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About EHA

The European Hematology Association ([EHA) is a non-profit scientific association that represents European
medical professionals with an active interest in hematology.

The Annual Congress, organized in a major European City, offers the opportunity to learn about new data
from basic, translational and clinical research and gives access to knowledge that

directly impacts the clinical practice. Not only the size of the congress increased over the years but also the
first steps towards creating an education and career development program were taken.

Educational needs are the focus of our continuing medical education program. Not only through live events,
but also through the EHA Learning Center, a recently launched online platform. EHA supports high quality
science: we encourage research by creating a network and sharing knowledge.

EHA offers education and training and supports the careers of hematologists in Europe and

travelling to Europe through its fellowships and grants program. Different fellowships are available for ba-
sic, translational and clinical researchers both in their early or advanced career.

As the largest organization of hematologists in Europe, EHA has taken it upon itself to serve and further

their political interests. We advocate for you on the EU level for more research funding, improved research
environment and better access to hematology care.

More information about EHA activities can be found at ehaweb.org.
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Word of Welcome

We are proud that this year we can, together with you, celebrate 20 years of the annual congress of
the European Hematology Association. On behalf of the EHA Board and the Scientific Program
Committee we are therefore pleased to introduce to you this year’s anniversary Abstract Program.

The Scientific Program Committee has compiled an exciting and topical program of Simultaneous
Oral and Poster Sessions from over 2200 submitted abstracts. The poster sessions have a slightly dif-
ferent setup this year. A selection of posters will be presented in the traditional Poster Walks. More time
will be dedicated to discussion of the important research presented there, so look out for the Poster
Walk Moderators in their fashionable red baseball caps! There will also be E-posters available on the
E-poster screens, for which a specific time is allocated during the Poster Browsing Time at the end of
each Walk. The simultaneous oral sessions have now been spread over three days (Friday to Sunday),
with the five Best Abstracts to be presented during the Presidential Symposium on Friday afternoon.

For the second year running, we have invited “late breaking abstracts” for “hot” data that were not
available by the time of the regular submission deadline. The most exciting results have been selected
and will be presented in the two dedicated sessions on Sunday morning. There are also late breaking
posters that will be included in the poster walk of the relevant topic.

All posters can be viewed on the E-poster screens from Friday morning to Saturday evening and are
also available on the EHA Learning Center, for which delegates have complimentary access after the

congress: learningcenter.ehaweb.org.

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

David Grimwade
Chair Scientific Program Committee 20th Congress



EUROPEAN
HEMATOLOGY
ASSOCIATION

A

« haematologica

Journal of the European Hematology Association
Owned & published by the Ferrata Storti Foundation

Information for readers, authors and subscribers

Haematologica (print edition, pISSN 0390-6078, elSSN 1592-8721) publishes peer-reviewed papers on all areas of
experimental and clinical hematology. The journal is owned by a non-profit organization, the Ferrata Storti Foundation,
and serves the scientific community following the recommendations of the World Association of Medical Editors
(www.wame.org) and the International Committee of Medical Journal Editors (www.icmje.org).

Haematologica publishes editorials, research articles, review articles, guideline articles and letters. Manuscripts
should be prepared according to our guidelines (www.haematologica.org/information-for-authors), and the Uniform
Requirements for Manuscripts Submitted to Biomedical Journals, prepared by the International Committee of Medical
Journal Editors (www.icmje.org).

Manuscripts should be submitted online at http://www.haematologica.org/.

Conflict of interests. According to the International Committee of Medical Journal Editors (http://www.icmje.org/#con-
flicts), “Public trust in the peer review process and the credibility of published articles depend in part on how well con-
flict of interest is handled during writing, peer review, and editorial decision making”. The ad hoc journal's policy is
reported in detail online (www.haematologica.org/content/policies).

Transfer of Copyright and Permission to Reproduce Parts of Published Papers. Authors will grant copyright of their arti-
cles to the Ferrata Storti Foundation. No formal permission will be required to reproduce parts (tables or illustrations)
of published papers, provided the source is quoted appropriately and reproduction has no commercial intent.
Reproductions with commercial intent will require written permission and payment of royalties.

Detailed information about subscriptions is available online at www.haematologica.org. Haematologica is an open
access journal. Access to the online journal is free. Use of the Haematologica App (available on the App Store and on
Google Play] is free.

For subscriptions to the printed issue of the journal, please contact: Haematologica Office, via Giuseppe Belli 4, 27100
Pavia, ltaly (phone +39.0382.27129, fax +39.0382.394705, E-mail: infol@dhaematologica.org).

Rates of the International edition for the year 2015 are as following:
Institutional Personal

Print edition Euro 500 Euro 150

Advertisements. Contact the Advertising Manager, Haematologica Office, via Giuseppe Belli 4, 27100 Pavia, ltaly (phone
+39.0382.27129, fax +39.0382.394705, e-mail: marketing@haematologica.org).

Disclaimer. Whilst every effort is made by the publishers and the editorial board to see that no inaccurate or misleading
data, opinion or statement appears in this journal, they wish to make it clear that the data and opinions appearing in
the articles or advertisements herein are the responsibility of the contributor or advisor concerned. Accordingly, the
publisher, the editorial board and their respective employees, officers and agents accept no liability whatsoever for the
consequences of any inaccurate or misleading data, opinion or statement. Whilst all due care is taken to ensure that
drug doses and other quantities are presented accurately, readers are advised that new methods and techniques involv-
ing drug usage, and described within this journal, should only be followed in conjunction with the drug manufacturer’s
own published literature.

Direttore responsabile: Prof. Edoardo Ascari; Autorizzazione del Tribunale di Pavia n. 63 del 5 marzo 1955.
Printing: Tipografia PI-ME, via Vigentina 136, Pavia, Italy. Printed in April 2015.



* JF* EUROPEAN
Y 7% . HEMATOLOGY
w ASSOCIATION

*

@ haematologica

Journal of the European Hematology Association
Owned & published by the Ferrata Storti Foundation

TABLE OF CONTENTS

Simultaneous sessions

Multiple myeloma: Clinical studies 1 S101 - S105 p- 1
Treatment and outcome in non-Hodgkin lymphomas S106 - S110 p- 3
ALL clinical trials S111-S115 p- 6
Molecular pathogenesis of AML S116 - S120 p 8
CLL - Biology: Interacting determinants of CLL ontogeny and evolution S121 - 5125 p. 10
Stem cell transplantation: Clinical 1 S126 - S130 p. 13
Biology in MDS S181 - S135 p. 15
Red cells: Novel clinical aspects S136 - S140 p. 17
Thrombosis and vascular biology S141 - S145 p. 20
Quality of life and health economics S146 - S150 p. 22

Poster session

Acute lymphoblastic leukemia - Biology 1 P151 - P160 p. 25
Acute lymphoblastic leukemia - Clinical 1 P161 - P170 p. 30
Acute myeloid leukemia - Biology 1 P171 - P180 p. 34
Acute myeloid leukemia - Clinical 1 P181 - P189 p. 39
Acute myeloid leukemia - Clinical 2 P190 - P197 p. 43
CLL - Biology: Microenvironmental interactions P198 - P208 p. 47
Chronic lymphocytic leukemia - Clinical 1 P209 - LB219 p. 52
Chronic myeloid leukemia - Biology P218 - P227 p. 57
Chronic myeloid leukemia - Clinical 1 P228 - P237 p. 61
Myelodysplastic syndromes -Clinical 1 P238 - P247 p. 66
BMF syndromes incl. PNH - Biology & Clinical P248 - P257 p. 71
Multiple myeloma - Biology 1 P258 - P266 p. 76
Multiple myeloma - Clinicai/l P267 - P276 p. 80
Multiple myeloma - Clinical 2 P277 - P286 p. 85
Multiple myeloma - Clinical 5 P287 - LB297 p- 90
Biology of MPN P296 - P305 p. 95
Myeloproliferative neoplasms - Clinical 1 P307 - LB314 p. 100
Non-Hodgkin & Hodgkin lymphoma - Biology P314 - LB325 p. 104
Aggressive lymphoma -Therapy and Prognostication P324 - P335 p. 109
Stem cell transplantation - Clinical 1 P336 - P346 p. 113
Stem cell transplantation - Clinical 3 P347 - P356 p. 118
Hematopoiesis, stem cells and microenvironment P357 - LB365 p. 123
Red blood cells and iron - Biology P365 - LB375 p. 126
Red blood cells and iron - Clinical 1 P375 - P384 p. 130
Infectious diseases, supportive care 1 P385 - P392 p. 135
Transfusion medicine P393 - P399 p. 138
Platelet disorders P400 - P407 p. 141
Procoagulant states P408 - P415 p. 144
Quality of life, palliative care, ethics and health economics P416 - P425 p. 146



EUROPEAN
HEMATOLOGY
ASSOCIATION

*

B3

@ haematologica

Journal of the European Hematology Association
Owned & published by the Ferrata Storti Foundation

TABLE OF CONTENTS

Simultaneous sessions

Multiple myeloma: Clinical studies 2 S426 - 5430 p. 151
CLL: Novel agents S431 - 5435 p. 154
Translational studies in ALL S436 - 5440 p. 156
Stem cell transplantation: Clinical 2 S441 - S445 p. 158
MPN: Prognosis and treatment S446 - 5450 p.- 160
Molecular markers in AML S451 - 5455 p. 163
Oncogenic mechanisms and novel targets in non-Hodgkin's lymphoma S456 - 5460 p. 166
NoveF actors in chronic myeloid leukemia biology S461 - 5465 p. 168
Gene therapy, cellular immunotherapy and vaccination S466 - 5470 p. 171
Presidential Symposium

Best abstracts S471- S475 p. 173
Simultaneous sessions

Multiple myeloma - Biology S476 - 5480 p. 175
Optimization and innovation in treating aggressive lymphomas S481 - 5485 p. 178
CML: Clinical trials S486 - 5490 p. 180
Stem cell transplantation: Experimental S491 - 5495 p. 183
Platelet and bleeding disorders $496 - S500 p. 186
Iron clinical and biology S501 - S505 p. 188
MDS - Clinical S506 - S510 p. 190
AML outcome and clinical trials S511 - S515 p. 193
Biological pathway deregulation in B Cell Precursor ALL S516 - S520 p. 195
Poster session

Acute lymphoblastic leukemia - Biology 2 P521 - P531 p. 198
Acute lymphoblastic leukemia - Clinical 2 P532 - P542 p. 202
Acute myeloid leukemia - Biology 2 P543 - P552 p. 207
Acute myeloid leukemia - Biology 3 P553 - P562 p. 211
Acute myeloid leukemia - Clinical 3 P563 - P570 p. 214
Acute myeloid leukemia - Clinical 4 P571 - LB578 p. 218
CLL - Biology: Cell-intrinsic defects P578 - P587 p. 221
Chronic lymphocytic leukemia - Clinical 2 P588 - LB598 p. 225
Chronic myeloid leukemia - Clinical 2 P598 - P608 p. 230
Myelodysplastic syndromes - Biology P609 - P615 p. 235
Myelodysplastic syndromes - Clinical 2 P616 - P625 p. 238
BMF syndromes incl. PNH - Clinical P626 - P635 p. 243
Multiple myeloma - Biology 2 P636 - P644 p. 247
Multiple myeloma - Clinical 3 P645 - P654 p. 250
Multiple myeloma - Clinical 4 P655 - P664 p. 255
Myeloproliferative neoplasms - Clinical 2 P665 - P672 p. 260
Myeloproliferative neoplasms - Clinical 3 P673 - P680 p. 264
Indolent Non-Hodgkin lymphoma - Clinical P681 - LB691 p. 269
Stem cell transplantation - Experimental P691 - P701 p. 274
Stem cell transplantation - Clinical 2 P702 - P712 p. 278
Stem cell transplantation - Clinical 4 P713 - P722 p. 282
Gene therapy, cellular immunotherapy and vaccination P723 - P733 p. 286
Red cells: Clinical P734 - P740 p. 291
Infectious diseases, supportive care 2 P741 - P748 p. 294
Non-malignant hematopoietic disorders P749 - P759 p. 298
Immune thrombocytopenia P760 - P769 p. 302
Bleeding disorders P770 - P776 p. 305
Venous and arterial thrombosis P777 - P784 p. 308



* JF* EUROPEAN
Y 7% . HEMATOLOGY
w ASSOCIATION

*

@ haematologica

Journal of the European Hematology Association
Owned & published by the Ferrata Storti Foundation

TABLE OF CONTENTS

Simultaneous sessions

Multiple myeloma: Clinical studies 3
CLL: Refining outcomes

AML: Molecular profile and targeting
Stem cell transplantation: Clinical 3

Progess in Hodgkin lymphoma therapy: Incorporation of novel agents and reduction of side effects

CML: Molecular-cytogenetic diagnostics

Novel insights into the mechanisms involved in MPNs

Towards targeted therapy in ALL

Biology and clinics of bone marrow failure syndromes and PNH

Late breaking simultaneous session 1
Late breaking simultaneous session 2

E-posters

Acute lymphoblastic leukemia - Biology

Acute lymphoblastic leukemia - Clinical

Acute myeloid leukemia - Biology

Acute myeloid leukemia - Clinical

Aggressive Non-Hodgkin lymphoma - Clinical

Blgeeding disorders (congenital and acquired)

Bone marrow failure syndromes incl.q[’NH - Biology
Bone marrow failure syndromes incl. PNH - Clinical
Chronic lymphocytic leukemia and related disorders - Biology
Chronic lymphocytic leukemia and related disorders - Clinical
Chronic myeloid leukemia - Biology

Chronic myeloid leukemia - Clinical

Gene therapy, cellular immunotherapy and vaccination
Hematopoiesis, stem cells and microenvironment
Hodgkin lymphoma - Clinical

Indo%ent Non-Hodgkin lymphoma - Clinical

Infectious diseases, supportive care

Myelodysplastic syndromes - Biology

Myelodysplastic syndromes - Clinical

Myeloma and other monoclonal gammopathies - Biology
Myeloma and other monoclonal gammopathies - Clinical
Myeloproliferative neoplasms - Biology
Myeloproliferative neoplasms - Clinical

Non-Hodgkin & Hodgkin lymphoma - Biology
Non-malignant hematopoietic disorders

Platelets disorders

Quality of life, palliative care, ethics and health economics
Red blood cells and iron - Biology

Red blood cells and iron - Clinical

Stem cell transplantation - Clinical

Stem cell transplantation - Experimental

Thrombosis and vascular biology

Transfusion medicine

S785 - 5789 p. 311
S790 - S794 p. 313
S795 - S799 p. 316
5800 - S804 p. 319
5805 - 5809 p. 322
S810 - S814 p. 324
5815 - 5819 p. 327
5820 - 5824 p. 329
5825 - 5829 p. 331
LB2067 - LB2069 p. 334
LB2070 - LB2073 p. 335
EB49 - LB2083 p. 338
EB70 - E880 p. 347
EB81 - LB2078 p. 352
E924 - LB2085 p. 369
E968 - E1015 p. 387
E1016 - E1030 p. 406
E1031 - E1032 p. 410
E1033 - E1036 p. 411
E1037 - E1060 p. 413
E1061 - LB2097 p. 421
E1073 - E1089 p. 426
E1090 - E1122 p. 438
E1123 - E1132 p. 449
E1133 - E1138 p. 452
E1139 - E1146 p. 454
E1147 - E1162 p. 458
E1163 - LB2090 p. 465
E1193 - E1206 p. 477
E1207 - E1231 p. 482
E1232 - E1248 p. 494
E1249 - LB2086 p. 501
E1300 - E1328 p. 521
E1329 - LB2091 p. 532
E1354 - LB2092 p. 543
E1387 - LB2094 p. 556
E1404 - E1425 p. 9563
E1426 - E1459 p. 571
E1460 - LB2088 p. 9585
E1466 - LB2089 p. 588
E1501 - LB2096 p. 601
E1540 - E1548 p. 617
E1549 - E1570 p. 620
E1571 - LB2093 p. 627



e

iy

EUROPEAN
HEMATOLOGY
ASSOCIATION

« haematologica

Journal of the European Hematology Association
Owned & published by the Ferrata Storti Foundation

TABLE OF CONTENTS

Publication Only

Acute lymphoblastic leukemia - Biology

Acute lymphoblastic leukemia - Clinical

Acute myeloid leukemia - Biology

Acute myeloid leukemia - Clinical

Aggressive Non-Hodgkin lymphoma - Clinical

Blgeeding disorders (congenital and acquired)

Bone marrow failure syndromes incl. PNH - Clinical
Chronic lymphocytic leukemia and related disorders - Biology
Chronic lymphocytic leukemia and related disorders - Clinical
Chronic myeloid leukemia - Biology

Chronic myeloid leukemia - Clinical

Hematopoiesis, stem cells and microenvironment
Hodgkin lymphoma - Clinical

Indolent Non-Hodgkin lymphoma - Clinical

Infectious diseases, supportive care

Myelodysplastic syndromes - Biology

Myelodysplastic syndromes - Clinical

Myeloma and other monoclonal gammopathies - Biology
Myeloma and other monoclonal gammopathies - Clinical
Myeloproliferative neoplasms - Biology
Myeloproliferative neoplasms - Clinical

Non-Hodgkin & Hodgkin lymphoma - Biology
Non-malignant hematopoietic disorders

Platelets disorders

Quality of life, palliative care, ethics and health economics
Red blood cells and iron - Biology

Red blood cells and iron - Clinical

Stem cell transplantation - Clinical

Stem cell transplantation - Experimental

Thrombosis and vascular biology

Transfusion medicine

PB1584 - PB1595 p. 633
PB1596 - PB1621 p. 637
PB1622 - PB1638 p. 646
PB1639 - PB1654 p. 653
PB1655 - PB1680 p. 659
PB1681 - PB1702 p. 669
PB1703 - PB1707 p. 675
PB1708 - PB1712 p. 677
PB1713 - PB1727 p. 678
PB1728 - PB1740 p. 684
PB1741 - PB1769 p. 689
PB1770 - PB1775 p. 702
PB1776 - PB1779 p. 704
PB1780 - PB1796 p. 705
PB1797 - PB1817 p. 712
PB1818 - PB1824 p- 719
PB1825 - PB1844 p. 722
PB1845 - PB1853 p. 729
PB1854 - PB1899 p. 732
PB1900 - PB1904 p. 749
PB1905 - PB1932 p. 750
PB1933 - PB1948 p. 760
PB1949 - PB1956 p. 766
PB1957 - PB1970 p. 768
PB1971 - PB1984 p. 773
PB1985 - PB1992 p. 778
PB1993 - PB2022 p. 780
PB2023 - PB2051 p. 790
PB2052 - PB2052 p- 799
PB2053 - PB2065 p. 800
PB2066 - PB2067 p. 804



##  haematologica

the hematology journal

The origin of a name that reflects Europe’s cultural roots.

aipo [haima] = blood

aipotog [haimatos] = of blood
Aoyog [logos]= reasoning

haematologicus (adjective) = related to blood

haematologica (adjective, plural and neuter,

used as a noun) = hematological subjects

the hematology journal
2012 JCR® Impact Factor = 5.935

Haematologica/The Hematology Journal, as the official organ
of the European Hematology Association (EHA), aims not only to serve
the scientific community, but also to promote European cultural identity.



20* Congress of the European Hematology Association

Vienna, Austria, June 11 - 14, 2015

SIMULTANEOUS SESSIONS
Multiple myeloma: Clinical studies 1

$101

IMPROVED OVERALL SURVIVAL WITH AUTOLOGOUS TRANSPLANTATION
VS CYCLOPHOSPHAMIDE-LENALIDOMIDE-DEXAMETHASONE IN NEWLY
DIAGNOSED MYELOMA: A PHASE 3 TRIAL

F. Gay!” M. Genuardi', R. Hajek?, M.T. Petrucci3, L. Pour4, A.P. Falcone3,
M. Offidani3, F. Patriarca3, P. Corradini3, M. Gilestro!, N. Pescosta3,
A.M. Carella3, P. Finsinger3, A.M. Liberati3, D. Petrd3, S. Pulini3, S. Oliva’,
F. Di Raimondo3, A. Spencer®, M. Boccadoro?, A. Palumbo'

TMyeloma Unit, Division of Hematology, University of Torino, Torino, Italy, 2Fac-
ulty of Medicine, University of Ostrava and Department of Haematooncology,
University Hospital Ostrava, Ostrava, Czech Republic, 3Italian Multiple Myeloma
Network, GIMEMA, ltaly, 4Department of Hematology and Oncology, University
Hospital Brno, Brno, Czech Republic, SAlfred Health-Monash University, Mel-
bourne, Australia

Background: High-dose chemotherapy followed by autologous stem cell trans-
plantation (ASCT) improves survival in multiple myeloma (MM) patients. The
introduction of novel agents has challenged the role of ASCT at diagnosis.
Aims: We conducted a multicentre international randomized phase 3 trial to
compare ASCT with conventional chemotherapy plus lenalidomide in patients
<65 years with newly diagnosed MM. The primary endpoint was progression-
free survival (PFS), the secondary endpoints included safety and overall sur-
vival (OS).

Methods: Eligible patients <65 years of age with newly diagnosed MM were
enrolled. All patients received lenalidomide-dexamethasone induction (four
28-day cycles of lenalidomide 25 mg day 1-21 and low-dose dexamethasone
40 mg day 1, 8, 15, 22) followed by stem cell mobilization. Patients were ran-
domized to receive consolidation with 2 cycles of MEL200-ASCT (melphalan
200 mg/m? with stem-cell support) or cyclophosphamide-lenalidomide-dex-
amethasone (CRD) [six 28-day cycles of cyclophosphamide (300 mg/m2 day
1, 8, 15), dexamethasone (40 mg days 1, 8, 15, 22) and lenalidomide (25 mg
days 1-21)].

Results: Three-hundred and eighty-nine patients were enrolled in the trial.
Patient characteristics were well balanced between MEL200-ASCT and CRD.
After a median follow-up of 4 years, the median PFS was 42 months for
MEL200-ASCT and 28 months for CRD (HR 0.67, 95% CI 0.48-0.93, P=0.014).
The 4-year OS was 87% for MEL200-ASCT and 71% for CRD (HR 0.51, 95%
Cl 0.28-0.93, P=0.028). The advantage in PFS and OS for MEL200-ASCT vs
CRD was noticed in most of the analysed subgroups. The rate of grade 3-4
hematologic (84% vs 26%, P<0.001) and non-hematologic (39% vs 22%,
P=0.008) adverse events (AEs) was higher in the MEL200-ASCT arm com-
pared with the CRD arm. The main non-hematologic AEs were infections (19%
with MEL200-ASCT vs 6% with CRD, P=0.004) and gastrointestinal AEs (20%
with MEL200-ASCT vs 5% with CRD, P<0.001). Toxicities were however man-
ageable. Despite the increase in grade 3-4 AEs with MEL200-ASCT, the rate
of serious hematologic (0% vs 2%, P=0.49) and extra-hematologic AEs (7% vs
10%, P=0.393) was similar between MEL200-ASCT and CRD arms. No toxic
deaths were reported in the MEL200-ASCT arm; 1 patient died of septic shock
in the CRD arm. Four patients who went off protocol before consolidation devel-
oped a second primary malignancy (SPM): 1 renal cancer, 1 breast cancer, 1
squamous cell carcinoma, 1 gastrointestinal cancer. Eight patients randomized
to MEL200-ASCT developed a SPM: 6 squamous cell carcinomas, 1
melanoma, and 1 prostate cancer. Five patients randomized to CRD developed
an SPM: 1 squamous cell carcinoma, 1 renal cancer, 1 breast cancer, 1 gas-
trointestinal cancer and 1 glioblastoma.

Summary and Conclusions: MEL200-ASCT significantly prolonged PFS and
OS in comparison with CRD. No increase in serious AEs, toxic deaths, and
SPMs were reported with MEL200-ASCT.

$102

SUBGROUP ANALYSIS BY PRIOR TREATMENT AMONG PATIENTS WITH
RELAPSED OR RELAPSED AND REFRACTORY MULTIPLE MYELOMA IN
THE PANORAMA 1 STUDY OF PANOBINOSTAT OR PLACEBO PLUS
BORTEZOMIB AND DEXAMETHASONE

H. Einsele’” P. Richardson2, V. Hungria3, S.S. Yoon4, M. Beksac5,

M. Dimopoulos®, A. Elghandour’, W. Jedrzejczak®, A. Guenther?,
T. Na Nakorn10, N. Siritanaratkul’!, R. Schlossman?, J. Hou'2, P. Moreau'3,
S. Lonial'4, J.H. Lee'5, M. Sopalal®, B.R. Bengoudifa’®, C. Corrado’S,
J. San-Miguel!?

1University Hospital Wiirzburg, Wiirzburg, Germany, 2Dana-Farber Cancer
Institute, Boston, United States, 3Irmandade da Santa Casa de Misericordia
de S&o Paulo, Sdo Paulo, Brazil, 4Seoul National University College of Medi-
cine, Seoul, Korea, Republic of, 5Ankara University School of Medicine, Ankara,
Turkey, 8University of Athens School of Medicine, Athens, Greece, 7Alexandria
University, Alexandria, Egypt, 8Medical University of Warsaw, Warsaw, Poland,
9University Hospital Schleswig-Holstein and University of Kiel, Kiel, Germany,
10King Chulalongkorn Memorial Hospital and Chulalongkorn University, 11Siriraj
Hospital, Bangkok, Thailand, 12Chang Zheng Hospital, Shanghai, China, 13Uni-
versity Hospital of Nantes, Nantes, France, 14Winship Cancer Institute, Emory
University, Atlanta, United States, 15Gachon University Gil Hospital, Incheon,
Korea, Republic of, 16Novartis Pharma AG, Basel, Switzerland, 17Clinica Uni-
versidad de Navarra, Pamplona, Spain

Background: Panobinostat (PAN), a potent pan-deacetylase inhibitor (pan-
DACi), targets aberrations in multiple myeloma (MM) biology, including epige-
netics and protein metabolism. In the PANORAMA 1 phase 3 clinical trial, the
addition of PAN to bortezomib (BTZ) and dexamethasone (Dex; PAN-BTZ-Dex)
led to a clinically relevant and statistically significant increase in median pro-
gression-free survival (PFS) of = 4 months compared with placebo (Pbo) + BTZ
and Dex (Pbo-BTZ-Dex) in patients (pts) with relapsed or relapsed and refrac-
tory MM.

Aims: To better characterize the efficacy and safety of PAN-BTZ-Dex within pt
populations with limited treatment options by presenting a subgroup analysis
of pts from the PANORAMAT1 trial based on prior treatment.

Methods: The study design was described previously (San-Miguel JF, et al.
Lancet Oncol. 2014;15:1195-1206). For this subanalysis, pts were analyzed
for efficacy and safety based on prior treatment characteristics, including receipt
of prior immunomodulatory drugs (IMiDs); BTZ + IMiDs; and BTZ + IMiDs and
22 prior lines of therapy.

Results: A summary of efficacy based on prior treatment is provided in the
Table. Consistent or better efficacy benefit for the PAN arm was observed
across all subgroups analyzed. The benefit in median PFS was particularly
noteworthy among the largest subgroup in this analysis, pts who received prior
IMiDs. A total of 485 pts (63%) received prior IMiDs (PAN-BTZ-Dex [n =245] or
Pbo-BTZ-Dex [n =240]). Among these pts, the median PFS as determined by
investigator assessment for the PAN arm was 12.3 months (95% CI, 10.25-
13.83) vs 7.4 months (95% ClI, 6.01-7.89) for the Pbo arm (hazard ratio [HR]
0.55; 95% ClI, 0.44-0.70). The overall response rate for these pts was 62%
(95% Cl, 55.6%>68.1%) vs 50% (95% Cl, 43.3%>56.5%), and =near complete
response (NCR) rate was 29% (95% Cl, 23%>34.7%) vs 13% (95% ClI,
8.9%>17.8%) in the PAN and Pbo arms, respectively. Common grade 3/4
adverse events and laboratory abnormalities in each arm included thrombocy-
topenia (67% vs 36%), lymphopenia (54% vs 41%), neutropenia (37% vs 13%),
diarrhea (26% vs 8%), and asthenia/fatigue (25% vs 12%). The percentage of
on-treatment deaths in each arm was 7.1% vs 4.2%. The safety profile was
consistent among the other subgroups analyzed.

Tabella 1. Efficacy of PAN-BTZ-Dex and Pbo-BTZ-Dex among patient
subgroups classified by prior treatment history

Prior IMiD Prior BTZ + IMiD Prior BTZ + IMID and 2 2 prior
(n=485) (n=193) lines(n=147)
PAN-BTZ-Dex | Pbo-BTZ-Dex | PAN-BTZ-Dex | PAN-BTZ-Dex | PAN-BTZ-Dex | Pbo-BTZ-Dex
(n=245) (n=240) (n=294) (n=93) (n=73) (n=74)
PFS, months 123 7.4° 10.6 5.8% 125 a4
(95% C1) (10.3-13.8) (6.0-7.9) (7.6-13.8) (4.4-7.1) (7.3-14.0) (3.7-6.1)
ORR, % 62 50 58.5 414 58.9 39.2
(95% C1) (55.6-68.1) (43.3-56.5) (47.9-68.6) (31.6-51.8) (46.8-70.3) (28.0-51.2)
nCR/CR, % 2 13 223 9.1 219 8.1
(95% C1) (23.0-34.7) (8.9-17.8) (14.4-32.1) (4.2-16.6) (13.1-33.1) (3.0-16.8)

2HR, 0.55; 95% CI, 0.44-0.70
HR, 0.52; 95% C,0.36-0.76
<HR, 0.47; 95% C1,0.32-0.72

Summary and Conclusions: PAN-BTZ-Dex demonstrated efficacy, with con-
sistent increases in median PFS and nCR/CR rates compared with the Pbo
arm among pt subgroups with a clear unmet need, including an increase in
PFS of nearly 5 months among pts who received prior IMiDs. The safety profile
across these subgroups was consistent with that in the overall PANORAMA 1
population, with the exception of the frequency of on-treatment deaths, which
was more similar between treatment arms across each subgroup.

haematologica | 2015; 100(s1) | 1
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A RANDOMIZED, OPEN-LABEL, PHASE 2 STUDY OF BORTEZOMIB AND
DEXAMETHASONE WITH OR WITHOUT ELOTUZUMAB IN PATIENTS
WITH RELAPSED/REFRACTORY MULTIPLE MYELOMA

A. Jakubowiak!" M. Offidani2, B. Pégourie3, J. De La Rubia4, L. Garderet®,
K. Laribi6, A. Bosi’, R. Marasca8, J. Laubach®, A. Mohrbacher!0,
A.M. Carella’!, AK. Singhal'?, L.C. Tsao’2, M. Lynch'3, E. Bleickardt'3,
Y.M. Jou'3, A. Palumbo4

1University of Chicago Medical Center, Chicago, United States, 2Azienda
Ospedaliero Universitaria Ospedali Riuniti di Ancona, Ancona, Italy, 3CHU de
Grenoble-Hopital Albert Michallon, Grenoble, France, 4H.U.P. La Fe, Valencia,
Spain, SHopital Saint Antoine, Paris, 6Centre Hospitalier, Le Mans, France,
7Azienda Ospedaliero Universitaria Careggi, Florence, 8Azienda Ospedaliera
Universitaria-Policlinico di Modena, Modena, Italy, °Dana-Farber Cancer Insti-
tute, Boston, 10University of Southern California Norris Comprehensive Cancer
Center, Los Angeles, United States, ""IRCCS San Martino-IST, Genoa, Italy,
12AbbVie Biotherapeutics Inc. (ABR), Redwood City, 13Bristol-Myers Squibb,
Wallingford, United States, 14Azienda Ospedaliero Universitaria San Giovanni
Battista di Torino-Ospedale Molinette, Torino, Italy

Background: Elotuzumab, an immunotherapeutic monoclonal antibody (mAb),
recognizes Signaling Lymphocytic Activation Molecule F7 (SLAMF7), a protein
highly expressed on myeloma cells and natural killer cells. Elotuzumab targets
and kills SLAMF7-expressing myeloma cells by direct activation of natural killer
cells with minimal effect on normal tissues. Elotuzumab demonstrated
enhanced activity when combined with bortezomib in a preclinical myeloma
model,’ and elotuzumab/bortezomib showed encouraging clinical activity in a
Phase 1 study.?

Aims: This Phase 2 open-label study (NCT01478048, CA204-009) aimed to
investigate the efficacy and safety of elotuzumab + bortezomib/dexamethasone
(Bd) compared with Bd alone in patients (pts) with relapsed/refractory multiple
myeloma (RRMM).

Methods: Pts with RRMM who had received 1-3 prior therapies were given
elotuzumab + Bd (EBd) or Bd in 21-day (Cycles 1-8) or 28-day Cycles (9+)
until disease progression or unacceptable toxicity. Dosing schedule: elotuzum-
ab (10 mg/kg 1V) weekly Cycles 1-2, Day 1 and 11 Cycles 3-8, then Day 1 and
15; bortezomib (1.3 mg/m2 IV/SC) Day 1, 4, 8, and 11 Cycles 1-8, then Day 1,
8, and 15; dexamethasone 20 mg on non-elotuzumab days, 8 mg PO + 8 mg
IV on elotuzumab days. The primary endpoint was progression-free survival
(PFS; ITT population) according to IMWG criteria. In this proof-of-concept study,
a 2-sided 0.30 significance level was specified to test for PFS difference
between arms; p<0.3 was considered significant. The study had 80% power to
detect a hazard ratio (HR) of 0.69 with 103 events. Informed written consent
was obtained for all participants.

Results: In total, 152 pts (median age 66 years) were randomized to either
EBd (77) or Bd (75). At data cut-off (12 Sep 2014), 18% of pts treated with
EBd vs 10% of pts treated with Bd remained on therapy. The median number
of treatment cycles was 12 with EBd and 7 with Bd. Discontinuation was mainly
for disease progression (52%). HR for PFS was 0.71 (70% CI 0.58, 0.87;
p=0.08). One-year PFS rate was 39% (95% CI 28%, 50%) in the EBd group
vs 32% (95% Cl 21%, 44%) in the Bd group, and 2-year PFS rate was 24%
(95% CI 13%, 36%) in the EBd group and 6% (95% CI 1%, 19%) in the Bd
group (Figure). PFS HR (EBd vs Bd), adjusting for prognostic factors, was
0.58 (70% Cl 0.47, 0.72; p=0.01). The median PFS observed with EBd was
9.7 months, vs 6.9 months with Bd. Overall response rate was 66% with EBd
vs 63% with Bd. Early overall survival (OS) results revealed a HR of 0.61
(70% CI1 0.43, 0.85); 1-year OS rate was 85% (95% CI 75%, 92%) in the EBd
group vs 74% (95% CI 62%, 83%) in the Bd group (Figure). Forty deaths (17
EBd, 23 Bd) were observed at the time of analysis, mainly due to disease
progression. Follow-up for OS continues. Grade 3/4 adverse events (AEs)
were reported in 51 (68%) pts with EBd treatment vs 45 (60%) with Bd. AEs
2Grade 3 that occurred in 215% of pts in each group were thrombocytopenia
(7 [9%] in EBd group; 13 [17%] in Bd group) and infections (14 [19%] in EBd
group; 11 [15%] in Bd group). Infusion reactions (IRs; all Grade 1-2) occurred
in 7% of pts treated with EBd. There were no IRs at the maximum planned 5
mL/min infusion rate.

NN 1-year PFS 2-year PFS s

B
g
wrveat

Figure 1. Progression-free survival (PFS) and overall survival (OS)

Summary and Conclusions: This study met the primary endpoint: PFS was
longer with EBd than with Bd. More pts continued on EBd than Bd and early
OS data favor EBd. Rate of IRs was low with EBd, and IRs were manageable
with premedication. In pts with RRMM, elotuzumab, an immunotherapeutic

2 | haematologica | 2015; 100(s1)

mAb, provides clinical benefit with limited added toxicity when combined with
Bd vs Bd alone.

References
1. van Rhee F et al. Mol Cancer Ther 2009;8:2616-24.
2. Jakubowiak A et al. J Clin Oncol 2012;30:1960-65.
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NEOD001 DEMONSTRATES CARDIAC AND RENAL BIOMARKER
RESPONSES IN A PHASE 1/2 STUDY IN PATIENTS WITH AL AMYLOIDOSIS
AND PERSISTENT ORGAN DYSFUNCTION

M. Liedtke®" H. Landau?, R. Comenzo3, D. Seldin4, B. WeissS, J. Zonder®,
J. Walling’, G. Kinney8, M. Koller®, M.A. Gertz®

1Stanford University School of Medicine, Stanford, 2Memorial Sloan-Kettering
Cancer Center, New York, 3Tufts Medical Center, 4Boston University, Boston,
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Background: Light chain (AL) amyloidosis results from an accumulation of
misfolded proteins that cause the dysfunction of vital organs (eg, heart and
kidneys). Current therapeutic approaches target the plasma cells that produce
the pathogenic light chain proteins and are typically associated with significant
adverse effects. There is a substantial need for a safe and effective therapy
that specifically targets the misfolded proteins responsible for the underlying
organ dysfunction. NEOD0O1, a monoclonal antibody that targets these mis-
folded proteins, is hypothesized to neutralize circulating soluble protein aggre-
gates and to clear insoluble aggregates from organs. We report data from a
phase 1/2 dose-escalation/expansion study of NEOD0O1 in patients with AL
amyloidosis and persistent organ dysfunction (NCT01707264).

Aims: The primary aims of this study were to determine the maximum tolerated
dose/recommended phase 2 dose (RP2D) and the safety and tolerability of
single-agent NEOD0O1 when administered to patients with AL amyloidosis.
Secondary and exploratory objectives included pharmacokinetics (PK),
immunogenicity, and hematologic and best organ responses based on con-
sensus criteria.

Methods: Patients who completed 21 previous anti—plasma cell systemic ther-
apy, had partial response or better, did not require additional chemotherapy,
and had persistent organ dysfunction received NEODO0O1 intravenously every
28 days (q28d). Dose levels of 0.5, 1, 2, 4, 8, 16, and 24 mg/kg were evaluated
in a 3+3 study design. Informed consent was obtained from all patients.
Results: As of September 30, 2014, 27 patients in 7 cohorts received 209 infu-
sions. Mean treatment duration was 8 months. No deaths, drug-related serious
adverse events (AEs), discontinuations due to drug-related AEs, dose-limiting
toxicities, or antidrug antibodies were reported. The most frequently reported
AEs were fatigue, cough, and dyspnea. 24 mg/kg was selected as the RP2D.
PK data support intravenous dosing q28d. Of the 14 patients evaluable for car-
diac biomarker assessment, 50% met criteria for cardiac response (NT-proBNP:
30% reduction), and 50% achieved disease stabilization (Figure). Of the 14
renal evaluable patients, 43% met criteria for renal response (24-hour urine
protein: 30% reduction), and 57% achieved disease stabilization (Figure).

Cardiac Evaluable Patients
N=14

50% Responders
60{ 50% Stable

NT-proBNP
% Change from Baseline

Renal Evaluable Patients
N=14

60 43% Responders*
57% Stable

Proteinuria
% Change from Baseline
&
S

-120

*1 responder subsequently experienced disease progression, and this patient is assessed
as a progressor based on any response criteria.

Figure 1. Change from baseline of cardiac response (NT-proBNP) and
renal response (24-hour urine protein) in organ-evaluable patients.



Summary and Conclusions: Monthly infusions of NEODOO1 were safe and
well tolerated. 24 mg/kg was the RP2D. The cardiac response rate was 50%,
and the renal response rate was 43%. These organ response rates compare
favorably to those reported with traditional chemotherapy. The phase 2 expansion
phase is ongoing. A phase 3 study has been initiated. Antibody therapy may
represent a new therapeutic platform for the management of AL amyloidosis.
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UPDATED OVERALL SURVIVAL ANALYSIS OF THE FIRST STUDY:
CONTINUOUS LENALIDOMIDE PLUS LOW-DOSE DEXAMETHASONE VS
MELPHALAN, PREDNISONE, AND THALIDOMIDE IN PATIENTS WITH
NEWLY DIAGNOSED MULTIPLE MYELOMA
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Background: The combination of melphalan, prednisone, and thalidomide
(MPT) is considered a standard treatment (Tx) option in many countries for
patients (pts) with newly diagnosed multiple myeloma (NDMM) who are inel-
igible for stem cell transplant (SCT). The FIRST trial is the largest prospective
phase 3 trial conducted in pts with NDMM ineligible for SCT. In this study,
patients were treated with lenalidomide plus low-dose dexamethasone admin-
istered until disease progression or unacceptable toxicity (Rd continuous),
Rd for 18 cycles (Rd18), or MPT for 12 cycles. At the planned primary analysis
for OS, Rd continuous was associated with improved progression-free sur-
vival (PFS) and an overall survival (OS) advantage vs MPT (Benboubker, N
Engl J Med, 2014).

Aims: This abstract presents an updated analysis of OS and other efficacy
measures that was not initially planned but was requested by regulatory
authorities.

Methods: Pts were randomized 1:1:1 to 1 of 3 Tx arms: Rd continuous (28-
day cycles), Rd18 (28-day cycles), or MPT for 12 cycles (42-day cycles). Eligible
pts (aged 218 yrs) had symptomatic NDMM and an Eastern Cooperative Oncol-
ogy Group performance status of 0-2 and were ineligible for SCT. Pts were
excluded if they had received prior anti-myeloma Tx, had specified laboratory
abnormalities, or had a history of malignancy, other than multiple myeloma,
within the past 3 yrs. The primary endpoint was PFS (Rd continuous vs MPT;
primary comparison). Secondary endpoints included OS, overall response rate,
and safety. Time from randomization to second disease progression (PFS2) or
death was included as an additional analysis.

Results: A total of 1623 pts were randomized; 535 pts received Rd continuous,
541 received Rd18, and 547 received MPT. At the time of data cutoff (March 3,
2014), 91 pts remained on Tx with Rd continuous. Across all Tx arms, 697 pts
(42.9%) died; 38.9% of pts treated with Rd continuous died compared with
42.1% and 47.7% of pts treated with Rd18 and MPT, respectively. With a medi-
an follow-up of 45.5 mos, median OS was 58.9 mos (95% ClI, 56.0-not evaluable
[NE]) with Rd continuous vs 56.7 mos (95% CI, 50.1-NE) for pts treated with
Rd18 and 48.5 mos (95% ClI, 44.2-52.0) for pts treated with MPT. For compar-
ison of OS with Rd continuous vs MPT, the hazard ratio (HR) was 0.75 (95%
Cl, 0.62-0.90). For the updated PFS analysis based on investigators’ assess-
ment, the median was 26.0 mos for pts treated with Rd continuous compared
with 21.0 mos with Rd18 and 21.9 mos with MPT. The HR between Rd contin-
uous and MPT was 0.69 (95% ClI, 0.59-0.80). The majority of second-line Tx
were bortezomib-based (55.7%). PFS2 events occurred in 58% of pts, and the
median PFS2 was extended with Rd continuous vs Rd18 and MPT (42.9 vs
40.0 and 35 mos, respectively), with an HR for Rd continuous vs MPT of 0.74
(95% Cl, 0.63-0.86). The mean durations of Tx for pts who received Rd contin-
uous, Rd18, and MPT were 22.5, 12.6, and 11.9 mos respectively. Updated
safety data will be presented.

Summary and Conclusions: The OS and PFS benefits observed in the orig-
inal analysis were maintained with Rd continuous. Rd continuous was better
tolerated than MPT. The safety profile remained consistent with the interim
analysis. Improvements in PFS2 suggest that the benefit of Rd continuous is
retained through second-line therapy without inducing resistance. These find-
ings confirm Rd continuous as a new standard of care for pts with NDMM inel-
igible for SCT.

Vienna, Austria, June 11 - 14, 2015

Treatment and outcome in non-Hodgkin
lymphomas
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S. Cortelazzo®" M. Martelli2, M. Ladetto3, S. Ferrero?, G. Ciccone®,
A. EvangelistaS, M. Mian®, A. Di Rocco?, A. Chiappella’, G. Rossi8, A. Re?,
P. L. Zinzanil0, M. Balzarotti!!, F. Cavallo4, C. Rusconi’2, M. Gotti'3,
L. Arcaini’3, M. Gobbi'4, M. Gomes'5, A. Molinari’6, A. M. Liberatil7,
M. Michieli18, G. Latte®, M. G. Cabras20, D. Novero?, M. Paulli?2, A. Zamo23,
M. Chilosi23, M. Federico24, U. Vitolo”

THematology, Unita di Oncologia Medica ed Ematologia, Istituto Clinico Human-
itas-Gavazzeni, Bergamo, 2Hematology, Dip. di Biotecnologie Cellulari ed Ema-
tologia, Universita “ Sapienza”, Roma, 3Hermatology, SC Ematologia, A.O. SS
Antonio e Biagio, Alessandria, #Hematology, S.C.D.U. Ematologia Universitaria,
A.O. Citta della Salute e della Scienza, SEpidemiology, CPO Piemonte Centro
di Riferimento per 'Epidemiologia e la Prevenzione Oncologica in Piemonte,
A.O. Citta della Salute e della Scienza, Torino, Italy, éHematology, Department
of Hematology and Oncology, Medical University of Innsbruck, Innsbruck, Aus-
tria, 7THematology, S.C. Ematologia, A.O. Citta della Salute e della Scienza,
Torino, 8Hematology, °Hermatology, S.C. di Ematologia, Spedali Civili, Brescia,
10Hematology, Ist. Di Ematologia ed Oncologia Medica “Seragnoli, Policlinico
S. Orsola Malpighi, Bologna, 1"Hematology, di Oncologia Medica ed Ematolo-
gia, Istituto Clinico Human, Rozzano, 12Hematology, Divisione di Ematologia,
Ospedale Niguarda, Milano, 13Hematology, Dipartimento di Ematologia Oncolo-
gia, Fondazione IRCCS Policlinico San Matteo, Pavia, 14Hematology, Clinica
Ematologica, IRCCS A.O.U. San Martino IST, Genova, ltaly, 15SHematology,
Departemento di Hematologia di InstitutoPortugues de Oncologia de Lisboa
Francisco Gentil, Lisboa, Portugal, '6Hematology, UO Ematologia, Ospedale
degli Infermi, Rimini, 77"Hematology, Struttura Complessa di Oncoematologia,
Ospedale Santa Maria, Terni, 180Oncology, Medica A. Centro di Riferimento
Oncologico, Aviano, 1®Hematology, U.O.C. Ematologia e CTMO Presidio
Ospedale S. Francesco, Nuoro, 20Hematology, Divisione di Ematologia,
Ospedale Businco, Cagliari, 2'Pathology, Anatomia Patologica, A.O. Citta della
Salute e della Scienza, Torino, 22Pathology, Sezione Anatomia Patologica,
Dipartimento Scienze Pediatriche e Patologia Umana, Pavia, 23Pathology,
Dipartimento di Patologia e Diagnostica, Universita di Verona e AOUI di Verona,
Verona, 240ncology, Dipartimento di Oncologia ed Ematologia, Universita di
Modena e Reggio Emilia, Policlinico, COM Centro Oncologico Modenese, Mod-
ena, ltaly

Background: In spite of the improvement of the disease control obtained with
the intensive chemo-immunotherapy in adult patients with MCL with or without
autograft (ASCT) the rate of relapse and death is still high. Recent data showed
that a therapeutic strategy including a maintenance in responding patients to
chemoimmunotherapy can prolong the response duration and clinical outcome
of MCL patients

Aims: In 2008 the Fondazione ltaliana Linfomi (FIL) designed the phase Il
trial MCL0208, to evaluate the efficacy and safety of lenalidomide as mainte-
nance therapy in patients with MCL achieving at least a Partial Response (PR)
after an upfront intensive chemotherapy with rituximab (R) and ASCT
(NCT02354313). This trial was approved by the Ethical Committee of all parte-
cipating centers. Herein, we present the analysis of clinical and molecular
response after the chemotherapy with Rituximab (R) and ASCT, one of the sec-
ondary objectives of MCL0208 study.

Methods: Adult patients aged<66 years, with advanced stage MCL without
clinically significant comorbidities are enrolled. The primary end-point of the
study is the 2-year PFS from randomization. Patients receive 3 cycles of R-
CHOP-21, followed by R-HDS which includes: R-high-dose cyclophosphamide
(R-HD-CTX) (4g/m2), 2 cycles of R-high-dose Ara-C (R-HD-Ara-C) (2g/m2
q12x3 d), followed by BEAM and ASCT. CD34+ cell harvest is performed after
the first course of R-HD-Ara-C. A second harvest will be performed after the
second course of R-HD-Ara-C, if prior harvest is PCR+. After ASCT, responding
patients are randomized between maintenance with lenalidomide (15 mg days
1-21 every 28 days) or observation for 24 months. Minimal Residual Disease
(MRD) is examined at diagnosis, after R-HDCT, before and after ASCT, during
maintenance/observation and during follow-up every six months. The total num-
ber of patients to be enrolled is 300.

Results: From May 2010 to November 2014, 260 patients have been enrolled
by 48 italian and 1 international (Lisboa, Portugal) cancer centers. The median
age was 57 years (IQR 51-61), predominantly male (80%) and the majority of
patients presented with adverse features such as: advanced stage (98%), poor
ECOG-PS (24%), bulky disease (>5 cm) (33%), elevated LDH (31%), BM infil-
tration (76%) and intermediate-high MIPI (53%). Nine percent of patients had
blastoid variant. Among the 260 enrolled patients, 187 completed R-HDS (72%).
Ultimately, 168 patients (65%) proceed to ASCT and 146 (56%) have been ran-
domized between lenalidomide or observation. At the time of the present analy-
sis according to Cheson (JCO 2007) of 202 patients evaluable for final response
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137 (68%) reached CR after RHDS and 156 (77%) after ASCT. Regarding
MRD a molecular marker was found in 87% of cases. Before ASCT a complete
molecular response (CMR) on PB and BM were 72% and 53% by nested PCR
and 80% and 67% by RQ-PCR. After ASCT CMR on PB and BM were 79%
and 50% by nested PCR and 86% and 73% by RQ-PCR. After a median fol-
low-up of 19 months the 2-year PFS and OS were 77% and 88%, respectively.
As expected with intensive regimens there was an hematological toxicity, par-
ticularly CTC grade 3-4 neutropenia (38% of cycles) and thrombocytopenia
(31% of cycles), but the infections were recorded only in 17% of patients and
the treatment-related deaths (TRD) were 1.6%.

Summary and Conclusions: RHDS with ASCT is a feasible regimen with lim-
ited toxicity in a multicenter setting and produces an high rate of durable
responses. These promising results are supported by the high rate of molecular
responses by RQ-PCR.
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IMPACT OF PRIOR TREATMENT ON PFS FOR RELAPSED/REFRACTORY
MANTLE CELL LYMPHOMA PATIENTS RANDOMIZED TO LENALIDOMIDE
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Background: Clinically meaningful and statistically significant improved activity
was shown for lenalidomide, an immunomodulator with antineoplastic and
antiproliferative effects, over single-agent investigator choice (IC) treatment in
the MCL-002 (SPRINT) study of relapsed/refractory (R/R) patients with mantle
cell lymphoma (MCL).

Aims: Evaluate the potential impact of prior therapy on progression-free sur-
vival (PFS) in R/R MCL patients randomized to lenalidomide vs IC.

Methods: Patients were randomized to lenalidomide (25 mg/day PO on days
1-21/28 days) or single-agent IC (rituximab, gemcitabine, fludarabine, chlo-
rambucil, or cytarabine). The primary endpoint of this phase Il study was PFS;
prespecified exploratory analyses of PFS by subgroups were conducted.
Results: Following a median of 2 prior therapies, 254 R/R MCL patients were
randomized 2:1 to lenalidomide (n=170) or IC (n=84). The preferred single-
agent IC therapy was selected for each patient prior to randomization. Overall,
the median PFS was significantly improved for lenalidomide vs IC (8.7 vs 5.2
months; HR=0.61, P=0.004). Exploratory analysis of PFS by central review
based on selected IC treatment showed that lenalidomide provided a reduction
in the risk of progression or death vs each IC treatment. Compared with
lenalidomide and taking into account small patient numbers per IC group, the
risk reduction in PFS was 22% vs rituximab (n=27), 56% vs gemcitabine
(n=20), 42% vs fludarabine (n=18), 43% vs chlorambucil (n=11), and 8% vs
cytarabine (n=8). Subgroup analysis of PFS by central review based on prior
treatment-related subgroups favored the use of lenalidomide overall. Several
subgroups showed statistically improved PFS for lenalidomide over IC, includ-
ing patients with 22 prior systemic antilymphoma therapies, >1 prior relapse,
refractory to last prior treatment, prior rituximab exposure, no prior hyperC-
VAD+rituximab or stem cell transplantation, 26 months time from last therapy
(2230 days from last prior rituximab), and <3 years from diagnosis to study
treatment. The only category without risk reduction (but statistically insignifi-
cant) was 24 prior systemic antilymphoma therapies, partly explained by low
patient numbers in each arm. Treatment group was the main effect associated
with significantly better PFS by univariate Cox regression analysis (HR=0.619;
P=0.004), and was highly significant in the multivariate analysis (HR=0.384).
Other factors associated with significantly better PFS by both univariate and
multivariate analysis were <3 prior systemic antilymphoma therapies, and
2230 days from last prior rituximab.

Summary and Conclusions: Subgroup and regression analyses of the pri-
mary study endpoint PFS showed superiority for lenalidomide over IC therapy
in providing consistent clinical benefit in patients with R/R MCL irrespective of
prior treatment history.
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LONG-TERM OUTCOME OF 490 PATIENTS WITH EARLY-STAGE
EXTRA-NODAL MARGINAL ZONE LYMPHOMA
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Background: Localized early-stage extra-nodal marginal zone lymphoma
(MZL) presents with heterogeneous organ involvement and is treated with var-
ious modalities, including resection, radiotherapy, and, infrequently, systemic
therapy. We report the long-term outcome of a large cohort of extra-nodal MZL
and assess the impact of patient and disease characteristics, organ site, and
treatment strategy on disease control and survival.

Aims: To study patient characteristics and long-term outcome of a large cohort
of patients with early-stage localized extra-nodal marginal zone lymphoma
Methods: We identified 490 consecutive patients with stage IE or IIE MZL
referred between 1992 and 2012 to Memorial Sloan Kettering Cancer Center.
Pathology was confirmed by hematopathologists at our institution. Patient and
disease factors as well as treatment types were analyzed for association with
relapse-free survival (RFS), overall survival (OS), and cumulative incidence
of relapse.

Results: Median follow-up was 4.8 years. Median patient age was 60 years
and 57% were female. Ann-Arbor stage was IE in 89%. Most common sites
were stomach (32%), orbit (14%), lung (12%), skin (12%), and parotid (5%).
Radiotherapy alone (RT) was the initial treatment in 50% of patients, followed
by surgical resection (30%), observation (9%), immunotherapy (4%), and
chemotherapy (2%). Five-year OS and RFS were 90% and 64%, respectively;
10-year OS and RFS were 73% and 45%. Disease-specific death was 1.3% at
5 years and 1.8% at 10 years. Cumulative incidence of progression/relapse
was 29% by 5 years and 39% by 10 years. Amongst the 384 patients with com-
plete response (CR), 99 patients experienced relapse. On multivariable analy-
sis, initial treatment type and primary disease site were independently associ-
ated with RFS and relapse (all p<0.005). All disease sites (HR>2.0, p<0.01)
except for thyroid (p=0.8) had worse RFS relative to stomach. Compared with
RT, chemotherapy or immunotherapy had worse RFS (HR 2.2, p=0.004) while
surgery was no different (p=0.52). After RT, only 11 patients experienced in-
field failure, with a 5-year cumulative incidence of 2.4%. Most common location
of relapse after CR was distant; relapses were also observed in paired untreat-
ed organs, such as the orbit, salivary gland, and breast. Crude rate of trans-
formation to pathologically-confirmed large-cell lymphoma was 2% (11
patients). Second tumors in irradiated sites developed in 3 patients: 2 of these
were breast ductal carcinoma in situ cured with surgical resection.

Summary and Conclusions: Overall and cause-specific survival are excellent
in early-stage extra-nodal MZL. Treatment with RT or surgery was associated
with longer RFS and reduced the need for salvage. Relapses are common
after initial remission, and most frequently occur in distant sites. Transformation
to large cell ymphomas is rare. Stomach cases are less likely to relapse than
other anatomic primary sites, perhaps in part because the entire organ is irra-
diated, versus other sites that are either bilateral or where only part of the
organ is treated, such as the skin and lung. This study supports the use of
local therapies to treat stage IE and IIE MZL.
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A DOSE-ESCALATION STUDY OF THE BCL-2 INHIBITOR VENETOCLAX
(ABT-199/GDC-0199) PLUS BENDAMUSTINE (B) AND RITUXIMAB (R) IN
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Background: Venetoclax is a selective, potent, orally bioavailable BCL-2
inhibitor that has shown single agent activity in patients with R/R NHL. The
current study evaluates venetoclax in combination with an immunochemother-
apy regimen, BR, an active regimen widely used to treat patients with NHL.
Aims: The primary objectives were to assess safety, pharmacokinetics (PK),
and determine the maximum tolerated dose (MTD) and recommended Phase
2 dose of the combination. Secondary objectives evaluated preliminary efficacy.
Methods: Dose escalation used a 3+3 design on a 28 day (d) cycle (C) with 3
venetoclax schedules: 3, 7, and 28 d/C. The BR regimen was 6 C: B (2 d/C,
90mg/m?2) and R (1 d/C, 375mg/mZ2). DLTs for dose escalation were assessed
during C1. Responses were first assessed on C3 d1. Patients who completed
venetoclax + BR with continued tolerability and without disease progression
could continue venetoclax monotherapy up to 2 yrs.



Results: As of January 9 2015, 33 patients were treated: 20 (61%) FL, 10
(30%) DLBCL, and 3 (9%) MZL. The median age was 62 (29-90) yrs. All had
prior R or R-combination, of which 32 (97%) had R-based chemotherapy and
8 (24%) had prior B or BR. Sixteen (48%) patients are active; 17 discontinued
(12 PD, 2 AE, 1 withdrew consent, 1 non-compliance, and 1 completed the
induction regimen). Median time on study was 90 d (1-876); 15 (45%) com-
pleted 6 C of the combination. The most common AEs (in >25%) were nausea
(58%), anemia, neutropenia (each 42%), thrombocytopenia, diarrhea (each
39%), hyperglycemia (36%), and vomiting, hypokalemia, fatigue (each 27%).
The most common grade 3/4 AEs (in >10%) were neutropenia (30%),
leukopenia, thrombocytopenia, lymphopenia (each 21%), and anemia (18%).
The most frequent SAE was febrile neutropenia (9%). There were no drug-
related AEs that led to death. DLTs are summarized in the table. Preliminary
PK results suggest that co-administration of BR did not significantly impact
venetoclax PK. Twenty-nine patients were evaluable for objective response:
6 (21%) CR and 13 (45%) PR. The ORR was 66% in all patients and 74% in
patients with FL.

Tabella 1.

Cohort 1 2 3 4 5 6 ” 8
Patients, n 4 4 4 3 3 4 5 6
Venetoclax, mg 50 100 100 100 200 200 400 400
Schedule, d/C 3 3 7 28 28 7 7 28
DLTs, n

Thrombocytopenia 1

Febrile neutropenia 1

Stevens-Johnson Syndrome® 1
#post-amendment to G-CSF prophylaxis and DLT criteria; ®Primary reasonable possibility due to allopurinol; pt
dISC d

Summary and Conclusions: Preliminary data demonstrate a tolerable safety
profile of venetoclax + BR. Early responses were seen across all cohorts in
this heavily pretreated patient population. The MTD has not been reached;
cohort 9 is enrolling at 600 mg 28 d/C.
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Background: Extranodal natural killer/T-cell lymphoma (ENKTL), nasal type,
is a rare type of non-Hodgkin lymphoma with poor prognosis because tumor
cells are frequently resistant to anthracycline-containing chemotherapy such
as CHOP due to expression of the multidrug-resistant p-glycoprotein. As a
result, the treatment strategy for ENKTL has changed to non-anthracycline
based regimens such as SMILE (steroid, methotrexate, ifosfamide, L-asparag-
inase, and etoposide) with or without radiotherapy. Thus, concurrent chemora-
diotherapy followed by non-anthracycline based chemotherapy is recommend-
ed for localized disease whereas intensified chemotherapy such as SMILE is
for advanced disease. However, there is no proven prognostic model for ENKTL
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in the era of this new treatment strategy because previous prognostic models
were developed by analyzing patients who were treated with CHOP or CHOP-
like regimens.

Aims: This study is to explore risk factors for poor progression-free survival
(PFS) and overall survival (OS) in ENKTL, and establish a prognostic model
for ENKTL patients treated with non-anthracycline based treatment.
Methods: This is a retrospective cohort study using anonymized information from
patients with ENKTL. The following criteria are required: (1) Patients diagnosed
with ENKTL, nasal type between January 1, 1995 and December 31, 2012; (2)
Patients treated with non-anthracycline based therapy as an initial treatment. The
pathology of initial diagnosis was reviewed by designated pathologists.

Results: The data of 557 patients were from 32 hospitals from six Asian coun-
tries (Korea, Japan, Hong Kong China, Singapore, Taiwan, and Malaysia) and
6 hospitals from five Western countries (France, Germany, Denmark, Sweden,
and USA). Thirty cases were excluded from the analysis due to following rea-
sons: Missing follow-up data, different pathology from ENKTL, and different
treatment regimens containing anthracycline. Thus, 527 patients were analyzed,
and male (n =341) was predominant compared to female (n =186). 70% of
patients were <60 years at diagnosis whereas 30% was older than 60 years.
Two-thirds of patients had stage I/ll (n =346) and nasal tract was most com-
monly involved extranodal site (n =421, 80%). Bone marrow involvement was
observed in 83 patients (16%), and distant lymph nodes were involved in 86
patients (16%). With a median follow-up of 45 months (IQR: 22-65 months),
306 patients (58%) were alive at the time of analysis and the event of progres-
sion-free survival occurred in 272 patients including relapse or progression (n
=187). The median OS was 76 months (95% CI: 51-101 months) and PFS was
32 months (95% CI: 20-45 months). The multivariate analysis for OS and PFS
showed a significant association of four parameters with survival outcomes:
age >60, stage Ill/IV, distant lymph node involvement, and non-nasal tract
involvement (P <0.001). Thus, the prognosis of patients with age >60, stage
II/IV and distant lymph node involvement was poor, and patients who did not
involve nasal tract also showed worse OS and PFS than patient with nasal
tract involvement. Thus, we gave one score for each parameter. According to
the sum of scores, patients with score 0 or 1 were grouped as low risk, score
2 was intermediate, and score 3 or 4 was high risk. This new risk model showed
a strong association with OS and PFS (Figure 1). Among 328 patients who
were initially evaluated for EBV DNA in blood, 189 patients (58%) showed
detectable level of EBV DNA. The multivariate analysis including EBV DNA
titer focused on these 328 patients showed that aforementioned four parame-
ters and the presence of EBV DNA were independently associated with OS
and PFS. Thus, we proposed another risk model for patients who had EBV
DNA data with these five parameters consisting of low (score 0/1), low-inter-
mediate (score 2), high-intermediate (score 3), and high risk (score 4/5).

1.04 10
08 Fos-
= H
s a Low
L g 06
) = Vs
- IO L = )
So4d Intermediate 2 04 i, SO hln'telr_rnedmte
8 g
5
2
2 02+
N = High
High
oo P <0.0001 co4 P<0.0001
T T T T T T T T T T
° 20 0 60 80 o 0 40 (] 0
Months Months
Figure 1.

Summary and Conclusions: Our multinational, multicenter retrospective study
proposed a new prognostic model for newly diagnosed ENKTL patients who
were treated with non-anthracycline based treatment. It consists of age >60,
stage IlI/1V, distant lymph node involvement, and no involvement of nasal tract.
Our finding will be validated by currently ongoing study with an independent
cohort including China.
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CHIMERIC ANTIGEN RECEPTOR (CAR)-MODIFIED T CELLS TARGETING
CD19 INDUCE SUSTAINED REMISSIONS IN CHILDREN AND YOUNG
ADULTS WITH RELAPSED/REFRACTORY ALL

S. Maude™’” P. Shaw?, R. Aplenc!, D. Barrett!, C. Barker?!, C. Callahan?,
C. Grupp', S. Lacey?, B. Levine2, J. Melenhorst2, L. Motley!, S. Rheingold?,
D. Teachey', C. June2, S. Grupp'

1The Children’s Hospital of Philadelphia, 2University of Pennsylvania, Philadel-
phia, United States

Background: Relapsed/refractory pediatric acute lymphoblastic leukemia
(ALL) poses a substantial therapeutic challenge. Targeted immunotherapy
using chimeric antigen receptor (CAR)-modified T cells combines the specificity
of an antibody’s single chain variable fragment (scFv) with intracellular T cell
signaling domains, delivering T cells with potent cytotoxicity to antigen-express-
ing tumor cells. We previously reported complete remissions and prolonged
persistence in children and adults with ALL treated with CD19-specific CART
cells (CTLO19). We now report on outcomes and longer follow-up of the first
40 patients with relapsed/refractory ALL treated on the pediatric trial of CTL019
in the largest cell therapy experience reported to date.

Aims: Establish the safety and efficacy of CTL0O19 for patients with
relapsed/refractory CD19+ ALL.

Methods: After informed consent, T cells collected from the patient were trans-
duced with a lentiviral vector encoding a CAR composed of anti-CD19 scFy,
CD3z, and 4-1BB domains, activated/expanded ex vivo with anti-CD3/anti-
CD28 beads, cryopreserved, and then infused. 35/40 patients received lym-
phodepleting chemotherapy the week prior to cell infusion.

Results: Of 40 patients aged 5-22y (median 11y) with CD19+ ALL, 33 had
detectable disease prior to CTL019 cell infusion, while 7 were negative for min-
imal residual disease (MRD). 28 had relapsed after prior stem cell transplan-
tation (SCT). A median of 3.6x106 CTL019 cells/kg (0.98-17x108/kg) were
infused in 1-3 fractions. At assessment 1 month after infusion, 37/40 (93%)
were in a complete remission (CR). MRD <0.01% by flow cytometry was
achieved in 34 patients. A CR rate of 86% was achieved in 22 patients with an
M3 marrow (>25% marrow lymphoblasts) at infusion. With median follow-up 7
mo (1-31 mo) as of January 1, 2015, 26 patients had ongoing CR, with only 5
receiving subsequent therapy (1 donor lymphocyte infusion [DLI], 4 SCT), 6-
month EFS was 72% (95% Cl, 59-89%), and OS was 77% (95% Cl, 64-92%).
CTLO19 cells were detected in the CSF and 4 patients with CNS2a disease at
infusion have experienced ongoing CRs in CSF. Ten patients subsequently
relapsed, 5 with CD19(-) disease. CTL019 persistence was accompanied by
B cell aplasia, which continued up to 30 months in patients with ongoing CR.
Cytokine release syndrome (CRS) was seen in almost all (37) patients. Dra-
matic elevations in ferritin were observed, suggesting an association of
macrophage activation syndrome with CRS. Severe CRS requiring hemody-
namic or respiratory support occurred in 33% of patients, was associated with
high pre-treatment disease burden and with elevations in CRP and IL6 after
infusion. Severe CRS was rapidly reversed in each case with the anti-IL6R
agent tocilizumab, demonstrating the importance of IL6 in driving CRS.
Summary and Conclusions: Single-agent CTL019 immunotherapy can
induce potent and durable responses in patients with relapsed/refractory ALL.
CRS was effectively controlled with IL6 blockade. Long-term disease control
is possible without subsequent stem cell transplantation.

S$112

EFFICACY AND SAFETY OF CD19-TARGETED 19-28Z CAR MODIFIED T
CELLS IN ADULT PATIENTS WITH RELAPSED OR REFRACTORY B-ALL
J. Park?." I. Riviere, X. Wang?, Y. Bernal, T. Purdon, E. Halton?, K. Curran?,
C. Sauter!, M. Sadelain?, R. Brentjens’

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

Background: Adult patients with relapsed or refractory (R/R) acute lym-
phoblastic leukemia (ALL) have dismal prognosis. We previously reported high
anti-tumor activity of autologous T cells genetically modified to express 19-28z
chimeric antigen receptor (CAR) targeting CD19 in adult patients with ALL.
Aims: Herein, we report the long-term outcome of our phase | clinical trial in
adults with R/R ALL (NCT01044069).

Methods: Adult patients with R/R B-ALL underwent leukapheresis, and T cells
were transduced with a gammaretroviral vector encoding a CAR construct
composed of anti-CD19 scFv linked to CD28 and CD3( signaling domains (19-
28z). All patients received conditioning chemotherapy followed by 1-3x106 19-
28z CAR T cells/kg.

Results: 33 patients have been treated, and 32 patients are evaluable for
response. The median age was 54 years (range, 22-74). 12 patients (36%)
had Ph+ ALL, 11 patients (33%) had prior allogeneic stem cell transplant (allo-
SCT), and 14 patients (42%) had =3 prior lines of therapy. At the time of CAR
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T cell infusion, 16 had morphologic disease (>5% blasts in BM) and the remain-
ing 16 patients had minimal residual disease (MRD). 13/16 patients with mor-
phologic disease (81%) and 16/16 patients with MRD (100%) were in complete
remission (CR) after 19-28z CAR T cell infusion, yielding an overall CR rate of
91% (29/32). Of the 28 MRD evaluable patients, MRD negative CR rate was
82%. 11 patients underwent allo-SCT following the CAR T cells. As of 1/25/15,
the median follow-up was 5.1 months (range, 1.0-37.6+), with 14 patients hav-
ing 26 months of follow-up. 6-month overall survival (OS) rate of all patients
was 58% (95% CI: 36-74). Among the patients who achieved CR, OS rate at
6 months for patients who had allo-SCT vs no allo-SCT following CAR T cells
was 70% (95% CI: 33-89) vs 61% (95% CI: 29-82; p=0.30). Severe cytokine
release syndrome (sCRS) requiring vasopressors or mechanical ventilation for
hypoxia was observed in 7 patients, effectively managed with IL-6R inhibitor
and/or corticosteroids.

Summary and Conclusions: 19-28z CAR T cells can induce a high CR rate
of 91% in adult patients with R/R ALL. The risk of SCRS correlates with disease
burden and can be effectively managed. These findings strongly support the
use of 19-28z CAR T cells in adults with R/R ALL and warrants investigation in
a phase 2 trial.
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NILOTINIB IN COMBINATION WITH CHEMOTHERAPY FOR FIRST-LINE
TREATMENT IN ELDERLY PATIENTS WITH PHILADELPHIA-POSITIVE
ALL: RESULTS OF THE EUROPEAN WORKING GROUP FOR ADULT
ALL(EWALL-PH-02)
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Background: Tyrosine kinase inhibitors such as imatinib induce a high rate of
complete hematologic remission (CHR) in Philadelphia positive (Ph+) acute
lymphoblastic leukaemia (ALL), but the overall prognosis particularly in elderly
patients (pts.) remains poor, primarily due to relapse. Nilotinib is a potent ABL
kinase inhibitor (TKI) approved for treatment of CML. Data on its efficacy in
Ph+ ALL are limited.

Aims: The EWALL (European Working Group for Adult ALL) initiated a prospec-
tive, investigator-initiated multicenter European clinical trial to examine the effi-
cacy and safety of nilotinib in conjunction with a chemotherapy backbone in
elderly patients (above 55 years of age) with newly diagnosed Ph+ ALL.
Methods: Male or female pts. >55 years with untreated Ph+ and/or BCR-ABL1
positive ALL were eligible if they had a WHO performance status of 0-2, ade-
quate organ function and had signed written informed consent. The trial was
conducted in accordance with the principles of the Declaration of Helsinki and
was approved by the ethics committees of all participating centres (registered
under NCT01528085). After a pre-phase with dexamethasone (Dex) and
cyclophosphamide (optional), nilotinib was administered at 400 mg BID and
given continuously thereafter. During induction, nilotinib was combined with
vincristine (VCR) and Dex, repeated weekly for 4 weeks. Consolidation cycles
consisted of nilotinib 400 mg BID, methotrexate (MTX) and asparaginase for
cycles 1, 3 and 5 and cytarabine for cycles 2, 4 and 6. Maintenance phase
consisted of nilotinib, 6-MP, MTX and Dex/VCR. The primary end-point is the
rate of pts. without an event (defined as relapse, death, SAE or study treatment
discontinuation) at 12 months, secondary endpoints were the rate of CHR after



induction, death during induction or in CHR, event free (and overall) survival,
the rate of molecular response defined by BCR-ABL/ABL ratios <0.1% (MMR)
and <0.001% (CMR), respectively.

Results: As of December 2015, 56 pts. (25 male, 31 female) have been
enrolled. Median age is 65 years (55-85 years), twelve pts. are older than 70
years of age. To date, all pts. are evaluable for safety and 47 pts. are evaluable
for efficacy. The CHR rate is 87 %, one pt. was refractory (2%), one pt. had a
partial remission (2%). One pt. died during induction therapy (2%), three pts.
discontinued therapy before CR evaluation. With a median follow-up of 5.5
months, 34 of the 41 pts. who achieved CR are in CCR and 3 pts. relapsed,
two of whom had discontinued study treatment to undergo allogeneic SCT. 11
pts. with documented induction response have discontinued study treatment
prematurely because of transfer to allogeneic SCT, as explicitly permitted by
the protocol. 9 pts. of them are transplanted. 11 pts. discontinued for various
other reasons. The rate of molecular remission (MMR) after induction (25 pts.
evaluable) was 45.5 %, with 5 pts. having undetectable BCR-ABL1 transcripts.
During consolidation, 30 of 40 pts. (80%) had a MMR, and BCR-ABL transcripts
were undetectable in 10 of 40 pts. (20%). Tolerability has been acceptable.
Infectious events and neutropenic fever predominated, individual SAEs included
metabolic, cardiovascular, neurologic, renal and hepatic events.

Summary and Conclusions: Nilotinib in conjunction with chemotherapy
according to the EWALL-PH-02 protocol is highly effective and well tolerated
in elderly pts. with newly diagnosed Ph+ ALL. Molecular response rates are
high and MRD levels in responding pts. continue to decrease with time.
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INOTUZUMAB OZOGAMICIN IN COMBINATION WITH LOW-INTENSITY
CHEMOTHERAPY (MINI-HYPER-CVD) FOR THE FRONTLINE THERAPY IN
ELDERLY PATIENTS (260 YEARS) WITH ACUTE LYMPHOBLASTIC
LEUKEMIA (ALL)

E. Jabbour!", S. O’Brien2, D. Thomas', K. Sasaki!, G. Garcia-Manero?,
M. Konopleva®, T. Kadia', F. Ravandi', G. Borthakur?, R. Garris', J. Cortes?,
H. Kantarjian?

1Leukemia, MD Anderson Cancer Center, Houston, 2Leukemia, University of
California, Irvine, Irvine, United States

Background: Older patients (pts) with ALL have a significantly worse outcome.
This is primarily due to poor tolerance of intensive chemotherapy. Addition of
targeted non-myelosuppressive therapy to effective low-intensity chemotherapy
might improve outcome. CD22 expression occurs in >90% of pts with ALL. Ino-
tuzumab ozogamicin (INO) is a CD22 monoclonal antibody bound to a toxin,
calecheamicin, and has shown single-agent activity in relapsed/refractory ALL
(Kantarjian et al. Lancet Oncology 2012).

Aims: To determine the efficacy of INO in combination with mini-hper-CVD
assessed by objective response rate, progression-free, and overall survival
and to assess the side effects of this treatment.

Methods: Pts 260 years (yrs) with newly-diagnosed B-cell ALL were eligible.
The chemotherapy was lower intensity than conventional hyper-CVAD and
referred to as mini-hyper-CVD (cyclophosphamide and dexamethasone at 50%
dose reduction, no anthracycline, methotrexate at 75% dose reduction, cytara-
bine at 0.5 g/m2 x 4 doses). Rituximab and intrathecal chemotherapy were
given for first 4 courses. INO was given on Day 3 of each of the first 4 courses.
The first 6 pts received 1.3 mg/m? for cycle 1 followed by 0.8 mg/m?2 for sub-
sequent cycles; Pts 7 onwards received 1.8 mg/m? for Cycle 1 followed by 1.3
mg/m?2 for subsequent cycles.

Results: Thirty-three pts (20 men, 13 women) have been treated so far. Pts
characteristics and outcome are summarized in Table 1. Median age is 69
yrs (range, 60-79). Median follow-up is 15 months (mos) (range, 2-35). Of
the 30 pts evaluable for response (three pts started in CR; two achieved
with single-agent steroids and one with one course of HCVAD), 29 pts (97%)
achieved CR/CRp (24 CR, 5 CRp). All pts achieving CR have also achieved
flow-cytometric MRD negative status, in 79% at the time of CR achievement.
Grade 3-4 toxicities included infections (n=29; 88%), prolonged thrombocy-
topenia (n=25; 76%), hyperglycemia (n=17; 52%); hypokalemia (n=11; 33%);
increased bilirubin (n=8; 24%); increased ALT (n=7; 21%), and intracranial
hemorrhage (n=4; 12%). Grade 2 veno-occlusive occurred in 2 (7%) pts
(7%). At the last follow-up, 24 (73%) pts are alive, and 23 (70%) are in CR.
Nine (27%) pts died: 1 had primary refractory ALL and died after the first
salvage; 2 relapsed after receiving 3 and 2 courses only due to prolonged
myelossuppression and died of disease progression; and 6 died in CR from
pneumonia complications (n=1), sepsis and multiple organ failure (n=1),
gun-shot wound (n=1), renal failure and metabolic encephalopathy (n=1),
complications due to dementia (n=1), and unknown (n=1). One pt received
allogeneic stem cell transplantation. The 2-year progression-free survival
and overall survival rates were 85% and 70%, respectively. The mini-hyper-
CVD (n=33) appears superior to the historical HCVAD +/-rituximab (n=46)
in similar patient population (2-year survival rates 78% and 38%, respec-
tively; Figure 1).
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Figure 1. Survival with mini-HCVD-INO vs HCVAD +/-Rituximab in frontline
ALL

Tabella 1. Patient characteristics and outcome

Parameter Category N (%)/Median [Range]
Follow-up (mos) 15[2-35)
Age (yrs) 69 [60-79]
Performance Status 0-1 29(88)
(ECOG)
WBC 3.5[0.6-111.0]
Karyotype Diploid 9(33)
Miscellaneous 18 (55)
Insufficient metaphases/ Unknown 4(12)
cD22 98 [72-100)
cD20 =20% 23133 (T0%)
CR 24 (80)
CRp S(17)
No response 1(3)
ORR 29(97)
Cytogenetic CR 17 abnormal at start 17 (100)
Neg MRD
at D21 (Snotdone /3 CR at start) 19(79)
overall 32(100)
Early death 0
2-year PFS % 85
2-year0S % 70

Summary and Conclusions: The combination of INO with low-intensity mini-
hyper-CVD chemotherapy is safe and shows encouraging results (96%
CRJ/CRp) in the frontline setting in older pts with ALL. These results appear to
be better than those achieved with a chemotherapy alone approach and may
become the new standard of care for frontline treatment of older pts with ALL.
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BLINATUMOMAB SAFETY AND ACTIVITY IN OLDER PATIENTS WITH
RELAPSED/REFRACTORY B-PRECURSOR ACUTE LYMPHOBLASTIC
LEUKEMIA IN TWO PHASE 2 STUDIES

H. Kantarjian!." A. Stein2, R. Bargou3, C. Grande#, R. Larson5, M. Stelljes®,
J. Benjamin?, C. Jia?, M. Topp®

1Department of Leukemia, MD Anderson Cancer Center, University of Texas,
Houston, TX, 2City of Hope, Duarte, CA, United States, 3Wiirzburg University
Medical Center, Comprehensive Cancer Center Mainfranken, Wirzburg, Ger-
many, 4Hospital Universitario 12 de Octubre, Madrid, Spain, SUniversity of
Chicago, Chicago, IL, United States, 8University of Muenster, Muenster, Ger-
many, ’Amgen Inc., Thousand Oaks, CA, United States, 8Universitatsklinikum
Wirzburg, Wirzburg, Germany

Background: Treatment options for older patients with relapsed/refractory
acute lymphoblastic leukemia (ALL) are limited. Blinatumomab is a bispecific
T-cell engager (BiTE®) antibody construct that directs cytotoxic T cells to CD19-
expressing B cells, and is approved in the US for treatment of Ph-negative
relapsed/refractory ALL. In two phase 2 adult studies of blinatumomab (Topp
MS, et al. J Clin Oncol. 2014;32:4134-40; Topp MS, et al. Lancet Oncol.
2015;16:57-66), 69% and 43% of patients, respectively, achieved complete
response (CR) or CR with partial hematologic recovery (CRh*).

Aims: We report pooled data for the combined subsets of older patients (265
years).

Methods: Patients with relapsed/refractory, Ph-negative B-precursor ALL
received open-label blinatumomab by continuous intravenous infusion (4 weeks
on/2 weeks off). Patients achieving CR or CRh* after two cycles could receive
three consolidation cycles. Response was assessed by bone marrow aspiration
and complete blood count with differential. CR required blasts <5%, ANC
>1000/pL and platelets >100,000/uL. CRh* required blasts <5%, ANC >500/uL
and platelets >50,000/uL. Minimal residual disease (MRD) was detected by
ASO-PCR of Ig heavy chain loci.

Results: A total of 36 older patients (median age 70 years, range 65-79)
received blinatumomab for a median (range) of 2 (1-6) cycles. Twenty (56%)
patients achieved best response of CR/CRh* within two cycles, including 14
(39%) CR and 6 (17%) CRh*. Among patients who responded to blinatumomab,
16 (80%) had an MRD response; of these, 12 (60%) had complete MRD
response (undetectable MRD) and 4 (20%) others had detectable MRD but
with <10™4blasts. With median follow-up of 18.2 months, median (range)
relapse-free survival was 7.4 (1.0-34.0) months. With median follow-up of 29.4
months, overall survival among patients was 5.5 (0.3-41.9) months. Ten (28%)
patients were alive at last follow up, including 6 in sustained remission. Two
(10%) of the patients who responded to blinatumomab underwent allogeneic
hematopoietic stem cell transplantation (HSCT) after blinatumomab therapy.
Treatment-emergent adverse events (AE) CTCAE grade 23 were reported for
31 (86%) patients, most commonly febrile neutropenia (22%) and neutropenia
(19%). Neurologic AE occurred in 26 (72%) patients, including grade 23 events
for 28%. One (3%) patient had grade 23 cytokine release syndrome. Of 7 fatal
AEs reported in patients, none were considered related to treatment.
Summary and Conclusions: Older patients (=65 years) with relapsed/refrac-
tory ALL in two phase 2 studies of single-agent blinatumomab had similar treat-
ment responses and tolerability compared with patients in the overall study
populations.
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Molecular pathogenesis of AML
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CLONAL ARCHITECTURE DEFINES DISTINCT MECHANISMS FOR
ACCUMULATION OF GENOMIC OR CHROMOSOMAL LESIONS IN ACUTE
MYELOID LEUKEMIA
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TUMR_S 938, CDR Saint-Antoine, Sorbonne Universités, UPMC Univ Paris
06, 2Hépital Saint-Antoine, Service d’Hématologie clinique et de thérapie cel-
lulaire, 3Hopital Saint-Antoine & Hopital Armand-Trousseau, Service d’héma-
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Background: Mutations in epigenetic regulators such as DNMT3A, TET2, and
ASXL1 have been shown to occur with ageing, leading to clonal pre-leukemic
hematopoiesis, which may evolve into acute myeloid leukemia (AML) once
additional lesions have accumulated. Studies of clonal architecture and pre-
leukemic hematopoietic stem cells (HSCs) of AML with normal karyotype sug-
gest that DNMT3A mutations, but not other sub-clonal mutations, are the pre-
leukemic initiating events and the hallmark of relapse reservoir.

Aims: It is unknown whether AML carrying other mutations or chromosomal
lesions have a clonal architecture and reservoirs of pre-leukemic HSCs similar
to those of DNMT3A mutant AML. To address this point we analyzed the clonal
architecture and evolution at relapse of a series of AML with both normal and
abnormal karyotype, i.e. MLL rearrangement, t(8;21), inv(16), del(20q), +8,
del(7), and complex karyotype (CK).

Methods: Molecular and cytogenetic analyses were performed at time of diag-
nosis (n=58 patients) and relapse (n=20). Exome analysis (n=9) and targeted
sequencing (122 genes, n=53) were performed using lllumina platforms. Vari-
ants were validated by Sanger sequencing. Somatic mutations were assessed
using remission samples or T cells. Cells from 14 patients (8 with abnormal
karyotype) were grown in methylcellulose and individual colonies were picked
for genotyping and FISH analysis.

Results: We found 234 lesions (median=4/patient) including 190 mutations in
60 genes. 36% of lesions target epigenetic regulators (DNMT3A, TET2/3,
IDH1/2, MLL, polycombs, del(20q)), with a frequent (34%) occurrence of mul-
tiple epigenetic events. 24 % of lesions involve proliferative events (FLT3, RAS
signalling, +8), and 17% affect transcription or splicing factors, NPM1, and
ubiquitin ligases. Mutations in other pathways (NOTCH, WNT, DNA repair,
cohesin), CBF translocations, and other chromosomal abnormalities account
for 22% of the total. FISH and genotyping analysis of 1,873 individual colonies
revealed that lesions involving epigenetic regulators, including MLL and 20q
rearrangements, occur frequently as first events (11/14). Analysis of variant
allele frequencies (VAF), FISH results, and relapse samples allowed us to build
the clonal phylogeny for 38 of the 44 remaining AML. Overall, a recurrent order
of events was observed, with CBF translocations and epigenetic abnormalities
as first events (37/52) and signalling or proliferation lesions as last ones (29/52).
In 17 cases this order was not observed, suggesting a distinct mechanism of
leukemogenesis, especially in patients with CK or chromosome 7 abnormalities
(n=7). Clonal composition changed in 14/20 samples at relapse. In one patient,
a second AML occurred on donor transplanted cord blood HSCs. In another
patient, a chronic myelo-monocytic leukemia developed after 9 years on an
ASXL1-mutant minor clone already detected at time of diagnosis. Changes in
relative VAF of IDH1, IDH2, TET3, WT1, NF1, and ZRSR2 variants were
observed in 5 patients. Seven samples carried events not detected at diagnosis
(t(1;6), gain of chromosome 8, and ZRSR2, SETBP1, RUNX1, PTPN11,
KDMG6A, CEBPA variants), while in 9 cases, lesions were lost at relapse
(KDM6A, NPM1, PTPN11, WT1, DSCAM, POLR2A, TET2, UBEJ1, RUNX1,
IDH1, BCOR, FLTS3, trisomy8). In all 14 patients harbouring an initial epigenetic
lesion, the event persisted at relapse.

Summary and Conclusions: Our results identify 2 groups of AML suggesting
2 ways for leukemogenesis. The 15t group includes cases with CK and chro-
mosome 7 lesions, which may result from chromosome or DNA maintenance
defects. For instance, TP53 mutations are frequent in CK AML. The 2nd group
is characterized by early epigenetic events, including DNMT3A, TET2, and
ASXL1 mutations, which always persist at relapse. These events may lead to
an over-expansion of mutant HSCs. In these pre-leukemic cells the increased
mitotic rate may result in a faster accumulation of replication errors and muta-
tions than in normal HSCs.
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IDENTIFICATION OF RUNX1/ETO TARGETS REQUIRED FOR LEUKAEMIC
PROPAGATION
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Background: RUNX1/ETO is a driver leukaemic fusion protein produced by
the translocation t(8;21) and accounts for 10-12% of Acute Myeloid Leukaemia
(AML) cases. RUNX1/ETO is required for maintaining the leukaemic phenotype
influencing both leukaemic clonogenicity and growth. Currently the molecular
mechanism(s) by which it regulates leukaemic self-renewal and propagation
are just beginning to be unravelled. In our previous work, we characterised the
core-transcriptional network driven by RUNX1/ETO required to maintain the
t(8;21) AML phenotype (Ptasinska et al., 2014).

Aims: We have now functionally characterised the significance of individual
members of this network for leukaemic self-renewal by performing targeted
RNAI screens both in tissue culture and in a xenotransplant setting.
Methods: To that end, we intersected RNAseq, CHIPseq and microarray data
and identified a set of 103 genes comprising both direct RUNX1/ETO target
genes and genes potentially cooperating with such targets. For the RNAi
screens, we used a Doxycycline (Dox)-inducible lentiviral RNAi library covering
each gene of this set with at least 3 shRNAs. We transduced two t(8;21)-positive
AML cell lines (Kasumi-1 and SKNO-1) with this library and performed parallel
screens employing colony formation and long-term suspension culture assays
in the in vitro arm, and intrafemoral transplantation of highly immunodeficient
NSG mice for the in vivo screen. Both test series contained Dox and no Dox
groups. RNA and genomic DNA were isolated from transduced cells and sub-
jected to targeted Next Generation Sequencing. Changes in shRNA pool com-
positions were identified by comparison of the corresponding Dox and no Dox
groups using DESEQ.

Results: The analysis of the in vitro screen demonstrated that | RUNX1/ETO
shRNA constructs rapidly disappeared upon induction under all in vitro condi-
tions, confirming the central role of RUNX1/ETO in maintaining t(8;21) AML,
while levels of non-targeting control shRNA genes did not change during the
course of the experiments. Moreover, RUVBL 1 (Pontin) shRNAs were depleted
in agreement with our previous finding of a dependence of t(8;21) AML cells on
this factor. In addition, shRNAs targeting KIT which in both cell lines carries the
activating mutation N822K, disappeared. These combined results demonstrate
the functionality of this targeted screen. Most importantly, the top hits of this in
vitro screen identified a group of self-renewal genes including those encoding
the ubiquitin ligase gene SKP2 and Cyclin D2 (CCNDZ2). The more stringent in
vivo screen confirmed CCND2 as a RUNX1/ETO target gene relevant for
leukaemic propagation. Notably, this screen also identified several new genes,
which had not scored in the in vitro setting. This included several genes involved
in ubiquitination (UBASH3B, UBEZ2L6), regulation of G proteins (GPRC5C,
ARHGEF12, ARHGEF3), transcriptional control (/D1, KLF2, ERG) or glycolysis
(SCL2A3, PFKP). Importantly, several shRNAs targeting genes such as
NOTCH2, SLA or LAPTMS5, which are repressed by RUNX/ETO, were also
depleted in the in vivo screen emphasising our previous observation that
leukaemic self-renewal and propagation is driven by a dynamic equilibrium
between RUNX1 and RUNX1/ETO.

Summary and Conclusions: We are now further characterising the contribu-
tion of these different target genes to the leukaemic self-renewal and propaga-
tion both in vitro and in vivo. The ultimate aim of our studies is the identification
of RUNX1/ETO dependent pathways, whose combined inhibition may pheno-
copy the loss of this hard-to-target initiator and driver of leukaemogenesis.
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THE ROLE OF 2-OXOGLUTARATE DEPENDENT DIOXYGENASES IN
NORMAL HAEMATOPOIESIS AND ACUTE MYELOID LEUKEMIA
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Background: The finely tuned regulation of haematopoietic stem and progen-
itor cells (HSPCs) is crucial to ensure a normal haematopoiesis. Its dysregula-
tion can generate leukaemic stem cells (LSCs) which are difficult to eliminate
with current therapies, placing a focus on identifying novel therapeutic targets
to eradicate LSCs. Emerging studies have described that key oncometabolites
(such as succinate and fumarate) are main inhibitors of 2-oxoglutarate depend-
ent dioxygenases (2-OGDO), a family of enzymes that have been reported to
play an important role in leukaemogenesis. Here two of these 2-OGDO, Jmjd6
(a jumonji protein associated with alternative splicing) and Phd2 (a prolyl
hydroxylase that controls hypoxic response), were investigated in normal
haematopoiesis and acute myeloid leukaemia (AML).

Aims: The aim of this study is to investigate the role of two 2-OGDO (Phd2
and Jmjd6) in the development and/or maintenance of AML LSCs.

Methods: To elucidate the role of Jmjd6 in normal haematopoiesis, we gener-
ated a Jmjd6 conditional knock-out within the haematopoietic system
(Jmjd6f/f:Vav-iCre) and fully characterized it. To study the role of Jmjd6 and
Phd2 in leukaemogenesis, purified HSPCs from Jmjd6f;Vav-iCre and
Phd2fi:\/av-iCre mice were transduced with retrovirus expressing respectively
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MII-AF9 and Meis1/Hoxa9. These transformed cells were characterized in vitro
(e.g. colony forming cell assay) and their leukemic potential was assessed by
transplantation. The MI-AF9 knock-in (MIl-FAF9K//+) transgenic model was also
used to determine levels of mMRNA expression.

Results: In normal haematopoiesis studies, mice lacking Jmjd6 specifically
within the haematopoietic system presented hyposplenism and reduced spleen
cellularity. Although these mice have normal numbers of stem and progenitor
cells (namely Lin-Sca-1*c-Kit* (LSK)), the distribution within this compartment
is perturbed, leading to an accumulation of more committed progenitor cells.
This phenotype functionally correlates with the reduced engraftment exhibited
by mice transplanted with cells lacking Jmjd6 upon transplantation with either
Jmjd67/f;\Vay-iCre HSCs or total bone marrow (BM) when compared to con-
trols. Preliminary data from the leukaemic studies showed that the absence of
Jmjd6 does not impact on the generation of pre-leukaemic stem cells (pre-
LSC). Conversely, LSCs from the transgenic MII-AF9K/+ mouse model have
decreased Jmjd6 mRNA transcript levels. in vitro, Meis1/HoxA9 transformed
Phd2-deficient cells showed increased proliferation and lower apoptosis how-
ever, in vivo, mice transplanted with cells lacking Phd2 developed disease
later than the respective controls.

Summary and Conclusions: Deletion of Jmjd6 in the haematopoietic system
leads to an accumulation of committed progenitor cells that have a decreased
self renewal capacity and, therefore, a compromised repopulating capacity.
The deletion of Jmjd6 did not affect the in vitro generation of pre-LSC cells.
With regard to Phd2, it was observed a delay in AML initiation in mice trans-
planted with Phd2 KO pre-LSCs. Taken together, these data unravel a new role
for Jmjd6 as a player in normal haematopoiesis and suggest that Phd2 may
act as tumor suppressor in AML.
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CONVERGENCE OF SOMATIC MUTATIONS WITHIN THE JAK-STAT
SIGNALLING PATHWAY IN A NOVEL RUNX1-MUTATED PEDIGREE
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Background: Germline mutations in the transcription factor RUNX1 confer an
autosomal dominant predisposition to familial platelet disorder (FPD) and
myelodysplasia/acute myeloid leukaemia (MDS/AML). The penetrance of muta-
tions varies with approximately 40% of carriers developing overt malignancy,
whilst others remain asymptomatic or manifest mild to moderate FPD. We
describe a novel RUNX17-mutated family, where 3 young siblings presented
with secondary AML, providing a rare opportunity to compare the molecular
events initiating disease (Figure 1A).

Aims: To genetically profile somatic aberrations in multiple cases of MDS/AML
from a novel FPD/AML pedigree

Methods: We performed whole exome sequencing (WES) on bone marrow
(BM) DNA from 4 siblings with MDS/AML with an average exonic coverage of
96x. Peripheral blood (PB) DNA samples from both healthy parents were also
sequenced to enable exclusion of inherited variants in the 4 children. Acquired
mutations, copy number aberrations (CNA) and loss of heterozygosity (LOH)
were then defined across the four siblings. Key mutations were confirmed with
Sanger sequencing, whilst further verification of CNA was performed using mul-
tiplex ligation-dependent probe amplification (MLPA).

Results: Direct Sanger sequencing of the 4 siblings (I1.1-11.4) and their mother
(1) revealed the germline RUNX1 mutation, p.R201X. Figure 1B summarises
the clinical timeline, with the key molecular and cytogenetic lesions detected in
MDS/AML from each sibling. Their mother (45y) remains an asymptomatic car-
rier, with no peripheral cytopenias. The dizygotic twins (1.1 and 11.2) presented
within a period of 2 weeks at 5y, both with hepatosplenomegaly and pancy-
topenia. BM morphology of each twin revealed AML with dysplastic and
myelomonocytic features. Significant somatic chromosomal aberrations includ-
ed gain of 21q (I.1), monosomy 7 and deletion of chromosome 9q (I1.2). Ten
years later, sibling 11.4 also presented at 5y with monocytosis. BM examination
revealed myelomonocytic AML with dysplastic features and a normal cytoge-
netic profile. Sibling 11.3 is now 14y, her BM examination revealed multi-lineage
dysplasia and normal cytogenetics. WES revealed molecular addiction to JAK2
signalling in 3 siblings (II.1, 11.2 and 11.4). 11.2 and I1.4 both acquired JAK2 V617F
mutations, with homozygosity of the mutant allele observed in 1.2 due to 9p
acquired uniparental disomy (aUPD). In 1.1, we detected a somatic mutation
in SH2B3 (p.R392Q), with apparent homozygosity caused by aUPD of 12q.
The p.R392Q mutation was localised to the SH2 domain, which normally binds
both mutant and WT isoforms of JAK2, inhibiting their phosphorylation. Further
somatic mutations occurred in CDC27 (anaphase promoting complex, I1.2 and
11.4), RBBP8 (DNA double-strand break repair, I1.2) and U2AF2 (spliceosome
complex, 11.4). Notably, all 3 siblings with somatic JAK2-signalling lesions had
aggressive disease. Both twins died within a year of presentation, 11.1 due to
relapse and 1.2 from chemotherapy-refractory disease. Sibling 11.4 relapsed
after 13 months and is currently in CR2 following allogeneic HSCT.
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Summary and Conclusions: We describe a novel FPD-AML pedigree demon-
strating convergence of lesions within the JAK-STAT signalling pathway in 3
siblings with MDS/AML. Since JAK2 mutations are reported in <5% of sporadic
RUNX1-mutated AML, our findings suggest somatic mutations in FPD/AML
may be enriched within distinct signalling pathways, often associated with
aUPD to increase the mutant allele burden within tumours.
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HIF-2A IS A TUMOUR SUPPRESSOR IN AML
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Background: Normal and malignant haematopoiesis occur under hypoxic con-
ditions. Hif-1a and Hif-2a regulate gene expression to facilitate adaptation to
low oxygen tension. Several studies investigated the role of Hif-1a and Hif-2a
in acute myeloid leukaemia (AML). These studies used shRNA knockdown in
human AML samples to show that HIF-1a and HIF-2a knockdown compromised
the ability of AML samples to reconstitute AML upon transplantation into recip-
ient mice, suggesting that HIF-1 and HIF-2 are potential therapeutic targets for
AML. However, a recent study demonstrated that conditional genetic deletion
of Hif-1a did not compromise the development and maintenance of mouse
leukaemic stem cells (LSCs) and on the contrary, accelerated the development
of AML, indicating that Hif-1a is a tumour suppressor in AML. To date, the effect
of conditional deletion of Hif-2a has not been examined in AML.

Aims: To investigate the requirement of Hif-2a in the development and main-
tenance of AML leukaemic stem cells.

Methods: We generated Hif-2af/f: Vav-iCre mice that lack Hif-2a specifically
within the hematopoietic system. We retrovirally co-transduced BM c-Kit* cells
with oncogenes Meis1a and Hoxa9 and serially re-plated them to establish
pre-leukaemic stem cells (pre-LSCs). Retrovirally transduced cells were sub-
jected to in vitro assays in normoxia and hypoxia or transplanted into lethally
irradiated primary recipients, and subsequently into secondary recipients. We
next generated MI-AF9KI/*; Hif-2afi: Vav-iCre mice and controls and trans-
planted Lin-Sca-1*c-Kit*(LSK) cells from these mice into primary recipients,
and Lin-Sca-1-c-Kit*(LK) cells into secondary recipients.

Results: Hif-2a-deficient and control cells displayed similar re-plating capacity
and generated comparable numbers of colonies, but had increased proliferative
capacity. Thus, Hif-2a is not required for in vitro transformation and generation
of pre-LSCs but suppresses their proliferation. Transplantation of pre-LSCs to
primary recipients demonstrated that a smaller proportion of recipients of Hif-2a-
deficient pre-LSCs remained leukaemia-free, and therefore succumbed to AML
faster than recipients of control pre-LSCs. However, secondary recipients of both
Hif-2a-deficient and control LSCs generated aggressive AML with similar latency.
In concordance with these data, recipients of MIl-FAF9K/*; Hif-2af/fl; Vav-iCre suc-
cumbed to AML faster compared to recipients of control LSK cells, whereas, sec-
ondary recipients of both genotypes generated AML with similar latency.
Summary and Conclusions: Deletion of Hif-2a in pre-LSCs accelerates devel-
opment of LSCs and shortens AML latency induced by MII-AF9 and its down-
stream effectors Meis1 and Hoxa9. Surprisingly, established LSCs lacking Hif-
2a efficiently propagate aggressive AML. We conclude that while Hif-2a sup-
presses the development of AML, it is not required for LSC maintenance. There-
fore, HIF-2 is unlikely to be a broad therapeutic target in AML and the benefit
of HIF inhibition should be carefully re-examined in all subsets of AML.
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CLL - Biology: Interacting determinants of CLL
ontogeny and evolution
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DISSECTING RESISTANCE MECHANISMS IN CHRONIC LYMPHOCYTIC
LEUKEMIA USING WHOLE-EXOME SEQUENCING: IMPACT OF
RECURRENT RPS15 MUTATIONS ON P53 DYSREGULATION
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Background: Fludarabine, cyclophosphamide and rituximab (FCR) is the gold-
standard first-line regimen in medically fit patients with chronic lymphocytic
leukemia (CLL); however, despite good response rates most patients will even-
tually relapse. Besides TP53 aberrations, the mechanisms leading to relapse
after FCR treatment are currently poorly understood.

Aims: To characterize the genetic mechanisms underlying relapse following
treatment with FCR using whole-exome sequencing (WES).

Methods: Forty-one CLL patients receiving FCR with either a partial response
(PR, with 24 cycles of treatment completed) or a complete response (CR, 21
cycle of treatment completed) were selected. Pre-treatment and relapse sam-
ples (mean time to relapse 3.2 years, range 0.7-10.9), together with matched
germline DNA for 28 patients, were analyzed by WES. Well-established bioin-
formatics tools and pipelines were used to process raw sequencing reads,
enabling the identification of somatic mutations and also facilitating the analy-
sis of copy-number aberrations (CNA) and absolute cancer cell fractions
(CCF).

Results: Amongst the 28 patients with matched germline DNA, 1191 somatic
variants (>10% allele frequency) were found in the pre-treatment samples
and 1334 in the relapse samples, with an average of 15.2 (range, 3-24) and
17.6 (range, 2-32) non-silent mutations per case, respectively. Mutations
were predominantly missense substitutions (81%) and less frequently
frameshift or in-frame insertions/deletions (14%) or nonsense mutations (5%).
As expected, at relapse, a high proportion of cases harbored mutations in
genes previously linked to adverse prognosis in CLL: TP53 (n=8; 19.5%),
NOTCH1 (n=8; 19.5%), ATM (n=7; 17%), SF3B1 (n=6; 14.6%), NFKBIE (n=4;
9.8%), EGR2 (n=4; 9.8%) and BIRC3 (n=3; 7.3%). Intriguingly, a large pro-
portion of cases also harbored mutations in RPS15 (n=8; 19.5%), a gene
encoding a component of the 40S ribosomal subunit. High allele frequencies
were observed for RPS15 mutations at both time points (range, 29%-56%),
and all mutations were missense variants residing within a 7 amino-acid evo-
lutionarily conserved region. Besides its role in protein translation, RPS15
has been shown to stabilize p53 by interfering with the MDM2-p53-MDMX
network and inhibiting MDM2-mediated p53 degradation. Characterization
of two recurrent RPS15 mutations in the HCT116 colorectal cancer cell line
transiently expressing either wild-type (wt) or mutant RPS15 revealed
impaired ability of RPS15P131S and RPS15G132A jn regulating endogenous
p53. As both mutations map within the region that interacts with MDM2, this
finding strongly suggests that binding of RPS15P131S and RPS15G132A to
MDM2 is less efficient compared to wt protein thus leading to more pro-
nounced p53 degradation. Finally, by calculating the absolute CCF for all
mutations at both time points allowed monitoring of clonal heterogeneity over
time. All 24 cases with available exome-derived CNA data showed mutations
expanding 20.3 in CCF between the time points (mean 7.4 mutations, range
1-21). Among recurrently mutated genes, i) RPS15 remained stable over
time, ii) TP53, EGR2, NOTCH1 and BIRC3 mutations expanded or remained
stable, and iii) for SF3B1 and ATM mutations both increasing and decreasing
CCFs were observed.
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Figure 1.

Summary and Conclusions: We provide novel insights into the heterogeneous
genetic landscape of CLL relapsing after FCR treatment with our most prominent
finding being recurrent RPS15 mutations (19.5%) and with in vitro studies of
RPS15 mutations pointing to a novel mechanism for p53 dysregulation in CLL.
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IN VITRO AND IN VIVO ANTILEUKEMIC ACTIVITY OF BEPRIDIL IN
CHRONIC LYMPHOCYTIC LEUKEMIA IS ASSOCIATED WITH INHIBITION
OF THE NOTCH1 PATHWAY
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Background: In chronic lymphocytic leukemia (CLL), NOTCH1 is constitutively
expressed promoting leukemia cell survival and resistance to apoptosis (Rosati
et al, Blood 2009). Additionally, NOTCH1 PEST mutations have emerged as
one of the most frequent somatic alterations in CLL, affecting up to 20% of
patients (Sportoletti et al, Leukemia 2014). Thus, inhibiting NOTCH1 activity
represents a potential therapeutic opportunity for this disease and the incorpo-
ration of NOTCH1 pathway antagonists may improve standard CLL treatment.
Targeting NOTCH1 has been a therapeutic strategy of interest in many cancers.
However, the use of gamma secretase inhibitors (GSI) evaluated in clinical
trials showed on target toxicities suggesting the need for the discovery of more
selective NOTCH1 pathway antagonists that preferentially target NOTCH1 ver-
sus NOTCH2 or that target mutated receptors compared to wild-type. Recently,
an expression-based screen identified several calcium modulators as a potential
strategy to target NOTCH1 (Roti et al, Cancer Cell 2013). Among numerous
ion flux modulators validated to induce a NOTCH1 off signature, one of the top
hits was the clinically relevant calcium channel blocker, bepridil, used to treat
patients with cardiac disease. Bepridil demonstrated anti NOTCH1 modulating
activity in T-ALL by a mechanism unique from GSI (Roti et al, ASH 2009).
Aims: The goal of the study was to evaluate whether bepridil exerts antitumor
activity in primary CLL cells in vitro and in a xenotransplant model and whether
these effects are associated with NOTCH1 inhibition.

Methods: in vitro, we evaluated NOTCH1 expression in primary CLL cells after
24 hours of bepridil treatment using western blot and flow cytometric analysis.
We also measured apoptosis using annexin V/propidium iodide staining and
by assessing PARP, MCL-1 and NOXA expression. in vivo, CLL cells were
transplanted into NSG mice and engraftment was evaluated after 28 days of
bepridil treatment.

Results: Bepridil treatment reduced the viability of primary CLL cells at a 2.5
UM concentration. In treated CLL cells, viability significantly decreased to
23.8420.2% compared to 41.5+21.8% of the vehicle control (N=40, p <0.0001).
Conversely, bepridil did not affect viability of normal T cells from CLL patients
nor the viability of B and T cells from healthy donors, demonstrating that bepridil
selectively impairs the viability of B neoplastic cells compared to normal
hematopoietic cells. Bepridil significantly increased the percentage of annexin
V/propidium iodide positive apoptotic CLL cells compared to vehicle treated
cells (49.2+20.9% vs 29.3+15.3% N=34 p<0.0001). These apoptotic effects
were supported by the detection of increased PARP degradation (p<0.05), sig-
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nificant reduction of MCL-1 protein expression (p<0.001) and a 5-fold up-reg-
ulation of NOXA transcript levels. Induction of apoptosis with bepridil treatment
in cultured CLL cells was not correlated with ZAP-70 expression, IGVH
rearrangement or NOTCH1 mutation status. However, the NOTCH1 pathway
was inhibited at concentrations of bepridil that induced apoptosis. Specifically,
flow cytometric analysis of cultured CLL cells (N=15) demonstrated that bepridil
significantly reduced the surface expression of NOTCH1 compared to vehicle
(32.8+19.2% vs 50.6+18.9% respectively, p<0.05). As previously reported in T-
ALL bepridil treatment lead to down regulation of the trans-membrane bound
portion of NOTCH1. Notably, NOTCH2 protein level remained unchanged in
bepridil treated CLL samples compared to vehicle (N=3), supporting a prefer-
ential effect of bepridil on NOTCH1. Interestingly, we observed that CLL cells
co-cultured with different stromal layers (including primary mesenchymal cells,
HS5 and OP9 cell lines) fail to apoptose upon bepridil treatment. The addition
of a CXCR4 antagonist restored bepridil efficacy, suggesting a synergistic
effects against the survival stimuli of the stroma. Finally, we established CLL
NSG primagrafts and tested bepridil in this leukemia model. Strikingly, flow
cytometry analysis revealed a statistically significant decrease in human
CD45+CD19+CD5+ percentage in the spleen of bepridil-treated mice compared
to vehicle (1.9+1% vs 10.8£10%, N=13, p<0.05). As anticipated by our results
in vitro bepridil treatment did not have a major effect in the neoplastic bone
marrow cell population of treated animals.

Summary and Conclusions: In conclusion, we showed that bepridil reduced
viability and increased apoptosis in primary CLL cells in vitro. This antileukemic
effect is associated with the inhibition of the NOTCH1 signal. Moreover, this
clinically relevant drug demonstrated efficacy in controlling splenic disease in
a mouse model of human CLL, suggesting a potential for rapid translation to
clinical testing.
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HIGH-THROUGHPUT T-CELL RECEPTOR GENE REPERTOIRE
PROFILING IN CHRONIC LYMPHOCYTIC LEUKEMIA SUBSET #4:
FURTHER EVIDENCE OF ANTIGENIC STIMULATION
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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. Our pre-
liminary high-throughput, next-generation sequencing studies of the T-cell
receptor beta chain (TRB) gene repertoire in CLL cases from various subsets
indicated repertoire skewing, pointing to antigenic selection of the T cells as
well, which is relevant in view of the bidirectional CLL-T cell interactions.
Aims: We performed in-depth profiling of the TRB gene repertoire in CLL subset
#4 which became our focus for the following reasons: (i) it is the most indolent
subgroup of CLL patients identified thus far; (ii) previous studies have strongly
supported ongoing antigenic stimulation attested by the intraclonal diversifica-
tion of the clonotypic IG.

Methods: We studied 11 untreated CLL subset #4 cases and a healthy control.
RNA was isolated from peripheral blood mononuclear cells (n=12) or purified
CD4* and CD8* T cells (n=2 CLL cases). Two patients were studied overtime.
TRBV-TRBD-TRBJ gene rearrangements were amplified on cDNA according
to the BIOMED?2 protocol and subjected to paired-end NGS (MiSeq lllumina
Platform). The experimental design allowed sequencing of the complementarity
determining region 3 (CDR3) twice/read, so as to increase the accuracy of
results. Computational processing of raw data was performed using a purpose-
built algorithm and a bioinformatics platform was developed for IMGT/HighV-
QUEST metadata clustering and analysis.

Results: Overall, 12,261,280 TRBV-TRBD-TRBJ reads were produced (median
397,035 reads/sample, median Q-score 38.4). Poor quality, incomplete, out-
of-frame and unproductive rearrangements were filtered out. For repertoire
analyses, clonotypes (i.e. TRB rearrangements with identical TRBV gene usage
and amino acid CDR3 sequence) rather than single rearrangement reads were
considered (median 77020 distinct clonotypes/sample, 54733 singletons versus
22287 expanded). Among the 53 functional TRBV genes identified, 5 predom-
inated: TRBV12-3/12-4 (9.9%), TRBV29-1 (8.6%), TRBV19 (7.5%), TRBV5-1
(5.5%), and TRBV6-5 (4.9%), collectively accounting for 36.4% of the TRBV
repertoire. Comparison of the TRBV gene repertoire of CD8*vs CD4* cells
showed that TRBV19 was overrepresented in the CD4+ compartment (9.4%
versus 6.9%, p<0.001). The TRB repertoire was significantly more oligoclonal
in CLL compared to the healthy control (median frequency of the predominant
clonotype: 3.6% versus 0.47%, respectively, p<0.001), and this skewing
stemmed mainly from the CD8* rather than the CD4* compartment (median
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frequency of the predominant clonotype 10.7% versus 1.0%, respectively,
p<0.001). Cluster analysis of all CLL cases identified 37303 different clonotypes
(excluding singletons) shared by different patients and not present in the healthy
control. The longitudinal analysis of 2 cases showed contrasting results, with
14.6% of all expanded clonotypes persisting over time in one case, but only
0.06% in the other. In the former case, 5 of the persisting clonotypes ranked
among the 10 most expanded within the patient’s T cell repertoire, whereas in
the latter case only minor clonotypes persisted.

Summary and Conclusions: Our study provides large-scale evidence of TR
repertoire skewing and oligoclonality in CLL subset #4, strongly supporting
antigenic selection. The nature of selecting antigens remains to be elucidated.
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CLL SUSCEPTIBILITY SNPS IN MBL SIBLINGS OF CLL PATIENTS
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Background: Genome-wide association studies have identified 37 SNPs in
26 loci that confer risk of CLL. Here, we analyse genomic DNA from a prospec-
tive cohort of CLL patients that have an MBL sibling for the presence of these
CLL risk alleles.

Aims: To investigate whether CLL risk loci are also prevalent in MBL cells
found in a sibling.

Methods: Whole blood of siblings of patients with confirmed CLL patients was
screened with informed consent and ethical approval for presence of a distinct
CD19*CD5*CD20/°wCD79blow population by flow cytometry. If such an MBL
population was present, genomic DNA from granulocytes of both CLL patient
and MBL sibling was isolated from the same blood sample. All cases with suffi-
cient available DNA were subjected to whole exome sequencing (WES) based
on SureSelect Human All Exon V4 kit (Agilent) capture on the HiSeq2000 (lllu-
mina) platform to an average coverage of 40x. Sequence reads were filtered
and mapped to the human reference genome (GRCh37). Analysis of gene copy
numbers and heterozygosity was performed by either 10K, 250K, SNP6, or
CytoscanHD arrays (Affymetrix). In addition, PCR was performed on 35 reported
CLL susceptibility alleles and analyzed by direct Sanger sequencing of gel-puri-
fied amplicons (PCR Clean-Up System, Promega). The frequency of all risk alle-
les was compared to healthy individuals from the literature by Fisher’s exact test.
Results: Screening of 160 siblings of CLL patients identified 19 MBL siblings
(MBL prevalence: 11.9%) from 16 CLL patients. In all but 2 MBL, the clonal B-
cell count was <100/ul. Genomic data from 13 CLL and 14 MBL cases, including
12 complete CLL/MBL pairs are described in this report. Nine of total of 37
CLL susceptibility SNPs could be called on WES data obtained from 5 CLL
and 4 MBL cases. 18 CLL risk SNPs could be analyzed on SNP arrays as indi-
cated by a median call rate of at least 98%. The combined SNP array and
WES data permitted analysis of 23 SNP of 15 loci. By targeted re-sequencing
on 10 CLL and 6 MBL cases, the total number of analyzed risk SNPs was
increased to 35 of the 37 known CLL risk alleles. 16 risk alleles were statistically
overrepresented in combined CLL and MBL compared to the healthy population
(Table). Out of these 16 SNPs, 11 were significantly overrepresented in CLL
and nine in MBL, respectively. SNP rs11083846 was significantly overrepre-
sented in MBL only but not in CLL or in the combined CLL and MBL cases.

Tabella 1.

S§125

GENETIC PROFILE OF CHRONIC LYMPHOCYTIC LEUKEMIA PATIENTS
WITH ULTRA-STABLE DISEASE
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Background: Chronic lymphocytic leukemia (CLL) shows an extremely het-
erogeneous clinical course. Beside cases with aggressive disease requiring
immediate treatment and those with an initial indolent phase followed by pro-
gression, there are patients who do not progress for decades. Next generation
sequencing (NGS) technologies have allowed a further understanding of the
molecular complexity of CLL. In the present study, we characterized 41 ultra-
stable CLL cases by whole exome sequencing (WES), ultra-deep NGS and
copy number aberration (CNA) analysis. Ultra-stable disease was defined as
absence of progression for at least 10 years from diagnosis.

Aims: To investigate the so far unexplored mutational profile and CNA load of
ultra-stable CLL patients.

Methods: Peripheral blood samples from 20 ultra-stable CLL patients were
used for WES analysis (lllumina HiSeq2000), including paired germline DNA in
14. Sanger sequencing (ABI PRISM 3100) was used to validate WES mutations
and to screen the recurrency of mutated genes identified in 22 cases by WES,
in a second cohort of 21 ultra-stable CLL samples. Bad prognosticator genes
(NOTCH1-BIRC3-SF3B1-TP53) were also investigated. Subclonal TP53 muta-
tions were examined by ultra-deep NGS (Roche-454 GS Junior) in 36 cases.
CNA analysis (Affymetrix Cytoscan HD arrays) was performed in 30 cases.
Results: WES analysis of the 14 cases having paired germline DNA predicted
83 non-silent somatic mutations in 81 genes, with a mutation load of 6 muta-
tions/case (range: 1-12). The remaining 6 cases without germline DNA were
analyzed to assess the recurrence of mutations identified in the former cohort
and to investigate those with known significance. Three genes were recurrently
mutated: RBM46, KLHL6, UBR5. Since RBM46 was the most recurrent among
ultra-stable CLL (3 cases, 15%) and never reported in other CLL WES studies,
Sanger sequencing of the whole codifying region was performed on the screen-
ing cohort with no additional mutated case identified. Interestingly, none of the
genes with known adverse prognostic impact was found mutated in 41 ultra-
stable CLL, including ATM and MYD88 in the WES cohort. Unexpectedly, ultra-
deep-NGS of TP53 revealed subclonal mutations in 2/36 cases (5.5%). One
case after 19 years from diagnosis showed 4 mutations with a median allele
frequency (AF) of 1.55% (range 0.9-1.79), corrected for tumor representation,
and developed a clinical progression soon after the inclusion in the study; after
therapy, a clonal TP53 mutation expansion occurred. The second case showed
1 subclonal mutation (AF 5.2%) after 29 years from diagnosis; for the subse-
quent 4 years she remained in clinical spontaneous regression of CLL but
developed a breast cancer. AS-PCR validation of these subclonal mutations is
ongoing. CNA analysis identified 31 lesions represented by 90% of losses and
10% of gains, giving a CNA load of 1/case. Twelve cases (40%) showed no
lesion, 9 (30%) showed isolated del(13q), 5 cases (17%) del(13q) with addi-
tional non-canonical CNAs and 4 cases (13%) a median of 1 non-canonical
CNAs. There was no recurrent CNA beside 13q deletion, as well as no CNA
with known poor prognostic significance.

Tabella 1. Biological and clinical features of 41 ultra-stable CLL patients

Summary and Conclusions: Our data provide an independent validation of
16 of 35 previously reported CLL risk loci using combined SNP array, WES,
and Sanger sequencing data on a unique prospectively assembled cohort of
co-occurrence of CLL and MBL in siblings. No discrepancies were observed
between the various analysis platforms. Besides providing genetic correlates
for a familial susceptibility in CLL, the shared presence of these risk loci in CLL
and their MBL siblings indicate a causal role for clonal premalignant B-cell
expansion. These risk alleles therefore appear to contribute to the initiation of
a CLL-like phenotype, but further endogenous or exogenous triggers are
required to drive MBL to CLL.
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CLL-MBL

Table Sl ke combined Gender 25M/16 F

Chromosome | Nearest gene{s) | SNP Position RAF :’F"";::e.s) RAF ;;;T::s) RAF {"F‘;’:h':;s)
| 4926 CAMK2D 156858608 | 4114683844 | 0.83 | <0 700 | <00001 | 091 001 Age (Veafsl 51 (range: 29-73)
[ 6g925.2 IPCEF1 rs2236256 | 6154478440 | 0.89 083

11p15.5 C11orf21, TSPAN32 | rs7944004 | 11.2311152 0.89 057 e

26331 CASP10/CASPS | 153769825 | 2202111380 | 0.67 | 0.1074 | 0.86 Binet stage 40A; 1B
_]EM 32 PMAIP1 rs4368253 | 1857622287 078

15q15.1 BMF 158024033 | 15:40403657 057 CD38 positive [cut-off 30%) 0/0

2p22.2 QPCT, PRKD3 rs3770745 | 2:37596089 033

2q13 ACOXL, BCL2L11 113401811 | 2:111616104 1.00

2q13 ACOXL, BCL2L11 517483466 | 2.111797458 0.43 IGHV mutated 41,41
[ 6p21.3 HLA-DQA1 rs9272219 | 6:32602269 086
|5a2d 1 IRFS 15391525 11689944499 D4 Follow-up from di sis (years range: 10-34

160241 IRF8 152202982 | 1685044823 0.43 s P agnosis [years) 16 (range: 1 !
[ 16G24.1 IRFE 1s2292980 | 16:85945076 1.00

6p25.3 IRF4 rs872071 6411084 086 . ) .

6p25.3 IRF4 158378605_| 6.417727 086 Summary and Conclusions: Ultra-stable CLL show no driver mutations or
119241 GRAMD1B rs735665 11:123361397 060 . . A A
Measzz TS P AR 557 ST CNAs. No new recurrent lesion associated to a highly stable course was iden-

tified. We found two cases with TP53 subclonal mutations with an extremely
divergent clinical history, which could be due to the subclonal architecture
complexity and to the chemotherapy selective pressure in the case with clonal
evolution.
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OUTCOMES OF OLDER PATIENTS EXPERIENCING REDUCED INTENSITY
CONDITIONING ALLOGRAFT: RESULTS OF THE NCRI AML16 TRIAL
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Background: Reduced Intensity conditioning (RIC) is increasingly offered to
older patients who are to undergo a stem cell transplant. We have previously
shown that a RIC allograft, particularly from a sibling donor is beneficial in inter-
mediate risk patients between the ages of 45-64, and may have advantages
over myeloablative conditioning in patients aged 35-44. Based on this analysis
of the UK NCRI AML15 trial in younger patients, the current recommendation
within the NCRI AML trials is to transplant intermediate risk patients with a RIC
allograft if a sibling is available excluding those who are NPM1+/ FLT3 wt.
Aims: We here present similar analyses from the UK NCRI AML16 trial extend-
ing this experience to older patients.

Methods: The UK NCRI AML16 trial ran from 2006-2012 and randomised
patients, generally aged 60+, suitable for intensive chemotherapy between
Daunorubicin/Ara-C (DA) and Daunorubicin/Clofarabine (DClo), both with or with-
out Mylotarg, or between DA with or without etoposide and with or without ATRA.
Patients could be randomised between 2 or 3 courses of therapy and mainte-
nance or not with azacitidine. Because only 4/225 transplants took place in
patients over the age of 70, attention was restricted to patients who were aged
less than 70 years, achieved remission, and did not have core binding factor
leukaemia. A total of 963 patients were studied, with transplant in first remission
given to 162 patients (sibling allograft n=51, MUD n=93; other/unknown n=18).
Follow-up is complete to 1st January 2014 with median follow-up for survival
from CR of 46.3 months. Comparisons of confirmed allogeneic transplant in 1st
remission versus not are carried out using Mantel-Byar analysis to allow for time
to transplant, with patients censored at the time of non-RIC allo transplant.
Results: Among the 144 allografts, 93 had intermediate risk cytogenetics, 19
adverse risk, and 32 were unknown. In transplanted patients, survival from
transplant was 36% at 5 years, and while the survival for sibling allografts (42%)
was better than that for MUDs (37%) this did not reach statistical significance
(p=0.2), and 84% of transplants in adverse risk cytogenetics were from an unre-
lated donor. In analyses adjusted for Wheatley risk group there was no signif-
icant difference in outcome (HR 1.27 (0.80-2.03) p=0.3). When comparing allo-
graft versus no allograft, survival was significantly improved (35% vs 20%, HR
0.75 (0.61-0.93) p=0.006). When stratified by Wheatley risk group, there was
no evidence of any interaction (p-value for trend 0.5), and the adjusted hazard
ratio, allowing for differences in Wheatley group between transplant and no
transplant was 0.76 (0.61-0.94), p=0.008 reflecting the consistent benefit. When
considering type of transplant, sibling allograft performed consistently better
than MUD in Mantel-Byar analyses across the risk groups (overall sibling 41%,
MUD 35%, no SCT 20%; good risk 47% vs 42% vs 26%; standard risk 38% vs
34% vs 25%; poor risk, not reached vs 23% vs 8%).

Summary and Conclusions: The results are consistent with those seen in
our analysis of AML15 While, particularly as patients get older, there will be
selection for transplant on the basis of fitness, the analysis adjusted for clinical
features of the disease shows that RIC transplant in first remission appears an
attractive option for older patients with AML. While no significant difference was
seen between sibling and MUD allograft, even after adjusting for Wheatley risk,
outcomes are better in all Wheatley groups with sibling allografts.
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Background: We compared long-term outcomes of allogeneic transplantation
(alloHCT) vs autologous (auto) HCT in pts with G-I/II follicular lymphoma (FL)
in the rituximab-era.

Vienna, Austria, June 11 - 14, 2015

Aims: To compared survival outcomes following autoHCT vs alloHCT in G-l/Il
FL, when either modality is used as the first transplantation approach.
Methods: Adult pts with relapsed/refractory G-I/l FL undergoing 1st RIC allo-
HCT or 1st autoHCT reported to Center for International Blood and Marrow
Transplant Research during 2000-12 were eligible. Pts with large cell transfor-
mation and those not receiving rituximab before HCT were excluded.
Results: Characteristics of 518 pts included in this analysis are shown in
Table 1. AlloHCT pts were younger, more heavily pretreated, had more
advanced stage disease, had longer interval between diagnosis and HCT,
more extranodal involvement and were chemotherapy resistant compared with
auto-HCT pts. The 5-year adjusted probabilities of non-relapse mortality
(NRM), relapse/progression, progression-free survival (PFS) and overall sur-
vival (OS) of autoHCT vs alloHCT groups were 5% vs 26% (p<0.0001); 54%
vs 20% (p<0.0001); 41% vs 58% (p<0.001) and 74% vs 66% (p=0.05), respec-
tively. Cumulative incidence of second malignancies at 5 years did not differ
significantly (alloHCT=8%; autoHCT=5%). On multivariate analysis (MVA)
autoHCT was associated with reduced NRM (RR=0.21; p<0.0001) and time
varying effects were seen on other outcomes. Within the first 5 and 11months
post HCT, auto-and alloHCT had similar relapse/progression and PFS. Auto-
HCT was associated with a higher risk of relapse/progression beyond 5 months
post HCT (RR=4.4; p<0.0001), and worse PFS (RR=2.9; p<0.0001) beyond
11 months post HCT, respectively. In the first 24 months post HCT, autoHCT
was associated with improved OS (RR=0.41; p<0.0001), but beyond 24months
with inferior OS (RR=2.2; p=0.006). A landmark analysis of pts alive and pro-
gression-free at 2-years post HCT confirmed these observations, showing no
difference in NRM between the auto-and alloHCT groups, but significantly
higher risk of relapse/progression (RR=7.3; p<0.0001) and inferior PFS
(RR=3.2; p<0.0001) and OS (RR=2.1; p=0.04) following autoHCT.

Tabella 1.

AlloHCT N=268 AutoHCT N=205 P

Median age, years 52 (27-74) 54 (22-79) 0.01

KPS =90 193 (72) 168 (67) 0.06

Stage IlI-IV at diagnosis 217 (81) 185 (74) <0.0001

Extranodal disease at HCT 10 (26) 40 (16) 0.002

Prior rituximab-resistance 118 (44) 161 (64) <0.001

Chemosensitive at HCT 202 (75) 226 (90) <0.001

Median lines of therapy 4 (1-5) 3 (1-5) 0.001

Duration of 1st response 0.76
<1 year 79 (29) 68 (27)
=1 year 173 (65) 164 (66)

Time from diagnosis to HCT 43mon (4-352) 34mon (6-315) 0.001
Matched sibling Donor 143 (53) N/A -
=>7/8 unrelated donor 125 (46) N/A -

Median follow up 61 (3-154) 61 (3-169) -
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Background: Primary refractory AML is associated with a dismal prognosis.
Approximately one third of patients younger than 60 years, and 50 % of older
patients, with newly diagnosed AML fail to achieve complete remission (CR)
with standard induction chemotherapy. Allo-SCT in the setting of active disease
is an alternative but highly debatable strategy. The increased availability of UD
and the use of reduced-intensity conditioning (RIC) regimens have opened the
possibility for transplantation to a larger number of patients in comparison to
standard myeloablative regimens (MAC).

Aims: The current study aimed to assess outcomes in a cohort of 381 primary
refractory AML patients who received allo-SCT from an UD (10/10 or 9/10).
Primary refractoriness was defined as failure to achieve CR within 60 days
after starting induction.

Methods: Patients with primary refractory AML reported between 2000 and
2013 to the registry of the Acute Leukemia Working Party of the EBMT were
included in this study. The major endpoints were to assess overall survival
(OS), leukemia-free survival (LFS), relapse incidence (RI), and non relapse
mortality (NRM).

Results: Median age was 50.5 (range, 18-74) years and 56% were males.
Median time from diagnosis to allo-SCT was 111 (range, 60-178) days. 51 %
received a MAC regimen, and 49% a RIC regimen. Peripheral blood stem cell
(PBSC) was the main stem cell source (94.8%). The median follow-up was
18 months(range, 1.2-153). 296 patients received a matched UD (10/10) and
85 a mismatched UD (9/10). Engraftment was achieved in 95.2% of cases.
70.4% patients reached CR after allo-SCT. At 2 years, the cumulative inci-
dences of acute GVHD22 and chronic GVHD (cGVHD) were 35.5% and
25.8%, respectively. At 2 years, OS and LFS rates were 34.3% and 28.3%. Rl
was 46.4% and NRM 25.1%. In multivariate analysis, 2 predictive factors were
associated with lower OS: cytogenetics (poor vs intermediary; HR=2.00,
95%Cl,1.25-3.18, p=0.004) and positive CMV status of the recipient (HR=1.52,
95%Cl,1.09-2.11, P=0.01), whereas Karnofsky status at transplant 280% (KS)
was associated with better OS (HR=0.65, 95%CI,0.43-0.98, p=0.04) (Fig1).
The same factors were predictive for LFS: cytogenetics (HR=1.86,
95%ClI,1.19-2.92, p=0.01) and positive CMV status of the recipient (HR=1.46,
95%Cl, 1.07-1.99, p=0.02) were negative predictive factors, whereas KS was
a positive one (HR=0.61, 95%CI,0.41-0.91, p=0.02). In multivariate analysis
for RI, cytogenetics was the only risk factor associated with increased relapse
(HR=1.92, 95%CI,1.15-3.19, p=0.001). As for NRM, patient gender (female
vs male) and KS were factors associated with lower NRM (HR=0.49,
95%CI,0.29-0.84, p=0.01; HR=0.41, 95%Cl,0.22-0.76, p=0.004), while CMV
positive status was the only factor associated with higher NRM (HR=1.96,
95%CI=1.11-3.43, p=0.02).
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Summary and Conclusions: Unrelated donor transplantation (10/10 or 9/10)
may rescue about one third of the patients with primary refractory AML. More-
over, this study identifies cytogenetics, KS, and CMV status as major prognostic
factors. Finally, these data pave the way not only for improving patients’ selec-
tion, but also for investigating more intensive additional approaches relying on
sequential conditioning regimens (debulking phase followed by RIC) and/or
post-transplant treatments such as 5-azacytidine, prophylactic donor lympho-
cytes infusions, or targeted therapy which further improve results in this dev-
astating group of patients.
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Background: ALL is rare in patients older than 60 years, and is associated
with poor prognosis with chemotherapy alone, with reported leukemia-free sur-
vival (LFS) rates below 20%. When feasible, allogeneic stem cell transplanta-
tion (allo-SCT) is an attractive treatment option for those patients. However
due to comorbidites, non-relapse mortality (NRM) can be a limiting factor.
Aims: This study aimed to evaluate the results and risk factors associated with
outcome of allo-SCT in ALL patients older than 60 years, and who received a
reduced-intensity conditioning (RIC) regimen prior to allo-SCT between 2001
and 2012.

Methods: 117 patients with fully documented data could be identified and ana-
lyzed. Median age at time of allo-SCT was 63 (range, 60-75) years, with 34
patients (29%) being older than 65. 57% of patients had a Karnosky perform-
ance status 290%. Median year of allo-SCT was 2009. Median follow up was
37 (range, 10-134) m. 82 patients (70%) were transplanted in CR1, 19 (16%)
in CR2 and CR3, and 16 (14%) in more advanced disease. Of 109 patients
with available cytogenetics data, 53 (49%) harboured t(9;22) at diagnosis. Con-
ditioning regimen included fludarabine and busulfan (Bu-Flu) for 34% of
patients, 26% had a low-dose TBI-based regimen, while 20% received fludara-
bine and melphalan. ATG was used in 41% of cases. Fifty-two (45%) of patients
were transplanted with an HLA-identical-sibling donor (MSD). Graft source was
peripheral blood stem cells in 95% of cases.

Results: At 2 years the probabilities of LFS, and overall survival (OS) were
35% and 47%, respectively. The cumulative incidences (CI) of NRM, relapse
incidence (RI), and chronic GVHD were 22%, 43%, and 38%, respectively. In
univariate analysis, disease status was associated with LFS, Rl and OS: LFS
rate was 25% for CR2 and 13% for advanced vs 41% for CR1 (p<0.01), RI
rate was 70% for CR2 and 63% for advanced vs 33% for CR1 (p<0.01), OS
rate 40% for CR2 and 19% for advanced vs 54% for CR1 (p<0.01). Patients
transplanted from a MSD had a higher RI (56% vs 33%) compared to those
transplanted from unrelated donors (UD, p<0.01). Factors associated with NRM
were the use of Bu-Flu (NRM was 13% for Bu-Flu vs 26% in other regimens)
(p=0.05)) and Karnofsky-score 290% (NRM was 14% for KPS<90% vs 31%
KPS 290%) (p<0.05)). In multivariate analysis, factors associated with LFS
were disease status (advanced disease, HR=3.6, p<0.01) and CR2, HR=1.90,
p=0.04), and the use of unrelated donors (HR=0.60, p=0.03). Disease status
was associated with better OS (HR=0.28, p<0.001). On the other hand,
advanced disease status, use of a MSD, performance status <90% was asso-
ciated with a higher Rl (HR=4.64, p<0.01, HR=2.38, p=0.06, HR=2.25, p<0.05
respectively). NRM was lower for patients with performance status 290% and
for those receiving the Bu-Flu regimen (HR=0.48, p=0.06 and HR=0.33, p<0.05,
respectively).

Summary and Conclusions: Allo-SCT after RIC is a feasible and effective
option for patients with ALL older than 60 years with LFS of 35% and OS of
47%. The results were better for patients transplanted in CR1, and with good
performance status.
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ALLO-HSCT FOLLOWING RIC FOR ELDERLY PATIENTS (60 YEARS AND
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Background: The use of unrelated donors (URD) in patients aged of 60 years
or more has drastically increased in the past few years. To date, there are only
limited data on URD allo-HSCT in elderly patients (60 years or more).

Aims: The purpose of the current study is to describe outcomes in a large
cohort of patients aged 60 years or older, who received a RIC URD allo-HSCT
in recent years.

Methods: Between 2008 and 2012, 516 consecutive patients aged of 60 years
or more, who received a first allo-HSCT for hematological malignancies from an
URD after a RIC regimen in France were included. Conditioning regimen was
fludarabine-based in 91% of the patients. Two groups of patients were defined:
patients with age at allo-HSCT less than 65 years old (‘URD<65 group”, n=374)
and patients who were aged of 65 years old or more (“URD 265 group”, n=142).
Results: Patient characteristics were similar between the 2 groups. The medi-
an follow-up was 36 months (range, 0.36-73.5) for URD<65 group and 32
months (range, 0.03-72) for URD=65 group. During evolution, the cumulative
incidence (Cl) of grade II-1V acute GvHD was 32% in URD<65 group and
32% in URD265 group (p=0.975) while the CI of chronic GvHD at 2 years was
25 % and 26%, respectively (p=0.701). Cl of non-relapse mortality (NRM),
disease free survival (DFS) and overall survival (OS) were not different
between the 2 groups Multivariate analysis for NRM, DFS and OS show that
age by itself has no influence on outcomes.

Summary and Conclusions: These data suggest equivalence of outcome
between URD<65 group and URD=65 group after RIC URD allo-HSCT. Age by
itself thus appears not to be a limitation in this particular population of elderly
patients.

Vienna, Austria, June 11 - 14, 2015
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Background: Myelodysplastic syndromes (MDS) are a heterogeneous group
of hematopoietic neoplasms characterized by bone marrow dysplasia and one
or more peripheral blood cytopenias. Underlying this heterogeneity is a variety
of genetic abnormalities. Within the bone marrow and blood of an individual
patient, several clones of cells with their own set of mutations may be present
simultaneously. During the course of the disease, the clonal composition may
change and additional genetic defects can be acquired. Patient-specific
(sub)clonal architectures may contribute to the heterogeneity of MDS, both in
terms of clinical manifestations and response to treatment.

Aims: We studied the clonal composition of MDS on the basis of somatic muta-
tion profiles, the long-term diachronous changes in clonal architecture through-
out the course of the disease, and the correlations between clonal
architecture/evolution and clinical parameters and treatment response.
Methods: Bone marrow and blood samples from 12 patients with low-to inter-
mediate-risk MDS with long follow-up times (2.5-11 years) were collected at
regular intervals (5-19 sampling moments/patient). Whole-exome sequencing
was applied on the first and last and several intermediate time points for each
patient. In total, 64 samples were used for whole-exome sequencing, to an
average depth of 110x. Cultured T-cell DNA was used as reference. In addition,
the same samples were analyzed using high resolution SNP-arrays. From this,
in total 348 different acquired somatic mutations were identified in 300 different
genes. In order to be able to quantify the presence of these mutations with
high accuracy, for all mutations specific assays were developed for amplicon-
based deep sequencing (lonTorrent, with a coverage of = 10,000 x). This was
used to measure the mutational burden at the different sampling time points.
Results: The median number of validated cancer-associated gene mutations
per patient was 14 (range 10-26) and 3 (range 0-5) for well-known, recurrently
mutated driver mutations in MDS. Integrated analysis revealed the clonal archi-
tecture and its evolution over time. Both linear and branched evolution were
present in different patients. Diverse patterns of clonal evolution, ranging from
a single clone remaining stably dominant for many years, to cases with highly
dynamic shifts in the subclonal composition were observed. Five patients were
treated with lenalidomide, four of which achieved complete remission. In one
of these patients, clinical complete remission was accompanied by molecular
remission (mutations <1%), followed by a relapse after acquisition of a TP53
and RELN mutation in the original clone, containing six other mutations. One
doubly-TET2-mutated patient, treated with EPO and G-CSF displayed a
branched evolutionary process with two competitive subclones: an initially major
NRAS-mutated subclone and a minor RRAS-mutated subclone. Over the
course of two years, the RRAS-mutated subclone became dominant with sub-
sequent transformation to AML.

Summary and Conclusions: Our study demonstrates that great diversity in
clonal composition and evolution underlies the clinical heterogeneity of MDS.
In some patients, clonal composition was very stable over time, whereas in
others, a highly dynamic pattern was observed. Our findings emphasize the
importance of genetically unbiased disease monitoring and the development
of therapeutic strategies aiming to eradicate multiple different clones.
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Background: Myelodysplastic syndromes (MDS) are clonal hematopoietic
stem cell disorders characterized by dysplastic hematopoiesis in the bone mar-
row and peripheral blood cytopenias. The splicing factor SF3B17 is the most
commonly mutated gene in MDS and is mainly found in refractory anemia with
ring sideroblasts (RARS). SF3B71 mutations are missense, heterozygous and
clustered, suggesting they are gain-of-function with a causal link to the devel-
opment of RARS. Nevertheless, in vitro studies are hampered by the inability
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to clone the full length SF3B71 cDNA and model the effect of its mutation in cell
lines. Few reports on Sf3b71 knock-down mice have not convincingly recapitu-
lated the features of its somatic mutations in RARS.

Aims: We therefore targeted the Sf3b71 locus of mouse embryonic stem cells
(ESC) to create a conditional allele encoding the most common mutation
Sf3b1K700E to assess the phenotypic consequences of its expression in vitro
and in vivo.

Methods: The C57BL/6N ESC line JM8 was targeted by homologous recom-
bination. Albino pseudopregnant females were injected allowing for chimera
screening based on coat color. One mouse carrying germline transmission was
selected and its heterozygous offspring was crossed to Tg(Mx7:Cre) mice.
Sf3b1K700E expression was then elicited in the bone marrow with plpC injection
to activate the Cre recombinase. In parallel, Cre was overexpressed in ESC to
generate clones with constitutive Sf3b7K700E expression to perform in vitro
work. WT and mutant ES cells were analyzed in basal conditions and after dif-
ferentiation into haematopoietic cells. For the latter procedure, cells were
allowed to grow into embryoid bodies that were subsequently dissociated with
trypsin and cultured in a hematopoietic cytokines mix.

Results: WT and mutant Sf3b7 ESC showed proliferation rates and colony
morphologies similar to native ESC. Upon differentiation, >80% of cells
expressed the pan-hematopoietic marker Cd45, with no difference between
genotypes. Erythroid differentiation in particular was efficient as confirmed by
an increase in transcription levels of the globin genes, that was reduced in
Sf3b1 mutant cells. Nevertheless, gross morphology was similar in WT and
mutant cells. Flow cytometry showed a marginal decrease in the percentage
of Cd711ow/Ter119M cells for the mutant genotype, but no major differences in
the frequency of expression markers of stem and progenitor, myeloid and
megakaryocytic cells. By unsupervised clustering of gene expression profiles,
we found that WT and mutant cells cluster closely together in the undifferenti-
ated state, whereas differentiation causes mutant cells to acquire a dramatically
different expression profile than WT cells. Mutant differentiated cells showed
an excess of downregulated genes, among which known players in congenital
sideroblastic anemias (Abcb7, Girx5, and Scl25A38). Gene ontology analysis
showed downregulation of several biological processes, including the respira-
tory electron transport chain and regulators of mitochondrial ion transport as
shown previously, but also processes involved in RNA metabolism like trans-
lation initiation and pre-mRNA splicing. Initial analysis of conditional Sf3b7K700E
expression in mice showed that heterozygous animals display no overt sign of
disease at our median follow-up of 116 days. In turn, peripheral blood counts
post-plpC injection show that hemoglobin is significantly decreased at one
(17.2 vs 14.2 gr/dl, p=0.001) and two months (16.7 vs 15, p=0.006) in mutant
animals, with no difference in white cell and platelet counts. Analysis of bone
marrow cells by flow cytometry showed a 2-fold decrease in Cd71'oW/Ter119hi
(p=0.02) cells for the mutant genotype, suggestive of a late maturation defect.
Lastly, iron stain of bone marrow cells showed an increment of iron-laden
macrophages and occasional ringed sideroblasts in the mutant animals.
Summary and Conclusions: Our data closely recapitulates initial observations
in human samples and suggests mutated Sf3b7 expression leads to defective
erythroid maturation. Our mouse model will allow better characterization of the
molecular pathways altered by the mutation and the analysis of modifiers of
this phenotype.
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Background: Recurrent somatic mutations are thought to support MDS initiation
and progression. Recently, studies have highlighted the clonal evolution of MDS
which could be affected by treatments. Lenalidomide (Len) is designated as a
second line treatment in non-del (5q) transfusion-dependent (TD) ESA-resistant
low/int-1 MDS patients, which achieve an erythroid response in 30% of cases.
Aims: To investigate whether mutations may represent molecular markers of
sensitivity to Len, we used next generation sequencing to examine 26 recur-
rently mutated genes in non-del(5q) MDS patients treated by Len. We also
investigated the clonal evolution of hematopoietic stem progenitor cell (HSPC)
following this therapy.

Methods: Bone marrow mononuclear cells (BMMC) were collected in 99
patients at screening, in 15 patients (6 non responder and 9 responder) after
4 cycles of treatment within 4 to 8 months after treatment initiation. For 8 respon-
der, 3 to 5 sequential samples were collected until the 26t month of follow-up.
Samples were genotyped by next generation and Sanger sequencing
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approaches. Clonal architecture of CD34*CD38-HSPC was determined by the
genotyping of single cell-derived clones expanded on murine MS5 stromal cells,
in 5 patients at screening and was also monitored after 4 cycles of treatment.
Results: On the global cohort, four genes had a mutation frequency over 10%:
SF3B1(73%), TET2 (46%), ASXL1 (20%), DNMT3A (20%). As judged on vari-
ant allele frequencies (VAF), SF3B1 and DNMT3A mutations were mostly clonal
while TET2 and ASXL1 mutations were clonal or subclonal. The presence of
DNMT3A mutations was linked to the response to Len. Among the 15 patients
with a follow-up after 4 cycles, VAF were stable in 5/6 non-responder, while a
subclonal NRAS mutation became visible in one case. Among responder
patients, a significant decrease of VAF was observed in 5/9 cases. VAF detect-
ed in total BMMC mirrored the mutation representation in HSPC compartment.
Furthermore, genotyping of recurrent mutations in individual HSPC described
the clonal hierarchy. In some cases, the founding clone was the dominant
clone, while in other cases it preceded its appearance. Subclonal mutations
either colonised the dominant clone or defined a new independent clone. After
4 cycles of treatment, the dominant clone collapsed in 3/5 patients. In two
responder patients, the dominant SF3B81/DNMT3Amut clone either completely
disappeared in favor of the founding DNMT3AMut pre-leukemic clone or obvi-
ously decreased in favor of a minor SF3B1ex14mut/DNMT3AMuiclone. In a 3rd
case, the dominant SF3B1/TET2mut clone decreased in favor of founding
SF3B1mut clone. In the two other cases, dominant clones SRSF2/TET2mut or
SRSF2/TET2/ASXL1mut remained stable. Long term follow-up of VAF in 8
responder until 26 months after the beginning of treatment identified an
increase of the dominant mutations and/or the emergence of mutations in
EZH2, TP53 or ASXL1 genes in 4/5 patients concomitantly with the loss of
response.

Summary and Conclusions: Len is able to modify the clonal evolution of non
del(5q) low/int-1 MDS by targeting the dominant clone in HSPC compartment,
in cases affected by DNMT3A and SF3B1 mutations. Conversely, emergence
of subclones can be observed before or at the time of treatment failure. Extend-
ed analysis to a larger number of patients will confirm that the clonal evolution
under treatment must be monitored.
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Background: Recent genetic studies have revealed frequent and specific path-
way mutations involving multiple components of the RNA splicing machinery
in myelodysplasia. Among these, SRSF2 mutations are more prevalent in
CMML subtype and are associated with poor prognosis. Mutations showed a
prominent hotspot involving proline 95, causing either P95H, P95L, or P95R
conversion. The molecular mechanism by which SRSF2 mutations lead to
myelodysplasia remains largely unknown.

Aims: This study aimed to clarify the role of SRSF2 mutations in the development
of myelodysplasia through the analysis of Srsf2 P95H conditional knock-in mice.
Methods: We first generated a heterozygous conditional knock-in mouse mod-
el of Srsf2 P95H mutation and crossed them with Vav1-Cre transgenic mice.
We then performed detailed analysis of hematological phenotype of Srsf2 P95H
knock-in mice and also evaluated their reconstitution ability in competitive trans-
plantation experiments.

Results: Heterozygous Srsf2 P95H conditional knock-in mice exhibited no sig-
nificant change in total peripheral blood (PB) counts compared to wild-type
mice at 8-15 weeks after birth. Bone marrow (BM) cellularity and spleen weight
showed no obvious difference between Srsf2 P95H and wild-type mice. Analy-
sis of hematopoietic stem and progenitor cells fractions showed significant
decrease of the frequency of HSCs in Srsf2 P95H mice compared to wild-type
mice. On the other hand, there were no significant differences in the number
of more differentiated progenitor cells including multipotent progenitor (MPP)
cell fractions, myeloid progenitors (MEPs, CMPs, and GMPs) and lymphoid
progenitors between Srsf2 P95H and wild-type mice. We next performed non-
competitive transplantation experiments to assess the cell intrinsic effects of
Srsf2 P95H mutations. 3 months after transplantation, recipient mice trans-
planted with Srsf2 P95H BM cells showed significant leukopenia due to
impaired lymphopoiesis and anemia. Flow cytometrical analysis revealed
decreased numbers of HSCs and MPPs fractions, whereas there were no sig-



nificant changes in MEPs, CMPs, and GMPs in BM. The frequency of erythroid
progenitor populations was significantly reduced in Srsf2 P95H mice in BM and
spleens. The population of B cell lineage also decreased at as early as pre-pro
B cell stages. These observations suggested that SRSF2 P95H mutations lead
to impaired stem cell functions and ineffective hematopoiesis, resembling the
phenotype of MDS. Subsequently, we assessed the reconstitution capacity of
whole BM cells from SRSF2 mutant mice in competitive transplantation exper-
iments. The donor chimerism of Srsf2 P95H-derived cells in PB was significantly
lower than that of wild-type cells. At 4 months post transplantation, chimerism
of Srsf2 P95H-derived cells was remarkably lower than that of wild-type cells
in the fractions of HSCs, MPPs, CMPs, MEPs, GMPs and CLPs. Furthermore,
the reduced donor chimerism for Srsf2 P95H mutants was recapitulated in sec-
ondary transplantation experiments. Finally, we have not observed overt MDS
phenotypes in none of these Srsf2-mutant mice or transplantation models.
Summary and Conclusions: Our results demonstrated that heterozygous
P95H mutation of Srsf2 lead to deregulation of hematopoietic stem cells that
was evident from reduced competitive repopulation in lethally irradiated mice
and impaired hematopoietic differentiation. SRSF2 mutation by itself does not
seem to be sufficient to develop MDS but to require additional genetic and/or
epigenetic events for overt MDS phenotype.

$135

CSNK1A1 BEHAVES LIKE A TUMOR SUPPRESSOR GENE AND
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Background: Deletion of 5q is one of the most frequent cytogenetic aberrations
in myelodysplastic syndromes (MDS). The WHO category of myelodysplastic
syndrome with isolated del(5q) describes an own entity showing good prognosis
and also demonstrating response to specific treatment such as lenalidomide.
However, in some patients the disease evolves to secondary AML. The under-
lying pathogenic mechanisms are still under debate. Recently, CSNK1A1 was
found to be frequently mutated in MDS with del(5q) irrespective of the presence
of additional cytogenetic lesions. CSNK71A1 is located on 5932 in the commonly
deleted region.

Aims: To analyze mutations in CSNK7A1 in correlation to other gene mutations
as well as to clinical data and prognostic information in MDS with isolated del(5q).
Methods: We investigated 115 patients (82 female, 33 male) presenting with
MDS with isolated del(5q) that were strictly diagnosed according to WHO clas-
sification 2008 with respect to cytomorphology and cytogenetics (blasts below
5% in the bone marrow and 5q deletion sole). All patients were analyzed for
mutations in ASXL1, BCOR, BRAF, CBL, CSNK1A1, DNMT3A, ETV6, EZH?2,
FLT3-TKD, GATA1, GATA2, IDH1, IDH2, JAK2, KIT, NRAS, KRAS, MPL,
NPM1, PHF6, RUNX1, SF3B1, SRSF2, TET2, TP53, U2AF1, and WT1. The
libraries were generated with the ThunderStorm (RainDance Technologies, Bil-
lerica, MA) and the Access Array System (Fluidigm, San Francisco, CA) and
both libraries were sequenced on a MiSeq instrument (lllumina, San Diego,
CA). Missense variants not yet described in any public database were excluded
from statistical analyses.

Results: In the total cohort the most frequently mutated genes were DNMT3A
and TP53 (21/115, 18% each), followed by SF3B1 (18/115, 16%), TET2
(13/113, 12%), CSNK1A1 (11/115, 10%), ASXL1 (9/115, 8%), and JAK2 (7/115,
6%). The mutation frequencies of all other analyzed genes were below 5%,
respectively. In only 35/115 patients (30%) no gene mutation was identified.
Therefore, CSNK1A1 is the fifth most frequently mutated gene in MDS with
isolated del(5q). All CSNK1A1 mutations were missense mutations in either
amino acid Glu98 (n=9) or Asp140 (n=2). Investigating concomitant gene muta-
tions with CSNK71A1 mutations resulted in two cases showing no additional
gene mutation. The other nine cases showed mutations in ASXL7 (n=2),
DNMT3A (n=2), SF3B1 (n=3), SRSF2, TET2, or U2AF1, respectively. Interest-
ingly, five of the eleven cases (46%) presented with an additional mutation in
one of the spliceosomal genes SF3B71 (n=3), SRSF2 (n=1), or U2AF1 (n=1)
(vs only 16% in CSNK1A1 wildtype, p=0.034). No correlation of CSNK1A1
mutations with age, sex, white blood cell count, hemoglobin level, platelet count,
as well as bone marrow blast count were found. There was also no prognostic
impact of CSNK1A1 mutations on overall survival. Furthermore we raised the
question if the CSNK1A 1 mutations occur more likely in the del(5q) cell clone
or in the remaining cells. Therefore, we compared the percentage of del(5q)
positive cells by evaluation of the corresponding FISH data with the mutation
load of CSNK1A1 and found a significant correlation (r=0.761, p=0.006), sug-
gesting that CSNK1A 1 mutations occur more likely in the del(5q) cell clone and
is therefore affected on both alleles.

Summary and Conclusions: 1) CSNK7A1 is the fifth most frequently mutated
gene in MDS with isolated del(5q). 2) Cases with mutations in CSNK1A1 fre-
quently associate with mutations in one of the spliceosomal genes SF3B71, SRSF2,
or U2AF1. 3) CSNK1A1 mutations are most likely present in the del(5q) clone.

Vienna, Austria, June 11 - 14, 2015
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LUSPATERCEPT (ACE-536) INCREASES HEMOGLOBIN AND DECREASES
TRANSFUSION BURDEN AND LIVER IRON CONCENTRATION IN ADULTS
WITH BETA-THALASSEMIA: PRELIMINARY RESULTS FROM A PHASE 2
STUDY

A. Pigal” S. Perrotta2, C. Borgna-Pignatti3, M.R. Gamberini3, A. Melpignano?,
E. Voskaridou®, V. Caruso®, A. Filosa’, Y. Aydinok8, X. Zhang®, D. Wilson®,
A. Laadem'0, M. Sherman9, K. Attie®

1Turin University, Turin, 2Second University of Naples, Naples, 3University of
Ferrara, Ferrara, 4Ospedale “A. Perrino”, Brindisi, Italy, 5Laiko General Hospital,
Athens, Greece, 6Garibaldi Hospital, Catania, 7AORN “A.Cardarelli”, Naples,
Italy, 8Pediatric Hematology, Ege University, Izmir, Turkey, ®Acceleron Pharma,
Cambridge, MA, 19Celgene Corporation, Summit, NJ, United States

Background: Luspatercept, a fusion protein containing modified activin recep-
tor, is being developed for the treatment of beta-thalassemia (B-thal). Luspa-
tercept binds to GDF11 and other ligands in the TGF-$ superfamily to promote
late-stage erythroid differentiation. Luspatercept corrected the effects of inef-
fective erythropoiesis in a thalassemia mouse model (Suragani R, Blood 2014)
and was well tolerated and increased hemoglobin (Hb) in a phase 1 clinical
study (Attie K, Am J Hematol 2014).

Aims: This is an ongoing, phase 2, multicenter, open-label, dose-finding study
to evaluate luspatercept in adults with transfusion-dependent (TD) or non-trans-
fusion dependent (NTD) B-thal. Efficacy outcomes include Hb increase in NTD
patients, reduced RBC transfusion burden in TD patients, and liver iron con-
centration (LIC) by MRI.

Methods: Inclusion criteria included age 218 yr and either being TD or NTD -
thal with baseline Hb <10.0 g/dL. Luspatercept was administered SC every 3
wks for up to 5 doses with a 2-month follow-up. Six sequential cohorts (n=up
to 6 each) were treated at escalating doses from 0.2 to 1.25 mg/kg. An expan-
sion cohort (n=30) is ongoing; patients who complete the core study may be
eligible to enroll in a 12-month extension study.

Results: Preliminary data (as of 16-Jan-2015) were available for 35 patients
treated for 3 months. Median age was 35 yr, ranging from 20-57 yr, and 86%
had prior splenectomy. TD B-thal patients (n=11). Transfusion burden prior to
treatment ranged from 4 to 8 units/12 weeks. All 10 (100%) evaluable patients
achieved the primary endpoint of >20% decrease in transfusion burden over
12 weeks (includes 1 patient with only 8 weeks) compared with the 12 weeks
prior to treatment (median 67%, ranging from 43 to 100%). The 5 TD B-thal
patients in the higher dose groups with baseline LIC =5 mg/g dw who were on
chronic iron chelation therapy (mean duration 2.5 yr) had a mean LIC decrease
of 17% by week 16; this decrease in LIC correlated with a decrease in transfu-
sion burden. NTD B-thal patients (n=24). Mean baseline Hb was 8.3 g/dL, rang-
ing from 6.5 to 9.6 g/dL. Three of 7 (43%) patients in the higher dose groups
achieved the primary endpoint of increase in Hb >1.5 g/dL sustained for 22
weeks (mean duration 9 weeks) compared with 0 of 17 (0%) patients in the
lower dose groups. The 5 NTD B-thal patients in the higher dose groups with
baseline LIC =5 mg/g dw (includes 3 patients on iron chelation therapy) had a
mean LIC decrease of 18%; this decrease in LIC correlated with an increase
in hemoglobin. All 3 B-thal patients with chronic leg ulcers at baseline (2 NTD,
1 TD) had substantial, rapid healing, beginning 4-6 weeks after the first dose
of luspatercept. Luspatercept was generally well tolerated, with no related seri-
ous adverse events reported to date. Adverse events were mostly mild-moder-
ate and the most frequent related adverse events (>10% patients) were bone
pain, headache, myalgia, and pain in extremity.

Summary and Conclusions: Luspatercept treatment for up to 3 months was
well-tolerated, increased Hb levels in NTD patients, and decreased transfusion
requirement in TD patients with B-thalassemia. Both TD and NTD B-thal patients
had decreases in LIC at therapeutic doses, and healing of leg ulcers occurred
in 3 of 3 patients. These changes represent a significant reduction in disease
burden for patients with B-thalassemia. Phase 3 studies of luspatercept in B-
thalassemia are planned.
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INTERIM RESULTS FROM A PHASE 2A, OPEN-LABEL, DOSE-FINDING
STUDY OF SOTATERCEPT (ACE-011) IN ADULT PATIENTS (PTS) WITH
BETA-THALASSEMIA
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Background: Beta-thalassemias are characterized by ineffective erythro-
poiesis leading to anemia, iron overload, and organ failure. Sotatercept (ACE-
011) is a novel and first-in-class activin type IIA receptor fusion protein that
acts on late-stage erythropoiesis to increase the release of mature erythrocytes
into circulation (Carrancio S, et al. Br J Haematol 2014;165:870-82). RAP-011,
a murine version of sotatercept, was effective in a mouse model of beta-tha-
lassemia, thereby supporting the clinical development of sotatercept for beta-
thalassemia (Dussiot M, et al. Nat Med 2014;20:398-407).

Aims: To determine a safe, tolerable, and effective dose of sotatercept in pts
with transfusion-dependent (TD) beta-thalassemia major (TM) and pts with TD
or non-transfusion-dependent (NTD) beta-thalassemia intermedia (TI).
Methods: In this ongoing phase 2a, multicenter, open-label, dose-finding study,
pts received sotatercept subcutaneously once every 3 weeks; enroliment up
to 1.0 mg/kg is complete and analysis ongoing. Efficacy was assessed by
hemoglobin (Hb) increase from baseline for NTD pts and RBC transfusion bur-
den reduction for TD pts. Safety was assessed by NCI-CTCAE v4.0. All pts
provided informed consent. ClinicalTrials.gov identifier: NCT01571635.
Results: 30 of 46 pts (65%) in the sotatercept 0.1, 0.3, 0.5, 0.75, and 1.0
mg/kg dose groups were NTD (28 Tl, 2 Hb-E/beta-thalassemia) and 16 (35%)
were TD (12 TM, 4 TI). Of 30 NTD pts, 6, 6, 6, 7, and 5 were included in the
different dose groups, respectively; mean baseline Hb for NTD pts was 8.3
g/dL (range 5.9-10.7). Rates of Hb response for NTD pts are shown in the
Table. Area under the curve and peak concentration of sotatercept increased
with dose (data not shown). Increased exposure was associated with higher
mean Hb increases over 9 weeks for NTD pts (r =0.78, P <0.0001) and with
reduced transfusion burden over 24 weeks for TD pts (r =0.74, P <0.01). Among
TD pts evaluable for efficacy, 8 of 14 pts (57%) showed a 220% reduction in
transfusion burden on treatment versus 6 month transfusion burden at baseline,
whereas 250% reduction was observed for 1 of 5 pts in the 0.75 mg/kg dose
group and 1 of 2 pts in the 1.0 mg/kg dose group; treatment of the 0.3, 0.5,
0.75, and 1.0 mg/kg groups is ongoing. Overall, sotatercept was well tolerated
and 25 of 46 pts (54%) remain on treatment; 19 (41%) pts have been on treat-
ment for 21 year, 8 (17%) for 222 months, and 2 (4%) for =2 years. Grade 23
treatment-related adverse events leading to discontinuation were seen in 4
pts: worsening grade 3 bone pain in 1 TD pt in the 0.1 mg/kg group; grade 3
ventricular extrasystoles in 1 NTD pt in the 0.5 mg/kg group; and grade 3 hyper-
tension in 2 NTD pts in the 0.75 mg/kg group. Overall, 3 pts discontinued due
to lack of efficacy: 1 pt in each of the 0.1, 0.3, and 1.0 mg/kg dose groups.
Updated safety and efficacy data will be presented.

Tabella 1. Rates of Hb response for NTD pts.

Sotatercept dose
0.1mghkg 0.3 mglkg 0.5mglkg 0.75mg/kg 1.0 mg/kg Total
(n=86) (n=6) (n=8) (n=7) (n=5) (n=30)
Hb increase 2 1.0 g/dL from 0 4 (67) 4 (67) 6 (86) 1(20) 15 (50)
baseline sustained for 2 12
weeks
Hb increase 1.5 g/dL from ] 2(33) 2(33) 5(71) 1(20) 10 (33)

baseline sustained for 2 12
weeks

All values are expressed as n (%)

Summary and Conclusions: These preliminary data suggest long-term treat-
ment with sotatercept can increase Hb levels and decrease transfusion burden
with a favorable safety profile in pts with beta-thalassemia. These data suggest
an exposure-dependent effect for sotatercept. MDC, JP, and OH contributed
equally to this abstract.
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PHASE 1 MULTIPLE ASCENDING DOSE STUDY OF THE SAFETY,
TOLERABILITY, AND PHARMACOKINETICS/PHARMACODYNAMICS OF
AG-348, A FIRST-IN-CLASS ALLOSTERIC ACTIVATOR OF PYRUVATE
KINASE-R, IN HEALTHY SUBJECTS

H. Yang'" E. Merica’, Y. Chen!, M. Cohen2, R. Goldwater3, H. Kim',
P. Kosinski®, C. Kung?, M. Goldwasser?, B. Silver4, L. Utley, S. Agresta’
1Agios Pharmaceuticals, Cambridge, 2MBC Pharma Solutions, Newtown,
3PAREXEL, Baltimore, 4Bruce A. Silver Clinical Science and Development,
Dunkirk, United States

Background: Pyruvate kinase (PK) deficiency is a rare genetic disorder of
metabolism resulting in chronic hemolytic anemia, with comorbidities including
iron overload and multi-organ dysfunction. Approximately 180 mutations in the
PKLR gene are recognized to cause functional deficiency of the PK-R isoform.
Defective glycolysis in red blood cells leads to increases in the metabolic pre-
cursor, 2,3-diphosphoglycerate (2,3-DPG), and deficiency of the product,
adenosine triphosphate (ATP). AG-348 is an oral allosteric activator of both

18 | haematologica | 2015; 100(s1)

wild type and multiple mutant PK-Rs. We report here a multiple ascending
dose (MAD) trial of AG-348.

Aims: To assess safety, tolerability, and pharmacokinetics/pharmacodynamics
(PK/PD) of AG-348 in healthy volunteers and identify a dosing schedule for
future trials in patients with PK deficiency.

Methods: A phase 1, single-center, randomized, double-blind, placebo-con-
trolled MAD study (NCT02149966) was conducted in healthy men and women
(18—60 years) in 6 sequential cohorts (each cohort: n=6 AG-348, n=2 placebo
[P]). Subjects gave informed consent and received oral AG-348 at 15-700 mg
twice daily (q12h) or 120 mg once daily (q24h) for 14 days with follow-up to
Day 29. Adverse events (AEs), laboratory parameters, ECGs, and vital signs
were monitored. Plasma AG-348 concentrations and whole blood 2,3-DPG
and ATP levels were measured in serial blood samples for PK/PD assessment.
Hormone levels were monitored due to pre-clinical data suggesting potential
modulation.

Results: 48 subjects (42M/6F), mean age 41.5 (range, 25-60) years, enrolled.
Final, un-blinded safety data showed 21 AE in 16/36 (44%) AG-348-treated
and 4/12 (33%) P subjects. Treatment-related AEs (1) were noted in 11/36
(31%) AG-348-treated and 3/12 (25%) P subjects. All treatment-related AEs
were mild or moderate in severity (only one grade 3 event) and often reversible
despite continued dosing. The most frequent AG-348-related AEs were nausea
and headache, 5/36 (14%) for each (P: nausea 0/12 [0%]; headache 1/12
[8%]). Gastrointestinal AEs occurred in AG-348-treated subjects only at the
highest dose, 700 mg q12h. One grade 3 AE occurred (AG-348 700 mg q12h,
elevated liver function tests [LFTs], which resolved after treatment discontinu-
ation). There were 4 AG-348 discontinuations: due to AEs in 2 subjects (grade
2 drug eruption, 60 mg q12h; grade 3 elevated LFTs, 700 mg q12h), and 2
subjects withdrew consent (both had grade 1/2 nausea and grade 1/1 vomiting;
both at 700 mg q12h). The highest well-tolerated dose was 360 mg q12h (doses
between 360 and 700 mg were not explored). Plasma AG-348 exposure was
dose dependent, with low to moderate variability in the PK parameters of AG-
348 and its metabolite AGI-8702. There was a dose-dependent decrease in
2,3-DPG and increase in ATP with the effects plateauing at 360 mg q12h.
Decrease in 2,3-DPG was robust after Dose 1, while the increase in ATP
occurred gradually and was strongly evident at Day 8. Change from baseline
in 2,3-DPG and ATP plateaued at ~300 pg/mL (~50% decrease) and ~175
ug/mL (~50% increase), respectively. After final Day 14 dose, 2,3-DPG returned
to levels similar to baseline between 72 and 120 hours. ATP levels remained
elevated through 120 hours post dose (Figure). Details of all un-blinded data
will be presented.

Change from baseline concentration-time profiles of 2,3-DPG
and ATP in blood following multiple doses of AG-348
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Summary and Conclusions: AG-348 showed a robust 2,3-DPG/ATP PD gly-
colytic profile at well-tolerated doses in healthy volunteers. The results support
proceeding with a planned phase 2 trial in patients with PK deficiency.
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THE SINGLE-UNIT BLOOD TRANSFUSION: EXPERIENCE AND IMPACT
IN HAEMATOLOGY PATIENTS

A. Allameddine!” M. Heaton2, H. Jenkins2, S. Andrews2, B. Sedman2,
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1Pathology department, Royal Oldham Hospital, Oldham-Manchester, 2Royal
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Background: The Pennine Acute Trust (PAT) is one of the largest non-teaching
general hospitals in the UK with an average 30.000 units of blood products are
transfused yearly. The Hospital Transfusion Team (HTT) overseeing the trans-
fusion practice, conducted few audits to assess the appropriateness of blood
transfusion. These showed that an average of 15-25% of blood transfusion is
given inappropriately for various reasons, including the lack of intervention,
prevention and diagnosis of anaemia. This has been similarly confirmed by the
National Comparative Audits of blood transfusion(1).

Aims: The introduction of the Patient Blood Management (PBM) as a patient-
focused model, along with the adoption of a restrictive transfusion triggers,
resulted in one of the most effective measures to reduce the inappropriate
blood usage, with consequent major benefit for the health care system. The
implementation of the single-unit transfusion can considerably reduce the total
RBC requirement, as shown in a study of Berger et al (2012), where a change
from a double to single-unit transfusion resulted to be safe and achieved a 25%
reduction of transfusion requirements(2).

Methods: The HTT introduced the single unit policy for patients without active
bleeding in all hospital wards. This involved dispensing one RBC unit at a time.
Clinicians were asked to consider each unit transfused as an independent clinical
decision and to request the 2nd unit if clinically indicated, after the patient been
re-assessed. Recommendations were given to all clinicians to consider alternatives
to transfusion, especially, those known with iron deficiency or those with expected
transient drop of their haemoglobin level, following treatment, bleeding or sepsis.
The main indications suggested for the 2nd unit either the Hb remains<70g/l or
patient with on-going chest pain or rise of the haemoglobin less than 8g/I.
Results: The single-unit transfusion policy was introduced in PAT in January
2014. The data analysis within the haematology inpatient ward on the first 12
months of introduction of the policy, and compared with same period of 2013
and matched with the same number of patients, are very encouraging. The
analysis revealed an average 31% compliance to single unit policy compared
to 10% in 2013. This has resulted in the reduction of the number of RBC units
transfused by patient from an average of 3.71 units per patient in 2013 to 3.03
in 2014, with consequent saving of 18% of total units of blood, equivalent to
260 units with a saving of around 40.000 euro/year.

Summary and Conclusions: The introduction of the single unit transfusion
policy could result in up to 18% reduction in red blood cell usage in a population
with haemato-oncological disorders. These data are very encouraging and
demonstrate that the long-standing concept of two RBC units transfusion nec-
essary for an adequate increase of the haemoglobin level must be critically
revised. The introduction of this policy will help reducing blood usage, maintain
adequate blood supply and optimise healthcare resources. However, further
work is needed to improve compliance among clinicians. The introduction of
the single unit policy did not have significant impact on the frequency of trans-
fusion. The 72 hours pre-transfusion compatibility specimen expiry allows
enough time to consider further transfusion without performing further tests.
Although more transfusion events may have occurred in some cases, the overall
reduction in transfusion requirement would compensate for the extra work
undertaken within the transfusion laboratory.

References

1. The National Comparative Audit of Blood Transfusion 2011 Audit of Use of
Blood in Adult Medical Patients Part Two July 2013

2. Berger et al, (2012) Significant reduction of red blood cell transfusion
requirements by changing from a double-unit to a single-unit transfusion
policy in patients receiving intensive chemotherapy or stem cell transplantation
Haematologica. 2012 Jan; 97(1):116-22.
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RAPID REVERSAL OF RED BLOOD CELL SICKLING PROMOTED BY
PEGYLATED CARBOXYHEMOGLOBIN BOVINE GAS TRANSFER
PROPERTIES
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Background: Sickled Red blood cells (RBCs) have increased rigidity restricting
their passage through the microvasculature and cause vasoocclusive crisis
(VOC). PEGylated carboxyhemoglobin bovine (Sanguinate™; SG) was
designed to release carbon monoxide (CO) to reduce vasoconstriction, coun-
teract inflammatory responses as well as deliver O, to hypoxic tissues. Early
intervention of VOC with SG treatment could limit the crisis event and reduce
pain severity while providing a timely crisis resolution.

Vienna, Austria, June 11 - 14, 2015

Aims: SG treatment effects were evaluated under controlled conditions to
determine its capacity for gas exchange with RBCs obtained from healthy and
Sickle Cell Disease (SCD) volunteers.

Methods: Carboxyhemoglobin and oxyhemoglobin levels were monitored to
determine dose and time effects as well as the repetitive capacity of SG to
facilitate gas transfer processes. RBC treated samples were analyzed by light
microscopy and image capture flow cytometry to visualize and quantify the
effects of SG treatment on reversing sickled SCD RBC. PEG bovine serum
albumin (PBSA) product was used as a control.

Results: SG addition to normal oxygenated RBC resulted in CO and O,
exchange between RBC and SG that followed mass balance and reached equi-
librium in closed system. Kinetic analysis revealed SG rapidly transferred its
CO component to oxygenated RBC with concomitant O, loading of SG. Using
experimentally loaded RBC with CO and SG with O, produced similar reciprocal
gas exchange results. Additionally the primary RBC/ SG reaction products were
isolated and cycled demonstrating the ability of SG to continually facilitate gas
transfer through multiple exposure events. Similar studies using SG, oxygenat-
ed SG (produced by an RBC exchange reaction) or PBSA control were con-
ducted with SCD RBC. Sickling was induced by incubation of RBC in a hypoxic
chamber for 3 hours prior to SG or control treatments. After 2 hours of treatment,
cells were fixed by addition of glutaraldehyde. Photomicroscopy showed a
marked reduction in the sickled RBC population with both SG or oxygenated
SG treatments but not with the PBSA control (Figure 1). Results from imaging
flow cytometry further supported the microscopy findings and revealed a sig-
nificant quantitative reduction in the percentage of sickled RBC levels.

PBSA SG

Oxygenated SG

Figure 1. SG Treatment of Sickled RBC. Hypoxic SCD RBC treated with
SG, oxygenated SG or PBSA for 2 hrs prior to fixation and image capture
(40X mag).

Summary and Conclusions: RBCs are negatively impacted by repetitive HbS
polymerization/de-polymerization cycling and treatments that reverse RBC sick-
ling during a VOC event could be expected to provide broad clinical benefits.
SG was designed to promote CO and O, transfer in a concentration dependent
manner providing physiological supplementation of O, transport/delivery in con-
ditions of hemolytic or ischemic anemia. Additionally since ASH 2015, anti-
inflammatory activity on LPS activated samples has been quantified by g°PCR
and flow cytometry of a selected panel of inflammatory markers. SG pre-treat-
ment of normal and SCD whole blood significantly decreased inflammatory
cytokine RNA and protein levels. Studies are ongoing examining the effect of
SG on hypoxia induced inflammation. These ex vivo data demonstrated for the
first time that under controlled conditions, a therapeutic agent serves as an
active gas transport agent providing either CO or O, to sickled RBCs, prompting
rapid unsickling and significant decrease in inflammation markers. Furthermore,
image capture flow cytometry provided a quantitative measurement of sickled
RBC fraction decrease. This mechanism may provide a useful biomarker test
in future clinical studies to monitor SG treatment effects on SCD patients.
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THE THROMBIN INHIBITOR DABIGATRAN IMPAIRS CANCER CELL
GROWTH AND PROGRESSION
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Background: Advanced malignancy often correlates with activation of the
coagulation system, termed cancer coagulopathy, which is associated with
increased mortality rates. Thrombin, a blood-derived serine protease, is the
main effector of the coagulation cascade. There is convincing evidence that
thrombin, by PAR-1 receptor, regulates numerous critical cellular events, includ-
ing cell proliferation, cell adhesion, angiogenesis, and invasion. Dabigatran is
a selective direct thrombin inhibitor that reversibly binds to thrombin. Dabiga-
tran-bound thrombin is unable to cleave and activate PAR-1.

Aims: The purpose of this study is to explore if dabigatran may affect mechanisms
favouring tumor growth by interfering with thrombin-induced PAR-1 activation.
Methods: The U87 glioblastoma cell line, the MCF-7 breast adenocarcinoma
cell line and the endothelial cell line HUVEC, all expressing PAR-1, have been
used for our experiments. Cell proliferation was measured by a colorimetric
assay suitable for determining the number of viable cells. Cell death was quan-
titated by FACS analysis with Pl/annexin. For RNA analysis, Real Time PCR
was performed on a ABI PRISM 2600 instrument using SYBR Green. Protein
expression was measured by WB analysis. Chemotaxis was studied using
transwell plates. Endothelial cord formation was evaluated on Matrigel by enu-
merating branching points (tube formation) with an inverted microscope.
Results: Exposure of tumor cells to thrombin significantly increased cell pro-
liferation as measured by MTS conversion. Using this approach, dabigatran
was effective in antagonizing thrombin-induced proliferation in a dose-depen-
dent manner. In our experimental system, U87 cells underwent cell death when
cultured in starving medium. As thrombin has been shown to activate protein
kinases interfering with caspases-dependent cell death, we thought to evaluate
this property in U87 starved cultures. We found that the fraction of double pos-
itive annexin/P| cells was significantly lower in presence of thrombin and this
protection was lost when dabigatran was coincubated with thrombin. We then
evaluated the regulation of cell cycle proteins by thrombin and dabigatran. In
particular, we evaluated the expression of cyclin D1 (promoting cell cycling)
and p27 (inhibiting cell cycling) in U87 and MCF-7 starved cultures. Thrombin
led to down-regulation of p27 with concomitant induction of cyclin D1. When
dabigatran was added to cultures, the pattern of inhibition of growth observed
in presence of starving medium was restored (Figure1 A). Treatment of MCF-
7 cells with thrombin determined a slight but significant increase of the fraction
of cells in S phase. The effect of thombin on cell cycle was completely antag-
onized by dabigatran. We then evaluated the expression of pro-angiogenetic
proteins, Twist and GRO-a, in MCF-7 cells and HUVEC cells following exposure
to thrombin and dabigatran. We found that thrombin was significantly effective
in inducing up-regulation of Twist and GRO-a mRNA in MCF7 and HUVEC cell
lines. Expression of Twist was brought down to control levels when dabigatran
was added to colture. WB analysis confirmed RT-PCR results (Figure1 B). We
also found that the chemoattractant effect of thrombin on tumor cells was lost
in presence of dabigatran, and this effect was directly related to dabigatran
concentrations. Finally, vascular tube formation in HUVEC cells was increased
in presence of thrombin and the induction of tube formation was progressively
lost with dabigatran (Figure1 C).

A CONTROL THROMBMN THROMBIN DABIGATRAN
+ DABIGATRAN
Sese - SRS TR o e Cyoin D)

et L e ——— —————

. — — GAPOH

Tmpdli2NNae

CONTROL THROMBIN THROMBIN
+ DABIGATRAN

DABIGATRAN

[ T el Ty p—— R

Time(h) 3 6 12 24 36

Figure 1.
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Summary and Conclusions: Our data support a role of thrombin in inducing
the proliferation, migration and pro-angiogenetic effects of tumor cells in-vitro.
Dabigatran has shown activity in antagonizing all these effects, thereby impair-
ing tumor growth and progression. In-vivo models may help to understand the
relevance of this pathway.
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Background: Cancer-associated thrombosis is associated with a high risk of
recurrent thrombosis despite “usual intensity warfarin”; anticoagulant therapy,
specifically low-molecular weight heparin, reduces the risk of recurrent throm-
bosis compared with warfarin. However, the optimal duration of treatment in
patients with cancer associated thrombosis remains unclear.

Aims: To evaluate the effects of treatment duration on the outcomes in patients
with cancer-associated thrombosis.

Methods: Consecutive patients with symptomatic venous thromboembolism
[VTE] (deep vein thrombosis or pulmonary embolism) were prospectively
enrolled in the RIETE registry. The patient were categorized into 2 group
according to received treatment duration (<6 months vs 26 months). All the
patients were followed up to 5 years from treatment start date. The primary
outcome was recurrent VTE and the secondary outcomes were all-cause mor-
tality, VTE-related death and major bleeding.

Results: A total of 4,460 patients with cancer-associated thrombosis were
enrolled in the analysis. Of these, 2,937 patients received anticoagulant for
less than 6 months, and 1,523 received anticoagulants for more than 6 months.
Patients receiving anticoagulant therapy for less than 6 months had an
increased risk of recurrent thrombosis (hazard ratio [HR] 2.86, 95% confidence
interval [CI] 2.22 to 3.70) when compared to patients received anticoagulant
for more than 6 months. The risk of all-cause mortality and VTE-related death
were significantly increased higher in patients treated for less than 6 months,
HR 5.88 (95%CI 5.00 to 6.67) and HR 6.25 (95% CI 3.03 to 14.29), respectively.
We did not observe increased major bleeding in patients who were treated for
more than 6 months, HR 0.26 (95% CI 0.19 to 0.38).

Kaplan-Meier survival estimates
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Summary and Conclusions: We demonstrate that patients with cancer-asso-
ciated thrombosis patients have a higher risk of recurrent VTE, VTE-related
death and all-cause mortality if their anticoagulants are not continued beyond
six months from diagnosis.
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Background: There is a paucity of data that pertain to thrombosis in patients
with lymphoproliferative diseases. In few published studies the rate of throm-
botic complications in lymphoproliferative disease is highly variable ranging
from 1.5% up to 59.5% because of the different study types (prospective or ret-
rospective, with hospitalized or ambulatory patients), types of disease (indolent
vs aggressive) and the disease stage, there are few prediction tools for esti-
mating the risk of thrombosis but they are based on studies performed on hos-
pitalized medical patients without cancer or on hospitalized neutropenic cancer
patients without special consideration to hematological malignancies

Aims: Aim of our study was to determine incidence of thromboembolic (TE)
events in patients with non Hodgkin lymphoma (NHL), Hodgkin lymphoma (HL)
and chronic lymphocytic leukemia (CLL) who were treated in our institution.
Also, we assessed predictive model for chemotherapy-associated thrombosis
developed by Khorana and create new model for the identification of lymphoma
patients at risk for thromboembolism

Methods: We reviewed all medical records of patients with with NHL, HL and
CLL diagnosed according to the World Health Organisation classification and
treated at our institution between January 2006 and December 2014.
Results: A total of 1054 patients, with malignant lymphoma were eligible for
analysis: 576 patients were men (54.6%) and 478 were women (45.4%), and
mean age was 54.0 years. A total of 510 patients (48.4%) had high-grade lym-
phoma, 211 had low-grade lymphoma (20.0%), 153 had Hodgkin lymphoma
(14.5%), and 75 (7.1%) had other forms of lymphoma; HLL had 105 (10.0%)
patients. In group of our lymphoma patients, 72 (6.8 %) had at least one TE. A
total of 40 patients were men and 32 women. Thromboembolic events included
deep vein thrombosis (38.9%), jugular vein thrombosis (12.5%), pulmonary
embolism (11.1%), CNS thrombosis (6.9%), superficial vein thrombosis (2.8%),
acute myocardial infarction (1.4%) and other (26.4%). In total of 49 pts (68%)
thrombosis occurred during treatment or up to 3 months after completion of
therapy, whereas in 23 pts (32%) thrombosis was diagnosed prior to therapy.
Patients with aggressive NHL had significantly higher incidence of TE (8.6%)
compared to all other types of lymphoma patients (RR=2.1; 95%ClI for RR 1.2-
3.6; p=0.009) (incidences of TE in low NHL, HL and other forms of limphoma
were 4.3%, 3.3% and 6.7%). Pts with HLL had 8.6% incidence of TE. Patients
with high grade lymphomas, overweight patients (BMI>25 kg/m2), patients with
reduced mobility (ECOG>2), and patients with recent operative procedure (<4
weeks) had increased risk for thrombosis (p<0.05 for all). No difference regard-
ing age, gender or disease stage was found. Based on previously mentioned
risk factors a new TE risk model was developed for patients with lymphoma
(excluding HLL). Patients who had at least two out of four risk factors fall into
high risk group for TE (RR=13.0; 95%Cl for RR 7.4-23.0; p<0.001). Predictive
model for chemotherapy-associated TE developed by Khorana was also eval-
uated on this group of patients (RR=7.0; 95%CI for RR 3.3-14.7; p<0.001). In
multivariate analysis our newly developed model for TE events in lymphoma
patients were predictor of TE events and independent from Khorana model.
Summary and Conclusions: Prediction tools for estimating the risk of TE
events in lymphoma patients have not been established but our newly devel-
oped model should be used in addition to chemotherapy-associated model in
guiding best practice in the prevention of thromboembolism in patients living
with lymphoma.
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PRESENCE OF JAK2V617F MUTATION IN ENDOTHELIAL CELLS FROM
BUDD-CHIARI SYNDROME PATIENTS IS NOT CORRELATED WITH
PH-NEGATIVE MYELOPROLIFERATIVE NEOPLASM
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Background: The role of the endothelial cell in the pathogenesis of Ph-negative
MPNs is still not elucidated. Some have reported the presence of the
JAK2V617F mutation in endothelial colony forming cells (ECFC) isolated from
peripheral blood in patients with Ph-negative MPNs (Teofili L et all, Blood 2011).
Others, however, did not find such an association (Piaggio G et al, Blood 2009).
In patients with Budd-Chiari Syndrome (BCS), the JAK2V617F mutation has
been found in endothelial cell (ECs) isolated by micro dissection from liver biop-
sies in patients both with and without MPN (Sozer S et al, Blood 2009). Besides
the JAK2V617F mutation, other mutations (e.g. ASXL1, TET2, DNMT3A,
SRSF2) have been described in patients with Ph-negative MPNs, but their
presence has not been evaluated in patients with BCS who carried the
JAK2V617F mutation.

Aims: 1. To evaluate the presence of the JAK2V617F mutation in CECs from
patients with BCS both with and without concomitant Ph-negative MPNs; 2. To
determine the mutational landscape of granulocytes in patients with BCS who
harbored the JAK2V617F mutation but did not have the clinical diagnosis of a
Ph-negative MPN.

Vienna, Austria, June 11 - 14, 2015

Methods: We identified 10 patients from our institution who had a diagnosis of
BCS and harbored the JAK2V617Fmutation in granulocytes. Three patients died
from hepatic failure before they could be evaluated by bone marrow biopsy, so
7 patients remain for the analysis. All patients were investigated for the presence
of Ph-negative MPNs with bone marrow trephine biopsy. ECs assays were per-
formed according to the method of Hill. Briefly, Ficoll-Paque density gradient—
isolated mononuclear cells were plated on fibronectin coated 6-well dishes with
EndoCult medium (Stem Cell Technologies) for 48 hours, when non adherent
cells were recovered and re-plated in a new dish at 108/mL concentration. After
an additional 5 days, adherent cells were plucked and analyzed by flow cytom-
etry. The ECs population was sorted using a FACS Aria BD Biosciences sorter
according to the following phenotype: CD45-PerCP-negative, CD31-FITC-
positve, VEGFR2-PE-positive, CD34-PECy7-positive, CD133-APC-negative.
The presence of the JAK2V617Fmutation was investigated by allele-specific
PCR. Paired DNA (sorted CD66b-granulocytes/skin biopsy) from 3 patients with
JAK2V617F-positive BCS without a clinical diagnosis of Ph-negative MPN was
subjected to whole exome sequencing on a lllumina HiSeq 2000 platform using
Agilent SureSelect kit. Tumor coverage was 150x and germline coverage was
60x. Somatic variants calls were generated by combining the output of Somatic
Sniper (Washington University), Mutect (Broad Institute) and Pindel (Washington
University), followed by in-house filters to reduce false positive calls.

Results: We were able to obtain CECs from all 7 patients. The purity of the
CECs populations obtained was over 96% in all cases. Among the 7 patients
with BCS, five did not have any clinical feature of a Ph-negative MPN, with a
normal bone marrow biopsy. The JAK2V617F mutation was positive in the
CECs from 5 cases, including 3 patients who only had BCS. In one patient with
BCS solely the reaction did not work, and in another the JAK2 was wild-type in
the ECs. The mutation was positive in CECs from both patients with myelofi-
brosis and BCS. Three patients with BCS solely were evaluated by whole
exome sequencing. The only known pathogenic abnormality found was the
JAK2V617F mutation, albeit at a low allele fraction (5%, 6%and 12.6%).
Summary and Conclusions: The presence of the JAK2V617F mutation in
CECs from patients with BCS who did and did not have a diagnosis of Ph-neg-
ative MPN suggest that the mutation plays an important role in the development
of vascular complications in these patients. Further studies with a larger number
of patients are needed to precisely define the importance of CECs in the patho-
genesis of MPNs. The sole presence of the JAK2V617F mutation in circulating
granulocytes at a very low allele fraction in patients with BCS without Ph-neg-
ative MPNs suggest that these patients have a pre-malignant clone that would
probably remain undiagnosed had it been not for the development of hepatic
venous thrombosis.
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HIGH-DOSE CORTICOSTEROID ASSOCIATED WITH CATHETER-RELATED
THROMBOSIS AFTER ALLOGENEIC HAEMATOPOIETIC STEM CELL
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Background: Allogeneic haematopoietic stem cell transplantation (Allo-HSCT)
recipients are at increased risk of thrombotic complications, most of which are
catheter related. Catheter-related thrombosis (CRT) remains challenging in
allo-HSCT patients. On one hand, the incidence of CRT varies considerably
depending on clinical factors. CRT has major consequences for patients who
are already vulnerable, including pulmonary embolism. On the other hand, the
benefit of anticoagulation must be weighed against the substantially increased
risk of bleeding. However, the underlying pathogenesis of CRT remains unclear.
From a clinical perspective, it would be helpful to identify the risk factor of CRT
in allo-HSCT patients.

Aims: The aim of this study was to examine the incidence and risk factors of
CRT in allo-HSCT recipients.

Methods: We performed a retrospective nested case-control study in patients
following allo-HSCT. Patients were reviewed retrospectively from all recipients
who underwent allo-HSCT between July 2007 and June 2014 at Peking Uni-
versity People’s Hospital, Beijing. Transplantation protocols (donor selection,
HLAtyping, stem cell harvesting, conditioning therapy, and GVHD prophylaxis)
were conducted according to our previously protocols. Thrombotic episodes
were diagnosed based on the clinical suspicion of the physician (pain, swelling,
etc.) with subsequent central venous catheter (CVC) or peripherally inserted
central catheter (PICC) thrombosis confirmed by duplex ultrasound. Cases with
CRT and controls were matched for time of HSCT (5 days), age at HSCT (5
years) and type of insertion (CVCs or PICC).

Results: During the 6-year period, CVC and PICC were placed in 923 patients
undergoing allo-HSCT. A total of 38 patients (4.11%) developed catheter-related
thrombosis, among which 12 were associated with CVCs, and 26 were asso-
ciated with PICCs. The median duration from catheter insertion to thrombosis
was 97 days. Among patients with CRT, 20 patients were classified as high risk
before transplantation, and 7 experienced relapse. On average, patients
received 4.5 rounds of pre-HSCT chemotherapy. Despite reports of an associ-
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ation between thrombosis and infection, no patient with CRT experienced a
central line-associated bloodstream infection in our study. No significant differ-
ences were noted in terms of primary disease, donor type, conditioning regimen
and catheter type between cases and controls. On univariate analysis, high-
risk classification and relapse were associated with CRT. Grade IlI-IV GVHD
is strongly correlated with CRT. Exposure to high-dose corticosteroids and
cyclophosphamide is also related to thrombotic complications. No correlations
between CRT and blood counts, coagulation markers, hyperlipidaemia or
hypoalbuminaemia were noted in the laboratory values analysed. Multivariate
regression analysis identified grade 1lI-IV GVHD and exposure to high-dose
corticosteroids as independent risk factors for the development of catheter-
related thrombosis after allo-HSCT.

Summary and Conclusions: In conclusion, we demonstrate that CRT occurs
among patients following allo-HSCT. The use of high-dose corticosteroids is
correlated with the onset of CRT. However, the efficacy and safety of thrombo-
prophylaxis in this population requires further discussion.
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Quality of life and health economics
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Background: Patients’ Health-Related Quality of Life (HRQoL) is important,
particularly in the relapsed/refractory multiple myeloma (RRMM) setting. Explor-
ing levels of concordance between physicians’ and patients’ perceptions of
HRQoL could improve physicians’ understanding of patients’ feelings and help
in daily patient management. Findings of our study previously published for
the overall population showed no major discordance between ratings of
HRQoL/functioning domains, but major discordance between the perceptions
of physicians and patients for symptom domains.

Aims: To compare between countries the difference in physicians’ and patients’
perceptions of HRQoL and symptoms.

Methods: An observational study was conducted in Italy, Germany, France,
UK/Ireland and Belgium in RRMM patients starting 2"d or 31 line treatment.
Patients and physicians completed three EORTC questionnaires: Quality-of-
Life Core Questionnaire (QLQ-C30), with 15 domains (Global Health
Status/QOL, Physical Functioning, Role Functioning, Emotional Functioning,
Cognitive Functioning, Social Functioning, Fatigue, Nausea and Vomiting, Pain,
Dyspnea, Insomnia, Appetite Loss, Constipation, Diarrhea and Financial Diffi-
culties); QLQ-Multiple Myeloma (QLQ-MY20), with four domains (Disease
Symptoms, Side-Effects of Treatment, Body Image and Future Perspective);
QLQ-Chemotherapy-Induced Peripheral Neuropathy (QLQ-CIPN20) with three
domains (Sensory scale, Motor scale and Autonomic scale). Intra Correlation
Coefficients (ICC) were calculated to compare patient and physician scores
(ICC<0.40 showing major discordance). The difference in patient and physician
scores was compared across countries using ANOVA.

Tabella 1. Comparison of EORTC scores reported by physicians and
patients at baseline, overall and by country
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EORTC Domain j(teeaod) | (wedd) o (ed) i (ewd) (W) | Mesd | &
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| dif  difft - diff . difft : dift | dife :
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Results: The population included 33 physicians who enrolled 258 patients
(mean age=70; 54% male; mean time since diagnosis=3 years). At baseline,
251 (97%) sets of EORTC questionnaires were completed by patients and 252
(98%) by physicians. Based on ICC (Table 1), most of the domains with major
discordance observed between patients and physicians were symptom
domains, in all countries but Italy. In almost all cases, physicians underesti-
mated the level of symptoms experienced by their patients. However, major
discordance was not observed on the same symptom domains across coun-
tries. The number of domains showing major discordance also differed, ranging
from none (Italian sites) to nine (UK/Irish sites). Variations across countries
were observed on the level of patient-physician discordance, with statistical
significance reached for four out of 14 symptom domains. For HRQoL/func-
tioning domains, major patient-physician discordance was also not observed
on the same domains across countries. Furthermore, the number of domains
showing major discordance differed, ranging from none (French sites) to five



(Belgian sites). Depending on domain and country, physicians either underes-
timated or overestimated their patients’ HRQoL/functioning. Variations across
countries were observed on the level of patient-physician discordance, with
statistical significance reached for six out of eight domains. The highest varia-
tions (p<0.001) were observed for Physical Functioning, Social Functioning,
Pain and Future Perspective domains.

Summary and Conclusions: Major discordance was observed across coun-
tries on symptom domains, with physicians consistently underestimating their
patient’'s symptoms. However, the specific symptom domains concerned varied
between countries. An even more variable picture was observed for
HRQoL/functioning domains. This supports the importance to also consider
patients’ view of their own health.
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Background: Higher-risk myelodysplastic syndromes (MDS) are rarely curable
and have a poor prognosis, with short life expectancy. Thus it becomes essential
for physicians to accurately evaluate the patients’ wishes and preferences in
light of the risks, benefits and appropriateness of treatment.

Aims: The primary aim was to investigate the accuracy of physicians’ percep-
tion of patients’ health status and the patients’ preferences for involvement in
treatment decisions. A secondary objective was to investigate physicians’ atti-
tude toward patient involvement in treatment decisions and to examine factors
influencing physicians to be more patient inclusive or exclusive in the shared
decision-making process.

Methods: We investigated 280 high-risk MDS patients paired with 68 physi-
cians to evaluate physician-patient agreement on preferences for involvement
in treatment decisions and self-reported health status. Control Preferences
Scale (CPS) and the questionnaire EORTC QLQ-C30 were used to evaluate
these parameters, respectively. Simple and weighted k-coefficient was used to
assess the degree of physician-patient agreement. The following variables were
ascertained: physician gender and age; the overall number of years in practice;
the number of years of experience in treating MDS patients.

Results: The median age of the physicians was 44 years (range 28-64) and
their median duration of medical practice was 16 years, with a median of 11
years of expertise in MDS. Analysis was based on 280 patient-physician dyads.
Overall concordance was 49% for physician perception of patient preferences
for involvement in treatment decisions, with a weighted K-coefficient indicating
poor concordance. In 36.4% of comparisons there were minor differences and
in 14.6% there were major differences. In 44.7% of the patients preferring a
passive role, physicians perceived them as preferring an active or collaborative
role. The only factors independently associated with the physicians’ attitude
toward less involvement of their patients in clinical decisions were absence of
the patient’'s request for prognostic information (P=0.001) and judging the
patient as having a poor health status (P=0.036). The degree of agreement
between physicians and patients in evaluating overall health status was low.

Vienna, Austria, June 11 - 14, 2015

Agreement on health status was found in 27.5% of cases. Physicians most fre-
quently tended to overestimate health status of patients who reported low-level
health status (Figure)
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Figure 1.

Summary and Conclusions: Physicians treating MDS patients often have dif-
ficulty in understanding what their patients’ preferences are and some do not
consider the patients’ preferences to be important. General concordance on
physicians’ perception and patients’ health status was present in slightly less
than one third of comparisons. In particular, physicians tended to overestimate
the health status of patients reporting low levels for this parameter. Physicians
need to improve their perception of patients’ health status in view of the impor-
tant implications associated with assessment of patient eligibility for inclusion
in clinical trials. Moreover, clinicians need to be provided with decision aid tools
that can improve their perceptions and communication skills.
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Background: Multiple myeloma (MM) is associated with high morbidity and
mortality. In recent years, immunomodulatory drugs (IMiDs) and proteasome
inhibitors (PlIs) have been approved for MM treatment based on their ability to
improve patient (pt) survival. However, a greater understanding of quality of
life (QoL) in patients treated with IMiDs and Pls is needed.

Aims: PREAMBLE (Prospective REsearch Assessment in Multiple Myeloma:
an oBservational Evaluation; NCT01838512) is an ongoing, prospective, multi-
national, observational cohort study designed to better understand the real-
world clinical effectiveness of IMiDs, Pls, and IMiD+Pl in pts with
relapsed/refractory MM (RRMM). We report QoL data for pts enrolled with 26
months’ follow-up.

Methods: PREAMBLE includes pts with RRMM aged 218 years who have
received 21 prior therapy and who initiated treatment with an IMiD, PI, or
IMiD+PI <90 days prior to or 30 days after enrollment. Administration is accord-
ing to standard clinical practice. Data are collected at baseline (BL) and every
3 months during Year 1, then every 6 months in Years 2 and 3, or until discon-
tinuation. Data extraction for the present analysis was performed on 12 Decem-
ber 2014. The EuroQol 5 Dimensions (EQ-5D) questionnaire and the European
Organisation for Research and Treatment of Cancer (EORTC) QoL Question-
naire-Core 30 (QLQ-C30) were used to assess disease burden. Minimally
important differences for EQ-5D and QLQ-C30 have been estimated at 0.06—
0.09 (for all cancers)! and 6-17 (for MM),2 respectively.

Results: At the time of data extraction, 273 pts had 26 months’ follow-up (96%
completion rate at BL). Median BL EQ-5D score was 0.69, compared with 0.8
in the general US population3 and 0.6-0.7 in other MM studies.45 At BL, there
was no difference in median EQ-5D score regardless of number of prior lines of
therapy. At Month 6, there was a trend towards improvement in median EQ-5D
score with increasing numbers of prior lines of therapy (1: 0.69; 2: 0.69; >2:
0.76; 3: 0.76; >3: 0.76). At BL, pts reported some or severe pain and discomfort
(63.4% [some] and 14.1% [severe]), anxiety and depression (45.5% [some] and
5.3% [severe]), and inability to conduct usual activities (52.9% [some] and 10.6%
[severe]). More pts receiving IMiDs (19.4%) reported severe pain and discomfort
at BL than those receiving Pls (8.3%) or IMiD+PI (11.1%). Median QLQ-C30
global health status (GHS) score at BL and Month 12 was 58.3 and 66.7, respec-
tively, compared with 75 (general population), 66.7 (colorectal cancer pts), 66.7
(all cancer pts),6 and 57-68.7 (previous MM studies).45> Median QLQ-C30 GHS
improved over time in pts treated with 3 prior lines of therapy or with IMiDs
(Table; higher score=better QoL). At BL, fatigue and pain placed the greatest
burden on pts, but improved over time (Table; higher score=worse symptoms).
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Tabella 1. Patient-reported QoL outcome measures

EORTC QoL measures Baseline & months 12 months
GHS (EORTC QLQ-C30, meckan)*
All patients 583 66.7 66.7
By lines of prior therapy
1 583 625 50.0
2 S00 583 66.7
>2 58.3 66.7 583
3 66.7 835 833
>3 500 66.7 500
By class of therapy
IMID 500 58.3 66.7
Pl 66.7 66.7 625
IMID+PI 583 66.7 667
Individual symptoms (mean)®
Fatigue
All patients 468 430 405
By lines of prior therapy
1 451 461 419
2 a7.0 405 53
>2 50.3 399 a7.2
3 456 333 492
>3 539 458 44 4
Pain
All patients 386 346 328
By lines of prior therapy
1 365 373 381
2 441 355 312
>2 345 71 236
3 377 289 19.0
>3 N9 255 300
*EORTC QLQ-C30: 0-100 scale, higher score=better health status/Qol
*EORTC QLQ-C30 symptoms: 0-100 scale; higher score=worse symptoms

Summary and Conclusions: Preliminary analysis suggests that MM continues
to place a high burden on pts despite new therapies. Although functional scores
show a high level of function, pts are particularly troubled by pain, discomfort,
and fatigue. As data mature and more pts are enrolled, PREAMBLE will shed
light on MM burden and its management.
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HOSPITAL VERSUS HOME CARE FOR PATIENTS WITH HEMATOLOGICAL
MALIGNANCIES IN CURATIVE OR TERMINAL PHASE: USE OF THE
RESOURCES ANALYSIS, SYMPTOM BURDEN AND COST-EFFECTIVENESS
STUDY
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Background: Hospitalization of patients with hematological malignancies often
is an inappropriate setting of care since the economic and clinical advantage
of the home care is not established.

Aims: To compare the costs, the use of resources, the effectiveness of hospi-
talization versus a program of hematologic home care, funded in partnership
by charity and public health service.

Methods: Prospective, observational study. According to disease status two
groups of patients were analyzed for 6 weeks: i) in curative phase, for supportive
care or for early palliative simultaneous care; ii) in terminal phase, for end of life-
care. Amean weekly cost (MWC) for the provider was built of health professional,
laboratory, drugs and transfusions costs. Use of resources and costs for families
were evaluated, as well as a MWC for the families. To evaluate an economic
advantage between settings of care, cost-minimization analysis (CMA) was per-
formed as well as incremental cost-effective analysis (ICER), comparing the rel-
ative costs and outcomes (occurring infections). Patient-reported symptoms
over time (once per week) were measured with the M.D. Anderson Symptom
Inventory (MDASI). This brief self-reported questionnaire consists of 19 items
assessing symptom severity (13 items) and symptom interference (6 items).
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Results: Out of 119 patients, 60 were cared at hospital, 59 at home, with a
prevalence older age, worse anemia, performance status and self-efficiency
score in the home care group (<0.001). Infections at first second and third
week occurred more frequently in the hospital than in the home-care group
(p<0.05). Mean No. of transfusions was similar in both groups. Hospital care
was significantly related to a higher MWC (3,830.6 €) and lower cost for families
(78.7 €), compared to home care (MWC 931.4 € and 123.2 €, respectively). At
home the highest cost driver was for health providers, at hospital for drugs.
Compared to hospitalization, CMA showed for home care a weekly-2899.2 €
save for the health provider and +44.5 € charge for the family. Patients’ families
in terminal phase suffered of a mean weekly extra charge of 126.1 €. Cost-
effectiveness analysis showed an advantage for home care, with an ICER —
11,315.1 € of prevented days of care for infection for all patients. No statistically
significant changes in the two groups (hospital versus Home care) over time
were found in the mean scores for symptom severity (p=0.139) and symptom
interference (p=0.284).

Summary and Conclusions: Although patients at home were older and in
worse clinical conditions, in this study the actual determined standard cost of
home care resulted one-third of the hospital cost regardless of the phase of
disease. In this setting home care resulted also cost-effective by saving money
because of a lower number of occurring infections. Also, symptom burden was
not different between groups suggesting that symptom management at home
is feasible.
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HEALTH RESOURCE UTILIZATION WITH CONTINUOUS LENALIDOMIDE
TREATMENT (TX) IN ELDERLY PATIENTS WITH NEWLY DIAGNOSED
MULTIPLE MYELOMA (NDMM)
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Background: MM is an incurable condition associated with high Tx costs.
NDMM resource consumption is driven by Tx-related hospitalization, which is
highest during periods of uncontrolled disease, such as after diagnosis and
during relapses (Arikian SR, ASH 2014 [abstract 2656]; Gaultney JG, J Clin
Pharm Ther, 2013). In the pivotal FIRST trial, continuous Tx with lenalidomide
plus low-dose dexamethasone (Rd continuous) was compared with fixed-dura-
tion Rd (Rd18) or fixed-duration Tx with melphalan, prednisone, and thalido-
mide (MPT), each for 18 mos, in NDMM pts aged 265 yrs and ineligible for
stem cell transplant (SCT).

Aims: This analysis quantified the rates of hospitalization and medical utiliza-
tion with Rd continuous based on data collected in the FIRST trial.

Methods: The FIRST trial (N =1623) is a pivotal, multinational, randomized,
open-label phase 3 study. Resource utilization data was collected until patients
discontinued study Tx, presented here with a median follow-up of 37 mos (data
cutoff =May 24, 2013). The rates of hospitalization and medical utilization for
patients treated with Rd continuous (n =535) were plotted for up to 48 mos to
assess whether Rd continuous increased resource utilization over time. Pro-
cedures during the Tx period (18 mos) were compared between the 2 fixed-
duration Tx arms using negative binomial regression.

Results: Resource utilization among pts treated with Rd continuous declined
over time (Figure). The annualized hospitalization rate in the first 3 mos was
3.2 times higher than the average rate for the remaining 45 mos of follow-up
(2.02 vs 0.62); medical utilization was 4.2 times higher than average (5.66 vs
1.34). After 4 yrs of Rd continuous Tx, hospitalization and medical utilization
rates were estimated to be 83% and 84% lower, respectively, than those
observed in the first 3 mos of Tx, reflecting the long-term disease control
observed with Rd continuous. The highest hospitalization rates (per pt-yr) were
associated with infections (0.20), musculoskeletal disorders (0.06), cardiovas-
cular disorders (0.06), and respiratory and thoracic disorders (0.05). The mean
length of stay per admission was 14.08 days (SD, 21.19). The highest medical
utilization rates (interventions per pt-yr) were associated with blood transfusions
(0.76), general imaging procedures (0.21), respiratory and thoracic imaging
procedures (0.20), and therapeutic interventions (0.09). Hospitalization rates
were 0.91 (Rd18) and 0.79 (MPT) per pt-yr of follow-up during the Tx period of
18 mos, adjusted rate ratio (RR) of 1.11 (95% ClI, 0.92-1.35; P =0.27). The
equivalent rates for medical utilization were 3.00 (Rd18) and 2.85 (MPT) inter-



ventions per pt-yr (RR =0.99 [0.81-1.22]; P =0.95). A comparison between the
2 fixed-duration arms showed no significant difference in the rates of medical
procedures and hospitalizations.

Hospitalization and Medical Procedure Rates per Patient
Year for Patients Treated With Rd Continuous
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Figure 1.

Summary and Conclusions: The rates of resource utilization among pts treat-
ed with Rd continuous dropped substantially after the first 3 mos of Tx and
gradually declined thereafter. The findings suggest that Tx with Rd continuous
does not require a consistently high use of medical and hospital resources.
Note that data on resource utilization were collected only while pts were receiv-
ing Tx. Additionally, future analysis should include all costs generated by health-
care resource utilization throughout pt Tx, including costs associated with
relapses and Tx-free intervals.
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DISTINCTIVE GENOTYPES WITH PRENATAL ORIGINS IN INFANT T-CELL
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Background: ALL in infants is often associated with MLL rearrangements (MLL-
r), a high leukocyte count at diagnosis, an immature or pro-B-cell lineage
immunophenotype (CD10-) and an in utero origin. Infant T-ALL (iT-ALL) is a
very rare and poorly defined entity with a poor prognosis.

Aims: The overall aims of this study were to determine the molecular profile of
iT-ALL (CNAs, LOH) and to investigate the possible prenatal onset of genetic
abnormalities in iT-ALL.

Methods: The availability to us of a unique series of thirteen iT-ALL cases (12
months) allowed us to perform matched Genome-Wide SNP6.0 arrays accom-
panied by NGS (WES). Q-PCR and FISH were used to confirm the SNP-array
findings and a ‘Backtracking’ approach with neonatal blood spots was used to
investigate the early onset of these abnormalities.

Results: At diagnosis the median age was nine months, there was no predom-
inance of gender and a high leukocyte count (250.103) was observed in 12/13
cases. Immunophenotype analyses revealed that six patients presented a T-IV
profile, five T-11l, one presented T-l and another a T-Il profile. The T-I case (BR4)
also expressed classical myeloid markers that, according to previously pub-
lished criteria, suggest an Early T-cell Progenitor (ETP) leukaemia. All samples
were analysed at diagnosis for various classical T-ALL abnormalities. Results
showed four cases were mutated for NOTCH1, patient BR1 presenting a com-
bined NOTCH1/FBXW?7 mutation, while one case (FR5) harboured a sole
FBXW?7 mutation. Three cases presented PTEN alterations and all patients
were IL7R WT. MLL-r was confirmed in three cases. Distinct from childhood T-
ALL, we observed no infants with either STIL-TAL7+ or TLX3+. All diagnostic
samples were analysed by SNP-array to identify CNAs/LOH. A recurrent somat-
ic chr3 deletion was observed in 3/13 cases. These losses result in the complete
deletion of MLF1 and have not previously been described in ALL. Case FR4
harboured a large 11914.1-11923.2 deletion that includes the important ‘driver’
gene ATM, while patient BR5 presented a 13q14.2 deletion that involved RB1.
Akin to non-infant paediatric T-ALL we observed a PTEN deletion in patient
BR6 and two further cases with an 11p13 deletion that could lead to LMO2
activation. However, we observed a lower frequency of CDKN2A/B deletions
(38%) than found in paediatric T-ALL (70%). WES analyses for BR4 showed
mutations in 22 genes previously described to play a relevant role in tumouri-
genesis and all tested mutations were found in the patients’ Guthrie card DNAs,
so confirming their presence before birth. For patient BR6 MLL-r, NOTCH1
mutation and PTEN deletion (usually considered a postnatal event) were also
detected as prenatally acquired alterations.

Summary and Conclusions: In summary, we have genetically analysed a
unique series of a rare subtype of paediatric leukaemia; iT-ALLs. We find the
genotypes are varied but, overall, different from those of T-ALL in older children
and adults. A novel aberration (for acute leukaemia), MLF1 deletion, was pres-
ent as a recurrent abnormality in 3/13 cases. Finally, we have provided evidence
that some of the genetic abnormalities, including a PTEN deletion, were pre-
natally acquired.

P152

DETAILED GENOME ANALYSES REVEAL EXTENSIVE RAG-MEDIATED
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Background: Acute leukemia is characterized by a multi-step accumulation of
genetic alterations in hematopoietic stem or progenitor cells. Recent next-gen-
eration sequencing (NGS) efforts led to the identification of novel genetic alter-
ations in pediatric acute lymphoblastic leukemia (ALL) subsets, however, their
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frequencies, co-occurrence in adult ALL and mutational origin remain unknown.
Recent deep-sequencing efforts in pediatric ETV6-RUNX1-rearranged ALL
cases demonstrated RAG-mediated deletions as the dominant underlying
mutational process (Papaemmanuil et al., Nature genetics 2014), however,
this analysis was not extended to other ALL subgroups.

Aims: Our goal is to determine novel mutational patterns and to reveal novel
mechanisms underlying adult ALL subgroups through integrative analyses of
DNA mapping array and NGS data.

Methods: We generated genome-wide copy number profiles of 53 adult B-cell
ALL (B-ALL), 20 adult T-cell ALL (T-ALL) cases using Affymetrix 6.0 DNA map-
ping arrays and 100 adult acute myeloid leukemia (AML) cases using Affymetrix
500K DNA mapping arrays. In addition, 5 B-ALL cases were selected for whole
exome sequencing and targeted resequencing of the breakpoint boundaries
with the lllumina HiSeq2500.

Results: In comparison to array-based genome characterization studies per-
formed on ALL cohorts, we observed a substantial higher frequency of genetic
lesions of well-known lesions in pediatric ALL, e.g., CDKN2A/B (44%), IKZF1
(23%), and PAX5 (11%). Strikingly, we demonstrated that all T-ALL cases
acquired copy number alterations perturbing the CDKN2A/B pathway. Interest-
ingly, joint analysis of ALL and AML cases revealed a recurrent deletion affecting
both the genes encoding NF1 and SUZ12in 3 T-ALL and 5 AML cases, an aber-
ration recently shown to be recurrent with concomitant mutations in melanoma
and gliobastoma multiforme. We selected 5 representative B-ALL cases with
extensive genetic deletions of promoters or gene bodies of genes involved in
lymphoid development. Strikingly, all cases belong to the BCR-ABL1 or BCR-
ABL 1-like ALL subgroup. In total 102 somatic mutations were detected, however,
no recurrent somatic mutations were detected. In total, we detected 64 genetic
deletions resulting in 128 breakpoints. De novo motif detection revealed the
RAG-affiliated heptamer sequence CACAGTG (E=5.68x10-91) for 121 out of
128 breakpoints (94.5%). Cryptic recombination signal sequence (cRSS) detec-
tion revealed that 58 out of 64 deletions (90.6%) had a 12-bp or 23-bp spacer
cRSS on one or both sides of the deletion. We observed that 54 out of the 64
(84.3%) resolved rearrangements demonstrated the incorporation of non-tem-
plated sequences at the breakpoint boundaries. Chip-Seq data from the B-lym-
phoblastic cell line GM12878 revealed that the breakpoint boundaries are
enriched for H3K4me3, H3K27ac and RNA polymerase Il binding. These epi-
genetic alterations are typical for V(D)J-foci undergoing RAG-mediated
rearrangements. Strikingly, we detected complex insertions or deletions (in-
dels) in cRSS sequences located in promoters of genes associated with leuke-
mogenesis, e.g. BTLA, often in addition to large deletions. Further screening
for these open-and-shut joints in the BTLA promoter revealed 8 additional B-
ALL cases in which at least one BTLA allele was affected, comprising 6 BCR-
ABL1/BCR-ABL1-like and 2 B-ALL cases with unknown affiliation.

Summary and Conclusions: We demonstrated in a B-ALL subgroup com-
prising mainly BCR-ABL 1/BCR-ABL1-like ALL cases extensive RAG-mediated
rearrangements, as previously shown in ETV6-RUNX1-rearranged ALL. Fre-
quently, these cases acquired kinase-activating lesions (Roberts et al., NEJM
2014), providing further grounds for researching associations between these
lesions and RAG-mediated rearrangements.

P153

AGE SPECIFIC INCIDENCE OF PARTNER GENE AND SECONDARY
ABNORMALITIES IN MLL POSITIVE ACUTE LYMPHOBLASTIC
LEUKAEMIA (ALL)

A.S. Gabriel’" A. Enshaeil, J. Taylor!, A. Erhorn?, C. Schwab’, L. Rai?,
A. Fielding2, N. Goulden3, A. Vora#4, C.J. Harrison?, A.V. Moorman’
1Leukaemia Research Cytogenetics Group, Northern Institute for Cancer
Research, Newcastle University, Newcastle upon Tyne, 2Department of
Haematology, Royal Free and UCMS, 3Department of Haematology, Great
Ormond Street Hospital, London, 4Department of Haematology, Sheffield Chil-
dren’s Hospital, Sheffield, United Kingdom

Background: MLL gene rearrangements (MLL-t) define a unique subgroup in
5-10% patients with ALL. However, there is still heterogeneity in clinical out-
comes and genetic composition. The incidence of MLL-t varies by age account-
ing for 80% infant, 3% children and 10% adults. Patients harbouring MLL-t
have a poor outcome relative to their age-matched counterparts and are typi-
cally assigned to high risk treatment protocols. The frequency and clinical rel-
evance of the partner gene and cooperating lesions is unclear.

Aims: We investigated the age-specific frequency of partner genes and the
spectrum of additional abnormalities in 368 MLL-t cases treated on UK clinical
trials over a 20 year period.

Methods: Cytogenetic and FISH analysis was performed on pre-treatment
bone marrow samples using the Vysis MLL break apart probe, Kreatech Posei-
don MLL fusion probes [t(4;11)(q21;923), t(11;19)(923;p13), t(9;11)(p21;923)
and t(6;11)(q27;923)] and a home-grown AF10 break-apart probe. Copy num-
ber alterations (CNA) were assessed by high resolution Affymetrix arrays: SNP6
(n=14) or CytoscanHD (n=12).

Results: Among the 368 patients the most prevalent translocations were t(4;11)
n=225 (64%), t(11;19) n=61 (17%), t(9;11) n=28 (8%), t(10;11) n=12 (3%) and
t(6;11) n=10 (3%). Seventeen patients harboured other rare partners while the
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partner gene could not be determined in 15 patients. The presence of t(4;11)
was age-dependent: infant (<1 year) 78/137 (57%); young children (1-9 years)
35/77 (48%); older children (10-14 years) 19/33 (58%); young adults (15-24
years) 27/30 (90%); and adults 66/76 (87%). The majority of MLL-t cases had
B-cell precursor ALL (93%) but 24 (7%) patients had T-ALL and these were
commonly older children and younger adults (11/24, 46%) and included 11
(46%) cases with t(11;19). In order to address the question of outcome hetero-
geneity by partner gene, we examined the outcome data for 47 patients (1-24
years) treated on UKALL2003 where patients with MLL-t were treated on the
high risk arm. There was no evidence that the t(4;11) conveyed an inferior out-
come compared with other MLL-t: 5 year event-free and overall survival rates
were 74% v 70%, p=0.7 and 74% v 83%, p=0.5, respectively. Among 347 cases
with successful cytogenetics, 116 (33%) cases had at least one additional chro-
mosomal abnormality (ACA) whilst in the remaining 225 cases only the 11923
abnormality was observed. A total of 299 ACA were counted, averaging 0.8
per case but with some variation by age (0.43, 0.70, 0.51, 0.83 and 0.32 in
infants, young children, older children, young adults and adults, respectively)
as well as partner gene (0.48 in t(4;11) and 1.34 in non-t(4;11)). The most com-
mon ACA were gain of chromosomes X, 6, and 8 as well as loss of 17p and
i(7q). CNA analysis of 14 children and 12 adults with t(4;11) (n=22) and t(11;19)
(n=4) revealed a total of 87 CNA, mostly gains (n=58). SNP array analysis of
24 patients revealed at least one CNA per case and an average of 3.3 per
case. This average is fewer than that reported in other cytogenetic subgroups
using lower resolution arrays (6-7 per case). Although the number of CNA was
low and many were private, the increased resolution offered by the CytoscanHD
array identified several regions of the genome which were recurrently affected
by CNA and warrant further investigation, including 2q26~31 and 15q26.
Summary and Conclusions: In conclusion, although the number of secondary
abnormalities in MLL-t is low there is evidence that it is related to both the part-
ner gene and the age of the patient. In addition, when treated as high risk on
a contemporary protocol all children and young adults with a MLL-t can achieve
good OS rates.
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Background: We previously reported (Messina et al, EHA19 ABSSUB-4428)
that 27% of B-lineage acute lymphoblastic leukemia without known fusion tran-
scripts (B-NEG ALL) carries RAS/RTK pathway mutations. In particular, FLT3
mutations were specific of patients older than 15 years, being detected in 9.8%
of adolescents/young adults (AYA) and 12.3% of adult cases, while only in 2%
of children. On the contrary, KRAS and NRAS mutations clustered in the pedi-
atric cohort: indeed, they collectively accounted for 30% of pediatric cases and
only 14.7% of AYA and 14% of adults. The prognostic role of these mutations
has been investigated only in specific ALL subgroups with contrasting results.
Moreover, being druggable, these mutations represent an attractive target also
from a therapeutic perspective.

Aims: 1) To determine the prognostic impact of RAS/RTK pathway mutations
in children, AYA and adult B-NEG ALL. 2) To assess the sensitivity of B-NEG
ALL primary cells to gene or pathway specific inhibitors.

Methods: The impact on overall survival (OS) and disease-free survival (DFS)
of RAS/RTK pathway mutations was evaluated in 150 B-NEG ALL patients (49
children, 55 AYA, 46 adults) with a median follow-up of 65 months and by
grouping AYA and adults, whose mutational profile and therapeutic regimens
were comparable. OS and DFS curves were estimated by Kaplan-Meier prod-
uct-limit method and compared using the log-rank test (SAS software v9.4).
Annexin V/7AAD apoptotic test (BD Bioscience), MTT (Sigma Aldrich) and 3H-
thymidine (Perkin Elmer) proliferation assays were performed to assess the
sensitivity of ALL cells carrying mutations of FLT3, KRAS, NRAS to increasing
doses (0.1-10 uM) of selected inhibitors of tyrosine kinases (dasatinib, pona-
tinib), FLT3 (quizartinib, crenolanib) and of the PISK/mTOR/MEK pathway
(rapamycin, BEZ235, selumetinib). Drugs were added at time 0 and viability
was measured after 72 hours. Cells were plated at 1x108/ml and each condition
was run in triplicate.

Results: Survival analyses showed that AYA and adult B-NEG ALL patients
harboring RAS/RTK gain-of-function mutations (i.e.ITD and D835 FLT3 muta-
tions and KRAS/NRASG12-13 mutations)displayed a shorter OS at 4 years
when compared to WT cases (18% vs 49.5%, 95% Cl| 5.4-59.3 and 38.1-64.4,
p=0.074) and also a significantly shorter DFS (p=0.020), being 20% at 4 years



(95% CI 5.8-69.1) compared to 49% (95% Cl 35.8-67) for WT cases. At vari-
ance, in the pediatric cohort the survival of RAS/RTK mutated cases resembled
that observed in WT cases.in vitro sensitivity experiments showed that quizar-
tinib and crenolanib (0.1 uM) reduced the proliferation rate of B-NEG ALL pri-
mary cells from 3 patients carrying FLT3 ITD mutations. Indeed, after 72 hours
of treatment, quizartinib reduced the percentage of proliferating cells to
31.427.9% and crenolanib to 44.1£23.1%. Interestingly, also the 3" generation
multi-target TK inhibitor ponatinib was highly active. Similarly, primary cells
from 3 samples harboring NRAS or KRAS mutations were sensitive to
PI3K/mTOR/MEK inhibitors (0.1 uM): in particular, BEZ235 reduced the per-
centage of proliferating cells to 18.3+12%, rapamycin to 37.3+25.9% and
selumetinib to 54.1+12.3%. The same inhibitors also exerted a pro-apoptotic
effect in all the samples tested. On the contrary, the non-specific compounds
(ruxolitinib and tofacitinib) proved ineffective.

Summary and Conclusions: RAS/RTK pathway mutations are a common
event in B-NEG ALL with a different distribution across age cohorts. We con-
clusively show that these mutations negatively impact on AYA and adult out-
come. Our results indicate that the routinary screening of RAS/RTK signaling
members in B-NEG ALL may i) improve the risk stratification of AYA and espe-
cially adults, whose outcome is still unsatisfactory; ii) open the way to targeted
therapeutic strategies, as suggested by in vitro experiments.
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DUAL SMALL MOLECULE INHIBITORS TARGETING G9A AND DNMTS: A
NOVEL STRATEGY FOR TREATMENT OF ACUTE LYMPHOBLASTIC
LEUKEMIA

E. San Jose-Eneriz!, X. Agirre!, M.O. Rabal2, A. Vilas-Zornoza', E. Miranda’,
A. Ugarte?, N. Casares3, V. Segura4, |. Martin-Subero5, G. Castellano,
M. Garcia Fernandez de Barrena3, J.R. Rodriguez-Madoz!, S. Roal,
M.J. Garcia-Barchino!, J.A. Sanchez2?, J.J. Lasarte3, M.A. Avila3,
J.A. Martinez-Climent’, J.F. San Miguel®, J. Oyarzabal2, F. Prosper™6."
10ncology Division, 2Small Molecule Discovery Platform, 3Gene Therapy and
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Pamplona, SInstitut d’Investigacions Biomediques August Pi | Sunyer
(IDIBAPS), Barcelona, ®Hematology Service, Clinica Universidad de Navarra,
Pamplona, Spain

Background: The indisputable role of epigenetics in hematological malignan-
cies, along with the fact that unfavorable epigenetic alterations might be
reversible, has favored the development of novel epigenetic drugs. Although
according to the Structural Genomics Consortium there are 377 known epige-
netic proteins, currently most epigenetic drugs are inhibitors of DNA methyl-
transferases (DNMTS) and histone deacetylases (HDACS). Therefore, many
epigenetic targets remain to be discovered and exploited.

Aims: The overall goal of our study is the identification of new epigenetic targets
and design new small molecules against these targets in Acute Lymphoblastic
Leukemia (ALL), with the final aim of improving the treatment and life quality of
ALL patients.

Methods: We carried out a screening using a panel of small interfering RNAs
(siRNAS): we interfered the expression of 134 genes belonging to the main pro-
tein families implicated in the epigenetic mechanism regulation in several cell
lines of ALL and determined the effect of the interference in cell proliferation.
Results: In this way, we identified the histone H3 Lysine 9 (K9H3) methyltrans-
ferase G9a as a potential target in hematological malignancies. In order to cor-
roborate the results obtained, we nucleofected a greater number of cell lines
with two different siRNAs against G9a. As expected, inhibition of G9a expression
induced a significant decrease in cell proliferation. Besides, treatment of ALL
cell lines with the G9a inhibitors BIX01294 and UNC0638 induced a decreased
in cell proliferation. All these data suggest that G9a is an ideal epigenetic target
for the treatment of ALL. As DNMT1 and DNMT3B were also overexpressed in
ALL cell lines and patient samples and DNTM1 and G9a directly cooperate in
coordinated DNA and H3K9 methylation during cell division, we designed and
synthesized small molecules with dual activity against G9a and DNMTs. We
selected those compounds that presented an optimal affinity against G9a and
DNMTs (biochemical assay) and a good in vitro G9a-DNMT activity inhibition,
decreasing H3K9me2 and 5-methylcytosine (5mC) marks. CM-272 was select-
ed as the lead compound, showing an important in vitro anti-tumoral effect with
Glsq values lying in the nanomolar concentration range. In fact, CM-272 was
significantly more active than reference compounds BIX01294 and UNC0638
(G9a inhibitors) or 5-azacytidine and decitabine (DNMTs inhibitors). Moreover,
the dual small molecules induced apoptosis in addition to decrease cell prolif-
eration. In order to elucidate the mechanism of action of CM-272 we performed
a genome wide RNA-sequencing analysis with and without CM-272 treatment
in ALL derived cell lines. In this analysis we observed that CM-272 induces type
| interferon response and immunogenic cell death in ALL cell lines. Finally, we
performed ADME, toxicity and pharmacokinetic studies in order to carry out the
in vivo analysis in human CEMO-1 ALL mouse model. Treatment of mice
engrafted with CEMO-1 cells with CM-272 induced an in vivo decrease of the
H3K9me2 and 5mC marks, which was accompanied with a significant prolonged
overall survival of treated mice (90.8 days) in comparison with control group
(57.3 days). This is the first evidence of in vivo efficacy of G9a inhibitors.

Vienna, Austria, June 11 - 14, 2015

Summary and Conclusions: In conclusion, we have identified and validated
G9a as an epigenetic target for the treatment of ALL and we have developed
dual small inhibitory molecules against G9a-DNMTs. Finally, our results show
the therapeutic activity of G9-DNMT small inhibitory molecules in models of
ALL and suggest that these compounds may be of clinical value in the treatment
of patients with ALL.
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CLONAL ARCHITECTURES OF BCR-ABL+ BCP-ALL: IMPLICATIONS FOR
ANTI B-CELL DIRECTED THERAPY

M. Bartels!” I. Nagel2, S. Ussat3, O. Ottmann4, H. Pfeifer4, H. Trautmann?,
S. Béticher!, N. Gokbuget4, M. Kneba!, H.H. Oberg3, R. Siebert?,
M. Briiggemann

12nd Medical Department, 2Institute for Human Genetics, 3Institute for Immunol-
ogy, University Hospital Schleswig-Holstein, Campus Kiel, Kiel, 42"d Medical
Department, University Hospital, Frankfurt, Germany

Background: B-cell directed immunotherapies turned out to be effective in the
treatment of adult patients with B-cell precursor acute lymphoblastic leukemia
(BCP-ALL). However, a lack of target antigen expression in ALL subpopulations
may constitute a potential mechanism of relapse and persistence.

Aims: To gain inside in potential mechanisms of resistance to B-cell specific
immunotherapies by tracing the distribution of driver mutations within relevant
immunophenotypic compartments differing in target antigen expression in a
cohort of 27 BCR-ABL-fusion positive (BCR-ABL+) adult BCP-ALL cases.
Methods: Cryo-conserved samples from initial diagnosis of 27 adult BCR-
ABL+ BCP-ALL patients treated within the GMALL 07/2003 trial were flow sorted
onto slides and screened for BCR-ABL and concurrent COKN2A/B and PAX5
deletions by fluorescence in situ hybridization (FISH) using one customized
(PAX5) and two commercial probes (Vysis LSI BCR/ABL Dual Color, Dual
Fusion Translocation probe, Vysis LSI CDKN2A/CEP 9; both Abbott Molecular,
lllinois, USA). The following populations were investigated: CD34+38-19-10-3-,
CD34+38+19-3-, CD34+19+20-3-, CD34+19+20+3-, CD34-19+20+3-, CD34-
19-20-3+, CD34+19-13/33+10-3/16-, CD34-19-13/33+10-3/16-, CD34-19-
13/33+10-3/16+.

Results: Cells with a BCR-ABL fusion were detected not only in the B-cell
compartment but also in CD19-negative multipotent progenitors (MPP) and in
myeloid precursor cells in 8/9 cases expressing the M-BCR-ABL transcript,
2/12 patients carrying the m-BCR-ABL variant, in 2/3 with both transcripts and
in 2/3 cases with unknown BCR-ABL transcript. In the remaining patients BCR-
ABL+ cells were found exclusively within the CD19+ compartment. In 8/10 cas-
es with concurrent CDKN2A/B deletions the latter were only found within the
CD19+ compartment including one patient with BCR-ABL+ MPP. One patient
with a unique BCR-ABL+ CD16+ compartment showed CDKN2A/B deletions
also in the MPP and the myeloid compartment. In 4 patients distribution patterns
of concurrent PAX5 deletions resembled the affection patterns of their
CDKN2A/B deletions. Examination of copy number alterations (CNA) of ABL,
BCR and BCR-ABL suggested an evolution of diverse BCR-ABL+ subclones
in 8/27 patients. The onset of subclonal diversification was observed within the
B-determined CD34+19+ compartment in 6/8 cases. However, in two cases
diverse BCR-ABL+ subclones were detectable within the multipotent CD34+38-
19-compartment. Also 6/10 cases with CDKN2A/B deletions showed subclonal
patterns regarding CNA of 9p21 and the centromeric region of chromosome 9.
In these patients we observed the highest burden of CDKN2A/B deletions within
the CD20+ leukemic compartment.

Summary and Conclusions: Our findings reveal distinct patterns of subclonal
evolution in adult BCR-ABL+ BCP-ALL. They confirm that the t(9;22) frequently
represents an antecedent event in the genesis of BCP-ALL which may occur
prior to B-lineage determination. Conversely, leukemic clones were exclusively
detected within the CD19+ compartment in other patients. Concurrent deletions
of CDKN2A/B and PAX5 are frequently restricted to the CD19+ compartment
but may also originate from preleukemic MPP in patients with a BCR-ABL+
CD16+ compartment. In the context of B-cell directed treatment, these obser-
vations may account for both: resistance and effectiveness. A lack of target
antigen expression in leukemic subclones may lead to resistance against CD19
or CD20 directed therapy, however, targeted treatment may eradicate clones
with the most complex genetic profile. Our observations may help to define
new stratification markers in future chemo-immunotherapeutic regiments for
BCR-ABL+ BCP-ALL patients.
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RESTORING IKAROS TUMOR SUPPRESSION AS A THERAPY FOR
HIGH-RISK LEUKEMIA
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Background: Ikaros (IKZF1) is a master regulator of hematopoietic differenti-
ation and functions as a tumor suppressor. High-risk acute lymphoblastic
leukemia (ALL) characterized by Ikaros deletion and/or mutation has a very
poor prognosis and high relapse. Treatment is challenging for the high-risk
leukemia with lkaros deregulation because its tumor suppressor mechanisms
are not well understood and targeted therapies are not available. Casein Kinase
Il (CK2) activity is dramatically increased in ALL. CK2 directly phosphorylate
Ikaros and suppress lkaros function. We hypothesize that CK2-mediated down-
regulation of lkaros function also plays an important role in ALL leukemogen-
esis, and CK2 inhibition will restore lkaros leukemia suppressor activity.
Aims: To understand the mechanism underlying restoring lkaros tumor sup-
pressor activity in B-ALL and the therapeutic effect of CK2 inhibition for
leukemia therapy.

Methods: Chromatin immunoprecipitation coupled with next generation
sequencing (ChIP-SEQ) was used to identify the Ikaros binding targets in B-
ALL cells and also the chromatin state of Ikaros targets by characterizing the
binding profiling of histone modification markers. Microarray and RNA-seq were
used to determine gene expression profiling. The qChIP assay was used for
further analysis of protein-DNA association in leukemia cell line and primary
leukemia cells. The Ikaros shRNA knockdown and retroviral transduction were
used for its function analysis on gene expression and cell proliferation. Human-
derived leukemia xenograft mouse model was used to observe the effect of
CK2 inhibition on restoring lkaros tumor suppressor activity and leukemia devel-
opment with Xenogen IVIS 50 living imager.

Results: The genome-wide Ikaros and histone deacetylase 1 (HDAC1) binding
sites were identified in the B-ALL leukemic cells. Ikaros controls cellular prolif-
eration in leukemia by repressing cell cycle regulatory genes and the phos-
phatidylinositol (PI13K) pathway. lkaros represses its target genes by forming
heterochromatin through two distinct epigenetic mechanisms, one via recruit-
ment of HDAC1 histone deacetylase (results in H3K27me3) and the other an
HDAC1-independent mechanism (results in H3K9me3). CK2 inhibition result
in the increase of more suppressive chromatin in promoter of Ikaros targets for
cell cycle progress and PI3K pathway. Moreover, CK2 inhibitor has effect on
gene suppression of Ikaros targets and result in cell proliferation arrest of B-
ALL cells in an lkaros-dependent manner. These data indicates CK2 inhibition
restore Ikaros function in B-ALL cells. Targeted CK2 inhibition has a strong
therapeutic effect on high-risk leukemia cells in vivo with both leukemia cell
xenograft mouse model and patient-derived leukemia xenograft mouse model
through restoring lkaros leukemia suppressor activity.

Summary and Conclusions: We found the novel, Ikaros-mediated mecha-
nisms of epigenetic regulation that contribute to tumor suppression in leukemia,
demonstrated that cellular proliferation is controlled by the CK2-lkaros axis
and identified therapeutic efficacy of a novel therapeutic approach for high-risk
leukemia-restoration of lkaros tumor suppressor activity via inhibition of CK2.
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THE STEMNESS INHIBITOR, BBI608, REDUCES THE SELF-RENEWAL OF
BCR-ABL1 POSITIVE LEUKEMIA CELLS

T. Tauchi’.” S. Okabe?, S. Katagiri!, K. Ohyashiki’

TInternal Medicine, TOKYO MEDICAL UNIVERSITY, Tokyo, Japan

Background: Hematopoietic stem cells and leukemic stem cells share com-
mon features, including self-renewal, the capacity to differentiate, resistance
to apoptosis, and limitless proliferative potential. Despite these similarities,
several stemness factors, such as Hedgehog, Wnt, Notch, and b-catenine
show differential activation in normal versus leukemia stem cells. BBI608 is an
oral first-in-class stemness inhibitor which inhibits the Stat3, b-catenine and
Nanog patheways. In a phase | study, BBI608 demonstrated telerability as well
as signs of anti-cancer activity in patients with solid tumors.

Aims: We investigated the molecular mechanisms by which BBI608 regulates
the self-renewal of primary BCR-ABL1 positive leukemia cells in vivo.
Methods: To identify the leukemia-propagating cell fraction of BCR-ABL 1-pos-
itive leukemia, we serially transplanted human leukemia cells from patients with
chronic myeloid leukemia blast crisis (n=1; T3151 BCR-ABL1) or ponatinib-resis-
tant Ph-positive acute lymphoblastic leukemia (n=2, Y253H/E255K/T315| BCR-
ABL1 and T315| BCR-ABL1) into NOD/SCID/IL-2gc-/-mice. The cell fractions
with CD34+CD38-CD19+ and CD34+CD38+CD19+ could self-renew and
transfer the leukemia in NOD/SCID mice. To investigate the effects of BBI608
on self-renewal and the relevance as a therapeutic target in ABL-tyrosine kinase-
resistant BCR-ABL1 positive leukemia, we examined the activity of BBI608
against CD34+CD38-CD19+, CD34+CD38+CD19+ fractions transferred
NOD/SCID mice in vivo. NOD/SCID mice were injected intravenously with BCR-
ABL1 positive cells then treated with BBI608 (20 mg/kg; p.o.) for 28 days.
Results: All mice demonstrated the engraftment of leukemia by flow cytometry.
However, the treatment with BBI608 reduced the population of CD34+CD38-
positive cells. We isolated human CD45+ cells from the spleen of mice from
each treatment group and injected equivalent numbers of leukemia cells into
secondary recipients. Following 30 days, all mice received BCR-ABL1 cells
from vehicle treated mice engrafted with leukemia. In contrast, leukemia
engraftment was not detected in recipient mice (n=6) from BBI608-treated
donors. These results demonstrate the persistent effects of BBI608 on long
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term self-renewing BCR-ABL1-positive leukemia cells. We further examined
the effects of Stat3/Nanog pathway modulation on in vitro clonogenic growth.
CD34+CD38-CD19+ cells from T3151 BCR-ABL1 (n=2) and WT-BCR-ABL1
(n=1) cells were treated with 2 mM of BBI608 for 72 hrs, washed free of drugs,
and plated in quadruplicate in methylcellulose. At 14 days, colonies were count-
ed as initial plating. The representative plate was then washed and cells were
re-suspended and re-plated. After an additional 14 days, colonies were counted
as secondary re-plating. Clonogenic recovery of untreated cells was normalized
to 100% and plating results from all treatment groups were expressed as %
control. BBI608 had only minimum effects on colony formation after initial plat-
ing over control cells. However, upon serial re-plating, secondary colony for-
mations were significantly inhibited by BBI608 (p<0.001). To identify the mech-
anisms that limit the self-renewal of BCR-ABL1-positive cells by BBI608,
NOD/SCID mice engrafted with T315I-BCR-ABL1-positive CD34+ CD19+ frac-
tions were treated with BBI608 (20 mg/kg; p.o.) for 14 days. BBI608 induced
the expressions of p21Cip1, cleaved PARP and reduced the expression of
BMI-1, phospho-Stat3, c-Myc, Sox-2, and Bcl-XL.

Summary and Conclusions: Our preclinical results indicate that BBI608 have
potential as an important option for controlling the drug-resistant leukemia ini-
tiating cells in BCR-ABL1 positive leukemia. It is expected that the BBI608 may
become extremely useful therapeutic interventions in a number of hematolog-
ical neoplasms, including BCR-ABL1 positive leukemia, where the persistence
of cancer stem cells.
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TP53 MUTATIONS IN PHILADELPHIA NEGATIVE ACUTE LYMPHOBLASTIC
LEUKEMIA (ALL) DEFINE A GROUP OF VERY HIGH RISK PATIENTS: A
NEXT GENERATION SEQUENCING (NGS) STUDY
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Background: The Prognosis of adult patients with Acute Lymphoblastic
Leukemia (ALL) is estimated at diagnosis on the basis of conventional clinical
and biological characteristics and during treatment by the molecular or
immunophenotypic evaluation of Minimal Residual Disease (MRD). New bio-
logical and molecular features are needed at diagnosis to guide prompt ther-
apeutic strategies. Recently, few studies on heterogeneously treated cohorts
of adult ALL patients reported that TP53 mutations are frequent and correlate
with poor response to induction therapy and short survival, but their real impact
on ALL outcome is still undefined.

Aims: To investigate the incidence of TP53 alterations at diagnosis and corre-
late them with the clinical outcome of 171 adult Philadelphia-negative ALL
patients homogeneously treated in the context of a prospective clinical trial
(NILG 09/2000, ClinicalTrials.gov identifier:NCT00358072)(Bassan R et al,
Blood 2009 and BJC 2014).

Methods: One hundred fourteen B and 57 T-ALL patients were studied (median
age 34,6 years, 97 male). Exons 4 to 11 of the TP53 gene were analyzed on
diagnostic DNA and in 3 cases also on relapse DNA by Next Generation
Sequencing (NGS, 454 Roche platform). Results were validated, when possi-
ble, by Sanger sequencing. Disease-free survival (DFS) and Overall survival
(OS) were estimated by the Kaplan Meier method. The log-rank test was used
to compare survival probabilities between subgroups of patients.

Results: TP53 mutations occurred in 8% of patients (14/171) with a higher
prevalence in B lineage ALL (9,6 vs 5,3% in T-ALL). The allele burden ranged
from 5 to 97% pointing out that TP53 alterations can be present at diagnosis
in minor leukemic clones. All alterations were identified in the DNA binding
domain region and led to missense or frame-shift mutations introducing a pre-
mature stop codon. The found alterations were 12 single nucleotide changes,
2 duplications (4 and 8 nucleotides) and one 11 base pair insertion. The same
TP53 mutations were seen at diagnosis and relapse in three patients for whom
DNA was available at both time points, suggesting the presence of a clone
bearingmutated TP53 since disease onset. By univariate analysis, TP53 muta-
tions were strictly related to older age (p=0.0003) but not to other clinical fea-
ture. In our cohort, the presence of a TP53 mutation did not affect CR achieve-
ment but relapse rate was significantly higher in mutated cases (p<0.0001)
(Figure1a). Moreover, patients with mutated TP53 showed a significantly short-
er DFS and OS compared to wild-type patients (DFS p=0.0007, OS p=0.0011)
(Figure 1b-c). NGS analysis also revealed single nucleotides changes that
were reported as polymorphism (SNP) in IARC and dbSNP databases. One
patient bearing a TP53 mutation also revealed an unbalanced SNP distribution
along the TP53 sequence confirming the known karyotypic monosomy of chro-
mosome 17. Similarly, other 3 patients showed a TP53 SNP unbalance without
a karyotipic evidence, thus suggesting a cryptic TP53 gene deletion.
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Figure 1. Relapse Incidence (a), Disease Free Survival (b) and Overall Sur-
vival (c) in TP53 mutated vs Wild-type Ph-negative adult ALL. Percentages
are indicated at 4 years.

Summary and Conclusions: In our adult ALL cohort, mutated TP53 does not
impair CR achievement, but it identifies a group of patients with higher relapse-
rate and dramatically shortened DFS and OS. Therefore, TP53 aberrations
detection must be included in the diagnostic work up of adult ALL to guide treat-
ment strategies. The use of highly sensitive NGS is crucial to identify also minor
TP53 mutated clones that may lead to disease recurrence and to reveal TP53
gene deletions not detected by conventional karyotype.
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TUMOR SUPPRESSOR GENES IKZF1 AND BTG1 COOPERATE IN ACUTE
LYMPHOBLASTIC LEUKEMIA DEVELOPMENT AND GLUCOCORTICOID
THERAPY RESISTANCE
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Background: Previously, we and others have shown that IKZF1 (IKAROS)
gene deletions and mutations independently predict poor prognosis in children
with BCP-ALL, and IKZF1 gene alterations have now been incorporated in the
risk stratification of Dutch pediatric BCP-ALL patients. However, it remains to
be established whether loss of IKZF1 function has a direct impact on
chemotherapy responses. Our recent findings show that loss of IKZF 1 function
promotes resistance towards glucocorticoid-induced apoptosis in normal and
leukemic B-cells, which correlates with attenuation of the transcriptional
response to glucocorticoids. Furthermore, the effect of other genetic aberrations
on therapy outcome of IKZF1-deleted patients has not been fully addressed.
Our analysis has revealed that the event-free survival of IKZF 1-deletion positive
patients is negatively affected by the co-occurrence of BTG 1 deletions. In addi-
tion, BTG1 deletions appear to occur more frequently in patients with IKZF1
gene alterations (19%) compared to an unselected cohort (9%).

Aims: Westudied the genetic interaction between IKZF1 and BTG1 in leukemia
development and glucocorticoid therapy responses using knockout mouse mod-
els and human leukemia cell lines.

Methods: Mice haplodeficient for Ikzf1 were crossed onto a C57BL/6J Btg1
knockout background and mice were monitored for spontaneous leukemia
development over a time period of 18 months. Additionally, glucocorticoid
response was determined in lymphoid cells isolated from compound lkzf1+-
;Btg1/-mice by MTS assay and AnnexinV staining and compared to lkzf1*-,
Btg1--and wild-type B cells. Additionally, sensitivity towards glucocorticoid
induced apoptosis was determined in human leukemia cell lines displaying loss
of IKZF1 and BTG1 function.

Results: We observed a significant acceleration in the onset of T acute lym-
phoblastic leukemia in mice heterozygous knockout for both /kzf1 and Btg1,
which was even further enhanced in Ikzf1*-;Btg1--animals. These leukemias
were characterized by clonal TCRb rearrangement and aggressive infiltration
into secondary organs. B-cells isolated from 8 to 14 weeks-old lkzf1*/-;Btg1--
animals without any signs of leukemia disease were highly resistant against
glucocorticoid-induced apoptosis. Similarly, human leukemia cell lines display-
ing loss of IKZF1 and BTG1 function showed a glucocorticoid-resistant pheno-
type that was even stronger than by loss of IKZF1 alone.

Summary and Conclusions: Together, our findings establish BTG 1 as a tumor
suppressor gene that genetically interacts with IKZF1 during leukemic trans-
formation and strongly potentiates the IKZF1-mediated glucocorticoid resist-
ance phenotype in normal and leukemic B cells.
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INFLUENCE OF BASELINE FACTORS ON OUTCOMES IN PATIENTS (PTS)
WITH RELAPSED/REFRACTORY B-PRECURSOR ACUTE LYMPHOBLASTIC
LEUKEMIA (R/R ALL) TREATED WITH BLINATUMOMAB
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Background: Blinatumomab is a bispecific T-cell engager (BiTE®) antibody
construct with dual specificity for CD19 on B-lineage cells and CD3 on T cells.
Blinatumomab showed efficacy in Philadelphia-chromosome-negative (Ph—-) R/R
ALL in a large, multicenter, single-arm, phase 2 study (Topp et al. Lancet Oncol.
2015;16:57-66) and is now approved in the United States for this indication.
Aims: To evaluate associations between pt baseline characteristics and out-
comes in the phase 2 study.

Methods: Pts (218 years) with Ph— B-precursor R/R ALL (primary refractory
after induction; relapse <12 months after 1st remission; relapse <12 months
after HSCT; relapse or refractory after 1st salvage), 210% bone marrow blasts
[BMB], and ECOG performance status <2 were included in the study. All pts
provided informed consent. Blinatumomab was given by continuous IV infusion
(4 weeks on, 2 weeks off) for <5 cycles (cycle 1: 9ug/d days 1-7, then 28ug/d;
subsequent cycles: 28ug/d). The primary endpoint was complete remission (CR,
<5% BMB, 2100 000 platelets/uL, absolute neutrophil count [ANC] >1000/uL)
or CR with partial hematologic recovery (CRh, 5% BMB, >50 000 platelets/pL,
ANC >500/uL) within 2 cycles. Associations of baseline factors (platelet count,
prior salvage, BMB, peripheral blood blasts, age, geographic region, prior HSCT,
number of prior relapses, and lactate dehydrogenase [LDH]) with CR/CRh and
overall survival (OS) were assessed using the Cochran-Mantel-Haenszel test
and univariate and multivariate logistic regression.

Results: Of the 189 pts treated with blinatumomab, 81 (43%) achieved
CR/CRh within 2 cycles. Median (95% Cl) relapse free survival was 5.9 (4.8—
8.3) months; median (95% CI) OS was 6.1 (4.2-7.5) months. CR/CRh was
seen in all groups, including 11 of 25 pts (44%) 265 years of age, 29 of 64 pts
(45%) with prior HSCT, 52 of 125 pts (42%) without prior HSCT, and 11 of 32
pts (34%) with 23 prior salvages. Pts with <50% BMB at baseline were more
likely to respond to blinatumomab treatment; 43 of 59 pts (73%) with <50%
BMB achieved CR/CRh, while 38 of 130 pts (29%) with 250% BMB achieved
CR/CRN. In the final multivariate model, lower BMB and higher platelet count
were associated with CR/CRh; higher platelet count and lower LDH were asso-
ciated with longer OS (Table).

Tabella 1.
[Response (CR/ICRh)
OR 95% ClI for OR P
Platelet Count (10°/L) 0.0341
<50 vs 2 100 0.3 (0.1-0.8)
50to < 100 vs 2 100 0.3 (0.1-1.0)
BMB < 0.0001
< 50% vs 2 50% 51 (2.5-10.5)
Survival (0S?)
HR 95% CI for HR [
Platelet Count (10°/L) < 0.0001
<50 vs 2 100 4.2 (2.3-7.8)
50to < 100 vs = 100 26 (1.3-5.4)
LDH 0.0082
2230 vs < 230 1.8 (1.2-3.1)
P value based on logistic regression model (Wald test). "OS model controlled for age.

°Pvalue based on Cox proportional hazard model. OR: odds ratio. HR: hazard ratio.

Summary and Conclusions: In this analysis, low baseline BMB count was
associated with response to blinatumomab. This supports administration of bli-
natumomab when disease burden is low. For pts with higher tumor burden,
cytoreduction/higher blinatumomab doses may be considered. Responses to
blinatumomab have been observed in pts in remission with minimal residual
disease (Gokbuget et al. Blood. 2014;124:379), suggesting that pts have low
biologic resistance to blinatumomab even after intensive chemotherapy.
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CHARACTERIZATION OF LEF1 HIGH EXPRESSION AND NOVEL
MUTATIONS IN ADULT ACUTE LYMPHOBLASTIC LEUKEMIA
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1The First Affiliated Hospital of Nanjing Medical University, Nanjing, China,
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Background: Aberrant activation of the Wnt pathway plays pathogenetic roles
in tumors and has been associated with adverse outcome in acute lymphoblas-
tic leukemia (ALL). Lymphoid enhancer binding factor 1 (LEF 1), a key mediator
of Wnt signaling, has been linked to leukemic transformation, and LEF1 muta-
tions have been identified in T-ALL.

Aims: To characterize the LEF1 high expression and novel mutations in Chi-
nese adult ALL.

Methods: Bone marrow (BM) samples from 131 newly diagnosed patients (82
male and 49 female) with ALL (87 B-ALL, 43 T-ALL and 1 T-/B-ALL) were col-
lected between June 2008 and July 2013 at the First Affiliated Hospital of Nan-
jing Medical University. All the patients provided their written informed consent
in accordance with the Declaration of Helsinki before enroliment in the study.
The study was approved by the Institutional Review Board of the Nanjing Med-
ical University. We screened mutations ofLEF7exons 2 and 3, the hotspot
regions in T-and B-ALL with the pretreatment BM samples of the cohort. The
LEF1 mutations were created by site-direct mutagenesis and confirmed by
sequencing.The transient luciferase assay was performed in HEK293T cells
using the Promega’ luciferase assay reagents and measured with luminometer
following the manufacture’s instruction. The colorimetric cell proliferation assay
(WST-1 reagent from Roche Applied Science) was performed in Nalm6 and
Molt4 leukemia cells stably expressed LEF1-WT or its mutants. The Whitney
U —test for quantitative parameters, a x2 test for qualitative parameters, and
Kaplan —Meier survival analysis were used in the cohort study. All statistical
analyses were performed using the SPSS 17.0 and p<0.05 was considered
statistically significant.

Results: Patients were divided into high and lowLEF1expression groups (Q4
vs Q1-Q3). We found LEF1 was highly expressed in 25.0% adult ALL patients
and LEF1 high expression was associated with high-risk leukemia factors (high
WBC, Philadelphia chromosomepositive and complex karyotype), shorter
event-free survival (EFS), and high relapse in patients with B-ALL. In addition,
LEF1 high expression was observed to associate with high mutation rate of
Notch1 and JAKT in T-ALL. Moreover, we identified 2 novel LEF1 mutations
(K86E and P106L) in 4 of 131 patients with ALL, and those patients with high-
risk ALL (high WBC, complex karyotype). These results suggest a role for LEF1
mutations in leukemogenesis. We further explored the effect of the mutations
on cell proliferation and found both mutations significantly promoted the prolif-
eration of ALL cells. We also observed the effect of LEF1 and its mutations on
the transcription of its targets, c-MYC and Cyclin D1. We found LEF1 increased
the promoter activity of its targets c-MYC and Cyclin D1, and LEF1 K86E and
P106L mutants further significantly enhanced this effect. We also observed
that the c-MYC and Cyclin D1 mRNA levels were significantly increased in
patients with LEF1 high expression compared with those with low expression.
Summary and Conclusions: Our findings indicate high LEF1 expression and
mutations are associated with high-risk leukemia. Our data also revealed that
LEF1 high expression and/or gain-of-function mutations are involved in leuke-
mogenesis of ALL.
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Background: Tyrosine Kinase Inhibitors (TKI) have been shown to be very
effective for the treatment of Acute Lymphoblastic Leukemia (ALL), with a Com-
plete Hematologic Response (CHR) rate close to 100%, and a high rate of
Complete Cytogenetic and Molecular responses (CCgR and CMR). However,
when they are used alone, as single agents, most patients relapse, so that they
are currently used in combination with chemotherapy and as a preparation to
allogeneic stem cell transplantation (SCT). Since Ph+ ALL is more frequent in
the elderly, many patients cannot tolerate intensive chemotherapy and are not
eligible for SCT. We have explored if the administration of two TKis, Nilotinib
(NIL) and Imatinib (IM) can improve the results without increasing the toxicity.
Aims: To evaluate the response and the outcome of Ph+ ALL patients treated
with the sequential administration of NIL and IM, and to investigate the type
and number of BCR-ABL kinase domain mutations developing during and
after the study.

Methods: We have designed a study (ClinicalTrials.gov. NCT01025505) in
which patients more than 60 years old or unfit for intensive chemotherapy and
SCT where treated with two TKiIs, NIL 400 mg twice daily, and IM 300 mg twice
daily, alternating for 6 weeks for a minimum of 24 weeks (study core) and indef-
initely in case of response. The 6-weeks rotation schedule was respected, irre-
spectively of temporary discontinuations. The primary end-point was the rate of
Disease Free Survival (DFS) at 24 weeks (4 courses of treatment); the second-
ary end points included the evaluation of CHR, CCgR and CMR rates. Mutation
analysis was performed by nested RT-PCR amplification of the ABL kinase
domain of the BCR-ABL transcript (codons 206 through 421). Amplified products
were screened by denaturing-high performance liquid chromatography (D-
HPLC). Samples scored positive for the presence of sequence variations were
then subjected to direct automatic sequencing to characterize the mutation.
Results: 39 patients have been enrolled in 15 Italian hematologic Centers (medi-
an age 66 years, range 28-84, M/F=19/20). Among these, 8 patients were unfit
for standard chemotherapy or SCT (median age 50 years, range 28-59). 27
patients were p190, 5 were p210 and 7 were p190/p210. After 6 weeks of treat-
ment, 37 patients obtained a CHR (95%) and 2 a PHR (5%). All the patients
were evaluable for response after 12 weeks of treatment: 35 patients were still
in CHR (90%), 2 relapsed (5%) and one patient died. 25/26 patients who have
completed the study core (24 weeks), were in CHR, and 22 continued therapy
in the protocol extension phase.Thus, the OS at 1 year is 82%, and 64% at 2
years (median follow up 34.9 months, range 3.5-42.4 months). Overall, 25
patients relapsed, with a median time to relapse of 9.2 months (range 1.2-28.4
months), for a DFS of 48.7% at 12 months. Most of mutations detected at relapse
were T315l, E255K, E255V and Y253H. Further details about Cytogenetic and
Molecular responses, and about Adverse Events will be provided on site.
Summary and Conclusions: In this small cohort of Ph+ ALL elderly/unfit
patients, the rates of relapse and progression were not likely to be different
from the rates observed with Imatinib alone. It's important to notice that the
mutations that occurred at the time of relapse were sensitive to other TKls
(Dasatinib and Ponatinib).

Acknowledgements. ELN, AIL, AIRC, progetto Regione-Universita 2010-12
(L. Bolondi), FP7 NGS-PTL project.
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Background: Amplicon-based next generation sequencing (NGS) of
immunoglobuline (IG) and T-cell receptor (TR) gene rearrangements to quantify
minimal residual disease (MRD) in lymphoid neoplasms is already the focus of
intense research, development, and application. This is mainly due to its poten-
tial to overcome limitations of the current molecular gold standard, real-time
quantitative (RQ)-PCR, as it avoids laborious design and testing of patient spe-
cific assays and allows quantification of MRD with a more specific readout than
RQ-PCR. However, standardization, quality control and validation of the tech-
nology in a multicentre, scientifically controlled and independent setting is highly
warranted, but currently lacking.

Aims: To investigate an optimized IG/TR based NGS approach (including qual-
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ity controls and calibrators) for sensitive and quantitative MRD assessment in
lymphoid neoplasms within the EuroClonality NGS Consortium.

Methods: Within a European Multicentre trial a newly designed quality con-
trolled one-step IGH NGS approach was tested in seven institutes (Kiel, Sala-
manca, Milano, Bristol, London, Prague, and Torino). Serial dilutions of diag-
nostic DNA and follow-up samples of thirty B-cell precursor ALLs with known
complete IGH rearrangements as well as a set of positive and negative controls
were analysed. All samples were spiked with pre-defined copy numbers of five
reference IGH sequences. One-step PCR was used for library preparation with
sets of FR2 primers harbouring sample specific barcodes and 500ng DNA per
sample (75.000 copies), subsequently being sequenced with the lllumina V2
kit on the lllumina MiSeq NGS platform. Purpose-built bioinformatics methods
were used to analyse data. MRD results of ALL follow-ups were compared to
results of EuroMRD based RQ-PCR.

Results: A total of 312 samples were sequenced within 24 deep sequencing
runs producing 168 million reads. Regression analysis of reference IGH allele
reads was used to calculate the read coverage per copy, and correct for different
B-cell content per sample. Ratios of reads between pairs of reference IGH alle-
les were highly consistent in intra-and inter-centre analyses, independent of
the total number of reads in the sample. This high consistency in the usage of
the reference IGH alleles was confirmed through redundancy analysis based
on normalized reads (adjusted p-value=0.24). When outliers were identified,
indicating poor assay performance, those were excluded from further analysis.
The IGH gene rearrangements of all 27 pooled positive B-cell line controls were
identified in all centres with a high intra-and inter-centre consistency. NGS
based MRD analysis in 116 ALL follow-up samples revealed MRD positivity in
69/116 samples, and RQ-PCR in 66/116 samples, with a good overall concor-
dance between both approaches (R2=0.81). Discrepancies mainly affected
samples with low MRD levels being consistent with Poisson sampling.
Summary and Conclusions: The approach newly developed by the Euro-
Clonality NGS Consortium shows great promise to allow for quality controlled
NGS based MRD analysis in a multicentre setting with a high intra-and inter-
laboratory reproducibility. The critical next step, as part of the Consortium’s
strategy, involves validation of this technology, prior to its implementation into
routine practice, within multicentre clinical trials, in a scientifically controlled,
independent, and multidisciplinary setting.
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Background: Blinatumomab is a bispecific T-cell engager (BiTE®) antibody
construct designed to link CD19-positive B cells to cytotoxic T cells and induce
tumor cell lysis. Blinatumomab recently showed efficacy in Philadelphia-chro-
mosome-negative (Ph—) R/R ALL in a large, multicenter, single-arm, phase 2
study (Topp et al. Lancet Oncol. 2015;16:57-66).

Aims: To determine the potential benefit of retreatment with blinatumomab
among patients with R/R ALL who had previously responded to blinatumomab.
Methods: In this combined analysis, we evaluated outcomes among patients
with R/RALL enrolled in 3 open-label, phase 2 studies (NCT01471782: pediatric
and adolescent R/R ALL, study 205; NCT01209286: adult R/R ALL, study 206;
and NCT01466179: adult R/R ALL, study 211) who had a CD19-positive hema-
tological relapse after initial response to blinatumomab and were retreated with
blinatumomab. Patients were <18 (study 205) or 218 (studies 206 and 211)
years of age with Ph— R/R B-precursor ALL. All patients or their legal represen-
tatives provided informed consent. Blinatumomab was given by continuous 1V
infusion for up to 5 cycles. A cycle was 4 weeks on, 2 weeks off. The primary
endpoint of the 3 studies was complete response or complete response with
partial recovery of peripheral blood counts within the first 2 cycles. Patients who
relapsed following a response that lasted 23 months could receive up to 3 cycles
of retreatment; patients with GVHD or CNS involvement were ineligible.
Results: A total of 11 patients received retreatment with blinatumomab (study
205, n=2; study 206, n=5; study 211, n=4). Seven patients (64%) were male;
mean (range) age was 31 (4—77) years. At the time of initial treatment, 9 patients
(82%) had 21 line of prior salvage chemotherapy; 7 (64%) had prior HSCT.
Among the 10 patients who achieved hematological remission during the 2
cycles of initial treatment, the median (range) duration of response prior to
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relapse was 9 (3—11) months. Five patients (45%) had HSCT between the first
blinatumomab response and relapse. Outcomes and adverse events (AEs)
during retreatment are shown in the Table. Four of 11 patients (36%) with R/R
ALL who relapsed following an initial response to blinatumomab responded to
retreatment with blinatumomab. One patient was retreated a second time and
achieved a complete response.

Tabella 1. a<5% marrow blasts and full, partial, or incomplete recovery of
peripheral blood counts. bThere were no grade 4 or grade 5 neurologic
AEs.

Retreated Patients (n=11)

Median (range) duration of retreatment, days 28 (4-85)
Hematological remission (responders), n (%) 4 (36%)a
Minimal residual disease (MRD) responses
among responders, n (%)
MRD<10-4 4 (100%)
Complete MRD responses 1 (25%)
Patients with any AEs, n (%) 10 (91%)
Grade=3 AEs 8 (73%)
Grade=3 neurologic AEs 3 (27%)b
Cytokine release syndrome 0 (0%)

Summary and Conclusions: Our results suggest that patients with R/R ALL
who have responded to treatment with blinatumomab and have then relapsed
may respond to retreatment. Overall, rates of AEs during retreatment were in
line with recent clinical experience with blinatumomab.

P166

CENTRAL NERVOUS SYSTEM AS AN IMMUNOLOGICAL SANCTUARY
FOR ACUTE LYMPHOBLASTIC LEUKEMIA: ROLE OF NATURAL KILLER
CELLS

L. Frishman-Levy?, A. Shemesh2, A. Bar-Sinai3, C. Ma%4, Z. Ni4, S. Frenkel3,
V. Muench®, H. Bruckmueller®, C. Vokuhl®, K.-M. Debatin5, C. Eckert?,
M. Stanulla8, M. Schrappe®, K. Campbell®, R. Loewenthal'!, D. Schewe$,
J. Hochman3, L.H. Meyer5, D. Kaufman4, G. Cario'0, A. Porgador?,
S. Izraeli1.12

1Safra Childrern Hospital Sheba Medical Center, Ramat Gan, 2Ben Gurion
University, Beer Sheva, 3Hebrew University, Jerusalem, Israel, 4University of
Minnesota, Minneapolis, United States, 5University of Ulm, Ulm, 6University
Hospital Schleswig Holstein, Kiel, 7Charité Universitats, Berlin, 8Hannover
Medical School, Hannover, Germany, °Fox Chase Cancer Center, Philadelphia,
United States, 10University Hospital Schleswig Holstein, Kiel, 1"Pediatric Hema-
to Oncology and the Cancer Research Center, Safra Childrern Hospital Sheba
Medical Center, Ramat Gan, 12Faculty of Medicine, Tel Aviv University, Tel Aviv,
Israel

Background: Central nervous system acute lymphoblastic leukemia (CNS-
ALL) is a major clinical problem. Prophylactic therapy is neurotoxic and a third
of the relapses involve the CNS. We have previously reported that increased
expression of interleukin 15 (IL-15) in leukemic blasts is associated with
increased risk for CNS-ALL. As IL-15 is a strong activator of natural killer (NK)
cells we hypothesized that NK cells may be involved in regulating CNS
leukemia.

Aims: To characterize the role of IL-15 and NK cells in CNS-ALL.

Methods: We have created two in-vivo mouse models: Syngeneic S49 T lym-
phoma leukemia in BALB/c and human ALL cell lines and primary human ALL
xenografts in NOD/SCID and NOD/SCID/IL2Ry null (NSG) mice. NK cells were
manipulated in-vivo by antibody mediated depletion and by human peripheral
blood NK (PBNK) cell therapy of xenografted mice. In-vivo studies were com-
plemented by in-vitro killing assays and NK ligand and receptor characteriza-
tion. Results from mouse models were verified by a case-control study involving
RNA and flow cytometry analyses of diagnostic bone marrow leukemia samples
from prospective BFM trials of childhood ALL. Ethical approvals were obtained
for all mouse and human experiments.

Results: Transplantation of IL-15 expressing S49 leukemia cells in neonatal
mice caused marked isolated CNS and ophthalmic leukemia and activation of
NK cells. A human B-cell precursor ALL cell line, 018Z, expressing endogenous
IL-15 caused isolated CNS leukemia in NOD/SCID, an immunodeficient mouse
strain with proficient NK cells. Yet it caused systemic CNS/peripheral leukemia
in NSG mice that lack NK cells. Antibody mediated depletion of NK cells in
NOD/SCID mice resulted in aggressive combined systemic and CNS leukemia,
suggesting that induction of NK cells prevented peripheral but failed to control
CNS leukemia. Therapeutic experiment with human PBNK confirmed that NK
cells do not enter the brain even in the presence of leukemic infiltration. The
killing of human leukemia lymphoblasts by NK cells depended on the expres-
sion of the NKG2D receptor. These findings were confirmed in primary human
ALLs. The degree of peripheral/CNS leukemia of seven independent primary
human ALL xenografts in NOD/SCID mice significantly correlated with IL-15
expression and in-vivo activation of NK cells (P<0.04). Expression of NKG2D
receptor evaluated by gqRT-PCR and by flow cytometry of NK cells infiltrating
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diagnostic bone marrows of children treated by BFM protocols for ALL corre-
lated with subsequent CNS involvement (P=0.001). Conversely, the expression
of secreted inhibitory “decoy” NK ligands ULBP1 and ULBP3 inversely corre-
lated with CNS positivity (P<0.0001)

Summary and Conclusions: The CNS may be an immunological sanctuary
for ALL cells protected from NK cell activity. Markers of activation of NK cells
(higher IL15, NKG2D and lower (ULBP1+ULBP3)/ULBP2 ratio) at the time of
diagnosis of ALL may be biomarkers for increased risk of CNS relapse. Addition
of CNS prophylactic therapy should be considered in NK based therapeutic
protocols for hematopoietic malignancies.
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Background: Clinical significance of CD20 expression in adult acute lym-
phoblastic leukemia (ALL) has been evaluated previously, showing that the
expression of CD20 was correlated with a bad prognosis in ALL. The addition
of rituximab to the conventional treatment showed a promising result in a
prospective observational study in a center, although no well-designed prospec-
tive interventional study has been performed until now.

Aims: This prospective study has been performed to find out the efficacy and
safety of rituximab plus multiagent chemotherapy for patients with CD20-pos-
itive acute lymphoblastic leukemia.

Methods: Subjects with newly diagnosed ALL who aged 215 years old and
were in their good condition were eligible when their leukemic blast cells of
bone marrow aspirate express 220% of CD20 antigens at time of diagnosis.
All patients received induction treatment composed of vincristine/pred-
nisolone/daunorubicin/L-asparaginase (for Ph-neg) or imatinib (for Ph-pos)
plus rituximab (375mg/m?2) at day 8. After achieving hematologic complete
remission (HCR), subjects received five cycles of consolidation therapy with
concomitant rituximab followed by 2 years of maintenance (non-alloHCT). Allo-
geneic hematopoietic cell transplantation (alloHCT) could be performed when-
ever after achieving HCR. All subjects received 8 times of rituximab during the
whole treatment, irrespective of the adoption of alloHCT-if he/she continued to
alloHCT during the consolidation, rituximab was administered monthly from
day 90 of alloHCT. Data from 103 patients who were treated with the same
cytotoxic drug combination without rituximab in Asan Medical Center from 1997
until 2010 were collected as a historical control group. Toxicity was graded
according to National Cancer Institute Common Toxicity Criteria (version 4.0).
Data were frozen up in May 2014 for this interim analysis.

Results: Thirty six subjects were eligible for interim analysis-3 subjects were
excluded for various causes. The median age of subjects was 42.0 (range 18-
71), 31% of them were Ph-positive and 75% were high risk. The median value
of CD20 expression was 52.5%. Hematologic CR (HCR) rate was 97% and
only one subject failed to achieve HCR owing to death in aplasia during induc-
tion. Fourteen subjects received allogeneic hematopoietic cell transplantation
(alloHCT) after achieving HCR. Median number of consolidation therapy was
3, and rituximab was introduced 5 times (median) to each subject-rituximab
was skipped only 3 times during the cytotoxic chemotherapy schedules of all
subjects. After 11.5 months of median follow-up for surviving subjects, the 1-
year and 21 —month relapse-free survival (RFS) were 71.5% and 49.1%,
respectively, which were significantly higher than those of historical control
(55.5% and 38.9%, p=0.041). The overall outcomes were not significantly dif-



ferent by the risk group, Ph-status, and the performance of alloHCT. Whereas,
the 1-year RFS of subjects with high CD20 expression level (the same or more
than the median value) was superior to those with low level (91.7% vs 46.4%,
p=0.033), and this difference of outcome was not observed among the historical
control group. Hematologic/non-hematologic toxicity profiles were all tolerable.
Only 10 times of infusion-related adverse events associated with rituximab hap-
pened, except 1 episode of grade-3 anaphylaxis. Especially, the incidence of
acute graft-versus-host disease (GVHD) of 2grade 2 was 21%, and that of
chronic GVHD was 21%, which were all tolerable.

Summary and Conclusions: In this interim analysis of the prospective study,
combination of rituximab with multiagent chemotherapy was feasible; all
adverse events were tolerable, and all the outcomes were not inferior to the
results of our historical control. Based on these results, we will continue to
recruit subjects up to a total of 77 ones. (Clinicaltrials.gov NCT01429610).
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Background: B-cell acute lymphoblastic leukaemia (B-ALL) in adults is a very
challenging disease. Most patients will go into complete remission, but relapse
often occurs. Relapse following remission induction chemotherapy remains the
major barrier to patient survival, and relapse is an important part of overall mor-
tality in B-ALL patients after haematopoietic stem cell transplantation. Many
relapse patients are currently stratified as standard risk; therefore, additional
more accurate biomarkers for relapse and prognosis are needed to improve
patient stratification. ADAM28 is an ADAM (a disintegrin and metalloproteinas-
es) metalloproteinase that can cleave myelin basic protein. Studies have
demonstrated that ADAM28 is overexpressed in several human tumours and
is related to cell proliferation and lymph node metastasis (Takashi Ohtsuka, et
al. Int. J. Cancer 2005). To date, no information is available on the prognostic
role of ADAM28 in B-ALL.

Aims: The aim of this study was to assess ADAM28 expression levels with
regard to the potential role of ADAM28 as a prognostic biomarker in B-ALL.
Methods: In total, 50 consecutive patients with de novo B-ALL and 23 healthy
donors were enrolled in this study. After obtaining informed consent, ADAM28
expression levels were analysed by flow cytometric assessment and real-time
quantitative polymerase chain reaction. Relapse-free survival (RFS), event-free
survival (EFS) and overall survival (OS) data after a 2-year follow-up were prospec-
tively collected for prognostic evaluation. in vitro, B-ALL cells were isolated from
the bone marrow of patients to assess the effect of arsenic trioxide (ATO) on
ADAM28 expression. Using selective pharmacologic inhibitors, the PI3K/Akt path-
way was demonstrated to be involved in the regulation of ADAM28 expression.
Results: Our data are the first to demonstrate that ADAM28 expression in
leukaemic cells from B-ALL patients was significantly increased compared with
donor bone marrow cells (P=0.0003). A significant inverse correlation was
observed between ADAM28 levels in bone marrow cells and serum expression
levels (r2=0.7512; P=0.0025). Despite considerable variability in expression lev-
els in B-ALL cells, ADAM28 levels were not associated with established risk fac-
tors, such as white blood cell count at diagnosis, immunophenotype and kary-
otype. However, patients experiencing disease relapse or death exhibited sig-
nificantly increased ADAM28 expression compared with those with a favourable
outcome (p=0.0043). Notably, ADAM28 overexpression was associated with a
lower probability of relapse-free survival and event-free survival (P<0.001) and
was a significant prognostic factor (P=0.010, 0.003, respectively) in a multivariate
analysis. in vitro, the expression of ADAM28 in leukaemic cells from B-ALL
patients was inhibited by ATO in a time-and dose-dependent manner. A signifi-
cance increase in migratory activity was noted in B-ALL cells overexpressing
ADAM28 using the Boyden chamber method. The PI3K/Akt pathway inhibitor
down-regulated ADAM28 expression and decreased cell migratory activity.
Summary and Conclusions: Our results are the first to indicate that ADAM28
overexpression in B-ALL patients is correlated with poor outcome. ADAM28
overexpression in B-ALL identifies patients with a high risk of early relapse and
reduced RFS, EFS and OS. ADAM28 overexpression enhances cell migration,
which is potentially regulated by the PI3K/Akt pathway. These data suggest
that ADAM28 might serve as a novel biomarker to evaluate the prognosis of B-
ALL and a potential therapeutic target in B-ALL patients.
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Background: The prognosis for adult acute lymphoblastic leukemia (ALL)
patients with central nervous system (CNS) involvement (CNS+ patients) who
received allogeneic hematopoietic stem cell transplantation (allo-SCT) remains
unclear.

Aims: We compared the clinical outcomes of allo-SCT in CNS+ patients with
those in CNS-patients, and also evaluated prognostic factors for CNS+ patients.
Methods: Clinical data for patients were collected from the Japan Society for
Hematopoietic Cell Transplantation database (TRUMP). The eligibility criteria
for this study were as follows: diagnosis of ALL or acute biphenotypic leukemia,
aged more than 16 years, allo-SCT between 2005 and 2012, and first SCT.
Burkitt leukemia or lymphoblastic lymphoma and secondary leukemia were
excluded from this study.

Results: Data for 2582 patients including 136 CNS+ patients and 2446 CNS-
patients were used for analysis. As compared with CNS-patients, CNS+ patients
were younger (median age: CNS+ 36.5 years vs CNS-40 years, P=0.02), higher
frequency of T-cell phenotype (P=0.03), had worse disease status at SCT (CR
at SCT: CNS+ 55.9% vs CNS-80.5%, P<0.01) and had worse performance sta-
tus (PS) at SCT. A myeloablative dose of total body irradiation was more fre-
quently used for CNS+ patients. Other characteristics were not different
between the two groups. Incidence of neutrophil engraftment was marginally
worse in CNS+ patients (Gray, P=0.07), and mortality rate before engraftment
was significantly higher in CNS+ patients (Gray, P=0.04). Incidences and sever-
ity of acute graft-versus-host disease (GVHD) and chronic GVHD were not dif-
ferent between CNS+ patients and CNS-patients. Incidence of relapse was
higher in CNS+ patients (Gray, P=0.02), and the rate of CNS relapse was also
higher (9.7% in CNS+ patients vs 2.3% in CNS-patients, P<0.01). CNS+
patients developed CNS complications more frequently than CNS-patients
(P=0.02). Incidences of other transplant-related complications and transplant-
related mortality were not different between the two groups. At the median fol-
low-up day of 1000 after SCT (range: 15-3137 days), 3-year overall survival
(OS) rates were 41.2% in CNS+ patients and 55.8% in CNS-patients, and the
difference was statistically significant by univariate analysis (log-rank, P<0.01).
However, in patients who received SCT in CR, there was no difference in OS
rates between CNS+ and CNS-patients (log-rank, P=0.38). We performed mul-
tivariate analysis (MVA) using Cox’s proportional-hazards regression model to
adjust the differences of variables. In the MVA, CNS involvement at diagnosis
had not an unfavorable effect on OS (hazard ratio: 1.08, 95% confidence inter-
val: 0.85-1.38, P=0.53), on the other hand, age, disease status and PS at SCT
remained significant prognostic factors for OS. In the MVA focusing in patients
who had CNS involvement at diagnosis, disease status and PS at SCT were
significant risk factors for OS, and age of the patient was marginally significant.
Summary and Conclusions: Patients who had CNS involvement showed
unfavorable OS due to poor disease status and poor PS at SCT. Patients who
achieved CR and/or good PS before SCT showed preferable OS even if they
had CNS involvement.
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Background: Excellent outcome in childhood acute lymphoblastic leukemia
(ALL) treatment has been achieved by using risk-stratified therapy. Children
with ALL are currently stratified based on various clinical and molecular char-
acteristics to a specific risk group in order to receive an appropriate therapeutic
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regimen. Post induction Minimal Residual Disease (MRD) has been used rou-
tinely to identify higher risk patients that previously resided in standard risk
group by clinical classification. However, the use of MRD is still limited in most
developing countries due to the high complexity and high cost of MRD testing.
Therefore, a new basic clinical marker is needed to facilitate a better risk clas-
sification for children with ALL in resource-limited countries. Absolute lympho-
cyte count (ALC) during and post induction therapy which is a routine clinical
testing has recently been found to associate with treatment outcome in children
with ALL.

Aims: To define the level of ALC during induction chemotherapy that has a
meaningful correlation to ALL treatment outcomes in Thai children.

Methods: A retrospective cohort of 200 newly diagnosed pediatric ALL patients
treated at King Chulalongkorn Memorial Hospital during January 1996-August
2012 were reviewed.The study was approved by Chulalongkorn University
Institutional Review Board. ALC level during and post induction period was
documented together with other established risk factors. Lowess smoothing
Martingale residuals plot was used to determine the optimal cut-point of ALC
level. Univariate analysis was performed using Cox proportional hazards model.
Multivariate models were developed including covariates with P<0.1 in univari-
ate models and hazard ratios (HR) were estimated with 95% confidence inter-
val. Overall survival and event free-survival were analyzed using the method
described by Kaplan and Meier.

Results: High ALC at induction Day 1 (ALC-1) and/or Day-28 (ALC-28) were
associated with favorable outcome in ALL treatment. Children with ALC-12800
cells/uL or ALC-2821,860 cells/ uL had a significantly better 10-year overall
survival (10Y-OS) [ 85% (ALC-12800 cells/uL) versus 60% (ALC-1<800
cells/pL), P<0.001 and 90% (ALC-2821,860 cells/ L) versus 75% (ALC-
28<1,860 cells/ pL), P=0.02] and 10-year event free survival (10Y-EFS) [ 80%
(ALC-12800 cells/uL) versus 55% (ALC-1<800 cells/uL), P=0.005 and 80%
(ALC-2821,860 cells/ uL) versus 76% (ALC-28<1,860 cells/ uL), P =0.63]. We
can define prognostic subgroups in more details when combining ALC-1 and
ALC-28. Children with ALC-1<800 cells/ yL and ALC-28<1860 cells/uL dis-
played the worse treatment outcome compared to other groups (10Y-OS=52%,
HR=6.9, P=0.001 and 10Y-EFS=48%, HR=4.3, P=0.002). Furthermore, ALC
can sub-classify the treatment outcome of patients in each established clinical
risk group. Standard risk patients with high ALC-1 had a significantly better 10-
Y OS [90% (ALC-1=800 cells/uL) versus 60% (ALC-1<800 cells/uL), P=0.01]
(Figure1A) and 10-Y EFS [80% (ALC-12800 cells/uL) versus 45% (ALC-1<800
cells/pL), P=0.002] (Figure1B). Similarly, High ALC-1 in high risk patients also
predicted better 10Y-OS [77% (ALC-12800 cells/uL) versus 50% (ALC-1<800
cells/uL), P=0.05] and 10-Y EFS [80% (ALC-12800 cells/uL) versus 62% (ALC-
1<800 cells/pL), P =0.14].
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Figure 1. Kaplan-Meier estimate of overall survival (A) and event free sur-
vival (B) among standard risk group with high and low ALC-1.

Summary and Conclusions: Unlike most studies which focused mainly on
the end of induction ALC, our finding indicated that ALC-1 and/or ALC-28 are
new powerful independent prognostic factors in pediatric ALL. ALC; which is a
simple and readily available clinical tool, can potentially be used as an additional
clinical factor to improve risk classification for children with ALL in resource-
limited countries.

34 | haematologica | 2015; 100(s1)

Acute myeloid leukemia - Biology 1

P171

THE CXCR4 ANTAGONIST BL-8040 DIRECTLY AFFECTS AML BLASTS
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Background: Acute Myeloid Leukemia (AML) is a heterogeneous group of
diseases characterized by uncontrolled proliferation and survival of hematopoi-
etic stem and progenitor cells. An important characteristic of AML blasts is their
ability to avoid terminal differentiation into mature cells. The chemokine
CXCL12 and its receptor CXCR4 are key players in the retention of AML blasts
in the protective bone marrow (BM) microenvironment. The CXCL12/CXCR4
axis is also critical for the survival and maintenance of AML blasts in their stem-
ness state. In addition, CXCR4 overexpression is associated with poor prog-
nosis in AML patients. We have studied the effect of BL-8040 (BKT140) on the
survival, proliferation and differentiation of human AML blasts, using in-vitro
systems, AML mice model and correlative studies in human samples obtained
from the ongoing relapsed/refractory AML clinical trial (NCT01838395).
Aims: Tostudythe effect of BL-8040 on the survival, proliferation and differen-
tiation of human AML blasts.

Methods: The ability of BL-8040 to induce differentiation of AML blasts was
tested in-vitro using MV4-11, HL-60, THP-1, NB4 and U937 cells. The in-vivo
effect of BL-8040 on differentiation, survival and apoptosis of human AML MV4-
11 cells was tested using AML model of NOD scid gamma (NSG) mice. In
humans, as part of an ongoing Phase lla clinical trial (NCT01838395) samples
from subjects who signed informed consent, were evaluated for differentiation
and survival of AML blasts following two days of BL-8040 monotherapy.
Results: We have studied the signaling pathways involved in the survival of
AML blasts. Our results revealed that these cells are dependent on both,
increased survival factors mediated by the PI3K/mTOR/AKT axis and reduced
apoptotic potential attributed to increased BCL2 expression. Treatment of AML
cells with BL-8040 directly inhibited cell growthand increased cell death. This
BL-8040 effect was mediated by inhibition of the mTOR and AKT signaling and
by down regulation of BCL2 expression in vitro and in vivo. Moreover, the treat-
ment with BL-8040 distinctively induced myelomonocytic and granulocytic dif-
ferentiation in vitro and in vivo. In the clinical setting, two days of BL-8040
monotherapy triggered a dramatic decrease in the amount of leukemic blasts
in the BM in the majority of patients (9/10 patients tested). This decrease was
accompanied by an increase in the number of blasts positively stained for
apoptosis using cleaved caspase 3 antibody (6/8 patients tested). Furthermore,
in the majority of treated patients (7/10 patients tested) the reduction in the
number of leukemic blasts in the BM was associated with induction of monocytic
and granulocytic terminal differentiation.

Summary and Conclusions: Treatment with BL-8040 as a single agent rapidly
and efficientlyinduces cell death of AML cells both in-vitro andin-vivo. This effect
is mediated by reduction of the expression of BCL2 and by blocking the survival
signals through the PIBK/mTOR/AKT pathway. Furthermore, the present study
demonstrates for the first time that CXCR4 inhibition is associated with terminal
differentiation of AML blasts in patients. By relieving the differentiation block
that characterizes AML blasts along with blockade of survival signals, BL-8040
affects AML blasts survival. Moreover, the current study highlights an important
role for BL-8040 as a differentiation therapy which has the potential to translate
into clinical benefit.
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Background: Acute myeloid leukemia (AML) is a heterogenous disease of the
hematopoietic progenitor cell driven by the subsequent acquisition of genetic
alterations. Although new technologies (e.g. NGS) have substantially con-
tributed to our understanding of the genetic complexity of the disease, cellular
consequences often remain elusive. Approximately 20% of AML patients show
strong expression of CD56 (neural cell adhesion molecule; NCAM), a cell sur-
face marker typically found in natural killer cells. Expression of NCAM is asso-



ciated with poor overall survival, however, the functional role of aberrant NCAM
expression has not been investigated to date.

Aims: The goal of this study is to examine the biological role of NCAM in AML
and to explore whether NCAM represents a potential therapeutic target.
Methods: The function of NCAM was investigated in several human AML cell
lines. Cells were infected with lentivirus expressing a Doxycyclin-inducible shRNA
directed against NCAM or scrambled shRNA. Genetically modified cells were
analyzed for proliferation, cell death and downstream signaling pathways. In addi-
tion, we performed xenotransplantation experiments to explore the role of NCAM
as a therapeutic target. Upstream regulatory mechanisms were investigated by
DNasel-hypersensitive assays and modified gqRT-PCR mapping. To analyze
NCAM effects at the stem cell level we made use of a well-established murine
MLL-AF9 leukemia model using C57BL/6 wild-type or NCAM-/-mice and per-
formed serial replating assays and bone marrow transplantation experiments.
Results: NCAM was expressed in several human cell lines (NOMO1, MOLM-
14, THP1, SKM1 and others) at high levels and correlated with MLL-rearranged
leukemias. Knockdown of NCAM using three different shRNA clones caused
diminished proliferation, G1-arrest and finally apoptotic cell death. Suppression
of NCAM sensitized leukemic blasts to genotoxic stress in vitro and prolonged
survival of mice in xenotransplantation experiments. Applying DNasel-hyper-
sensitivity assays we demonstrate accessible binding sites for the transcription
factors MEIS1, MEF2c and STAT1. shRNA-mediated knockdown of MEIS1,
MEF2c and MLL-AF9 resulted in downregulation of NCAM cell surface expres-
sion, suggesting an upstream regulatory role for MLL-AF9. Analysis of down-
stream signaling pathways upon knockdown of NCAM demonstrated activation
of SMAD2/3, p38 and upregulation of CDKN1a. To analyze NCAM expression
in leukemia-initiating cells (LICs), we infected wild-type and NCAM-/-derived
bone marrow cells with MLL-AF9 expressing viral particles and transplanted
syngeneic recipient mice. Analysis of wild-type LICs (Lin-c-Kit*CD34*FcgR*)
demonstrated strong surface expression of NCAM, whereas normal HSCs (Lin-
cKit*Sca1*) were NCAM-negative. Recipients of NCAM--MLL-AF9_cells devel-
oped acute leukemia with prolonged disease latency, and in colony assays
replating activity was diminished. NCAM--MLL-AF9 cells had lower CD117 and
Gr-1 expression, but higher expression of Mac-1 and, in some samples, aber-
rant B220 co-expression. To analyze whether aberrant NCAM-expression is
essential to maintain self-renewal activity we currently perform serial bone mar-
row transplantation experiments.

Summary and Conclusions: Targeting aberrant expression of NCAM by
shRNA-mediated gene knockdown demonstrated strong antileukemic activity
in vitro and sensitized leukemic blasts to genotoxic stress. in vivo, depletion of
NCAM resulted in prolonged disease survival in syngeneic and xenotransplan-
tation experiments and diminished self-renewal capacities. Our data suggest
that NCAM represents a promising therapeutic strategy and likely targets AML
cells at the LIC level.

P173

GENETIC AND EPIGENETIC EVOLUTION DURING THE PROGRESSION
OF CYTOGENETICALLY NORMAL ACUTE MYELOID LEUKEMIA (CN-AML)
S. Vosberg?2.34" PA. Greif.23:4, L. Hartmann'2.34, K.H. Metzeler!.2.3,
D. Schumacher3, F. Pastore3, K. Braundl'2.3, E. Zellmeier3, B. Ksienzyk3,
N. Konstandin3, S. Schneider3, A. Graf5, S. Krebs5, H. Blum®, M. Neumann®,
C.D. Baldus®, S.K. Bohlander?, Y. Assenov!, C. Plass?, S. Wolf!,
S. Wiemann', W. Hiddemann'.2.3.4, K. Spiekermann?.2.3:4

1German Cancer Research Center (DKFZ), 2German Cancer Consortium
(DKTK), Heidelberg, 3Internal Medicine I, University Hospital LMU Munich,
4Clinical Cooperative Group Leukemia, Helmholtz Zentrum Miinchen, SLabo-
ratory for Functional Genome Analysis (LAFUGA), Gene Center LMU Munich,
Miinchen, 6Department of Hematology and Oncology, Charité University Hos-
pital Berlin, Berlin, Germany, "Department of Molecular Medicine and Pathol-
ogy, The University of Auckland, Auckland, New Zealand

Background: Clonal evolution in acute myeloid leukemia (AML) has been pre-
viously described either in studies of large patient cohorts with focus on only a
restricted number of AML-associated genes or in smaller series of relapsed
patients studied by genome-wide techniques.

Aims: To better understand the genetic and epigenetic mechanisms of relapse
and therapy-resistance of AML, we performed exome sequencing and DNA-
methylation profiling of matched bone marrow or peripheral blood samples tak-
en at diagnosis, remission and relapse from 47 patients with cytogenetically
normal AML (CN-AML) with a median age at diagnosis of 65 (range 21-89).
Methods: Paired-end sequencing (lllumina) with a mean target coverage of
>100x resulted in an average of 95% of the exome covered at least 10-fold.
Variants at diagnosis or relapse were called with a minimum variant allele fre-
quency (VAF) of 20%. Mutations with a VAF<5% at remission were defined as
somatic, whereas mutations in known AML-associated genes (n=40, e.g.
DNMT3A, IDH2, SRSF2) with VAF>5% at remission were considered as per-
sistent during remission. After exclusion of common germline polymorphisms
(dbSNP 138; MAF21%) and known error-prone genes (e.g. MUC4), we filtered
for mutations with translational consequences and validated them by custom
genepanel sequencing (HaloPlex, Agilent) with a mean target coverage of
>300x. On average, 94% of the target region was covered at least 20-fold.
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DNA-methylation was analyzed using lllumina Infinium HumanMethylation450
BeadChip technology.

Results: Overall, 104 genes were recurrently mutated, while 7 genes were
recurrently altered only at diagnosis (e.g. CBL) and 16 genes were recurrently
altered only at relapse (e.g. KDM6A, SRSF2, SF3B1). The median number of
somatic mutations per patient was 7 at diagnosis and 8 at relapse, whereas a
gain or loss of mutations could be detected in 41 patients (87%). A median of
1 mutation is lost in relapse (e.g. FLT3 point mutations, range 0-5), a median
of 2 mutations were acquired during AML progression (e.g. WT1, range 0-5)
while mutations in several AML-associated genes (e.g. DNMT3A) remained
stable during the course of disease. In 60% of patients, the major clone at diag-
nosis remained predominant at relapse whereas expansion of a subclone during
disease progression was observed in 40% of patients. A total of 5 patients
acquired chromosomal alterations at relapse, with trisomy 8 as the only recur-
rent chromosomal abnormality present in 3 patients. A total of 22 patients (47%)
had persistent mutations at remission with 40/54 (74%) mutations showing a
dynamic pattern in their VAFs (relative change 220%). DNMT3A was the most
frequently affected gene (Figure 1A), and patients with persistent DNMT3A
mutation had a significantly shorter relapse-free survival compared to patients
with not-persisting DNMT3A mutation (Figure 1B, n=13, median 270 days,
range 81-586 vs n=7; median 508 days; range 235-1697; p=0.012). DNMT3A
R882 mutations correlated with a specific DNA-methylation profile, character-
ized by hypomethylation of HOX genes at diagnosis. Of note, even at remission
we were able to measure the DNMT3A R882 mutation-specific DNA-methyla-
tion pattern in patients with persistent mutations at VAF>25%. These results
suggest altered DNA-methylation at the pre-leukemic stage.
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Summary and Conclusions: In summary, our findings provide insights into the
genetic and epigenetic evolution during the course of disease in a large cohort
of relapsed CN-AML. Information about the dynamics of genetic lesions (e.g.
persistent or relapse-specific mutations) may have prognostic applications and
provide the basis for tailored approaches to treat or to prevent relapse of AML.
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GENOTOXIC STRESS MODULATES EVI1 INTERACTION WITH CTBP1 IN
ACUTE MYELOID LEUKAEMIA CELLS
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A.D. Whetton?, S. Meyer?:2.3

1Stem Cell and Leukaemia Proteomics Laboratory, Institute of Cancer Sciences,
University of Manchester, 2Department of Paediatric Oncology, Royal Man-
chester Children’s Hospital, 3Department of Paediatric and Adolescent Oncol-
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Background: EVI1 proto-oncogene overexpression is associated with adverse
prognosis in acute myeloid leukaemia (AML). EVI1 is a DNA binding transcrip-
tional regulator. It forms complexes with multiple protein partners including
chromatin re-modellers and transcriptional repressors, such as C-terminal bind-
ing protein (CtBP). Understanding EVI1 protein interaction dynamics will be
important for novel therapeutic approaches.
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Aims: The identification and characterisation of EVI1 protein interactions mod-
ulated by EVI1 phosphorylation.

Methods: EVI1 phosphorylation was detected by MIDAS mass spectrometry
in EVI1 overexpressing AML SB1690CB cells. Flag-tagged wild type EVI1 and
phosphorylation site mutated constructs were generated. Mouse bone marrow
or HEK293T cells overexpressing the constructs were used for re-plating exper-
iments, co-immunoprecipitation and immunofluorescence. Genotoxic stress
was induced by 2Gy radiation and hydrogen peroxide(H,0,) treatment.
Results: We detected EVI1 phosphorylation at the C-terminal SQSP motif
(serine858 and860). EVI1 constructs with alanine-mutated phospho-sites
(A/A-EVI1) maintained the EVI1 transforming capabilities in transduced mouse
bone marrow serial replating experiments. Proteomic interactome studies com-
paring WT-and A/A-EVI1 in an overexpression system confirmed interaction
with co-repressor CtBP1. Co-immunoprecipitation showed significantly reduced
CtBP1 binding with A/A-EVI1 compared to WT-EVI1 after induction of DNA
damage. Higher levels of co-immunoprecipitated CtBP1 bound to EVI1 in dam-
aged versus undamaged cells were confirmed in SB1690CB cells. Immunoflu-
orescence analysis showed significantly higher co-localisation of WT-EVI1 with
CtBP1 and reduced co-localisation of A/A-EVI1 with CtBP1 after DNA damage
compared to undamaged cells.

Summary and Conclusions: Genotoxic stress induces EVI1 C-terminal phos-
phorylation and modulates EVI1 interactions with the co-repressor CtBP1. This
links the DNA damage response to transcriptional repression in EVI1 overex-
pressing AML.

P175

COMBINING IMMUNE CHECKPOINT INHIBITION WITH AMG 330 TO
ENHANCE T CELL MEDIATED LYSIS OF PRIMARY AML CELLS
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Background: Bispecific T-cell engaging (BIiTE®) antibody constructs are very
efficient in recruiting and activating T cells. Through the strong T-cell activation,
proinflammatory conditions are generated, favouring the upregulation of
immune checkpoint molecules on cancer cells. Blockade of immune-suppres-
sive receptor-ligand interactions could potentially enhance BiTE® mediated
cytotoxicity.

Aims: In this study we tested the relevance of immune checkpoint molecules
on CD33/CD3 BIiTE® antibody construct (AMG 330) mediated lysis of primary
AML cells in ex vivo cytotoxicity assays.

Methods: The expression profiles of PD-L1 (n=123), CD277 (n=70) and ILT3
(n=55) were assessed by flow cytometry (Specific fluorescence intensity, SFI)
in newly diagnosed AML patient samples. A long-term culture system supporting
the growth of primary AML cells for up to 36 days ex vivo was used to determine
the functional relevance of immune checkpoint molecules on AMG 330 mediated
lysis. The long-term culture system enabled us to analyze the dynamic process
of inhibitory molecule expression and receptor-ligand interaction over time.
Results: No constitutive expression could be detected for PD-L1 at primary
diagnosis in 83.7% of the cases. In contrast, constitutive expression of CD277
and ILT3 was detected in 77% and 100% of patient samples respectively. As
has been reported previously, the expression pattern of immune checkpoint
molecules can be modulated through proinflammatory conditions. Therefore,
the expression profile of the inhibitory molecules on different AML cell lines and
primary AML cells after addition of IFN-y and TNF-a was analyzed. PD-L1 was
strongly induced on AML cell lines and primary AML cells (mean fold change
SFI: AML cell lines 3.5, n=6; primary AML cells 9.2, n=6). In contrast, no further
increase in ILT3 expression levels was detected (mean fold change SFI: AML
cell lines 0.7, n=5; primary AML cells 1.2, n=3). The cytokine-mediated upreg-
ulation of other immune checkpoint molecules including CD277 on AML cells is
currently being evaluated. In several studies it was shown, that BiTE® antibody
constructs induce strong T-cell activation, which is accompanied by secretion
of IFN-y and TNF-a. Using our long-term culture system we observed a consid-
erable upregulation of PD-L1 on primary AML cells after 1-4 days of ex vivo
cytotoxicity assay (SFI control BiTE® (cBiTE®) vs AMG 330 1.8: 9.4, p<0.0001;
n=27). Blocking of the PD-1/PD-L1 interaction significantly enhanced AMG 330
mediated lysis efficacy (% lysis: AMG 330 58% vs AMG 330+a-PD-1/PD-L1
blocking antibody 75%, n=9, p=0.03) which was accompanied by a significant
increase in T-cell proliferation (fold change CD2* cells: cBiTE® 0.8 vs cBiTE®+a-
PD-1/PD-L1 blocking antibody 1.0, p=0.06; AMG 330 8.0 vs AMG 330+a-PD-
1/PD-L1 blocking antibody 11.1, n=9, p=0.008). In addition, IFN-y secretion was
significantly enhanced (IFN-y secretion: cBiTE® 7.8 pg/ml vs cBiTE®+a-PD-
1/PD-L1 blocking antibody 16.5 pg/ml, p=0.03; AMG 330: 1573 pg/ml vs AMG
330+a-PD-1/PD-L1 blocking antibody: 2060 pg/ml, n=8, p=0.008). The functional
relevance of other immune checkpoint molecules in AMG 330 mediated lysis
efficacy is currently being evaluated in analogous experiments.
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Summary and Conclusions: AMG 330-mediated cytotoxicity is modulated by
blockade of inhibitory molecules on AML cells. Our results support the use of
combinatorial approaches of BiTE® antibody constructs with PD-1/PD-L1
immune checkpoint blockade.
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DIFFERENTIAL RESPONSIVENESS OF PML-RARA CARRYING VARIOUS
POINT MUTATIONS TO ARSENIC TRIOXIDE
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Background: Expression of the fusion gene, promyelocytic leukemia (PML)—
retinoic acid receptor-a (RARA), initiates acute promyelocytic leukemia (APL)
and plays a crucial role in APL pathogenesis. Arsenic trioxide cures APL through
targeting PML-RARA oncoprotein for degradation and further eradicating the
malignant cells. A growing amount of evidence supports arsenic trioxide as a
front-line drug in APL treatment and the overall survival of APL patients has
been improved dramatically. Unfortunately, there are not a few patients devel-
oped arsenic resistance during therapy and their outcomes were extremely
dismal. Previous study has reported that A216V and L218P mutation in the
PML moiety of PML-RARA were detectable in two APL patients at relapse.
More recently, we identified a mutational hot spot (including previously reported
A216V, newly identified S214L, A216T, L217F and S220G) within PML-RARA
transcripts from 9 of 13 patients with relapsed APL. Whether all these acquired
mutations play a role underlying the mechanism of clinical arsenic resistance
are still unknown.

Aims: To explore if each of the identified mutations virtually plays a role and
functions similarly underlying the mechanism of arsenic-resistance.
Methods: The recombinant plasmids of wild type and mutant PML-RARA were
transfected into cultured Hela cells followed by the treatment with or without
As,035. The protein levels and cellular localization were detected by
immunoblotting and immunofluorescence analysis. A retrospective analysis
was performed to validate whether various point mutations of PML-RARA func-
tioned distinctly in APL patients. The morphological characteristics and the
expression levels of PML-RARA transcripts in bone marrow of included patients
were monitored before and after reinduction treatment with arsenic.

Results: Immunoblotting analysis showed that total protein levels of PML-
RARA mutants with L217F or S220G were significantly decreased upon As,O3
treatment (regular dose), similar with the phenotype of wild type PML-RARA.
This finding was in parallel with the enhanced nuclear matrix association and
SUMOylation of L217F and S220G mutant proteins triggered by As,05. Where-
as mutants with A216V, S214L or A216T did not respond to As,O3 treatment
in the same experimental conditions. Importantly, the varying responsiveness
of different point mutations to arsenic observed in vitro was conserved in the
clinical setting. Relapsed APL patients respectively with A216V, S214L or A216T
mutation had strong resistance to the reinduction therapy with arsenic. Tem-
porarily moderate drug resistance was found in a patient with S220G mutation.
In contrast,one patient with L217F mutation achieved a complete remission
after reinduction treatment. Furthermore, we showed that high dose of As,03
was capable to reverse the primary arsenic resistance driven by indicated
mutations in the PML B2 domain of PML-RARA in cultured cells.

Summary and Conclusions: Our results reinforce the correlation of genetic
mutations found in the PML part of PML-RARA transcript with arsenic resist-
ance during APL therapy. We also propose a novel insight regarding that the
acquired mutations exhibited varying responsiveness to arsenic treatment both
in vitro and in vivo. Our findings may help in predicting the prognosis and select-
ing more effective strategies for the management of relapsed APL.
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SURVIVAL PREDICTION AND IDENTIFICATION OF KEY PROGNOSTIC
PROTEINS IN ACUTE MYELOID LEUKEMIA USING REVERSE PHASE
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Background: Novel proteomic technologies, allow for accurate and rapid pro-
filing of the cellular protein ecosystem in Acute Myeloid Leukemia (AML). The
high throughput data they generate could be used to build better prognostic
models, to identify new targets for therapy, and to individualize treatment.
Aims: To use high-dimensional survival models to identify key prognostic pro-
teins in AML and to compare the performance of proteomics based survival
models to that of commonly used prognostic factors.



Methods: We used reverse-phase protein array (RPPA) to measure the level
of total and phosphorylated expression of 230 proteins in leukemia-enriched
cell samples from 384 newly diagnosed AML patients. We used Cox regressions
with the Least Absolute Shrinkage and Selection Operator regularization to
construct multivariate prediction models for overall and relapse-free survival
(OS&RFS) and to identify the key prognostic proteins. To calculate coefficients
and evaluate model performance we employed a 100 iteration bootstrapping
procedure. We repeated the analyses for the subset of patients with normal
karyotype AML and younger patients (<60).

Results: Multivariate prognostic models based on proteomics performed at least
as well as models based on commonly used prognostic covariates including age,
sex, performance status, prior malignancy or hematological disease, cytogenetics
and FLT-ITD mutation analysis (C-Index 0.71 vs 0.69 respectively for RFS). Mul-
tivariate survival models highlighted multiple proteins associated with survival.
Of these, the most pronounced were ARC, IGFBP2, INPP5D, TP53 and CCND3
which appeared in univariate and multivariate analyses. STAT3, XIAP, and CDK2
were identified only by multivariate models, suggesting they are of relevance only
in the context of the expression of other proteins. In younger patients we further
identified SMADS5, phospho-ERBB2, phospho-MTOR, and CCNE2. Genetic alter-
ations associated with many of these proteins have been previously implicated
in the pathogenesis of AML and provide an external validation to our results. For
most however this work is the first evaluation of their prognostic significance.
Finally, using proteomics based risk scores we were able to discern subgroups
of patients with differing survival. This risk stratification outperformed stratification
based on cytogenetics. Further, we identified distinct subgroups among patients
with a normal karyotype (RFS not-reached, 150 and 39 weeks, p<0.0001). Our
results bare a considerable similarity to risk stratification based on genetic alter-
ations presented in other studies, though the validity of such a comparison is lim-
ited due to variability in patient populations and a lack of standardized reporting.
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Summary and Conclusions: RPPA is an efficient tool for rapid and high
throughput proteomic profiling. Using the proteomic data with advanced survival
modeling can reliably identify multiple proteins with a significant prognostic val-
ue as targets for future research and novel therapeutics.
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MICRORNA-182, C/EBPA AND E2F GENERATE AN AUTOREGULATORY
FEEDBACK NETWORK WHICH IS DYSREGULATED IN ACUTE MYELOID
LEUKEMIA
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Background: The transcription factor CCAAT enhancer binding protein alpha

Vienna, Austria, June 11 - 14, 2015

(C/EBPa) is a master regulator of granulopoiesis and is inactivated in approx-
imately 50% of all acute myeloid leukemia (AML) cases. MicroRNAs, a class
of small non-coding RNAs, were identified as important regulators of normal
hematopoiesis and leukemia development. We have already shown that
microRNAs, such as miR-223, miR-34a and miR-30c, are essential elements
in C/EBPa triggered granulocytic differentiation.But to our knowledge nothing
is known about inactivation of C/EBPa by microRNAs in acute myeloid
leukemia.

Aims: Functional characterization of miR-182 in AML.

Methods: We used Next Generation Sequencing to detect novel C/EBPa relat-
ed microRNAs. To investigate the function of miR-182, we used several in vitro
and in vivo systems, including cell lines, primary AML cells and a transplantation
based mouse model.

Results: In this study, we identified a novel network between C/EBPa, miR-
182 and E2F. In a next generation sequencing approach based on inducible
K562-C/EBPa-ER cell line, we found miR-182 strongly downregulated by wild-
type C/EBPa. We could further demonstrate an inverse correlation between
C/EBPa protein amount and miR-182 expression level in several biological
systems, including leukemic cell lines, G-CSF treated primary human CD34*
progenitor cells in vitro and sorted murine bone marrow subpopulations in vivo.
Additionally, we found elevated miR-182 expression levels in lineage-negative,
c-kit-positive myeloid progenitors of CEBPA Knock-Out mice. To discover the
mechanism how miR-182 is blocked by C/EBPa, we analyzed the minimal pro-
moter region of miR-182 and performed chromatin immunoprecipitation (ChIP).
Here, we could demonstrate a strong binding of C/EBPa to the miR-182 pro-
moter, particularly to a conserved E2F binding site. Because E2F is a well
known inhibitor of C/EBPa function, we tested whether E2F also effects miR-
182 expression. An overexpression of E2F1 in U937 cells leads to an elevated
miR-182 expression level. In addition, we measured the expression of miR-
182 in bone marrow from AML patients regarding to their CEBPA mutation sta-
tus. We could show that only patients with mutations in the C-terminal region
of C/EBPa showed increased miR-182 expression levels, while patients with
N-terminal CEBPA mutations revealed no abnormal miR-182 expression com-
pared to healthy donors or AML patients with no CEBPA mutation. The C-ter-
minal domain of C/EBPa is necessary for E2F inhibition. These findings illustrate
the importance of C/EBPa-E2F interaction during miR-182 regulation. Next,
we found a highly conserved binding site of miR-182 in the 3'UTR of CEBPA
itself, suggesting a possible negative feedback loop. To test this, we performed
overexpression of miR-182 in U937 cells, umbilical cord blood mononuclear
cells (UCB-MNCs) and primary blasts from AML patients. Here, we observed
a strong reduction of C/EBPa protein after miR-182 overexpression in all cell
types. Furthermore, we could demonstrate a direct binding of miR-182 to the
3'UTR of CEBPA via luciferase activity assay. Finally, we were interested in the
functional impact of miR-182 in myeloid differentiation and leukemia develop-
ment. We showed that stable overexpression of miR-182 blocks granulocytic
differentiation in G-CSF treated 32D cells and enhances replating capacity of
primary mouse bone marrow mononuclear cells. Moreover, we could demon-
strate that enforced expression of miR-182 in mouse Lin-Sca-1+c-Kit+ early
hematopoietic progenitors by lentiviral infection leads to a strong reduction of
mature Mac1+Gr1+ granulocytes in the peripheral blood in vivo.

Summary and Conclusions: Taken together, we identified miR-182 as novel
oncogenic microRNA that directly blocks C/EBPa during myeloid differentiation
and leukemia development. Thus, our data display a potential new strategy for
therapeutics in C/EBPa dysregulated AML.
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Background: One of the key processes in oncogenesis is the transition from a
premalignant to a fully malignant state. The chromosomal translocation (8;21)
is an initiating event in acute myeloid leukaemia (AML) and generates the
RUNX1/ETO fusion gene.RUNX1/ETO drives self-renewal, but is insufficient for
leukaemogenesis, requiring further mutations for transformation. We postulated
that this leukaemic fusion protein may affect the acquisition of mutations.
Aims: In this project, our aims were to investigate whether and how
RUNX1/ETO impacts on the acquisition of secondary mutational hits, thereby
promoting the generation of fully developed leukaemia.

Methods: We investigated the effect of RUNX1/ETOexpression on susceptibility
to spontaneous and exposure driven mutation in TK6 cells. After lentiviral trans-
duction with RUNX1/ETO, we isolated TK6 clones withvarying levels of
RUNX1/ETOexpression. We used the PIGA assay as an initial measure of
spontaneous and exposure-induced mutation. Loss of this glycosyl-phos-
phatidylinositol(GPI) anchor protein results in an absence of GPI-linked proteins
from the cell membrane, including CD55 and CD59.Cells that are simultane-
ously negative for two GPI-linked proteins are considered to bePIGAmutants
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and are detected using fluorochrome-conjugated antibodies and analysed by
flow cytometry. We also used thethymidine kinase(TK) gene as a second muta-
tional target for exposure-induced mutation.

Results: We determined the PIGA mutation frequency (Mf) in several inde-
pendent RUNX1/ETO-expressing and vector control clones 8-10 weeks after
initial cloning. The mean PIGA Mf in RUNX1/ETO clones (7.5 x 10-4) was 5
times higher than in vector control clones (1.5 x 10-4) (p=0.032). We next inves-
tigated whether RUNX1/ETO cells were sensitive to mutagenesis following
exposure to genotoxic agents. Fusion protein positive and vector control clones
were exposed to sub-cytotoxic doses of doxorubicin (100nM) or ionising radi-
ation (3Gy), and Mf was measured 2 weeks after treatment. The mean treat-
ment-induced PIGA Mf was strongly increased in RUNX1/ETO clones com-
pared to vector control clones following doxorubicin (Mean Mf =6.5 x 104 vs
2.1 x 10-4, p=0.09) or radiation treatment (Mean Mf=5.9 x 104 vs 2.1 x 104,
p=0.008). This was confirmed by assaying at the TK locus, where mean treat-
ment-induced Mfwas also significantly higher in RUNX1/ETO cell clones com-
pared to vector control clones following either doxorubicin (Mean Mf=3.5 x 10~
6 vs 4.3 x 107, p=0.014) or radiation treatment (Mean Mf =6.4 x 106 vs 1.5 x
10-6, p=0.002). For both PIGA and TK, the Mfin vector control clones following
doxorubicin or radiation treatment was not significantly different from mock-
treated cells. Additionally, using ChIP, we showed that RUNX1/ETO directly
binds to and represses the OGG1 base-excision repair DNA glycosylase and
that RNAi mediated depletion of RUNX1/ETO in 1(8;21) cell lines significantly
increases OGG1 transcript and protein levels, providing a plausible reason for
the increased Mf shown in RUNX1/ETO cells.

Summary and Conclusions: We have shown that RUNX1/ETO predisposes
to the acquisition of mutations, both spontaneously and after treatment with
genotoxic agents. RUNX1/ETO actively promotes the acquisition of secondary
mutations thereby expanding genetic heterogeneity in the population from
which malignant clones can emerge. We also suggest that late-relapse in
t(8;21) AML may be due to the presence of RUNX1/ETO positive, genetically
unstable pre-leukaemic clones in the bone marrow, which are prone to mutation
acquisition, leading to leukaemia relapse.
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Background: Acute myeloid leukemia (AML) with t(8;21)(q22;q22) or
inv(16)(p13922) chromosomal rearrangement corresponding to the RUNX1-
RUNX1T1 or CBFb-MYH11 fusion transcripts respectively, belongs to the core
binding factor (CBF) AML, a favorable-risk subgroup of AML. Nonetheless,
30% of patients with CBF-AML relapse. Prognostic factors have been identified
in adult studies to detect patients at higher risk of relapse, such as older age,
high white blood cell count, additional cytogenetic abnormalities or gene muta-
tions, and minimal residual disease response to therapy. Especially in adult
CBF-AML patients, it has been shown that a log reduction under 3-log in tran-
script level after 2 courses of chemotherapy, was associated with a significant
increased risk of relapse. In children CBF-AML accounts about 20% of de novo
AML with an unexpected relatively high incidence of relapse in the RUNX1-
RUNX1T1 subgroup. There is need to identify factors able to predict a high
risk of relapse. Few studies have reported the prognostic relevance of minimal
residual disease in pediatric CBF-AML.

Aims: The main aim of the study was to quantify and follow the minimal resid-
ual disease of CBF fusion transcripts during therapy in order to determine its
prognostic relevance and to identify patients who might benefit of allogeneic
hematopoietic stem cell transplantation in first complete remission in the future
protocol.

Methods: 438 children were treated between 2005 and 2011 in the French
pediatric ELAMO2 trial. We focused on 97 patients with CBF-AML including 61
AML with 1(8;21)(q22;922) and 36 AML with inv(16)(p16922). RUNX1-
RUNX1T1 and CBFb-MYH11 transcripts were quantified by real-time PCR at
diagnosis, and after each course of chemotherapy (MRD1, MRD2, MRD3,
MRD4) according to the trial design.

Results: Patients with inv(16)(p16922) AML had higher WBC and more fre-
quent CNS involvement than those with t(8;21)(q22;922). N/K-RAS mutations
were more frequent in the inv(16)(p16922) subset, ASXL2 mutations more fre-
quent in 1(8;21)(q22;922) subset, whereas KIT gene mutations were equally
frequent in both subsets. At diagnosis, the median fusion transcript ratio was
higher in RUNX1-RUNX1T1 patients [258.7, range 20-1685] than in CBFb-
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MYH11 patients [94.4, range 31.5-447]. Incidence of relapse was 39.3% and
16.7% in t(8;21) and inv(16) respectively. In the RUNX1-RUNX1T1 subset,
MRD log reduction evaluation shows that 19 (41%) of 46 patients at MRD2
and 8 (21%) of 38 patients at MRD3 did not reach 3-log reduction in fusion
transcript ratio level. In the CBFb-MYH11 subset, MRD log reduction evaluation
shows that 20 (67%) of 30 patients at MRD2 and 18 (67%) of 27 at MRD3 did
not reach 3-log reduction in fusion transcript ratio level. The 5-year DFS was
not significantly different at any point between MRD positive and MRD negative
in both subgroups: 48+11% versus 49+12% at MRD2 and 48+10% versus
37+17% at MRD3 in RUNX1-RUNX1T1 subset and 100% versus 7949 at
MRD2 and 89+10% versus 75+11% at MRD3 in CBFb-MYH11 subset. The 5-
year disease free survival (DFS) was 53+2% in all-ELAMO02, 53+7% in t(8;21)
and 80+7% in inv(16). Similarly the 5-year overall survival (OS) did not shown
any significant difference and was 71+2% in all-ELAMO02, 87+4% in t(8;21) and
100% in inv(16) subgroups.

Summary and Conclusions: In the ELAMO2 trial we confirmed how frequent
CBF-AML patients are slow-responders to chemotherapy but we were unable
to confirm the prognostic impact of 3-log MRD reduction to predict relapse as
in adult. Of note, children did not received anti-CD33 for chemotherapy as it
was in published adult trials. Furthermore comparison between flow-cytometry
and fusion transcript MRD could be helpful in CBF-AML.
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Background: Allogeneic bone marrow transplantation (BMT) offers the greatest
chance of cure for most patients affected by acute myeloid leukemia (AML). Per-
sistence of disease or high levels of pre BMT minimal residual disease (MRD)
have been reported to predict relapse risk after BMT. WT1 expression levels and
multicolor flow cytometry (MFC) are the most widely used tools to evaluate MRD.
Aims: We recently reported that combined MRD evaluation by WT1 and MFC
after induction therapy strongly impacts on relapse risk in AML patients.The aim
of the present study was to perform the same MRD assessment in the pre BMT
setting in order to evaluate its reliability in predicting relapse after transplant.
Methods: We retrospectively analyzed outcome of 257 AML patients with both
WT1-based and MFC-based MRD evaluation on bone marrow samples before
transplant. Median age at transplant was 44 years. One hundred thirty-three
patients were transplanted in first, 54 in second and 72 in third or subsequent
complete remission. Induction regimens included fludarabine-containing regi-
mens or standard “3+7” induction. Median follow-up was 48 months (95% CI
37.5-50.5 months). Relapse-free survival (RFS) was calculated from the time of
transplantation until last follow-up or documented leukemic relapse. Overall Sur-
vival (OS) was calculated from the time of transplantation until death by any
cause or last follow-up. A positive MFC MRD was defined by the presence of no
less than 25 clustered leukemic cells/105total events (threshold of 2.5x10-4resid-
ual leukemic cells) at four-color flow-cytometry. Real-time PCR for WT1 was
performed on DNA Engine 2 (Opticon®, MJ Research®). WT1 copy number/Abl
copy number 500x104 was used as cut-off value for abnormal WT1 expression.
Results: Eighty-nine relapses (35%) were reported. Median RFS was 84
months. The probability of disease relapse was significantly affected only by
disease status (first or subsequent CR, p<0.001) and MRD status before trans-
plantation, measured with any method (p <0.001). Specifically, MFC-MRD was
the strongest predictor of longer relapse free survival (p <0.001) since only two
relapses occurred in the eleven MFC-MRD negative patients. Among MFC-
MRD positive patients a further stratification of risk is obtained by the evaluation
of WT1 MRD status that was able to identify patients with significantly worse
RFS (p <0.01, Figure1). Multivariate RFS analysis revealed that the combined
MRD evaluation was the only independent predictor of RFS (p <0.001). The
predictive value of MRD resulted independent from induction schedules, donor
type, disease status at BMT and risk group. Similarly, univariate OS analysis
showed that BMT year, disease status at BMT and MRD evaluation with any
methodic significantly influenced OS duration (p <0.001, <0.001 and <0.001,
respectively). Multivariate OS analysis confirmed that combined MRD evalua-
tion was an independent strong predictor of long survival, alongside with BMT
year and disease status at BMT (p <0.003, <0.001 and <0.002, respectively)
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Figure 1. RFS according to risk group
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Summary and Conclusions: Pre transplant MRD evaluation by WT1 and MFC
on bone marrow samples is a reliable predictor of relapse risk. Patients with
both negative pre-BMT MRD markers have a significantly longer DFS, while
patients with both positive MRD markers display an higher risk of relapse. Iden-
tifying patients who are at higher relapse risk may allow to modulate post BMT
follow up, with the aim of detecting disease recurrence earlier and/ or applying
pre-emptive therapeutic strategies in order to delay or prevent AML relapse.
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A COMPARISON OF DAUNORUBICIN/ CLOFARABINE AND FLAG-IDA IN
HIGH RISKACUTE MYELOID LEUKAEMIA: RESULTS FROM THE UK NCRI
AML17 TRIAL
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Background: We have previously shown that consolidation of high risk patients
with high dose ara-c was less effective than combination chemotherapy (including
etoposide amsacrine and mitoxantrone) (Burnett AK et al. J.Clin.Oncol. 31,3360-
3368, 2013). In the NCRI AML17 Trial (ISRCTN55675535) 3215 untreated non-
APL adults, generally <60 years, were given an initial induction course of Daunoru-
bicin/Ara-C with or without Etoposide and/or Gemtuzumab Ozogamicin (GO). On
recovery patients were assigned a risk group. To be high risk patients required to
fulfil one of the following criteria: 1) Group A: in CR but with adverse features assim-
ilated into a validated risk score (based upon cytogenetics, age, presenting WBC,
secondary disease and response to course 1 of therapy) predicting an expected
survival of around 24% (Burnett AK et al Blood 108 (11):10, 2006) ; 2) Group B:
not in CR after a second induction course; or 3) Group C: relapsed disease.
Aims: We compared Daunorubicin/C.lofarabine with FLAG-Ida in a randomised
fashion in patients who were high risk.

Methods: 393 patients were identified (311 group A; 5 group B; and 77 group
C) and randomised 2:1 between Daunorubicin (50mg/m2 days 1,3 and 5) +
Clofarabine (20mg/m?2 days 1-5) or FLAG-Ida (Fludarabine 30mg/m?2 d2-6, Ara-
C 2g/m2/day d2-6, G-CSF days 1-7 and Idarubicin 8 mg/m2 on days 4,5,6). All
high risk patients were candidates for allo-BMT. For the purpose of this analysis
groups B & C are combined.

Results: Overall 393 patients entered the comparisons of DClo vs FLAG-Ida:
311 in group A and 82 in groups B+C. The characteristics of group A and of B+C
were: median age 55 (18-69) and 47 (19-63); de novo 221 and 78; secondary
disease or high risk MDS 90 and 4; performance score >1 13 and 3; cytogenetics
favourable 0 and 14; cytogenetics intermediate 151 and 58; cytogenetics adverse
160 and 3. The median follow up is 25.8 months for group A and 12.7 months
for group B+C. In group A, the median number of courses received was 1 for
FLAG-Ida and 2 for DClo. The overall survival at 4 years for group A was 35%.
RFS was 46% in the FLAG-Ida patients vs 34% in those on DClo (HR 1.25 (0.89-
1.75) p=0.2). Survival was non-significantly superior in the FLAG-Ida patients
(48% vs 30%, HR 1.30 (0.95-1.79) p=0.10). The objective of the chemotherapy
was to deliver patients to allograft. 53% of FLAG-Ida and 56% of DClo received
a transplant. When the RFS and OS are censored at time of transplant the RFS
was FLAG-Ida 22% vs DClo 18%, and OS was 22% vs 22%. The overall survival
at 3 years for group B+C was 20%. CR was achieved in 2/2 refractory and 18/25
relapsed patients allocated FLAG-Ida vs 1/3 and 41/52% for DClo. Survival was
non-significantly better in the FLAG-Ida patients (35% vs 11%, HR 1.26 (0.73-
2.17) p=0.4). 56% of FLAG-Ida and 65% of DClo received a transplant. When
the OS are censored at time of transplant the OS at 18 months was FLAG-Ida
38% vs DClo 30%. If groups A, B+C are analysed together using standard meta-
analytic approaches, the hazard ratio for survival favours FLAG-Ida (HR 1.29
(0.98-1.70) p=0.07). Although FLAG-Ida resulted in slower count recovery and
required significantly more supportive care (RBC and platelets/ antibiotics/ hos-
pital days), it resulted in survival which was not inferior to DClo.

Tabella 1.

AML17: Overall Survival
High risk randomisation

Deaths/Patients Statistics O.R. & 95% CI
DClo FLAG-lda (O-E) Var. (DClo : FLAG-Ida)

Type of patient:
Post Course 1 122/207 49104 103 386 T8 50 005.170)
Relapsed/Refractory 40/55 17127 30 12:9 — TR

W Total: 162/262 66/131 132 515 =l

1.29 (0.98, 1.70)
T [ —e—]
0-0 05 1.0 15 2.0
DClo FLAG-Ida

Test for heterogeneity (2 groups): X% = 0-0; P = 0-9; NS better better

Effect 2P = 0-07
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Summary and Conclusions: FLAG-Ida resulted in at least as good survival
when compared with DClo for high risk patients in remission or relapsed or
refractory patients.

Acknowledgements: This study received research support from Cancer
Research UK. Genzyme/Sanofi provided Clofarabine for the trial.
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FLUDARABINE-CONTAINING INDUCTION INCREASES MINIMAL RESIDUAL
DISEASE CLEARENCE AND IMPROVES SURVIVAL IN AML PATIENTS
WITH CONCOMITANT NPM1 AND FLT3-ITD MUTATIONS
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Background: The negative prognostic impact of FLT3-ITD mutations in acute
myeloid leukemia (AML) patients is well known. This unfavorable effect is most-
ly due to high relapse rate and short disease free survival (DFS). On the con-
trary, NPM1 gene mutation has been shown to confer a good prognosis. The
co-existence of both mutations is common with most groups reporting a pre-
dominant negative prognostic impact of FLT3.

Aims: We performed a retrospective analysis of the outcome of 124 de novo
AML patients carrying FLT3 and/or NPM mutation receiving a fludarabine con-
taining regimen or conventional daunorubicin and cytarabine (3+7) schedule
as front line treatment, with the aim of evaluating whether the combination of
fludarabine to Ara-C and anthracycline may increase DFS in FLT3 or NPM
mutated patients, especially in double-mutated patients.

Methods: One-hundred twenty four consecutive FLT3-ITD and/or NPM1 pos-
itive non M3 AML patients (age 17-78 years) treated in two Hematology centers
of Northern ltaly were retrospectively included in this study. In center 1, all
patients received FLAI-5 regimen (fludarabine 30 mg/sgm and ARA-C 2g/sqm
on days 1 to 5 plus idarubicin 10 mg/sqm on days 1-3-5), whereas in center 2
patients were given either FLAI or 3+7 induction. Overall 90 patients received
FLAI, and 34 patients received 3+7 regimen. In both centers, patients with
FLT3-ITD mutation underwent allogeneic bone marrow transplantation (BMT)
in first complete remission if feasible. Minimal residual disease was evaluated
on marrow samples in most patients using multicolor flow-cytometry (MFC)
and NPM expression levels. Demographical, cytogenetic and molecular char-
acteristics were comparable in the series of patients treated in the two centers
and in patients receiving the two induction regimens.

Results: Two patients (5.9%) died during first induction in the 3+7 arm,whereas
two patients (2.2%) died in the FLAI arm, mostly due to infections. One further
patient in the FLAI arm died during second cycle. Overall 60-days mortality
was therefore 4%. After two induction cycles, 105 patients achieved CR (88%)
and 14 did not respond (16%). Forty-two/105 (40%) CR patients underwent
BMT in first CR. CR rate after cycle 1 was significantly higher in FLAI-5 cohort
(86% vs 69%, p<0.05). Patients treated with FLAI-5 had significant higher prob-
ability of achieving MRD clearance, both on NPM and MFC-based evaluation
(p<0.001 and p<0.05, respectively, Figure 1A and D). After a median follow up
of 51 months, 2-year DFS was 53.4% (median 101 months). DFS duration was
significantly influenced by induction type (p <0.001, Figure1 B), risk group, sta-
tus for FLT3 and NPM1, NPM-MRD and MFC-MRD status (p <0.03, p<0.05,
p<0.05, p<0.001, p<0.01, respectively). Survival did not significantly differ
between patients achieving MFC-MRD negativity with FLAI 5 or “3+7”. Among
patients with FLT3-ITD and concomitant NPM mutation, the difference between
FLAI and 3+7 cohorts in term of DFS was higher (p <0.0001, Figure 1 C). No
significant DFS difference was observed in FLT3-ITD/NPM wild type patients.
Overall Survival analysis led to similar results.
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Figure 1. D: NPM1 MRD levels after cycle 1.

Summary and Conclusions: Despite the small size of patients cohorts and
the potential bias due to the retrospective nature of the analysis, our study
seems to indicate that fludarabine containing induction improves quality of
response in patients carrying NPM1 mutation compared to 3+7 regimen. It is
possible that the favorable impact of adding Fludarabine to Ara-C and anthra-
cycline in double mutated AML patients may overcome the negative prognostic
impact of FLT3-ITD.
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Background: Older patients (pts) with AML generally have a poor prognosis.
While treatment (Tx) may extend overall survival (OS) for pts with AML, it may
also cause significant toxicity and impairment of HRQL (Cheng, Leukemia, 2014).
In the large, international, phase 3 AZA-AML-001 study, median OS for older pts
with AML treated with azacitidine (AZA) was 10.4 months vs 6.5 months for pts
who received conventional care regimens (CCR; HR=0.85; p=0.1009) (Dombret,
EHA, 2014). HRQL was a prespecified secondary endpoint of the study.

Aims: To evaluate changes in HRQL during Tx among pts in AZA-AML-001.
Methods: Pts were aged 265 years with newly diagnosed de novo or secondary
AML (>30% bone marrow blasts). Before randomization, pts were preselected
to receive 1 of 3 CCR per investigator choice: induction chemotherapy, low-dose
cytarabine (LDC), or best supportive care only. Pts were then randomized to
AZAor CCR, in which case, they received their preselected Tx. Most pts (n=312,
64%) were preselected to receive LDC. HRQL was assessed by EORTC QLQ-
C30 questionnaire at baseline, day 1 of every other Tx cycle, and at the end-of-
study visit, which occurred at different time points for individual pts. Analyses
included only pts who completed the baseline and at least 1 post-baseline HRQL
assessment. An HRQL-specific statistical analysis plan (SAP) was finalized
before database lock. HRQL changes were evaluated prospectively for the AZA
and CCR cohorts, and post hoc for the pt subgroup preselected to LDC who
received AZA or LDC. Four of the 15 QLQ-30 domains were prespecified in the
SAP as most relevant: Fatigue (primary), Global Health Status/QoL, Physical
Functioning, and Dyspnea (secondary). HRQL was evaluated through cycle 9
(~32 to 34 weeks) due to subsequent small cohort sizes. A prespecified 10-point
minimally important difference (MID) threshold represents meaningful change.
Results: Rates of HRQL assessment compliance were fairly high overall (>77%
both Tx groups) except at the end-of-study visit (AZA=42%, CCR=37%). Over-
all, 157 AZA pts and 134 CCR pts were evaluable for HRQL (the AZA-AML-001
ITT population included 488 pts, AZAN=241, CCR N=247). The rate of attrition
of evaluable pts during early Tx was higher in the CCR arm than in the AZA
arm. During Tx, mean change from baseline scores with AZA or CCR showed
general improvement in the 4 relevant domains (Figure). Few changes were
statistically significant (p<0.05) and fewer met the MID threshold. Pts receiving
CCR achieved meaningful improvement in Fatigue (cycles 7, 9) and Global
Health Status/QoL (cycle 9). No HRQL detriment was seen with AZA or CCR
during Tx. Notably, scores varied substantially among individual pts in both Tx
groups. Within the LDC preselection group, HRQL outcomes with AZA and
LDC were largely consistent with the primary HRQL analysis (Figure). Pts
receiving AZA achieved meaningful improvement in Fatigue (cycle 9).
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Figure 1. Mean Changes from Baseline EORTC QLQ-30 Domain Scores.

Summary and Conclusions: During Tx, AZA and CCR were associated with
general improvement in HRQL in the 4 relevant domains, but improvements
were not consistently meaningful. Importantly, for these 4 domains, there was
no meaningful HRQL deterioration at the group level during Tx. Results were
largely similar for AZA vs LDC.
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Background: Advances in diagnosis, treatment, and supportive care have
improved rates of complete remission (CR) in adult patients (pts) with newly
diagnosed acute myeloid leukemia (AML). Unfortunately, disease relapse is
common, accounting for the majority treatment failure, and explaining the mar-
ginal improvements in long-term survival. However, there are subsets of pts
who achieve CR and continue to maintain very long term remissions, without
relapse-the so-called ‘cure-fraction’. Although long-term follow-up of AML pts
is standard, the time point after which a patient is considered ‘cured’ of AML is
a critical piece of information for both pts and physicians.

Aims: The aim of the current study is to clarify the definition of cure in adult pts
with AML in 1stCR.

Methods: For the purposes of the study, cure was defined as the point after
which the probability of relapse (POR) was <5%. In subgroups where this prob-
ability was not achievable in the first 5 yrs, a threshold of £10% was applied. Pts
who had received an allogeneic stem cell transplant were excluded. Pts with
acute promyelocytic leukemia (APL) were analyzed separately and not included
in the larger AML cohort. We evaluated the cumulative risk of relapse, time to
relapse, relapse-free survival, and overall survival in a cohort of pts treated at
our institution from 2000-2012, with a median follow up of 26.2 months.
Results: A total of 1096 pts were analyzed (median age 57, range [18-88]), of
whom 159 (14.5%) had APL. Of the remaining 937 pts, 493 (53%) were age
260 yrs, and 444 (47%) were <60 yrs. In pts with APL, the POR after 1 and 2
yrs was <5% and 1%, respectively. In the entire (non-APL) cohort, the POR
level of 5% was achieved after 4 yrs in CR. In pts <60 yrs, the POR of <5%
was achieved after 3 yrs in CR. In pts 260 yrs, the POR of 5% was not achieved
in the time of follow-up. In these pts, we observed a POR of £10% after 4 yrs in
CR. In pts with core-binding factor (CBF) AML, the POR was <5% at 2 yrs and
<1% at 3 yrs after CR. In pts with diploid karyotype a POR of <5% was achieved
after 3 yrs in CR and in the non-diploid pts after 5 yrs in CR.(Figure 1).
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Figure 1. The illustration shows the correlation between the probability
of relapse and the time passed from achieving the 15t complete remission
for the each subgroup of patients. Abbreviations: AML (acute myeloid
leukemia), CBF neg (core-binding factor negative AML), CBF pos (core
binding factor positive AML), APL (acute promyelocytic leukemia).

Summary and Conclusions: Although late relapses were observed, using a
threshold of <5% for POR, pts with APL and CBF AML may be considered
‘cured’ 1 and 2 yrs after achieving a CR, respectively. In younger pts with AML,
cure may be considered after 3 yrs in CR, while older pts did not achieve a
POR =5% during our follow-up. Using a POR of £10%, a ‘cure’ in older pts may
be considered after 5 yrs in CR.

Conflict of interest: This work was funded by a Conquer Cancer Foundation
of ASCO Long-term International Fellowship. Any opinions, findings, and con-
clusions expressed in this material are those of the authors and do not neces-
sarily reflect those of the American Society of Clinic Oncology or the Conquer
Cancer Foundation.
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RESIDUAL HEMATOPOIETIC STEM CELLS REFLECT MINIMAL RESIDUAL
DISEASE AND PREDICT OUTCOME IN ACUTE MYELOID LEUKEMIA

W. Wang®." S. Raffel2, V. Hoang', I. Hoffmann?, B. Saeed!, K. Miesala’,
A. Trumpp2, A.D. Ho', C. Lutz!

1Department of Medicine V, University of Heidelberg, 2Deutsches Krebs-
forschungszentrum (DKFZ), Heidelberg, Germany

Background: It has been demonstrated that functionally normal hematopoietic
stem cells (HSC) can be separated from leukemic cells in a subgroup of patients
with acute myeloid leukemia (AML) using the CD34+*CD38-ALDH* phenotype.
Our recent studies further showed that patients suitable for this separation can
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be identified prospectively by their low percentages of cells with high ALDH
activity (ALDH* cells) (<1.9%; ALDH-rare AML) and that these patients repre-
sent a cohort with favorable outcome. However, frequencies of residual HSC
varies within this subgroup and individuals with very low numbers appear to
have extremely poor survival.

Aims: In this study we sought to investigate the relationships of residual HSC
to survival and disease status in diagnostic AML and follow-up samples. We
further aimed to test if HSC numbers correlate to leukemia initiation potential
in xenotransplantation assays.

Methods: Between 2012 and 2013 bone marrow (BM) aspirates of 73 ALDH-
rare AML patients were collected after written informed consent and patients
stratified according to HSC frequencies determined by 34*38-ALDH* cells in
HSC-AML ([10.01% of total MNC) and HSC* AML (20.01% of total MNC). HSC
numbers were determined by FACS-analysis at diagnosis and various follow-
up time-points. Engraftment potential was evaluated by transplantation of
2x10e6 bulk AML cells in immune deficient NOD/SCID-IL2RYnull (NSG) mice.
Results: Survival analysis showed that HSC-AML represents a subgroup of
patients with significantly worse overall survival (OS) (mean: 455 days) and
disease-free survival (DFS) (mean: 209 days), compared to HSC* AML (mean
OS: 878 days; mean DFS: 896 days). Survival analysis of patients with cyto-
genetic intermediate-risk also showed significantly worse OS and DFS for HSC-
AML with mean OS of 439 days, compared to 872 days for HSC* AML and
mean DFS of 218 days, compared to 848 days. We also analyzed matched
sample series from diagnosis, various remission time points and relapse (if
available), and found that HSC recovered after chemotherapy in cases that
achieved complete remissions. However, in cases of persistent disease HSC
remained rare. Correlation of disease status to HSC numbers during therapy
revealed that residual HSC are a reliable qualitative marker of minimal residual
disease with a negative correlation to frank or molecular relapse. To test if HSC
numbers correlate to leukemia initiation potential we transplanted 44 AML cases
in NOD/SCID-IL2RY"ull (NSG) mice and observed only abnormal engraftment
(47% AML-and 53% no engraftment) upon transplantation of HSC-cases. In
contrast HSC* cases mostly lead to normal, multi-lineage engraftment (79%).
Summary and Conclusions: Frequency of residual HSC reliably predicts out-
come in AML patients and the quality of NSG mouse engraftment. Our AML
stratification strategy is especially helpful in identifying cases with poor prog-
nosis in the intermediate-risk group with HSC-AML representing patients with
poor overall and disease free survival. In addition HSC frequency can also be
used as a qualitative marker of MRD status tabling it as indicator of BM-niche
occupation of persistent leukemic cells.
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versity of Chicago, Chicago, IL, United States, 14Sunesis Pharmaceuticals,
Inc., South San Francisco, CA, United States, 15Medical University of South
Carolina, Charleston, SC, United States, 16University of California, Los Angeles,
Los Angeles, CA, United States

Background: Increasing numbers of older patients with acute myeloid
leukemia (AML) receive allogeneic hematopoietic cell transplant (HCT) due to
wider donor availability and improvements in supportive care that reduce trans-
plant-related morbidity/mortality. HCT in patients 260 y/o with first relapsed or
refractory (R/R) AML were examined from VALOR, a large phase 3 adaptive
design, randomized, double-blind, placebo-controlled trial evaluating vosaroxin
plus cytarabine (vos/cyt) vs placebo plus cytarabine (pla/cyt) [NCT01191801].
Aims: The aim of this posthoc subgroup analysis was to assess outcomes of
HCT in patients 260 y/o with R/R AML.

Methods: Patients were randomized 1:1 to receive cyt (1 g/m2 IV over 2 hr, d
1-5) plus either vos (90 mg/m2 IV over 10 min, d 1 and 4; 70 mg/m2 in subse-
quent cycles) or placebo. We assessed complete remission (CR) rates prior to
HCT, posttreatment HCT rates, HCT outcomes, and overall survival (OS) by
treatment arm in R/R AML patients 260 y/o.

Results: Overall, 451 patients 260 y/o received vos/cyt (n=226) or pla/cyt
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(n=225). Posttreatment HCTs were performed in 47 (20.8%) patients on vos/cyt
and 44 (19.6%) patients on pla/cyt. Of the 91 HCT patients, 27 had achieved
CR after vos/cyt vs 16 after pla/cyt. An additional 7 patients (vos/cyt) and 6
patients (pla/cyt) received subsequent therapy and went on to achieve CR,
resulting in totals of 34 vos/cyt vs 22 pla/cyt patients who achieved CR prior to
transplant. Median OS for patients who underwent posttreatment HCT on the
vos/cyt arm was 20.2 mo vs 12.2 mo on the pla/cyt arm (HR 0.699; one sided
P=0.088). There were no clinically meaningful differences between treatment
arms with respect to transplantation type, complications associated with HCT
(including graft-vs-host and veno-occlusive disease), 100-day mortality, or
achievement of engraftment.

Summary and Conclusions: While HCT rates were comparable between
treatment arms in this older R/R AML population, higher pretransplant CR rates
in the vos/cyt arm enabled more patients =60 y/o to undergo transplant while
in CR as compared to the pla/cyt arm. With median OS lengthened by 8
months, a trend toward an OS benefit was observed for vos/cyt-treated patients.
Additional follow-up is being conducted to further assess the impact of vos/cyt
treatment on posttreatment HCT. Funded by Sunesis Pharmaceuticals, Inc.,
South San Francisco, CA.
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RELAPSE CHARACTERISTICS AND RISK FACTORS FOR CENTRAL
NERVOUS SYSTEM INVOLVEMENT IN ACUTE PROMYELOCYTIC
LEUKAEMIA IN THE ORAL ARSENIC TRIOXIDE ERA-A 13-YEAR
FOLLOW-UP STUDY

H. Gill"" A. Leung’, E. Tse', Y.L. Kwong'

Medicine, The University of Hong Kong, Hong Kong, Hong Kong

Background: Arsenic trioxide (As,03)-based regimensareeffective in inducing
a remission in more than 90 percent of relapsed APL. Treatment failure follow-
ing As,03 and central nervous system (CNS) involvement is associated with
a poor prognosis. The optimal post-remission therapy in relapsed APL is unde-
termined. Identifying the clinicopathologic characteristics and risk factors for
CNS relapse will be a useful guide to stratify patients to the most optimal post-
remission therapy.

Aims: The aim of this study was to prospectively evaluate the clinicopathologic
characteristics and risk factors for CNS involvement in patients with relapsed
APL treated with oral arsenic trioxide-based therapy.

Methods: A total of 188 patients with APL were prospectively followed for 13
years, of whom 71 patients had relapsed APL. The clinicopathologic charac-
teristics at relapse were determined. Prognostic factors for CNS involvement
at relapse were determined.

Results: There were 41 men and 30 women, at a median age of 43 (21-78)
years. The leukemia was de novo in 68 patients (five of which were of micro-
granular variant morphology), and therapy-related in 3 patients. Additional kary-
otypic abnormalities were seen in 11 patients (15.5%). Internal tandem dupli-
cation of the fms-like tyrosine kinase 3 gene (FLT3-ITD) was detected in 13
patients. During prior first complete remission (CR1), only 15 patients (21.1%)
had received oral-As,03 based maintenance. A second complete remission
(CR2) was achieved with an oral-As,03-based re-induction in all patients in
first relapse, who then received oral As,03-based consolidation and mainte-
nance. At relapse, the median leucocyte count and peak leucocyte count was
2.7 (0.4-94.7) x 109/L and 9.2 (0.6-130.4) x 109/L, and the median platelet
count was 59 (7-281) x 109/L. APL differentiation syndrome (DS) occurred in
11 patients (15.5%) during relapse. At a median follow up of 93 (21-392)
months, 28 patients (39.4%) had two or more relapses. In the whole cohort of
patients, the patterns of relapses were: isolated bone marrow (BM), N=54
(76.1%); concurrent BM and CNS, N=9 (12.7%); and isolated CNS, N=8
(11.3%). In total, 22 patients relapsed during oral As,03-based maintenance
at various disease stages. On univariate analysis, factors significantly associ-
ated with CNS relapse included peak leucocyte count at diagnosis >20 x 109/L
(P=0.03), oral As,0O3-based maintenance at CR1 (P=0.004), leucocyte count
at R1>10 x 109/L (P=0.04), 2 or more relapses (P<0.001), and relapse during
oral As,O3-based maintenance (P<0.001). On multivariate analysis, peak leu-
cocyte count at diagnosis >20 x 109/L (P=0.04) and relapse during oral As,O3-
based maintenance (P=0.01) were significantly associated with CNS involve-
ment at relapse. CNS involvement at relapse predicted worse overall survival
(HR=4.19; P=0.002; 95% Cl:1.72-10.19).

Summary and Conclusions: CNS involvement was associated with a poor
prognosis. High peak leucocyte count at diagnosis and relapse during oral
As,03-based therapy were the main risk factors.
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PROSPECTIVE STUDY ON 220 NEUTROPENIC EPISODES IN 109 AML
PATIENTS. ROLE OF BED-SIDE ULTRASOUND (BUS) IN NEUTROPENIC
ENTEROCLITIS (NEC): INCIDENCE AND SURVIVAL WITH DIFFERENT
CHEMOTHERAPY REGIMEN

E. Benedetti'" B. Bruno?, R. Morganti!, M. Petrini’

Dipartimento di Ricerca Traslazionale e delle Nuove Tecnologie in Medicina



e Chirurgia, Hematology Unit Ospedale S. Chiara Pisa, Pisa, 2Hematology
Turin, University of Turin, Turin, Italy

Background: Neutropenic enterocolitis (NEC) is a life threatening complication
of leukemic and solid tumors patients (pts) treated with chemotherapy (CHT)
with mortality rate up to 50-100%. It's a clinical syndrome in neutropenic patients
(pts) characterized by abdominal pain (AP), fever (F) and diarrhoea (D). Ultra-
sound (US) was used to evaluate bowel-wall thickening (BWT), and >4 mm is
considered diagnostic of NEC. Perforation occurs in 5%>10% of cases. Early
diagnosis is crucial to start conservative medical management (CMM) which
appears the optimal strategy for most cases.

Aims: To evaluate prospectively if Bed-side-US(BUS) can detect early signs
of NEC and guide a prompt treatment (CMM or surgical) in order to reduce
mortality and to evaluate the impact of different CHT regimens on mucosal
damage and NEC occurrence

Methods: in the last 7 years all AML pts admitted in Our Hematology Unit
wards at University of Pisa (ltaly), undergoing chemotherapy (CHT) were
enrolled (n=109). Abdominal US was performed, baseline before treatment,
and as only one symptom (or a combination) appeared within 12h from onset:
F and/or D and/or AP in CHT-related neutropenic pts.

Results: N=220 chemotherapy-related neutropenic episodes (NE) occurred in
109 pts. N=17 episodes of NEC were diagnosed (7.7 %incidence rate). N=2
pts had 2 separate episodes of NEC and both survived. CHT regimens received
(total number of cycles/NEC episodes) was: 3+7 (Idarubicin+ARAC) N=62/10,
Idarubicin (AML-M3) N=9/1, 3+3+5 (ldarubicin,VP-16,ARAC) N=48/3; 2+5
(Idarubicin+ARAC) N=24/1; Clofarabine (40mg) N=5/0; Clofarabine (20mg)
14/0; Clofarabine+ARA-C (Cofa 20mg) N=18/1; FLANG N=13/1; HD-ARA-C
(3gr/mq for 3 consecutive days) N=26/0. Overall 3 pts died out of 17 NEC
episodes (mortality rate 17.6%). All pts were promptly treated as soon as BUS
was diagnostic of NEC. Overall 3 pts died /17 NEC episodes (17.6% mortality
rate).Median time to response from beginning of CMM was 24h and the first
sign of was a decrease in AP followed by F, D and BWT. Amelioration of symp-
toms occurred with pts still neutropenic. Symptoms at Dx were:F+AP+D N=9,
F+D N=1, F+AP N=1, Dia+AP N=4,D N=0, F N=0, AP N=2. Fever at Dx was
absent in N=6 episodes (35%). Statistically (St) CHT regimens mostly associ-
ated with NEC were: 3+7 odds ratio (OD) 6.00 (P<0.0001), 3+3+5 OD=1.75
(P<0.0001). There was not a St significant association of the following CHT
regimens with NEC occurrence: Clofarabine (20 or 40mg) N=0 NEC, 2+5
(P=0.125), Idarubicin (AML-M3) (P=0.111), Clofa 20mg+ARAC (P=0.167), HD-
ARAC N=0 NEC, FLANG (P=0.143). The association of ARAC to Clofarabine
vs Clofarabine (20 or 40mg) alone was not St significant in NEC occurrence
(P=0.9). The likelihood of NEC Dx in a discriminant model (Bayes theoreme)
for pts with BWT and AP=100%, AP+D=100%, AP+D+F=100%,AP+F=100%.
Summary and Conclusions: BUS allowed to detect early signs of NEC and
to start prompt treatment in this life threatening complication, with a 76% survival
rate. With BUS pts do not live the isolation room. Early diagnosis and interven-
tion allowed to reduce mortality. Images of BUS and CT were superimposable.
Fever is not a condition sine qua non for NEC diagnosis. Different chemother-
apy regimens do have a different impact on mucosal damage. A prompt BUS
in neutropenic patients as just one symptom presents allows to make early
diagnosis of this life threatening complication and guide prompt treatment (con-
servative or surgical) eventually reducing mortality.
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MGA GUIDED INTENSIVE INDUCTION WITH HIGH DOSE CYTARABINE
PLUS IDARUBICIN IN 149 AML ELDERLY PATIENTS

D. Capelli'." F. Saraceni, M. Chiarucci’, A. Poloni!, G. Discepoli2, P. Leoni',
A. Olivieri?

1Department of Haematology, Ospedali Riuniti di Ancona, 2Department of Cyto-
genetic, Ospedale Salesi, Torrette di Ancona, Italy

Background: The poor outcome of elderly AML patients is mainly due to the
biological properties of the disease and their frailty. To improve both the efficacy
and the tolerance of chemotherapy, different approaches have been tried and
tested in this setting.

Aims: We explored the feasibility and efficacy of an intensive induction regimen
in elderly AML patients evaluated by a simplified Multidimensional Geriatric
Assessment (MGA).

Methods: 149 consecutive AML patients older than 59 years, have been
prospectively evaluated by MGA: 91 patients (61%) who resulted fully or partially
fit, were eligible forintensive induction chemotherapy; the remaining 58 frail
patients received best supportive care (BSC). Frail patients turned out to be old-
er, have a poorer PS score and significantly more secondary and poor prognostic
karyotype AML than the fit subgroup of patients. In this latter group only 6.2% of
patients had favourable-risk cytogenetics while 40.7% had unfavourable-risk
cytogenetics. Thirty-six patients had a secondary disease and 3 patients had a
3 WHO performance status (PS) score. The induction chemotherapy consisted
in the association of High-Dose Aracytin, combined with a single high-dose of
Idarubicin, combined with Amifostine, in order to reduce the toxicity.

Results: Among the 91 patients who received intensive treatment the overall
chemotherapy-related mortality rate (TRD during induction and consolidation)
was 14.2% while the induction TRD rate was 5.5%. The main toxicity of the
intensive induction chemotherapy consisted in myelosuppression with neu-
trophils (>1,500/ul) and platelets (>20,000/ul) recovery was achieved on days
+15 and +16 respectively, with a median duration of hospitalization of 30 days
(range: 15-69); we did not observe severe extrahematological toxicities. Sixty-
seven (73%) patients achieved the Complete Remission (CR) and 61 received
intensive consolidation, followed by ASCT, SCT or Gemtuzumab Ozogamicin,
depending on mobilization outcome and donor availability.On intention to treat
basis the 8-year OS of the 91 patients receiving intensive induction, was 20%,
with a median duration of 11.4 months, significantly higher than that observed
in the 58 BSC patientssince all died within 18 months with a median OS of 1.5
months (p<0.001). Patients with poor cytogenetic, no hyperleukocytosis and
those with hyperleukocytosis 250,000/ul had respectively a 1.8and 3 relative
risk of dying when compared with other patients (p=0.005) (Figure 1).
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Figure 1. OS in 91 AML elderly patients by prognostic score.

Summary and Conclusions: Our simplified MGA selected 60% of elderly AML
patients eligible for an intensive, feasible and effective protocol, making tailored
post-consolidation possible in 53.8% of patients with long term survival double
that reported in the literature.
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CD200 EXPRESSION IS ASSOCIATED WITH INFERIOR RESPONSE AND
POOR SURVIVAL IN PATIENTS WITH ACUTE MYELOID LEUKEMIA

M. Tiribelli’" D. Raspadori2, A. Michelutti’, M. Cavallin!, S. Santina2,
E. Toffoletti!, E. Simeone’, A. Geromin®, M. Medeot?, R. Fanin!, M. Bocchia2,
D. Damiani’

1Division of Hematology and BMT, Azienda Ospredaliero-Universitaria di Udine,
Udine, 2Department of Hematology, University of Siena, Siena, Italy

Background: The evasion of immune system by neoplastic cells is emerging
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as a mechanism of survival after conventional chemotherapy both in cells of
hematologic and solid tumors. Many molecules with “immune attenuator” activ-
ity have been identified over the last years; among them, CD200 has a central
role by inhibiting different effectors in immune response and has been asso-
ciated with poor prognosis in several cancers, including acute myeloid
leukemia (AML).

Aims: In the present work we investigated the aberrant expression of CD200
in 244 adult AML (173 “de novo” and 71 secondary) to evaluate its impact on
response to therapy and on survival. Secondary aim was to evaluate the pos-
sible association of CD200 expression with particular subsets of disease.
Methods: Two hundred forty-four patients with non-promyelocytic AML treated
at our two Institutions were included in this analysis. Blast cells immunopheno-
type and CD200 expression were evaluated by multiparametric flow cytometry.
Results: CD200 aberrant expression was found in 137/244 cases (56%), with
significantly higher frequency in secondary compared to “de novo” AML (52/71,
73% vs 85/173, 49%; p=0.0006). No association was found according to age
and FAB classification, but CD200 positivity was higher in CD34+ cases
(99/129, 77% vs 36/113, 32%; p<0.0001). CD200 expression was associated
with FLT3 unmutated status (105/170, 62% vs 17/46, 37%; p=0.004) and with
NPM wild-type status (99/145, 68% vs 19/65, 29%; p=0.001). Considering cyto-
genetic profile, CD200 expression was more frequent in the unfavorable group
(44/67, 66%) than in favorable/intermediate ones (74/153, 48%; p=0.01). Com-
plete remission (CR) was obtained in 73% of CD200 negative and in 58% of
CD200 positive patients (p=0.01). The negative impact of CD200 expression
on CR was confirmed also in multivariable analysis (HR: 0.49, 95%CI: 0.20-
0.95; p=0.04). With a median follow-up of 56 months, 107 patients (44% of the
total) were alive. Overall survival (OS) was significantly lower in CD200 positive
patients, with 3-year OS of 45%, compared to 31% in the CD200-negative
group (p=0.01) [Fig 1]. Moreover, a strong association was observed between
intensity of CD200 and survival, as patients with high CD200MFI (>11) had a
3-year OS of 10% compared to 40% in CD200 negative or low-expressing cas-
es (p=0.03). In multivariable analysis CD200 expression intensity retained its
negative impact on OS (HR: 0.59, 95%Cl: 0.32-98; p=0.04). Finally we evalu-
ated the effect of CD 200 expression in patients with unfavorable karyotype: 3-
year OS was 39% in CD200 negative and 12% in CD200+ patients (p=0.045).
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Figure 1.

Summary and Conclusions: Aberrant CD200 expression is associated with
low remission rate and poor survival in AML. The negative effect is particularly
evident in the unfavorable cytogenetic group. New therapeutic strategies direct-
ly targeting CD200 or modulating the tolerant microenvironment induced by
CD200 should be explored to improve the still largely unsatisfactory results of
conventional chemotherapy.
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NOVEL FUSIONS AND POINT MUTATIONS DETECTED IN NEWLY
DIAGNOSED AML PATIENTS BY RNA-SEQ IDENTIFY POTENTIAL NEW
TREATMENT OPTIONS

C. Cecchetti’” R. Piazza2, A. Pirola2, V. Magistroni2, C. Donadoni?,
C. Mezzatesta?, B. Bianchi2, L. M. Borin!, M. Fumagalli', C. Gambacorti-
Passerini2

1Dept. of Hematology, San Gerardo Hospital, 2Health Sciences, University of
Milano Bicocca, Monza, ltaly

Background: Specific genetic alterations in AML represent a critical information
for both diagnosis and treatment choice.

Aims: 20 AML patients at diagnosis were subjected to RNA-Seq to identify gene
fusions; mutations and indels in a predefined set of 45 genes were also evaluated.
Methods: RNA sequencing data were generated using an lllumina Genome
Analyser lIx following standard library-prep protocols. Alignment to the refer-
ence GRCh38/hg38 genome was performed using STAR. Alignment data were
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processed using Samtools. Single nucleotide and small indels detection was
performed using in-house software and applied to the following list of 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 10 fusions and 29 single nucleotide variants
with a median number of 1 single nucleotide variant per patient (range 0-4). 5
patients had fusions that were previously detected with standard techniques
(1AML-ETO, 3 PML-RARA and 1 CBFB-MYH11); for all these patients known
fusions were confirmed by RNA-sequencing. In 5 patients previously unreport-
ed fusions were detected. Two of them were already known from the literature
(ZMYM2-FGFR1 and MLL-MLLT10) and 3 were new (ETS2-ERG, WDFY3-
WAS and KDM2B-ETVG6). Thus the number of fusions present in this cohort of
patients was doubled when compared to fusions identified by standard tech-
niques. The ZMYM2-FGFR1 is particularly interesting, because it is potentially
targetable by using drugs such as ponatinib, dovitinb or nintedanib; indeed, in
vitro treatment of patient cells with nanomolar concentration of ponatinib caused
a potent and specific growth inhibition (see figure). Among the patients in whom
point mutations were identified, new treatment options could have been select-
ed in 14 out of 20 cases, harboring mutations in genes such as NOTCH1,
IDH1/2, RAS, KIT, TET, EZH2 and KMT2A.

Patient Known Fusions Fusion #1 Fusion #2 Mutations
AMLO01 | RUNX1-RUNXT1| RUNXI-RUNXITI (AML-ETO) KIT N§22K
AMLOO2 PMIL-RARA PML-RARA EIS2-ERG
AMLOD3 PML-RARA PML-RARA
AMLOO4 NO TET2 V17181, NRAS G611
AMLOOS NO FZH2 C606S, CBL C384Y
AMLOO6 NO ZMYM2-FGFR1 RUNX1 T322%
NRAS G12V,ATMK4820Q,
AMLOOT PMIL-RARA PML-RARA PTPN11 12391
AMLO0OS NO
AML0O0Y Inv(16) CBFB-MYH11 NRAS G13A
AMLO10 NO IDH1 R132H, NPM1 L2878V
AMLOT1 NO MLL-MLL10 (MLLT10-KMT2A) KMI2ZA 2714V
AMLO12 NO NPMI1 L2878V
AMLO13 NO IDH2 A18P
AMLO14 NO IDHI A132C
AMLO1S NO RUNX1 G49A
AMLO16 NO NRAS G124, BCOR L459*
AMLO17 NO IKZF1 A138V
NOTCHI V24431, NOTCH1
AMLO18 NO L1797P, RUNX1-IT1 T75A
IDH2 A172L, NOTCHI A1946C,
AMLO19 NO RUNXI1 M347T, PHF6 C2438
AMLO20 NO KDM2B-EIV6 IDH2 A132C, .l,\}Qﬁ\}EEi
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Summary and Conclusions: NGS technologies, such as RNA-Seq, can result
useful to identify genetic lesions and to tailor treatment in AML patients.
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SALVAGE REGIMENT WITH FRACTIONATED GEMTUZUMAB OZOGAMICIN,
INTERMEDIATE DOSE CYTARABINE AND MITOXANTRONE (MYLODAM)
FOR REFRACTORY AND RELAPSED AML: A SINGLE CENTER
EXPERIENCE

A.C. Mamez'” P. Hirsch', F. Isnard?, S. Lapusan, M.T. Rubio®, E. Grignano',
C. Marzac?, A. Vekhoff!, M. Mohty?, O. Legrand’

THématologie clinique, 2Laboratoire d’hématologie, Hopital Saint Antoine, Paris,
France

Background: Gemtuzumab ozogamicine (GO, mylotarg ®) has been used for



refractory or relapsing AML with a response rate of 30% when used alone and
60% when used in combination with other chemotherapy. In the largest pub-
lished study reporting the combination of a single dose of mylotarg® 9mg/m?2
with mitoxantrone and intermediate dose of cytarabine in relapsed AML, the 2
years OS and EFS were 41% and 33% respectively. Concerns about hepatic
toxicity have limited mylotarg® use, particularly for patients who had previously
received SCT. Several studies have shown good results and reduced toxicity
when using mylotarg® in a fractionated dose schedule.

Aims: In this study, we report a one center experience of a new association
with fractionated mylotarg® 3mg/mZ2on day 1, 4, 7, mitoxantrone 12mg/mZ2on
day 1 to 3 and cytarabine 1g/m2/12h on day 1 to 5 (MYLODAM), for refractory
or relapsed CD33+ AML.

Methods: Twenty-four patients were treated with MYLODAM between January
2012 and December 2014. Median age at time of treatment was 55 years old (range
19-67). Seven patients received the MYLODAM salvage course for primary refrac-
tory CD33+ AML, 7 for relapsed AML after chemotherapy and 10 for relapsed AML
after stem cell transplant (2 auto-SCT, 8 allo-SCT, in a median time between trans-
plant and MYLODAM of 300 days). Cytogenetic risk groups were distributed as fol-
low: 7 adverse karyotype, 9 intermediate risk and 7 favorable risk. Among the 12
patients with normal karyotype, 6 had NPM1 mutation and 5 had FLT3 ITD mutation.
After reaching CR or CRp, 8 patients received at least one consolidation containing
GO and 19 underwent allogeneic transplant (3 second allo-SCT, 16 first allo-SCT).
Results: Overall response rate was 19/24 (79%), including 6 CR and 13 CRp
(with incomplete platelet recovery). One year estimated OS and EFS were 62
% and 60% respectively. Median OS and EFS were not reached, with a median
follow-up of 12 months (figures 1A and 1B). We found no significant difference
in terms of EFS and OS whether patients had refractory disease, post transplant
or post chemotherapy relapse (p=0.41). Minimal residual disease was under
the threshold of detection after salvage therapy for 11/ 15 responding patients
with molecular evaluation (5/6 with NPM1 mutation, 5/6 with WT1 over expres-
sion and 1/3 for AML1-ETO transcript). The median duration of thrombopenia
(<50G/L) and neutropenia (<500/mm3) were 49 and 42 days respectively, for
patients reaching CR or CRp. Early death (<30 days) occurred for one patient.
Liver toxicity was frequent (elevation of transaminase levels: grade 0-1: 38%,
grade 2-3: 54%, grade 4: 8% and hyperbilirubinemia 2grade 2 in 2 cases). We
report 2 cases of sinusoidal obstruction syndrome, none of them having
received previous SCT; one patient died 18 days after the beginning of
chemotherapy, the other patient was treated with defibrotide and is still alive.

Figure 1A:
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Figure 1.

Summary and Conclusions: MYLODAM is an efficient salvage regimen for
refractory and relapse CD33+ AML. This combination based on fractionated
mylotarg® has an acceptable safety profile, even for the 10 patients who were
treated after SC transplant.
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EARLY PERIPHERAL BLAST CELL CLEARANCE PREDICTS MINIMAL
RESIDUAL DISEASE STATUS AFTER INDUCTION IN ACUTE MYELOID
LEUKEMIA

F. Mannelli’" G. Gianfaldoni2, I. Cutini2, S. Bencini2, M. |. Bonetti2, M. Piccini2,
B. Scappini2, V. Ponziani2, F. Pancani2, A. Bosi?

THematology, 2University of Florence, Florence, ltaly

Vienna, Austria, June 11 - 14, 2015

Background: Identification of patients (pts) with acute myeloid leukemia (AML)
having high likelihood to respond to standard therapy and those with low prob-
ability to do well and being candidates for more aggressive treatment is of major
clinical importance. Most prognostic factors are surrogate for disease’s
chemosensitivity; among them, genetics is the most relevant, representing the
framework of European Leukemia Net (ELN) risk stratification. It defines sub-
groups with relatively good survival (ELN-favorable) and at the opposite a cat-
egory with poor prognosis (ELN-adverse). However, in the absence of genetic
determinants, ELN system merges pts with heterogeneous diseases. At any
rate, the response to induction therapy remains a powerful prognostic param-
eter, expressing actual chemosensitivity of AML cells. In responsive pts, minimal
residual disease (MRD), usually evaluated after induction or consolidation
cycles, is an accurate tool to refine risk category. We have previously demon-
strated that an earlier assessment, based on the speed of peripheral blast
clearance (PBC) as assessed by flow cytometry during induction therapy, strictly
correlated with AML outcome.

Aims: To correlate PBC after the first 3 days of induction therapy with MRD
assessment after induction at hematopoietic recovery.

Methods: Eligible pts had untreated non-M3 AML according to the World Health
Organization criteria and were treated according to a standard induction ther-
apy. At diagnosis, bone marrow (BM) aberrant leukemia-associated immuno-
phenotypes (LAIP) 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. By ROC curves we identified 1.5 log as the most accurate cut-off sepa-
rating pts with high and low PBC index, respectively (PBC-hi, PBC-Io). In pts
achieving CR after a single induction cycle, we searched for LAIP+ cells in BM
expressing MRD as percentage on overall BM cellularity; pts were considered
MRD+ when LAIP+ cells were detected as at least 0.01% of total BM cells.
Results: Between 2007-2013, 104 pts achieving CR had available LAIP and
were studied both by PBC and MRD after induction. As concerns PBC, 34
(32.7%) pts were PBC-lo and 70 (67.3%) were PBC-hi. PBC status significantly
correlated with ELN prognostic stratification of patients (p=0.0007). Regarding
MRD, 50 (48.1%) pts were classified as MRD+ and 54 (51.9%) as MRD-. MRD
status correlated with ELN categories as well (p=0.0067). Both PBC and MRD
influenced disease-free and overall survival in univariate analysis. Most impor-
tant, PBC was able to predict MRD status after induction; specifically, 45/70
(64.3%) PBC-hi and 9/34 (26.4%) PBC-lo pts were MRD-negative, respective