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Word of Welcome

On behalf of the EHA Board and the Scientific Program Committee we are pleased to introduce to you
this year’s Abstract Program. The richness of the program is a testament to EHA's spirit: unity through
diversity.

The Scientific Program Committee has compiled an exciting program of Simultaneous Oral and
Poster Sessions from close to 2500 submitted abstracts representing all fields of hematology. For the
second year, a number of presenters will have the opportunity to pitch their abstract. These Poster
pitches are an exciting opportunity to promote basic science and research, and to invite delegates to the
poster walks.

The six Best Abstracts will be presented during the Presidential Symposium on Friday afternoon. This
will be a session not to miss. During this plenary session EHA is also awarding, for the first time, the
best abstracts by trainees in four categories in basic and clinical hematology research. These awardees
and the travel grant winners can be found on the next page. YoungEHA are the future of hematology!

The late breaking abstract submission is an integral part of the scientific program. The late breaking
submission is intended for abstracts with “hot” data that were not available by the time of the regular
submission deadline. Only few abstracts, with the most exciting results are selected for a presentation
in the Late Breaking Oral Session on Sunday morning.

A selection of abstracts will be presented during the regular Poster Walks. The Poster Session con-
sists of two parts: the Poster Walk and dedicated Poster Browsing Time. This setup guarantees suffi-
cient time for discussion of the important research presented, so look out for the Poster Walk
Moderators in their 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 are spread over three days (Friday to Sunday) providing you with ample
opportunity to attend a number of these important sessions.

All posters can be viewed on the E-poster screens from Friday morning to Saturday evening. All the
abstracts are also available on the EHA Learning Center, for which you have complimentary access after
the congress: learningcenter.ehaweb.org.

On behalf of the EHA Board, the committees and all the people involved in this year's EHA Congress,
we thank you for coming to Madrid and wish you a great meeting.

Qﬁh\g\%

Shai Izraeli
Chair Scientific Program Committee 22"d Congress
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Travel Grant Winners

For this Congress 140 travel grants have been awarded to junior members of EHA, based on the mean score

of their abstracts.

EHA congratulates the following persons with their travel grants:

Agrawal M, Germany
Anagnostou T, USA
Arriazu E, Spain

Barcia Duran JG, USA
Beekman R, Spain

Bhoi S, Sweden

Binder M, USA
Birgisdottir AM, Iceland
Blunt M, United Kingdom
Botthof J, United Kingdom
Bouillon AS, Belgium
Brockelmann P, Germany
Buffiere A, France

Burney C, United Kingdom
Cabal-Hierro L, USA
Caraffini V, Austria
Casado Izquierdo P, United
Kingdom

Cerchione C, [taly
Chaudhry G, India

Chitre S, United Kingdom
Cleyrat C, USA

De Bie J, Belgium

de la Morena-Barrio ME,
Spain

De Paepe K, United Kingdom
De Rosa G, ltaly

Di Marcantonio D, USA
Dinmohamed A, the
Netherlands

Dominguez Rodriguez M,
Spain

Duran-Ferrer M, Spain
Eisfeld AK, USA

Escriba Garcia L, Spain
Eskelund C, Denmark
Fancello L, Belgium

Farina F, Italy

Fattizzo B, /taly
Fernandez MC, Spain
Ferrero S, Italy

Figueroa R, Spain
Flasinski M, Germany
Gabelli M, ltaly

Ganuza Fernandez M, USA
Garcia Ramirez P, Spain
Geelen |, the Netherlands
Giannoni L, ltaly

Gugliotta G, /taly

Hansen J, Denmark
Hasibeder A, Germany
Healey M, United Kingdom
Hermetet F, France
Herrmann O, Germany

Hu B, USA

Iskander D, United Kingdom
Jaafar S, United Kingdom
Jentzsch M, Germany
Jetani H, Germany
Kampen K, Belgium
Karamitros D, United
Kingdom

Kardosova M, Czech
Republic

Karjalainen R, Finland
Karsa M, Australia

Kim JC, Republic of Korea
Kim T, Canada

Koning MT, the Netherlands
Larrea de Orte E, Spain

Li X, China

Lippert L, Germany
Machnicki MM, Poland
Maekawa T, Japan

Manier S, France

Mannion N, United Kingdom
Manta L, Germany
Marchesini M, [taly
McKerrell T, United Kingdom
McPherson S, United
Kingdom

Medrano Dominguez M,
Spain

Meyer-Pannwitt V, Germany
Milani P, Italy

Miller K, USA

Mitchell RJ, United Kingdom
Mora B, ltaly

Morales Hernandez A, USA
Morita K, Japan

Nadeu F, Spain

Nasso D, /taly

Norfo R, United Kingdom
0'Byrne S, United Kingdom
Okasha D, Egypt

Ordonez R, Spain
Papaioannou D, USA
Passaro D, United Kingdom
Pawlyn C, United Kingdom
Pei X, China

Peric Z, Croatia

Plevova K, Czech Republic
Pozzo F, Italy

Prassek VW, Germany
Pugliese N, /taly

Rencz F, Hungary

Ribeiro D, Portugal

Rotolo A, United Kingdom
Saeed BRM, Germany

Sala E, ltaly

Schmidt L, Austria

Travel Grant supported by Giuseppe Bigi Association

Salvatore D, Italy

YoungEHA Best Abstract Awards

Schwartzman O, Israel
Seyfried F, Germany
Short N, USA

Smith J, United Kingdom
Song Y, China
Stamatopoulos B, Belgium
Stege C, the Netherlands
Stieglitz E, USA

Sud A, United Kingdom
Suksangpleng T, Thailand
Sulima S, Belgium

Suzuki K, Japan

Svaton M, Czech Republic
Sverrisdottir IS, /celand
Talati C, USA

Theis F, Germany
Thivakaran A, Germany
Thompson P, USA
Thorsteinsdottir S, Iceland
Tissino E, Italy

Toda J, Japan
Unnikrishnan A, Australia
Uras |, Austria

Van de Wyngaert Z, France
Van den Bergh M, USA
van Dooijeweert B, the
Netherlands

van Straaten S, the
Netherlands

Vermaat J, the Netherlands
Versluis J, the Netherlands
Vinas |, Spain

Vinchi F, Germany
Viswanathan GK, /India
Wannez A, Belgium

Weigl A, Germany
Wiggers C, the Netherlands
Zaninetti C, [taly

One of the primary missions of the European Hematology Association is to support young hematology clinicians and
researchers. This year we are proud to announce the launching of the YoungEHA Best Abstract Awards. These will be
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NEXT GENERATION SEQUENCING METHODOLOGY FOR DETERMINING
CYTOGENETIC RISK STATUS IN THE DARATUMUMAB PHASE 3 CASTOR
AND POLLUX STUDIES IN RELAPSED OR REFRACTORY MULTIPLE
MYELOMA

C. Chiu'", D. Soong', 1. Spicka2, M. Beksac3, M. Schaffer’, J. Schecter4,

N. J. Bahlis®, M. A. Dimopoulos®

1Janssen Research & Development, LLC, Spring House, PA, United States,
2First Faculty of Medicine, Charles University, Prague, Czech Republic, 3Ankara
University, Ankara, Turkey, 4Janssen Research & Development, LLC, Raritan,
NJ, United States, 5Tom Baker Cancer Center, University of Calgary, Calgary,
Alberta, Canada, 6National and Kapodistrian University of Athens, Athens,
Greece

Background: Cytogenetic risk status in multiple myeloma (MM) studies is tra-
ditionally determined by using fluorescence in situ hybridization (FISH) or kary-
otyping to assess chromosomal abnormalities. However, these technologies
have limited resolution and a narrow target range, and reproducible interpreta-
tion may be confounded by inter-laboratory variation.

Aims: To describe the NGS methodology used to determine cytogenetic risk
status in the daratumumab phase 3 CASTOR and POLLUX studies in RRMM.
Methods: Bone marrow aspirates were collected at screening and assessed
centrally via NGS. Whole exome sequencing (exome-seq) and RNA sequencing
(RNA-seq) was performed using the lllumina HiSeq platform to identify the
presence or absence of defined risk markers: t(4;14), t(14;16), or del17p. The
use of RNA-seq allowed for investigation of chromosomal translocations in
expressed genomic locations at a higher resolution than FISH, and exome-seq
data was used to derive the copy number status in coding regions across the
genome. RNA-seq was performed using total RNA and rRNA removal to capture
translocations involving coding and intronic regions. Translocation calls were
made using two fusion callers, and gene expression was quantified to allow for
evaluation of genes associated with translocation events. For t(4;14) translo-
cations, the detected events involved RNA-seq reads fused between IgH and
WHSC1 or FGFRS3. For t(14;16), the detected translocations involved IgH and
WWOX. Manual inspection of patients with t(4;14) showed higher WHSC1 or
FGFR3 expression, whereas t(14;16) patients showed higher MAF and CCND2
expression. For del17p detection, exome data of each tumor was compared
against 100 peripheral blood mononuclear cell (PBMC) control samples from
CASTOR and POLLUX studies. Copy number variation data from two callers
were combined to utilize information on relative read depth, systematic biases
(observed in pooled normal controls), as well as SNP allele frequency (indicative
of loss of heterozygosity events). A del17p event was detected when >50% of
the 17p region was deleted.

Results: Based on the RNA-Seq and exome results, cytogenetic risk status in
the CASTOR and POLLUX studies was defined as high risk with having either
t(4;14), t(14;16), or del17p, and standard risk with the confirmed absence of
these molecular abnormalities. Comparisons of NGS with FISH showed high
concordance for t(4;14), t(14;16), and del17p in both studies (Table 1).

Table 1.

Concordance rate between FISH and NGS POLLUX CASTOR
1(4;14) 56% 92%
t(14;16) G8% 1%
dell7p B8% it

PFS analyses investigating differences between treatment groups and between
risk groups using FISH-derived risk and NGS-derived risk showed consistent
results between FISH and NGS, with improvements in PFS being associated
with the addition of daratumumab to standard-of-care regimens in both high-
and standard-risk subgroups (Figure 1).

Summary/Conclusions: These studies represent the first, comprehensive use
of NGS in global phase 3 clinical trials in RRMM. The NGS methodology accu-
rately identified the presence of defined risk populations t(4;14), t(14;16), and
del17p and showed good concordance with FISH. As FISH was performed

locally with different probes and pathologists, the high degree of concordance
between FISH and NGS is notable and supports the use of NGS for determining
cytogenetic risk in patients with RRMM. The utility of NGS in these clinical stud-
ies extends far beyond the detection of cytogenetic abnormalities and additional
analysis are planned to interrogate these datasets in the identification of novel
biomarkers.
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EFFICACY BY CYTOGENETIC RISK STATUS FOR DARATUMUMAB IN
COMBINATION WITH LENALIDOMIDE AND DEXAMETHASONE OR
BORTEZOMIB AND DEXAMETHASONE IN RELAPSED OR REFRACTORY
MULTIPLE MYELOMA

J. San-Miguel'”, K. Weisel2, G. Cook3, M. Leiba4, K. SuzukiS, S. Kumar®,
M. Cavo’, H. Avet-Loiseau8, H. Quach9, V. Hungria®0, S. Lentzsch™,
R. Hajek2, P. Sonneveld!3, K. Wu'4, X. Qin14, C. Chiu™4, D. Soong'4, M. Qi'4,
J. Schecter’, M.A. Dimopoulos'6

1Clinica Universidad de Navarra-CIMA, IDISNA, Pamplona, Spain, 2Universi-
taetsklinikum Tuebingen der Eberhard-Karls-Universitaet, Abteilung fuer Innere
Medizin Il, Tuebingen, Germany, 3St James’s Institute of Oncology, Leeds
Teaching Hospitals NHS Trust and University of Leeds, Leeds, United Kingdom,
4Sheba Medical Center, Tel Hashomer, Ramat Gan, Israel, °Japanese Red
Cross Medical Center, Department of Hematology, Tokyo, Japan, 6Division of
Hematology, Mayo Clinic, Rochester, MN, United States, 7Department of Exper-
imental, Diagnostic and Specialty Medicine, University of Bologna, Bologna,
Italy, 8Unite de Genomique du Myelome, CHU Rangueil, Toulouse, France,
9University of Melbourne, St. Vincent's Hospital, Victoria, Australia, 19rmandade
Da Santa Casa De Misericordia De Sao Paulo, Sao Paulo, Brazil, 1'Division of
Hematology/Oncology, Columbia University, New York, NY, United States,
12Department of Haematooncology, University Hospital Ostrava and Faculty
of Medicine and Faculty of Science, University of Ostrava, Ostrava, Czech
Republic, 13Department of Hematology, Erasmus MC, Rotterdam, Netherlands,
14Janssen Research & Development, LLC, Spring House, PA, 15Janssen
Research & Development, Raritan, NJ, United States, 16National and Kapodis-
trian University of Athens, Athens, Greece

Background: Daratumumab (D) is a human CD38-targeting monoclonal anti-
body that exerts its antimyeloma activity through both direct (on-tumor) and
indirect (immunomodulatory) mechanisms of action. Two randomized phase 3
trials in patients with relapsed or refractory multiple myeloma (RRMM) demon-
strated that combining D with the standard-of-care regimens lenalidomide +dex-
amethasone (Rd, POLLUX) or bortezomib +dexamethasone (Vd, CASTOR)

haematologica | 2017; 102(s2) | 4
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significantly improved progression-free survival (PFS) and achieved higher
overall response rates (ORRs) compared with the respective standard-of-care
regimen alone (Dimopoulos MA et al., N Engl J Med 2016;375(14):1319-1331;
Palumbo A et al., N Engl J Med 2016;375(8):754-766.). Due to its novel mech-
anisms of action, addition of D to standard-of-care regimens may benefit RRMM
patients who have poor prognoses resulting from high-risk cytogenetic abnor-
malities.

Aims: To examine the efficacy of DRd and DVd in RRMM patients with stan-
dard or high cytogenetic risk status.

Methods: Bone marrow aspirates were collected at screening visits from
311/569 patients from POLLUX and from 353/498 patients from CASTOR, and
cytogenetic abnormalities were detected via next-generation sequencing
(NGS). Patients were considered to be of high cytogenetic risk status if they
had 21 of the following abnormalities: t(4;14), t(14;16), or del17p; patients were
considered to be of standard cytogenetic risk if they lacked these abnormalities.
Minimal residual disease (MRD) was assessed at suspected complete
response (CR) at 3 sensitivity thresholds (104, 10-5, and 10-6) using the
ClonoSEQ™ NGS-based assay (Adaptive Biotechnologies, Seattle, WA). Effi-
cacy analyses included PFS, ORR, and MRD-negative rates.

Results: For POLLUX, the median follow-up was 17.3 months. Treating high-
risk patients with DRd significantly prolonged median PFS vs Rd (top panel
Figure 1) and numerically increased ORR (85% vs 67%; P=0.14). Responses
to DRd vs Rd included CR or better in 33% vs 6% of these patients, and very
good partial responses (VGPR) or better in 63% vs 31%. In standard-risk
patients, DRd vs Rd also resulted in significant improvements in median PFS
(Figure 1) as well as ORR (95% vs 82%; P=0.0020). Responses to DRd vs Rd
included CR or better in 52% vs 24% of these patients, and VGPR or better in
84% vs 51%. At 10-5 sensitivity threshold, MRD-negative rates for DRd vs Rd
were 18% vs 0% (P=0.0027) among high-risk patients and 30% vs 10%
(P<0.0001) for standard-risk patients. For CASTOR, the median follow-up was
13.0 months. Treating both high- and standard-risk patients with DVd vs Vd
significantly prolonged median PFS (bottom panel Figure 1) and increased
ORR (high risk: 82% vs 62%; P=0.039; standard risk: 85% vs 64%; P=0.0003).
Responses to DVd vs Vd among high-risk patients included CR or better in
30% vs 9% of patients and VGPR or better in 64% vs 34%; among standard-
risk patients, responses included CR or better in 25% vs 8% of patients and
VGPR or better in 64% vs 27%. At 10-5 sensitivity threshold, MRD-negative
rates for DVd vs Vd were 14% vs 0% (P=0.0018) among high-risk patients and
12% vs 2% (P=0.0011) for standard-risk patients.
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Summary/Conclusions: Adding D to Rd or Vd improved treatment outcomes
irrespective of cytogenetic risk status in patients with RRMM. Both DRd and
DVd appear to benefit RRMM patients who have poor prognoses due to high-
risk cytogenetic abnormalities. Updated data, including analyses based on indi-
vidual cytogenetic abnormalities, will be presented at the meeting based on
longer follow-up.
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MINIMAL RESIDUAL DISEASE BY MULTIPARAMETER FLOW CYTOMETRY
IN TRANSPLANT ELIGIBLE PATIENTS WITH NEWLY DIAGNOSED
MULTIPLE MYELOMA: RESULTS FROM THE EMN02/HO95 PHASE 3 TRIAL
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Background: Multiple myeloma (MM) is still an incurable disease and patients
may relapse despite achievement of complete remission (CR). Available data
show that MRD detection is a sensitive strategy to appropriately measure
response in MM patients.

Aims: We evaluated MRD by MFC in patients with newly diagnosed MM
enrolled in the EMN02/HO95 phase 3 trial.

Methods: Patients were <65 years of age and treatment consisted of Borte-
zomib-Cyclophosphamide-Dexamethasone (VCD) induction, mobilization and
stem cell collection, intensification with Bortezomib-Melphalan-Prednisone
(VMP) vs High-Dose-Melphalan (HDM) followed by stem cell transplant, con-
solidation with Bortezomib-Lenalidomide-Dexamethasone (VRD) vs no con-
solidation, and Lenalidomide maintenance. MRD was assessed in patients
achieving at least a very good partial response (VGPR) before starting main-
tenance (after HDM, VMP or VRD) and during maintenance every 6-12 months;
samples were centralized to 3 European labs. MFC was performed on bone
marrow according to Euroflow-based methods (8 colors, 2 tubes) with a sen-
sitivity of 10-5. Quality checks were done to compare sensitivity and to show
correlation between protocols (Hofste op Bruinink D, ASH 2016 abstract 2072).
Results: A total of 316 patients could be evaluated before maintenance: median
age was 57 years (IQR: 52-62), 18% (57/316) had ISS Ill and 22% (70/316)
had high risk cytogenetic abnormalities defined as presence of either one
among del17, t(4;14) or t(14;16); 63% (199/316) had received HDM and 37%
(117/316) VMP; thereafter 51% (160/316) had received VRD. After a median
follow-up of 30 months from MRD enrolment, 76% (239/316) patients were
MRD-negative: 64% (153/239) in the HDM vs 36% (86/239) in the VMP groups.
The 3-year PFS was 50% in MRD-positive vs 77% in MRD-negative patients
(HR 2.87, 95% CI: 1.75 - 4.72; p<0.001). Subgroup analyses were carried out
to assess the risk factors for MRD-positivity according to baseline characteris-
tics and therapies: high risk cytogenetic abnormalities were the most important
risk factors (HR 9.87, 95% CI: 4.3 — 22.63; interaction-p=0.001). Finally, 48%
of MRD positive patients at pre-maintenance who had a second MRD evalua-
tion after at least 1 year of lenalidomide became MRD-negative.
Summary/Conclusions: MRD by MFC is a strong prognostic factor in MM
patients receiving intensification with novel agents or transplant; lenalidomide
maintenance further improved depth of response; high risk cytogenetic abnor-
malities are the most important prognostic factors in MRD-positive patients.
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PHASE |, OPEN-LABEL TRIAL OF ANTI-BCMA CHIMERIC ANTIGEN
RECEPTOR T CELLS IN PATIENTS WITH RELAPSED/ REFRACTORY
MULTIPLE MYELOMA
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Background: Immunotherapy has emerged as a potentially curative treatment
in hematological malignancies. Uniformly expressed in plasma cells, B-cell
maturation antigen (BCMA) is an appropriate target antigens for CAR T-cell
therapies in multiple myeloma.

Aims: This phase |, open-label trial was conducted to assess the efficacy and



safety profile of LCAR-B38M anti-BCMA CAR T cells in patients with
relapsed/refractory multiple myeloma.

Methods: All patients underwent leukapheresis to obtain peripheral blood
mononuclear cells and their T cells were engineered to express anti-BCMA
CAR. Three doses of 300 mg/m2 cyclophosphamide were administered on day
-5, -4, and -3 (before the recruitment, patients took the same chemotherapy to
identify they were refractory to cyclophosphamide monotherapy) and engi-
neered-T cells were reinfused on day 0, 2, and 6. This trial was divided into the
dose escalation stage and expansion cohort. Toxicity and responses were
assessed according to the Common Terminology Criteria for Adverse Events
(version 4.0) and International Myeloma Working Group (IMWG) Uniform
Response Criteria for Multiple Myeloma, respectively.

Results: As of the February 20th, 2017 data cut-off, 22 patients had been
enrolled, two of whom were diagnosed as plasma cell leukemia. The male: female
ratio was 11:11 and median age was 53.5 years. Chromosomal abnormalities
were detectable by FISH in eight patients, two of whom involved in the deficiency
of p53. Eleven patients were triple refractory (chemotherapy, proteasome
inhibitors, and immunomodulatory drugs), 11 resisted to double prior treatments
(chemotherapy and proteasome inhibitors/ immunomodulatory drugs), and four
relapsed after autologous hematopoietic stem cell transplant. The median number
of infused CAR T cells was 4.0x10E6 (range, 1.5x10E6-7.0x10E6) per kg. The
median follow-up was 131.5 (range, 29-327) days. 100% of patients achieved an
objective response. The first six patients achieved complete responses with flow
MRD-negative; 14 patients achieved very good partial responses; one patient,
with renal failure, achieved partial response; all these 22 patients had kept their
best response at the end of follow-up. The pictures we enclosed were the sub-
cutaneous nodules in one patient with extramedullary plasmacytoma. We found
that the nodules were obviously decreased after the infusion and disappeared
finally. Another one achieved transient partial response, which last for 12 days.
He then took the secondary infusion but failed since the post-operation large-
dose administration of corticosteroid for spinal meningioma. He terminally died
of the progression of myeloma. The most common toxicity attributable to CAR T
cells was cytokine release syndrome (CRS). Toxicities were minimal except for
two grade 3 CRS and one grade 4 CRS. All CRSs were controllable with nons-
teroidal anti-inflammatory drugs (NSAIDs) or tocilizumab and no dose-limiting
toxicities or treatment-related deaths were observed (Figure 1).
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Figure 1.

Summary/Conclusions: Our findings demonstrated the safety and antimyelo-
ma activity of LCAR-B38M anti-BCMA CAR T cells.
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PATIENTS WITH LIGHT CHAIN AMYLOIDOSIS TREATED WITH NEOD001
ACHIEVE RAPID ORGAN RESPONSES THAT ARE INDEPENDENT OF
PREVIOUS PLASMA CELL-DIRECTED THERAPIES

M.A. Gertz!*, R.L. Comenzo?, H. Landau3, V. Sanchorawala4, B.M. Weiss5,
J.A. Zonderb, J. Walling’, G.G. Kinney8, M. Koller8, D.B. Schenk8,
S.D. Guthrie8, E. Liu8, M. Liedtke®
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Background: Light chain (AL) amyloidosis is a rare and often fatal disease
caused by the accumulation of misfolded light chain (LC) aggregates that can
lead to progressive failure of critical organs, causing significant morbidity and
mortality. Patients’ survival depends upon rapid suppression of the misfolded
LC and stabilization or recovery of organ function. Current therapies limit LC
production; however, ~75% of patients have persistent organ dysfunction.
NEODO0O01 is a novel investigational monoclonal antibody that targets misfolded
LC and may neutralize circulating LC aggregates and clear insoluble deposits.

Madrid, Spain, June 22 - 25, 2017

Aims: To assess the association between responses and time, depth, number
or type of previous plasma cell-directed (PCD) treatments and organ response.
Methods: Inclusion criteria for this trial were: completed 21 PCD treatment
before enroliment, attained partial hematologic response (HR) or better to any
previous therapy, and have persistent organ dysfunction. NEOD001 was admin-
istered intravenously every 28 days. During the dose-escalation phase, 27
patients received NEODOO1 at 0.5, 1, 2, 4, 8, 16, or 24 mg/kg in a 3+3 study
design. In the expansion phase, 42 additional patients with renal, cardiac, or
nerve involvement were enrolled and treated (24 mg/kg). We assessed cardiac
and renal best responses based on consensus criteria. Peripheral nervous sys-
tem (PN) responses were assessed at month 10 (after 9 infusions) using the
Neuropathy Impairment Score—Lower Limbs (NIS-LL). We explored the poten-
tial impact on organ response of the number and type of organs affected and
the number of, type of, and time since previous therapies at baseline.
Results: In the overall population (N=69), the median age was 61 years (61%
male). Median (range) time since diagnosis was 2.9 (0.4-16.0) years, and 45%
of patients underwent 23 previous PCD regimens. Median time to first best
response was 1.8 (cardiac), 3.7 (renal), and 1.0 (PN) months. Best response
rate indicating organ response was observed in 53% of cardiac-evaluable patients
(n=19/36) and 64% of renal-evaluable patients (n=23/36). PN responses were
observed in 82% (n=9/11) of PN-evaluable patients. Time from patients’ best HR
to previous PCD treatment was not related to the attainment of NEOD0O1 organ
response (responder/stable: 35.6/36/6 months [cardiac] and 30.6/32.5 months
[renal]; P>0.05). Depth of patients’ best HR also was not related to the attainment
of NEODO0O01 organ response (percentage of patients with organ response in
CR/VGPR/PR after PCD: 47.1/66.7/42.9% [cardiac] and 68.8/63.6/62.5% [renal];
P>0.05). Similarly, time or depth of patients’ last HR did not impact the NEOD001
organ response rate (P>0.05). Patients with NEODOO1 organ responses were
no more likely to have had their last PCD therapy <6 than 26 months from their
first NEOD0O1 dose. Patients’ previous PCD treatment type was not related to
the attainment of NEODO0O1 organ response (percentage of patients undergoing:
stem cell transplantation, 55.6/61.1% [cardiac/renal]; bortezomib-based therapy,
52.0/68.8%; or other chemotherapy, 50.0/57.1%; P>0.05). Exploratory analyses
showed no association between the time to response or percentage of responders
and the number of previous PCD treatments.

Summary/Conclusions: NEOD0O01 specifically targets disease-causing, mis-
folded LC aggregates in AL amyloidosis. Organ responses in patients treated
with monthly NEODO0O1 infusions were achieved rapidly and independently of
time since previous chemotherapy, depth of hematologic response, or predom-
inant type of PCD treatment.
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RITUXIMAB MAINTENANCE AFTER AUTOLOGOUS TEM CELL TRANS-
PLANTATION PROLONGS SURVIVAL IN YOUNGER PATIENTS WITH
MANTLE CELL LYMPHOMA: FINAL RESULTS OF THE LYMA TRIAL OF
THE LYSA/GOELAMS GROUP
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Background: Mantle cell ymphoma (MCL) is currently an incurable disease.
In spite of high complete response rates (CR) after initial immunochemotherapy
induction followed by autologous stem cell transplantation (ASCT), MCL
patients experience iterative relapses.

Aims: We investigated whether or not rituximab maintenance (RM; 375mg/m?
every 2 months for 3 years) after ASCT prolongs response duration.

Methods: This phase Il trial included 299 patients (<66y) at diagnosis, of
whom 240 were randomly assigned to RM or observation after ASCT. The pri-
mary end point was event-free survival (EFS) (progression, relapse, death,
severe infection during RM) after ASCT.

Results: After 4 courses of immunochemotherapy induction (R-DHAP; Ritux-
imab, dexamethasone, cytarabine, platinium derivative), overall response and
CR rates were 89.3% and 77.3%, respectively. ASCT was performed in 257
patients. Median follow-up from randomization after ASCT was 50.2 (46.4-
54.2) months. Starting from randomization, 4-year EFS was 78.9% (95%Cl;
69.5 to 85.6) for RM (n=120) versus 61.4% (95%Cl; 51.3 to 69.9) for observa-
tion (n=120) (p=0.0012), 4-year progression-free survival (PFS) was 82.2%
(95%Cl; 73.2 to 88.4) for RM versus 64.6% (95%Cl; 54.6 to 73) for observation
(p=0.0005) and OS was 88.7% (95%Cl; 80.7 to 93.5) for RM versus 81.4%
(95%Cl; 72.3 to 87.7) for observation (p=0.0413). The death rate was lower
for patients in the RM arm were less likely to die (hazard ratio (HR)=0.5; 95%Cl,
0.255 to 0.986) than for patients in the observation arm.
Summary/Conclusions: The LyMa trial demonstrates for the first time that
RM after ASCT prolongs EFS, PFS and OS. Thus, 4 courses of R-DHAP plus
ASCT (without TBI) followed by RM maintenance (one infusion every 2 month
for 3 years) is a new standard of care for young MCL patients.
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POLA-R-CHP: POLATUZUMAB VEDOTIN COMBINED WITH RITUXIMAB,
CYCLOPHOSPHAMIDE, DOXORUBICIN, PREDNISONE FOR PATIENTS
WITH PREVIOUSLY UNTREATED DIFFUSE LARGE B-CELL LYMPHOMA
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Background: Polatuzumab vedotin (pola) is an antibody drug conjugate con-
taining the anti-mitotic MMAE targeting CD79b, an antigen expressed ubiqui-
tously in DLBCL. Pola as monotherapy and in combination with anti-CD20 anti-
bodies demonstrated encouraging efficacy in r/r DLBCL."2 The initial dose-
escalation portion of this multicenter, open-label Ph Ib/ll study of pola in com-
bination with rituximab, cyclophosphamide, doxorubicin, and prednisone (pola-
R-CHP) showed an acceptable safety profile and established a recommended
Ph Il dose of pola at 1.8 mg/kg.3 We report updated safety and efficacy results
for the Ph Il dose in 45 previously untreated DLBCL patients (pts) (ClinicalTri-
als.gov NCT01992653).

Aims: To evaluate the safety and efficacy of pola-R-CHP as first-line treatment
in patients with DLBCL.

Methods: Five pts of the dose escalation phase and the 40 pts of the expansion
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phase were included in this analysis. All pts provided informed consent to par-
ticipate in the study. All had newly diagnosed DLBCL and were treated with
pola at 1.8 mg/kg and R-CHP at standard doses every 21 days for 6 or 8 cycles.
Investigator assessments for anti-tumor activity were performed according to
IWG 2007 following 4 cycles and at the end of study treatment (EOT).
Results: All 45 pts received at least one dose of study drug. The median age
was 69 years; 93% were >60 years, 33% ECOG >1, 82% Stage Ill/IV, and 78%
IPI 3-5. Of the 29 pts with cell of origin (COO) status by digital gene expression,
11 (38%) were ABC, 14 (48%) were GCB, while 4 (14%) were unclassified. Forty
patients completed 6 or 8 cycles (23 and 17 pts respectively). All pts experienced
at least one AE. Grade (Gr) 3/4 AEs occurred in 58%, and one pt experienced a
Gr 5 atrial fibrillation. Gr 3/4 neutropenia and febrile neutropenia (FN) occurred
in 27% and 11%. Serious adverse events (SAEs) were reported in 17 pts (38%)
including 3 FN, and 2 each of neutropenia, pneumonia, pulmonary embolism
and influenza A. Peripheral neuropathy (PN) occurred in 18 (40%) patients.
Among these pts with PN, 12 were Gr 1, 4 were Gr 2, and 2 were Gr 3. All Gr 2/3
PN attributed to pola occurred at C5 or later. Four pts discontinued pola early for
the following reasons: Gr 5 atrial fibrillation (after C2, not attributed to pola by
investigator), E. coli UTI (C5), worsening essential tremor (C3), PN (C7). During
treatment, 6 pts had dose reductions in pola and 1 pt had cyclophosphamide
and doxorubicin dose reductions. ORR by PET at EOT was 91%; 78% had a CR
and 13% PR. 3 pts progressed and 1 was unevaluable. In the COO determined
population, CR was 91% in ABC and 86% in GCB pts. At the data cutoff of
November 4, 2016 with a median study duration of 9.5 months, (range 1.3-28
months), only 1 pt had a disease progression in follow up.
Summary/Conclusions: Pola at 1.8 mg/kg in combination with R-CHP in 1L
DLBCL has an acceptable safety profile and produced promising response
rates at the end of treatment. The majority of the patients in this trial represented
a poor prognosis group by age and IPI. In this context, treatment response to
this regimen may warrant further exploration.
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Background: Intravenous (V) rituximab plus chemotherapy is standard treat-
ment for diffuse large B-cell ymphoma (DLBCL). A subcutaneous (SC) formu-
lation of rituximab may simplify treatment and reduce burden.

Aims: MabEase (NCT01649856) studied efficacy, safety and patient (pt) sat-
isfaction with rituximab SC or IV plus CHOP as first-line DLBCL treatment.
Methods: Pts were randomized 2:1 to rituximab SC (IV 375mg/m2 cycle 1; SC
1400mg cycles 2-8) or IV (375mg/m2 cycles 1-8) plus CHOP every 14 or 21
days. The primary endpoint was investigator-assessed complete response
(CR)/unconfirmed CR (CRu) at the end of induction (EQI). Secondary endpoints
included safety, survival, treatment satisfaction (Cancer Treatment Satisfaction
Questionnaire [CTSQ], Rituximab Administration Satisfaction Questionnaire
[RASQ]) and time savings. Follow-up continued until at least 24 months after
EOI in the last patient recruited.

Results: Of 576 pts (381 SC; 195 1V), 572 (378 SC; 194 IV) received treatment.
EOI CR/CRu rates were 50.6% (95% CIl 45.3-55.9) and 42.4 (95% CI 35.1—
49.7) in the SC and IV groups, respectively (Table 1). After 35 months’ median
follow-up, median progression-free survival (PFS), event-free survival (EFS) and
overall survival (OS) were not reached in either arm and no statistically significant
differences were observed between treatment arms. PFS, EFS and OS rates
were also similar at 24 months’ follow-up (non-significant differences; Table 1).
Grade *3 adverse events (58.3% SC; 54.3% IV) and administration-related reac-
tions (21% in both groups) were similar between arms. Of SC recipients, 5.7%
had injection site reactions vs none in the IV group (p<0.001). Febrile neutropenia
occurred more often in the SC arm (12.5% vs 6.9% in IV, p=0.06). RASQ scores
for ‘impact on activities of daily living’, ‘convenience’ and ‘satisfaction’ were
improved with SC vs IV; CTSQ scores were similar between arms (Figure 1).



When pts in the SC group were asked, if given the option, which treatment they
would prefer, 90.8% stated a preference for SC over IV. Median administration
time (6 minutes SC vs 2.6-3.0 hours IV) and chair/bed and overall hospital times
were shorter with SC than with IV treatment.

Table 1. Efficacy endpoints in the intent-to-treat population.

Efficacy endpoint [ Rituximab SC plus CHOP Rituximah IV plus CHOP
|__ N ReSHCD N REsmen |
| End af induwction treatment
CR/CRu 342 50.6 (45.3=55.9) 177 42.4 (35.1-49.7)
PR 342 31.6(26.7-36.8) 177 356 (28.6-43.1)
] 342 1.8 (2.0-6.4) 177 6.2 (3.1-10.8)
ORR 342 822 (77.7-86.1) 177 TEO(71.1-83.8)
24 manths' follow-up
PF5* | 342 | 5 | 177 | 723 (65.7-78.9)
EFS! | 342 | 617 B | 177 | 66.7 (59.7-73.6
0% | 342 | #74(833908) | 177 | BE.O(R2.0-911)
*p=.264.
ip=i 265,
ORR, overall response rate; PD), progressive disease; PR, partial response.
Figure. Patient satistaction at cycle 3 and cycle 7 of treatment
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Figure 1. Patient satisfaction at cycle 3 and cycle 7 of treatment.

Summary/Conclusions: Rituximab SC had similar efficacy and safety to the
IV form, with improvements in patient satisfaction ratings, and
administration/hospital time savings. Our findings support the use of rituximab
SC in this setting.

$108

ANALYSIS AND CHARACTERIZATION OF HEMATOLOGIC CANCERS
USING A COMPREHENSIVE NGS PANEL COMPRISED OF DNA AND RNA
BAITS TARGETING 704 GENES

A.R. Carson’, B.A. Patay’, V. McClain?, Z. Xie!, T. Stenzel.2.3.", J.E. Miller.2.3
lInvivoscribe, 2LabPMM LLC, San Diego, United States, 3LabPMM GmbH,
Martinsried, Germany

Background: As next-generation sequencing (NGS) methodologies improve,
so does the ability to characterize hematopoietic and lymphoid neoplasm
genomes. This promises to revolutionize oncology, allowing more accurate and
precise classification of patients and potentially leading to novel targeted and
combination therapies with improved outcomes.

Aims: We constructed a custom targeted sequencing panel, MyHEME™, to
comprehensively identify and characterize DNA and RNA changes in a broad
range of hematologic malignancies, including Non-Hodgkin lymphoma
(NHL).

Methods: The MyHEME targeted sequencing panel is comprised of two inde-
pendent bait sets that target a combined 704 genes known or predicted to con-
tribute to hematologic cancers (DNA baits for 571 genes and RNA baits for 361
genes; 228 genes are found in common between the two bait sets). Libraries
were constructed using 1ug of DNA or 0.1ug of RNA and sequenced on an lllu-
mina platform. Sequenced reads are analyzed using proprietary Mylnformat-
ics™ software to identify single nucleotide variants (SNVs), indels and structural
variants (SVs). Both the MyHEME panel and MyInformatics software were cre-
ated under ISO13485 design control. To characterize the performance metrics
of the MyHEME panel, we used the NIST human reference sample NA12878
along with combinations of hematologic cancer derived cell lines with known
pathogenic variants at various allelic frequencies.

Results: Analytical validation of the MyHEME panel established an average
read depth of 1,175x (with a median read depth of 1,088x) for the DNA targets
and an average transcripts per million (TPM) of 2,256 (with a median TPM of
743) for the RNA targets. For the DNA targets, we establish sensitivity >95%
(99.8% for SNVs at a 2.5% limit of detection (LOD); 100% for coding indels at
a 5.0% LOD) and specificity >95% (95.5% for SNVs at a 2.5% LOD; 97.7% for
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coding indels at a 5.0% LOD). We also show the ability to cross-confirm results
between the 228 genes common to both the DNA and RNA targets. Importantly,
novel gene fusions, which are generally difficult to detect and validate, were
cross-confirmed when observed in both the DNA and RNA targets. For example,
we identified a novel t(9;22) translocation causing a NUP214-XKR3 gene fusion
using both the DNA and RNA targets. Additionally, while RNA data provides
the fused exons of the transcripts, DNA data gives the precise genomic break-
point coordinat

Summary/Conclusions: MyHEME is an extensive panel for sensitively and
specifically identifying SNV, indel and SV mutations in 704 target genes. This
panel can comprehensively characterize mutations in multiple diverse hema-
tologic cancer samples, including Non-Hodgkin Lymphoma, AML, ALL, and
Multiple Myeloma. By utilizing a high depth of coverage, MyHEME can accu-
rately detect clones present down to 5% of a patient’s sample. In addition, by
targeting both DNA and RNA, MyHEME contains a built in validation method
to cross-confirm novel variants of interest.
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TP53 MUTATIONS, BUT NOT DELETION OF TP53 AND CDKN2A, HAVE
INDEPENDENT PROGNOSTIC VALUE IN MANTLE CELL LYMPHOMA
TREATED BY THE NORDIC (MCL2 AND MCL3) REGIMEN

C.W. Eskelund?", C. Dahl2, J. W. Hansen!, M. Westman?, C. Montano?,
C. Freiburghaus3, S. Ek3, A. Pedersen?, L.B. Pedersen?, C. Niemann?,
R. Réty4, P. Brown®, A. KolstadS, C.H. Geisler!, M.K. Andersen’, P. Guldberg?,
M. Jerkeman3, K. Grgnbaek

1University Hospital of Copenhagen, 2Danish Cancer Society, Copenhagen,
Denmark, 3University Hospital of Lund, Lund, Sweden, 4University Hospital of
Helsinki, Helsinki, Finland, SUniversity Hospital of Oslo, Oslo, Norway

Background: During the past decades, the outcome of MCL treatment has
improved substantially in younger patients. However, the course of disease
remains heterogeneous, and there is a need for better stratification of patients
with poor responses from those with durable responses. The Nordic trials,
MCL2 and MCL3, represent standard-of-care regimens for younger MCL
patients.

Aims: Preliminary analyses of diagnostic samples from MCL2 and MCL3, show
that TP53 mutations are associated with significantly poorer outcome. Recently,
deletions of TP53 and CDKN2A was shown to confer negative impact in a
cohort similar to the Nordic.(Delfau-Larue et al., 2015) Thus, in this study we
aim to describe the prevalence and impact of deletions of TP53 and CDKN2A
in the light of TP53 mutations.

Methods: Fresh frozen DNA from diagnostic bone marrow samples from MCL2
and MCL3 were analyzed. In both trials, patients received intensified first-line
induction therapy with alternating courses of R-CHOP and R-hd-Cytarabine
and consolidation with high-dose therapy and ASCT. (Geisler et al., 2008; Kol-
stad et al., 2014). Targeted NGS of ATM, CCND1, TP53, KMT2D, NOTCH1,
NOTCH2, WHSC1 and BIRC3 was performed by lon Torrent Technology. Cut-
off for calling a mutation was set to a variant allele frequency >3%. Median
coverage was >2700X. Copy Number Variations (CNVs) of TP53 and CDKN2A
were measured by droplet digital PCR by commercially available assays, and
RPP30 used as a standard control.

Results: We investigated the presence of CDKN2A and TP53 deletions in diag-
nostic samples from 175 and 157 patients, respectively. Patients were untreated
and <66 years (median 58, range 37-65). Fifty-three percent were either MIPI
intermediate- or high-risk, 17% had blastoid morphology and 42% had
Ki67230%, and 83% had bone marrow involvement at diagnosis. After a median
follow-up of 9.2 years, median overall (OS), progression-free survival (PFS)
and cumulated incidence of relapse (CIR) of all patients were 12.4 and 8.2 and
10.2 years, respectively. In our mutational analyses (n=147), only TP53 had
prognostic impact in multivariate analyses (MVAs). Outcome of the 15 patients
(10%) with TP53-mutations was poor with a median OS, PFS and CIR of 1.8,
1.0 and 1.2 years (p<0.0001 for all three outcomes), respectively. Preliminary
data shows deletions of TP53 in 28 patients (18%) and deletion of CDKN2A in
38 (22%). Eight patients carried both deletions. Del-CDKN2A was significantly
associated with mutations of TP53, MIPI high risk, blastoid morphology and
Ki67>30%. Del-TP53 was associated with Ki67>30%, but no other high risk
markers. Altogether, 31 (25%) of 122 patients harbored a deletion and/or muta-
tion in TP53 and 4 (3%) carried both aberrations. In univariate analyses, del-
TP53 was significantly associated with poor OS (p=0.01), but not PFS and CIR,
whereas del-CDKN2A was significant for CIR (p=0.02), but not OS and PFS.
Patients with both deletions did significantly worse for all three endpoints. In
MVA, (including all factors with significance in univariate analyses: MIPI, blastoid
morphology, Ki67-index>30%, NOTCH1 mutations, TP53 mutations, del-TP53
and del-CDKN2A) only mutations of TP53 remained a significant predictor of
outcome.

Summary/Conclusions: Here we evaluate the impact of TP53- and CDKN2A-
deletions in the context of TP53 mutations of younger, optimally treated MCL
patients. In line with previous reports, both deletions were associated with poor-
er outcome; however, in multivariate analyses only TP53 mutations was an
independent prognostic factor, substantiating its role as a biomarker for
response to the standard-of-care immune-chemotherapy.
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DEEP MOLECULAR RESPONSE TO GILTERITINIB IMPROVES SURVIVAL
IN FLT3 MUTATION-POSITIVE RELAPSED/REFRACTORY ACUTE
MYELOID LEUKEMIA

A. Jessical", A. Perl2, J. Cortes3, C. Smith4, M. Litzow5, J. Hill6, R. Larson?,
C. Liub, E. Ritchie8, S. Strickland®, E. Wang'0, A. Neubauer!!, G. Martinelli'2,
E. Bahcecif, M. Levis'3

TRobert H. Lurie Comprehensive Cancer Center of Northwestern University,
Chicago, 2University of Pennsylvania, Philadelphia, 3University of Texas MD
Anderson Cancer Center, Houston, 4University of California San Francisco,
San Francisco, SMayo Clinic, Rochester, 6Astellas Pharma US, Inc., North-
brook, “University of Chicago, Chicago, 8Weill Cornell Medical College of Cor-
nell University, New York, SVanderbilt-iIngram Cancer Center, Nashville,
10Roswell Park Cancer Institute, Buffalo, United States, "University Clinic
Giessen Marburg, Marburg, Germany, 12University of Bologna, Bologna, Italy,
13The Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins, Bal-
timore, United States

Background: Mutations in Fms-like tyrosine kinase 3 (FLT3) are common in
patients with acute myeloid leukemia (AML) and are associated with an aggressive
disease course and a poor prognosis. Notably, FLT3 internal tandem duplications
(ITD) predict early relapse and short overall survival (OS) after chemotherapy.
Gilteritinib, a highly selective FLT3/AXL inhibitor, has displayed antileukemic activity
in FLT3 mutation-positive (FLT3Mut*) relapsed/refractory (R/R) AML in the
CHRYSALIS Phase 1/2 study (NCT02014558), specifically at doses 280 mg/d.
Aims: To assess molecular response to gilteritinib in a CHRYSALIS subpop-
ulation.

Methods: This exploratory analysis evaluated molecular response in patients
aged 218 years with FLT3MUt*R/R AML who had been treated with 120 or 200
mg/d gilteritinib. These doses were identified due to their ability to induce high
clinical response rates, and consistent, potent FLT3 inhibition in correlative
assays. Molecular response was assessed in patients who had bone marrow
aspirates obtained at baseline and at 21 additional time point. FLT3-ITD and
total FLT3 were quantified by next-generation sequencing to assess molecular
response. A Cox regression model of OS by Kaplan-Meier estimation estab-
lished a FLT3-ITD:total FLT3 ratio (ITD signal ratio) of 10-2 as the threshold for
improved survival.

Results: Of the 147 FLT3-ITDMut*patients who had received gilteritinib 120 or
200 mg/d, 80 patients had bone marrow aspirates at baseline and at 21 addi-
tional time point, and were included in this analysis. The composite response
rate (defined as CR plus CRi plus CRp) for these 80 patients was 55%. During
response, 20 patients (25%) had an ITD signal ratio of <102, Of these 20
patients, 18 had an ITD signal ratio of <10~3 (major molecular response [MMR])
and 13 had an ITD signal ratio of <10~4 (minimal residual disease [MRD] neg-
ative). The median time to achieve minimum ITD signal ratio was 54 days.
Elimination of morphologic leukemia was observed in 80% of patients with ITD
signal ratios <10~2. Patients who had an ITD signal ratio <10~2, MMR, or were
MRD negative had significantly longer median OS than those who did not
(Table 1 and Figure 1).

Table 1. Overall survival in subjects who achieved a molecular response
compared with those who did not by depth of response.

Molecular Achieved a Molecular Did not Achieve a Molecular Povalue
Response Response Response
n Median OS, Days n Median OS5, Days
(95% CI) (95% CI)
ITD signal ratio =10~ 0 417 (246-NA) 60 199 (142-234) =001
MMR [ 417 (228-NA) [ 213 (143-264) 003
MRD negative 3 417 (228-NA) [l 213 (144-264) 002
Evera™  Median (95 CI)
— "0 arspan. |
Qa0 8.0 12 0. 240
Log-Rank Tewt: P = <0001
Hazaed Rater 0776 12 081
3
5
1
Pateonds o Pk T sdars
e x v .
o - 3
Figure 1.
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Summary/Conclusions: Molecular responses to gilteritinib in FLT3-
ITDMU+R/R AML correlated with clinical response and improved OS. This is
the first demonstration of a robust molecular response to a FLT3 inhibitor in
AML. These data suggest that the ITD signal ratio may predict a durable clinical
benefit of gilteritinib therapy and validate FLT3 as a critical therapeutic target
in AML.

S111

RISK-ADAPTED, MRD-DIRECTED THERAPY FOR YOUNG ADULTS WITH
NEWLY DIAGNOSED ACUTE MYELOID LEUKEMIA: RESULTS OF THE
AML1310 TRIAL OF THE GIMEMA GROUP
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Background: A comprehensive AML risk assessment, based on the integration
of cytogenetic/genetic data and minimal residual disease (MRD) status, can
help optimize patients’ (pts) therapeutic post-remission allocation.

Aims: To evaluate the feasibility and results of a phase |l trial of intensive
chemotherapy in which risk-assignment and post-remission therapy of young
patients with AML was based on pre-treatment cytogenetic/genetic data and
post-consolidation levels of MRD.

Methods: Between January 2012 and May 2015, 515 pts with de novo AML,
18 to 60 years old, seen at 55 GIMEMA institutions were enrolled in the trial.
Induction consisted of i.v. daunorubicin 50 mg/m2 daily on days 1,3 and 5; i.v.
etoposide 50 mg/m2 daily on days 1 to 5; i.v. cytarabine 100 mg/mZ2 as a daily
continuous infusion, days 1 to 10. All pts in CR/CRi after 1-2 induction cycles,
received 1 consolidation course consisting of i.v. daunorubicin 50 mg/mZ daily
on days 4,5 and 6 and i.v. cytarabine 500 mg/m2 every 12 hours on days 1 to
6. In pts belonging to ELN low or intermediate-risk category, peripheral blood
stem cell collection was attempted by initiating, on day 20 from the start of
consolidation therapy, G-CSF until completion of stem cell collection. Post-
consolidation therapy was based on risk-allocation. Low-risk pts (NPM1 positive
FLT3-ITD negative or CBF positive without c-Kit mutations) were to receive
AuSCT; high-risk pts (adverse karyotype or FLT3-ITD positive) were to receive
ASCT; intermediate-risk pts (intermediate karyotype or FLT3-TKD positive or
c-kit mutated CBF positive) were to receive AuSCT or ASCT depending on the
levels of MRD, measured by flow cytometry after consolidation therapy. Allo-
cation to ASCT required the procedure to be performed whatever the source
of stem cells (identical sibling, unrelated, cord blood, haploidentical).
Results: 500/515 pts started treatment and were available for the analysis.
Median age was 49 (18-61) years and 52% were males. Of 429 evaluable pts,
ELN cytogenetic distribution was: low-risk 11%, intermediate-risk 73% and
poor-risk 16%. RUNX1/RUNX1T1 was detected in 5% of 499 evaluable cases,
CBFbeta/MYH11 in 7% of 496, FLT3-ITD in 25% of 497 and NPM1 in 37% of
499. In 494 evaluable pts, complete remission rate (CR) was 73% (361), 18%
had refractory AML and 9% died early during induction. Three hundred-41 pts
completed the consolidation phase and were risk allocated: 114 (33%) to the
low-risk category (=AuSCT), 122 (36%) to the high-risk (=ASCT) and 78 (23%)
to the intermediate category (=AuSCT or ASCT). In 27 pts (8%) belonging to
the intermediate-risk category, a leukemia associated phenotype was not found
and they were to receive AuSCT. Overall, 109 (33%) and 123 (36%) of 341 pts
received AuSCT and ASCT, respectively. Median follow-up was 27.9 months.
At 24 months, overall (OS) and disease free survival (DFS) of the whole series
was 55.9% and 54.9%, respectively; cumulative incidence of relapse was
32.9%. At the same time point of 24 months, OS and DFS in the low-risk cat-
egory was 74.8% and 63.8%, respectively; in the high-risk category 42.5% and
44.8%, respectively; in the intermediate-risk category MRD negative 78.6%
and 61.4%, respectively; in the intermediate-risk category MRD positive 69.8%
and 66.6%, respectively (Figure 1).

Summary/Conclusions: A program of risk-adapted, MRD-driven therapy is
feasible in a multicenter, cooperative setting. In the intermediate-risk category,



ASCT can be avoided if MRD is not detectable; if MRD is positive, ASCT can
prolong OS and DFS to equalize those of the low-risk category. ASCT was
delivered to 2/3 of pts in the high-risk category, using all the available sources
of stem cells.
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GRAFT VERSUS LEUKEMIA EFFECT OF ALLOGENEIC STEM CELL
TRANSPLANTATION AND MINIMAL RESIDUAL DISEASE IN PATIENTS
WITH AML IN FIRST COMPLETE REMISSION

J. Versluis!*, B. Kalin1, W. Zeijlemaker?, J. Passweg3, C. Graux4, M. Manz5,
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Background: The detection of minimal residual disease (MRD) in patients with
acute myeloid leukemia (AML) may improve future risk-adapted strategies of
AML treatment. The presence of MRD after induction treatment has firmly been
shown to predict for relapse and overall outcome, irrespective of type of post-
remission treatment (PRT). Currently it is unknown whether and how the pres-
ence or absence of MRD should guide the application of allogeneic hematopoi-
etic stem cell transplantation (alloHSCT) as PRT.

Aims: We addressed whether and to what extent alloHSCT quantitatively
reduces relapse as compared to conventional post-remission treatment (PRT)
in upfront treated patients with MRD positive or MRD negative AML in first
hematological complete remission (CR1).

Methods: A total of 1,511 patients were treated in subsequent HOVON-SAKK
AML trials of whom 547 patients obtained a CR1, received PRT and had avail-
able flow cytometric MRD prior to PRT. MRD positivity was defined by more
than 0.1% cells with a leukemia associated phenotype within the white blood
cell compartment. MRD status was not known by clinicians during AML treat-
ment. PRT consisted of alloHSCT (n=282), or conventional PRT by a third cycle
of chemotherapy (n=160) or autologous HSCT (n=105). Endpoints of the study
included overall survival (OS), relapse-free survival (RFS), and cumulative inci-
dences of relapse and non-relapse mortality (NRM) at 4 years. A time-depen-
dent analysis was performed by applying multivariable Cox regression with
time-dependent covariate alloHSCT with the cumulative incidence of relapse
as primary endpoint.

Results: MRD was positive in 129 (24%) patients after induction chemotherapy
before proceeding to PRT. The latest European LeukemiaNET risk classification
was similarly distributed among MRD negative and MRD positive patients. No
differences were present in transplant characteristics in MRD positive and MRD
negative patients. OS and RFS was significantly better in patients without MRD
prior to PRT as compared to MRD positive patients (65+2% compared to 50+5%
at 4 years, p=0.002, and 58+3% compared to 38+4%, p<0.001, respectively).
Improved outcome was mainly caused by a lower cumulative incidence of
relapse in MRD negative patients as compared to MRD positive patients
(32+2% compared to 54+4% at 4 years, p<0.001, respectively), while NRM
was not significantly different and estimated 10£1%. NRM split by EBMT risk
score showed less NRM in patients with a low EBMT-risk score as compared
to patients with a high EBMT risk score (<2 compared to >2, 10+2% compared
to 22+4%, p=0.005, respectively). Multivariable analysis with adjustment for
covariates showed that the incidence of relapse was significantly reduced fol-
lowing alloHSCT as compared to chemotherapy or autologous HSCT (HR 0.36,
p<0.001), which was similarly exerted in MRD negative and positive patients
(HR 0.38, p<0.001 and HR 0.35, p<0.001). RFS was also improved following
alloHSCT as compared to chemotherapy or autoHSCT (HR 0.53, p<0.001),
while no significant differences were found for OS (Figure 1).
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Summary/Conclusions: The graft-versus-leukemia effect of alloHSCT is
equally present in MRD positive and MRD negative patients, which advocates
a personalized application of alloHSCT taking the risk of relapse determined
by AML risk group and MRD status as well as the counterbalancing risk of NRM
into account.
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LEUKEMIC STEM CELL FREQUENCY COMBINED WITH MRD IS AN
IMPORTANT BIOMARKER TO PREDICT RELAPSE IN ACUTE MYELOID
LEUKEMIA. RESULTS FROM A PROSPECTIVE H102 STUDY
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Background: Despite up-to-date risk algorithms, outcome in acute myeloid
leukemia patients is still difficult to predict. Even in good risk patients relapses
occur. Further refinement of currently used risk classifications is therefore war-
ranted. Measurable residual disease (MRD) is a well-known risk factor and the
independent prognostic impact of MRD was shown for patients independent
on risk groups. Nowadays prospective studies are designed on which therapy
is adapted based on MRD-positivity or negativity. Although this is a major
improvement for risk stratification, relapses occur in a substantial proportion of
MRD-negative patients. Previous retrospective studies have shown that the
leukemic stem cell (LSC) frequency harbors important prognostic information
as well (Bradbury et al., Leukemia 2015), even within MRD-negative patients
(Terwijn et al. Plos one, 2013).

Aims: In this study we used data of the HOVON/SAKK H102 trial to prospec-
tively define, using flow cytometry, the leukemic CD34+CD38- stem cell fre-
quencies and MRD frequencies to investigate impact on patient outcome.
Methods: In 242 patients who achieved morphologic complete remission, both
LSC and MRD data after two cycles of chemotherapy treatment were available.
MRD-positivity was defined as a percentage of MRD-positive cells above 0.1%
(as compared to total amount of WBCs) and LSC-positivity was defined as a
CD34+CD38-LSC percentage above 0.0000% (LSC cut-off 0.0000%; thus no
CD34+CD38-LSC events measured).

Results: Cumulative incidence of relapse (CIR) and overall survival (OS) data
were investigated for four different MRD/LSC groups: 1. MRD"eg +L. SChedpa-
tients (n=136) 2. MRDPOs +L.SCNed patients (n=28) 3. MRD"€d +L.SCPoSpatients
(n=58) and 4. MRDPOs +L.SCPOs patients (n=20). Results showed that MRDPos
+LSCPospatients have the worst prognosis. 3-year CIR for the four above-
defined groups was 35% (SE 4), 43% (SE 9), 53% (SE 7), and 100% (SE 0),
respectively. Similar results were found for OS: 3-year OS was 66% (SE 4),
68% (SE 9), 53% (SE 8), and 100%, respectively, with 17 patients dead and 3
censored in the latter group. When investigating the impact of MRD/LSC status
in the good, intermediate, poor and very poor risk group (according to HOVON),
patient numbers were sometimes small; however, results show that MRDPos
+LSCPOSAML patients in all different risk categories have a very poor prognosis.
Moreover, multivariate analyses, containing all well known risk factors including
risk group and post remission treatment, showed that MRDPOs +LSCPOSpatients
have a significantly worse cumulative incidence of relapse (hazard ratio [HR]
5.89; 95% ClI 3.32-10.47) and overall survival (HR 3.62; 95% CIl 1.86-7.04) as
compared to the MRD"eg +L.SCneg patient group.

Summary/Conclusions: Overall, we conclude that our prospective results
show that CD34+CD38-LSC frequency has important additional value in MRD
assessment and that it especially enables to identify very poor risk patients in
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all different currently used risk categories. These data urge to include both
MRD and LSC in future AML risk classification to better inform post-remission
treatment.
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DEFINITION OF PARTIAL RESPONSE IN YOUNGER AML PATIENTS
AFTER FIRST INDUCTION COURSE MAY BE EXTENDED BY INCLUSION
OF IMMUNOPHENOTYPIC DETECTION OF MEASURABLE RESIDUAL
DISEASE IN CR
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Background: In AML response by morphology after a first cycle of induction
therapy is used to guide further therapy including second cycles of induction
and choice of consolidation. It is still uncertain how the quality of response
post cycle 1 with inclusion of MRD assessment impacts on outcomes within
AML risk subgroups including NPM1 wild type standard risk and whether this
adds information to MRD status in CR post cycle 2.

Aims: To quantify the effect of MRD positivity for response after each cycle of
induction therapy in younger patients with AML.

Methods: As part of the UK NCRIAML17 trial (ISRCTN: 55675535) for patients
with AML or high risk MDS up to the age of 60, prospective flow cytometric
MRD (MFC-MRD) monitoring was performed after each course of induction.
Any level of MRD detected was considered MRD+(sensitivity thresholds:
~0.02% by tracking diagnostic leukemic aberrant phenotypes /LAIP, ~0.05-
0.1% by “different-from normal” blast LAIP). Clinicians were not informed of
MFC-MRD results. Following their first cycle of induction with daunorubicin/ara-
C based therapy, patients were allocated a risk group by a validated score
(comprising cytogenetics, WBC, age, secondary disease, blast response to
cycle 1 and mutation status). Poor risk patients received intensified therapy in
cycle 2 with a view of proceeding to SCT.

Results: MFC-MRD results after either induction course are available for 1555
patients randomised from 4/09-12/14 (median age 51, range 0-73). Cycle 1
(C1) response data with MFC-MRD was available for 1,400 patients. 70%
achieved morphological CR at this time-point; 14% had resistant disease (RD)
and 16% were in partial remission (PR) according to clinician. Of patients in
CR (n=984) 56% had detectable MFC-MRD (MRD+). Excluding poor-risk
patients 14% of patients did not achieve CR (7% RD, 7% PR), 51% of patients
in CR were MRD+. 5 year OS for MRD- vs MRD+vs PR vs RD were 63% vs
44% vs 37% vs 25% for all patients; 69% vs 51% vs 50% vs 30% excluding
poor risk patients and 66% vs 49% vs 49% vs 30% for standard risk alone
(Figure 1). The similar OS in this group between CR MRD+and PR at C1 was
maintained in NPM1wt standard risk patients and if censored at stem cell trans-
plant. 771 patients were in CR post cycle 2 (C2) and provided MFC-MRD data.
As expected, there were significant differences in 5 year OS between CR MFC
MRD+vs CR MFC MRD- for all patients (35% vs 63%) and excluding poor-risk
(38% vs 70%, n=512). Importantly post cycle 2 MFC-MRD status also differ-
entiated OS for NPM 1wt standard risk patients with 5 year OS of 32% vs 64%
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(P=0.002) for MRD+vs MRD- (Figure 1). In stratified analyses, there was some
evidence that the effect of MRD positivity on OS was lower in poor-risk patients
(test for trend p=0.02 for both C1 and C2). The effect of MFC-MRD status on
relapse and OS appeared greater at C2 (relapse, OR 2.00(1.56- 2.55), p<0.001;
survival, OR 1.80(1.42-2.28) p<0.001) than C1 (relapse, OR 1.69(1.37- 2.07),
p<0.001; survival, OR 1.46(1.19-1.79) p<0.001). In patients with data for both
time points, C2 MRD remained significant on OS when adjusting for C1
response. 24 patients converted from C1 MRD- to C2 MRD+, with a poor prog-
nosis (15 relapses, 13 deaths). C1 MRD-/C2 MRD- had the best prognosis.

AML17: Overall Survival by course 1 status (Standard risk)
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Summary/Conclusions: MFC-MRD in CR post cycle 1 has similar outcomes
to partial remission in younger patients with AML, particularly in patients with
good and standard risk disease. Assessment of MFC-MRD post cycle 2
appears to provide additional discrimination to cycle 1: MFC-MRD in courses
1-2 may be useful in further stratifying standard risk patients.



New insights into chronic lymphocytic leukemia
biology
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CLINICAL IMPACT OF THE SUBCLONAL ARCHITECTURE AND
MUTATIONAL COMPLEXITY IN CHRONIC LYMPHOCYTIC LEUKEMIA

F. Nadeu’.2”, G. Clot!2, J. Delgado'2:3, D. Martin-Garcia’.2, T. Baumann3,
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Background: Recent studies have revealed the presence and prognostic
impact of small mutated subclones in chronic lymphocytic leukemia (CLL)
(Rossi et al 2014, Nadeu et al 2016, Rasi et al 2016). Although these studies
focused only on a small subset of 5 genes, their results opened a new per-
spective where the proportion of cells carrying each specific driver mutation
may be relevant to the evolution of this disease. Moreover, the subclonal and
mutational complexity estimated by the presence of subclonal driver alterations
(Landau et al 2013, Landau et al 2015) or the accumulation of driver alterations
(Puente et al 2015) have been proposed as promising indicators of clinical
behavior.

Aims: The goal of this study was to determine the relevance of the quantitative
subclonal architecture and mutational complexity in the evolution of CLL inte-
grating the deep sequencing analysis of a large panel of driver genes and DNA
copy number alterations (CNA).

Methods: The mutational status of 28 driver genes was investigated in 406 pre-
viously untreated CLL patients by targeted-deep next-generation sequencing
(NGS). Mutations present in less than 1% of tumor cells were identified. All low
frequency mutations were verified by allele-specific PCR or a second round of
NGS. CNA were analyzed by SNP-arrays. Alterations were classified as clonal if
their CCF was 285%, and subclonal otherwise. All patients gave informed con-
sent.

Results: Using a highly sensitive NGS strategy we observed that small subclonal
mutations were the sole alteration in 22% of the mutated cases, and were fre-
quently detected in nearly all investigated genes. We identified three gene-specific
patterns that linked the magnitude of the mutated clones (or mutated cancer cell
fraction, CCF) with the prognosis of the patients: i) CCF-independent pattern:
mutations at any CCF had prognostic value, ii) CCF-gradual pattern: the poor
prognostic impact was a continuous variable directly related to the size of the
clone, and iii) CCF-clonal pattern: only mutations with a CCF above a certain
threshold impacted the outcome of the patients. Combining mutations and driver
CNA, 86% of the patients carried at least one driver alteration, which was clonal
in 66%. On the other hand, subclonal driver alterations were present in 60% of
the patients. The mutational complexity (accumulation of 1 to 24 driver alterations),
but not the presence of subclonal driver populations, gradually shortened the
time to first treatment independently of the IGHV mutational status and Binet
stage. Conversely, the subclonal complexity, defined as the accumulation of driver
alterations with the presence of at least one driver subclone, predicted for a worse
overall survival independently of the IGHV and Binet stage. Patients with a pure
clonal population (presence of one or more driver alterations in all tumor cells)
had a similar overall survival than patients without any alteration.
Summary/Conclusions: Our study shows that the prognostic impact of differ-
ent driver mutations is related to the size of the mutated population. Therefore,
the clinical evaluation of gene mutations should consider the quantitative rep-
resentation of the mutations and not only their presence or absence. In addition,
the mutational complexity predicts for shorter time to first treatment independ-
ently of the IGHV and Binet stage, whereas the subclonal complexity confers
an independent adverse impact for overall survival. Altogether, the integration
of the subclonal architecture and mutational complexity in prognostic indexes
may improve the stratification of CLL patients.
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FBXW7 MUTATIONS LEAD TO ACCUMULATION OF NOTCH1, HIF1-ALPHA
AND C-MYC IN CLL CELLS

V. Meyer-Pannwitt’2", S. Estenfelder?, E. Tausch?, S. J. Kugler!?2,
M. Reichenzeller'2, S. Stilgenbauer2, D. Mertens':2

1Department of Molecular Genetics (B061), Cooperation Unit “Mechanisms of
Leukemogenesis”’, DKFZ, Heidelberg, 2Internal Medicine 1Il, Ulm University,
Ulm, Germany

Background: Chronic lymphocytic leukemia (CLL) is a heterogeneous disease
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with recurrent mutations that are of pathogenic and prognostic relevance. Muta-
tions in FBXW7 are among the most common mutations in CLL, yet their func-
tional consequences are unknown. FBXW?7 is an E3 ubiquitin ligase that ubig-
uitylates oncoproteins like NOTCH1, HIF1-a and c-MYC and thereby targets
them for proteasomal degradation.

Aims: 2.5-4% of CLL patients harbor FBXW?7 mutations. Approximately 60%
of FBXW?7 mutations alter arginine residues that are involved in substrate tar-
geting. In T-cell acute lymphoblastic leukemia these arginine mutations are
associated with chemotherapy resistance. In CLL however, the role of dysfunc-
tional FBXW? is unclear. We therefore aimed to delineate the prevalence of
FBXW?7 mutations in CLL patient cohorts and characterize its functional role.
Methods: FBXW?7 mutations were analyzed via amplicon-based targeted next
generation sequencing in primary CD19-sorted samples of previously untreated
CLL patients (n=905) as well as in CLL (n=8), MCL (n=5), T-ALL (n=2), Burkitt
lymphoma (n=1) and LCL cell lines (n=3). In silico modeling with PolyPhen-2
predicted a potential impact of the mutations on the structure and function of
FBXW?7. For functional analysis, FBXW7 mutations were induced using
CRISPR/Cas9 in the CLL cell line HG3, which does not harbor a NOTCH1
mutation. Both in this CRISPR/Cas9 mutated cell line and in primary CLL cells
with FBXW?7 mutations, the protein levels of FBXW?7 substrates were examined.
In addition, we quantified NOTCH1 and HIF 1-a activity with Luciferase reporter
assay in FBXW7 mutated HG3 cell lines.

Results: Heterozygous mutations in FBXW?7 were found in 41/905 (4.5%) of
CLL patients. The most common mutations of FBXW7 were missense mutations
(32/41) that target the substrate binding domain of the FBXW?7 protein as well
as non-sense mutations (4/41). Interestingly, 5 patients harbored two concurrent
FBXW?7 mutations. By the use of the PolyPhen-2 software, all except one mis-
sense mutation in FBXW?7 were predicted to be most likely damaging. No muta-
tions in FBXW?7 were found in the CLL, MCL and LCL cell lines analyzed. To
determine the functional consequence of FBXW?7 mutations in CLL, we induced
either a heterozygous or a homozygous truncation of FBXW?7 in the CLL cell
line HG3, resulting in the loss of the substrate binding site of the WD40 domain.
The homozygous truncation of FBXW?7 resulted in an increase of NOTCH1,
HIF1-a and c-MYC protein levels, whereas no difference of Cyclin E protein
amount was detectable. In addition, an elevation of NOTCH1 activity was found
in both the heterozygously and homozygously truncated mutant cell lines in
comparison to the wildtype HG3 cell line. To confirm this finding, protein levels
of 5 CLL patients with FBXW?7 mutations were analyzed with a similar outcome.
Summary/Conclusions: Mutations in FBXW?7 are frequently found in CLL,
especially missense and nonsense mutations affecting the WD40 domain. We
hypothesize that this has functional consequences on FBXW?7 substrate binding
and hence leads to accumulation of oncogenes. In line, the induced truncation
of the WD40 domain of FBXW?7 in the HG3 cell line resulted in the accumulation
of protein substrates and corresponding increase of their activity implicated in
the pathogenesis of CLL. Taken together our data show that FBXW?7 can target
proteins for degradation that are commonly dysregulated in CLL and that drive
disease progression.
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INTEGRATIVE ANALYSIS OF THE GENOME, EPIGENOME,
TRANSCRIPTOME AND THREE-DIMENSIONAL CHROMATIN STRUCTURE
IN CHRONIC LYMPHOCYTIC LEUKEMIA
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NCMLS, Nijmegen, Netherlands

Background: Different omics studies have focused on the analysis of individual
layers of information in chronic lymphocytic leukemia (CLL), such as the genome,
transcriptome and DNA methylome. However, besides the DNA methylome, other
layers of the epigenome, like histone modifications, remain relatively unexplored
and an integrative molecular portrait of CLL is not available yet.

Aims: The aim of this study was to extensively map and analyse the epigenome
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of CLL in relation to the mutational, transcriptional and three-dimensional (3D)
chromatin landscape.

Methods: Seven CLL patients with distinct clinico-pathological features and
five mature B-cell subpopulations were extensively analysed using (i) ChlP-
seq of six different histone marks with non-overlapping features (H3K27ac,
H3K4me1, H3K4me3, H3K9me3, H3K27me3 and H3K36me3); (ii) single
stranded RNA-seq; iii) transposase-accessible chromatin assays (ATAC-seq)
and iv) whole-genome bisulfite sequencing (WGBS), creating a unique refer-
ence epigenome for CLL. These data were complemented with the 3D chro-
matin landscape in one CLL case measured by high-throughput chromatin con-
formation capture (HiC-seq) and promoter capture Hi-C (PCHi-C). Furthermore,
we mapped the active chromatin landscape of 100 CLL patients by H3K27ac
ChIP-seq and ATAC-seq. Whole-genome sequencing data was available for
44 of these patients. We applied a broad range of bioinformatic tools to analyze
the data in an integrative way.

Results: CLL is distinct from normal B cells for all layers of the reference
epigenome (7 CLLs) and the active chromatin landscape (100 CLLs). CLL
though is closer to naive and memory B cells than to germinal center B cells
and plasma cells. Interestingly, in CLL we not only saw activation of regions
that are active in naive and memory B cells, but also an unexpected activation
of genomic regions that are specifically active in germinal center B cells and
plasma cells. Changes in activation in these and other regions could further-
more distinguish the two major clinical subgroups of CLL with unmutated and
mutated immunoglobulin heavy chains (IGVH). CLLs did not only differ from
normal B cells regarding the separate layers of information, but also using
combined patterns of histone marks, which for example can define regulatory
elements as active promoters (H3K4me3 and H3K27ac) or active enhancers
(H3K27ac and H3K4me1). More specifically, we detected 534 genomic regions
with de novo gain (n=498) or loss (n=36) of active regulatory regions in CLL.
Large regions (>10kb) showing de novo gain of regulatory elements in CLL
(n=51), were located into, close to, or interacted in 3D space with genes impor-
tant for CLL pathogenesis, e.g., LEF1, BCL2 and FMOD. Interestingly, non-
coding somatic mutations in IGVH mutated CLLs accumulate in these and
other active regulatory regions, likely being off-target effects of the somatic
hypermutation machinery. Besides changes in regulatory elements, we
observed that CLLs lose poised promoters, which are replaced by
repressed/inactive regions. This change, mainly occurring in developmental
genes, does not affect gene expression levels, as these genes are already
silent in normal B cells. It may however represent loss of plasticity during CLL
pathogenesis in which these genes become permanently inactive.
Summary/Conclusions: With this integrative study, we generated new con-
ceptual avenues to understand the complex link among the epigenetic, muta-
tional, transcriptional and 3D chromatin landscape in CLL. In addition we pro-
vide the community with an extensive resource of epigenetic information of
this lymphoid neoplasm.
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THERAPEUTIC DISRUPTION OF THE BAFF- B-CELL RECEPTOR CROSS-
TALK IN CHRONIC LYMPHOCYTIC LEUKEMIA CELLS

C. Paiva’, T. Rowland?, B. Sreekantham?, O. Danilova®, A. Danilov!"
10regon Health and Science University, Portland, United States

Background: Although small molecule inhibitors of BCR-associated kinases
(BCRIi) revolutionized therapy in CLL, they provide incomplete responses.
Tumor necrosis factor receptor superfamily ligands BAFF and APRIL induce
NFkB, which in turn upregulates pro-survival Bcl-2 family proteins and thereby
drives anti-apoptotic responses, potentially accounting for resistance to BCRI.
The exact roles of the individual NFkB pathways, as well as the implications of
targeting BCR in context of BAFF signaling in CLL remain understudied.
Aims: We explored the mechanistic underpinnings of CLL cell survival in
response to BAFF signaling.

Methods: We established a novel BAFF-expressing stromal co-culture model
and employed inhibitors of Bruton tyrosine kinase (BTK, ibrutinib), phospho-
inositide-3 kinase (PI3K, idelalisib) and spleen tyrosine kinase (SYK, entosple-
tinib). We quantified CLL cell apoptosis, migration, NFkB activity, protein and
mRNA expression by flow cytometry, immunoblotting, ELISA, RT-PCR and
immunocytochemistry.

Results: CLL cells co-cultured with BAFF-expressing stroma were resistant
to spontaneous apoptosis (12.3+3.2% after 24 h, vs 34.8+6.2% off stroma)
and chemotherapy agents (bendamustine, fludarabine). Gene expression
profiling exposed the NFkB pathway gene targets as the most significantly
upregulated upon BAFF stimulation (p<0.0001). We and others have shown
that CD40L-expressing stroma induces canonical and non-canonical NFkB
in CLL. By contrast, while BAFF led to strong activation of the non-canonical
NFkB with processing of p100 (to p52) by 4 h and a 5-fold increase in p52
DNA-binding activity by 24 h, canonical NFkB (RelA) activation was less pro-
nounced. BAFF predominantly induced Mcl-1, compared to CD40L which
strongly upregulated Bcl-X. BCR is a major driver of canonical NFkB signaling
in CLL. Thus, we studied whether BAFF co-opted BCR signaling in CLL.
BAFF induced rapid (15 min) phosphorylation of the proximal BCR kinases
SYKand LYN, sustained for up to 4 h, as well as ERK, in CLL cells. AKT acti-
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vation occurred late (>2 h), suggesting that BAFF induced AKT independent
of BCR. BAFF-mediated BCR activation did not correlate with /IGHV muta-
tional status. Like IgM, BAFF induced CLL cell chemotaxis. SYK inhibition
effectively antagonized survival and chemotaxis of BAFF-stimulated CLL
cells. By contrast, targeting BTK or PI3K was less effective. All BCRi’s fully
blocked canonical NFkB activation in BAFF-stimulated CLL cells (suggesting
its dependence on BCR signaling), but none inhibited the non-canonical path-
way. By contrast, pevonedistat, an inhibitor of Nedd8-activating enzyme which
we have previously shown to abrogate TNFR-mediated NFkB activation,
blocked both canonical and non-canonical NFkB activity in BAFF-simulated
CLL cells. SYK inhibitor entospletinib, but not other BCRi’s, decreased Mcl-
1 expression in CLL cells co-cultured with BAFF-expressing stroma and abro-
gated BAFF-mediated upregulation of pSTAT3, a transcription factor which
regulates Mcl-1. This was accompanied by a decrease in Mcl-1 transcript.
BAFF receptor signals via the TRAF complex to induce non-canonical NFkB
activation in neoplastic B-cells. We supposed that TRAF complex could be
directly responsible for SYK activation by BAFF. Indeed, IP experiments
demonstrated that SYK directly complexed with TRAF2/3 in BAFF-stimulated
neoplastic B-cells.

Summary/Conclusions: Thus, BAFF-mediated induction of BCR-associated
kinases and Mcl-1 contributes to CLL cell survival. SYK inhibition is a promising
therapeutic strategy uniquely poised to antagonize crosstalk between BAFF and
BCR, thereby disrupting the pro-survival microenvironment signaling in CLL.
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LOW MYBL2 EXPRESSION OBSERVED IN MYELODYSPLASTIC SYN-
DROME PATIENTS WITH WORSE PROGNOSIS IS ASSOCIATED WITH
ALTERED DNA REPAIR MECHANISMS IN HAEMATOPOETIC STEM CELLS
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E. Petermann’, P. Garcia®l"
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Background: MYBL2 is a transcription factor with roles in the cell cycle and
genome integrity. MYBL2 is located on chromosome 20, within a region com-
monly deleted in human blood disorders (del20q). Our published data shows
that reduced levels of MYBL2 predispose to development of myelodysplastic
syndrome (MDS)-like disease in mouse models during ageing, indicating that
MYBL2 could be acting as a tumour suppressor gene within del20g abnormality.
Moreover, our previous work demonstrated that regardless of del20q deletion,
MYBL2 expression is reduced in CD34*bone marrow cells from MDS patients
with worse prognosis. Because it has been shown that the cell of origin of MDS
is the haematopoietic stem cell (HSC) and given the role of MYBL2 in DNA
replication fork progression and maintenance of genome integrity, we hypoth-
esised that low MYBL2 levels in HSC could contribute to elevated somatic
mutations through changes in DNA repair pathways and drive disease devel-
opment.

Aims: The aim of this study was to determine if low MYBL2 levels affect the
double strand break (DSB) DNA repair damage response in HSC.

Methods: In this study we used our mouse model in which animals express
~50% normal levels of MYBL2 (Mybl2+/A). We characterised the ability of HSCs
from young (7 weeks) and old (70 weeks) animals to respond to in vivo ionising
radiation (2Gy) in terms of proliferation, apoptosis and colony forming ability.
We measured the activation of the two main DNA repair pathways operating in
the cells to deal with DSB: the error prone non-homologous-end-joining (NHEJ)
and the error-free homologous recombination (HR) by assessing 53BP1 and
Rad51 recruitment by immunofluorescence, respectively. Finally, we analysed
the frequency of chromosome abnormalities present in the progeny of Myb/2+/A
HSC that have previously been irradiated to determine the long term effects of
changes in DNA repair.

Results: We observed that Myb/2*/A HSCs had limited proliferative potential
and displayed an increased sensitivity to ionizing radiation which increased
during ageing. Mybl2*/A HSCs also displayed altered kinetics of 53BP1 and
Rad51 recruitment and clearance, including retention of 53BP1 foci at later
time points following irradiation and decreased levels of Rad51 foci when com-
pared to Mybl2++HSCs. Using plasmid functional assays, we showed that
Mybl2*/A HSCs repair quite efficiently by NHEJ, but this efficiency is disrupted
when cells are challenged with ionising radiation. Furthermore, Mybl2*/A HSCs
have increased sensitivity to inhibition of DNA-PKC (required for NHEJ) but
not ATM (required by HR). We also observed that after ionizing irradiation
Mybi2*/A HSCs progeny displayed an increased percentage of chromatids with
fragile telomeres. Moreover, by making use of publically available RNA-seq
datasets from MDS patients, we have identified a clear association between
low MYBL2 levels and low expression of DNA-repair genes in patients with
worse prognosis.

Summary/Conclusions: In summary, we have shown that decreased expres-
sion of MYBL2 leads to an imbalance in the DSB DNA-repair pathway choice,
ultimately resulting in increased genomic instability of the blood cell progeny.
These findings are supported by a signature of deregulated DNA-repair genes
which strongly associates with low MYBL2 levels in MDS patient samples, pro-
viding a mechanistic understanding for the progression of blood disorders occur-
ring during ageing. This study demonstrates a novel role for MYBL2 in DSB
repair in HSCs and suggests that low levels of MYBL2 in human MDS could
contribute to the emergence of further genetic abnormalities by deregulation of
DNA-repair pathways.
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Background: Clinical heterogeneity of myelodysplastic syndromes (MDS) and
related myeloid neoplasms reflects molecular diversity. Most common genetic
associations with distinct clinical or pathomorphologic phenotypes have been
already reported, but many other common somatic lesions exist and their clinical
context still remains elusive. AT rich interactive domain 2 (ARID2), which is
located on chromosome 12q, encodes a component of the SWI/SNF complex
that is involved in chromatin remodeling. In recent years multiple groups detect-
ed ARID2 mutations in a variety of solid tumors.

Aims: Here, we present whole exome sequencing-guided identification of novel
ARID2 mutations in myeloid neoplasms. Specifically, in addition to copy number
analysis and deep targeted and exome sequencing, here we include RNA
sequencing and splicing analyses of the roles of spliceosomal mutations in
ARID2 missplicing and gene expression.

Methods: Bone marrow aspirates or blood samples were collected from 1,473
patients with MDS (n=455), myelodysplastic/myeloproliferative neoplasms
(MDS/MPN) (n=201), myeloproliferative neoplasms (MPN) (n=56), sAML
(n=221), and primary acute myeloid leukemia (pAML) (n=540) at the Cleveland
Clinic and The University of Tokyo; the registered data at The Cancer Genome
Atlas were also included. Diagnoses were classified using World Health Organ-
ization criteria. Informed consent for sample collection was obtained according
to a protocol approved by each Institutional Review Board in accordance with
the Declaration of Helsinki.

Results: By comprehensive genetic investigation of these cases, we characterized
here cases (10%) in which decreased expression of ARID2 mediated their clinical
effects in MDS and other myeloid neoplasms via multiple kinds of genetic lesions.
We showed that insufficient ARID2 expression mainly in MDS arose from ARID2
mutations, deletions, and missplicing due to U2AF1 mutations that yielded defec-
tive ARID2 transcripts. Clonal architecture analyses showed that ARID2 mutations
and deletions occurred as initial events of MDS or myelodysplastic/myeloprolifer-
ative neoplasms, and not during progression to acute myeloid leukemia. Morpho-
logically, progressive maturation in myeloid and erythroid lineages and hypolobated
megakaryocytes (indicated by arrow heads in Figure 1) were common in cases
with ARID2 mutations and deletions, and were also found in cases with U2AF1
mutations. Functionally, we utilized in vitro knockdown models of ARID2 expression
in hematopoietic cell lines and bone marrow mononuclear cells. Since no homozy-
gous deletion or mutation of ARID2 was identified, we transduced shRNA in neo-
plastic and healthy hematopoietic cells to obtain disease models with partial reduc-
tion of ARID2 expression. Two myeloid cell lines (HL60 and K562) in which ARID2
expression was knocked down showed significantly lower cell counts compared
to those with normal ARID2 expression, compatible with more apoptotic cells in
knockdown experiments. Flow cytometric analysis of the cell lines with reduced
ARID2 expression revealed increased cell-surface maturation markers, CD11b
and glycophorin A (GPA), suggesting that reduced expression of ARID2 resulted
in more differentiation in myeloid and erythroid lineages. Knockdown of ARID2
failed to reduce colony formation in bone marrow mononuclear cells. These results
indicate that reduced ARID2 expression might induce more differentiation in
myeloid/erythroid lineages and more apoptosis to reduce cell populations without
reduction of proliferation capacity in hematopoietic progenitor cells. Finally, we
examined morphological findings associated with knockdown ARID2 expression.
Compared to control cells, K562 cells with reduced ARID2 expression formed
more hypolobated megakaryocytes, which confirmed morphological findings seen
in ARID2 and U2AF1 defects.

. . jaed

ARID2

Figure 1.

Summary/Conclusions: ARID2 is a MDS-suppressor gene whose expression
is attenuated by multiple mechanisms as it shapes the distinct morphological
phenotype of a subset of myelodysplasia.
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THE VALUE OF NGS PANEL SEQUENCING TO MOLECULARLY DEFINE
MYELOID MALIGNANCIES AND CLARIFY BORDERLINE CASES: A
STUDY ON 39 GENES IN 1143 PATIENTS

C. Baer!”, K. Perglerova?, W. Kern', C. Haferlach®, T. Haferlach’

TMLL Munich Leukemia Laboratory, Munich, Germany, 2MLL2 s.r.0., Prague,
Czech Republic

Background: The 2016 revision of the WHO classification for myeloid malig-
nancies includes numerous molecular markers for classification and prognos-
tication. Next generation sequencing allows analyzing relevant genes in one
panel.

Aims: Exploit clinical usefulness of panel sequencing in routine diagnostics in
order to describe genetic changes and use respective patterns in cases with
undefinitive morphology.

Methods: According to WHO 2016, 1143 patients were morphologically cate-
gorized as AML (n=261), MDS (n=176), MPN (n=19), CMML (n=51) or
AML/MDS (n=21) and MDS/MPN overlap (n=28). Patients, who did not fulfill
all characteristic criteria or had insufficient sample quality, were classified as
“possible” AML (n=28), MDS (n=211), MPN (n=5), CMML (n=14) and as reactive
(n=193) or unclear (n=136). DNA was isolated from BM (n=958) or PB (n=185)
for NextSeq or MiSeq sequencing after TruSeq library preparation (all lllumina,
San Diego, CA). Data was analyzed with SeqNext 4.3 (JSI Medical Systems,
Kippenheim, Germany). FLT3-ITD and KMT2A-PTD data was obtained accord-
ing to standard protocols.

Results: Analyzing 39 genes, we found 21 molecular change in 90% of patients
(500/556) with a definite morphologic diagnosis (median: 2 genes; max: 7).
In de novo AML, 212/229 (93%) patients showed =1 molecular hit, of which
211 (92%) had aberrations that define WHO categories or have prognostic
(according to ELN/MRC) or predictive value. More than one mutation was found
in 166/229 patients (72%), including information of adverse impact (e.g. of 68
NPM?1 positive patients, 17 had DNMT3A mutations and 20 FLT3-ITD). Fol-
lowing NPM1, RUNX1 was the second most frequently mutated gene (46/225;
20%) and mutations were significantly more common in patients with 23 aber-
rations (38/104; 37% vs 8/96; 8%; p<0.001). A similar RUNX1 pattern was
found in s-AML and t-AML. In the cohort of “possible AML” (including MDS
overlap), 45/48 (94%) patients had 21 hit. Most frequently mutated were ASXL1
(16/48; 33%), TET2 (32%; 14/44) and SRSF2 (29%; 14/48); 16% had all three
mutated. This combination is also the most frequent three-way interaction in
CMML (10/44; 23%). In MDS, 124/157 (79%) cases showed mutations, of
which 108 had 21 prognostic change (according to Bejar, 2015). The prognos-
tically favorable SF3B1 mutation was presentin 31/157 (20%) and significantly
enriched among cases with ring sideroblasts (p<0.001). Overall, TET2 showed
the highest mutation rate (25%) and was also the most commonly mutated
gene in cases with “possible” MDS (36/190; 19%), reactive morphologic
changes (17/201; 8%) or even unclear morphology (19/116; 17%). Of these
three subsets, five patients had only the TET2 mutation with <10% burden,
which is observed in clonal hematopoiesis of indeterminate potential (CHIP),
too. However, using panel sequencing in cases with possible MDS, unclear or
reactive morphology revealed at least one molecular marker for clonal disease
in47% (91/199), 36% (43/118) or 17% (36/211) of cases, respectively (exclud-
ing sole ASXL1, DNMT3A, TET2 mutations with <10% burden).
Summary/Conclusions: WHO 2016 requires information on numerous genes
for diagnosis, prognosis and therapeutic decisions. This challenges conven-
tional laboratory approaches and suggests panel sequencing. We demonstrate
the feasibility in routine settings for a broad spectrum of myeloid malignancies
and identify 1) relevant patterns and mutation interactions; 2) genetic aberra-
tions supporting diagnosis for samples with borderline morphology or poor
quality and 3) patient-specific clonality useful for follow-up.
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IDENTIFICATION OF ABERRANTLY SPLICED GENES AND DEREGULATED
PATHWAYS/GENE ONTOLOGY THEMES IN MYELODYSPLASTIC
SYNDROME PATIENTS WITH SPLICING FACTOR GENE MUTATIONS

A. Pellagatti’”, V. Steeples’, E. SharmaZ?, E. Repapi3, A. Radujkovic4, P. Horn4,
R.N. Armstrong?, H. Dolatshad?, S. Roy!, H. Lockstone?, S. Taylor3,
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United States, 9Department of Haematology, Royal Bournemouth Hospital,
Bournemouth, United Kingdom, 19Fondazione IRCCS Policlinico San Matteo,
University of Pavia, Pavia, Italy, 11Structural and Computational Biology Unit,
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ter for Hematology and Regenerative Medicine, Karolinska University Hospital
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Background: The myelodysplastic syndromes (MDS) are disorders of the
hematopoietic stem cell (HSC) and patients suffer from anemia and other
cytopenias and show increasing bone marrow blasts over time. Mutations in
spliceosomal genes (including SF3B1, SRSF2 and U2AF1) occur in >50% of
MDS patients.

Aims: We aimed to identify the deregulated pathways and gene ontology (GO)
categories associated with aberrantly spliced genes in CD34+cells and in dif-
ferentiated cells of MDS-affected lineages isolated from the bone marrow of
MDS patients harboring spliceosome mutations.

Methods: Transcriptome data were generated using RNA sequencing (RNA-
seq) and splicing factor mutant cases were compared to wildtype cases and to
healthy controls. Aberrant (including cryptic) splicing events were identified
using rMATS. Deregulated pathways and GO themes were identified using
Ingenuity Pathway Analysis and GOseq.

Results: RNA-Seq was performed on CD34+cells obtained from the bone mar-
row of 91 MDS patients (including 28, 8 and 6 cases with SF3B1, SRSF2 or
U2AF1 mutations, respectively) and 8 healthy controls. The aberrant splicing
events associated with each mutated splicing factor tended to affect different
sets of genes, although some overlap was observed. GO analysis of the aber-
rantly spliced genes associated with SF3B1, SRSF2 or U2AF1 mutations
showed a marked convergence of significantly enriched ontology themes: 26
of the top 30 most significant GO categories, including ‘RNA splicing’ and ‘trans-
lation’, in the comparison of mutant cases for each splicing factor gene to
healthy controls (18 of 30 in the comparison to wildtype cases) were common
to all three mutated splicing factor genes. Pathway analysis revealed deregu-
lated pathways (e.g. ‘oxidative phosphorylation’ and ‘mitochondrial dysfunction’)
that were common to more than one mutated gene (i.e. SF3B1 and SRSF2),
and pathways specific for one mutated splicing factor gene (e.g. ‘protein ubig-
uitination” in SF3B1 mutant cases). An analysis of upstream transcriptional reg-
ulators showed a significant overlap between the aberrantly spliced genes
associated with each mutant splicing factor gene (in the comparison to both
wildtype cases and to healthy controls) and genes regulated by several tran-
scription factors, including E2F1. RNA-Seq was also performed on CD34+cells
and on differentiated erythroid, granulocytic and monocytic cell populations
isolated from the bone marrow of each of 7 SF3B71 mutant MDS cases, 7 wild-
type cases and 5 healthy controls, in order to explore similarities/differences
between aberrantly spliced genes and deregulated pathways and GO themes
in cells of different lineages. There were many aberrantly spliced genes in one
cell population that did not overlap with aberrantly spliced genes in other pop-
ulations. A small proportion (i.e. <56%) of aberrantly spliced genes were common
to all four cell populations. GO analysis of the aberrantly spliced genes identified
showed that 6 of the top 30 most significant categories (including ‘RNA binding’
and ‘translation’) in the comparison of SF3B1 mutant cases to healthy controls
(4 of 30 in the comparison to wildtype cases) were common to all four cell pop-
ulations studied. Pathway analysis revealed that several pathways were dereg-
ulated in specific cell populations (e.g. ‘mTOR signaling’ in erythroid cells), and
some pathways (e.g. ‘EIF2 signaling’, involved in protein synthesis initiation)
were deregulated in all four cell populations studied.
Summary/Conclusions: Our study has identified aberrantly spliced genes
and deregulated pathways associated with spliceosome mutations in the HSCs
and the major cell lineages affected in MDS, providing new insights into how
these mutations impact cellular processes in this disorder.
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TRANSCRIPTOME SEQUENCING REVEALS DISTINCT SUBTYPES OF
MYELODYSPLASIA WITH PROGNOSTIC SIGNIFICANCE
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Background: Myelodysplastic syndromes (MDS) and related myeloid disor-
ders (“myelodysplasia”) are a heterogeneous group of clonal hematopoietic
disorders with a highly variable clinical outcome.

Aims: The purpose of this study was to establish a novel gene expression-
based classification of myelodysplasia for better prognostication.



Methods: We performed transcriptome sequencing of bone marrow mononu-
clear cells (BMMNCs) and/or CD34+cells obtained from patients with myelodys-
plasia. Consensus clustering was used to identify stable patient clusters. A
classifier of the gene expression-based subgroups was constructed using the
100 CD34+cell samples as a training set, followed by validation in an inde-
pendent cohort of 183 MDS patients. Another classifier was constructed using
BMMNC samples from 51 patients, who had been assigned to the subgroups
by the gene expression data of their CD34+cells. Prognostic significance of
the model was tested in 114 patients of myelodysplasia.

Results: Unsupervised clustering of gene expression data of bone marrow
CD34+cells from 100 patients identified two subgroups (Class-I and Class-Il).
The patients in the Class-Il subgroup had higher percentages of bone marrow
blasts compared to those in the Class-I subgroup (median 2% vs 11%, P
<0.001). Pathway analysis revealed up-regulation of many signaling pathways
in the Class-Il subgroup. The Class-I subtype showed highly significant up-reg-
ulation of the genes related to erythroid lineages. The erythroid signature was
rather suppressed in the Class-Il subtype, which was characterized by
increased expression of genes related to progenitor cells. Compared to the
Class-I subtype, the Class-II subtype was associated with a significantly shorter
survival in both univariate (hazard ratio [HR] 5.0 [95% CI, 1.8—14], P <0.001)
and multivariate analysis (HR 6.8 [95% ClI, 1.5-32], P=0.015). High frequency
of leukemic transformation in the Class-Il subgroup (38%) contrasted to no
leukemic transformation in the Class-I subgroup. The prognostic significance
of our classification was validated in an independent cohort of 183 patients.
We also constructed a model to predict the subgroups using gene expression
profiles of BMMNCs. The model was applied to 114 patients with BMMNC sam-
ples, of whom 47 (41%) were predicted to be the Class-II subgroup. Compared
to the predicted Class-I subgroup, the Class-Il subgroup was associated with
a significantly shorter survival in univariate analysis (HR 7.2 [95% ClI, 3.0-17],
P <0.001). Again, association was more pronounced for leukemic transforma-
tion (HR 18 [95% CI, 4.2-80], P <0.001) than for overall survival. Multivariate
analysis also demonstrated that the predicted Class-Il subgroup was independ-
ently associated with leukemic transformation (HR 7.3 [95% CI, 1.3—41],
P=0.024). Finally, we compared the prognostic value of our model with that of
the LSC17 score, which has recently been proposed to predict a subset of poor
risk acute myeloid leukemia based on the expression of 17 genes related to a
leukemic stem cell signature. Our model outperformed the LSC17 score in pre-
dicting clinical outcomes of myelodysplasia, especially leukemia progression.
The Class-II signature was shown to be more dramatically up-regulated during
clonal evolution of myelodysplasia than the LSC17 score, which might be the
basis of a better prediction of leukemia progression in our model.
Summary/Conclusions: Comprehensive transcriptomic analysis identified two
subgroups of myelodysplasia with biological and clinical relevance, which could
improve risk prediction and treatment stratification of myelodysplasia.

Madrid, Spain, June 22 - 25, 2017
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GENETIC ALTERATIONS INVOLVING PROGRAMMED DEATH LIGANDS
IN EPSTEIN-BARR VIRUS-ASSOCIATED LYMPHOMAS
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Background: Checkpoint blockade using anti-PD-1/PD-L1 antibodies is a high-
ly promising therapy for cancer, frequently showing dramatic anti-tumor
responses in a wide variety of tumor types. Particularly, an exceptional response
to anti-PD-1 antibodies has been demonstrated for classical Hodgkin lymphoma
(HL), which is characterized by frequent copy number gains/amplifications
involving PD-L1 and/or PD-L2, suggesting a close link between PD-L1/PD-L2
genetic alterations and the therapeutic response to these agents. Recently, we
have reported frequent structural variations (SVs) in adult T-cell leukemia/lym-
phoma (ATL) caused by human T-cell leukemia virus type-1 (HTLV-1). These
SVs invariably affect 3'-untranslated region (UTR) of PD-L1, leading to promi-
nent PD-L1 overexpression. Providing that viral antigens induce potent cellular
immunity to virally infected cells, we hypothesized that a deregulated PD-1/PD-
L1 axis might play a critical role in evasion from anti-viral immunity before these
cells are clonally selected for neoplastic proliferation.

Aims: Epstein-Barr virus is a DNA tumor virus closely associated with various
human cancers, including B- and natural killer (NK)/T-cell lymphomas, in which
genetic alterations involving PD-L1/PD-L2 may also be relevant to cancer evo-
lution. In this study, to assess this hypothesis, we interrogated a variety of lym-
phomas for genetic abnormalities affecting PD-L1 and PD-L2, especially focus-
ing on EBV-associated lymphomas.

Methods: SVs and other genetic lesions affecting PD-L1 and PD-L2 were ana-
lyzed using targeted-capture sequencing with cRNA baits designed for captur-
ing the entire sequences of PD-L1 and PD-L2 genes, including exons, introns,
and 5'- and 3"-UTRs. More than 400 samples were analyzed obtained from dif-
ferent subtypes of non-Hodgkin lymphomas, including EBV-associated lym-
phomas, such as EBV-positive diffuse large B-cell lymphoma (DLBCL) and
NK/T-cell malignancies.

Results: SVs and/or focal copy number gains involving PD ligands were suc-
cessfully detected in various B-cell and T/NK-cell lymphomas, albeit at generally
low frequencies (<10%). These lesions were the most frequently observed in
PMBCL, accounting for more than 60% of the cases. Of note, high frequency
(17-57%) of PD-L1/PD-L2-involving abnormalities were observed in mature
NK/T-cell neoplasms, including extranodal NK/T-cell lymphoma, aggressive NK
cell leukemia, and EBV-positive T-cell lymphoproliferative disorder, all of which
were positive for EBV. Moreover, a substantial proportion (22%) of EBV-positive
DLBCL cases possessed these lesions, whereas EBV-negative cases rarely
exhibited these alterations (2%, P<0.01). For both PD-L1 and PD-L2 SVs,
despite a large diversity of SV type (deletions, inversions, tandem duplications,
and translocations), most of SVs resulted in 3'-UTR truncation, while the
replacement of PD-L1 or PD-L2 promoter with an ectopic regulatory element
was rarely observed. Interestingly, PD-L1 SVs were detected in both B- and T-
cell lymphomas, whereas PD-L2 SVs were found exclusively in B-cell lym-
phomas.

Summary/Conclusions: We delineate the entire picture of genetic alterations
involving PD ligands, and confirm the close association between these lesions
and EBV-associated lymphomas. Our finding help to understand their patho-
genesis and develop a new diagnostic strategy to identify patients who poten-
tially benefit from PD-1/PD-L1 blockade therapy in non-Hodgkin lymphomas.
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FOXO1 CONTROL CD20 EXPRESSION AND INFLUENCE B-CELL
LYMPHOMA RESPONSE TO RITUXIMAB-BASED IMMUNOTHERAPY
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Background: Recurrent somatic mutations of N-terminal region of FOXO1,

haematologica | 2017; 102(s2) | 13



22nd Congress of the European Hematology Association

shown previously to increase FOXO1 nuclear localization and activity, have
been linked to diminished survival in DLBCL patients uniformly treated with rit-
uximab-based immunotherapy. Although the contribution of FOXO1 mutations
to the therapeutic resistance of B-NHLs becomes apparent, the molecular
mechanism underlying this phenomenon has not been explained so far. The
diminished levels of CD20 on the cell surface of tumor cells are among several
potential mechanisms underlying the resistance to treatment with anti-CD20
monoclonal antibodies.

Aims: We have recently reported that the tonic BCR signaling activates
FOXO1, and that inhibitors of the downstream BCR signaling pathways down-
regulate CD20 expression. Therefore, here we sought to determine whether
FOXO1 might regulate the abundance of CD20 on the surface of tumor cells
thus influencing the response to rituximab-based therapies.

Methods: We used CRISPR/Cas9 genome editing technology and lentiviral
transduction to study the role of FOXO1 protein in CD20 regulation. gRT-PCR
and Dual Luciferase Assays was done to determine the influence of FoXO1 on
CD20 transcription. To get insight into molecular interaction between FOXO1
and CD20 promoter we performed EMSA and ChIP experiments. For animal
studies we used SCID Fox Chase mice model. All in vivo experiments were
carried out at the animal facility of The Francis Crick Institute in accordance
with the guidelines and were approved by the Ethics Committee.

Results: To determine the potential role of FOXO1 protein in CD20 regulation,
we disrupted FOXO1 locus using the CRISPR/Cas9 genome editing technology
in Raji cells. In in vitro complement-dependent cytotoxicity assay we show that
ablation of FOXO1 results in upregulation of CD20 levels and improvement of
rituximab efficacy. To see whether FOXO1-dependent up-regulation of CD20
translates into improved antitumor efficacy of rituximab in vivo we have used
SCID Fox Chase mice model. We found that mice treated with systemic ritux-
imab survived longer when inoculated with sgFOXO1-transduced Raji cells as
compared with mice inoculated with control Raji cells. Consistently, using clin-
ically tested PI3K-AKT inhibitors - MK-2206 and GDC-0068 — in a set of CLL
primary samples we show that also pharmaceutical inhibition of FOXO1 activity
upregulated surface CD20 levels. Moreover, we demonstrated that FOXO1
regulate the CD20 promoter activity. In different B-cell lymphoma cell lines MK-
2206 and GDC-0068 significantly downregulated the levels of MS4A1 transcript
(encoding CD20). Finally, using both EMSA and ChIP assays we detected spe-
cific binding of FOXO1 to the MS4A1 promoter to the extent comparable to
other known FOXO1 target genes.

Summary/Conclusions: Collectively, our results indicate that FOXO1 is strong
negative regulator of CD20 expression and add new insights into the mecha-
nisms underlying the contribution of FOXO1 mutations to the resistance of B-
NHLs to R-CHOP therapy. In light of current knowledge and our observations
presented in this study, FOXO1 inhibition represents a novel strategy to
increase the efficacy of anti-CD20 monoclonal antibodies.
Acknowledgements: Abstract supported by national grants: NCN, Poland, proj-
ects no: 2013/11/B/NZ5/03240 (BP) and 2015/18/E/NZ6/00702 (MW); MNiSW,
Poland, project no: DI2014007344 (NM)) and European Comission (Horizon
2020, project no: 692180-STREAM-H2020-TWINN-2015, CSA action (JG).
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B-CELL LYMPHOMAS
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Background: Metabolic rewiring is a cancer hallmark. These metabolic
changes can be secondary to a broader oncogenic-driven deregulation (e.g.,
MYC), or they may be more specific and result from mutations in enzymes
(e.g., IDH1 and IDH2) that directly control energy flux in the cell. Mutant IDH
acquires a neomorphic activity and aberrantly generates high levels of D2-
hydroxyglutarate (D2-HG), a natural metabolite with marked structural similarity
to alpha-ketoglutarate (a-KG). D2-HG functions as an oncometabolite by com-
petitively inhibiting the activity of multiple a-KG-dependent dioxygenases,
including TET DNA hydroxylases and JmJC HDMs. The role of a D2-HG/a-KG
metabolic imbalance in cancer was expanded by our recent discovery of somat-
ic loss-of-function mutations in D2HGDH in diffuse large B cell lymphomas
(DLBCL) (Nat Commun. 2015 Jul 16; 6:7768). D2HGDH catalyzes the conver-
sion of D2-HG into a-KG, and D2HGDH -mutant DLBCLs display deficiency of
a-KG with attending impaired dioxygenase function. Together, these data sug-
gest that while D2-HG is an oncometabolite, a-KG may function as tumor sup-
pressive metabolite.

Aims: To explore the concept that a-KG has tumor suppressor activities, and
to characterize the signaling nodes that mediate the anti-lymphoma activity of
this intermediated metabolite.

Methods: We utilized a panel of 14 well-characterized DLBCL cell lines to test
the growth suppressive activity of cell-permeable synthetic a-KG derivative,
dimethyl-a-KG (DM-KG), using cell proliferation and apoptosis assays. The
cell line data was expanded to primary mature B cell tumors as well as normal
B cells. These in vitro assays were complemented by xenografts models of
human DLBCL. Functional studies were performed in cell lines and primary
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tumors, and included the enzymatic quantification of ATP synthase activity, the
effects of a-KG on cellular ATP levels, the measurement of AMPK activity and
of the mTORC1 kinase.

Results: The cell-permeable DM-KG induced a marked dose-dependent
growth suppression in a panel of DLBCL cell lines that encompasses the molec-
ular heterogeneity of this disease (ABC, n=5, GCB, n=5 and OxPhos, n=4). In
most instances, the growth inhibition exceeded 80% of vehicle control exposed
cells and it could be detected as early as 24h and reached its peak at 72-96h
post-exposure (Figure 1A). In all cell lines examined, induction of apoptosis
accounted for most of the anti-lymphoma effects of DM-KG. There was no
clear segregation between the DLBLC molecular subtype and DM-KG-induced
growth inhibition (e.g., the ABC cell lines Ly10 and Ly3 were the most sensitive
and most resistant, respectively, Figure 1A). Remarkably, we found that normal
mature B cells (murine and human) were resistant to growth inhibition and
apoptosis induced by DM-KG (Figure 1C). Contrary to that, exposing viable
primary CLL, FL and DLBCL cells to DM-KG significantly induced apoptosis
(p<0.01) in all tumors examined (n=17). In xenograft models of GCB- or ABC-
DLBCLs (Ly7 and Ly10, respectively), DM-KG dosed intra-peritoneally signifi-
cantly inhibited tumor growth in comparison to vehicle treated mice (p<0.01,
n=16) (Figure 1B). To determine how DM-KG may induce growth
suppression/apoptosis in mature B cell tumors, we first showed that in DLBCL
celllines a-KG inhibited the activity of ATP synthase, a key enzyme in the mito-
chondrial electron transport chain that generates most of the cellular ATP.
Accordingly, short exposure (8h) to DM-KG suppressed ATP levels in all 14
DLBCL cell lines examined (mean=21%, range 3% to 50%). Next, we examined
how the fuel stress generated by the a-KG-mediated ATP synthase inhibition
influenced energy-saving cellular signals. We found that in cell lines and primary
tumors, DM-KG consistently activated the kinase AMPK, with consequent
marked inhibition of mMTORC1. Importantly, these signals were also engaged
in normal B cells, but they did not result in growth inhibition or apoptosis, thus
highlighting the unique sensitivity of cancer cells to the modulation of energy
metabolism.
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Figure 1.

Summary/Conclusions: We showed that a-KG induces growth suppression
and apoptosis in mature B cell tumors, in vitro and in vivo. We demonstrated
that proximally a-KG exerts its tumor suppressive effects by inhibiting ATP syn-
thase activity and ATP generation. This energy stress activates AMPK and sup-
presses mTORCH1 resulting in growth inhibition and apoptosis in malignant
cells, but not in their normal counterparts. These data highlight a metabolic
cancer dependency and vulnerability that can be exploited therapeutically.
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Background: ALCL is a high grade lymphoma characterized by anaplastic
morphology, expression of CD30 (Ki-1) and T- or null cell phenotype. In 60%
of systemic ALCL, the translocation t(2;5)(p23;935) leads to expression of the
oncogenic tyrosine kinase NPM-ALK. NIPA (Nuclear Interaction Partner of ALK)
is an F-Box-Protein contributing to the timing of mitotic entry by defining an
oscillating ubiquitin E3 ligase. NIPA deficient mice are viable but sterile due to
impaired DNA double strand break repair. Co-expressed with NPM-ALK, NIPA
is constitutively phosphorylated. However, the role of NIPA in NPM-ALK induced
lymphomagenesis and the functional impact of this interaction remain unknown.
Aims: In this study, we aim to investigate the effect of Nipa deficiency on NPM-
ALK driven cell proliferation and transformation in order to characterize the
function of the protein in ALCL-induced lymphomagenesis.

Methods: Primary Nipa’- MEFs infected with NPM-ALK were plated in softagar
assays to evaluate their transformation ability. Moreover, NIPA was downregu-
lated through targeted genetic approaches in Karpas299 and NPM-ALK infected
Ba/F3 cells, which were analyzed regarding proliferation, signaling, and apop-
tosis. To assess the impact of Nipa deletion in vivo, we used a retroviral bone
marrow transplantation model resembling human ALCL. Based on a Cre/loxP
system under the LCK-Promotor, NPM-ALK expression and Nipa-deletion are
restricted to early T cells. In wildtype background, mice die of systemic
Thy1.2*lymphoma with a latency of 4-6 months, developing neoplastic T-cell
infiltration of bone marrow and lymphatic organs. Lymphomas were analyzed
regarding immunphenotype and clinical presentation.

Results: Primary Nipa’-MEFs plated in softagar showed significantly reduced
colony formation potential upon NPM-ALK expression (38 vs 79 CFUs;
p<0.001). These results were substantiated in human and murine cell lines,
where significantly reduced proliferation ability was observed in NIPA down-
regulating NPM-ALK expressing Ba/F3 cells (74% of ctrl; p<0.001) as well as
in Karpas299 cells infected with NIPA miR (66% of wt growth; p<0.01). More-
over, treatment with the ALK inhibitor TAE-684 gave evidence of possible syn-
ergistic effects of ALK inhibition and NIPA knockdown. Mice transplanted with
Lck-CreTG/wtNipaflox/flox\MISNAIE infected bone marrow cells showed significantly
prolonged disease development and progression (mean survival 143d vs 121d
in wt). Morphologically, mice presented with enlarged thymi, splenomegaly,
lymphadenopathy, and bone marrow infiltration. Immunphenotyping showed a
pure T-cell phenotype in Nipa”- lymphomas, thus resembling wildtype. In a
long-latency model of NPM-ALK expression in enriched HSCs, a significantly
prolonged survival (110 vs 80 days; p<0.01) and reduction of spleen colonies
(10 vs 28 colonies/spleen; p<0.001) in mice transplanted with MigNPM-ALKNipa-
I~ bone marrow compared to control animals were observed, thereby suggesting
a crucial role of NIPA in NPM-ALK driven lymphomagenesis. To investigate the
precise mechanism undelaying these results, we performed cell cycle analyses
as well as cell viability assays. Indeed, we were able to detect significant dif-
ferences in the cell viability in Nipa deficient NPM-ALK expressing cells, where-
as cell cycle distribution seems not to be altered in knockout cells.
Summary/Conclusions: Taken together, we were able to show that NIPA is
crucial for cell proliferation and transformation upon NPM-ALK expression.
Investigations of the NIPA knockout mouse in a clinical relevant ALCL model
highlight the importance of the NIPA/NPM-ALK axis in lymphoma development.
Further analyses may thus elucidate NIPA as a novel molecular target for ther-
apeutic intervention.

Madrid, Spain, June 22 - 25, 2017

Thalassemia
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GENE THERAPY FOR BETA THALASSEMIA: INITIAL RESULTS FROM THE
PHASE I/ll TIGET-BTHAL TRIAL OF AUTOLOGOUS HEMATOPOIETIC
STEM CELLS GENETICALLY MODIFIED WITH GLOBE LENTIVIRAL
VECTOR

S. Marktel!”, M.P. Cicalese?, F. Giglio', V. Calbi2, M. Casiraghi2, S. Scaramuzza3,
F. Ciotti2, M.R. Lidonicci3, C. Rossi3, N. Masera4, E. D’Angelo5, N. Mirra5,
R. Origa®, G. Mandelli3, R. Milani’, S. Gattillo?, M. Coppola’, G. Viarengo8,
L. Santoleri’, A. Calabria3, E. Montini3, G. Graziadei®, L. Naldini3, M. D. Cap-
pellini®, F. Ciceril, A. Aiuti2, G. Ferrari3

THaematology and BMT Unit, 2Pediatric Inmunohematology, 3San Raffaele
Telethon Institute for Gene Therapy, San Raffaele Scientific Institute, Milano,
4Pediatric Department , San Gerardo Hospital , Monza, SPediatric Clinic/DH,
Fondazione IRCCS Ca’ Granda, Milano, éDepartment of Biomedical Science
and Biotechnology, University of Cagliari, Cagliari, 7Blood Transfusion Service,
San Raffaele Scientific Institute, Milano, 8lmmunohematology and Transfusion
Medicine Service, Fondazione IRCCS Policlinico S. Matteo, Pavia, °Rare Dis-
ease Center, Fondazione IRCCS Ca’ Granda, Milano, Italy

Background: Gene therapy for transfusion dependent beta-thalassemia, as
an alternative cure to allogeneic HSCT, is based on the autologous transplan-
tation of hematopoietic stem cells (HSCs) engineered by lentiviral vectors
expressing a transcriptionally regulated human beta-globin gene.

Aims: Our contribution to this field was devoted to the clinical development of
a gene therapy protocol based on high-titer vector GLOBE, use of lenograstim
and plerixafor as source of HSCs and a conditioning regimen based on mye-
loablative treosulfan and thiotepa favoring efficient engraftment of corrected
cells with reduced toxicity (TIGET-BTHAL; EudraCT number 2014-004860-39).
Methods: On the basis of extensive efficacy and safety preclinical studies the
clinical trial TIGET-BTHAL was approved and started in 2015 at Scientific Insti-
tute San Raffaele, Milan, Italy. The clinical study foresees treatment of 10
patients: 3 adults followed by 7 minors, with a staggered enrolment strategy
based on evaluation of safety and preliminary efficacy in adult patients by an
independent data safety monitoring board before inclusion of pediatric subjects.
The chosen route of administration of gene modified HSCs is intraosseous in
the posterior-superior iliac crests, bilaterally, with the aim of enhancing engraft-
ment and minimizing first-pass intravenous filter.

Results: As of February 2017, seven patients (3 adults and 4 pediatric patients)
with different genotypes (89/8°, B*/B*and B%B*) have been treated with GLOBE-
transduced CD34*cells at a dose of 16x106-19.5x106 cells/kg and a vector
copy number (VCN)/cell ranging from 0.7 to 1.5. The procedure was well toler-
ated by all patients, with no product-related adverse events. Multilineage
engraftment of gene-marked cells was observed in all tested peripheral blood
and bone marrow samples. Polyclonal vector integrations profiles have been
detected in the first 3 patients tested.

Summary/Conclusions: So far, the clinical outcome indicates reduction in
transfusion requirement in adult patients and greater clinical benefit in younger
patients. Follow up analysis are ongoing and updated clinical outcome will be
presented.
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LUSPATERCEPT INCREASES HEMOGLOBIN AND DECREASES
TRANSFUSION BURDEN IN ADULTS WITH B-THALASSEMIA
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Background: Luspatercept (ACE-536), a fusion protein containing a modified
activin receptor type IIB, is being developed for the treatment of B-thalassemia.
Luspatercept binds to select TGF-B superfamily ligands (such as GDF11) reduc-
ing aberrant Smad2/3 signaling and promoting late-stage erythroid differentia-
tion and increased hemoglobin (Hgb). Luspatercept corrected the effects of
ineffective erythropoiesis in a mouse model of thalassemia (Suragani R, Blood,
2014) and increased Hgb and was well tolerated in a phase 1 study in healthy
volunteers (Attie K, Am J Hematol, 2014).

Aims: This ongoing, phase 2, multicenter, open-label study followed by a long-
term extension (ext) study evaluates the effects of luspatercept in patients (pts)
with either transfusion-dependent (TD) or non-transfusion dependent (NTD) (-
thalassemia with key endpoints of erythroid response (including Hgb increase)
and pt-reported quality-of-life (QoL) in NTD patients, and reductions in RBC
transfusion burden in TD patients.

Methods: Inclusion criteria: age 218 yr and either TD (24 RBC U/8 weeks prior
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to first dose, confirmed over 6 months) or NTD (<4 RBC U/8 weeks prior to
first dose with baseline Hgb <10 g/dL). Pts were treated every 3 weeks subcu-
taneously for up to 5 doses; 6 cohorts were treated at dose levels from 0.2-
1.25 mg/kg. Pts in the expansion cohort and those who rolled over to the ext
study were treated at 20.8 mg/kg with titration up to 1.25 mg/kg (base complet-
ed NCT01749540; ext ongoing NCT02268409).

Results: As of 02Sept2016, a total of 64 pts enrolled in the base study (31 TD,
33 NTD) and, of those, 51 enrolled in the ext study (24 TD, 27 NTD). Median
(range) age (yr) was 38.5 (20-62); 67% had prior splenectomy. For TD pts, at
baseline, median (range) transfusion burden was 8 U/12 weeks (4-18 U); mean
(SD) liver iron concentration (LIC, mg/g dw) was 5.0 (5.3). For NTD pts, at
baseline, median (range) Hgb (g/dL) 8.5 (6.5-9.8); mean (SD) LIC (mg/g dw)
was 5.4 (3.8). In base and ext, respectively, 22/31 (71%) and 20/24 (83%) TD
pts achieved 233% and 17/31 (55%) and 17/24 (71%) achieved 250% reduction
in transfusion burden over any 12-week period compared to baseline. Median
duration of 233% reduction was 6.3 months (treatment ongoing). In base and
ext, respectively, in NTD pts treated with 20.6 mg/kg, 13/21 (62%) and 21/27
(78%) achieved 21.0 g/dL and 7/21 (33%) and 14/27 (52%) achieved 21.5 g/dL
increases in mean Hgb over any 12-week period compared to baseline. Median
duration of Hgb increase 21.0 g/dL over 12 weeks in responders was 13.5
months (treatment ongoing). Increases in mean Hgb over a 12-week period
correlated with improvement in a pt-reported QoL questionnaire, FACIT-F. Lus-
patercept was generally well tolerated, with no related serious adverse events
and few grade 3 related AEs: bone pain (n=3), asthenia (n=2), and headache
(n=1). The most frequent related AEs (=10%) were bone pain, myalgia,
headache, musculoskeletal pain, arthralgia, and injection site pain.
Summary/Conclusions: Long-term luspatercept treatment in pts with B-tha-
lassemia was generally safe and well tolerated. Efficacy was clinically relevant
in both TD pts (decreased transfusion burden) and NTD pts (increased Hgb
levels, improved QoL). A Phase 3, double-blind, placebo-controlled study of
luspatercept in regularly transfused adults with B-thalassemia is ongoing
(NCT02604433).
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DENOSUMAB INCREASES BONE MINERAL DENSITY IN PATIENTS WITH
THALASSEMIA MAJOR AND OSTEOPOROSIS: RESULTS OF A
RANDOMIZED, PLACEBO-CONTROLLED, DOUBLE BLIND, PHASE 2B
CLINICAL TRIAL
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Background: Osteoporosis is a common complication of thalassemia major
(TM) with a complex pathophysiology. We have previously shown that RANKL,
the most potent osteoclast activator, is elevated in the serum of TM patients
and correlates with reduced bone mineral density (BMD). Denosumab (DMB)
is @ human monoclonal antibody that targets and binds to RANKL and has
been licensed for patients with different types of osteoporosis. However, there
are no prospective data for the effects of DMB on TM-induced osteoporosis.
Aims: The primary objective of this study was to evaluate the results of DMB
on lumbar spine (L1-L4) BMD in patients with TM and osteoporosis as com-
pared to placebo at 12 months. Secondary endpoints included the evaluation
of the effects of DMB on femoral neck (FN) and wrist (WR) BMD at 12 months,
the safety profile of DMB as well as its effects on bone turnover.

Methods: This was a single-site, randomized, placebo-controlled, double blind
phase 2b clinical trial. Main inclusion criteria included adult patients (>30 years
of age) with TM and BMD T-score between -2.5 and - 4.0 in at least one of the
examined sites (L1-L4, FN, WR). Main exclusion criteria included: impaired
renal function (eGFR of <30 mL/min); elevated ALT and/or AST >2 fold the
upper limit of normal (UNL), or elevated direct bilirubin >1.5xUNL; heart failure
(NYHA above 2); administration of bisphosphonates within one year of study
enrolment; presence of any other disorder that affects bone metabolism.
Patients were assigned into two treatment groups: in group A, 60 mg DMB
was administered sc, every 6 months for 12 months for a total of 2 doses (day
0 and day 180); in group B, placebo was administered sc, at the same time. All
patients received calcium and vitamin D supplementation. Measurement of
BMD with dual energy X-ray absorptiometry at three body sites (L1-L4, FN,
WR) was performed during the screening period and at the end of the study.
Results: Sixty-three patients with TM and osteoporosis participated in the
study (group A, n=31; group B, n=32). Patients of groups A and B showed no
differences in BMD of all evaluated sites at baseline. Patients of group A (DMB
arm) achieved an increase in both L1-L4 BMD (mean+SD: 0.811+0.105 g/cm2
vs 0.772+0.098, p<0.001) and FN BMD (0.653+0.121 g/cm2 vs 0.631+0.103,
p=0.022), while there were no changes in WR BMD. Patients of group B (place-
bo arm) achieved a slight increase in their L1-L4 BMD (0.801+0.097 g/cm2 vs
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0.775+0.080, p=0.004) and a significant decrease in their WR BMD
(0.520+0.099 g/cm2 vs 0.549+0.098, p=0.008). The percentage increase of
L1-L4 BMD was higher in DMB arm than in placebo arm (6.02+5.30% vs
3.11+5.46%, respectively; p=0.03), while the advantage of DMB regarding WR
BMD was much higher compared to placebo (-0.22+5.40% vs -4.15+8.58%,
respectively; p=0.02) as well as in FN BMD (p<0.001). No grade 3 or 4 toxicity
was observed in this study.

Summary/Conclusions: This first analysis of our phase 2B study regarding
the effects of DMB on BMD of different sites (the results of bone markers will
be presented in the conference), suggests that DMB, given twice per year,
increases the BMD of the L1-L4 more efficiently than placebo (in combination
with vitamin D and calcium), after 12 months, in patients with TM and osteo-
porosis, with excellent safety profile. Furthermore, DMB increased the FN BMD,
which was not increased in the placebo arm, while DMB has also a positive
effect on WR BMD compared to placebo. These data support the use of DMB
for the management of TM-induced osteoporosis.
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LONG-TERM HEALTH STATUS AFTER HSC TRANSPLANTATION FOR
THALASSEMIA: THE FRENCH EXPERIENCE
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Background: In clinical practice, allogeneic hematopoietic stem cell trans-
plantation (HSCT) is the only treatment offering a definitive cure for patients
with beta-thalassemia. Its outcome has improved over the last 3 decades with
currently a disease free survival rate of 90% when transplant is performed in
childhood from an HLA-identical sibling. Few data are available on long-term
toxicity and frequency of chronic complications after transplant.

Aims: The purpose of this study was to evaluate the long-term health status
after a successful allogeneic HSCT for beta-thalassemia major in a national
cohort of patients.

Methods: This French retrospective study included patients who successfully
received allogeneic HSCT between 1985 -2012 and were alive at least 2 years
after HSCT. Study was based on data collected in the national registry of
patients with beta-thalassemia and conducted in collaboration with the French
society of HSCT (SFGM-Tc). Late effect data were recorded by physicians
through reference or transplant center visits. Collected data included medical
examination results, long-term treatments administered and laboratory tests
(serum ferritin, Hb, liver enzymes, creatinine level and thyroid evaluation). Lin-
ear-mixed model was used to analyze data evolution over time (for height and
weight SDS, SF, Hb values).

Results: A total of 134 patients had received allogeneic HSCT for beta-tha-
lassemia in France from 1985 to 2012. 107/134 patients experienced successful
HSCT (6 after a second transplant) and were alive 2 years after transplantation.
Six were not analyzed (back to their country or lost of follow-up) and two died of
chronic graft-versus-host disease. 99 patients were analyzed for long-term
effects. Median age at HSCT was 5.9 years (8 month-26 years). The source was
bone marrow in 85% of cases and a matched sibling donor was used in 90% of
cases. Conditioning mostly consisted (85%) of busulfan and cyclophosphamide
(oral busulfan in 52%). Median age at the last visit was 19 years. Chronic com-
plications, similar to those observed in patients treated with transfusion and chela-
tion therapy occurred after transplant in 12% of patients: 7 hypothyroidism, 2
heart failure, 5 diabetes. 2 patients had chronic respiratory failure related to trans-
plant. The height SDS improved after HSCT if performed at a young age. Weight



SDS values increased with time, especially in females. Although gonadal dys-
function was observed in 60% of women aged at least 13 years at the last eval-
uation, 12/27 aged more than 20 years experimented at least one successful
pregnancy. 93 patients had stopped their immunosuppressive treatment two
years after HSCT. 37 were treated with iron chelation therapy and/or phle-
botomies. At least half of patients are receiving a long-term hormonal treatment
or antibiotic prophylaxis at the last visit. Decrease in serum ferritin values after
transplant was significantly influenced by age at transplant and pre-transplant
serum ferritin value. The median hemoglobin value was 12.5 g/dL (86-165) at a
mean age of 18 years and Hb values were significantly influenced by age, the
sex of the donor and the presence of donor thalassemia trait.
Summary/Conclusions: A comprehensive and regular long-term follow-up
should be established for all patients receiving allogeneic HSCT for beta-tha-
lassemia major. In this national cohort, endocrinological complications were
frequent after transplant. Fertility can be partly preserved, but this result has to
be reevaluated with the more recent use of intravenous busulfan.
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Background: Donor-derived red blood cells (RBC) are the most common form
of cellular therapy. However the source of cells is dependent on donor avail-
ability with a potential risk of allo-immunization and blood borne diseases.
Aims: We aim to produce unlimited numbers of cultured RBC with a defined
“universal donor’ phenotype for transfusion purposes.

Methods: To this end we prepare for a clinical test using autologous cultured
RBC to test their in vivo stability. In parallel we develop methods for unlimited
production of cultured RBC. An immortal source to produce in vitro cultured
RBCs (cRBC), such as iPSCs would allow selection of “universal donor RBC,
or provide an autologous end product with the absence of immune reactions.
Results: The in vitro production of RBC has proven to be successful, however
there are barriers to overcome prior to clinical application. e.g: xeno-free cul-
turing methods, scale up cultures to obtain transfusion units (1-2*1012 erythro-
cytes), and for iPSC we need virus- and transgene-free reprogramming proto-
cols. To solve the above mentioned issues a customized humanized GMP-
grade medium (Cellquin) was generated in order to control erythroid culture
parameters and to reduce culture costs. This medium allowed 1*108 times ery-
throid expansion from PBMCs to pure adult EBL cultures within 25 days, com-
parable to non-GMP commercial media. To generate iPSC, a non-integrative
polycistronic episomal vector containing (OCT4-SOX2-KLF4-cMYC-LIN28) was
used to reprogram PBMC-expanded EBLs to iPSC, displaying pluripotency
potential and normal karyotype. iPSCs were adapted to single cell passage
allowing directed colony differentiation using a feeder-free monolayer approach.
From day 6 of differentiation Cellquin was applied with lineage-specific growth
factors, resulted iPSC differentiation to EBLs which was initiated by the appear-
ance of hemogenic endothelium following hematopoietic specification. Our dif-
ferentiation method resulted in ~150*106 CD41- CD34-
CD71+CD235+CD36+expanded EBLs from 1200iPSCs within 21 days (12
days of iPSC diff. +9 days of expansion). Further maturation of iPSC-EBLs
yielded CD71+CD235+CD36- pure orthochromatic normoblasts expressing
mainly gamma globin chains (fetal) and small amount of beta globins (adult) in
agreement with literature. Currently we are testing enucleation potential of
matured iPSC-EBLs.

Summary/Conclusions: Here we showed that our monolayer approach is sim-
ple, highly controlled and compatible with upscaling. Avoiding virus-, integrative
reprogramming, feeders and with our GMP-grade media we maintained a cost
effective system moving toward clinical application.

Madrid, Spain, June 22 - 25, 2017
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FUNCTIONAL PROTEOMICS IDENTIFIES SETD2 AS A CRITICAL
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Background: Acute Myeloid Leukemia (AML) frequently harbors chromosomal
rearrangements involving the Mixed Lineage Leukemia (MLL) gene. More than
65 different MLL fusion genes exist and many of them have been described to
act as strong cancer drivers. While critical effectors of several distinct MLL
fusion proteins (MLL-FPs) were identified, it is not clear if transforming mech-
anisms are conserved across the entire family of MLL fusions.

Aims: We hypothesized that common oncogenic mechanisms are encoded in
stable physical and genetic MLL-fusion-specific interaction networks. Thus, we
aimed to identify common critical effectors of different MLL fusion proteins that
are presumed to employ different mechanisms of oncogenic transformation.
Methods: Protein complexes of 7 molecularly distinct, affinity-tagged MLL-FPs
(MLL-AF4, MLL-AF9, MLL-ENL, MLL-CBP, MLL-EEN, MLL-GAS7 and MLL-
AF1p) were purified from stable cell lines allowing for inducible, single-copy
transgene expression and characterized by mass spectrometry. Data analysis
identified a comprehensive protein-protein interaction network, which was func-
tionally interrogated by a subtractive shRNA screening approach. Validation
experiments included detailed RNAi- and CRISPR/Cas9-mediated loss of func-
tion experiments in cell lines and primary cells in vitro and in vivo, using read-
outs for changes in proliferation, differentiation, apoptosis and DNA damage.
Results: Characterization of the protein complexes nucleated by 7 MLL fusion
proteins by affinity purification coupled to mass spectrometry (AP-MS) revealed
a densely interconnected protein-protein interaction network of 963 proteins,
comprising previously known MLL-interacting protein complexes (such as PRC2
or SWI/SNF), as well as a high number of new interaction partners of MLL. 128
proteins were found to interact with 25 of all 7 MLL-fusions. This subset of con-
served MLL-interaction partners was highly enriched for proteins with function
in chromatin metabolism and transcriptional control. Systematic functional
investigation of the conserved MLL-fusion interactome using subtractive shRNA
screens identified the methyltransferase SETD2 as a critical effector of MLL
fusion proteins. Both RNAi-based suppression and CRISPR/Cas9-mediated
mutagenesis of SETD2 induced myeloid differentiation and apoptosis in human
and mouse MLL-rearranged cell lines, while having only modest effects on the
proliferation of MLL-wild-type leukemia cells. Depletion of Setd2 in MLL-fusion-
transformed mouse fetal liver cells resulted in loss of serial re-plating capacity
in vitro and prolonged disease onset in vivo. Furthermore, knockdown of SETD2
caused a proliferative disadvantage in primary cells from AML patients with dif-
ferent MLL-rearrangements without affecting MLL-wild-type AML cells. We
found that SETD2 was essential for efficient repair of DNA breaks, as SETD2-
deficient leukemia cells showed increased levels of DNA damage and activation
of p53, leading to the accumulation of mutations.

Summary/Conclusions: In summary, our data highlight the functional rele-
vance of combined proteomic-genomic cellular screening to identify critical
effectors of MLL-FPs. In addition, our study identifies a novel role for SETD2
in the maintenance of genomic integrity during initiation and progression of
MLL-rearranged AML and establishes SETD2 as a therapeutic target in
leukemia with low genomic complexity.
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Background: The CEBPA gene - encoding for the transcription factor C/EBPa
- is mutated in 9% of patients with acute myeloid leukemia (AML). CEBPA N-
terminal mutations lead to selective loss of full length C/EBPa p42 expression
without affecting translation of the shorter p30 isoform. As a balanced ratio of
C/EBPa isoforms is crucial for hematopoietic homeostasis, depletion of p42
leads to increased cell growth and blocks myeloid differentiation, resulting in
the development of AML. We have recently shown that the p30 variant of
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C/EBPa can act as a gain-of-function allele with distinct molecular properties.
However, the mechanistic basis of C/EBPa p30-induced leukemogenesis is
incompletely understood.

Aims: We hypothesized that the interaction between the oncogenic C/EBPa
p30 isoform and the MLL/SET histone methyltransferase complex is required
for p30-dependent epigenetic and transcriptomic changes that contribute to
leukemogenesis. Therefore, we aimed to investigate the sensitivity of CEBPA-
mutant AML to perturbation of MLL/SET function.

Methods: We used CRISPR/Cas9-mediated mutagenesis to interfere with the
MLL/SET complex in myeloid progenitor cells from a CebpaP30/p30 AML mouse
model. Cellular competition assays were used to assess changes in prolifera-
tive capacity of mutant cells. Further, MLL activity was inhibited by the use of
small molecules that block the Menin-MLL interaction. In both cases, prolifer-
ation, myeloid differentiation and apoptosis were used as readouts. Global
changes in gene expression were measured by RNA-seq.

Results: We initially confirmed, via ChlIP, that C/EBPa and MLL co-localize on
the promoters of p30 target genes, indicating functional cooperativity in gene
regulation. To investigate the importance of different, annotated functional
domains within the MLL protein in the context of C/EBPa p30 expression, we
introduced targeted mutations across the Ml gene in CebpaP30/p30 cells using
the CRISPR/Cas9 system. This analysis revealed a strong dependence of
CebpaP30/p30 cells on the expression of an intact MLL protein. Surprisingly,
loss of the enzymatic activity of Ml by mutational targeting of the SET domain
did not significantly affect cell survival. In contrast, cells were particularly sen-
sitive to mutagenesis of the Menin-binding motif in MLL. MIl targeting strongly
induced myeloid differentiation in CebpaP30/p30 cells as measured by increased
levels of myeloid surface markers. To investigate functional consequences
upon pharmacological perturbation of the MLL/SET complex, we used MI-463,
a potent small-molecule inhibitor of the Menin-MLL interaction. Inhibitor treat-
ment led to a time- and dose-dependent impairment of proliferation, induction
of cell cycle arrest and increased apoptosis in CebpaP30/P30 cells. RNA-seq
analysis showed that inhibitor treatment induced the expression of genes asso-
ciated with myeloid differentiation, which could be confirmed by flow cytometry.
Importantly, expression of C/EBPa p30 was associated with hypersensitivity
to Menin-MLL inhibition, as CebpaP30/p30 cells were 2-6 fold more sensitive
than other leukemia cell lines of mouse and human origin.
Summary/Conclusions: We show that CEBPA-mutated AML is highly sensi-
tive to perturbation of the MLL/SET complex, either via genetic ablation of MLL
or through pharmacological inhibition of the Menin-MLL interaction. Our data
indicate that leukemic mutations of C/EBPa selectively cooperate with the
SET/MLL complex to regulate gene expression. These findings expand our
understanding of and may inform new therapeutic strategies for N-terminal
CEBPA mutated AML.
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INHIBITION OF THE MYELOID MASTER REGULATOR PU.1 AS A
THERAPEUTIC STRATEGY IN ACUTE MYELOID LEUKEMIA

I. Antony-Debre’:2", J. Leite, A. Paul3, K. Mitchell’, H. M. Kim3, K. Huang3,
A. Kumar3, AA. Farahat3, B. Bartholdy?, S.-R. Narayanagari', L.A. Carvajal’,
J. Chen', A. Ambesi-Impiombato4, A.A. Ferrando#, |. Mantzaris', E. Gavathiotis?,
A. Verma'l, B. Willl, D. W. Boykin3, W. D. Wilson3, G. M. K. Poon3, U. Steidl’
1Albert Einstein Cancer Center, Albert Einstein College of Medicine, New York,
United States, 2Inserm U1170, Gustave Roussy, Villejuif, France, 3Department
of Chemistry, Georgia State University, Atlanta, 4Institute for Cancer Genetics,
Columbia University, New York, United States

Background: Functionally critical decreases in PU.1 levels or activity are pres-
ent across various different genetic and epigenetic subtypes of AML, and overall
represent more than 50% of AML cases (Sive et al. Leukemia. 2016). However,
approaches for the specific therapeutic targeting of these patients are thus far
lacking.

Aims: Retroviral restoration of PU.1 expression has previously been explored
but is difficult to achieve pharmacologically. Here, we tested the inverse strat-
egy. As complete loss of PU.1 leads to stem cell failure, we hypothesized that
AML cells harboring already low levels of PU.1 may be more vulnerable to fur-
ther PU.1 inhibition.

Methods: We used two alternative approaches: RNA interference and newly
developed small molecule PU.1 inhibitors.

Results: We found that inhibition of PU.1 with different shRNAs led to a sig-
nificant decrease in proliferation and clonogenicity, and increased apoptosis of
mouse and human leukemic cell lines with low PU.1 levels, as well as the
majority of primary human AML cells tested. The pharmacologic targeting of
transcription factor-DNA major groove interactions is challenging. However,
specific PU.1 binding to chromatin critically depends on additional minor groove
contacts upstream of the core ETS binding motif, which determine selectivity
for PU.1. We used an integrated screening strategy utilizing biosensor surface
plasmon resonance, DNA footprinting, and cell-based dual-color PU.1 reporter
assays to develop novel small molecules of the heterocyclic diamidine family
as first-in-class PU.1 inhibitors. Targeted occupancy by our compounds in the
minor groove induces perturbations in DNA conformation that are transmitted
to the PU.1 site in the major groove and thus inhibit PU.1 binding via an
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allosteric mechanism. Functionally, treatment with 3 different compounds
decreased cell growth and colony forming capacity, increased apoptosis, and
disrupted serial replating capacity of PU.1!ow AML cell lines, and a majority of
primary AML cell samples. ChIP and expression analysis showed that the com-
pounds disrupt PU.1-promoter interaction and lead to downregulation of canon-
ical PU.1 transcriptional targets in AML cells, confirming on-target activity.
Genome-wide analysis showed highly significant enrichment of known tran-
scriptional targets of PU.1, and selectivity over other ETS family members.
Comparison with published transcriptomic and PU.1 ChIP-seq data sets, as
well as ARACNe analysis of the PU.1 regulon in primary AML cells, demon-
strated that the inhibitors antagonized PU.1-regulated pathways at a genome-
wide level. Treatment of normal HSPC in colony forming assays led to
decreased production of mature granulo-monocytic cells, consistent with PU.1’s
known role in this lineage. However, this effect was reversible upon drug
removal, and serial replating capacity was not affected suggesting no significant
effects on normal HSPC. Lastly, in vivo treatment with PU.1 inhibitors in mouse
and human AML (xeno)transplantation models significantly decreased tumor
burden and increased survival.

Summary/Conclusions: Our study describes for the first time a strategy
inhibiting PU.1 in AML, establishing proof-of-concept for this approach. Fur-
thermore, we report the development of first-in-class PU.1 inhibitors which
interfere with PU.1-DNA interaction through an allosteric, minor groove-medi-
ated mechanism. Our work shows that it is feasible to pharmacologically target
PU.1, and raises intriguing possibilities for the potential targeting of other tran-
scription factors through minor groove-directed approaches.
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METABOLIC ADAPTATIONS TO TARGETED THERAPY IN FLT3 MUTATED
ACUTE MYELOID LEUKAEMIA
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Background: FLT3 tyrosine kinase (TK) activating mutations (FLT-3Mut) are
amongst the most frequent in AML and are associated with a poor outcome.
FLT-3mutpromote constitutive activation of survival/proliferation pathways and
have also been shown to lead to changes in cellular metabolism, such as
increased glycolysis. The FLT3 TK represents a valid therapeutic target and
several FLT3 TK inhibitors (TKI) have been developed. However despite show-
ing activity in the preclinical setting, FLT3 TKI have displayed limited efficacy
in clinical trials. Resistance mechanisms to FLT3 TKI include receptor mutations
and cell intrinsic adaptive mechanisms. Amongst the latter, metabolic adapta-
tions might play a significant role although the exact mechanisms are still ill-
defined.

Aims: We hypothesised that metabolic adaptations facilitate FLT3 TKI resist-
ance and aimed to identify early metabolic changes in FLT-3Mut AML, following
TKI treatment, in an attempt to unveil novel therapeutic vulnerabilities.
Methods: Liquid chromatography coupled to mass spectrometry (LC/MS),
using stable isotope-based carbon flux tracing, and oxygen consumption
rate/extracellular acidification rate as measured by an extracellular flux analyser
(Seahorse, Agilent Technologies) were used to assess metabolic changes in
FLT3mut cells after FLT3 TKI treatment. Gene expression changes were meas-
ured in the same conditions by RNA sequencing. Changes in viability and reac-
tive oxygen species (ROS) in various culture conditions were measured by
FACS. Gene silencing was performed using CRISPR-Cas9 gene editing and
inducible short hairpin RNA interference.

Results: Analysis of published gene expression datasets demonstrated that
glycolytic, citric acid cycle (CAC), and oxidative phosphorylation genes are
upregulated in FLT-3Mut compared to FLT3 wild-type (FLT3%t) patient samples
at diagnosis. We then confirmed that both human and murine FLT-3mut cells
display increased glycolytic and respiratory capacity compared to FLT-3%t cells.
Upon treatment with the highly selective FLT-3 TKI AC220 (quizartinib), cur-
rently used in a number of clinical trials, these metabolic phenotypes were par-
tially reversed. However, whilst glucose uptake was reduced upon FLT3 TK
inhibition, glutamine uptake was not affected. Metabolic flux analysis using [U-
13C]glutamine demonstrated that glutamine, while providing carbons for the
CAC, was primarily used to support production of the major intracellular antiox-
idant glutathione upon AC220 treatment. This antioxidant function is necessary
because, as expected, FLT-3Mut cells displayed a large increase in ROS levels
following TKI treatment when grown in the absence of glutamine and these
changes correlated with a significant reduction in viability in the same condi-
tions. Glutamine dependency of FLT3Mut cells upon FLT3 TKI treatment was
independently validated via a CRISPR-Cas9 drop-out genome-wide screen as
glutaminase (GLS), the first enzyme in glutamine catabolism, and several CAC
enzymes were shown to be synthetically lethal with AC220. We went on to
show that the combination of AC220 with a specific clinical grade GLS inhibitor
(CB-839) or GLS gene silencing resulted in a significant reduction in viability
and increase in ROS levels which could be rescued by supplementation of the
media with the antioxidant N-acetylcysteine or a cell-permeable form of the
CAC intermediate a-ketoglutarate.



Summary/Conclusions: Our data suggest that upon AC220 treatment, gluta-
mine metabolism becomes a critical metabolic dependency in FLT3mut AML.
Glutamine metabolism is mostly channelled towards glutathione production,
while also supporting the CAC and both these fates contribute to its protective
effects following FLT3 TK inhibition by respectively counteracting oxidative
damage and sustaining macromolecule biosynthesis and cellular energetics.
These data predict that a combined inhibition of glutamine metabolism and
FLT3 TK activity may improve the eradication of FLT3Mut AML cells.
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STEP-WISE REPROGRAMMING OF ENDOTHELIAL CELLS
IMMUNE-COMPETENT HEMATOPOIETIC STEM CELLS
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INTO

Background: The molecular pathways and microenvironmental cues that
choreograph the conversion of endothelial cells (ECs) into long-term repopu-
lating hematopoietic stem cells (HSCs) remain poorly defined. This is due to
lack of models that recreate the ephemeral transition of an endothelial cell to a
hemogenic state to the emergence of HSCs.

Aims: To reprogram adult mouse ECs into long-term repopulating HSCs that
give rise to all hematopoietic lineages, including functional T cells in vivo.

To provide a platform to deconvolute the process by which endothelial-to-
hematopoietic transition is possible.

Methods: Here, we have developed a modular in vifro model in which—by
precise, conditional expression of transcription factors: FosB, Gfi1, Runx1, and
Spi1 (FGRS), and reintroduction of a proper inductive niche—adult mouse ECs
were reprogrammed into HSCs (rEC-HSCs) with multi-lineage engraftment
potential (rEC-MPPs). Adult, non-lymphatic ECs isolated from various organs
of Runx1-IRES-GFP reporter mice were transduced with FGRS and co-cultured
in direct contact with vascular niche.

Results: Within 14 days, ECs initiated a hematopoietic program, turning on
the endogenous expression of Runx1 and transitioning into hematopoietic cells.
Expansion of these cells for another 14 days resulted in generation of rEC-
HSCs and rEC-MPPs. Transplantation of rEC-HSCs and rEC-MPPs (CD45.2%)
into lethally irradiated mice (CD45.1*) reconstituted both short-term (rEC-MPPs)
and long-term hematopoiesis, with secondary engraftment potential (rEC-
HSCs). rEC-HSCs gave rise to both functional myeloid and lymphoid cells with
full complement of polarized T cell subsets. rEC-HSC-derived T cells undergo
T-cell receptor (TCR) rearrangement and restore adaptive immune function in
Rag1-- mice.

Summary/Conclusions: This multi-phasic, step-wise approach provided an
interrogable model to decipher pathways involved in EC transition into
hematopoietic cells. This will provide cues to devise strategies to convert autol-
ogous ECs into large numbers of HSCs for genetic modification and subsequent
treatment of both genetic and acquired hematological disorders.
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MARROW MESENCHYMAL STEM CELLS RESCUE BONE MARROW
ENDOTHELIAL CELLS SUFFERING CHEMOTHERAPY STRESS BY
TRANSFERRING MITOCHONDRIA THROUGH NANOTUBES
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Background: The tunneling nanotube (TNT) is a newly discovered,long and
thin tubular structure between cells and can facilitate the intercellular exchange
of diverse cellular signals and components ranging from electrical signalling to
organelles .

Recent reports show that mesenchymal stem cells (MSC) rescue injured target
cell and promote target cell recovery from a variety of stress including oxidative
tress. ultraviolet radiation, ischemia/reperfusion (SI/R)etal .However, it is still
unclear if bone marrow mesenchymal stem cells (BMMSC) can also form TNT
to communicate and rescue injured bone marrow -derived endothelial cells
(BMdEC)and promote it recovery from chemotherapy stress . In our study, we
set out to test the hypothesis that BMMSC can rescure suffering endothelial
cells by transferring mitochondria to endothelial cells through nanotubes.
Aims: To investigate the novel intercellular communication TNT between BMMSC
and BMdECs or HUVEC, illuminating its constituent and investigating the signif-
icance of transport of mitochondrial through TNT between BMMSC and BMdECs
or HUVEC suffering from chemotherapy stress of cytosine arabinoside.
Methods: We established two direct co-culture system for human primary bone
marrow mesenchymal stem cells (BMMSCs) and bone marrow-derived
endothelial cells (BMdECs) or Human umbilical cord vein endothelial cells
(HUVECS) respectively.

Results: Firstly, We observed the TNTs formed between BMMSCs and
endothelial cells including HUVECs and BMdECs. We identified the TNT struc-
ture between BMMSCs and HUVECs or BMdECs are composed with F-actin,
microtubule in addition to membrane. Live cell imaging showed the two xeno-
geneic cells form TNTs by retaining a thin thread of membrane upon dislodge-
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ment .Besides,we observed that TNT was more likely to occur between healthy
bone marrow mesenchymal stem cell and endothelial cells after cytarabine
(Ara-C) treatment. Single-cell analysis showed that stressed endothelial cells
and cell lines in the early stages of apoptosis caused by cytarabine (Ara-C)
treatment form TNT to interact with untreated BMMSCs and then mesenchymal
stem cells transport mitochondria to injured endothelial cell or cell
line.Notably,the rescue effect was inhibited when the formation of TNTs were
impaired by incubating with an F-actin-depolymerizing drug and tubline -depoly-
merizing drug, indicated that these TNTs transferring mitochondria have a dis-
tinct cytoskeletal composition which composed with F-actin and microtubule.
Our results also suggest that the delivery of functional mitochondria from
untreated BMMNCs to HUVECs via TNTs can mediate the recovery of injured
HUVECs from the apoptosis, contribute to proliferation and remodel the for-
mation of capillary-like structures in Matrigel®-coated plates of HUVECs suffer
from chemotherapy stress of Ara-C.

Summary/Conclusions: BMMSCs can transfer mitochondria via TNTs formed
between endothelial cells and rescued endothelial cellssuffering chemotherapy
stress,which can alleviate apoptosis of stressed endothelial cells, relieve its
proliferation inhibition and alter its formation of capillary-like structures.Our
study offers the clues to help know about cell-cell communication of niche com-
ponents in the HSC niche in bone marrow.

S$139
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Background: Some studies show that a high-fat diet (HFD) induces major
perturbations in murine hematopoietic stem cells (HSC) and hematopoietic
system homeostasis. However, it is currently difficult to say whether these alter-
ations are related to direct effects such as changes in lipid metabolism in HSC
or indirect “side effects” on HSC, such as pathophysiology related to obesity
or inflammation observed after an extended diet over several months or a diet
very rich in fat (>60 kJ% of fat). For example, HFD-induced obesity significantly
alters hematopoiesis in bone marrow (BM), with a decreased proliferation of
HSC, a general suppression of progenitors, an enhancement of lymphopoiesis,
and an activation of myeloid cell production from BM progenitors. Inflammation
also affects HSC homeostasis, as Interferon alpha is well-known to activate
dormant HSC in vivo.

Aims: Our strategy is to characterize the impact of a short-term HFD on HSC
and hematopoiesis in non-obese C57BL/6J mice.

Methods: In a prospective study, C57BL/6J mice were fed a control diet (4
kJ% of fat) or HFD (42 kJ% of fat), over a short period of 4 weeks, to investigate
the direct-impact of such a diet on hematopoiesis.

Results: While fat intake leaded to an increase in plasma cholesterol levels,
mice did not develop obesity, and no inflammatory monocytes and no modu-
lation of pro-/anti-inflammatory cytokine levels were detected in blood and BM,
respectively. No significant impact was observed on the total number of cells
in blood and BM. However, we noted an increase in the number of progenitors
and a loss of more than 50% of the most primitive HSC (SLAM). We validated
this loss via transplantation of BM isolated from HFD-fed mice (Ly.1) in com-
petition with control BM (Ly.2), in lethally irradiated recipient mice which only
reconstitute 20% of the recipient hematopoiesis from HFD HSC. To further
investigate lipid metabolism in HSC, we quantified the major lipid constituents
in control and HFD HSC. Among altered lipids, cholesterol was the most affect-
ed in HFD HSC. These changes might alter the structure of the HSC plasma
membrane such as lipid rafts (LR), which are important for signal transduction
in hematopoiesis, driving the retention/dormancy of HSC in BM. To determine
if fat intake may affect LR quantity in hematopoietic cell membrane, we stained
Lineage-negative (Lin-) cells with the cholera toxin subunit B (CTB) and ana-
lyzed the distribution of different populations of hematopoietic cells, expressing
either high (CTBN/) or low (CTBI©) levels of LR. Fat intake disrupts CTBh cells
in the Lin- Sca-1* c-Kit*(LSK) and LSK-CD34- compartments, while no variation
was detectable among progenitors (Lin- c-Kit*and Lin-). Importantly, we dis-
covered that CTBhi cells were enriched with SLAM HSC (46%, versus 2% for
the CTBI?). While we found ~50% of CTBhi cells among LSK-CD34- HSC in
control diet-fed mice, a HFD has led to a loss of the CTBh population. Using
the proliferation marker Ki67, we observed a decrease in the proportion of
LSK-CD34- primitive HSC in GO, meaning that HSC quiescence state was
affected by a HFD. Transforming growth factor (TGF)-@ signaling has long been
known to be involved in modulating HSC quiescence, partly by preventing HSC
re-entry into the cell cycle. As a HFD induced a loss of LR on HSC, we looked
at the localization of TGF-f3 receptor 1 (TR1) on the LSK-CD34-cell surface.
While TR1 strongly colocalized with LR in macrodomains on HSC, we observed
that LR were more organized in microdomains and the delocalization of TR1
among LR was furthermore detected when mice were fed a HFD. Moreover,
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reduced phospho-Smad2/3 indicated lower activation of the TGF-3 pathway in
HSC purified from HFD-fed mice. Finally, injection of recombinant TGF-1 led
to the rescue of the 4 week HFD-dependent SLAM HSC depletion, which clearly
highlights that a HFD affects TGF-@ signaling on HSC.
Summary/Conclusions: In conclusion, HFD markedly and rapidly affects prim-
itive hematopoiesis and impairs the maintenance of primitive HSC in non-obese
mice. Not only our results uncover the impact of HFD independently of obesity
but they also identify the disturbance of LR/TGF-B signaling-mediated quies-
cence as its main molecular mechanism of action.
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TRANSCRIPTIONAL ANALYSIS

D. Karamitros'.2.*, B. Stoilova®’.2, Z. Aboukhalil!, A. Reinisch3, F. Hamey4,
M. Samitsch!, L. Quek'25, G. Otto!, E. Repapi!, J. Doondeea'?,
B. Usukhbayar'.2, J. Calvo®, S. Taylor!, N. Goardon?, E. Six’, F. Pflumio®,
C. Porcher?, R. Majeti3, B. Gottgens#, P. Vyas':2.5

TMRC, MHU, WIMM/NDCLS University of Oxford, 20xford Biomedical
Research Centre, Oxford, United Kingdom, 3Division of Hematology, Stanford
Institute for Stem Cell Biology and Regenerative Medicine, Stanford, United
States, 4Department of Haematology , Wellcome Trust-Medical Research
Council Cambridge Stem Cell Institute, Cambridge, SDepartment of Haema-
tology, OUH NHS Trust, Oxford, United Kingdom, 6UMR967,
INSERM/CEA/Universite Paris 7/Universite Paris 11, TUMR1163, Paris
Descartes—Sorbonne Paris Cité University, Imagine Institute, , Paris, France

Background: Human hemopoiesis produces 10 billion new, terminally mature,
blood cells daily; a production that is also rapidly responsive to external change.
Dysregulation of this complex process can lead to hemopoietic and immune
deficiencies and blood cancers. In humans the hemopoietic progenitor hierar-
chy producing lymphoid and granulocytic-monocytic (myeloid) lineages is
unclear. Multiple progenitor populations give rise to lymphoid and myeloid cells
but they remain incompletely characterized at the immunophenotypic, tran-
scriptional and functional level.

Aims: Here, we aim to understand the clonal functional output and transcrip-
tional programs of current primary human lympho-myeloid containing progenitor
populations - the lymphoid-primed multi-potential progenitor (LMPP)?, multi-
lymphoid progenitor (MLP)2 and granulocyte-macrophage progenitor (GMP).
Methods: We devised a FACS-staining and sorting strategy to prospectively
purify eight human hematopoietic stem and progenitor cell (HSPC) populations.
We compared function of LMPP, MLP and GMP in vitro by quantitative CFU
assays, single cell liquid cultures or limit dilution analysis and in vivo by trans-
plantation into humanized ossciles. We performed population RNA sequencing
and single cell RT-PCR analysis to understand the relationship between func-
tional and transcriptional heterogeneity.

Results: Our study comprehensively characterized the LMPP, MLP and GMP
lympho-myeloid populations. Both LMPP and MLP are very rare within the
mononuclear fraction (1 in 104 to 1 in 105). We cultured 3806 single LMPP,
GMP and MLP cells (isolated from 21 cord blood units and equivalent to ~1011
mononuclear cells) under three different culture conditions. We observed
marked functional heterogeneity in the three lympho-myeloid progenitor pop-
ulations. Focusing on the wells that gave single cell initiated cultures the major-
ity of cells from LMPP, MLP and GMP gave unilineage output (50-80%). Bi-lin-
eage output was the next most common output, while multilineage output was
rare and only seen from LMPP and GMP cells (9-15%). In vivo transplantation
using a novel humanized ossicle assay increased the engraftment of lympho-
myeloid progenitors 10-fold compared to previous reports. In vivo, the LMPP
and GMP gave robust engraftment but the MLP substantially less engraftment.
The LMPP gave rise to both GM and B cell engraftment, the GMP myeloid
engraftment and the MLP mainly B cell output. RNA-Seq revealed distinct tran-
scriptional signatures of these populations: MLP signature enriched for lym-
phoid-affiliated genes and transcription factors (TF), GMP gene signature
enriched for myeloid-affiliated genes and TF and LMPP a hybrid lympho-
myeloid signature. Analysis of the expression of 72 genes in 919 single LMPP,
MLP and GMP shows that the 3 populations form a transcriptional continuum.
Moreover, this analysis allowed us to further purify the myeloid potential of
GMP population with the use of an alternative sorting strategy.
Summary/Conclusions: These data change our understanding of human
hematopoiesis and propose a radically new model of lympho-myeloid progen-
itor specification. This model has important implications for human immune
deficiencies and hemopoietic malignancies.
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WILMS’ TUMOR 1 RNA-ELECTROPORATED DENDRITIC CELL
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Background: Relapse is a major problem in acute myeloid leukemia (AML)
and adversely impacts survival.

Aims: The aim of this phase Il study was to determine the clinical efficacy of
dendritic cell (DC) vaccine therapy in AML, and, more specifically, whether this
form of immunotherapy can be applied in the post-remission adjuvant setting to
decrease the risk of relapse following chemotherapy and to improve survival.
Methods: We vaccinated 30 AML patients in remission following poly-
chemotherapy, but at very high risk of relapse with autologous DCs loaded with
the Wilms’ tumor 1 (WT1) antigen by means of mRNA electroporation, a tech-
nique that allows for human leukocyte antigen haplotype-independent, multi-
epitope antigen presentation to T-cells. The vaccines were administered intra-
dermally. WT1 mRNA levels in blood and marrow were followed as a measure
of minimal residual disease. Circulating WT 1-specific CD8+T-cells obtained
before vaccination and after the 4th dose of DCs were stained with WT1 pep-
tide-HLA-A*0201 tetramers.To assess cell-mediated immunity in vivo, delayed
type hypersensitivity (DTH) skin testing was performed 2 weeks after the 4th
DC vaccination by intradermal injection; DTH-infiltrating lymphocytes collected
from skin biopsies were expanded for 2-3 weeks in medium with interleukin-2,
harvested and tested for WT1 specificity and reactivity.

Results: There was a demonstrable anti-leukemic response in 13/30 patients
(overall response rate 43%). Nine patients achieved molecular remission as
demonstrated by normalization of WTT transcript levels, 5 of which are sus-
tained after a median follow-up of 109.4 months, including 1 patient who went
from partial remission to complete remission by DC vaccination only. In the
remaining 4 responding patients, the clinical response was characterized by
stable disease as demonstrated by elevated but stable WTT1 transcript levels
in blood for 3-12 months and stable blood values without blasts. Five-year
overall survival was 40%, as compared to 24.7% in the SEER data of the
National Cancer Institute; it was significantly higher in responders than in
non-responders (53.8% vs 25.0%; P=0.01). In patients receiving DCs in first
complete remission (CR1), there was a vaccine-induced relapse reduction
rate of 25% and the 5-year relapse-free survival was significantly higher in
responders than in non-responders (50% vs 7.7%; P<0.0001). In patients
<65 and >65 years who received DCs in CR1, 5-year overall survival was
69.2% and 30.8% respectively. Of the 30 patients, 11 are alive in CR, including
5 who relapsed after DC vaccination; 2 proceeded to allogeneic stem cell
transplantation, while the 3 other patients were brought back into CR by
chemotherapy alone, 2 of them surviving more than 7 and 4 years respectively
after reachieving CR. Long-term clinical response was correlated with
increased circulating frequencies of poly-epitope WT1-specific
tetramer+CD8+T-cells. Long-term overall survival was correlated with inter-
feron-y+and tumor necrosis factor-a+ WT1-specific responses in DTH-infil-
trating CD8+T-lymphocytes.

Summary/Conclusions: Vaccination of AML patients with WT1 mRNA-elec-
troporated DCs can be an effective and non-toxic strategy to prevent or delay
leukemia relapse after standard chemotherapy, translating into improved overall
survival rates, which are correlated with the induction of WT1-specific CD8+T-
cell responses.
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FIRST-IN-HUMAN MULTICENTER STUDY OF BB2121 ANTI-BCMA CAR T
CELL THERAPY FOR RELAPSED/REFRACTORY MULTIPLE MYELOMA:
UPDATED RESULTS

Y. Lin1", J. Berdeja2, N. Raje3, N. Munshi4, D. Siegel5, M. Liedtke®, S. Jagannath?,
M. Maus3, A. Turka8, L.P. Lam8, K. Hege®, R. Morgan8, M.T. Quigleys,
J. Kochenderfer10
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Madrid, Spain, June 22 - 25, 2017

Background: To test the safety and efficacy of the CAR T cell modality in
relapsed/refractory multiple myeloma (MM), we have designed a second-gener-
ation CAR construct targeting B cell maturation antigen (BCMA) to redirect T cells
to MM. bb2121 consists of autologous T cells transduced with a lentiviral vector
encoding a novel CAR incorporating an anti-BCMA scFv, a 4-1BB costimulatory
motif and a CD3-zeta T cell activation domain. We will report updated safety and
efficacy results following promising initial results (Berdeja ef al., ENA 2016).
Aims: The primary objective is to determine the maximally tolerated dose of
bb2121 in subjects with MM whose tumors express BCMA, to determine and
test a recommended phase 2 dose for future studies. The secondary objective
is to provide preliminary efficacy data on the anti-tumor effects of treatment
with bb2121 in subjects with MM whose tumors express BCMA.

Methods: CRB-401 (NCT02658929) is a multi-center phase 1 dose escalation
trial of bb2121 in patients with relapsed and/or refractory MM who have received
23 prior regimens, including a proteasome inhibitor and an immunomodulatory
agent, or are double-refractory, and have 250% BCMA expression on plasma
cells. Peripheral blood mononuclear cells are collected via leukapheresis. Patients
undergo lymphodepletion with Flu (30 mg/m?2) Cy (300 mg/m?2) daily for 3 days
then receive 1 infusion of bb2121. The study follows a standard 3+3 design with
planned dose levels of 5.0, 15.0, 45.0, 80.0 and 120 x 107CAR+T cells.
Results: Asof November 18, 2016, 11 patients had been infused with bb2121
in the first 4 dose cohorts, and 9 patients had reached at least 1 month of fol-
low-up. As of data cut-off, no dose limiting toxicities, and no >Grade 2 neuro-
toxicities or cytokine release syndrome (CRS) had been observed. Grade 1-2
CRS has been reported in 8/11 (73%) treated patients. All patients treated with
doses of 15.0 x 107 or higher remained on study and the overall response rate
(ORR) in the 9 evaluable patients is 100%, including 2 sCRs and 2 MRD-neg-
ative responses (sCR and VGPR). CAR+T cell expansion has been demon-
strated consistently. An additional 6 months of follow up on reported results
and initial data from an additional ~10 patients will be presented.
Summary/Conclusions: bb2121 shows promising efficacy at dose levels above
5.0 x 107CAR+T cells, including 2 sCRs and ongoing clinical responses at 6
months with mild and manageable CRS to date. These initial data support the
potential of CAR T therapy with bb2121 as a new treatment paradigm in MM.
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BASELINE AND EARLY POST-TREATMENT CLINICAL AND LABORATORY
FACTORS ASSOCIATED WITH SEVERE NEUROTOXICITY FOLLOWING
19-28Z CAR T CELLS IN ADULT PATIENTS WITH RELAPSED B-ALL

J. Park!”, I. Riviere!, X. Wang', B. Senechal’, Y. Wang?', B. Santomasso?,
M. Sadelain®, R. Brentjens'

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

Background: CD19-specific chimeric antigen receptor (CAR) modified T cells
produce high anti-tumor activity in relapsed or refractory (R/R) ALL, but can be
associated with cytokine release syndrome (CRS) and neurotoxicity (NTX).
Aims: We examined baseline and post-treatment clinical and laboratory para-
meteres to identify factors associated with severe NTX (=Grade 3) in our phase
| clinical trial of CD19-specific 19-28z CAR T cells for adult patients (pts) with
R/R B-ALL (NCT01044069).

Methods: 51 adult pts with R/R B-ALL were treated with 19-28z CAR T cells fol-
lowing conditioning chemotherapy at MSKCC. In order to identify clinical and
serum biomarkers associated with severe NTX (sNTX), we examined demo-
graphic, treatment, and clinical blood parameters as well as in vivo CAR T expan-
sion and serum cytokines, and performed univariate and multivariate analysis.
Results: In this cohort of ALL pts, 20, 8, 2, 18 and 3 pts experienced Gr 0, 1,
2, 3, and 4 NTX, respectively. No pt developed grade 5 NTX and no cerebral
edema was seen. Disease burden (250% blasts) at the time of T cell infusion
(p=0.0045) and post-treatment 2Gr3 CRS (p=0.0010) were significantly asso-
ciated with sNTX, but we found no association with age, weight, T cell dose,
choice of conditioning chemotherapy (Flu/Cy s. Cy), and prior lines of treatment.
Among the clinical and blood parameters, fever, low PLT, high ferritin and MCHC
as well as elevated GM-CSF, IFNy, IL-15, IL-5, IL-10, IL-2 at day 3 of T cell
infusion at day 3 of T cell infusion were significantly associated with sNTX (all
p<0.01). While some of these cytokines were also elevated in severe CRS cas-
es, IL-5 and IL-2 at day 3 were unique to SNTX. Furthermore, in vivo peak CAR
T expansion at day 7 (p=0.0001) significantly correlated with SNTX (p<0.01).
Lastly, multivariate analysis revealed baseline PLT <60 or MCHC >33.2% and
morphologic disease (>5% blasts) has 95% sensitivity and 70% specificity of
identifying sSNTX pts.

Summary/Conclusions: These data provide a characterization of early clinical
and serum biomarkers of sSNTX in adult pts receiving 19-28z CAR T cells and
should help identify appropriate pts for early intervention strategy to mitigate NTX.
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FIRST EVIDENCE DEMONSTRATING ENGRAFTMENT AND
REPOPULATION ADVANTAGE OF GENE-CORRECTED HEMATOPOIETIC
REPOPULATING CELLS IN NON-CONDITIONED FANCONI ANEMIA
PATIENTS

J. Sevilla®”, P. Rio2, S. Navarro2, E. Galvez3, E. Sebastian3, G. Guenechea?,
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Background: Fanconi anemia (FA), is a monogenic inherited syndrome asso-
ciated with bone marrow failure (BMF), that has been considered a candidate
disorder for hematopoietic stem cell (HSC) gene therapy. Up to date, three
clinical trials have been performed, all of which failed to demonstrate engraft-
ment of corrected HSCs.

Aims: To demonstrate engraftment of gene-corrected HSCs in non-conditioned
Fanconi anemia patients.

Methods: To improve previous results, we proposed a new approach based
on two clinical trials. First, to increase the HSC collection, we designed a trial
employing a plerixafor plus G-CSF mobilization regimen. Second, to improve
the quality of corrected HSCs, cells were pre-stimulated for only 8-10 hours
and transduced with a new lentiviral vector (PGK-FANCA.Wpre*) for 12-14h,
a substantially shorter duration than in previous trials. To avoid chemotherapy-
induced damage, a conditioning regimen was not included in the trial, based
on the expected proliferative advantage of autologous corrected HSCs.
Results: Eight patients have been included so far in the HSC collection trial.
No severe adverse events (SAE) related to the procedure have been reported.
The most relevant AE has been the transfusion of packed red blood cells and
platelets. Six FA patients aged 3-6 years underwent collections after mobiliza-
tion of significant numbers of CD34+cells (10 to 70 CD34+cells/uL) to peripheral
blood. Two patients (15 and 16 years) failed to mobilize. On average, 5 million
CD34+cells/Kg were collected, with 45% recovery after immunoselection. In
the first patient included in the gene therapy trial, fresh immunoselected
CD34+cells were transduced with the therapeutic vector. Subsequently, two
patients, were infused with transduced CD34+cells that remained cryopre-
served for almost 2 years. Infused cell products contained 0.5 to 1.4 million
CD34+cells/kg, and vector copy numbers per cell (VCN/cell) that ranged
between 0.17 to 0.45. To-date, there has been no SAE related to the procedure.
Engraftment of gene corrected cells has been observed in the three patients.
Notably, increased gene marking levels and significant phenotypic correction
in the hematopoietic progenitor cells, deduced from the acquired resistance of
the colony forming cells to mitomycin C (15% of BM CFCs survived to 10 nM
MMC), have been demonstrated after 9 months of follow up in one of the
patients.

Summary/Conclusions: Our preliminary results show that 1) HSCs collection
is both safe and efficient in very young FA patients after mobilization with G-
CSF and plerixafor, and 2) Engraftment and proliferation advantage of gene-
corrected HSPCs has been demonstrated in FA patients even in the absence
of conditioning regimens.

The long-term follow up of patients included in these clinical trials will demon-
strate the feasibility of restoring the hematopoietic function of FA patients by
means of a gene therapy approach in the absence of conditioning.
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TARGETING FLT3 WITH CHIMERIC ANTIGEN RECEPTOR T CELLS
CONFERS POTENT REACTIVITY AGAINST ACUTE MYELOID LEUKEMIA
H. Jetanil”", I. Garcia-Cadenas?, T. Nerreter?, J. Sierra2, W. Herr3, S. Thomas3,
H. Einsele!, M. Hudecek!
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3Klinik und Poliklinik fiir Innere Medizin Ill, Universitatsklinikum Regensburg,
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Background: Adoptive immunotherapy with chimeric antigen receptor (CAR)-
modified T cells has therapeutic potential in hematologic malignancies. We are
pursuing FMS like tyrosine kinase 3 (FLT3) as a novel CAR target in acute
myeloid leukemia (AML). FLT3 is a homodimeric transmembrane protein with
uniform expression on AML, irrespective of cytogenetic and histomorphologic
subtype. FLT3 provides survival signals to AML blasts and is a key driver of
leukemia-genesis in AML cases with internal tandem duplication (FLT3-ITD).
These attributes suggest FLT3 may be an ‘Achilles heel’, making AML blasts
susceptible to CAR T-cell mediated recognition and elimination.

Aims: We therefore explored the anti-leukemia efficacy of FLT3-CAR modified
T cells against FLT3-ITD+and FLT3 wild type AML in pre-clinical models in vitro
and in vivo.

Methods: A FLT3-CAR comprising a single-chain variable fragment (4G8),
fused to an IgG-Fc spacer, and signaling module with CD3 zeta and CD28
was encoded in a lentiviral vector (epHIV7) for gene-transfer into CD8+and
CD4+T cells of healthy donors (n>4) and AML patients. CAR T-cell mediated
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cytolytic activity was evaluated in FACS-/luminescence-based assays, cytokine
production analyzed by ELISA and proliferation assessed by CFSE dye dilution.
Immunodeficient NSG mice were engrafted with AML cell line (Molm-13) or
primary AML blasts and treated with 5x108CAR-modified or control T cells
(CD8:CD4 ratio=1:1).

Results: We confirmed specific recognition and high-level cytolytic activity of
CDB8+FLT3-CART cells against a panel of AML cell lines including THP-1 (FLT3
wild type), and Molm-13 (FLT3-ITD heterozygous). Both CD8+and CD4+FLT3-
CART cells produced IFN-y and IL-2, and underwent proliferation after antigen
stimulation. FLT3-CAR T cells that we prepared from AML patients exerted
specific anti-leukemia reactivity against autologous primary AML blasts, with
near-complete cytolysis within 24 hours of co-culture. Further, FLT3-CAR T
cells conferred a potent anti-leukemia effect in in vivo models of systemic
leukemia, both with AML cell lines (Molm-13) and primary AML blasts. A single
dose of FLT3-CAR T cells conferred complete eradication of leukemia from
peripheral blood, bone marrow and spleen, as confirmed by bioluminescence
imaging and flow cytometry. FLT3 is not expressed in any normal solid tissues
and mature hematopoietic cells, but shows limited expression in hematopoietic
progenitors and hematopoietic stem cells (HSCs). Preliminary data show that
FLT3-CART cells recognize FLT3+/high normal HSCs and interfere with normal
hematopoiesis, but preserve a proportion of HSCs capable of reconstituting
hematopoietic lineages. Studies to assess recognition of normal HSCs in vivo
are ongoing.

Summary/Conclusions: Collectively, our data demonstrate that T cells
expressing a FLT3-specific CAR mediate potent reactivity against FLT3 wild
type and FLT3-ITD+AML in vitro and in vivo, and establish FLT3 as a novel
CAR target in AML. FLT3-ITD positivity identifies a high-risk AML subgroup
that may particularly benefit from adoptive therapy with FLT3-CAR T cells, e.g.
in order to achieve ‘minimal residual disease’ (MRD) negativity prior to allo-
geneic HSC transplantation. Our data further suggest that in contrast to CD33
and CD123, which are pursued as alternative CAR targets in AML, targeting of
FLT3 may preserve a fraction of normal HSC and enable the implementation
of CAR therapy outside the transplant setting.
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BPX-501 DONOR T CELL INFUSION (WITH INDUCIBLE CASPASE 9
SUICIDE GENE) FACILITATES HLA-HAPLOIDENTICAL STEM CELL
TRANSPLANT IN CHILDREN WITH BOTH HEMATOLOGICAL
MALIGNANCIES AND NON-MALIGNANT CONDITIONS
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Background: Allogeneic haploidentical hematopoietic stem cell transplant
(HSCT) offers curative therapy for children who lack an available HLA-identical
donor with hematopoietic disorders such as Primary Immune Disorders (PIDs),
hemoglobinopathies, erythroid disorders and acute leukemias. af3 T-cell deple-
tion mitigates the risk of GVHD after haplo-HSCT, but is associated with extend-
ed immunodeficiency, leading to complications due to infections . We have per-
formed aff TCR-depleted haplo-HSCT with post-transplant infusion of BPX-
501 gene modified T cells to allow for more rapid immune reconstitution. Upon
occurrence of GVHD, administration of rimiducid (AP1903) dimerizes the Cas-
pase 9 suicide switch and rapidly induces apoptosis of the transduced BPX-
501 cells and mitigates the GVHD.

Aims: This study was performed to determine the impact of BPX-501 T cell
infusion on outcomes (treatment related mortality (TRM), disease recurrence,
GvHD incidence and immune reconstitution) after HSCT.

Methods: We report on a large multicenter, prospective Phase I-II study
enrolling children receiving a T-cell depleted Haplo-HSCT. Patients were
infused with BPX-501 T cells 2 weeks post-transplant. 104 patients have >100
day follow-up, 81 patients have follow up 2180 days and 51 with >1 year fol-
low-up. All patients received myeloablative therapy and low dose ATG prior to
transplant. No pharmacologic GvHD prophylaxis was given (Table 1).

Table 1. Diagnoses of Patients with >100 day follow-up.

Non-Malignant N=66
SCID

WAS

CGD

Thal ia Major
Sickle Cell Disease
Fanconi Anemia
HLH

_Others

Malignant N=38
ALL(3 CRI, 21 CR2) 24
AML 14

(%] —
S| nioo| kool on

Results: Cumulative incidence of TRM remains very low at 100 days (0%),
180 days (1.6%) and 1 year (2.8%). Of the 81 patients with >180 day follow-
up, 20 patients had acute GvHD 1-3 (24.7%) (Figure 1A); 10 with Grade 1, 8
with Grade 2, 2 with Grade 3 and one Grade 4 skin. Mild cGvHD was seen in
2 patients, moderate cGvHD in 2 patients and one case of severe cGvHD in a
malignant patient, attributed to the allograft, not BPX-501. Rimiducid was used
in 4 patients with Grade 2 GvHD with rapid resolution of symptoms, as it did in
the severe cGvHD patient. In both malignant and non-malignant patients. CD3,
CD4, CD8 (Figure 2B) and B cells (Figure 3C) immune reconstitution was brisk.
CD3+/CD19+ T-cells were detectable at one year via flow cytometry analysis
of peripheral blood. In Wiskott-Aldrich patients, platelet recovery remains in the
normal range at 180 days with mean platelet counts of 246.3x103/uL. At 180
days and 1 year, the patients with hemoglobinopathies remain transfusion-free
with a normal mean HgB value of 11.4 g/dL.

Summary/Conclusions: These data suggest that infusion of BPX-501 modified
T cells may facilitate T cell depleted Haplo-HSCT in children who would benefit
from HSCT for either malignant or non-malignant conditions. The availability of
a suicide gene mechanism in donor T cells infused after T depleted Haplo-
HSCT, results in low rates of infection and rapidly reversible GvHD when the
dimerizer is infused to activate the suicide switch. Rapid cellular and humoral
immune reconstitution makes BPX-501 after T depletion a safe and viable
option for children who do not have a matched donor transplant and in whom
transplantation has been deemed curative.

A) GVHD B) T Cell Reconstitution

C) B cell recovery

[p—

D) BPX-501 T Cell Retention

Figure 1.
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RE-CREATING HEREDITARY PERSISTENCE OF FETAL HEMOGLOBIN
WITH CRISPR/CAS9 TO TREAT SICKLE CELL DISEASE AND BETA-
THALASSEMIA
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Background: Extensive human genetic and epidemiological data demonstrate
that the genetic condition Hereditary Persistence of Fetal Hemoglobin (HPFH)
substantially ameliorates the pathology of Sickle Cell Disease (SCD) and B-
thalassemia (B-Thal). This condition is associated with several genetic variants
at the B-globin locus that lead to transcriptional reactivation of y-globin genes,
resulting in upregulation of fetal hemoglobin (HbF).

Aims: CRISPR/Cas9 is a revolutionary technology that allows for precise,
directed changes to genomic DNA. Our strategy is to use CRISPR/Cas9 in
human primary CD34* hematopoietic stem and progenitor cells (HSPCs) to re-
create specific HPFH genetic variants as well as other variants associated with
elevated HbF and demonstrate their causal relationship to elevated HbF as a
potential therapeutic strategy to treat SCD and 3-Thal.

Methods: Using CRISPR/Cas9 gene editing, we have successfully re-created
genetic variants linked to high HbF levels in HSPCs from healthy donors and
SCD and B-Thal patient samples, and determined the relationship of different
genetic variants to upregulation of y-globin in bulk and clonal populations of
differentiated erythrocytes. Off-target editing was assessed, and on-target edit-
ing in long-term repopulating subsets of HSPCs was measured in vitro and by
engraftment in immunocompromised mice. Finally, editing rates at clinical scale
in a GMP-capable manufacturing facility were demonstrated.

Results: We first optimized cell culture and electroporation conditions that led
to high rates of genomic editing across multiple loci, achieving 84.9+6.2%
(MeantSD) editing efficiency at key regions of interest in CD34* HSPCs from
mobilized peripheral blood of healthy donors (n=16). Similar rates of editing
were attained using CD34* HSPCs derived from healthy-donor bone marrow
(n=6). Cas9 delivery as recombinant protein improved cell viability when com-
pared to mRNA-based delivery (88.8+3.7% compared to 75.5+9.3%, Mean+SD,
n=56 for each) with no observed reduction in editing efficiencies. To investigate
gene editing impact on HbF, edited cells were erythroid differentiated from
healthy donors as well as from SCD and B-Thal patients. Specific gene edits
significantly increased y-globin mRNA expression to therapeutically-relevant
levels (increased expression to 29-37% as a ratio of y/a in one B-Thal patient
sample and to 25-45% as a ratio of y/(y+B) in six SCD patient samples). We
demonstrated similarly high rates of editing in the CD34*CD38-CD90*CD45RA-
long-term repopulating HSPCs and bulk CD34* HSPCs (87.916.4% compared
to 89.743.6%, MeantSD, n=4). We confirmed that engraftment levels of edited
cells inimmunocompromised mice were similar to control cells (% human CD45
in peripheral blood = 28.616.9% in controls versus 27.1+6.6% and 26.3+7.9%
for two guide targets, Mean+SD, n=48 for each). In-depth off-target analysis
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for a selected guide RNA confirmed no detectable genomic cleavage at over
5000 predicted off-target sites with a detection sensitivity of 0.2%, supporting
its safety for clinical use. Finally, we have demonstrated editing rates of >85%
at clinical scale in a GMP-capable manufacturing facility to enable clinical devel-
opment for SCD and B-Thal. Required safety toxicology studies are ongoing.
Summary/Conclusions: Using CRISPR/Cas9 we successfully created gene
edits that upregulate HbF in both healthy donor and patient samples. We have
also dissected the genotype-phenotype relationship for specific genetic modi-
fications, identifying the editing strategies which are most promising for re-
expressing HbF. We have optimized the conditions for modifying HSPCs,
including at clinical scale in a GMP-compliant setting, and demonstrated poten-
tial safety with no detectable off-target editing. These experiments support the
further development of specific CRISPR/Cas9 editing strategies of HSPCs to
treat SCD and B-Thal patients.
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EXPOSURE TO INFECTION TRIGGERS PAX5 AND ETV6-RUNX1
CHILDHOOD BCP-ALL
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Background: B-cell precursor acute lymphoblastic leukemia (BCP-ALL) of
childhood remains a major cause of death in high-income countries. It has a
yet unexplained peak incidence between 2-6 years of age and a potential
trigger was theorized a century ago with several possibilities of exposure to
infection in infancy. Recently in vitro and in vivo evidence strengthened the
causal role of exposure to infection in BCP-ALL (1, 2). However, it remains
unknown which molecular BCP-ALL subtype can be triggered by exposure to
infection and how the pre-leukemic clone evolves to BCP-ALL.

Aims: Aiming to understand the role of infection exposure in the etiology of
childhood BCP-ALL.

Methods: We have developed and characterized two independent GEMMs,
in addition to the Pax5+/- infection model (1), which were exposed to a common
infection environment. These represent childhood BCR-ABL 1190 BCP-ALL
and the most common subtype ETV6-RUNXT BCP-ALL. Both model systems
ensure Scail-directed expression of BCR-ABL1P190 or ETV6-RUNX1 in
HSC/PC in C57BL/6 x CBA mice and were characterized extensively with
respect to clinical, immunephenotypic and molecular genetic characteristics.
Whole exome (WES) and whole genome sequencing (WGS) was performed
of murine BCP-ALL on a HiSeq 2500 (lllumina) platform.

Results: Pax5+/- and Sca1-ETV6-RUNX1 mice develop BCP-ALL only after
exposure to common pathogens whereas BCR-ABL 1P790micedevelop BCP-
ALL independent of exposure to common infection. The molecular mechanism
leading to BCP-ALL identified in the infection dependent GEMMs is determined
by the genetic predisposition (Pax5+/- or ETV6-RUNX1). Pax5+/- mice acquire
constitutive activating Jak3 mutations (6/9) in a susceptible B-cell precursor
population ((pro+pre)-B and immature B cells) (1). On the other hand Sca?-
ETV6-RUNXT mice develop BCP-ALL at a low penetrance (10.75%; 10 out of
93) with a CD19*B220*IgM- cell surface phenotype and manifested with blast
cells in the peripheral blood (PB) and clonal immature BCR rearrangement.
High expression of Recombination Activating Gene 1 (Rag1) and loss of func-
tion mutations in Ebf1 were identified in murine BCP-ALL and are well known
in the context of human ETV6-RUNX1 leukemia. Additionally we identified a
high proportion of mutations in genes implicated in histone modification, i.e.
Kdm5c (no. J408) causing a premature stop. CRISPR-Cas9 knock down stud-
ies of KDM5C in a precursor B-cell line revealed facilitated Rag1/2 binding to
the histone complex (H3K4me3) as a potential molecular mechanism inducing
Rag1 off target activity in pre-leukemic ETV6-RUNX1 HSC/PC after exposure
to infection. In contrast to Pax5+/- and Sca71-ETV6-RUNX1 mice, Sca1-BCR-
ABL1P7190 mice develop BCP-ALL independent of exposure to common
pathogens by reprogramming of a HSC/PC and subsequent loss of Pax5.
Summary/Conclusions: In summary, exposure to common pathogens can
trigger childhood BCP-ALL based on Pax5 loss of function or the common
ETV6-RUNXT rearrangement. However the underlying molecular mechanism
(Jak-Stat signaling in Pax5+/- mice and histone modification in ETV6-RUNX1
mice) triggered by exposure to common infection is determined by the genetic
predisposition. On the other hand BCP-ALL, which emerge on the basis of a
potent oncogene (such as BCR-ABL 1P190) can develop independent of expo-
sure to infection. These findings are important for encouraging the prospect of
novel interventions that might help to prevent or treat a significant proportion
of childhood BCP-ALLs.
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REVERSIBLE PHARMACOLOGICAL TARGETING OF RHOA ALLOWS
IMPROVED STORAGE, SURVIVAL AND HEMOSTATIC ACTIVITY OF
PLATELETS /N VITRO AND IN VIVO, IN MICE AND IN PRIMATES
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Background: The use of platelets in transfusion has increased dramatically in
the last three decades. Cold temperature induces changes in glycosylation
and clustering of platelet glycoprotein (GP) Ib and cytoskeletal rearrangements,
which are recognized by host receptors resulting in lectin-mediated platelet
phagocytosis and clearance from circulation. As a result, current practice of
platelet storage for transfusion uses room temperature and associates with a
relatively high risk of bacterial growth and infection in susceptible patients.
Aims: Due to the cytoskeletal nature of the platelet changes upon refrigeration,
we hypothesized that the RHO family GTPase activity is pivotal in the cold
platelet lesion. Targeted intervention may benefit refrigerated storage.
Methods: Analysis of RhoA, Rac1 and Cdc42 activity was performed using
GST-Rhotekin and GST-PAK effector domain pulldown assays. Platelets were
obtained from anticoagulated (CPD or EDTA) human, Rhesus monkey and
murine whole blood. G04, NSC23766 and Casin, specific inhibitors for RhoA,
Rac and Cdc42, respectively, were titered and used at concentrations of 75
mcM, 50 mcM and 10 mcM, respectively. RhoA deficient murine platelets were
obtained from polyl:C-treated Mx7-Cre;RhoA 7f mice. Aspirin was administered
at a dose of 5 mg/Kg b.w. to mice and monkeys. Bleeding time was performed
using standard animal protocols. Transfused human/monkey platelets were
stored in plasma or PAS-IIl (67%)/plasma(33%) at RT or 1-9C for 7 days or 1-
4 hours for murine platelets.

Results: We found that either short- or long-term refrigeration activates RHOA
and RAC1, but not CDC42. Genetic deletion of RhoA or RHOA inhibition with the
small molecule inhibitor G04 suffices to completely prevent cold-induced platelet
clearance after long-term cold storage of murine or human platelets. The effect
of G04 is on-target since it mimics but does not modify the response of RhoA-
deficient platelets. The effect of G04 is reversible since removal of G04 after 7-
day storage restores RHOA activity to normal levels and allows normal extent of
shape change and spreading on fibrinogen. To analyze the kinetics and hemo-
static activity of cold stored inhibitor treated human platelets after xenotransfusion,
we analyzed the survival of xenotransfused human platelets after long term (7-
day) refrigeration in the presence and absence of inhibitors cocktail or individual
inhibitors in macrophage depleted, sub-lethally irradiated NSG mice (N=20/group)
as well as autologously transfused platelets in a crossover trial in Rhesus mon-
keys (n=5). Our results show that reversible inhibition of RHOA in refrigerated
platelets suffices to survival levels similar to the unrefrigerated control in 100%
of mice and 80% of monkeys (p<0.001). Our data further show that washing of
platelets stored for 7 days in GO4/plasma maintains collagen—induced shape
change as well as normal aggregation of human platelets and restores bleeding
time correction after congenic or autologous transfusion in all aspirinated mice
and 80% of aspirinated Rhesus monkeys, respectively. RHOA inhibition
blocks the process of intracellular traffic of GP through lipid rafts and endocytotic
intermediates as assessed by confocal microscopy of Gplb and the vacuolar
sorting protein VPS33b, as well as biochemical fractionation of detergent-insol-
uble membrane lipid rafts, resulting in reduced blebbing and formation of
microparticles upon storage in G04/plasma.

Summary/Conclusions: We demonstrate that activation of RHOA is a pivotal
mechanism of refrigerated platelet storage lesion and phagocytosis. Reversible
inhibition of RHOA allows the extended cold storage of platelets which are
effective in vitro and in vivo, suitable for use in clinical safety and efficacy trials.
Our study also provides the mechanism and a stringent proof-of-principle for
the translational application of a novel approach to refrigerated platelet storage.
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Background: The German Hodgkin Study Group (GHSG) applies the intensive
eBEACOPP regimen (dose-escalated bleomycin, etoposide, doxorubicin,
cyclophosphamide, vincristine, procarbazine, and prednisone) to all newly diag-
nosed advanced-stage HL patients regardless of their individual risk-profile.
However, some patients might not be in need of such an intensive treatment to
achieve cure. Unfortunately, baseline risk factors as defined in the international
prognostic score cannot identify these patients reliably. Recent clinical research
suggests that early metabolic response assessment after 2 cycles of therapy
using FDG-PET (PET-2) can better predict the individual outcome. In particular,
a rapid response as determined by PET-2 negativity might allow reducing the
overall treatment intensity.

Aims: To assess the feasibility of decreasing the number of eBEACOPP cycles
in patients with negative PET-2 without loss of efficacy as determined by pro-
gression-free survival (PFS).

Methods: Between 05/2008 and 07/2014, we recruited patients with newly
diagnosed, advanced-stage HL aged 18-60 years. All patients gave written
consent before study entry. PET-2 was centrally assessed with FDG uptake
not higher than the mediastinal blood pool defined as negative. Patients with
negative PET-2 were randomly assigned to receive 6 or 2 additional cycles
(i.e. 8 or 4 cycles of eBEACOPP in total, respectively). PET-positive residues
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after chemotherapy were irradiated. Based on the results of our previous HD15
trial, the protocol was amended in June 2011 and the standard therapy was
reduced from 8 to 6 cycles of eBEACOPP in total. The trial was designed to
exclude inferiority of 6% or more of the experimental treatment (4 cycles of
eBEACOPP) compared with the pooled standard treatment (8 or 6x cycles of
eBEACOPP) at 5 years.

Results: We enrolled 2,101 patients. 1,005 patients with negative PET-2 were
randomly assigned to either 8/6 cycles of eBEACOPP (n=504) or 4 cycles of
eBEACOPP (n=501). With a median follow-up of 55 months, estimated 5-year
PFS in the per-protocol set was 90.8% (87.9-93.7) with 8/6 cycles of eBEA-
COPP and 92.2% (89.4-95.0) with 4 cycles eBEACOPP (difference +1.4%,
95% Cl -2.7-5.4, excluding the non-inferiority margin of -6%). In the standard
arm, 95% of patients had at least one acute hematological toxicity of CTCAE
grade 3-4 compared with 90% in the experimental arm, including severe infec-
tions in 75 (15%) and 40 (8%) patients, respectively. Acute severe organ toxi-
cities were documented for 91 (18%) and 38 (8%), respectively. 25 patients
(5%) in the standard group (8/6 cycles of eBEACOPP and 9 (2%) in the exper-
imental group (4 cycles of e BEACOPP) died; most frequent cause of death
was second malignancy (11 and 1 patient, respectively). No patient in the exper-
imental group died from treatment-related toxicities. Estimated 5-year overall
survival (OS) in the per-protocol set was 95.4% (93.4-97.4) with standard
eBEACOPP, and 97.7% (96.2—99.3) with 4 cycles of eBEACOPP (log-rank
p=0.004).

Summary/Conclusions: Metabolic response assessment using FDG-PET
after 2 cycles of eBEACOPP allows the reduction from therapy with 8/6 to only
4 cycles without loss of efficacy as determined by PFS in advanced-stage HL
patients. Furthermore, the abbreviated treatment with 4 cycles of eBEACOPP
is associated with improved tolerability and consequently leads to a significant
OS benefit over standard therapy. PET-guided reduced therapy with eBEA-
COPP combines outstanding efficacy with high safety. We therefore recom-
mend this treatment strategy for advanced-stage HL patients.
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TARGETED SINGLE CELL SEQUENCING TO IDENTIFY MUTATIONAL
HIERARCHY IN T-CELL ACUTE LYMPHOBLASTIC LEUKEMIA
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Background: Acute lymphoblastic leukemia (ALL) is a common childhood
malignancy caused by clonal proliferation of immature B or T lymphoid cells.
ALL patients are primarily young children who respond well to chemotherapy,
with survival rates above 85%. However, if relapse develops, survival rates
drop to 15-50%. Recent studies have shown that at diagnosis, different ALL
subclones are present that are likely the result of clonal branched evolution.
Understanding this clonal evolution and the order at which mutations are
acquired can provide improved insights into the origins of leukemia relapse.
Aims: To use single-cell sequencing to investigate (i) the heterogeneity of
leukemic T-ALL cells present at diagnosis and (ii) unravel the order in which
mutations were acquired during leukemia evolution.

Methods: Bone marrow samples taken at diagnosis and remission from 4 T-
ALL patients underwent whole genome and RNA sequencing. Somatic muta-
tions, indels and chromosomal translocations were confirmed using Sanger
sequencing. Primers were designed to specifically target these genetic alter-
ations, and included 40 primers against heterozygous SNPs for quality control
assessment. A total of 1517 single cells (average of 379 cells per patient),
were sorted using flow cytometry or a microfluidic device and analyzed with
targeted sequencing. Cells were discarded from further analysis if locus and
allelic drop-out exceeded 33,3%. Jaccard hierarchical clustering was applied
to identify subclones and a new graph-based algorithm was developed to deter-
mine the order of mutation acquisition. Single CD34*CD38- hematopoietic
stem/progenitor cells (HSPCs) from the same samples were also isolated to
test for the presence of mutations in early progenitors.

Results: We detected between 2 and 4 separate clones in each T-ALL patient
sample. Every patient harboured one dominant clone comprising 46 to 98% of
all single cells that was highly mutated, accompanied by a number of smaller
subclones carrying fewer mutations. No mutually exclusive mutations, fusion
genes or deletions were observed between the clones arguing against inde-
pendent leukemic clonal initiation events. Instead, a more stepwise clonal hier-
archy became likely, with each clone harbouring more mutations than the last.
Using our newly developed graph-based algorithm, we found that early muta-
tions mostly occurred in genes of unknown significance and may represent a
pre-leukemic state. Three out of four patients also had an early mutation event
in a known oncogene (MED12, STAT5B or NOTCH1). Intermediate events
included loss of 9p and appearance of fusion genes, while alterations in
NOTCH1 were usually late events. Analysis of 185 single CD34*CD38- HSPCs
from the diagnostic and remission samples found that most early mutations
were detected in HSPCs at diagnosis and remained detectable at remission,
further confirming the pre-leukemic nature of these variants. Interestingly, 2 of
4 T-ALL cases had HSPCs at diagnosis in which all mutations could be detect-
ed, indicating that the accumulation of mutations can occur in progenitor cells
or in committed T-cells. During remission, we could no longer detect HSPCs
with all leukemic mutations.

Summary/Conclusions: We demonstrate that T-ALL patients have limited
heterogeneity at diagnosis and that targeted single cell sequencing can be
used to determine the cell of origin and the order of mutation acquisition. These
data also illustrate that HSPCs at remission carry a few early, pre-leukemic
events, while highly mutated HSPCs are eradicated during treatment, which is
in line with long term remission in T-ALL.
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Background: The ribosomal protein L10 (RPL10) R98S mutation occurs in
8% of pediatric T-cell acute lymphoblastic leukemia (T-ALL) cases. RPL10
R98S leads to a proliferation defect in lymphoid cells but its oncogenic contri-
bution in pediatric T-ALL remains unclear. Treatment intensification and risk
stratification has reduced the relapse rate of T-ALL to ~15% but further improve-
ments will require strategies that focus on specific subtypes as RPL10 R98S;
if the long-term sequalae of toxic therapy are to be avoided.

Aims: 1) Explore the oncogenic contribution of the RPL10 R98S mutation in pedi-
atric T-ALL. 2) Define new therapeutic opportunities for RPL10 R98S defective T-
ALL. 3) Identify a biomarker indicative of the RPL10 R98S mutation in T-ALL.
Methods: Quantitative label-free proteomics was used to screen for protein dif-
ferences between RPL10 WT and R98S expressing Ba/F3 cells. Hits were con-
firmed by western blot in lineage negative (lin-) bone marrow (BM) cells extracted
from RPL10 WT and R98S knock-in mice and in RPL10 WT and R98S pediatric
T-ALL samples. Serial re-plating was established by plating 2000 cells/ml in
Methocult. Oxidative stress and mitochondrial activity was determined by Dihy-
droethidium and mitotracker. Viable cell counts were determined by Annexin V
exclusion. Chromatin immunoprecipitation was performed using the Imprint Ch-
IP kit followed by gqRT-PCR. Human pediatric T-ALL samples were transplanted
into NOD-SCID/IL2y--(NSG) mice for in vitro and in vivo inhibitor studies.
Results: The RPL10 R98S mutation provided a cell survival advantage in Ba/F3
cells and in serial re-plating assays of lin- BM cells derived from RPL10 R98S
knock-in mice. Proteomic profiling revealed metabolic reprogramming in RPL10
R98S cells through enhanced expression of peroxisomal enzymes Acox1, Acox3
and Paox. This expression facilitated peroxisomal 3-oxidation of long chain fatty
acids which are substrates for PPARy and which were consequently upregulated
together with CPT1A. Peroxisomal hyperactivation causes high intracellular H,O,
levels, explaining the observed elevated levels of reactive oxygen species (ROS)
in RPL10 R98S cells that could not be scavenged by the increased catalase
expression. High ROS levels and enhanced PPARY binding drives the constitutive
overexpression of anti-apoptotic protein B-cell lymphoma 2 (Bcl-2), responsible
for the leukemia cell survival benefit of RPL10 R98S cells. Bcl-2 targeted therapy
using venetoclax (ABT-199) reduced the expansion of RPL10 R98S knock-in
BM cells by 50%, while RPL10 WT BM cells were not inhibited by ABT-199. In
vivo, DMSO or ABT-199 50mg/kg therapy was started after the engraftment of
>2% human cells in the blood of mice xenografted with T-ALL samples and was
maintained 1/wk till disease end stage. RPL10 R98S xenografted mice that
received ABT-199 therapy presented a complete inhibition of human CD45+
leukemia progression in the blood, which was characterized by a 70-85% reduc-
tion in spleen weights, and 20-50% reduction of bone marrow engraftment.
Spleen weights of ABT-199 treated RPL10 R98S xenografted mice were only
slightly increased as compared to spleen weights of healthy NSG mice. In con-
trast, mice xenografted with RPL10 WT T-ALL samples showed poor in vivo
responses to ABT-199 treatment and all animals showed progressive disease.
Bcl-2 overexpression induced by peroxisomal hyperactivation was defined as
new target in RPL10 R98S defective T-ALL. Additionally, due to peroxisomal
hyperactivation, a peroxisomal oxidase involved in purine degradation may have
contributed to the observation that the waste product of purine degradation, uric
acid, was elevated above reference levels in the blood of RPL10 R98S mutant
pediatric T-ALL patients at diagnosis (Figure 1).
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Summary/Conclusions: Uric acid provides an indicative biomarker of RPL10
R98S mutations in pediatric T-ALL patients, which may be used for screening,
providing early diagnosis and appropriate selection of patients in whom a Bcl-
2 targeted therapeutic approach could be considered.
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Background: We previously described a recurrent arginine-to-serine mutation
on residue 98 (R98S) in ribosomal protein L10 (RPL10), with a frequency of
8.6% in pediatric T-ALL cases. The R98 mutated residue contacts the catalytic
core (peptidyltransferase center, PTC) of the ribosome and causes ribosome
biogenesis and translational fidelity defects in yeast and lymphoid cells. These
observations suggest that the RPL10-R98S mutation may contribute to T-ALL
pathogenesis by inducing translational changes.

Aims: The spectrum of translated proteins (translatome) of RPL10 R98S
mutants was investigated in order to identify translational changes caused by
the mutation and potentially driving oncogenesis.

Methods: We performed ribosome footprinting (RNA sequencing of ribosome
bound RNA), polysomal RNA sequencing, total RNA sequencing and mass
spectrometry based quantitative proteomics on engineered RPL10-R98S or
RPL10-WT mouse lymphoid Ba/F3 cells.

Results: RPL10 R98S cells showed significant upregulation for 3% (n=178) of
the measured proteins and a downregulation of 1% (n=68). Moreover, polyso-
mal RNA sequencing and ribosome footprinting showed respectively 57 and
22 genes with significantly higher translational efficiency in RPL10 R98S, and
22 and 29 genes, with reduced translational efficiency. Among them, we also
found genes involved in T cell differentiation and proliferation. In particular,
Mapk6 presented reduced translational efficiency in the ribosome footprinting,
potentially due to differences in ribosome occupancy of an upstream ORF,
whereas the transcription factor Ikzf2, a master regulator of the upregulated
transcripts, was overexpressed at the transcriptional and protein level. Inter-
estingly, the results from the mass spectrometry and the polysomal RNA
sequencing datasets showed a significant enrichment and upregulation of mem-
bers of the JAK-STAT signaling pathway with Csf2rb/2, Jak1 and several Stats
being 1-3-fold elevated at the protein level and higher translation efficiency for
Lif, Socs1, Pim1, Osm, lI10ra, Cish and 1121r. Another interesting candidate
showing 5-fold upregulated protein levels was phosphoserine phosphatase
(Psph), a key enzyme in serine biosynthesis. Ribosome footprinting revealed
that this upregulation originates from a combination of higher transcription and
translational efficiency of the encoding gene. Elevated Psph protein levels were
confirmed by immunoblots in the RPL10 R98S Ba/F3 cells and in hematopoietic
cell cultures derived from Rpl10 R98S knock-in mice. Interestingly, exhausted
medium from RPL10 R98S Ba/F3 cells contained higher residual serine levels
as compared to RPL10 wild type expressing cells and this medium could sup-
port the survival of wild type Ba/F3 cells. Our data suggest that RPL10 R98S
expressing cells enhance their endogenous serine production, leaving more
serine that can support survival of neighboring cells.

Summary/Conclusions: Analysis of the translational changes associated with
the RPL10 R98S mutation reveals alterations for genes involved T cell differen-
tiation and proliferation: the atypical MAP kinase Mapk6, whose reduced trans-
lational efficiency still needs to be validated at the protein level, and the tran-
scription factor Ikzf2. Alterations were also found in the JAK-STAT signaling, an
established oncogenic cascade in T-ALL. Moreover, this is the first description of
a mutation in T-ALL that is linked to alterations in cellular serine biosynthesis.
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Background: Remarkable improvements made in the treatment of childhood
acute lymphoblastic leukaemia (ALL) in past decades have resulted in 5-year
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survival rates approaching 90%. However, prognosis remains dismal for certain
subgroups of high-risk patients, including poor responders to induction therapy,
infants with ALL that harbor rearrangement of the Mixed Lineage Leukaemia
(MLL/KMT2A) gene, and children with Philadelphia chromosome positive ALL.
In particular, infant ALL patients with MLL disease have survival rates below
50% despite the use of intensified treatments, necessitating the development
of more effective, less toxic therapeutics for them.

Aims: The aim of this study is to identify candidates that target MLL-rearranged
leukaemia cells using drug-repurposing, whereby an approved drug is applied
to treat a disease other than the one for which it was originally intended. This
drug discovery strategy is gaining popularity as it potentially avoids the lengthy
process of drug development and FDA approval.

Methods: 3707 approved drugs and pharmacologically active compounds were
initially screened against an infant ALL cell line with MLL-rearrangement, PER-
485 and a paediatric leukaemia cell line wild-type for MLL, CEM, using a
resazurin-based cell viability assay. Hit compounds were further tested in a
panel of 16 leukaemia cell lines, seven solid tumour lines and two normal cell
lines. Compounds were subsequently evaluated in vitro for cytotoxic activity
against a panel of 20 paediatric high-risk ALL patient-derived xenograft (PDX)
cells. Apoptosis was measured by Annexin V positivity and PARP cleavage.
Reactive oxygen species (ROS) levels were assessed by DCF-DA staining and
detection by flow cytometry. Nrf2 protein expression levels were measured by
Western blotting.

Results: The screen resulted in the identification of two FDA-approved drugs
that were preferentially cytotoxic against MLL-rearranged ALL and other
leukaemia cell lines, compared to solid tumours and normal cells. Auranofin
was originally developed for rheumatoid arthritis and was later fast-tracked into
Phase Il clinical trial for adult chronic lymphocytic leukaemia, while Disulfiram,
which was developed for treatment of chronic alcoholism, is currently in several
clinical trials for cancers including metastatic melanoma and glioblastoma.
These drugs also showed potent activity in high-risk paediatric leukaemia PDX
cells cultured in vitro, including MLL-rearranged ALL and Philadelphia-positive
ALL with ICgq values between 100-400 nM for Auranofin and 30-60 nM for
Disulfiram. Induction of apoptosis was evident at 6 hours post Auranofin treat-
ment, or after 12 hours Disulfiram treatment. Each drug significantly increased
intracellular ROS as early as one hour post-treatment (p<0.01), which was
accompanied by induction of Nrf2, a master regulator of the antioxidant
response. Incubation with ROS scavenger N-acetyl cysteine prior to treatment
with either drug prevented the increase in cellular ROS levels (p<0.05) and
rescued cells from apoptosis (p<0.0001), indicating involvement of reduction-
oxidation and increased ROS generation as mechanisms of leukaemia cell
death induced by these drugs.

Summary/Conclusions: In summary, we have identified two FDA-approved
drugs that demonstrated potent anti-leukaemia activity through induction of
ROS, potentially opening up new avenues for clinical treatment of high-risk
paediatric leukaemia. We will now be testing these potential therapies in vivo
using relevant PDX models of high-risk paediatric ALL.
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Background: Polychemotherapy resistance is a major challenge in the treat-
ment of children with relapsed acute lymphoblastic leukemia (ALL). Mutation
of TP53 is tightly associated with poor response to treatment in ALL relapse
patients.

Aims: We studied mutations of TP53 in ALL relapses and in six ALL cell lines to
shed light on mechanisms and pathways mediating TP53 dependent drug resist-
ance in relapsed ALL. First, we analyzed the spectrum of TP53 mutations in ALL
relapses and correlated it to treatment response of patients. Second, we studied
drug sensitivity in TP53 wild type (wt) versus TP53 mutant ALL cell lines.
Methods: TP53 was sequenced by the method of Sanger. Drug sensitivity was
determined by IC50 in ALL cell lines. Drugs included in the study were DNA
damage inducing agents as topoisomerase Il inhibitors, alkylating agents,
nucleotide analoga, and other agents, most of which are used in ALL relapse
treatment protocols.

Results: We identified 20 different TP53 mutations in 34 patients. We clas-
sified TP53 mutations into ‘hot spot’ (R175, G245, R248, R273 and R282),
non-hot spot and frameshift, respectively. We found that hot spot TP53 muta-
tions were enriched in ALL relapse patients with non-response to treatment
compared to good responding patients (64 versus 27%). In ALL cell lines, we
confirmed TP53 mutations in Jurkat (R196*) and Loucy (V272M) and identi-
fied R248P in MHH. Three ALL cell lines were TP53 wt (SUP-B15, UOC-B6,
NALM-6) and used as controls. Topoisomerase Il inhibitors upregulated
expression of wt p53. In contrast, nucleotide analoga showed no p53 induc-
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tion. IC50 measurements showed that TP53 mutations lead to resistance
against topoisomerase Il inhibitors and alkylating agents, but not against oth-
er drugs. The upstream pathway of p53 (CHK1, CHK2) and DNA damage
recognition (YH2AX) were not impaired in the six ALL cell lines. To study the
effect of TP53 mutation on resistance to treatment in more detail, we focused
on the R248P mutation, located in hot spot codon 248, that we found in a
relapse patient with non-response to treatment and in the MHH cell line.
Using a CRISPR/Cas9 knockout (KO) of endogenous p53 and lentiviral based
re-expression in NALM-6, we generated p53 KO, and KO+wt p53, KO+R248P
and KO+GFP cell lines. The KO cells showed a similar resistance to DNA
damage inducing drugs as KO+R248P cells. Overexpression of wt p53 in
KO cells restored the sensitivity to DNA damage inducing drugs. In contrast
to wt p53, R248 did not inhibit cell proliferation under drug treatment. We
found that this mutant was unable to induce downstream targets of p53 (p21,
BAX). Moreover, ChlP-seq showed that R248P cannot bind the promotor
and induce expression of typical p53 targets MDM2, p21, BAX, BCC3/PUMA,
FAS or RRM2B/p53R2. This result indicates that R248P is deficient in binding
the consensus element of p53. However, the binding motif analysis showed
that the R248P mutant still binds DNA at a different and purine-rich sequence.
In summary, R248P leads to loss of wt p53 function and mediates resistance
to topoisomerase Il inhibitors and alkylating agents.
Summary/Conclusions: Overall, our results show that mutations
affecting TP53 hot spots, in particular codon 248, are associated with resistance
of ALL cells to chemotherapy and reveal first insights into underlying mecha-
nisms and pathways.
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GENETIC ACTIVATION AND THERAPEUTIC TARGETING OF PIM1 IN
T-CELL ACUTE LYMPHOBLASTIC LYMPHOMA

R. De Smedt!", S. Peirs?, J. Morscio®, J. Roels', S. Goossens', A. Touzart?,
A. Uyttebroeck3, N. Van Roy!, T. Lammens#, L. Mussolin®, E. Macintyre?2,
P. Vandenberghe3, P. Van Vlierberghe'
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Background: T-cell acute lymphoblastic leukemia (T-ALL) and T-cell acute
lymphoblastic lymphoma (T-LBL) are aggressive immature T-cell malignancies
that are considered one disease entity according to the World Health Organi-
zation (WHO). Both T-ALL and T-LBL are often characterized by improper T-
cell receptor (TCR) recombinations leading to aberrant activation of proto-onco-
genes.

Aims: Despite some genetic and phenotypic similarities between T-ALL and
T-LBL, T-ALL risk group stratification cannot be extrapolated to T-LBL patients.
Therefore, it is our goal to find new T-LBL markers and develop new targeted
therapies based on those T-LBL specific markers.

Methods: Here, we used Targeted Locus Amplification (TLA, de Vree et al., Nat
Biotechnol, 2014) to identify a novel translocation (leading to PIM1 kinase over-
expression) in a human T-LBL patient. Unraveling the importance of PIM1 acti-
vation in T-LBL disease biology prompted us to do both RNA sequencing and
phosphoproteomic studies to identify its downstream targets. T-LBL patient
engraftment in NSG mice enabled us to study the therapeutic potential of PIM1
inhibition.

Results: Applying the TLA technique lead to the identification of a novel
TCRB driven t(6;7)(p21;934) translocation in a human T-LBL patient resulting
in aberrant activation of the PIM1 proto-oncogene. PIM1 is a constitutively
active serine/threonine kinase involved in cell cycle progression, apoptosis,
transcription and drug resistance and is overexpressed in a variety of human
cancers. Further characterization of this PIM1 rearranged patient sample
revealed cooperative genetic alterations that target known T-ALL/T-LBL onco-
and tumor suppressor genes, including NOTCH1, IKZF1, EP300 and
CDKN2A. Comparing PIM1 expression between normal T-cell subsets, T-
ALL and T-LBL patient samples showed that T-LBL patients express signifi-
cantly higher PIM1 levels, confirming PIM1 activation is implicated in T-LBL
disease biology. Next, we looked at allelic expression ratios of PIM1 and
interestingly, we found skewed allelic expression in T-LBL, but not in T-ALL
patients. To study the oncogenic properties of PIM1 in the context of malig-
nant T-cell transformation, we did RNA sequencing and phosphoproteomics
on the T-ALL/T-LBL tumor line HSB-2 (high PIM1) after PIM inhibition with
TP-3654 (Foulks et al., Neoplasia, 2014). These data revealed that PIM1
inhibition has broad effects on transcription and phosphorylation substrates
involved in cell cycle, translation and apoptosis. Finally, we evaluated the
therapeutic potential of PIM1 inhibition. Daily TP-3654 treatment (4 weeks)
of T-LBL engrafted NSG mice resulted in strong anti-leukemic effects. Cur-
rently, we are evaluating if combination of PIM1 inhibition with chemothera-
peutics triggers a more profound anti-leukemic response (Figure 1).
Summary/Conclusions: All together, our study identifies PIM1 as a putative
oncogene in T-LBL and suggests that inhibition of this serine/threonine kinase
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could serve as a novel therapeutic strategy in this aggressive T-cell neoplasm.
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IL-7 FLEXIBLY REGULATES AUTOPHAGY-DEPENDENT VIABILITY OF
T-CELL ACUTE LYMPHOBLASTIC LEUKEMIA CELLS

D. Ribeiro?”", I. Lopes, C. Custédia®, J. Silva’, M. Abreu’, J. Barata’
1JBarata Lab, Instituto de Medicina Molecular, Lisbon, Portugal

Background: T-cell acute lymphoblastic leukemia (T-ALL) constitutes an aggres-
sive subset of ALL, the most frequent childhood malignancy. T-ALL cases are
high risk and a significant fraction of the patients still relapse despite intensive
chemotherapy, prompting the need for a deeper understanding of T-ALL biology
in order to develop novel therapies. Autophagy is a homeostatic intracellular
process characterized by the sequestration of cytoplasmic compartments within
double-membrane vesicles (autophagosomes) to promote their degradation.
Importantly, autophagy is upregulated during starvation, cellular stress or in rap-
idly dividing cells, such as cancer cells, as a compensatory mechanism to provide
nutrients and stress relief. By mitigating stress and allowing cell survival,
autophagy may serve as a pro-tumoral mechanism. On the other hand, persistent
autophagy can lead to cell death and thereby prevent tumor growth. Interleukin-
7 (IL-7) is essential for normal T-cell development but there is considerable evi-
dence that IL-7-mediated signaling can also contribute to leukemogenesis. A
majority of T-ALL patients expresses the IL-7 receptor and IL-7 accelerates T-
ALL disease progression in vivo and promotes T-ALL cell proliferation, survival
and metabolic activation in vitro via PI3BK/AktYmTOR pathway (a master negative
regulator of autophagy). IL-7 can also activate MEK/Erk pathway (which has
been implicated in promotion of autophagy).

Aims: Since IL-7 has the ability to activate signaling pathways with potentially
opposing roles in autophagy regulation, our goal was to explore the actual
impact of IL-7 on the autophagic process in T-ALL cells and elucidate its molec-
ular mechanisms and functional consequences.

Methods: We used an IL-7-dependent leukemia T-cell line (TAIL7) and “primary”
cells from patient-derived xenografts (PDX). We used inhibitors of PI3K
(LY294002), mTOR (rapamycin), MEK1/2 (UO126) and ULK1/2 (MRT68921).
Analysis of viability and cell size was performed by flow cytometry. Signaling
pathway activation and LC3-I/-Il conversion was performed by western blot analy-
sis. LC3 puncta formation was assessed by confocal microscopy. Autophago-
some/autolysosome formation was analyzed by electron microscopy.

Results: We show that in optimal culture conditions (medium with serum) IL-7
inhibits autophagy in T-ALL, albeit in a complex manner that involves triggering
both pro- (via MEKJ/Erk) and anti- (via PI3BK/Akt/mTOR) autophagic signaling. In
this scenario, IL-7-mediated viability relies on the latter pathway, as we previously
described. In contrast, under stress conditions (serum starvation) IL-7 promotes
autophagy in leukemia cells. In this situation, IL-7-mediated survival partially
relies on autophagy activation and strictly requires MEK/Erk activation. Mecha-
nistically, we provide evidence that depending on culture conditions, IL-7 can
balance the relative activation of PI3K/Akt/mTOR and MEK/Erk pathways towards
or against autophagy in order to consistently promote T-ALL cell viability.
Summary/Conclusions: Our results suggest that IL-7 makes use of a ‘flexible
strategy’ to promote T-ALL cell viability by recruiting both pro- and anti-
autophagic pathways, which are differentially recruited to prevent tumor cell
death depending on the microenvironmental conditions. Our data strengthen
the notion that combination therapies against PI3K/Akt/mTOR and MEK/Erk
pathways may be of particular relevance in the context of T-ALL.
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PRECLINICAL ACTIVITY OF ENTOSPLETINIB IN CHILDHOOD B-CELL
ACUTE LYMPHOBLASTIC LEUKEMIA
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Background: B-cell acute lymphoblastic leukemia (B-ALL) is the most common
malignancy of childhood and is highly curable with modern risk-adapted
chemotherapy. However, 15-20% of children and >60% of adults with B-ALL
develop chemoresistance and relapse, indicating need for new therapies. Addi-
tion of kinase inhibitors to chemotherapy for patients with BCR-ABL1-
rearranged (Ph+) B-ALL has dramatically improved event-free and overall sur-
vival, and similar approaches are now under active clinical investigation in
patients with BCR-ABL 1-like (Philadelphia chromosome-like or Ph-like) B-ALL.
Recent studies have demonstrated activated spleen tyrosine kinase (SYK) sig-
naling in various genetic subtypes of B-ALL and preclinical activity of the
SYK/FLT3/JAK inhibitor fostamatinib. However, SYK activation in B-ALL and
potential correlation with specific leukemia-associated mutations remains
incompletely characterized. We hypothesized that constitutive activation of SYK
signaling occurs across a genetic spectrum of infant and high-risk childhood B-
ALL and can be therapeutically targeted in vivo with the selective SYK inhibitor
entospletinib (ento).

Aims: (1) Assess basal SYK signaling activation in childhood B-ALL speci-
mens. (2) Quantify treatment efficacy, pharmacokinetics (PK), and pharmaco-
dynamic (PD) effects of ento in childhood B-ALL patient-derived xenograft
(PDX) models.

Methods: Total and phosphorylated (p) SYK levels were assessed by Simple
Western analysis of splenic lysates from NSG mice well-engrafted with primary
pediatric B-ALL specimens (n=19 Ph-like, n=4 infant KMT2A-rearranged (R),
and n=4 infant non-KMT2A-R PDX models) to identify leukemias with consti-
tutive SYK signaling activation. To assess in vivo activity of SYK inhibition,
selected B-ALL PDX models with high basal pSYK (n=2) were treated with con-
tinuously provided control, ento 0.03%, or ento 0.07% chow. Cohorts of mice
were sacrificed after 21-28 days, and peripheral blood and spleens were har-
vested for downstream studies. Flow cytometric analyses of murine tissues
were performed to assess initial human ALL engraftment and to measure ento
treatment responses. PK and PD assessments were performed in terminal
peripheral blood and spleens, respectively.

Results: Constitutive pSYK signaling was observed in 10/19 Ph-like, 4/4
KMT2A-R, and 1/4 non-KMT2A-R B-ALL specimens. Ento treatment of KMT2A-
MLLT3 (ALL3103) and Ph-like NUP214-ABL1 (NHO011) PDX models signifi-
cantly inhibited ALL proliferation in vivo versus control animals at both 0.03%
and 0.07% chow formulations (representative data in Figure 1; p<0.05). Steady
state concentrations were maintained throughout the study duration with ter-
minal PK values of 3.3 (+ 0.5) and 7.9 (+ 1.0) uM (0.03% and 0.07% ento arms,
respectively). PD studies demonstrated dose-dependent in vivo inhibition of
pERK measured in human leukemia cells within spleens of ento-treated mice
without alterations in total SYK protein levels. In general, PD inhibition of SYK
target phosphoproteins was more pronounced in 0.07% ento-treated animals.
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Figure 1.

Summary/Conclusions: Constitutive activation of SYK signaling occurs fre-
quently in childhood Ph-like and infant KMT2A-R childhood B-ALL. Ento treat-
ment of B-ALL PDX models potently inhibited SYK pathway signaling proteins
and significantly inhibited leukemia proliferation in vivo.
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PHARMACOLOGICAL ACTIVITY OF CB-103 — AN ORAL PAN-NOTCH
INHIBITOR WITH A NOVEL MODE OF ACTION
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F. Radtke3
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Background: NOTCH signalling is a developmental pathway known to play
critical roles during embryonic development as well as for the regulation of self-
renewing tissues. Aberrant activation of NOTCH signalling leads to deregulation

Madrid, Spain, June 22 - 25, 2017

of the self-renewal process resulting in sustained proliferation, evasion of cell
death, loss of differentiation capacity, invasion and metastasis, all of which are
hallmarks of cancer. When the NOTCH pathway is inappropriately activated by
genetic lesions (over expression of NOTCH ligands/receptors, GOF mutations
in NOTCH receptors as well as chromosomal translocations), it becomes a
major driver for NOTCH-dependent cancers and resistance to standard of care
treatment. Over 250°000 patients are annually diagnosed with NOTCH depend-
ent cancers, with no specific therapy available to date.

Aims: Given the importance of NOTCH signalling in human cancers, several
therapeutic approaches have been utilized to block NOTCH signalling. Two of
these strategies are; a) the use of monoclonal blocking antibodies (mAbs)
against NOTCH ligands and receptors and b) the use of small molecule gam-
ma-secretase inhibitors (GSIs). However, these approaches can only be effec-
tive if tumor cells express full-length ligand or receptor molecules. As validation
of NOTCH as a therapeutic target, clinical activity of these in clinical studies
were was observed in various trials for some of these inhibitors (mAbs, GSls),
but treatment and exposure were usually limited due to toxicities, mainly related
to gastro-intestinal adverse events. On the contrary, in human cancers har-
bouring NOTCH gene fusion due to chromosomal translocations or specific
NOTCH mutations, the use of mAbs and GSls will have very limited clinical
benefits. Cellestia has decided to follow a disruptive approach, by blocking
NOTCH signalling in the most downstream part of the NOTCH cascade, at the
level of the NOTCH transcriptional activation complex, using small molecule
inhibitors.

Methods: Here we report the pharmacological characterization of CB-103, a
first-in-class orally-active small molecule inhibitor of the NOTCH transcriptional
activation complex.

Results: We demonstrate that in vitro CB-103 potently inhibits NOTCH sig-
nalling in various leukemic and lymphoma cell lines, and T-ALL blasts derived
from relapse/refractory patients. In addition, CB-103 exhibited anti-tumor effi-
cacy in multiple in vivo models of NOTCH-driven T-ALL using T-ALL cell lines
and patients derived xenograft models.

Summary/Conclusions: Toxicology studies have been completed and clinical
development of CB-103 with a first-in-human Phase I/lIA clinical study in
advanced solid tumors and haematological malignancies is under preparation.
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IKZF1A4-7 CAN BE EASILY SCREENED BY PCR BUT DOES NOT PRE-
DICT OUTCOME IN ADULTS WITH ACUTE LYMPHOBLASTIC
LEUKAEMIA; DATA FROM 490 PATIENTS ENROLLED ON THE UKALL14
TRIAL

R.J. Mitchell", A.A. Kirkwood2, B. Wrench3, A. Fearn4, C. Schwab?, E. Lawrie2,
K. Zuborne Alapi®, L. Clifton-Hadley?, P. Patrick2, T. Naughton', A.V. Moorman4,
A.K. Fielding"

1UCL Cancer Institute, 2CRUK and UCL Cancer Trial Centre, UCL, 3Barts Can-
cer Institute, QMUL, London, 4Leukaemia Research Cytogenetics Group,
Northern Institute for Cancer Research, Newcastle University, Newcastle Upon
Tyne, United Kingdom

Background: The /IKZF1 gene encodes the IKAROS zinc finger transcription
factor and master regulator of lymphocyte differentiation. IKZF1 lesions are
common in acute lymphoblastic leukaemia (ALL) and have been reported as
independent prognostic factors for poor outcome. IKZF1A4-7, resulting in the
dominant negative /K6 isoform is the most common single IKZF1 deletion.
Aims: We aimed to generate and validate a simple, PCR-based screening
assay for IKZF1A4-7 and to determine its utility as a prognostic marker in B
precursor ALL using data from UKALL14 (ISRCTN 66541317)- a multicentre
phase 3 randomised trial for adults aged 25-65 years.

Methods: Diagnostic DNA from 490 bone marrow samples was screened for
IKZF1A4-7 using an endpoint PCR assay using primers located in introns 3
and 7. The lower limit of detection was determined by serial dilution of DNA
from the IK6-expressing cell line SUP-B15 and calculated to be 0.001%. A total
of 95 samples were also tested using the MLPA P335 kit to detect the full spec-
trum of IKZF1 deletion. Sanger sequencing confirmed the breakpoints in 27
cases.

Results: The median age of the patients tested was 46 years (range 25-65).
Overall IKZF1A4-7 was detected in 97/490 (20%) patients but the frequency
varied by genetic subtype. Patients with BCR-ABL1 fusion had the highest
IKZF1A4-7 frequency (46/150, 31%) followed by patients with B-other ALL
(29/154, 19%). Patients with other classic cytogenetic abnormalities harboured
significantly fewer IKZF1A4-7 — low hypodiploidy (3/26), MLL gene fusions
(3/31), 1(1;19), (1/11), high hyperdiploidy (2/9) and iAMP21 (0/3). MLPA did not
detect any IKZF1A4-7 deletions that were not detected by PCR but did identify
several samples with alternative IKZF 1 deletions affecting different exons (see
Table 1). By contrast, the PCR assay did detect six IKZF1A4-7 deletions unde-
tected by MLPA, consistent with the higher sensitivity of this approach. Inter-
estingly, three of these samples harboured alternative IKZF1 deletions in addi-
tion to IKZF1A4-7. In 70 (14%) cases, we observed a “faint” PCR band. Since
the biological relevance of this was not clear, the ‘faint’ bands were not included
in the main analysis. Interestingly the frequency of these “faint” bands was
similar across all genetic subtypes: BCR-ABL1 (14%), B-other (15%), MLL
(21%), low hypodiploidy (19%). We examined the impact of IKZF1A4-7 on
achievement of CR, persistence of minimal residual disease (MRD) at >1 x 10~
4 (Ig/TCR quantitation by EuroMRD criteria) after courses 1 and 2 of therapy,
EFS, OS and time to relapse, at a median follow-up of 23.1 months. Two thirds
of patients (44/66) with IKZF1A4-7 were MRD positive at the end of phase 1
compared with 147/273 (54%) patients without the deletion (p=0.059). Howev-
er, this relationship between IKZF1A4-7 and MRD did not persist after phase
2. We did not identify any association between IKZF1A4-7 and any of the other
outcome parameters tested.

Table 1.
PCR MLPA Concordance Total
Neg Neg 56 concordant
Del Ex 1-8 N=1 15 "expectedly’ discordant
Del Ex 2-T N=3 due lo del >exons 4-7
Del Ex 2-8 N=2 73
Del Ex 4-8 N=3
Del Whole gene N=6
Failed 2 concordance notl
assessable
Pos Pos 12 concordant
Failed 4 concordance not
assessable
Del exons 2-3, N=1 3 discordant probably due z
Del whole gene N=2 detection limit of 20% for
MLPA
No deletion detected 3 discordant - probably
due detection limit of 20%
for MLPA

Summary/Conclusions: /IKZF1A4-7 can be detected by a simple and cheap
PCR assay, which is more sensitive than MLPA. The frequency of IKZF1A4-7
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was broadly comparable with previous studies. However, we did not find an
association between IKZF1A4-7 and clinical outcome in this large clinical trial
sample set. We are in the process of evaluating the impact of other IKZF1
lesions.
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PROGNOSTIC SIGNIFICANCE OF MINIMAL RESIDUAL DISEASE
DETECTED BY MLL FUSION GENE TRANSCRIPTS IN INFANT ACUTE
LYMPHOBLASTIC LEUKEMIA. UPDATED RESULTS OF 76 PATIENTS
ENROLLED INTO MLL-BABY STUDY
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Background: Fusion gene transcripts (FGTs) are rarely used for minimal resid-
ual disease (MRD) monitoring in acute lymphoblastic leukemia (ALL) cases,
except of Ph-positive ALL. However in infant ALL, where MLL gene rearrange-
ments are found the majority of cases, MLL FGTs are attractive targets for
MRD detection.

Aims: To estimate prognostic significance of MRD by qualitative detection of
different MLL FGTs in infant ALL treated by MLL-Baby protocol.

Methods: Seventy six infants (27 boys and 49 girls) with median age of 5.8
months (range 0.03-11.83) were included in the current study. Among them
there were 39 (51.3%) MLL-AF4-positive cases, 14 (18.4%) MLL-MLLT1-pos-
itive, 12 (15.8%) MLL-MLLT3-positive, 6 (7.9%) MLL-MLLT10-positive, 4 (5.3%)
MLL-EPS15-positive ones. MRD detection was performed in BM samples by
real-time quantitative PCR and nested RT-PCR with sensitivity non-less than
1E-04. MRD-negativity was defined as absence of FGTs in the both assays.
Median of follow-up period in the observed group was 6.4 years. Informed con-
sent was obtained in all cases.

Results: We confirmed our earlier finding that the most informative TP for the
MRD detection was TP4 (G. Tsaur at al, EHA 2012 abs 01096). MRD-positivity
at TP4 led to unfavorable outcome in both MLL-AF4-positive patients stratified
to high-risk arm of MLL-Baby protocol (EFS 0.05+0.04 vs 0.78+0.07 p<0.0001;
cumulative incidence of relapse 0.78+0.10 vs 0.11+0.07 p<0.0001, respectively)
and for all others MLL-rearranged patients treated by intermediate risk (ImR)
arm (EFS 0.00 vs 0.71+0.11 p<0.0001; cumulative incidence of relapse 1.0 vs
0.29+0.10 p<0.0001, respectively). There were no significant differences in initial
patients’ characteristics and treatment response criteria (on days 8, 15, 36)
among 38 MRD-positive and 38 MRD-negative patients. Multivariate analysis
revealed that initial CNS disease (hazard ratio (HR) 2.703, 95% Cl 1.255-5.284,
p=0.011), non-M1 status of BM on day 15 (HR 3.090, 95% CI 1.465-6.515,
p=0.003) and MRD-positivity at TP4 (HR 6.950 95% CI 2.617-18.456) were sig-
nificant covariates with negative impact on hazard of unfavorable event. Based
on dismal outcome of MRD-positive ImR patients we tried to augment their ther-
apy and relocated 5 of them from ImR group to HR arm after TP4. Although all
of them subsequently relapsed. We also wanted to find out which characteristics
might predict relapse in ImR patients who were MRD-negative at TP4 (n=5). Of
note, all these 5 relapsed patients (100%) had initial CNS disease while CNS
disease was detected only in 2 out of 19 ImR patients (10.5%) who stayed in
complete hematological and molecular remission (p=0.003). Also all 5 relapsed
ImR patients who were MRD-negative at TP4 had breakpoint positions within
intron 11 of MLL gene and they were MRD-positive by flow cytometry (MRD
20.01%) on day 15. None of MRD-negative patients by flow cytometry (MRD
<0.01%) on day 15 relapsed later on (p<0.001).

Summary/Conclusions: MRD monitoring by detection of MLL FGTs was fea-
sible and had significant prognostic impact. MRD-positivity at TP4 was an inde-
pendent factor of unfavorable outcome in infants with MLL-rearranged ALL
enrolled into MLL-Baby protocol irrespective of treatment arm. Treatment inten-
sification for MRD-positive at TP4 ImR patients did not improve their outcome.
MRD-positivity at TP4 in ImR group was associated with MRD-positivity by
flow cytometry on day 15, MLL breakpoint positions within intron 11 gene and
initial CNS disease.
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PRO-T CELL ALL/LBL: AN ULTRA-HIGH RISK CD2-NEGATIVE DISEASE
SUBTYPE IN ADULTS DEFINED BY FLOW CYTOMETRY
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Background: Risk fators for T-LBL have not been systematically evaluated, in
contrast to T-ALL

Aims: Our aim was to define immunophenotype of T-LBL/ALL in 71 consecutive
patients by use of the flow cytometry (FCM) of tissue aspirates if peripheral
blood (PB) and bone marrow (BM) were uninvolved. We also evaluated prog-
nostic value of immunophenotype according to WHO 2008 subtype and ETP
(Early T-cell Phenotype) definition in adult patients with T-ALL/LBL treated on
uniform ALL protocol

Methods: Between 1997 and 2015, 71 adult patients with T-LBL/ALL were
treated according to the GMALL 05/93 and T-LBL/2004 protocols.
Immunophenotype was determined by immunohistochemical staining and by
FCM of cellular suspension obtained from lymph nodes (n=31), mediastinal
mass (n=12) or nasopharyngeal/perimandibular infiltration (n=2) by fine nee-
dle aspiration biopsy (FNAB), as well as of BM (n=10), PB (n=7) and pleural
fluid (n=9). Disease subtype was defined according to WHO 2008 classifica-
tion: pro-T (CD2-), pre-T (CD2+), cortical (CD1a+), medullary/mature
(sCD3+). Recognition of pan-T cell CD antigens (pTAg) expression included:
CD1a, CD2, sCD3, CD4, CD5, CD7, CD8. ETP-ALL/LBL immunophenotype
was defined as follows: absent (up to 5%positive cells) CD1a and CD8
expression, absent or dim (75% positive cells) CD5 expression, expres-
sion(25% positive cells) of 1 or more myeloid (CD13,CD33, CD15) or stem
cell (CD34, HLA-DR) markers.

Results: Patient characteristics: ALL (BM+ >20%): n=26(37%), LBL:
n=45(63%), BM+<20% involvement (LBL): 27%, age<35ys: 72%, males: 67%,
mediastinal mass (MM): 92%, primary CNS+: 8%.Immunophenotype: pro-T:
21%, pre-T: 17%, cortical: 55%, medullary: 7%. Number of pTAg present: 0-3:
n=25(36%) or 4-7: n=45(64%) of pts. Most frequently expressed pTAg were:
CD7: 97%, CD5: 87%, CD2: 74%, CD1a: 58%. Myeloid markers: CD13/33/15
were expressed in 13%/26%/10% and stem cell markers: CD34% in 42% of
pts. Overall, 19% (13/67) of the study population had ETP-ALL/LBL: CD1a-
/CD8-, but CD5 negative: 46% and CD5 weaker (20-71%): 54%, CD34/HLA-
DR/13/33/15 expressed in 100%/50%/50%/75%/14% of ETP pts. 4 pts(31%)
with ETP were categorized as pre-T and 9 pts(69%) as pro-T. With a median
(95%Cl) follow up of 137 (0.99, 1.733)months, 5-yr OS and DFS (95%C.l.) was
53% (0.42, 0.65) and 48% (0.36, 0.59),respectively. 5-yr OS (95%C.1.) for pts
with CD2, CD1a and more than 3 pTAg present was 64% (0.511, 0.776), 66%
(0.512, 0.803) and 64% (0.5, 0.782) compared to 11% (0.034, 0.256), 32%
(0.152,0.494) and 27% (0.097, 0.452) for pts without CD2, CD1a and 3 or less
pTAg, (P<0.001, 0.009 and 0.002),respectively. OS and DFS was dependent
on WHO subtype (p<0.001/p=0.002). 5-yr OS (95%C.l.):cortical: 69% (0.547,
0.837), pre-T 48% (0.196, 0.776),mature 40% (0.029, 0.829) and pro-T 10%
(0.072, 0.272). There was no significant difference in OS and DFS in pts with
ETP vs non-ETP (P=0.186, 0.159), 5-yr OS (95%C.l.): 31% (0.57, 0.559) and
55% (0.418, 0.685) for ETP and non-ETP pts, respectively. Among ETP pts,
4/13(31%) are alive, 3/4(75%) pts with pre-T and only 1/9((11%) with pro-T
phenotype.3/7 pts were rescued with allo-HCT (Figure 1).
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Figure 1.

Summary/Conclusions: Survival of T-LBL/ALL pts depends on CD1a and
CD2 expression as well as on WHO subtype. ETP is a non-uniform category
by pro-T/pre-T-cell origin. ETP phenotype was non-significant factor for OS/DFS
(p=0.186/p=0.159) unless consistent with pro-T subtype (CD2-), only 1/9 pts
alive. Pro-T (CD2-) is an ultra-high risk subtype of T-ALL/LBL and novel treat-
ments are needed to improve pts outcomes.
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CLINICAL SIGNIFICANCE OF END OF INDUCTION MINIMAL RESIDUAL
DISEASE IN ADULT PATIENTS WITH ACUTE LYMPHOBLASTIC LEUKEMIA
IN COMPLETE REMISSION AFTER A SINGLE CHEMOTHERAPY COURSE
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Background: In pediatric ALL end of induction minimal residual disease (EOI
MRD) evaluated at day 29-33 after the first chemotherapy course is a primary
determinant of outcome. The significance of EOI MRD in adult ALL is less clear.
Aims: To assess EOI MRD and its impact on survival and relapse risk in adult
patients with Philadelphia-negative (Ph-) ALL in complete remission (CR) with
a single chemotherapy course.

Methods: Induction chemotherapy for patients in the Northern Italy Leukemia
Group 10/07 trial (ClinicalTrials.gov NCT-00795756; Blood 2016;128:176
[abstract]) consisted of CY/PDN pre-phase on days -5 to -1, VCR on days
1,8,15,22; Idarubicin on days 2,3; Dexa on days 1-5 and 15-18; L-Asp on days
9,11,13,16,18,20; intrathecal MTX, Ara-C, Dexa on days 1 and 15; and G-CSF
from day 4. CR was assessed on day 28 by means of bone marrow morphology
and MRD evaluation (RQ-PCR with case-specific probes, sensitivity 2104).
EOI MRD was correlated with risk subset, week 10 MRD, systemic relapse
incidence (RI) and relapse-free survival (RFS), defining as favorable (i.e. neg-
ative) a response <10-4. In this risk-oriented protocol MRD-based risk stratifi-
cation was deferred until after early consolidation (week 10), at which point
standard- and high-risk (SR, HR) patients with MRD 210-4 and very HR patients
irrespective of MRD study results were eligible to allogeneic stem cell trans-
plantation.

Results: Of 163 study patients, 139 were in CR after cycle 1 (85.2%), 95 had
a sensitive molecular marker (68.3%) and 90 were successfully studied for EOI
MRD. Median patient age was 39 years (range 17-67 years), 58.9% were male,
64.4% and 35.6% had B- and T-ALL, respectively, 44.4% were SR, 10% HR
and 45.6% very HR (leukocytes >100, highly adverse cytogenetics [18.8%)],
early/mature-T phenotype). EOl MRD was undetectable in 34 (37.7%) and <10~
41in 14 (15.1%), for an overall molecular response of 53.3%, while it was =210~
41in 42 (2103 in 28, 31.1%). EOI MRD did not correlate with patient age and
leukocyte count but showed a more favorable course in patients with SR (n=40:
<104 62.5%, 210-322.5%) rather than HR/very HR features such as pro-B phe-
notype (n=11: 27.2%, 54.5%), early-T phenotype (n=12: 41.6%, 50%) and high-
ly adverse cytogenetics (n=17: 47%, 41.1%). Notably most EOl MRD respon-
ders (42/44, 95.4%) and many of those in the 10-4-10-3 range (10/14, 71.4%)
were confirmed negative at week 10, contrary to only 7/28 (25%) with EOl MRD
210-3(P<0.0001). Five-year Rl and RFS rates of EOI MRD negative vs positive
groups (n=48 vs 42) were 15% vs 44% (P=0.01) and 68% vs 41% (P=0.03),
respectively. The correlation between EOI and week 10 MRD identified three
distinct prognostic groups: both timepoints negative (n=42), Rl 14%, RFS 74%;
any one positive (n=19), 43%, 49%; both positive (n=23); 44%, 31% (P=0.04
for RI; P=0.005 for RFS). In a multivariable prognostic model an EOl MRD 210~
3increased greatly the risk of relapse (hazard ratio 2.67, P=0.01), followed by
leukocytosis (>30 in B-ALL and >100 in T-LL; hazard ratio 2.35, P=0.04), while
patient age and adverse phenotype or cytogenetics were not significant.
Summary/Conclusions: EOI MRD allows to differentiate early on the patients
with the more favorable or most unfavorable treatment outcome, with cutoffs at
<104 (confirmed at week 10) or 210-3, respectively. This information can be
incorporated into treatment algorithms for adult ALL and prompts the use of
new agents/immunotherapeutics in induction regimens to optimize the rate of
MRD negative CR.
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RESULTS FROM UKALL60+, A UK/HOVON COLLABORATIVE PHASE 2
STUDY IN ELDERLY PATIENTS WITH UNTREATED ACUTE LYMPHOBLASTIC
LEUKAEMIA
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Background: The outcome for older adults with acute lymphoblastic leukaemia
(ALL) is unsatisfactory. The UKALL12/ECOG2993 study showed that high risk
cytogenetic abnormalities, were common, as well as lower rates of complete
remission (CR) and 5 year overall survival (OS) in those aged 55- 65 years of
age as compared to younger persons. There are few studies which focus on
older patients with ALL, despite an increasing incidence with age.

Aims: A trial to establish age-appropriate baseline chemotherapy from which
to design widely-applicable studies of novel agents in older people with ALL.
Methods: UKALL6E0+ offers five ‘Arms’ to be decided by investigator and
patient choice; Arm A= Philadelphia chromosome positive (Ph+), Arm B= Non-
intensive (designed to be delivered primarily out of hospital), Arm C= Intensive,
Arm D= Intensive+, and Arm E= Registration only (in which treatment is at
investigators discretion, including no active therapy). Any elderly patient with
newly diagnosed ALL is eligible. There are no exclusions for co-morbidities,
including prior malignancies. Baseline characteristics of each group including
Charlson index, ECOG, Karnofsky and CRASH scores are being collected.
The primary endpoint is the rate of complete remission (CR) after 2 phases of
induction. Secondary objectives include determination of MRD status at 3 time
points, EFS and OS at 1 year, treatment related mortality and quality of life.
Results: Since December 2012 85 patients have been recruited (4 excluded
due to misdiagnosis) with a median age of 67 years (Range 55 — 83). Median
follow up is 18.1 months. ECOG performance status was 0 in 33 (41%), 1 in
37 (46%), 2 in 8 (10%) and 23 in 3 (4%). Treatment allocation has been Ph+
n=18, Intensive n=34, non-Intensive n=11, Intensive+ n=7, and Registration
only n=11 patients. It is too early to perform a full analysis of the reasons given
for choosing each regimen but age appears to be a major factor for Ph-ve
patients, with a median age of 74 years (Range 64-82) in the non-Intensive
arm compared with 66 years (Range 56 -76) in the Intensive and Intensive+
arms. Atotal of 36/61 (57%) patients had high risk cytogenetics including BCR-
ABL1 (n=21), low hypodiploidy (n=10), complex karyotype (n=1) and KMT2A-
AFF1 (aka MLL-AF4) (n=4). Charlson index and CRASH score data is awaited.
At the end of 2 phases of treatment on Arm A (Ph+ve) 17/18 (94%) patients
achieved CR. On Arms B-D 27/52 (52%) patients achieved CR. Grade 3/4 AEs
were seen in the majority of patients. The most common toxicities were haema-
tological and infections. So far 30 relapses have been reported. 25 are isolated
medullary relapses, 4 isolated CNS and combined in 1 patient. To date, 41
deaths have been reported; 32 patients died of ALL, 7 of infection, 1 cardiac
and 1 multi-organ failure. Fifty one patients have had a PFS event. The median
PFS is 13.2 months in Arm A (Philadelphia +ve) and 11.3 months Arm B-D.
The median OS is 19.5 months in Arm A (Philadelphia +ve) and 15.5 months
in Arms B-D (Figure 1).
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Figure 1.

Summary/Conclusions: ALL in older patients is challenging to treat, with a dif-
ficult balance between efficacy and toxicity. We observed a high rate of high risk
cytogenetics, especially notable being the rate of low hypodiploidy. Initial high
CRrates are seen in those with Ph+ve disease, this does not appear to translate
into improved PFS and OS when compared with Philadelphia negative disease.
The commonest cause of death in this group is ALL. We will use our baseline
data to develop appropriate regimens for future studies of novel agents.
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CLINICAL OUTCOMES OF ELDERLY ACUTE LYMPHOBLASTIC
LEUKEMIA/LYMPHOMA — A SINGLE INSTITUTION EXPERIENCE
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Division of Hematology, Mayo Clinic, Rochester, United States

Background: Elderly acute lymphoblastic leukemia/lymphoma (ALL) is a rare
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disease with a poor prognosis and is underrepresented in clinical trials. This
thought to be due to comorbidities, early death during induction, lower rates of
complete remission, and higher risk of relapse with poor biological features
(Gokbuget, Blood, 2013).

Aims: Describe clinical outcomes and prognostic factors of elderly ALL.
Methods: After IRB approval, we performed a retrospective study of patients
(pts) age 260 diagnosed with ALL from 2000 to 2016 at Mayo Clinic Rochester.
Statistical analysis was performed using JMP 10.0 software.

Results: Out of 210 adult ALL pts, we identified 63 (30%) consecutive pts with
elderly ALL. The average age at time of diagnosis was 67 (60-82), & 38 (60%)
were males. Median follow up was 16.1 months (0.23-126), during which time
40 (63%) deaths occurred; 25 (63%) related to the disease, & 15 (37%) sec-
ondary to infection or other causes. Baseline characteristics at time of diagno-
sis: 54 (86%) pts had B-cell phenotype, 19 (35%) were Ph+. Only 9 (14%) pts
had T-cell phenotype. 20 (31%) pts had a Charlson Comorbidity Index 22 & 17
(27%) presented with ECOG PS >2. Median Hgb was 10.6 g/dl (4.9-18.5),
WBC 6.2 x 109/1(0.5-160.8), PLT 51 x 109/1(4-750), peripheral blast 30% (0-
95), marrow blast 87.5% (0-100), & LDH 381.5 U/L (141-8440). Lymphoblastic
lymphoma was only evident in 3 (5%) pts. Among pts with available data, 34/58
(59%) had B symptoms, 16/57 (28%) lymphadenopathy, 7/57 (12%)
splenomegaly, 6/60 (10%) pleural effusions & 10/45 (22%) of pts had CNS
leukemia. Cytogenetics at time of diagnosis: Of 48 pts with available data, 20
(41%) had complex cytogenetics (=5 abnormalities), 18 (38%) had a monoso-
mal karyotype, 8 (17%) were hypodiploid, 4 (8%) were hyperdiploid, & 2 (4%)
were a mix of hypo- & hyper-diploid. FISH studies were available for 50 pts: 10
(20%) had CDKN2A del, 3 (6%) t(4;11) MLL-AF4, 2 (4%) t(1;19) E2A-PBX1, 1
(2%) IKZF1 deletion. Treatment and Outcomes: 10 (16%) pts received palliative
therapy only, which included TKIs, chemotherapy, or hospice. The other 53
(84%) received induction chemotherapy. Only 12 (23%) had an up-front dose
reduction due to comorbidities. 32 (60%) received Hyper-CVAD, concomitantly
with rituximab in 11 (34%) pts, & TKls in 9 (28%) pts. 21 (40%) pts received
other regimens, of which 14 (67%) had asparaginase-based chemotherapy.
Only 2 (4%) pts who received induction chemotherapy died within the first 60
days; both received Hyper-CVAD. Median number of cycles to achieve CR
was 1 (1-8) with CR/CRi rate of 93%, & median time to CR1 was 34 days (19-
459). 3 pts who underwent palliative chemotherapy achieved CR (all had Ph+
disease & received TKiIs). 7 pts (13%) had primary induction failure. 50% of
pts relapsed within a median time of 12.6 (3.6-72.8) months. Only 10 pts under-
went allogeneic hematopoietic stem cell transplantation (HSCT), of which 2
(20%) relapsed in less than 180 days. Median survival after HSCT was not
reached. Predictors of survival: Elderly ALL has worse mOS compared to our
adult ALL cohort, 17.2 (IQR; 11.7-32.9) vs 52.1 (IQR; 27.6-169.9) mon
(p=0.0016). In a univariate analysis model which included multiple variables,
only ECOG PS 22, WBC>30,000, CDKN2A del, & CNS leukemia were statis-
tically significant, however only CNS leukemia (p=.0009) & WBC (p=0.0168)
retained statistical significance in multivariate mode, with a trend in CDKN2A
del (p=0.06) (Figure 1).
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Figure 1.

Summary/Conclusions: Elderly pts with ALL have worse survival compared to
younger adults. However, this was not reflected by a low CR rate, or a high rate
of mortality during induction, but by grim disease overall. We report for the first
time the incidence of 20% for CDKN2A del in this disease group. Further studies
are needed to confirm this finding, as it could be a target for novel therapies.
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MANAGEMENT AND OUTCOME OF ADULT PH+ ACUTE LYMPHOBLASTIC
LEUKEMIA PATIENTS TREATED AT THE “SAPIENZA” UNIVERSITY
BETWEEN 1996 AND 2016
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Background: The outcome of adults and elderly (>60 years) patients with Ph+
ALL has improved since the introduction of tyrosine kinase inhibitors (TKI),
used alone or in combination with chemotherapy during induction. Before 2005,
all these patients were treated with chemotherapy; from 2005, a TKl-based
“chemo-free” induction strategy was applied.

Aims: To evaluate the outcome of patients followed from 1996 at a single Cen-
ter, and to correlate the short- and long-term responses with: a) induction treat-
ment (chemotherapy or TKI); b) age; c) TKI used (imatinib or dasatinib); d)
fusion protein; e) allogeneic stem cell transplant (SCT).

Methods: Sixty-eight patients (29M/39F) were treated; median age was 50
years (20-88) and 16 were elderly patients; 43 cases had the p190 protein, 19
the p210 and 6 had both; the latter 2 groups were merged together for further
analyses. Fifty-two patients were enrolled in clinical trials. Median follow-up is
105 months (13-224).

Results: As induction, 28 patients received chemotherapy, 2 chemotherapy+TKI
(considered as “chemotherapy+TKI group”) and 38 TKI alone (24 imatinib and
14 dasatinib). All cases received TKI during consolidation/maintenance when it
became available. All elderly patients but 1 received a TKI alone (plus steroids).
Upon induction, 44 patients received consolidation chemotherapy, including 5
elderly. ASCT - carried out virtually only in adults - was performed in first complete
remission (CR) in 13 cases (5 in the chemotherapy+TKIl and 8 in the TKI groups).
Overall, 91% patients achieved a CR; OS and DFS at 100 months are 42% and
45.5%, respectively. Among the 30 patients in the chemotherapy+TKI group, 25
(83%) achieved a CR, 4 were refractory and 1 died in induction; in the TKI group
(n=38), 37 (97%) achieved a CR and 1 was refractory. Differences are statistically
significant (p=0.03). Refractoriness was more frequent in p210+ than in p190+
cases (12% vs 5%): this finding did not translate into significantly different OS
and DFS (30% vs 48% and 32% vs 51%, respectively). When patients were strat-
ified by age, adults had a significantly better OS and DFS at 100 months than
elderly (53% vs 19%, p= 0.04, and 57% vs 20%, p= 0.03, respectively), even
more when considering only cases treated with TKI alone (75% vs 20%, p=0.01
and 73% vs 21.4%, p=0.017, respectively). The TKI used (imatinib or dasatinib)
did not impact in adults, while a significant advantage in OS and DFS was
observed for elderly patients receiving dasatinib (Figure 1): this might be due to
the greater activity of dasatinib and also highlights the importance of consolidation
chemotherapy, performed almost exclusively in adults. Considering adults only,
within the chemotherapy+TKI group, 5 patients were transplanted and 19 were
not: all transplanted cases are in CR, while in the non-transplanted cases 6 are
in CR, 11 have relapsed and 2 have died in CR (p=0.01); within the TKI group, 8
patients underwent a SCT and 15 did not: of the transplanted cases, 6 are in CR
and 2 have died due to complications, while 11 of the non-transplanted patients
are in first CR, 3 have relapsed and 1 has died in first CR (p=n.s.). Of the 5
patients transplanted in second CR, only 1 is alive.
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Summary/Conclusions: This study further underlines the benefit of an induc-
tion based on a TKI alone. Since age holds strong prognostic significance, our
results suggest that while imatinib followed by consolidation chemotherapy is
the optimal choice for adults, in elderly cases dasatinib is more appropriate,
since patients are often unfit to receive further chemotherapy. Finally, the advan-
tage of SCT needs to be carefully redefined in the TKI era.

Madrid, Spain, June 22 - 25, 2017
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THE TETRASPANIN CD9 IS A PROGNOSTIC MARKER FOR PREDICTING
SURVIVAL OUTCOMES OF PEDIATRIC B-PRECURSOR ACUTE
LYMPHOBLASTIC LEUKEMIA
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Background: B-precursor acute lymphoblastic leukemia (B-ALL) is the most
common childhood malignancy, accounting for approximately 30% of pediatric
cancers. With advances in risk-adapted chemotherapy, the overall cure rate of
newly diagnosed B-ALL is approaching 85% in most developed countries. How-
ever, relapse still occurs in ~20% of patients and a significant portion of them
are not initially classified in the high-risk disease entity, underscoring the need
for development of additional informative prognostic biomarkers.

Aims: CD9, a tetraspanin family protein, regulates multiple physiologic process-
es including cell migration and adhesion, and has been associated with metas-
tasis and progression of various types of cancers. In this study, we aim to eval-
uate its expression pattern and prognostic significance in pediatric B-ALL.
Methods: Cell surface CD9 expression on leukemic blasts at disease presen-
tation was characterized by multicolor flow cytometry in a cohort of pediatric B-
ALL patients. The CD9 expression status was correlated with clinical parame-
ters, including age, sex, white cell count, cytogenetics and prednisone
response. Kaplan-Meier survival analysis was performed to investigate the pos-
sible association of CD9 expression with clinical outcomes. The potential role
of CD9 expression as a predictor of 5-year survival outcomes was evaluated
using Cox regression models.

Results: Among 118 cases tested, blasts of 92 patients (78.0%) were CD9+
(=20% of CD9-expressing blasts). There were no significant differences in age,
sex and white cell count between CD9+ and CD9- patients. Major cytogenetics
subgroups were similarly distributed except for hyperdiploidy (all patients were
CD9+; P=0.022) and ETV6-RUNX1 translocation (higher prevalence in CD9-
patients; P=0.001). Significantly more CD9+ patients were stratified into the
intermediate-risk group (P=0.044) and a higher proportion of CD9- patients
was stratified into the high-risk group (P=0.025). Besides, CD9- patients had
poorer prednisone response (P=0.014). The 5-year overall survival (OS) and
relapse-free survival (RFS) rates of CD9+ patients were significantly lower than
those in CD9- patients (P <0.029). Subgroup analysis revealed remarkably
poorer outcomes in CD9+ patients of the high-risk group (P <0.045). A similar
trend was also observed in patients of the intermediate-risk group but not in
the standard-risk group. In univariate analysis, CD9 positivity, age <1 year,
white cell count 2100 x 109/L and poor prednisone response were associated
with lower RFS rate (P <0.050). In multivariate analysis, CD9 positivity (HR=6.0;
P=0.019) and poor prednisone response (HR=3.9; P=0.015) remained as inde-
pendent prognostic factors for lower RFS rates.

Summary/Conclusions: Our data indicate that expression of CD9 was signif-
icantly associated with inferior survival outcomes in pediatric B-ALL. The
observed difference was most prominent for patients in the high-risk group,
suggesting that CD9 expression could potentially be used in conjunction with
other known prognostic factors for refinement of risk group stratification. Our
study also lays the foundation for future development of CD9-targeted therapy
for high-risk and relapsed/refractory pediatric B-ALL.
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HDAC EXPRESSION
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Background: Overexpression of histone deacetylases (HDACs) is a common
feature in acute leukemias. Consequently, HDAC inhibitors (HDACi) have
emerged as promising targeted therapy. However, non-specific HDACi may
lead to accumulation of double stranded DNA lesions, so more selective isoform
specific HDACi are needed. Expression patterns of HDACs in childhood
leukemia have been scarcely studied.

Aims: To analyze the expression of HDAC isoforms in different subtypes of
pediatric leukemia and correlate them with prognosis and clinico-biological fea-
tures.

Methods: We evaluated the mRNA gene expression profile of class I, Il and IV
HDAC genes (HDAC 1-11) by quantitative PCR in 126 leukemic pediatric sam-
ples and a pool of non-neoplastic samples as calibrator. Patients were treated
according to the Spanish Hemato-Oncology Cooperative Group protocols in a
single center. The HDAC expression levels in different groups were compared
by the Mann-Whitney test. The level of significance was set up at p<0.05. The
analyses were performed with SPSS 24.0.
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Results: Our series included 69 boys and 57 girls diagnosed with acute
leukemia, with a median age of 5.1 years (range 0-17.4 years). We included
12 infant patients (<1 year old). Eighty-two (65%) patients had B-cell precursor
acute lymphoblastic leukemia (BCP-ALL), 24 patients T-cell ALL and 20 patients
had acute myeloblastic leukemia (AML). Globally, we found higher expression
levels of class | HDAC isozymes (HDAC 1, 2, 3 & 8) in leukemic samples as
compared to non-neoplastic samples, as previously reported. Interestingly,
some HDAC isoforms associated with specific genetic aberrations. Those
patients with rearrangement of MLL (KMT2A) gene (n=18, including 9 BCP-
ALL and 9 AML; 7 infants and 11 pediatric) showed a significantly higher expres-
sion of HDAC9 (p<0.0001) and a statistically significant underexpression of
HDAC1 and HDAC3 (p=0.003 & p=0.02, respectively, see Figure 1). Infants
(n=12) had also a significantly lower expression of HDAC7 (p=0.043). In the
same line, all pediatric patients with pro-B phenotype (CD10 negative) had low
levels of HDACY7, but differences did not reach a statistical significance. After
a median follow-up of 5.9 years, 15 patients died, with an overall survival (OS)
of 96+2% for BCP-ALL, 82+8% for T-ALL and 55+13% for AML patients
(p<0.0001). In the BCP-ALL subgroup, the expression of HDACs did not predict
outcome, and only CNS infiltration and leukocytosis were unfavorable risk fac-
tors for OS. Again, CNS+, high WBC count and presence of minimal residual
disease (MRD) post-induction were predictive for worse event free survival
(EFS). Although the number of cases is low and these results must be taken
with caution, T-ALL patients with the highest expression of HDAC3 (upper quar-
tile) significantly correlated with worse OS (94% vs 25%, p=0.001) and a trend
towards worse EFS (89% vs 53%, p=0.06). The only significant risk factor for
EFS in this subgroup was the presence of MRD after induction (p=0.003).
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Figure 1.

Summary/Conclusions: We have observed a specific pattern of HDACs
expression in pediatric patients with MLL rearrangement. Our study, if further
confirmed, suggests that specific HDACi would potentially be a useful targeted
treatment for pediatric patients with MLL rearranged leukemia.
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MINIMAL DISSEMINATED DISEASE DETECTION BY FLOWCYTOMETRIC
IMMUNOPHENOTYPING IN T-CELL ACUTE LYMPHOBLASTIC LYM-
PHOMA

G.K. Viswanathan'", P. Tembhare?, N. Patkar?, S. Gujral', P.G. Subraman-
ian’

THematopathology Laboratory, Advanced Centre for Treatment, Research and
Education in Cancer (ACTREC) - Tata Memorial Centre (TMC), Mumbai, India

Background: T-cell acute lymphoblastic lymphoma (T-LBL) with minimal dis-
seminated disease (MDD) is defined as the presence of T-LBL with <25%
blasts in the peripheral blood (PB) and/or bone marrow (BM) by morphology
and the presence of immunophenotypically abnormal T-lymphoblasts in bone
marrow by flowcytometry. Published literature regarding the prevalence and
clinical significance of this rare subgroup is sparse. In this study we analysed
the presence of minimal disseminated disease is cases of T-LBL with <25%
blasts using 8-10 colour flowcytometric immunophenotyping.

Aims: To evaluate the prevalence of minimal disseminated disease in bone
marrow in cases of T-cell acute lymphoblastic lymphoma with <25% blasts in
PB and BM using 8-10 colour flowcytometric immunophenotyping and evaluate
the clinical and immunophenotypic features.

Methods: This study was a retrospective analysis of 42 patients of T-LBL with
predominantly lymphomatous presentation with <25% blasts in peripheral and
bone marrow. The following parameters were taken into account including com-
plete hemogram, peripheral blood examination, bone marrow morphology and
immunophenotyping, CSF analysis, pleural fluid morphology and immunophe-
notyping, tissue biopsy (lymph node or mediastinal mass), PET-CT findings
and LDH levels. Flowcytometric immunophenotyping on bone marrow was per-
formed on a 3 laser 10 color Beckman-Coulter Navios® platform and analysed
using Kaluza® software. A minimum of 1,00,000 events were acquired and the
presence of minimal disseminated disease was noted.

Results: Aretrospective analysis of 42 cases of T-LBL with <25% blasts in periph-
eral and bone marrow was done. The mean age was 12.2 years (Range:2-48
years). M:F ratio was 1:1.7. Nearly all patients had normal haemoglobin, total
leukocyte count and platelet counts. LDH was raised in majority of the patients
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(Mean 674U/L; N<190U/L). CSF examination was negative in all cases indicating
that it is unlikely to have CNS involvement in patients with <25% blasts in PB
and BM. Minimal disseminated disease was seen in 12 cases (12/42=28.6%) of
cases. Of the 12 cases with minimal disseminated disease two cases were near
early T-cell precursor acute lymphoblastic leukemia (near ETP-ALL) type and
none were of ETP-ALL type. None of the cases showed circulating blasts in PB.
The mean (range) bone marrow blast count in the group without MDD was 2.4%
(0-4%) and in the group with MDD was 5.1% (0-15%). In the group with MDD
(12 cases), only 5 cases showed >5%blasts/hematogones identifiable by mor-
phology. This indicates flowcytometry is necessary in cases with <5% blasts to
pick up cases of MDD. PET-CT was not sensitive to pick-up MDD as increased
FDG uptake was seen in only a single case of MDD; it was negative in all cases
without MDD. MDD by flowcytometry ranged from 0.007% to 18.5% (mean: 3.6%;
median: 4%) (Figure 1).
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Figure 1.

Summary/Conclusions: Our study shows that minimal disseminated disease
is seen in more than one-fourth of cases (28.6%) of T-LBL with <25% blasts in
PB and BM. This underlines the importance of flowcytometric evaluation of
bone marrow in cases with <25% blasts identified by morphology. The identi-
fication of minimal disseminated disease in T-LBL is important as studies have
shown inferior event free survival in T-LBL with minimal disseminated disease
as compared to patients without minimal disseminated disease.
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INOTUZUMAB OZOGAMICIN IN COMBINATION WITH LOW-INTENSITY
CHEMOTHERAPY (MINI-HYPER-CVD) AS FRONTLINE THERAPY FOR
OLDER PATIENTS WITH ACUTE LYMPHOBLASTIC LEUKEMIA: UPDATED
RESULTS FROM A PHASE I/ll TRIAL

N. Short"", H. Kantarjian!, S. O’Brien2, F. Ravandi!, D. Thomas’,
G. Garcia-Manero!, N. Daver!, G. Borthakur!, N. Jain!, M. Konopleva?,
K. Sasaki!, N. Pemmarajul, Y. Alvarado, J. Jacob?, R. Garris', P. Thompson',
J. Cortes!, E. Jabbour!

1The University of Texas MD Anderson Cancer Center, Houston, 2The Univer-
sity of California - Irvine, Orange, United States

Background: Older patients (pts) with acute lymphoblastic leukemia (ALL)
have poor tolerance of intensive chemotherapy, and novel strategies are need-
ed in this population. In pts with relapsed/refractory ALL, inotuzumab ozogam-
icin (InO), an anti-CD22 antibody-drug conjugate, has been shown to improve
survival compared to salvage chemotherapy.

Aims: We designed a phase l/ll trial to evaluate the safety and efficacy of low-
intensity chemotherapy (mini-hyper-CVD) plus InO as frontline treatment for
older pts with newly diagnosed ALL.

Methods: Pts 260 years of age with newly diagnosed Philadelphia chromo-
some-negative pre-B received mini-hyper-CVD (compared to hyper-CVAD: no
anthracycline, 50% dose reductions of cyclophosphamide and dexamethasone,
75% dose reduction of methotrexate, 83% dose reduction of cytarabine). InO
was given on day 3 of the first 4 cycles. The first 6 pts received InO at a dose
of 1.3 mg/m2 for cycle 1 followed by 0.8 mg/m2 for cycles 2-4; pts 7-34 received
1.8 mg/m2 for cycle 1 followed by 1.3 mg/m2 for cycles 2-4. Due to concern
for veno-occlusive disease (VOD), the protocol was amended so that pts 35+
received InO at a dose of 1.3 mg/m2 for cycle 1 followed by 1.0 mg/m2 for
cycles 2-4. Rituximab was given during the first 4 cycles in pts with CD20
expression 220%; all pts received IT chemotherapy prophylaxis with the first 4
cycles. Pts in CR after 8 cycles then received POMP maintenance for up to 3
years.



Results: Between 4/2012 and 12/2016, 47 pts have been treated, 4 of whom
had received 1 cycle of prior therapy and were in CR at the time of enroliment.
The median age was 68 years (range, 60-81), and median CD22 expression
was 97% (range, 72-100%). Of 43 pts evaluable for response, 42 responded
(ORR=98%). Best response was CR in 36 pts (84%), CRp in 5 (12%) and CRi
in 1 (2%). MRD negativity by 6-color multiparameter flow cytometry was
achieved in 31 of 41 evaluable pts (76%) on day 21 and in 44 of 46 evaluable
pts (96%) within 12 weeks of treatment.

The median follow-up was 24 months (range, 1-55 months). 3 pts (6%) under-
went allogeneic stem cell transplantation (ASCT) in first remission. Of the 46
responders, 6 pts (13%) have relapsed. 16 pts have died, 1 due to resistant
disease, 4 after relapse, 1 after ASCT and 10 in CR/CRp. 21 pts remain on
treatment (consolidation, n=3; POMP maintenance, n=19), and 5 pts have com-
pleted all therapy. The 3-year continuous CR and OS rates were 72% and 54%,
respectively. Compared to a historical cohort of 79 older pts treated at our insti-
tution with hyper-CVAD # rituximab, mini-hyper-CVD+InO resulted in signifi-
cantly improved OS (3-year OS rate: 54% vs 31%; median OS not reached
versus 16 months; P=0.007).

Treatment was overall well-tolerated. The median times to platelet and ANC
recovery in cycle 1 were 22 days (range, 11-91 days) and 16 days (range, 0-
49 days), respectively. In cycles 2-8, the median times to platelet and ANC
recovery were 22 days and 17 days, respectively. Prolonged thrombocytopenia
(i.e. lasting >6 weeks) occurred in 37 pts (79%) at some point during therapy;
8 pts (17%) experienced prolonged thrombocytopenia during induction and 36
(77%) during 1 or more subsequent courses. Grade 23 transaminase elevation
occurred in 9 pts (19%), hyperbilirubinemia in 8 (17%) and hemorrhage in 7
(15%). 4 pts (9%) developed VOD (1 after ASCT, 3 unrelated to ASCT).
Summary/Conclusions: The combination of InO with mini-hyper-CVD is safe
and effective in older pts with newly diagnosed ALL, resulting in a promising 3-
year OS rate of 54%. These results appear superior to the outcomes of older
pts treated with hyper-CVAD.

Madrid, Spain, June 22 - 25, 2017
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RECURRENT MYB REARRANGEMENT IN BLASTIC PLASMACYTOID
DENDRITIC CELL NEOPLASM

K. Suzuki®”", Y. Okuno?, Y. Suzuki3, A. Hama’, H. Muramatsu', M. Nakatochi2,
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Y. Nakazawa®, H. Iwafuchif, K. Watanabe’, M. Ito4, S. Kojima®, S. Kato3,
Y. Takahashi'

1Department of Pediatrics, Nagoya University Graduate School of Medicine,
2Center for Advanced Medicine and Clinical Research, 3Department of Pathol-
ogy and Laboratory Medicine, Nagoya University Hospital, 4Department of
Pathology, Japanese Red Cross Nagoya First Hospital, Nagoya, SDepartment
of Pediatrics, Shinshu University School of Medicine, Matsumoto, 6Department
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Background: Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is a rare
hematological malignancy that is derived from plasmacytoid dendritic cell pre-
cursors. BPDCN tends to occur in elderly people with frequent skin involvement
and is associated with an aggressive clinical course and a poor prognosis.
Although optimized diagnostics and therapies should improve patient outcomes,
the pathobiological and genetic aspects of BPDCN remain unclear.

Aims: We planned this study to identify a critical genetic event in BPDCN,
which could provide better understanding of BPDCN pathogenesis.
Methods: We enrolled fourteen patients (five children and nine adults) with
BPDCN who were treated in our institutions. We primarily performed RNA
sequencing-based comprehensive transcriptome analysis with their samples
at the onset to detect gene fusions. These results were then used as the basis
for genetic validation studies and functional analyses with an exogenous
expression model.

Results: We identified a recurring gene rearrangement that involved the MYB
proto-oncogene in all five pediatric patients (100%) and four of nine adult patients
(44%) with BPDCN. The resulting fusion genes included MYB-ZFAT (four
patients), MYB-PLEKHO1 (three patients), MYB-DCPS (one patient), and MYB-
MIR3134 (one patient), none of which have been previously reported to our
knowledge. The translocations corresponding to these fusions were not detected
by the metaphase analysis except in one patient with t(1;6), who harbored MYB-
PLEKHO1. These fusion genes were detectable at diagnosis and relapse but
not at remission. Fluorescence in situ hybridization (FISH) analysis efficiently
detected the breaking apart of MYB in formalin-fixed, paraffin-embedded sec-
tions. Consequent to the rearrangement, the negative regulatory domain of MYB
was truncated, leading to constitutive MYB transcriptional activation, as
described in other malignancies. Exogenous MYB-PLEKHO1 expression in HEK
293T cells led to the upregulation of several known downstream MYB targets.
Gene set enrichment analysis also confirmed the activation of MYB target gene
sets. The identified significantly upregulated genes included cell surface mole-
cule-encoding genes such as NCAM1 (also termed CD56), CD68, ST1PR1, and
CXCR4, possibly providing targets for antibody-mediated anticancer therapies.
We performed whole-exome sequencing of paired tumor—germline samples at
diagnosis for four pediatric patients, which revealed a total of 91 (6—45 per
patient) somatic mutations, a relatively large number compared with other pedi-
atric cancers. However, no driver mutations were identified from the existing lit-
erature and database entries; only one missense mutation, KMT2D
p.Cys1403Gly, was present on a driver gene, although this exact mutation had
not been previously reported. Furthermore, we performed targeted sequencing
covering genes associated with hematological malignancies in the remaining
10 patients. Consequently, children were not found to carry any identifiable driver
mutations, whereas all adult patients harbored at least one point mutation in
genes such as TET2, ASXL1, IKZF1, ZRSR2, NRAS, and EZH2, most of which
were reported to be mutated in BPDCN and myeloid malignancies.
Summary/Conclusions: We identified a high frequency of MYB rearrange-
ments that promoted the MYB transcriptional activity in BPDCN. MYB split
FISH analysis can constitute a valuable diagnostic tool for detecting MYB
rearrangements. We expect that our findings provide critical insights regarding
BPDCN pathogenesis and contribute to molecular biology-oriented diagnostic
techniques and molecular-targeted therapies for this intractable malignancy.
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BRANCHED CHAIN AMINO ACID METABOLISM REGULATES
ALPHA-KETOGLUTARATE HOMEOSTASIS RESEMBLING MUTANT-IDH
DRIVEN DNA HYPERMETHYLATION IN AML
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Background: The branched chain amino acids (BCAAs) valine, leucine, and
isoleucine are essential AAs for the human body. The activity of BCAA metab-
olism and high levels of the enzyme BCAA Transaminase 1 (BCAT1) have
recently been associated with aggressiveness in several cancer entities. How-
ever, the mechanistic role of BCAT1 in this process remains uncertain.
Aims: To elucidate the mechanistic link between BCAT1 function and epige-
netic deregulation in leukaemia stem cells (LSCs) and consequences on clin-
ical outcome.

Methods: High-resolution proteomics of LSCs, Knockdown and overexpression
of BCAT1 in AML patient samples and AML cell lines, Gene set enrichment
analysis, BCAA tracing experiments, Xenotransplantations, Metabolomics,
DNA methylation arrays, correlative and mechanistic link to clinical data sets.
Results: We performed high-resolution proteomic analysis of human acute
myeloid leukaemia (AML) stem cell (LSC) and non-LSC populations, which have
been functionally validated by xenotransplantation into NSG mice, and we found
the BCAA pathway enriched and BCAT1 overexpressed in LSCs. We show that
BCAT1, which transfers a-amino groups from BCAAs to a-ketoglutarate (aKG), is
a critical regulator of intracellular cKG homeostasis. Next to its role in the tricar-
boxylic acid (TCA) cycle aKG is an essential co-factor for aKG-dependent dioxy-
genases such as EGLN1 and the TET family of DNA demethylases. Knockdown
(KD) of BCAT1 in leukaemia cells caused accumulation of akKG resulting in HIF1
protein degradation mediated by EGLN1. This resulted in a growth and survival
defect and abrogated leukaemia-initiating potential. In contrast, overexpression
(OE) of BCAT1 in leukaemia cells decreased intracellular aKG levels and caused
DNA hypermethylation. BCAT 1high AML samples displayed a DNA hypermethy-
lation phenotype similar to IDHMUt cases, in which TET2 is inhibited by the
oncometabolite 2-hydroxyglutarate. High levels of BCAT 1 were strongly correlated
with shorter overall survival in IDHWTET2W, but not IDHMUtor TET2MUtAMLS.
Gene sets characteristic for IDHMUt AMLs were enriched both in IDHMTETWIB-
CAT1high patient samples and in BCAT1-OE leukaemia cells. BCAT 1high samples
showed robust enrichment for LSC signatures and paired sample analysis
revealed a significant increase of BCAT1 levels upon relapse of the disease.
Summary/Conclusions: In summary, BCAT1 reduces dioxygenase activity by
limiting intracellular aKG, thus linking BCAA catabolism to HIF1a stability and
DNA hypermethylation. Our results suggest the BCAA-BCAT1-aKG pathway as
a therapeutic target to compromise LSC function in IDHMTET2Wt AML patients.
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NUCLEAR RE-LOCALIZATION OF NPM1C+ INDUCES DIFFERENTIATION
AND CELL GROWTH ARREST
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ma2, M. P. Martelli2, B. Falini2, M. Goodell’

1Baylor College of Medicine, Houston, United States, 2University of Perugia,
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Background: NPM1 mutated (NPM1c+) acute myeloid leukemia (AML) is a
distinct entity of the 2016 WHO classification of hematopoietic tumors. NPM1
is a multifunctional nucleolar chaperone. All the mutations in NPM1 described
so far result in cytoplasmic protein localization (NPM1c) through the acquisition
of a nuclear export signal (NES) at the C-terminus, indicating that the cyto-
plasmic localization is critical for the leukemic phenotype. The most frequent
NPM1 mutation is a heterozygous 4bp insertion in exon 12 (mutA).

Aims: Use gene editing and targeted drug treatment to determine whether NPM1
mutated AML cells are dependent on the cytoplasmic localization of NPM1c.
Methods: We sought to introduce indels adjacent to the mutation to disrupt
the C-terminal NES in the NPM1 mutated AML cell line OCI-AML3 and create
novel edited alleles encoding for a mutant NPM1 with nuclear localization.
Exploiting our optimized CRISPR-Cas9 protocol (Gundry et al., Cell Reports
2016), we electroporated OCI-AML3 cells with an sgRNA spanning the 4bp
insertion of mutA (NPM1c sgRNA). As a control, we targeted coding regions of
PTPRC and CD19. Editing efficiency was assessed by high throughput ampli-
con sequencing. The dynamics of the nuclear re-localization of NPM1c upon
drug treatment was studied using a CRISPR-Cas9 engineered NPM1c-GFP
OCI-AML3 line generated in house.

Results: While the NPM1mutA allele showed 70-90% indel frequencies, the
NPM1wt allele was intact. The novel edited alleles could direct nuclear localiza-
tion of a reporter GFP-NPM1 fusion construct, and re-localization cytoplasmic
NPM1 in edited cells was confirmed by immunofluorescence. Return of NPM1
protein to the nucleus was followed by significant impairment of cell growth (~4
fold decrease in cell counts), colony forming ability (16-20 fold reduction) and
engraftment in xenograft models. Flow cytometry analysis showed terminal dif-
ferentiation and cell cycle arrest in G1 phase (controls 45(13%, NPM1c sgRNA
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68[11.5%) 9 days after NPM1c sgRNA transfection. Furthermore, transcriptome
analysis on NPM1mutA-targeted and control OCI-AML3 cells revealed a fast
and deep downregulation of the HOXA and HOXB cluster genes as well as
MEIS1 in treated cells (4 to 5 fold average reduction). In order to verify that
nuclear re-localization of NPM1c accounted for the dramatic changes, we treated
OCI-AMLS3 cells with the nuclear export inhibitor selinexor (KPT-330). The impact
of KPT-330 treatment mirrored the genome editing experiments, resulting in
clear growth arrest, differentiation, and NPM1 ¢ localization with similar dynamics.
Importantly, selinexor produced an almost complete loss of HOXA, HOXB and
MEIS1 expression after 6 days of treatment.

Summary/Conclusions: Allele-specific editing is a powerful tool to probe
mechanistic aspects of oncogene dependencies. By achieving nuclear re-local-
ization of mutant NPM1, we demonstrated that cytoplasmic localization of
NPM1c is necessary for OCI-AML3 cells to maintain their leukemic phenotype.
Drugs promoting mutant NPM1 nuclear localization are attractive candidates
for clinical success in NPM1 mutated AML.
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THE LONG NON-CODING RNA HOXB-AS3 REGULATES RIBOSOMAL
BIOGENESIS IN NPM1-MUTATED ACUTE MYELOID LEUKEMIA
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Background: Background: The prognostic significance of long non-coding
RNA expression (INcRNAs) in older (260 years) patients (pts) with cytogeneti-
cally normal acute myeloid leukemia (CN-AML) was recently reported (Garzon
et al., 2014). The IncRNA HOXB-AS3, which is embedded in the HOXB-locus,
was identified among the IncRNAs that associated with mutated NPM1
(NPM1mut) in CN-AML.

Aims: Aims: Our aims were to evaluate the biologic significance of HOXB-
AS3 expression in NPM1mut AML.

Methods: Methods: HOXB-AS3 expression profiling was performed by real-
time PCR. Knock-down (KD) of HOXB-AS3 was performed in vitro and in vivo
[in a pt-derived xenograft (PDX) model] with locked nucleic acid-modified gap-
mers. Comparative proteomic analysis was conducted with a modified version
of the RNA antisense purification (RAP) protocol (McHugh et al., 2015). Direct
visualization of the HOXB-AS3 was performed using custom-designed Basec-
ope probes (Advanced Cell Diagnostics, Newark, CA) according to the manu-
facturer’s instructions.

Results: Results: Of 6 AML cell lines that were tested, only OCI-AML3 cells,
which harbor NPM1mut, showed detectable levels of HOXB-AS3 expression.
Five- and 3-prime Rapid Amplification of cDNA Ends (RACE) assays in OCI-
AML3 cells identified 3 previously annotated (NR_033201/NR_
033203/ENST000491264) and 1 novel variant of HOXB-AS3. NPM1mut pt
samples exhibited higher expression of HOXB-AS3 compared to those with
wild-type (WT) NPM1 (P=.001) and healthy donors (P=.001). In vitro KD of
HOXB-AS3 led to decreased proliferation of OCI-AMLS3 cells, as measured by
BrdU-based cell cycle analysis (S-phase average% in control vs KD: 24% vs
16%, P=.02). HOXB-AS3 KD also led to a reduction in the number of formed
colonies by OCI-AML3 cells in colony-forming assays (P=.002). HOXB-AS3
KD in NPM1mut pt blasts (n=3) led to a decrease in the number of formed
colonies (P<.001). To evaluate the effect of HOXB-AS3 KD in vivo we generated
a murine PDX model by engrafting NSG mice with blasts of a NPM7mut AML
pt. Treatment of the engrafted mice with nanoparticle-formulated anti-HOXB-
AS3 gapmers led to significant prolongation of survival compared to treatment
with non-targeting control gapmers in 2 independent experiments (P=.01 and
P=.005). Mass spectrometry and comparative proteomic analysis of HOXB-
AS3- and U17-specific RNA-protein complexes identified EBP1 and NPM1 as
candidate HOXB-AS3-binding proteins. RNA-immunoprecipitation experiments
validated the interaction of HOXB-AS3 with EBP1 (20-fold increase of HOXB-
AS3abundancy in EBP1-precipitate compared to normal IgG control, P=.001).
Direct visualization of HOXB-AS3 showed co-localization of the INcRNA and
WT NPM1 in the nucleolus. EBP1 has been previously shown to interact with
NPM1 and to regulate ribosomal biogenesis and growth of AML cells (Nguyen
et al., 2016). We hypothesized that HOXB-AS3 could affect the EBP1-NPM1
interaction and impact on the ribosomal biogenesis process. In consistency
with this hypothesis, HOXB-AS3 KD led to a decrease in the transcription of
rRNA species in OCI-AML3 cells (P=.001) and in vivo-treated blasts of 2
NPM1mut pts (P<.001). HOXB-AS3 KD also led to a reduction of protein syn-
thesis in the AML cells, as measured by incorporation of fluorochrome-tagged
tracers in newly translated polypeptides.



Summary/Conclusions: Conclusions: HOXB-AS3 is strongly associated with
NPM1 mutations in AML. HOXB-AS3 interacts with EBP1 and NPM1 and reg-
ulates ribosomal biogenesis in the leukemic blasts. From a therapeutic stand-
point, HOXB-AS3 constitutes a promising target, as in vivo anti-HOXB-AS3
treatment prolonged survival in a murine PDX model.
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Background: Identification of a chemotherapy-free option for acute myeloid
leukemia (AML) represents a highly desired and important research objective.
Perturbation of cell survival is an essential hallmark of cancer now amenable
to precision targeting by small molecule BH3-mimetics able to inhibit pro-sur-
vival BCL-2 (e.g. Souers et al Nat Med 2013 and Roberts et al., NEJM 2016),
BCL-X, (Lessene et al., Nat Chem Biol, 2013) and MCL1 (Kotschy et al., Nature
2016). We hypothesize that simultaneous pharmacological targeting of BCL-2
and MCL1 will enhance apoptotic death of AML blasts, without increased toxicity
to non-malignant cells.

Aims: To assess the feasibility and efficacy of targeting multiple BCL-2 pro-
survival proteins using small molecule BH3-mimetics in pre-clinical models of
AML

Methods: AML cell lines were obtained from ATCC or DSMZ. S55746 (BCL-
2 inhibitor) and S63845 (MCL1 inhibitor with 6-fold higher affinity to human
than mouse Mcl1) were obtained from Servier and A1155463 (BCL-X_
inhibitor) from Guillaume Lessene (WEH]I). Primary AML cells were obtained
from patients providing informed consent. For in vivo experiments, NSG;
NOD.Cg-Prkdcscid [[2rgtm1Wji|Sz) (NSG) or NOD/Rag-/-/lI2rgtmWjl (NRGS)
mice were used.

Results: S55746 and S63845 showed strong synergy (Loewe score >5) in 13
AML cell lines tested, suggesting this dual BH3-mimetic targeting approach
was highly efficacious (Figure 1A). S55746 and S63845 lowered the LCg in
primary AML samples by 10-1000-fold in the majority of cases tested, confirming
remarkable anti-leukemic activity across a spectrum of AML cases with diverse
cytogenetic and molecular pathologies (Figure 1B).
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Figure 1. (A) Loewe Score (0 — Additive, >1 — Weak Synergy, >2 — Syn-
ergy, >5 — Strong Synergy) in AML cell lines (Lehar, Nat. Biotech 2009). (B)
LC50 of primary AML after 48hr treatment (C) NSG mice engrafted with
MV4;11 AML and treated with i) vehicle, ii) S55746 100 mg/kg/d (x 4 wks),
iii) $63845 25mg/kg IV (2x/wk x 4 wks) or iv) combined S55746 and S63845.
(D) hCD45+ staining of NRGS sternums showing 2 representative exam-
ples of PDX AML one week after treatment with i) vehicle x5d, ii) $55746
100 mg/kg/d x 5d, iii) S63845 25mg/kg IV x 2d and iv) S55746+S63845.
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A smaller fraction of AML samples were also sensitised to combined A1155463
and S63845 therapy. Bioluminescent imaging showed rapid and sustained
clearance of xenografted MV4;11 AML (FLT3-ITD mutant and MLL re-arranged)
cells, translating into significant prolongation of survival (Figure 1C) from com-
bined S55746+S63845, but not from treatment with either BH3-mimetic alone.
Similar in vivo efficacy was observed with xenografted OCI-AML3 cells harbor-
ing mutant NPM1 and DNMT3A. Patient-derived xenograft models revealed
rapid reduction of established AML in the bone marrow one week of treatment
with S55746 and S63845 (Figure 1D). Safety and tolerability of this approach
was confirmed using normal CD34+ stem and progenitor cells in short-term
cell culture (48h) and long-term (2-3 weeks) clonogenic assays and from his-
tological and biochemical examination of mice receiving treated for up to 8
weeks at doses shown to be highly efficacious against AML.
Summary/Conclusions: Dual BH3-mimetic targeting of BCL-2 and MCL1
induces rapid and synergistic cytoreduction of human AML cell line and primary
AML samples in vitro and in vivo and across a diverse range of AML genotypes.
We therefore report for the first time, that dual pharmacological inhibition of both
BCL-2 and MCL1 represents a novel approach to treating AML without need for
additional chemotherapy and with an acceptable therapeutic safety margin. Our
results support the translational investigation of dual BH3-mimetic targeting of
BCL-2 and MCL1 in the clinic for the treatment of patients with AML.
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THE PMLC62A/C65A KNOCK-IN MOUSE MODEL PROVIDES EVIDENCE
FOR THE ROLE OF NUCLEAR BODY DISRUPTION IN THE PATHOGENESIS
OF ACUTE PROMYELOCYTIC LEUKEMIA

E. Voisset™.", E. Moravcsik!, E. Stratford2, A. Jaye', C. Palgrave3, R. Hills4,
P. Salomoni®, S. Kogan®, E. Solomon?, D. Grimwade'

1Medical and Molecular Genetics, King’s College London, London, United King-
dom, 2Tumor Biology, The Norwegian Radium Hospital, Oslo, Norway, 3School
of Veterinary Medicine, University of Surrey, Guildford, 4Centre for Trials
Research, College of Biomedical & Life Sciences, Cardiff, 5Samantha Dickson
Brain Cancer Unit, UCL Cancer Institute, London, United Kingdom, éHelen
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Background: Acute promyelocytic leukemia (APL) is driven by the oncogene
PML-RARA which is generated by fusion of the promyelocytic leukemia (PML)
and retinoic acid receptor alpha (RARA) genes, and which strongly interferes
with downstream signalling and the architecture of multiprotein structures known
as PML nuclear bodies (NBs). NB disruption is a diagnostic hallmark of APL;
however, the importance of this phenomenon has only been studied in vitro.
Aims: The aim of this study was to decipher the impact of Pml NB disruption
in APL pathogenesis.

Methods: We engineered a knock-in mouse model with NB disruption achieved
through mutation of key zinc-binding cysteine residues (C62A/C65A) in the Pml
RING domain.

Results: While no leukemias or tumors developed in PmIC62A/C65A mijce, the
forced dimerization of RARa - mediated artificially by linking RARa to the dimeri-
sation domain of the NFKB p50 subunit - in cooperation with NB disruption was
associated with doubling in the rate of leukemia (p<0.0001), with a reduced laten-
cy period (p=0.008). Moreover, response to targeted therapy with ATRA signifi-
cantly improved the survival of mice transplanted with PmIWT-p50-RARa or PML-
RARa leukemic blasts, but not with PmIC62A/C65A_p50-RARa, revealing the
essential role of NBs for an effective response to differentiating drug. While for-
mation of the PML-RARA fusion is considered an initiating event in APL patho-
genesis, it is insufficient for the full leukemic phenotype. Moreover, whole exome
sequencing analyses have consistently identified presence of cooperating muta-
tions. Since Pml and Pml NBs have established roles in DNA repair and in the
maintenance of genomic stability, we speculated that loss of NB integrity could
affect these functions. Here, whole exome sequencing revealed a trend of higher
genomic instability in PmIC62A/C65A.p50-RARa leukemia as compared to PmIWT-
p50-RARa, with detection of mutations found in human APL, including Kras,
Ptpn11 and Usp9y. Using DNA repair reporter assays, we demonstrated that
DNA repair via both non-homologous end joining (NHEJ; p=0.01) and homolo-
gous recombination (HR; p=0.006) pathways was less efficient in PmIC62A/CE5A
primary cells than in PmIWT cells. Importantly, using a PML-RARa-inducible cell
line, comparable defects in the NHEJ and HR pathways, which were PML-RARa
dependent, were identified. These data were also supported by an increase in
sister-chromatid exchange (p<0.0001) and chromosome abnormality (p=0.0002)
rates in the context of PmIC62A/CE5A versus PmIWT. Interestingly, the kinetics of
repair of ionising radiation (IR)-induced DNA double-strand breaks, assessed by
analysis of yH2AX foci formation and clearance, was not affected. None of the
DNA repair players analysed (e.g. Blm, Rad51 and 53BP1) failed to form foci in
response to IR. However, their basal levels of foci were significantly greater in
the presence of PmIC62A/CE5A (p<0.04; quantified using Amnis ImageStreamX
Mk 1l imaging flow cytometer). Additionally, we found that Rad51 foci showed a
defect in localisation post-IR when PmIC62A/C65A was expressed, with impairment
of Rad51 co-localisation and interaction with yH2AX.

Summary/Conclusions: Our study highlights the importance of re-formation
of NBs for an efficient response to targeted therapy, the significant contribution
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of PmI NB to the effectiveness of DNA damage repair processes, and the man-
ner in which their disruption mediated by the PML-RARa oncoprotein can assist
APL pathogenesis.

P177

DECIPHERING THE ONCOGENIC NETWORK OF PRC2 LOSS GUIDED
LEUKEMOGENISIS

D. Schneider?, A. Schwarzer2:3, S. KnéR1, J.-H. Klusmann?, D. Heckl!."
1Pediatric Hematology & Oncology, 2Experimental Hematology, 3Hematology,
Hemostasis, Oncology and Stem Cell Transplantation, Hannover Medical
School, Hannover, Germany

Background: Loss of function mutations in EZH2 (including the chromosomal
abnormalities -7/-7q) and other PRC2 subunits have been identified in adults
with MDS, MPN and AML. Moreover children with JMML and up to 30% of chil-
dren with Down syndrome related AML present with mutations in PRC2 sub-
units. Since myeloid neoplasms are elicited by accumulation of cooperating
mutations and the study of isolated mutations is unlikely to unveil the molecular
processes guiding transformation, we set out to decipher the oncogenic network
guided by loss of PRC2-activity.

Aims: Through identification of collaborating mutations driving AML with loss
of PRC2 function followed by molecular profiling we aimed to identify novel
therapeutic targets in AML.

Methods: To model the complex interplay of mutational networks we performed
CRISPR-Cas9 screenings with oncogene/tumor suppressor pools in vitro and
in vivo. Cellular resources generated were subjected to mutational and molec-
ular profiling.

Results: To this end, a 96-well based CRISPR-Cas9 immortalization assay
allowing fast and quantifiable genetic cooperation screenings was established.
Four out of six CRISPR-Cas9 pools tested —comprised of five genes each and
representing 148 mutation combinations- reproducibly transformed LSK cells
with distinct clonal output. Transplantation of in vitro immortalized clones yielded
robust engraftment with multi-lineage contribution in mice but no overt leukemia
was detected, indicating that induced mutations select for a preleukemic state
in vitro. We thus tested every oncogene/tumor suppressor pool from the in
vitro setting in a murine bone marrow transplantation model with freshly trans-
duced LSK cells which resulted in robust induction of leukemia. Analysing the
mutational spectrum of derived clones we were able to raise a list of potential
partners cooperating with Ezh2 loss, which highlighted Nf1(Ras-signaling), loss
of Dnmt3a, and loss of Runx1 as cooperating partners, whereas loss of cohesin
complex subunits (Smc3, Stag2) seems to be dispensable during the induction
of Ezh2-loss guided leukemogenesis. To define oncogenic dependencies in
myeloid malignancies with PRC2-loss we analysed gene expression spectra
of the generated samples. While in vitro transformed clones presented with
distinct expression signatures clearly separating from controls a partially over-
lapping expression signature could be established. Through identification of
these collaborating mutations and the resulting gene expression signature,
which will be validated in a CRISPR-Cas9 knock-out screening we aim to iden-
tify novel therapeutic targets in AML.

Summary/Conclusions: Our study highlights the power of the CRISPR-Cas9
system to probe oncogenic interaction. Mutational CRISPR screenings in vivo,
and a newly established in vitro CRSIPR-Cas9 immortalization assay for high
throughput screening of sgRNA pools, delivered potential cooperating partners
of Ezh2 loss in AML, and provides rich cellular resources to identify molecular
mechanisms of oncogenic synergies and dependencies.
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ACUTE MYELOID LEUKEMIA EVOLUTION CAN BE RECONSTRUCTED
BY ANALYSIS OF NON-LEUKEMIC CELLULAR SUBCOMPARTMENTS
AND MULTI-LINEAGE ENGRAFTED MICE

B.R.M. Saeed!”, L. Manta', S. Raffel'2, P.T. Pyl3, W. Wang?', V. Eckstein?,
A. Trumpp2, W. Huber3, A.D. Ho', C. Lutz’

TInternal Medicine V, Heidelberg University Hospital, 2Division of Stem Cells
and Cancer, German Cancer Research Center (DKFZ) and Heidelberg Institute
for Stem Cell Technology and Experimental Medicine (HI-STEM gGmbH), 3Mul-
ti-omics and statistical computing, European Molecular Biology Laboratory
(EMBL), Heidelberg, Germany

Background: Hematopoietic Stem Cells (HSC) isolated from patients with
Acute Myeloid Leukemia (AML) have been shown to carry leukemia-specific
mutations leading to the concept of pre-leukemic HSC. In order to understand
the evolution from multi-potent pre-leukemic HSC to fully transformed AML, an
accurate molecular comparison of patient matched HSC and leukemic cells is
essential. Recently we have shown that functionally normal HSC can be sep-
arated from a subgroup of AML patients using the surface marker combination
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CD34*CD38- and high ALDH enzyme activity (CD34*CD38-ALDH*).

Aims: In this study we aim to understand the leukemic evolution from pre-
leukemic HSC to fully transformed AML.

Methods: Whole exome sequencing (WES) of 12 diagnostic AML samples
with the matched germ-line controls (T cells or buccal swab) was performed.
Leukemia-specific mutations were identified according to specific criteria (Allele
Frequency (AF) >0.20, Sorting Intolerant From Tolerant (SIFT)-Score <0.05,
coverage >10 reads, support >2 reads, and GMAF <0.05) and validated. Iden-
tified AML-specific mutations were tracked in different cellular compartments
(T- and B-cells) as well as in single HSC colonies derived from diagnostic AML
samples. To test the functional properties of pre-leukemic HSC in vivo, we
transplanted bulk AML in NOD/SCID-IL2RYnull (NSG) mice and analyzed human
subpopulations (myeloid and lymphoid) of multi-lineage engrafted animals for
the presence of leukemia-specific mutations.

Results: WES identified 64 AML-specific mutations. Most cases (8 out of 12)
showed 4-6 AML specific mutations per sample (1-18 mutations/ AML) including
mutations in genes that are recurrently mutated in AML (DMNT3A, IDH1, IDH2,
NRAS and KIT). Tracking of AML-specific mutations in non-leukemic T- and B-
cells showed that some AML mutations like DNMT3A, IDH1, IDH2, EZH2 and
ZNF536 were already detectable in T- and B-cells indicating their pre-leukemic
status. Furthermore, analysis of multi-lineage engrafted xenografts detected
leukemia-specific mutations in human myeloid and lymphoid sub-compartments
suggesting that these animals were engrafted from functionally normal pre-
leukemic HSC. To reconstruct the sequence of pre-leukemic mutations single-
cell HSC were seeded and the resulting colonies analyzed for the presence of
the respective leukemia specific mutations. Based on the different mutational
data, combined with the cellular context in which these were detectable the
leukemic evolution of most patients could be reconstructed. In one patient we
detected a DNMT3A mutation in myeloid and lymphoid cells, whereas NPM1
and FLT3-ITD mutations were only detectable in leukemic cells proving the
pre-leukemic status of DNMT3A in this case. In another patient we found
DNMT3A and IDH2 in T- and B-cells whereas Trisomy 8 and a STAG2 deletion
were only detectable in leukemic cells. By analyzing colonies from single cell
HSC we were able to detect complex pre-leukemic hierarchies with one exam-
ple in which a ZNF536 mutation could be identified as initiating event that hasn’t
been described in leukemia yet.

Summary/Conclusions: WES can identify leukemia specific mutations including
mutations in genes that haven’'t been described in AML yet. Tracking of these
mutations in various non-leukemic cellular compartments including HSC and
multi-lineage engrafted mice allows reconstruction of the individual leukemic evo-
lution. A better understanding of these processes may pave the way for new
treatment strategies with the aim to target the relevant leukemic mutations.
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THE ESSENTIAL ROLE OF THE ENHANCERS OF POLYCOMB EPC1 AND
EPC2 IN MLL-AF9 ACUTE MYELOID LEUKAEMIA IS A ‘COMPLEX’ STORY
N. Mannion?.", X. Huang?
1Paul O Gorman Leukaemia Research Centre, 2Paul O’Gorman Leukaemia
Research Centre, Institute of Cancer Sciences, MVLS, University of Glasgow,
Glasgow, United Kingdom

Background: The Enhancers of Polycomb (EPC) proteins EPC1 and EPC2 are
required for the survival of MLL-rearranged acute myeloid leukemia (AML). Most
importantly, loss of EPC1 or EPC2 in MLL leukemia stem cells, but not normal
hematpoietic stem cells and progenitor cells, leads to the induction of cellular
apoptosis. To date little is known about the functional contribution of EPC1 and
EPC2 in AML. EPC1 is an essential component of the highly conserved NuA4
histone acetyltransferase complex. Additionally, EPC1 has been found in com-
plexes with the Enhancer of zeste homolog 2 (EZH2), a catalytic core subunit of
the histone methyltransferase Polycomb repressive complex 2 (PRC2). NuA4
and PRC2 are two major chromatin modifying complexes encompassing oppos-
ing epigenetic activities and both are known to be deregulated in AML.

Aims: A systems biology approach to understand the essential contribution of
the homologous chromatin regulatory proteins EPC1 and EPC2 in AML in
search for novel therapeutic targets.

Methods: Mass spectrometry (MS) analysis was performed on immunopre-
cipitated protein using EPC1 antibody from human THP1 MLL-AF9 AML cell
extracts. Chromatin immunoprecipitation (ChIP) was performed using HighCell
ChIP Kit and iPure kit V2 (Diagenode) followed by NextSeq500 Illumina
sequencing in THP1 cells. ChIP enriched regions were identified using SICER
peak calling and ChlPpeakAnno. Lentiviral supernatants were prepared and
THP1 cells were infected with viral particles containing pLKO.1 puro lentiviral
vectors expressing shRNAs. RNA was extracted 72 hr following lentiviral trans-
ductions and whole transcriptome sequencing was performed. DESeq2 was
used for differential expression analysis.

Results: MS analysis identified the core NuA4 complex components (TIP60,
ING3, RUVBL1, RUVBL2, EP400 and DMAP1) and also revealed additional
chromatin modifying proteins (HAT1 and HDAC2) copurify with EPC1. ChIP
sequencing analysis on THP1 cells for EPC1 and EPC2 revealed both proteins
bind in close proximity to genes enriched for the PRC2-associated repressive
histone H3K27 trimethylation signature. Next we examined the genome-wide



histone methylation and acetylation profiles following lentiviral ShRNA knock-
down (KD) of EPC1 or EPC2 in THP1 cells. Interestingly, we find significant
changes in histone H3K27 trimethylation levels as well as changes in the levels
of histone H3 and H4 acetylation following KD of either EPC1 or EPC2 expres-
sion. Notably, the identified regions demonstrating changes in histone
H3K27me3 levels are enriched for PRC2 target genes. RNA sequencing fol-
lowed by gene-set enrichment analysis indicated significant transcriptional
changes in PRC2 regulated genes following lentiviral shRNA knockdown of
EPC1 or EPC2. Meta-analysis of this PRC signature identified a sub-group of
genes that are directly regulated by the EPC complex which include the mono-
cytic differentiation inducer MAFB, the H2A ubiquitin ligase TRIM37 and the
pro-apoptotic tumor suppressor CMTMS3.

Summary/Conclusions: Our data suggests that EPC1 and EPC2 are required
for the recruitment of certain chromatin proteins to form EPC-associated com-
plexes which are essential for the maintenance of an AML epigenetic signature
and an aberrant transcriptional profile that supports leukemia stem cell survival.
We have identified and characterized the EPC complex components in human
AML. Additionally, we have refined a subgroup of PRC target genes that are
regulated by the EPC complex which represent potential novel therapeutic tar-
gets in human AML. Overall we present a comprehensive analysis of the aber-
rant epigenomic landscape of THP1 MLL-AF9 AML cells in relation to EPC1
and EPC2 and provide new insight into their deregulated role in AML.

Madrid, Spain, June 22 - 25, 2017

Acute myeloid leukemia - Biology 2

P181

STROMA-DERIVED FACTORS STIMULATE JAK/STAT SIGNALING IN AML
CELLS RESULTING IN RESISTANCE TO BCL2 INHIBITOR VENETOCLAX
R. Karjalainen™.", M. PopaZ2, M. Liu', K.K. Javarappa’, M. Kontro34, A. Parsons?,
K. Porkka34, K. Wennerberg?, E. McCormack?5, B.T. Gjertsen?, C.A. Heckman'
1Institute for Molecular Medicine Finland, FIMM, Helsinki, Finland, 2Centre for
Cancer Biomarkers CCBIO, Department of Clinical Science, University of
Bergen, Bergen, Norway, 3Hematology Research Unit Helsinki, University of
Helsinki, 4Department of Hematology, Helsinki University Hospital Comprehen-
sive Cancer Center, Helsinki, Finland, SDepartment of Internal Medicine, Hauke-
land University Hospital, Bergen, Norway

Background: The bone marrow (BM) microenvironment is known to protect
AML cells from drug therapy. We showed earlier that conditioned medium (CM)
from the BM stromal cell line HS-5 increased cell viability and led to resistance
to specific drug classes.

Aims: Here, we investigate the mechanisms mediating the BM stromal cell
induced resistance to venetoclax and its reversal by ruxolitinib.

Methods: Phospho-flow analysis was done by stimulating AML patient cells
with GM-CSF, G-CSF, IL-6, IL-8 or MIP-3a (10 ng/mL) for 20 min, after which
the cells were stained with Alexa 647-anti-phospho-Stat5 (pY694), PE188
CF594-anti-phospho-Stat3 (pY705), BV421-anti-phospho-Akt (pS473) and PE-
anti-phospho-Erk1/2 (pT202/pY204). For co-culture and transwell assays AML
cells were added directly to MSCs from AML patients or separated by a 0.4 um
pore membrane. Vehicle (DMSO), ruxolitinib (300 nM), venetoclax (100 nM) or
their combination were incubated for 48h and AML cells labeled with PE-Annex-
in V, 7AAD, PE-Cy7-CD34, BV605-CD45. In vivo drug efficacy was tested on
NSG mice inoculated i.v. with MOLM-13UCAML cells. Mice were divided into
control, venetoclax (25 mg/kg, i.p.), ruxolitinib (50 mg/kg BID, p.o) and combi-
nation groups (all n=6) and treated for 3 weeks, 5 days a week with 2 days off.
Results: To identify the factors contributing to BM mediated drug resistance of
AML cells, we analyzed the effect of IL-6, IL-8, MIP-3a, GM-CSF and G-CSF,
cytokines enriched in the HS-5 CM, on proliferation of MNCs collected from
AML patients. GM-CSF and to some extent G-CSF alone conferred resistance
to venetoclax similar to CM that we showed earlier to reduce sensitivity to BCL2
inhibitors. To identify the impact of stroma-derived factors on cellular signaling
we stimulated AML patient cells with CM and analyzed the phosphorylation of
STAT3, STAT5, ERK and AKT. Compared to control conditions, CM rapidly
induced phosphorylation of STAT5S in primary AML cells. When the effect of
individual cytokines was tested, we noted that GM-CSF and G-CSF alone could
mimic the effect of CM on cellular signaling. Gene expression data showed the
receptor for GM-CSF (CSFR2A) is more highly expressed in AML patient cells
compared to healthy controls. Taken together, these results show that cytokines
such as GM-CSF from BM stromal cells increase JAK/STAT signaling, which
may lead to enhanced survival of AML cells. To determine whether the protective
effect of stroma on BCL2 inhibition was dependent on cell-to-cell interactions
we cultured AML patient cells either in direct contact with MSCs or separated
from stroma with a 0.4 um pore membrane. 48h treatment with 100 nM vene-
toclax did not result in significant reduction of CD34+ AML cells regardless of
whether AML cells were directly cultured with stroma or separated by a mem-
brane, further indicating that stroma-derived soluble factors are sufficient to
reduce sensitivity to venetoclax. Since the most abundant cytokines secreted
by HS-5 cells, GM-CSF and G-CSF led to increased phosphorylation of STAT5,
a downstream effector of JAKs, we tested a combination of venetoclax and
JAK1/2 inhibitor ruxolitinib. We found that ruxolitinib potentiated sensitivity to
venetoclax when tested with AML patient cells in HS-5 CM and in co-culture
and transwell assays. Significantly, the combination was more effective at reduc-
ing tumor burden in a xenograft mouse model of AML than either drug alone.
Summary/Conclusions: In conclusion, our data demonstrate that BM secreted
soluble factors drive cytoprotection against BCL2 antagonist venetoclax that
can be overcome by combined blockade of JAK/STAT and BCL2 pathways
with ruxolitinib and ventoclax in ex vivo co-culture models and in vivo in an
AML mouse model.
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IDENTIFICATION OF NOVEL GENE FUSIONS IN ACUTE MYELOID
LEUKEMIA WITH COMPLEX KARYOTYPE BY TRANSCRIPTOME ANALYSIS
USING RNA SEQUENCING

F. G. Riicker!", X. Gong?, A. Dolnik!, M. Hoyos', S. Grasedieck, J. Biscocho?,
T. Blatte, J. Swoboda', A.S. Pollack2, A. Turchiano?, H. Déhner?, K. Déhner?,
J.R. Pollack?, L. Bullinger!

1Department of Internal Medicine 11, University Hospital of Ulm, Ulm, Germany,
2Department of Pathology, Stanford University, Stanford, United States

Background: Acute myeloid leukemia with complex karyotype (CK-AML),

defined as having 23 acquired cytogenetic aberrations in the absence of WHO-
designated recurring translocations or inversions, represents about 15% of
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adult AML cases. Despite having poor outcomes, CK-AML is the least under-
stood at the molecular level, except for the finding that about two-thirds of
cases carry TP53 alterations. In particular, because cytogenetic alterations
appear to be distinct among different patients, it is unclear whether they are
cause of leukemogenesis, or merely reflect a state of genomic instability.
Aims: We have hypothesized that cytogenetic aberrations in CK-AML create
gene fusions that, although not recurrent across patients, nonetheless dereg-
ulate cancer genes that contribute to leukemogenesis in individual patients.
Methods: We performed a transcriptome analysis using lllumina paired-end
(101bpx2) RNA sequencing of 65 CK-AML cases to identify gene fusions using
multiple independent algorithms (as paired reads that flank, or single-reads
that span fusion junctions). Identified gene fusions were in part independently
validated by array-based genomic profiling and/or long range PCR followed by
use of long-read Oxford Nanopore sequencing technology.

Results: We identified 54 gene fusion events in 30 of the 65 cases (46%) with
up to four fusions per case. All fusions are supported by 10-50+ junction-span-
ning reads, and most are independently supported and/or validated by evidence
of genomic DNA breakpoints from array-based genomic profiling and/or long
range PCR, respectively. About 35% of the fusions were in-frame, encoding
chimeric proteins. The remainder encoded either C-terminally truncated 5’
fusion partners, or else N-terminally truncated (or rarely full-length) 3’ fusion
partners in instances where the 5’ partner contributed only the 5UTR. In many
instances, the fusions are predicted to lead to the overexpression or chimeric
activation of known or putative novel cancer genes. Of the 54 fusions, only
three (RUNX1-MECOM, MN1-ETV6, and ETV6-MN1) were previously reported
in AML. The most frequently affected genes were RUNX1 (n=5), KMT2A, and
MECOM (n=3 each). Based on the affected genes the fusions can be catego-
rized into six functional fusion clusters. Many of the fusions contained at least
one known AML gene (n=16; e.g. RUNX1, MECOM, DEK, ETV6, KMT2A)
together with a novel fusion partner, clearly suggesting pathogenic relevance.
Other fusions were predicted to disrupt known tumor suppressors (n=4; e.g.
TP53, NF1), or to activate known oncogenes (n=3; e.g. MYB). Others encoded
chimeric proteins of unclear pathogenic relevance, but that could nonetheless
encode novel epitopes created by the fusion junction (n=26).
Summary/Conclusions: Detailed molecular characterization of CK-AML
revealed a high incidence of novel gene fusions in about 50% of cases. The
affected genes suggest a more general role in leukemogenesis than reflecting
a state of genomic instability. Furthermore, identifying gene fusions in each
individual patient might lead to more effective, personalized treatments that
target the gene fusion itself, enable immunologic therapies against the fusion
junction epitopes, and provide private patient-specific biomarkers to track
leukemic burden for the monitoring of disease remission and relapse.
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H3K27ME3 LEVEL ON THE HIST1 CLUSTER: A POWERFUL EPIGENETIC
BIOMARKER THAT STRATIFIES TWO GROUPS OF NPM1-MUTATED AML
DIFFERING IN THEIR OUTCOME AND EXPRESSION PROFILE

S. Garciaz!2.3”, C. Chevalier?, P. Finetti’2, J. Vernerey?, F. Bertucci2.3:4,
B. Calmels2:3.5, C. Recher6, C. Chabannon235, N. Vey'1.2.3, E. Duprez2:3
THematology, Paoli-Calmettes Institute, 2INSERM 1068, Cancer research cen-
ter, 3Aix-Marseille University, #Oncology, 5Cell therapy facility, Paoli-Calmettes
Institute, Marseille, ®Hematology, Toulouse Cancer University Institute,
Toulouse, France

Background: NPM1 mutation (NPM7mut) is the most frequent genetic alter-
ation found in cytogenetically normal acute myeloid leukemia (CN-AML).
Patients harboring NPM1mut without FLT3 internal tandem duplication (FLT3-
ITD) are considered to have favorable outcome. Yet, some of them relapse
and become resistant to chemotherapy. Little is known about biological
processes underlying treatment failure. Our group previously described a new
epigenetic biomarker corresponding to an abnormal gain of the repressive
H3K27me3 histone mark within the HIST1 locus on the 6.p22 referred as
H3K27me3 HIST1high. This epigenetic biomarker had an impact on clinical out-
come as CN-AML patients with H3K27me3 HIST1Migh had a higher overall sur-
vival (OS) and leukemia-free survival (LFS) than H3K27me3 HIST1/oW patients
(Tiberi et al., 2015).

Aims: We studied the impact of H3K27me3 HIST1 in an NPM7mut CN-AML
cohort. Firstly, we asked whether H3K27me3 HIST1 could help to stratify
NPM1mut CN-AML patients independently of known genetic alterations. Sec-
ondly, we studied gene expression profile (GEP) related to H3K27me3 HIST1
to explore biological pathways associated with treatment failure.

Methods: Blood or bone marrow samples with at least 70% blast involvement
collected from 2005 to 2014 were recovered from the Paoli-Calmettes Cancer
Institute Biobank and analyzed as training set. A validation set of samples col-
lected during the conduct of two GOELAMS clinical trials (LAM2006IR and
LAM2007SA) was used for validation. We performed H3K27me3 HIST profiling
by chromatin immunoprecipitation followed by quantitative polymerase chain
reaction (ChIP-QPCR) on five histone genes of the HIST1 cluster. We also
sequenced frequently mutated genes in AML (FLT3, CEBPa, DNMT3A, IDH1,
IDH2, MLL, EZH2, TET2, P53, WT1 and ASXL1). GEP was done on Affymetrix
whole-transcript DNA microarray and we used gene set enrichment analysis
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(GSEA, Subramanian et al., 2005) along with the Gene Ontology database as
statistical methodology.

Results: We pooled the 103 samples of patients with NPM7mut CN-AML of
the training and validation sets together. Median age was 60 [37-76] and medi-
an leucocyte count was 76 G/L [10-352]. ChIP-QPCR Profiling identified 74
H3K27me3 HISThigh and 29 H3K27me3 HIST1low patients. FLT3-ITD was
found in 33 (43%) of H3K27me3 HIST1high and 18 (38%) of H3K27me3
HIST1low patients. We confirmed that H3K27me3 HIST1high was associated
with higher 5-year OS and LFS rates: 37% and 44% versus 17% and 19%
(p=.005 and .01) for the H3K27me3 HIST1high and the H3K27me3 HIST1low
patients, independently of other genetic alterations. Combining our biomarker
with FLT3 mutational status, we identified two subgroups of patients with very
different outcome: 49% and 56% versus 18% and 18% (p=.004 and .01) for
the H3K27me3 FLT3wt HIST1high and the FLT3wt H3K27me3 HIST1low
patients, respectively (Figure 1). We performed GEP for 27 NPM1mut patients
(12 H3K27me3 HIST1low and 15 H3K27me3 HIST1high), GSEA analysis
revealed a strong enrichment in immune functions and leucocyte activation in
the H3K27me3 HIST1Migh group, evoking differentiated AML. While H3K27me3
HIST1low samples had GSEA associated with chromatin remodeling factors
and DNA replication. Considering only FLT3wt patients, the H3K27me3
HIST1/ow subgroup had a gene expression signature characterized by a high
expression level of genes from the HIST1 cluster which expression is known
to be upregulated during S-phase of cell cycle.
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Summary/Conclusions: the biomarker H3K27me3 HIST1high is correlated
with a better LFS and OS in NPM7mut CN-AML patient, independently of other
known genetic alterations in particular FLT3 ITD. The worse outcome of FLT3-
wt H3K27me3 HIST!oWpatients is concomitant with high expression of replica-
tion-dependent HIST1 genes that could explain treatment failure.
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FUNCTIONAL ASSESSMENT OF NOVEL DIAGNOSTIC FLT3 MUTATIONS
AND INHIBITION BY KINASE INHIBITORS
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S. Meshinchi2
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Background: Somatic mutations in FLT3 are among the most common events
in AML, with FLT3/ITD mutations in the juxtamembrane domain (JMD) as well
as D835 missense mutations in the kinase domain (KD) the predominant
events. Sequencing of FLT3in a cohort of 788 children with de novo AML treat-
ed on contemporary Children’s Oncology Group protocols demonstrated that
in addition to the previously described FLT3 mutations (ITD and D835), numer-
ous other variants, including several novel variants, were present in 8% of
patients at diagnosis, leading to a cumulative FLT3 mutation prevalence of
27% in children and young adults. These variants mostly occurred in the JMD
and KD and were predicted to activate FLT3, therefore increasing the number
of patients who might be amenable to FLT3 inhibitor therapy.

Aims: We evaluated the oncogenic capability of each of these mutations by
assessing their ability to result in aberrant FLT3 and STAT5 phosphorylation, as
well as response to the tyrosine kinase inhibitors crenolanib and quizartinib.
Methods: Point mutations were introduced into HEK293 cells using retroviral
transduction. Following transduction, phosphorylation status of FLT3 (pFLT3)
and downstream STAT5 (pSTAT5) were evaluated by immunoblotting. Phos-
phorylation status was quantified by chemiluminescence analysis and the quan-



tity of protein expression was normalized to actin. That ratio of phosphorylated
protein to total protein for FLT3 and STAT5 was determined and normalized to
that observed in the D835Y mutation as a positive control. A value of >10%
pFLT3 was considered positive. All mutations that resulted in FLT3 phosphory-
lation were subsequently evaluated for inhibition by crenolanib and quizartinib
following 60-minute exposure to the compounds.

Results: A total of 24 non-ITD and non-ALM FLT3 mutations were evaluated
for autonomous FLT3 and STAT5 phosphorylation. Eleven mutations resulted
in pFLT3 and pSTATS, including 4 mutations with >50% pFLT3. All mutations
that demonstrated aberrant pFLT3 also had aberrant pSTAT5, however a direct
correlation of pFLT3 and pSTAT5 was not always observed. Overall, 87% (n=86
patients) of all non-ITD mutations evaluated resulted in autonomous FLT3 acti-
vation. Excluding D835 mutations, 64% (n=39) of patients harbored an activat-
ing mutation. Many of the mutations that were not found to be activating had
the lowest prevalence, often present in only one patient. Evaluation of inhibition
of phosphorylation demonstrated that in every case of aberrant activation,
crenolanib resulted in potent inhibition of phosphorylation of FLT3 and STAT5
with an IC50 range of 1.3-13.9 nM and 0.6-6.5 nM respectively. Many of the
mutations tested were exquisitely sensitive to crenolanib, with 9 of 10 mutations
tested demonstrating an IC50 of pFLT3 inhibition 5.6 nM. Inhibition of down-
stream kinases are necessary for optimal efficacy of any FLT3 inhibitor and
phosphorylation of STAT5 was potently inhibited by crenolanib in all cases.
Quizartinib inhibited pFT3 and pSTAT5 with an IC50 range of 1.8-151.7 nM
and 1-33.9 nM respectively, demonstrating less effective inhibition specifically
at mutations including D835Y, D839E, N676K, M6641.
Summary/Conclusions: We have previously presented that FLT3 mutations,
including novel mutations in addition to the FLT3/ITD and D835, are prevalent
in children and young adults with AML. Here we demonstrate that many of the
non-ITD/835 mutations also result in aberrant FLT3 phosphorylation and are
amenable to inhibition by FLT3 inhibitors. Crenolanib resulted in potent inhibition
of FLT3 and downstream STATS5 in all mutations tested. This data supports
expanding the cohort of pediatric patients with activating FLT3 mutations who
may benefit from FLT3 inhibitor therapy beyond those with FLT3/ITD.
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THE BCL-2 INHIBITOR VENETOCLAX INHIBITS NRF2 ANTIOXIDANT
PATHWAY ACTIVATION INDUCED BY HYPOMETHYLATING AGENTS IN
ACUTE MYELOID LEUKEMIA

L.X.T. Nguyen.", A. Kalvala', E. Troadec’, B. Kumar?, S. Forman, G. Marcucci',
V. Pullarkat?

1City of Hope Medical Center, Duarte, United States, 2Hematology, City of Hope
Medical Center, Duarte, United States

Background: The selective Bcl-2 inhibitor Venetoclax (ABT-199) has shown
potent antileukemic activity against Acute Myeloid Leukemia (AML) in preclinical
and early clinical studies and impressive results have been achieved using the
combination of hypomethylating agents (HMA) with venetoclax suggesting syn-
ergy between these agents.

Induction of Reactive Oxygen Species (ROS) is important for the cytotoxicity
of various AML therapies including HMA. Induction of ROS by various cytotoxic
therapies concurrently activates the Nrf2 antioxidant response pathway which
in turn results in induction of antioxidant enzymes that neutralize ROS. Upon
ROS induction, the transcription factor Nrf2 is released from its adaptor protein
Keap 1 in the cytoplasm whereby Nrf 2 enters the nucleus and binds to antiox-
idant response element sequences in the promoters of various genes. Nrf 2
pathway activation has been shown to mediate chemoresistance in various
cancers including AML. Low ROS levels have been shown to be a hallmark of
leukemia stem cells and are critical to their self renewal capacity. In this study,
we examined whether Nrf2 inhibition is an additional mechanism responsible
for the marked antileukemic activity in AML seen with the combination of HMAs
and venetoclax.

Aims: To determine the effect of veneoclax on ROS levels after HMA exposure
in AML cells and to examine the effect of Bcl-2 inhibition on Nrf-2 antioxidant
pathway activation in response to HMA

Methods: The effect of combination of venetoclax and HMA on ROS levels
and apoptosis was measured by flow cytometry. Effcet of venetoclax and HMA
on Nrf2 nuclear translocation was analyzed by immunostaining after cellular
fractionation. Effcet of venetoclax treatment on the association of Bcl2 with
Nrf2 Keap 1 complex was assessed by western blot analysis, immunoprecipi-
tation and in vitro assay for ubiquitination.

Results: Our results demonstrated that combination of HMA with venetoclax aug-
mented cellular and mitochondrial ROS induction and apoptosis compared to
treatment HMA alone. Treatment of AML cell lines as well as primary AML cells
with the hypomethylating agent decitabine resulted in increased nuclear translo-
cation of Nrf2 (Figure 1) and induction of downstream antioxidant enzymes includ-
ing HO-1 and NQO1. Immunofluoresence studies confirmed the inhibition of
nuclear translocation of Nrf2 by venetoclax. Immunoprecipitation studies indicated
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that Bcl-2, Keap 1 and Nrf2 associate in a protein complex in the cytoplasm and
that treatment with venetoclax leads to dissociation of Bcl-2 from the Nrf2/Keap 1
complex and targets Nrf2 to ubigitination and proteosomal degradation.
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Summary/Conclusions: In conclusion, inhibition of Nrf2 pathway may explain
the marked potentiation of HMA activity by venetoclax that is observed in clinical
trials. We show that ROS induction at least partially mediates the cytotoxicity
of HMA and ROS induction after HMA treatment is augmented by venetoclax.
We demonstrate for the first time that venetoclax is a potent inhibitor of Nrf2
activation via disruption of the association between Nrf2, Keap-1 and Bcl-2.
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UNRAVELING EPIGENOMIC REGULATION IN THE EVOLUTION OF
RELAPSING PEDIATRIC AML

C. Wiggers™'.2", M. Baak', M. Creyghton?, M. Bartels?
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Netherlands

Background: In comparison with pediatric acute lymphoblastic leukemia, pedi-
atric acute myeloid leukemia (AML) is characterized by a high relapse rate
(~30%), and lower overall survival rates of 60-70%. It is therefore crucial to
increase our insights in pathophysiological mechanisms underlying AML relapse,
including chemotherapy resistance, clonal evolution, and clonal selection. There
is increasing evidence that epigenetic deregulation is involved in the initiation
and progression of cancers, including adult AML. Epigenetic regulation involves
the activity of non-coding regulatory DNA elements such as enhancers, which
interact with promoters to fine-tune gene expression. Importantly, epigenetic sig-
natures at enhancers are highly cell state specific. Since little is known concerning
the epigenetic landscape of pediatric AML, it is crucial to gain more insights into
the epigenome of relapsed and non-relapsed AML in children.

Aims: To identify differential epigenomic regulatory pathways involved in AML
relapse by exploring the epigenome of relapsed (RP) and non-relapsed pedi-
atric AML patients (NRPs).

Methods: The epigenome of 20 AML patients, harboring known molecular aber-
rations (including MLL-rearrangement, CBF-related and Fit3-ITD), was analyzed
to identify active regulatory pathways. Acetylation of lysine 27 on the tail of histone
H3 (H3K27ac) marks active regulatory DNA elements and was therefore used to
identify active promoters and enhancers using Chromatin-Immunoprecipitation-
sequencing (ChlP-seq) experiments. Additionally, single-cell RNA-seq data were
generated for selected AML patients to analyze clonal heterogeneity.

Results: All genomic regions that were significantly enriched by H3K27ac were
analyzed, resulting in ~30.000 active promoters and enhancers per sample.
Genome-wide Pearson correlation of all enriched regions showed subclustering
of patients based on molecular aberration. Interestingly, epigenomic analysis
showed that the initial diagnosis (Dx) and the patient’s relapse (Rel) sample
were highly correlated. Also, single-cell RNA-seq analysis identified two highly
identical homogeneous populations at Dx and Rel. Following the fact that no
major differences were observed between AML cells at diagnosis and relapse,
NRPs were analyzed. Here striking differences in H3K27ac enrichment were
observed in MLL-rearranged patients between NRPs and RPs. Enhancers and
promoters were differentially enriched at diagnosis, of which Sphk1, a kinase
involved in proliferation and survival, was significantly more enriched in RPs,
while the promoter of transcription factor ELF1 and nearby located enhancers
were active in NRPs only.

haematologica | 2017; 102(s2) | 41



22nd Congress of the European Hematology Association

Summary/Conclusions: Analysis of promoters and especially enhancers is a
highly useful approach to identify cell state specific regulation. Here, we ana-
lyzed pediatric AML patients at diagnosis and at relapse to gain more insight
into specific cell states which are involved in relapse. Our data revealed high
similarity between diagnosis and relapse samples, while, strikingly, in the WHO
intermediate-risk group containing MLL-rearranged patients, differential epige-
nomic regulation was observed between NRPs and RPs. Taken together, our
preliminary data suggests that already at diagnosis, AML cells display an epige-
nomic fingerprint associated with the development of AML relapse during the
course of disease. We are currently validating these data.
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MECHANISTICALLY INFORMED COMBINATIONS OF SY-1425, APOTENT
AND SELECTIVE RARA AGONIST, WITH HYPOMETHYLATING OR
ANTI-CD38 TARGETED AGENTS IN AML AND MDS
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Background: The complex pathogenesis of cancer often necessitates combi-
nation therapies to optimize patient benefit. Thus, we investigated preclinical
combinations of SY-1425 (tamibarotene) and other agents to build on the
monotherapy strategy with SY-1425 in biomarker selected AML and MDS
patients (Phase 2 study, NCT02807558). Based on the RARa mediated myeloid
gene activation of SY-1425, epigenetic priming with hypomethylating agents
(HMAs) and CD38 induction were explored.

Aims: We sought to investigate mechanistically informed combinations of SY-
1425 with standard of care agents and with potential novel agents in AML. We
hypothesized that the HMA azacitidine could prime AML cells for SY-1425 medi-
ated reprogramming by relieving aberrant methylation of RARa target genes
and that strong upregulation of the maturation marker CD38 in AML cells by
SY-1425 could induce sensitivity to the anti-CD38 therapeutic antibody dara-
tumumab (DARA).

Methods: HMA synergy was tested in vitro in AML cell lines over a range of
concentrations for SY-1425 and azacitidine. In vivo studies used a disseminated
patient derived xenograft (PDX) model of AML expressing high levels of RARA.
SY-1425 induction of CD38 was assessed by H3K27ac ChiP-seq, RARa ChIP-
seq, RNA-seq and flow cytometry. Antibody dependent cell-mediated cytotox-
icity (ADCC) was tested in an ex vivo co-culture model of human NK cells and
AML cell lines.

Results: RARa acts as a repressive transcription factor until bound by SY-
1425 leading to potent, targeted activation of myeloid genes. HMAs can further
prime this activation by depleting repressive methylation of these target genes.
The combination of SY-1425 and azacitidine showed synergy in RARA-high
AML cell lines, but not in RARA-low AML cell lines, with combination indices
less than 0.5. Co-administration in a RARA-high AML PDX demonstrated supe-
rior reduction of tumor burden (<1% detectable tumor cells) vs either treatment
alone (7% with SY-1425 and 8% with azacitidine). Various combination regi-
mens evaluated in the PDX model over two cycles (56 days) found that 1 week
of azacitidine followed by 3 weeks of SY-1425 maximized for anti-tumor activity
(<5% AML cells in periphery, bone marrow and spleen) and tolerability (<8%
weight loss). RARa binds directly to the CD38 locus and induces H3K27 acety-
lation in response to SY-1425 causing CD38 to be one of the most upregulated
mRNA transcripts in RARA-high models. SY-1425 treatment of four RARA-
high AML cell lines and three RARA-high primary AML patient samples induced
cell surface CD38 to high levels comparable to those of DARA sensitive multiple
myeloma cells. In contrast, no CD38 induction was observed in RARA-low cell
lines. RARA-high AML cell lines treated with SY-1425 and DARA were six fold
more sensitive to NK cell mediated ADCC compared to single agent controls
and exhibited a 5-10 fold increase in NK cell-dependent activation measured
by IFNy secretion.

Summary/Conclusions: The RARA biomarker dependent synergy with azac-
itidine and SY-1425 is hypothesized to work through hypomethylation based
priming of myeloid differentiation by SY-1425 agonism of formerly repressed
RARa target genes. Since CD38 is one of the most strongly induced RARa
target genes in response to SY-1425, AML blasts can be sensitized to DARA
in a biomarker dependent manner. The preclinical synergistic effects and antic-
ipated non-overlapping clinical toxicity profiles of the respective agents provide
a strong rationale for clinical evaluation of each SY-1425 combination in bio-
marker selected AML and MDS patients.
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FLT3 INHIBITION OVERCOMES RESISTANCE TO THE BCL-2 SELECTIVE
ANTAGONIST, VENETOCLAX, IN FLT3-ITD MUTANT AML MODELS
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Background: FLT3 internal tandem duplication (ITD) mutations account for
~20-25% of adult AML cases and are associated with worse prognosis.
Although FLT3 inhibitors show clinical activity, relapse occurs quickly. Veneto-
clax is a potent, selective inhibitor of the anti-apoptotic protein BCL-2 that
demonstrated monotherapy activity in relapsed/refractory AML (ORR 19%);
however, no activity was seen in FLT3 mutant cases (Konopleva, Can Disc
2016). FLT3-ITD regulates expression of the anti-apoptotic proteins BCL-X_
and MCL-1, but not BCL-2, and FLT3 inhibition synergizes with the dual BCL-
2/BCL-X|_inhibitor ABT-737 in vitro in FLT3-ITD+ cells (Kohl, Leukemia 2007).
Aims: Expression of BCL-X; and MCL-1 are known resistance factors to vene-
toclax, therefore targeting pathways that regulate BCL-X_ or MCL-1 in combi-
nation with venetoclax may enhance cell death and improve efficacy. Based
on this hypothesis, we interrogated if selective inhibition of BCL-2 by venetoclax
in combination with quizartinib, a potent FLT3 inhibitor, resulted in synergistic
anti-tumor effects in FLT3-ITD+ AML models.

Methods: FLT3-ITD+ (Molm13 and MV4;11) and wild type (wt; HL60 and OCI-
AML3) cell lines were evaluated in vitro. Proliferation was measured by cell
titer glo and apoptosis by Annexin V staining. In vivo efficacy was determined
in a MV4;11 xenograft model.

Results: Sensitivity to venetoclax was initially assessed in vitro. Dose depend-
ent growth inhibition and induction of apoptosis was observed in the MV4;11,
Molm13 and HL60 cell lines following 48hr venetoclax treatment, with the
MV4;11 cell line most sensitive. Modulation of BCL-2, BCL-X_ and MCL-1
expression by FLT3 inhibition was determined following 8-24hr treatment with
quizartinib. Quizartinib reduced BCL-X_ and MCL-1 protein, but not BCL-2, in
the FLT3-ITD+ cells. Quizartinib had no affect on expression of these three
proteins in FLT3 wt cells. To interrogate the combination of quizartinib and
venetoclax in vitro, cell lines were treated for 48hrs with venetoclax, quizartinib
or the combination. Combination treatment led to significant reduction in pro-
liferation and increased apoptosis in the FLT3-ITD+ cells compared to either
single agent. FLT3 wt cells were not sensitive to quizartinib as a single agent
or in combination with venetoclax. The combination translated in vivo as syn-
ergy between quizartinib and venetoclax was observed in the MV4;11 xenograft
model. Together, this data underscores the dependency of these cells on the
FLT3-ITD mutation for growth and its use as a predictive biomarker of veneto-
clax resistance. To determine the dependence of FLT3-ITD+ cells on other
anti-apoptotic proteins, cell lines were treated with selective antagonists to
BCL-X_ (A1331852) or MCL-1 (A1210477) in combination with venetoclax.
Treatment with either antagonist in combination with venetoclax reduced the
growth of the cell lines compared to venetoclax alone. However, co-inhibition
of BCL-X or MCL-1 and FLT3-ITD did not reduce cellular growth compared to
quizartinib alone, indicating that maximum anti-tumor responses may be
achieved when all three anti-apoptotic proteins are targeted.
Summary/Conclusions: Quizartinib treatment in FLT3-ITD+ AML models
decreased expression of the anti-apoptotic proteins BCL-X; and MCL-1 and
synergized with venetoclax in vitro and in vivo at clinically relevant doses for
each compound. These data suggest that co-targeting FLT3-ITD with selective
inhibitors and BCL-2 with venetoclax induces apoptosis to a greater extent
than FLT3 inhibition alone. Importantly, our preclinical data supports further
clinical investigation of this combination to treat FLT3-ITD+ AML.
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SPECIFIC TARGETING OF ACUTE MYELOID LEUKEMIA STEM CELLS BY
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THematology, 2Epidemiology and Biostatistics, 3Radiology, VU University Med-
ical Center, Amsterdam, Netherlands

Background: Only 30-40% of acute myeloid leukemia (AML) patients survive
five years after diagnosis. This extreme poor prognosis is mainly caused by
treatment failure due to chemotherapy resistance. Leukemic stem cells (LSCs)
are thought to be major determinants of AML recurrence due to their potential
for self-renewal and chemotherapy resistance. LSCs co-reside with normal
CD34*CD38- hematopoietic stem cells (HSCs) in the AML bone marrow.
Increasing the dose of chemotherapy might eliminate these chemotherapy
resistant cells, however will inevitable result in the non-specific elimination of
HSCs, delaying or even preventing the recovery of normal hematopoiesis after
therapy. To significantly improve the outcome of AML patients, the discovery of
alternative therapies that specifically eliminate LSCs while sparing HSC are
urgently needed. To develop these specific anti-LSC therapies, identification
of genes differentially expressed between LSCs and HSCs and between LSCs
and the AML bulk is crucial.

Aims: To identify specific therapeutic strategies that have the potential to elim-
inate AML relapse-initiating cells.

Methods: We generated gene expression profiles of HSCs, LSCs and leukemic
progenitors all derived from the same AML bone marrow and identified Insulin
growth factor binding protein 7 (IGFBP7) as one of the top differentially expressed
genes. As low IGFBP7 expression is a feature of LSCs, we hypothesized that



decreased expression of IGFBP7 might be associated with decreased chemother-
apy sensitivity. To this end, we generated cell lines with IGFBP7 knockdown and
subjected the cells to chemotherapy. Furthermore, to test whether increasing the
IGFBP7 levels might be a strategy to deplete leukemic (stem) cells, we overex-
pressed IGFBP?7 in or added recombinant human IGFBP7 (rhIGFBP7) to primary
AML cells and measured clonogenic capacity, differentiation and cell survival in
vitro. To study the effect of IGFBP7 on AML cell survival and engraftment potential
in vivo, primary AML cells were transplanted into immune deficient mice and the
mice were subsequently treated with rhIGFBP7. To study the effect of rhiIGFBP7
on LSC survival, human AML cells derived from the first transplanted mice were
re-transplanted into secondary recipients and engraftment and survival of the
mice were monitored.

Results: Knockdown of IGFBP7 results in reduced sensitivity to chemotherapy
and comparing matched diagnosis and relapsed AML samples showed that
IGFBP7 expression is frequently downregulated at relapse, suggesting a sur-
vival advantage of IGFBP7'°WAML cells during chemotherapy treatment. Impor-
tantly, enhancing cytoplasmic or extracellular IGFBP7, by overexpression or
addition of rhiIGFBP7, resulted in induction of differentiation and apoptosis,
increased sensitivity to chemotherapy and inhibited AML blast and leukemic
stem/progenitor cell survival in vitro and in vivo. IGFBP7 had no influence on
the survival of normal hematopoietic (stem) cells. Moreover, treatment with
rhIGFBP7 can add to chemotherapy treatment by elimination of chemotherapy
resistant refractory AML (stem) cells.

Summary/Conclusions: Altogether, these data suggest that addition of IGF-
BP7 to the currently used chemotherapy regimens might be a promising strat-
egy to specifically eradicate LSCs and decrease AML relapse rates.
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ONGOING PHASE 2 CLINICAL TRIAL OF SL-401 IN PATIENTS WITH
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STAGE 2 RESULTS
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Background: SL-401 is a targeted therapy directed to interleukin-3 receptor a
(CD123), a target overexpressed on a variety of cancers including blastic plas-
macytoid dendritic cell neoplasm (BPDCN), a highly aggressive malignancy
with poor outcomes and unmet medical need.

Aims: This Phase 2 trial is a single-arm, open-label, study designed to generate
efficacy and safety data to support potential registration in BPDCN

Methods: In this ongoing Phase 2 single-arm trial, patients with BPDCN (n=32)
or relapsed/refractory (R/R) AML (n=48) received SL-401 as a daily IV infusion
at7,9, 12, or 16 ug/kg/day for days 1-5 of a 21-day cycle in stage 1. In stages
2 and 3, patients received SL-401 at the dose determined in stage 1.
Results: 32 adult BPDCN patients received SL-401 in stage 1 (n=9) and stage
2 (n=23), including 19 first-line and 13 R/R patients. Stage 3 patients will be
reported separately. Median age was 72 years (range: 30-85 years). In stage
1, 12 ug/kg was the highest tested dose for BPDCN; MTD was not reached in
BPDCN. Median follow-up was 4.3 months (range: 0.5-22.9 months). ORR of
84% (27/32) was observed in all patients: 95% (18/19) in first-line and 69%
(9/13) in R/R. 88% (14/16) of first-line patients treated at 12 ug/kg had a com-
plete remission: CR (n=10), CR with incomplete hematologic recovery (CRi)
(n=1) or clinical CR (CRg; residual skin disease) (n=3) based on investigator
assessment. 56% (9/16) of these patients were progression free for 4 to 22.9
months (ongoing), including 3 patients on SL-401 in remission (4 to 18 months,
ongoing) and 7 patients who were bridged to stem cell transplant (SCT; 3 auto-
SCT and 4 allo-SCT). AR/R patient was also bridged to allo-SCT. Overall, most
common =Grade 3 treatment-related AEs were transaminase elevation (22%)
and thrombocytopenia (16%). Safety precautions, including daily monitoring of
albumin and body weight during study drug infusions, have been implemented
to minimize risk of severe capillary leak syndrome (CLS). Three patients had
Grade 5 CLS: BPDCN (7 ug/kg); R/R AML (16 ug/kg); BPDCN (12 ug/kg) out
of 118 patients who received SL-401 across all trials and regimens; 3/89 (3.4%)
patients of which were enrolled in this clinical trial.

Summary/Conclusions: SL-401 continues to demonstrate single agent activ-
ity, including multiple CRs, in patients with BPDCN, with 25% (8/32) of patients
bridged to SCT after a major response from SL-401. SL-401 side effect profile
consists largely of transaminitis and thrombocytopenia. CLS can be fatal. Side
effects have generally tended to decrease in frequency and severity with
increasing cycles. Updated data, including detailed safety analysis across all
ongoing SL-401 studies will be presented at the meeting.
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PROGNOSTIC IMPACT OF SOMATIC MUTATION CLEARANCE IN
PATIENTS WITH ACUTE MYELOID LEUKEMIA

K. Takahashi'”, F. Wang?, K. Patel’, C. Bueso-Ramos’, G. Issa', X. Song?,
J. Zhang'!, C. Gumbs', F. Ravandi!, T. Kadia!, N. Daver!, C. DiNardo?,
M. Konopleva’, M. Andreeff!, J. Cortes?, G. Garcia-Manero?, E. Jabbour?,
A. Futreal', H. Kantarjian’

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

Background: Persistence of somatic mutations at the time of complete remis-
sion (CR) was associated with poor outcome in patients (pts) with AML.
Aims: To analyze differential pattern of mutation clearance based on the genes
and affected pathway and to assess prognostic impact of mutation clearance
in AML patients.

Methods: We studied 95 pts with AML who were treated with frontline induction
and subsequently achieved CR. We sequenced pre-treatment and CR bone mar-
row samples by targeted capture sequencing of 295 genes (median 280x cover-
age). We defined 3 levels of mutation clearance (MC) based on variant allele fre-
quency (VAF): 1) MC2.5, persistent mutation with VAF<2.5%, 2) MC1.0, persistent
mutation with VAF<1%, and 3) complete mutation clearance (CMC).

Results: In the pre-treatment samples, we detected 597 mutations in 78 genes
in 87 (92%) patients. In the matching CR samples, 62 (10%) and 82 (14%)
mutations persisted at VAF=2.5% and 21%, respectively, which corresponded
to 43 (49%), 34 (39%), and 30 (34%) patients achieving MC2.5, MC1.0 and
CMC, respectively. Table 1 shows the differential patterns of MC based on the
mutations and pathways. Mutations associated with clonal hematopoiesis of
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indeterminate potential (CHIP), DNA methylation, and splicing pathways had
low rate of MC, whereas mutations in transcription factors or receptor tyrosine
kinase (RTK) had high rate of MC. Pts who achieved MC1.0 (median 31.2 vs
12.5 months, P=0.04) or CMC (median 31.2 vs 12.5 months, P=0.049) had
significantly better relapse-free survival (RFS).

Table 1.
Gene | MC25 (%) | MCLO | CMC (%) | Pathway | Mc25 MCLD | CMC (%)
(%) (%) (%)
DNMT3A | 21% | 1% 14% CHIF associated | 3% 24% 1%
NPMI 100%% Sb% 96% DNA methylation 39% 29% 26%
TET2 35% | 3% 35% RTK pathway | 88% 87% B3%
FLT3 1% | 100% 100% Transcription Factors | 94% 83% %
CEBPA 1005 B9% B9% Ch Cohesin 67% 53% 3%
IDH2 38% 44% 8% Splicing | 3% 17% 17%
GATAZ 100% | 100% 91% |
NRAS | 92% 92% 52%
RUNXT 67% 44% 56%
WT1 75% 5% 63%
PTPNIT B9% B9 B
TPs3 25% [ [
ASXLT ® | 0% | 0%
NF1 63% | S0P 38%
STAG2 3% 43% | 43%
BCOR 100%% 508 50%
SRSF2 17% | 17% 17%
(IDH! | 100% A0 | A%
SMC3 100% | 100% 100%
KRAS 100%% 100% 5%
SF3B1 100 33% 33%

Summary/Conclusions: Somatic mutations associated with CHIP, DNA
methylation, and splicing pathways persisted frequently in CR samples sug-
gesting preleukemic origin. Pts with deeper MC had significantly better RFS.
Somatic mutation clearance may help risk prediction of AML.

P193

DO EDUCATION AND INCOME AFFECT TREATMENT AND OUTCOME IN
ACUTE MYELOID LEUKEMIA IN A TAX-SUPPORTED HEALTH CARE
SYSTEM? A DANISH NATIONAL POPULATION-BASED COHORT STUDY
L.S. @stgard! 2", M. Nargaard?, B.C. Medeiros3, L.S. Friis4, C. Schéllkopf®,
M. Severinsen®, C.W. Marcher’, J.M. Ngrgaard’

1Department of Hematology, 2Department of Clinical Epidemiology, Aarhus
University Hospital, Aarhus, Denmark, 3School of Medicine, Stanford University,
Stanford, United States, 4Department of Hematology, Copenhagen University
Hospital, Copenhagen, SDepartment of Hematology, Herlev University Hospital,
Herlev, 6Department of Hematology, Aalborg University Hospital, Aalborg,
"Department of Hematology, Odense University Hospital, Odense, Denmark

Background: No larger study has investigated the association between indi-
vidual-level education or income level and clinical prognostic markers, treat-
ment, and outcome in acute myeloid leukemia (AML). Understanding how
socioeconomic status (SE) affects survival in AML patients may improve prog-
nosis through targeted support among patients with different SE risk profiles.
Aims: We investigate effects of education as a knowledge-related SE factor
and income as a measure of material resources in a tax-supported health care
system linking individual-level SE information from Statistics Denmark to clinical
data from the Danish National Leukemia Registry.

Methods: We conducted a nationwide population-based cohort study and
included AML patients 225 years diagnosed in Denmark 2000-2014 (end of
follow-up, Feb 2016). KM curves and Cox regression (Hazard ratios; HRs) was
used to compare survival by education (low, medium, and high) and income
level (tertiles). We repeated the survival analysis within educational groups by
year of diagnosis (2000-2004, 2005-2009, 2010-2014), stratified by time period,
and calculated crude survival (%) at 1, 3, and 5 years. We used logistic regres-
sion (odds ratios; ORs) to compare treatment intensity, chance of clinical trial
inclusion, and complete remission (CR) between groups. Results were given
crude and with different levels of adjustments for age and sex, SES factors,
and clinical prognostic markers, overall and stratified by age (<60/260 years).
Results: Of 2992 patients, 1588 (53.1%) received remission induction
chemotherapy. Forty-five percent (n=1336) completed a low-level education,
38% (n=1138) a medium education, and 17.3% (n=518) a higher education.
Patients with higher education tended to be younger and to be male. In inten-
sive therapy patients <60 years, survival was superior in high-education
patients evident a year from diagnosis (1-year survival: high 65.2%, HR
1.0, medium 59.2%, adjusted HR 1.55 (CI=1-21-1.98), low 57.7%, 1.47
(Cl=1.11-1.93)). Allogeneic transplantation rates in CR1 were significantly high-
er in high-education compared with low-education patients (16.3% versus
8.7%). Only survival in high-education patients improved over time; HR 0.78
(CI=0.61-0.99), medium 0.99 (CI=0.84-1.16), and low 1.03 (CI=0.84-1.27)
increasing the survival gap between educational groups (Low: year 2000-2004
HR 1.28 (CI=0.88-1.85), 2004-2009 HR 1.55 (Cl=1.01-2.44) 2010-2014 HR
2.09 (ClI=1.27-3.44), high 1.0); Figure 1). In older patients, low education was
associated with lower chance of intensive chemotherapy (30% versus 48%;
adjusted OR 0.65 (CI=0.44-0.98)) compared to high-education, however neither
CRrates in intensive therapy patients nor survival overall or in intensive therapy
patients was affected. Low-income patients where less likely to be enrolled in
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clinical trials (low-income 22.8%, adjusted OR 0.55 (CI=0.39-0.79) medium
28.2%, adjusted OR 0.71 (CI=0.53-0.94)) compared to high-income (37.2%,
HR 1.0), however, income was not associated with therapy intensity, chance
of CR, or survival (intensive therapy-only; high income adjusted HR 1.0, medi-
um 0.96 (C1=0.82-1.12), low 1.06 (CI=0.88-1.27)).
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Figure 1.

Summary/Conclusions: In Denmark where health-care is free and uniform,
high SE status does not affect treatment intensity in younger patients or
response to therapy. However, educational level, but not income, influences
alloHSCT rates and has a major impact on survival in younger AML patients.
Since 2000, survival improvements have exclusively benefitted well-educated
patients and additional attention during treatment and follow-up towards low-
educated patients may increase transplantation rates and improve survival.
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IDENTIFICATION OF PATTERNS IN CO-OCCURRING MUTATIONS IN AML
PATIENTS WITH GERMLINE AND SOMATIC RUNX1 MUTATIONS

U. Borate!", B. Wilmot?, B. Norris’, P. Lo, D. Bottomly!, S. McWeeney?,
J. Tyner1, A. Agarwal'

10regon Health & Science University, Portland, United States

Background: RUNX1 plays a vital role in leukemogenesis through its interac-
tion with core binding factor-B complex and other genes involved in
hematopoiesis (1,2). Familial platelet disorder with predisposition to acute
myeloid leukemia (FPD/AML) is linked to germline RUNX1 mutations (3). This
autosomal dominant disorder is characterized by thrombocytopenia and poten-
tial for transformation to AML. AML patients with somatic RUNX7 mutations
have a poor prognosis (6,7) independent of other risk factors. The role of co-
occurring mutations in leukemogenesis in FPD/AML patients with germline
RUNX1 mutations and AML patients with de novo somatic RUNX/ mutations is
not fully understood.

Aims: In order to further characterize co-occurring mutations in patients with
both germline and somatic RUNX7 mutations, we analyzed a large cohort of
AML tumor samples along with several paired normal tissue samples.
Methods: We sequenced a cohort of 482 diagnostic bone marrow or peripheral
blood samples from AML patients by deep whole-exome sequencing. Samples
were collected through the “Beat AML” project, an ongoing program at Oregon
Health & Science University in collaboration with the Leukemia & Lymphoma
Society. RUNX1 mutations were classified using VarScan which defined somat-
ic and germline mutations as follows: somatic if p <0.1 and germline if not
called as somatic and normal variant allele frequency >0.1.

Results: Twenty AML samples had 21 germline RUNX1 mutations with a total
of 6 different germline variants; 31 other patient samples had 38 somatic
RUNX1 mutations with 31 unique somatic variants. One sample had 2 RUNX1
germline mutations; 6 samples had >1 somatic RUNX1 mutations. The most
common germline variant, missense mutation p.L56S, was found in 16 (76%)
of the 21 HCG RUNX1 mutations identified. Significantly, the germline variants
occurred mutually exclusive of the somatic variants. Out of 20 patients with
germline RUNX1 mutations, 16 had co-occurring known pathogenic mutations
in AML-related genes. Most significantly, 62% (10/16) and 51% (14/27) of
patients with germline or somatic RUNXT mutations, respectively, had 7 co-
occurring AML-related pathogenic mutations that were exclusive to their cohort
(Table 1). Both germline and somatic RUNX1 mutational cohorts had 12 over-
lapping co-occurring mutations. The most common mutations, for both groups,
were in FLT3 (14/43), ASXL1 (8/43), and IDH2 (7/43) (Table 1). Patient demo-
graphics and treatment-related outcomes were similar for both cohorts.
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Summary/Conclusions: The incidence of RUNX1 mutations seen in our 482-
patient Beat AML cohort (4.3% germline, 6.4% somatic) is consistent with
results from other studies (8). Our study suggests that germline and somatic
RUNX1 mutations in AML patients are mutually exclusive, as are several co-
occurring pathogenic mutations that contribute to leukemogenesis. Our study
adds to the already described mutually exclusive mutations in germline RUNX1
by identifying WT1, CHEK2, CCND3, and others. Similarly, in samples with
somatic RUNX1 mutations, we found mutually exclusive mutations in CBL,
JAK2, MLL, EZH2 and others, in addition to the previously described IDH1
(8).Further characterization of these results and analyses of additional samples
using our whole-exome sequencing and our bioinformatics platform will help
us better elucidate the molecular events underlying AML progression and help
us establish novel prognostic/therapeutic markers aimed at early intervention
in patients, or their family members, who carry RUNX1 mutations.

P195

Abstract withdrawn.

P196

MULTIPLE LEUKEMIC STEM CELL MARKER EXPRESSION IS ASSOCIATED
WITH POOR PROGNOSIS IN DE NOVO ACUTE MYELOID LEUKEMIA

T. Yabushita®", Y. Shimomura?, D. Katoh?, Y. Ono?, N. Hiramoto?, S. Yoshioka,
N. Yonetani®, A. Matsushita’, H. Hashimoto?2, T. Ishikawa

THematology, Kobe City Medical Center General Hospital, 2Hematology, Insti-
tute of Biomedical Research and Innovation Hospital, Kobe City, Japan

Background: Acute myeloid leukemia (AML) is believed to originate from a
small population of leukemic stem cells (LSCs). Current chemotherapy regi-
mens target the majority of more mature leukemic blasts, but cannot efficiently
eliminate LSCs, resulting in early treatment failure and relapse. Thus, the
expression of LSC-specific markers could be used as a predictive factor of clin-
ical outcomes in AML patients. Recently, the clinical impact of individual LSC
markers has been documented in several reports, but the combined effect of
different LSC markers remains unexamined.

Aims: This study aimed to estimate the prognostic impact of the expression of
multiple LSC markers on the outcome of AML patients.

Methods: Ninety consecutive patients diagnosed with de novo AML at our insti-
tution and eligible for intensive chemotherapy were enrolled from September 2010
to March 2016. We excluded 10 patients with acute promyelocytic leukemia. This
study was approved by the institutional review board of the Ethics Committee and
complied with the Declaration of Helsinki. We analyzed the expression of three
LSC markers, CD25, CD96, and CD123, in de novo AML patients. The expression
of these markers on gated leukemic blasts was evaluated using 6-color flow cytom-
etry. When over 20% of leukemic blasts were positive for any marker, the sample
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was defined as positive for that marker. We stratified de novo AML patients into
two groups: LSCHighwas defined as positivity for two or three LSC markers, and
LSClowwas defined as negativity for all markers or positivity for a single LSC
marker. The primary endpoint was overall survival (OS). The secondary endpoint
was progression-free survival (PFS). OS and PFS were estimated using the
Kaplan-Meier method, and assessed using the log-rank test. Multivariate analysis
using Cox proportional hazard ratio was performed for OS and PFS.

Results: The median follow-up for patients still alive at the end of the study
was 38.9 months (range: 1.5-64.8 months). The median patient age was 60
years (range: 17-78 years). There was no statistical significance between
LSCHigh patients (n=30) and LSCLow patients (n=50) in sex, age, laboratory
data, NPM1 mutation, or European Leukemia Net karyotype risk group. FLT3
mutation was associated with the LSCHigh group (p=0.003). Three-year OS
and PFS were significantly better in the LSCLoWgroup than in the LSCHigh-
group (Figure 1) (OS: 65.0% vs 18.2%, p <0.001; PFS: 49.3% vs 19.4%, p
<0.001). In multivariate analysis controlled for age and karyotype (Table1),
being in the LSCHighgroup was an independent prognostic factor for OS (haz-
ard ratio: 3.17; 95% CI: 1.64-6.15; p <0.001) and PFS (hazard ratio: 2.25;
95% CI: 1.24-4.08; p=0.007). Being in the LSCHighgroup had incremental val-
ue for OS compared with the karyotype risk (Harrell’s C index: 0.80 vs 0.70;
p = 0.028). Moreover, this classification based on LSC marker expression
allowed subgroups with unfavorable prognosis to be identified among patients
in the intermediate karyotype risk group (3y-OS 54.6% vs 14.5%, p=0.013),
as well as those in the favorable karyotype risk group (3y-OS 94.1% vs 50.0%,
p=0.021).

Kaplan-Meier curve of OS (left) and PFS (right) for 80 de novo AML patients
treated in our institution
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Table 1. Univariate and multivariate analysis for OS.

Univariate {0S)  Multivariate (0}
Variable HR (95% CI) Povalue HR (95% C1) Povalue
Sex L4 080
(0.55-1.97)
Age(> 65 years) 179 0.083
(0.53-3.46)
WEBC (> S0% 107pL) 167 [NF]
(057-3.18) .
ELN genetic risk group 348 <0001 3.55 <0001
(2.02-6.000 (1.96-6.44)
FLT3-ITD™ 10 0.ms 092 083
(1.05-4.18) (0.42-1.99)
LSCHe group 380 = 0001 351 =0,001
(1.96-7.36) (1.68-7.39)

Summary/Conclusions: We demonstrated that multiple LSC marker expres-
sion predicts poor clinical outcomes in newly diagnosed de novo AML patients,
and may facilitate better stratification even among patients with intermediate-
risk and favorable-risk karyotypes.
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NEXT GENERATION SEQUENCING TARGETED PANEL FOR MINIMAL
RESIDUAL DISEASE MONITORING IN ACUTE MYELOID LEUKEMIA

V. Mcclain®*, A.R. Carson', B.A. Patay', L. Chamberlain!, C. Chander?,
S. Zheng!, W. Huang'!, O. Kiya', D. Hubbard?, D. Caguioa?, Z. Xiel,
J. Thornes2, T. Stenzel?, J. E. Miller!.2

NInvivoscribe, 2LabPMM LLC, San Diego, United States

Background: Many personalized therapies for acute myeloid leukemia (AML)
have been developed targeting specific biomarkers. Unfortunately, the efficacies
of these therapies are inconsistent while the need to determine successful ther-
apies prior to patient relapse is critical. Minimal residual disease (MRD) moni-
toring can help determine effective treatments and predict potential relapse.
While there are now several MRD tests available on the market, most target
single or small numbers of biomarkers, which can limit detection of residual
AML heterogeneity. Thus, full characterization of a sample may require testing
with multiple MRD assays, which can be impractical in a clinical setting. We
have developed a target capture-based assay (MyMRDTM), which allows char-
acterization of the entire therapeutic AML biomarker repertoire and can inform
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the molecular remission status of a patient’s malignancy. This targeted panel
can identify the mutations in driver clones that cause relapse in ~90% of all
AML patients, as well as common drivers in myeloid prolific neoplasms (MPN)
and myelodysplasic syndromes (MDS).

Aims: To establish a sensitive and reliable targeted NGS assay to compre-
hensively detect and monitor the majority of known driver mutations in AML
and other myeloid malignancies.

Methods: Whole genome libraries, made from DNA extracted from cell lines
and clinical samples, were hybridized with MyMRD probes targeting mutation
hotspots in 23 genes associated with AML. In addition to single nucleotide vari-
ants (SNVs) and indels in 21 of these genes, 5 structural variant (SV) break-
points within 3 genes were also targeted. Enriched libraries were sequenced
with the MiSeq® platform and analyzed using proprietary Invivoscribe (IVS)
MyInformaticsT™ software. To validate mutations detected by the MyMRD
assay, samples were additionally tested with IVS developed capillary elec-
trophoresis (CE) assays and NGS-based assays targeting common mutations
in FLT3 and NPM1.

Results: The linearity and limit of detection (LOD) of the MyMRD assay were
assessed using data generated from contrived cell line DNA containing known
AML driver mutations with a range of variant allele frequencies (VAFs). The
assay shows strong linearity (R2=0.96 — 0.99) in the entire range of tested
VAFs (0.1- 20%). Overall, we established a LOD of 0.5% for >95% of the tar-
geted sites in the assay with lower LODs for specific mutations of interest (e.g.
0.1% for a 30bp FLT3ITD and 0.2% for FLT3 p.D835Y). In addition, using clin-
ical samples the MyMRD assay shows excellent concordance with the standard
FLT3 CE assays for variants with VAFs above the CE detection threshold (5%).
Samples below the CE detection threshold were additionally evaluated with
IVS FLT3 ITD MRD and NPM1 MRD amplicon assays which showed 100%
concordance with the MyMRD panel assay for variants with VAFs above the
MyMRD LOD.

Summary/Conclusions: The IVS developed MyMRD targeted panel is a
sensitive and reliable assay to monitor residual AML driver mutations. The
assay is shown to have excellent linearity and a LOD of 0.5% (tenfold lower
than the standard CE assay LOD) at >95% of the targeted sites. Additionally,
specific mutations of interest, such as those used for residual disease mon-
itoring (e.g. FLT3 ITD), demonstrate LODs as low as 0.1%. The MyMRD
assay provides an accurate method for detecting mutations in multiple targets
in patients and can be used to effectively stratify patients for therapy and
clinical trials.
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IS IT POSSIBLE TO RELIABLY DETECT CLINICALLY-RELEVANT
BIALLELIC CEBPA GENE MUTATIONS USING NGS PANELS?

M. Fernandez-Mercado'.2.3", M.J. Larrayoz3, |. Vazquez3, A. Mafiu3,
F.J. Gracia-Aznarez3, F. Prosper4, M.J. Calasanz3

Biomedical Engineering, School of Engineering, University of Navarra, 2Mol-
ecular Oncology, Biodonostia HRI, Donostia University Hospital, San Sebast-
ian, 3Haemato-Oncology, CIMA LAB Diagnostics, University of Navarra,
4Haematology and Haemotherapy, Clinic of the University of Navarra, Pam-
plona, Spain

Background: CEBPA gene encodes a leucine zipper transcription factor that
is important for normal myeloid cell differentiation. Biallelic CEBPA (biCEBPA)
mutations are associated with favourable prognosis in patients with acute
myeloid leukaemia (AML); therefore, accurate molecular testing of this gene is
crucial in the clinical setting. Molecular pathology labs routinely analyse CEBPA
through fluorescence-based multiplex-PCR fragment analysis or, more fre-
quently, Sanger sequencing. Lately, it is increasingly common to use next-gen-
eration sequencing (NGS) technology in the pathology labs, and CEBPA gene
is indeed included in the majority of NGS panels commercially available for
testing of patients with neoplasias of the myeloid lineage.

Aims: We set ourselves to compare the performance of two different NGS tar-
geted panels and of direct Sanger sequencing for detection of CEBPA molec-
ular aberrations, with a particular focus on biCEBPA mutations.

Methods: DNA specimens from 173 myeloid cases were subjected to Sanger
(n=92) or to NGS (n=81) sequencing, including the TruSight Myeloid Sequenc-
ing Panel (lllumina) (n=59), and the lon AmpliSeq AML Community Panel (Ther-
mo Fisher Scientific) (n=22). Cases showing two variants were further analysed
through cloning of the whole length of CEBPA and subsequent Sanger
sequencing of at least 10 colonies from each case.

Results: We called 10 CEBPA variants affecting 7 samples through NGS.
Both NGS panels are designed to cover CEBPA through overlapping ampli-
cons (6 or 9). However, we found that an average of 3.5 amplicons were cov-
ered <500x, and more worryingly, we realised that at least one of those ampli-
cons was shallowly (<100x) covered in 97% of the cases. Indeed both panels
showed significantly lower average coverage levels of this gene compared
to the panel as a whole (Figure 1). This might not be surprising, since CEBPA
is encoded within a CpG-rich region, and therefore its amplification needs
tailored PCR conditions, hard to address in the multiplexed PCR step includ-
ed in their library prep protocols. Therefore, both NGS approaches are prone
to miss variants. In contrast, Sanger sequencing protocol (which includes
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optimized PCR conditions for correct amplification of the CEBPA gene) man-
aged to cover the whole length of the gene. We were able to detect 26 vari-
ants affecting 20 AML cases through Sanger sequencing. Cases showing
two variants were manually curated (through Chromas or IGV tools) to con-
firm if they affected different alleles. However, in 6 cases both mutations laid
on different amplicons, which made not possible to univocally conclude if
they were biallelic. These inconclusive cases were subjected to DMSO-Pfu-
PCR in order to amplify the whole length of CEBPA coding region, followed
by cloning. Colony sequencing showed independent clones harbouring dif-
ferent variants (i.e. bona fide biCEBPA mutations) in the majority of the cases,
but crucially, not in all of them. This result highlights the need of implementing
techniques able to accurately assess CEBPA biallelism, others than plain
calling of more than one variant.
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Summary/Conclusions: Since AML patients with biCEBPA mutations have
relatively favourable overall survival, it is important in the clinical setting to
accurately assess CEBPA molecular status. In our study, we have tested the
ability of three different assays to detect CEBPA mutations in 173 samples.
Sanger sequencing was the only method actually covering the entire coding
region of CEBPA. Both NGS amplicon-based panels failed to fully cover the
coding region of the gene, and therefore have likely missed mutations. Cru-
cially, even when any of the three methods detected more than one variant,
cloning studies confirmed biCEBPA mutations only in a fraction of the cases.
In summary, none of the amplicon-based tested methods can reliably deter-
mine if multiple mutations affect two different alleles; therefore biCEBPA
mutations would still need additional confirmation. We are currently exploring
the ability of capture-based NGS approaches coupled to appropriately tailored
bioinformatic analysis of sequencing data to detect biCEBPA mutations.

P199

EXPERIENCE WITH MINIMAL RESIDUAL DISEASE MONITORING IN AML
WITH RUNX1-RUNX1T1: A STUDY ON 186 PATIENTS

A. Hoellein®", M. Meggendorfer!, A. Fasan!, W. Kern!, C. Haferlach?,
T. Haferlach’

TMunich Leukemia Laboratory, Munich, Germany

Background: The cure rate in AML is dependent on patient’s age and per-
formance status, cytogenetics, early blast clearance and sustainable first com-
plete remission. Investigation of minimal residual disease (MRD) is possible
by multiparameter-flow cytometry (MFC) or molecular techniques. Recent find-
ings have further depicted a broad spectrum of molecular markers in AML in
99% of pts (TCGA, NEJM, 2013). This broadens the set of targets for MRD
and will hopefully help to better individualize treatment strategies. In this analy-
sis we focused on MRD monitoring in RUNX1-RUNX1T1 positive AML in an
unselected cohort.

Aims: To understand the clinical use of PCR based MRD monitoring in AML
with RUNX1-RUNX1T1 fusion.

Methods: Between 2005 und 2017 we investigated a total of 186 intensively
treated AML patients with RUNX7-RUNX1T1 fusion, 130 of them diagnosed
at our laboratory and 56 with follow up samples available. 1448 individual
samples were analyzed during the course of disease. We applied quantitative
real-time PCR to detect RUNX1-RUNX1T1/ABL ratios. Complete molecular
remission (CMR) was defined as one valid qPCR ratio of 0, while low MRD
was assigned to patients with a >0 but <0.01 ratio and high MRD was
assigned to all patients with a ratio above 0.01. As a comparator log fold
change to baseline was independently assessed. Median age was 51 years



(18-83 years). All patients were treated with standard induction and consoli-
dation protocols.

Results: Median time between two investigations was 2.8 months (range for
all 0.1-115 months). A complete molecular remission was reached in 90/130
pts (69%) after a median of 5 months. 19/130 (14.6%) pts reached low level
MRD and 20/130 (15.4%) high level MRD. Median event free survival (EFS) of
patients with CMR was not reached (EFS at 2 years 82%). 16 (18%) of those
patients relapsed in the course of follow up with a median time to relapse of
12.7 months (range 4.1 to 38.3 months). Median EFS for MRD low and MRD
high patients was 18.4 months and 10.8 months respectively (all 3 groups,
p<0.0001). For patients with CMR, rising MRD levels accurately predicted
relapse with a median latency of 5.5 months from loss of CMR to relapse. We
next used the widely accepted log fold change from baseline to define high
and low risk patients in our cohort. 123/130 (95%) patients reached a >3 log
fold reduction in RUNX71-RUNX1T1/ABL ratio within the first 200 days following
first diagnosis. Median EFS for those patients was not reached (EFS at 2 years
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66%). The 7/130 (5%) patients with a <3 log fold reduction had a median EFS
of 14.7 months (2 groups, p=0.017). A total of 59/185 patients received allo-
geneic SCT. Among the 130 patients diagnosed at our laboratory 34 (26%)
received allogeneic SCT, 12 (9%) were transplanted in first CR and 17 (13%)
were transplanted for relapse. Following allogeneic SCT 11/17 patients (65%)
reached a second CR with CMR.

Summary/Conclusions: Our data shows that MRD testing is routinely per-
formed in RUNX1-RUNX1T1 AML outside of clinical studies. Defining MRD
levels by RUNX1-RUNX1T1/ABL ratios resulted in a better classifier for high
and low risk patients than log fold change. However, despite CMR 16/90 (18%)
patients relapsed with a maximum time from first achievement of CMR of 38.3
months. We conclude that 1) MRD monitoring could serve to guide BMT deci-
sions in RUNX1-RUNX1T1 positive AML, 2) allogeneic BMT can rescue the
majority of relapsed patients and 3) molecular monitoring can reliably identify
patients with high risk for relapse.
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NUMBER OF TP53 ABNORMALITIES AND THEIR CLINICAL RELEVANCE
IN PATIENTS WITH ACUTE MYELOID LEUKEMIA AND MYELODYSPLASTIC
SYNDROMES

G. Montalban-Bravo':", C. Benton', T. Kadia®, F. Ravandi’, J. Cortes’, N. Daver!,
K. Takahashi, C. DiNardo?, E. Jabbour'!, G. Borthakur!, N. Pemmaraju?,
M. Konopleva', A. Alfonso?, S. Pierce?!, C. Bueso-Ramos?, S. Kornblau?,
K. Patel2, H. Kantarjian', M. Andreeff!, G. Garcia-Manero'

1Leukemia, ZHematophatology, The University of Texas MD Anderson Cancer
Center, Houston, United States

Background: Mutations in TP53 can be detected in up to 16-19% patients
with acute myeloid leukemia (AML) and myelodysplastic syndromes (MDS).
TP53 mutations confer adverse prognosis irrespective of currently available
therapies. The clinical impact of the type and number of TP53 abnormalities is
unclear.

Aims: To evaluate the prognostic impact of the number of TP53 abnormalities
in AML and MDS.

Methods: We evaluated 1401 patients with previously untreated AML or MDS
treated at The University of Texas MD Anderson Cancer Center from 2012 to
2016. Sequencing data was obtained by use of a 28 or 53-gene targeted PCR-
based next generation sequencing platform. Response was defined following
2003 IWG criteria for patients with AML and 2006 revised IWG criteria for
patients with MDS. Generalized linear models were used to study the associ-
ation of overall response (OR), complete response (CR) and risk factors.
Kaplan-Meier produce limit method was used to estimate the median overall
survival (OS).

Results: A total of 593 (42%) patients had MDS and 808 (56%) had AML. In a
total of 984 (70%) patients, data on therapy with sufficient follow up and response
evaluation was available, with 494 (35%) patients receiving therapy with
hypomethylating agents (HMAs) and 373 (27%) with chemotherapy regimens. A
total of 384 mutations in TP53, involving 208 unique mutations, were detected
among 300 (21%) patients with R273H, R248W, Y220C and R175H being the
most prevalent. Overall frequency of TP53 mutations was higher among patients
with MDS (25%, n=146) compared to AML (19%, n=154) (p=0.012) with 251
(84%) of detected mutations happening in patients with complex karyotype
(p<0.001). Among patients with TP53-mutant disease, 221 (74%) had 1
detectable mutation, 76 (25%) had 2 and 3 (1%) had 3. Additionally, 188 (13%)
patients had TP53 deletions evidenced by presence of monosomy 17 or del(17p).
In 167 (89%) of these patients, chr17 abnormalities were detected in the context
of a complex karyotype and in 127 (42%) a co-occurring TP53 mutation was
detected. Correlation between TP53 mutations and deletions (r=0.443, p<0.001)
was observed with 172 (12%) patients having 1 TP53 abnormality, 169 (12%)
having 2 and 20 (1%) having 3 abnormalities. Patients with multiple detectable
TP53 mutations were less likely to have co-occurring chr17 abnormalities (79%
vs22%, OR 0.28, Cl 0.15-0.50, p=0.03). Median follow up was 8.6 months (range
0-167 months). Presence of a TP53 mutation adversely impacted OS (MDS:
12.4 vs 111.7 months, HR=5.98, Cl 4.28-8.35, p<0.001; AML: 5.3 vs 16.9 months,
HR=2.81, Cl 2.26-3.50, p<0.001). Increasing number of TP53 abnormalities neg-
atively impacted OS of patients with AML (Figure 1A) but not that of patients with
MDS (Figure 1B). No difference in survival was observed between patients with
two TP53 mutations and those with TP53 mutation+deletion (p=0.730). Presence
and number of TP53 mutations did not predict for response (OR: 60 vs 63%,
p=0.498; CR: 34 vs 36%, p=0.695) to HMAs, but was associated with significantly
lower likelihood of response to intensive chemotherapy (OR: 41 vs 86%, p<0.001;
CR: 33 vs 75%, p<0.001).
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Summary/Conclusions: Presence of multiple TP53 abnormalities can be
observed in up to 13% patients with AML and MDS. Second TP53 abnormalities
more commonly involve TP53 deletions with additional TP53 mutations being
less common and generally mutually exclusive with TP53 deletions. The num-
ber of TP53 abnormalities impacts the survival of patients with AML but not
that of patients with MDS. Presence and number of TP53 mutations do not
seem to impact response to HMAs but are associated with lower responses to
chemotherapy.
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VADASTUXIMAB TALIRINE PLUS HYPOMETHYLATING AGENTS:
A WELL-TOLERATED REGIMEN WITH HIGH REMISSION RATE IN
FRONTLINE OLDER PATIENTS WITH ACUTE MYELOID LEUKEMIAF.
Ravandi®*, A. Stein2, H. Erba3, J. Lancet?, E. Stein5, S. Faderl6, R. Walter?,
A.Advani8, D. DeAngelo®, T. Kovacsovics'0, A. Jillella™, D. Bixby'2, M. Levy'3,
M. O’'Meara’4, P. Ho'4, A. Fathi1®

1Department of Leukemia, MD Anderson, Houston, 2Gehr Family Center for
Leukemia Research, City of Hope, Duarte, 3Hematologic Malignancy Program,
University of Alabama at Birmingham, Birmingham, 4Malignant Hematology,
Moffitt Cancer Center, Tampa, SHematology, Memorial Sloan Kettering, New
York City, 6Leukemia, John Theurer Cancer Center, Hackensack, "Hematology,
Fred Hutchinson Cancer Center, Seattle, 8Hematology and Oncology, Cleve-
land Clinic, Cleveland, SHematology and Oncology, Dana-Farber Cancer Insti-
tute, Boston, 19Hematology and Oncology, Huntsman Cancer Institute, Salt
Lake City, ""Hematology and Oncology, Winship Cancer Institute, Atlanta,
12Hematology and Oncology, University of Michigan Comprehensive Cancer
Center, Ann Arbor, 13Hematology and Oncology, Baylor Charles A. Sammons
Cancer Center, Dallas, 4Clinical Development, Seattle Genetics, Inc., Bothell,
15Hematology and Oncology, Massachusetts General Hospital Cancer Center,
Boston, United States

Background: Treatment of AML among the elderly is challenging. HMAs are
commonly used, but yield suboptimal response rates and modest
survival. Deep remissions are difficult to achieve; in a study of MRD response
by flow cytometry in patients treated with single-agent HMA therapy at MD
Anderson Cancer Center, only 13/58 (22%) responding patients achieved min-
imal residual disease (MRD) negativity (F Ravandi, MD, unpublished data,
Jan2017). Vadastuximab talirine (SGN-CD33A; 33A) is a CD33-directed anti-
body conjugated to 2 molecules of a pyrrolobenzodiazepine (PBD) dimer. Upon
binding, 33Ais internalized and transported to the lysosomes where PBD dimer
is released via proteolytic cleavage of the linker, crosslinking DNA, and leading
to cell death.

Aims: A cohort in a phase 1 study (NCT01902329) was designed to evaluate
the safety, tolerability, PK, and antileukemic activity of 33A in combination with
an HMA.

Methods: Eligible patients (ECOG status 0-1) had previously untreated CD33-
positive AML. One dose of 33A (10 mcg/kg) was administered outpatient IV
every 4 weeks on the last day of HMA (azacitidine or decitabine [5-day regi-
men], standard dosing). CRi required either platelet count of 2100,000/pL or
neutrophils of 21,000/uL (Cheson 2003). MRD was measured by multipara-
meter flow cytometry.

Results: Fifty-three patients (median age 75 years [range, 60-87]) were treated
with 33A+HMA. Patients had adverse (38%) or intermediate (62%) cytogenetics
(per MRC); patients were either unfit for (40; 75%) or declined (13; 25%) inten-
sive therapy. The median treatment duration is currently 19.3 weeks (range, 2-
86) with 8 patients still on treatment; no DLTs were reported. Adverse events
(AEs) 2Grade 3 reported in 215% of patients were thrombocytopenia (55%),
febrile neutropenia (49%), anemia (46%), neutropenia (42%), pneumonia
(19%), and leukopenia (17%); no =2Grade 4 bleeding events were observed.
Treatment-emergent (TE) liver lab elevations (=Grade 3) were rare: ALT (8%),
AST (2%), and total bilirubin (2%). Other non-heme TEAEs reported in >25%
of patients regardless of relationship to study treatment were fatigue (60%),
nausea (49%), constipation (43%), peripheral edema (42%), decreased
appetite (40%), dyspnea (34%), pyrexia (32%), diarrhea, vomiting (28% each),
and dizziness (26%). Thirty- and 60-day mortality rates were 2% and 8%,
respectively, with no treatment-related deaths reported. A total of 39% (103/263)
of doses were delayed due to AEs mostly from myelosuppression (neutropenia
18%, thrombocytopenia 7%, and febrile neutropenia 3%). High remission rates
(37/49 [76%] CR+CRi) were maintained across adverse disease subsets
including adverse cytogenetics (16/18, 89%), TP53-mutated (6/7, 86%), sec-
ondary AML (18/22, 82%), and age 275 years (18/26, 69%). Of all responding
patients, 19/37 (51%) achieved MRD negativity. Two patients went on to sub-
sequent allo-HSCT, and no SOS/VOD was observed. The median relapse-free
survival was 9.1 months (range, 0.1-19.4+) and OS continues to evolve with
15 patients (28%) alive (11.3 month median follow-up) (Figure 1).
Summary/Conclusions: 33A+HMA is well tolerated with a safety profile con-
sistent with on-target myelosuppression. The CR+CRi rate of 76% and low
early mortality in older AML patients with poor risk factors is particularly encour-
aging, and activity appears markedly improved compared to the historical expe-
rience of HMA monotherapy. The MRD clearance rate among responding
patients who received 33A+HMA is higher than the rate observed with single



agent HMAs. Survival data are evolving and compare favorably to historical
controls. CASCADE, a phase 3 trial investigating 33A+HMA v. HMA alone in
older AML patients, is enrolling (NCT02785900).
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ACUTE MYELOID LEUKEMIA WITH INTERMEDIATE-RISK CYTOGENETICS
AND A FAVORABLE GENOTYPE: PROGNOSTIC FACTORS AND RESULTS
IN PATIENTS TREATED ACCORDING THE SPANISH CETLAM PROTOCOLS
J. Sierral", A. Garrido?, M. Diaz-Beya?, S. Vives3, H. Pomares#, R. Guardia®,
M. Cervera®, M. Queipo de Llano’, O. Salamero®, A. Garcia®,
J. Marti-Tutusaus’0, C. Pedro'!, J. Bargay'2, A. Sampol’3, M. Hoyos?,
M. Pratcorona’, L. Escoda®, D. Gallardo®, M. Arnan4, J. Ribera4, J. Esteve2,
J. Nomdedeu?, S. Brunet!

1Hospital de la Santa Creu i Sant Pau, 2Hospital Clinic de Barcelona, 3Hospital
Germans Trias i Pujol , 4Hospital Duran i Reynals, Barcelona, SHospital Josep
TRueta, Girona, 8Hospital Joan XXIII, Tarragona, "Hospital Clinico de Malaga,
Malaga, 8Hospital de la Vall d’Hebron, Barcelona, 9Hospital Arnau de Vilanova
, Lleida, 10Hospital Mutua Terrassa, Terrassa, 1"Hospital del Mar, Barcelona,
12Hospital Son Llatzer, Palma de Mallorca, 13Hospital Son Espases, Mallorca,
14Hospital Germans Trias i Pujol, Barceloan, Spain

Background: Acute myeloid leukemia (AML) with intermediate-risk (IR) cyto-
genetics includes a substantial proportion of patients with favorable molecular
profile (FMP); in which AML cells harbor the NPM1 mutation or CEBPA biallelic
mutation without internal tandem duplication of the FLT3 gene (FLT3-ITD). The
role of allogeneic hematopoietic transplantation (allo-HCT) in first complete
remission (CR) in these patients remains controversial.

Aims: To analyze the results and prognostic factors of IR-FMP AML patients in
a large series of patients treated by the Spanish CETLAM group.

Methods: Patients with primary AML diagnosed at 19 institutions from the
Spanish CETLAM group and treated between 2003 and 2017. Induction
chemotherapy included idarubicin and cytarabine (standard or intermediate-
dose) in all cases, consolidation with intermediate or high-dose cytarabine
(HDAC) and, depending on the protocol, additional HDAC, autologous or allo-
geneic hematopoietic transplantation.

Results: Two-hundred twenty-one patients were analyzed. Median age of
the series was 54 years (range 18 to 72). 152 patients had an age up to 60
years and 69 (31%) were older. Median WBC count was 19x10e9/I (range
0.55-282). One-hundred eighty-two patients had a normal karyotype and it
was abnormal in 34 (5 patients no metaphases). One hundred ninety-one
patients had NPM1 mutated and FLT3-ITD wild type (NPM1+/FLT3-ITD-) and
30 CEBPa biallelic mut /FLT3-ITD wild type (CEBPa+/FLT3-ITD-). There were
no significant differences in the main clinical or biological parameters in these
two groups. The CR rate in the overall group was very high (92%) without
significant differences between the two molecular groups. Chemo-resistance
was observed in only 2 patients of the NPM1+/FLT3-ITD- group (1%). Death
during induction was observed in 16 patients (7%), all of them with
NPM1+/FLT3-ITD-. Induction results according to age were similar in both
groups. Event-free survival and overall survival are reported at 8 years and
were 52+8% and 70+4%, respectively. In univariate comparisons, better EFS
and OS was observed in CEBPa+/FLT3-ITD- patients compared to those with
NPM1+/FLT3-ITD- (p=0.03 and p= 0.02, respectively) . When analyzing post-
remission treatment, patients treated with HDAC only had an excellent prog-
nosis, even better than those receiving an autologous or allogeneic trans-
plantation. One patient died in CR in the HDAC group, another in the autol-
ogous transplant group and 7 in the allo-HCT group (p<0001). In multivariate
analysis of pretransplant characteristics, age up to 60 years and
CEBPa+/FLT3-ITD- associated to improved EFS (RR=0.42) and OS
(RR=0.29). Interestingly, in a subgroup of 123 patients with data on MRD
after consolidation chemotherapy (flow citometry, cut-off: 0.12%), positivity
was associated with worse EFS (0.02). Despite age was a prognostic factor,
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patients older than 60 years with IR-FMP AML had remarkable EFS of 36+3%
and OS 54+10% at 8 years (Figure 1).

Overall Survival
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Figure 1.

Summary/Conclusions: Patients with primary AML, IR cytogenetics and
FMP have a good outcome. Best results are achieved in patients with
CEBPa+/FLT3-ITD-, particularly if age is up to 60 years. In this subset, OS
at 8 years is 96+7%, comparable to current results achieved in acute promye-
locytic leukemia. Patients above 60 years treated intensively may achieve a
long term survival of more than 50%. Chemotherapy without subsequent
transplantation is a valid option. MRD monitoring after treatment has to be
taken into account since in the subset of patients analyzed this vas an inde-
pendent prognostic factor for EFS.
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GMI-1271, A POTENT E-SELECTIN ANTAGONIST, COMBINED WITH
INDUCTION CHEMOTHERAPY IN ELDERLY PATIENTS WITH UNTREATED
AML: A NOVEL, WELL-TOLERATED REGIMEN WITH A HIGH REMISSION
RATE

D.J. DeAngelo!", B.A. Jonas2, D.L. Bixby3, P.S. Becker4, M.E. O’'DwyerS5,
A.S. Advanif, P. Marlton?, J.L. Magnani8, H. Thackray8, J.L. Liesveld®
1Dana-Farber Cancer Institute, Boston, 2UC Davis Comprehensive Cancer
Center, Sacramento, 3University of Michigan Comprehensive Cancer Center,
Ann Arbor, 4Fred Hutchinson Cancer Research Center, U of Washington, Seat-
tle, United States, SNational University of Ireland, Galway, Ireland, 6Cleveland
Clinic Taussig Cancer Institute, Cleveland, United States, 7Princess Alexandra
Hospital, Brisbane, Australia, 8GlycoMimetics, Inc., Rockville, ®Univ of
Rochester James P Wilmut Cancer Ctr, Rochester, United States

Background: The outcomes for elderly patients (pts) with acute myeloid
leukemia (AML) remain poor due to limited tolerance of intensive cytotoxic
chemotherapy and low response rate, therefore newer and less toxic therapies
are urgently needed. The binding of E-selectin (E-sel), an adhesion molecule
expressed in the vasculature of the bone marrow, to the leukemic cell surface
activates survival pathways and promotes chemotherapy resistance. GMI-1271,
a novel E-sel antagonist, disrupts these survival pathways and enhances
chemotherapy response (Becker ASH 2013; Winkler ASH 2014). Protection
from common toxicities (neutropenia and mucositis) has also been observed
in preclinical models, affording survival benefit (Winkler ASH 2013). Additionally,
preclinical toxicology studies have indicated a benign safety profile. We report
interim Phase 2 data for GMI-1271 plus anthracycline-based induction
chemotherapy in elderly untreated pts with AML.

Aims: A Phase 2 open label trial of patients 260 yrs with untreated AML
assessed safety, tolerability, pharmacokinetics (PK), pharmacodynamics (PD),
and antileukemic activity of GMI-1271.

Methods: Eligible pts had ECOG 0-2, WBC <40K/uL, no active CNS disease,
and adequate renal and hepatic function. Prior treatment of MDS was allowed.
GMI-1271 (10 mg/kg) was given 24 hrs prior, then every 12 hrs during and for
48 hrs post induction with infusional cytarabine and idarubicin (7+3). Two cycles
of induction were allowed and responders could receive consolidation with
GMI-1271 plus intermediate dose cytarabine. Dose-limiting toxicity (DLT),
defined as myelosuppression in the absence of disease or related Grade 3
(Gr) non-hematologic toxicity beyond day 42, was assessed in the first 3
pts. Baseline E-selectin ligand expression on leukemic blasts in the bone mar-
row (CD45/SSC by flow) is reported.
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Results: 24 pts have been enrolled to date and 17 are evaluable for
response. The median age was 68 years (range, 60-79) with 58% male pts,
and 25% with high-risk cytogenetics (by SWOG). 50% (12/24) were pts with
secondary AML (sAML), half of whom had prior hypomethylating therapy
(50%; 6/12), . This study had a rolling safety run-in and the first 3 pts had no
DLT, allowing enroliment to proceed. Common Gr 3/4 AEs included febrile
neutropenia (47%), pneumonia (20%), pulmonary edema (13%) and non-
fatal respiratory failure (13%). 2 pts died of sepsis within 60 days. The remis-
sion rate (CR/CRi) was 12/17 (71%). CR/CRi rate was 75% for pts with de
novo disease and 67% for pts with sAML. The PK profile in this elderly pop-
ulation was consistent with that of younger adults (median age <60 years)
with relapsed or refractory AML in Phase 1 (DeAngelo, EHA 2016); no accu-
mulation or evidence of drug-drug interactions were apparent. The median
E-sel ligand expression at baseline was 29% (range, 2-67%) of blasts in the
bone marrow.

Summary/Conclusions: The addition of a novel E-selectin antagonist, GMI-
1271, to anthracycline-based induction chemotherapy in untreated elderly pts
with AML, including patients with secondary AML, demonstrates a high remis-
sion rate with acceptable side effect profile resulting in low induction
mortality. This study compares favorably to previous studies (Lancet, ASCO
2016). E-selectin ligand was expressed on leukemic blasts in the majority of
pts, therefore supporting its relevance as a target. A randomized trial is being
planned.
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A PHASE 2 STUDY OF GLASDEGIB (PF-04449913) IN COMBINATION
WITH CYTARABINE AND DAUNORUBICIN IN UNTREATED PATIENTS
WITH ACUTE MYELOID LEUKEMIA OR HIGH-RISK MYELODYSPLASTIC
SYNDROME

J.E. Cortes'", B.D. Smith2, E.S. Wang3, A. Merchant4, V.G. Oehler®,
M. Arellano®, D.J. DeAngelo?, D.A. Pollyea8, W.W. Ma®, M. Zeremski0,
M.N. Shaik'0, A. O’Connell’!, G. Chan'!, M.A. Schroeder2
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Park Cancer Institute, Buffalo, NY, 4University of Southern California Cancer
Center, Los Angeles, 5Fred Hutchinson Cancer Research Center, Seattle, WA,
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Background: Glasdegib, a selective, once-daily (QD), oral Smoothened (SMO)
inhibitor, demonstrated significant improvement in overall survival (OS) when
used in combination with low-dose cytarabine (LDAC) vs LDAC alone in a ran-
domized (2:1) open-label trial in 132 patients (pts) not suitable for induction
chemotherapy (ICT). Preclinical studies showed that glasdegib limits leukemia
stem cell proliferation and provided evidence of glasdegib synergy with
chemotherapy.

Aims: Primary objective of this open-label, single-arm Ph 2 study
(NCT01546038) was to determine complete remission (CR) rate with glasdegib
in combination with cytarabine and daunorubicin in untreated AML or high-risk
MDS pts suitable for ICT. OS was the key secondary endpoint.

Methods: Pts suitable for ICT (ECOG PS 0-1, creatinine <1.3 mg/dL, no severe
cardiac disease) gave informed consent and received glasdegib 100 mg QD
from day -3 in combination with cytarabine 100 mg/m2 Cl for 7 days and
daunorubicin 60 mg/m?2 IV for 3 days, followed by 2-4 consolidation cycles
(cytarabine 1 g/m2 Q12 hrs on days 1, 3, 5). Maintenance (up to 6 months)
included glasdegib 100 mg QD. Pts were assessed for efficacy, safety and tol-
erability.

Results: All Pts: As of 1 Dec 2016, 71 pts (66 AML, 5 MDS) were enrolled
and 69 pts received glasdegib and ICT (2 pts not treated due to ineligibility).
Among AML pts (47 de-novo; 19 secondary), 20% had favorable, 32% inter-
mediate (int)-l, 21% int-Il and 26% adverse cytogenetic abnormalities (1 pt
not assessed). Among MDS pts (5 de-novo), 20% had good, 40% int and
40% poor risk cytogenetic abnormalities. Median age was 64 (27-75) years.
Median treatment duration was 48 (10-502) days. The most common NCI-
CTC v4.0 grade 3-4, non-hematologic all-cause adverse events (AEs) includ-
ed: hypokalemia (13%), hyponatremia (11.6%) and hypertension (10.1%).
Grade 5 AEs within 28 days from last dose (5 pts, 7.2%) included pneumonia,
sepsis, septic shock (1 pt each) and disease progression (2 pts). The
observed steady-state plasma exposures for glasdegib were as expected at
the 100 mg dose level. Based on investigator’s assessment, CR was 41%
(80% CI 33.2-47.9) and CR/CRi was 49%. CR for good/int. risk pts (n=49)
was 49% and for poor risk pts (n=19) 21%. Forty-one (59%) pts died (33
[48%] due to disease progression) with median follow up of 30.1 months; 24
(35%) remain in follow up. The median OS (mOS) was 14.9 months (80% CI
13.4-19.3); 16.3 months for AML pts and 13.0 months for MDS pts. Twenty-
three (33%) pts received a transplant and mOS censored for transplant was
17.7 months. AML Pts >60 yrs: The mOS for 44 AML pts age >60 yrs is pre-
sented in the Table 1, in the context of historical control.
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Table 1. mOS in Pts >60 Yrs Stratified by European Leukemia Net (ELN)
Risk Criteria

Risk Group ICT (Historical ICT + Glasdegib Increase in mOS (%)
Riillig et al, 2011) (n=44%*) (29 events)
months months
Favorable | 14.6 Not reached (n=9) Not estimabl
Int-1 9.5 15.7 (n=12) 65.3
Int-2 9.2 13.4 (n=12) 45.7
Adverse 48 8.5 (n=10) 77.1

*1 pt was not classifiable by ELN risk.

Summary/Conclusions: Although the CR rates do not appear to be higher
than those reported historically for AML pts receiving ICT, the mOS for AML
pts >60 yrs stratified by subgroup compares favorably by adding glasdegib.
It is possible that this is a result of the effect of glasdegib on the leukemia
stem cells. The combination of glasdegib with ICT was well tolerated, with a
safety profile consistent with that in AML pts receiving standard ICT. Further
studies are warranted.
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CM942 IS A NEW SMALL MOLECULE THAT TARGETS SET-PP2A
INTERACTION AND INHIBITS GROWTH OF ACUTE MYELOID LEUKEMIA
CELLS

P. Garcia-Ramirez!", C. Vicente2, E. Arriazu3, M. Nerea3, J. Rifén4,
A. Dominguez3, A. Alonso?, |. Vazquez3, M.J. Calasanz2, M.C. Mateos],
M.D. Odero?

1THematology, Complejo Hospitalario de Navarra, 2University of Navarra,
3CIMA, University of Navarra, 4Clinica University of Navarra, Pamplona, Spain

Background: Acute myeloid leukemia (AML) is a heterogeneous malignant
disorder of hematopoietic progenitor cells in which several genetic and epi-
genetic aberrations have been described. Nevertheless, outcome for most
patients is poor, and it is necessary to develop more effective treatment
strategies. Our group showed that the inactivation of the tumor suppressor
PP2A is a recurrent event in AML, and that overexpression of SET, an
endogenous inhibitor of PP2A, is a poor prognostic factor in this disease.
Furthermore, the anticancer activity of FTY720, a PP2A-activating drug
(PAD), depends on its interaction with SET. FTY720 is a relatively nontoxic
drug currently used in patients with relapsing multiple sclerosis; however,
this drug cannot be used in cancer patients due to its toxicity at the needed
anti-neoplastic dose. Therefore, investigation of alternative agents for reac-
tivation of PP2A is warranted.

Aims: To test the efficacy of CM942, a FTY720 analogue, on AML cell lines
and primary patient samples, and investigate its mechanism of action.
Methods: AML cell lines and 29 de novo AML samples were analyzed by
treatment with FTY720 and CM942, MTS (viability), apoptosis, cell cycle and
PP2A activity assays, and western blot.

Results: CM942 exhibited notable cytotoxicity on all human AML cell lines
with SET overexpression (n=10). By using phosphatase assays we confirmed
that CM942 treatment activated PP2A on cell lines, similarly to FTY720.
Immunoprecipitation of PP2Ac in untreated cells confirmed that SET interacts
with PP2Ac, and that treatment with CM942 effectively disrupted this asso-
ciation. Furthermore, CM942 had a caspase-dependent pro-apoptotic effect,
and decreased phosphorylation of the PP2A target ERK1/2. Microarray data
from vehicle-treated and CM942-treated HL-60 cells showed a high correla-
tion between the gene expression profiles of the samples. This analysis iden-
tified up-regulated and down-regulated genetic pathways by treatment with
CM942, providing mechanistic insights into the anti-tumor mechanism of this
small molecule. Our analyses in primary AML samples showed that 7 out of
29 (24%) samples treated with CM942 had a significant reduction in prolifer-
ation. By western blot analyses we found that those patients responding to
CM942 treatment had SET overexpression. Of note, treatment of peripheral
blood mononuclear cells from healthy donors with CM942 had no effects on
cell viability. Therefore, although FTY720 and CM942 have similar effects
inhibiting cellular proliferation, CM942 was less toxic when assayed on nor-
mal peripheral blood cells.

Summary/Conclusions: CM942 inhibits growth of AML cells in both cell
lines and primary patient samples, exerting its antileukemic effects through
reactivation of PP2A activity. Although treatment with FTY720 was somewhat
more effective than CM942 in primary samples of AML, fewer cytotoxic effects
were observed after CM942 treatment in peripheral blood from healthy
donors. Further experiments would be necessary to confirm the in vivo anti-
tumor activity of CM942 in AML models. New compounds have been devel-
oped for the treatment of AML, although few have been translated into clinical
practice; nevertheless, it is unlikely that any of these compounds, when used
as single agents, will cure the disease, which suggests the need for combi-
natorial therapy. Our results indicate that PADs may be a valid therapeutic
option for AML, especially for treating leukemias characterized by SET-depen-
dent inactivation of PP2A.
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CLONAL HETEROGENEITY IN LEUKEMIC STEM CELLS FROM PATIENTS
WITH ACUTE MYELOID LEUKEMIA

L. Manta’”, B. Saeed', L. Poisa Beiro?, P. Pyl2, T. Stiehl3, K. Barth-Miesala®,
V. Eckstein!, W. Huber?, A.D. Ho®, C. Lutz!

1Department of Medicine V, University of Heidelberg, 2Multi-omics and statistical
computing, European Molecular Biology Laboratory , 34Interdisciplinary Center
for Scientific Computing & Institute of Applied Mathematics, University of Hei-
delberg, Heidelberg, Germany

Background: Clonal heterogeneity occurs in many cancers, including Acute
Myeloid Leukemia (AML). In cases of relapse, chemotherapy has triggered
clonal selection with minor or evolved sub-clones driving relapse. A better under-
standing of the underlying clonal architecture, the extent of genetic heterogene-
ity and its response to therapy is necessary to better understand mechanisms
of therapy escape and relapse.

Aims: In this study we aim to define the clonal architecture of AML during the
course of therapy and in leukemia propagating cells.

Methods: We sequenced 12 AML samples at the time of diagnosis and in one
case also at the time of relapse with at least 80% blasts per sample. 6/12
patients displayed a normal karyotype while the other 6 patients showed various
cytogenetic abnormalities (inversion 16 (2), trisomy 8 (1), add(19)(p13.3) (1),
complex aberrant karyotype (2)). Whole-exome sequencing (WES) was per-
formed with the appropriate germ line controls. WES data were clustered using
empirical Bayesian clustering.

Results: WES identified more than 3000 variants in total. By setting distinct fil-
tration criteria (20% allele frequency (AF), 210 reads coverage, =2 reads sup-
port of the detected variant, SIFT-score <0,05 and GMAF <5%) 64 leukemia
specific mutations were detected (1-18 mutations/AML). As expected, these
included recurrently mutated genes like DNMT3A (in 4 patients), IDH1 and 2
(each in one patient), KIT and NRAS (both in 2 patients). Categorization of
identified mutations showed that these mutations affected genes involved in
various cellular processes including transcriptional regulation (15), cell differ-
entiation (6), cell cycling (5), apoptosis/survival signals (5), proliferation (3), cell
growth (3) and splicing (3). Empirical Bayesian clustering of all detected variants
according to their respective AF resulted in 2-5 different clusters per AML.
Based on this cluster analysis we were able to predict the founding
cluster/clone. Assuming that most of the mutations are heterozygous and con-
sidering the blast percentage at diagnosis, mutations of the biggest clusters
are present in every cancer cell and the mutations of the smaller clusters in
proportionately smaller fractions. Based on the clustering information we were
able to model the potential clonal hierarchies. Using a combinatorial approach,
clonal modelling can identify which theoretically existing clones (2"-1; n= num-
ber of clusters) were present at the time of diagnosis and in which order they
evolved (Figure 1). Through comparison of clusters from diagnosis and relapse
clonal selection can also be detected and via modelling the most likely clonal
architectures can be identified. By assigning our 64 identified leukemia-specific
mutations to the defined clusters we can now track the different clusters/clones
in phenotypically distinct subpopulations and during xenotransplantations by
targeted sequencing. An update of this analysis will be presented at EHA.
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Summary/Conclusions: WES can identify leukemia specific mutations that
are involved in various cellular functions including mutations that have been
shown to be recurrently mutated in AML like DNMT3A. Sequencing data can
also be used in combination with mathematical modelling approaches to recon-
struct the clonal architecture of AML at the time of diagnosis and relapse allow-
ing estimations of the clonal complexity at these time points.
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TREATMENT OF PRACINOSTAT AND AZACITIDINE IN ELDERLY
PATIENTS WITH ACUTE MYELOID LEUKEMIA (AML): CORRELATION
BETWEEN MUTATION CLEARANCE AND CLINICAL RESPONSE

K. Takahashil”, Y. Abaza', F. Wang?, C. Gumbs', S. Xingzhi', A. Futreal’,
E. Atallah2, B. Medeiros3, S. Khaled4, M. ArellanoS, M. Patnaik®, E. Palmesino?,
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States, "Helsinn, Pazzallo, Switzerland

Background: In a phase 2 study of 50 elderly patients (265 years) with AML
who were not eligible for intensive chemotherapy, treatment with the investiga-
tional HDAC inhibitor pracinostat+azacitidine (AZA) was well tolerated and led
to 42% complete remission (CR) rate and a median overall survival (OS) of
19.1 months (Blood 2016; 128:100). Responses were durable (median CR+CRi
17.2 months), blast clearance was rapid (median 8 weeks), and maximum clin-
ical benefit required prolonged therapy (>6 months) in some patients.

Aims: Our aim was to understand the impact of somatic mutations and their
clearance on disease response and survival outcomes in AML patients treated
with pracinostat+AZA.

Methods: 88 samples from 41 study patients were sequenced. Pre-treatment
samples were available for analysis from all 41 patients, and a median of 3 lon-
gitudinal samples were analyzed from 19 patients between Cycle 2 and 9.
Leukemia mutations were detected by SureSelect targeted capture exon
sequencing (Agilent) of 295 genes that are recurrently mutated in hematologic
malignancies (median coverage 507x [range: 111-777x]). Longitudinal mutation
clearance was analyzed by tracking variant allele frequency (VAF). Informed
consent was obtained from all patients.

Results: At baseline, 96 mutations in 28 genes were detected in 38 (93%)
patients, with the most frequent being in SRSF2 (27%), DNMT3A (20%),
IDH2 (17%), RUNX1 (17%), and TET2 (17%). The median number of muta-
tions detected per patient was 2 (range: 0-6). Among the 33 patients with
evaluable treatment response, CR was observed in 13 (39%) patients. The
rate of CR was significantly higher in patients with mutations in NPM1 or in
one of the DNA methylation pathway genes, while patients with TP53 muta-
tion had a trend for poor CR (Table 1). The median follow up duration of the
41 patients was 23.8 months (95% CI: 20.4-27.1 months) with median OS
of 18.1 months (95% CI: 10.1-26.1 months), patients with CEBPA mutation
had a trend toward better OS, whereas patients with NF7 mutation had sig-
nificantly worse OS (Table). Considering mutations associated with AML
ontogeny (Lindsley RC, Blood 2015;125:1367-76), median OS was 17.7
months in 20 patients with mutations typically associated with secondary
AML and 18.1 months in 18 patients with mutations typically associated with
de novo AML. Among the 19 patients whose longitudinal specimens were
analyzed, 10 achieved CR. Of those 10 patients, 9 (90%) had persistently
detectable mutations in their bone marrow at the time of CR, however, in 7
of them, continued exposure to pracinostat+AZA lowered the VAF or cleared
residual mutations. Mutations in genes associated with DNA methylation,
RNA splicing, clonal hematopoiesis of indeterminate potential (CHIP), and
receptor tyrosine kinase (RTK) pathways had poor clearance of mutation,
while transcription factors or cohesin had better clearance with
pracinostat+AZA treatment. In 2 patients, relapsed samples were sequenced
and showed re-expansion of the founder clone.

Table 1.
| CR rate (%)
Gene; n (%) Mutated Wild-type P value
[ "NPIT: 6 (15) 83 30 0.025
DNA methylation 60 22 0.027
pathway*; 15 (37)
CEBPA: 3 (7) 100 33 0.052
TET2:.5(12) 80 32 0.066
RAD21,3(T) 100 33 0.052
| TP53.5(12) 0 | % 0.085°
—— 08 (months)
[ CEBPA;3 (7) Not reached 148 0.061
RUNXT,6 (15) 79 181 0.078
NF1.3(7) 30 19 0.005

* DNTM3A, IDH1, IDH2, or TET2
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Summary/Conclusions: Mutations in NPM1, and DNA methylation pathway
were associated with a better response to pracinostat+AZA, while TP53 muta-
tion was associated with a trend toward poor response. Persistent mutation at
the time of CR suggests residual preleukemic clonal hematopoiesis in this eld-
erly population. Benefit of prolonged exposure to pracinostat+AZA was also
confirmed at molecular level where continued decline of mutation VAF was
seen after achieving CR.
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STABLE DISEASE WITH HEMATOLOGIC IMPROVEMENT IS CLINICALLY
MEANINGFUL FOR OLDER PATIENTS WITH ACUTE MYELOID LEUKEMIA
TREATED WITH AZACITIDINE

A.C. Schuh®’, H. Déhner2, J.F. Seymour3:4, P. TurlureS, C. Junghanss®,
A. MacWhannell?, N. Tu8, S. Songer8, C. Beach8, H. Dombret®
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da, 2Universitatsklinikum Ulm, Uim, Germany, 3Peter MacCallum Cancer Cen-
tre, Melbourne, 4University of Melbourne, Parkville, Australia, Centre Hospi-
talier Universitaire de Limoges, Limoges, France, 6Universitatsmedizin Ros-
tock, Rostock, Germany, 7The Royal Wolverhampton Hospitals NHS Trust,
Wolverhampton, United Kingdom, 8Celgene Corporation, Summit, United
States, 9Hopital Saint Louis- Institut Universitaire d’Hématologie, Paris, France

Background: Effects on overall survival (OS) are of primary importance when
evaluating AML treatments (Tx). Though complete remission (CR) rates are
lower with azacitidine (AZA) than with intensive chemotherapy (IC), OS is sim-
ilar with AZA and IC (Dombret et al., Blood, 2015). The 2017 European
LeukemiaNet (ELN) recommendations acknowledge that hypomethylating
agents, including AZA, may alter the natural course of AML in some patients
(pts) who do not achieve CR (Dohner et al., Blood, 2017). According to IWG
criteria for AML (Cheson et al., J Clin Oncol, 2003), stable disease (SD) is con-
sidered non-response to Tx. Yet AML is a progressive disease; potentially, sta-
ble health status may reflect delayed disease progression and result in
improved OS.

Aims: This post hoc analysis evaluated OS outcomes among older pts with
AML treated with AZA or conventional care regimens (CCR) who maintained
SD, with or without hematologic improvement (HI), in the phase 3 AZA-AML-
001 study.

Methods: Pts aged 265 years with AML (>30% marrow blasts), ECOG PS
score <2, NCCN-defined intermediate- or poor-risk cytogenetics, and WBC
count <15x109/L received AZA (75mg/m?2 x7 days [d]/28d cycle) or a CCR (IC
[standard 7+3 regimen], low-dose cytarabine [20mg BID x 10d/28d cycle], or
best supportive care). OS was assessed using Kaplan-Meier methods for pts
with SD at 2-, 4-, and 6-month landmarks. SD was protocol-defined as the
absence of an IWG-defined AML response and no progressive disease (PD),
whether or not HI was attained. Pts with SD could have had an IWG-defined
response or PD at any time other than at the specified landmarks. OS was
also evaluated in pts with HI as their best response; attainment of HI must
have begun on or before, and been sustained past, each landmark, and lasted
for 256 consecutive days.
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-
Difference in
. Wheelian 05, manths "“"‘:: M Estienated Loyear survival,
50 wnd (L] “"m i -V durvheal ATAw COR
M b (]
AZA -] AZA (-] AZA -
F el
50 Overall w [ 1E020,154)  111(75,34.1) | +2.5 months Hix “am (0.5%, 30.1%)
. 6%
, S0/H ] ? 1700165, 223 122(45.NR) | 48 months 6LI% 53.6% [-35.3%, S4.5%)
150
SO/MI- # 60 | 1330105,153) 108(75,041) | s22monchs |  S83% an | e
el WhTmenths  +L1month Bt +I0E%
Hite w3 HE-
150N
50 Overall 106 | 15021063 113190180 | I months | E04% s | o 30m%
3N
) SO/Mie » w 2005 (153, NR) 11149, 26.6) .ﬂ.lm 0% L e [2.2% 6a.8%)
L1l
So/H- 7% o | uspri) 13S0 o!-ln-nmlb S16% “ | o s
Difterenie,
s TSmonths 0.2 months aTA% L%
154%
30 Overall n LH W36 1900 1210103, 1500 | 2.3 months 61N SN 3%, 33%)
08 151 a2
& mantin i = ! 1153, NR) oL | e | cammon
19 ham
SO/ 45 ] (304, 14.3) 1100, sa5) | OTmenthe | S2a% 514% | (1565 2235
:""“““- 1.9 monthi #1.9 monthy SHI% L
o wi HE-
SEREL, 5% confidence interval; ATA, azacitiding; CCR, comventional care regenens; K-M, Kaglan-Meier; NB, not reached

Results: Median OS for all SD pts was 2.1-2.5 months longer with AZA vs
CCR, and estimated 1-year survival was ~15% higher at each landmark in the
AZA arm (Table 1). Hazard ratios for OS among all SD pts treated with AZA vs
CCRranged from 0.81-0.88. Median OS among pts with SD and no HI ranged
from 12.6-13.3 months in the AZA arm and from 11.1-12.2 months in the CCR
arm. Within Tx arms, AZA-treated pts with HI had meaningfully improved OS
at all landmarks, ranging from 3.7 to 7.9 months longer than OS for pts without
HI (Table 1). In contrast, HI attained with CCR did not largely influence OS; dif-
ferences between pts who attained HI vs no Hl ranged from -0.2 to 2.9 months.
Median durations of Hl in the AZA vs CCR arms, respectively, were 183 vs 166



days at 2 months, 176 vs 148 days at 4 months, and 176 vs 138 days at 6
months. Estimated 1-year survival within the AZA arm was 4.9%—27.4% greater
for pts with HI than for pts with no HI, but for CCR-treated pts with HI, 1-year
survival was 0%—-10.3% greater. Between Tx arms, 1-year survival with AZA in
pts with HI was 9.6%—33.3% greater than for CCR-treated pts with HI.
Summary/Conclusions: Maintaining SD during AZA or CCR Tx is associated
with relatively favorable OS outcomes, as median OS in pts with SD exceeded
that for all pts in the AZA-AML-001 trial (10.4 months with AZA vs 6.5 months
with CCR; Dombret et al., Blood, 2015). Pts with SD who also attained HI during
early AZA Tx had meaningfully improved OS, whereas similar CCR-treated pts
did not, suggesting that HI with AZA is qualitatively different from HI with CCR.
The prognostic relevance of HI in AML requires further study.
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A RANDOMIZED PHASE Il STUDY OF IDARUBICIN AND CYTARABINE
WITH EITHER CLOFARABINE OR FLUDARABINE IN ADULTS WITH
NEWLY DIAGNOSED ACUTE MYELOID LEUKEMIA
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Background: Fludarabine and clofarabine are purine nucleoside analogues
with clinical activity in acute myeloid leukemia (AML).

Aims: We designed a randomized phase I trial to evaluate the efficacy and
safety of idarubicin and cytarabine with either clofarabine (CIA) or fludarabine
(FIA) in adults with newly diagnosed AML. The primary objective was to com-
pare the EFS rates of the two regimens.

Methods: Adults with newly diagnosed AML deemed suitable for intensive
chemotherapy were randomized using a Bayesian adaptive design to receive
CIA or FIA. All patients (pts) received idarubicin 10 mg/m2 IV on D1-3 and
cytarabine 1 g/m2 |V daily on D1-5. Clofarabine and fludarabine were given at
doses of 15 mg/m2 and 30 mg/m?2, respectively, IV daily on D1-5. Pts with FLT3-
ITD mutations could receive concomitant sorafenib. Responding pts could
receive up to 6 cycles of consolidation at attenuated doses. Outcomes were
compared to a historical cohort of pts <60 years of age who received idarubicin
and cytarabine (IA) without a nucleoside analogue.

Results: Between 8/2011 and 6/2016, 182 pts were enrolled (CIA, n=106; FIA,
n=76; Table 1).

Table 1.

Baseline characteristics

Characteristic* CIA [n=106) FIA (n=76)
Age {years) 53 [20-66) 49 [18-66)
WBC (10°/1) 3.7 (0.6-103.0] 4.9 [0.5-59.4)
g (g/dL) 9.5 [7.3-13.1) 9.1 [7.5:13.1)

Platelets (10°/1) 37 [1-1069] 41 [5-399]
BM blasts (%) 52 [1-96] 54 [11-96)
Diagnosis

AML 102 (97) 73 (96)

High-risk MDS 3(3) 3(4)
Cytogenetics

Diploid 48 (45) 34 (45)

-5, -7and/or complex B(7) 19(25)

Others 29 (27) 23 (30)
-AMUt-AML 13 (12) 12 (16)
FLT34TD mutation 22/103 (21) 15/76 (20)
ELN risk

Favorablefintermediote-1 43/101 (3) 29/69 (42)

Intermediote-2/adverse 58/101 (57) 40/69 (58)

*Continuous variables are listed as median [range] and categorical variables 35 n (%)

ClA, clofarab darub and oy FlA, idarubicin and cytarabine; WBC, white
blood celi; BM, bone marrow; AML, acute myeloid heuk ; MDS, myelodysp ¥ 3 S-AMLSt-
AML, secondary- or therapy-related AML; ELN, European Led

The imbalance of the arms was due to the better performance of CIA during
the initial period of the trial. Treatment arms were well-balanced after random-
ization. 12 pts (55%) in the CIA arm and 8 (53%) in the FIA arm received
sorafenib. The composite CR/CRp rate was similar between the two arms (80%
for CIA vs 82% for FIA; P=0.84). CR was achieved in 72% and 74% in the CIA
and FIA arms, respectively. MRD negativity rates at remission by multiparameter
flow cytometry were higher in the CIAarm (80% vs 65%; P=0.07). 37 pts (35%)
in the CIA arm and 28 (38%) in the FIA arm underwent allogeneic stem cell
transplant in first remission. The median duration of follow-up was 27 months
(range, 1-58). Median EFS for pts who received CIA and FIA were 13 months
and 12 months, respectively; the 2-year EFS rate was 44% in both arms
(P=0.91). Median OS were 24 months and not reached, and the 2-year OS
rates were 51% and 57%, respectively (P=0.23). No differences in EFS or OS
were observed according to baseline factors, including cytogenetics, mutations
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or ELN risk group. CIA was generally associated with more adverse events
compared to FIA, including a higher rate of transaminase elevation (29% vs
4%), hyperbilirubinemia (26% vs 9%), and rash (29% vs 12%). Early mortality
was similar in the 2 arms (60-day mortality: 4% for CIA vs 1% for FIA; P=0.32).
We compared outcomes of pts treated with either CIA/FIA to a historical cohort
treated with 1A (n=92). Pts in the CIA/FIA group with FLT3 mutations who
received sorafenib (n=20) were excluded from this analysis. The two cohorts
were similar with respect to pretreatment characteristics analyzed, including
age, cytogenetics, and ELN risk. No differences were observed in CR/CRp
rates, EFS or OS between the two groups. However, among pts <50 years of
age, the median EFS for pts who received FIA (n=36), CIA (n=28) and IA (n=34)
was not reached, 10 months and 9 months, and the 2-year EFS rates were
58%, 33% and 30%, respectively (P=0.05 for FIA vs IA; P=0.79 for CIA vs |A).
For these pts <50 years of age, the median OS was not reached, 22 months
and 15 months, and the 2-year OS rates were 72%, 46% and 36%, respectively
(P=0.009 for FIA vs IA; P=0.23 for CIA vs |A).

Summary/Conclusions: CIA and FIA have similar efficacy in younger pts with
newly diagnosed AML, although FIA is associated with a better toxicity profile.
FIA may improve outcomes compared to IA in pts <50 years of age.
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OVERALL SURVIVAL AND TRANSPLANTATION IN PATIENTS WITH FLT3
MUTATIONS: SUBGROUP ANALYSIS OF A PHASE 3 STUDY OF CPX-351
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ACUTE MYELOID LEUKEMIA
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Background: Approximately 20% to 30% of patients with acute myeloid
leukemia (AML) have FLT3 mutations; these patients often experience rapid
post-induction relapse, highlighting the need for therapies that provide an
improved bridge to stem cell transplantation. CPX-351 is a liposomal formulation
that delivers a synergistic 5:1 molar ratio of cytarabine and daunorubicin. CPX-
351 demonstrated significantly prolonged overall survival (OS) versus cytara-
bine/daunorubicin (7+3) in a randomized, open-label, controlled phase 3 trial
in patients aged 60 to 75 years with newly diagnosed, high-risk AML (Lancet,
et al. ASCO 2016). A study of the ex vivo cytotoxicity of CPX-351 found that
AML blasts with the FLT3-ITD phenotype were 5-fold more sensitive to CPX-
351 than those with wild type FLT3 (Gordon, et al. Leuk Res. 2017;53:39-49).
Aims: The current analysis of the phase 3 trial therefore investigated outcomes
in the subset of patients with FLT3 mutations.

Methods: Enrolled patients were randomized 1:1 to receive induction with 1 to
2 cycles of CPX-351 (100 units/m2 [cytarabine 100 mg/m2+daunorubicin 44
mg/m2] on Days 1, 3, and 5 [2nd induction: Days 1 and 3 only]) or 7+3 (cytara-
bine 100 mg/m2/day x 7 days [2nd induction: x 5 days]+daunorubicin 60 mg/m2
on Days 1, 2, and 3 [2nd induction: Days 1 and 2 only]). Patients who achieved
complete remission (CR) or CR with incomplete platelet or neutrophil recovery
(CRi) could receive up to 2 consolidation cycles.

Results: Of the 274 patients who were assessed for FLT3 mutations and
received study treatment, 22/138 (16%) patients in the CPX-351 arm and
20/136 (15%) patients in the 7+3 arm had baseline FLT3 mutations. AML sub-
types in FLT3+ patients were: therapy-related AML (19%); AML after myelodys-
plastic syndrome (MDS) with (38%) or without (10%) prior hypomethylating
agents; AML after chronic myelomonocytic leukemia (12%); and de novo AML
with MDS karyotype (21%). In FLT3+ patients, median OS was longer with
CPX-351 (10.25 months) versus 7+3 (4.55 months; hazard ratio=0.57 [95%
Cl: 0.24, 1.33]; P=0.093; see Figure 1), and the rate of CR+CRi was higher
(68% vs 25%). A greater number of FLT3+ patients treated with CPX-351 were
able to undergo stem cell transplantation (n=10/22 [45%)]; 4 patients were alive
as of this analysis, after a median post-transplant follow up of 692 days [range:
96-769]) compared with 7+3 (n=2/20 [10%]; neither patient was still alive). The
adverse event profile (reported during treatment or within 30 days of discontin-
uation) of CPX-351 in FLT3+ patients was comparable to that of 7+3 and con-
sistent with the overall study population. Serious treatment-emergent adverse
events (TEAEs) were experienced by 7 (32%) FLT3+ patients in the CPX-351
arm and 10 (50%) patients in the 7+3 arm; individual serious TEAEs in 22
patients included febrile neutropenia (n=2 in each arm), respiratory failure (n=1
in each arm), cardiac failure (n=2 with CPX-351), and cerebral hemorrhage
(n=2 with 7+3).

Summary/Conclusions: CPX-351 demonstrated numerical improvement in
median OS in older patients with newly diagnosed, FLT3+ high-risk AML and
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allowed more patients to undergo stem cell transplantation. The safety of CPX-
351 in this subpopulation was in line with that of previous studies and the
overall phase 3 population. This analysis was limited by small number of
patients.
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NIVOLUMAB MAINTENANCE THERAPY FOR PATIENTS WITH HIGH-RISK
ACUTE MYELOID LEUKEMIA IN REMISSION

T. Kadia''", H. Kantarjian?, E. Jabbour?, F. Ravandi®, N. Daver', P. Cardenas’,
M. Brandt’, M. Konopleva’, J. Cortes’

1Leukemia, 2MD Anderson Cancer Center, Houston, United States

Background: Dose intensification and newer drug combinations during induc-
tion have led to high rates of complete remission (CR) in pts with newly diag-
nosed AML. However, disease relapse remains a major source of failure. With
the exception of allogeneic (allo) stem cell transplant (SCT), there are few
options for post-consolidation maintenance of remission in high-risk pts. Prior
attempts to develop maintenance therapy using cytotoxic drugs in AML have
been unsuccessful. Immune mediated disease control by engaging tumor-spe-
cific cytotoxic T-cells may be important in suppressing leukemia relapse, as is
seen with graft vs leukemia effect following allo SCT. Immune checkpoint
inhibitors may be effective in restoring host immune surveillance in the setting
of post-remission maintenance.

Aims: We designed a pilot phase Il clinical trial studying the efficacy and safety
of nivolumab (nivo) as maintenance therapy in AML pts with high-risk disease
in remission, who were not being considered for SCT.

Methods: AML pts 218 years with a high-risk feature in 1st CR (CR1) or any
patient in 2nd CR (CR2) who had received induction and at least 1 consolidation
cycle were eligible for enroliment. Pts should be within 12 months of achieving
CR, have PS =2, and adequate organ function. Pts were treated with nivo
3mg/kg IV every 2 weeks for 6 months. 1 cycle was 4 weeks. After 6 months,
nivo could be given every 4 weeks until 12 months on study, and then every 3
months until relapse. All pts had baseline cytogenetic and molecular testing,
and minimal residual disease (MRD) assessment by flow cytometry. Peripheral
blood and bone marrow samples were collected at baseline and during treat-
ment for immune correlative studies to explore immune cell repertoire and bio-
markers for response.

Results: Eight pts have been treated, with a median age of 60 years (range,
49-71). 7 pts were in CR and 1 in CRi at the time of enroliment; 5 pts (63%)
were in CR1, 2 pts (25%) were in CR2, and 1 pt (13%) in CR4 was inadvertently
enrolled and treated on the trial. Baseline characteristics are outlined in Table
1. AML-related mutations detected at start of therapy include: IDH2 (n=2),
NPM1 (2), TET2 (2), and 1 each of TP53, JAK2, ASXL1, and DNMT3a. High
risk features at the time of enrollment were as follows: 2 (25%) persistent MRD,
2 (25%) adverse karyotype, 1 (13%) adverse mutational profile, and 3 pts
(38%) in CR2 or beyond. Pts have received a median of 4 (1 — 13) cycles of
therapy. With a median followup of 6+ months (1 — 14), the 6- and 12-month
estimated RFS were 88% and 73%, respectively. The 6- and 12-month esti-
mated OS were 100% (Figure 1). The one patient who died was discovered
after enroliment to actually be in CR4. This patient relapsed approximately 8
months after achieving CR4. The regimen was well tolerated overall, with 4 pts
having possible immune-related events. 1 patient had grade 3 thyroiditis leading
to hypothyroidism, treated successfully with steroids and thyroid hormone sup-
plementation, who continues on treatment. 1 patient had grade 4 transaminase
elevation which responded to dose interruption and who continues on treat-
ment. 2 pts had grade 3 possible pneumonitis treated successfully with steroids
and dose interruption — both of whom continue on treatment (Table 1).
Summary/Conclusions: Nivo appears to be a feasible maintenance strategy
in high-risk AML pts who are not candidates for SCT. The study continues to
surpass the pre-specified expected rate of 6-month relapse-free survival of
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high-risk pts based on a historical cohort. Correlative studies profiling the
immune repertoire of pts before and during treatment are being finalized and
will be summarized.
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Table 1.
| Characteristic Median (range)
| Age 60 (49 - 71)
| WHC [x10%L] | 38(13-8)
| Platelets [x10°/L] | 125(32-212)
| LDH _ 465 (417 - 630)
|"Albumin 3.0(3.4-4.6)
[ Bilirubin 0.5(0.3-0.8)

Creatinine 0.7(0.5-08)
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HIGHER EXPRESSION OF LONG NON-CODING RNA KIAA0125 IS
ASSOCIATED WITH CHARACTERISTIC CLINICAL AND BIOLOGICAL
FEATURES AND IS AN INDEPENDENT POOR PROGNOSTIC FACTOR IN
ACUTE MYELOID LEUKEMIA

S.-Y. Hung'”", C.-C. Lin12.3, H.-A. Hou®, W.-C. Chou'-2, H.-F. Tien'

1Division of Hematology, Department of Internal Medicine, 2Department of Lab-
oratory medicine, National Taiwan University Hospital, 3Graduate Institute of
Clinical Medicine, College of Medicine, National Taiwan University, Taipei City,
Taiwan, Republic of China

Background: Long non-coding RNAs (IncRNAs) are non-protein coding RNAs
longer than 200 nucleotides. Recently, a number of IncRNAs have been shown
to play important roles in cancer biology. INcRNA KIAA0125 is one of the 11
genes in an expression signature significantly associated with prognosis in
cytogenetically normal acute myeloid leukemia (AML) patients as shown in our
previous report. It is also among another set of 17 leukemia stem cell (LSC)
genes, identified through xenotransplantation model in NSG mice, which predict
inferior treatment response in AML.

Aims: KIAA0125 gene is localized on chromosome 14q32.33; its functions
remain unexplored. One study reported that it might be involved in neurogen-
esis including induction of astrocytosis, preventing formation of dopaminergic
neurons. Another study showed that it could potentiate cell invasion and migra-
tion in gallbladder cancer. Its clinical significance in hematologic malignancies
has not been explored yet. Since independent studies have reported KIAA0125
as an important gene for unfavorable prognosis, in this study we aimed to
investigate its clinical relevance in AML.

Methods: We performed global mRNA arrays for bone marrow samples from
347 newly diagnosed de novo AML patients in the National Taiwan University
Hospital, who had adequate cryopreserved cells and detailed demographic,
clinical, and genetic data for analysis. The KIAA0125 expression level extracted
from the array data was analyzed for its clinical relevance. We also validated
our findings by analyzing the public databases of AML.

Results: The 347 patients were divided into two groups based on the median
level of KIAAO125 expression on the arrays. Higher KIAA0125 expression was
inversely associated with favorable karyotypes including t(8;21) and t(15;17).
Patients with M1 by the French-American-British classification more frequently
had higher KIAA0125 expression (p <0.001), while those with M3 (acute
promyelocytic leukemia) had significantly lower levels of KIAA0125 expression
(p <0.001). To investigate the association of gene mutations with KIAA0125
expression in AML, we analyzed mutations of 17 AML-associated genes. We
found that patients with higher KIAA0125 expression had significantly higher
incidence of FLT3-ITD (28.7% vs 19.7%, p=0.048), and mutations of RUNX1
(18.4% vs 10.4%, p=0.034), and DNMT3A (24.1% vs 13.9%, p=0.015), com-
pared to those with lower KIAA0125 expression. Among the 227 patients who
received standard chemotherapy, those with higher KIAA0125 expression had
a lower complete remission rate (61.2% vs 84.7%, p <0.001), and shorter over-
all survival (median OS, 23.7 months vs 116.8 months, p = 0.001) than those
with lower KIAA0125 expression after a median follow-up of 57.0 months. The
prognostic significance could be validated in another two independent cohorts,
TCGA and GSE12417. In multivariate analyses, higher expression of KIAA0125
remained to be an unfavorable prognostic factor for OS independent of age,
white blood cell counts, karyotype, FLT3-ITD, CEBPA double mutations,



RUNX1 mutation, MLL-PTD, WT1 mutation, and TP53 mutation (p=0.011).
Summary/Conclusions: Higher expression of KIAA0125 in AML patients was
correlated with mutations of RUNX1, DNMT3A, and FLT3-ITD but negatively
associated with favorable karyotypes such as t(8;21) and t(15;17). Higher
expression of KIAA0125 appeared to be an independent unfavorable prognostic
factor in our cohort, and its negative prognostic impact could be validated in
another two large independent cohorts of AML. The close association of
KIAA0125 expression with LSC signatures might in part explain its unfavorable
impact on the survival of AML patients.
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LEUKEMIC STEM CELLS CAN BE DETECTED IN A CONSIDERABLE
PERCENTAGE OF PATIENTS WITH ACUTE MYELOID LEUKEMIA AT
DIAGNOSIS AND IS A SIGNIFICANT PROGNOSTIC FACTOR

O. Pérez-Lépez!”, T. Caballero-Velazquez!, 1. Alvarez-Laderas’,
P. Hernandez-Diaz!, A. M. Marquez-Matito?, J. Gonzalez-Campos',
R. Morales-Camacho?, C. Prats-Martin!, M.T. Vargas-de los Monteros?,
R. Bernal-Ruiz!, J.A. Pérez-Simén’

1Virgen del Rocio University Hospital, Sevilla, Spain

Background: There is a growing interest on the identification of leukemic stem
cells (SC) as a potential prognostic factor in patients with acute myeloid
leukemia (AML). Several studies identify these cells as CD34+CD38-Lin-,
although there is a controversy about its phenotypic identification and prognostic
value.

Aims: To identify SC in a cohort of patients with AML and evaluate their prog-
nostic value in a series of newly diagnosed AML patients.

Methods: The presence of SC (CD34+CD38-Lin-) in bone marrow samples
was prospectively evaluated in a consecutive series of 67 newly diagnosed
AML patients by flow cytometry, between may’13-oct'16. All patients receive
intensive chemotherapy according to PETHEMA protocol. We evaluated
response, relapse rate and overall (OS) and event free survival (EFS).
Results: Out of the 67 patients [34 men/33 women, median age 54 (0-78)], 58
(86.6%) have SC at diagnosis. 37.9% of them (n=22) achieved complete remis-
sion (CR) with a negative minimal residual disease (MRD) vs 77.8% (7/9)
among patients without SC (p=0.03). Among patients who obtained CR with a
negative MRD (n=29), no one suffer a leukemic relapse in the non SC vs 5/22
(22.7%) in the SC group (p=0.2). Considering the intermediate risk group
according to cytogenetic / molecular features, 100% of patients without SC at
diagnosis achieve a negative MRD (5/5) vs 14/41 (34.1%) among those in the
SC group (p=0.008). OS at 9 months was 89 vs 56% (p=0.043), and the EFS
78 vs 48% (p=0.054) in the non SC and SC group, respectively (Figure 1).
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Summary/Conclusions: SC can be detected in a considerable group of
patients with AML at diagnosis. The presence of SC is a prognostic factor in
terms of response, OS and EFS. Accordingly, SC detection could help to identify
prognosis subgroups of patients with different prognostic among those in the
intermediate risk group by genetics/molecular assays.
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POST-REMISSIONAL AND PRE-TRANSPLANT ROLE OF MINIMAL
RESIDUAL DISEASE DETECTED BY WT1 IN ACUTE MYELOID LEUKEMIA:
A RETROSPECTIVE COHORT STUDY

C. Frairia”, S. Aydin', E. Audisio’, L. Riera2, S. Aliberti2, B. Allione™, A. Busca3,
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P. Francia di Celle2, B. Nicolino!, A. Stacchini2, F. Marmont?, U. Vitolo?
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1Department of Hematology, 2Department of Pathology, 3Bone Marrow Trans-
plant Center, University-Hospital Citta della Salute e della Scienza, Torino, ltaly,
4Unit of Clinical Epidemiology, University-Hospital Citta della Salute e della
Scienza and CPO Piemonte, Torino, Italy

Background: In acute myeloid leukemia (AML) the detection of residual
leukemic cells at a submicroscopic level (minimal residual disease - MRD) is
still under investigation. In about 30-40% of AML lacking a specific molecular
target, quantitative real-time polymerase chain reaction (QRT-PCR) has been
used to detect transcripts commonly overexpressed in AML. Among a large
number of candidates, Wilms tumor gene 1 (WT7) has been proposed as a
promising MRD marker.

After the standardization of QRT-PCR on behalf of the European LeukemiaNet
(ELN), subsequent studies investigated the role of WT1 expression in AML with
controversial results.

Aims: To assess the role of WT1 expression as a MRD marker after intensive
induction chemotherapy and before allogeneic hematopoietic cell transplantation
HCT (allo-HCT) in a large cohort of AML patients treated in a single institution.
Methods: The present retrospective cohort study included adult patients with
untreated AML consecutively diagnosed between 2004 and 2014 in the Hema-
tology Unit of the University-Hospital Citta della Salute e della Scienza of Torino,
Italy. The study was approved by the Ethical Committee and was registered at
www.clinicaltrials.gov as NCT02714790. Among 255 enrolled patients, MRD
was investigated in those in first complete remission (CR) with an available at
diagnosis and at two further time-points: after induction (n=117) and prior allo-
HCT (n=65). Patients with baseline WT71 <250 copies were excluded. All
patients underwent intensive induction chemotherapy with curative intent and
subsequent consolidation chemotherapy according to the AML risk assessment
(autologous peripheral stem cell transplantation for low risk and allo-HCT for
intermediate and high risk patients). Effect of post induction WT1 expression
on disease-free survival (DFS) and overall survival (OS) and of pre allo-HCT
WT1 on the cumulative incidence of relapse (CIR) were investigated.
Results: Baseline BM WT1 expression were not found significantly associated
with demographic, clinical and disease biological features at diagnosis. Baseline
BM WTT1 expression lacked even to show an association with response to
induction chemotherapy (OR 1.16; 95% CI 0.90-1.50, p=0.244).

Median OS and DFS were significantly shorter in patients in first CR with >350
WTT1 copies after induction compared to those with <350 (OS 17 vs 95 months
with HR 2.13; 95% CI 1.14-3.97, p=0.018 and 3-year DFS rates 15% vs 55%
with a HR of 2.81; 95% CI 1.14-6.93, p=0.025).

Adding the BM WT7 in the model along with other factors determines an
increase of the C-statistic from 0.6996 to 0.7193 for OS (NRI=0.384) and from
0.7413 to 0.7920 (NRI=0.4037) for DFS. Before allo-HCT, patients with WT1
>150 copies (n=18) had a significantly higher CIR compared to those with WT1
<150 (n=47), HR 4.61; 95% CI 1.72-12.31, p=0.002.
Summary/Conclusions: The results of the present study showed that BM
WT1 is associated with survival in patients in CR in two decisive time-point for
treatment planning: after induction treatment and before allo-HCT. The prog-
nostic role of WT1 resulted independent from other well-established risk factors.
Therefore, WT1 may represent an additional MRD tool for risk stratification in
patients nowadays classified in CR, especially in the high risk MRD positive
subgroup in which a risk-adapted approach may have a role. Published evi-
dences available so far supported these suggestions, but mainly due to method-
ological issues, the role of WT1 is still a matter of debate. Prospective random-
ized studies are required to confirm these results.
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DIFFERENTIATION SYNDROME ASSOCIATED WITH ENASIDENIB
(AG-221), ASELECTIVE INHIBITOR OF MUTANT ISOCITRATE DEHYDRO-
GENASE 2 (MIDH2)

A.T. Fathi'.2”, C.D. DiNardo3, 1. Kline4, L. Kenvin4, I. Gupta#4, E.C. AttarS,
E.M. Steinb7, S. de Botton8

1Massachusetts General Hospital Cancer Center, 2Harvard Medical School,
Boston, 3The University of Texas MD Anderson Cancer Center, Houston, 4Cel-
gene Corporation, Summit, SAgios Pharmaceuticals, Inc, Cambridge, Memorial
Sloan Kettering Cancer Center, 7Weill Cornell Medical College, New York, Unit-
ed States, 8Institut Gustave Roussy, Villejuif, France

Background: Enasidenib (AG-221) is an oral, selective, small-molecule
inhibitor of mIDH2 enzymes. Preclinical studies showed that exposing
myeloblasts from patients (pts) with acute myeloid leukemia (AML) to enasi-
denib ex vivo resulted in differentiation of leukemic marrow blasts into mature,
fully functional neutrophils (Yen et al., Cancer Discov, 2017). Enasidenib can
result in IDH-inhibitor-associated differentiation syndrome (IDH-DS) in treated
pts, with manifestations akin to retinoic acid syndrome seen during therapy of
acute promyelocytic leukemia.

Aims: To characterize the prevalence, characteristics, and course of IDH-DS
in pts with relapsed or refractory (R/R) AML receiving enasidenib 100 mg daily
in a phase 1 dose-escalation and expansion study (NCT01915498). This dose
is currently under study in a multicenter, randomized, phase 3 trial comparing
enasidenib with conventional care regimens in R/R AML pts (NCT02577406).
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Methods: An independent Differentiation Syndrome Review Committee (DSRC)
was formed to review potential cases of IDH-DS. The DSRC identified and
agreed upon a series of signs and symptoms possibly characteristic of IDH-DS,
including fever, lung infiltrates, pleural or pericardial effusions, rapid weight gain,
edema, and azotemia. In all, 27 cases (8 of investigator-reported IDH-DS and
19 with characteristics suggestive of IDH-DS) were identified and retrospectively
reviewed by the DSRC to determine their consistency with IDH-DS.

Results: The DSRC determined 13 cases (11.9% of 109 R/R AML pts in the
enasidenib 100 mg/day dosing cohort) to be consistent with IDH-DS. Median
time to onset was 30 days (range 7-116). Manifestations of IDH-DS in >2 pts
were dyspnea (n=10), pyrexia (9), lung infiltrates (8), pleural effusion (5), and
kidney injury (3). IDH-DS was effectively managed with systemic corticosteroids
in 12/13 cases. Leukocytosis accompanied 4/13 cases, for which hydroxyurea
was employed for cytoreduction. Enasidenib was interrupted for 9 pts (for a
median of 7 days), but dose reductions or enasidenib discontinuation were not
required for pts with IDH-DS. Six of the 13 pts had clinical responses (2 com-
plete remissions [CR], 2 CRs with incomplete hematologic recovery, 1 partial
remission, and 1 morphologic leukemia-free state), 6 pts had stable disease,
and 1 pt had progressive disease.

Summary/Conclusions: Systemic corticosteroids, close hemodynamic man-
agement, and hydroxyurea (in the presence of leukocytosis) are effective
IDH-DS management strategies; they should be administered promptly when
IDH-DS is suspected, and continued until improvement. Enasidenib interrup-
tion can be considered if initial intervention is unsuccessful. IDH-DS repre-
sents a novel clinical finding in pts with m/DH2 AML treated with enasidenib,
and is likely due to its suggested mechanism of action, myeloblast differen-
tiation.
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OUTCOME OF PATIENTS WITH INTRAVASCULAR B-CELL LYMPHOMA,
A RETROSPECTIVE STUDY CONDUCTED ON BEHALF OF THE
LYMPHOMA STUDY ASSOCIATION GROUP
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Background: Intravascular large B-cell lymphoma (IVLBCL) is a rare type of
extranodal large B-cell ymphoma characterized by the selective growth of lym-
phoma cells within the lumina of vessels, classically reported with poor respons-
es to chemotherapy. Due to its low incidence and rarety of tumor cells, diag-
nosis of IVLBCL remains difficult and many issues remain unresolved, regard-
ing both clinical features and therapeutic strategies.

Aims: Our work aims to describe clinical presentation and outcome of IVLBCL
patients treated in French LYSA centers between 2000 and 2016.

Methods: All LYSA centers were asked to report and update clinical data about
IVLBCL patients treated. No central pathology review was performed for the
present study, but all cases were classified by LYSA pathologists. Local inves-
tigators reported disease characteristics and updated patients’ outcome (clinical
examination, standard biological parameters, bone marrow biopsy, CT scan at
baseline, CT response evaluation and outcome).

Results: We identify 65 IVLBCL patients treated in 23 LYSA centers during
the studied period. Median age was 67.8 years (range 22-91). In note, two
third of patients presented with IPI score >3 (67%) and all patients had a stage
IV disease. As expected in Western patients, cutaneous and CNS involvement
were highly frequent, respectively 33% and 39%. But interestingly, hemophago-
cytic syndrome were observed in nearly half of the patients (41%), while it was
mainly described in Asian series. Despite classically delayed diagnosis in IVL-
BCL, only 2 cases were confirmed post-mortem and almost all alive patients
at diagnosis (n=58) were treated with rituximab-containing chemotherapy reg-
imen (92%). Regarding first line treatment, 83% of patients were treated with
anthracycline-based regimens, with CNS prophylaxis for half of them (47%),
and seven patients underwent autologous stem cell transplantation upfront.
The median progression free survival was 29.4 months and median overall
survival was 63.8 months (Figure 1). Pathological features (including cell of
origin characterization, C-MYC expression, adhesion protein expression level)
investigation is ongoing and will be presented at the time of the meeting.
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Summary/Conclusions: The present study is the largest European IVLBCL
series. It shows that despite the use of modern immune-chemotherapy, IVLBCL
remains an aggressive lymphoma entity. In particular, these patients are highly
exposed to early relapse and therefore should be considered for innovative
frontline therapies.
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OUTCOME OF ELDERLY DLBCL PATIENTS (280 YEARS) TREATED WITH
ANTHRACYCLINE BASED CHEMOTHERAPY; R-CHOP DOSE REDUCTION
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Background: Management of elderly patients (above 280y) is difficult and only
limited number of patients could be treated by curative approach with anthracy-
cline based chemotherapy. Dose reduction of particular drugs is used very often
and it varies based on pt's characteristics and center preferences. There is how-
ever lack of randomized or at least non-randomized historical comparisons.
Aims: The objective of this study is to analyze elderly DLBCL patients prospec-
tively registered in NiHiL Lymphoma Project and treated anthracycline based
regimen in real world outside of clinical trials.

Methods: Patients (pts.) with informed consent are prospectively followed in
multicenter Lymphoma Project since 1999. Diagnostic, therapeutic and follow
up data are prospectively collected. There were 399 DLBCL pts older than
80year diagnosed in period 1999-2014 identified. Among 372 pts. with pathol-
ogy review and essential data there were 112 pts. (30.1%) treated with R-
CHOPIlike chemotherapy. Analysis of clinical prognostic factors, therapy and
toxicity was performed. Pearson, Kaplan-Maier and log rank tests were used.
Results: Median age was 81 years (80-88), 51.8% of men. Proportion of pts
385 was 14.3%, with PS 22 (ECOG) 34.0%, with higher LDH 64.3%, with high
or intermediate high IP1 49.1%, with bulky disease (=10 cm) 17.0%, with
lower albumin 27.7%, with Charlson Comorbidity Score (CCS) 24 25%.
According to treatment choice of physician (intent to treat), pts. could be divid-
ed into 3 groups R-CHOP (CH) (cyclophosphamide —CF 750 mg/m2, adri-
amycin — A - 50 mg/m?2) or R-MiniCHOP (miniCH) (CF 400 mg/ m2, A 25 mg/
m2, Peyrade 2011) or modified R-CHOP (modiCH) (CF 750 mg/m2and A 25
mg/mZ2or any other dose between CHOP and miniCHOP). There were 21 pts
(18.8%) treated with CH, 38 (33.9%) with miniCH and 53 (47.3%) with
modiCH. There were no signficant differences between the subgroups, except
higher proportion of bulk in modiCH vs miniCH and CH (35% vs 12.9% vs
7.7% resp.; p 0.04) and cardiac comorbidity (60.5% vs 33.3% vs 30.2% resp.;
p 0.02). Six and more cycles were administered in 71.4%, 63.1% and 58.5%
pts. in CH, miniCH and modiCH resp. Following proportion of pts. received
>80% (>50%) of original CHOP dose. For cyclophosphamide it was 66.7%
(81%), 0% (50%) and 62.2% (79.2%) resp. and for A it was 57.1% (76.1%),
2.6% (15.8%) and 13.2% (49%) resp. for CH, miniCH and modiCH
resp. There were observed 11 treatment related deaths (6 cardiac toxicity
and 4 infection), 5 in miniCH and 6 in modiCH groups. The overall response
rate was 76.8% with 59.8% CR/CRu. Median PFS and OS were 2.8y and
3.5y resp. (Figure 1A) with median follow up of 3.3y. There were found high
beta2microglobulin (HR 2.2, p 0.05), low albumin (HR 1.9, p 0.05) and PS
(p 0.05) as the only factors correlated with OS as well as PFS (data not
shown). Pts who achieved CR or PR have significantly better OS median (as
well as PFS) compared to stable or progressive disease with 4.6 vs 3.5 vs
0.8 vs 0.5 y. There was numerically (not significantly) better OS median for
R-CHOP (4.6y) vs R-miniCHOP (3.2y) and R-modiCHOP (2.9y) (Figure 1B).
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Figure 1.

Summary/Conclusions: Only one third of elderly DLBCL pts (=80y) is treated
with anthracycline based regimen. Performance status, albumin and
beta2microblobulin levels were significantly associated with prognosis. In minor-
ity of these pts full dose of R-CHOP could be safely used and there is trend to
better overall survival.

Supported by AZV 16-31092A.
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IMPROVED SURVIVAL IN PRIMARY CENTRAL NERVOUS SYSTEM
LYMPHOMA UP TO AGE 70 ONLY: A POPULATION-BASED STUDY ON
INCIDENCE, PRIMARY TREATMENT AND SURVIVAL IN THE
NETHERLANDS, 1989-2015
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Background: PCNSL is a rare, aggressive form of an extranodal non-Hodgkin
lymphoma that exclusively affects the CNS. Recent findings from the few avail-
able prospective studies demonstrated improved outcome in PCNSL. However,
the results from such studies are inherent to patient selection. Population-based
studies that assess long-term patterns of incidence, treatment and survival in
PCNSL are virtually lacking.

Aims: The aim of this comprehensive nationwide population-based study was
to assess trends in incidence, primary treatment and survival among adult
PCNSL patients (pts) diagnosed during a 27-year period in the Netherlands.
Methods: We selected all adult (218 years) pts diagnosed with PCNSL of the
diffuse large B-cell type in the Netherlands between 1989-2015 from the nation-
wide Netherlands Cancer Registry with survival follow-up through February,
2016. Pts diagnosed without pathological or cytological confirmation (n=50)
and pts diagnosed at autopsy were excluded (n=32). Age-standardized inci-
dence rates (ASR) were calculated per 1,000,000 person-years and standard-
ized according to the European standard population. Data on primary treatment
(i.e. no therapy, chemotherapy (CT) alone, radiotherapy (RT) alone, and
CT+RT) were available for individual pts. Pts were categorized into 4 periods
(1989-1994, 1995-2000, 2001-2007 and 2008-2014) and 3 age groups (18-60,
61-70 and >70 years). We calculated relative survival (RS) and the relative
excess risk of mortality as measures of disease-specific survival.

Results: We included a total of 1,673 newly diagnosed PCNSL pts in the study
(median age, 65 years; age range, 19-89 years; 53% males). The ASR of PCNSL
increased from 3.0 in the first period (1989-1995) to 4.4 in the last period (2009-
2015), which was consistently higher among males than in females throughout
the entire study (4.8 v 4.0 in the last period). The age-specific incidence rates
were 2.3, 9.0 and 10.0 in the first period for the three age groups (18-60, 61-70
and >70 years), as compared with 2.7, 18.7 and 19.5 in the last period. The appli-
cation of CT+RT increased exclusively among pts age 18-60. More specifically,
the proportions for the three age groups were 26, 18 and 4% in the first period,
as compared with 60, 10 and 4% in the last period. The use of RT alone among
pts age >60 decreased with each period, following the wider use of CT alone
over time, especially for pts age 61-70 years. The proportions of CT alone for the
three age groups were 11, 8 and 2% in the first period, as compared with 31, 64
and 32% in the last period. Of note, 38 and 26% of pts age >70 received no ther-
apy and RT alone in the last period, respectively. Five-year RS only improved for
pts age 18-70 (Figure 1). Five-year RS (95% confidence intervals) was 22%
(16%>30%), 13% (7%>22%), and 3% (1%>10%) in the first period for the three
age groups, as compared with 56% (47%>64%), 35% (28%>43%) and 6%
(2%>13%) in the last period. A multivariable survival model confirmed the adverse
effect of older age on excess mortality and an improvement of survival over time.
However, when information on treatment was added to that model, the effect of
period lost statistical significance. This suggest that treatment contributed to the
improved survival over time. Older age remained a predictor of poor prognosis.
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Figure 1.

Summary/Conclusions: The incidence of PCNSL steadily increases among
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pts >60 years, which might in part be related to improved diagnostic practices
among the elderly over time. RS increased over the past decades for pts age
70 or below. This is largely explained by the increased use of intensive therapy
over time. Although the use of CT alone gradually increased among pts >70
years, their survival is still poor. Therefore, there is an urgent need to design
specific trials for elderly PCNSL pts to improve their survival.
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CLINICAL CHARACTERISTICS AND LONG-TERM RESULTS OF
TREATMENT OF DIFFUSE LARGE HEPATITIS C - ASSOCIATED
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Background: In the WHO classification (2008), hepatitis C virus distinguish
as one of the etiological factors of multistage etiopathogenesis DLBCL.
Aims: The purpose of this study was evaluation of clinical features and results
of treatment of diffuse krepnokletochnoy lymphoma associated with hepatitis
C in comparison with a control group of patients with diffuse large lymphoma
without viral hepatitis markers.

Methods: It was included 521 patients with DLBCL: 98 patients with DLBCL
and markers of hepatitis C (DLBCL+C) and a control group of 422 patients
with DLBCL without markers of hepatitis C (DLBCL-C).

Results: Patient’s age ranged from 21 to 76 years (median was 47 years) in DLB-
CL+C; ranged from 23 to 81 years (median 61) in DLBCL -C (p=0.02). The male:
female ratio was 1: 1.3 in patients with DLBCL +C; 1: 1.7 in the group DLBCL — C.
Stage | and Il were in 11% patients with DLBCL+C, and 48% patients with DLBCL
- C; lll and stage IV were detected in 89% patients with DLBCL+C and 52% of
DLBCL-C (p=0.00002). Extranodal lesions detected in 72% in DLBCL+ C and in
26% in C DLBCL-C (p=0.006). In comparable groups localization of extranodal
lesions was: spleen (52% to 23%), bone marrow involvement (43% and 27%),
liver (18% and 1%). GCB / non-GCB histological variants ratio was 55% / 45% in
DLBCL+C; 36% / 64% in DLBCL -C ratio GCB / (p=0.001). Hepatitis C virus RNA
in blood was detected by PCR. Viral RNA was found in 78% (74 patients). High
viral load was in 21% of patients. In 22% of cases markers of hepatitis C virus in
blood were identified by ELISA. All patients received chemotherapy according to
the scheme CHOP / R-CHOP. The frequency of complete remission was 60% in
the group of patients with DLBCL+C and 63% of DLBCL-C. Median overall survival
(OS) was 46 months in group DLBCL +C and 71 months in DLBCL -C (p=0.0003).
Median progression-free survival (PFS) was 28 months in DLBCL+C 47 months
in the control group (p=0.0002). According to the immunohistochemical variant of
DLBCL: GCB DLBCL: median OS of 45 months in GCB DLBCL+C and 62 months
in GCB DLBCL - C (p=0.002). Median PFS was 36 and 47 months in comparable
group. Median OS was 18 months in non-GCB DLBCL+C and 70 months in non-
GCB DLBCL-C (p=0.00001). Median PFS groups was 13 and 42 months, respec-
tively. 58 patients received antiviral therapy after chemotherapy. Median OS was
63 months in GCB DLBCL+C with antiviral therapy and 28 months in GCB DLB-
CL+C without antiviral therapy (p=0.00002). Median PFS was 46 and 20 months,
respectively. Median OS was 22 months in non-GCB DLBCL+C with antiviral ther-
apy and 17 months in non-GCB DLBCL+C without antiviral therapy. Median PFS
in the group was 11 and 15 months, respectively.

Summary/Conclusions: DLBCL+C characterized by aggressive course of the
disease (younger age at onset of the disease, advanced stages, extranodal
involvement), which is one more evidence possibility of separating DLBCL+C
in a separate group. Although there is no difference in the effectiveness of the
therapy. But disease-free survival in DLBCL patients+C was significantly worse.
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MAGNETIC RESONANCE IMAGING FOR EARLY DETECTION OF
ANTHRACYCLINE CARDIOTOXICITY IN MALIGNANT LYMPHOMA
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Background: Doxorubicin is a cornerstone of curative lymphoma treatment.
However, doxorubicin therapy is limited by cardiac side effects including high-
mortality heart failure (HF). Signs of cardiotoxicity often appear too late to avoid
irreversible myocardial damage.

Aims: The aim of our study is to investigate the value of rubidium 82 positron
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emission tomography (82Rb PET), iodine 123 metaiodobenzylguanidine (1231
MIBG) and cardiac magnetic resonance (MR) imaging in early detection of dox-
orubicin-induced cardiomyopathy and prediction of HF in patients with malignant
lymphoma. We aim to identify early signs of cardiotoxic injury that predict the for-
mation of interstitial fibrosis and subsequent HF. Here we present our preliminary
MR data. 82Rb PET and 1231 MIBG data will be analysed later.

Methods: The study is a prospective, clinical, single-centre study. The study
aims to include 70 consecutive chemotherapy-naive lymphoma patients sched-
uled for intended curative chemotherapy without planned mediastinal radiation
therapy. All patients undergo routine clinical examinations, but with supple-
mentary imaging, including 1) baseline 82Rb PET and MR (prior to treatment);
2) acute 82Rb PET and MR (within 1 week of the first treatment); 3) subacute
1231-MIBG (after 2-3 months of therapy) and 4) late MR (1 year after the start
of treatment). 82Rb PET imaging is performed at rest and during pharmaco-
logical stress testing with adenosine. It is primarily used to evaluate the acute
effects of doxorubicin on myocardial perfusion. 1231 MIBG is used for detection
of doxorubicin-induced subacute changes in the myocardial adrenergic neu-
rons. Cardiac MR is performed with late gadolinium enhancement and provides
information on acute and late changes in left and right ventricular function,
atrial and ventricular volumes, myocardial mass and interstitial fibrosis. Statis-
tical analyses were done in R (version 3.2.0) as paired difference tests using
Wilcoxon signed rank test. P-values <0.05 were considered significant.
Results: As of March 1st 2017, 61 patients have been included. In 33 cases,
the time of intended follow-up has been reached. Four patients died prior to
follow-up, including one patient who died before the acute imaging procedures.
Four patients were excluded due to compliance problems. One patient was
excluded due to disease downstaging resulting in omittance of doxorubicin
from the treatment plan. Of the 24 patients with complete data from both the
baseline and late MR scans, 16 had lower LVEF values at follow-up: 0-5%
(n=3), 6-10% (n=8), 10-15% (n=4) and >20% (n=1). Mean LVEF at follow-up
was significantly lower (57.1%) compared to baseline LVEF (62.0%; p=0.01)
and acute LVEF (64.3%; p=0.002). The LVEF decline from baseline to follow-
up was paralleled by an increase in mean left ventricular end diastolic volume
(LVEDV) of 10.0mL (p=0.03). Interestingly, an increase in LVEDV was already
registered at the acute MR scan (7.3mL; p=0.03). The increase in LVEDV from
the acute MR to follow-up was not significant. We also registered an acute
increase of 7.4mL in mean stroke volume (SV) (p=0.02). However, from the
acute MR to follow-up MR we found a significant decline in SV (p=0.02). There
was no difference in SV from baseline to follow-up (p=0.7). The acute changes
in LVEDV did not predict LVEF declines from baseline to follow-up (Figure 1).
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Figure 1.

Summary/Conclusions: Our preliminary show that cardiac MR can be used
for detection of declining LV function 1 year after after doxorubicin exposure.
It appears that cardiac MR may also provide information on acute functional
changes in LVEDV and SV. We hope that our 82 Rb PET and 1231 MIBG data
will provide additional early signs of doxorubicin cardiotoxicity that can be used
to predict subsequent development of HF.
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Background: The use of surveillance computed tomography (CT) is usual
practice for cases of complete remission (CR) in aggressive non-Hodgkin lym-
phoma (aNHL). However, there is a lack of evidence to support this strategy.
Aims: To determine whether surveillance CT could contribute to the improve-
ment of survival in relapsed aNHL patients, we retrospectively analyzed our
institutional lymphoma registry, which enrolled consecutive patients with lym-
phoma from June 1995 to October 2016. Of 1,385 aNHL patients in the registry,
664 patients achieved CR and received follow-up through clinical visits, with or
without surveillance CT.

Methods: Patients who met the following inclusion criteria were selected: i) his-
tologic diagnosis of aNHL (diffuse large B-cell ymphoma, Burkitt lymphoma, and
B-cell lymphoblastic lymphoma, peripheral T-cell ymphoma not otherwise spec-
ified, angioimmunoblastic T-cell ymphoma, anaplastic large cell ymphoma, NK/T-
cell lymphoma, and T-cell lymphoblastic lymphoma); ii) patients who achieved
CR after frontline or salvage chemotherapy with curative intent; and iii) time from
the date of diagnosis to the date of last follow-up longer than 12 months. All
patients in CR after frontline therapy were followed-up with clinical visits (symptom
assessment, physical examination, and blood tests) every 1 to 6 months. Sur-
veillance CT covering the neck, chest, or abdomen were performed every 3 or 6
months or when clinically indicated in the first 2 years, and then every 6 or 12
months or when clinically indicated thereafter. The decisions regarding the sur-
veillance strategy (clinical visit with appropriate blood chemistry with or without
regular surveillance CT) were at the discretion of the treating physicians.
Results: Relapse was detected in 171 patients, of whom 152 had undergone
surveillance CT during follow-up. Of these 152 patients, asymptomatic relapse
was detected in 67 (44%) by surveillance CT and symptomatic relapse outside
the surveillance interval was detected in the other 85 (56%). Detection of
asymptomatic relapse by surveillance CT did not improve either the overall or
post-relapse survival in the relapsed aNHL patients. In addition, the interval of
surveillance CT (3 or 6 months) did not affect survival. No subgroups were
identified that favored the use of surveillance CT to detect relapse. Additionally,
we analyzed the impact of surveillance CT in patients with refractory or relapsed
aNHL who achieved CR after salvage chemotherapy (CR2). Of 315 aNHL
patients relapsed/refractory to frontline chemotherapy (144 refractory and 171
relapsed patients), 99 patients achieved CR after salvage chemotherapy (18
refractory and 81 relapsed patients) and these patients were followed with clin-
ical visits, with or without surveillance CT. Relapse was detected in 42 patients
(42/99; 42.4%). A total of 27 (64.3%) and 15 patients (35.7%) were identified
as relapsed by methods other than CT scan and using surveillance CT, respec-
tively. There was no significant difference in the median PRS between the two
groups (12.5 months, 95% CI: 2.8 to 22.1 months vs 10.7 months, 95% CI: 0
to 41.5 months; p=0.182] (Table 1).

Summary/Conclusions: In conclusion, this study suggests that routine sur-
veillance CT in aNHL patients for the detection of asymptomatic relapse might
have a limited role in improving survival. Therefore, surveillance CT to identify
relapse would only be recommended when relapse is clinically suspected.
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A MULTI-CENTER STUDY OF GLIDE CHEMOTHERAPY CONSOLIDATED
WITH AUTOLOGOUS STEM CELL TRANSPLANTATION FOR NEWLY
DIAGNOSED STAGE IV AND RELAPSED EXTRANODAL NATURAL
KILLER/T-CELL LYMPHOMA PATIENTS
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Background: The prognosis of advanced-stage and relapsed extranodal NK/T
cell ymphoma(ENKTL) is poor, with long term survival rate of 30%. Our previ-
ous study of GLIDE (gemcitabine, L-asparaginase, ifosfamide, dexamethasone
and etoposide) chemotherapy reported complete response(CR) rate and 3-
year overall survival(OS) of these patients were 57.1% and 56% respectively.
We assumed autologous stem cell transplantation may further improve the
prognosis of these patients.

Aims: We conducted this clinical trial to address the efficacy and safety of our
treatment strategy, GLIDE induction followed by ASCT, in newly diagnosed
stage IV and relapsed ENKTL.

Methods: We treated 60 patients with newly diagnosed stage 1V(n=49) and
relapsed(n=11) ENKTL from 2010 to 2016. The median age at recruitment was
38 years and the median follow-up period was 13.4 months. Patients were
treated with GLIDE (gemcitabine 800 mg/m2D1,5; L-asparaginase 6000
u/m2D4,6,8,10,12 or peg-asparaginase 2500 u/m2D4,11; ifosfamide 1000
mg/m2D1-3; dexamethasone 20mg D1-4; etoposide 100 mg/m2D1-3) every 4
weeks, and responses were evaluated with PET/CT every 2 cycles. Patients
achieving CR underwent ASCT or continued with GLIDE up to 6 cycles. Others
finished 6 cycles of GLIDE. Overall response rate(ORR), CR, OS and progres-
sion free survival(PFS) were calculated using standard methods. Statistical
analysis was done using Fishers exact test or Chi-square test / Kruskal-Wallis
test. Kaplan-Meier method was used for time-to-event analysis including overall
survival and progression free survival. The Log-rank test was used to evaluate
the difference in time-to-event endpoints between patient groups.

Results: Fifty-seven patients had finished planed treatment with 1 withdraw of
informed consent after cycle 1, and 2 death of sepsis during cycle 1 and cycle
2 respectively. Twenty-one patients underwent ASCT. The ORR was 81.4%
and the CR was 69.5% with early CR (CR after 2 cycles) of 57.6%. Estimated
5-year OS and PFS rates of the whole cohort and patients underwent ASCT
were 68.7%, 54.0%, 79.6% and 85.2% respectively. Univariate analysis
revealed that ECOG <1, IPI<2, early CR and ASCT were associated with less
relapse and death. Multivariate analysis showed ECOG 22 was an independent
risk factor for disease progression (HR=4.321, 95% Cl 1.127~16.572, P=0.033)
and death (HR=46.254, 2.150~993.190, P=0.014) and ASCT was associated
with better PFS (HR=0.058, 95% Cl 0.007~0.495, P=0.009) and OS
(HR=0.019,95% CI 0.001~0.596, P=0.024). Figure 1 highlights the OS and
PFS of whole cohort (A) and ASCT patients (B). Myelosuppression was the
most common adverse reaction(AE). The incidences of level 4 neutropenia,
thrombocytopenia and anemia were 46.6%, 28.6% and 5.3% respectively. The
most common non-hematologic AE was fever with neutropenia (36.5% of total
cycles), while others were mild and manageable.
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Figure 1.

Summary/Conclusions: GLIDE is an effective regiment for newly diagnosed
stage IV and relapsed ENKTL. Up-front ASCT after achieving CR can reduce
relapse and prolong survival. Treatment related adverse reactions and support
care need concerns.
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LONG TERM FOLLOW-UP OF PATIENTS WITH PERIPHERAL T-CELL
LYMPHOMAS TREATED WITH IFOSFAMIDE, ETOPOSIDE, EPIRUBICIN /
INTERMEDIATE METHOTREXATE AND AUTOLOGOUS STEM CELL
TRANSPLANTATION
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Background: Despite improvement in the outcome for some subtypes of lym-
phoma, the prognosis of patients with peripheral T-cell lymphoma (PTCL)
remains unsatisfactory. The recent data on dose-dense intensified cyclophos-
phamide, doxorubicine, vincristine and prednisone (CHOP) with addition of
etoposide followed by autologous stem cell transplantation (ASCT) are encour-
aging. After achieving very promising results with in enteropathy associated T-
cell ymphomas (EATL), we prospectively evaluated the alternative approach
with more intensive treatment with ifosfamide, etoposide, epirubicin / methotrex-
ate and ASCT (IVE/MTX—ASCT) in patients with other subtypes of PTCL.
Aims: To asses the long-term follow-up results of first line high-dose therapy
IVE/MTX-ASCT in patients with PTCL.

Methods: The regimen was piloted for patients with a de-novo diagnosis of
PTCL eligible for intensive treatment. The therapy delivers one cycle of CHOP,
followed by 3 courses of IVE alternating with intermediate dose MTX. Stem
cells are harvested after IVE and complete and partial remissions were con-
solidated with ASCT. The patients were evaluated with an intention-to-treat
analysis for feasibility, response, progression free survival (PFS) and overall
survival (OS) and late events.

Results: 30 patients were included: 17 peripheral T-cell lymphoma NOS, 6
anaplastic large cell lymphoma (ALCL) ALK positive, 4 extranodal NK/T-cell
lymphoma nasal type, 2 ALCL ALK negative and 1 hepatosplenic T-cell lym-
phoma. The median age at diagnosis was 42 years (range 22 — 64), 37%
patients were female, 28% presented with ECOG >1 and 57% with advanced
stage disease. The age adjusted IPI was calculated for 22 patients with primary
nodal disease and 41% of patients were in high intermediate and high risk.
Three patients discontinued treatment prematurely due to disease progression
and one due to poor general condition. Of the remaining 26 patients 19 went
on to receive ASCT. ASCT was omitted due to: insufficient stem cell mobilisation
in 4 patients, refractory disease in 2 and poor general condition in one. Toxicity
was acceptable for such an intensive regimen. At final evaluation, complete
remission (CR) was confirmed in 23/30 (77%) patients and partial remission
(PR) in 2/30 (7%) patients. When the patients with ALCL ALK positive were
excluded, the remission rates remained the same: CR 18/24 (75%) and PR
2/24 (8%); p>.999. During the study time 13/30 (43%) patients died, 11 due to
lymphoma. For all patients 5-years PFS was 57% and OS 63%. These results
were unchanged after the exclusion of ALCL ALK positive: 50% and 58%;
p=.587 and p=.70; respectively. The 5-year PFS and OS of histological sub-
groups were as follows: ALCL, ALK positive: both 83%, PTCL NOS: 47% and
53%, ALCL, ALK negative: 0% and 50%, extranodal NK/T-cell ymphoma, nasal
type: both 100% and for hepatosplenic T-cell ymphoma: both 0%. During the
median follow-up time of 6.35 years, 13 patients had a relapse of underlying
disease, six of them had received no treatment and died shortly after the diag-
nosed of relapse, further six received systemic chemotherapy and in one patient
no information on relapse treatment was available. Among the six patients
treated with systemic chemotherapy four received curative treatment including
high-dose chemotherapy with allogenic stem transplant (alloSCT) in three
patients and two received palliative treatment. Only two patients who received
dexamethasone, high-dose cytarabine and cisplatin (DHAP) followed with
alloSCT achieved a long lasting remission. Seven years post IVE/MTX-ASCT
one patient developed secondary malignancy ALM/MDS and died shortly after
the diagnosis.

Summary/Conclusions: IVE/MTX-ASCT significantly improves outcome in
patients with PTCL, and has acceptable toxicities. Where feasible patients with
PTCL could be considered for aggressive treatments, like IVE/MTX-ASCT as
primary therapy, further studies are required.
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IDENTIFICATION OF A NOVEL GERMLINE MECOM / EVI1 VARIANT THAT
RUNS IN A PEDIGREE WITH RADIOULNAR SYNOSTOSIS AND
AMEGAKARYOCYTIC THROMBOCYTOPENIA AND PREDISPOSES TO
ADULT ONSET MYELOID MALIGNANCY
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Background: Radioulnar synostosis and amegakaryocytic thrombocytopenia
(RUSAT), one of the rare bone marrow failure syndromes, is caused by a
point mutation in HOXA11. In three simplex patients, de novo missense vari-
ants in MECOM have recently been reported as an alternative cause in indi-
viduals with RUSAT. MECOM, identified as a common ecotropic viral inte-
gration site 1 (EVI1) in murine myeloid leukemia, is known as a key tran-
scriptional regulator in hematopoiesis and is frequently involved in sporadic
myeloid leukemia.

Aims: To screen for the causative genetic alteration in a family with four affected
individuals out of three generations with radioulnar synostosis, incompletely
penetrant congenital thrombocytopenia, hearing impairment due to dysplastic
middle ear bones, patellar hypoplasia, and hand and foot dysmorphisms.
Notably, two of four affected individuals in our family developed adult onset
myeloid malignancies (i.e. myelodysplastic syndrome (MDS) with excess blasts
and MDS/myeloproliferative neoplasm-unclassifiable). No HOXA11 mutation
was identified in this family.

Methods: Whole exome sequencing was performed in three affected individuals
using a Nextera Rapid Capture kit and a NextSeq 500 instrument (lllumina,
Munich, Germany). Identified sequence variants were filtered for those that are
(i) called in all three subjects, (i) predicted to be damaging (SIFT, Polyphen, and
MetaLR), (iii) reported to have an allele frequency of <0.1% (1000G, ESP6500,
ExAc), and (iv) not listed in our in-house database of recurrent variants.
Results: Following this approach, a novel MECOM missense variant (i.e.
Cys766Gly, UniProtKB Q03112-1) was identified. The missense mutation
affects a heavily conserved cysteine residue in C,H,-zinc finger motif 9 in the
C-terminal zinc finger domain of MECOM. This residue is crucial for the tetra-
hedral coordination of a zinc ion stabilizing the zinc finger conformation and
thus, is essential for DNA binding of the C-terminal zinc finger domain.
Summary/Conclusions: Our findings confirm the causality of MECOM mis-
sense mutations targeting the C-terminal zinc finger domain in subjects with
RUSAT and indicate that MECOM needs to be considered in RUSAT pedigrees
with no HOXA 11 mutation. We report here for the first time that MECOM
germline mutations are associated with an increased risk for adult onset
myeloid malignancies. This extends the RUSAT-associated phenotype and
proposes that MECOM germline mutations can cause a genetic predisposition
to adult onset myeloid malignancy.

[BZ and DS contributed equally to this work].
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LOSS OF THE HOMOLOGOUS RECOMBINATION GENE RAD51 LEADS
TO FANCONI ANEMIA-LIKE SYMPTOMS IN ZEBRAFISH

J. Botthof1:23.", E. Bielczyk-Maczynska':24, L. Ferreiral2.3, A. Cvejic12:3
1Department of Haematology, University of Cambridge, 2Wellcome Trust
Sanger Institute, 3Wellcome Trust-Medical Research Council Cambridge Stem
Cell Institute, University of Cambridge, 4NHS Blood and Transplant, Cambridge,
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Background: Fanconi anemia (FA) is a hereditary DNA repair disorder charac-
terized by various congenital abnormalities, progressive bone marrow failure and
cancer predisposition. RAD51 has recently been designated as a Fanconi anemia
(FA) gene, following the discovery of two patients carrying dominant negative
mutations. RAD51 is an indispensable homologous recombination protein, nec-
essary for strand invasion and crossing over. It has been extensively studied in
prokaryotes and lower eukaryotes. However, there is a significant lack of knowl-
edge of the role of this protein and its regulation in an in-vivo context in vertebrates
due to the early embryonic lethality of murine Rad57 mutants.

Aims: Here we aim to utilize the powerful genetics and translucency of
zebrafish to dissect the role of rad57 in hematopoiesis and to explore the molec-
ular basis of Fanconi anemia pathogenesis.

Methods: Zebrafish carrying homozygous loss of function mutations in rad51



generated by ENU mutagenesis were characterized in terms of their hematopoi-
etic and non-hematopoietic phenotypes during embryonic development and
adulthood.

Results: The rad571 mutant fish developed key features of FA, including hypocel-
lular kidney marrow (equivalent to mammalian bone marrow), sensitivity to
crosslinking agents and decreased size. Interestingly, although mutants can sur-
vive to adulthood, they develop exclusively as sterile males. We show that some
of the hematological symptoms stem from both decreased proliferation and
increased apoptosis of embryonic hematopoietic stem and progenitor cells. Co-
mutation of p53 was able to rescue the embryonic and adult hematopoietic defects
seen in the single mutants, but led to early tumor development in the adult double
mutants. We further establish that prolonged inflammatory stress can exacerbate
the hematological impairment, leading to an additional decrease in kidney marrow
cell numbers linked to excess p53 expression (Figure 1).

Figure 1. Example image of a p53, rad51 double mutant fish with a tumor
behind the eye (A). Histological analysis showed the tumour to be a malig-
nant peripheral nerve sheath tumor (B). The scale bar is 500 and 10pm
respectively.

Summary/Conclusions: We demonstrate that zebrafish lacking functional
rad51 are viable and develop symptoms resembling FA. These findings
strengthen the assignment of RAD517 as a Fanconi gene and provide more evi-
dence for the notion that aberrant p53 signaling during embryogenesis leads
to the hematological defects seen during later stages of life in FA patients. Fur-
ther research on this novel zebrafish FA model will lead to a deeper under-
standing of the molecular basis of bone marrow failure in FA and the cellular
role of the RAD51 protein.
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A NOVEL TELOMERASE RNA COMPONENT VARIANT IN A FAMILY WITH
MACROCYTOSIS AND MILD VARIABLE CYTOPENIAS
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1Department of Haematology, University Hospitals Bristol NHS Trust, 2School
of cellular and molecular medicine, University of Bristol, Bristol, 3SBRC Blood
Theme and BRC/NHS Translational Molecular Diagnostics Centre, John Rad-
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Background: Telomerase RNA component (TERC), encoded by the TERC gene,
is an essential component of telomerase, a polymerase that adds the telomeric
repeat to the 3’ lagging strand of DNA during cell replication. TERC variants have
been causally associated with several haematological disorders, including auto-
somal dominant dyskeratosis congenita (DKC), aplastic anaemia, myelodysplas-
tic syndrome and acute leukaemia, sometimes accompanied by non-haemato-
logical phenotypes. Here we report a likely pathogenic TERC variant associated
with a haematological phenotype that predominantly affects the red cell lineage.
Aims: To describe the genotypic and phenotypic relationship of a new TERC
variant.

Methods: Genomic DNA samples were analysed for sequence variants using
the Oxford Red Cell Panel, a panel of 33 genes previously associated with
human red cell disorders. Sanger sequencing was used to confirm the genetic
variant. Telomere lengths were performed at the Laboratory for Molecular
Haemato-Oncology (LMH), Rayne Institute, Kings College Hospital.

Results: The index case AM (1.1) was a female who presented at age 56 with
fatigue, and was noted to have a longstanding non progressive mild macrocytic
anaemia with very minimal thrombocytopenia. Further investigations (Table 1)
revealed normal reticulocyte count, LDH, haematinics, thyroid function, liver and
renal function. Bone marrow aspirate demonstrated abnormal erythropoiesis
with nucleo-cytoplasmic asynchrony, nuclear atypia, ragged cytoplasm,
basophilic stippling and bi-nucleate forms. Granulopoiesis and megakaryopoiesis
were normal. The two daughters of I.1 also had abnormal blood counts and her
paternal grandfather died of “pernicious anaemia”. None of the family have
somatic features associated with DKC. The elder daughter (age 30) TW (II.1),
had isolated lifelong macrocytosis and previous mild neutropenia (Table 1). The
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younger daughter (age 27) BM (I1.2) had macrocytic anaemia, thrombocytopenia
(Table 1) and a recent pregnancy complicated by worsening thrombocytopenia,
pre-eclampsia, placental dysfunction, liver dysfunction and foetal loss. Following
delivery her liver function slowly returned to normal and a fibroscan was within
normal limits. All three pedigree members with macrocytosis had a
Chr3:169482668 (GRChr37) single nucleotide variant corresponding to a
n.181A>C substitution in TERC (relative to transcript ENST00000602385.1),
within the pseudoknot domain. Residue n.181 is highly conserved across mam-
malian species. This variant is absent from the gnomAD database of more than
230,000 TERC alleles, and the HGMD databases. The variant is within a TERC
region in which previously reported variants have been associated with haema-
tological phenotypes. In order to determine the pathogenicity of this variant,
telomere lengths were assessed and found to be short in both Case I.1 and 11.2
(Table 1). There were no other likely pathogenic variants in the Oxford Red Cell
Panel genes. Together, these observations suggest that the n.181A>C substi-
tution is causally associated with the macrocytosis phenotype.

Table 1.
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Representative laboratory test results

Summary/Conclusions: This report demonstrates a likely causal association
between a newly identified TERC variant, short telomere length and a relatively
mild haematological phenotype that is largely restricted to red cells. This empha-
sises the phenotypic heterogeneity associated with TERC variants, justifies the
rationale of screening multiple genes simultaneously and suggests that TERC
variant could potentially underlie a broader range of unexplained heritable blood
cell abnormalities.
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GENERATION OF X-LINKED DYSKERATOSIS CONGENITA-LIKE HUMAN
HEMATOPOIETIC STEM CELLS
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Background: X-linked Dyskeratosis congenita (X-DC) is an inherited syndrome
caused by mutations in the DKC1 gene that encodes for the dyskerin nucleolar
protein. These mutations reduce the telomerase activity leading to premature
telomere length attrition. Several organs can be affected in these patients, although
the bone marrow failure (BMF) is the main cause of death in X-DC patients (more
than 70% of cases). So far, the only curative treatment for BMF in DC patients is
hematopoietic stem cell (HSC) transplantation. However, risks derived from con-
ditioning regimes and the difficulties to find a compatible donor suggest that gene
therapy may constitute a promising alternative in treating DC patients.
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Aims: Because of the difficulties associated to the use of primary HSCs from DC
patients for experimental studies, this study was focused on the generation of X-
DC-like human HSCs by means of the down-regulated expression of dyskerin in
cord blood HSCs using different anti-DKC1 short hairpin RNAs (shRNA).
Methods: CD34* cells were obtained by immunomagnetic purification from
healthy human umbilical cord blood samples. These cells were then pre-stim-
ulated and exposed to two cycles of transduction with lentiviral vectors carrying
both an anti-DKC7 shRNA and the puromycin-resistance gene. Transduced
samples were then selected for 2 days with puromycin, and cultured in vitro or
transplanted into immunodeficient NSG mice to evaluate the effects of sShRNAs.
Results: Based on the inhibition of DKC1 gene expression, 3 shRNAs were
selected among 7 designed shRNAs. Interfered HSCs showed an inhibited
telomerase activity, as well as a reduced clonogenic and hematopoietic recon-
stitution potential in NSG mice. Additionally, an increase in DNA damage and
senescence was observed in DKC1-interferred CD34* cells.
Summary/Conclusions: /n vitro and in vivo data obtained from DKC17-inter-
ferred CD34* cells show that these cells mimic the phenotype of primary X-
DC-HSCs. The generation of X-DC-like HSCs will facilitate the understanding
of the molecular basis of the HSC defects characteristic of X-DC and contribute
to the development of new experimental therapies for the treatment of the BMF
of X-DC patients.
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STUDY OF EXTRACELLULAR VESICLES ROLES IN THE
PATHOPHYSIOLOGY OF THROMBOSIS IN PAROXYSMAL NOCTURNAL
HEMOGLOBINURIA PATIENTS DURING ECULIZUMAB TREATMENT:
A PILOT PROSPECTIVE LONGITUDINAL CLINICAL STUDY
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TDepartment of Pharmacy, University of Namur, Namur, 2CHU-UCL Namur,
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Yvoir, Belgium

Background: Paroxysmal nocturnal hemoglobinuria (PNH) is a disease char-
acterized by complement-mediated hemolysis (Brodsky et al. Hematology, 2008).
Complement can induce the production of extracellular vesicles (EV) (Burnouf
et al. Transfus Apher Sci, 2015). These EV are cell-derived vesicles whose the
size-range is around 50 and 1000nm. They can expose phosphatidylserine (PS-
anionic phospholipid) and tissue factor (TF), which explains their involvement in
the coagulation cascade (Owens et al. Circ Res, 2011). The EV could have a
role in the thrombus formation, the leading cause of death in PNH patients (Brod-
sky et al. Hematology, 2008; Simak et al. Br J Haematol, 2004; Hugel et al. Blood,
1999). Eculizumab, a human anti-C5 monoclonal antibody, used in the treatment
of PNH seems to decrease the thrombosis frequency (relative reduction of 85%
of thromboembolism event rate with the introduction of the treatment in the
patients) (Hillmen et al. Blood, 2007; Kelly et al. Ther Clin Risk Manag, 2009;
Weitz et al. Thromb Res, 2012; Al-Jafar et al. Hemato Rep, 2015).

Aims: The general purpose of this project is a better understanding about the
role of EVs in thrombosis in the context of PNH patients under eculizumab.
We assessed the impact of eculizumab on the EV quantification and on their
procoagulant activity, in order to check, if the antithrombotic activity of the
eculizumab could be in part explained by its interaction with the EVs.
Methods: We conducted a pilot prospective open label longitudinal clinical study
with six PNH patients treated with eculizumab. The study was led according to
the declaration of Helsinki and approved by the local Ethic Committee. Informed
consent was obtained for each patient. The aim was to measure, by flow cytom-
etry, the production of EVs in patient’s platelet-free plasma (PFP) before the start
of eculizumab, after 4 weeks and after 11 weeks of treatment. We also assessed
the procoagulant activity in PFP by STA®-Procoag-PPL assay and by thrombin
generation assay (TGA). Amore sensitive version of TGA was also performed to
study the procoagulant profile induced by the EVs (use of EVs pelleted from
PFP). We used mixed-effects linear regression (R 3.1.2 with nime package) with
logarithmic transformation for flow cytometry results. We compared the results
after 4 weeks or 11 weeks of treatment against the inclusion value.

Results: We observed a decrease in platelet EVs with the eculizumab treatment
(p<0.05). STA®-Procoag-PPL assay showed a decrease of the procoagulant
profile induced by procoagulant phospholipids (PL) with the treatment. These
results were not confirmed by TGA on PFP, due to a lack of sensitivity. By this
way, we performed a more sensitive version of TGA that allows to observe vari-
ation in the procoagulant profile induced by the EV with the eculizumab (p<0.05).
Summary/Conclusions: Eculizumab has an impact on the amount and the pro-
coagulant profile induced by the procoagulant PL and the EVs. The anti-thrombotic
performance of the eculizumab can be in part explained by its action on EVs.
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TELOMERE LENGTH SCREENING TRIGGERED BY CLINICAL SUSPICION
FOR CLASSICAL AND/OR CRYPTIC DYSKERATOSIS CONGENITA -
PROSPECTIVE RESULTS FROM THE AACHEN TELOMEROPATHY
REGISTRY
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Background: Classical Dyskeratosis Congenita (DKC) is a multisystem disorder
caused by defective telomere maintenance, mostly due to mutations in genes
related to functional activity of telomerase or accessibility of the telomeres them-
selves. Clinical characteristics are mucocutaneous abnormalities, bone marrow
failure, an increased predisposition to cancer and other variable features. While
classical DKC is typically diagnosed in childhood or adolescence, the incidence of
cryptic DKC variants typically presenting with a clinically more heterogeneous pic-
ture also involving the liver, gut and respiratory system in adults up to 50 years of
age is unknown. Accelerated shortening of Telomere length (TL) in peripheral
blood leucocytes represents the functional read-out of altered telomere mainte-
nance and thus allows for a screening of patients with suspected DKC. On the
basis of TL measured below the 1% percentile of age adjusted healthy controls,
next-generation-sequencing (NGS) analysis for underlying mutations was trig-
gered.

Aims: In this study, we report the first results of such a clinical routine screening
for telomeropathies carried out within the Aachen Telomeropathy Registry (ATR).
Methods: 184 patients from 52 participating centers (80% academic centers)
within Germany, Austria and Switzerland were screened for premature telomere
shortening and included with informed consent into the ATR since November
2014. Inclusion criteria and reason for screening was either the clinical suspi-
cion of the treating physician for a telomere maintenance disorder and/or the
recommendations of the German Society of Hematology and Oncology
(DGHO) published via Onkopedia. TL analysis of peripheral blood granulocytes
and lymphocytes was carried out using combined fluorescence in situ hybridiza-
tion and flow cytometry (flow-FISH). Mutations in genes suspected to cause
telomeropathies (i.e. TERT, TERC, DKC1, NOP10, NHP2, USB1, CTC1,
RTEL1, TIN2, TCAB1) were analyzed by NGS using customized primer panels
and amplicon-based sequencing on a Miseq sequencer (lllumina) in all patients
with TL in lymphocytes below the 1% percentile of healthy controls.

Results: Underlying initial diagnosis by the treating physician leading to TL
screening were aplastic anemia (AA, n=72, 39% of cases), unexplained cytope-
nias (UC, n=21, 11%), myelodysplastic syndrome (MDS, n=18, 10%), family
members (FM) of known DKC patients (FM-DKC, n=17, 9%), atypical squa-
mous cell cancer of the head-and-neck (SCCHN, n=10, 6%), paroxysmal noc-
turnal hemoglobinuria (PNH, n=9, 5%), acute myeloid leukemia (AML, n=5,
3%) as well as other disorders (e.g. lung fibrosis, Diamond-Blackfan-Anemia,
Dubowitz-syndrome, etc., n=32, 17%). Median age was 41.5 y (range from 0.5
to 88 y). TL screening revealed 20% (38/184) patients with lymphocyte TL and
16% (30/184) of patients with granulocyte TL below the 1% percentile. NGS
screening identified typical mutations associated with altered telomere main-
tenance in 15 out of 38 patients (40%) representing 8,2% of the total patient
population. Median age of patients with mutations was 45.0 y (range 21 to 68
y). Mutations were detected in RTEL1 (n=3), TERC (n=6), TERT (n=3) and
DKC1 (n=3). Mutations were observed in 5% of all AA, 12% of all UC, 50% of
all FM-DKC, 13% of all SCCHN, 20% of all screened AML patients.
Summary/Conclusions: We provide the first analysis of a routine TL screening
program (within the ATR) for clinically suspected telomeropathy in patients up
to the age of 88 y. TL screening is feasible in a routine clinical setting identifying
approximately 20% of all samples to reside below the 1% percentile. Genetic
testing confirmed the diagnosis of cryptic DKC in a variety of initial diagnoses.
This study highlights both the diagnostic value of TL screening for cryptic DKC
as well as its underrated incidence in adults. Proper diagnosis of DKC however
is of utmost importance given its significant individual clinical implications
towards prognosis, treatment and family counseling.
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TRANSPLANTATION IN PATIENTS WITH ACQUIRED APLASTIC ANEMIA
OVER THE AGE OF 40: MORTALITY HAS NOT BEEN REDUCED IN
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Background: Mortality following HSCT in SAA pts over the age of 40 is reported
to be in the order of 50%, without taking in to account long term sequelae such
as chronic GvHD, known to be more frequent in older patients. This has prompt-
ed international guidelines to recommend first line immunosuppressive therapy
above 40 years of age. The question is whether this is still true in 2017.
Aims: Assess whether TRM in SAA patients grafted 2010-2015 is reduced, as
compared to the era 2001-2009.

Methods: We used the WPSAA EBMT registry, and identified 748 pts aged 40
years or more, with acquired SAA, grafted between 2001 and 2015. We divided
pts in 2 transplant eras:2001-2009 (n=327) and 2010-2015 (n=407). In the
more recent period (2010-2015) pts were older (53 vs 49 year, p<0.01), were
more often grafted from alternative donors (ALT) (64% vs 43%, p<0.01), with
a greater use of BM (54% vs 41%, p<0.01), and with a longer interval dx-tx
(317 vs 258 days , p0.01), and more often received a fludarabine containing
regimen (55% vs 42%, p<0.01).

Results: The overall survival 5 year survival of pts grafted in 2001-2009 was
57% , compared with 55% for pts grafted 2010-2015 (p-=0.7). In multivariate
analysis, including the interval diagnosis transplant, patient’s age, donor type,
stem cell source and conditioning regimen, the lack of improved survival in
2010-2015 was confirmed (p=0.3).A very strong age effect was shown both in
univariate and multivariate analysis: survival of pts aged 40-50 years, 51-60
years and >61 years , was respectively 64%, 54%, 41% (p<0.0001) and this
was confirmed in multivariate analysis. The conditioning regimen , also proved
to be a significant predictor, with improved survival for ALT transplants receiving
FLU containing regimens (56% vs 46%, p<0.001). In general pts receiving
either CY200 or a FLU containing regimen , did significantly better than pts
receiving other preparative regimens (58% vs 50%, p=0.02). The use of a
sibling donor (SIB) did not prove to predict survival in multivariate analysis. Pts
receiving Campath in the conditioning , did significantly better than pts not
receiving Campath (65% vs 54% p<0.01); similarly survival of patients with
ATG was superior 59% vs 41% compared to patients not receiving ATG
(p<0.01). When pts receiving either Campath or ATG (n=564) were compared
to patients not receiving either (n=161), the difference in survival was 61% vs
41% (p<0.0001), and this was significant also in multivariate analysis. Com-
bined primary and secondary graft failure was reduced from 16% to 12% in the
two time periods (p=0.02), acute GvHD grade II-IV was reduced from 15% to
11% (p=0.1) and chronic GvHD was also reduced from 32% to 26%
(p=0.04) Infections remain the leading cause of death in both transplant eras
(18% and 22% respectively), followed by GvHD (5% and 4%) and graft failure
(5% and 2%), whereas PTLD have been reduced from 3% to 0,5% (Figure 1).

Outcome of acquired SAA aged > 40 years : median 50 yy (40-77)
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Figure 1.

Summary/Conclusions: HSCT in pts with acquired SAA aged 40 and over,
continues to carry a significant risk of TRM also in 2010-2015, ranging from
36% in younger pts (40-50) to 59% in older pts (>60 years). Survival is predicted
in multivariate analysis, by two crucial predictors:patients age and the use of
either Campath or ATG,the latter giving a 20% survival advantage over no Cam-
path /ATG. ALT and SIB donors produce similar survival. This study gives further
support to current guidelines, suggesting first line therapy with ATG+CsA, in
pts over the age of 40.
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CLINICAL AND GENETIC DIVERSITY IN DIAMOND-BLACKFAN ANAEMIA:
AN UPDATE FROM THE UNITED KINGDOM

D. Iskander!”, C. Miller2, M. Alikian3, Y. Harrington 2, Q. Al-Oqaily?, I. Roberts#,
A. Karadimitris?, J. de la Fuente®

1Centre for Haematology, Imperial College London, 2Department of Paediatrics,
St. Mary’s Hospital, Imperial College Healthcare Trust, 3lmperial Molecular
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Pathology Laboratory, Imperial College Healthcare Trust and Academic Health
Sciences Centre, London, 4Department of Paediatrics, Children’s Hospital and
Molecular Haematology Unit, Weatherall Institute of Molecular Medicine, Oxford
University and John Radcliffe Hospital, Oxford, SDepartment of Paediatrics, St.
Mary’s Hospital, Imperial College Healthcare Trust, London, UK, London, United
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Background: Diamond-Blackfan anaemia (DBA) is an inherited bone marrow
failure syndrome (IBMFS) caused by mono-allelic, loss-of-function mutations
in ribosomal protein (RP) genes. DBA s rare and has a wide spectrum of clinical
manifestations, hence the utility of patient registries.

Aims: We evaluated the clinical and genetic spectrum of DBAin a large cohort
of patients in the UK, aiming to identify novel features of the disease.
Methods: We performed a retrospective analysis of data from 103 confirmed
cases of DBA, including 4 multiplex families. All living patients had undergone
at least one assessment at our specialized centre in the last 5 years. Data were
collected from family interviews, patient records and referring clinicians.
Results: The 103 patients with DBA were born in a 48-year period (1967-2015),
i.e., an incidence of 3 per million live births. Demographic and clinical charac-
teristics are shown in Table 1. NGS analysis of 80 RP genes plus GATA-1 iden-
tified pathogenic mutations in 71% of cases and 7 putative novel mutations,
currently undergoing validation. To date, mutation screening of both parents
has been performed in 32 families with DBA. Twenty-five mutations are sporadic
while 7 are autosomal dominant; in 3 of the latter, the parent is a silent ‘carrier’
without anaemia. In one case of an affected child, the causative mutation was
undetected in the peripheral blood of both parents but was present in 7/22
embryos generated for in vitro fertilisation, suggesting germline mosaicism.
80.5% of cases in our cohort presented within the first year of life. For the first
time we report a high rate of perinatal problems in DBA. Prematurity +/-
intrauterine growth restriction (IUGR) occurred in 31/87 (35.6%) of evaluable
patients. Specific abnormalities included: hydrops fetalis (3/87), prematurity
(22/87) and IUGR (16/87). In addition to congenital anomalies classically asso-
ciated with DBA, we identified abnormalities of the spine and axial skeleton in
9.2% of patients. These did not correlate with a particular genotype. Our cohort
exhibited multiple comorbidities, including some not previously reported to be
associated with DBA: herniae (10.7%), neuropsychiatric (17.4%) and gastroin-
testinal (Gl) disorders (25.7%). These complications were not associated with
particular treatment regimens. In terms of the natural history of DBA, a lower
proportion of our patients (22%) than previously reported in the literature (40%)
were able to maintain a normal Hb on long-term steroids. Three patients failed
a metoclopramide trial. In total there were 4 incidents of malignancy (MDS, B-
ALL, BCC and cervical intraepithelial neoplasia) in 4 different patients. The
lower incidence in our cohort compared with that reported by the North Amer-
ican DBA registry may be explained by differences in the median ages of the 2
cohorts (12y versus 18y, respectively) and the shorter follow-up of our patients.

Table 1.
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Summary/Conclusions: This retrospective analysis of the UK’s DBA cohort
confirmed several findings from other registries but also revealed novel features,
including a high prevalence of i) premature birth and neonatal complications ii)
abnormalities of the axial skeleton and iii) neuropsychiatric disorders. Prospec-
tive longitudinal studies are warranted to better characterise these co-morbidi-
ties and to confirm whether they are intrinsic to DBA or arise as complications
of treatment. Above all, the observed clinical heterogeneity in our cohort high-
lights the need for novel therapies that target the multisystem manifestations
of DBA, not just the anaemia.
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BONE MARROW FAILURE SECONDARY TO NOVEL/KNOWN PRIMARY
IMMUNODEFICIENCY-RELATED MUTATIONS. A SINGLE CENTER
ANALYSIS

M. Miano?.", A. Grossi2, L. Fanciullo?, M. Lanciotti!, F. Fioredda?, E. Palmisani?,
F. Pierri!, S. Giardino3, E. Cappelli!, T. Lanza’, P. Terranova', M. Calvillo?,
C. Micalizzi', F. Giona#, M. Santopietro4, K. Zhang®, I. Ceccherini2, C. Dufour?
THaematology Unit, 2Molecular Genetic Unit, 3Stem Cell Transplantation Unit,
IRCCS Istituto Giannina Gaslini, Genova, 4Haematology, Dep. of Cellular
Biotechnologies and Haematology, La Sapienza University, Roma, Italy, SDivi-
sion of Human Genetics, Cincinnati Children’s Hospital Medical Center, Cincin-
nati, United States

Background: Differential diagnosis between acquired and congenital forms
of Marrow Failure (MF), has always represented a crucial point in the diagnostic
work-up, since genetic forms do require a different therapeutic approach. It is
also known that patients with congenital MF may also show immunodeficiency
that, in some cases, can represent the first/ or revalent sign of the disease and
therefore can be misinterpreted as a Primary Immunodeficiency (PID). On the
other hand, patients with PIDs may also show MF as a result of an immune-
mediated attack of marrow precursors thus generating a phenotypic overlap
that can impair the correct diagnosis.

Aims: In this report we analyzed all patients with MF evaluated in our Unit with
the aim to identify the type and incidence of underlying molecular defects, in
particular those related to PIDs.

Methods: We retrospectively evaluated all diagnosis performed in patients
with single/multi-lineage MF followed in our Unit. DEB test was used to screen
Fanconi Anemia (FA). Other congenital MFs have been searched by Sanger
and/or NGS molecular analysis depending on the available tools over the years.
Results: Between 2009-2016, 88 patients have been studied for single-lineage
(25) or multilieage (63) MF. 48 (54%) were classified as having an acquired
MF, 27 (30%) were diagnosed with a congenital MF (FA 11, Diskeratosis Con-
genita 5, Severe Congenital Neutropenia 6, Blackfan-Diamond Anemia 3, Con-
genital Amegakaryiocitic Thrombocytopenia 2), and the remaining 13 patients
(14%) were found to have an underlying PID. Table 1 shows clinical character-
istics and mutations of patients with PIDs.

Table 1.

Summary/Conclusions: This report shows that patients presenting with sin-
gle/multi-lineage MF may have an underlying PID in a considerable number of
cases. We also show that MF represented the most relevant clinical sign in
patients with PI3KCD, TACI, or CD40L mutations, thus widening their clinical
phenotype. We conclude that an accurate immunological work-up should be
performed in all patients with MF and that PIDs-related genes should be includ-
ed in the molecular screening of MF in order to identify specific disorders that
may potentially receive targeted treatment and/or the appropriate conditioning
regimen for SCT.
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COVERSIN, A NOVEL C5 COMPLEMENT INHIBITOR, FOR THE
TREATMENT OF PNH: RESULTS OF A PHASE 2 CLINICAL TRIAL
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J. Windyga®, A. Hellman®

1St James's Institute of Oncology, Leeds Teaching Hospitals, Leeds, 2Akari
Therapeutics Plc, 3Haemostasis Research Unit, University College London,
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Lodz and Copernicus Memorial Hospital, Lodz, SDepartment of Disorders of
Haemostasis and Internal Medicine, Institute of Haematology and Transfusion
Medicine, Warsaw, 6Department of Haematology, Gdansk University Hospital,
Gdansk, Poland

Background: Paroxysmal nocturnal haemoglobinuria (PNH) leads to episodic
haemolysis secondary to an acquired deficiency of PIGA anchor molecules on
the surface of erythrocytes which play a critical role in protecting the cells from
complement mediated lysis. Until the advent of eculizumab, a monoclonal anti-
body which prevents the cleavage of C5 to C5a and C5b, PNH was associated
with considerable morbidity and a poor long-term prognosis. However,
eculizumab needs to be administered by health care professionals by intra-
venous infusion which may interfere with the life-styles, occupations and per-
sonal privacy of patients and the interval dosing has led to concerning break-
through haemolysis. Coversin is a protein suitable for small-volume subcuta-
neous (SC) injection which can be self-administered by patients.

Aims: The aim of this study is to investigate the safety and efficacy of the com-
plement C5 inhibitor Coversin in the treatment of PNH.

Methods: A Phase 2 single arm open label trial of Coversin is currently ongoing
under which patients, either newly diagnosed with PNH or who have not pre-
viously had access to complement inhibitors, are treated for 90 days. Coversin
is supplied as a lyophilised powder, reconstituted with water for injection to
give a buffered aqueous solution of Coversin 30mg/mL. The trial population
consists of up to 10 adult patients with a diagnosis of PNH confirmed by flow
cytometry. Treatment commences with an ablating regime (AR) consisting of
a fixed dose of 60mg followed by 3 doses of 30mg q12 hours delivered by SC
injection. After being suitably instructed patients are encouraged to self-inject
the drug. Following the AR, a dose of 15mg q12 hours is given for a further 26
days when, if the patient’s disease is well controlled, they switch to 30mg q24
hours for the remainder of the trial. The dose can be increased by two incre-
mental steps according to a pre-specified algorithm for patients not satisfactorily
controlled on the basis of serum lactate dehydrogenase (LDH) or clinical
grounds at any time during the 90-day period. The primary endpoints are safety
and reduction of serum LDH to 1.8 X the upper limit of normal (ULN) for the
local laboratory. Secondary endpoints include LDH at 28, 60 and 90 days, ter-
minal complement activity assessed by CH50 ELISA (Quidel®), sheep ery-
throcyte haemolysis assay, PK (free and bound Coversin levels), anti-drug anti-
bodies (ADA) and quality of life.

Results: The trial is still ongoing and has currently enrolled 5 patients, four of
whom remain on Coversin. Three patients have required single dose increases
during the initial 28-day period, one of whom was later withdrawn when a co-
morbidity was suspected. Two patients have moved to a single daily dose.
Updated results of these and any patients enrolled subsequently will be pre-
sented. To date 2 patients have achieved the primary efficacy endpoint, two
have not yet reached the 28-day point. There have been no serious or signifi-
cant adverse events and the drug has been well-tolerated. A few mild injection
site reactions have been recorded but these appear to diminish with time. There
has been no evidence of the formation of neutralising antibodies.
Summary/Conclusions: It currently appears that treatment with Coversin is
safe and effective in controlling hemolysis in PNH and that patients are capable
of self-administering the drug. Coversin may be an effective alternative for
patients with PNH who prefer the independence of self-administration. The rel-
atively short dose interval may also help to reduce breakthrough events due to
trough levels of drugs administered at two weekly intervals or longer.
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GERMLINE RARE VARIANT ASSOCIATION ANALYSIS IN CHRONIC
LYMPHOCYTIC LEUKEMIA
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Background: CLL is a highly heritable cancer. Although GWAS have identified
~30 independent SNPs associated with CLL, these are estimated to account
for only 19% of the inherited component of CLL.

Aims: We hypothesized that this missing heritability might arise from rare cod-
ing variants (MAF <0.01), and sought to identify these through an exome-wide
association study comparing rare germline variants between CLL patients and
controls.

Methods: We investigated 516 CLL patients of European descent who were
compared to 8,920 ethnically matched, non-cancer population controls. CLL
cohorts included 235 CLL patients from DFCI (128 previously reported, 107
unpublished exomes), and 281 CLL patients enrolled on the CLL8 trial of the
German CLL Study Group (WES data reported previously). An additional 130
CLL patients in an extension cohort included 24 from our published whole-
genome sequencing study and 106 from an early publication of the ICGC. Non-
cancer controls came from 3 sources: 2,520 from the 1000 Genomes Project;
6,852 from the Exome Sequencing Project; and 7,611 from a study of genetic
risk for myocardial infarction. We combined these heterogeneous datasets by: (i)
processing sequencing data from all cohorts together and consistently; (ii) jointly
calling the variants across all cases and controls; and (iii) analyzing only ethnically
matched, unrelated samples over DNA sites with sequencing coverage sufficient
to achieve high-confidence genotype calls. This quality control resulted in 8,920
controls available for the association analysis. We further controlled for residual
population stratification by correcting for three principal components.

Results: Using an unbiased, gene-based rare variant association analysis com-
paring cases to controls, we identified two genes significantly enriched for rare
coding variants in CLL cases: CDK1 and ATM (OR 5.8, C.1.2.6-13.1, p=5.8x10-7
and OR 1.6, C.I. 1.3-2.0, p=1.4x10, respectively). CDK1 variants were observed
in 8 of 516 CLLs and 24 of 8,920 controls (1.6% vs 0.3%, OR=5.8, 95% Cl 2.6-
13.1). One recurrent missense variant, CDK1 p.R59C, observed in 5 cases and
10 controls, is predicted to be possibly damaging by the PolyPhen2 prediction
tool, and is driving the association. The second significant gene was ATM, in
which we found a total of 112 cases carrying 52 distinct rare germline variants
and 1296 controls carrying 292 rare variants (21.7% vs 14.5%; OR=1.6, 95% CI
1.3-2.0). The majority of recurrent rare variants in ATM were non-synonymous
missense variants, with L2307F one of the most enriched (2.3% cases, OR=10.1,
4.9-20.7). Subsequent validation in 149 independent CLL cases revealed a similar
frequency of 2.01% (3 out of 149) of the L2307F variant. We then added 130
CLL cases and performed an expanded joint analysis, which has been shown to
improve the statistical power of detecting genetic associations compared to a
two-stage replicate analysis. We identified 42 additional patients with rare ATM
variants, and the significance of ATM was greatly increased (q=0.00016, OR
1.79, Cl 1.49-2.15). We integrated somatic and germline sequencing data and
found that patients with rare germline variants in ATM were more likely to harbor
an additional ATM somatic lesion (p=9.1x10-4). Furthermore, 80% of patients
with both a rare germline variant in ATM and a somatic 11q deletion lost the wild-
type ATM allele during deletion (p=0.012), suggesting that the germline variants
behave as tumor suppressor alleles.

Summary/Conclusions: To our knowledge this analysis represents the first
germline association analysis based on exome sequencing data in CLL, and
our results implicate rare germline variation in ATM in CLL predisposition.
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DIFFERENTIAL ENHANCER TRANSCRIPTION ASSOCIATED WITH RISK
ALLELE GENOTYPE IN CLL
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Background: Genome-wide association studies (GWAS) have identified mul-
tiple loci that are statistically associated with CLL susceptibility. These single
nucleotide polymorphisms (SNPs) are primarily located in non-protein coding
genomic regions. Data suggest that these variants are enriched in regulatory
elements.

Aims: We tested the hypothesis that CLL risk variants are in or near regulatory
elements that influence nearby target genes.

Methods: To investigate SNP allele-specific impacts on gene expression, we
selected 15 SNPs from 13 loci that achieved genome wide significance in initial
CLL GWAS studies. We investigated either the published GWAS SNP (if pres-
ent on the Affymetrix 6.0 SNP array) or proxy SNP(s) chosen using the SNP
Annotation and Proxy Search (SNAP) software, based on their high linkage
disequilibrium (LD) (r2>0.68) with the selected GWAS SNP. Genotypes were
determined in tumor (n=143) and saliva (n=79) DNA from CLL patients (who
had provided written informed consent); tumor and saliva DNAs were concor-
dant in at least 96% of cases (except rs477184 at 92%). Given the high con-
cordance with saliva, which is likely related to the stable genome of CLL, SNP
genotypes from tumor samples were used for the analysis in order to signifi-
cantly increase our sample size. Allele-specific gene expression was then eval-
uated in tumor samples (n=143) using Affymetrix U133 Plus 2.0 array gene
expression data, focusing on genes within 1 Mb in either direction from a given
SNP. In order to elucidate whether these associations were due to functional
effects on transcription, we used a novel assay called precision run-on sequenc-
ing (PRO-seq). PRO-seq efficiently maps active transcription regulatory ele-
ments (TREs) and provides a sensitive, quantitative and directional map of
transcriptionally-engaged RNA polymerases. The algorithm, discriminative reg-
ulatory-element detection from GRO/PRO-seq (dREG), is then used to predict
the presence of TREs from raw PRO-seq data, allowing for identification of
functional elements in the vicinity of SNPs and quantification of their allele-spe-
cific effect on enhancer activity and gene transcription.

Results: Our gene expression analysis demonstrated 6 significant SNP-gene
associations: rs674313 (6p21.3) with HLA-DQA1 (p <0.0001), rs872071
(6p25.3) with IRF4 (p=0.01), rs4777184 (15923; proxy for rs7176508) with
TLE3 (p=0.009), rs783540 (15925.2) with CPEB1 (p=0.01), rs305088 (16924.1;
proxy for rs305061) with COX4NB/EMCS8 (p=0.03) and rs4802322 (19q13.32;
proxy for rs11083846) with FKRP (p <0.0001). Two associations were success-
fully validated in a completely independent gene expression replication analysis
(n=54): rs674313 with HLA-DQA1 (p<0.0001) and rs4777184 with TLE3
(p=0.0118). To annotate candidate regulatory elements, we evaluated tran-
scription level at or near all six significant SNPs in the initial gene expression
analysis in a cohort of 12 CLL samples. Transcription level at or near 3 SNPs
(rs674313, rs4777184, rs305088) correlated with genotype in a dose dependent
manner. When we expanded the analysis to the entire region of LD around
each SNP, we were able to demonstrate a dose-dependent effect in all SNPs
except rs872071.

Summary/Conclusions: We conclude that PRO-seq and dREG analysis iden-
tifies evidence of active differential transcription based on genotype in the region
of 5 out of 6 GWAS-identified SNPs that we have investigated so far.
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BIALLELIC TP53 GENE MUTATIONS DUE TO COPY-NEUTRAL LOSS OF
HETEROZYGOSITY AND MONOALLELIC MUTATIONS IN ABSENCE OF
17P DELETION OCCUR IN CLL WITH COMPARABLE FREQUENCY
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Background: TP53 gene defects represent an adverse prognostic marker in
chronic lymphocytic leukemia (CLL). In the majority of affected cases, TP53 is
inactivated on both alleles due to the concurrent mutation and 17p deletion
[del(17p)]. However, in about one third of cases, only TP53 mutation (TP53mut)
without deletion is detected. It was reported that in some of these patients,
copy-neutral loss of heterozygosity (cn-LOH), also leading to biallelic TP53
defect, might be present; however the frequency of such event has not been
thoroughly investigated.

Aims: We aimed to perform a detailed analysis of the second TP53 allele status
in cases with a TP53 mutation in the absence of del(17p), and to assess genom-
ic makeup and clinical outcome in these patients.

Methods: We searched for patients with TP53mut in absence of del(17p) within
the cohort of 200 CLL patients positive for TP53mut as determined using FASAY
(Functional Analysis of Separated Alleles in Yeast) coupled to direct sequencing;
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17p13 deletions were assessed by FISH (MetaSystems). More than a half of
the cohort (57%) was also tested using ultra-deep NGS for TP53 exons 2-11.
Genome-wide analysis was performed on CytoScanHD arrays (Affymetrix) and
correlated to conventional cytogenetics (CpG/IL-2 stimulation).

Results: Out of the cohort positive for TP53mut, 72/200 patients (36%) harbored
single dominant TP53mut without del(17p). We selected 43 of these cases with
variant allele frequency (VAF) >10% for CytoScan analysis to explore the potential
presence of 17p cn-LOH. In 42% (18/43) of the cases, cn-LOH in 17p locus was
detected in a proportion of CLL clone correspondingly to the TP53 VAF (median
TP53 VAF 59.4%, range 12.9-99.9%). In 3/43 cases, heterozygous deletion pre-
viously undetected by FISH was newly revealed. Thus, the truly monoallelic
mutations were confirmed in 51% (22/43) of the cases, where no cytogenetic
abnormality in 17p locus was observed (median TP53 VAF 43.5%, range 10.5—
51.3%). Applying a VAF cut-off of 55% indicating fully expanded heterozygous
mutation (taking into account the potential unequal representation of forward and
reverse strands in NGS data), 7/29 (24%) cases below the cut-off still harbored
17p cn-LOH. These results show that it is not possible to use an arbitrary VAF
cut-off (>50%) to identify biallelic mutations due to cn-LOH. When we compared
genomic complexity of leukemic clones with monoallelic vs biallelic TP53mut as
determined by the CytoScan array, the latter group exhibited significantly more
genomic abnormalities (p=0.0388) and also preference for different recurrent
chromosomal abnormalities (p<0.0001; 17p locus excluded from this analysis).
However, there was no significant difference in overall survival between the
groups (p=0.5856).

Summary/Conclusions: cn-LOH in 17p locus is present in approximately half
of the patients with single dominant TP53mut and results in biallelic TP53 gene
inactivation despite the absence of del(17p); truly monoallelic TP53 gene muta-
tions with an intact second allele occur in CLL with comparable frequency.
Although 17p cn-LOH is associated with increased genomic instability, it does
not have worse impact on clinical outcome than truly monoallelic TP53mut.
Supported by the projects AZV-MZCR 15-31834A, 15-30015A, 15-29793A,
the EU Horizon2020 project No. 692298, and MEYS CEITEC2020 LQ1601.
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INTERGRATED OLIGO/SNP ARRAY- AND NEXT GENERATION
SEQUENCING BASED ANALYSIS IS REQUIRED TO DETERMINE TP53/17P
STATUS IN CLL PATIENTS

M. Stevens-Kroef!", A. Eijkelenboom?!, L. Kroeze!, D. Olde Weghuis®,
P. Groenen

TRadboud university medical center, Nijmegen, Netherlands

Background: B-cell chronic lymphocytic leukemia (CLL) exhibits a highly het-
erogeneous clinical course, with overall survival rates varying from several
months to decades. Mutation status of the IGHV genes and specific genomic
abnormalities, such as deletion of 11922 en loss of the 13914 region provide
prognostic information. However, more importantly deletion of 17p and/or the
presence of a TP53 mutation, which are both associated with a poor prognosis
identify CLL patients with the highest risk profile. Recently clinical trials with
tyrosine kinase inhibitors such as ibrutinib and idelalisib have demonstrated
good responses in CLL patients with 17p deletion and/or TP53 mutations. In
many studies interphase fluorescence in situ hybridization (FISH) for the detec-
tion of 17p deletions and Sanger sequencing of exons 4-10 of the TP53 gene
are applied, resulting in incorrect classification of patients belonging to the
highest risk group, due to absence of information regarding the heterozygosity
status and low sensitivity of the sequencing technology.

Aims: We have applied an integrated approach to determine the TP53/17p
status in CLL patients using oligo/SNP-based array which allows a genome-
wide detection of copy number alterations (CNAs), down to 100 kb in size, and
regions of copy neutral loss of heterozygosity (CNLOH). In addition the pres-
ence of TP53 mutations was evaluated with high sensitivity using next gener-
ation sequencing approaches.

Methods: We have studied bone marrow or peripheral blood samples of 179
CLL patients that were referred to our diagnostic genetic center for analysis of
17p deletion, 17p CNLOH and the TP53 mutation. To determine the TP53
mutation status (exons 2-11) sequence analysis was performed by next gen-
eration sequencing with a sensitivity up to 1% mutant allele frequency. For the
determination of the 17p status we have used a high resolution CytoScan HD
Array (Affymetrix) platform which allows the detection of copy number alter-
ations (e.g. deletions) as well as CNLOH.

Results: Twenty-one of the 179 CLL patients exhibited a loss or CNLOH of
the short arm of chromosome 17 as demonstrated by oligo/SNP-based array.
Eight of these cases had a CNLOH of 17p and would not have been observed
in case interphase FISH had been performed. In addition, by applying TP53
mutation analysis 26 patients were identified in whom the TP53 gene was inac-
tivated. In six of these cases the mutant allele frequency was below 20% and
would have escaped detection by Sanger sequencing. Therefore ten of the 26
(38%) patients with TP53/17p aberration would not have been indentified in
case diagnostics was based on FISH and Sanger sequencing. To evaluate
whether both alleles of the TP53 gene were inactivated the data of the 17p
deletion, 17p heterozygosity status and TP53 mutation status were integrated.
It appeared that in all 13 patients with a 17p deletion the other TP53 allele was
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inactivated due to a mutation. In all patients demonstrating CNLOH of the chro-
mosome 17p region the TP53 gene was also inactivated due to a mutation. In
the other 5 patients with a TP53 mutation no loss or CNLOH of 17p was demon-
strated. However, two of these patients harbored two different TP53 mutations,
suggestive for inactivation of both TP53 alleles.

Summary/Conclusions: By applying an integrated approach for determination
of the TP53/17p status a substantial higher amount of patients were categorized
to the highest risk group of CLL patients with TP53/17p abnormalities.
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CYTOGENETIC CLONAL EVOLUTION OCCURS AT THE TIME OF DIS-
EASE PROGRESSION DURING IBRUTINIB THERAPY IN PATIENTS WITH
RELAPSED/REFRACTORY CLL

P. Thompson'”, J. Burger!, M. Keating'!, S. O'Brien2, P. Jain', A. Ferrajolil,
N. Jain, E. Zeev!, W. Wierda'

1Department of Leukemia, MD Anderson Cancer Center, Houston, 2Chao Com-
prehensive Cancer Center, University of California, Irvine, United States

Background: Patients (pts) with del(17p) and complex karyotype (CKT) have
increased likelihood of disease progression during ibrutinib therapy for CLL.
Cytogenetic clonal evolution (CCE) is frequent at the time of disease progres-
sion following chemotherapy, particularly emergence of del(17p). Additionally,
pts with del(17p) or TP53 mutations frequently develop additional copy number
alterations (CNAs) following chemotherapy.

Aims: To determine whether CCE occurs during ibrutinib therapy and at dis-
ease progression.

Methods: We analyzed 336 pts treated on investigational studies with ibrutinib
or ibrutinib plus rituximab for CLL. In pts who progressed, we analyzed FISH
and cytogenetic results pre-treatment and at progression, to identify CCE. Addi-
tionally, we identified a sub-group of 97 relapsed/refractory pts who had serial
FISH analysis performed in bone marrow 21 year apart, to determine whether
there were significant changes in sub-clonal composition of CNAs detected by
FISH during treatment in the absence of disease progression.

Results: In total, 37 of 336 pts (11%) progressed during ibrutinib-based ther-
apy. Of these pts, 15 had FISH analysis both pre-treatment and at progres-
sion: pre-treatment, 10 had del(17p), 1 had del(11q) and 4 had isolated
del(13q). All 4 of the pts with isolated del(13q) pre-treatment had new sub-
clonal FISH abnormalities detected at progression: two pts had del(17p), 1
had del(11q); a 4th pt developed two additional copies of all targeted regions
at progression, suggestive of tetraploidy. The pt with del(11q) pre-treatment
who progressed developed Richter Transformation (RT) in the bone marrow
at progression, without either del(11q) or del(17p) identified by FISH, sug-
gesting that the RT arose from a common ancestral clone without del(11q)
or was clonally unrelated. Median FISH%del(17p) pre-treatment in those with
del(17p) was 72%; only 1 pt had <50% del(17p) pre-treatment. All these pts
had persistence of del(17p), at progression, without significant changes in
allelic frequency. Two pts with del(17p) pre-treatment had additional abnor-
malities detected by FISH at progression: sub-clonal biallelic del(13q) was
seen in two pts, one of whom also developed tetrasomy 12. In the absence
of disease progression, the only CCE detected was emergence of small sub-
clones with biallelic del(13q) in two patients who initially had monoallelic
del(13q). Notably, in responding pts, there was no expansion of high-risk
sub-clones. Conventional karyotyping was performed in 10/37 patients who
progressed both pre-treatment and at progression. In 4 pts, CCE was iden-
tified at progression, including 17 new abnormalities in one pt. All 4 pts had
complex karyotype and del(17p) by FISH pre-treatment and 3 of 4 had evi-
dence of multiple, related, complex sub-clones pre-treatment. Figure 1 shows
inferred clonal evolution pattern for one pt.
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Summary/Conclusions: Emergence of high-risk clones containing del(17p)
and or del(11q) may be seen at disease progression in ibrutinib-treated patients.
Analogous to allelic expansion of TP53 mutations after chemotherapy, we
hypothesize that small del(17p) or del(11q) subclones were present prior to
therapy in these pts, below the sensitivity of existing FISH techniques and
expanded under the selective pressure of ibrutinib treatment. Development of
a more sensitive technique to identify small sub-clones with del(11q) or del(17p)
may therefore be important. Additionally, complex CCE occurred at progression
in several cases, indicating genomic instability and potentially contributing to
therapeutic failure.
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LANDSCAPE OF SOMATIC MUTATIONS AND THEIR IMPACT ON
RESPONSE AND OUTCOMES FROM LENALIDOMIDE-BASED
THERAPIES IN PATIENTS WITH CHRONIC LYMPHOCYTIC LEUKEMIA

B. Hu'’, F. Wang?, Y. Yuanging?3, E. Kim4, K. Patel5, P. Strati!, C. Gumbs?,
L. Little2, S. Tippen2, X. Song?, J. Zhang?, N. Jain4, P. Thompson#4, K.-A. Do3,
M. Keating4, J. Burger4, A. Ferrajoli4, W. Wierda#4, A. Futreal?, K. Takahashi4
1Cancer Medicine, 2Genomic Medicine, 3Biostatistics, “4Leukemia,
5Hematopatho|ogy, MD Anderson Cancer Center, Houston, Texas, United
States

Background: Lenalidomide, either as a single agent or in combination with
anti-CD20 monoclonal antibody, is clinically active in CLL and offers durable
response in some pts. Predictive and prognostic impact of somatic mutations
are not well known in pts with CLL who have received lenalidomide-based
therapies.

Aims: Investigate the overall landscape of CLL gene mutations in both previ-
ously untreated and relapsed/refractory (R/R) pts. Determine associations
between CLL gene mutations and clinical characteristics. Establish predictive
and prognostic impact of CLL mutations in the context of lenalidomide-based
therapies.

Methods: In the 288 pts with CLL who were treated in one of the lenalidomide-
based clinical trials at our institution, we performed targeted gene capture
exome sequencing of 295 genes that have been recurrently mutated in hema-
tologic malignancies on pre-treatment samples. This sequencing platform also
included more than 1000 cyto SNP position that allowed copy number variation
(CNV) estimation. We used Mutect and Pindel algorithms to call high-confidence
somatic mutations and used in-house algorithm to detect copy number varia-
tions (CNVs) in CLL samples.
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Figure 1.

Results: Among the 288 CLL pts treated with lenalidomide, 102 (35%) were
previously untreated and 186 had R/R CLL. Ninety two patients (32%)
received lenalidomide as a single agent and 196 patients (68%) received in
combination with rituximab or ofatumumab. In total, we detected 470 high-
confidence somatic mutations in 61 genes in 281 pts (76%). In addition to
the well-known arm-level chromosomal abnormalities like del(13q), del(11q),
tri(12), and del(17p), we also detected amp(2p), del(6q), del(8p), amp(8q)
and tri(19). The most frequently mutated gene was SF3B1 (15%), followed
by NOTCH1 (14%) and TP53 (14%) with 13 gene mutations occurring 23%.
The number of mutations was similar between untreated and R/R pts (median
number of mutations 1 [IQR: 0-2] vs 1 [IQR: 1-2], P=0.44) with increased
enrichment of complex cytogenetics, TP53 mutation and del(17p) in the R/R
cohort (p=0.006, p=0.014 and p=0.031, respectively). The pts with unmutated
IGHV status had higher number of mutations compared to mutated IGHV
(median 1 [IQR: 1-2] vs 1[IQR: 0-2], P=0.002) with MYD88 mutation and
del(13q) being significantly enriched in IGHV mutated pts (p=0.005 and
p=0.028, respectively) while NOTCH1 and XPO1 mutations were significantly
enriched in IGHV unmutated patients (p=0.035 and p=0.047, respectively).

Madrid, Spain, June 22 - 25, 2017

Pairwise association showed statistically significant co-occurrence between
tri(12) and mutations in KRAS/BCOR (both q<0.05), NOTCH1 mutation and
ZMYM3 (g<0.01)/SPEN (g<0.05) mutations, and TP53 mutation and del(17p)
(q <0.01)/complex karyotypes (q <0.05). When correlating with clinical
response to lenalidomide, worse overall response (OR) in the untreated group
was associated with del(17p) (p=0.019) and KRAS mutation (p=0.05), where-
as mutation in SF3B1 (p=0.025), MGA (p=0.035), DDX3X (p=0.002), TP53
(p<0.001), complex karyotype (p=0.035) and del(17p) (p=0.031) were asso-
ciated with worse OR in R/R group. In the untreated group, del(17p) and
TP53 were associated with worse progression-free (PFS)(p=0.002 and 0.003,
respectively). In R/R cohort, complex karyotype, del(17p) and mutations in
SF3B1 and TP53 were associated with worse OS and PFS while DDX3X was
associated with worse PFS but not OS (refer to provided Figure 1). In one of
the multivariate models, SF3B1 (P=0.005) mutation and having TP53 or
del(17p) (p=0.02) were prognostic for survival in R/R cohort.
Summary/Conclusions: Tumor mutational heterogeneity in CLL is due to
intrinsic tumor biology and selective drivers from previous treatments, which
can then affect response and survival in lenalidomide-based therapies.
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HIGH THROUGHPUT IMMUNOPROFILING OF CHRONIC LYMPHOCYTIC
LEUKEMIA PATIENTS ASSIGNED TO STEREOTYPED SUBSET #4: NOVEL
INSIGHTS INTO THE DEPTH, DIVERSITY AND TEMPORAL DYNAMICS OF
CLONAL EVOLUTION

K. Gemenetzi!, E. Stalika!, A. Vardi', F. E. Psomopoulos?’, E. Minga®,
A. Anagnostopoulos?, K. Stamatopoulos™3, A. Hadzidimitriou?, L. A. Sutton3:4."
TInstitute of Applied Biosciences, CERTH, 2Hematology Department and HCT
Unit, G. Papanicolaou Hospital, Thessaloniki, Greece, 3Department Of
Immunology, Genetics & Pathology, Uppsala University, Uppsala, 4Department
of Molecular Medicine and Surgery, Karolinska Institutet, Stockholm, Sweden

Background: Chronic lymphocytic leukemia (CLL) clones assigned to stereo-
typed subset #4 are characterized clinically by a young age at diagnosis and
an indolent disease course, and molecularly by B-cell receptor immunoglobulins
(BcR IGs) that exhibit distinctive immunogenetic features. More specifically,
they are IgG-switched, composed of heavy and light chains encoded by the
IGHV4-34 and IGKV2-30 genes, respectively, and their heavy chain comple-
mentarity determining region 3 (VH CDR3s) is long and enriched in positively
charged residues, reminiscent of pathogenic anti-DNA antibodies. In addition,
both the VH and VK domains of subset #4 demonstrate a high impact of somatic
hypermutation (SHM), highly indicative of an (auto)antigen selection.

Aims: To obtain comprehensive insights into the ontogeny and evolution of
CLL subset #4 using next-generation sequencing (NGS) for in-depth immuno-
profiling of the clonotypic BcR IG genes, particularly focusing on analyzing
intraclonal diversification (ID) within the IG gene sequences.

Methods: Peripheral blood samples were collected at multiple time-points
over a 10-year period from 6 CLL subset #4 patients. The clonotypic IGHV-
IGHD-IGHJ and IGKV-IGKJ rearrangements were amplified by PCR using
cDNA and sequenced on the MiSeq (lllumina). Our experimental design
involved paired-end sequencing, thus allowing sequencing of the CDR3
twice/read, so as to increase the accuracy of results. To maintain stringency,
raw NGS reads were subjected to purpose-built, bioinformatics algorithms,
which performed: (i) length and quality filtering of raw reads; (ii) merging of
filtered-in paired reads via local alignment; and, (iii) length and quality filtering
of stitched sequences. No base calls of Q-score<30 were allowed in the 75
nucleotide stretch preceding the GXG motif, further increasing CDR3
sequencing reliability. Data was then analyzed using the IMGT/HighV-QUEST
database and clonotype computation was performed using an in-house bioin-
formatics pipeline.

Results: Overall, 48 samples were analyzed, producing 12,386,554 and
4,506,464 total reads for heavy and light chain, respectively. In addition to fil-
tering out poor quality, incomplete, out-of-frame and unproductive rearrange-
ments, specific parameters were applied regarding V-region identity (>85%),
usage of subset #4-specific V- and J-genes, CDR3 length and landmark
residues. Applying these strict criteria resulted in 84.1% (median 401,133
reads/sample) and 90.3% (median 141,549.5 reads/sample) of the total
sequences obtained for the heavy and light chain, respectively, passing filters.
Clonotype computation was solely based on the filtered-in sequences and
revealed a median of 1332.5 clonotypes/sample (range: 879-3432) for the
heavy chains while a median of 202.5 clonotypes/sample (range: 125-395)
was evidenced for the light chains. Overall, our longitudinal analysis revealed:
(i) a hierarchical pattern of subclonal evolution showing which SHMs were
negatively or positively selected; (ii) distinct clusters of subcloned sequences
which at later time-points had often disappeared and hence been selected
against; and, (iii) that despite the high intensity of ID, certain residues
remained essentially unaltered alluding to strong functional constraints.
Summary/Conclusions: Detailed molecular immunoprofiling by NGS afford-
ed the possibility to gain novel insights into the pathogenesis of CLL subset
#4, thus providing conclusive evidence that these patients continue to acquire
SHMs within their IG genes; an observation best explained by a clear role for
antigen selection in clonal evolution.
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FAILED HYDROXYMETHYLATION CONTRIBUTES TO A CHRONIC
LYMPHOCYTIC LEUKEMIA SPECIFIC EPIGENOTYPE

K. Szarc Vel Szic!”", K. Loose!, G. Andrieux2, A. Heumiiller!, N. Glaser3,
S. Hild', J. Duyster?, H. Busch2, M. Bérries?, R. Claus'

Division Hematology, Oncology and Stem Cell Transplantation, University
Freiburg Medical Center, 2Institute of Molecular Medicine and Cell Research,
University Freiburg, 3Center for Chronic Immunodeficiency, University Freiburg
Medical Center, Freiburg, Germany

Background: During normal hematopoiesis, a coordinated epigenetic and
transcriptional programming is necessary to achieve lineage development. B
cell differentiation is predominantly related to loss of DNA methylation at the
enhancers and promoters of B cell-specific genes; e.g. transcription factors
(TFs). In chronic lymphocytic leukemia (CLL), failure of proper epigenetic pro-
gramming contributes to deregulation of B cell transcriptional programs and
results in CLL phenotypes with highly variable outcomes. The mechanisms
leading to failed epigenetic programming and to establishment of a CLL
epigenome are not well understood. Genomic sites of failed epigenetic pro-
gramming coincide with binding sites of key B cell TFs. Active DNA demethy-
lation through TET-dioxygenase mediated conversion of 5-methylcytosine
(5mC) to 5-hydroxymethylcytosine (5hmC) and subsequent products is one of
the mechanisms involved in physiological epigenetic B cell programming, and
deregulation of this process could contribute to establishment of the CLL
epigenome.

Aims: Here, we investigated the role of TET2-mediated DNA demethylation
through differential 5hmC acquisition in healthy and in CLL B cells. We further
studied mechanisms and TFs involved in regulation of 5hmC conversion during
CLL pathogenesis.

Methods: Clonal B cell specimens from 122 CLL patients were subjected to
DNA methylation profiling using lllumina 450k arrays. 17 CLL and 4 healthy B
cell samples (CD19+) were used for DNA methylation profiling using lllumina
Epic arrays and for hydroxymethylated DNA immunoprecipitation (hMeDIP)
using a monoclonal 5hmC mouse antibody and the NEBNext Ultra DNA Library
Prep Kit for analysis on a lllumina HiSeq2000 sequencer. Global 5hmC levels
were quantified by dot blots. TET2, and EBF1 mRNA and protein expression
was evaluated by qPCR and Western Blot, respectively.

Results: By dot blot, we found decreased 5hmC levels in CLL as compared to
CD19+ B lymphocytes. 5hmC was further reduced in IGHV unmutated com-
pared to IGHV mutated CLL patients. To identify distinct regions with gain or
loss of 5hmC, we performed genome-wide 5hmC profiling by hMeDIP. We con-
firmed a significantly lower number of hydroxymethylated peaks in CLL
(137114) compared to HBC (249421) which remained stable when separating
to good (133234, p<0.0102) or bad prognosis CLL (140441; p<0.0161) patients
(defined by the IGHV mutation status, Rai/Binet stages, CD38 positivity,
del(11q) and del(17p)). Differential binding analysis (DBA) revealed 5988 sig-
nificantly differentially hydroxymethylated reads between CLL and HBC sam-
ples (FDR<0.05). Pathway analysis showed that regions which lost hydrox-
ymethylation in CLL were involved in B cell receptor (BCR), Class | PI3K,
CXCR-4, c-Mec and IL3 signaling. To further identify mechanisms that are
involved in failed hypomethylation and 5hmC loss in CLL, we aimed at profiling
sequence characteristics at the respective genomic sites. In our genome-wide
DNA methylation data set, we confirmed highly significant enrichment of the
EBF1 motif at the respective sites in 122 CLL patients. EBF1 mRNA and protein
expression was significantly reduced in the majority of 17 CLL samples com-
pared to HBC. TET2, a potential interaction partner of EBF1, was upregulated
in CLL samples on RNA level and expressed to different degree on protein lev-
el.

Summary/Conclusions: Here, we demonstrate that 5hmC loss in CLL con-
tributes to a disease specific epigenotype as described earlier. First evidences
indicate that alterations of an interaction between the EBF1 and TET2 are
mechanistically involved in insufficient hydroxymethylation and consequently
failed DNA hypomethylation.

68 | haematologica | 2017; 102(s2)

P244

DNA METHYLATION PROFILING IN CHRONIC LYMPHOCYTIC LEUKEMIA
PATIENTS CARRYING STEREOTYPED B-CELL RECEPTORS: A
DIFFERENT CELLULAR ORIGIN FOR SUBSET #2?
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Background: Subsets of CLL patients carrying stereotyped B cell receptors
(BcRs) display distinct biological and clinical features; however, the DNA methy-
lation landscape for these patients remains largely unexplored.

Aims: To investigate the DNA methylation profiles in three major stereotyped
subsets.

Methods: By applying high-resolution 450K methylation arrays, we studied the
clinically aggressive subsets #1 (Clan | genes/IGKV(D)1-39, IGHV unmutated,
n=37) and #2 (IGHV3-21/IGLV3-21, mixed IGHV mutation status, n=35) and the
indolent subset #4 (IGHV4-34/IGKV2-30, IGHV mutated, n=28). In addition, a
series of sorted normal subpopulations spanning different stages of B-cell differ-
entiation (e.g. naive, centrocytes, centroblasts, memory) were analyzed.
Results: Unsupervised principal component analysis demonstrated that the
investigated subsets formed distinct subgroups and these findings were cor-
roborated by hierarchical clustering analysis. We next explored if and how
these subsets match to the recently proposed epigenetic classification of CLL,
which subgroups patients into three categories, defined as i) poor-prognostic,
naive like CLL (n-CLL), ii) good-prognostic, memory like CLL (m-CLL), broadly
corresponding to IGHV unmutated and mutated CLL, respectively; and iii) a
third intermediate CLL subgroup (i-CLL), which have borderline mutated IGHV
genes and an intermediate outcome. For this purpose, we utilized the same
methylation arrays to study a cohort of CLL cases that did not express stereo-
typed BcRs (‘non-subset’, n=325). Comparison of subset vs non-subset CLL,
grouped based on their epigenetic classification, revealed that subset #1 clus-
tered with n-CLL, subset #4 with m-CLL, while subset #2 clustered separately
with i-CLL. We have recently shown that the number of epigenetic changes
that a tumor acquired, compared to its cellular origin (i.e. ‘epigenetic burden’),
may be a powerful predictor of clinical aggressiveness (Queiros et al., Cancer
Cell 2017). Following this approach in CLL, when comparing specific subsets
vs their non-subset cases matched by epigenetic subgroup, we noted a signif-
icant difference in the epigenetic burden amongst the various groupings; more
specifically, in subset #1 vs n-CLL (72K vs 67K, p<0.05) and in subset #2 vs i-
CLL (76K vs 68K, p=0.001), while no difference was observed between subset
#4 vs m-CLL (83K vs 82K, p=not significant). This implies that subsets #1 and
#2 have a higher epigenetic burden than n-CLL, which is in line with the more
aggressive disease seen in these two subsets compared to the broader cate-
gory of n-CLL patients. Focusing on subset #2, we observed that almost all
cases clustered separately from i-CLL in supervised clustering analysis, pro-
viding further support that subset #2 forms a distinct subgroup of i-CLL. Subset
#2 cases frequently carry del(11q) and harbor SF3B1 mutations, however, nei-
ther the IGHV mutation status nor the presence of del(11q) or SF3B1 mutations
had any impact on the epigenetic burden within subset #2.
Summary/Conclusions: Stereotyped CLL subsets differed significantly in their
methylation profiles. That said, subset #1 and #4 clustered at large with n-CLL
and m-CLL categories, respectively, implying common cellular origin. In con-
trast, subset #2 emerged as the first defined member of the i-CLL group, which
in turn alludes to a distinct cellular origin for subset #2 and i-CLL patients. Both
subsets #1 and #2 displayed a higher epigenetic burden compared to n-CLL
and i-CLL, respectively, which is likely reflected in the very poor outcome asso-
ciated with these two subsets.
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ADDING OBINUTUZUMAB TO IBRUTINIB ENHANCES DEPLETION OF CLL
CELLS IN PERIPHERAL BLOOD AND BONE MARROW AFTER 1 & 6
MONTHS COMBINED THERAPY INITIAL RESULTS FROM THE
BLOODWISE TAP ICICLLE EXTENSION STUDY
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S. Devereux8, D. MacDonald?, A. Bloor'0, P. Hillmen?2

THMDS, St. James's Institute of Oncology, 2St. James'’s Institute of Oncology,
Leeds, 3Cancer Research UK Clinical Trials Unit, University of Birmingham,
Birmingham, 4Belfast City Hospital HSC Trust, Belfast, SRoyal Liverpool and
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Background: Amajor aim of CLL treatment is to eradicate detectable minimal resid-
ual disease (MRD). Ibrutinib is an effective treatment for CLL that results inimmediate
lymphocytosis persisting in most patients for several months. Obinutuzumab is a
second generation anti-CD20 monoclonal antibody which can effect rapid resolution
of lymphocytosis and eradication of MRD in some CLL patients. The IcICLLe Exten-
sion Study expands on the IcICLLe trial ISRCTN12695354) to examine the efficacy
and safety of the combination treatment of obinutuzumab and ibrutinib.

Aims: The IcICLLe trial was a single-arm, multicentre feasibility study that recruited
40 participants with CLL requiring treatment, 20 treatment-naive (TN) and 20
relapsed/refractory (RR), to receive continuous ibrutinib therapy until confirmed
MRD negative remission (<0.01% residual disease) or disease progression. The
IcICLLe Extension Study adds 40 RR participants with CLL requiring treatment to
receive continuous ibrutinib therapy from day 0 and 6 cycles of obinutuzumab
from day 1. 30 participants have no prior ibrutinib treatment (ibrutinib-naive), and
10 are pre-treated with 212 months of ibrutinib on IcICLLe. The primary outcome
for the IcICLLe Extension Study is the proportion of patients achieving MRD-neg-
ative remission by IWCLL criteria (depletion of CLL below 0.01% in the peripheral
blood and bone marrow) at or before 9 month assessment.

Methods: Adverse Events are collected from registration until 30 days after end
of treatment and reported using the Common Terminology Criteria for Adverse
Events v4.0. MRD was assessed by multiparameter flow cytometry according to
ERIC 2016 guidelines with a detection limit <0.004%.

Results: 31 participants (22 ibrutinib-naive and 9 pre-treated) are evaluable
for response assessment after 1 month of combination treatment. There have
been no reports of tumour lysis syndrome within the first month of combination
treatment. There were 2 separate reports of grade 2 infusion related reactions,
both on day 1 of obinutuzumab. In the 22 ibrutinib-naive cases peripheral blood
(PB) CLL counts remained at or below baseline levels in 17/22 cases from
week 1 onwards. After 1 month of combination therapy the PB CLL count was
a median 31% of baseline levels (range <1%>174%) compared to median
215% (range 29%>3570%) for RR patients on ibrutinib monotherapy. Percent-
age CLL cells in the bone marrow (BM) aspirate after 1 month of combination
therapy reduced from a median 83% (range 23-94%) to a median 47% (range
5-85%, P=0.003, Wilcoxon matched-pairs signed ranks). For RR patients on
ibrutinib monotherapy there was no change in BM at 1 month: baseline median
85% (range 11-96%) compared to median 86% (range 50-98%, P=0.96).
Changes in BM aspirate CLL percentage were confirmed by morphological
assessment of a trephine biopsy with all evaluable patients receiving obinu-
tuzumab showing improvements in the cellularity and/or extent of infiltration.
BM assessment at 1 month was not mandated for the 9 pre-treated patients
but all showed decreased PB CLL counts with 4/9 achieving <0.01% residual
disease within 3 months of starting obinutuzumab. 13 patients have completed
6 months of obinutuzumab treatment with marrow assessment at 9 months
showing a further 21 log depletion in CLL percentage in 9/13 patients with 4/6
pre-treated patients achieving <0.01% residual disease.
Summary/Conclusions: The data indicate that for RR patients, the addition of
obinutuzumab to ibrutinib results in a substantial improvement over ibrutinib
monotherapy in the depletion of CLL cells from peripheral blood and bone marrow
after 1 month of combination therapy, and continued improvement after 6 months
combination therapy, with MRD-negative BM responses for patients who have had
>1yr prior ibrutinib monotherapy. Residual disease levels in the BM after the 6
months of combination treatment will be available for 25 participants by June-2017.
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CHRONIC LYMPHOCYTIC LEUKEMIA PATIENTS EXPRESSING THE LIGHT
CHAIN IGLV3-21 HAVE A POOR PROGNOSIS INDEPENDENTLY OF HEAVY
CHAIN IGHV3-21 OR THE IGHV MUTATIONAL STATUS

B. Stamatopoulos™”, T. Smith2, D. Sims2, A. Heger2, H. Dreau3, A. Schuh#

Madrid, Spain, June 22 - 25, 2017
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gramme, MRC Weatherall Institute of Molecular Medicine, University of Oxford,
John Radcliffe Hospital, 3Molecular Diagnostic Centre, Oxford University Hos-
pitals, 4Department of Oncology, University of Oxford, Oxford, United Kingdom

Background: The immunoglobulin heavy-chain gene (IgHV) mutational status
is currently considered the gold standard of prognostication in Chronic Lym-
phocytic Leukemia (CLL): unmutated (UM) immunoglobulin heavy chain region
(IgHV) is associated with poor prognosis while patients with mutated IgHV (M)
have more indolent disease. An exception are patients with IgHV3-21/IgLV3-
21 who have poor prognosis irrespectively of the IgHV mutational status. Inter-
estingly, IgHV3-21 is co-expressed with IgLV3-21 in the majority of cases.
Aims: Here we aimed to study the impact of the light chain IgLV3-21 on CLL
prognosis. This light chain has never been characterized independently of the
heavy chain IgHV3-21.

Methods: Based on 405 CLL patients from 3 independent cohorts (A. an initial
cohort of 32 patients with aggressive CLL, and 2 cohorts of CLL patients where
samples were obtained at diagnosis (B: n=270 and C: n=103), we analyzed
the impact of the presence of IgLV3-21 on treatment-free (TFS) and overall
(OS) survival. IgLV3-21 positivity was determined by real-time PCR and con-
firmed by Sanger sequencing.

Results: Among the 32 patients with aggressive CLL, we found that 9 (28%)
patients who had an IgLV3-21 rearrangement, but only 1 patient carried the
heavy chain IgHV3-21: IgLV3-21 patients had a median TFS of 17 months
compared to 44 months in patients with another light chain (P=0.0270). Sim-
ilarly, IgLV3-21 patients had a shorter median OS (88 months vs >192 months,
P=0.0287). We verified these results in 2 independent cohort obtained at
diagnosis. In cohort B (n=270), 30 (11%) expressed an IgLV3-21 light chain
and 10 (4%) an IgHV3-21 (of which 8/10 also carried the light chain IgLV3-
21 rearrangement). Patients with IgLV3-21 had a median TFS/OS of 29/183
months compared to patients without IgLV3-21 who had a median TFS/OS
of 88/292 months (P=0.0003/P=0.0142). In cohort C (n=103), 9 (9%)
expressed an IgLV3-21 light chain but only 1 (1%) had a heavy chain IgHV3-
21. In this cohort, IgLV3-21 patients had a median TFS of 21 months not sta-
tistically different from IgHV UM patients (28 months) while IgHV M patients
had a median TFS of 93 months (P<0.0001). We then pooled the 3 popula-
tions (n=405) in order to increase the under-represented subgroups and ana-
lyzed the association of the IgLV3-21 with the IgHV mutational status: patients
with either IgHV3-21 or IgLV3-21 (with a M or UM IgHV) displayed a prognosis
similar to UM patients: median TFS was 129, 48, 36, 24, 23 months for M,
IgLV3-21/M (P=0.0005), UM (P<0.0001), IgLV3-21/UM (P<0.0001) and
IgHV3-21 (P<0.0001) patients, respectively (Figure 1A). Similar results were
observed for OS with a median OS of 292, 88, 174, 90 and 183 months M,
IgLV3-21/M (P<0.0001), UM (P<0.0001), IgLV3-21/UM (P<0.0001) and
IgHV3-21 (P=0.0021) patients, respectively (Figure 1B). If all IgLV3-21 (n=48)
were considered independently of their heavy chain, IgLV3-21 median TFS
(24 months) was similar to UM patients (36 months, P=0.5824) and statisti-
cally different from M patients (129 months — P<0.0001, Figure 1C). Similar
results were observed for OS (Figure 1D).
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Summary/Conclusions: Our results highlight for the first time the independ-
ent prognostic significance of the light chain IgLV3-21 in CLL: the presence
of an IgLV3-21 light chain confers a poor prognosis similar to UM patient irre-
spectively of concurrent expression of IgHV3-21 heavy chain or IgHV muta-
tional status.

haematologica | 2017; 102(s2) | 69



22nd Congress of the European Hematology Association

P247

DURABILITY OF RESPONSES ON CONTINUOUS THERAPY AND
FOLLOWING DRUG CESSATION IN DEEP RESPONDERS WITH
VENETOCLAX AND RITUXIMAB

M.A. Anderson®”, D.M. Brander?, S. Ma3, J.F. Seymour4, M.Y. Choi5,
T.J. Kipps®, L. Zhou8, K. Balbarin®, B. Prine®, M. Verdugo®, S.Y. Kim6,
L.L. Lash6, A.W. Roberts’

TRoyal Melbourne Hospital and Walter and Eliza Hall Institute of Medical
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versity Medical Center, Durham, 3Northwestern University, Chicago, United
States, 4Peter MacCallum Cancer Centre, , Melbourne, Australia, SUniversity
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Background: Venetoclax is a potent BCL-2 inhibitor that is approved as
monotherapy for certain patients with relapsed or refractory chronic lymphocytic
leukemia (CLL) in the United States, the European Union, and other countries.
Aims: Venetoclax combined with rituximab is being assessed in an ongoing
Phase 1b study.

Methods: Minimal residual disease (MRD) was assessed in bone marrow
using 24-color flow cytometry (minimum sensitivity: 0.01%). Patients who
achieved complete remission (CR) or MRD-negativity could stop venetoclax
and remain on study. Patients who manifested progressive disease while off
therapy could re-initiate venetoclax and rituximab.

Results: Forty-nine patients, with a median of 2 (range: 1-5) prior regimens,
were enrolled. As of July 2016, the overall response rate was 86%, the CR
rate was 51%, and the bone marrow MRD-negativity rate was 57% (28/49)
[Seymour et al Lancet Oncol 2017]. The 24-month estimate for progression
free survival was 78.8% and that for duration of response was 87.8% (100%
for patients with MRD-negative CR). Of the 28 patients attaining MRD-nega-
tivity, 22 achieved the status at 7 months, which was the first mandatory time
point for assessment. The remaining six patients achieved MRD-negativity at
the second assessment, which ranged from 12 to 22 months, since the timing
of this test was not mandated. Twenty (41%) patients discontinued the study.
Eleven had progressive disease while on therapy: five with Richter’s transfor-
mation between 1-9 months and six with CLL progression after a median of
26.4 months (range: 12—-37). The other nine patients: withdrew consent (n=3),
failed to report for follow-up evaluations (n=1), discontinued due to adverse
events related to venetoclax (n=2; tumor lysis syndrome and worsening of
peripheral neuropathy), or discontinued due to adverse events considered not
related to therapy (n=3). Seventeen patients continue on therapy: 8 MRD-neg-
ative CR, 2 MRD-positive CR, 5 MRD-negative PR, and 2 MRD-positive PR.
Median duration of response on therapy is 27.9 months (range: 20.3-40.2).
Sixteen patients discontinued venetoclax and remained on study as allowed
per protocol following the achievement of a deep response (12 MRD-negative
CR, 2 MRD-negative PR, 2 MRD-positive CR) (Figure 1). Their median time
on venetoclax is 16.3 months (range: 5-38). Twelve of these patients remain
in active follow-up and four discontinued without evidence of progression after
achieving MRD-negative CR. Two patients with MRD-positive CR had increas-
ing absolute lymphocyte count (ALC) and asymptomatic progression 24 months
after stopping venetoclax. Both re-started venetoclax, 2 and 6 months after
ALC >5x109/L, and achieved partial remissions. The 10 patients with MRD-
negativity in the bone marrow who remain in follow-up have a median duration
of ongoing response off venetoclax of 13 months (range: 3—34).
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Summary/Conclusions: Venetoclax with rituximab induces deep and durable
responses, with 51% patients achieving CR and 57% achieving marrow MRD-
negativity. Patients on continued therapy have durable responses. Additionally,
responses are sustained at a median of 13 months among patients who achieve
bone marrow MRD-negativity and elected per protocol to stop therapy, demon-
strating that it is possible to discontinue venetoclax and maintain prolonged
treatment free remission. The 2 patients who progressed at 2 years off therapy
responded to the reintroduction of venetoclax.
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PREDICTIVE AND PROGNOSTIC IMPACT OF GENE MUTATIONS IN THE
CONTEXT OF FLUDARABINE AND CYCLOPHOSPHAMIDE WITH OR
WITHOUT OFATUMUMAB TREATMENT IN PATIENTS WITH REL/REF CLL
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Background: Recurrent mutations in genes such as TP53, SF3B1 and
NOTCH1 are frequent in CLL and have in previous studies been associated
with outcome. SF3B1Mut, TP53mut. BIRC3Mut and XPO1Mut were adverse prog-
nostic factors in patient cohorts with different therapies, and NOTCH1mut asso-
ciated with poor outcome when rituximab was added to standard chemotherapy.
This indicated NOTCH1mut as a predictive factor in the context of chemoim-
munotherapy.

Aims: We assessed the incidence and clinical associations of mutations
in TP53, SF3B1, NOTCH1, ATM, BIRC3, FBXW?7, MYD88, EGR2 and XPO1 in
the COMPLEMENT-2 trial (relapsed/refractory CLL, FC vs FC+ofatumumab
(FCO), Robak et al., Leuk Lymphoma, 2017).

Methods: Baseline samples were available from 325 of 365 patients (89%)
representative of the full analysis set of the clinical trial. Mutation analyses
were performed via custom targeted Next Generation Sequencing (tNGS) for
TP53, ATM, BIRC3, FBXW?7, MYD88, EGR2 (all coding exons), SF3B1 (exon
14-16, 18), NOTCH1 (exon 34) and XPO1 (exon 15, 16). All mutations with a
variant allelic fraction >5% were considered significant.
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Results: In total we identified 365 mutations across the 9 genes in 202 of 325
patients (62.2%), with incidences of SF3B1mut 19.7%, TP53mut 18.8%,
NOTCH1MUt 16.3%, ATMMUt 13.8%, XPO1mMut 11.4%, BIRC3Mut 4%, EGR2mut
3.1%, FBXW7mut 2.7% and MYD88™Ut 0.9%. We identified a variety of asso-
ciations of mutational subgroups with genetic, clinical and laboratory parame-
ters, such as TP53Mut with del17p (p<0.01), NOTCH1mut, FBWX7mutand
BIRC3mut with +12q (p<0.01, p=0.01 and p=0.05) and ATMMUtwith del11q
(p<0.01). XPO1mut and ATMMUt associated with unmutated IGHV. CD79B
expression on cell surface measured via flow cytometry was lower in ATMmMut
patients, whereas CD20 expression did not differ among the different mutational
subgroups. TP53Mut, EGR2MutandSF3B1Mut patients had worse overall
response to therapy (68% p<0.01, 50% p=0.02 and 72% p=0.05 respectively,
vs 81% overall). Similar to the full analysis set, FCO as compared to FC resulted
in significant improved PFS (median 28.1 vs 18.8 months, HR=0.67, p<0.01).
TP53mut and XPO1Mutwere adverse prognostic factors for PFS (HR 1.93
p<0.01 and HR 1.85, p<0.01 respectively), but only TP53mut for decreased OS
(HR 2.11 p<0.01). All other mutations, in particular SF3B1Mutand NOTCH1mut,
did not significantly impact PFS or OS. To identify factors of independent clinical



impact, we performed multivariable Cox regressions for PFS and OS including
treatment, IGHV status and all cytogenetic and mutational subgroups. For
PFS, the following independent prognostic factors were identified: FCO therapy
(HR 0.64 p<0.01), del17p (HR 5.08 p<0.01), unmutated IGHV (HR 2.0 p<0.01),
TP53mut (HR 1.75 p<0.01) and XPO1mMut(1.86 p<0.01). Del17p (HR 4.79
p<0.01), unmutated IGHV (HR 1.69 p=0.04) and TP53Mut (HR 1.76 p=0.03)
were identified as independent prognostic factors for OS. With focus on the
predictive value of gene mutations, we found a beneficial effect of the addition
of ofatumumab to chemotherapy irrespective of TP53 mutation (HR 0.52 p=0.02
for TP53Mut and HR 0.68, p=0.02 for TP53"!). Regarding NOTCH1, ofatumum-
ab was only beneficial in NOTCH1Wt but not in NOTCH1mut patients (HR 0.64,
p<0.01 and HR 0.86, p=0.67) (Figure 1).

Summary/Conclusions: In the COMPLEMENT-2 trial evaluating FCO against
FC in relapsed/refractory CLL patients, we found TP53Mut and XPO1mut byt
not SF3B1Mut or NOTCH1Mut as independent prognostic factors for PFS.
Notably, a benefit of ofatumumab addition to FC treatment was observed
among  NOTCHWt  but not among NOTCHTMUt  patients
indicating NOTCH1 mutation status as a predictive marker in the context of
type-1 CD20 antibody addition to chemotherapy.
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RESULTS OF A PHASE Il MULTICENTER STUDY OF OBINUTUZUMAB
PLUS BENDAMUSTINE IN PTS WITH PREVIOUSLY UNTREATED
CHRONIC LYMPHOCYTIC LEUKEMIA
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Background: Bendamustine (B) plus rituximab (R; BR) is a commonly used
first-line (1L) treatment for chronic lymphocytic leukemia (CLL). The CLL10
study reported an overall response rate (ORR) of 96% and complete response
(CR) rate of 31% with BR. Obinutuzumab (GA101; G) is a glycoengineered,
type Il anti CD20 monoclonal antibody. A randomized Phase lll trial in 1L CLL
pts showed that G significantly improved progression-free survival (PFS) and
CR rate compared with R, when used in combination with chlorambucil (Goede
2014). B plus G (BG) was evaluated in a subgroup of CLL pts in the GREEN
study (Stilgenbauer 2015).

Aims: The aim of this Phase Il study (NCT02320487) is to evaluate the efficacy
and safety of BG as 1L treatment for CLL pts.

Methods: 102 pts with previously untreated CLL received BG, consisting of 6
cycles of G (cycle [C] 1: 100mg day (D) 1, 900mg D2, 1000mg D8 and D15; C2—
6: 1000mg D1) and B (90mg/m2: C1, D2 and D3; C2-6, D1 and D2). Each cycle
was 28 days. The primary endpoint was CR assessed using iwCLL criteria. Sec-
ondary endpoints included ORR, PFS, overall survival, and minimal residual dis-
ease (MRD). Median follow-up at the time of analysis was 11.0 months.
Results: Median pt age was 61 yrs (range 35-90); 68.6% were male; 44.1%
had Rai stage 3—4. For evaluated pts, IgVH status was 32.9% mutated and 67.1%
unmutated. The incidences of trisomy 12, normal cytogenetics, and deletions of
13q, 11q, and 17p were 23.4%, 37.5%, 17.2%, 15.6%, and 6.3%, respectively.
Investigator-assessed CR rate was 49.0% (95% CI 39.0-59.1) and ORR was
89.2% (95% CI 81.5-94.5) after 6 cycles. MRD negativity in blood, as measured
by 4-color flow cytometry, was achieved in 42.7% of pts at the end of induction
response assessment and in 75.5% of pts at any time following treatment. MRD
negativity in bone marrow (BM) was 60.8% in pts with BM samples. The most
common adverse events (all grades [Gr]) were infusion reactions (72.5%), nausea
(52.0%), pyrexia (36.3%), neutropenia (34.3%), fatigue (34.3%), constipation
(26.5%), and rash (26.5%). The most common Gr 3—4 adverse event was neu-
tropenia (26.5%). Incidence of Gr 3—4 infections was 11.8%. Incidence of tumor
lysis syndrome was 4.9% (all Gr 3). Three pts died; none were deemed related
to study treatment or CLL by investigators.

Summary/Conclusions: BG is an effective regimen for 1L treatment of CLL
pts, inducing a high CR rate after 6 cycles of therapy. No unexpected safety
signals were observed.
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RELATIVE SURVIVAL REACHES A PLATEAU IN HAIRY CELL LEUKEMIA:
A POPULATION-BASED STUDY ON INCIDENCE, PRIMARY TREATMENT
AND SURVIVAL AMONG 1,427 PATIENTS DIAGNOSED IN THE
NETHERLANDS, 1989-2014
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Gasthuis, Delft, BHematology, Utrecht University Medical Center, Utrecht,
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Madrid, Spain, June 22 - 25, 2017

Background: The introduction of cladribine and pentostatin has revolutionized
the management of HCL as from the late 80s. As a result of that revolution,
HCL patients (pts) are rarely included in clinical trials. Population-based studies
can inform on issues related to outcomes of HCL pts managed in daily practice.
At present, however, population-based studies that assess patterns of inci-
dence, treatment and survival in HCL are very scarce.

Aims: The aim of this comprehensive nationwide population-based study was
to assess trends in incidence, primary treatment and survival among HCL pts
diagnosed in the Netherlands.

Methods: We selected all adult (=18 years) pts diagnosed with classic HCL in
the Netherlands between 1989-2014 from the nationwide Netherlands Cancer
Registry with survival follow-up through February, 2016. Age-standardized inci-
dence rates (ASR) were calculated per 1,000,000 person-years and standard-
ized according to the European standard population. Data on primary treatment
(i.e. no therapy, chemotherapy [CT] and immumotherapy [IT]) were available
for individual pts. Pts were categorized into 2 periods (1989-2000 and 2001-
2014) and 3 age groups (18-59, 60-69 and 270 years). We calculated relative
survival (RS) and the relative excess risk of mortality as measures of disease-
specific survival.

Results: We included a total of 1,427 newly diagnosed HCL pts in the study
(median age, 59 years; age range, 22-95 years; 77% males). The annual
ASR of HCL remained quite stable over time and was 3.1 and 3.3 in the first
and last period, respectively. Men had a higher overall incidence than women
(5.3 v 1.3 in 2001-2014). The age-specific incidence rates for males were
5.5,15.0 and 15.3 in 2001-2014 for the three age groups. The corresponding
rates for females were 1.2, 3.1 and 5.5. The application of CT increased over
time for all age groups. The proportions of CT for the three age groups were
56, 51 and 34% in 1989-2000, as compared with 81, 73 and 53% in 2001-
2014. The corresponding proportions for IT were 21, 13 and 17% in 1989-
2000, as compared with 2, 1 and 4% in 2001-2014. Lastly, the corresponding
proportions for pts who did not receive therapy were 23, 36 and 49% in 1989-
2000, as compared with 17, 26 and 42% in 2001-2014. Overall, when cor-
rected for age and sex, pts diagnosed in 2001-2014 had 49% lower excess
mortality during the first 10 years after HCL diagnosis, as compared with pts
diagnosed in 1989-2000 (P=.005). Ten-year RS (95% confidence intervals)
was impressive for pts age 18-59, namely 92% (88% - 96%) and 98% (94%
- 100%; P=.176) in the first and last period, respectively (Figure 1a). Most of
the significant improvement was observed in pts age 260. More specifically,
10-year RS for pts age 60-69 increased from 82% (71% - 92%) to 99% (89%
- 106%; P=.009; Figure 1b), and for pts age 270 from 67% (49% - 86%) to
85% (68% - 102%; P=.366; Figure 1c) between the first and last periods. In
addition, older age (P<.001), but not sex (P=.058), was associated with higher
excess mortality.
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Figure 1.

Summary/Conclusions: The incidence of HCL remained stable during a 26-
year period in the Netherlands. RS for pts diagnosed in the period 2001-2014
eventually reached a plateau, indicating that by then their survival is comparable
to that of the general population. Survival was already excellent for younger
patients throughout the entire study period. Survival improvement was most
pronounced for pts age 260, although it was not statistically significant for pts
age 270. This could be explained by the increased use CT over time. Popula-
tion-based cancer registries are useful instruments to assess outcomes of pts
rarely included in clinical trials.
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CUMULATIVE ILLNESS RATING SCALE PROVIDES PROGNOSTIC
INFORMATION BEYOND THE INTERNATIONAL PROGNOSTIC INDEX FOR
CHRONIC LYMPHOCYTIC LEUKEMIA: AN ACROSS-TRIAL ANALYSIS BY
THE GCLLSG

V. Goede'2", J. Bahlo?, S. Robrecht!, O. Al-Sawaf!, A.-M. Fink?, C.-M. Wendtner3,
S. Stilgenbauer?, K. Fischer?, B. Eichhorst’, M. Hallek5

Dept. | of Internal Medicine, University Hospital Cologne, 20ncogeriatrics Unit,
St. Marien Hospital, Cologne, 3Klinikum Munich-Schwabing, Munich, 4University
Hospital Ulm, Ulm, 5Centre of Integrated Oncology (CIO) Cologne-Bonn,
Cologne, Germany

Background: CLL-IPI is a prognostication tool to stratify patients with chronic
lymphocytic leukemia (CLL) for low, intermediate, high, or very high risk. CLL-
IPl uses age, Binet stage, beta-2-microglobulin, 17p deletion / TP53 mutation,
IGHV mutational status, but not comorbidity as weighted factors to model prog-
nosis. CIRS is a tool which allows assessing and quantifying burden of comor-
bidity in individual patients.

Aims: To validate CIRS in CLL and to assess whether CIRS is of further value
when estimating prognosis by CLL-IPI in CLL.

Methods: This is a comprehensive evaluation of CIRS in 2158 patients pooled
from the CLL8, CLL10, and CLL11 trials of the German CLL Study Group
(GCLLSG). Median observation time was 55 months. All patients had CIRS
data prospectively assessed prior to study treatment (689 FCR, 409 FC, 279
BR, 333 GCLB, 330 RCLB, 118 CLB).
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Figure 1.

Results: Median age was 64 years; 69% of patients were males, and 50% had
ECOG performance score of 1 or higher. Complete information on age, Binet
stage, bo-microglobulin, 17p deletion and/or TP53 mutation, and IGHV mutational
status was available in 1761 of the 2158 patients. Distribution of CLL-IPI risk
groups was as follows: 275 (16%) low risk, 653 (37%) intermediate risk, 712
(40%) high risk, 121 (7%) very high risk. The median total CIRS score was 3
(range 0-22); 81% of the patients had a total CIRS score of at least 1 and 28%
of greater than 6. Comorbidities were most frequently captured under the follow-
ing CIRS organ categories: cardiac, blood pressure, respiratory, musculoskeletal,
or endocrine/metabolic. A severity score of >=2 and >=3 in at least one CIRS
organ category was present in 46% and 11% of the patients, respectively. There
was a positive correlation between total CIRS score and age (rs=0.5, p<0.001)
as well as ECOG performance score (rg=0.4, p<0.001) and an inverse association
between total CIRS score and creatinine clearance (rg=-0.3, p<0.001). In uni-
variate analysis, increased total CIRS score was associated with shorter overall
survival (OS); with poorer OS determined by severity rather than numbers of
comorbidities (log-rank: p<0.001, Figure 1A and 1B). In multivariate analysis,
total CIRS score was an independent risk factor for OS when used as continuous
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or categorical variable together with age, gender, Binet stage, ECOG perform-
ance score, thymidine kinase, beta-2-microglobulin, IGHV, and 17p deletion
(adjusted for treatment intensity). Total CIRS score also remained an independent
risk factor for OS when added to the CLL-IPI. Weight of CIRS was highest in the
CLL8 and lower in the CLL10 and CLL11 trials as expressed by the hazard ratios
(Figure 1C). There was no significant association between total CIRS score and
progression-free survival or time-to-next treatment. However, increased total
CIRS score was associated with higher risk of grade 3/4 adverse events as well
as premature treatment discontinuation during or after treatment with FCR / FC
/ BR but not GCLB / RCLB / CLB.

Summary/Conclusions: Findings suggest that CIRS provides prognostic infor-
mation beyond the CLL-IPI. Systematic comorbidity assessment (e.g. by CIRS)
in addition to the CLL-IPI therefore appears reasonable when estimating overall
prognosis and deciding treatment in CLL.
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Background: The outcome of CLL patients relapsing after chemoim-
munotherapy (CIT) has been transformed by targeted therapies, however a
proportion of such patients may be successfully retreated with CIT. CD20-
monoclonal-antibody-based CIT has been successfully deployed for the
retreatment of relapsed patients but the optimum dosage of antibody is
unknown.

Aims: COSMIC (Chemotherapy plus Ofatumumab at Standard or Mega dose
In CLL) was a phase Il randomised study assessing the efficacy of standard
(sOf) and high (megaOf) dose ofatumumab in combination with either fludara-
bine cyclophosphamide (FC) or bendamustine (B). The primary endpoint was
complete response (CR/CRI) rate independently assessed 3 months post-ther-
apy. Secondary endpoints were the proportion of participants with undetectable
minimal residual disease (MRD); overall response rate; progression-free sur-
vival; overall survival; time to MRD relapse; dynamics of MRD relapse; safety
and toxicity. Using the AHern exact one-stage design with 80% power and 1-
sided type 1 error of 5%, 10 CRs were required from 37 recruits in either arm
to justify furt