-F from 50 healthy donors of BM for alloHSCT
were used.

Results: The CFU-F concentration in the BM of patients at the moment of AML
diagnostics was half of the donor’s (13.9+8.1 versus 32.2+4.3 per 106 nucleat-
ed cells in donor BM, p=0.06). Most of the patients assigned to alloHSCT were
in the remission and at that moment CFU-F concentration in their BM was
slightly lower than in donors (26.7+7.2 per 106 BM nucleated cells). After the
alloHSCT CFU-F concentration in patients’ BM decreased 3-9 folds for the next
year of observation. The decrease at each time point was highly significant
comparing to donors. Similar picture was observed in MSC analysis. Cumula-
tive cell production in MSC of newly diagnosed AML patients was also half of
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the donors (3.8+1.1 x106 versus 7.620.8x106 for donors’ MSC, p=0.02). MSC
from the BM of patients before alloHSCT were also slightly and insignificantly
lower than from healthy donors (5.9+1 x106), and after alloHSCT cumulative
MSC production decreased 1.3-5.2 folds for the next year. The decrease at
almost each time point was significant comparing to donors. All these effects
were reflected in the proliferation rate of studied MSC: time of reaching conflu-
ent monolayer at Po of MSC from newly diagnosed patients and the ones after
alloHSCT was significantly prolonged comparing to donors. Gene expression
analysis revealed that in MSC at the moment of AML diagnosis then REL of
FGF2, IL1B, IL6, JAG1, PDGFB, VCAM1, VEGFA decreased more than 2 fold.
Prior to alloHSCT the REL of IL6 and IL1B were still very low, following the
transplantation the REL of IL6, JAG1, PDGFB increased, while IL1B stayed at
the low level at least for 6 months.

Summary and Conclusions: During the AML development leukemic cells
alter the stromal precursor cells leading to the decrease in their proliferative abil-
ity, in the REL of many regulatory genes and in the number of more differenti-
ated stromal precursor cells in the BM. Chemotherapy used for induction of the
remission in these patients did not alter the stromal precursor cells significant-
ly. Conditioning regiments used for the alloHSCT significantly damage both
types of studied stromal precursors, and the effect lasted at least for 1 year. So,
both AML cells and chemotherapy affect BM hematopoietic microenvironment.

P153

COMPREHENSIVE ASSESSMENT OF BONE MARROW STROMA-
DERIVED SOLUBLE FACTORS AND IMPACT ON EX VIVO DRUG SENSI-
TIVITIES OF PRIMARY AML CELLS

R Karjalainen!.” MM Majumder’!, T Pemovska', M Kontro2.3, BT Gjertsen4,
A Parsons', M Suvela’, B Yadav', T Aittokallio?, K Porkka2, 3, O Kallioniemi?,
K Wennerberg?, C Heckman’

TInstitute for Molecular Medicine Finland, FIMM, 2Hematology Research Unit
Helsinki, University of Helsinki, 3Helsinki University Central Hospital (HUCH),
Helsinki, Finland, 4Department of Clinical Science, University of Bergen,
Bergen, Norway

Background: The bone marrow (BM) microenvironment is composed of mul-
tiple cell types that via direct cell-to-cell interactions and soluble factors sup-
port the survival of leukemic cells and influence their response to therapeutic
agents. Thus, survival signals from the BM microenvironment may contribute
to the development of drug resistance. However, failure to mimic these inter-
actions ex vivo leads to poor translation of results from drug sensitivity testing
assays. More reliable prediction of drug sensitivity is needed and recent focus
has been directed towards methods that take into account the supporting
impact of the tumor microenvironment.

Aims: In these studies we aimed to develop a more predictive high through-
put assay mimicking the in vivo tumor microenvironment in order to assess drug
sensitivities of primary acute myeloid leukemia (AML) cells ex vivo.
Methods: Conditioned medium (CM) was collected from the HS-5 human BM
stromal cell line (American Type Culture Collection, ATCC) and combined with
RPMI medium for drug sensitivity testing. Mononuclear cell medium (MCM,
Promocell) was used as the standard medium comparison. Sensitivity of pri-
mary AML (n=13) or healthy (n=5) BM mononuclear cells to 306 approved and
investigational drugs was measured at five different concentrations covering a
10,000-fold concentration range. Cell viability was measured after 72 h and
dose response curves generated for each tested drug. Drug sensitivity scores
(DSS) were calculated based on the area under the dose response curve. The
same cells were cultured in 25% CM or in MCM and the drug sensitivities com-
pared. Drug sensitivities of matched fresh and vitally frozen biobanked AML
cells were also assessed. Growth factors and cytokines present in the CM
were detected by an antibody array (RayBioTech).

Results: HS-5 CM supported fresh and biobanked primary AML cells, promot-
ing their overall survival. Freshly isolated AML cells had a mean viability of
128% after 3 days in CM compared to 63% in MCM. The viability of biobanked
cells was 85% in CM vs. 20% in conventional medium. The supportive effect
of the CM was seen with ex vivo drug sensitivity testing where sensitivities dif-
fered significantly when comparing CM to standard medium results. When cul-
tured in CM, AML cells positive for the FLT-ITD mutation exhibited reduced
efficacy to multiple tyrosine kinase inhibitors (TKIls) targeting VEGFR, PDGFR,
ABL KIT, as well as FLT3. However the FLT3-ITD AML cells were sensitive to
these inhibitors when cultured in the conventional medium. Comprehensive
assessment of soluble factors in the HS-5 CM detected several inflammatory
cytokines and chemokines, including high levels of IL-6, IL-8, GM-CSF, G-CSF,
GRO, and MCP-1 that can activate adaptive survival signals, such as the
JAK/STAT pathway. Corresponding to these findings, we observed increased
sensitivity of AML cells to the JAK1/2 inhibitor ruxolitinib when cultured in CM
(DSS 14 vs. 3).

Summary and Conclusions: Our data indicate that conditioned medium from
stromal cells supports both fresh and biobanked AML cells, providing soluble
factors present in the BM niche necessary for cell survival. Inflammatory
cytokines present in the CM reduce the efficacy of multiple TKls by activating
adaptive survival pathways. Taken together, our results suggest that using con-
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ditioned medium from a stromal cell line in an ex vivo drug sensitivity assay,
may better recapitulate the bone marrow microenvironment and the develop-
ment of resistance to TKls often observed in leukemia patients. This setting
could therefore potentially provide better prediction of the in vivo response.
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THE CATS (FAM64A) PROTEIN IS IMPORTANT FOR CLONOGENICITY OF
THE MONOCITIC LEUKEMIA CELL LINE U937

| Barbutti’:" JA Machado-Neto?, F Traina'2, ST O Saad’, LF Archangelo’
THemocentro, UNICAMP, Campinas, 2Department of Internal Medicine, USP,
Ribeirao Preto, Brazil

Background: The CATS (FAM64A) protein was described as an interacting
partner of both CALM and the leukemic fusion protein CALM/AF10. CATS local-
izes in the nucleus and nucleoli, causing both CALM and CALM/AF10 accu-
mulation in those structures. It has been suggested that CATS could participate
in leukemogenesis.

Aims: The aim of this study was to analyze CATS expression during erythroid,
megakaryocytic and granulocytic differentiation of leukemia cell lines and to
investigate CATS function upon its depletion in the CALM/AF10-containing
U937 cell line.

Methods: Leukemia cells differentiated into erythroid (HE-HU+KU812),
megakaryocytic (PMA+K562) and granulocytic (ATRA+NB4 or U937) lineages
were analyzed for CATS expression by qRT-PCR. Lentivirus targeting CATS
silencing (Sta Cruz Biotechnologies) was used to transduce the U937 cells.
Depletion was confirmed at RNA (qRT-PCR) and protein (Western blotting) lev-
els. CATS depleted (shCATS) and control cells (shControl) underwent function-
al in vitro assays. Cell proliferation was assessed by MTT assay and BrdU incor-
poration. Apoptosis was accessed by Annexin-V/PI staining of normal cultured,
serum starved and UV-irradiated cells. Cell cycle was accessed by FACS analy-
sis of the DNA content using PI. Migration was analyzed in 8um pore-sized tran-
swell plates, in which cells migrated towards the chemotatic stimulus of 10%
FBS or CXCL12-containing medium. To access the clonogenicity cells were cul-
tivated in semi-solid media without growth factors and colonies were counted after
7 days. Proliferation was also assessed in vivo using xenotransplant model of
tumor growth, in which cells were inoculated subcutaneously into NOD-SCID
mice. Tumors were excised after 12 days of growth, measured and weighted.
Expression analysis of cell cycle- and migration-related proteins were performed
by Western blotting; and of self-renewal-related genes by qRT-PCR.

Results: CATS expression decreased by 58% and 43%, during erythroid and
megakaryocytic differentiation, respectively. Interestingly, CATS transcript lev-
els increased by 2 fold during ATRA induced granulocytic differentiation of NB4
(4 days of differentiation) and U937 cells (2 days of differentiation); in which
CATS expression decreased after 4 days of differentiation. CATS depletion
was about 80% in shCATS cells. Proliferation of these cells was reduced by
20% when compared to control whereas no effect was observed on cell death.
Accordingly, a significant decrease of 12% in the percentage of cells in S phase
of the cell cycle was observed forCATS. Moreover, CATS silenced cells migrat-
ed less towards serum condition (15%) than control, while no difference was
observed towards the chemoatractant CXCL12. Most notably, shCATS cells
formed significantly less colonies (66%) on semi-solid medium than control
cells. No difference in tumor growth was observed by shCATS cells compared
to those formed by shControl cells. Finally, CATS silencing downregulated GL/1
transcript expression (85%) and altered expression of the cell cycle protein
CYCLIN E and the expression and stability of the microtubule dynamic-relat-
ed protein a-TUBULIN.

Summary and Conclusions: CATS seems to be responsive to the differenti-
ation inducer retinoic acid. Moreover, CATS seems to play a role in controlling
cell proliferation, migration, and most importantly, the clonogenicity of U937 cell
line. More studies are needed in order to investigate whether these functions
are specific to the CALM/AF10-containing U937 cells or if it is extendable to
other cell lines.
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LEUKEMOGENIC FLT3-ITD AND KIT D814V DEPEND MORE ON CALM
FUNCTION THAN THEIR WILD TYPES TO TRANSMIT GROWTH/SUR-
VIVAL SIGNALS: IDENTIFICATION OF CALM AS A NEW THERAPEUTIC
TARGET
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Background: Clathrin Assembly Lymphoid Myeloid leukemia protein (CALM)



is implicated in the formation of clathrin-coated vesicles which mediates endo-
cytosis and intracellular trafficking of growth factor receptors and nutrients. We
previously reported that CALM regulates intracellular trafficking of receptor
tyrosine kinases (RTKs), such as FLT3 and KIT, thereby regulating the growth
and survival of hematopoietic stem/progenitor cells (18t Congress of EHA
2013). Meanwhile, it has been reported that oncogenic RTKs are mislocalized
in cytoplasm, where they transmit aberrant signals to downstream molecules.
However, the precise mechanisms how they are transported in cytoplasm and
transmit their signals are not fully understood. Also, the roles of CALM in this
system remain unknown, Among mutated RTKs, FLT3 internal tandem dupli-
cations (ITD) and a point mutation of KIT at D816 (corresponding to murine
KIT D814) have been shown to be involved in the pathogenesis of acute
myeloid leukemia (AML).

Aims: In the present study, we investigated the roles for CALM in their intra-
cellular trafficking and leukemogenic activity of these mutated RTKs.
Results: We introduced murine FLT3 wild-type (WT) and ITD and KIT (WT and
D814V) into murine embryonic fibroblasts (MEFs) isolated from CALM-/- and
WT mice, respectively, and examined the role of CALM in their intracellular
trafficking. In response to each ligand, FLT3 WT and KIT WT were internalized
from membrane to cytoplasm and transported from early to late endosomes and
consequently to lysosome in WT MEFs. In these processes, the trafficking from
early to late endosomes was impaired in CALM--, MEFs. In contrast, FLT3 ITD
and KIT D814V were distributed at close to endoplasmic reticulum (ER) and
Golgi in cytoplasm with a punctate pattern irrespective of ligand stimulation in
WT MEFs, from where they transmitted the signals. However, in CALM-- MEFs,
these RTK mutants were predominantly localized apart from ER and Golgi with
a diffused pattern, indicating that the system retaining mutated RTKs at ER or
Golgi is disrupted by CALM deficiency. Next, we knocked down (KD) the expres-
sion of CALM by stably transfecting shRNA against CALM into an IL-3-depend-
ent cell line Ba/F3 engineered to express FLT3 (WT and ITD) and KIT (WT and
D814V), respectively. Ba/F3 cells transfected with FLT3 WT and KIT WT dose-
dependently proliferated in response to each ligand. However, CALM shRNA
partially suppressed their growth, while it hardly affected IL-3-dependent growth.
Although FLT3 ITD and KIT D814V enabled Ba/F3 cells to grow independent-
ly of IL-3, the growth mediated by FLT3 ITD and KIT D814V was severely inhib-
ited by CALM KD. As for this mechanism, we found that tyrosine autophospho-
rylation of FLT3 ITD and KIT D814V located in cytoplasm was suppressed by
CALM KD, while ligand-induced tyrosine phosphorylation of membrane-bound-
ed FLT WT and KIT WT was hardly influenced. These results indicate FLT3 ITD
and KIT D814V depends more on CALM function than respective WTs to trans-
mit their signals. In accord with these in vitro results, tumorigenic activities of
FLT3 ITD and KIT V816V were severely suppressed by CALM KD in mouse
transplantation model using these Ba/F3 clones.

Summary and Conclusions: Intracellualr localization and transport of FLT3
ITD and KIT D814V are different from those of WTs, where the roles of CALM
were also distinct between these mutants and WTs. In addition, our results indi-
cate that CALM plays a critical role in leukemogenic activity of FLT3 ITD and
KIT D814V and would be a promising therapeutic target.
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TARGETING THE HOXA CLUSTER IN MLL-FUSION LEUKEMIAS
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sity Belfast, Belfast, 2Research Department of Haematology, Cancer Institute,
University College London, London, United Kingdom, 3Centre de Recherche de
Hépital Maisonneuve-Rosemont (HMR), HMR, Montreal, Canada

Background: Hox genes are highly expressed in normal hematopoietic stem
and progenitor cells but rapidly decrease during normal differentiation, howev-
er elevated levels are maintained in leukemia. Hox expression is epigenetical-
ly regulated by polycomb repressor complexes (PRCs) and histone modifiers
e.g. Mixed Lineage Leukemia (MLL). Translocations involving MLL are frequent
in acute leukemia however the role and necessity of HOX-TALE expression in
disease maintenance is not fully elucidated.

Aims: To identify the criticality of the HoxA cluster in MLL-fusion leukemia main-
tenance.

Results: A transgenic mouse line in which the complete HoxA cluster is flanked
by loxP sites (HoxAflox/flox) has been established and crossed with MxCre mice
to generate a MxCre/HoxAflox/flox (MAFF) mouse line. Ectopic overexpression
of MLL-fusion oncogenes in sorted primary MAFF bone marrow cells result in
increased colony formation and growth in liquid culture. Transformed bone mar-
row cells were grown in methylcellulose culture to form colonies and serially re-
plated after 5-7 days. Cells were transplanted into irradiated recipient mice
from each stage of plating to give rise to primary MLL-fusion leukemias.
Leukemias generated in the MAFF background had one of the HoxA cluster
alleles deleted due to background activation of the Mx7 promoter. Haploinsuf-
ficiency of the HoxA cluster was still capable of initiating primary leukemia, with
limited compensation from the intact HoxA cluster. Single colonies selected
from methylicellulose and expanded in liquid culture demonstrated deletion of
the HoxA cluster by PCR, validated by DNA sequencing.

Milan, Italy, June 12 - 15, 2014

Exposure of the MAFF MLL-fusion leukemias to Interferon-a in vitro activated
the Mx1 promoter and resulted in deletion of the HoxA cluster. Preliminary
results indicate that loss of HoxA has no anti-proliferative effects in liquid cul-
ture and a moderate decrease in colony formation in methylcellulose.
Summary and Conclusions: Studies are ongoing to assess the complete
deletion of the HoxA cluster in MLL-fusion leukemias, to determine their neces-
sity in maintaining the leukemic phenotype in pre-established disease.

It is anticipated that models generated will provide a platform to further exam-
ine the role of HoxA in MLL-fusion leukemia maintenance and help identify key
underlying molecular mechanisms in this disease subtype for future drug dis-
covery.
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LOW MST1 HIPPO KINASE EXPRESSION CONTRIBUTES TO DIFFEREN-
TIATION DEFICIENCY IN AML CELLS

J Wampfler™." G Loforese?, D Stroka2, MF Fey3, MP Tschan’

1Devision of Experimental Pathology, Institute of Pathology University of Bern,
2V/isceral and Transplantation Surgery, Department of Clinical Research, Uni-
versity of Bern, 3Department of Medical Oncology, Inselspital, Bern University
Hospital, Bern, Switzerland

Background: The Hippo pathway represents a signal transduction pathway
that is involved in regulation of organ growth, regeneration, differentiation and
gene expression control. The Ser/Thr kinases mammalian sterile 20-like kinase
1/2 (MST1/2; Hippo in Drosophila) at the top of the cascade activate the
LATS1/2 kinases, which in turn inhibit the transcriptional co-activators YAP and
TAZ (Yorkie in Drosophila). Unphosphorylated YAP and TAZ interact with the
TEAD transcription factor to drive the expression of mainly growth-promoting
and apoptosis-inhibiting genes. Thus, the growth inhibitory activity of the Hip-
po pathway functions by inhibiting nuclear accumulation of active YAP and acti-
vation of growth-promoting genes. In this context, active MST1 is considered
a tumor suppressor and its expression is significantly repressed in breast, non-
small cell lung and gastric cancer.

Aims: In our study we aimed at quantifying expression levels and testing a
possible function of MST1 in the pathology of acute myeloid leukemia (AML),
a disease characterized by a block of myeloid differentiation and increased
cell survival.

Methods: mRNA expression of MST1 was measured by low density array in
clinical AML patient samples (n=98) among FAB subtypes MO to M4, CD34*
progenitor cells, macrophages and granulocytes of healthy individuals.
Neutrophil differentiation of CD34* progenitor cells was induced using granu-
locyte colony stimulating factor (G-CSF) and MST1 mRNA expression was
measured at day 3, 6 and 12. The APL cell lines NB4, HT93 and the AML cell
line HL-60 were differentiated towards granulocytes by 1uM all-trans retionoic
Acid (ATRA) treatment for 6 days. Gene expression of MST1, G-CSF-R was
determined by quantitative real-time RT-PCR. Western Blotting was used to
measure protein levels of MST1, YAP1 and YAP1-PH. NB4 cells were trans-
duced with a lentiviral vector expressing a small hairpin (sh)RNA targeting
MST1 mRNA.

Results: Firstly, we quantified MST1 mRNA expression in clinical AML patient
samples (n=98; FAB subtypes MO to M4). We observed a highly significant
(p<0.001) about 7-fold downregulation of MST1 in AML blasts, normal CD34*
progenitor cells and macrophages of healthy individuals as compared to mature
neutrophils from healthy donors (Figure 1 a). Accordingly, neutrophil differenti-
ation of CD34"* progenitor cells using granulocyte colony stimulating factor (G-
CSF) resulted in increased MST1 mRNA expression (Figure 1 b). We next ana-
lyzed MST1 mRNA and protein expression during in vitro neutrophil differenti-
ation of NB4 and HT93 acute promyelocytic leukemia (APL) cell lines. APL
t(15;17) cells express the leukemic fusion protein PML-RARA, which repress-
es genes important for neutrophil differentiation. Pharmacological doses of all-
trans retinoic acid (ATRA) can overcome this differentiation block. ATRA-
induced neutrophil differentiation of both APL cells resulted in a significant 10-
fold induction of MST1 mRNA paralleled by a marked increase in MST1 pro-
tein expression (Figure 1 c). Importantly, in ATRA-resistant NB4-R2 MST1
expression was not upregulated indicating that MST1 induction is not due to an
unspecific ATRA-response. Increased MST1 expression was also observed
during neutrophil differentiation of PML-RARA negative HL60 AML cells. Next,
to address the functional involvement of MST1 in neutrophil differentiation, we
generated NB4 MST1 knockdown cells using a lentiviral vector expressing
small harpin (sh) RNA targeting MST1. Knockdown efficiency as assessed by
gPCR and Western blotting was 80%. Inhibition of MST1 resulted in significant-
ly attenuated neutrophil differentiation as shown by significantly reduced CD11b
surface (Figure 1 d) and G-CSF-R mRNA expression. Of note, preliminary data
show decreased YAP1 phosphorylation in NB4 MST1 knockdown cells support-
ing functionality of the MST1 knockdown.

Summary and Conclusions: Collectively, our findings suggest that MST1
expression is associated with an immature myeloid phenotype and define a nov-
el regulatory, MST1-mediated (Hippo) pathway required for neutrophil differen-
tiation of APL cells.
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NOVEL FUNCTION FOR THE RNA BINDING PROTEINS RBM38 AND DND1
IN AML CELL DIFFERENTIATION

J Wampfler!.” MF Fey2, MP Tschan'!
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2Department of Medical Oncology, Inselspital, Bern University Hospital, Bern,
Switzerland

Background: The RNA binding proteins RBM binding motif protein 38 (RBM38)
and DEAD END 1 (DND1) are known to selectively stabilize mRNAs by atten-
uating RNAse activity or protecting them from miRNA-mediated cleavage (Fig-
ure 1 a). Both proteins can cause cell cycle arrest in G1 phase by, for exam-
ple, stabilizing the mRNA of the cell cycle inhibitor p21CIP1. Low expression of
these genes may lead to decreased stability of p21CIP1 or increased vulnera-
bility to miRNAs.

Aims: In our study we aimed at quantifying expression levels and testing pos-
sible functions of RBM38 and DND1 in the molecular pathology of acute
myeloid leukemia (AML), a disease characterized by a block of myeloid differ-
entiation and increased cell survival.

Methods: mRNA expression of RBM38 and DND1 was measured by low den-
sity array in clinical AML patient samples (n=98) among FAB subtypes MO to
M4, CD34* progenitor cells, macrophages and granulocytes of healthy individ-
uals. The APL cell line NB4 and its resistant subline NB4-R2 were differentiat-
ed towards granulocytes by 1uM all-trans retionoic Acid (ATRA) treatment for
6 days. Successful neutrophil differentiation was evidenced by CD11b FACS
analysis or increased of granulocyte colony-stimulating factor receptor (G-CSF-
R) mRNA expression. Gene expression of RBM38, DND1, G-CSF-R and
p21CIP1 was measured by quantitative real-time RT-PCR. Protein expression
was assesed by Western Blotting. NB4 cells were transduced with a lentiviral
vector expressing a small hairpin (sh)RNA targeting RBM38 and DND1 mRNA.
Knock-down efficiency was validated by gPCR and Western blotting. Differ-
ences between two groups were assessed using the non-parametric Mann-
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Whitney-U test. P-values <0.05 were considered to be statistically significant.
Results: In a first attempt to investigate a possible role for RBM38 and DND1
in AML pathology, we quantified their mRNA expression in clinical AML patient
samples (n=98). We observed a highly significant down-regulation of RBM38
and DND1 mRNA expression in AML blasts, normal CD34* progenitor cells,
macrophages of healthy individuals as compared to mature neutrophils from
healthy donors. These findings clearly indicate that low RBM38 and DND1
mRNA expression is associated with an immature myeloid phenotype. To inves-
tigate the function of RBM38 upon differentiation, CD34* progenitor cells were
treated with G-CSF to induce granulocyte differentiation. RBM38 mRNA was
6-fold induced compared to day 0 of differentiation. Next, we analyzed RBM38
and DND1 expression during in vitro neutrophil differentiation of NB4 acute
promyelocytic leukemia (APL) cells as a model for neutrophil differentiation. The
PML-RARA-mediated differentiation block at the promyelocyte stage in APL
cells can be overcome by treating them with pharmacological doses of all-trans
retinoic acid (ATRA). Neutrophil differentiation of NB4 APL cells resulted in a
12- and 4-fold induction of RBM38 and DND1 mRNA expression, respectively
(Figure 1 b). Increased mRNA levels were paralleled by protein expression.
NB4-R2 ATRA-resistant cells did not show increased RBM38 and DND1
expression indicating that the activation of gene expression is not due to an
unspecific ATRA-response. Next, to address the function of RBM38 and DND1
in neutrophil differentiation, we generated two independent NB4 RBM38 as
well as DND1 knock-down cell lines. Generally, RBM38 and DND1 NB4 knock-
down cells displayed significantly attenuated neutrophil differentiation com-
pared to control transduced cells as assessed by CD11b (Figure 1 c) and G-
CSF-R expression. Of note, inhibiting RBM38 and DND1 also resulted in
decreased p21CIP1 mRNA (Figure 1 d) and protein expression due the lack of
p21CIP1T mRNA stabilization in the absence of these proteins.
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Figure 1.

Summary and Conclusions: Our results clearly indicate that RNA binding
proteins RBM38 and DND1 play significant new roles in neutrophil differentia-
tion of leukemic cells, and we propose that low expression levels of these
genes contribute to the immature AML phenotype.
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EARLY PERIPHERAL BLAST CELL CLEARANCE ASSESSED BY FLOW
CYTOMETRY IN INDUCTION IS ANOVEL POWERFUL PROGNOSTIC INDI-
CATOR IN ACUTE MYELOID LEUKEMIA: A NORTHERN ITALY LEUKEMIA
GROUP (NILG) STUDY

G Gianfaldoni®, F Mannelli, 1-"T Intermesoli2, | Cutini!, D Giupponi2, S Bencini’,
MI Bonetti’, A Masciulli3, F Marmont4, D Ferrero®, R Cavazzina3, A Bosi,
A Rambaldi2, R Bassan®

THematology, Universita di Firenze, Firenze, 2Hematology and Bone Marrow
Transplant Unit, A.O. Papa Giovanni XXIII, Bergamo, 3Fondazione Mario Negri
Sud, S. Maria Imbaro Chieti, #Hematology, Ospedale Molinette, SHematology,
Universita di Torino, Azienda Ospedaliera S. Giovanni Battista, Torino, 8Hema-
tology, Ospedale dell’Angelo, Venezia-Mestre, Italy

Background: In acute myeloid leukemia (AML), genetics is the most relevant
prognostic factor representing the framework of European Leukemia Net (ELN)
risk stratification system. It defines subgroups with high likelihood to achieve
complete remission (CR) and long survival (ELN-favorable) and at the oppo-
site a category with poor response to chemotherapy (ELN-adverse). However,
in the absence of genetic determinants, ELN system merges patients (pts) with
heterogeneous diseases. At any rate, the response to remission induction ther-
apy remains a powerful prognostic parameter, expressing chemosensitivity of
AML cells. In responsive pts, minimal residual disease (MRD) is emerging as
an accurate tool to refine risk category. Typically MRD is evaluated after one
or two consolidation cycles, however an earlier assessment has been shown
to correlate with CR achievement and survival.

Aims: To predict the outcome to induction therapy as early as possible, we studied
the peripheral blast cell clearance (PBC) after the first 3 days of induction therapy.
Methods: Eligible pts had untreated non-M3 AML according to the World Health
Organization criteria and participated into the NILG AML 02/06 clinical trial, in
which they were randomized between a standard versus an experimental induc-
tion therapy. At diagnosis, bone marrow aberrant leukemia-associated immuno-
phenotypes (LAIPs) were identified by flow cytometry. We quantified LAIP cells
by single platform before treatment on day 1 and then following the first 3 days
of therapy (day 4). PBC of each individual pt was expressed as the ratio between
absolute LAIP cell count on days 1 and 4 converted to a logarithmic scale.
Results: Between 2007-2012, 178 pts were enrolled in PBC study, of whom
27 were excluded because of the lack of circulating blasts (n=7, 3.9%), unde-
tectable LAIP (n=17, 9.6%) or less than 100/uL LAIP cells atday 1 (n=3, 1.7%).
Thus, 151 pts (84.8%) were assessable. The median value of LAIP cells
decreased from 4.198/uL (range 120-148.859) on day 1 to 41.8/uL (0.07-
44,802.3) on day 4, for a median PBC index of 1.9 (0.40-4.50). After the first
induction course, 108 pts (71.6%) achieved CR, 36 (23.8%) were refractory and
7 (4.6%) died of complications. Although no difference in day 1 LAIP cells was
noted between CR and refractory pts, the latter exhibited a significantly higher
LAIP cell count at day 4 and a lower PBC index (1.0) compared with CR pts
(2.3; p<0.0001). By ROC curves we identified 1.5 log as the most accurate cut-
off separating pts with high and low PBC index, respectively (PBC-H, PBC-L),
also correlating significantly with the main prognostic factors (Table 1). Among
the evaluable pts, 84/92 PBC-H (91.3%) achieved CR after a single course
compared to 24/52 PBC-L (46.2%; p<0.0001). In multivariate analysis, PBC
index was the only predictive factor for CR (p=0.0004) and a significant predic-
tive factor for event-free survival (p=0.0001).

Table 1. Characteristics of patients according to PBC.
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Summary and Conclusions: PBC is a new very early and powerful outcome
predictor in AML. This analysis is simple and minimally invasive, providing a real
time quantification of AML burden reduction in the first days of chemotherapy.
Along with other prognostic markers, it could allow to customize AML induction
treatment.
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PROPENSITY SCORE MATCHED COMPARISON OF INTERMEDIATE
INTENSITY CHEMOTHERAPY INDUCTION VERSUS INTENSIVE
CHEMOTHERAPY INDUCTION IN ELDERLY PATIENTS (AGES 60 YEARS
OR OLDER) WITH AML

K Takahashi!:" H Kantarjian2, F Ravandi2, G Garcia-Manero2, G Borthakur?,
T Kadia2, C DiNardo?, E Jabbour2, M Konopleva2, M Andreeff2, J Cortes?
1Cancer Medicine, 2Leukemia, UT MD ANDERSON CANCER CENTER, Hous-
ton, United States

Background: A majority of patients with acute myeloid leukemia (AML) age 260
are unable to tolerate intensive chemotherapy (IC) induction. Front-line therapy
with clofarabine plus low dose cytarabine (CLDA) has been used for this subset
of patients. We hypothesized that CLDA provides equivalent outcome on elder-
ly patients with AML compared to conventional IC induction with less toxicity.
Aims: To compare treatment related toxicity and outcome of CLDA induction
vs. conventional IC induction in elderly patients with AML.

Methods: Previously untreated patients with AML, age 260, who received front-
line therapy between 2002 and 2012 by one of the following regimens were
matched by the propensity score to adjust pre-treatment confounding factors:
1) clofarabine and low dose cytarabine (CLDA group: clofarabine 20 or 30
mg/m2 intravenous daily for 5 days+cytarabine 20 mg/m2 subcutaneous once
or twice daily for 10 to 14 days, N=142) or 2) idarubicin and high dose cytara-
bine (IA group: idarubicin 12 mg/m2 intravenous once daily for 3 days and
cytarabine 1.5 gram/m2 intravenous over 24 hours for 3 to 4 days, N=104).
Results: Propensity matching resulted in 66 patients from each group to be
matched for their pre-treatment characteristics including age, performance sta-
tus, organ function, cardiac function, and cytogenetics. Proportion of patients
who achieved complete remission (CR) within 2 course of induction were sim-
ilar between 2 groups (CLDA vs. 1A, 59% vs. 53%, P=0.48). For responders,
95% of the patients in CLDA group achieved CR within 2 cycles of treatment,
whereas 100% of patients in |A group achieved CR within 2 cycles of treatment.
Proportion of patients who experienced grade 3 or more toxicity during induc-
tion was significantly higher in IA group (CLDA vs. IA, 48% vs. 73%, P=0.004).
The median length of hospital stay during the induction was similar between 2
groups (CLDA vs. IA, 27 vs. 26 days, P=0.85). Mortality at 4 and 8 weeks were
similar between 2 groups (CLDA vs. IA, 5% vs. 11% at 4 weeks and 14% vs.
15% at 8 weeks, P=0.32 and 0.80, respectively). Comparable proportion of
patients were bridged to stem cell transplant during the first CR (CLDA vs. IA,
6% vs. 5%, P=1.00). There was no statistical difference in overall survival (OS)
between 2 groups (CLDA vs. IA, 11.4 months [95% CI: 7.0-15.8] vs. 10.4 months
[95% CI: 4.9-15.9], P=0.60, Figure 1). In an analysis sub-grouped by clinical
characteristics, no difference in OS was observed between 2 groups in any of
the subgroups (by age 270 vs. <70, adverse risk cytogenetics vs. favorable or
intermediate risk, FLT3-ITD vs. wild type, performance status 23 vs. <3, bone
marrow blast >30% vs. <30%, white blood cell count >20x103/uL vs.
<20x103/uL). Multivariate Cox proportional hazard regression for OS showed
that adverse risk cytogenetics, age 270, bone marrow blast >30%, and perform-
ance status =3 adversely affected OS but induction regimen did not affect OS.
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Summary and Conclusions: In this clinically well matched cohort, induction
chemotherapy with CLDA showed equivalent treatment response and survival
in patients with AML age 260 but was associated with significantly less toxici-
ty compared to conventional IC induction. Intensity of induction therapy in eld-
erly AML patients may be attenuated without compromising outcome. Prospec-
tive randomized trial to confirm these findings is warranted.
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PROGNOSTIC SIGNIFICANCE OF THE MRC CYTOGENETIC CLASSIFI-
CATION COMPARED WITH THE EUROPEAN LEUKEMIANET GENETIC
RISK CLASSIFICATION SYSTEM IN PATIENTS WITH ACUTE MYELOID
LEUKEMIA

T Kadia®" H Kantarjian, G Garcia-Manero®, G Borthakur?, E Jabbour?, N Daver?,
N Pemmaraju’, M Brandt', S Pierce’, J Cortes', F Ravandi’

1Leukemia, MD Anderson Cancer Center, Houston, United States

Background: The prognostic relevance of cytogenetic and molecular aberra-
tions in patients with acute myeloid leukemia (AML) is well established. Recent
reports by the Medical Research Council (MRC) and by the European Leukemi-
aNet (ELN) have further established the predictive value of both cytogenetic
abnormalities and a number of recurring gene mutations in determining disease
free and overall survival of patients.

Aims: We conduct this study to validate the prognostic significance of these
classification systems in a cohort of patients treated relatively uniformly at our
institution. Patients younger than 65 were treated mainly with induction regi-
mens containing high dose cytarabine and idarubicin and patients over 65
years of age received mainly non intensive regimens.

Methods: Patients with newly diagnosed AML treated at our institution from
1993-2012 were included in this study. Patients with available cytogenetics
and molecular data were then classified according to the MRC as well as the
ELN criteria and were evaluated for outcome.

Results: 2070 patients with a median age of 60 (range, 12-89) had complete
cytogenetic data, of which 1196 (55%) were male and 972 (47%) were <60
years of age. 766 patients (37%) had normal karyotype including 330 (34%)
patients <60 years. The remainder had at least 1 cytogenetic abnormality. 27%,
10%, 5%, 3%, and 17% of patients had at 1, 2, 3, 4, or 5+ abnormalities,
respectively. In patients <60, the proportions were 31%, 11%, 5%, 2%, and
13%, respectively. The outcome by various cytogenetic abnormalities (includ-
ing the uncommon karyotypes, but excluding APL) defined by the MRC was as
predicted (Figure 1). Among the patients <60, 20%, 48%, and 32% were in the
favorable (FAV), intermediate (INT), and adverse (ADV) prognostic categories
of the MRC-C, respectively. FLT3 and NPM1 mutation data was available in a
subset of 1026 patients (50%), allowing classification by ELN-C; 487 patients
(47%) were <60 yrs of age and 539 patients (53%) were 260. The proportion
of patients in each of the ELN-C categories were: FAV: 26%, INT-1: 18%, INT-
2: 24%, and ADV: 32%. Overall survival in the same cohort of patients, for
<age 60 (Figure 1A and IC) and =age 60 (Figure 1B and 1D) by MRC-C and
ELN-C risk groups are shown below.

Figure 1.

Summary and Conclusions: The revised MRC-C and the ELN-C were able
to distinguish separate prognostic groups for patients with AML based on their
genetic abnormalities. Among the patients >60 years, the MRC-C was more
predictive of the outcome, particularly for patients with intermediate risk disease
where INT-1 and INT-2 were not able to discriminate prognosis.
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WT1-ASSOCIATED MISSPLICING IN ACUTE MYELOID LEUKEMIA
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Background: While about one third of expressed genes are abnormally spliced
in AML, the causes, mechanisms, and consequences of missplicing remain
incompletely understood in this disease. WT1 is overexpressed in the majori-
ty of AML while it represses the splicing-factor kinase SRPK1 and physically
interacts with the splicing factors WTAP, RBM4, and U2AF1/U2AF2.

Aims: To determine whether and how WT1 modifies alternative exon usage
(AEU) in AML and to test if these changes have a clinical impact.

Methods: The exon expression profiles of 3 AML cell lines (MOLM13, Kasu-
mi, and KG1) knocked down (KD) or not for WT1 gene expression were exam-
ined using Affymetrix HTA2 exon arrays. Four WT1-specific AEUs involving 4
ATP-binding cassette transporter genes (ABC-A2, -A3, -A5, and -C3) were
quantified by quantitative exon specific PCR (QESPCR) in fresh AML cells
deriving from 132 AML patients of whom 106 have been treated with intensive
chemotherapy (median follow-up 27 months). Overall survival (OS) and dis-
ease-free survival (DFS) were compared with the log-rank test. Hazard ratio
(HR) and 95% confidence interval (Cl) were estimated by Cox proportional
hazards regression models to determine independent risk factors associated
with survival in multivariate analyses. The 25 patients who received allogene-
ic HSCT were censored on the day of cell infusion.

Results: WT1-KD was confirmed by western blot analysis for the 3 cell lines.
Upon WT1-KD, 954 AEUs were identified in 846 genes, of which 337 (40%) were
altered at the whole gene expression level. 73/100 array-predicted exon usages
were validated by ESPCR. Gene ontology analysis showed a significant gene
enrichment in pathways such as hematopoietic cell lineage, calcium signaling,
ABC transporters, DNA replication, and pyrimidine and purine metabolism. To test
the relationship between WT1 expression and AEUs in vivo, 4 WT1-induced
AEUs identified in 4 ABC transporters were quantified through gESPCR in 132
AML. A statistically significant correlation linked WT1 expression and the distri-
bution of the 4 ABC transporter isoforms in the 132 AML diagnostic samples
(p<0,01 for each, Spearman Rank Correlation) but not in control samples. As an
additional control experiment, qgESPCR was carried out with the 132 AML for 2
AEUSs of the TET2 gene mRNA that were not found to be linked with WT1 expres-
sion ex vivo. In contrast to ABC transporters, no correlation could be evidenced
between WT1 expression and the distribution of the 4 TET2 isoforms in fresh AML
samples. By univariate analysis, ABC-A3 exons 18-20 expression, i.e. exon skip-
ping of exon 19 significantly affected both OS and DFS; higher the level of 18-
20 isoform expression, poorer the outcome. Alternatively, an elevated expression
level of the alternative ABC-A3 19-20 isoform was associated with statistically sig-
nificant better OS and DFS. In multivariate analysis, age cytogenetic, and ABC
A3 exon 19 skipping were identified to be independent prognostic factors for OS
and DFS (Table 1). Age and ABC-A3 exon exclusion were identified to be inde-
pendent prognostic factor for OS in the 49 patients with normal karyotype.

Table 1. Multivariate analyses of survival outcomes in AML treated with
intensive chemotherapy.
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Summary and Conclusions: In AML, WT1 affects AEUs of numerous key
genes involved in hematologic differentiation, leukemogenesis, and resistance
to chemotherapy. 4/4 tested AEUs displayed the same correlation with WT1
expression in vivo and ex vivo. This correlation was specific because it was not
observed in control samples or in AML with 2 TET2 AEUs found WT1-independ-
ent ex vivo. These results help explain the deregulated pattern of AEUs



observed in AML cells where splicecosome gene mutations represent a rare
event. ABC-A3 missplicing possesses a strong prognostic impact indicating
that besides whole gene transcription, gESPCR might represent a promising
tool for assessing AML aggressiveness at the time of diagnostic in patients with
normal or abnormal karyotype.
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VALIDATION OF EUROPEAN LEUKEMIA NET (ELN) GUIDELINES FOR
CYTOGENETICALLY NORMAL AML IN ASSOCIATION WITH NPM1 AND
FLT3-ITD MUTATIONS: FURTHER STRATIFICATION FOCUSING ON WT1
EXPRESSION

JH Yoon!" HJ Kim?1, YW Jeon!, JH Kim!, SH Shin’, SE Lee!, KS Eom',
YJ Kim?, S Lee’, CK Min, SG Cho®, DW Kim?', JW Lee'!, WS Min?, CW Park!
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Seoul, Korea, Republic Of

Background: According to the risk-stratifications of the karyotypes of adult
AML, intermediate-risk group is mostly comprised of cytogenetically-normal
(CN)-AML and other undefined karyotypes. According to the European
Leukemia Net (ELN) guidelines, CN-AML is divided into four molecular sub-
groups based on the mutation statuses of NPM1 and FLT3-ITD. Except isolat-
ed NPM1mut CN-AML, another 3 subgroups belong to the risk-group of ‘Inter-
mediate-I’, but the guidelines suggest that most of the cases in the ‘Intermedi-
ate-1’ risk-group are associated with poor prognosis.

Aims: We validated the characteristics and identified clinical outcomes of CN-
AML patients in a single center in Korea based on the ELN guidelines. We then
further modified the stratification using WT17 expression.

Methods: This single center retrospective study enrolled 223 adult CN-AML
patients (median 55 yrs (18-83) from 2007 to 2011. Except 18 untreated
patients, 156 were treated with standard chemotherapy and 49 were treated
with attenuated chemotherapy. After achieving complete remission (CR),
patients with available donor were treated with allogeneic (allo)-HSCT (n=98)
and the rest were treated with auto-HSCT (n=13) or chemotherapy alone
(n=48). We calculated clinical outcomes after dividing the CN-AML patients
into 4 subgroups based on the ELN guidelines; isolated NPM71mut CN-AML
(n=47), NPM1Wt/FLT3-ITD-neg (n=125), NPM1mut/FLT3-ITD-pos (n=35), and
NPM1wt/FLT3-ITD-pos (n=16). We then used diagnostic WT1 expression
measured by RQ-PCR (WT1 ProfileQuant™ kit, Ipsogen, France) method for
additional stratification of the ‘Intermediate-I’ risk-group and also calculated the
clinical outcomes. The significant cut-off of WT7 expression was calculated
with ROC curve analysis.
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Figure 1.

Results: We identified that NPM1mut was 36.8% among CN-AML, and
NPM1mut CN-AML patients were older (54.4yrs vs. 49.8yrs) and showed
leukocytosis, higher blast counts and higher WT1 expression compared to
NPM1wt CN-AML. Higher proportion of FLT3-ITD mutation was also identi-
fied in NPM1mut CN-AML (42.7% vs. 11.3%). Isolated NPM71mut CN-AML
showed the most favorable outcomes with higher CR rate (80.9% vs. 67.5%)
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and significantly lower refractory cases (4.7% vs. 27.5%) compared to the oth-
er 3 subgroups. Isolated NPM71mut CN-AML also showed significantly supe-
rior 4-year OS at 70% especially in the younger patient subgroup. Without
regarding NPM1 mutation, the presence of FLT3-ITD showed the worst 4-year
OS <20% with higher incidence of relapse. In the intermediate-| risk-group,
NPM1wt/FLT3-ITD-neg CN-AML could be further stratified with diagnostic
WT1 expression. NPM1wt/FLT3-ITD-neg CN-AML with lower WT1 (n=77)
showed favorable OS (p=0.060) and DFS (p=0.015) than the group with high-
er WT1 (n=48), and the superior results were comparable with those of iso-
lated NPM71mut CN-AML. We finally suggest that isolated NPM7mut or
NPM1wt/FLT3-ITD-neg with lower WT1 can be considered as a lower-risk
group, while FLT3-ITD-pos or NPM1wt/FLT3-ITD-neg with higher WT1 as a
higher-risk group. And we found that survival outcomes of the higher-risk CN-
AML could be improved with HSCT, presenting 4-year OS >35% in the
younger patients subgroup.

Summary and Conclusions: Our modified stratification using WT7 expression
is considered reasonable for CN-AML and should be validated by larger stud-
ies in the future. Based on this study, higher-risk CN-AML should be treated with
risk-adapted approach including HSCT.
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WT1 MUTATIONS ARE SECONDARY EVENTS IN AML, SHOW VARYING
FREQUENCIES WITHIN GENETIC SUBGROUPS AND DIFFERENT IMPACT
ON PROGNOSIS

M Krauth!* C Eder!, T Alpermann’, F Dicker!, U Bacher!, M UlkeT,
A Kohlmann', S Kuznia®, W Kern, T Haferlach®, C Haferlach!, S Schnittger!
TMLL Munich Leukemia Laboratory, Munich, Germany

Background: Mutations (mut) in the WT7 gene belong to the first genetic aber-
rations described in AML. In contrast to recurrent fusion genes WT7mut do not
seem to be disease defining. However, the impact of WT7mut still is discussed
controversially.

Aims: To analyze the frequency and prognostic impact of WT7mut in AML
patients (pts).

Methods: 3,157 unselected AML pts were analyzed (de novo: n=2,699, s-AML:
n=234, t-AML: n=224; 1,708 males, 1,449 females). Median age was 67.1 years
(y) (range: 17.8-100.4 y; <60 y: n=1,108, =60 y: n=2,049). The mutational hot
spot regions of WT1 (exons 7 and 9) were analyzed by direct Sanger sequenc-
ing. Karyotype and WT1 mutation status was available in all pts. Other muta-
tions were assessed in subsets: ASXL1 (n=1,951), CEBPA (n=2,670), DNMT3A
(n=1,293), FLT3-ITD (n=3,149), FLT3-TKD (n=3,004), IDH1R132 (n=2,431),
IDH2R140 (n=2,380), IDH2R172 (n=2,412), KRAS (n=1,409), NRAS (n=1,780),
NPM1 (n=3,003), MLL-PTD (n=2,961), RUNX1 (n=2,390), TET2 (n=1,016) and
TP53 (n=1,215).

Results: 189 WT1 mutations were detected (exon 7: n=151, exon 9: n=38).
Most were disrupting frameshift (n=142) or nonsense (n=14) mutations,
whereas 24 were missense (mostly in exon 9: n=19), only 2 indel and 7 splice
site mutations. 14 patients had 2 mutations. Thus, the total frequency of
WT1mut pts was 175/3,157 (5.5%). With regard to genetic subtypes, signifi-
cantly higher frequencies were detected in biallelic CEBPAmut (15/110,
13.6%, p=0.001), followed by t(15;17)/PML-RARA (18/164, 11.0%, p=0.004),
and FLT3-ITD (58/682, 8.5%, p<0.001). Lower frequencies were observed in
DNMT3Amut (18/412, 4.3%, p=0.014), ASXL1mut (6/355, 1.7%, p<0.001),
IDH2R140 (5/286, 1.7%, p=0.001), and IDH1R132 (2/222, 0.9%, p<0.001).
WT1mut were never detected in pts with complex karyotypes (0/175,
p=0.047). WT1mut were more frequent in females (95/1,449, 6.6%) than in
males (80/1,708, 4.7%) (p=0.014) and in younger pts (<60 y: 102/1,108, 9.2%
vs. 260 y: 73/2,049, 3.6%, p<0.001). Median age of pts with WT7mut was 55.5
vs. 63.6 yin WT1wt (p<0.001). Stability of WT1mut was analyzed in 35 paired
diagnostic and relapse samples. In 23/35 (65.7%) WT1mut was retained at
relapse and in 12/35 (34.3%) it was lost. In 5 cases a sample at 2nd relapse
was available. 3 of these retained and 2 lost the WT7mut. Survival was cal-
culated for intensively treated pts (n=1,936, WT7mut: n=132, 6.8%). In the
total cohort, WT7mut had no impact on prognosis. In pts 260 y there was a
trend to shorter event free survival (EFS) for WT1mut (9.3 vs. 12.3 m,
p=0.052). In prognostically favorable subgroups with high WT7mut incidences
(biallelic CEBPAmut and PML-RARA) no effect on outcome was seen.
Restricting to normal karyotype AML (WT7mut: n=85, WT1wt: n=1,093)
WT1mut pts had shorter EFS (10.8 vs. 17.9 m, p=0.008). This was true for
younger (12.2 vs. 29.0 m, p=0.007) as well as for older pts (9.3 vs. 13.9 m,
p=0.016). In multivariate analysis, WT7mut had an independent adverse
impact on EFS (p=0.002, HR: 1.64) besides FLT3-ITD status (p<0.001, HR:
1.71) and age (p<0.001, HR: 1.28), but only in normal karyotype AML.
Summary and Conclusions: WT7 mutations are more frequent in females
and younger patients, t(15;17)/PML-RARA, biallelic CEBPAmut, and FLT3-
ITD mutated AML. WT1 mutations were nearly mutually exclusive of ASXL1,
IDH1, IDH2 and complex karyotypes. The distribution pattern in different
genetic subtypes and the instability during follow-up as shown by paired sam-
ple analyses clearly emphasize a secondary character of WT7. In normal
karyotype AML, an independent adverse impact of WT7mut on EFS was
shown.
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A RAPID BACTERIAL-BASED BIOLUMINESCENT ASSAY FOR IN-VITRO
TESTING OF CHEMOTHERAPY SENSITIVITY IN ACUTE MYELOID
LEUKAEMIA.

E Anderson." H Alloush’, K Page', B Rees’, A Martin2, M Ruddock?, C Reid?,
J Lamont2, M A Smith3, J G Smith4, V Salisbury!, P Mehta’

THealth and Applied Science, University of the West of England, Bristol, 2Ran-
dox Laboratories Ltd, Belfast, 3Royal Marsden, NHS Foundation Trust, London,
4Frimley Park NHS Foundation Trust, Frimley, SBristol Haematology and Oncol-
ogy Centre, University Hospitals Bristol, NHS Foundation Trust, Bristol, Unit-
ed Kingdom

Background: Patients with Acute Myeloid Leukaemia (AML) are routinely giv-
en chemotherapy regimens containing cytosine arabinoside (Ara-C), although
up to 30% of intensively treated patients fail to respond/relapse, due to non-
uptake of Ara-C or lack of conversion to the active form (Ara-CTP) as a possi-
ble cause. Patients aged over 70 years are more commonly being given low-
dose Ara-C where remission rates are low (~20%).

Aims: A whole cell bacterial biosensor has been constructed for rapid detec-
tion of Ara-CTP within leukaemic cells. The assay incorporating this biosensor
enables same-day prediction of patient response to chemotherapy before the
start of treatment. Verification and clinical utility of the assay have been
assessed herein.

Methods: The assay uses a genetically modified E. coli, expressing the human
deoxycytidine kinase (dCK) gene responsible for conversion of Ara-C to Ara-
CTP, and a lux-expression cassette, which enables an increase in biolumines-
cence in response to Ara-CTP.

Results: For validation, the minimum detection level of Ara-CTP was deter-
mined in seven AML cell lines using both the biosensor and HPLC. The limit of
detection of Ara-CTP was found to be 25 nM using the biosensor assay (requir-
ing 2 million cells), compared to 50 nM with HPLC (requiring 20 million cells).
Results from the two methods of analysis correlated statistically across the
seven cell lines (R=0.9722, p=0.0028), indicating that the biosensor is accu-
rately detecting Ara-CTP. An MRC-funded retrospective study is currently eval-
uating the biosensor in clinical samples to determine the uptake and metabo-
lism of Ara-C by the leukaemic blast cells, and shows promising correlation with
outcomes examined to date (n=50).

Summary and Conclusions: This technology is currently being extended to
other chemotherapy agents in combination with Ara-C, and could allow provi-
sion of an individual chemo-sensitivity profile to augment the clinical informa-
tion available at the point of treatment for these patients.
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MULTICENTER SURVEY ON OUTCOME OF AML REFRACTORY TO FIRST
INDUCTION CHEMOTHERAPY IN THE LAST 4 YEARS (2010-2013)

D Lazzarotto!." A Candoni'!, G Nadali2, L Pavan3, F Mosna#4, E Simeone?,
M Gottardi4, F Gherlinzoni4, G Semenzato3, G Pizzolo?, R Fanin'
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Background: Despite the development of a variety of new investigational ther-
apies, Acute Myeloid Leukemia (AML) refractory to first induction chemother-
apy remains a challenge and there are only few recent epidemiologic data
regarding the outcome of this group of patients.

Aims: In this multicenter survey we evaluate the prognosis and outcome of 76
patients (pts) with AML, diagnosed and treated in four Institutions (Udine,
Verona, Treviso, Padova), during the last 4 years (between 2010 and 2013).
Results: All 76 AML cases were refractory to first induction course of chemother-
apy. Data were updated as of January 2014. There were 43 male and 33 females
with a median age 63 years, (range: 19-79); 57% (43/76) of pts were younger
than 65 yrs and 39% (30/76) had AML secondary to MDS. At onset 49% of cas-
es presented an adverse karyotype. According to the risk stratification at diag-
nosis based on cytogenetic/molecular profile (Dohner et al., Blood 2010), 20/76
(26,3%) of pts were classified as a Favorable/Intermediate-I risk group and 45/76
(59,2%) as Intermediate-ll/Adverse risk group; in 11/76 (14,5%) cases cytoge-
netic/molecular profile were not available. After a median follow up of 9 months
(range 1-40), 56/76 (74%) of pts had died and only 20/76 (26%) were alive (12/20
with active AML and 8/20 in cytologic Complete Remission-cCR). Twenty-four pts
(32%) underwent allogeneic hematopoietic stem cell transplantation (HSCT) and
of these 21% (5/24) were alive at last follow up (January 2014). The 12 and 21
months probability of Overall Survival (OS) of the whole population was 48% and
21%, respectively. The probability of OS was significantly improved by HSCT pro-
cedure (32% vs 6% at 25 months; log-rank, p=0,0007) and was better in those
pts with Favourable/Intermediate-I cytogenetic/molecular risk at diagnosis (34%
vs 17% at 20 months; log-rank, p=0,018). A pre-transplant cCR status was a sig-
nificant factor (P=0,0007) to predict a favourable outcome after HSCT.
Summary and Conclusions: Treatment options of AML refractory to first
induction course are still limited and the prognosis of these pts remains cur-
rently extremely poor. This survey shows that these pts are rarely cured with-
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out undergoing allogeneic HSCT and confirms the importance of initiating an
urgent unrelated donor search in AML pts with no matched sibling donor and
without response to first induction chemotherapy. Moreover, the outcome of
HSCT procedure is better in patients who achieve HSCT with a good AML
debulking. To reach this goal, new and tailored protocols of salvage therapy
(with new drugs or new combinations) would need to be developed.
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PRETREATMENT RISK SCORE FOR PREDICTION OF EARLY DEATH
AFTER INDUCTION THERAPY IN PATIENTS WITH NEWLY DIAGNOSED
MYELOID LEUKEMIA

I Djunic®2” M Virijevic2, D Tomin®, A Novkovic3, N Colovic'!, A Vidovic!,
N Suvajdzic-Vukovic!

1Clinic for Hematology, Clinical Center of Serbia, 2Climic for hematology, Clin-
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Background: Outcome in acute myeloid leukemia (AML) worsens with age due
to the higher rate of early death (ED) in older patients. Eligibility for intensive
AML treatment protocols is therefore typically based on age as the implied
principal predictor of ED. However, it was recently shown that other health and
disease-related pretreatment factors can affect the outcome of AML patients
after induction therapy.

Aims: To elaborate original prognostic score system for prediction of ED after
induction therapy in AML patients based on analysis of pretreatment risk factors.
Methods: This single-centre study included 376 adult patients with nonpromye-
locytic newly diagnosed AML, aged <60 years. All patients were given induc-
tion therapy, which consisted of doxorubicin at 60 mg/m2 daily on days 1-3, in
combination with cytarabine 200mg/m2 daily as a continuous intravenous infu-
sion for 7 days (3+7 regimen). The following parameters were estimated as risk
factors for ED: age, leukocytosis (WBC <30x109/L vs 230x109/L), PS, cytoge-
netic risk group, comorbidities, elevated fibrinogen (>4g/L), decreased albumin
(<40 g/L), elevated lactate dehydrogenase (LDH) >1.5xupper limit of normal
(N), elevated bilirubin (1.5xN), elevated transaminase (1.5xN) and elevated
creatinine (>176 umol/l). Performance status (PS) evaluated by the Eastern
Cooperative Oncology Group (ECOG), ranged between 0-4. The cytogenetic
risk group was assessed according to the recommendation of the European
LeukemiaNet (ELN). Comorbidities were evaluated using the haematopoetic
cell transplantation-specific comorbidity index (HCT-CI). ED is defined as death
occurring 30 days of initiation of treatment. Integer weights for the risk score
were derived from Cox proportional hazards modeling. The prognostic score
was validated via 10-fold cross validation.

Results: The mean age of the patients was 52 years (range 18-60). Our results
showed that the most significant adverse factors for ED in univariate analysis
were: age 255 years (p=0.007), ECOG PS 22 (p=0.001), leukocytosis
(p=0.046), elevated LDH (p <0.001), elevated fibrinogen (p=0.004), elevated
bilirubin (p <0.001), transaminase (p <0.001) and creatinine (p <0.001),
decreased albumin (p <0.001) and HCT-CI =3 (p <0.001). Our prognostic scor-
ing system was developed after analysis of the prognostic risk factors: elevat-
ed LDH, bilirubin and transaminase=1 point, elevated creatinine=1.5 points,
decreased albumin=2 points and HCT-CI 23=3 points. According to this prog-
nostic model, patients were classified into three risk groups for prediction of ED:
low risk=0-1.5 points, intermediate risk=2-4 points, and high risk=>4 points. ED
between these groups was highly significant (p <0.001).

Summary and Conclusions: The prognostic model developed in this study
can distinguish between AML patients in different risk groups for prediction of
ED. This model, based on analysis of pretreatment risk factors, indicates a
subset of high risk patients not suitable for intensive chemotherapy, despite their
eligibility regarding age (<60 years).
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TRAIL AND ITS RECEPTORS EXPRESSION ON LEUKEMIC CELLS OF
PATIENTS WITH AML1-ETO POSITIVE ACUTE MYELOID LEUKEMIA

LG Liu'"J Chen', PF Yu', Y Xie'

1Hematological department, Shanghai fifth people’s hospital, Fudan universi-
ty, Shanghai, China

Background: TRAIL signaling pathway is an important pathway having broad-
ly biological activities involving cell apoptosis, differentiation and proliferation.
There are AML1 consensus bingding sites in the promoter of TRAIL and TRAIL
receptor 2 which imply exsiting the relationship between TRAIL signaling path-
way and AML1-ETO positive acute myeloid leukemia (AML). However, the
expression of TRAIL and its receptors on leukemic cells of AML1-ETO positive
acute myeloid leikemia patients is unknown.

Aims: To detect the expression of TRAIL, TRAIL receptor 1(DR4), TRAIL recep-
tor 2 (DR5), TRAIL receptor 3 (Decoy receptor 1, DcR 1) and TRAIL receptor
4 (Decoy receptor 2, DcR2) on leukemic cells of patients with AML1-ETO pos-
itive AML and investigate its possible clinical significance.

Methods: The mean fluorescence intensity (MFI) of TRAIL, DR4, DR5, DcR1
and DcR2 expression were analysed by using flow cytometry on bone marrow



CD34+ cells from patient with AML1-ETO positive AML, AML1-ETO negative
AML and non-hematological maliganancies (such as iron deficiency, idiopath-
ic neutropenia and thrombocytopenia, the control group). The study was
aproved by the hospital ethics committe and the infromed consent were
obtained from all the patients.

Results: Comparing with AML1-ETO negative AML group and the control group,
the MFIs of bone marrow CD34+ cells from patients with AML1-ETO positive
AML were significantly higher (p<0.01, respectively). Regarding DR4 expression,
the MFIs of both AML1-ETO positive AML and AML1-ETO negative patients were
higher than the control group (p<0.01), but there were no significantly difference
between the AML1-ETO positive and negative AML groups (p>0.05). The MFls
of DR5 expression in patients with AML1-ETO posivite AML were significantly
higher than the AML1-ETO negative AML group (p<0.01) and the control group
(p<0.01). The MFIs of DcR1 expression in both patients groups with AML1-ETO
positive and negative AML were higher than the control group (p<0.01), but there
was no difference between the two AML groups. The MFIs of DcR2 in AML1-ETO
positive AML group was significantly lower than AML1-ETO negative AML group
(p<0.01) and the control group (p<0.01) (Table 1 and Figure 1).

Table 1. The MFIs of TRAIL and its receptors expression on BM CD34+
cells from patients with AML1-ETO positive AML(A), negative AML(B) and
the control(C) (x+SD).

Figure 1. Arepresentive cureve of MFI of TRIAL and its receptors on bone
marrow CD34+ cells in three different groups.

Summary and Conclusions: The expression of TRAIL and its receptors in
patients with AML1-ETO positve AML are significnatly different from the patients
with AML1-ETO negative AML and the non-hematological maligancies patient
which imply the TRAIL sigaling pathway involving the pathogensis of AML1-ETO
positve AML and need to be further investigated.
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TWO-GROUP STUDY OF MEDIAL MICROSCOPY AS AROBUST TOOL TO
HARMONIZE AND STANDARDIZE HAEMATOLOGICAL DIAGNOSIS

G Zini'”" O Barbagallo®, MC Tisi’, G d’Onofrio’

THematology, Universita Cattolica Rome, Rome, Italy

Background: Morphological blood cell evaluation through microscopic examina-
tion remains a cornerstone in the integrated diagnostic process in haematology.
Many factors contribute to a lack of standardization of this diagnostic tool. Accord-
ing to literature, concordance rate between experienced morphologists from dif-
ferent Institutions is highly variable. The availability of a new technology, the medi-
al microscopy (MM), a robotic scanner microscope capable of digitizing an entire
or a selected part of a glass slide, makes available on the web the optical scan-
ning of PB and BM smears and allows a virtual community to be trained and har-
monized with the same diagnostic approach of the optical microscope routinely
used for the diagnosis, reproducing same facilities of smear navigation and zoom-
ing and offering the possibility of field identification (FOVs) through a grid system.
Aims: To evaluate the reproducibility on morphologically critical cell classifica-
tion through the assessment of the inter-observer agreement using MM.
Methods: A digitized smear was prepared from BM of an untreated patient
with AML with monocytic differentiation. Two different selections of three FOVs
(out of 1500) were submitted for cell identification to 2 different groups of expert
morphologists (EM): an Italian (G1) and an International (G2) group composed
by 8 and 16 EM respectively. G1 group evaluated 288 cells and G2 group eval-
uated 110 cells. All EMs were required to separately record in a pre-defined form
the number of blasts listed in the subtypes (agranular, granular, monoblasts,
promonocytes and unspecified®) and of immature/atypical and mature mono-
cytes. Filled forms were evaluated anonymously and data were analyzed with
standard statistics.

Milan, Italy, June 12 - 15, 2014

Results: In the G1 group 86% of the 288 cells were assigned to one of the dif-
ferent subgroups of blast with a consensus agreement 290% in 85% of EM and
an overall consensus of 79%. In the G2 group the consensus agreement on 110
cells was verified at the 75% and 60% level of EM for all cell types. Agreement
on the definition of a cell as “blast” or “non-blast” was 91/110 cells (83%). Agree-
ment on the “blastic” nature of cells of monocytic lineage was also excellent (Fig-
ure 1). The Table 1 shows examples of classification for cells of the monocytic
lineage with high level (D05, D10, D17) o lack of agreement (D106, D107).

- SSE——

-

Figure 1. Agreement on the blastic nature of monocytic cells. Cell num-
ber (y-axis) versus number of participants who have classified each cell
as monoblast/promonocyte or atypical-immature monocyte/mature mono-
cytes.

Table 1. Examples of agreement and disagreement in the cytomorpholog-
ical classification of five cells.

Number of participants that identified the cell as:

Cell Mono-blast Promo-nocyte Myelo-blast  Atypical Mature Blast”
Number monocyte monocyte (any type)
D05 14 1 0 0 0 15/15
D10 5 9 0 1 0 14/15
D17 4 11 0 1 0 15/16
D106 0 6 5 4 1 11/16
D107 0 7 4 4 0 11/16

*blasts=monoblasts+promonocytes+myeloblasts.

Summary and Conclusions: Agreement on cell classification and definition of
blast cells, monoblasts and promonocytes was excellent in both groups: better
results in G1 may be explained by cultural homogeneity. In a previous study,
first line consensus agreement on similar cell photographs submitted to inter-
national EMs was lesser (20-50%) (Zini et al. Br J Haematol 2010;151:359-64).
One main reason for the excellent results obtained with MM is that cells are
evaluated “in the company they keep” on the smear, as it happens in the rou-
tine diagnostic process at the microscope. MM does represent a robust method
for standardization and harmonization in cytomorphological diagnosis, quality
assurance and proficiency testing in haematology.
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HIGH EXPRESSION LEVEL OF PRAME GENE IS FAVORABLE PROGNOS-
TIC FACTOR IN ACUTE PROMYELOCYTIC LEUKEMIA PATIENTS
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Background: An appearance of a chimeric oncogene PML/RARa is a cause
of acute promyelocytic leukemia (APL) development. This molecular marker is
used for diagnosis and minimal residual disease monitoring in patients with
APL. PRAME gene related to a group of cancer-testis genes is expressed in
APL and in a lot of other malignancies.

Aims: We studied the ratio between PRAME and isoforms bcr1 and bcr3 of
PML/RARa expression levels and compared it with a clinical data of patients
with APL.

Methods: We compared mRNA expression levels of gene PRAME and
PML/RARa isoforms ber1 and ber3. All expression levels was confirmed after
equation to ABL level. As the detection method we used RQ PCR. To create
positive control, we cloned the genes sequences into expression vectors. We
have observed the condition of patients within 20 months after the confirma-
tion diagnosis. Therapy of all patients carried out according to AIDA protocol.
Mann-Whitney test was used for comparison of the genes expression level.
Results: We found out that the gene PRAME is expressed in bone marrow of
all primary APL patients (n=72, 100%). According our data, we divided the APL
patients into two groups: with a high (more then 5%) and low (less then 5%)
PRAME expression level in relation to PML/RARa isoforms expression level.
There were 28 patients (male, n=19; female, n=9; median age 29 y.o.) in first
group and 44 patients (male, n=23; female, n=21; median age 28 y.0.) in sec-
ond group. During 20 months of observation, 11 (15% of the total) patients of
the second group developed hematologic relapse of APL. Among them 2
patients had isoform bcr1 and 9 patients had ber3 isoform of PML/RARa gene.
All patients from the first group had not relapse during the observation period.
Summary and Conclusions: Patients with a low PRAME expression level
compared with PML/RARa gene expression level had a leukemia relapse ear-
lier than patients with the high ratio values (p=0,0023). The most unfavorable
prognostic factor is the expression of the isoform bcr3 PML/RARa gene and
low expression level of gene PRAME. We suggest that the ratio between their
expression levels accurately determines a risk of relapse.
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ASXL1 MUTATIONS DEFINE A SUBGROUP OF AML PATIENTS WITH
DISTINCT GENE EXPRESSION PROFILE AND POOR PROGNOSIS: A
META-ANALYSIS OF 3311 ADULT AML PATIENTS

V Shivarov!:” M Ivanova2
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Background: Addition of sex combs-like 1 (ASXL1) is a tumor-suppressor
gene recurrently mutated in a broad spectrum of myeloid malignancies. In the
last decade the elucidation of prognostic role of different somatic mutations in
acute myeloid leukemia (AML) is gaining a growing clinical interest.

Aims: We performed a meta-analysis on published data from 6 independent
reports of 3311 adult AML patients, including 385 ASXL7 mutated cases to
provide a robust evidence supporting ASXL1 mutations testing in clinical set-
ting for AML patients.

Results: Our meta-analysis showed that ASXL7 mutations were associated
with male gender and advanced age and were more frequent in secondary
AML. Notably, ASXL 1 mutations were mutually exclusive with FLT3 and NPM1
mutations. ASXL 7 mutations appeared to be an independent adverse prognos-
tic factor in all patients (OS (p<0.00001) and EFS (p=0.01)). This was also true
for the subgroup of elderly patients over 60 years ((OS (p=0.002)). We also per-
formed a meta-analysis of gene expression profiles of 3 publically available
datasets. We were able to identify a signature of 92 genes, which were differ-
entially expressed in ASXL1 mutated vs. unmutated cases.

Summary and Conclusions: In conclusion, our data show that ASXL1 muta-
tions define a subgroup of AML patients with specific molecular profile and
worse prognosis that justifies their testing in clinical settings.
Acknowledgements: This work is supported financially by Project ID_09_157
(Contract 5/16.12.2009) from the National Science Fund, Bulgaria.
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INCIDENCE AND PROGNOSTIC IMPACT OF FLT3 AND NPM1 MUTATIONS
INACUTE MYELOID LEUKEMIA AND CKIT AND NRAS GENE MUTATIONS
IN RUNX1/RUNX1T1 AML
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Background: Several genetic alterations such as translocations, gene muta-
tions and deletions play an important role in myeloid leukemogenesis. Activat-
ing mutations of FLT3 receptor and NPM1 are one of the most common genet-
ic abnormalities reported. However, the prevalence and prognostic significance
of this mutations in AML patients is still controversial. Higher complete remis-
sion rate and lower incidence of relapse led the researches to consider AML
with t(8;21) as a favorable prognostic group. Nevertheless, approximately
30-50% of patients carrying this translocation relapse. The reason may be the
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presence of the mutations of different genes, that can considerably influence
the prognosis.

Aims: The aim of the study was to determine the incidence and prognostic
impact of FLT3 and NPM1 mutations in AML patients; and CKIT and NRAS
gene mutations in AML with t(8;21).

Methods: Cytogenetic studies were performed on bone marrow samples using
standard GTG-method. Polymerase chain reaction with the following restriction
or direct sequencing analyses was performed to detect mutational status of
FLT3, NPM1, CKIT and NRAS genes.

Results: 280 patients with de novo AML in the age of 18 to 86 years (Me=55)
were analyzed. The male/female ratio was 134/146. Mutations in FLT3 and
NPM?1 were detected in 90/280 (32.1%) patients. A total of 107 mutations were
revealed in this group: 54 — FLT3-ITD, 21 — FLT3-TKD and 32 —in NPM1 gene.
73 (26.1%) patients had single mutations: 41 (14.6%) — FLT3-ITD, 15 (5.6%)
— FLT3-TKD and 17 (6.1%) —in NPM1. In 17 patients mutations occurred simul-
taneously: 11 (3.9%) with FLT3-ITD and in NPM1, 4 (1.4%) with FLT3-ITD and
FLT3-TKD, 2 (0.7%) with FLT3-TKD and in NPM1. According to the cytogenet-
ic analyses patients were separated in the next groups: with normal karyotype
(NK) — 151 (53.9%), with complex karyotype — 39 (13.9%), with another chro-
mosomal aberrations — 90 (32.2%). We found that mutations with the signifi-
cantly higher incidence (p=0.02) were observed in the groups of patients with
NK (57/151) and the intermediate risk group (28/90), whereas there were only
5/39 patients with mutations in the group with complex karyotype. As the result
of overall survival (OS) analyses we revealed the significant unfavourable influ-
ence of FLT3-ITD mutation on the prognosis (p=0.012).

Mutations of 8, 11 and 17 (D816V) exons of CKIT and 12, 13 and 61 codons
of NRAS were analyzed in 21 patients with de novo AML and (8;21) with the
median age of 53 years (range 17-70). Mutation D816V in CKIT gene was
detected in 3 (14,3%) patients. There were no mutations of 8 or 11 exons of
CKIT in the investigated group. Mutations G12D, G13D in NRAS were found
in 2 (9,5%) patients. We detected the significant differences of overall (p=0.041)
and relapse-free survival (p=0.009) in patients with and without D816V muta-
tion. Mutations in NRAS didn’t show the same correlation (p=0.086).
Summary and Conclusions: Mutations in FLT3 and NPM1 had a significantly
higher incidence in the group of patients with intermediate risk comparing with
the group with complex karyotype. FLT3 mutations showed the adverse prognos-
tic value. The incidence of mutations in CKIT and NRAS genes in patients with
t(8;21) was relatively high. CKIT D816V mutation was associated with higher
relapse incidence and a worse survival in RUNX1/RUNX1T1AML patients, while
NRAS mutations showed lack of prognostic significance. It could be recommend-
ed to further accumulate clinical and molecular-genetic data while choosing ther-
apy regimen in AML with {(8;21) patients, as it showed quite heterogeneity.
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THE NUP98 FUSION PROTEINS ARE RECURRENT ABERRANCIES IN
ACUTE MYELOID LEUKEMIA: A REPORT FROM THE AIEOP AML-2002
STUDY GROUP.
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Background: The Nucleoporin 98 (NUP98) is part of a family of proteins that
are involved in the nuclear pore complex known to control the trafficking
between nucleus and cytoplasm. However, NUP98 is discovered to play a crit-
ical role in gene regulation being involved in several chromosomal transloca-
tions in hematopoietic disorders. Thirty different NUP98 partner genes have
been identified among human myelodisplastic syndrome and acute myeloid
leukemia (AML). The chimeric NUP98 protein has the N-terminal of NUP98 and
the C-terminal of its partner gene. Partners, if belonging to the homeobox genes
conserved the DNA-binding domain, if not, they maintain chromatin interaction
domains, mediating in any case a transcriptional regulatory function of the
chimera, as recently described for NUP98-NSD1 and NUP98-JARID1A fusions.
Aims: Here, we aim to identify the more frequent NUP98 fusions at diagnosis
of Italian AML.

Methods: We performed a molecular screening of 8 partner genes of NUP98,
in particular NSD1, HOXC11,PHF23, HOXA9, JARID1A, HOXD13, LEDGF,
DDX10 in 169 patients affected by AML de novo enrolled in the AIEOP LAM
2002/01 protocol. All patients were previously found negative for known recur-
rent genetic abnormalities involving MLL, CBFB, and FLT3 genes.

Results: We found 21 out of the 169 negative patients (14%) harboring one of
the NUP98 chimeric fusion studied, identifying a new AML subgroup. By consid-
ering the Italian pediatric AML 2002/01 protocol 21 out of 482 enrolled patients had



a NUP98 rearrangement confirming a final frequency of NUP98 aberrancies of the
4.3% at diagnosis. In particular, 6 out of 169 patients were found positive for
(5;11)(q35;p15.5)NUP98-NSD1, 5/169 for t(11;12)(p15;913)NUP98-HOXC11,
3/169 for t(11;17)(p15.5;p13)NUP98-PHF23, 2/169 for #(7;11)(p15;p15)NUPI8-
HOXA9, 2/169 for (5;11)(q35;p15.5)NUP98-JARID1A, one patient harbored the
t(2;11)(931;p15)NUP98-HOXD 13, one the t(9;11)(p22;p15.5)NUP98-LEDGF, and
one the inv (11)(p15922)NUP98-DDX10. Same rearrangements were screened
in a group of 34 FLT3ITD patients and revealed a strong association (50%) exclu-
sively with the NUP98-NSD1 translocation as previously described. We then con-
sidered the NUP98 rearrangements for their clinical impact and revealed that
NUP98-rearranged patients event free survival (EFS) was significantly dismal
(n=21, EFS at 10 years=15.1%, SE 8.8), than the rest of NUP98-negative patients
(n=148, EFS=51.1%, SE 4.4). These data support the hypothesis that all NUP98
rearrangements mediated a similar leukemia phenotype by controlling the expres-
sion of a series of common genes. In fact, partner genes with DNA binding domains
(ie. HOXA9, HOXC11) are shown to interact with typical loci, such as the HOX
locus, that are the same affected at the chromatin levels by methylation and acety-
lation (ie. JARID1A, NSD1, PHF23), or by RNA helicase domains (ie. DDX10) of
those partner genes. Furthermore, the aberrant transcriptional regulation mediat-
ed by NUP98-fusions is shown to be enforced by their ability to sequester the wild
type NUP98, which plays a critical role during normal hematopoiesis.

Summary and Conclusions: Finally, we described that NUP98 is not rarely
involved in somatic translocations causing AML in childhood. Furthermore, NUP98
rearrangements identify a new subgroup of AML with a similar destiny of very poor
prognosis, opening for further consideration in novel biological studies in order to
attempt to a future targeting of NUP98 to improve their outcome.
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SUPER-SILAC BASED QUANTITATIVE PROTEOMICS IN ACUTE MYELOID
LEUKEMIA
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Background: Acute myeloid leukemia (AML) is an aggressive hematopoietic
cancer of the myeloid lineage, where immature myeloblasts accumulate in the
bone marrow. The disease is heterogeneous in both biological and clinical
aspects. This complicates prognostication for patients receiving conventional
intensive chemotherapy, particularly for the intermediate risk group, which lacks
risk-stratifying factors. The treatment regime and therapy outcome thus
depends on age, cytogenetics, molecular genetic abnormalities, and also pre-
vious clinical history. Quantitative mass-spectrometry based proteomics is a
powerful analytical technique with potential to improve clinical evaluation in
AML, providing complementary information to cytogenetic studies. Here, we
applied the super-SILAC approach in which the cell lines used as internal stan-
dard are cultured in a modified medium where the endogenous light isotopes
(12C and/or 14N) of the amino acids arginine and lysine are exchanged with
heavy isotopes (13C and/or 15N, respectively), inducing a controlled mass
increase of the amino acids which is measurable by mass spectrometry and
allows distinguishing the internal standard from patient samples.

Aims: Using mass-spectrometry based quantitative proteomics, we aimed at
gaining deeper clinical and biological insight into the leukemic proteome by com-
paring the blast cell proteome of 13 AML patients sampled at 1) time of diagno-
sis and 2) during relapse, after conventional intensive chemotherapy. Proteins with
altered expression pattern between these stages of the disease could provide new
biomarkers for improved prognostication and risk stratification of patients.
Methods: To obtain accurate protein quantification of AML patient blast cells,
and at the same time cover the heterogeneity of the disease, we first generat-
ed an internal standard of five AML-derived cell lines, selected based on their
diversity in regard to clinical, cytogenetic and molecular risk factors used for
prognostication of AML patients. The five metabolically labeled cell lines were
combined in order to generate the internal standard, which was spiked into
each of the lysates obtained from individual AML patient blast cells in ratio 1:1.
Protein separation was obtained with SDS-PAGE, followed by tryptic diges-
tion, peptide separation by liquid chromatography and measurement by tandem
mass spectrometry. Based on the acquired spectra, proteins were identified and
quantified using MaxQuant coupled to its integrated search engine Androme-
da. Statistical analysis was conducted using the Perseus software. Informed
consent was obtained from all patients used in this study.

Results: The relative protein abundance was obtained between each patient
(light isotope) and the internal standard (heavy isotope), enabling relative quan-
tification of thousands of proteins between the individual samples. Approxi-
mately 3000 proteins could be quantified accurately in the AML patient blast
cells proteome. Comparing how protein expression changed in 13 patients from
time of diagnosis to relapsed leukemia revealed significantly altered expression
of several hundred proteins, including proteins previously described as altered
during relapse. Proteins involved in e.g. transcription and mitochondrial
processes were expressed in a significantly higher level at relapsed disease,
compared to the primary disease. Oppositely, some protein phosphatases and
proteins involved in immune defense processes were higher expressed during
primary disease. Interestingly, the significantly regulated proteins allowed us to
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segregate the relapsed leukemia patients into subgroups, revealing biomarker
candidates that could potentially be used for improved risk stratification.
Summary and Conclusions: By using our super-SILAC proteomic approach
we were able to quantify thousands of proteins in the leukemic proteome
derived from 13 AML patients. By comparing the blast cell proteome from 13
patients sampled 1) at time of diagnosis and 2) relapsed disease, we were able
to reveal AML-related proteins and pathways that were significantly regulated
before and after conventional chemotherapy. We propose that new risk strati-
fication markers and an improved understanding of chemoresistance mecha-
nisms can be obtained from these data.
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EARLY ABSOLUTE LYMPHOCYTE COUNT IS NOT A PREDICTOR OF
RELAPSE OR SURVIVAL IN ACUTE MYELOID LEUKEMIA
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Background: The absolute lymphocyte count (ALC) recovery is an independ-
ent predictor for survival in acute myeloid leukemia (AML) post autologous
transplantation or in childhood acute lymphoblastic leukemia after induction
chemotherapy. However, the role of ALC recovery after induction chemothera-
py in adult AML is controversial.

Aims: We examined the ALC recovery after induction chemotherapy to assess
survival in adult AML.

Methods: We performed a retrospective study involving 303 adult patients
newly diagnosed with AML excepted acute promyelocytic leukemia between
2001 and 2012 who received either daunorubicin or idarubicin in combination
with cytarabine as induction therapy. 230 patients (75.9%) obtained complete
remission (CR). Data was analyzed for survival in these 230 patients.
Results: The study included 140 males and 90 females, with median age at
diagnosis of 48 years (range, 15-77 years). Pretreatment cytogenetics was deter-
mined in 228 (99%): 57 (25%) were categorized as favorable (1(8;21) or
inv(16)/t(16;16) with or without other abnormalities), 23 (10%) had abnormalities
of chromosome 7 and/or complex karyotype defined as 23 aberrations (adverse),
while the remaining 148 (64%) were categorized as intermediate with other find-
ings, primarily composed of a normal karyotype (45%). 171 patients obtained CR
with 1 course of induction chemotherapy, while 46 needed 2 courses, and 13
needed 3 courses. Sixty-eight patients received an allogeneic transplantation in
their first CR, with 53 patients receiving it after their first relapse. With a median
follow-up of 3.7 years (range, 0.3 - 11.7 years), relapse and death occurred in 105
and 87 patients, respectively. Disease-free survival (DFS) and overall survival
(OS) for all patients are 42.4% and 64.1% at 3 years, respectively. The ALC at
28 days after first induction chemotherapy initiation was 705/ul (range 56-3781/ul).
We divided ALC at time of day 28 into quartiles and then assessed DFS and OS.
Lower quartile was 442.5/ul and upper quartile was 1043/pl in ALC of our cohort.
Neither DFS nor OS have significant differences between the top and bottom
quartile of ALC at day 28. Survival curves were superimposed in these groups.
Same result was shown in the subgroup of patients who obtained CR with 1 cycle
of induction therapy. Multivariate analysis showed the recovery of platelet count
and hemoglobin level at day 28 and favorable cytogenetic abnormalities were sig-
nificant predictors for DFS, while favorable cytogenetics and age at diagnosis
were significant predictors for OS (Figure 1).

Figure 1. Survival according to ALC at day 28.

Summary and Conclusions: ALC at 28 days from therapy initiation is not pre-
dictive of DFS or OS for adult AML.
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TREATMENT WITH RADIATION, CHEMOTHERAPY, OR BOTH DEMON-
STRATES SIMILAR OUTCOMES IN PATIENTS WITH ISOLATED MYELOID
SARCOMA THAT MAY NOT BE DIFFERENT THAN DE NOVO ACUTE
MYELOID LEUKEMIA

FM Feller’." S M Devlin2, E M Stein?, M S Tallman!, R K Rampal’

1Leukemia, 2Memorial Sloan Kettering Cancer Center, New York, United States

Background: The presentation of acute myeloid leukemia as an isolated
extramedullary tumor without bone marrow involvement is an uncommon event
but one that poses difficulties in clinical decision-making. Due to its rarity, the
treatment of isolated myeloid sarcomas has never been validated in a random-
ized clinical trial, and treatment paradigms have been developed based large-
ly on case reports and clinician experiences. Various treatment modalities,
such as systemic chemotherapy and radiation therapy have been employed in
the treatment of this condition, however there is a paucity of data to guide the
utilization of these different approaches in the treatment of myeloid sarcoma.
Aims: To determine the impact of chemotherapy, radiation therapy, and the
combination of chemotherapy and radiation therapy on the survival and disease
response in patients with isolated myeloid sarcoma.

Methods: We performed a retrospective review to compare radiation therapy
(RT), chemotherapy (CT) and combination radiation and chemotherapy. A
PubMed search was completed that identified seven publications consisting of
large case reports or reviews where individual patient characteristics (includ-
ing treatment course, site of disease, overall survival and time to development
of bone marrow involvement) were defined. We included adult patients who had
extramedullary myeloid sarcoma without bone marrow involvement at the time
of diagnosis and excluded patients with leukemia cutis or lymph nodes as their
sole site of disease. Seventy -one patients were included in the analysis and
the primary outcome was overall survival.

Results: There was no significant difference in overall survival (p=0.41)
whether patients were initially treated with radiation therapy (n=14, 11.2 months,
10- NR), chemotherapy (n=40, 19 months, 13- 36) or the combination of
chemotherapy and radiation (n=17, 24 months, 12- NR) (Figure 1). At two
years, the cumulative incidence of progression of disease to involve the bone
marrow is overall 0.70 (0.56- 0.81) with no difference seen amongst the three
treatment groups (RT 0.79; 0.42- 0.93, CT 0.70; 0.48- 0.85, combination 0.66;
0.29- 0.87). In terms of overall survival, the median overall survival of patients
presenting with isolated myeloid sarcoma is 16 months (n=71). For compari-
son, AML patients treated on the ECOG1900 trial who received standard ther-
apy had a median overall survival of 15.7 months, suggesting that the survival
of patients with isolated myeloid sarcoma is likely no worse than those with de
novo AML who undergo standard induction therapy.
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Figure 1.
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Summary and Conclusions: In summary, this study is unique in its focus
solely on adult isolated myeloid sarcoma as the initial presentation of AML
with the exclusion of skin and lymph node sites of disease, acknowledging
the relatively small number of patients included in some cohorts. Our data
support the use of chemotherapy alone or radiation therapy alone as initial
treatment for isolated myeloid sarcoma, and suggest that combined modali-
ty therapy would not have an additive effect. Notably, the rate of disease pro-
gression to involve the bone marrow was similar in both the chemotherapy
and radiation therapy treated patients. This raises questions about possible
unique aspects of the biology of myeloid sarcoma, which may allow it to
evade the effects of systemic chemotherapy. Further evaluation involving
larger numbers of patients and inclusion of primary patient data from Memo-
rial Sloan- Kettering Cancer Center, as well as investigation of the role for allo-
geneic stem cell transplantation as part of first line therapy are required and
currently underway.
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ACUTE MYELOID LEUKEMIA IN PATIENTS 70 AND ABOVE. AZACITIDINE
VERSUS INTENSIVE CHEMOTHERAPY
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Background: Outcome with intensive chemotherapy in AML patients above the
age of 70 is disappointing (median OS 4.6 months). The MD Anderson CC has
identified as OS risk factors: age >80 yrs, ECOG 22, creatinine >1.3mg/dL and
adverse cytogenetic (0 as opposed to 4 risk factors OS: 11.3 and 0.5 months
respectively; Kantarjian et al. Blood 2010). Azacitidine (AZA) has been explored
in bone marrow blast <30% AML patients (median OS 24.5 months; Fenaux et
al. JCO 2010). The ALMA study has suggested as OS risk factors for first line
AZA treated AML patients: ECOG=22, pretreatment WBC >10.000/uL, bone
marrow blast >30% and adverse cytogenetic (Ramos et al., ASH 2012).
Aims: The aim of this study is to analyze the effectiveness and toxicity of AZA
in 70 yr and above AML patients and to validate both, MDACC and ALMA
scales.

Methods: We carried out the analysis of the 70 yr old and above patients
included in the ALMA study, which consisted of AML patients from 22 Spanish
sites, treated with AZA as first line. We evaluated effectiveness as ELN-2010
criteria, toxicity as CTCAE v3.0 scale, OS and the mortality within the first 8
weeks (M8wks).

Results: Eighty eight (65 male/23female) out of 110 pt included in ALMA
study were 70 or older, median age 76 (70-89). Risk factors as follows, age
280y: 28pt, ECOG=2: 26pt, Creatinine >1.3 mg/dL: 17pt, adverse cytogenet-
ic: 22pt, pretreatment WBC >10.000/pL: 25pt, BM blast >30%: 55pt. Seven-
ty four patients were evaluated for efficacy, ORR 17% (CR+CRi 11pt, PR2pt).
Median follow up 8.5 months (0.5-52), 49pt progressed and 74pt died. The
M8wks was 9% and median OS 10 months. (1 year OS 40%). In this study
age >80, ECOG=22 and pretreatment WBC >10.000/uL predicted M8wks (p
0.05, 0.05, 0.04) and ECOG=2, adverse cytogenetic, bone marrow blast
>30% predicted OS (p<0.01). The ALMA scale (0 versus 1-2 versus 3-4 risk
factors) predicted M8wks (p<0.01) as well as OS (16.5 vs 10 vs 3 months;
p<0.01), while MDACC scale (0 versus 1-2 versus 3-4 risk factors) predict-
ed OS (15 vs 7.7 vs 4.5 months; p<0.01) but didn’t predicted M8wks (p 0.57).
We analyzed a total of 540 AZA cycles (median 4, range 1-29) for toxicity, only
in 3 cases treatment was discontinued because of toxicity.

Summary and Conclusions: These results suggest AZA as an effective and
well-tolerated first line treatments in 70 and above AML patients. The OS seems
longer than the previous reported with intensive chemotherapy, even in those
patients with no MDACC RF. The ALMA scale predicts OS and M8wks in these
elderly AML pt treated with AZA as first line.
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LOW DOSE GEMTUZUMAB OZOGAMICIN PLUS FLAI AS INDUCTION
THERAPY IN CD33-POSITIVE AML. DEFINITIVE RESULTS AND LONG
TERM OUTCOME OF A PHASE Il MULTICENTER PROSPECTIVE CLINI-
CAL TRIAL (NCT.00909168).
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Background: The role and safety of Gemtuzumab-ozogamicin (GO) contain-
ing combinations in previously untreated AML patients younger than 65 remains
to be defined. Here we report the definitive results from a phase Il multicenter
clinical trial combining low dose of GO with FLAI (Fludarabine, Cytarabine,
Idarubicin) as Induction regimen (eudract: 2007-005248-26; ClinicalTrials.gov
NCT00909168).

Aims: Here we report the definitive results from a phase Il multicenter clinical
trial combining low dose of GO with FLAI (Fludarabine, Cytarabine, Idarubicin)
as Induction regimen (eudract: 2007-005248-26; ClinicalTrials.gov
NCT00909168).

Methods: Primary endpoints: Feasibility, Efficacy (CR+PR rate) and Toxicity of
FLAI+GO; DFS and OS. Secondary endpoints: Evaluation of Minimal Residual
Disease by WT1 (and other biologic markers) expression and monitoring. Fea-
sibility and outcome of consolidation with Hematopoietic stem cell transplant
(HSCT). One hundred thirty consecutive and untreated AML patients were
included. All patients were younger than 65 with a median age of 52 years
(range, 18-65) and CD33 expression exceeded 20% in all cases. The M/F ratio
was 65/65, and 92/130 (71%) of patients were poor-risk at diagnosis. The induc-
tion regimen (GO-FLAI) included fludarabine (30 mg/sqm) and Ara-C (2 g/sqm)
on days 1-5, idarubicin (10 mg/sqm) on days 1, 3, and 5 and GO (3 mg/sgqm)
on day 6. HSCT was planned for all high risk AML patients in first complete
remission (CR), after consolidation with intermediate doses of Ara-C and idaru-
bicin (ID-AC and IDA). Cytogenetic, multidrug-resistance phenotype, FLT3 and
NPM mutation status, WT1 quantitative expression analyses, were performed
at diagnosis in all patients. Quantitative WT1 gene expression (RQ-PCR tech-
nique validated by Leukemia Net), cytogenetic (in positive cases) and specific
molecular marker analyses were performed after induction to detect and follow
Minimal Residual Disease.

Results: Patients were evaluated for response rate, treatment-related adverse
events, overall survival (OS) and disease free survival (DFS), feasibility and out-
come of intensification with HSCT. After induction with GO-FLAI, CR rate was
83% (104 of 126 evaluable pts); five patients achieved partial remission and
17/130 (13%) were resistant (Overall response rate 87%). There were only 4
cases of death during induction (DDI 3%). The haematological and extra
haematological toxicity of GO-FLAI was manageable and will be reported in
detail; 45% of patients experienced transient and reversible GO infusion-relat-
ed adverse events (especially fever and chills), but no cases of veno-occlusive
disease occurred during chemotherapy or after allogeneic HSCT. In the setting
of patients who achieved a cytological CR after GO-FLAI, the mean of WT1
copies dropped from 8178+10040/104ABL (at diagnosis) to 165+227
copies/104ABL after induction therapy [P<0.05]. After a median follow-up of 48
months, 67/130 (52%) patients are alive. The probability of 1, 2, 5-year OS
was 80%, 63% and 52%. The probability of 1, 2, 5-year DFS was 71%, 54%
and 47%. Allogeneic and autologus HSCT was performed in 58 (44%) and 24
(18%) patients, respectively.

Summary and Conclusions: The definitive results of this trial confirm that GO
(3 mg/sgm) combined with FLAI is an effective and well tolerated induction reg-
imen for CD33 positive AML patients younger than 65 years, with a high com-
plete response rate, good disease debulking, favourable safety profile and low
DDI, allowing consolidation therapy with HSCT early and in a high proportion
of cases (82/130, 62%). Moreover, these results support the reassessment of
GO-containing combinations as front-line AML therapy.
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PHASE IB STUDY OF PF-04449913, A HEDGEHOG (HH) INHIBITOR, IN
COMBINATION WITH LOW-DOSE CYTARABINE OR INTENSIVE
CHEMOTHERAPY, IN ACUTE MYELOID LEUKEMIA (AML) OR HIGH-RISK
MYELODYSPLASTIC SYNDROME (MDS)
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Background: Aberrant activation of the Hh pathway has been mechanistical-
ly linked to both hematologic malignancies and solid tumors through direct cell-
cycle interactions, cancer stem cell inhibition, indirect stromal interactions, and
anti-angiogenic effects. PF-04449913 (PF) is a potent, selective, oral inhibitor
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of the Hh pathway, which acts through inhibition of Smoothened, with demon-
strated activity in pre-clinical models. Single-agent treatment of patients (pts)
with hematologic diseases in a phase | study provided preliminary evidence of
clinical activity.

Aims: Primary objectives of the phase IB dose-finding portion were to determine
the maximum tolerated dose (MTD) and recommended phase 2 dose (RP2D) of
PF in combination with low-dose cytarabine (LDAC; Arm A for unfit pts, ie, those
not fit for high-dose chemotherapy) or intensive chemotherapy (cytarabine and
daunorubicin; Arm C for fit pts) in pts with AML or high-risk MDS.

Methods: The study followed a standard 3+3 design, and the primary endpoint
was occurrence of first-cycle dose-limiting toxicities (DLTs). In Arm A pts
received oral PF administered continuously once daily (starting dose 100 or 200
mg) in combination with 20 mg LDAC administered subcutaneously twice dai-
ly on days 1-10 of each 28-day cycle. In Arm C, pts received PF continuously
once daily (starting dose 100 or 200 mg) beginning on day -3, in combination
with IV daunorubicin (60 mg/m2 on days 1-3 of induction) and cytarabine (100
mg/m2, on days 1-7 of induction) followed by consolidation (2-4 cycles of cytara-
bine 1 g/m? twice daily on days 1, 3, and 5 of each cycle); thereafter, single-
agent PF was administered as maintenance therapy in 28-day cycles.
Results: Eighteen unfit pts were enrolled in Arm A (11 males/7 females; 100
mg PF, N=12; 200 mg PF, N=6). Median age was 75 years (data undergoing
validation). The most common PF-related adverse events (AEs) included dys-
geusia (22%) and nausea (22%). The most frequently reported non-hematolog-
ic PF-related 2G3 AEs included G3 dehydration, hyperuricemia, fatigue, mus-
cle spasms (all 6%) and G4 asthenia (6%). Two on-study deaths were report-
ed, one due to acute respiratory distress syndrome and one to acute myocar-
dial infarction. Twenty-two fit pts were enrolled in Arm C (12 males/10 females;
100 mg PF, N=16; 200 mg PF, N=6). Median age was 59 years (data undergo-
ing validation). The most common PF-related AEs included nausea (64%), diar-
rhea (32%) and muscle spasms (32%). The most frequently reported non-
hematologic PF-related =2G3 AEs included G3 pyrexia, myalgia, and rash (all
5%). A DLT of G4 polyneuropathy, later attributed to concomitant medication,
was reported at the 100-mg dose level; treatment was permanently discontin-
ued. No 2G3 QTcF prolongation was observed in either arm. A 100-mg daily
dose was selected as the RP2D for fit and unfit pts, based on the observed tol-
erability profile and the increase in PF exposures observed with strong CYP3A4
inhibitors such as azoles. Preliminary efficacy signals were observed, with com-
plete responses reported in both fit and unfit pts.

Summary and Conclusions: Oral administration of PF in combination with
LDAC or intensive chemotherapy was clinically manageable and relatively well
tolerated in pts with AML or high-risk MDS, and showed favorable pharmaco-
kinetic characteristics. Based on the observed safety profile and increased
exposure from drug-drug interactions with strong CYP3A4 inhibitors, the RP2D
was established at 100-mg daily for both combinations. The trial is registered
at clinicaltrials.gov; NCT01546038.
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RESULTS OF A PHASE 1 STUDY OF BMN 673, APOTENT AND SPECIFIC
PARP-1/2 INHIBITOR, IN PATIENTS WITH ADVANCED HEMATOLOGICAL
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Background: BMN 673 is the most potent inhibitor of poly(ADP-ribose) poly-
merase (PARP)-1/2 in clinical development (IC50<1nM, in vitro), inducing synthet-
ic lethality in tumors deficient in homologous recombination. Non-clinically, hema-
tological malignancies, including Acute Myeloid Leukemia (AML), Myelodysplas-
tic Syndrome (MDS), Chronic Lymphocytic Leukemia (CLL) and Mantle Cell
Leukemia (MCL), have exhibited sensitivity to PARP inhibition, as a consequence
of defects in DNA repair that could lead to deficient homologous recombination.
Aims: The main objective of this study was to identify the maximum tolerated
dose (MTD) independently in the 2 study arms (Arm 1: AML and MDS; Arm 2:
CLL and MCL).

Methods: Safety, pharmacokinetics (PK), pharmacodynamics (PD), and pre-
liminary efficacy of BMN 673 were evaluated in a 2-arm study. Oral BMN 673
was administered on a continuous daily schedule (21-day cycle) at escalating
dose levels.

Results: 33 pts (Arm 1: 21 AML, 4 MDS; Arm 2: 4 CLL, 4 MCL), 10F/23M,
median age 71 (range 22-86), ECOG PS 0-1 were enrolled. Median number
of previous regimens was 3 (range 1-7) in Arm 1 and 6 (range 1-13) in Arm
2. BMN 673 dose levels were: 100, 200, 300, 450, 900, 1350 and 2000
ug/day. Dose-limiting toxicities (DLTs) included febrile neutropenia and neu-
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tropenic sepsis in 2/4 pts at 2000 pg/day in Arm 1 and severe neutropenia in
2/5 pts at 900 pg/day in Arm 2. Overall, the most frequent drug-related
adverse events were fatigue (all grades=27%), neutropenia (27%), nausea
(24%), infections (21%), and thrombocytopenia (12%). No alopecia was
reported. No responses were seen. Stable disease was seen in 13/25 pts in
Arm 1 and 5/8 pts in Arm 2. 1 MDS pt received 24 cycles of BMN 673 (484
days) and became RBC transfusion independent.

Summary and Conclusions: The MTD of BMN 673 appears to be different in
pts with AML, MDS, CLL and MCL. As a single-agent, BMN 673 has demon-
strated limited activity in an unselected group of pts with advanced hematolog-
ical malignancies.
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PHASE 2, OPEN-LABEL STUDY OF E7070, IDARUBICIN AND CYTARA-
BINE IN PATIENTS WITH RELAPSED OR REFRACTORY ACUTE MYELOID
LEUKEMA AND HIGH-RISK MYELODYSPLASTIC SYNDROME
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Background: E7070 (Indisulam) is a novel sulfonamide drug that impacts
energy metabolism and cell cycle progression. E7070 suppresses cell cycle
progression partly by reducing cyclin H expression and thereby inhibiting phos-
phorylation of Rb protein. One of its potential metabolic targets is malate dehy-
drogenase. Pre-clinical studies have established synergy of E7070 with nucle-
oside analogs as well as topoisomerase inhibitors.

Aims: We designed a phase 2 study of E7070 (E) in combination with idaru-
bicin (1) and cytarabine (A) in patients with relapsed-refractory acute myeloge-
nous leukemia (AML) and high-risk myelodysplastic syndromes (MDS).
Methods: In Stage 1 patients receive E7070 at 400 mg/m?2 intravenously on
day 1 and day 8 in a 21 day cycle (E). Patients with clinical benefit after single
agent E7070 can continue for another 5 cycles. In the absence of benefit with
E7070 alone, patients can proceed to stage 2to receive E7070 at the same
dose on day 1 and day 8 followed by Idarubicin 8 mg/m2 IVx3 and Cytarabine
1.0 g/m2 IV over 24 hours daily on day 9-12 (age <60 years) or days 9-11 (age
>60 years) in a 28 day cycle (E+IA). Patients with response can receive up to
2 additional cycles of E+IA. The efficacy of the regimen is assessed according
to the Simon’s two-stage Minmax design. The investigational therapy will be con-
sidered promising if the response rate is 25% or higher. The study will stop if the
toxicity is likely to be greater than 33%. The planned accrual is 40 patients.
Patients are considered evaluable they received E and achieved response or
received at least one treatment with E+IA.

Results: This report is a planned interim analysis for futility. Twenty-one
patients with relapsed/refractory AML (N=20) or MDS (N=1) and median age
of 65 years (range, 45-76 yrs) have been enrolled. Eight patients have poor risk
cytogenetics, median number of prior treatments are 2 (range, 1-4), 13 (62%)
received prior cytarabine based regimens (including stem cell transplant =2)
and 16 (76%) received hypomethylating agent. No response was seen after
stage 1 (E). Of the 15 patients who received at least one cycle of E and E+IA
(stage 2) each, 8 (53%) achieved complete remission (CR) or CR with incom-
plete recovery of counts (CRi). Four of the responders have diploid cytogenet-
ics while it is poor-risk in the other four. All received prior cytarabine based reg-
imen or several cycles of hypomethylating agent. Infectious events were
encountered in 16/21 patients and 2 patients had prolonged marrow hypopla-
sia (>42 days). Grade 3 hyperbilirubinemia has been the only 2grade 3 non-
hematological toxicity.

Summary and Conclusions: Interim analysis shows promising responses
with a regimen of E7070 in combination with Idarubicin and cytarabine among
patients with relapsed/refractory myeloid malignancies. E7070 appears to lack
single agent activity and the treatment cycle with E7070 alone will be omitted
in future patients. Based on study design accrual is continuing.
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AZACITIDINE AND INTENSIVE CHEMOTHERAPY IN THE TREATMENT OF
ELDERLY PATIENTS WITH ACUTE MYELOID LEUKEMIA: A META-ANALYSIS
S Gao',L Su™"W Li, Y Li2, P Yu!

1Cancer center, The First hospital, Jilin University, 2Department of Hematology,
The central Hospital of Changchun, Changchun, China

Background: The prognosis of elderly patients with acute myeloid leukemia
(AML) is poor and the optimal therapeutic regimen is still investigated. In recent
years, increasing studies focused on azacitidine in the treatment of elderly
patients with AML. Azacitidine treatment was linked to lower CR rates, but long-
term survival was comparable with intensive chemotherapy. However, there are
some controversies. Hence, the attempt on evaluating the efficacy between
azacitidine and intensive chemotherapy was performed with a meta-analysis.
Aims: To compare the efficacy and safety of azacitidine and intensive
chemotherapy in elderly patients with AML.
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Methods: A literature search was undertaken through September 2013 look-
ing for the cohort studies evaluating the efficacy and safety of azacitidine and
intensive chemotherapy in the treatment of elderly patients with AML. From 287
full-text articles and 207 meeting abstracts, six were included in this study. Het-
erogeneity was assessed by using the /2 index, and quality assessment was
performed with the Newcastle-Ottawa Scale.

Results: Compared with intensive chemotherapy, azacitidine treatment was
associated with a lower complete remission (CR) rate (OR=0.40; 95%
IC=0.19-0.84; P=0.02), but a higher partial remission (PR) rate (OR=3.39;
95% 1C=1.35-8.49; P=0.009). However, early mortality (OR=0.22; 95%
1C=0.03-1.99; P=0.18), one year (OR=0.93; 95% IC=0.53-1.64; P=0.80), and
two year (OR=0.51; 95% IC=0.25-1.06; P=0.07) survival were not significant-
ly different between patients treatment with azacitidine and intensive
chemotherapy.

Summary and Conclusions: Both this and previous studies indicate that azac-
itidine treatment might be a valuable alternative to intensive chemotherapy in
elderly patients with AML.

P183

THE ADDITION OF CLADRIBINE TO THE STANDARD 7+3
(CYTARABINE/DAUNORUBICIN) DID NOT IMPROVE OUTCOMES OF THE
FIT SECONDARY ACUTE MYELOID LEUKEMIA TREATMENT - RETRO-
SPECTIVE MULTICENTER PALG STUDY.
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Background: Recognition of the secondary acute myeloid leukemia (sAML) is
increasing because of more effective treatment of cancers in last years. Out-
comes in this group of patients’ treatment are particularly bad. Previous stud-
ies proved that addition of cladribine to the standard 3+7 induction in AML
patientsbelow 60 improved complete remission rate (CR) and overall survival
(OS) (Holowiecki et al. JCO 2012).

Aims: The goal of this retrospective, multicenter PALG study was assessment
of the results of intensive chemotherapy of sSAML treatment in Poland.
Methods: Forty three patients, 59% female with median of age 56 (21-73)
diagnosed on 2004-2013 in 6 PALG centers were entered to the study. Medi-
an time from diagnosis of primary neoplasm (do czego do rozpoznania
AML?) was 5 years. Median WBC at diagnosis of sSAML was 12.35 G/I. Cyto-
genetic risk was low in 9%, intermediate 37%, high in 22%, not known in 32%
of patients. According to FAB classification they were MO0 in 9%, M1 in 26%,
M2 in 26%, M4 in 27%, M5 in 9%, M6 in 3%. In 80% of cases diagnosis of
sAML was preceded by solid cancers (the most frequent was breast cancer
in 44%), in 20% hematologic neoplasms. In 76% chemotherapy, in 57%
radiotherapy, in 46% both before diagnosis of SAML were given. In 46,5%
(n=20) sAML patients DAC induction regimen (daunorubicin 60 mg/m2/d 1-
3, cytarabine 200 mg/m2/d 1-7, cladribine 5 mg/m2/d 1-5) was given.
Reminders receiving as induction DA 7+3 regimen (the same regimen as
DAC without cladribine). In DAC and DA arm after CR assessment allo-
geneic hematopoietic stem cell transplantation (alloHSCT) was carried out
in 6 and 2 cases respectively.

Results: After whole induction CR was obtained in 55% (n=11) vs. 52% (n=12)
in DAC and DA arm respectively, p=0.90. Toxicity was similar in both groups.
Progression free survival (PFS) was 23% vs. 41% patients after 4 years in
DAC and DA arm respectively, p=0.21. Median OS was 20% vs. 26% patients
were alive in group DAC vs. DA after 4 years respectively, p=0.35.

Summary and Conclusions: Secondary AML remains a challenge because
of increasing frequency and poor prognosis. In our study we do not observed
improvement of the treatment outcomes of fit SAML by addition of cladribine to
standard induction as it was proved in primary AML. This observation requires
further prospective studies.
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ARTESUNATE, AN ANTIMALARIAL DRUG DISPLAYS PRECLINICAL
ACTIVITY IN FLT3 MUTATED LEUKEMIA AND SYNERGISES WITH
ARAC
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Background: Acute myeloid leukemias (AML) are a group of heterogeneous
hematological clonal disorders, marked by an abnormal accumulation of undif-



ferentiated myeloblasts in the peripheral blood and bone marrow and is one of
the leading causes of blood cancer related deaths worldwide. Novel targeted
agents in combination with standard chemotherapy or combination therapy to
target multiple pathogenic signaling pathways are needed to effectively cure or
overcome therapy resistance in the disease. Studies have found that bone
marrow is hypoxic and leukemia develops in a hypoxic bone marrow environ-
ment and hypoxia promotes chemoresistance. Approximately 20-25% of de-
novo AML patients have mutations in the FLT-3 gene that is associated with poor
prognosis. Despite many efforts in the past to develop a therapeutic target for
FLT3, none of the agents tested have yet to be FDA approved for clinical use.
Aims: To identify a drug that can selectively target FLT3 mutated leukemia,
which is effective under hypoxic conditions as well and will have limited toxici-
ty to patients.

Results: Artesunate, derived from a plant Artemisia annua L. is an FDA
approved drug for treating malaria and has been reported to have anti-can-
cer activity. We evaluated the in vitro toxicity of Artesunate in a panel of
human AML cell lines representative of a number of molecular subtypes, with
or without FLT3 mutation. Artesunate induced cytotoxicity in all tested AML
cell lines under both normoxic and hypoxic conditions, but cells expressing
FLT3/ITD showed greater sensitivity to the cytotoxic effects of Artesunate as
compared to other AML cell lines. The anti-proliferative effect of Artesunate
in FLT3/ITD expressing cell lines MV4-11 (IC5,. 0.05uM) and MOLM-13 (IC5q.
0.06pM) was 1100 and 900 fold greater respectively compared to the wild type
FLT3 HL-60 cells (IC5(.56.15uM) under hypoxic conditions. We compared
Artesunate with other FLT3 inhibitors that are under investigation, CEP-701
and PKC-412, and found a similar antiproliferative activity with similar IC5q
In MV4-11 and MOLM-13 cells, artesunate exposure led to a decrease in S
and G2/M phase, down-regulation in the downstream phospho-signaling pro-
teins such as STAT-5, AKT and ERK and also a disruption in the mitochon-
drial membrane potential. The in vivo anti leukemic activity of Artesunate was
evaluated using a NOD.Cg-Prkdcscid [L2rgtmWil /Sz (NSG) mouse bone mar-
row engraftment model. MV4-11 cells (2.5x104, cells) transduced with GFP
luciferase were injected intravenously into the tail veins of 9 mice. Vehicle
(DMSO) or Artesunate (100mg/kg/day once daily) were given intraperitoneal-
ly for 14 days, after the engraftment of tumor cells was confirmed using bio-
luminescent imaging. The control animals had a median survival time of 43
days; whereas the Artesunate treated mice had a median survival of 66 days.
After establishing the in vitro and in vivo cytotoxicity of Artesunate in FLT3/ITD
expressing cells, we looked at the combination of Artesunate with AraC, a
standard chemotherapeutic agent for AML. We found synergism in our in vit-
ro study.

Summary and Conclusions: The encouraging results reported in this study
indicate that a clinical study combining Artesunate with AraC in AML patients
should be considered.
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Background: STAT3 is constitutively activated in growth signaling pathways of
various hematological malignancies, and inhibition of STAT3 in cell lines such
as KG-1 and U937 can lead to cell death in vitro and in vivo. OPB-51602 is an
oral STAT3 inhibitor of small molecular compound.

Aims: A multicenter phase | study was conducted to evaluate the safety, phar-
macokinetics (PK), pharmacodynamics (PD), and antitumor activity of OPB-
51602 in patients (pts) with hematological malignancies.

Methods: OPB-51602 was administered orally once daily, continuously for
4 weeks per cycle until disease progression or unacceptable toxicity to
assess the PD effects on STAT3 phosphorylation (pSTAT) in lymph nodes
(LNs) and bone marrows (BMs) were conducted. The starting dose was 1
mg/day, and dose escalations to 2, 3, 4, and 6 mg/day were planned. In the
first treatment cycle, single and repeated dose PK was assessed on Days 1
to 4 and 28 to 31, respectively. Dose escalation was based on the “3+3”
design, maximum tolerated dose (MTD) was defined as the dose with at
least 2/6 dose-limiting toxicities (DLTs) in the 15t cycle, and toxicities were
graded by NCI-CTC v4.0.

Results: Twenty pts including AML (n=7), FL (n=3), DLBCL (n=5), MM (n=4),
and AITL (n=1) were treated at doses of 1 mg/day (n=4), 2 mg/day (n=3), 3
mg/day (n=4), 4 mg/day (n=6), and 6 mg/day (n=3). Median number of treat-
ment cycles for 1, 2, 3, 4, and 6 mg/day was 3.5 (range: 1-8), 2 (1-17), 1 (0-1),
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1(0-7), and 1 (1-2), respectively. Fourteen pts were assessed for pSTAT in LNs
and BMs at screening, and 4 pts tested positive for pSTAT. The main toxicities
of all grades were nausea (73%), peripheral sensory neuropathy (45%),
fatigue/malaise (45%), vomiting (36%) and diarrhea (35%). These toxicities
were predominantly of grade 1 or 2. Six mg/day was judged to be the MTD,
where DLT of grade 3 lactic acidosis occurred in 1 pts. The recommended dose
for OPB-51602 for hematological malignancies was determined to be 4 mg/day.
OPB-51602 was rapidly absorbed after both single and repeated doses, with
maximum plasma concentrations at a median Tmax between 4.0 and 4.5 hours
after the single dosing on Day 1, and between 2.0 and 4.0 hours after repeat-
ed dosing. The mean elimination half-lives of repeated doses were between
50.2 and 78.4 hours. AUC24h and Cmax increased dose-dependently follow-
ing single and multiple dosing across the 1 to 6 mg dose range. No clear
response, including pSTAT3 positive pts, was observed, while stable disease
was observed in 3 ts.

Summary and Conclusions: The MTD of OPB-51602 was determined to be
6 mg/day. Long-term administration of OPB-51602 at higher doses was difficult
with this daily dosing schedule and there was no responder. Therefore, further
clinical development of OPB-51602 in hematological malignancies with this
schedule was to be terminated.
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TREATMENT WITH QUIZARTINIB (AC220) ENABLES A HIGH RATE OF
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Background: For FLT3-ITD(+) AML patients (pts) who are relapsed or refrac-
tory to chemotherapy, allogeneic hematopoietic stem cell transplant (HSCT)
offers the best prospect for long-term survival. Pts are unlikely to undergo HSCT
unless their blast count can be reduced to an acceptable minimum, ideally
below 5% blasts, which defines composite complete response (CRc:
CR+CRp+CRi). Quizartinib is an orally active inhibitor of the FLT3 receptor
tyrosine kinase being developed for the treatment of AML. We present a new
analysis from 212 FLT3-ITD(+) pts who were relapsed or refractory to previous
salvage therapy or HSCT and who were then treated with quizartinib across two
Phase 2 studies.

Aims: The aims of both studies were to determine the composite complete
remission rate (CRc) defined as CR+CRi+CRp and the impact of treatment
with quizartinib to enable pts to become eligible for HSCT.

Methods: All pts gave informed consent. In Study A, 136 pts received 90-200
mg/day quizartinib; in Study B, 76 pts were randomized to either 30 mg/day or
60 mg/day. In both studies quizartinib was given orally during continuous 28 day
cycles, until relapse, intolerance or proceeding to HSCT.

Results: Median baseline blast count in Study A was 81% and 67% in Study
B. Median age in Study A was 50 yrs and 55 yrs in Study B. In Study A, 47 of
136 (35%) pts proceeded to HSCT; of these 26/47 (55%) had achieved a CRc
and 18/47 (38%) achieved a PR prior to HSCT. In Study B 28/76 (37%) pts pro-
ceeded to HSCT and of these 23/28 (82%) had achieved a CRc and 4/28 (14%)
achieved a PR prior to HSCT. In Study A, pts proceeding to HSCT had a medi-
an overall survival (OS) of 34.1 weeks and a 1 yr survival rate of 36% compared
to an OS of 18.4 weeks and 1 yr survival of 12% for pts not undergoing HSCT.
In Study B, pts randomized to 30 mg/day quizartinib and who underwent HSCT
had an OS of 31 weeks compared to 19 weeks for pts without HSCT; pts treat-
ed with 60 mg/day and who underwent HSCT had an OS of 28.1 weeks com-
pared to 16.3 weeks for pts without HSCT. When both treatment groups in
Study B are combined, for all pts who received a HSCT the OS was 28.1 weeks
and the OS for pts who did not receive a HSCT the OS was 16.4 weeks. The
current follow-up period in Study B is considerably shorter than the follow-up
period for Study A and there remain 35 (46%) subjects in Study B alive and cen-
sored for overall survival.

Summary and Conclusions: Pts able to receive a HSCT after response to
quizartinib have an improved outcome compared to those who did not have a
HSCT. The ability of quizartinib to lower the blast count in a high percentage of
pts (46% pts in both studies combined achieved a CRc) and bridge these pts
to a potentially curative HSCT, together with an acceptable safety profile, rep-
resents an important clinical benefit from quizartinib. Updated results with addi-
tional follow up from Study B will be available for presentation.
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Background: The presence of FLT3-internal tandem duplication (ITD) in
patients (pts) with acute myeloid leukemia (AML) is associated with early
relapse and poor survival. Quizartinib (AC220) is an orally active inhibitor of the
FLT3 receptor tyrosine kinase being developed for the treatment of pts with
FLT3-ITD(+) AML. A previous Phase 2 study showed a high level of activity at
doses of 90 to 200 mg daily. This randomized, open-label, study was conduct-
ed to assess the safety and efficacy of two lower doses of quizartinib in FLT3-
ITD+ pts, aged 18 years or older, with relapsed or refractory AML after either
one-second line therapy or HSCT.

Aims: The aim of the study was to evaluate the composite complete remission
rate (CRc) at different doses of quizartinib and the rate of Grade 2 or higher
prolongation of QTcF. CRc was defined as CR+CRi+CRp.

Methods: All pts gave informed consent and were randomized to quizartinib
30 mg/day (Group A) or 60 mg/day (Group B) given orally during 28-day con-
tinuous treatment cycles, until relapse, intolerance or proceeding to HSCT.
Results: Seventy six pts were randomized equally to the two arms. Demograph-
ics and baseline characteristics were balanced between the two arms except for
age over 60 years (42% Group A, 26% Group B) and the percentage with sec-
ondary AML (8% Group A, 18% Group B). The analysis included a minimum of 8
weeks of follow-up. The median baseline blast count was 67%. The median dura-
tion of treatment in Group A was 10.9 weeks (range 2.1 to 24.9+ weeks) and 11.0
weeks (range 2.6 to 26 weeks) in Group B. The CRc (CR+CRp+CRi) rate in both
groups was 47% and the overall response rate (CRc+partial response (PR)) was
61% in Group Aand 71% in Group B. Median time to CRc was 4.4 weeks (95%Cl:
4.1 —7.7 weeks) in Group A and 4.6 weeks (95% CI: 4.1 — 8.0 weeks) in Group
B. The median duration of CRc in Group A was 4.1 weeks with 28% of subjects
who achieved a CRc censored for undergoing HSCT and 20.0 weeks in Group B
with 50% of subjects who achieved a CRc censored for undergoing HSCT. 32%
of pts in Group A and 42% in Group B were able to receive a HSCT, mostly after
achieving CRc (82%) or PR (14%). The median overall survival was 20.7 weeks
in Group A; and 25.4 weeks in Group B with 35 of the 76 patients alive at last fol-
low-up (range: 7.4 — 40.4+ weeks). Of the 35 (46%) subjects who remain alive,
24 subjects were alive >24 weeks and 2 subjects were alive >36 weeks. Grade 2
or greater QTcF prolongation occurred in 11% Group A pts and in 17% Group B
pts; overall, 4% of subjects had Grade 3 QTcF prolongation. The most common
treatment related adverse events occurring in 15% or more pts were diarrhea
(18%), febrile neutropenia (16%), and QT prolongation (15%).

Summary and Conclusions: Quizartinib in second salvage or post HSCT
FLT3-ITD+ AML demonstrated a high degree of efficacy (CRc 47%) with an
acceptable safety profile, specifically decreased QTcF prolongation rates com-
pared to higher doses used previously. Further analysis with additional follow-
up will be available for presentation.
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Background: Phosphatidylinositol-3-kinase (PI3K) signaling plays a crucial
role in oncogene-mediated tumor growth and proliferation. In many tumors,
the PI3K signaling pathway is constitutively activated. Buparlisib (BKM120) is
an oral pan-class | PI3K inhibitor belonging to the 2,6-dimorpholino pyrimidine
derivative family.

Aims: This phase I/ll study was conducted to determine the dose limiting tox-
icity (DLT) and maximum tolerated dose (MTD) of buparlisib in patients (pts)
with acute leukemias.

36 | haematologica | 2014; 99(s1)

Methods: Pts with acute myelogenous leukemia (AML), acute lymphoblastic
leukemia (ALL) or mixed phenotype acute leukemia (MPAL); relapsed/refrac-
tory to standard chemotherapy or unsuitable for standard chemotherapy were
eligible. Pts with ECOG performance, status 0—2 with adequate organ function
and no active,, uncontrolled intercurrent iliness or infection, received oral
buparlisib continuously daily in 28-day cycles. The starting dose was 80 mg/day.
Western blot analysis was performed to evaluate the depth of PI3K/Akt/mTOR
inhibition.

Results: Eleven pts received at least 1 dose of buparlisib (10 AML, 1 MPAL)
and were included in this analysis. The median (med) age was 70 years (range,
32-85). All pts had received prior therapy. The med number of prior therapies
was 4 (range 1-6): hypomethylating agents (n=13), fludarabine (n=6), clofara-
bine (n=5), cladribine (n=2), and allogeneic stem cell transplant (n=2); either
alone or in combination. Cytogenetics analysis showed diploid karyotype in 4
(36%), complex cytogenetics including chromosome 5 and/or 7 abnormalities
in 3 (27%), and other cytogenetic aberrations in 4 (36%) pts. Molecular analy-
sis showed IDH 1/2 mutations in 2, K-RAS, NRAS, DNMT3A, NPM1, KIT and
FGFR1 mutation in 1 pt each, respectively. Nine pts received buparlisib 80
mg/day; six of these pts were evaluable for toxicity and DLT (Gr 2 confusion)
was seen in 1 pt. Per protocol the dose was escalated to 100 mg/day. Two pts
received 100 mg/day: both pts experienced DLTs in the form of Gr 2 and Gr 3
confusion, respectively. The MTD was established as 80mg/day. Med number
of cycles received was 1 (range 1-3) and the most common cause of discon-
tinuation was progressive disease (n=7). Of the 11 pts treated, 1 had stable dis-
ease at the 80mg/day dosage. The response lasted 80 days. Med overall sur-
vival was 51 days (range 11-260). Other drug-related toxicities 2grade 2 includ-
ed Gr 3 mucositis (n=1), Gr 2 dysphagia (n=1), Gr 2 fatigue (n=2), Gr 2 elevat-
ed serum bilirubin (n=1) and Gr 2 nausea (n=1). On Western blot profiling, a
decrease in p-pS6K/total pS6K was observed in 5/7 (71%) samples with a
mean quantitative inhibition of 65% (range 32—100%). Similarly, a decrease in
p-FOXO3/total FOXO3 was observed in 4/6 (67%) samples with a mean quan-
titative inhibition of 93% (range 89 —100%. The pt with stable disease had
decreases in both p-pS6K/total PS6K (45%) and p-FOXO3/total FOXO3
(100%).

Summary and Conclusions: Buparlisib administered at 80 mg/day showed
modest efficacy and was tolerable in pts with previously treated acute
leukemias. Additional studies of buparlisib; either alone or in combination are
warranted.
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CHARACTERIZATION OF GLOBAL HYDROXYMETHYLATION LEVELS IN
AML
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Background: Patients with acute myeloid leukemia (AML) frequently harbor
mutations in genes involved in the DNA (hydroxy)methylation pathway, name-
ly DNMT3A, TET2, IDH1 and IDH2. DNMT3A is responsible for de novo DNA
methylation, whereas TET proteins are able to initiate DNA demethylation by
converting 5-methylcytosine (5mC) into 5-hydroxymethylcytosine (5hmC). One
of the essential co-substrates for the TET proteins, a-ketoglutarate, is pro-
duced by IDH proteins. Altered DNA methylation is frequently observed in
leukemia, however less is known about hydroxymethylation levels.

Aims: Measure global (hydroxy)methylation levels in AML patients, and corre-
late these levels with mutational status and overall survival.

Methods: DNA samples from 206 clinically and molecularly well-characterized
younger adult AML patients (<60 years) included in the EORTC/GIMEMA AML-
12 06991 clinical trial were analyzed for mutations in DNMT3A, TET2, IDH1,
IDH2, FLT3 and NPM1, and for CBFB-MYH11, BCR-ABL1, AML1-ETO and
MLL translocations. Global 5-(hydroxy)methylcytosine levels were measured
using HPLC-MS/MS.

Results: A wide range of 5hmC levels was detected in AML patients (15 fold
difference), whereas 5hmC levels in healthy control cells were confined to a nar-
row range (1.5 fold difference). In remission, 5hmC values were normalized to
levels comparable to healthy bone marrow and peripheral blood, indicating
that the aberrant 5hmC levels at diagnosis are intrinsic to the leukemic cells.
Patients with mutations in TET2 or IDH1/2 had significantly lower levels of
5hmC compared to patients without mutated TET2 and IDH1/2 (both P<.001),
whereas mutations in DNMT3A did not influence global 5hmC levels. Interest-
ingly, high 5hmC correlated with poor overall survival (P=.047, HR=1.81).
AML1-ETO and MLL translocations were frequently present in patients with
high 5hmC levels.



Summary and Conclusions: High levels of 5hmC independently correlated
with inferior overall survival in AML.
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FRONTLINE TREATMENT WITH INTENSIVE CHEMOTHERAPY, AZACITI-
DINE OR BEST SUPPORTIVE CARE IN OLDER PATIENTS WITH ACUTE
MYELOID LEUKEMIA: A POPULATION-BASED ANALYSIS FROM A
REGIONAL HEALTHCARE NETWORK
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Background: The efficacy of conventional treatments in older patients (pts) with
acute myeloid leukemia (AML) remains unsatisfactory, with low remission rates
and poor overall survival. Few pts above 60 years (yrs) really benefit from inten-
sive chemotherapy (ICT). Azacitidine (AZA) has been recently approved for
AML pts with 20-30% bone marrow (BM) blasts but little is known in pts with
more than 30% BM blasts.

Aims: Taking advantage of our regional healthcare network, the first aim of this
study was to describe the distribution of treatments, prognostic factors and out-
come of all newly diagnosed non-M3 AML pts aged 60 years or older, selected
in daily practice for ICT, AZA or best supportive care (BSC) over a 4-year peri-
od of time (2007-2010). The second aim was to compare the survival of pts
treated with AZA vs respectively ICT and BSC using time-dependent analysis
(Royston and Parmar model) and propensity score matching.

Results: Among the 385 AML pts aged 60 y or more, diagnosed between 2007
and 2010, 51 were excluded from the analysis because of early death (ED)
occurring before therapeutic decision in 20 pts and missing information in 31
pts. Thus, 334 pts were evaluable (86.7%), including 115 pts treated with ICT
(34.4%), 95 pts treated with AZA (28.4%), and 124 pts treated with BSC
(37.1%). Median follow-up was 35 months. Overall median age was 75 yrs
(ICT, 68 yrs; AZA, 76 yrs and BSC, 80.5 yrs; p<0.001). Twenty percent of the
entire population had prior history of myelodysplastic syndrome (ICT 6.7%,
AZA 29.5%, and BSC 25%; p<0.01 for AZA vs. ICT and p=0.017 for AZA vs.
BSC), median WBC was 4.25 G/L (ICT 9.5 G/L, AZA 2.3 G/L and BSC 5.3 G/L,
p<0.001) and cytogenetics (CG) were adverse in 28.4% (ICT 17.4%, AZA 45.3%
and BSC 25.8%, p<0.001 for AZA vs. ICT and p=1 for AZA vs. BSC). ED (occur-
ring within two months after diagnosis) was observed in 92 pts (27.5%) includ-
ing 18 pts treated with ICT (15.7%), 11 pts in AZA group (11.6%) and 60 pts in
BSC group (48.4%) (CTI vs AZA p=0,39; AZA vs BSC p<0.0001). We identified
56 pts in the AZA arm (59%) requiring hospitalization for infection (median num-
ber of hospitalization per patient, 1; range 1 to 7). Overall response (CR+CRi)
was documented in 78 pts treated with ICT (67.8%), and in 18 pts treated with
AZA (18.9%). Additionaly 6 pts treated with AZA have obtained PR and 24 pts
(25.3%) with stable disease were classified as major hematological improve-
ment on at least one lineage according to MDS response criteria. Median over-
all survival (OS) in ICT, AZA and BSC were of 18.9, 11.3 and 1.8 months,
respectively. In pts treated with AZA, OS was negatively impacted in multivari-
ate analysis by higher age (95% Confidence Interval, 1.01-1.10, HR 1.05 for one
year increase, p=0.010), adverse CG (95% Cl, 1.44-4.49, HR 2.55, p=0.001),
lymphocyte count <0.5 G/L at diagnosis (95% Cl, 1.19-5.26, HR 2.5, p=0.015)
and higher LDH level (95% CI, 1.0002-1.0012, HR 1.0007 for one unit increase,
p=0.005). We compared the survival of pts treated by AZA vs ICT and BSC
using time-dependent analysis and propensity score matching (calculated on
age, AML de novo or secondary status, BM blasts, platelets count and CG for
ICT vs AZA and on age and WBC for AZA vs BSC comparison). Pts treated by
ICT had a better overall survival compared to those treated with AZA from 6
months after diagnosis, whereas pts treated with AZA had a better overall sur-
vival compared to those treated with BSC from 1 day after diagnosis.
Summary and Conclusions: This study of “real life” practice shows that there
is a room for low intensive therapies such as AZA in selected elderly AML
patients.
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INCIDENCE AND MANAGEMENT OF VENOUS THROMBOSIS IN ACUTE
LEUKEMIA: A MULTICENTER STUDY
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Background: Venous thrombosis (VT) frequently complicates the clinical
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course of cancer. Available data on the incidence and management of VT in
Acute Leukemia (AL) are scanty and quite discordant.

Aims: We have performed a multicenter study with the primary objective to
evaluate the incidence of venous thrombotic complications in a population of
patients with AL. Secondary objective was to evaluate the management of
these complications in patients with AL.

Methods: Available clinical records of out and in-patients diagnosed with AL
from January 2008 to June 2013 in 7 Regional Reference Hospitals were ana-
lyzed. Cases of venous thrombosis (VT), including thrombosis in atypical sites
[Retinal occlusion (RO) and Cerebral Sinus Thrombosis (CST)], were report-
ed. Available laboratory tests at diagnosis of VT included complete blood cells
count (CBC), basal coagulation tests (PT, aPTT, fibrinogen), Antithrombin, anti-
coagulant Protein S and C and D-dimer. Instrumental diagnosis of deep vein
thrombosis (DVT), pulmonary embolism (PE) and RO and CST was performed
according to ACCP guidelines. In the statistical analysis, logistic regression
model was applied. Fisher’s exact test was used to determine relationships
between categorical variables.

Results: Over a population of 1487 patients with AL, 97 cases of VT were
recorded: 71 cases were associated with Acute Myeloid Leukemia (AML) and
26 with Acute Lymphoblastic Leukemia (ALL). Fifty-four patients were males
and 43 females (4 with AML, 10 with ALL), with a mean age of 52+15,5 years;
Twenty-four patients presented at least a concomitant chronic disease, 12 were
receiving anticoagulant prophylactic treatment with low molecular weight
heparin (LMWH). There were 72 cases of DVT of upper arms, 16 cases of
proximal DVT of limbs (two complicated with PE), 4 cases of PE, 2 cases of RO,
2 of CST and 1 intracardiac clot. In 76/97 (78,6%) cases of VT, a central venous
catheter (CVC) was placed; moreover, 68/72 DVT of upper arms were signifi-
cantly associated with a CVC insertion (p<0.01).VT occurred during chemother-
apy (CHT) in 88/97 (90.7%) cases,9 cases were diagnosed in concomitance
with AL. In both subgroups with VT,there was no statistical significant difference
between time at diagnosis of VT and time at diagnosis of AL. At CBC, throm-
bocytopenia was the most frequent abnormality. Severe thrombocytopenia
(PLT<30000/mmc) was recorded in 25 cases. Coagulation tests were normal
in all cases. Prothrombotic mutations were available only for 19/97 cases, 1
case was heterozygous for Factor V Leiden and 1 was homozygous for Factor
Il (G20210A) mutation. Most VT (83/97) were treated with LMWH at therapeu-
tic doses for the first month witha dose reduction in the following months, for
severe thrombocytopenia after CHT; 1 case was treated with unfractioned
heparin, 1 case with warfarin; 6 cases did not receive treatment due to severe
thrombocytopenia. No cases of VT—related deaths nor fatal complications dur-
ing treatment were recorded. Three cases of mild bleeding were reported. Treat-
ments with LMWH lasted from 3 to 6 months. All patients clinically recovered
from VT, only 2 late recurrences (PEs) were observed.

Summary and Conclusions: The incidence (6.6%) of VT in the analyzed
cohort of patients with AL is almost similar to previous reports.. Atypical sites
VT must be suspected to be correctly diagnosed and treated. Anticoagulant
treatment schedules and duration in patients with VT and AL seems safe and
effective, even if it is influenced by many factors, mainly related to CHT and
severe thrombocytopenia. The optimal management of VT in patients with AL
requires further, prospective studies
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HIGH CORRELATION BETWEEN CLINICAL RESPONSES TO 1ST LINE
AML PATIENTS TREATED WITH CYTARABINE AND IDARUBICIN AND
THEIR PHARMACOLOGICAL PROFILES IN PATIENT SAMPLES MEAS-
URED BY EXVITECH
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Background: Complete remission (CR) after induction therapy is the first treat-
ment goal in acute myeloid leukemia (AML) patients.

Aims: To determine the ability of the Vivia’s novel ex vivo drug sensitivity plat-
form Exvitech to predict the CR rates after induction chemotherapy with cytara-
bine (Ara-C) and idarubicin (Ida) in 1st line AML.

Methods: This non-interventional and prospective study included samples
from adult patients diagnosed with de novo AML in Spanish centers from the
PETHEMA group. Marrow samples were sent to Vivia laboratories and incu-
bated for 48h in whole samples in well plates containing Ara-C, Ida, or their
combination, each at 8 different concentrations. Depletion of leukemic cells
was quantified by subtracting live cells in each well with drugs from the control
wells without drugs. Pharmacological responses are calculated using pharma-
cokinetic population models. Induction response was assessed according to the
Cheson criteria (2003). Patients attaining a CR/CRi were classified as respon-
ders and the remaining as resistant. Patients dying during induction response
assessment were non-evaluable. The correlation was modeled using a gener-
alized additive model with a logit link and a binomial distribution for residuals.
Kernel density estimates were then used to plot empirical probability density
functions for both groups. Their separation was quantified as the area under
the ROC curve and a cut point was selected using the Youden’s criteria to opti-
mize the classification probabilities (sensitivity, specificity). 95% confidence
intervals for sampling errors were calculated for all these quantifiers.
Results: 180 patient samples were used to calculate the dose response (DR)
curves for Ara-C alone, Ida alone, and their synergism. For clinical correlation
we used 77 patients with a median age of 55 years (range 31 to 73). DR for
Ara-C alone are shown in Figure 1A; note that for many samples there is a sig-
nificant number (>20%) of resistant cells to Ara-C (bracket). This is a strong clin-
ical predictor of resistance because in the patient the drug will never be pres-
ent at these high doses for 48h. The second variable that is a good predictor
of response is the synergism between these 2 drugs. The generalized additive
model identified an algebraic combination of these 2 variables that yielded the
best marker to separate both groups of patients. The probability density func-
tions had minimal overlap. The area under the corresponding ROC curve was
0.935 (0.872, 0.997), and the classification probabilities for the optimal cut
point, were 87% (68% to 95%) and 91% (80% to 96%) for sensitivity and speci-
ficity, respectively. Results are shown in Figure 1B; 54 patients (70.1%)
achieved CR after Ida+Ara-C, and the remaining 23 (29.9%) were resistant.
Correlations of the PM test are shown in Figure 1B. 20 of the 23 (86.9%)
patients who fail to achieve CR were predicted as resistance in the ex vivo test.
49 of the 54 patients (90.74%) who achieved CR showed good ex vivo sensi-
tivity to Ida+Ara-C predicting for CR. When the ex vivo test predicted a patient
as sensitive it was correct in 49/52 cases (94.23%), and when it predicted
resistant it was correct 20/25 cases (80%). Overall, 69/77 patients (89.61%) had
an accurate prediction of their response to treatment.

&

Figure 1. A) Dose response curves for Ara-C on 180 samples from AML
patients in terms of the % survival of leukemic cells show the pharmaco-
logical profile of this drug. Note the 40% of samples with submaximal effi-
cacy (bracket). B) Correlation with clinical outcome of the ex vivo phar-
macological profiles in terms of sensitive vs resistant patients.

Summary and Conclusions: This study shows that this novel ex vivo phar-
macological profile test is able to predict the clinical response to Ida+Ara-C
induction. We are increasing the number of patients in this ongoing study, and
we are planning a PM Test-adapted Clinical Trial.
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RUXOLITINIB INDUCES APOPTOSIS OF B-CELL RECEPTOR STIMULAT-
ED CHRONIC LYMPHOCYTIC LEUKEMIA (CLL) CELLS
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Background: Stimulation of the B-cell receptor (BCR) protects chronic lympho-
cytic leukemia (CLL) cells from apoptosis and induces their proliferation. It is
assumed that when CLL cells reside in the lymph-nodes extracellular signals
activates the BCR and provides them with survival advantage. Whether the
JAK-2/STAT3 pathway, known to elicit similar effects in various hematological
and solid tumors is engaged in this process is unknown.

Aims: 1) Determine whether stimulation of the BCR induces JAK-2/STAT3
mediated tyrosine pSTAT3 and protects CLL cells from apoptosis. 2) Determine
whether the JAK1/2 inhibitor ruxolitinib inhibits this pathway in CLL cells
Methods: CLL cells, fractionated from the peripheral blood of 19 previously
untreated patients were used in the different experiments performed in this study.
Anti-IgM antibodies were used to stimulate the BCR, and stimulated or unstimu-
lated cells were treated with the JAK1/2 inhibitor, ruxolitinib, the ber-abl/lyn inhibitor,
dasatinib or with U0126, a MAPK signaling pathway inhibitor. The protein levels
of STAT3 and tyrosine pSTAT3 were assessed by western immunobloting, and for
immunopercipitation studies we used JAK2, pJAK2, STAT3 and pSTAT3 antibod-
ies. Nuclear and cytoplasmatic extracts were prepared and the purity was con-
firmed by the absence of lamin B in the cytoplasmic extract and the absence of
ribosomal S6 from the nuclear extracts. Localization of pSTAT3 to the nuclear
and cytoplasmic extracts was confirmed by confocal microscopy. Apoptosis was
assessed by Annexin V/PI, and levels of STAT3 target genes by real time PCR
(RT-PCR) and quantitative reverse-transcription PCR (qRT-PCR).

Results: Tyrosine pSTAT3 was not detected in unstimulated CLL cells. Stimula-
tion of the CLL-BCR using anti-lgM antibodies induced tyrosine phosphorylation
of STAT3, which was transient. STAT3 remained phosphorylated for 48 h in the
presence of anti-IgM antibodies. However, 2 h after anti-lgM antibodies were
washed out of the culture media we could no longer detect tyrosine pSTAT3.
When the BCR was stimulated, tyrosine pSTAT3 was found in the cytoplasmic
and nuclear extracts. Confocal microscopy confirmed that following BCR stimu-
lation tyrosine pSTAT3 was localized to the nucleus. By RT-PCR and gRT-PCR
we show that following stimulation of the BCR and localization of tyrosine pSTAT3
in the nucleus, STAT3-regulated genes are upregulated, suggesting that BCR
mediated induction of tyrosine pSTAT3 is biologically active and induce transcrip-
tion. Immunopercipitation studies revealed that pJAK2 and tyrosine pSTAT3 co-
immunopercipitated suggesting that STAT3 phosphorylation occurs through the
JAK-2/STAT3 pathway. Because tyrosine pSTAT3 protects CLL from apoptosis
we hypothesized that ruxolitinib, a JAK1/2 inhibitor, would prevent phosphoryla-
tion of STAT3 and induce apoptosis of BCR-stimulated CLL cells. Ruxolitinib, but
not dasatinib or U0126 inhibited tyrosine phosphorylation of STAT3 in a time and
dose dependent manner. Likewise, ruxolitinib, but not dasatinib or U0126 induced
apoptosis of BCR-stimulated CLL cells.

Summary and Conclusions: Our findings suggest that stimulation of the BCR
activates the JAK-2/STAT3 pathway and induces transient phosphorylation of
STAT3. Ruxolitinib inhibited the phosphorylation of STAT3 and induced apop-
tosis of CLL cells. Whether treatment with ruxolitinib would benefit patients
with CLL remains to be determined.

P194
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Background: Reactive oxygen species (ROS) are important regulators of cell
signalling, replication and survival, and are essential for normal cell physiolo-
gy. If uncontrolled however, ROS are associated with cell damage and impli-
cated in therapy resistance. Previous studies have demonstrated that chronic
lymphocytic leukaemia (CLL) cells contain variable levels of ROS which are,
on average, higher than normal B cells. However, the relationship between
ROS levels and disease subsets has not been examined.

Aims: We have sougt to investigate potential associations between ROS lev-
els, IGHV mutation status and the extent of B-cell receptor (BCR) anergy, an
important determinant of clinical behaviour.

Methods: Examine intracellular ROS levels in primary CLL cells stained with
CM-H,DCFDA using FACS.

Protein expression analysis of pErk-1/2 and p-Akt in cells treated with N-acetyl



cysteine (NAC) or left untreated prior to stimulation with immoblised anti-igM
and IgD. Examine surface expression of the migration molecule CXCR4 using
FACS. Transwell migration assays to dertermine effect of NAC on CLL migra-
tion to the chemokines CXCL12 and CXCL13. Protein expression analysis of
p-Erk-1/2 and p-Akt in cells pre-treated with NAC or left untreated prior to stim-
ulation with CXCL12 or CXCL13.

Results: Flow cytometry analysis of unstimulated primary CLL cells demon-
strated that ROS levels differed substantially between samples. Overall,
ROS levels were higher in M-CLL compared to U-CLL (P=0.003). ROS lev-
els were also higher in samples that had strong features of anergy, includ-
ing down-modulation of surface IgM (slgM) expression (P=0.003) and sig-
nalling capacity (P=0.001). Some patients also demonstrated intraclonal
variation in ROS production. This was observed in both M-CLL and U-CLL,
but somewhat more frequent in U-CLL. Analysis of these ‘sub-populations’
found that ROS levels were inversely proportional to CXCR4 expression,
which is down-modulated in the tissues and therefore marks the most recent
emigrees into the blood. Further studies demonstrated that the antioxidant
N-acetyl cysteine decreased anti-IgM signalling responses, and CXCL12 or
CXCL13-induced migration, implying functional roles for ROS in CLL signal
transduction.

Summary and Conclusions: Overall, these results indicate that increased
ROS is a consequence of antigen engagement in CLL, potentially linked to the
extent of anergy.
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Background: Chronic lymphocytic leukemia (CLL) is a disorder with a variable
clinical course and up-regulated expression of a transmembrane tyrosine-pro-
tein kinase (ROR1), a member of Wnt — planar cell polarity (PCP) pathway. This
pathway has an important role in the early embryonic development and con-
trols pathogenesis of CLL via regulation of cell migration and chemotaxis.
Aims: The main aim of the study was (i) to identify ROR1 downstream signalling
by the proteomic analysis of ROR1 binding proteins in CLL and (ii) to analyse
the role and clinical value of selected binding partners.

Methods: The search for ROR1 binding partners was performed using mass
spectrometry. For expression analysis, a cohort of 186 unselected CLL patients
was tested. B-lymphocytes were separated from peripheral blood using gradi-
ent centrifugation with non-B-cell depletion. mMRNA expression was examined
by qRT-PCR. The protein expression was further tested using Western Blot. B-
cells from healthy tonsills (n=4) were fasc-sorted via IgD and CD38 staining into
naive, germinal centre and memory B-cells, which were tested by qRT-PCR.
Expression vectors containing COBLL1 and ROR1 were transfected into
HEK293 cells to visualize their localization.

Results: We identified a novel Ror1 binding partner in CLL cells — cordon blue
protein like 1 (COBLL1). In HEK293 cells, COBLL1 was localized mainly in
cytoplasm but following ROR1 overexpression both proteins were strongly co-
localized in the membrane filopodia. In CLL patients COBLL1 showed vari-
able expression with significantly higher expression in the patients with mutat-
ed IGHV (n=70) compared to the patients with unmutated IGHV (n=116;
p<0.0001, Mann-Whitney U test). Accordingly, the patients with COBLL1
expression above defined threshold had longer treatment-free survival (48
months) compared to the patients with expression bellow this threshold (32
months; p=0.0004, Mantel-Cox test). Also, the expression of COBLL1
decreased with disease severity according to the cytogenetic hierarchical
model (del 13q, normal karyotype vs. del 17p, del 11q; p<0.03, Mann-Whit-
ney U test). The difference in COBLL1 expression between the patients with
mutated and unmutated IGHV was also confirmed at a protein level (n=10).
Median expression in the patients with mutated IGHV was similar to the
expression in healthy germinal centre B-cells, whereas median expression in
the patients with unmutated IGHV corresponded to the expression in healthy
naive and memory B-cells.

Summary and Conclusions: We identified COBLL1 as a novel ROR1 inter-
action partner. COBLL1 expression in CLL cells correlates with patient’s prog-
nosis. Different expression in healthy tonsillar subpopulations suggests its phys-
iological role in germinal centre transition.

Supported by MUNI/A/0830/2013, IGANT11217-5/2010, IGA NT13493-4/2012,
GACR P301/11/0747, MH CZ — DRO (FNBr, 65269705).

Milan, Italy, June 12 - 15, 2014

P196

MONOCYTE/MACROPHAGE LINEAGE CELLS SIGNIFICANTLY INFLU-
ENCE THE SURVIVAL AND PROLIFERATION OF CHRONIC LYMPHOCYT-
IC LEUKEMIA (CLL) CELLS

MTS Bertilaccio’:" G Galletti!2, C Scielzo®, T Veliz Rodriguez’, F Barbaglio!, M
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Background: The development and progression of Chronic Lymphocytic
Leukemia (CLL) is dependent upon a complex microenvironmental network of
cellular and molecular signals. As an example, the in vitro survival of CLL cells
is supported by nurse-like cells, which have been identified as a CLL-specific
tumor-associated macrophage (TAM) population. However little is known
regarding the role of TAMs in CLL development and progression.

Aims: Aim of this study is to investigate to what extent and through which
molecular mechanisms the interaction between CLL cells and TAMs influence
the leukemic growth in vivo and, finally, to explore this cellular interaction for
therapeutic purposes.

Methods: For in vivo studies we took advantage of different CLL mouse systems:
i) the Ep-TCL1 mouse model; the xenograft model we developed, based on the
engraftment of MEC1 CLL human cell line into Rag2--yc”- mice which recapitu-
lates the distribution of aggressive human CLL. To characterize the molecular
repertoire of CLL infiltrating TAMs, a whole genome transcriptional profile analy-
sis was performed, by using the lllumina direct hybridization system, directly on
TAMs and leukemic cells purified from the bone marrow (BM) of Rag2--yc’-,
xeno-transplanted mice. We exploited a liposome-mediated macrophage killing
approach, based on the liposome mediated internalization of clodronate (clo-
drolip) in macrophages for both in vivo and in vitro cytotoxicity studies performed
in CLL animal systems and primary samples from CLL patients.

Results: We analyzed the whole-genome transcriptome of TAMs and leukemic
B cells isolated from the bone marrow of MEC1-bearing mice and found an enrich-
ment of genes involved in inflammation and interaction between TAMs and B
cells. To unravel the functional role of TAMs in CLL development and progression,
we transplanted Rag2--yc-, mice intravenously (i.v.) with MEC1 cells and deplet-
ed macrophages by i.v. clodrolip delivery. Macrophage depletion resulted in a
drastically reduced accumulation of CLL cells in all tissues. Moreover, when
C57BL/6 mice were transplanted with leukemic cells from Ep-TCL1 transgenic
mice and macrophage-depleted, significantly fewer leukemic B cells were detect-
ed in the lymphoid tissues analyzed. Interestingly, in vitro cytotoxicity studies per-
formed on MEC1 cells as well as on human primary CLL cells proved that clo-
drolip have no direct toxic effect on leukemic B cells. However when unseparat-
ed PBMC of CLL patients were treated with different doses of clodrolip in vitro,
we observed a marked depletion of both monocytes/macrophages and leukemic
cells. Finally, to explore the possibility that manipulating leukemic cell/macrophage
interactions might be exploited as a potential novel therapeutic strategy, Rag2-/-
yc/- animals transplanted subcutaneously with MEC1 cells and carrying visible
leukemic lymph nodes (LN) were injected with clodrolip in the proximity of the LNs.
This treatment drastically reduced LN size and favourably impacted on the over-
all mouse survival.

Summary and Conclusions: In summary all these in vitro and in vivo obser-
vations clearly suggest that the survival and proliferation of CLL cells strongly
depend on the support of monocyte/macrophage lineage cells. Our data open
up novel therapeutic venues for CLL based on interfering with leukemic cell-
macrophage interactions.
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HYPOXIA - A CENTRAL MICROENVIRONMENTAL DETERMINANT OF
PROLIFERATION AND DRUG-RESISTANCE OF PRIMARY CLL CELLS

M Huelsemann!, D Baatout!, L Kintzele!, H J Becker!, S Theurich?,
M von Berwelt-Baildon?, C P Pallasch', M Hallek!, C M Wendtner?, LP Frenzel, 1.
1Department | of Internal Medicine, University Hospital of Cologne, Cologne,
Germany

Background: Although common in vitro set-ups tried to address the most rel-
evant pro-survival stimuli (e.g. CD40L, BCR, IL-4) in CLL in the past, it remains
still unknown e.g. why ABT-199 eradicates CLL cells from lymph nodes much
more efficiently compared to fludarabine. Hypoxia as a general environmental
variable is poorly understood so far. It is known that the physiologic oxygen ten-
sion in malignant lymph nodes and bone marrow is around 1% O,. Moreover,
we know from solid malignancies that oxygen tension tremendously affect pro-
liferation and drug-response.

Aims: Therefore our aim was to elucidate the impact of hypoxia on physiology
and drug-resistance of primary CLL cells.
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Methods: We have established an in vitro model, which mimics hypoxic con-
ditions in concert with established pro-survival stimuli (CD40L, BCR, CpGs), in
order to understand the molecular basis of biology of CLL cells resident in the
microenvironment. CLL cells were cultured up to seven days in hypoxia (1%
O,) or normoxia (21% O,). Hypoxic conditions were validated by overexpres-
sion of HIF1a and miRNA-210.

Results: Hypoxia is known to protect malignant cells in solid cancers from
chemotherapy. Surprisingly, we made similar observations, since classical
DNA-targeting drugs like fludarabine were inefficient to kill CLL cells under
hypoxic conditions. However, we identified ABT-737 and ABT-199, which affect
mitochondrial integrity, to be even more efficient under hypoxic conditions com-
pared to normoxia. In order to explain this discrepancy we investigated the
expression of mitochondrial localized anti-/proapoptotic genes on mRNA and
protein level. We show that the de-regulation Mcl-1 under hypoxic conditions
is essential for ABT sensitivity. Our data reveal that Mcl-1 is regulated under
hypoxic conditions by un-coupled phospho-proteomics. Importantly, genetic
and pharmacologic approaches, which target phospho-kinases reverts ABT-
sensitivity towards resistance and sensitizes CLL cells towards fludarabine in
hypoxia. Moreover, we investigated the impact of hypoxia on proliferation of
CLL cells. Surprisingly, our data uncover, that proliferation of primary CLL cells
is controlled by BCR signaling, while survival is enhanced by CD40:CD40L
interaction under hypoxia.

Summary and Conclusions: Our findings give answers on fundamental clin-
ical observations regarding drug-response, proliferation and survival of CLL
cells within the microenvironment. Hypoxic in vitro settings seem to reflect
existing in vivo settings. Further improvement of novel in vitro models like ours
will help us understand the complex in vivo situation.
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LENALIDOMIDE INDUCES A PRO-INFLAMMATORY PHENOTYPE IN
NURSE-LIKE CELLS DERIVED FROM CHRONIC LYMPHOCYTIC
LEUKEMIA

S Fiorcari®" R Maffei’, S Martinelli’, J Bulgarelli’, V Audrito2, P Zucchini,
E Zanetti’, E Colaci’, L Potenza’, F Narni!, S Deaglio2, M Luppi?, R Marasca’
1University of Modena and Reggio Emilia, Modena, 2University of Turin and
HuGef Human Genetics Foundation, Turin, Italy

Background: Lenalidomide is an immunomodulatory agent clinically active in
CLL patients. The specific mechanism of action is still undefined, but includes
the modulation of microenvironment. In CLL patients, nurse-like cells (NLCs)
differentiate from CD 14+ mononuclear cells and nurture/protect CLL cells from
apoptosis. NLCs resemble M2 macrophages with potent immunosuppressive
functions.

Aims: We investigated whether lenalidomide may interfere with the nursing and
protective phenotype of NLCs.

Methods: Upon lenalidomide stimulation in vitro, actin polymerization, adhe-
sion to HUVEC and migration were evaluated on CD14+ circulating monocytes
isolated from CLL patients. NLCs were generated in presence or absence of
lenalidomide: cell surface markers, phagocytosis and induction of T cell prolif-
eration were analyzed after 10 days. In some experiments, we used Rho
GTPases inhibitors.

Results: CLL-derived CD14+ monocytes showed higher actin polymerization
levels after treatment with lenalidomide compared to unstimulated control. F-
actin formation increased to 120%, 225% and 268% upon stimulation with
lenalidomide 0.5uM, 1uM, 10puM compared to control (100%). The addition of
specific GTPases inhibitors (RhoA, Rap1 and Rac1 inhibitors) strongly affect-
ed F-actin formation induced by lenalidomide treatment. When CD14+ mono-
cytes were cultured on HUVEC endothelial layer, treatment with lenalidomide
strongly stimulated the adhesion from 100% to 238% (£37%) (p<0.05). In accor-
dance, lenalidomide increased Akt phosphorylation and ILK (integrin linked
kinase) expression in CD14+ monocytes. Lenalidomide-induced adhesion was
mediated through Rap1 and Rac1. Moreover, we investigated the ability of
CD14+ monocytes to migrate in response to CCL2, CCL3, CXCL12 during
stimulation with lenalidomide. Lenalidomide determined a reduction of 24%,
32% and 20% in monocytes migration in response to CCL2, CCL3 and CXCL12
respectively. These impairments were not determined by a reduction in mono-
cytes viability or down-regulation of chemokine receptors, but we found an
increased expression of CORO1B and a down-regulation of RhoH (p<0.05) as
documented by real-time PCR and Western blot. Then, we focused our atten-
tion on CLL tissue monocytes, also known as NLCs, which showed a different
and particular morphology in vitro after treatment with lenalidomide with high-
er FSC and SSC compared to untreated control. First, treatment with lenalido-
mide 0.5uM and 1uM increased the number of NLCs to 268% and 309% com-
pared to untreated control respectively (p<0.05). At the same time, lenalidomide
strongly increased CLL adhesion to NLCs to 227% and 212% with the addition
of 0.5uM and 1uM doses (Figure 1A) inducing a strong expression of CD11b
and MAC1 on NLCs surface. In this scenario, NLCs did not exert a pro-survival
effect on CLL cells, in fact lenalidomide treatment reduced CLL viability in con-
tact with NLCs from 54.2% to 44.5% (p<0.05). Of interest, we found that
lenalidomide is able to interfere with leukemia-promoting properties of NLCs
by increasing their phagocytic activity and improving NLCs-mediated T cell
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proliferation. In fact stimulation with lenalidomide increased the phagocytic
activity of NLCs to 141% and 155% with 0.5uM and 1uM compared to control
(100%) (p<0.05), and strongly improved theability of T cells to undergo prolif-
eration from 19.5% to 35% (%of dividing cells) (p<0.05, Figure.1B).
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Summary and Conclusions: Collectively, our data provide new insights into
the mechanism of action of lenalidomide that interferes with the supporting
and protective microenvironment generated by CLL into tissues.
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CLL DERIVED EXOSOMES ENCAPSULATE SPECIFIC MICRORNAS AND
INFLUENCE STROMAL CELL BEHAVIOUR

M Farahani!” P Angelillo?, M Kelly®, L Liu2, C Rubbi’, N Kalakonda
1Department of Molecular and Clinical Cancer Medicine, University of liver-
pool, 2Department of Plant Sciences, Institute of Integrative Biology, liverpool,
United Kingdom

Background: Exosomes, nanometre-sized (40—-100 nm) vesicles of endocyt-
ic origin, are vehicles of communication between tumour cells and their
microenvironment. Exosomes are discrete lipid-bound vesicles that encapsu-
late cytoplasmic proteins and RNA (including microRNA). Uptake of exosomes
results in altered expression of mMRNA and proteins in recipient cells. Previous
reports have highlighted the importance, and tumour-specific differences in
exosomal cargo, in the pathophysiology and behaviour of individual cancers.
Given the critical role of microRNAs in Chronic lymphocytic leukemia (CLL), the
importance of CLL derived exosomes and their microRNA content in disease
biology is not yet established.

Aims: In this study, we investigated secreted exosomes and cells from pri-
mary CLL samples for their microRNA content and sought to elucidate their
effects on stromal cells.

Results: Having optimised a protocol for purifying exosomes derived from cul-
tured CLL cells and patient plasma, validation of their physical characteristics
was performed by Electron microscopy (EM) and Atomic force microscopy
(AFM). Verification of the purity and integrity of the exosomes was achieved by
flow cytometry and western blotting and further confirmed their derivation from
CLL cells. MicroRNA expression profiling was performed on patient cellular
RNA and exosomal RNA using Exigon LNA arrays. qRT-PCR was used to fur-
ther validate expression of differentially expressed selected microRNAs.. We
show that, amongst other microRNAs, miR-202 is specifically enriched in CLL
derived exosomes and down regulated in paired CLL cells. Importantly, miR-
202 is down regulated in a larger cohort of primary CLL cells, compared to nor-
mal B cells, implying a tumour suppressive role. In co-culture experiments,
using the normal human stromal cells (HS-5 cell line) and exosomes, and sub-
sequent confocal microscopy we demonstrate uptake and co-localisation of
CLL derived exosomes with Lamp-1 (a marker for late endosomes), verifying
that the endocytosed exosomes are trafficked to endosomal organelles. More-
over, uptake of CLL exosomes by the stromal cells resulted in increased expres-
sion of genes such as c-fos and ATM, while the expression of ‘suppressor of
fused’ (Sufu) (one of the validated targets for miR-202) was decreased. Final-
ly, we show that CLL exosomes derived in vitro (culture medium) or in vivo
(patient plasma) significantly increases cell proliferation in HS-5 compared with
exosomes derived from normal plasma.

Summary and Conclusions: Our findings show that CLL derived exosomes
indeed harbour unique molecular profiles and are enriched in miR-202. CLL
exosomes modulate mRNA and protein expression in recipient stromal cells
and alter cellular behaviour. Our study suggests an important role for exo-



somes, and their content, in CLL-microenvironment interactions to influence dis-
ease behaviour and outcomes.
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DIFFERENT CLL STEREOTYPED SUBSETS, VARYING TELOMERE
LENGTHS: A MEASURE OF DISTINCT PROLIFERATIVE HISTORIES
LINKED WITH UNIQUE CLINICOBIOLOGICAL FEATURES
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Papanicolaou Hospital, Thessaloniki, 8First Department of Propaedeutic Med-
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Background: Telomeres play a critical role in maintaining genomic integrity and
are also implicated in the regulation of cell proliferation and senescence. Indeed,
telomere length (TL) reflects the replicative history of individual cells with repet-
itive rounds of cell division and proliferation leading to telomere erosion at the
ends of DNA. In CLL, short telomeres have been associated with unmutated
IGHV genes, complex karyotype and inferior outcome, linking extensive repli-
cation histories with clinical aggressiveness.

Aims: Given the extreme heterogeneity of CLL, analysis of more homoge-
neous subgroups would provide an accurate view of TL function and hence its
relevance for clonal behavior. Here we investigated TL in a series of 446
patients with CLL, particularly focusing on subsets of cases with stereotyped
B-cell receptor immunoglobulins (BcR 1G); members of which are increasingly
shown to display similarities extending beyond IG sequences to clinicobiolog-
ical profiles and outcomes.

Methods: TL measurements were performed on DNA isolated from diagnostic
peripheral blood samples (>70% CD19* cells) by quantitative real-time PCR.
Overall, TL was found to be highly variable. Using a telomere/single copy gene
(T/S) threshold value of 1086 units (cut-off at the median) we divided the cohort
into two subgroups based on long or short telomeres.

Results: In keeping with the literature, shorter telomeres were significantly
(p<0.001) more frequent among cases with Binet stages B-C at diagnosis,
unmutated IGHV genes and TP53 aberration (TP53ab) due to del(17p) and/or
TP53 mutation. Within our cohort, 129/447 (29%) cases belonged to major
stereotyped subsets, including both IGHV-unmutated (U-CLL) subsets #1
(n=49), 6 (n=6), 7 (n=5), 8 (n=8) and IGHV-mutated (M-CLL) subsets #4 (n=30),
16 (n=7), 77 (n=5) as well as subset #2 (IGHV3-21/IGLV3-21) with variable
IGHV mutational status (n=19, of whom 14 concerned M-CLL). Overall, signif-
icant (p<0.05) differences were identified between subsets, however, average
TLs for different subsets largely followed the general association with IGHV
mutational status. In detail, among M-CLL, subset #16 cases had the longest
telomeres (T/S=2464.8) followed by subset #4 (T/S=1858.3) and subset #77
(T/S=1840.6), thus differing from all U-CLL subsets that carried considerably
shorter telomeres (T/S values: 718.3, 817.5, 703.9, 901.8, for subsets #1, 6, 7
and 8, respectively). Subset #2 exhibited intermediate TL between M-CLL and
U-CLL (average T/S=1044.5), significantly (p<0.001) differing from the former.
Remarkably, within subset #2, M-CLL cases had significantly shorter telom-
eres than U-CLL (average T/S values: 947.2 vs 1316.2; p<0.0001). Concern-
ing possible clinical implications, significantly shorter time-to-first-treatment
(p<0.007) was found for patients with Binet stages B-C, TP53ab, del(11q), U-
CLL, subsets #1 and #2, as well as shorter TLs. However, TL did not retain prog-
nostic significance for TTFT on multivariate analysis, where only clinical stage,
TP53ab and U-CLL status emerged as independent negative prognostic fac-
tors (p<0.001).

Summary and Conclusions: In conclusion, we document different TLs for dif-
ferent CLL stereotyped subsets, indicating distinct replication histories shaped by
subset-biased profiles of cell activation and apoptosis resistance due to both cell-
extrinsic (i.e. antigenic activation) and cell intrinsic mechanisms (i.e. genetic
defects). The finding of short telomeres in subset #2, even in IGHV-mutated cas-
es, strongly alludes to intense proliferation in this highly aggressive CLL subset.
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SKEWING OF THE T-CELL RECEPTOR REPERTOIRE IN CHRONIC LYM-
PHOCYTIC LEUKEMIA: WHAT LIES BENEATH?
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Background: Chronic lymphocytic leukemia (CLL) is characterized by a
remarkably restricted immunoglobulin (IG) gene repertoire, mainly attributable
to the existence of subsets of patients with stereotyped B-cell receptor (BcR)
IGs, strongly implying clonal selection by a restricted set of antigens. Little infor-
mation exists regarding the role of antigenic stimulation in the selection and acti-
vation of cognate T cells, yet this information would be highly relevant in light
of the interactions of the malignant B cells with T cells.

Aims: Our preliminary studies of the T-cell receptor 8 chain (TRB) gene reper-
toire in 12 cases from CLL subset #4 revealed TRBV repertoire skewing in all cas-
es and shared T-cell clonotypes among different patients. In the present study,
we expanded our sample series so as to include cases belonging to other major
subsets as well as cases with heterogeneous (non-stereotyped) BcR IGs.
Methods: In total, we analyzed 71 peripheral blood samples from 56 CLL
patients, belonging to subset #1 (n=15 cases), subset #2 (n=15 cases) or to no
known subset (n=6 cases), together with 20 subset #4 cases; samples from dif-
ferent time points were analyzed for 6 cases (5 subset #4 and 1 subset #1
case). No case had evidence of infection at sampling. PCR amplicons for TRBV-
TRBD-TRBJ gene rearrangements (BIOMED2 protocol) were subcloned by
transformation into E. coli/TOP10F bacteria and individual colonies were cho-
sen randomly and subjected to Sanger sequencing. Only productive rearrange-
ments (n=1310, range 5-77 per case) were included in the analysis.

Results: Forty-seven of 56 (84%) cases were found to carry clusters of identical
rearrangements (=2) corresponding to distinct clonotypes; the number of expand-
ed clonotypes/case ranged from 1-15 (median 3). The frequency of the most
expanded (immunodominant) clonotype/case ranged from 4-80% (median
17.4%). Collectively, the frequency of all expanded clonotypes/case ranged from
10.7-88.8% (median 43.5%). In 2/6 cases where samples from different time
points were analyzed, at least one clonotype was found to persist (both cases
belonged to subset #4). The TRBV gene repertoire exhibited remarkable restric-
tions, with 6 genes (namely TRBV12-3, TRBV19, TRBV20-1, TRBV27, TRBV6-
5 and TRBV7-9) accounting for almost half of the cohort (46.5%). The exact same
genes dominated the TRBV repertoire of clonotypes (45.6%). Similar results were
obtained at the individual subset level since these genes were found among the
most frequent within each subset, as well as within heterogeneous rearrange-
ments (only unique rearrangements were included in repertoire analyses). In
terms of TRB CDR3 sequence analysis, we identified 4 “public” clonotypes shared
by 4 pairs of different patients; interestingly, 2/4 pairs of patients with identical
clonotypes did not belong to the same subset. In addition, 4 highly similar clono-
types (>85% sequence identity) were identified between different patients.
Summary and Conclusions: In conclusion, the present study, by far the largest
to-date, provides clear molecular evidence of TRBV repertoire skewing in CLL,
strongly supporting antigen selection of T cells. The finding of “public” clono-
types together with the similar distribution of TRBV genes among CLL patients,
regardless of whether they belong to stereotyped subsets or not, may suggest
that the T cell driving antigens could include epitopes implicated in the selec-
tion of the malignant B cells and/or CLL-cell (tumor-) derived epitopes. The
exact functional role of clonally expanded T-cells remains to be elucidated.
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BIOLOGICAL AND CLINICAL RELEVANCE OF MIRNAS INDUCED IN
CHRONIC LYMPHOCYTIC LEUKEMIA (CLL) CELLS DURING ADMINIS-
TRATION OF THERAPY IN VIVO AND IN VITRO
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Background: MiRNAs are known to be involved in the pathogenesis of CLL
and affect its clinical course. However, their function in the apoptotic pathways
in CLL B-cells, and their roles in primary and/or acquired resistance to therapy
are unclear.

Aims: The aim of this study was to reveal miRNAs changed with apoptotic
response of CLL cells and to test their role in response to FCR treatment in vivo.
Results: To screen for DNA damage-regulated miRNAs we used RNAs isolated
from patients (pts.) B-cells (purity>95%, CD5+19+) treated in vitro with fludara-
bine dose of ~LC50 (3.5 pg/ml; 48hrs). Five paired samples (n=10) were analyzed
for miRNAs expression each using 2 next-generation sequencing (NGS)
approaches (SOLID; HiSeq). Obtained sequences were mapped to miRBase
and miRNA changes were analyzed by a pair-wise comparison with edgeR and
baySeq packages (Bioconductor). The overlap of 2 NGS sequencing platforms
analyzed by the 2 mentioned statistical approaches identified 6 miRNAs signifi-
cantly changed with DNA damage (FDR<0.1). HiSeq validation on 5 additional
independent paired samples (n=10) confirmed changed expression of all 6 miR-
NAs (3 down-, 3 up-regulated). We further screened the expression of the two
most constantly up-regulated miRNAs, namely miR-34a and miR-1246, in a
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cohort of pts. (n=40) treated with fludarabine, cyclophosphamide and rituximab
(FCR) regimen in vivo. We observed significant induction of miR-34a and miR-
1246 at 48 hrs post FCR administration (fold induction [FI]=1.8; p<0.001; FI=2.2;
p=0.01, respectively). Interestingly, the basal miR-34a levels before the therapeu-
tic intervention were able to distinguish pts. with more aggressive disease. The
pts. with low miR-34a expression (lowest quartile) had a shorter time to treatment
failure (1.04 yrs. vs. 2.16 years; p=0.002; HR=4.3; 95% CI=1.68-10.98) and a
remarkably shorter time to relapse after FCR-achieved remission (1.28 yrs. vs.
not reached; p=0.05; HR=3.07; 95% CI=0.97-9.65). We further screened the
expression of miR-34a in 158 CLL pts. using an in-house designed assay for its
absolute quantification. We defined a cut-point (copies of miR-34a) that segre-
gates pts. with extremely unfavorable prognosis (overall survival [OS] 1.37 yrs.
vs. not reached; p=0.0001; HR=3.89; CI=2.05-7.39) and this was independent
of other prognostic markers (FISH, IgHV, age, sex) in a multivariate analysis. We
have previously described that low miR-34a levels associate with p53 mutations,
and low-miR-34a identified such CLL cases with a sensitivity and specificity of
0.75 and 0.91, respectively. In an OS multivariate analysis limited to wt-TP53
samples (n=116) miR-34a was the strongest predictor of OS (1.29 yrs. vs. not
reached; p=0.002; HR=9.82; C|=2.30-42.05).

Summary and Conclusions: We have defined that FCR-induced miR-34a can
be used as a strong predictive and prognostic marker. We have newly identified
other 5 miRNAs involved in DNA damage response in CLL (including miR-1246).
The investigation of the biological and prognostic role of miR-1246 and other miR-
NAs is ongoing. These miRNAs likely have convergent functions since the DNA
damage induced miRNAs share >50 predicted targets with miR-34a, and thus
could affect therapy response and aggressiveness of CLL. This is currently being
investigated using integrated analysis of mMiRNA and mRNA profiling.
Supported by: EHA Research Fellowship award; MUNI/A/0830/2013; SoMoPro
Il Programme; GACR 14-22712P; IGA MZ CR NT11218-6/2010; CZ.1.07/
2.4.00/17.0042; CZ.1.07/2.3.00/30.0009; NGS-PTL/2012-2015/n0.306242;
MSMT (2013-2015, no.7E13008); VaVPI CEITEC (CZ.1.05/1.1.00/02.0068);
co-financed from EU, South-Moravian region and Czech Rep.
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INTRA-PATIENT CLONAL AND SUBCLONAL HETEROGENEITY OF
CHRONIC LYMPHOCYTIC LEUKEMIA: EVIDENCES FROM CIRCULATING
AND LYMPH NODAL COMPARTMENTS
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Background: In lymph nodes (LN), the crosstalk with accessory cells prevents
chronic lymphocytic leukemia (CLL) cells from apoptosis and enhances their
proliferation. A better knowledge of the biology and trafficking of CLL cells
derived from different compartments, i.e. peripheral blood (PB) and LN, could
help to elucidate the effects of tumor-host interactions in vivo, critical for the
maintenance and expansion of the neoplastic B-cell clone.

Aims: To evaluate if CLL cells resident in the LN compartment and those simul-
taneously circulating in the PB show different genomic features according to
the site of origin.

Methods: We performed Whole-Exome Sequencing (WES, Agilent SureSelect
Human All Exon 50Mb, lllumina HiSeq 2000) and Copy Number Aberration
(CNA) detection (CytoScan HD array, Affymetrix) on genomic DNA extracted
from paired PB, LN and saliva samples of 9 untreated 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). Candidate
mutations were verified by Sanger sequencing, that was also used to determine
their distribution in the two compartments. The Roche GSJ 454 platform was
utilized to determine the allele variant frequency (VF) in each compartment for
all the identified mutations.

Results: Sanger validation of WES data identified 64 nonsynonymous somatic
mutations in 60 genes, with the following distribution: 53 (82.9%) present in both
compartments, 4 (6.2%) specific of PB, 7 (10.9%) specific of LN. Six of the 7
mutations specific of the LN compartment (ZNF215, KIF26B, POLR2A, DAPK1,
WLS, SF3B1) were identified as circulating subclones (VF 0.5-5.3%) in the cor-
responding PB compartment by an ultra-deep sequencing approach (10,000X
coverage); similarly, 2 (ABCC9, MUCS5B) of the 4 PB specific mutations were
found in the corresponding LN (VF 1.3-9.6%). CNAs (82.4% losses and 17.6%
gains) consisted of 41 lesions: 27 (65.8%) present in both compartments, 7
(17.1%) specific of PB and 7 (17.1%) specific of LN. An inter-patients and intra-
patient heterogeneity in the load and distribution of mutations and CNAs was evi-
dent. Two were the most informative cases: case #10 (2 mutations and 4 CNAs
specific of LN) and case #100 (2 mutations and 7 CNAs specific of PB; 5 muta-
tions and 1 CNAs specific of LN). They were further characterized in the PB of a
subsequent relapse. In case #10, the LN specific ZNF215 mutation expanded
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from 3.6% to 27.15%, and the previously LN specific CNAs - del8(p23.3-p11.1),
del9(p24.3-p13.1), gain 2(p25.3-p14) - appeared in the PB at disease relapse.
In case #100, the LN specific SF3B1 mutation expanded from 5.93% to 44.46%
and the PB specific ABCC9 and MUC5B mutations disappeared in the PB at dis-
ease relapse. In addition, del11q was larger (19.4 Mb) than what previously
detected in the PB (0.3 Mb, including ATM) and included BIRCS3, similarly to the
lesion documented in the LN (36 Mb including both ATM and BIRC3).
Summary and Conclusions: A subset of untreated CLL patients with LN
involvement shows a specific pattern of mutations and CNAs in LN-derived
tumor cells compared with the corresponding circulating counterpart, provid-
ing evidence of an intra-patient clonal heterogeneity according to the disease
compartment. The appearance in the PB at relapse of LN-derived mutations
and CNAs supports the notion that the LN microenvironment contributes to
CLL cell proliferation and selection of clones carrying unfavorable lesions.
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OVERCOMING RESISTANCE TO THE NOVEL BH3-MIMETIC ABT-199 IN A
CLL LYMPH NODE MODEL; THE ROLE OF ABL AND BTK
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Background: Chronic lymphocytic leukemia (CLL) cells are highly sensitive to
the Bcl-2-selective BH3-mimetic ABT-199. In patients, ABT-199 induces clear
reductions in peripheral blood lymphocyte counts and lymph nodes (LN) size.
Yet in LNs, pro-survival signals can upregulate Bcl-2 members that are not tar-
geted by ABT-199, and this may induce (partial) resistance.

Aims: Here, we analysed sensitivity to ABT-199 in a simplified CLL LN model,
using in vitro CD40 stimulation.

Results: Prolonged CDA40 stimulation resulted in full resistance to 10uM ABT-199,
due to strong induction of Bcl-XL, Mcl-1 and Bfl-1. These CD40-mediated effects
could blocked by the broad spectrum kinase inhibitor dasatinib. Using interaction
proteomics, Abl and Btk were identified as dominant targets of dasatinib in primary
CLL. Like dasatinib, the Abl inhibitor imatinib, but not Btk inhibitor ibrutinib, could
overcome resistance for BH3-mimetics. Conversely, BCR- and chemokine-con-
trolled adhesion could be abolished by dasatinib and ibrutinib, but not by imatinib.
Summary and Conclusions: Our in vitro data suggest that long-term clinical
application of ABT-199 in CLL might select for resistant clones at protective
niches. This may be overcome by combination treatment with kinase inhibitors
that prevent emergence of resistance (Figure 1).
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TARGETING NOTCH2 SIGNALING BY GLIOTOXIN INDUCES APOPTOSIS
IN CLL CELLS BY A MECHANISM INVOLVING NOTCH3 AND NR4A1

R Hubmann'" M Hilgarth!, S Schnabl’, E Ponath’, D Demirtas’, M Reiter,
U Jager!, C Zielinski', M Shehata’

1Comprehensive Cancer Center, Medical University of Vienna, Vienna, Austria

Background: Chronic lymphocytic leukemia (CLL) cells express constitutive-
ly activated NOTCH2 in a protein kinase C (PKC) dependent manner linking
NOTCH?2 to the activated state of the leukemic cells. The transcriptional activ-
ity of NOTCH2 is associated with the expression of the B-cell differentiation/acti-



vation marker CD23 and CLL cell viability. Moreover, NOTCH1 gain of function
mutations are found in a subset of CLL cases and have an adverse prognos-
tic impact. We have recently shown that the NOTCH2 transactivation inhibitor
gliotoxin (WO 2006/135949) induces apoptosis in CLL cells.

Aims: The aim of this study was to clarify the regulation and possible functions
of the individual NOTCH family members (NOTCH1-4) in the apoptotic
response of CLL cells to gliotoxin.

Methods: Twenty CLL patients, including all prognostic subtypes and four cas-
es with NOTCH1 gain of function mutations were enrolled in this study. Dose
and time dependent effects of gliotoxin on CLL cell viability and on the induc-
tion of apoptosis was determined by MTT-assays and by FACS analysis,
respectively. The expression of NOTCH and apoptosis related genes was deter-
mined by RT-PCR.

Results: Gliotoxin inhibited cell viability and effectively induced apoptosis (IC5q
between 0.2uM and 0.5uM) in CLL cells after 3 days of incubation. NOTCH1
mutational status had no significant impact on the sensitivity of CLL cells to
gliotoxin. At the molecular level, short term (4 hours) exposure of CLL cells
revealed that NOTCH1 was equally transcribed in unstimulated and in PMA acti-
vated CLL cells. NOTCH2 was upregulated in PMA activated CLL lymphocytes
whereas NOTCH4 was only weakly detectable in unstimulated CLL cells.
Gliotoxin treatment resulted in the downregulation of NOTCH1, NOTCH2 and
NOTCH4 mRNA expression. Interestingly, the inhibition of NOTCH2 activity by
gliotoxin was associated with the concomitant induction of NOTCH3 signaling.
This was indicated by the induced mRNA expression of NOTCH3, the NOTCH
ligands JAG2 (in unstimulated CLL cells) and DLL1 (in PMA activated CLL
cells), and the NOTCHS3 preferred target gene HEY1. Moreover, the induced
transcription of HEY1 correlated with enhanced NR4A1 gene activity, a key
regulator of activation induced cell death (AICD) in lymphocytes. These data
may thus point to a pro-apoptotic role for NOTCH3 mediated NR4A1 regula-
tion in CLL cells. In line with this hypothesis, the inhibition of all NOTCH recep-
tors with the the y-secretase inhibitor (GSI) DAPT led to downregulation of
NR4A1 and counteracted the pro-apoptotic effect of gliotoxin.

Summary and Conclusions: In summary, the data suggest that gliotoxin may
selectively target the anti-apoptotic arm of NOTCH signaling irrespective of the
NOTCH1 mutational status in CLL cells. Therefore, the individual NOTCH
receptors may have opposite effects on CLL cell viability which should be con-
sidered in therapeutic approaches aimed to target NOTCH signaling in CLL.

P206

IMMUNOHISTOCHEMICAL ANALYSIS OF IL-6, IL-8/CXCR2 AXIS, TYRO-
SINE P-STAT-3 AND SOCS-3 IN CLL LYMPH NODES: CORRELATION
WITH MICROVASCULAR CHARACTERISTICS, CLINICAL FEATURES AND
PROGNOSIS
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Background: A number of studies pursued during the last few years have
looked into the potential pathophysiological role of angiogenesis in CLL but the
results have often been inconsistent.

Aims: To: evaluate simultaneously the immunohistochemical expression of
pro-angiogenic factor VEGF, cytokine IL-6, chemokine IL-8 and its receptor
CXCR2 along with tyrosine p-STAT-3 and SOCS-3 within and outside the pro-
liferation centres (PCs) of lymph nodes, examine the relationships of these
molecules with microvascular characteristics of lymph nodes and determine
their prognostic significancy.

Methods: Immunostaining for IL-8, IL-6, CXCR2, SOCS-3, tyrosine p-STAT-3
and VEGF was performed on paraffin-embedded 4um sections inlymph nodes
of 62 CLL patients. The microvascular characteristics were evaluated using
CD34. A Histo-score (H-score) based on the percentage of stained neoplastic
cells multiplied by staining intensity was calculated.

Results: Microvessel density, major axis length, minor axis length, area, perime-
ter, shape factor and Total vascular area were higher in the PCs when compared
to the non-PC areas.IL-8 and CXCR2 expression were detected only in 5/51
(9.80%) 7/51 (13.21%) of the examined cases respectively, whereas IL-6 expres-
sion was detected in 49/51 (96.08%). Tyrosine p-STAT-3 expression was nuclear
and was detected in 36/51 (66.67%) of the examined cases. In 21/35 (66.67%)
positive cases immunoreactivity was mainly observed in the PCs. SOCS-3
expression was cytoplasmic and was detected in 34/35 (97.1%) of the examined
cases. VEGF expression was cytoplasmic and was observed in all the examined
cases (41/41, 100%) cases. Further on,VEGF H-score was negatively correlat-
ed with MVD and shape factor, whereas VEGF H-score within the PCs was unre-
lated to the microvessels characteristics in the same area (p>0.10) and it was neg-
atively correlated with Binet stage Tyrosine p-STAT-3 positivity (p=0.0303) and
increased VEGF H-score (p=0.0205) were correlated with increased TTP (medi-

Milan, Italy, June 12 - 15, 2014

an TTP for p-STAT-3 positivity 137.766 months vs 58.26 and median TTP for
increased VEGF H-score 100,3 months vs 42,36). The former relationship
remained significant in multivariate survival analysis (HR=0.202, p=0,024).
Summary and Conclusions: The present study constitutes the first attempt
to elucidate the significance of angiogenesis and proangiogenic cytokines, IL-
6, IL-8 and VEGF along with tyrosine p-STAT-3 and SOCS-3 in lymph nodes
involved by CLL. Both the extent of microvasculature and microvessel caliber
were significantly lower within the PCs as compared to the non-PC area.Tyro-
sine p-STAT-3 positivity emerged as an independent favourable prognostica-
tor in terms of time to progression.
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EXPRESSION AND FUNCTIONAL ACTIVITY OF THE TNFR-SUPERFAMILY
MEMBER DEATH RECEPTOR 3 IN CHRONIC LYMPHOCYTIC LEUKEMIA
B CELLS ACTIVATED BY THE BCR
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Background: Growing evidences suggest a dynamic balance of B-cell chron-
ic lymphocytic leukemia (B-CLL) cells between the blood and lymphoid tissues,
which represent permissive niches for cell proliferation and survival. Within
lymphoid tissue sites, molecules of the tumor necrosis factor (TNF) superfam-
ily have been shown to play a supportive role and contribute to the pathogen-
esis of B-CLL. Thereby, investigating expression and functions of novel TNFR-
superfamily members in B-CLL would allow us to gain deeper insights into
molecular crosstalk within leukemic microenvironments. Death receptor (DR)
3 is a TNFR-superfamily member expressed in lymphocyte-enriched tissues
that binds to the TNF-like ligand 1A (TL1A), a TNF superfamily member. The
TL1A/DR3 axis is implicated in regulatory mechanisms of adaptive immune
response under physiological and pathological settings. Further evidence for the
implication of TL1A in regulatory mechanisms arises from our recent data show-
ing an inhibitory function of TL1A on B-cell proliferation. In leukemia cells, DR3
expression and functions have not been explored so far.

Aims: Our aims were to investigate the expression of DR3 in B cells from B-
CLL patients and to explore the possible role of TL1A/DR3 axis in the disease.
Methods: B cells were purified from PBMC of 37 B-CLL patients by negative
selection with magnetic beads. DR3 surface expression was measured by flow
cytometry at baseline and following stimulation with F(ab’)2 anti-human IgM con-
jugated to latex microspheres. DR3 expression was confirmed by western blot and
immunofluorescence analysis on B-CLL lymph nodes. DR3 function was studied
by MTT assay and Annexin V assay. TL1A serum levels were measured by ELISA.
Results: Under basal conditions CLL B cells in vitro expressed low levels of DR3.
Stimulation of the B cell receptor (BCR) with anti-IlgM antibodies induced a sta-
tistically significant increase of DR3 expression in CLL B cells (p<0.001). Induced
DR3 expression showed great variability amongst B-CLL cells (variance
(02)=6.38). Flow cytometry data were confirmed by Western blot analysis. The
relevance of these findings was further confirmed by immuofluorescence analy-
sis of B-CLL lymph-node specimens showing that in vivo high levels of DR3 were
expressed by a number of B-CLL cells. To assess whether the anti-lgM-induced
DR3 molecule was functionally active in CLL B cells, we examined the ability of
DR3 to modulate their metabolic activity. Stimulation of DR3 with TL1A in the
presence of BCR engagement showed that TL1A induced an equal or greater
than 25% decrease of metabolic activity in 37.5% of B-CLL cell samples. In these
samples the modulation is not due to reduced survival, as assessed by Annexin
V assay. No change in metabolic activity was observed following TL1A treatment,
in the absence of anti-IgM. Higher levels of DR3 expression were significantly
associated with early-stage (Rai 0) disease (p=0.019) and higher serum levels
of TL1A were significantly associated with early-stage (Rai 0) disease (p=0.023)
and absence of CD38 expressions (p=0.035).

Summary and Conclusions: In this study, we describe for the first time that B-
CLL cells activated by the BCR stimulation express DR3 and TL1A reduces meta-
bolic activity in some B-CLL cells. Herein, our data show a novel regulatory role
for TL1Athat, in the presence of antigen stimulation, may modulate leukemic cell
metabolism through DR3 in early-stage B-CLL and suggest that homeostatic
functions of TL1A may influence the clinical course of B-CLL disease.
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VASCULAR ENDOTHELIAL GROWTH FACTOR (VEGF) INCREASES CELL
MIGRATION THROUGH INTERACTION WITH THE CXCR4/SDF1 AXIS IN B-
CELL CHRONIC LYMPHOCYTIC LEUKEMIA (B-CLL)
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Background: Vascular endothelial cell growth factor (VEGF) is a multifunction-
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al cytokine involved in angiogenesis and development. In B-CLL, it is known
that malignant cells possess VEGF receptors and secrete VEGF. Patients with
advanced stage have higher levels of VEGF, so it is probably involved in tumor
progression. In other cell lines, VEGF is a major stimulating factor for migra-
tion, survival and proliferation and its action is mediated through another G-cou-
pled protein system, CXCR4/SDF-1.

Aims: In the present study, we analyzed the role of exogenous VEGF on B-
CLL migration as well its relationship with the G-coupled proteins CXCR4,
CXCR7 and CD49d.

Methods: We obtained peripheral blood mononuclear cells from 33 patients
diagnosed of CLL according to established clinical and laboratory protocols. We
also used the CLL cell line Mec-1 and human umbilical vein endothelial cells
(HUVEC). B-lymphocytes were purified by Ficoll-Hypaque density gradient cen-
trifugation anti-CD19 conjugated Dynabeads. Then we analysed by flow cytom-
etry the expression of CXCR4, CXCR7 and CD49d before and after exogenous
VEGF exposure, VEGF-R2 inhibitor or both. In order to evaluate the role of VEGF
in the motility of these cells, we performed an in vitro 6h transmigration assay
towards a media containing (or not) SDF-1. B-CLL (5x105 cells) cells were incu-
bated on the upper chamber of transwell filters coated with HUVEC in the pres-
ence or absence of VEGF [50 ng/ml] 24h, VEGFR2/KDR inhibitor [70nM] or both
simultaneously. Migration ratio was given as mean+SD between B-CLL cells
treated with VEGF, VEGF-R2 inhibitor versus control. Statistical analysis was per-
formed by non-parametric Wilcoxon test using SPSS statistical software (version
19.0). We also studied the expression CXCR4 and p-CXCR4 using confocal
laser scanning microscopy. Mec-1 cells were cultured in the presence of VEGF
[50 ng/ml] for 24h or absence. The cells were fixed in 3.7% paraformaldehyde
and permeabilized by 0.2% triton X-100. The slides were blocked in 5% serum
and incubated with primary antibodies CXCR4 and p-CXCR4 overnight at 4°C
and stained with corresponding secondary antibodies.

Results: Basal CXCR4, CXCR7 and CD49d expression levels of B-CLL cells were
highly variable among the 33 patients analyzed. Mean fluorescent intensity (MFI)
of CXCR4 expression was significantly higher on cells treated with VEGF versus
untreated cells (9.64195, p=0.028). However, we did not detect a significant differ-
ence in the percentage of cells expressing this receptor. On the other hand, VEGF
treatment did not influence either MFI or the number of CXCR7 and CD49d
expressing cells. Exposure to a VEGFR2 inhibitor reduced the percentage of cells
expressing CXCR4 and CXCRY7, suggesting a potential regulatory role of this recep-
tor in the expression of these chemokines. Concerning cell migration, we observed
a significant increase of Mec-1 and B-CLL cells treated with VEGF versus the con-
trol (27.66+69.97 p=0.03). Furthermore, the treatment with VEGFR2 inhibitor
reduced significantly the migration index (-23.18+33.5, p=0.001) and the motility
was restored by the addition both, VEGF and R2-inhibitor (36.04+39.33, p=0.001).
Finally, we observed and increased fluorescent signals of both, CXCR4 and p-
CXCR4 in Mec1 treated with VEGF versus controls (Figure 1).

Figure 1. Fluorescent signals from CXCR4- Alexa fluor 647 (3) as well as
from Phospho-CXCR4- Fluorescein goat anti rabbit IgGa (4) detected by
immunofluorescence were analyzed by confocal microscopy. Nuclei were
counter strained with Hoescht 33258 (5mg/100ul). A) Cell line MEC-1 con-
trol. B) Cell line MEC-1 treated with VEGF (50 ng/ml) for 24h.

Summary and Conclusions: These preliminary data suggest that VEGF
seems to be involved in B-CLL migration through the up-regulation of CXCR4
levels and it also interacts with other g-protein receptor coupled sinaling path-
ways. New therapeutic strategies focussed on blocking both the SDF 1-CXCR4
axis and/or VEGF pathway could have a potential therapeutic role in the treat-
ment of this entity. Detailed molecular mechanisms implicated in this process
should be further studied.

This work has been supported by grants FIS PI06/1637 and PI10/02095
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Background: In Asia, chronic lymphocytic leukemia (CLL) incidence is 5-10
times lower than in the Western world and does not change in Asian residents
in the US and in their descendants. The underlying environmental and genet-
ic bases remain obscure. Previous data seem to suggest a different distribu-
tion of immunoglobulin heavy chain variable (IGHV) gene families between
Asian and Caucasian CLL.

Aims: To characterize IGHV-D-J rearrangements and stereotype of the HCDR3
region of a series of Chinese CLL and compare them to those present in Ital-
ian CLL.

Methods: CLL cells from 399 Chinese patients at presentation (319 from Chi-
na, 80 from Hong Kong) and from two Italian cohorts have been analyzed.
IGHV-D-J gene rearrangements were analyzed by the IMGT database
(http://imgt.cines.fr). We evaluated: IGHV-D-J gene usage and IGHV mutation-
al status; HCDRS3 region by the ClustalW2 software (http://www.ebi.ac.uk).
Stereotyped HCDR3s were defined according to published criteria.

Results: Of the 399 Chinese patients, 38.6% were IGHV unmutated (UM) and
61.4% mutated (M). The IGHV family distribution was as follows: VH3 (49.9%),
VH4 (27.6%), VH1 (14.3%), VH2 (3%), VH5 (2.2%), VH6 and VH7 (1.5% each).
The most representative IGHV genes were: V4-34 (10.5%), V3-23 (9.8%), V3-7
(9.8%), V4-39 (6%), V1-69 (5.3%), V4-59 (5%), V3-30 (4.3%), V3-74 (3.7%),
V3-33 (3.2%), V3-48 (3%), V3-21 (3%), V5-51 (2%), V1-2 (1.7%). We compared
the Chinese series with two Italian CLL cohorts: i) 579 unselected patients (49.4%
UM, 50.6% M), comparable with those reported by Agathangelidis et al., 2012;
ii) 329 patients at diagnosis (38% UM, 62% M, similar to the Chinese series).
From the first comparison, the frequency of VH1 in Chinese CLL was lower
(p=0.0001) and that of VH4 was higher (p=0.01). V1-69 (p=0.0001), V1-2
(p=0.002) and V3-30 (p=0.04) were underrepresented in Chinese CLL, whilst VV4-
59 (p=0.003), V3-7 (p=0.03) and V4-39 (p=0.06) were more recurrentin Chinese
than ltalian CLL. Regarding IGHD, in Chinese CLL, the DH3 (40.8%) was the
most frequent followed by DH6 (20.3%) and DH2 (13.5%), with a higher repre-
sentation of DH6 (p=0.0034). D3-3 (p=0.0009) was lower, whilst D6-13
(p=0.0028) and D3-10 (p=0.006) were higher in Chinese CLL. We then exam-
ined the 329 Italian CLL at diagnosis, in order to avoid selection biases. VH1 was
again lower in Chinese CLL (p=0.01); V1-69 (p=0.003), V1-2 (p=0.01), V3-30
(p=0.05) and D3-3 (p=0.005) were underrepresented in Chinese CLL, whilst \V4-
39 (p=0.04), DH6 (p=0.01), D6-13 (p=0.003) and D3-10 (p=0.046) were more
recurrent in Chinese than Italian CLL. No difference was found in the IGHJ fam-
ilies. The proportion of known stereotyped receptors was significantly lower in Chi-
nese (14.4%) than in ltalian CLL (31.4%) (p=0.0001), although a significantly
higher frequency of subset #8 was observed in Chinese (10.4% of stereotyped
cases) compared to Italian CLL (1.4%) (p=0.0095). Moreover, 6 new paired clus-
ters were identified among Chinese cases.

Summary and Conclusions: Our data show a different IGHV and IGHD gene
usage between Chinese and Italian CLL. Of interest is the low frequency of V1-
69, V1-2, V3-30, D3-3 and the high frequency of V4-39, DH6, D6-13, D3-10 in
the Chinese series. In addition, a low representation of stereotyped receptors
was identified among Chinese CLL, although with a high frequency of subset
#8. By extending this study to other Chinese collaborators, it will be possible
to corroborate these results and identify potential new subsets of Chinese CLL.
These data could ultimately translate into pathogenetic hypotheses for Chi-
nese CLL.
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BASAL CA2+ SIGNALING IS PARTICULARLY INCREASED IN MUTATED
CHRONIC LYMPHOCYTIC LEUKEMIA

AF Muggen®” S Yuvuraj2, LP Kil2, MC van Zelm?!, JJ van Dongen?,
RW Hendriks2, AW Langerak’
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Background: Chronic lymphocytic leukemia (CLL) patients can be divided on
the basis of the somatic hypermutation (SHM) status of their B-cell antigen
receptor (BCR) genes into unmutated CLL (U-CLL) or mutated CLL (M-CLL)
subgroups. Furthermore, approximately 30% of CLL patients express a stereo-
typic BCR, while the other 70% express a heterogeneous receptor. The exis-
tence of these stereotyped B cell receptors (BCR) in different CLL patients is
interpreted as an indication for specific antigenic stimulation driving CLL patho-
genesis. However, it was recently reported that CLL is driven by (higher basal)
autonomous signaling based on Ca2*, influx assays instead of antigen-depend-
ent signals. This autonomous signal is induced by the immunoglobulin heavy
chain complementarity determining region 3 (HCDR3) of the CLL BCRs, which
are supposed to recognize an internal epitope within framework 2 (FR2) of the
BCR. We hypothesized that these seemingly contrasting observations may not
be mutually exclusive, and that the level of cell-autonomous signaling may dif-
fer between CLL subgroups.

Aims: Our aim is to determine whether basal signaling is different between CLL
subgroups.



Methods: From our cohort of well-defined CLL samples consisting of cases
belonging to specific stereotypic CLL subsets and heterogeneous CLL, we
selected representative samples of stereotypic or heterogenous U-CLL and M-
CLL cases (n=68). From these MNC samples, CLL B cells were untouched iso-
lated by MACS. As controls we used MNCs from healthy individuals over 50
years of age (n=14). After loading the cells with labeled Ca2* indicators Fluo-3
AM and Fura Red AM, we investigated BCR signaling by use of Ca2*, influx
assays on a LSR Il flow cytometer.

Results: Our results show variation in basal BCR signaling between B cells of
healthy individuals and CLL cells from stereotypic and heterogeneous U-CLL
and M-CLL cases. We confirmed that basal Ca2* signaling in CLL cells is high-
er than in normal B cells, but we also found that basal signaling is particularly
high in M-CLL subgroups and to a lesser extent in U-CLL subgroups. The
degree of basal signaling was not correlated with BCR characteristics like mem-
brane Ig levels, HCDR3 length, or HCDRS3 charge. Furthermore, the expression
levels of CD5 (negative BCR-regulator) did not influence basal Ca2* levels.
Additionally, within our cohort we could not detect mutations leading to amino
acid change within the earlier found FR2 epitope known to induce autonomous
BCR signaling in CLL, which could influence our observed variation in basal
Ca?* levels.

Summary and Conclusions: Basal Ca2*, signaling in CLL samples is higher
compared to healthy controls. The Ca2* levels were not uniformly high in all
samples, but correlated to the IGHV SHM status. U-CLL showed marginally
increased Ca2* levels, whereas M-CLL samples had the highest basal Ca2* lev-
els. We therefore conclude that the level of basal Ca2* signaling is not uniform-
ly enhanced in CLL B cells, and speculate that this may depend on the degree
of anergy of these cells.
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SRC INHIBITORS DOWNREGULATE CD20 AND MODULATE THE ACTIVI-
TY OF THE CD20 PROMOTER
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Background: The monoclonal antibodies against CD20 antigen (rituximab and
ofatumumab) have been developed and used in clinic as a therapeutic strate-
gy in B-cell malignancies. These antibodies eliminate B cells by triggering indi-
rect effector mechanisms of the immune system, namely complement-depend-
ent cytotoxicity (CDC), antibody-dependent cellular cytotoxicity (ADCC), or
immunophagocytosis. Although for many years CD20 has been described as
a stable antigen, accumulating evidence indicates that CD20 can be modulat-
ed at both transcriptional and posttranscriptional levels. It seems that down-reg-
ulation of CD20 levels is one of the reasons of tumor resistance to rituximab.
We have previously discovered that CD20 expression is strictly dependent on
the activity of BCR signaling pathways. However, to the best of our knowledge,
the role of SRC family kinases (SFKs) in the regulation of CD20 expression has
not been studied so far.

Aims: The aim of this study was to explore the molecular mechanisms of SFK-
dependent CD20 regulation in B-cell neoplasms.

Methods: CD20 surface level, rituximab-mediated CDC (R-CDC) and ADCC
in CD20-positive lymphoma cell lines and primary cells from patients were
determined with flow cytometry. Total CD20 protein levels were assayed with
Western blotting, the expression of CD20 gene was determined with qRT-PCR.
The CD20 promoter activity was measured with reporter Firefly luciferase assay.
Results: Initial experiments showed upon treatment with SFKs inhibitors a sig-
nificantly reduced binding of anti-CD20 mAb to lymphoma cell lines as well as
primary cells isolated from patients. All tested SFKs inhibitors, as well as shRNA
targeting Lyn, Fyn or Lck kinase impaired CDC and ADCC over a dose range
of rituximab concentrations (1-100 ug/ml) in Raji cells. Interestingly, in Raji cells
incubated for 48h with dasatinib we also observed a dose-dependent reduction
of total CD20 protein levels, when assayed by Western blotting. Moreover,

Milan, Italy, June 12 - 15, 2014

quantitative PCR analysis revealed that the transcriptional regulation is the
major mechanism responsible for the reduction of CD20 level upon dasatinib
treatment. Consistently, the exogenously expressed CD20 under the control of
CMV promoter was not sensitive to dasatinib treatment. To further elucidate the
mechanism of transcriptional regulation of CD20 we performed the luciferase
assays to estimate the activity of CD20 promoter and its truncated forms. Dasa-
tinib or AKT kinase inhibitor (MK-2206) strongly decreased the activity of CD20
promoter, while the overexpression of CA-AKT partially blocked the inhibition
caused by dasatinib. Using the truncated versions of the CD20 promoter we
found that lack of the region (-313/-198) made the promoter unsensitive to
dasatinib treatment. Since this particular region is known to contain a putative
Octamer transcription factor binding site, we introduced mutations in the BAT-
box sequence. Although basal promoter activity was indeed decreased, dasa-
tinib was equally effective in reducing the activity of both wild-type and mutat-
ed CD20 promoter.

Summary and Conclusions: The most important finding of this study is that
SFKs inhibitors strongly down-regulate in the transcriptional mechanism CD20
levels in tumor cells, leading to decreased binding of anti-CD20 mAbs to the
surface CD20 and to impaired activation of antitumor effector mechanisms of
the immune system. While impaired CDC is a direct result of decreased CD20
levels, inhibition of ADCC is caused by impairment of cytolytic activity of NK
cells.
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COMPLEX ACTIVATION OF ANGIOGENIC SIGNALING IN CHRONIC LYM-
PHOCYTIC LEUKEMIA: EVIDENCE FROM CIRCULATING ANGIOGENIC
CYTOKINES
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Background: Chronic lymphocytic leukemia (CLL) has a remarkably hetero-
geneous clinical course. Assessment of angiogenesis may potentially improve
individual patient’s prognostic stratification.

Aims: To investigate prognostic relevance of circulating basic fibroblast growth
factor (FGF-2), vascular endothelial growth factor (VEGF), soluble endoglin
(sCD105), endostatin, and angiopoietin-2 (Ang-2) in patients with CLL.
Methods: Plasma levels of angiogenic factors were quantified using enzyme-
linked immunosorbent assay in patients with untreated CLL (median age, 63
years [range, 31-88]; males, 69%) (FGF-2, VEGF, n=181; sCD105, n=175;
endostatin, n=137; Ang-2, n=130). Eighty healthy donors served as control
group.

Results: All circulating cytokines except endostatin were significantly elevated
in CLL patients vs. controls (FGF-2 and sCD105: p<0.0001; VEGF, p=0.0004;
Ang-2: p=0.001). sCD105 progressively increased with advancing Rai stages
(Rai low vs. intermediate vs. high, p=0.024 and p=0.033). Patients with progres-
sive disease had significantly higher levels of sCD105, endostatin and Ang-2
in comparison to patients with stable course (sCD105: p=0.0008; endostatin:
p=0.019; Ang-2: p=0.015). Time to treatment was significantly shorter in patients
with high sCD105 levels (median 15 months vs. not reached, p=0.0045). In
patients who achieved at least partial response after fludarabine-based
chemo(immuno)therapy, levels of FGF-2, VEGF, and sCD105 decreased sig-
nificantly (p<0.0001, p=0.0027 and p=0.0098).

Summary and Conclusions: Our results indicate that a complex network of
angiogenic signaling is active in CLL and has an impact on clinical course;
sCD105 appears to have the best prognostic value among these cytokines.
Updated results will be presented. Supported by grant NT/13412-4 from the
Internal Grant Agency, Ministry of Health, Czech Republic, by DRO (Univ Hos-
pital Hradec Kralové, 00179906) from Ministry of Health, Czech Republic, and
by programme PRVOUK P37/08.
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CHRONIC LYMPHOCYTIC LEUKEMIA CELL CAPACITY OF EXPRESSING
AND RESPONDING TO SURFACE IGM (S-IGM) OR S-IGD PREDICTS DIS-
EASE PROGRESSION AND IS ASSOCIATED WITH SPECIFIC
MIRNA/MRNA SIGNATURES
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Background: Signaling via BcR is thought to activate proliferation and survival
pathways in CLL cells and has also been linked to poor outcome.

Aims: We investigated i) the intensity of sigM and slgD expression by flow
cytometry, ii) their ability to predict progression free survival (PFS) and iii) spe-
cific miRNA and GEP signatures associated with sigM and slgG expression.
Methods: 372 newly diagnosed patients were prospectively enrolled from diag-
nosis (clinicaltrial.gov identifier NCT00917540). The intensity of sigM and slgD
expression was calculated as Relative Fluorescence Intensity (RFI). Highly-
purified B-cells were employed for GEP (GeneChip® Gene 1.0ST Array,
Affymetrix Inc.) and miRNA (Agilent's Human V2 platform) analyses.

Results: The mean slgM density measured as RFI valuetsem was 56.9+5.6 in
the entire cohort, with a median value of 34 (range 6.7-1430). ROC analysis
showed that 10 was the most suitable RFI threshold for sigM to distinguish those
cases operationally defined as sigM-low group (234/372, 62.9%) from slgM-high
group (AUC=0.629, P<0.0001). The PFS of the slgM-low group was significantly
longer than sIgM-high cases (H.R. 2.2, 95%Cl 1.4-3.5, P<0.0001). Similarly, using
a RFI threshold value for sIgD of 12, the 86 cases with slgD-high had a signifi-
cantly higher risk to progress (HR=2.4, 95%CI 1.5-3.8, P<.0001). Among the 234
slgM-low cases there was a concordantly low sIgD density in 194 cases, while
46/138 of slgM-high cases exhibited high slgD RFl levels (P=0.001). Cases were
subdivided in 3 groups: slgM-low slgD-low (n=194), sIgM or slgD-high (n=132),
and slgM and slgD-high (n=46). Differences in clinical outcome were observed
between slgM-low slgD-low, sigM-or IgD-high, and slgM-and sIgD-high cases
with 4.5 times higher risk of progression (95%C.I. 2.5-8.1, P<0.0001) for the lat-
ter group. A significantly higher number of CD38 and ZAP-70 positive as well as
IGHV-unmutated (/IGHV-UM) cases were detected in slgD- and slgM-high group,
while a significantly higher percentage of patients with trisomy 12, del(11)(q22.3)
and del(17)(p13) was noticed. In a Cox multivariate model, CD38-positive [HR=2.2,
95%Cl 1.2-3.8, P=.006], IGHV-UM [HR=3.0, 95%CI 1.6-5.6, P=.001] and slgM-
and slgD-high cases [HR=2.1, 95%Cl 1.2-4.0, P=.016] maintained an independ-
ent association with PFS. A GEP multiclass supervised analyses according to the
three slgD/sIgM density categories identified 23 differently modulated genes, 18
of which showed a prognostic relevance in predicting PFS. Finally, a miRNA mul-
ticlass supervised analysis identified 4 differently modulated miRNAs. Specifical-
ly, miR-146b-5p showed an up-regulation gradient from sigDlow/sIgM low to slgD
high/slgM high groups, while an opposite gradient was documented for miR-575,
miR-1225-5p and miR-373*: miR-146b-5p (P=.011) was significantly associated
with PFS. In vitro stimulation of CLL cells by autologous T cells activated and
expanded by CD3/CD28 MACSiBead ™ (Miltenyi) particles and IL2, causes up-reg-
ulation of both slgD and sIgM expression in a subset of B-cells also showing
CD38bight, CXCR4dim and CD5bright, indicating that microenvironment signals
have a role in BcR regulation.

Summary and Conclusions: A high cell surface density of IgM and IgD cor-
relates with shorter PFS, independently from other known prognostic markers.
Moreover, some genes and miRNAs are differently regulated in those cases
highly expressing slgD and sIgM and predict a poor clinical outcome. Finally,
we highlight the relevance of slgD and sIgM regulation in the natural history of
early unfavorable CLL patients.
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B-CELL RECEPTOR SIGNALLING ENHANCES GLYCOLYSIS IN CHRON-
IC LYMPHOCYTIC LEUKAEMIA
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Background: Signaling via the B-cell receptor (BCR) plays a key role in
chronic lymphocytic leukaemia (CLL) and is an effective target for therapeu-
tic attack. We have previously demonstrated that stimulation of surface IgM
of CLL cells induces expression of the growth promoting oncoprotein, MYC.
In addition to its roles in driving cell division, MYC promotes a switch in
metabolism, promoting glycolysis, even in the presence of adequate levels
of oxygen. This is called aerobic glycolysis, or the Warburg effect, and is
important to provide biosynthetic metabolites.

Aims: Here, we have investigated the effects of BCR stimulation on the expres-
sion of glycolytic enzymes in primary CLL samples.

Methods: Analysis of the protein expression of MYC, pERK1/2 and pAKT in
CLL samples after stimulation with soluble or immobilised anti-IgM (Western
blot), and the change in expression after ibrutinib and tamatinib treatment.
Analysis of the gene expression of CLL samples stimulated with sigM
(afimetrix array). Validation by Q-PCR analysis of MYC and metabolic target
genes: HK2, LDHA and ODCH1, after stimulation of CLL cells with both immo-
bilised anti-lgM and CpG-ODN and the change in expression after ibrutinib
and tamatinib treatment.

Results: Analysis of gene expression array data, revealed that anti-IgM stim-
ulation of CLL cells induced expression of a wide range of enzymes involved
in glycolysis, as well as glutaminolysis which is also controlled by MYC. Q-
PCR analysis confirmed that anti-lgM expression increased expression of
hexokinase 2 (HK2), lactate dehydrogenase A (LDHA), as well as ornithine
decarboxylase (ODC) which catalyses the rate-limiting step in polyamine
biosynthesis. These MYC target genes were more strongly induced in cells
stimulated with immobilized anti-IgM, compared to soluble antibody. Anti-
IgM-induced expression of MYC, HK2, LDHA and ODC was inhibited by the
BTK inhibitor ibrutinib and the SYK inhibitor tamatinib. Similar results were
obtained following treatment of CLL cells with the toll-like receptor 9 ligand
CpG-ODN.

Summary and Conclusions: These results demonstrate that BCR signaling
can enhance growth-promoting glycolysis in CLL cells. Inhibition of glycolysis-
promoting signaling may contribute to the therapeutic effects of novel kinase
inhibitors targeted towards the BCR in this disease.
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NICHEFORMING STROMAL ELEMENTS OF BONE MARROW AND LYMPH
NODES IN CLL
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Background: The niche microenvironment of bone marrow controls develop-
ment HSC and lineage commitent of T and B lymphocytis. Niche lymph nodes
regulate development B-precursors that travel from bone marrow. However, the
state niche hemopoietic and lymphoid microenvironment when lymphocytis
proliferation is impaired continues to be studied insufficiently.

Aims: The aim of the study were investigation of the morphofunctional features
of stromal elements of hemopoietic and lymphoid microenvironment that form
niche lymphoid precursors in CLL.

Methods: Endosteal cells and microvessels of bone marrow 79 patients with
CLL has been studied in trephine biopsies. Follicular dendritic cells and
microvessels lymph nodes of 57 patients were studied. Histological, histochem-
ical, morphometric and immunohistochemical methods were used. The statis-
tical significance was considered with p<0,05 (Student criterion).

Results: Nodular, interstitial and diffuse lymphocytic infiltration of bone mar-
row are detected. Disorders of microenvironment at all types of infiltration was
established. Loose network of reticulin fibers in nodular infiltration. Silver
impregnation showed the increase number reticulin fibers endosteal areas
bone marrow in interstitial and diffuse types. Density microvessels increase
in the progression of bone marrow infiltration. In diffuse infiltration size of
vessels increased by almost 2 times in comparison with the control group
(17,9+0f 4.7% instead of 9.1+1,2%), and, what is especially important, the
increase of number of vessels in subendosteal spaces was noted. Analysis
of endosteal cells showed an increase of number of cells per unit of area at
interstitial (1,8+0,4 against 1.4+0.2 in the control group) and diffuse (2,3+0,7)
infiltration. The change of morphology endosteal cell was established too. In
lymph node biopsies of CLL patients restructuring of the stroma was noted.
Identified destructive changes of reticulin frame. Disintegration of follicular
dendritic cells and reduction of their number almost 3 times (to 7.2+1.3% in
CLL and 23£3.1% in the control group) was noted. Density microvessels
lymph nodes was increased - 12,8+0.3% in CLL (6,5 approximately 0.5% in
the control group). Thus, the reduction of the number of follicular dendritic
cells and increase of angiogenesis are the key factors of stroma damage
lymphoid microenvironment in CLL.

Summary and Conclusions: Changes of stromal nicheforming structures of
bone marrow and lymph nodes indicate of their involvement in the genesis of
neoplastic transformation of lymphoid precursors and can identify the realign-
ment of the microenvironment function directed on maintenance of leukemic
clone.
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DISTRIBUTION OF CIRCULATING RESIDUAL NORMAL B-CELLS AND
OTHER IMMUNE CELLS IN ADVANCED-STAGE B-CELL CHRONIC LYM-
PHOCYTIC LEUKEMIA (CLL) ACCORDING TO THE NUMBER OF PRIOR
TREATMENT LINES RECEIVED
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Background: It is well-known that B-cell chronic lymphocytic leukemia (CLL)
patients have an impaired immune function -particularly in advanced disease,
which significantly contributes to a higher risk of infections. The introduction of new
therapeutic agents, such as the purine analogues plus rituximab, has significant-
ly improved the clinical responses in CLL, but so far their impact on the overall
immune function in CLL patients after therapy, remains to be fully understood.
Aims: To evaluate the effect of the number of prior treatment lines received on
the different normal circulating leucocyte cell populations, including normal B-
cell subsets, in advanced-stage CLL patients (B/C Binet stages).

Methods: The distribution of peripheral blood (PB) leukocytes was analyzed in
128 untreated CLL patients, and compared to that of 83 patients who had previ-
ously been treated with 1 line of treatment (n=53) or >1 line of treatment (n=30),
and who failed to respond. Analysis was performed by 8-color flow cytometry with
monoclonal antibodies against CD3, CD4, CD5, CD8, TCRgd, CD19, CD20,
CD27, CD38, CD45, CD56, slgM, slgA, slgG, slgLambda and slgKappa.
Results: The absolute count of circulating malignant B cells was not significant-
ly different (p>0.05) in the untreated vs. previously treated patients who received
1 or >1 treatment lines (83,081+87,956 vs 72,533+89,258 vs 63,764+85,153
cells/uL; respectively). In contrast, other prognostic parameters (proportion of
cases in Binet C stage and degree of thrombocytopenia) were significantly low-
er in untreated vs. 2-lines treated patients. Also, as compared to untreated
patients, PB normal B cells were reduced in patients who had received either
1line or >1 lines of treatment (81+123 vs 38+61 and 564154 cells/uL, p<0.001).
When dissecting the normal B-cell subsets, therapy-related decreased B-cell
numbers were mostly due to a reduced number of circulating memory B cells
(62486 vs 21+41 and 19429 cells/uL; p<0.001), including all memory isotypes
(p<0.001): IgM (21%29 vs 6+12 and 6+10 cells/uL), IgG (23+51 vs 10+29 and
8+15 cells/uL) and IgA (17427 vs 5+9 and 5+11 cells/uL). No differences (p>0.1)
were found as regards the absolute count of immature (510 vs 7+24 and 7+20
cells/uL) and naive B cells (13+46 vs 9+30 vs 30+120 cells/uL), nor for circu-
lating plasma cells (5129 vs 4418 and 2+5 cells/uL), regardless of the therapy
status. As compared to untreated patients, the absolute count of CD4+ T cells,
CD4/CD8 double negative TCRap cells and neutrophils were significantly
(p=0.02) lower in patients previously treated with 1 or more lines of treatment
(1,801£1,291 vs 1,446+1,308 and 1254+1014 CD4+ T cells/ul; 122+145 vs
1594649 and 63+94 CD4-CD8- T cells/uL and 5,432+3,337 vs 4,362+2,943
and 3,679+3,453 neutrophils/uL). In contrast, therapy did not show a significant
impact on the absolute count of PB T CD8+ and TCRgd cells. No statistically
significant differences (excluding neutrophils) were observed in the number of
PB eosinophils, basophils, monocytes, NK cells and dendritic cells.
Summary and Conclusions: While there are no differences regarding the
number of leukemic cells, previously treated patients have significantly reduced
counts of total and memory (all isotypes) normal B-cell subsets when com-
pared to untreated patients. Together with this, CD4+ helper and double neg-
ative T cells, as well as neutrophils, could also be compromised after treatment.
Monitoring of these therapy-related immune defects could contribute to a bet-
ter management of infectious complications in advanced-stage CLL patients.
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Background: Bendamustine (BENDA) used either alone or in combination
with rituximab (RIT) is effective in the treatment of chronic lymphocytic leukemia
(CLL). However, the influence of these drugs on the expression of apoptosis-
regulating markers depending on IGVH mutational status has not been stud-
ied yet.

Aims: The aim of our study was to evaluate the influence of the above men-
tioned drugs on the expression of apoptosis-involved proteins depending on the
IGVH mutational status of CLL cells in vitro.

Methods: The study was performed in 26 untreated CLL patients (11F, 15 M),
aged 49-80 (mean 65.6) yrs who gave written consent for collection of the
peripheral blood. The IGVH gene was mutated (IGVH+) in 13 patients, and
unmutated (IGVH-) in 13 patients. Peripheral blood CD19+ cells at the concen-
tration of 1.0x106 cells/ml were incubated in RPMI1640 medium containing
10% fetal calf serum and 10% autologous serum with addition of BENDA
(40mg/ml), RIT (10mg/ml) or BENDA (40mg/ml)+RIT (10mg/ml), for 48 hours.
Control cultures were incubated without the drugs. The influence of these drugs
on the mitochondrial potential decrease (AW, %), the active forms of caspas-
es-3,-9 and -8, the expression of BAX, PUMA, P53, APAF-1, BCL-2 and FADD
proteins were evaluated by the flow cytometry.

Results: BENDA used alone and in combination with RIT statistically signifi-
cantly increased the percentage of AW,,loW cells (52.4% and 60.0%; respective-
ly for IGVH+, and 60.7% and 62.8%; respectively for IGVH- group) as compared
to the control culture (31.6%). However, an increase of the percentage of AW,,_
low cells after the incubation with BENDA or BENDA+RIT was similar in both
groups. The percentage of cells with expression of the active forms of caspas-
es-3,-9,-8 in both groups was also significantly higher under the influence of
BENDA or BENDA+RIT than after incubation with RIT or in the control culture.
There were also no significant differences with regard to the mutational status.
BENDA used alone and BENDA+RIT significantly increased the percentage of
BAX+ cells as compared to the control culture and RIT alone. The percentage
of PUMA+ cells increased significantly under the influence BENDA as compared
to the control culture in IGVH+ group, whereas an increase of the percentage
of these cells in IGVH- group was observed after BENDA+RIT as compared to
either control culture or RIT used alone. Expression of P53 increased signifi-
cantly under the influence of each of the drugs used alone as compared to the
control culture, or BENDA and BENDA+RIT as compared to RIT. Additionally,
BENDA increased the percentage of APAF-1 positive cells as compared to the
control culture, but the differences were insignificant. There was no effect of
these drugs on the BCL-2 and FADD expressing cells. There were also no dif-
ferences in the influence of the drugs on the expression of the above mentioned
apoptosis-involved proteins in both IGVH groups.

Summary and Conclusions: We demonstrated that BENDA used either alone
or in combination with RIT induces apoptosis as well as expression of the apop-
tosis-involved proteins, regardless of the IGVH gene mutational status. How-
ever, the impact of IGVH mutational status on the BENDA-induced expression
of apoptosis-regulating factors deserves further studies.

The work was supported by Mundipharma Research LtD grant.
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DECREASED DKK-1 LEVELS IN CHRONIC LYMPHOCYTIC LEUKEMIA AT
INITIAL DIAGNOSIS MIGHT BE PREDICTIVE OF A HIGHER MORTALITY
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1Department of Hematology, 2Department of Rheumatology, Trakya Universi-
ty Medical Faculty, Istanbul, Turkey, 3Department of Internal Medicine, Tufts Uni-
versity School of Medicine, Steward Carney Hospital, Boston, Massachusetts,
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Background: In addition to its various physiologic functions, the Wnt pathway
also plays a role in tumorigenesis. Dickkopf-1 (DKK-1) binds with high-affinity
to the Wnt coreceptor LRP6 domain. The clinical significance of Wnt pathway
inhibition with DKK-1 was shown in various cancers; however, there is too few
data in chronic lymphocytic leukemia (CLL) and nonHodgkin lymphoma (NHL).
It was reported that the Wnt pathway had an antiapoptotic role; and that osteo-
pontin (OPN) gene was directly targeted by Wnt.

Aims: In our study, we determined whether plasma levels of DKK-1 and OPN
which have roles in the Wnt pathway were different in CLL and NHL patients
than in healthy controls. In addition, we tested whether DKK-1 and OPN levels
could be of clinical or prognostic importance in CLL and NHL.

Methods: We included 36 CLL patients (26 males, 10 females, mean age:
60.4+12.5), 24 NHL patients (17 males, 7 females, mean age: 54.3+16.4), and
21 healthy controls (13 males, 8 females, mean age: 55.7+8.3) into our study.
Ethical committee approval and consent from all subjects were obtained.
Patients’ clinical and demographic features, treatment modalities, and response
to treatment were obtained from hospital files. Blood was obtained from all
patients at the time of initial diagnosis; DKK-1 and OPN levels in plasma were
determined with ELISA.

Results: CLL patients (668.9+495.5 pg/mL) had significantly lower DKK-1 lev-
els than NHL (978.9+263.7 pg/mL) and control groups (956.7+283.6) (p levels,
respectively, 0.048 and 0.017). NHL and control groups had similar DKK-1 lev-
els. OPN level was significantly higher in NHL group (5.7£9.4 ng/mL) than in
CLL (1.37+1.15 ng/mL) and control groups (3.03+5.3 ng/mL) (p values, 0.017
and <0.001). CLL and control groups did not have significant difference in OPN
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levels (p>0.05). CLL patients with early and late Rai stages of disease had sim-
ilar DKK-1 and OPN levels. After a median follow-up of 48 months, 13 CLL
patients died. When DKK-1 and OPN levels in initial plasma samples from CLL
patients who have died were compared to those who were alive, it was
observed that DKK-1 levels were significantly lower in the former group
(449.3+365.5 pg/mL vs. 819.5+468 pg/mL, p=0.035). Among the NHL group,
patients with extranodal involvement had significantly higher OPN levels than
those with no involvement (9.1+13.3 ng/mL vs. 2.9+£1.9 ng/mL, p=0.04).
Summary and Conclusions: Our results demonstrated that the Wnt pathway
inhibitor DKK-1 was decreased in CLL; and lower levels were associated with
higher mortality in CLL patients. OPN which is another protein related to Wnt
pathway was increased in NHL and was associated with extranodal involve-
ment. In order to reveal the pathogenic and clinical role of DKK-1 and OPN in
CLL and NHL, larger studies need to be conducted.
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MRD ANALYSIS IN BONE MARROW ASPIRATE AT 3 MONTHS AFTER
TREATMENT IS THE OPTIMAL RESPONSE ASSESSMENT FOR CLL AND
CAN PREDICT SUSTAINED MRD-NEGATIVE REMISSION INDEPENDENT
OF ADVERSE PROGNOSTIC MARKERS
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A Varghese3, T Munir3, P Hillmen34
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Background: The level of minimal residual disease (MRD) detected by sen-
sitive quantitative assays is a strong independent predictor of progression-free
and overall survival in CLL. Morphological assessment of trephine biopsies is
a subjective analysis with significant patient discomfort and low sensitivity for
detection of residual disease. There is usually a close correlation between the
levels of CLL in the blood and bone marrow, raising the possibility that high sen-
sitivity MRD analysis could be more informative in predicting outcome than
morphological assessment of a bone marrow biopsy. However, therapeutic
antibodies, including rituximab, preferentially deplete cells in the peripheral
blood and are likely to compromise the prognostic value of peripheral blood
MRD analysis during and soon after therapy.

Aims: To determine the optimal site and time point for response and residual
disease assessment after chemo-immunotherapy.

Methods: Sensitive multi-parameter flow cytometry (1 CLL cell in 10™ leuco-
cytes) was performed in the peripheral blood (n=280) and bone marrow (n=337)
at 3 months after treatment and at 12, 18 and 24 months after randomisation
(evaluable in n=222, 190, and 148 respectively) in 415 participants in the UK
FCR-based CLL Trials (ADMIRE and ARCTIC). Adverse prognostic features
were defined as <2% IGHV mutation or deletion in 17p or 11q identified by
FISH. Trephine biopsies were evaluated by two independent pathologists, with
immunohistochemistry performed when lymphoid nodules were evident.
Results: Peripheral blood MRD levels at 3 months after treatment were >1%
in 16/280 cases, of which 12/13 evaluable showed morphologically evident
disease in the trephine biopsy. Blood MRD levels were <0.01% in 212/280 cas-
es, of which 130/190 evaluable (68.4%) also had no detectable disease in the
bone marrow by morphology or flow cytometry but disease was detected in the
bone marrow in over a quarter of cases (Table 1). Bone marrow aspirate dis-
ease levels at 3 months after treatment were >1% in 49 cases of which 38/42
evaluable also showed morphologically evident disease. Aspirate MRD levels
were <0.01% in 178/339 of which 147/178 had an assessable trephine biopsy
and only 1/147 had morphologically evident disease. Sequential analysis of
cases with <0.01% MRD in the bone marrow at 3 months after treatment
demonstrated that 96% (132/138), 90% (114/126) and 89% (93/105) main-
tained <0.01% disease in the peripheral blood at 12, 18, and 24 months after
randomisation respectively. Of all evaluable cases with adverse prognostic fea-
tures, 62% (118/190) had detectable residual disease (>0.01%) within 12
months after randomisation compared to 34% (31/91) without adverse prog-
nostic markers (P<0.0001). However, of the cases with adverse prognostic
features who achieved <0.01% residual disease at 12 months after randomi-
sation, CLL levels were persistently depleted (<0.01%) at the 2 year time-point
in 85% (46/54) and this was not significantly different to the 91% (43/47) of cas-
es without adverse prognostic markers who maintained <0.01% MRD at both
time points (P=0.37).

Summary and Conclusions: The presence of >1% MRD in peripheral blood
or bone marrow is equivalent to a partial response and assessment of a
trephine biopsy provides little or no additional information. Peripheral blood
evaluation within 6 months of treatment is less sensitive than bone marrow aspi-
rate evaluation for the detection of residual disease. Approximately 80% of
individuals achieving <0.01% MRD in the bone marrow at 3 months after treat-
ment maintain an MRD-negative remission for the following 18 months, and this
remains the most sensitive site and time-point for disease assessment after
chemo-immunotherapy. Poor-risk prognostic features predict for a lower prob-
ability of achieving <0.01% MRD but the probability of maintaining a prolonged
MRD-negative remission is similar in people with good-risk vs. adverse prog-
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nostic markers. This supports the concept that achieving deep depletion in
frontline treatment can overcome adverse biological features.

Table 1.
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NOT ALL IGHV3-21 CLL ARE EQUAL: SUBSET #2 DISPLAYS A DISTINC-
TIVE CLINICOBIOLOGICAL PROFILE WITH REMARKABLE SIMILARITIES
TO SUBSET #169, ITS CLOSE IMMUNOGENETIC RELATIVE
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Background: In CLL, subsets with stereotyped B-cell receptor immunoglobu-
lins (BcR IG) represent a remarkable one-third of all cases. Intriguingly, CLL
subset patients expressing certain stereotyped BcR IG have high intra-subset
homogeneity regarding biological and clinical features as well as outcome.
CLL subset #2, the largest subset overall, carries IGHV3-21/IGLV3-21 IG that
virtually always bear somatic hypermutations (SHM), ranging from minimal or
borderline (most frequently) to extensive (rarely).

Aims: Among 8593 CLL patients with available IG and clinicobiological infor-
mation, we identified 254 (3%) cases classified as subset #2 that we charac-
terized in detail.

Methods: Patient characteristics were as follows: 60% males; median age: 64;
Binet stages B-C: 53%; SHM status: 61% IGHV-mutated (<98% germline iden-
tity, M-CLL), 39% IGHV-unmutated (U-CLL; only 2/254 cases with no SHM);
FISH aberrations: isolated del(13q): 56% (47% in M-CLL vs 70% in U-CLL,



p=0.02) | trisomy 12: 4.7% | del(11q): 23% (23% in M-CLL vs 26% in U-CLL,
p=0.8) | del(17p): 4.7%.

Results: No differences in time-to-first-treatment (TTFT) were found between U-
CLL vs M-CLL subset #2 cases (19 vs 23 months, p=0.6). Interestingly, howev-
er, among the M-CLL, the presence of del(11q) was associated with significant-
ly shorter TTFT (13 vs 29 months, p=0.03); no such differences were seen among
U-CLL subset #2 cases, regarding the incidence of del(11q). We next compared
subset #2 cases to 183 non-subset #2 IGHV3-21 (non#2/3-21) CLL cases and
noted a significantly lower (p=0.002) SHM load with 53% of the non#2/3-21 cas-
es (97/183) being U-CLL. Non#2/3-21 CLL also had significantly longer TTFT
compared to subset #2 CLL (60 vs 19 months, p=0.001). This difference arose
mainly from the superior outcome of non#2/3-21 cases with mutated IGs (medi-
an TTFT 153 months) since the TTFT of non#2/3-21 U-CLL, although longer, did
not differ significantly from subset #2 (30 vs 19 months, p=0.4). No other major
differences were found (genomic aberrations included). Within our cohort we also
identified a minor group of 19 cases (0.2% of the series), termed subset #169,
that express the IGHV3-48/IGLV3-21 gene combination, carry VH CDR3 identi-
cal in length and similar in composition to those of subset #2 IG and display an
analogous SHM profile. Given the overall high identity (97%) between the IGHV3-
21 and IGHV3-48 genes, we explored whether subsets #2 and #169, whose
immunogenetic signatures are clearly related, share similar clinicobiological fea-
tures and outcomes. Indeed, this turned out to be the case, since their FISH
genomic profiles were similar, especially with regards to del(11q) (38% in subset
#169) and del(17p) (absent in subset #169); as was their median TTFT (p=1). Of
note, in an ongoing study from our group, subsets #2 and #169 display an almost
identical (~45%) frequency of SF3B1 mutations.

Summary and Conclusions: Altogether, we demonstrate that IGHV3-21 CLL
should not be considered as homogeneous, with subset #2 emerging as uni-
formly aggressive, thus contasting non#2/3-21 patients whose prognosis clearly
depends on SHM status like the rest CLL. We also argue that studying BcR
stereotypy is relevant for improved understanding and eventual management of
CLL through the identification of subsets with distinct features that can be expect-
ed to benefit from the implementation of specific treatments. Finally, we highlight
for the first time the biological and clinical links between subsets with related
immune signatures, raising the intriguing possibility that a higher-order organiza-
tion of subsets based on theirimmunogenetic features will also be highly relevant.
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IMMUNOGLOBULIN HEAVY VARIABLE GENES AND ALLELES: NEW ENTI-
TIES, NEW NAMES AND IMPLICATIONS FOR RESEARCH AND PROG-
NOSTICATION IN CLL
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Background: The development of novel sequencing technologies has led to
a far more accurate view of the human genome. Indeed, recent findings have
altered our notions regarding the configuration of immunoglobulin (IG) gene loci
and the actual number of gene alleles, as described by the International
ImMunoGeneTics information system (IMGT), the global reference in Immuno-
genetics and Immunoinformatics. Overall, 34 changes were incorporated in the
latest version (3.3.0 reference directory release: 201408-4) of the IMGT/V-
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QUEST tool. Twenty of these changes concerned the identification and addi-
tion of new germline immunoglobulin heavy variable (IGHV) gene alleles (19
Functional and 1 Open Reading Frame), whereas the remaining 14 were due
to the assignment of new allele names to the existing nomenclature system
(13/14 Functional, 1 Open Reading Frame).

Aims: In CLL, the mutational status of the clonotypic rearranged IGHV gene is
strongly associated with patient outcome. Correct determination of this param-
eter strictly depends on the comparison of the nucleotide sequence of the clono-
typic rearranged IGHV gene with that of the closest germline counterpart. Con-
sequently, changes in the reference directories could, in principle, affect the cor-
rect interpretation of the IGHV mutational status in CLL which is the focus of
the present study.

Methods: In order to explore this issue, we analyzed 8337 IGHV-IGHD-IGHJ
rearrangement sequences from CLL patients from our database with the
IMGT/HighV-QUEST tool using two different versions of the IMGT/V-QUEST:
version 3.2.32 (2 December 2013) versus version: 3.3.0 (20 February 2014) and
compared the tool outputs.

Results: Differences due to change of the IGHV gene allele name were iden-
tified in 405 sequences (4.8%). In 291/405 (71.9%) of these cases, the germline
identity (Gl) remained the same, since the difference concerned only the
renamed gene allele. In the remaining 114 (28.1%) cases, differences were also
identified in% Gl since a novel IGHV gene allele was recognized. Focusing on
the IGHV mutational status and in keeping with previous reports, we subdivid-
ed our sequences into four different subgroups: truly unmutated (100% GI), min-
imally mutated (99-99.9% Gl), borderline mutated (98-98.9% GI) and mutated
(<98% Gl). Overall, a change in the mutational status category was identified
in 50 (0.6%) sequences, though never one that entailed crossing the 98% Gl
cut-off value used for prognostication in CLL. In more detail, 2 sequences
moved from the mutated to the borderline mutated subgroup; 15 from the bor-
derline mutated to either the truly unmutated (4/15) or the minimally mutated
(11/15) subgroup; and 33 from the minimally mutated to the truly unmutated
subgroup. Understandably, cases that were reported as truly unmutated from
the previous IMGT/HighV-QUEST tool version were not affected. All 4
sequences that moved from the borderline mutated to the truly unmutated group
were previously assigned to IGHV3-43*01 and are now assigned to the newly
reported IGHV3-43D*01.

Summary and Conclusions: In conclusion, the recent addition of new germline
IGHV gene alleles led to a number of changes concerning both IGHV gene
nomenclature and germline sequence composition affecting the alignment out-
put of the IMGT/HighV-QUEST tool. Given the prognostic value of somatic
hypermutation status in CLL, both physicians and researchers should be alert-
ed and re-evaluate sequence data, especially for those IGHV-IGHD-IGHJ gene
rearrangements that up to date were considered as borderline mutated, where
caution is warranted.
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AN ENTITY EVOLVING INTO A COMMUNITY: DEFINING THE COMMON
ANCESTOR OF CLL SUBSET #4
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Background: CLL clones assigned to stereotyped subset #4 are characterized
molecularly by B-cell receptor immunoglobulins (BcR IGs) that exhibit a series of
distinctive immunogenetic features. More specifically, they are IgG-switched and
composed of heavy chains encoded by the IGHV4-34 gene and light chains
encoded by the IGKV2-30 gene. This distinctive BcR archetype expressed by sub-
set #4 cases is itself significant owing to its absence from normal individuals or
those with other lymphoproliferative disorders. The VH CDR3s of subset #4 BcR
IGs are long and enriched in positively charged residues, reminiscent of patho-
genic anti-DNA antibodies. Indeed, subset #4 is defined by a (K/R)RYY motif; a
motif deemed to be not only ‘CLL-biased’ but also exclusive to subset #4. In addi-
tion, both the VH and VK domains of subset #4 demonstrate a high impact of
somatic hypermutation (SHM) and are remarkable for carrying shared ‘stereo-
typed’ amino acid changes introduced by SHM. Subset #4 is also outstanding due
to intense intraclonal diversification (ID) within the clonotypic BcR IG genes. By
conducting a large-scale longitudinal study of subset #4 we previously: (i) estab-
lished a hierarchical pattern of subclonal evolution, thus revealing which SHMs
were negatively or positively selected:; (ii) observed distinct clusters of subcloned
sequences, with e.g. the minor ones often disappearing at later time-points and
hence being selected against; and, (iii) noted that despite the high intensity of ID,
certain residues remained essentially unaltered.

Aims: We here sought to revisit ID in subset #4 clones as a whole for the first
time, and reconstruct their evolutionary history as a community of related clones
profiled at different time-points.
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Methods: We assessed both heavy and light chains (IGHV-IGHD-IGHJ
rearrangements (n=511) and IGKV-IGKJ rearrangements (n=398) derived from
8 subset #4 cases. Sequence data was processed through application of the
Damerau-Levenshtein distance, i.e. the number of changes required to trans-
form one sequence to the other.

Results: Two important observations stemmed out of this analysis. Firstly, a
number of clonal clusters from different patients were found to lie very close to
one another due to a high degree of sequence relatedness, forming a core from
which clusters that exhibited greater sequence variation stemmed from. This
‘branching’ could perhaps result from specific selective pressures that occurred
in parallel in distinct subclones, thereby fine-tuning their BcR affinities. Second-
ly, minor clones from individual patients were found to have been mutated to
such an extent that they now bore closer resemblance to the sequences of
another patient. Viewing the entire subset #4 dataset as a single entity that has
branched through diversification, facilitated reconstruction of its evolutionary
history and enabled inference of a common ancestral sequence from which all
subset #4 cases could have derived: ARGYADTAVVRRYYYGMDYV, created by
the association of the IGHV4-34 and IGHJ6 genes with the IGHD5-18 gene in
reading frame 1. Of note, this task was hitherto unattainable due to the heavy
SHM load within the antigen-binding sites, rendering the reliable identification
of the IGHD gene particularly difficult if not altogether impossible.

Summary and Conclusions: These results have implications for improved
understanding of the ontogeny of CLL subset #4, as well as the design of stud-
ies concerning the antigenic specificity of the clonotypic BcR IGs.
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MATCHED PATTERN DISCOVERY ACROSS PAIRED IMMUNOGLOBULIN
HEAVY AND LIGHT CHAINS IN CLL REVEALS UNIQUE SUBSET-DEFIN-
ING AMINO ACID ASSOCIATIONS
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Background: Immunogenetic analyses have helped to understand the patho-
genesis of CLL and also to define subgroups with strikingly different behavior
and outcome on top of unprecedented B-cell receptor (BcR) restriction (stereo-
typy), cementing the idea that antigenic elements select the leukemic clones.
Even though recognition of certain antigenic epitopes may be critically depend-
ent on conformations achieved by the interaction of both the IG heavy chain
(HC) and light chain (LC) proteins, the focus to date has been on the IG HC
gene, with studies on CLL IG LCs lagging behind. That said, previous studies
from our group have demonstrated that CLL LCs can be as important as HCs,
and that even very slight sequence alterations in LCs can be selected for and
likely confer a functional advantage to the clone.

Aims: We here aimed to gain an even deeper view of CLL IG primary struc-
tures by searching for pattern associations between paired HC and LC gene
rearrangements of 1331 CLL cases, the largest series to date, focusing on the
main antigen-binding sites i.e. the HC and LC CDRS3s.

Methods: We applied exhaustive amino acid pattern discovery that initially
detected patterns within the VH and VK/VL CDR3s before associating these
patterns with each other, either within the same chain (intra-association) or
across chains (heavy-light inter-association).

Results: Overall, 14,544 patterns were discovered, of which 10,050 concerned
the VH CDRS3s; the remaining involved the VK (n=2528) or VL (n=1966)
CDR3s, respectively. The discovered patterns varied in length from 1 to 22
amino acids. A total of 248,626 patterns were discovered with at least 2 occur-
rences across VH-VK chains, and 161,940 such patterns across VH-VL chains,
being detected in 84.2% and 67.6% of the respective datasets. Starting from
VH CDRS patterns characteristic of stereotyped subsets, we explored whether
certain VH/VK or VH/VL associations could be unique to particular subsets. We
identified subset-biased and, most interestingly, subset-specific associations,
i.e., matched patterns that were restricted to specific subsets. Of note, sever-
al of the subset-specific associations concerned dipeptides or even single
amino acids within the VH and VK or VL CDR3, respectively. Examples include:
(i) Q at VH CDR3 position 4 and S at VK CDRS3 position 5 was detected only
in subset #1 (clan | IGHV genes/IGKV1(D)-39), being present in 54/55 cases
(98.1%); (ii) RY at VH CDRS3 positions 12-13 and M at VK CDR3 position 1 was
detected only in subset #4 (IGHV4-34/IGKV2-30), being present in all 26
(100%) subset #4 cases; (iii) DV at VH CDR3 positions 8-9 and D/P at VL
CDR3 position 8 was detected only in subset #2 (IGHV3-21/IGLV3-21), being
present in 48/51 (94%) subset #2 cases.

Summary and Conclusions: In conclusion, we herein demonstrate that CLL
stereotyped subsets can now be more accurately defined based on IG gene
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usage, CDR3 length and pivotal short amino acid patterns or, remarkably, even
single residues with a precise offset in both the HC and LC chain CDR3s. This
finding draws further molecular analogies between stereotyped BcR IGs and the
IGs expressed by mouse B-1 cells, supporting the notion that at least certain CLL
clones may be derived from a B cell population intermediary to a true innate
immune system and the conventional adaptive B cellimmune system and hence
functionally similar to what has previously been suggested for mouse B-1 cells.
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FCI'RIIB INHIBITS BCR SIGNALING IN HUMAN NORMAL B CELLS BUT
IS DISRUPTED IN CLL CELLS
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Background: FcyRIIb is a low-affinity receptor that regulates B-cell activation
by inhibiting signaling from the B-cell receptor (BCR) in murine normal B cells.
BCR signaling is required for the survival and proliferation of human normal B
cells and chronic lymphocytic leukemia (CLL) cells, but the role of FcyRlIIb in
these cells has been poorly studied.

Aims: To evaluate the expression and function of FcyRlIIb in CLL and normal
B cells.

Methods: We analyzed the expression of FcyRIIb on B cells from 85 patients
with CLL and 14 healthy individuals by using a novel Alexa488-conjugated
anti-human FcyRIIb mAb from Macrogenics, and evaluated the prognostic rel-
evance of this receptor in patients with CLL. B cells were isolated from 18 CLL
patients (9 IgHV mutated, 9 IgHV unmutated) and 10 healthy donors, co-cul-
tured with HS-5 stromal cells, and stimulated with the following antibodies:
F(ab’), fragments of polyclonal rabbit IgG anti-human IgM to induce BCR sig-
naling, the undigested whole IgG rabbit anti-human IgM molecule to crosslink
BCR and FcyRlIb, the unconjugated form of FcyRllb mAb to stimulate FcyRI-
Ib and two further combinations, FcyRIIb and F(ab’), and FcyRIlb and whole
IgG antibody. Viability, activation and proliferation were analyzed by flow cytom-
etry, and pSHIP and pAKT protein expression by Western Blot.

Results: The expression of FcyRIIb was significantly lower in leukemic cells than
in CD19+CD5+ and CD19+CD5- normal cells (MFI 6901 vs 10180 and 12120,
respectively; p<0.07). Patients with higher expression of FcyRIlb showed longer
survival than those with lower FcyRIlb levels (7.8 vs 3.3 years, respectively;
p<0.017). In normal B cells the co-ligation of BCR and FcyRlIlb with the whole IgG
form significantly decreased the activation and proliferation mediated by BCR.
This inhibitory effect, however, was not observed when cells were stimulated either
with the combination of FcyRIIb and F(ab’), or FcyRIIb and whole IgG antibody.
With regard to CLL cells, the BCR-FcyRIIb coaggregation did not induce changes
in cell activation and proliferation. However, this co-ligation was able to rescue the
decrease of viability induced by BCR stimulation. We further observed that the
effect of crosslinking BCR-FcyRIlIb was significantly different in proliferation
between unmutated and mutated CLL. A significant increase on proliferation was
induced in unmutated cases while no effect was seen in mutated cases. At the
molecular level, the co-ligation of BCR-FcyRIIb in normal B cells induced the
upregulation of pSHIP and the downregulation of pAKT. Most CLL cells, howev-
er, showed high basal expression of pSHIP and no significant changes were
observed in this protein after BCR-FcyRIIb co-ligation, although a slightly decrease
of pAKT was observed. To date, no significant differences in pSHIP and pAKT
expression were observed in mutated vs. unmutated cases.

Summary and Conclusions: Our results indicate that CLL cells show signif-
icantly lower expression of FcyRIIb than normal B cells. Furthermore, the func-
tion of FcyRIlb seems to be different when compared it in both populations.
Thus, in normal B cells, FcyRIIb inhibits BCR signalling, an effect that clearly
depends on its co-ligation with BCR, which triggers downstream signalling
through SHIP and AKT. In contrast, in CLL cells, the co-ligation of FcyRIIb-BCR
does not significantly inhibit BCR signalling, and particularly in unmutated CLL
has a positive effect with an increase of BCR-mediated proliferation. All these
findings support further investigation of FcyRIIb in the physiopathology of CLL.
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THE DUAL PI3BK/MTOR INHIBITOR PF-04691502 INDUCES SUBSTANTIAL
APOPTOSIS IN CHRONIC LYMPHOCYTIC LEUKEMIA CELLS INDEPEND-
ENTLY OF PROGNOSTIC MARKERS
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Background: CLL is currently incurable by chemotherapy alone with drug
resistance and treatment relapse a common occurrence. Pharmacological tar-
geting of dysregulated signalling pathways within CLL cells however, offers the
potential to provide improved therapeutic options with reduced toxicity. In this
regard, the PI3BK-mTOR pathway is particularly attractive because it is activat-
ed upon ligation of various chemokine and cytokine receptors expressed by CLL
cells as well as following B cell receptor engagement. PI3K mediated signalling
is known to be overactive in all CLL, although patients with un-mutated IGHV
have increased PI3K expression compared to patients with mutated IGHV. The
PI3K® selective inhibitor Idelalisib (GS-1101) is currently in Phase 3 clinical tri-
als for CLL and in combination with rituximab significantly improved overall sur-
vival among patients with relapsed CLL compared to rituximab alone. In addi-
tion to PI3KJ, there are three other PI3K isoforms, PI3Ka PI3K( and PI3Ky, with
PI13Ka known to have a role in CLL survival and chemotaxis. It has previously
been shown in neutrophils that functional redundancy between PI3K isoforms
is evident, with inhibition of any three PI3K isoforms required for maximal apop-
tosis. In addition, pharmacological inhibition of mMTOR is known to induce cell
cycle arrest and apoptosis in CLL cells, however prolonged selective inhibition
of mTOR results in a positive feedback loop and PI3K\Akt reactivation. To over-
come these caveats, pan-PI3K and dual mTOR inhibition may achieve superi-
or toxicity against CLL cells compared to PI3Kd inhibition alone.

Aims: To investigate the effect of a dual PI3K and mTOR inhibitor, PF-
04691502, on CLL cells.

Methods: Twenty six primary CLL samples were treated with PF-04691502 in
the presence or absence of stromal cells and apoptosis assessed using pro-
pidium iodide/ Annexin V staining and PARP cleavage. The effect of PF-
04691502 on B cell receptor and chemokine receptor induced signalling, sur-
vival and chemotaxis were assessed by immunoblotting and flow cytometry.
Results: PI3K3d inhibition using Idelalisib in vitro resulted in 20% apoptosis of
CLL cells after 24 hours at 10uM concentration, in contrast, PF-04691502
induced 80% apoptosis of CLL cells at 10uM concentration after 24 hours. PF-
04691502 had an IC5( value of 1uM as assessed by propidium iodide and
Annexin V staining, with little toxicity to normal B or T cells evident. Induction
of apoptosis by PF-04691502 occurred independently of IGHV mutational sta-
tus, CD38 expression and ZAP-70 expression. PF-04691502 inhibited both
soluble and immobilised anti-lgM induced signalling and overcame anti-lgM
stimulated survival signals. PF-04691502 inhibited CXCL12 induced signalling
and abrogated CLL migration towards CXCL12 in a Transwell chemotaxis
assay. Finally, PF-04691502 was able to overcome protection following co-cul-
ture with stroma and induced significant apoptosis of CLL cells when added con-
tinuously or in wash out experiments.

Summary and Conclusions: PF-04691502 is a novel dual PI3K/mTOR
inhibitor which induces substantial apoptosis of CLL cells independently of
prognostic markers and may be of value for the treatment of CLL patients.
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Background: The receptor for hyaluronic acid mediated motility (RHAMM) is
a tumor-associated antigen in chronic lymphocytic leukemia (CLL). CD8* T
cells primed with the RHAMM-derived epitope R3, which is restricted by HLA-
A2, effectively lyse RHAMM?* CLL cells. In phase | clinical trial of R3 peptide vac-
cination we proved safety and efficacy of specific induction of antitumor immune
response against RHAMM antigen. In patients with clinical responses, we found
increased frequencies of R3-specific CD8* T cells. Intriguingly, vaccination was
associated with the induction of regulatory T cells (Treg) in four patients. This
phenomena could be either interpreted as the result of effective induction of
immune response that is followed by induction of suppressive mechanisms of
immune system in an indirect manner or unexpected direct induction of Treg
by short MHC | —restricted peptide. Both could result in reduced cytotoxic anti-
tumor response limiting thereby clinical effectiveness of peptide immunothera-
py. Recent findings also demonstrated specific Treg reduction after incubation
with thalidomide both in vivo and in vitro providing a rationale to combine pep-
tide vaccination with immunomodulatory drugs.

Aims: Define an influence of short MHC-restricted peptide R3 on Treg induc-
tion during vaccination in CLL patients.

Methods: Six HLA-A2* CLL patients were vaccinated four times at biweekly
intervals with the R3 peptide emulsified in incomplete Freund’s adjuvant and
GM-CSF. Before and after each vaccine dose ELISA experiments were per-
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formed to assess IL-2 serum levels of 6 CLL patients and results were corre-
lated with frequencies of Treg. Peripheral blood mononuclear cells were incu-
bated with peptide R3 at concentration of 10 pg/mL and flow cytometry analy-
ses of the frequency of Treg were evaluated after 1, 2 and 3 weeks of cell cul-
ture. To analyze suppressive potential of Treg mixed lymphocyte peptide cul-
tures (MLPC) were performed. At day +21 of MLPC, cells were harvested and
evaluated for their specific cytotoxicity in ELISpot assays. To characterize pos-
sible immunostimulatory effect of thalidomide able to restore immune response
in this in vitro system, cell cultures were supplemented with thalidomide con-
centration of 10 pg/mL and specific release of interferon y was assessed using
ELISpot methodology.

Results: The IL-2 serum levels in CLL patients during vaccination strongly cor-
related with the frequency of Treg (r2=0.970, p<0.001). In in vitro experiments
we observed no induction of Treg by R3 peptide both in CLL and HV after 7,
14 and 21 days of cell culture. However, we found statistically significant differ-
ence between Treg rates before cell culture in CLL patients and HV (13.88 vs
5.85, p=0.008). MLPC revealed suppressive Treg effect on R3-specific cytotox-
icimmune responses in 9 of 12 CLL patients. The addition of thalidomide to the
MLPC resulted in the increase of specific immune responses against R3 epi-
tope in only 2 of 8 patients.

Summary and Conclusions: There is no evidence on direct effect of short
MHC class | epitopes on Treg induction during peptide vaccination. Increased
frequencies of Treg in CLL could effectively inhibit immune responses against
R3* target cells. In our in vitro system the addition of thalidomide to cell culture
could effectively restore immune responses in vitro against R3* target cells
only in limited numbers of patients. The induction of Treg during vaccination
might result from activation of suppressive mechanisms of immune response;
one of possible inducer could be IL-2 which increased concentrations after vac-
cination correlated with Treg. Future peptide vaccination schedules should be
accompanied by drugs that limit Treg.
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Background: Phosphoinositide 3-kinases (PI3Ks) are a family of lipid kinases
playing an important role in the regulation of survival of cancer cells. In CLL
cells, the PI3K pathway is constitutively activated. Activation of PI3Ks in can-
cer occurs via different mechanisms. Mutation, amplification or overexpression
of upstream receptor tyrosine kinases (RTKs) is such a mechanism. The class
IA PI3K p110 catalytic subunits are activated upon Src homology 2 domain-
mediated binding of the p85 regulatory subunits to tyrosine phosphorylated
motifs in RTKs. In CLL and AML the p110- subunit (p11098) is shown to be the
predominant isoform of PI3K. Increased p110d activity has also been seen in
colon and bladder cancers, as well as in glioblastomas. Src proteins are acti-
vated in various cancers such as colon, liver, lung, breast and pancreas. Phos-
phorylation of Src proteins induces survival, proliferation and invasion of can-
cer cells. ROR1 is a type | transmembrane RTK, overexpressed and constitu-
tively phosphorylated in CLL cells. ROR1 mediated Src phosphorylation trig-
gered activation of AKT in lung carcinoma.

Aims: To study the effect of an anti-ROR1 CRD mAb on apoptosis and phos-
phorylation of Src and PI3Kd in CLL.

Methods: Cell lysates were prepared from untreated and anti-ROR1 CRD mAb
treated CLL samples and subjected to Western blot analysis for identification of
total and phosphorylated Src, PI3K p85 isoform and PI3K3. Apoptotic effect of
anti-ROR1 mAb on CLL cells was assayed by MTT and Annexin, V/PI in 24 h.
ROR1 expression was determined by flowcytometry and Western blot. Phospho-
proteins were measured before incubation with the mAb and after 20 min-24 h.
Results: The percentage of ROR1*/CLL cells was 77+4% (mean+SEM) (range:
70-89%). The frequency of apoptotic cells induced by the anti-CRD mAb was
in the range of 40-62% (mean+SEM: 48+2%). The difference compared to CLL
cells with isotype control was highly statistically significant (p<0.0001). West-
ern blot analysis showed that co-culturing of CLL cells with the anti-ROR1 CRD
mAb decreased the level of phosphorylated Src. PI3Kd (p1108) as well as PI3K
p85 isoform but not the p55 isoform, were dephosphorylated in treated as com-
pared to untreated samples

Summary and Conclusions: Incubation of CLL cells with an anti-ROR1 CRD
mAb induced apoptosis of primary CLL cells. Apoptosis was preceded by
dephosphorylation of Src, PI3K p85 isoform, and PI3Kd proteins indicating
deactivation of these signaling proteins by the anti-ROR1 mAb. p110 (PI3Kd)
phosphorylation is mediated by Src and p85 recruitment increases the catalyt-
ic activity of the p110 subunit. Our data may suggest that binding of anti-ROR1
CRD mAb to ROR1 RTK might induce an inhibitory signal, decreasing phos-
phorylation of the Src protein leading to dephosphorylation of the PI3K p85 iso-
form thus abrogating p85 recruitment. This might lead to inactivation of the
PI3K catalytic subunit (p110) preventing the signal transmission of pathways
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downstream of PI3K. Further studies are warranted to better understand the
signaling pathways associated with ROR1 and downstream signaling effects
of ROR1 targeting drugs.
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Background: Prospective identification of patients with chronic lymphocytic
leukemia (CLL) destined to progress would greatly facilitate their clinical man-
agement. Recently, whole-genome DNA methylation analyses identified three
clinico-biological CLL subgroups with an epigenetic signature related to differ-
ent normal B-cell counterparts.

Aims: To develop a clinically-applicable method to identify these three new sub-
groups and to study their clinical relevance.

Methods: Using a linear discriminant analysis, we built a prediction model
using five epigenetic biomarkers that was able to accurately classify CLL
patients into the three subgroups, namely naive B cell-like, intermediate and
memory B cell-like CLL. DNA methylation was quantified by highly reproducible
bisulfite pyrosequencing (BPS) assays in two independent CLL series.
Results: In the initial series (n=211), the three subgroups showed differential
levels of IGHV mutation (P<0.001) and VH usage (P<0.04), as well as differ-
ent clinical features and outcome in terms of time-to-first-treatment (TTT) and
overall survival (P<0.001). A multivariate Cox model showed that epigenetic
classification was the strongest predictor of TTT (P<0.001) along with Binet
stage (P<0.001). These findings were corroborated in a validation series (n=97).
Summary and Conclusions: In this study, we developed a simple and robust
method using epigenetic biomarkers to categorize CLLs into three subgroups
with different clinico-biological features and outcome.
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Background: Chronic lymphocytic leukemia (CLL) is characterized by extreme
clinical and biological variability. Several phenomena of immune dysfunction
and autoimmunity have been described in CLL but little is known about anti-
body (Ab) immune responses.

Aims: This study aims at understanding the functional role of humoral respons-
es in CLL and specifically at 1) identifying circulating Ab in CLL pts’ sera; 2)
characterizing tumor antigens (Ag) recognized by serum Ab and 3) evaluating
whether the identified immune responses have a cytotoxic effect toward
leukemic cells.

Methods: Proteins from CLL cells were separated to obtain proteomic maps
which were blotted with autologous sera to reveal Ab-based reactivity. To ver-
ify the CLL-specificity of recognition, 8 pts maps were also probed with sera of
8 healthy donors (HD). Ag spots were identified by Mass Spectrometry (MS).
Ag surface expression on viable and apoptotic cells was evaluated by flow
cytometry after 4 days of culture. C4 deposit was evaluated by flow cytometry.
Complement-dependent cytotoxicity (CDC) was performed incubating CLL cells
alone or in presence of alemtuzumab and subsequently with CLL pts’ sera for
1h at 37°C. Cell viability was evaluated by Annexin-V/Propidium lodide assay.
Disease progression was evaluated according to IWCLL/NCI-WG 2008 guide-
lines for CLL. Statistical correlations were performed using t-test, Mann-With-
ney rank sum test and 2-test.

Results: Sera obtained from 35 untreated CLL pts were individually screened for
the presence of IgG-based reactivity against autologous proteins extracted from
leukemic cells. As a control, sera obtained from 8 HD were probed on as many
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CLL maps. Overall, the number of spots produced from the 35 CLL sera was sig-
nificantly higher than the number produced by the 8 HD sera (145 vs 3, respec-
tively; p=.007). MS analysis allowed the identification of 50 proteins that were
recurrently recognized by pts sera. The 5 most frequently recognized proteins
were ENOA, CAZA1, G3P, ODPB, GDIR2. Sera from 29 out of 35 CLL pts exhib-
ited immunoreactivity. Among these, 69% were polyreactive and recognized up
to 20 Ag. Pts with progressive CLL showed a significantly higher number of spots
compared to pts with stable disease (p=.031). Sera from 54% of pts exhibited
reactivity toward ENOA, whereas none of the HD sera was ENOA-reactive. Flow
cytometry revealed that ENOA was not expressed on the surface of CLL B cells
at baseline conditions. We observed that ENOA surface expression was signifi-
cantly increased on the apoptotic fraction of CLL cells (p=.008) but not on viable
fraction after 4 days of culture. ENOA Ab-reactivity significantly correlated with
higher number of leucocytes, higher lymphocytosis and lower platelet count
(always p<0.01). The presence of specific anti ENOA-, G3P-, GDIR2- Ab was sig-
nificantly correlated with the status of progressive disease (p=.02). We therefore
evaluated whether the humoral responses identified by SERPA were capable of
trigger CDC. Results from CDC assay demonstrated that there was no deposit
of the C4 component on CLL cells surface and that CLL sera had no cytotoxic
effect toward leukemic cells.

Summary and Conclusions: In this study we identified tumor Ag capable of
eliciting humoral responses in CLL. Circulating Ab identified by SERPA in most
pts’ sera were not able to induce CDC toward leukemic cells and the Ab-based
reactivity correlated with parameters of disease progression. Our results sug-
gest that the immunoreactivity against self-Ag may be the expression of a dys-
functional immune system in CLL.
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Background: During B-cell development, genes encoding the /IGH molecules
are assembled from V, D, and J gene segments to generate V-D-J combina-
tions of unique length and sequence in each cell. Since leukemias and lym-
phomas originate from the malignant transformation of individual lymphoid
cells, they generally share one or more of these cell specific or “clonal” gene
rearrangements. After gene rearrangement, normal B cells undergo somatic
hypermutation (SHM) in germinal centers in an antigen driven process designed
to generate additional diversity within the antigen binding CDRS3 regions. The
cells then undergo further selection as part of a process termed affinity matu-
ration. The presence of SHM is defined as 22% difference from the germline
V gene sequence. SHM status provides important prognostic information for
patients with chronic lymphocytic leukemia (CLL). Presence of SHM is asso-
ciated with better prognosis. Sequencing of IGH provides information on vari-
able segment usage, and, in specific instances, clinical outcomes can be fur-
ther predicted based on V gene usage. Specifically, presence of V3-21 portends
a worse prognosis independent of mutation status or other prognostic indica-
tors. The gold standard method used to determine SHM status requires two
steps: a PCR/capillary electrophoresis (CE) based method to detect clonality,
followed by Sanger sequencing to establish SHM status. This approach is labor
intensive and time consuming.

Aims: Develop a sensitive, robust and reliable NGS assay with bioinformatics
tools for identifying clonal /IGH gene rearrangements, specific clonal V-J
sequences, and SHM status.

Methods: Invivoscribe’s MiSeq formatted SHM Assay employs two master
mixes. One amplifies the genomic DNA between the upstream leader (VHL)
region and the downstream joining (J) region of the IGH gene. The other ampli-
fies from the framework1 (FR1) to J region. Amplicon products from VHL/J
primers span the entire variable (V) region, including the FR1, CDR1, FR2,
CDR2, FR3, and CDR3 regions. Amplicon products from FR1/J primers encom-
pass portions of the FR1 region to the downstream J region. Multiplexed PCR
is followed by amplicon purification using the AMPureXP PCR system. The
purified equimolar amounts of amplicons are pooled to form a library. A portion
of the library is loaded onto the MiSeq sequencing system and sequenced
using the MiSeq v3 Reagent kit (600 cycles). The MiSeq data is analyzed using
Invivoscribe LymphoTrack™ bioinformatics software which generates frequen-
cy distributions, identifies V-J DNA sequences, V-J gene usage, and deter-
mines the SHM status.

Results: This assay demonstrated excellent linearity (R2>0.95), sensitivity
(<1%) and reproducibility using contrived samples. Both the SHM results
obtained from this assay, as well as V3-21 status, were concordant with data
from traditional methods using gel extraction and Sanger sequencing. CLL
samples tested with this assay demonstrated excellent agreement with clinical
outcomes.

Summary and Conclusions: A comprehensive NGS assay has been devel-
oped for the lllumina MiSeq platform that identifies clonal IGH V-J rearrange-
ments and associated specific V-J region DNA sequences. The assay can be
used to determine the SHM status in CLL specimens and provide frequency



distributions of V region and J region segments important in detecting IGH V3-
21, an independent determinant of poor prognosis in CLL.
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Background: Assays that identify clonal lymphocyte populations in clinical
specimens are used on a routine basis to assist in the detection of lymphopro-
liferative disease. Sensitive assays that identify antigen receptor loci-specific
V-J gene rearrangement DNA sequences in clinical samples are proving to be
powerful tools for evaluating the efficacy of therapeutics, aiding in the detec-
tion of initial clonal populations, and identifying sequence information required
to track those clones in subsequent samples. PCR-based methods with ampli-
con detection by capillary electrophoresis have long been the gold standard for
clonality testing. However, these methods often do not provide sufficient sen-
sitivity and, without separate sequencing steps, do not provide the data required
to identify the specific V-J DNA sequences required to track clones in follow up
testing. The emergence of massively parallel sequencing (MPS) platforms has
facilitated development of powerful new approaches for detecting and monitor-
ing clonality. Here we present data on the analytical performance of Invivo-
scribe’s LymphoTrack™ assays and associated bioinformatics on two popular
MPS platforms.

Aims: To develop NGS assays for T and B cell clonality detection utilizing TRG
and IGH gene rearrangements respectively and to further demonstrate the con-
cordance of their results on both the PGM and MiSeq platforms.

Methods: Genomic DNA from peripheral blood, tonsil and bone marrow aspi-
rates were tested for TRG and /GH gene rearrangements. Optimized V and J
consensus primers targeted all /IGH and TRG V and J region gene segments
that are rearranged in lymphoid malignancies. Multiplex PCR master mixes
were used to amplify IGH or TRG V-J gene rearrangements separately. On the
lllumina platform the libraries for IGH and TRG assays and products were rou-
tinely combined and run on the same MiSeq run. For PGM formatted assays
separate PCRs were used to generate amplicon for reads in each direction. The
amplicon libraries were combined prior to the emulsion PCR step. PGM ampli-
con products were purified, quantified, pooled and the harmonized libraries
were loaded onto the OneTouch 2. The enriched emulsion PCR libraries were
sequenced using the lon 316 Chip Kit v2 and lon PGM Sequencing 400 Kits.
MiSeq libraries were quantified and harmonized then loaded directly onto the
MiSeq. Data from both instruments were analyzed using Invivoscribe’s Lympho-
Track™ bioinformatics software run on a standard Windows computer.
Results: Cell line DNA serially diluted into polyclonal tonsil DNA confirmed the
linearity and low run-to-run variance of the assay on both platforms. Both PGM
and MiSeq formatted assays analyzed using the LymphoTrack, ™, bioinfor-
matics software package reproducibly identified clonality and DNA sequences
for each TRG and IGH V-J gene rearrangement. Automated data outputs from
paired samples on both platforms were concordant demonstrating equivalent
results between platforms, as well as platform-specific intra- and inter-assay
reproducibility. When coupled with the LymphoTrack, ™, bioinformatics and
visualization software these assays provide robust detection and enhanced
data-rich outputs.

Summary and Conclusions: Data from both platforms are equivalent and can
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be used to identify clonal lymphocyte populations by their unique DNA
sequence, which can be subsequently used to track clones in follow up test-
ing. Having access to both platforms allows laboratories to adapt workflow
according to testing needs and throughput.
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THE GENE EXPRESSION RESPONSE TO INTERLEUKIN-4 AND ITS DIF-
FERENTIAL MODULATION BY NFKB CORRELATE WITH ZAP70 IN
CHRONIC LYMPHOCYTIC LEUKEMIA
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Background: In chronic lymphocytic leukemia (CLL), interactions of the malig-
nant B lymphocytes with microenvironment play a crucial role in disease pro-
gression. Interleukin 4 (IL-4), an essential mediator of B cell development,
induces signaling cascades that lead to activation of transcription factors STAT6
and NFkB, affecting proliferation, differentiation and survival.

Aims: The aims of this study were to compare the gene expression changes
induced by IL-4 in CLL and in normal B cells (NBC), and to determine how
these are affected in CLL by inhibitors of the IL-4 pathway.

Methods: The gene expression profiles (GEPs) of the B cells from 23 patients
and 13 controls were performed by oligonucleotide microarrays including ~ 40
000 probe sets designed to cover the whole human genome. The basal GEPs,
and the GEPs of cells cultured with nothing, were used as references for com-
parison with the GEPs of cells cultured with IL-4. An one-way ANOVA test with
post hoc analysis was used to identify the IL-4 targets, defined as genes sig-
nificantly up-regulated or down-regulated by IL-4 with respect to the two refer-
ences (p<0.05, 2-fold cut-off). Real time RT-PCR was performed for target val-
idation. The effect of the NF-kB activation inhibitor 6-Amino-4-(4-phe-
noxyphenylethylamino)quinazoline on specific IL-4 targets was studied in
selected patients.

Results: Sets of 232 non-redundant entities in CLL and 146 in NBC (95 com-
mon, 283 altogether), of which 189 were well-defined genes in CLL and 123 in
NBC (83 common, 229 altogether) were identified as IL-4 targets. To the best
of our knowledge, most of them were novel IL-4 targets for CLL (98%), B cells
of any source (83%), or any cell type (70%). The intensity of their responses
was significantly higher for 54 genes in CLL compared to NBC, and for 11
genes in NBC compared to CLL (p<0.05). In CLL, the response of a substan-
tial part of the genes correlated positively or negatively with expression of
ZAP70, and these were designated ZAP70P0s genes or ZAP70Ned genes. Wnt
signaling, regulation of epithelial to mesenchymal transition, and cell adhesion,
were associated to ZAP70P°s genes, whereas oxidative stress regulation, and
angiogenesis were associated to ZAP70Ned genes. The response of most
ZAPT70Pos genes to IL-4 was downregulated by an NFkB activation inhibitor, and
the response of most ZAP70Ned genes to IL-4 was upregulated by the inhibitor,
suggesting a novel mechanism by which NFkB sinergizes or antagonizes the
response of specific genes to IL-4.

Summary and Conclusions: Sets of novel and specific IL-4 targets were iden-
tified in CLL and NBC. A relationship between IL-4, ZAP70 expression and
NFkB inhibition suggests a novel mechanism for regulating gene expression in
CLL. Our study support that strategies directed to the IL-4 pathway may be of
therapeutic interest.
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ORAL FCR INDUCES HIGHER COMPLETE REMISSION RATES AND MRD
NEGATIVITY IN UNTREATED CLL THAN PREVIOUS REPORTS OF INTRA-
VENOUS THERAPY: COMBINED RESULTS OF THE NCRI ADMIRE AND
ARCTIC TRIALS
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THaematology, St James’s Institute of Oncology, 2Leeds Institute of Clinical
Trials Research, University of Leeds, Leeds, 3Haematology, East Kent Hospi-
tals, Canterbury, 4HMDS, St James’s Institute of Oncology, Leeds, SCentre for
Haematology and Stem Cell Transplantation, Heartland Hospital, Birmingham,
6Weatherall Institute for Molecular Medicine, MRC Haematology, Oxford,
"Haematology, Colchester Hospital University NHS Foundation Trust, Colch-
ester, 8Haematology,, The Christie NHS Foundation Trust, Manchester, 9
Molecular and Clinical Cancer Medicine, University of Liverpool, Liverpool,
10Haematology, University Hospital of Wales, Cardiff, ""Haematology, Haema-
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Background: Fludarabine, cyclophosphamide and rituximab (FCR) is the gold
standard treatment for patients with CLL who require therapy and are consid-
ered fit for fludarabine based treatment. FC has been delivered intravenously
previously but in the UK the oral route of administration for F and C is standard.
Here we report higher rates of complete remission and MRD negativity in 207
patients treated with oral FCR in two parallel phase IIB NCRI trials (ADMIRE
and ARCTIC).

Aims: To assess the efficacy of oral FCR control arm of ARCTIC and ADMIRE
trial.

Methods: ARCTIC and ADMIRE were two phase IIB randomised controlled
trials in the same patient population of untreated CLL conducted between
June 2009-September 2012. ADMIRE recruited 215 patients from 29 UK
research centres; ARCTIC recruited 200 patients from 35 UK research cen-
tres. Both trials had the same FCR control arm (n=207) but different exper-
imental arms. FCR treatment included IV rituximab given on day 1
(375mg/m2 Cycle 1; 500mg/m2 Cycles 2-6), oral fludarabine (24mg/m2/day
for 5 days) and oral cyclophosphamide (150mg/m2/day) for 5 days repeat-
ed every 28 days. ADMIRE compared FCR to FCM-R (addition of mitox-
antrone to FCR) while ARCTIC compared FCR to FCM-miniR (addition of low
dose rituximab to FCM). Patients with neutropenia delaying therapy received
G-CSF (lenograstim 263mcg/day; Days 7-13) on all remaining cycles. Pro-
phylaxis with co-trimoxazole and acyclovir was used. For both trials, the pri-
mary endpoint was complete response rates (CR/CRi); short-term second-
ary endpoints included MRD eradication, overall response rates (ORR) and
safety.

Results: A total of 207 patients were randomised to the oral FCR control arms
in ADMIRE and ARCTIC. The median age was 62 (38-77) and 35.7% were over
65; 72.5% male; 15.9% progressive stage A, 48.3% stage B and 35.7% stage
C. 16.4% had a creatinine clearance under 60ml/min. 66.3% (114/172) had
unmutated Ig genes; 7.0% (13/186) 17p deletion; and 14.4% (27/187) 11q dele-
tion. 87.4% (181/207) of patients received greater than 3 cycles of treatment
with 73.4% (152/207) receiving all 6 cycles. 102 (51.5%) of 198 received G-
CSF during treatment. 132 (63.8%) patients experienced a dose modification.
Of the assessable 187 patients, 137 (73.3%) achieved CR/CRi and 187/193
(96.9%) achieved at least a PR. MRD by flow cytometry (sensitivity 10-4) was
assessed in marrow 3 months post treatment, 58.1% (108/186) of assessable
patients had undetectable MRD (108/186).

Summary and Conclusions: The response rates (CR/CRi and MRD eradica-
tion) to FCR given orally in 207 patients in ARCTIC and ADMIRE are much high-
er than previous multicentre studies of intravenous therapy. We report response
rates of 73.3% for FCR and 69.7% for the whole cohort of 415 patients. This
compares favourably to CR rates of 38% for FC in LRF CLL4 Trial and 44% for
FCR in the GCLLSG CLLS8 Trial. MRD in the marrow was undetectable in 58.1%
of patients receiving FCR in control arm and 53.1% in the whole cohort. The
overall response rate was 96.9% (CR/CRi+PR) in FCR control arm and 96.2%
in the whole cohort. Explanations that may contribute to this improved effica-
cy maybe that: the (1) FC chemotherapy is spread over 5 rather than 3 days
per cycle; (2) dose intensity and timing was prospectively supported by the use
of G-CSF (51.5% patients) which along with appropriate dose modification
enabled % of patients (73.4%) to receive 6 cycles of FCR; and (3) patients
received prophylaxis with co-trimoxazole and aciclovir. Our results suggest
that FCR is more effective when given orally with greater convenience to
patients and reduced cost justifying the use of this oral regimen.
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DEVELOPMENT AND VALIDATION OF COMPREHENSIVE CLL MUTATION
DETECTION PANEL USING ION TORRENT NEXT GENERATION
SEQUENCING PLATFORM
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Columbus, OH, 2Sarah Cannon Research Institute, Nashville, TN, 3Pathology,
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Background: Mutations of multiple genes have emerged as important risk
stratification and prognostication indicators in chronic lymphocytic leukemia
(CLL). These mutations affect a heterogeneous population of genes involved
in a wide variety of functions including sensing of DNA damage, DNA repair,
signal transduction and spliceosome assembly and function. Several of these
mutations show an association with poor response to certain types of therapy
in CLL. Moreover, some of these mutations are absent at initial presentation
and appear rapidly in a subset of patients who become therapy resistant or
show disease progression including those with Richter’s transformation. These
findings create a need for a rapid, reproducible and sensitive method for muta-
tion identification occurring on a sub clonal level obtained at initial presenta-
tion and during therapy allowing for “real time monitoring” of high risk CLL
patients involved in clinical trials. Considering the high number of mutations and
that some of these mutations show a wide distribution throughout large genes
such as ATM, the Sanger sequencing method currently used in most clinical
laboratories is not suitable for such rapid analysis.

Aims: To address this method challenge, we developed and validated a com-
prehensive CLL focused mutation analysis panel using Next Generation
Sequencing/lon Torrent platform.

Methods: A CLL focused mutation panel was developed using the AmpliSeq
design site. The following genes were included: ATM, BIRC3, BRAF,BTK,
CCND1, CCND2, CRM1, DDX3X, ERK1, ERK2, FBXW7, KLHL6 exon1,
KRAS, MDM2 snp309, MYD88, NOTCH1 exon34, TP53, PLCG2,SF3B1,
SMARCA2 and ZMYM3 with in silico coverage 98.9% of targeted sequence.
Barcoded libraries were prepared in two pools using 15ng of DNA derived from
isolated CLL cells from baseline samples of 64 patients with previously untreat-
ed CLL treated on a Sarah Cannon Research Institute clinical trial. Following
standard processing, samples were analyzed on the lon Torrent using 316 and
318 chips. Raw data was analyzed by lon Torrent Server Suite v.3.6.2. Calls
were made using variant Caller v3.6.63335 using Somatic Low Stringency set-
ting. Coverage analysis was performed using Coverage Analysis v.3.6.633324.
For a subset of specimens, multiple runs were performed to evaluate repro-
ducibility and precision.

Results: With the exception of NOTCH1 exon34 and MDM2 snp309 (that will
be reported separately) all 64 samples were successfully analyzed with an
average depth of 685 (range 308 to 2123) and average uniformity of 90%
(range 65.8 to 95.3). Comparison of in silico and analytical runs showed high-
ly concordant on target coverage of 98.1% (range 96.3-99.4). Detected muta-
tions and SNPs were observed with expected frequencies consistent with those
reported in the literature and SNP databases. There was 100% complete agree-
ment between multiple runs of samples analyzed in separate experiments.
Complete analysis of 5 samples of DNA performed by a single technologist was
reproducibly achieved in 5 working days.

Summary and Conclusions: The lon Torrent platform based NGS comprehen-
sive CLL mutation detection panel as noted above allows for the rapid, accu-
rate, reproducible and sensitive detection of multiple mutations a in large num-
ber of genes. After further validation in a clinical CLIA certified molecular lab-
oratory (ongoing) this approach will offer real time analysis of mutations of mul-
tiple genes in high risk CLL patients participating in clinical trials to help guide
appropriate initial therapy and modification of therapy during treatment.
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PHASE 1 STUDY OF SINGLE AGENT CC-292, AHIGHLY SELECTIVE BRU-
TON’S TYROSINE KINASE (BTK) INHIBITOR, IN RELAPSED/REFRACTO-
RY CHRONIC LYMPHOCYTIC LEUKEMIA (CLL)
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Background: CC-292 is an oral, highly selective small-molecule covalent inhibitor
of Btk, which plays an important role in the biology of B-cell malignancies.
Aims: This phase 1 trial investigated the safety, dose limiting toxicities (DLT), and
activity of single agent CC-292, administered once (QD) or twice daily (BID) to
pts with relapsed or refractory (R/R) CLL and NHL. Here, we focus on the safe-
ty and clinical activity in CLL and small lymphocytic lymphoma (SLL) pts.
Methods: Eligible pts with R/R CLL/SLL after 21 prior therapy received CC-292
at doses of 125, 250, 400, 625, 750, and 1000mg QD or 375 and 500mg BID.
As the maximum tolerable dose was not reached, CLL pts were enrolled in two
expansion cohorts at 750mg QD and at 500mg BID. All pts received continu-
ous dosing in 28-day cycles until progressive disease or intolerable toxicity.
Clinical activity was investigator assessed per 2008 IwCLL criteria. This analy-
sis reports safety and efficacy on all pts enrolled as of cutoff date 12-31-2013.
Results: A total of 84 CLL/SLL pts were evaluated across all doses for safety,
including 29 and 28 CLL pts at 750mg QD and 500mg BID, respectively, in the
expansion cohorts. Median age was 66.5 (34—-89) and median number of prior
therapies was 3 (1-12). 56 (67%) pts had 21 high risk factor, including 45 (54%)
with unmutated IgHV, 18 (21%) with del11g22, and 20 (24%) with del17p. Medi-
an time on therapy was 254 days (16—797). Only one CLL patient at the 500mg
BID dose level experienced a DLT (grade 4 thrombocytopenia) during Cycle 1.
Otherwise, grade 3/4 adverse events (AEs) occurring in 22 pts in the 750mg
QD, 1000mg QD, 375mg BID, and 500mg BID dose cohorts included pneumo-
nia (17%), febrile neutropenia (7%), diarrhea (7%), neutropenia (5%), throm-
bocytopenia (5%), fever (5%), sepsis (4%), anemia (4%), respiratory failure
(3%), and confusion (3%). Overall, 67 SAEs were observed in 37 pts; 21 SAEs
were deemed possibly related to CC-292. Results are summarized for 70 effi-
cacy-evaluable pts at dose levels 750mg QD, 1000mg QD, 375mg BID, and
500mg BID (29, 7, 6, 28 pts, respectively). The PR rate at the 4 dose levels was
34%, 57%, 67%, and 39%, respectively. In addition, PR with lymphocytosis
was achieved by 7 (24%) pts at the 750mg QD dose level and 6 (21%) pts at
the 500mg BID dose level. In pts with del11q, del17p, unmutated IgVH, and no
high-risk genomic factors, the PR rates were 46% (6/13), 47% (7/15), 61%
(20/33), and 27% (6/22), respectively. 87% of pts experienced a 225% increase
in absolute lymphocyte count (ALC), which usually resolved with continued
treatment. Importantly, nodal responses were induced in the majority of pts
receiving BID dosing (375mg: 67%; 500mg: 61%) with lymph node size reduc-
tion over time from cycle 2 (mean reduction of 42% and 40%, respectively) to
cycle 7 (mean reduction of 60% and 60%, respectively). At time of data cut,
41%, 43%, 83%, and 73% of pts were still on study at dose levels 750mg QD,
1000mg QD, 375mg BID, and 500mg BID, respectively.

Summary and Conclusions: CC-292 is well tolerated as an oral daily
monotherapy. Single-agent therapy with CC-292 is sufficient to achieve high
nodal and partial response rates in R/R CLL pts, including those with high-risk
cytogenetic features. These results support continued development of CC-292
for the treatment of pts with CLL/SLL. Two Phase 1b studies of CC-292 in com-
bination with lenalidomide or rituximab, respectively, are ongoing to determine
safety and tolerability, evaluate preliminary efficacy, and ascertain whether
these combination regimens might improve outcomes in CLL pts.
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PRE-TREATMENT WITH IDELALISIB MARKEDLY REDUCES RITUXIMAB
INFUSION-RELATED REACTIONS AND INFUSION INTERRUPTIONS IN
PATIENTS WITH CLL
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Background: Rituximab (R) and other anti-CD20 antibodies are important
agents in the treatment of CLL. However, infusion-related reactions (IRRs) dur-
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ing the first infusion of R in patients with CLL have been reported to occur as
frequently as 94% (O’Brien 2001), presenting a significant medical burden.
IRRs may be more frequent in patients with high absolute lymphocyte counts
(ALCs) (Winkler 1999). The combination of the oral selective inhibitor of PI3Kd
idelalisib with R has been demonstrated to be highly active in heavily pretreat-
ed patients with CLL in a Phase 3 trial (Furman, NEJM 2014).

Aims: As PI3K? is expressed in various cell types that may be involved in
cytokine release and response, we assessed if IDELA has an effect on the fre-
quency of R IRRs.

Methods: A Phase 3 double-blinded study evaluated IDELA+R vs placebo+R
in pts with relapsed CLL who experienced progression within 24 months since
completion of the last therapy and who were considered unfit to receive cyto-
toxic therapy. R was administered at 375 mg/m?2 (1st dose) and then at 500
mg/m2, every 2 weeks for the next 4 doses and then every 4 weeks for a total
of 8 doses. Infusion premedication as recommended by the protocol included
an antipyretic and an antihistamine; local procedures often also included
steroids. Per protocol, the 150 mg standard dose of idelalisib/placebo (150 mg
BID) was recommended to be administered 30 minutes before the start of each
R infusion. IRRs were analyzed in two ways: 1) per MedDRA preferred term
(PT) “infusion-related reaction” (PT-IRR), and 2) per any adverse event (AE)
starting on the day of infusion and on the list of Standardised MedDRA Queries
(SMQ) as related to IRRs (SMQ-IRR). The data presented are from an
exploratory analysis based on an interim analysis of the Phase 3 study.
Results: 220 subjects were randomized 1:1 and 218 received at least one
dose of rituximab, 110 with IDELA and 108 with placebo. 99.7% of infusions
were preceded by premedication. The Table 1 depicts the frequencies of the
IRRs, along with the respective median absolute lymphocyte count (ALC). On
both arms, IRRs were most common after the 15t and 2nd R infusions. Place-
bo+R subjects who experienced dose #1 infusion reactions had higher ALCs
than those who didn’t (p<0.05). Subjects on IDELA+R experienced significant-
ly fewer (p<0.05) PT-IRRs during the 18t and 2nd infusions despite a 3.5 fold
higher median ALC at the 2"d infusion. In addition, when comparing the over-
all incidence of SMQ-IRR AEs, subjects on IDELA+R experienced significant-
ly fewer (p<0.05) events. Fewer infusion interruptions were required in the
IDELA+R arm than in the placebo+R arm (5.8% vs 11.1%, p<0.05). Gr 3 IRR
AEs were reported for 3 infusions (in 3 subjects) in those receiving IDELA and
for 7 infusions (in 5 subjects) in those receiving placebo.

Table 1.
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Summary and Conclusions: In this randomized double-blinded Phase 3 study,
IDELA treatment given only 30 minutes before R reduced the frequency of
IRRs and infusion interruptions. This protective effect was even more marked
with the second R infusion when subjects had been receiving IDELA for 2
weeks, despite a 3.5-fold higher ALC in the IDELA group. This finding is con-
sistent with the known mechanism of action of IDELA, and indicates that IDELA
reduces the significant burden of IRRs in patients receiving R, and could poten-
tially do so with newer generation anti-CD20 antibodies.
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SEVERE INFECTIONS ARE MORE COMMON IN PHYSICALLY FIT CLL
PATIENTS WITH FCR-THERAPY COMPARED TO BR: RESULTS OF THE
INTERMIN-ANALYSIS OF THE CLL10 TRIAL OF THE GERMAN CLL STUDY
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Background: Infections are common complications in CLL patients correlat-
ing with immune defects caused by the disease itself as well as treatment-
related immunosuppression. Fludarabine, cyclophosphamide and rituximab
(FCR) as first-line treatment is associated with a higher risk of infection com-
pared to bendamustine plus rituximab (BR).

Aims: This analysis was performed to prospectively assess frequency, char-
acteristics and risk factors of infections in advanced CLL during and after first-
line with FCR versus BR in physically fit patients.

Methods: Within the multicenter phase-IIl CLL10 trial detailed information on
the incidence of infections were prospectively evaluated. Except for PCJ-pro-
phylaxis in longer lasting neutropenia the protocol did not recommend routine
anti-infective prophylaxis during and after chemoimmuntherapy.

Results: 561 patients were included in the study, 282 (50.3%) were randomised
to the FCR and 279 (49.7%) to the BR arm. Median observation time was 27.9
months. 395 (70.4%) of all patients developed an infection. A total of 1050
infections were reported and 26.2% were defined as severe (CTC grade 3-5).
When comparing the different treatment arms significantly more patients treat-
ed with FCR developed an infection (53.2 vs. 46.8%, p=0.034) and infections
were more severe (29.8 vs. 21.3%, p=0.002). The average number of infections
in all affected patients was 2.6. Median time from registration to onset was 4.6
months in the FCR-group compared to 5.0 months in the BR-group. Late infec-
tions occurred significantly more in the FCR-treated patients after initial
response (23.8 vs. 10.7%, p<0.000) and final restaging (19.8 vs. 10.8%,
p=0.008). The causative pathogen was identified as bacterial in 15.7%, as viral
in 14.8%, as fungal in 2%, and as other in 2.3%. The pathogen was unknown
in 66.8%. Viral infections were significantly more common in patients treated
with FCR (20.8% vs. 12.3%, p=0.007). 13.9% of all infections were classified
as fever of unknown origin, followed by pneumonia in 8.9%, and bacteremia in
3%. Severe pneumonia was more frequently observed in patients treated with
FCR (32 vs. 17, p=0.027). Antibiotic treatment was administered in 76.1% of
all documented infections, followed by antiviral, and antifungal treatment in
15.3, and 4.6% respectively. G-CSF was administered in 85 (8.3%) cases and
was significantly more frequently given with FCR treatment (10.8 vs. 4.8%,
p=0.001). Inpatient treatment was necessary in 141 and intensive care treat-
ment in 12 patients, there was no significant differences in both treatment arms.
Six patients in the BR arm and seven patients in the FCR arm died due to
treatment related infectious complications. Pneumonias and sepsis were the
reason for death in five patients each; one patient each died because of neu-
tropenic colitis, hepatitis B and progressive multifocal leukencephalopathy.
Summary and Conclusions: Infections are more frequently observed in CLL
patients treated with first-line FCR than BR. The causative pathogen is rarely
detected and infections occur rather late during the course of treatment. In
conclusion we recommend anti-infective prophylaxis in neutropenic patients
during first-line chemoimmuntherapy.
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LATE ONSET NEUTROPENIA IS A COMMON COMPLICATION OF FLU-
DARABINE, CYCLOPHOSPHAMIDE AND RITUXIMAB (FCR) THERAPY
AND IS ASSOCIATED WITH SUBSTANTIAL MORBIDITY AND HOSPITAL-
IZATION

P Ho'" S Romero®, TE Lew2, P Turner!, J Seymour3, C Smith4, D Carney3,
A Grigg', C Tam3

1Clinical Haematology, Austin Health, 2Faculty of Medicine, Nursing and Health
Sciences, Monash University, 3Clinical Haematology, Peter MacCallum Can-
cer Centre, 4Austin Pathology, Austin Health, Melbourne, Australia

Background: Neutropenic complications, including late-onset neutropenia
(LON), are known to complicate FCR chemotherapy. However, the incidence,
clinical significance and risk factors for LON remain unclear.

Aims: Determine the incidence and risk factors for the development of haema-
tological complications associated with FCR.

Methods: We performed a retrospective analysis of 104 consecutive patients
(pts) who received FCR treatment across 2 major cancer centres between
01/2004 and 11/2012, in order to determine the incidence, clinical consequence
and risk factor for development of neutropenic complications (a) during thera-
py, and (b) in the first year after treatment completion. Eight-six pts received
follow-up at their primary treatment center, with a minimum of 3 complete blood
count over the 12 month study period. LON was defined as grade IlI-IV neu-
tropenia (G3-4N) developing at least four weeks after cessation of therapy.
Severe prolonged cytopenias are defined as grade IlI-IV cytopenias persisting
for >4 weeks post completion of treatment.

Results: DURING THERAPY: the median age of the 104 pts (71M, 33F) was
66 years (range: 40-83). 69 received FCR for CLL; 35 for low-grade non-
Hodgkin lymphomas. 44 previously untreated and 60 had prior chemotherapy
[median 2 (range 1 — 6) regimens]. The median number of FCR cycles received
was 4 (range: 1-6), and 16 pts received maintenance rituximab. G3-4N

56 | haematologica | 2014; 99(s1)

occurred in (43%), and febrile neutropenia in 20% of pts (5.8% per cycle). ONE
YEAR POST THERAPY: Of the 86 pts assessable, LON was documented in
25 (29%) after a median of 95 (range 53-326) days from treatment cessation.
The median LON neutrophil count was 0.4x109/L (range: 0.0-0.9). LON was
associated with substantial morbidity: 28% of pts were hospitalized for neu-
tropenic complications and 32% were administered antibiotics and G-CSF.
There was no significant association between the risk of LON development and
age, ECOG, disease subtype, previous therapy, number of FCR cycles, main-
tenance rituximab, baseline hemoglobin / neutrophil / platelet or baseline cre-
atinine. However, there was a positive association between LON and the occur-
rence of G3-4N during treatment: of those pts who developed G3-4N during
therapy (n=35), LON developed in 15 (43%; p=0.017 compared with 19% in pts
without G3-4N, Figure 1); this risk of LON rises to 57% for pts who developed
G3-4N and received GCSF support. Among pts who did not develop G3-4N dur-
ing treatment, female sex emerged as the dominant risk factor for LON (33%
risk, vs 13% for males, p=0.07). Prolonged severe cytopenias occurred in 20
pts and similarly was more common in women (p<0.001) and those with grade
3-4N during treatment (p-0.005).
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Figure 1.

Summary and Conclusions: Neutropenic complications, particularly LON, is
an under-recognized and poorly reported complication of FCR. LON in pts
receiving FCR is associated with high morbidity and frequent hospitalization.
Pts who develop G3-4N during FCR chemotherapy are at high risk of subse-
quent LON, particularly if their chemotherapy was supported using GCSF. Our
results demonstrate that the onset of G3-4N during FCR chemotherapy iden-
tifies pts at high risk for late neutropenic complications, and sound a caution-
ary note regarding the use of GCSF support during FCR therapy.
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EFFECT OF IDELALISIB/RITUXIMAB COMBINATION TREATMENT OF
RELAPSED CLL ON THE BCR SIGNALING-RELATED CHEMOKINES CCL3
AND CCL4: DATA FROM A PHASE 3, RANDOMIZED, DOUBLE-BLIND,
PLACEBO-CONTROLLED TRIAL

P Ghia®" SE Coutre2, RR Furman3, BD Cheson4, JM Pagel®, P Hillmen§,
JC Barrientos’, AD Zelenetz8, TJ Kipps?, IW Flinn10, MJ Hallek!, B Coiffier!2,
SM O’Brien’3, S Stilgenbauer’, W Jiang'®, TM Jahn'5, M Wong’5,
M Lazarov'!5, JP Sharman'6

1Universita Vita-Salute San Raffaele and Istituto Scientifico San Raffaele,
Milano, Italy, 2Stanford Cancer Center, Stanford University School of Medi-
cine, Stanford, 3Weill Cornell Medical College, New York, 4Georgetown Univer-
sity Medical Center, Washington, °Fred Hutchinson Cancer Research Center,
Seattle, United States, 6The Leeds Teaching Hospitals, St. James Institute of
Oncology, Leeds, United Kingdom, 7Hofstra North Shore-LIJ School of Medi-
cine, Hempstead, 8Memorial Sloan Kettering Cancer Center, New York, Uni-
versity of California School of Medicine, San Diego, San Diego, 10Sarah Can-
non Research Institute, Nashville, United States, "University of Cologne,
Cologne, Germany, 2Lyon Sud University Hospital, Pierre-Bénite, France,
13University of Texas MD Anderson Cancer Center, Houston, United States,
14UIm University, Ulm, Germany, '5Gilead Sciences, Foster City, 16Willamette
Valley Cancer Institute and Research Center/US Oncology Research, Spring-
field, United States

Background: Idelalisib (IDELA) is a potent and selective inhibitor of PI3Kd,
which is critical for activation, proliferation and survival of B cells and their hom-
ing and retention in lymphoid tissues. Inhibition of PI3K& modulates BCR sig-
naling as well as signaling through cytokine and chemokine receptors. Data



generated both in vitro and in clinical studies have demonstrated that IDELA
reduces the levels of CCL3 and CCL4 (MIP-1a/B) (Hoellenriegel et al., Blood,
2011), two chemokines secreted by CLL cells in response to BCR activation.
Importantly, high levels of CCL3 and CCL4 have been associated with shorter
PFS in CLL and therefore have been suggested as BCR-related risk factors with
cut-off levels for negative prognosis of >10 pg/mL and >60 pg/mL, respective-
ly (Burger et al., Trends in Immunology 2013).

Aims: This report describes the effect of IDELA treatment on CCL3 and CCL4
levels in patients enrolled in a randomized, placebo controlled phase 3 study.
Methods: GS-US-312-0116 is a phase 3, randomized double-blind placebo-con-
trolled study evaluating the efficacy and safety of IDELA in combination with ritux-
imab (R) for previously treated CLL. The plasma levels of CLL3 and CCL4 were
assessed at baseline (BL) and at Week 4 (Wk4) of treatment with IDELA+R or
placebo+R. CLL3 and CCL4 quantification was performed by EMD Millipore, at St.
Charles, MO, USA, using a bead-based enzyme-linked immunosorbent assay.
Results: As shown in the Table 1 below, there was a prominent reduction of
CCL3 and CCL4 plasma levels in patients on IDELA+R after 4 weeks of treat-
ment. The reduction in CCL3 and CCL4 levels at Wk4 was superior with IDELA
treatment (82.7% mean decrease from BL; median level of 11.9 pg/mL for CCL3
and 63.5% mean decrease from BL; median level of 35.7 pg/mL for CCL4) as
compared to placebo (24.3% mean decrease from BL; median level of 53.2
pg/mL for CCL3 and 21.3% mean decrease from BL; median level of 74.0
pg/mL for CCL4). This difference was highly significant (p-value <0.0001). In
addition, 37% and 47% of patients with BL levels above the respective nega-
tive prognosis cut-offs for CCL3 and CCL4, reached levels below the cut-off at
Wk4 of IDELA+R treatment. In comparison, on placebo+R, only 4% and 12%
of patients, respectively, achieved such a reduction.

Table 1.
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Summary and Conclusions: The results from this prospective, placebo-con-
trolled study confirm that in patients with CLL, treatment with IDELA rapidly
and prominently reduces the levels of chemokines related to activated BCR sig-
naling. Moreover, as high levels of CCL3 and CCL4 have been suggested as
BCR-related risk factors in CLL, the rapid normalization of their levels may con-
tribute to the strong clinical benefit observed with IDELA and other emerging
novel therapies that inhibit BCR signaling.
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B2-MICROGLOBULIN IS A DYNAMIC MARKER OF PROGNOSIS DURING
TREATMENT OF CLL WITH FCR OR IBRUTINIB-BASED REGIMENS.

PA Thompson'" MJ Keating?, JA Burger!, N Jain', A Ferrajoli!, Z Estrov,
SM O’Brien!, WG Wierda'

1Department of Leukemia, UT MD Anderson Cancer Center, Houston, United
States

Background: In CLL, free plasma B,-microglobulin (B2M) correlates with dis-
ease stage and tumor burden. Elevated B2M at diagnosis is independently
associated with shorter time-to-first therapy and when treatment is required, is
independently associated with poorer progression-free and overall survival.
While the significance of initial B2M is established, changes in B2M during ther-
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apy and associations with patient outcomes have not been explored.

Aims: We analyzed patients (pts) treated on investigational protocols with FCR
and ibrutinib-based regimens (Ib) at MDACC from 2008-2013, to determine
whether patterns of change in B2M differed according to treatment protocol
and would be predictive of outcome.

Methods: Patients treated with FCR or Ib (Ib monotherapy, n=35, Ib+rituximab,
n=37 or Ib+bendamustine+rituximab, n=11), between 2008 and 2013 were eli-
gible for inclusion, provided they had =3 months of follow-up, a baseline B2M
level and at least one other B2M measurement. Follow-up B2M measurements
were not mandated in these studies and were performed according to individ-
ual physician practice. The following variables were analyzed: B2M at 6 months
(where available), lowest level achieved and time to B2M normalization or nadir.
Results: Baseline characteristics were as follows:

Characteristic Ib-based (n=83), n(%) FCR (n=198), n(%) P value
Age (median, range) 65 (35-83) 59 (32-79) 0.02
B2M =4.0 47 (57) 82 (41) 0.02
Rai Stage Ill/IV 47 (57) 80 (40) 0.01
IGHV MS

ZAP70+ 48 (71) 119 (65) 0.43
17p- 35 (42) 11 (6) <0.001

There was no correlation between B2M at baseline, 6 months or nadir and any oth-
er baseline characteristic, except Rai stage. B2M fell rapidly during Ib-treatment
despite a transient lymphocytosis during this time. Despite a higher median base-
line B2M, and higher-risk genetic features, similar rates of normalization of B2M
were seen for pts treated with Ib-based regimens and FCR (63.9 vs. 67.2). 88%
of treatment-naive Ib-treated pts normalized their B2M (p=0.04 vs FCR). When
only patients with >1 year of follow-up were analyzed (to avoid bias from shorter
follow-up in the Ib patients), median time to normalization or nadir was shorter for
Ib than FCR: 335 vs. 433 days, p=0.001 for Ib vs. FCR). Landmark PFS analysis
was performed from the date of B2M nadir; normalization of B2M was associated
with superior PFS in both Ib and FCR-treated pts (see Figure 1). This remained
significant when stratifying for pts with baseline B2M <4.0 or 24.0. Achieving min-
imal residual disease (MRD) negativity by flow cytometry in FCR-treated pts is
associated with superior survival. When only FCR pts achieving MRD-negativity
were analyzed (n=112), a trend remained for improved PFS in pts who also nor-
malized of B2M (n=83) vs. those who did not (n=29), p=0.08.
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Figure 1. Landmark PFS from B2M nadir in all patients.

Summary and Conclusions: A more rapid and complete normalization of B2M
level was observed with Ib treatment than with FCR, the reasons for which are
unclear. B2M evaluated during treatment is a robust tumor marker and normal-
ization of B2M was associated with improved PFS in both Ib- and FCR-treated
pts. Serial B2M assessment may be particularly useful in Ib-treated patients to
identify patients early who are at higher risk of relapse, especially as utility of
MRD assessment is limited due to low rates of CR. Its ability to further subdi-
vide patients achieving MRD-negativity after FCR requires further study. We
intend to confirm these results in Ib-treated patients prospectively in a 200
patient study of Ib vs. Ib+rituximab.
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FIRST-LINE TREATMENT STRATEGIES FOR PREVIOUSLY UNTREATED
PATIENTS WITH CHRONIC LYMPHOCYTIC LEUKAEMIA: PRELIMINARY
RESULTS OF A NETWORK META-ANALYSIS

M Rancea', N Skoetz!, S Trelle2:3, BR da Costa2, A Engert4, K Fischer4,
M Hallek4, B Eichhorst4."

1Department | of Internal Medicine, University Hospital of Cologne, Cochrane
Haematological Malignancies Group, Cologne, Germany, 2Institute of Social
and Preventive Medicine, 3Clinical Trials Unit, University of Bern, Bern, Switzer-
land, 4Department | of Internal Medicine, University Hospital of Cologne, Cen-
ter of Integrated Oncology, Cologne/Bonn, Germany

Background: Chronic lymphocytic leukaemia (CLL) accounts for 25% of cases
and is the most common lymphoid malignancy in Western countries. This disease
affects predominantly elderly patients with a median age of 72 years at diagno-
sis. The highly variable course of CLL leads to a variety of therapy options for
patients needing treatment. Chlorambucil (Clb) was considered standard first-line
therapy for many years, but the implementation of newer treatment options have
increased patient-related outcomes in comparison to Clb.

Aims: To assess the efficacy of different first-line therapy regimens and to pro-
vide a hierarchy of the best treatment options for previously untreated patients
with CLL.

Methods: Sensitive search strategies for CENTRAL, EMBASE, and MEDLINE
(1946 to 02.2014) were conducted to identify randomized controlled trials
(RCTs). Furthermore, relevant conferences (ASCO, ASH, EHA) were searched
up to 2013 and the German CLL Study Group provided unpublished data. RCTs
that compared at least one treatment regimen to another regimen or to obser-
vation only in previously untreated CLL patients were included. Two authors
independently assessed studies for their eligibility, extracted data, and
assessed the quality of the trials according to the methodology standards of the
Cochrane Collaboration. Overall survival (OS) and progression-free survival
(PFS) were regarded as primary endpoints, secondary endpoints included
treatment-related mortality and secondary malignancies. A Bayesian random-
effects model was used for the network meta-analysis, combining head-to-
head trials with indirect evidence. The results are reported relatively to Clb, a
hazard ratio (HR) >1 indicating superiority of Clb.

Results: The sensitive search resulted in 6,871 relevant references, of which
data from 33 RCTs were included. The final network was constructed from 21
different first-line treatment regimens and comprised a total of 11,638 patients.
Overall, the quality of the evidence was judged as moderate. Data from 18 dif-
ferent regimens were available for analysis of OS in comparison to Clb. Sev-
en regimens had a more than 50% probability to be better than Clb. Obinu-
tuzumab (GA101) plus Clb (HR 0.41, 95% credible intervals (Crl) 0.22 to 0.78)
showed the highest probability to be better than Clb. Treatment with Clb-ritux-
imab (R) (HR 0.66, 95% Crl 0.33 to 1.32) showed a probability of 88%, ben-
damustine (B)-R (HR 0.64, 95% 0.30 to 1.44) of 87% and treatment with flu-
darabine, cyclophosphamide, rituximab (FCR) (HR 0.76, 95% Crl 0.47 to 1.27)
reached a probability of 86% to be better than Clb. Regarding PFS, GA101 plus
Clb (HR 0.18, 95% Crl 0.05 to 0.67) had a 99% probability to be better than
Clb, followed by FCR (HR 0.42, 95% Crl 0.15 to 1.13) with a probability of
96%. Subgroup analysis for patients in Binet stages B/C only showed similar
results for OS and PFS. Overall, the between trial heterogeneity was low
12=0.016 for OS. Results regarding treatment-related mortality and secondary
malignancies will be awaited (Figure 1).
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Figure 1.

Summary and Conclusions: This network meta-analysis shows a statistical-
ly significant improvement in OS following treatment with GA101 plus Clb for
treatment-naive patients with CLL. Also, FCR, BR and CIb-R shows a high
probability to be better than Clb alone regarding OS. These results were sim-
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ilar for PFS. However, patients characteristics of the included trials were het-
erogeneous (fit versus less fit patients). Longer follow-up results of newer
recent trials will give further information for patient-related outcomes.

This project was funded by the Federal Ministry of Education and Research,
grant number: 01KG1015.
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CHRONIC LYMPHOCYTIC LEUKEMIA: A SMALL PROPORTION OF LONG-
TERM SURVIVORS COULD ACTUALLY BE CURED

C Moreno':" R Bosch', CA del Villar!, C Gonzalez2, N Vilalta!, M Martinez de
Sola’, M Granell!, S Novelli', S Saavedra®, S Miqueleiz', J Briones', S BrunetT,
A Garrido?, A Esquirol®, | Garcia®l, A Aventin3, J Nomdedédeu3, R Martino?,
J Delgado4, J Sierra’

THematology, 2Hospital Sant Pau | Santa Creu of Barcelona, Barcelona, Spain,
3Laboratory of Hematology, Hospital Sant Pau | Santa Creu of Barcelona,
4Hematology, Hospital Clinic, Barcelona, Spain

Background: Progress in the general management and treatment of patients
with CLL has resulted in a longer overall survival. There is little information how-
ever on whether such an improvement is due to the favorable characteristics of
patients at diagnosis and the indolent clinical course of the disease or to modern
treatment approaches. Likewise, whether some patients with sustained response
and long survival are actually cured is not known. The analysis of unselected
series of patients with a long follow up can contribute to shed light on these issues.
Aims: To analyze the characteristics at diagnosis, over the course of the dis-
ease, and at last follow up of patients with CLL surviving more than 10 years
from diagnosis.

Methods: One-hundred and three patients (24% of the whole series) from the
Sant Pau Hospital from Barcelona with a survival longer than 10 years from the
time of diagnosis were analyzed

Results: The main characteristics of the 103 patients are shown in the Table 1.
Treatment-free survival at 10 and 20 years was 62% (95% CI, 52-70) and 39%
(95% Cl, 28-50), respectively. After a median follow-up of 14 years (range, 11-32),
56 patients required therapy. Most of these patients had unmutated IGHV genes
and poor cytogenetics at the time of diagnosis. Front-line therapy consisted of alky-
lating agents (n=32) or fludarabine-based treatments (n=24). Thirty-eight patients
(76%) achieved complete remission, 11 patients partial remission (22%), 1 patient
(2%) had no response, and 6 were not evaluable. No significant differences in the
response rate were observed among different prognostic subgroups. The medi-
an duration of response to first therapy was 33 months (range, 2-173). Duration
of response was significantly longer in patients with good vs. poor cytogenetics
and low vs. high 3-2 microglobulin at treatment. Thirty-two of 56 patients had a
second progression and received further treatment, and 21 patients were given
23 lines of therapy. Ten patients underwent stem cell transplantation (2 autografts
and 8 allografts). Richter’s transformation was documented in 3 out of 103 patients,
while 8 patients developed a second malignancy and 5 patients developed autoim-
mune hemolytic anemia during the evolution of the disease. At last follow-up, 7
patients were free of disease (of which 3 had been treated with allogeneic stem
cell transplantation, and the remaining with different modalities of therapy) and 80
patients remained alive but with signs of persistent disease.

Table 1. Clinical and biological characteristics at diagnosis (num).
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Summary and Conclusions: Not unexpectedly, most patients with CLL enjoy-
ing very long survival had good clinical and biological features at diagnosis.
Long-term survivors with poor prognostic factors (i.e., unmutated IGHV genes,
high expression of ZAP-70, and/or poor cytogenetics) were likely to progress



and require therapy. In patients requiring therapy, poor cytogenetics and high
B-2 microglobulin were associated with a shorter duration of response. Further
studies are needed to identify those patients in which achieving CR is a nec-
essary condition for prolonging survival, as opposed to those in whom disease
control (without aiming for a CR) is a reasonable treatment goal.
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RICHTER’S TRANSFORMATION IN PATIENTS WITH CHRONIC LYMPHO-
CYTIC LEUKEMIA (CLL): ANALYSIS OF BIOLOGICAL AND CLINICAL RISK
FACTORS AND OUTCOMES

E Gershom'” S Huang? M Suhua Ye!, M Ahmed?, TL Gillan3, AS Gerrie4,
HA Leitch®, CL Toze4, KM Ramadan®

1Division of Hematology, St Paul’'s Hospital, 2Leukemia/BMT Program of BC,
Vancouver General Hospital, 3Cytogenetics Laboratory, Vancouver General
Hospital and The University of British Columbia, 4Leukemia/BMT Program of
BC, Vancouver General Hospital and The University of British Columbia, 5St
Paul's Hospital and The University of British Columbia, Vancouver, Canada

Background: Among CLL patients (pts), 5-10% develop an aggressive large
B-cell lymphoma, Richter’s transformation (RT) that results in rapid clinical
deterioration with increased lymphadenopathy, splenomegaly and worsening B
symptoms. The risk factors for the development of RT are not well defined due
to limited data.

Aims: The purpose of this study was to perform actuarial analysis of biological
and clinical risk factors and survival outcomes among CLL pts with RT com-
pared to a CLL control group (grp) with no RT. The parameters included were
age grp, Rai stage, diagnosis decade, lymphocyte count, lactate dehydroge-
nase (LDH) level, hemoglobin (Hb), platelet count, prior treatment, immunophe-
notype and FISH cytogenetics.

Methods: A population based retrospective analysis through an electronic
search of pts within the St Paul's Hospital CLL and BC Provincial CLL databas-
es between 1980-2013 was carried out. RT patients were either biopsy con-
firmed or considered to have RT by treating physician based on clinical presen-
tations such as rapid increase in lymph node size and LDH, unusual disease
site such as CNS, Liver. Chi square test was used for comparison of parame-
ters and association with RT using a CLL control grp without RT. Survival analy-
sis was performed by the Kaplan-Meier method.

| L S-SR

Bl

Figure 1. Overall survival of CLL patients with Ritchers Transformation
(RT) versus control group of CLL patients with No RT.

Results: Among 1631 pts with CLL, 59 (3.6%) developed RT and of these 20
were biopsy confirmed. The median overall survival (OS) from the time of CLL
diagnosis for the RT grp is 8.18 years (0-26 yrs) and for the CLL control grp is
30 years (0-35 years (yrs)), p=0.017. The median time from CLL diagnosis to
RT was 4.9 years and the median OS post RT was 9 months (0-10.6 yrs). With-
in the RT grp, the median OS was worse for those with advanced Rai Stage -
High: 2.0, Intermediate: 7.7 and low: 10.4 years (p=0.039) and those who had
previous treatment for CLL had OS of 7.2 yrs versus 10.5 yrs with no previous
treatments (p<0.001). However, there was no significant difference in OS for
LDH>1.5 upper limit of normal (ULN), decade of CLL diagnosis and type of treat-
ment. LDH>1.5ULN, advanced Rai stage, low Hb and low platelet counts at time
of CLL diagnosis were significantly associated with the RT versus the CLL con-
trol grp (p<0.01). Among pts tested, flow cytometry and FISH at diagnosis
showed CD38*, (Odds ratio [OR] 4.76), trisomy 12 (OR 8.55), 11g- (OR 30.49)
and 17p- (16.25) were significantly associated with RT (p<0.01 for all compar-
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isons) but not for 13g- (OR 0.90). Within the RT grp, CD38* alone and flow pat-
tern (typical/atypical) had no effect on OS. RT pts with high-risk FISH abnor-
malities (17p- or 11g-) had significantly worse OS compared to those without;
while the presence of 13g- or +12 had no effect on OS (p<0.01). On multivari-
ate analysis, only advanced Rai stage was significant with a Cox hazard ratio
of 4.69 (p=0.01). Finally, using the BC province general population life tables,
the 5 year relative survival ratio for the various age groups was 0.75 for the RT
grp and 0.93 for the CLL control grp (Figure 1).

Summary and Conclusions: This study of 59 RT pts is the largest to date ana-
lyzing biological and clinical risk factors for outcomes. RT significantly shortened
OS compared to CLL control grp. Pts with LDH>1.5ULN, advanced Rai stage,
CD38* and >1 FISH abnormalities at diagnosis should be closely monitored for RT.
Early treatment of CLL pts correlating to high risk of RT warrants further investiga-
tion. Expanding this study provincially and nationwide, along with a more compre-
hensive analysis of clinical and biological parameters and their combinations would
help in better predicting RT among CLL pts leading to improved patient care.
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INTERIM RESULTS FROM A PHASE IIA STUDY OF THE ANTI-CXCL12
SPIEGELMER OLAPTESED PEGOL (NOX-A12) IN COMBINATION WITH
BENDAMUSTINE/RITUXIMAB IN PATIENTS WITH CHRONIC LYMPHOCYT-
IC LEUKEMIA
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icine IV, Wels-Grieskirchen Hospital, Wels, Austria, SNOXXON Pharma AG, Berlin,
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Background: Olaptesed pegol (NOX-A12) is a novel, potent, L-stereocisomer
RNA aptamer that binds and neutralizes CXCL12/SDF-1, a chemokine which
attracts and activates immune- and non-immune cells via interaction with the
receptors, CXCR4 and CXCRY7. The signaling of CXCL12 is pivotal to the inter-
actions of leukemic cells with bone marrow microenvironment. The therapeu-
tic concept of olaptesed is to inhibit such tumor-supporting pathways and there-
by mobilizing and sensitizing CLL cells to chemotherapy.

Aims: Here we aim to assess the activity and safety of olaptesed in combina-
tion with rituximab and bendamustine in patients with relapsed / refractory CLL.
Methods: This multicenter Phase lla study investigates olaptesed alone and in
combination with BR in relapsed / refractory CLL patients. The study population
was splitinto a pilot and expansion group. Patients were treated using a dose titra-
tion design with intravenous (1V) olaptesed at doses increasing from 1 mg/kg to
2 mg/kg and 4 mg/kg at cycles 1, 2 and 3, respectively at 1 hour before rituximab
treatment. During cycles 4 to 6, olaptesed was dosed at the highest individually
titrated dose. Rituximab was administered IV at doses of 375 mg/m? on day 1 of
1st 28-day cycle and 500 mg/m on day 1 of subsequent cycles. Bendamustine
(70 - 100 mg/m?) was given IV on days 2-3 (cycle 1) or days 1-2 (cycles 2-6) of
each 28-day cycle following administration of rituximab. To study PK/PD, a pilot
dose of 1 to 4 mg/kg olaptesed alone was administered to the initial 10 patients
before start of the regular treatment regimen. Clinical response was assessed
according to NCI-WG Guidelines (Hallek M et al. Blood 111; 2008: 5446-56). To
date, 20 patients are evaluable (11 women, 9 men) with a median age of 67
years (range 52 to 79). At screening 4, 7 and 9 patients presented with Binet stage
A, B and C, respectively. The median prior treatment line was one. 7 patients pre-
sented an unfavorable disease state being relapsed within 24 months after flu-
darabine or bendamustine treatment (4 patients) or presenting a deletion/muta-
tion of the TP53 gene (3 patients). Most patients (15 of 20) were previously treat-
ed with fludarabine or bendamustine.

Results: Flow cytometric analysis of CD19*/CD5Migh CLL cells showed a rapid
mobilization of these cells into the peripheral blood which lasted throughout the
observational time of 72h. Reduction of lymphadenopathy by 250% occurred in
11 out of 14 evaluable patients by the end of treatment. Concomitantly, rapid reduc-
tion of lymphocytosis in peripheral blood with normalization by treatment cycle 2
— 3 was observed. Also, the CLL to leukocyte ratio improved on average from
>60% in cycle 1 to <2% at cycle 4. Olaptesed at 1, 2 and 4 mg/kg BW at a single
dose and in combination with BR was safe and well tolerated. The maximum tol-
erated dose was not reached and all patients could have been titrated up to 4
mg/kg. With 4 patients (20%) achieving a complete response and 14 patients
(70%) achieving a partial response, the overall response rate was 90%.
Summary and Conclusions: Olaptesed as a single dose and in combination
with BR was safe and well tolerated. Compared to historical data, olaptesed shows
superiority over baseline therapy with regards to overall response rate and increas-
ing rates of high quality responses. Moreover, the evaluation of the baseline char-
acteristics indicates that “relapsed / refractory patients”, a hard-to-treat patient
population, were enrolled in the study, which underlines the clinical relevance of
the observed effects and warrants further development of this Spiegelmer in CLL.
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A SYSTEMATIC REVIEW AND EVIDENCE SYNTHESIS OF RANDOMISED
CONTROLLED TRIALS (RCT) FOR THE TREATMENT OF RELAPASED OR
REFRACTORY CHRONIC LYMPHOCTYIC LEUKEMIA (CLL)

JM Quigley'" J Thompson, L Barcena', SJ Mealing®, V Leblond?

THealth Economics, ICON, Oxford, United Kingdom, 2Hematology, Hopital
Pitié-Salpétriere, Paris, France

Background: Patients with relapsed CLL often have limited treatment options
due to toxicity or resistance to first-line therapies. Frailty and comorbidities are
also important consideration in the elderly population. Idelalisib is a novel oral
inhibitor of PK13K & for the treatment of relapsed or refractory CLL.

Aims: To evaluate the relative efficacy of commonly used treatments for
relapsed/ refractory CLL.

Methods: Relevant RCTs were identified via formal searches of the EMBASE,
MEDLINE, MEDLINE-in-process and CENTRAL databases. Treatments of
interest were idelalisib (1), ibrutinib (Ib), alemtuzumab (A), fludarabine (F), rit-
uximab (R), ofatumumab (O), methylprednisolone (MP), chlorambucil (Cl),
cyclophosphamide (C), lenalidomide (L) alone or in combination in adult
patients with relapsed/refractory CLL. Conference abstracts from EHA and
ASH 2012/2013 were also searched. Screening was carried out independent-
ly by two reviewers. Meta-analysis was planned to generate relative efficacy
estimates for all endpoints of interest. Response, Overall Survival (OS) and Pro-
gression Free Survival (PFS) were outcomes of interest.

Results: 1464 abstracts were review and from this 20 full papers were
screened, with five full papers and a conference abstract included in the review.
Three studies restricted participants to one previous line of treatment and
patients in another had an average of 2.2 previous lines of therapy. Patients
receiving | had received, on average, three previous treatments. Eligibility cri-
teria were not reported in the remaining study. Imbalances in del 17p also exist-
ed in all identified studies, with ~25% for I, <10% all other treatment options.
Evidence networks containing | could not be created for any endpoint of inter-
est and so no formal evidence synthesis was possible. Despite the baseline
imbalances, the overall response and stable disease rates for idelalisib were
comparable to those observed for other therapies (see Table 1). PFS and OS
rates at 6 and 12 months were also comparable with those observed for other
therapies (Table 1). The hazard ratios derived for [+R vs. R (PFS: 0.15 [0.08,
0.28] OS 0.28 [0.09, 0.86]) were better than those for other pairwise compar-
isons (PFS range 0.65 [95% CI 0.51, 0.82] to 0.87 [0.6, 1.27]; OS range 0.65
[0.45, 0.94] to 0.83 [0.59, 1.17]).

Table 1. Results of systematic review of RCTs.
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Summary and Conclusions: The availability of randomised evidence of treat-
ments for relapsed/ refractory CLL is limited and currently does not support for-
mal evidence synthesis. Overall, despite being used in a harder to treat popu-
lation, idelalisib appears to have a comparable response profile and PFS and
OS rates at 6 and 12 months to other available treatments.
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PROSPECTIVE VALIDATION OF A RISK SCORE BASED ON BIOLOGICAL
MARKERS FOR PREDICTING PFS IN BINET STAGE A CLL PATIENTS:
RESULTS OF THE MULTICENTER O-CLL1-GISL STUDY
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Background: The clinical course of chronic lymphocytic leukemia (CLL)
patients is characterized by marked variability, with some cases requiring ther-
apy shortly after diagnosis and others living for decades without ever requiring
therapy. A risk score based on three biological features (CD38, ZAP-70 and
IGHV mutational status) was previously developed to predict progression-free
survival (PFS) in untreated Binet A CLL patients. Using this scoring system
patients were stratified into 3 risk groups: low-risk (absence of unfavorable
markers or score 0), intermediate-risk (score 1, presence of 1 unfavorable
marker) and high-risk (score 2-3, presence of 2/3 unfavorable markers). Accord-
ing to this score system the patients had significantly different clinical courses.
Aims: Here we perform a score validation analysis in a prospective and inde-
pendent cohort of patients.

Methods: Biological markers (CD38, ZAP-70 and IGHV mutational status) and
gene expression profiles (GEP) of leukemic cells from CLL patients included in
a prospective multicenter observational study (O-CLL1-GISL protocol, clinicaltri-
al.gov ID:NCT00917549) were used to assess the value and reproducibility of this
score. Sub-analyses were also performed in the setting of Rai low-risk and clin-
ical monoclonal B-cell lymphocytosis (cMBL) cases, included in this cohort.
Results: To date, 468 Binet A patients have been enrolled. According to the pro-
gression risk score, 237 patients (50.6%) were classified as low-risk, 99 (21.2%)
as intermediate-risk, and 132 (28.2%) as high-risk (69 cases had score 2 and 63
score 3). The high-risk group included more numerous patients with unfavorable
cytogenetic alterations (1.4% vs 4.9% vs 20.1%; P<.0001), with higher p2-
microglobulin levels (34.1% vs 28.4% vs 52.9%; P=.002) and with NOTCH1
mutations cases (4.8% vs 5.6% vs 30.4.%; P<.0001) than the low-risk and inter-
mediate-risk group. The 3-year PFS probability was 91.7%, 82.9% and 57.4%
for low-, intermediate- and high-risk (P<.0001) cases, respectively. These values
were similar to those found in the original cohort. At Cox multivariate analysis,
Rai stage, absolute lymphocyte count, progression risk score and 3-2 microglob-
ulin maintained an independent prognostic impact on PFS. This score remained
a predictor of progression when analysis was limited to 371 Rai 0 cases
(P<.0001). While high-risk cMBL patients (3-year PFS probability 84.3%, HR=7.3,
95% Cl 1.9-27.6, P=.003), but not intermediate-risk (3-years PFS probability
89.5%, HR=3.5, 95% CI 0.8-15.9, P=.1), showed a significantly shorter PFS than
low-risk (3-year PFS probability 98.6%, HR=1). Gene expression profiling indi-
cated that the risk groups identified here were characterized by specific tran-
scriptional patterns that could distinguish between low- and high-risk groups.
Among the genes found to be modulated in multiclass SAM analyses some are
known to have prognostic relevance and showed the higher value in score 3
group, i.e. ZAP70, CD38, LPL, CRY1 and LDOC1 genes.

Summary and Conclusions: These results confirm the ability of this progres-
sion risk score to predict PFS among Binet A patients. The utility of the score
was also extended by demonstrating that it retains prognostic value when
applied exclusively to Rai 0 patients. Specific transcriptional patterns were sig-
nificantly associated with risk groups.
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SALVAGE TREATMENT WITH BENDAMUSTINE, OFATUMUMAB, HIGH-
DOSE METHYLPREDNISOLONE (BOMP) IN HIGH-RISK R/R CLL: INTER-
IM RESULTS OF THE FRENCH CLL INTERGROUP (GCFLLC/MW - GOE-
LAMS) ICLLO01 PHASE 2 TRIAL.
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Background: For relapsing or refractory (R/R) CLL patients, combination of
bendamustine and rituximab (BR) has previously been evaluated as safe and
efficient with an overall response (ORR) and complete response (CR) rates of
59% and 9% respectively in the CLL2M trial (Fischer 2011). Ofatumumab is a
recently developed anti-CD20 immunotherapy providing an ORR of 58% in flu-
darabine/alemtuzumab-R/R CLL patients if used as monotherapy (Wierda JCO
2010). High doses methylprednisolone (HDMP) alone or in combination with rit-
uximab have also been used in poor prognosis patients with bulky nodal involve-
ment or p53 impairment. (Castro 2008, Xu 2010).

Aims: Based on these results, we tested the combination of bendamustine, ofa-
tumumab and HDMP (the BOMP regimen) for the treatment of R/R patients,
especially following fludarabine cyclophophamide rituximab (FCR) as previous
treatment(s), an increasing challenge of our current practice.

Methods: We report a planned interim analysis of the phase Il ICLLO1 trial
(NCT01612988) evaluating the efficacy and toxicity of the BOMP in fit R/R CLL
patients, pretreated with 1 to 3 previous lines. Treatment consisted on a
prephase of ofatumumab (300 mg) followed by 6 monthly courses of BOMP
including bendamustine (70 mg/m2 d1-2), ofatumumab 1000 mg TD (d1 and
d15 on 1st and 2nd courses) and high dose methylprednisolone (1 g/m2 d1-3).
Primary endpoint was CR rate at 6 cycles of BOMP according to IWCLL 2008
guidelines.

Results: Data from the first 55 pts (enrolled between july 2012 and may 2013)
are available. Median age was 63.8 yrs. Patients had been previously pretreat-
ed with a median of 1 (1-3) lines, including FCR-based regimens in 51/55 (93%)
and 22/55 (42%) had experienced high-risk relapses within 24 months post-
FCR, with 7/55 (13%) being fludarabine-refractory. IGVH gene status was
unmutated in 90%. Karyotypes were complex (=3 abnormalities) in 18/46 (39%)
successful cases. Using FISH, we found 15/55 (27%) del17p, 6/55 (11%) tri12,
18/55 (33%) del11q, 35/55 (64%) del13q. TP53 gene mutations were observed
in 17/55 (31%). Hence p53 impairment by deletion and/or mutation was found
in 19/55 (34%). Patients with either a high-risk relapse (<2 years post-FCR)
and/or p53 impairment accounted for 40/55 (73%). A total of 292 and mean
number of 5.3 cycles were administered. Safety analysis available for the first
268 cycles recorded 119 grade 3-4 adverse events (AE) including neutropenia
(15.3%), thrombocytopenia (10.1%), infection (7.5%) and anemia (2.2%). Non-
hematologic/infectious grade 3-4 toxicity included hyperglycemia (3,4%), diges-
tive AE (nausea, vomiting and/or diarrhea) (1.5%) and cardiovascular AE
(1.11%). Overall, 36 out of 55 pts (65.5%) had at least one grade 3-4 AE. Twen-
ty eight severe adverse events were reported in 18 patients. With a median fol-
low-up of 340 (39-558) days following inclusion, we observed 7 deaths, relat-
ed to disease progression (4), EBV-induced lymphoproliferation (1), progres-
sive multifocal leuco-encephalitis (1) and sepsis (persistant pancytopenia) (1)
with 5,5% TRM. We recorded 14 relapses including 4 Richter Syndromes. Fol-
lowing evaluation after 6 BOMP cycles, 5 pts proceeded to allogeneic transplan-
tation. Response was evaluable in 52/55 patients. The ORR was 74.5% with
20% CR (11/55), 54.5% PR (30 pts including 5 nPR, 1 CRi and 4 CRu), 9,1%
stable disease (5/55) and 10,9% progressive disease (6/55). Blood and bone
marrow 9-color flow MRD analysis as well as statistical analysis on the impact
of molecular biomarkers will be available.

Summary and Conclusions: Taking into account the very adverse profile of
the treated population, this analysis shows promising results of the BOMP reg-
imen, as compared with the results of both CLL2M (BR) and Gimema (ben-
damustine plus ofatumumab) trials (Cortelezzi 2013) and constitute an impor-
tant set of information, for forthcoming comparison with next emerging thera-
py of CLL.

P248

NOVEL GENE MUTATIONS IN CHINESE CHRONIC LYMPHOCYTIC
LEUKEMIA PATIENTS
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1Department of Hematology, The First Affiliated Hospital of Nanjing Medical
University, Nanjing, China

Background: Chronic lymphocytic leukemia (CLL) is a clinical heterogeneous
disease with different molecular and cytogenetic abnormities. Several recurrent
gene alterations detected by next-generation sequencing (NGS) have shown
promising prognostic value in CLL including SF3B7mut and NOTCH7mut. How-
ever, the precise prognostic value of novel genomic mutations is still under dis-
pute and there is no integrated study of these mutations in Chinese CLL
patients.

Aims: The aim of this study is to assess the incidence and prognostic value of
SF3B1, NOTCH1 and MYD88 along with TP53 mutation in Chinese CLL cohort.
Methods: A total of 247 patients were included in this study. The median age
was 61 years old with a male/female ratio of 2.05. The median follow-up was
35 months. Sanger sequencing was performed for exon4-9 of TP53, exon14-
16 of SF3B1, exon 3-5 of MYD88 and PEST domain of NOTCH1.

Results: Significant high incidence of MYD88mut (8.3%, 19/229) was
observed, while SF3BTmut was relatively infrequent (5.3%, 14/245). 8.2%
(19/231) and 16.3% (40/245) patients carried NOTCH7mut and TP53mut
respectively. Detailed mutation rates regarding disease course are listed in
Table 1. Of 226 patients who were analyzed for all four genes, 66.4% (150/226)
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patients had no gene alterations. 29.6% (67/226) showed single, 3.1% (7/226)
two and 0.8% (2/226) three different mutations. Of note, MYD88mut were mutu-
ally exclusive of NOTCH7mut and SF3B71mut in our cohort. No correlation of
any mutation with age or gender could be found. SF3B7mut, NOTCH1mut and
TP53mut showed significant association with unmutated IGHV status, where-
as MYD88mut were more frequent in CLL patients harboring mutated IGHV
gene. Moreover, NOTCH1mut were associated with IGHV4-39 (P=0.012) and
IGHV1-69 (P=0.006), while SF3BT1mut correlated with IGHV4-59 (P<0.001).
For the cytogenetic part, NOTCH7mut correlated with trisomy 12 (P=0.033), so
did TP53mut with del(17p13) (P<0.001). SF3BTmut and NOTCH1mut were
associated with shorter OS (overall survival), with median OS of 72 (P=0.024)
and 63 (P=0.002) months. For the TP53 disruption patients, we further divided
them into 2 groups according to their IGHV mutational status. Those carried
unmutated /IGHV gene showed significant worse prognosis compared to those
with mutated IGHV gene (median OS: 71 vs 152 months, P=0.014). MYD88mut
showed no impact on OS (median OS: NR vs 152 months, P=0.503). To our
surprise, SF3B71mut did not affect time to treatment (TTT) in our cohort
(P=0.105). Detailed data are listed in Table 2. Multivariate analysis of TTT (Time
to treatment) only identified unmutated /GHV status (P=0.005) and TP53 dis-
ruption (P=0.019) as independent prognostic factors, while NOTCH1mut
(P=0.088) had no statistical significance.

Table 1. Different frequency of novel gene mutation regarding to disease
stage.
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Table 2. Overall survival and time to treatment of Chinese CLL cohort.
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Summary and Conclusions: Our data suggest remarkable differences of both
incidence and prognostic value of novel gene mutations between Chinese and
western CLL patients. Of particular interest, SF3B7mut were relatively rare even
in the relapsed/refractory group and held limited prognostic value of TTT in Chi-
nese CLL cohorts. In contrast, MYD88mut seemed to be more common but
showed no prognostic impact. The reason of the discrepancy is yet unknown. The
application of NGS might help to elucidate the underlying mechanism.
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Background: The addition of anti-CD20 monoclonal antibody [mAb] rituximab
to the FC platform (FCR) improved response rates, progression free survival
and also overall survival. However, FCR showed considerable hematologic
toxicity, particularly among patients over age 70. Pentostatin in CLL demonstrat-
ed similar activity with minor myelotoxicity compared to other purine analogues.
Moreover, when administered with other myelotoxic agents such as cyclophos-
phamide resulted in a better toxicity profile. Ofatumumab is a fully human anti-
CD20 mAb more effective than rituximab when used as single agent in patients
with previously treated CLL being also effective in rituximab-refractory patients.
Aims: Given the reported efficacy of chemo immunotherapy [CIT] in CLL and
the activity and toxicity profile of pentostatin combinations, we designed a tri-
al of pentostatin, cyclophosphamide, and Ofatumumab for previously untreat-
ed older patients with CLL.

Methods: Patients with CLL requiring therapy (2008 NCI-WG guidelines) aged
265 years and ECOG PS of 0-2 were enrolled to receive Pentostatin 2 mg/sqm
and Cyclophosphamide 600 mg/sqm both as intravenous infusions at day 1 of
each 21 day cycle and Ofatumumab administered as intravenous infusions
(Cycle 1: 300 mg day 1 and 1000 mg day 2, subsequent cycles: 1000 mg at
day 1). Patients received up to 6 courses of treatment. The primary endpoint
was overall response rate (ORR) including detection of minimal residual dis-
ease (MRD) and secondary endpoints included, progression-free survival (PFS)
overall survival (OS) and safety.

Results: Forty-seven patients from 12 centres from the italians regions of Lom-
bardy and Piedmont were included. Median age was 72.2 years with 60% aged
over 70, 31 patients were males (66%). Twelve patients (25%) presented a Binet
stage C; 6 patients (13%) had a bulky disease; 10 (21%) showed an unfavorable
FISH aberration such as 17p or 11q deletion (respectively in 3 and 7 patients).
Unmutated IGHV status was detected in 49%. ORR was 89% with 51% CR
(18)/CR with incomplete marrow recovery [CRi] (6). Nor IGHV unmutated status,
neither 17p/11q deletion had a unfavorable impact on quality of response. The
six intended courses of treatment were administered in 44 (94%) patients, and
93% of these received full-dose treatment. Reasons for discontinuation before
treatment completion were: 1 acute renal failure (2 courses completed); 1 sep-
tic shock (2 courses); 1 persistent skin rash (5 courses). Main reason for dose
reduction was myelosuppression. At least 1 episode of grade =3 AEs was expe-
rienced by 59,6% of patients, with the most common being neutropenia [grade
3, 10 pts; grade 4, 17 pts]; anemia in 1 case, while thrombocytopenia was detect-
ed only as grade 1. Grade 3-4 infusion-related AEs were reported in 4% of
patients and included skin rash, dispnoea, lipotimia, chills, glottis edema, hypoten-
sion, nausea. Five patients (10,6%) experienced infection episodes with two
major events: 1 pneumonia and 1 septic shock leading to death. Median follow
up from the beginning of treatment is 17 months.

Summary and Conclusions: Ofatumumab added to Pentostatin and
Cyclophosphamide demonstrated clinically important results and is well toler-
ated in patients with previously untreated CLL. In this preliminary report the effi-
cacy of this ofatumumab-based CIT compares favorably to the historical ritux-
imab-based CIT using the same chemotherapeutic agents with a more man-
ageable side effect profile in this older population. Further data, including MRD
detection will be presented at the Meeting.

The project has been realized by Rete Ematologica Lombarda (REL) with the
support of Lombardy Region.
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STRATES PROMISING CLINICAL ACTIVITY WITH A FAVORABLE SAFE-
TY PROFILE IN PATIENTS WITH RELAPSED OR REFRACTORY HEMATO-
LOGIC MALIGNANCIES
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Background: TGR-1202 is a novel, once-daily PI3Kd inhibitor with unique
pharmacologic properties including an extended half-life and structural design
which differs significantly from other leading PI3K3 inhibitors in development.
Preliminary data from an ongoing Ph | study of TGR-1202 demonstrated clin-
ical activity in patients with advanced hematologic malignancies with a favor-
able safety profile.

Aims: Herein we present updated results from this Phase I, first in human
study of TGR-1202.

Methods: TGR-1202 is administered orally daily following a 3+3 dose escala-
tion design. Previously treated patients with an ECOG PS <2 and confirmed
diagnosis of B-cell non-Hodgkin lymphoma (NHL), chronic lymphocytic
leukemia (CLL), Hodgkin’s Lymphoma or other lymphoproliferative disorders
are eligible. Endpoints include safety, PK/PD, and efficacy.

62 | haematologica | 2014; 99(s1)

Results: 27 patients have been enrolled to date across 7 dose levels: 50, 100,
200, 400, 800, 1200, and 1800 mg QD. Informed consent obtained for all
patients. 74% male, ECOG 0/1: 33%/67 %, median age of 59 years (range: 28-
82), median 3 (range: 1-14) prior treatment regimens, and 40% were refracto-
ry to prior treatment. Evaluable patients include 7 indolent NHL (iNHL), 11
CLL/SLL, 4 Hodgkin’s lymphoma, 2 mantle cell lymphoma (MCL), 1 each of
lymphoplasmacytic lymphoma, DLBCL, and atypical hairy cell leukemia. TGR-
1202 was well tolerated. Grade 23 AE’s in >5% of patients were limited to: dys-
pnea (7%), neutropenia (15%), rash (7%), and thrombocytopenia (7%). Two
DLTs were observed: 1 Grade 3 rash at 800 mg (pt rechallenged with no recur-
rence), and 1 Grade 3 hypokalemia at 1800 mg (patient discontinued due to
non-compliance). Notably, no hepatotoxicity has been observed to date. Of
the 27 enrolled, 23 were evaluable for efficacy. A significant dose-response
relationship was observed. Of the 13 patients treated at <800 mg QD who
completed 2 cycles of treatment, 7 achieved stable disease. Of 10 patients
treated at 2800 mg QD: 4/6 CLL patients (67%) achieved a nodal partial
response, 1/3 Hodgkin’s patients (33%) achieved a partial response. Nodal
reductions occurred rapidly in patients with CLL and were accompanied by
marked lymphocytosis.

Summary and Conclusions: TGR-1202 is well tolerated in patients with
relapsed/refractory hematologic malignancies with no reported hepatic toxici-
ty and promising clinical activity at doses 2800 mg QD. Long term tolerability
has been established with patients having been on TGR-1202 for 12+ months
with no safety concerns identified. Enroliment continues in expansion cohorts
and at higher dose cohorts. Updated safety, efficacy, PK, and PD data will be
presented.
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THE ROLE OF ALLOGENEIC STEM-CELL TRANSPLANTATION FOR
RICHTER’S SYNDROME - META-ANALYSIS
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A Sretenovic3, J Jelicic3, B Mihaljevic!
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Background: Richter’s syndrome (RS) is transformation of chronic lymphocyt-
ic leukemia (CLL) into aggressive lymphoma and occurs in 2% to 8% of patients
with CLL. Despite use of multiagent immunochemotherapy regimens, median
survival has generally not exceeded 1 year. Because of that allo stem cell
transplantation (SCT) is of considerable interest having in mind dose intensity
delivered by high-dose cytotoxic therapy and graft-versus-leukemia activity.
Also, important question is about time for alloSCT: as postremission therapy in
patients with chemotherapy-sensitive disease and in patients refractory to
chemotherapy as salvage therapy?

Aims: There is lack of studies with reasonable sample size about role of allo
SCT in patients with RS. Therefore, we decided to obtain meta analysis com-
paring value of allo SCT in patients with chemotherapy-sensitive disease and
in patients refractory to (immune)chemotherapy.

Methods: Literature search: A search strategy was developed to identify pub-
lications reporting on allo SCT in patients with RS available through MEDLINE,
EMBASE and Cochrane Library databases. Reference lists of articles identi-
fied during electronic searches were searched to identify other articles of poten-
tial relevance. In addition, hand searching of conference proceedings was con-
ducted. Experts of the field were also contacted. Statistical analysis: The meta-
analysis of studies has been developed in accordance with the rules accept-
ed by the Cochrane Collaboration. The odds ratio (OR) of the effect of alloSCT
in patients with chemotherapy-sensitive disease relative to alloSCT salvage
approach was estimated by pooling individual trial results using the fixed effects
method of Mantel-Haenszel. The automatic “zero cell” correction was utilized
so that the studies with no events in a given arm would still be included for
analysis. Result of evaluated end point (overall survival) have been demonstrat-
ed in the form of OR with 95% confidence interval (Cl). Patients with complete
(CR) or partial remission (PR) considered as chemotherapy-sensitive disease,
while patients with stable disease (SD) or disease progression (PD) considered
as refractory to chemotherapy.

Results: Three studies with data on alloSCT in CR/PR or salvage alloSCT
were identified and all had accomplished 3 years of follow up. Of 49 patients
involved, 24 patients received alloSCT in CR/PR and 25 received salvage
alloSCT. Patients with chemotherapy-sensitive disease who underwent allo-
geneic SCT as postremission therapy had longer survival than patients who
underwent allogeneicSCT as salvage therapy (p=0,007) (3-years OS 58.3% vs
20%, respectively). Meta analysis identified alloSCT derived as postremission
therapy as a factor with significant impact on survival of patients with RS
(OR=0,16;95%CI 0,04-0,60).

Summary and Conclusions: First meta analysis regarding to role of alloSCT
in RS shows that RS patients with alloSCT as postremission therapy had sig-
nificantly prolonged survival than patients with allo SCT as salvage approach.
Therefore, alloSCT absolutely need to be part of therapeutic approach in
chemotherapy-sensitive RS patients.
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HEALTH-RELATED QUALITY OF LIFE IMPACT OF IDELALISIB (IDELA) IN
PATIENTS WITH RELAPSED CHRONIC LYMPHOCYTIC LEUKEMIA (CLL):
PHASE 3 RESULTS
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Background: Patient-reported outcomes (PROs), including health-related qual-
ity of life (HRQL), from randomized clinical trials may be used to inform clinical
decision making and reimbursement decisions. Idelalisib (IDELA), an oral
inhibitor of PI3KJ, is highly active in frail, heavily pretreated patients with CLL
as single agent or combined with rituximab (R).

Aims: The aim of this study was to use PROs to evaluate HRQL among patients
with relapsed CLL being treated with idelalisib in Study 116, a double-blind,
placebo-controlled phase 3 trial (Furman et al., NEJM, 2014).

Methods: Patients were randomized to IDELA+rituximab (R) (n=110) vs. place-
bo+R (n=110). The 44-item Functional Assessment of Cancer Therapy-
Leukemia (FACT-Leu) scale was used to measure physical (PWB), functional
(FWB), social (SWB) and emotional (EWB) well-being and leukemia-specific
concerns (LeuS). The FACT-Leu total score is the sum of subscales; Trial out-
come index (TOI) is the sum of PWB, FWB and LeuS. Higher scores reflect bet-
ter HRQL. Repeated measures mixed-effects models assessed change from
baseline within and between arms.

Results: IDELA+R was superior for OS: HR=0.28 (0.09, 0.86), p=0.018. In the
mixed-effects model analysis, PWB (p=0.015), FWB (p=0.014), LeuS (p=0.001),
TOI (p=0.002), and FACT-Leu total (p=0.006) scores were significantly higher
for IDELA+R. EWB/SWB scores did not change significantly over time. Repeat-
ed measure mixed-effects model results are shown in the Table 1.

Table 1.
s F [y | ol L. il L,
| SiEA L Ldr il ol EE= ]
4 EELG TEDEE SRR R | o W T
L] L. s AR ST LIS 1
1 AR ArTrT A4St -1l annd
U Il WFSLE TidlT 1o AFDH
H [ddlly Z9<E 3idl™ LilEss BSE
H jdmi= (R EF L E. faa [ ER T
M pEpEr whppa dmplE LI L BEE ]
¥ Al =LEJE R . e | LT L
W afir. SET e L b B T | Il
0 W4 1rFeT™ TEpf LLEH o | - g
o ididt” AT AR airkis™ G 1H
il T i e e o e L 0 e
M= e Ldend et A L) R Tl

Summary and Conclusions: In this frail CLL population, IDELA+R had supe-
rior efficacy, clinically significant improvements in HRQL, and superior symp-
tom control occurring by 8 weeks compared to R+placebo.

Milan, Italy, June 12 - 15, 2014
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BLOOD STREAM INFECTIONS IN CHRONIC LYMPHOCYTIC LEUKEMIA:
STABLE DISTRIBUTION BUT WITH INCREASED MORTALITY RATE?
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Background: The clinical management of chronic lymphocytic leukemia (CLL)
has changed considerably during the last three decades. This has led to an
improvement in overall survival in CLL. Infections, mainly due to hypogamma-
globulinemia and therapy-related T- and B-cell immunodeficiencies, represent
a major cause of morbidity and mortality in CLL.

Aims: The aim of the study was to elucidate potential temporal trends in blood
stream infections among CLL patients; association to mortality and introduction
of new anti-tumoural treatments.

Methods: The study cohort included 120,038 blood cultures analyzed 1988-
2006 at the Clinical Microbiology laboratory Karolinska University Hospital Sol-
na. These individuals were linked to the nationwide Swedish Cancer Registry
to identify all persons with CLL (ICD-10 code C91.1) diagnosed before blood
cultures analysis. Blood stream infections were divided into three calendar peri-
ods (1988-1993, 1994-1999 and 2000-2006) according to year of CLL diagno-
sis. A positive clinical relevant blood stream infection excluded possible skin
contaminants. Survival was analyzed using all-cause mortality with follow-up to
December 31, 2009. Cox proportional hazards modeling was used to estimate
relative risks, yielding hazard ratios (HR) with 95% confidence intervals (Cl).
Results: A total of 215 episodes of blood stream infections in 115 CLL patients
were identified. Mean age at first blood culture following diagnosis was 72.9
years, with a male predominance (66%). Dominating pathogens were coagu-
lase-negative staphylococci (for 1988-1993, 1994-1999 and 2000-2006 corre-
sponding numbers were 22 (31%), 23 (22%) and 5 (12%), respectively),
Escherichia coli (11 (16%), 15 (14%) and 9 (22%)), Streptococcus pneumoni-
ae (7 (10%), 13 (12%) and 6 (15%)), Pseudomonas aeruginosa (2 (3%), 8 (8%)
and 3 (7%)), Staphylococcus aureus (1 (1%), 6 (6%) and 6 (15%)) and viridi-
ans streptococci (5 (7%), 6 (6%) and 2 (5%)). The number of blood stream infec-
tions was stable as well as the relative proportions of Gram-positive and Gram-
negative bacteria, over the three calendar periods. There was a significantly
increased risk of dying in the last calendar period in CLL patients with a posi-
tive clinically relevant blood culture (HR=2.52; 95% CI 1.44-4.41) compared to
others (possibly clinically relevant and negative blood cultures), as well as com-
pared to negative blood cultures alone (HR=2.44; 95% CI 1.38-4.30). When
analyzing the exposure as time varying, the mortality rates were significantly
increased after a positive clinically relevant blood culture compared to before
in patients diagnosed 1994-1999 (HR=2.59; 95% CI 1.74-3.85) and 2000-2006
(HR=3.21; 95% CI 1.83-5.62).

Summary and Conclusions: The distribution of blood stream infections in the
last decades remained stable despite advances in management of CLL
patients. Importantly, in recent years, an increased risk of dying was observed
in patients with a positive clinical relevant blood culture. A possible explanation
for this finding is that CLL patients, despite improved survival, are more immuno-
compromised with the expansion of the anti-tumoural armamentarium in the lat-
er calendar periods. Treatment-related infections and the role of prophylaxis
need to be studied further in CLL.

haematologica | 2014; 99(s1) | 63
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TARGETING OF STAT3 AND STAT5 BY A NOVEL DRUG- COMBINATION
EMPLOYING PONATINIB AND BARDOXOLONE METHYL (CDDO-ME)
LEADS TO SYNERGISTIC EFFECTS IN BCR/ABL-T315|-MUTATED CELLS
IN PH+ CML
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Background: In chronic myeloid leukemia (CML), resistance against imatinib
is a major challenge in clinical practice. In many of these patients, BCR/ABL
mutations are detected. These patients are candidates for second- or third-gen-
eration BCR/ABL tyrosine kinase inhibitors (TKI). However, even when treat-
ed with such novel TKI, patients often relapse which is best explained by acti-
vation of additional oncogenic pathways in leukemic cells. Therefore, current
research is seeking drug combinations involving second- or third-generation TKI
and other targeted drugs, with the aim to overcome resistance and to prolong
relapse-free surival. Bardoxolone methyl (CDDO-Me) is a novel agent that sup-
presses survival of leukemic cells by targeting several pro-oncogenic mole-
cules, including Akt, mTOR, and STATS3.

Aims: In the current study, we examined potential cooperative effects of bar-
doxolone methyl and BCR/ABL TKI. Drug interactions were analyzed at the
molecular level (deactivation of critical target-proteins) and in functional assays
determining growth and survival (apoptosis) of leukemic cells.

Methods: Primary CML cells were obtained from the blood of 12 CML patients.
Four patients had developed resistance against at least two TKI. Furthermore,
we examined drug effects in four human CML cell lines, namely KU812, K562,
imatinib-resistant K562 cells and imatinib-resistant KCL22, as well as in Ba/F3
cells expressing various BCR/ABL mutants (E255K, H396P, F359V, Y325F,
G250E, T315l). Protein expression and phosphorylation was analysed by West-
ern blotting. Cell proliferation was assessed by 3H-thymidine-uptake and apop-
tosis was determined by flow cytometry.

Results: Bardoxolone methyl was found to inhibit the proliferation and viability
of all BCR/ABL+ cell lines (human and Ba/F3) tested and also in primary
leukemic cells isolated from pre-treated patients, including those harbouring
BCR/ABL T315l. IC5p-values ranged between 0.1 and 0.5 yM without a signif-
icant difference when comparing imatinib-naive with imatinib-resistant cells. We
next combined bardoxolone methyl with two novel BCR/ABL TKI, dasatinib and
ponatinib. Clear synergistic effects were seen with both TKI in all imatinib-sen-
sitive and imatinib-resistant cell lines and in all primary cell samples tested. In
Ba/F3 cells harbouring BCR/ABL T315I, the most impressive synergy was seen
with bardoxolone methyl and ponatinib. Synergistic effects were accompanied
by simultaneous inhibition of multiple signalling molecules, including STAT3 and
STATS. By contrast, exposure to Bardoxolone methyl resulted in deactivation of
STATS3 but not deactivation of STAT5 and BCR/ABL; and exposure to the TKI
caused deactivation of STAT5 but not STAT3. Bardoxolone methyl is also known
to increase expression of heme oxygenase-1 (HO-1), a heat-shock-protein that
is associated with drug resistance and abnormal cell survival. Therefore we
combined bardoxolone methyl with the HO-1 inhibitor SMA-ZnPP, which also
resulted in synergistic growth-inhibitory effects in all primary CML cells and all
cell lines tested. Finally, SMA-ZnPP was found to sensitize CML cells against
the drug-combination “bardoxolone methyl+TKI". In fact, the combination “bar-
doxolone methyl+TKI+SMA-ZnPP” produced highly potent anti-proliferative and
pro-apoptotic effects in BCR/ABL+ leukemic cells.

Summary and Conclusions: Bardoxolone methyl and SMA-ZnPP enhance TKI
effects in CML cells by blocking STAT3 and HO-1 activity. Whether such drug
combinations are effective in vivo in TKl-resistant CML remains to be elucidated.

P255

CD62L EXPRESSION ON T CELLS IS DECREASED IN PATIENTS WITH EAR-
LY CHRONIC PHASE CHRONIC MYELOGENOUS LEUKEMIA (CML-CP) AND
PREDICTS RESPONSE TO THERAPY WITH FRONTLINE NILOTINIB
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Background: Imatinib and dasatinib modulate immune responses in vitro and

in vivo. Immunological surveillance in the MRD-situation might be of particular
relevance for long-term control or even elimination of CML-repopulating stem
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cells. Little is known about potential immune-modulatory effects of nilotinib in
vivo. The ENEST1st study (NCT01061177) is focused on examining the role
of first-line nilotinib therapy in CML-CP. A comprehensive immunological mon-
itoring program within this ENEST1st substudy allows characterization of nilo-
tinib-induced immunological changes and their potential correlation with clini-
cal response parameters.

Aims: The identification of immunological changes induced by nilotinib and def-
inition of immunological surrogates for response prediction in newly diagnosed
CML-CP patients.

Methods: Peripheral blood was taken prior to treatment initiation and after 6
and12 months (mo) from 50 patients treated on the ENEST 1st study. Samples
were analyzed by nine colour flow cytometry employing six panels of antibod-
ies to determine various leukocyte populations including T cell subsets. Solu-
ble factors in plasma were measured by ELISA. Changes in immune cell
parameters were correlated to clinical endpoints.

Results: 55% of the patients included into this substudy achieved MMR at 6mo,
75% at 12mo and 79% at 12mo of therapy. MR4-5 was achieved by 5%, 18%,
24% of patients at 6, 12 and 24 mo of therapy, respectively. The proportion of
CD8+ T cells significantly decreased while CD4+ T cells increased during ther-
apy. Expression of the known lymph node homing marker CD62L was very low
at baseline (median 5,7%) and the proportion of CD62L-expressing cells among
CD4+ and CD8+ T cells negatively correlated with SOKAL score. During treat-
ment, CD62L expression on both T cell subsets significantly increased (median
72,3%) and was restored to normal levels. Moreover, higher expression of
CD62L+ cells was negatively associated with lower BCR-ABL mRNA burden at
different time points and also predicted the time to reach MMR. More than 60%
of patients with CD62L expressing cells above 25% (upper third) but less than
10% of the other patients reached MMR within the first three months (p<0.001).
As CD62L is a marker for naive T cells, low expression of CD62L seems to indi-
cate increased proportions of memory cells. However, a detailed characteriza-
tion of other T cell differentiation marker, such as CD45RA, CD45R0, CD28,
CD27 and CD95, did not reveal significant T cell subset alterations. Thus we spec-
ulated that low levels CD62L expression levels might be the result of increased
shedding. Indeed, levels of metalloproteinases (MMP), mediating proteolytic
cleavage of CD62L, were increased in plasma before compared to after treatment
initiation. Finally, plasma taken at baseline but not after treatment initiation down
modulated CD62L on normal T-cells.

Summary and Conclusions: Here we show decreased expression of CD62L
in patients with CML-CP, probably due to cleavage by aberrantly
expressed/activated MMP. CD62L is an important adhesion molecule regulat-
ing migration and homeostasis of immune cells. This may partly explain why
patients with relatively normal CD62L expression are able to rapidly reduce
BCR-ABL mRNA burden upon initiation of therapy. Alternatively, other targets
of MMP might be causally involved in this process and CD62L expression may
just represent a surrogate marker for MMP activity.
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LASP1 IS ANOVEL BCR-ABL SUBSTRATE AND A PHOSPHORYLATION-
DEPENDENT BINDING PARTNER OF CRKL IN CHRONIC MYELOID
LEUKEMIA
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Background: Chronic myeloid leukemia (CML) is characterized by a genom-
ic translocation generating the Philadelphia chromosome with a permanent
active BCR-ABL oncogene and yielding a complex pattern of atypically tyrosine-
phosphorylated proteins that ultimately drive the malignant phenotype of CML.
Recently the LIM and SH3 domain protein 1 (LASP1), a protein involved in cell
proliferation and migration, was identified as a component of a six gene signa-
ture strongly predictive for disease progression and relapse in CML patients.
However, the underlying molecular mechanisms why LASP1 expression cor-
relates with dismal outcome remained unresolved.

Aims: It is thought that leukemia stem cells (LSC) (primitive CML progenitor
cells) may not be addicted to BCR-ABL and shift to other pathways when treat-
ed with tyrosine kinase inhibitors (TKI) and are the reason for insufficient
responses, relapse or progression into advanced phase or blast crisis. The
identification and inhibition of pathways implicated in LSC survival, in combi-
nation with conventional therapy is the new therapeutic ambition in CML treat-
ment to overcome TKI resistance and eradicate minimal residual disease in
CML. In this context, the role of LASP1 in aberrant BCR-ABL signaling and CML
progression is elucidated.

Methods: Comprehensive transcriptomic microarray data, immunofluores-
cence imaging and biochemical analysis like phosphopeptide binding assay,
Western blot, immunoprecipitation and protein overlays were used to elucidate
the role of LASP1 in CML progression in BCR-ABL positive cell lines and in
blood leucocytes from CML patients before and after TKI therapy.



Results: LASP1 as a novel and highly overexpressed direct substrate of BCR-
ABL in CML. The protein is specifically phosphorylated by BCR-ABL at tyrosine-
171 in CML patients, which is abolished by tyrosine kinase inhibitor therapy.
pLASP1-Y171 binds to non-phosphorylated CRKL, another specific BCR-ABL
substrate and bona fide biomarker for BCR-ABL activity, at amino acids 36-39
of the SH2 domain of CRKL. Immunofluorescence validated localization of
LASP1 and colocalization with CRKL. Accordingly, the BCR-ABL-mediated
pathophysiological hyper-phosphorylation of LASP1 in CML disrupts normal
regulation of CRKL and LASP1, which likely has implications on downstream
BCR-ABL signalling.

Summary and Conclusions: In summary, the results suggest that LASP1
phosphorylation might serve as an additional biomarker for assessment of
BCR-ABL activity and point to an important role of LASP1 in aberrant BCR-ABL
signaling. Moreover, these data provide a first mechanistic insight in why LASP1
overexpression might contribute to CML progression.
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DNA METHYLTRANSFERASE 1-DRIVEN HYPER-METHYLATION OF B
CATENIN ANTAGONIST CHIBBY1 IS NOT AN EPIGENETIC MARK OF
CHRONIC MYELOID LEUKEMIA RESISTANCE TO IMATINIB
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Background: Chibby1 is an antagonist of B catenin, a central component of
chronic myeloid leukemia pathogenesis and progression to blast crisis. Our
recently published study proved that Chibby1 down-modulation is a component
of B catenin activation associated with the BCR-ABL1 fusion gene, partly con-
tingent upon transcriptional events and driven by DNA hyper-methylation at
promoter-associated CpG islands of the Chibby1-encoding gene C22orf2.
Moreover, it established that Chibby1 induction in response to imatinib in chron-
ic myeloid leukemia cells proceeds, at least partly, from C220rf2 promoter de-
methylation. Indeed, methylator phenotype encompassing genes involved in
leukemic cell proliferation and survival is a common event in chronic myeloid
leukemia, eventually associated with the disease progression and drug resist-
ance outcome.

Aims: We investigated whether DNA methyltransferase 1 is responsible for
epigenetic control on tumor suppressor genes (such as CBY7 and BCL2-like11)
in K562 cell line and mononuclear cell fractions from bone marrow samples of
chronic myeloid leukemia patients. Moreover we assessed the correlation
between DNMT1 activity and imatinib resistance in imatinib-responsive and -
resistant chronic myeloid leukemia patients.

Methods: PCR amplification of DNA from chromatin immunoprecipitation prod-
ucts was used to assess the amounts of DNA methyltransferase 1 and 5 methyl-
cytosine at a 205 bp promoter region encompassing nucleotides -85 to +120
of C22o0rf2 promoter and at a 342 bp sequence of the pro-apoptotic BCL2-
like11 (BIM) in BCR-ABL 1+ cell line K562 and mononuclear cell fractions from
bone marrow samples of imatinib-responsive and -resistant chronic myeloid
leukemia patients.

Results: We found that DNA methyltransferase 1 enhanced recruitment is
involved in hyper-methylation of C220rf2 promoter, associated with Chibby1
transcript reduction in three out of five imatinib-responsive patients and all three
imatinib-resistant patients, supporting that such epigenetic modification is not
the cause of overt resistance to imatinib. Further investigation showing that the
DNA methyltransferase 1-driven hyper-methylation of the pro-apoptotic BCL2-
like11, a crucial gene for the prognosis and response of chronic myeloid
leukemia to imatinib, is not strictly associated with drug resistance.

Summary and Conclusions: Those findings suggest that DNA methyltrans-
ferase 1-driven epigenetic control on Chibby1 and other tumor suppressor
genes such as BCL2-like11 is not the cause of overt chronic myeloid leukemia
resistance to imatinib. Still, the DNMT1-driven hyper-methylation at those crit-
ical genes for cell survival and proliferation may contribute to the disease clon-
al evolution, hence supporting the clinical use of de-methylating agents, in par-
ticular, in the disease advanced stages.
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MYELOID DERIVED SUPPRESSOR CELLS (MDSCS) AS POTENTIAL
IMMUNE ESCAPE MECHANISM IN CML PATIENTS

C Giallongo:" N Parrinello®, D Tibullo®, P La Cava®, ARomano, A Chiarenza’,
F Stagno?, P Vigneri'!, G A Palumbo, F Di Raimondo'

1Clinical and Molecular Biomedicine, section of Hematology, University of Cata-
nia, 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.

Milan, Italy, June 12 - 15, 2014

Aims: The aim of this study was to analyze MDSCs and investigate their activ-
ity in CML patients.

Methods: MDSCs were analyzed in peripheral blood (PB) of healthy donors
(HD; n=20), 30 CML patients at diagnosis, 21 of which collected from diagno-
sis and followed during imatinib. Granulocytic MDSCs (G-MDSCs) were iden-
tified as CD11b+CD33+CD14-HLADR- cells, while the monocytic MDSCs (Mo-
MDSCs) as CD14+HLADR by cytofluorimetric analysis. Arg1 expression was
assessed using real time PCR and Western Blot and the circulating protein
was measured by ELISA.

Results: CML patients showed high levels of Mo- and Gr-MDSCs at diagnosis
in comparison to HD (4148 and 82,5+12,2% respectively in CML vs 9+2,1 and
5515,3% in HD; p<0.001), while after imatinib therapy both subpopulations
decreased returning to normal values. Also T-reg (CD4+ CD25high Foxp3+ cells)
was significantly increased at diagnosis in respect to HD (from 6,1+0,8% to
9+2%; p<0.001) with a significant correlation with the percentage of Gr-MDSCs
(r=0,6254; p<0.001). In order to evaluate if at least in part MDSCs belong to the
tumor clone, we analyzed BCR/ABL expression in both CD11b+CD33+CD14-
HLADR- and CD14+HLADR- subpopulation cells and all 3 analyzed patients
showed the oncoprotein expression in both the two subsets. Either in PB cells
and purified Gr-MDSCs, we showed a significant increase in Arg1 expression
in CML patients at diagnosis compared to HD (p<0.001) and decreased after
therapy. The same data were confirmed by Western Blot analysis. The differ-
ences in Arg1 concentration in serum of HD and CML patients at diagnosis was
statistically significant (64+37,5 vs 260,6+64,3 ng/ml; p<0.0001) and a signifi-
cant correlation was observed with the percentage of Gr-MDSCs (r=0,61;
p<0.05). To verify whether the population of cells with the phenotype of Gr-
MDSCs and high levels of Arg1 expression in CML patients could be function-
ally defined as MDSCs, we determined their ability to inhibit the proliferation of
CFSE+ T cells. A significant suppressive function was observed (p<0.001).
Since CML patients at diagnosis have high levels of arg1 in serum, subsequent
experiments were designed to further understand whether also circulating pro-
tein has immunosuppressive activity with CML MDSCs. After 72 h from mito-
gen stimulation and incubation with HD or CML serum, the percentage of pro-
liferation of CFSE-labeled T cells was significantly inhibited with CML serum
compared to positive control (HD T cells plus PHA) (p<0.05) and this inhibito-
ry effect was lost by the addition of Nor.NOHA (p<0.05).

Summary and Conclusions: Our data indicate that CML cells create an
immunotolerant environment associated to MDSCs expansion with immunosup-
pressive capacity mediated by arginase1 (arg1) that could hinder the use of
immunotherapy in CML patients. MDSCs should be monitored in imatinib dis-
continuation trials to understand their importance in relapsing patients.
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BIN1 AND RIN1 MODULATION IN CHRONIC MYELOID LEUKEMIA
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Hematology, 4Laboratory of Clinical Research and Advanced Diagnostics, 5Sci-
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Background: The role of Bcr-Abl in the pathogenesis of Chronic Myeloid
Leukemia (CML) is well established, however the mechanisms involved in pro-
gression remain poorly understood. By making use of Drosophila Melanogaster
transgenic model for human Bcr-Abl gene, we have identified the involvement
in CML progression of different genes regulating the recycling and the degra-
dation of tyrosine kinase receptors (RTKs) through the assembly of clathrin
coated vesicles. Among them, we focused our attention on Bridging Integrator
1 (Bin1) and its activator Rin1.

Aims: We aimed to identify and characterize a new possible mechanism sub-
staing BCR-ABL pathway acting through a defect in recycling and degradation
of RTKs through the assembly of clathrin coated vesicles.

Methods: Bin1 and Rin1 expression was measured by quantitative Real Time
PCR (qRT-PCR) in 82 samples from CML patients and in 10 healthy control sam-
ples. Among CML, 34 samples were collected at diagnosis and 45 during the tyro-
sine kinase inhibitors (TKIs) treatment, 11 of which in Complete Molecular
Response (CMR), 17 in Major Molecular Response (MMR), 17 in <MMR and 3
Imatinib resistant patients. Western Blot (WB) analysis was performed to analyze
Bin1 and Rin1 expression in control subjects and CML patients. Bin1 and Rin1
expression was also analyzed by gqRT-PCR and WB in K562 and HEK-293 cell
lines after treatment with Imatinib at different times (24 and 48 hours).

Results: gRT-PCR data indicated that Bin1 expression was significantly down-
regulated in CML patients at diagnosis compared to healthy subjects
(p=0.0001). Overall, during TKis therapy, the transcript levels of Bin1 showed
an up-regulation trend from <MMR (p=0.0001) to MMR (p=0.0001), to CMR
(p=0.0001) compared with diagnosis. Interesting, Bin1 was also down-regulat-
ed in three TKIs resistant patients as observed in diagnosis ones (Figure 1A).
These results demonstrated an indirect correlation between Bin1 and Bcr-Abl
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transcript expression levels (Figure 1A and 1C). Bin1 is activated by Rin1, a
RAS effector protein, to promote the formation of early endosome structures.
Besides, Rin1 interacts with Ber-Abl stabilizing the fusion protein in CML cell
lines. To assess if Rin1 was correlated with Bin1 in CML patients, we analyzed
Rin1 transcript levels in the same cohort of subjects. Like Bin1, Rin1 expres-
sion was down-regulated in CML patients at diagnosis respect to healthy sub-
jects (p=0.01), and was up-regulated during TKls therapy from <MMR
(p=0.0001) to MMR (p=0.05), to CMR (p=0.001) compared with diagnosis.
Moreover, Rin1 remained down-regulated in resistant patients (Figure 1B). To
confirm the qRT-PCR data on CML patients, we analyzed both protein expres-
sion by WB analysis and we observed the same trend of transcript levels. To
better elucidate the inverse correlation between Bcr-Abl, Bin1 and Rin1, we per-
formed in vitro experiments by Imatinib treatment, in K562 and HEK-293 cells.
WB data showed an up-regulation of Bin1 and Rin1 proteins in K562 cell line,
after 24 and 48 hours of treatment; we did not observe any variation of their
expression in non tumorigenic cell line, HEK-293.
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Figure 1. BIN1 A) and RIN1 B) expression levels were evaluated by qRT-
PCR in control subjects, CML samples at diagnosis, and during TKls
treatment (<KMMR, MMR, CMR and resistant patients). C) Numbers of Bcr-
Abl transcripts were evaluated by qRT-PCR as Bcr-Abl/Abl Ratio (%) in

CML saples at diagnosis and during TKls treatment (<KMMR, MMR, CMR
and resistant patients).

Summary and Conclusions: Our results show a significant association
between Bin1 and Rin1 expression and clinical phases of CML, suggesting an
indirect correlation with Bcr-Abl levels. This study proposes a new deregulat-
ed mechanism in CML indicating Bin1 and Rin1 as possible players in the
maintenance of the abnormal signaling in this haematological disease.
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PROMOTER METHYLATION OF THE TUMOR SUPPRESSOR GENES ON
THE SHORT ARM OF CHROMOSOME 1 IN CHRONIC MYELOGENOUS
LEUKEMIA

N Mori'." M Ohwashi’, H Shimura?, K Yoshinaga®, M Shiseki', J Tanaka
THematology, Tokyo Women’s Medical University, Tokyo, Japan

Background: Chronic myelogenous leukemia (CML) is a hematological disor-
der characterized by Philadelphia chromosome and /or BCR-ABL fusion gene.
We previously reported frequent loss of heterozygosity on the short arm of
chromosome 1 (1p) in the progression of CML. Methylation (5-mC) in a promot-
er CpG of several tumor suppressor genes has been associated with loss or
decreased expression in many tumors. Among candidate genes on 1p36,
methylation of the RIZ1, RUNX3, and p73 genes has been found, and the RIZ1
gene was also inactivated by frameshift and missense mutations in solid
tumors. We recently reported that RIZ1 methylation was more frequent in
myelodysplastic syndrome and secondary leukemia. However, 5-mC was con-
verted to 5-hmC by tet enzyme, and both 5-mC and 5-hmC were detected by
conventional methylation specific polymerase chain reaction (MS-PCR).
Aims: To elucidate the relevance of tumor suppressor genes on 1p, we ana-
lyzed mutation and promoter methylation on the RIZ1, RUNX3, and p73 genes
in CML. To distinguish 5-mC from 5-hmC in promoter region, we performed
oxidative MS-PCR.
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Methods: Mononuclear cells were isolated from bone marrow or peripheral
blood samples after obtaining written informed consent from 61 patients with
CML. The 61 CML consisted of 43 chronic phase (CP), 2 accelerated phase
(AP), and 16 blast crisis (BC). This study was performed according to ethical
criteria of our institute. Genomic DNA was treated with bisulfite, and treated
DNA was subject to amplification with HotStarTag Master Mix Kit (Qiagen,
Valencia, CA, USA) for MS-PCR. Bisulfite sequence was performed in both
directions. Oxidative MS-PCR analysis was performed using KRuO, before
bisulfite treatment. Samples that showed methylation more than twice were
assessed as positive. Mutation was analyzed using PCR-single strand confor-
mation polymorphism (SSCP) analysis. Quantitative real time reverse tran-
scriptase-PCR was performed in 14 patients of which RNA was suitable for
analysis. K-562 myeloid leukemia cells were grown in RPMI 1640 in the pres-
ence of various concentrations of 5-Aza-dC with or without tricostatin A (TSA).
The correlation between the frequency of methylation and type of disease or
clinical characteristics was analyzed using the chi-square test or Fisher’s exact
probability test. Analysis was performed using SPSS Software.

Results: MS-PCR showed methylation of the RIZ1, RUNX3 and p73 genes in
24 of the 60 (40%), 21 of the 61 (36%), and 28 of 60 (46%) patients, respec-
tively. Methylation at all the three loci was detected in 19 of 60 patients (32%).
Bisulfite sequence analysis revealed that methylation was present at many
CpG sites in the RIZ1, RUNX3, and p73 promoter regions in CML. RIZ1 methy-
lation was detected in 14 of the 43 CML in CP (33%), none of the 2 CML in AP,
and ten of 15 CML in BC (67%). Methylation of the RUNX3 gene was detect-
ed in 12 of the 43 samples of CP (30%), 0 of the 2 AP, and nine of the 16 BC
(60%). Methylation of the p73 gene was observed in 16 of the 43 samples of
CP (37%), 0 of the 2 AP, and 12 of 15 BC (80%). RIZ1, RUNX3, and p73 methy-
lation was more frequent in BC than in first, CP. Oxidative MS-PCR analysis
together with MS-PCR can distinguish 5-mC from 5-hmC: 5-mC in the RIZ1,
RUNXS3, and p73 genes was detected in 10 of 22 (45%), 16 of 21 (76%), and
16 of 26 (62%) samples with methylation detected by conventional MS-PCR,
respectively. PCR- SSCP analysis on the RIZ1, RUNX3, and p73 genes
showed mobility shifts in 2 CML patients in exon 3 of the p73 gene, however
sequence analysis reveals one-base deletion in intron 2. Quantitative real time
reverse transcriptase-PCR analysis showed decreased expression of the RIZ1,
RUNXS3, and p73 genes in several patients with or without 5-mC. Treatment of
K-562 cells (that have 5-mC in RIZ1 and RUNX3) with 5-Aza-dC and TSA
induced growth suppression, demethylation, and reexpression of the genes.
Summary and Conclusions: Multiple tumor suppressor genes on 1p were
inactivated in CML in part by methylation. In comparison with CP, higher inci-
dence of the RIZ1, RUNX3, and p73 methylation was found in BC. Oxidative MS-
PCR analysis was useful to detect real 5-mC. Combination treatment of 5-Aza-
dC and TSA resulted in reactivation of the repressed genes more efficiently.
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BONE MARROW (BM) MICROENVIROMENT FACTORS AS EARLY MARK-
ERS OF RESPONSE IN PATIENTS WITH NEWLY DIAGNOSED CHRONIC
PHASE CHRONIC MYELOGENOUS LEUKEMIA (CML-CP) TREATED WITH
NILOTINIB.
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Background: Treatment of patients with CML-CP with tyrosine kinase inhibitors
(TKIs) can substantially improve the life expectancy of these patients. Howev-
er, itis becoming evident that persistant leukemic stem cells, which in their qui-
escent state are insensitive to TKls, can lead to a resurgence of CML. The Eval-
uating Nilotinib Efficacy and Safety in Trial as First-Line Treatment (ENEST 1st)
is a phase 3b is an open-label study of nilotinib 300 mg twice daily (BID) in
adults with newly diagnosed BCR-ABL positive CML-CP.

Aims: The aim of the ENEST 1st sub-study N10 is to investigate BM microen-
vironment markers that regulate leukemic stem cells in the BM niches of nilo-
tinib-treated patients.

Methods: We enrolled 37 patients from 21 Italian ENEST1st centers, from
whom written informed consent had been obtained, for participation in sub-
study N10. Patients were monitored by Real Time RT-PCR (RT-gPCR) for the
expression of the fusion BCR-ABL mRNA. Response was based on ELN rec-
ommendations (Baccarani M, et al. Blood 2013 122:872-884). In an interim
analysis, molecular and cytogenetics response by 24 months was
assessed.Mononuclear cells were collected from BM and PB samples at the
screening visit (V0) and after 3 months of treatment (V4). Total RNA from BM
and PB mononuclear cells was purified. RT-gPCR for the expression of 10
genes (ARF, KIT, CXCR4, FLT3, LIF, NANOg, PML, PRAME, SET and TIE),
involved in the regulation of the stemness and survival signaling of hematopoi-
etic stem cells was conducted. RT-qPCR results were normalized by the
expression of GUS mRNA (Normalized mRNA copy Number: NCN).



Results: Interim molecular analysis of MMR until the 24th month was available
for 27 of the 37 patients, showing an optimal response in 20 patients, a warn-
ing response in 4 patients and a failure response in 3 patients. We observed a
significant correlation in the expression of two genes involved in the regulation
of stem cell pluripotency (NANOg) or cytokine signaling (SET) and patient’s out-
come. Indeed, NANOg and SET mRNA were significantly down-regulated in PB
samples at diagnosis of patients with optimal response compared to patients
with warning/failure response, (NANOg mRNA: 0.3£0.25 NCN by GUS mRNA
vs 0.6£0.7 NCN by GUS mRNA, respectively; p=0.05; SET mRNA: 0.2+0.3
NCN by GUS mRNA vs 2.3+4.2 NCN, respectively; p=0.03).

Summary and Conclusions: These data suggest that expression analysis of
genes involved in cell pluripotency (NANOg) and/or cell signaling (SET) at
baseline, may assist in the early prediction of molecular response in patients
treated with nilotinib. Further studies are planned to evaluate the role of stro-
ma-secreted cytokines, such as SDF1 and VEGF, in the regulation of TKI-
responsiveness in CML patients, since factors that modulate hematopoiesis
may also promote leukemogenesis, enhance blast survival and make them
resistant to treatment within the BM microenvironment.
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EFFECTS OF THE PI3-KINASE/MTOR INHIBITOR BEZ235 ON ONCOGENIC
SIGNALING, PROLIFERATION AND SURVIVAL OF LEUKEMIC CELLS IN
CML
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Background: In Ph* chronic myeloid leukemia (CML) the BCR/ABL oncopro-
tein represents a major pro-oncogenic driver responsible for proliferation and
accumulation of leukemic cells. The BCR/ABL tyrosine kinase inhibitor (TKI)
imatinib produces long-lasting complete molecular remissions (CMR) in a sub-
set of patients with CML. For patients with imatinib-resistant CML, novel sec-
ond and third generation BCR/ABL TKI, such as nilotinib or ponatinib are avail-
able. However, not all patients achieve long-lasting CMR during TKI therapy.
Therefore, current research is seeking novel targets in CML cells. The PI3-
kinase and the mammalian target of rapamycin (mTOR) are two key down-
stream-signaling molecules considered responsible for BCR/ABL-induced pro-
liferation of leukemic cells.

Aims: In the present study, we examined the effects of the dual PI3-
kinase/mTOR blocker BEZ235 on growth and survival of CML cells.
Methods: A total of 7 patients with CML (chronic phase, n=6; accelerated
phase, n=1) were examined. Proliferation of mononuclear CML cells was deter-
mined by 3H-thymidine uptake and apoptosis by Pl/AnnexinV-staining and stain-
ing for active caspase 3.

Results: BEZ235 was found to inhibit the proliferation of primary CML cells in
a dose-dependent manner. In addition, BEZ235 suppressed the proliferation of
various CML cell lines, including K562 (IC50: 50-100 nM), imatinib-resistant
K562 (IC50: 50-100 nM), KU812 (IC50: 20-50 nM) and KCL22 cells (IC50: 10-
20 nM). Moreover, BEZ235 induced growth-inhibition in Ba/F3 cells express-
ing various imatinib-resistant mutants of BCR/ABL, including T315I. Despite
these impressive effects, BEZ235 did not induce apoptosis in CML cell lines.
In subsequent experiments we found that BEZ235 downregulates the phospho-
rylation of the 40S ribosomal protein S6, and less effectively also Akt in
BCR/ABL+ cells, but even upregulates the expression of activated STAT5 and
the STAT5-target gene CD25. Based on these observations, we combined
BEZ235 with nilotinib and ponatinib, both of which are known to induce apop-
tosis, growth inhibition and STAT5-downregulation in CML cells. We found that
BEZ235 and nilotinib as well as BEZ235 and ponatinib exert strong coopera-
tive growth-inhibitory effects in CML cells.

Summary and Conclusions: In conclusion, BEZ235 is a potent inhibitor of
BCR/ABL-dependent proliferation of CML cells, but exert little if any effects on
cell survival. Moreover, our data show that BEZ235 and various BCR/ABL TKis
synergize with each other in counteracting proliferation in CML cells. Whether
BEZ235 alone or in combination with nilotinib or ponatnib, can also suppress
the proliferation of leukemic cells in vivo in patients with CML remains to be
determined in clinical trials.
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IMPACT OF CLONAL EVOLUTION ON THE OVERALL SURVIVAL OF
PATIENTS WITH CML TREATED WITH IMATINIB: EXPERIENCE OF ONE
CENTER
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Background: Occurrence of secondary chromosomal aberrations in patients
with chronic myeloid leukemia (CML) is one of the factors influencing patient

Milan, Italy, June 12 - 15, 2014

survival. These changes may appear on the background of treatment with tyro-
sine kinase inhibitors (TKI) both in Ph-positive (Ph*) and Ph-negative cells (Ph-
). The influence of these abnormalities developing in the first category of cells
was describes by many authors, whereas data concerning Ph-negative cells is
limited.

Aims: Purpose of this study was to establish influence of chromosomal abnor-
malities in Ph* and Ph- cells on the overall survival of patients with CML treat-
ed with imatinib.

Results: Cytogenetic examination was conducted in 101 patients with CML
treated with TKI imatinib for median of 82 months (ranging from 9 to 166
months). Overall, median observation time for these patients from the diagno-
sis of CML was 94 months (from 25 to 296 months). The emergence of sec-
ondary cytogenetic abnormalities (clonal evolution) in Ph* cells was revealed
in 23 patients compared to 6 patients developing these changes in Ph—, cells.
Spectrum of additional chromosomal aberrations in Ph* cells was as follows:
+der(22)t(9;22), +8, i(17)(q10), ider(22;22)t(9;22), idic der(22;22)t(9;22), -7,
+19, +21, -Y and other structural or numerical aberrations. In Ph— cells +8 and
del(7q) were revealed. Two peaks when the secondary chromosomal abnormal-
ities were detected most frequently occurred between 12th and 36th month of
imatinib therapy and after 60th month of this treatment. Among 23 patients with
additional aberrations in Ph*, cells 9 subjects lost partial (PCyR) or complete
(CCyR) cytogenetic response during treatment, and other 16 subjects did not
reach any cytogenetic response at all. All patients with abnormalities in Ph-
cells were diagnosed with these changes exceptionally during PCyR or CCyR.
Thereafter all patients with cytogenetic aberrations in Ph— cells lost their cyto-
genetic response at different time points. Patient survival in two groups signif-
icantly differed; in particular, median survival was not reached in patients with-
out clonal evolution, while in patients with clonal evolution it was detected at 100
months from the time of diagnosis (Figure 1).

Figure 1. Overall survival of CML patiens with and without clonal evolution.

Summary and Conclusions: Occurrence of secondary changes both in Ph-
positive and Ph-negative cells is a sign of unfavorable prognosis concerning
treatment response and patient survival. The highest risk of clonal evolution was
observed between 12th and 36t months of treatment with imatinib.
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AFUNCTIONAL POLYMORPHISM IN THE 3’ UNTRANSLATED REGION OF
THE ARHGAP26 GENE CONFERS AN INCREASED RISK OF CHRONIC
MYELOID LEUKEMIA AND CAUSES ILLEGITIMATE REGULATION BY
MICRORNA-18A-3P
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Background: MicroRNAs are small regulatory RNAs that control a wide vari-
ety of biological processes, such as proliferation, apoptosis and differentiation.
MicroRNAs also play a crucial role in normal hematopoiesis by controlling the
differentiation of hematopoietic stem cells into different types of mature blood
cells, while deregulation of microRNA networks has been linked to hematolog-
ical malignancies. Polymorphisms in microRNA binding sites (miRSNPs) in tar-
get genes may alter the strength of microRNA interaction with target transcripts
thereby deregulating protein levels.

Aims: In this study we aimed at identifying miRSNPs associated with the risk
of chronic myeloid leukemia and assessing the impact of these miRSNPs on
the protein expression.

Methods: We analyzed with specialized algorithms (miRANDA, PITA, Patro-
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cles and PolymiRTS) the 3’ untranslated regions of 132 leukemia-associated
genes and identified 111 putative miRSNPs, of which 10 were chosen for fur-
ther investigation, based on the concordance of at least two applied algorithms.
We genotyped patients with chronic myeloid leukemia (CML, n=140) and
healthy controls (n=471). MiRSNPs found to be associated with leukemia risk
were analyzed for their impact on the protein levels by luciferase reporter assay.
Results: Here we show that variant alleles of ARHGAP26_rs187729 T>C and
IRF8_rs10514611 C>T were associated with an increased risk of CML in the
recessive model, with adjusted odds ratio (OR) and 95% confidence interval
(95% Cl1)=1.63 (1.08-2.47) and 2.4 (1.12-5.15), respectively. Luciferase reporter
assay revealed that the C allele of ARHGAP26_rs187729 creates an illegitimate
binding site for miR-18a-3p, which leads to a 34% decrease in the protein lev-
els (Figure 1).
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Figure 1. ARHGAP26_rs187729.

Summary and Conclusions: Our results demonstrate that the functional poly-
morphism in the 3'UTR of the tumor suppressor ARHGAP26 leads to
decreased protein levels mediated by miR-18a-3p, which may contribute to an
increased risk of CML.

This project was supported by Ministry of Science and Higher Education grant
no N N401 570740.
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PHARMACOGENETIC DETERMINANTS OF PLASMATIC AND INTRACEL-
LULAR TYROSINE KINASE INHIBITORS
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Background: Tyrosine Kinase Inhibitors (TKIs) imatinib (IM), nilotinib (N) and
dasatinib (D) are commercially available for the treatment of Ph+ Chronic Myeloid
Leukemia. IM has a half-life of 12-20 hours (h), N of 15-17 h whereas D has a
half-life of 3-5 h only. IM influx is dependent on hOCT1 protein and on other
minor transporters. D and N have cellular uptake by diffusion. IM, D and N efflux
is dependent on ABCB1 and ABCG2 transporters. Pharmacokinetic (PK)-relat-
ed factors affecting exposure to TKls may be involved in resistance to these
drugs. TKI plasma level is correlated with efficacy. However there is a wide inter-
patient variability in drug exposure and this may be partly due to polymorphisms
in transporter genes. Furthermore intracellular TKI accumulation and retention
was identified as the underlying mechanism of induction of apoptosis but how this
concentration is correlated to plasma concentration was never investigated.
Aims: We evaluated plasma and intracellular concentrations of the 3 drugs and
we investigated the correlation between plasmatic and intracellular concentra-
tions of IM, D and N, and genotypes of ABCB1 (3435C>T, 1236 C>T, ABCB1
2677 G>T).

Methods: Samples were collected after steady state was reached. HPLC-UV
was used for plasma determination of IM and N; while for D analyses an HPLC-
MS was used. For intracellular PK, drugs were extracted from isolated periph-
eral blood mononuclear cells (PBMC), after sonication. Chromatographic intra-
cellular PK evaluation was performed on an HPLC-MS instrument. The allelic
discrimination analysis was performed in PCR real-time (BIORAD, Milano,
Italia) using the TagMan assays (Applied Biosystems, Foster City, CA).
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Results: We analyzed 56 patients from our Institution: 27 were treated with
IM [8 females (F), 19 males (M)], 15 with D (7 F, 9 M) and 14 with N (7 F, 7
M). The median plasma level was 1116 ng/ml (744-1388) for IM, 2.48 ng/ml
(0.78-5.74) for D, 1202 ng/ml (680-1638) for N. The median intracellular con-
centration was 5676 ng/ml (4474-8233) for IM, 452 ng/ml (133-767) for D,
4821 ng/ml (743-8697) for N. The PBMC/plasma ratio was 5.36 for IM, 167
for D and 4.7 for N. We found a statistically significant correlation between
the PBMC/plasma ratio of IM and ABCB11236C>T polymorphism: patients
carrying CC wild type (WT) had higher ratios versus heterozygotes/mutated
patients (p=0.027). Significant correlations between plasma concentrations
(p=0.011) and ABCB1 3435C>T SNP was observed, with higher concentra-
tions for the TT group versus CC+CT group. Accordingly, the CC+CT group
had higher PBMC/plasma ratio as compared with the TT group (p=0.018). No
correlation was found either between IM and D intracellular concentrations
and transporter polymorphisms, or between drug concentrations and geno-
types for N. We are now expanding the number of samples in order to veri-
fy these data. Finally we found a positive Spearman correlation between
plasmatic and intracellular concentration for the 3 drugs (R=0.6, p=0.001 for
IM; R=0.559, p=0.024 for D; R=0.508, p=0.064 for N).

Summary and Conclusions: Drugs, particularly D, accumulate in cells, with
a correlation between plasmatic and intracellular concentration. Bcr-Abl
kinase activity is inhibited in a concentration-dependent fashion, indicating
that the cytotoxicity of high-dose pulse exposure to TKls correlates with the
magnitude of target inhibition, and that high-dose pulse therapy and low-
dose continuous therapy confer equivalent cytotoxicity to CML cells. Our
experiments on a wider population may contribute to understand these mech-
anisms.
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MUTATED SETBP1 INCREASES THE NUCLEAR LOCALIZATION OF PP2A
AND ITS PHOSPHORYLATED FORM
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Background: Mutations in the SET binding protein 1 (SETBP1) gene have
been identified in patients with Schinzel-Giedion syndrome, in atypical chron-
ic myeloid leukaemia (aCML) and in other proliferative disorders. These muta-
tions strongly suggest an involvement of SETBP1 in the onset of these dis-
eases. In literature there are evidences suggesting that SETBP1 over-expres-
sion leads to an increased proliferation of leukemic cells through its interaction
with SET and secondarily to an inhibition of PP2A.

Aims: To analyze whether the presence of SETBP1 mutations alters the local-
ization of PP2A within the cells.

Methods: HEK 293T cells were transiently or stably transfected to express
SETBP1 wild type (WT) or G870S. Confocal imaging approach was applied to
characterize the molecular mechanisms underlying the modification of PP2A
expression and localization exerted by the SETBP1 G870S mutation recur-
rently identified in patients affected by aCML.

a :‘"