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About EHA

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

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

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

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

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

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

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

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

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

On behalf of the EHA Board and the Scientific Program Committee of the 215t Congress of EHA we are
pleased to introduce this year's Abstract Program.

The Scientific Program Committee has compiled an exciting up-to-date program of Simultaneous Oral
and Poster Sessions from over 2400 abstracts submitted. Selected posters will be presented during the
traditional Poster Walks allowing more time for discussion of results and conclusions. To better pro-
mote basic research in hematology, we introduced a new special presentation type: the poster pitch!
During selected oral sessions, 5-8 presenters will have the opportunity to pitch their abstract/poster to
the attendees of the session.

There are also E-posters available on the E-poster screens, for which a specific time is allocated dur-
ing the Poster Browsing Time at the end of each Walk. All presented posters and E-posters can be
viewed on the E-poster screens from Friday morning to Saturday evening. Posters will also be available
on the EHA Learning Center, for which you have complimentary access after the congress: learningcen-
ter.ehaweb.org.

The six Best Abstracts will be presented during the Presidential Symposium on Friday afternoon. One
of them has been selected from the record number of “late breaking abstracts” with “hot” data. Only the
most exciting results have been selected and will be presented in the Late Breaking Oral Session on
Sunday morning. There are also late breaking posters that are included in a poster walk of the relevant
topic.

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

Andreas Engert
Chair Scientific Program Committee 215t Congress
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SIMULTANEOUS SESSIONS |
New agents for myeloma treatment

$100

CARFILZOMIB WEEKLY PLUS MELPHALAN AND PREDNISONE IN NEWLY
DIAGNOSED ELDERLY MULTIPLE MYELOMA (IFM 2012-03)

X Leleu!”, G Fouquet?, L Karlin3, B Kolb4, M Tiab5, C Araujo8, N Meuleman?,
T de Revel8, P Bourquard9, P Lenain'9, M Roussel!!, A Jaccard’2, MO Petillon2,
K Belhadj-Merzoug'3, G Lepeu'4, ML Chretien®, J Fontan®, P Rodon'7,
A Schmitt’®, F Offner'®, L Voillat?0, S Cerejat?2!, F Kuhnowsko?2,
S Rigaudeau?3, O Decaux24, C Humbrecht-Kraut25, J Frayfer26, O Fitoussi??,
D Roos Weil28, JC Eisenmann?29, V Dorvaux30, EG Voog3', C Hulin32, M Attal33,
P Moreau34, T Facon?2

10ncologie Hématologique Et Thérapie Cellulaire, Chu Poitiers, Poitiers, 2Chu
Lille, Lille, 3Chu Lyon Sud, Lyon, 4Chu Reims, Reims, 3Ch La Roche Sur Yon,
La Roche Sur Yon, 6Ch Bayonne, Bayonne, 7institut Bordet, Bruxelles, 8Ch
Clamart, Clamart, 9Chu Nimes, Nimes, 19Centre Henri Becquerel, Rouen,
1Cancer Research Center, Toulouse, 12Chu Limoges, Limoges, 13Chu Henri
Mondor, Creteil, 4Ch Avignon, Avignon, 15Chu Dijon, Dijon, 16Chu Besancon,
Besancon, 17Ch Périgueux, Perigueux, 18Institut Bergoni¢, Bordeaux, France,
19Universitair Ziekenhuis Gent, Gent, Belgium, 20Ch Chalon Sur Saone, Chalon
Sur Saone, 21Ch Corbeil Essonnes, Corbeil Essonnes, 22Institut Curie, Paris,
23Chu Versailles, Versailles, 24Chu De Rennes, Rennes, 25Ch Colmar, Colmar,
26Ch Meaux, Meaux, 27Polyclinique Bordeaux Nord, Bordeaux, 28Groupe Hos-
pitalier Pitié Salpétriére, Paris, 22Ch Mulhouse, Mulhouse, 3°Ch Metz-Thionville,
Metz-Thionville, 3'Centre Jean Bernard, Le Mans, 32Chru Nancy, Nancy, 33chu
Toulouse, Toulouse, 34Chu Nantes, Nantes, France

Background: Melphalan plus prednisone and bortezomib combination is the
most frequent standard of care used upfront for newly diagnosed elderly myelo-
ma (eNDMM). Despite significant improvements with bortezomib, such as sub-
cutaneous administration and weekly schedule, safety profile issues remain with
MPV, that only can be resolved with lowering the doses, albeit of the potential
loss of efficacy. Carfilzomib, a novel generation proteasome inhibitor, has differ-
ent safety profile with absence of neuropathy. Carmysap, a phase I/l trial of
twice weekly Carfilzomib plus MP in eNDMM, demonstrated carfilzomib MTD at
36mg/m2. The safety profile appeared otherwise good for this frail population.
Aims: We hypothesized that Carfilzomib can be used on a weekly schedule
allowing to increase the dose of Carfilzomib given its positive safety profile.
Methods: IFM2012-03 (carmysap weekly) is a phase 1/2 multicenter open
label single arm study to determine MTD during the phase 1 part and VGPR+CR
rate (IMWG criteria) during the phase 2 part of KMP (Carfilzomib Weekly Plus
Melphalan and Prednisone) regimen. The inclusion/exclusion criteria of interest
were eNDMM (65 and older), with CRAB and measurable disease, with
absolute neutrophils 21G/L, untransfused platelet count 275G/L, hemoglobine
28.5g/dL and clairance creatinine 230ml/min.

Induction comprised nine 5 weeks cycles. Carfilzomib is given 36, 45, 56 and
70 mg/m2 on days 1, 8, 15, 22 IV route in combination to oral Melphalan
0.25mg/kg/j and oral prednisone 60mg/m2, both on days 1 to 4.
Maintenance: Carfilzomib. 36 mg/m?2 weekly, every two weeks 1V route for 1
year. Melphalan and Prednisone is not pursued at maintenance. Analysis is
done on an Intent to Treat. Recruitment was 6 patients per cohort, 3 DLTs
meant MTD at the lower N-1 dose. The following are defined as DLTs: Any
hematologic toxicity of grade 4 intensity or preventing administration of 2 or
more of the 4 carfilzomib doses of the first treatment cycle; Grade 23 febrile
neutropenia; Grade 23 gastrointestinal toxicities; Any other grade =23 nonhema-
tologic toxicity considered related to CMP by the principal investigator; Grade
>3 peripheral neuropathy persisting for more than 3 weeks after discontinuation
of study drugs. We report herein the phase 1 part of the study with the 2 cohorts
at 70mg/m2.

Results: 32 NDMM recruited, 30 treated in the study, 6 per cohort at 36 mg/m?
carfilzomib +MP, then 45, 56, and finally at 70mg/m?Z. At the end of the first 70
cohort, the DSMB decided to add a second 70 cohort. The median age was 76
with 15 patients older than 75, sex ratio M/F 1.2, R-ISS 2 and 3 in 80%. There
was one DLT at 36 mg/m? carfilzomib (grade 4 lymphopenia), one at 45 (lysis
syndrome complicated with grade 4 renal insufficiency, two at 56 (cardiac insuf-
ficiency grade 3 and febrile neutropenia grade 3) and 2 at 70 (vomiting grade
3 and liver cholestase enzyme grade 3). As a whole for the study, the ORR is
87.5%, with 33% at least in CR. At data cut-off, with a median follow-up at 12
months, one patient had progressed and one patients had died of cardiac dys-

function considered related to Carfilzomib at the dose of 56mg/mZ2. Along with
the previous 2 patients, 2 other patients have stopped treatment for lysis syn-
drome (at 45) and pulmonary hypertension later in the disease course on cycle
5 at 56. Overall, there are 22 SAE reported for a total of greater than 200 cycles
administered of KMP. An extra 3 patients have had Carfilzomib dose reduction,
2 patients at 36 from 45 and one at 45 from 56, for neutropenia grade 4, throm-
bocytopenia grade 4, and dyspnea grade 3, respectively.
Summary/Conclusions: IFM2012-03, the study of KMP, Carfilzomib (Kyprolis)
plus Melphalan and Prednisone in elderly NDMM has not reached MTD up to
70mg/mZ of carfilzomib. The RP2D could then be at 70 for carfilzomib. KMP
appears feasible and manageable, the primary cause of AEs coming from dose
adaptation of Melphalan in very elderly NDMM. Updated data will be presented
at ASCO.
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IMPROVED EFFICACY AFTER INCORPORATING AUTOLOGOUS STEM
CELL TRANSPLANT (ASCT) INTO KRD TREATMENT WITH CARFILZOMIB
(CFZ), LENALIDOMIDE (LEN), AND DEXAMETHASONE (DEX) IN NEWLY
DIAGNOSED MULTIPLE MYELOMA

AJakubowiak™", N Raje2, R Vij3, D Reece?, J BerdejaS, D Vesole®, S Jagannath?,
C Cole®, M Faham?9, J Nam', L Stephens’, E Severson', A Revethis', B Wolfe,
S Rosebeck!, S Gurbuxani!, C Rosenbaum?, J Jasielec'0, D Dytfeld!?,
K Griffith8, T Zimmerman'

1University of Chicago, Chicago, IL, 2Massachussetts General Hospital, Boston,
MA, 3Washington University, Saint Louis, MO, United States, 4Princess Mar-
garet Cancer Centre, Toronto, Canada, 5Sarah Cannon Research Institute,
Nashville, TN, 6John Theurer Cancer Center, Hackensack, NJ, “Mount Sinai
Medical Center, New York, NY, 8University of Michigan, Ann Arbor, MI, 9Adaptive
Biotechnologies, Seattle, WA, 10Northshore University Health System,
Evanston, IL, United States, 1"NJ University of Medical Sciences, Poznan,
Poland

Background: In a phase 1/2 trial (N=53), extended treatment with KRd without
(w/0) ASCT was highly active in newly diagnosed myeloma (NDMM) with stringent
complete response (sCR) 55% and 3-year progression-free survival (PFS) 79%.
Aims: In a subsequent phase 2 trial, we are evaluating whether extended KRd
can be further improved by incorporating ASCT (KRd+ASCT). We report results
from both trials after completion of enrollment into KRd+ASCT and after com-
pletion of KRd w/o ASCT (median follow-up [f/u] 4 years) as a historical control.
Methods: Both studies enrolled patients (pts) with NDMM based on similar eli-
gibility criteria except KRd+ASCT excluded transplant ineligible pts. The treat-
ment schemas were generally similar between studies. In KRd+ASCT, pts
received: four 28-day cycles of induction with CFZ IV 36 mg/mZ2 on Days (D) 1-
2, 8-9, 15-16 (CFZ 20 mg/m?2 for D1-2, C1 only), LEN PO D121 at 25 mg, DEX
PO 40 mg/wk; followed by stem cell collection (SCC), melphalan 200 mg/m?2
and ASCT; then KRd consolidation (C5-8) using the same doses and schedule
except LEN 15 mg in C5 with the option to escalate to prior dose, and DEX
reduced to 20 mg/wk; then KRd maintenance (C9-18) using the same doses
as in C8 except CFZ on Days 1-2, 15-16 only. In KRd w/o ASCT, transplant-eli-
gible pts underwent SCC after C4 then resumed KRd, and KRd maintenance
was longer (C9-24). Both studies recommended single-agent LEN off study.
The primary endpoint in KRd+ASCT is sCR at the end of C8. We hypothesized
that an improvement of sCR from 30% at the end of C8 (historical KRd w/o
ASCT) to >50% (KRd+ASCT) represents added benefit of ASCT with 5% type
| error (2 sided) and supports further evaluation. Minimal residual disease
(MRD) is evaluated by 10-color multiparameter flow cytometry (MFC, threshold
10-4-10-5) and by next-generation sequencing (NGS, LymphoSIGHT ™™, thresh-
old at 10-6 for MRD negativity).

Results: The current KRA+ASCT study enrolled 76 pts with 72 evaluable. Base-
line characteristics were comparable between the KRd+ASCT and KRd w/o
ASCT study populations, including median age (59 and 59y) and high-risk
IMWG cytogenetics (36% and 33%). In the ongoing KRd+ASCT, 69 pts pro-
ceeded to ASCT at data cut-off (Jan 1, 2016), 50 completed KRd consolidation,
and 26 KRd maintenance, with remaining pts on treatment, except 1 patient
who progressed prior to transplant. At the end of C8, sCR was 72% for
KRd+ASCT (n=50) vs 30% for KRd w/o ASCT (n=44) and 88% (n=26) vs 51%
(n=41) at the end of C18. At median f/u of 17.8 months, 2-year PFS was 99%
for KRA+ASCT vs 92% for KRd w/o ASCT at median f/u of 47.5 months. In
KRd+ASCT, MRD by MFC was negative in 94% of pts tested (n=31) at the end
of C8 and 95% of pts tested (n=19) at the end of C18. In KRd w/o ASCT, 4-year
PFS was 69% overall, 78% in MRD-negative pts vs 60% in positive/unknown
pts by MFC, and 100% in pts with MRD negative status by NGS. Updated MRD
analyses and outcomes based on MRD status by both MFC and NGS will be

haematologica | 2016; 101(s1) | 1



21st Congress of the European Hematology Association

presented at the meeting. The types and rates of adverse events (AEs) pre-
and post-ASCT were comparable to AEs in KRd w/o ASCT.
Summary/Conclusions: Recognizing limitations of cross-study comparisons,
KRd+ASCT shows superior outcomes vs historical KRd w/o ASCT, supporting
further evaluation in the randomized setting. Both KRd studies compare favor-
ably to other NDMM studies.
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WEEKLY CARFILZOMIB, CYCLOPHOSPHAMIDE AND DEXAMETHASONE
(WKCYD) FOLLOWED BY MAINTENANCE WITH WEEKLY CARFILZOMIB
(WK) IN ELDERLY PATIENTS WITH NEWLY DIAGNOSED MULTIPLE
MYELOMA (NDMM)

S Bringhen'”, L De Paoli2, A Larocca’, S Ballanti2, F Gentilini2, AM Liberati2,
R Passera3, A Bernardini’, F Esma’, P Galieni2, M Offidani2, P Corradini2,
G Gaidano?, M Boccadoro?!, P Sonneveld4, A Palumbo’

TMyeloma Unit, Division of Hematology, University of Torino, Torino, 2ltalian
Multiple Myeloma Network, GIMEMA, 3Divison of Nuclear Medicine 2, Azienda
Ospedaliera Citta della Salute e della Scienza di Torino, Torino, Italy, 4Depart-
ment of Hematology, Erasmus Medical Center, Rotterdam, Netherlands

Background: Carfilzomib is a novel second-generation proteasome inhibitor
approved as a single agent and in combination with lenalidomide and dexam-
ethasone for the treatment of relapsed MM. The approved schedule of carfil-
zomib is twice-weekly, on days 1, 2, 8, 9, 15, and 16 of 28-day cycles. In a
recent phase I/ll study in relapsed/refractory patients (pts) a more convenient
schedule of weekly Carfilzomib in combination with dexamethasone showed
to be effective (77% overall response rate; ORR) and safe (ASH 2015). The
ongoing phase Il ARROW study compares weekly vs twice weekly Carfilzomib.
In the newly diagnosed setting, no data about weekly Carfilzomib are available.
We designed a phase 1/2 study of wKCyd for NDMM pts.

Aims: The primary objective was to determine the maximum tolerated dose
(MTD) of weekly Carfilzomib. The secondary objectives were to determine the
safety and the efficacy of wKCyd as induction and of wK as maintenance,
including response rate, progression-free survival and overall survival.
Methods: NDMM pts not eligible for autologous stem cell transplantation due to
age or co-morbidities were enrolled. Carfilzomib was administered intravenously
on days 1,8,15; cyclophosphamide orally on days 1, 8, 15 and dexamethasone
orally once weekly. Dose escalation used a standard 3+3 schema with dose-lim-
iting toxicities (DLTs) assessed during cycle 1. Three dose levels were studied
with Carfilzomib escalated from 45 to 70 mg/m2 with the standard doses of
cyclophosphamide 300 mg/m2 and dexamethasone 40 mg. After completion of
9 28-day cycles, patients receive 28-day maintenance cycles with Carfilzomib
(days 1, 8, 15) at the MTD defined by the phase | study until disease progression
or intolerance. Adverse events were graded by NCI-CTCAE v4. Response was
assessed according to the modified International Uniform Response Criteria.

Table 1. Adverse events of any grade and grade 23 occurring in 25% of
patients during induction and maintenance.

Adverse events Induction {N-54) Maintenance (N-29)
Any grade, Grade 23, Any grade, Grade 23,
| ni% n () (% k)
Anaemia | 15 {35) 3[6) 1i3) ]
Thrombocytopenia 16 {30} 3[8) 414 1]
Neutropenia 13 (14) 10(18) 3{10) 1]
Nausea/Vomiting | B{15) | 12) | im | 0
Hypertension 713} 0 a[14) {7
Fever | 7(8) I 1f3) | 3(10) ] []
Bronchitis | 611 (3 1 g | 0
Fatigue 41 0 1] 1]
Atute kidney injury 4(7 1{3) 0 0
Pulmonaryedema | i M ] g 0
Cardiac event 316) 1[4 103 1(3)
Diarrhea 36 ] 0 0
Sepsis | 14 2{4) a a
Canstipation 214 | 0 | 0 0

Results: Results of dose escalation phase 1 study have been previously report-
ed (Palumbo A et al, Blood 2014), the MTD of weekly Carfilzomib was estab-
lished as 70 mg/mZ2. Results are presented for all patients treated with KCyd
at the Carfilzomib MTD in both the phase 1 (n=3) and phase 2 (n=51) portions
of the study. Among these 54 pts, median age was 72 years (range 60-85),
33% had ISS stage Ill, 49% had unfavorable FISH profile [t(4;14) or t (14;16)
or del17p, del1 or amp1]. Median Carfilzomib treatment duration was 9.1
months (range 0.13-25.4). During induction, the ORR was 88%, the very good
partial response (VGPR) rate was 71%, the complete response (CR) rate was
12%. Twenty-nine pts could be evaluated for maintenance. After a median
duration of maintenance of 14.5 months, 7 pts (35%) improved response. Dur-
ing maintenance, the ORR was 95%, the VGPR rate was 80%, the CR rate
was 40%, including a stringent CR rate of 20%. The 1-year progression-free
survival was 79.4%. Ten pts (18%) discontinued treatment due to an adverse
event. The most common adverse events of any grade and of grade 23 during
induction and during maintenance are shown in the Table. Six pts died on study,
cause of death included disease progression, pulmonary edema, pulmonary
embolism, second primary malignancy, sudden death and pneumonia (1 each).
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Summary/Conclusions: This is the first prospective study evaluating once
weekly Carfilzomib in NDMM. wKCyd as induction and wK as maintenance
appeared to be safe and effective. Responses became deeper with subsequent
cycles and improved during maintenance. The response rate observed with
weekly Carfilzomib compares favorably with similar studies with standard twice
weekly Carfilzomib infusion.
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A META-ANALYSIS OF OVERALL SURVIVAL IN PATIENTS WITH MULTIPLE
MYELOMA TREATED WITH LENALIDOMIDE MAINTENANCE AFTER
HIGH-DOSE MELPHALAN AND AUTOLOGOUS STEM CELL TRANSPLANT
PL McCarthy.", APalumbo?, SA Holstein3, V Lauwers-Cances?, MT Petrucci®,
PG Richardson®, C Hulin’, P Tosi8, KC Anderson®, D Caillot?, V Magarotto?,
P Moreau'0, G Marit', Z Yu'2, M Attal4

1Blood and Marrow Transplant Program and Medicine Department, Roswell
Park Cancer Institute, Buffalo, NY, United States, 2University of Torino, Torino,
Italy, 3Roswell Park Cancer Institute, Buffalo, NY, United States, 4Departments
of Hematology and Biostatistics, Hopital Purpan, Toulouse, France, SUniversity
La Sapienza, Rome, Italy, 8Jerome Lipper Multiple Myeloma Center, Depart-
ment of Medical Oncology, Dana-Farber Cancer Institute, Harvard Medical
School, Boston, MA, United States, "Bordeaux Hospital University Center
(CHU), Bordeaux, France, 8Seragnoli Institute of Hematology and Medical
Oncology, Bologna University, Bologna, Italy, ®Dijon University Hospital Center,
Dijon, 10University Hospital Hotel-Dieu, Nantes, 11Centre Hospitalier Universi-
taire, Bordeaux, France, 12Celgene Corporation, Summit, NJ, United States

Background: Several studies demonstrate that lenalidomide (LEN) mainte-
nance post autologous stem cell transplant (ASCT) reduces the risk of disease
progression or death in patients with multiple myeloma (MM) by approximately
50% (Attal, NEJM, 2012; McCarthy, NEJM, 2012; Palumbo, NEJM, 2014).
However, these studies were not powered for overall survival (OS).

Aims: To conduct a meta-analysis assessing the effect of LEN maintenance
post ASCT on OS.

Methods: A prospectively planned meta-analysis assessed OS with LEN vs
placebo/no maintenance (control) after ASCT. A search identified 17 random-
ized controlled trials (RCTs) using LEN post ASCT. Three RCTs (IFM 2005-02,
CALGB 100104 [Alliance], GIMEMA RV-209) met prespecified inclusion criteria
(had patient-level data, had a control arm, and achieved database lock for pri-
mary efficacy analysis of patients with newly diagnosed MM receiving LEN
post ASCT). A March 2015 cutoff of the 3 RCTs enabled sufficient OS events
to test treatment effect (hazard ratio [HR]=0.78).

Figure A. Kaplan-Meler Plot of Overall Survival
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Heterogeneity Test: ¥ = 6.125,d1 = 2, Pvalue = 047 Hazard Ratio (95% C1)

CALGB (n = 460) . 0.56{0.42-0.76)
1FM {0 = 614) o 0.91(0.72-1.15)
GIMEMA (n = 135) L 0.66(0.34-1.26)
Total {95% C1) — 0.74(0.62-0.89)

000 035 050 07% 100 125 150 175 200
Mazard Ratia

Figure A and Figure B.

Results: From 2005 to 2009, 1209 patients were randomized in the 3 RCTs to
receive LEN (n=605) 10 mg/day on days 1-21 (GIMEMA) or 1-28 (IFM and
CALGB) of 28-day cycles or control (n=604). With a median follow-up of 6.6



years, 491 patients (41%) had died. Baseline characteristics were generally
balanced in the pooled data. After induction and single (82%) or tandem (18%)
ASCT, 55% of patients achieved a complete response (CR) or very good partial
response (VGPR). Median OS for the LEN maintenance group was not reached
compared with 86 months for the control group (HR=0.74; 95% ClI, 0.62-0.89;
log-rank P=.001; Figure A), and 5-, 6-, and 7-year OS were longer in the LEN
maintenance vs the control group (71% vs 66%, 65% vs 58%, and 62% vs
50%, respectively). Fisher’s combination test confirmed the significant OS ben-
efit in the meta-analysis (P=.001). Patients who achieved <PR post ASCT ben-
efited from LEN maintenance (HR=0.86; 95% CI, 0.65-1.15) as did patients
with CR/VGPR (HR=0.70; 95% CI, 0.54-0.90). OS benefit was generally con-
sistent across subgroups. Based on a heterogeneity test (Pignon, Lancet Oncol,
2001), the OS study results from the efficacy meta-analysis were considered
significantly heterogeneous (P=.047; Figure B) across studies for both the
intention-to-treat post-ASCT population and for all patients randomized. Poten-
tial factors contributing to the heterogeneity between the clinical trials were
explored and identified, including baseline/disease characteristics (such as
International Staging System stage, cytogenetics), study conduct, and second-
line therapy. Second primary malignancy data will be presented.
Summary/Conclusions: This large meta-analysis demonstrates that LEN
maintenance significantly prolonged OS vs control (placebo/no maintenance)
post ASCT, including in patients who achieved CR, demonstrating benefit in
patients in all response categories.
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UPFRONT OR RESCUE TRANSPLANT IN YOUNG PATIENTS WITH NEWLY
DIAGNOSED MULTIPLE MYELOMA: A POOLED ANALYSIS OF 529
PATIENTS
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Background: In patients with newly diagnosed myeloma, upfront Melphalan
200 mg/m?2 followed by ASCT (MEL200-ASCT) prolongs progression-free sur-
vival-1 (PFS1) in comparison with chemotherapy plus lenalidomide (CC+R) but
ASCT as salvage therapy at first relapse may still effectively rescue patients
who did not receive upfront ASCT.

Aims: The primary aim was to evaluate the long-term benefit of upfront ASCT
vs CC+R, including the impact of MEL200-ASCT vs CC+R in specific subgroups
of patients with different prognostic features. The secondary aim was to eval-
uate the efficacy of salvage ASCT in patients receiving upfront CC+R.
Methods: We performed an individual patient data meta-analysis of patients
enrolled in 2 phase Il trials (RV-MM-209 and EMN-441) that randomized
patients to MEL200-ASCT vs CC+R. Primary endpoints were PFS1, PFS2,
overall survival (OS). Subgroup analyses according to baseline features, pro-
tocol and post MEL200-ASCT/CC+R maintenance were performed. We calcu-
lated the odds ratio (ORs) with 95% confidence intervals (Cls), as measure of
association between the upfront and rescue therapy (MEL200-ASCT vs CC+R
followed by rescue ASCT) with the 4-year risk of second progression/death
(PFS2) and death (OS).

Results: In the pooled analysis, 268 patients were randomized to MEL200-
ASCT and 261 to CC+R. Median follow-up was 46 months. MEL200-ASCT
significantly improved PFS1 in comparison with CC+R (median 42 vs 24
months, HR 0.53; P<0.001), with a significant advantage in all the subgroups
analyzed. In patients with R-ISS Stage | the 4-year PFS1 was 53% with
MEL200-ASCT vs 36% with CC+R; in patients with R-ISS Stage Il/Ill the 4-
year PFS1 was 41% with MEL200-ASCT vs 23% with CC+R. 134 MEL200-
ASCT patients and 176 CC+R patients experienced first progression. 125
patients in the MEL200-ASCT group and 174 in the CC+R group received sec-
ond-line therapy. MEL200-ASCT significantly prolonged PFS2 in comparison
with CC+R (4-year PFS2: 71% vs 54%, HR 0.53, p<0.001). The long-term
advantage of MEL200-ASCT was evident in good and bad prognosis patients:
in patients with R-ISS Stage I, the 4-year PFS2 was 83% with MEL200-ASCT
vs 71% with CC+R; in patients with R-ISS Stage Il/lll the 4-year PFS2 was
67% with MEL200-ASCT and 48% with CC+R. The PFS1 and PFS2 advantage
translated into a significant OS benefit for patients randomized to MEL200-
ASCT in comparison with CC+R (4-year OS: 84% vs 70%, HR 0.51, P<0.001).

Copenhagen, Denmark, June 9 - 12, 2016

Subgroup analyses of OS were limited by a lower number of events but the
advantage with MEL200-ASCT was still evident in most of the subgroups ana-
lyzed. At data cut off, in the MEL200-ASCT group, 9% of patients received
again ASCT, 68% bortezomib, 16% immunomodulatory agents (IMIDs), 7%
other therapies. In the CC+R group, ASCT was recommended but not manda-
tory at relapse, and the choice of therapy was based on patient’s will and physi-
cian discretion according to patient eligibility to ASCT: 53% of patients received
ASCT, 38% bortezomib regimens, 6% IMIDs, and 3% other therapies. Upfront
ASCT regardless of salvage therapy significantly reduced the risk of second
progression/death (OR 0.31; P<0.001) and death (OR 0.41; P=0.003) at 4 years
in comparison with CC+R followed by salvage ASCT.
Summary/Conclusions: MEL200-ASCT significantly improved PFS1, PFS2
and OS in comparison with CC+R in good and bad prognosis patients. Upfront
ASCT significantly reduced the risk of death in comparison with CC+R and sal-
vage ASCT. These data confirm the role of upfront ASCT as the standard
approach for all young myeloma patients.
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BASELINE TOTAL METABOLIC VOLUME (TMTV) PREDICTS THE OUTCOME
OF PATIENTS WITH ADVANCED HODGKIN LYMPHOMA (HL) ENROLLED
IN THE AHL2011 LYSA TRIAL
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Background: The TMTV assessed on the baseline FDG-PET is a novel
approach of tumor burden measurement quantifying the most active part of
the tumor. It has been reported to influence HL outcome in a retrospective
series (Kanoun et al, EJNM 2014; 41: 1735).

Aims: We designed a study evaluating the TMTV prognosis value in patients
(pts) prospectively enrolled in a phase Ill randomized trial testing a treatment
strategy driven by PET, compared to a standard treatment not monitored by PET.
Methods: Eligible pts for the present study had to be enrolled in the AHL2011
trial (NCT01358747) and to have a baseline PET (PETO) available for central
review and TMTV calculation. Pts were 16-60 y, with a previously untreated
advanced HL (Ann Arbor stage Ill, IV or high risk IIB) and were randomly
assigned to a treatment strategy driven by PET after 2 escalated BEACOPP
(BEA) cycles (PET2), delivering 4 cycles of ABVD for PET2 negative (PET2-)
pts and 4 cycles of BEA for PET2 positive (PET2+) pts or a standard treatment
not monitored by PET and delivering 6 cycles of BEA. PET2 were centrally
reviewed and interpreted according to Deauville criteria. TMTV was computed
on PETO by summing the metabolic volumes of the individual lesions using
the 41% SUVmax thresholding method already described in lymphoma
(Meignan et al, EJNM 2014; 41: 113).

Results: 392 pts with a median age of 30 years were included: 64% were
male, 89% had stage l1l/IV, and 59% an IPS23. Median TMTV was 200 ml (23-
2149). Using a X-tile method a 350ml cut off value was firstly identified in a
training set of patients (n=262; 67%) randomly obtained from the whole popu-
lation, and found to predict PFS in both the training and validation sets of pts
(n=130; 33%). With a median follow up of 16 months, 2y-PFS was 81% vs
93% in pts with high and low TMTV respectively in the whole population
(p=0.0015; HR=3). PET2 positivity was also related to a lower 2y-PFS com-
pared to PET2- pts (76% vs 92%; p<0.0001). Then 3 groups could be identified:
pts with either [high TMTV and PET2+ (n=23; 6%)], or [high TMTV and PET2-
, or low TMTV and PET2+ (n=103; 27%)], or [low TMTV and PET2- (n=261;
67%)] had a 61%, 88%, 94% 2y-PFS respectively (p<0.0001).
Summary/Conclusions: The TMTV predicts the outcome of young advanced
HL pts independently of the early metabolic response to treatment. The com-
bination of TMTV and PET2 allows identifying 3 subsets of HL pts with signif-
icantly different outcome that may help clinician to better tailor therapy.
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LONG-TERM FOLLOW-UP OF CONTEMPORARY TREATMENT IN EARLY-STAGE
HODGKIN LYMPHOMA (HL): UPDATED ANALYSES OF THE GERMAN
HODGKIN STUDY GROUP HD7, HD8, HD10 AND HD11 TRIALS
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Background: Combined modality treatment (CMT) is currently considered as
standard of care in patients with early-stage HL. During the years, a gradual
toxicity reduction through balancing extent and intensity of radiotherapy (RT)
and chemotherapy was achieved.

Aims: We evaluated long-term follow-up (FU) of pivotal trials, to ensure the
applied therapies are safe and beneficial for our patients.

Methods: We analyzed updated FU data of 4299 patients who were treated
for primary early-stage HL in previously published GHSG trials between 1993
and 2003. Patients with favorable disease were randomized in HD 7 to either
CMT with 2xABVD or to 40Gy extended-field (EF)-RT only, and in HD10 to
either 4x or 2xABVD and 20 or 30Gy involved-field (IF)-RT, respectively.
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Patients with unfavorable HL in HD8 had received either 30Gy IF- or extend-
ed-field (EF)-RT after 2xCOPP/ABVD and in HD11 either 20 or 30Gy IF-RT
after 4xABVD or 4xBEACOPP, .. Progression-free (PFS) and overall survival
(OS) were analyzed according to the Kaplan-Meier method. Cumulative inci-
dences of secondary neoplasias (SN) were calculated and compared between
groups using Pepe&Mori’s test. Type of SN, salvage therapies and causes of
death were analyzed descriptively.

Results: The median FU was 120 and 98 months for patients in HD7 (n=627)
and HD10 (n=1190) and 153 and 106 months for patients in HD8 (n=1064)
and HD11 (n=1395), respectively. New FU data beyond the last evaluation
was available for only <50% of patients and last information was obtained
from population registries in 18-30%. In HD7, CMT was superior to EF-RT
with 15-year PFS estimates of 72.8% vs 52.2% and a hazard ratio (HR) of
0.45 (0.33-0.61). No significant differences were observed regarding OS (HR:
0.81 (0.56-1.18)) or the cumulative incidence of SN. In HD10, non-inferiority
of 2xABVD+20Gy IF-RT to more intensive treatment was confirmed with HRs
of 1.0 (0.6-1.5) and 0.9 (0.5-1.6) and 10-year estimates of 87.2% and 94.1%
for PFS and OS, respectively. No significant differences in SN were observed.
In HD8, non-inferiority of IF- compared to EF-RT was confirmed with HRs of
0.98 (0.76-1.25) and 0.88 (0.66-1.16) for PFS and OS, respectively. We
observed a non-significant trend towards more SN (15-year cumulative inci-
dence 17.1% and 14.2%, respectively, p=0.3) and deaths from SN after EF-
RT. In HD11, no difference in PFS was found with intensified chemotherapy
compared to standard ABVD with either 30Gy IF-RT (HR: 1.1 (0.7-1.5)) or
20Gy IF-RT (HR: 0.8 (0.6-1.1). In contrast, there was a significant difference
in 10-year PFS rates estimated at 77.6% versus 83.3% to the detriment of
ABVD-treated patients who had received 20Gy instead of 30Gy IF-RT with a
HR of 1.5 (1.0-2.1). After BEACOPP,,,5, 20Gy IF-RT was non-inferior to 30Gy
IF-RT with a HR of 1.0 (0.7-1.5) for PFS. No differences in terms of OS or
SN could be observed.

Summary/Conclusions: Long-term FU data of four large randomized GHSG
phase lll trials confirm the current risk-adapted therapeutic strategies in early-
stage HL. Outcome in patients with early-stage favorable HL is optimal with
CMT consisting of 2xABVD+20Gy IF-RT with 10-year PFS and OS estimates
of 87.2% and 94.1%, respectively. 10-year PFS and OS estimates in early-
stage unfavorable HL treated with 4xABVD+30Gy IF-RT leave room for
improvement with 83.3% and 90.0%, respectively. Moderate intensification of
chemotherapy does not improve efficacy outcome but might facilitate the reduc-
tion of IF-RT-dose. Continued FU is necessary to assess long-term effects of
currently applied risk-adapted therapies.
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ADJUSTMENT OF THERAPY FOR HODGKIN LYMPHOMA BASED ON
INTERIM PET IS BENEFICIAL AND RADIOTHERAPY MAY BE SUBSTITUTED
WITH CHEMOTHERAPY IN PATIENTS WITH NEGATIVE INTERIM STUDY:
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Background: The main goal of therapy for Hodgkin lymphoma (HL) is to max-
imize response while minimizing long-term treatment-related toxicity.

Aims: The study aimed to explore the effect of therapy adjustment based on
early interim PET/CT (PET-2) on the HL patient outcome.

Methods: This prospective multicenter study recruited patients (pts) between
9/2006-8/2013. Pts with classic HL aged 18-60 years, stages I-IV were eligible.
Early HL (ED) was categorized into favorable (EF) and unfavorable (EU) dis-
ease. After 2 ABVD cycles, pts with EF and negative PET-2 underwent involved
site radiation therapy (ISRT) and EU pts received 2 more ABVD cycles (total
4) followed by ISRT In pts with negative PET-2, ISRT could be substituted by
two further ABVD courses. Pts with positive PET-2 received a total 4 or 6 ABVD
courses for EF and EU, respectively, followed by obligatory ISRT. Pts with
advanced HL (AD) (B symptoms or stages llI/IV) were assigned to therapy
based on IPS: those with IPS 0-2 initially received ABVDx2 while pts with IPS
23 received escalated BEACOPP (EB) x2. If PET-2 was negative, therapy was
completed using ABVDx4. If PET-2 was positive, therapy was escalated to EB
with ISRT given to bulky mediastinal masses. A dynamic visual score (DS)
comparing PET-2 to baseline PET was used for decision-making regarding
therapeutic changes (Dann et al, Haematologica, 2010).Briefly, for pts with an
initial single site of uptake, PET-2 was considered positive if the intensity of
residual uptake was =2normal mediastinal or liver blood pool (the hottest of the
two). For pts with multiple initial sites of HL, disappearance of uptake in all
sites or a residual single site uptake with markedly lower intensity on PET-2



was considered a negative result. The Deauville score (performed post-hoc)
less or equal to 3 was defined as negative.

Results: HL progression was documented in 50 out of 355 pts, of whom 42
relapsed and 8 had primary progressive disease. PET-2 was negative in 86%
and positive in 7% of pts, according to both DS and Deauville score (93% con-
cordance by both systems; kappa 0.627). At a median follow-up of 47 months
(4-114), among 170 ED pts a highly significant difference in the 5-year pro-
gression-free survival (PFS) was demonstrated between those with negative
and positive PET-2 [0.91 and 0.68, respectively; hazard ratio (HR) 3.66; 95%
Cl 1.4-9.7; p=0.009] by DS. The differences were even more marked after re-
assessment using the Deauville criteria (0.91 compared to 0.47,HR 7.6; 95%
Cl 2.7-21.4 P<0.001). The 5-year PFS for pts with a negative PET-2 who did
not receive ISRT was 0.94 compared to 0.89 for the group receiving ISRT. In
the AD group (n=185), 18% (n=33) of pts progressed and 15% (n=27) had a
positive PET-2. The 5-year PFS for the whole group, PET-2 negative and pos-
itive subgroups was 0.80, 0.82 and 0.68, respectively (p=0.07). The 5-year OS
for ED and AD groups was 0.99 and 0.97, respectively.
Summary/Conclusions: Seventy six percent of relapses still occur in pts with
a negative PET-2. A positive PET-2 portends an adverse prognosis at all stages
of HL. ED pts with positive PET-2 have a poor prognosis if their therapy is con-
tinued with ABVD followed by ISRT. ISRT does not appear to improve the out-
come for ED pts with negative PET-2. The prognosis of AD patients with positive
PET-2 could be improved with administration of 4 additional EB cycles. If PET-
2 is negative, EB can be safely changed to ABVD in AD pts.
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PET-CT ADAPTED THERAPY AFTER 3 CYCLES OF ABVD TO ALL STAGES
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Background: Positron emission tomography using fluoro-2-deoxy-d-glucose
(PET-CT) is an important tool for treatment response assessment in Hodgkin
Lymphoma (HL) treated with ABVD.

Aims: Adapt therapy to all stage of Hodgkin Lymphoma to the result of PET-
CT after 3 ABVD (PET-CT+3). Reduce therapy in pts. who achieve early CR
with negative PET-CT. Intensify treatment, in pts. with positive PET-CT after 3
ABVD. Achieve CR, event free survival (EFS) and overall survival (OS), as
good as in our historical control (LH -96), when we used 3-6 ABVD adapted to
stage plus involved field radio therapy (IFRT) in all pts

Methods: Four hundred and one newly diagnosed pts. with HL Stages I-IV
have been included (LH-05). All pts. received 3 ABVD and were evaluated with
a PET-CT (PET-CT +3). Pts. with a negative PET-CT+3 were considered in CR
and received no further therapy. Pts in partial response (PR) completed 6 ABVD
and IFRT on PET-CT positive areas. Pts with less than PR received salvaje
chemotherapy. Three hundred and seventy seven pts have been evaluated.
With a median age of 35 yrs.and 38% age older than 59 years. Two hundred
and twenty eight 860%9 presented with localized stage (I-l1A) and 144 (40%)
presented with advanced stage (lIB-llI-V).
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Figure 1.

Results: Of all pts. 260 (69%) achieved CR with negative PET-CT+3, 117
(31%) were PET-CT+3 positive, 101 pts. were in PR with chemo-sensitive dis-
ease and completed a total of 6 ABVD+IFRT in PET-CT positive areas. Eighty-
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two (81%) achieved CR. With a median follow up of 68 months the EFS and
OS at 3 years is 80% and 96% respectively. Pts with negative PET-CT +3 had
an EFS of 90% both for localized and advances stage, compared to 58% for
pts. with positive PET-CT+3 and loc. stage and 5%for with a positive PET-
TC+3 and adv. stage. We perform a multivariate analysis for EFS which includ-
ed age, stage, IPS, bulky disease, extranodal areas and the result of the PET+3.
This last parameter together with age were the only ones with statistical signif-
icance (p=0.001 and 0.046 respectively), finding stage at diagnosis not signif-
icant. When comparing the results LH-05 with our previous clinical trial (LH-96)
there is no difference in EFS and OS at 36 months (83% vs 85% and 97 vs
96%) but in LH-05 only 30% received more than 3 cycles of ABVD and IFRT
compared to 61% and 100% in LH-96. This reduces the exposure to chemo
and radiotherapy.

Summary/Conclusions: With PET-CT adapted therapy for all stages of HL
after 3 ABVD, 260 pts. received only 3 cycles of ABVD as initial therapy with
an EFS and OS of 91% and 98% at 36 months. In the Cox regression model,
PET-CT at completion of treatment was the most significant factor associated
to EFS. Treatment with 3 cycles of ABVD can be adequate for pts. with negative
PET-CT+3 regardless their stage at diagnosis
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Background: Hodgkin Lymphoma (HL) is one of the best curable hematological
malignancies. Therefore, a major focus for future improvements in the treatment
of this disease will be a reduction of short- and long-term side effects.
Osteonecrosis (ON) has been reported as an infrequent but sometimes debil-
itating late effect of HL therapy in a few case report series.

Aims: The aim of the present study is to provide a detailed analysis of ON as
a late effect after multimodality treatment for HL.

Methods: A total of 12,083 patients treated within the GHSG trials HD10-15
and HD18 between 05/98 and 07/14 were evaluated. During the trial duration
and prolonged follow-up, complications and late effects of trial participants are
registered. Using a trial-database-aided search for ON and related symptoms
as well as manual chart review, 66 incident cases of osteonecrosis were iden-
tified. Detailed information on patient characteristics, localizations, interventions
and outcomes were collected. Risk factors for ON after HL therapy were ana-
lyzed by multivariate logistic regression.

Results: The cumulative incidence of ON was 0.16% [CI: 0.08-0.30] in early
(favorable or unfavorable) stage HL (n=10) and 0.93% [CI: 0.71-1.21] in
advanced stage HL (n=54). The majority of ON cases were male (75%). A total
of 66 patients had a total of 140 ON. Most patients had more than one area
affected (71%) and the most commonly affected location was the femoral head
(73%). Most patients with available information needed surgical intervention
(54%) and had continuing symptoms despite treatment (66%), including inability
to walk and severe pain. Joint-saving interventions were attempted and suc-
cessful in 6 of 8 patients. The first ON event occurred within the first 3 years
after HL diagnosis in 83% of cases. Peak incidence was observed in the second
year after diagnosis with 41% of cases occurring between 12 and 24 months
after therapy. In a multivariate logistic regression including all patients, male
gender (OR 2.1; Cl: 1.2-3.7) and advanced stage (OR 3.9; Cl: 2.3-6.9) were
identified as risk factors for ON. Because ON was a very rare complication in
early stage HL, the following results focused on survivors of advanced stage
HL. The median cumulative prednisone dose in ON cases after advanced stage
HL was 8,400mg (range: 3,920-10,800) versus 7,350mg (range: 0-16,800) in
not affected patients. In a multivariate logistic regression model including only
patients with advanced stage HL, young age (OR 0.7 for each additional 10
years of age; Cl: 0.5-0.9) and a higher cumulative dose of prednisone during
therapy (OR 1.3 for each additional 1gr; Cl: 1.1-1.5) were identified as additional
risk factors. Nodal pain after alcohol ingestion (p=0.78), radiotherapy (p=0.29),
a large mediastinal tumor (p=0.13), international prognostic score (IPS) (p=0.09)
and body-mass-index (BMI) (p=0.99) were evaluated as potential risk factors
but did not significantly influence the risk for ON.

Summary/Conclusions: We provide the largest and most comprehensive
analysis of ON after HL therapy performed so far. ON after HL therapy, despite
being an infrequent event, often leads to significant disease burden in affected
patients and sometimes has dramatic effects on mobility and quality of life. The
described risk factors and peak incidence timeframe could be helpful in order
to identify patients at high risk for ON. Early evaluation of these often young
patients is recommended in case of symptoms suggestive of ON. This might
help to identify affected patients early and attempt bone and joint saving inter-
ventions whenever possible. High prednisone doses were identified as a risk
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factor for ON and future modifications of HL therapy leading to a decrease in
the cumulative corticosteroid dose might be able to decrease the incidence of
ON after HL therapy in the future.
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OUTCOMES OF 121 PREGNANCIES IN PATIENTS WITH POLYCYTHEMIA
VERA (PV)
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Background: Very limited data are available regarding pregnancy (preg) out-
comes in patients with PV, less than 40 pregs being reported in the literature.
Within the European LeukemiaNet we collected 121 pregs in 48 PV patients
from 7 centers in France, Italy, Serbia, Romania, Switzerland and Germany.
Aims: Outcomes of pregancies in patients with polycythemia vera (PV).
Methods: Pregs were categorized in two groups. Group 1 consisted of pregs
before the diagnosis of PV (n=39). Group 2 (n=82) included all pregs after the
diagnosis of PV. Most patients in group 2 received low dose aspirin during preg
and low molecular weight heparin after delivery until the 6th week postpartum.
The target hematocrit during preg was 40% and therapeutic phlebotomy was
performed, if needed. Iron supplementation was not advised during preg.
Results: Median age at diagnosis of PV was 29 yrs (range 18-40), median
age at delivery 32 yrs (21-43). 13 out of 48 patients (27%) had high-risk PV
due to severe thromboembolic complications either at the time of diagnosis
or during follow up. These included 5 Budd Chiari syndromes, 4 portal vein
thromboses, 2 superior sagittal sinus thromboses, 3 deep vein thromboses,
and one pulmonary embolism. In group 2, a planned medical interruption
was performed in 6/82 pregs due to patients” choice. The outcome of another
6 pregs cannot be reported yet (still ongoing in 3 and missing in another 3).
Thus, a total of 70 pregs are evaluable at time of abstract submission in
group 2. In group 1 live birth was recorded in 19/39 pregs (49%), while 20
pregs were unsuccessful due to spontaneous abortion (n=9; 23%), stillbirth
(n=8; 21%) or late fetal loss (n=3; 8%). In contrast, outcome was significantly
better in group 2 with 54 live births out of 70 pregs (77%) [chi square,
p=0,002]. In group 2 we observed 12 (17%) spontaneous abortions, one
ectopic preg (1%) and 3 (4%) stillbirths. Interferon alpha was used in 12 high
risk cases with 10 live births (83%) and 2 spontaneous abortions. Concerning
maternal complications, the rate of severe thromboembolic events was similar
between the two groups (group 1: one pulmonary embolism with cardiogenic
shock (2,6%), group 2: two Budd Chiari syndromes in 3rd trimester (2,8%).
There were no deaths. Of note, the bleeding rate was significantly higher in
group 2 (8 minor and 3 major bleedings) which was probably due to the treat-
ment with aspirin and low molecular weight heparin in this group while only
one minor bleeding was observed in group 1 [chi square, p=0,036]. Most PV
patients’ hematocrit values spontaneously decreased during preg, thus phle-
botomies were mainly performed during the first trimester. 6 twin pregs were
managed in group 2, five of them resulted in live births, and one patient had
a spontaneous abortion in the 22th week.

Summary/Conclusions: This is the largest series of PV pregs reported to
date collected across the European LeukemiaNet network. The success rate
of pregs was significantly better (49% versus 77%, respectively) for patients in
whom the diagnosis of PV was known and appropriate management performed
according to current guidelines. This high success rate of almost 80% is encour-
aging in this higher risk PV population. However, despite the use of aspirin
and molecular weight heparin major thrombotic events still occur and an
increased bleeding rate is observed.
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INCREASED RISK OF SECOND MALIGNANCIES IN PATIENTS WITH
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Background: The risk of developing acute myeloid leukemia (AML) and
myelodysplastic syndromes (MDS) in patients with myeloproliferative neo-
plasms (MPNSs) is well established. Less is known, however, about the risk of
non-hematologic malignancies in patients with MPNs.



Aims: To assess the risk of developing a wide range of second malignancies in
a large population-based study of MPN patients compared to matched controls.
Methods: All patients diagnosed with MPNs and reported to the Swedish
Cancer Registry or the Inpatient Registry between 1973 and 2009 were
included. Four controls matched by age, sex, and region of residence were
randomly selected from the Register of Total Population. End of follow-up
was December 31st 2010. Patients and controls were excluded if they had
any malignancy prior to the MPN diagnosis or corresponding time for controls.
We identified incident cases of cancer during follow-up by cross-linking to
the Swedish Cancer Registry. Hazard ratios (HRs) with 95% confidence inter-
vals (Cls) were calculated using a Cox regression model. Alandmark analysis
was performed in order to reduce detection bias, where all patients with a
new malignant diagnosis within one and two years respectively from the MPN
diagnosis were excluded.

Results: In total, 9,379 MPN patients and 35,682 controls were identified. The
MPN cohort included 4,502 males (48%) and 4,877 females (52%), and the
median age at MPN diagnosis was 67.5 years. We found an overall significantly
increased risk of non-hematologic cancer with an HR of 1.60 (95% CI 1.50-
1.71). The relative risk of developing a second malignancy was similar across
all MPN subtypes, men and women, and calendar periods of MPN diagnosis.
The non-hematologic malignancies with the greatest observed risk increase
included non-melanoma skin cancer (HR 2.92, 2.51-3.39), malignant melanoma
(HR 1.85, 1.36-2.53), kidney cancer (HR 2.85, 2.01-4.03), brain cancer (HR
2.60, 1.76-3.86), and endocrine cancers including thyroid cancer HR 2.41, 1.59-
3.64) (Table). MPN patients were also at a significantly increased risk of devel-
oping second malignancies of the lung, head and neck, pancreas, esophagus,
and stomach compared to matched controls. The risk of developing a non-
hematologic malignancy tended to increase with follow-up time after MPN diag-
nosis. The risk of developing a second hematologic malignancy was significantly
increased, the HRs for lymphoproliferative malignancies (including acute lym-
phoblastic leukemia) were 2.62 (2.06-3.34) and for AML 47.04 (33.17-66.69).
The relative risk of a second non-hematological and hematological malignan-
cies in MPN patients remained similarly significantly elevated in the landmark
analysis starting one and two years after the MPN diagnosis.

Table 1. Risk of different types of malignancies in patients with myelo-
proliferative neoplasms compared to matched controls. HR=hazard ratio,
Cl=confidence interval, ALL=acute lymphoblastic leukemia.

Type of malignancy HR 95% ClI
All non-hematologic cancer 1.60 1.50 - 1.71
Lung cancer 1.73 1.37-2.19
Non-melanoma skin cancer 292 2.51-339
Melanoma 1.85 1.36-2.53
Head and neck cancer 1.83 1.23-2.73
Breast cancer 1.35 1.09 - 1.67
Pancreas cancer 1.59 1.07 - 2.35
Esophagus and stomach cancer 1.71 1.26-2.32
Colon, rectum and anal cancer 1.13 0.94 - 1.36
Kidney cancer 2.85 2.01-4.03
Prostate cancer 1.26 1.08 - 1.48
Brain cancer 2.60 1.76 - 3.86
Endocrine cancer 241 1.59 - 3.64
Lymphoproliferative

malignancies (including ALL) 2.62 2.06-3.34

Acute myeloid leukemia 47.04 33.17 - 66.69

Summary/Conclusions: This population-based study is, to our knowledge,
the largest to date to support an increased risk of non-hematologic and hema-
tologic malignancies in MPN patients. The reason behind the increased risk
are not fully understood, but several possible factors exist; a genetic propensity
to develop malignancies, acquired somatic mutations, an altered immune func-
tion and mutagenic cytoreductive treatments. Clinicians should be aware of the
increased cancer risk and direct adequate attention to new symptoms in MPN
patients.
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Background: PV is a myeloproliferative neoplasm characterized by erythro-
cytosis, burdensome symptoms, and increased risk of thrombosis. A key treat-
ment goal is to maintain hematocrit (HCT) control. In the phase 3 RESPONSE
study, the JAK1/JAK2 inhibitor ruxolitinib was superior to best available therapy
(BAT) in maintaining HCT control without phlebotomy (PBT), normalizing blood
cell count, reducing spleen volume, and improving symptoms in HU-
resistant/intolerant PV patients (pts) with splenomegaly.

Aims: RESPONSE-2 is an open-label phase 3b study comparing RUX with
BAT in HU-resistant/intolerant PV pts without palpable splenomegaly.
Methods: HU-resistant/intolerant pts without palpable splenomegaly who
required PBT for HCT control were randomized 1:1 to RUX 10 mg bid or BAT.
The primary endpoint was the proportion of pts who achieved HCT control at
wk 28 (defined as the absence of PBT eligibility [HCT >45% and 23 percentage
points from baseline, or HCT >48%] from wk 8 to 28, with <1 PBT eligibility
from wk 0 to 8). The key secondary endpoint was the proportion of pts who
achieved complete hematologic remission (CHR) at wk 28. Other endpoints
included patient-reported outcomes and safety. The MPN-SAF TSS was used
to assess 10 PV-related symptoms, each on a scale of 0 (absent) to 10 (worst
imaginable). BAT pts could cross over to RUX from wk 28. Primary analysis
occurred when all pts reached wk 28 or discontinued.
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Figure. Percentage of Patients Achieving (A) the Primary and Key Sec-
ondary Endpoints and (B) Improvement in MPN-SAF TSS.

Results: 74 and 75 pts were randomized to RUX and BAT, respectively. The
median time since PV diagnosis was 6.5 and 6.7 y; 28% and 24% of pts had a
history of thromboembolic events; and 78% and 76% had =2 PBTs within 24
wk of screening, respectively. Overall, 29.5% of pts received >1 prior line of
PV-directed therapy. By the cutoff date (29 Sep 2015), 2 (3%) RUX and 56
(75%) BAT pts had discontinued randomized treatment, of which 1.4% and
8.0% were due to adverse events (AEs), respectively; 51 (68%) pts crossed
over to RUX. The median duration of exposure to RUX and BAT was 42 and
28 wk, respectively; median dose intensity for RUX was 20 mg/day. HCT control
(primary endpoint) was achieved in 62% of RUX vs 19% of BAT pts (P<.0001);
CHR (key secondary endpoint) was achieved in 23% and 5% of RUX and BAT
pts, respectively (P=.0019; Fig A). At wk 28, 45% of RUX pts, vs 23% of BAT
pts, had 250% improvement in MPN-SAF TSS; 50% vs 7.7% achieved com-
plete symptom resolution (Fig B). RUX pts had improvements in individual
symptoms; most symptoms worsened with BAT. Pruritus improved in RUX pts,
but did not change in most BAT pts; 60% of RUX vs 5.3% of BAT pts had a
much or very much improved condition in PGIC. Anemia or thrombocytopenia
occurred in 16.2% and 2.7% of pts in the RUX arm vs 2.7% and 8.0% in the
BAT arm. Corresponding grade 3/4 events were reported in 0% of RUX pts vs
1.3% and 4.0% of BAT pts, respectively. The most common nonhematologic
AEs (>10% of pts) in either the RUX or BAT arm were headache (12.2%;
10.7%), constipation (10.8%; 5.3%), hypertension (10.8%; 4.0%), pruritus
(10.8%; 20.0%), and weight increase (10.8%; 1.3%). All were grade 1/2, except
hypertension (6.8%; 4.0%) and pruritus (0%; 2.7%). No deaths were reported
in the RUX arm; 2 (2.7%) occurred in the BAT arm.

Summary/Conclusions: In this study, RUX was well tolerated and superior to
BAT in controlling HCT without PBT, normalizing blood counts, and improving
PV-related symptoms in pts with PV resistant to or intolerant of HU, thus extend-
ing the results from RESPONSE to pts without palpable splenomegaly.
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Background: Somatically acquired mutations in JAK2, MPL or CALR are found
in 85% of patients with essential thrombocythemia (ET) and 15% of patients are
‘triple-negative’ (TN). However, no prospective data exist on the disease charac-
teristics or response to treatment of the different molecular subgroups of ET.
Aims: We aimed to characterise, in the prospective setting, whether baseline
clinical characteristics, bone marrow histology, adverse outcomes, and
response to treatment are influenced by mutation status in ET.

Methods: Patients aged 18 years or older with newly diagnosed or previously
diagnosed ET were enrolled into low, intermediate or high-risk PT-1 studies
depending on their risk of vascular complications. Median prospective follow-
up duration was 36 months (range, 2-87 months). JAK2, MPL and CALR
screening utilised PCR based methods. Clinical and laboratory features were
compared between the four molecular subgroups. Time-to-event data was ana-
lyzed using Kaplan-Meier curves, log-rank analyses and Cox proportional haz-
ards models. Response to treatment and drug dosage were analyzed using
non-parametric regression and linear mixed effects modeling respectively.
Results: JAK2, MPL and CALR mutated ET represented 53%, 4% and 26%
of patients and were mutually exclusive in most cases. 1% of patients harbored
>1 mutation in these genes and analysis of such patients using individual
hematopoietic colonies showed that JAK2, MPL or CALR mutations can be
successively acquired within the same tumour subclone. Within the PT-1 cohort,
CALR- and MPL-mutated subgroups affected males and females equally, in
contrast to the female predominance observed in JAK2-mutated and TN sub-
groups wherein only 37% and 31% of patients respectively were male
(p=0.0008, Chi-squared test). TN patients were significantly younger than any
of the other molecular subgroups with a median age of 44 years (p<0.0001 for
all comparisons, ANOVA). CALR-mutated patients were also significantly
younger than JAK2- (p=0.003, ANOVA) and MPL-mutated (p=0.005, ANOVA)
patients, with a median age of 54 years. CALR-mutated trephines had more
prominent megakaryocyte atypia (increased cluster frequency, cluster size,
tight clusters, paratrabecular megakaryocytes and fibrosis), and TN trephines
had relatively milder megakaryocyte abnormalities. CALR-mutated ET patients
presented with lower hemoglobin levels and total white cell counts, and higher
platelet counts. Whilst the majority of venous thrombotic events occurred in
the JAK2-mutated subgroup (21 of 27 events), CALR-mutated ET patients suf-
fered increased rates of myelofibrotic transformation (hazard ratio 3.15 com-
pared to the JAK2-mutated subgroup, p=0.03, Cox proportional hazards model
correcting for age, gender and treatment received). No interaction was noted
between treatment with either hydroxyurea or anagrelide and the incidence of
these adverse outcomes. Patients with CALRins5 mutations presented with
higher platelet counts than patients with CALRdel52 mutations but no other
differences in disease features or outcome. Platelet control was equivalent
between all molecular subgroups following treatment with either hydroxyurea
plus aspirin or anagrelide plus aspirin in high-risk patients. However, CALR-
mutated and MPL-mutated patients developed lower hemoglobin levels during
anagrelide therapy. This observation was not due to differences in anagrelide
dosage between molecular subgroups.

Summary/Conclusions: These results demonstrate that molecular testing
identifies distinct biological subgroups in ET with different clinical outcomes
and treatment responses.
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Background: In primary myelofibrosis (PMF), JAK2/CALR/MPL mutational

status is prognostically informative, with “triple-negative” (TN) patients (pts)
displaying the worst survival (Rumi E, Blood 2014). Also, survival was signifi-
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cantly shorter in CALR type 2/like (Ty2) vs type 1/like (Ty1) mutated pts (Tefferi
A, Blood 2014; Guglielmelli P, BCJ. 2015). A high-molecular risk category
(HMR) identifies pts with reduced survival if harboring any one of ASXL1, EZH2,
IDH1/2 and SRSF2 mutated genes (Vannucchi A, Leukemia 2013; Guglielmelli
P, Leukemia 2014).

Aims: To analyze the molecular landscape of PMF pts categorized according
to their driver mutation status and correlate with clinical endpoints and outcome.
Methods: All PMF pts (WHO-2008) provided informed consent. Established
methods were used for JAK2, MPL and CALR mutations. NGS analysis with
lon Torrent platform was used to genotype 18 genes (referred as subclonal,
SC): all coding sequence of c-KIT, TET2, RUNX1, NRAS, KRAS, DNAMT3A,
IKZF1, EZH2, TP53; hot spot of IDH1/2 and SRSF2 and selected exons of
CBL, IDH2, ASXL1, SF3B1, NFE2, SH2B3, U2AF 1. The nonparametric Wilcox-
on rank-sum test, Kaplan-Meier estimate of survival and log-rank test were
used as appropriate.

Results: We analyzed 126 pts: 43 were JAK2+ (34.1%), 42 TN ( 33.3%) and
41 CALR mut (32.6%; 26 (63.4%) Ty1 and 15 (36.6%) Ty2. Overall, 17 pts
(13.5%) progressed to AML. Death occurred in 69 pts (43.4%) after a median
follow up of 3.8y. There was no difference between Ty1 and Ty2 for common
hematologic and clinical variables; conversely, both Ty1 and Ty2 differed from
JAK2+ counterpart for younger age, lower leukocyte and higher platelet counts;
males were more represented among Ty1 pts that other genotypes. More
deaths occurred among Ty2 (45.8%), JAK2+ (37.0%) and TN (72.7%) pts com-
pared to Ty1 (20.0%) (P<.0001). Median survival of CALR Ty1 was 26.4y vs
8.59y for CALR Ty2, 10.3y for JAK2+ and 2.1 for TN (P<.0001). The corre-
sponding hazard ratio, taking CALR Ty1 pts as reference, was 3.0 (95%ClI,
1.2-7.6), 2.4 (95%Cl, 1.0-5.7) and 11.1 (95%ClI, 5.0-25.01) for CALR Ty2,
JAK2+ and TN pts, respectively. HMR status was associated with shortened
survival (HR 3.3, 95%CI 1.9-5.8; P<.001) as it was the number of HMR muta-
tions (HR 5.4, 95%CI 2.8-10.6; P<.001). Considering the individual mutations,
only EZH2, ASXL1 and SRSF2 predicted for shorter survival (2.7y, 1.93y and
1.03y respectively; P=.001; P=.01 and P<.0001). Pts harboring any one of SC
mutations were similarly distributed among groups: Ty1 61%, Ty2 67%, JAK2+
77%, TN 74%; exceptions were SRSF2 mutations (n=26) that were 0% Ty1,
6.7% Ty2, 14% JAK2+, 45% TN (P<.0001), and SF3B1 that was mutated in 3
Ty2 (20%) vs 1 pts in both Ty1 (4%) and JAK2+ (2%) and no TN pt (P=.009).
Conversely, the proportion of pts with 22 SC mutations was significantly higher
in TN (52%) vs the others (Ty1 15%, Ty2 20%, JAK2+ 42%)(P=.02). The pro-
portion of HMR was significantly higher in TN (67%) and JAK2+ (54%) pts
compared with CALR subtypes (35% in Ty1, 27% in Ty2) (P=.01), as it was the
percentage of pts having 22 HMR mutations (P=.006).
Summary/Conclusions: Overall, our findings support previous reports that
the prognostic advantage of CALR mutation in PMF regards only Ty1 mutation;
however, we did not find evidence that such difference might be ascribed to a
greater molecular complexity of Ty2. Conversely, the dismal outcome of TN
pts might be explained, at least in part, by occurrence of greater number of
prognostically negative HMR mutations, particularly of SRSF2 mutations.
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Background: Chronic lymphocytic leukemia (CLL) is a highly genetically het-
erogeneous disease. Although CLL has been traditionally considered as a
mature B cell leukemia, few independent FISH and Next-Generation Sequenc-
ing (NGS) studies have shown that the genetic alterations may appear in CD34+
early hematopoietic progenitors. However, the presence of both chromosomal
aberrations and gene mutations in CD34+ cells from the same patients has not
been explored.

Aims: To analyze both chromosomal abnormalities and gene mutations in
CD34+ hematopoietic progenitors from CLL patients to elucidate whether these
genetic events appear previously during the B-cell differentiation process.
Methods: NGS and FISH studies were carried out in isolated CD19+ mature
B cells from 57 CLL bone marrow samples to assess the presence of gene
mutations and/or cytogenetic aberrations, respectively. Amplicon-based deep
NGS (454 Life Sciences, Roche) was performed to study the mutational status
of TP53, NOTCH1, SF3B1, FBXW7, MYD88 and XPO1. The presence of genet-
ic lesions on 11q, 12, 13q, 14q and 17p was studied by FISH. All cases with
any mutations in CD19+ cells were also sequenced in their corresponding
CD34+ early progenitors (coverage=1159X). Moreover, FISH was also per-
formed in the CD34+ fraction of a subset of CLL patients with cytogenetic
changes (n=9).

Results: NGS studies revealed a total of 28 mutations in 24 CLL patients
(24/57, 42.1%). NOTCH1 was the most frequently mutated gene (22.8%), fol-
lowed by XPO1 (8.8%), SF3B1 (7%), FBXW?7 (5.3%), TP53 (3.5%) and MYD88
(1.8%). CLLs with mutations in any of these genes, except to MYD88, were
associated with an unmutated /GHV status (P=0.001). Most of the patients
showed the same mutations in their corresponding CD34+ cells (21/24, 87.5%).
Comparing the mutations in both cell populations, two different patterns could
be identified. In one group, the mutational burden remained similar between
both cell fractions. Mutations in NOTCH1 (11/13) and XPO1 (5/5) were pre-
dominant in this group. By contrast, the other group showed a high decrease
or even absence of these mutations in the CD34+ cells than the corresponding
B lymphocytes being mutations in TP53 (2/2), FBXW?7 (2/3) and SF3B1 (3/4)
the most recurrent in this group. FISH analysis revealed that 5 out of 9 CLL
cases with cytogenetic alterations in B mature lymphocytes presented also the
same aberrations on the CD34+ cells. Of note, /GH alterations did not appear
in any of the CD34+ cases (0/2), whereas 11qg- (2/2) and 13q- (3/5) were present
in the CD34+ early progenitors. Gathering both techniques, 2 out of 9 CLLs
had both chromosomal aberrations and mutations in their mature lymphocytes.
Noteworthy, one of these cases showed an IGH alteration and NOTCH1 muta-
tion (altered cells=80% and 51%, respectively) on the CD19+ population. How-
ever, only NOTCH1 mutation (31%) was found on the CD34+ cells. The other
patient presented 13g- (93%), 119- (64%) and XPO17 mutation (39%) on the
CD19+ B cells. The same alterations were also present in hematopoietic pro-
genitors (72%, 49% and 31%, respectively).

Summary/Conclusions: Our data confirmed that chromosomal abnormalities
and gene mutations are present not only in mature B lymphocytes, but also in
the CD34+ early progenitors of CLL patients. Moreover, our findings shed light
about the hierarchy existing in the appearance of these events: 11qg-, 13q-,
NOTCH1 and XPO1 mutations could be early hits on CLL pathogenesis, where-
as IGH alterations, TP53, SF3B1 and FBXW7 mutations seemed to show in a
later maturational level. Funding: PI15/01471; Junta de Castillay Leén (MHS)
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DISTINCT HOMOTYPIC B-CELL RECEPTOR INTERACTIONS SHAPE THE
OUTCOME OF CHRONIC LYMPHOCYTIC LEUKEMIA
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Background: Signaling initiated by antigen binding to the B-cell receptor
immunoglobulin (BcR IG) is paramount for CLL development and evolution. Indeed,
BcR signaling pathways are constitutively active in all CLL cases and recently, a
cell-autonomous model of CLL cell activation has been proposed, whereby all CLL-
derived BcR IGs could promote Ca2* influx and NF-kB target gene transcription
through the binding of a common internal epitope on the BcR IG.

Aims: We investigated the relevant molecular interactions underlying cell-
autonomous signaling in CLL cases with distinct and opposite clinical outcome
in order to understand the molecular basis of the clinical disease heterogeneity.
We focused on CLL stereotyped subset #4 (IGHV4-34/IGKV2-30), a particularly
indolent clinical subgroup with a characteristic anergic functional phenotype of
the malignant cells, and stereotyped subset #2 (IGHV3-21/IGLV3-21), noted
for a dismal prognosis, largely independent of p53 dysfunction.

Methods: We produced recombinant IG molecules from CLL leukemic cells.
The BcR IGs were analyzed for self-association using analytical ultracentrifu-
gation, and their structure was determined by x-ray crystallography. Recombi-
nant BcRs were transfected in the RAG2/A5/SLP65 triple knockout murine pre
B-cell line (TKO cells) engineered to include a tamoxifen-inducible ERT2-SLP65
fusion protein. Addition of 4-hydroxy tamoxifen in the absence of exogenous
antigen induces an increase in Ca2* influx in case of autonomous signaling of
the tested BcR.

Results: The BcR IGs of both subsets interact in the crystals in a geometry
highly indicative of specific homotypic recognition, albeit with distinct features.
In subset #4, the VH CDR3 binds to a conformational epitope spanning the
Heavy chain (VH and CH1 domains), while in subset #2 the VL CDR1 and
CDR2 loops contact a surface composed of residues from the Light chain (VL
FR1 and the linker between the VL and CL domains). Using analytical ultra-
centrifugation, we confirmed that the contacts observed in the experimental
crystal structures for both subsets were also occurring in solution. Interestingly,
the association in solution of the receptors was markedly different for the two
subsets with persistent binding in subset #4 cases with indolent disease, versus
weaker interactions in subset #2 aggressive cases. For both subsets, using
the TKO tamoxifen-inducible system and Ca2* influx as a readout, we found
that the observed interactions activate cell-autonomous intracellular signaling
in the absence of exogenous antigen. Conversely, cells expressing epitope or
paratope mutants of either receptor did not demonstrate significant variations
in Ca2* influx, confirming the relevance of the homotypic interactions revealed
by the crystal structures.

Summary/Conclusions: We provide the first description to high resolution of
a homotypic association process in BcRs that resembles antibody-antigen
recognition and leads to intracellular signaling in CLL cells. BcR 1Gs from CLL
cases with different prognosis bind homotypically via their combining sites to
specific, diverse epitopes to initiate intracellular signalling. Our results suggest
that the avidity of BcR self-recognition may directly underlie the clinical course
of CLL, since tight, persistent binding was noted in cases with indolent disease
whereas weaker interactions characterized the aggressive progressive cases.
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ESTABLISHMENT OF A PRE-CLINICAL IN VIVO PLATFORM SPANNING
LOW-RISK TO HIGH-RISK CLL

G Knittel’2*, D Korovkina'2, P Liedgens'2, C Fritz!2, Y Al-Baldawi3,
J Bahlo2:4, C Herling24, B Eichhorst24, M Hallek24, T Persigehl3, R Biittner4.5.6,
HC Reinhardt1.2,4.5

1Cluster of Excellence on Cellular Stress Response in Aging-Associated Dis-
eases (CECAD), University Cologne, 2Department | of Internal Medicine,
3Department of Radiology, Medical Faculty, 4Center of Integrated Oncology
(CIO), University Hospital Cologne, 5Center of Molecular Medicine Cologne
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Background: CLL is the most common leukemia in the Western world. During
CLL development, incipient CLL cells undergo a multistep mutational process,
during which they acquire a set of genetic and/or epigenetic lesions, which ulti-
mately result in the leukemic state. CLL-associated mutations can be classified
into so-called driver mutations, which are essential for malignant growth and
passenger mutations, which are functionally less significant. Recent work has
revealed the identity of early, so-called trunk lesions and later-occurring sub-
clonal mutations that are associated with disease progression and (chemo-
)therapy resistance. Prominent examples for subclonal additional genetic events
are ATM and TP53 mutations, which are both associated with resistance against
genotoxic therapies.

Aims: We aimed at overcoming one of the biggest hurdles in preclinical CLL
research-the lack of mouse models that faithfully mimic the genetic events lead-
ing to CLL development.
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Methods: We combined the well established Eu-TCL7 CLL mouse model with
afloxed Tp53- or Atm-allele. We made use of the Cd79-Cre mouse to specifically
delete Tp53 or Atmin the B cell compartment. The resulting Eu-TCL1;Cd19Cre/Mt;
Tp53"1 (TCP) and Eu-TCL1;Cd19Cre/Mt Atmf/fl (TCA) mice were carefully char-
acterized and subsequently used for treatment strategy testing.

Results: The increase of leukemic burden in the blood was significantly faster
in TCP and TCA mice, when compared to the Eu-TCL 1;Cd19Cre/wt (TC) control.
Thrombocytopenia and splenomegaly developed faster in the Atm- and Tp53-
deficient models. In agreement with this faster disease progression, TCP and
TCA mice succumbed faster to the disease than TC control animals (31.4
weeks, 36.9 weeks and 49.9 weeks, respectively). Despite faster diesase pro-
gression in TCP and TCA mice, splenomegaly at time of death was comparable
in all three cohorts. Histologically, the three lines were indistinguishable.
Richter’s transformation, as defined by loss of Cd5 expression, a strong
increase in cell size and a high proliferative index, was occassionally observed
in TCP and TC mice, but not in the TCA cohort. Interestingly, TCA mice showed
a significantly better response to cyclophosphamide when compared to TCP
animals, but TC mice did not. Looking more closely at disease kinetics, we
observed a significant increase in disease aggressiveness in the TC group up
to the level of TCP mice, suggesting the selection of an aggressive clone under
insufficient therapy. Lastly, we used the TCA model to investigate whether phar-
macological inhibition of PARP, a treatment strategy proven to be effective in
homologous recombination-deficient tumors of other entities, might be benefi-
cial in ATM-deficient CLL as well. Indeed, we could show a strong and signifi-
cant survival benefit by daily application of Parp inhibitor in our mice, an effect
not observed in the Atm-proficient controls.

Summary/Conclusions: We have, based on the Ey-TCL1 allele, generated
mouse models mimicking the genetic alterations found in high-risk CLL patients,
namely the loss of TP53 and ATM. These novel mouse models might be used
as valuable tools for the development of new treatment strategies for these
high risk groups. We have done so by assessing the effectiveness of Parp inhi-
bition specifically in the Atm-deficient setting in this mouse model of CLL.
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AKT ACTIVATION IN CHRONIC LYMPHOCYTIC LEUKEMIA CELLS PROMOTES
TRANSFORMATION TOWARDS AGGRESSIVE RICHTER’S SYNDROME
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Background: Richter’s syndrome (RS) is an aggressive transformation of
Chronic Lymphocytic Leukemia (CLL) refractory to current therapies with dismal
prognosis. RS arises from CLL cells independent of common DLBCL-muta-
tions. Frequently mutations in p53, CDKN2 or cMyc genes are involved, but a
significant proportion displays no specifically acquired driver mutation.

Aims: Here we aim to elucidate the role of AKT in transformation towards
Richter’s syndrome in human patients and functionally address constitutively
AKT-activation in vivo. Ultimately, we aim to develop mouse models that can
be used to develop novel treatment options towards Richter’s syndrome.
Methods: FFPE sections of Richter syndrome patients were used for pAKT
staining. We have developed a mouse model allowing for Cre-activatable
expression of a myristoylated AKT constitutive active allele from the Rosa26
locus (AKT-C). We crossed that mice with Cd19Cre- and Cg7Cre-mediated B
cell-specific AKT-C expression in the Ep:Tcl/1 CLL mouse model.

Results: In biopsies revealed from patients with RS one third of cases
showed enhanced AKT activation. Strikingly, Richter’s transformation was
recapitulated when AKT was genetically over-activated in Eu-Tcl-1 mice,
where AKT-C expressing cells developed a high-grade lymphoma phenotype
leading to significantly decreased survival. AKT-C expression in TCL1 mouse
model CLL cells furthermore induced morphology changes displaying fea-
tures of aggressive lymphoma such as large transformed B-cell phenotype
and frequent mitotic figures, enhanced proliferation indicated by KI67. The
phenotype of transformed aggressive lymphoma could be revealed inde-
pendently in both Cd19Cre- and Cg71Cre-mediated activation of AKT. Thus,
Ep:Tel1 transformed CLL cells act in concert with constitutively active AKT to
develop RS. Noteworthy, Cd19Cre;AKT-C double transgenic mice fail to devel-
op leukemia and lymphoma, indicating that CLL development in Eu:Tcl1 mice
is a precondition to transformation. As for the downstream mechanisms of
AKT-mediated transformation we identified GSK-3b inhibition and subsequent
cMyc and Mcl-1 stabilization. This might confer contribute to resistance of
RS cells against DNA-damaging and PI3K-inhibiting compounds in this novel
model of Richter’s syndrome.
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Summary/Conclusions: Collectively, we have generated the first murine
Richter’'s Syndrome model providing novel mechanistic insights into the molec-
ular understanding of Richter’s transformation as an AKT-driven disease. The
new model is amenable to model therapeutic strategies and to address the
efficacy of synergistic treatment combinations in transformed lymphoma.
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FREQUENT RECURRING MUTATIONS DISRUPT THE ANTI-PROLIFERATIVE
FUNCTION OF ZBTB7A IN ACUTE MYELOID LEUKEMIA WITH T(8;21)
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Background: The 1(8;21)(922;922) translocation results in the RUNX1/
RUNX1T1 rearrangement and is one of the most frequent chromosomal aber-
rations in AML. However, in vivo models indicate the requirement of additional
lesions, such as of KIT or FLT3 mutations, for leukemogenesis as the
RUNX1/RUNX1T1 fusion gene alone is not sufficient to induce leukemia.
Aims: We set out to identify cooperating mutations in AML patients with t(8;21)
translocation.

Methods: Exome and targeted sequencing, DNA pull-down, transcription
assay, immunofluorescence, retroviral transduction, gene expression profiling.
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Results: To identify additional cooperating mutations, we performed exome
sequencing of matched diagnostic and remission samples from two AML patients
with t(8;21) translocation. ZBTB7A was the only mutated gene identified in both
patients. ZBTB7A is a member of the POZ/BTB and Kriippel (POK) transcription
factor family. Previous studies suggested that ZBTB7A may act both as proto-
oncogene and as tumor suppressor. Using targeted amplicon sequencing of
ZBTB7A and 45 leukemia relevant genes, we screened 56 diagnostic AML
1(8;21) samples. ZBTB7A mutations were identified in 13 of 56 patients (23%).
Two recurring mutational hotspots (R402 and A175fs) in exon 2 were identified
(Figure A). Variant allele frequency (VAF) ranged from 5.4-76.2% and 4 of 13
patients (31%) harbored two mutations of ZBTB7A. On the protein level, we
confirmed the expression of a truncated ZBTB7A mutant (R377X) by Western
blot for one patient with available material. In our cohort, ZBTB7A and ASXL2
mutations occurred at similar frequencies and 5 of 13 patients carried mutations
in both genes, however, there was no significant association of mutated ZBTB7A
and mutations in ASXL2 (Fisher’s exact test, p=0.12) or any other recurrently
mutated gene. On a functional level, the ZBTB7A mutants R402H, R402C,
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A175fs or R377X failed to repress a luciferase reporter containing ZBTB7A-
binding elements derived from the ARF-promoter. Structural modeling revealed
that Arginine 402 binds into the major groove of the DNA double helix and likely
contributes to the affinity or sequence specificity of the DNA interaction of the
zinc finger domain of ZBTB7A. Through DNA pull-down assays we confirmed
impaired DNA binding of A175fs and R402H. The truncating ZBTB7A mutants
A175fs and R377X showed altered cytoplasmic protein localization. In the t(8;21)
translocation positive AML cell line Kasumi-1 retroviral expression of wild-type
ZBTBT7A inhibited cell growth, whereas this anti-proliferative effect was not
observed upon expression of the A175fs ZBTB7A mutant. The R402C mutant
expressing Kasumi1-cells showed a trend towards reduced cell growth, sug-
gesting residual activity (Figure B). Based on this observation, we expressed
ZBTBT7A wild-type or its mutants together with the RUNX1T/RUNX1T1 fusion in
lineage negative murine bone marrow cells and performed colony forming cell
(CFC) assays. ZBTB7A expression led to a significant decrease in the number
of colonies in primary CFC (87+12.6 versus 45+5.8, p<0.0001), while this effect
was lost for both mutants A175fs and R402C. These findings support an onco-
genic synergism between RUNX1/RUNX1T1 and ZBTB7A mutations. We cor-
related ZBTB7A expression with clinical outcome in a large cohort of AML
patients (GSE37642). Remarkably, in over 200 cytogenetically normal AML
patients treated on clinical trial (NCT00266136), high expression of ZBTB7A
was associated with a favorable outcome (p=0.0004), suggesting a relevance
in AML beyond the £(8;21) subgroup.

Summary/Conclusions: In summary, we have identified ZBTB7A as one of
the most frequently mutated genes in t(8;21) positive AML. Considering that
ZBTB7A mutations result in loss of function, we suggest that ZBTB7A acts as
a tumor suppressor in t(8;21) positive AML.
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HNRNP K: AN ONCOGENE AND TUMOR SUPPRESSOR, TWO DISCRETE
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Background: We have recently demonstrated that HNRNPK is a critical hap-
loinsufficient tumor suppressor residing at the 9921.32 locus that is deleted in
a subset of patients with AML (Gallardo et al, Cancer Cell, 2016). In this study,
we generated a haploinsufficient Hnrnpk (Hnrnpk*/-) mouse model that exhib-
ited reduced survival and developed significant hematologic and myeloid malig-
nancies. However, in addition to HNRNPK haploinsufficiency, we found that a
large subset of AML patients without a 9921.32 deletion, actually overexpress
HNRNP K, resulting in poor prognoses. These data suggest that hnRNP K may
have both tumor suppressive or oncogenic functions, depending on its expres-
sion levels.

Aims: This work will investigate the role of hnRNP Kin AML, and to understand
how HNRNP K behaves as an oncogene or as a tumor suppressor.
Methods: We analyzed copy number variations and aberrant expression of
HNRNPK by FISH, qRT-PCR, and RPPA analyses in AML patients with and
without 9921.32 deletions. To directly examine the contribution of aberrant
hnRNP K expression to malignant phenotypes, we generated two distinct
cohorts of genetically engineered mice. One cohort was haploinsufficient for
Hnrnpk, while the other specifically overexpressed hnRNP K in hematopoietic
progenitors (HnrnpkT9). Differences in survival, genomic stability, proliferation
and differentiation potential, tumor formation, and molecular analyses were
performed on hematological tissues using gRT-PCR, immunohistochemistry,
colony formation assays, western blot analyses, and transplantation assays.
Molecules of interest were further analyzed for interaction with hnRNP K via
ChlIP and RIP assays.

Results: Initial evaluation of HNRNPK expression levels in AML patients
revealed that patients with the 9921.32 deletion exhibited reduced hnRNP K
levels, while many patients without this deletion had significant HNRNPK over-
expression (Fig. 1A). This result was echoed in FISH analyses, as patients with
the 9921.32 deletion showed HNRNPK loss, while nearly 37% of AML (n=43)
patients without the 9q deletion showed gene amplifications. In order to inves-
tigate the role of HNRNP K in AML, we generated both hnRNP K*- and hnRNP
K9 mice. While these two mouse models have significant differences in hnRNP
K expression compared to wild type (reduced versus overexpression), they
surprisingly, had extremely similar phenotypes (Fig. 1B). Mice from each cohort
suffered reduced survival, development of myeloid malignancies with high pen-
etrance, genomic instability, enhancement in proliferation and differentiation
potential in HSPCs, and the ability to generate myeloid hyperplasias following
transplantation (Fig. 1C). Even though these opposite hnRNP K expression
patterns result in extremely similar phenotypes, the molecular consequence of
aberrant hnRNP K expression is facilitated through discrete molecular mecha-
nisms. While hnRNP K haploinsufficiency directly decreased expression of anti-
proliferation and differentiation genes likes p21, C/EBPa, and C/EBP, its over-
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expression resulted in the direct activation of pro-growth genes like c-Myc. Giv-
en that hnRNP K expression is known to be tightly in all eukarotyic organisms,
these data suggest that any alteration in hnRNP K expression may result in
drastic cellular consequences.
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Summary/Conclusions: These data provide evidence that hnRNP K has the
unique capacity to behave as an oncogene when overexpressed, or as a tumor
suppressor when is its expression is reduced. In either case, these imbalances
in hnRNP K expression are capable of directly contributing to the pathogenesis
of AML.
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Background: Long non-coding RNAs (IncRNAs) and miRNAs have emerged
as crucial regulators of gene expression, epigenetics and cell fate decisions.
Aims: We sought to establish a comprehensive resource for the exploration of
non-coding RNAs across the human hematopoietic hierarchy, to understand
their role in the pathogenesis of acute myeloid leukemia (AML).

Methods: Here we present an integrated quantitative and functional analysis
of the miRNA-, IncRNA- and mRNA-transcriptome of purified human
hematopoietic stem cells (HSCs) and their differentiated progenies, including
granulocytes, monocytes, T-cells, NK-cells, B-cells, megakaryocytes and ery-
throid precursors, which we correlated with the ncRNA expression profile of 46
pediatric AML samples to establish a core INcRNA stem cell signature in AML.
Results: For each blood cell population, RNA from 5 healthy donors was
hybridized onto three microarray platforms (Arraystar IncRNA V2.0, NCode ™-
miRNA/-ncRNA), yielding a coverage of more than 40,000 IncRNAs, 25,000
mRNAs and 900 miRNAs on 146 arrays. Compared to mRNAs, the mean
expression level of INcRNAs was nearly 2-fold lower (p<2.2x10-16), highlighting
the challenge for RNA-Seq to provide adequate coverage of these rare tran-
scripts. T-distributed stochastic neighbor embedding (t-SNE) on IncRNA and
miRNA genes robustly structured the dataset into groups of samples that
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matched the input populations, demonstrating their unique ncRNA expression
profiles. Self-organizing maps revealed clusters of IncRNAs and mRNAs that
were coordinately expressed in HSCs and during lineage commitment. To
demonstrate their functionality, we knocked down LINC00173 from the granu-
locytic core signature using two independent shRNA constructs, which resulted
in diminished granulocytic in vitro differentiation (2-fold reduction in percentage
of CD66b*/CD13* granulocytes, p<0.05), myeloid colony-formation (1.5-2-fold,
p=<0.05) and nuclear lobulation (MGG-staining). Accordingly, CRISPR-mediated
transcriptional repression of nuclear localized LINC00173 (RNA-FISH validated
by qRT-RNA of fractionated RNA) using dCas9-KRAB and three sgRNAs per
locus reduced proliferation of myeloid NB4 cells (2-3-fold, p<0.01). Having estab-
lished a global human hematopoietic INcRNA expression resource, we extended
our findings to malignant hematopoiesis. Linear (PCA) and nonlinear (t-SNE)
dimensionality reduction of 46 pediatric AML samples including Down syndrome
AMKL, core-binding factor AMLs (inv[16] or t[8;21]) and MLL-rearranged
leukemias mapped most samples to a space between HSCs and differentiated
cells together with the myeloid progenitors. A subset of AML-samples mapped
closely to healthy HSCs, including most of the DS-AMKLs and MLL-AMLs. We
identified a stem-cell associated INcRNA signature that was absent in healthy
differentiated progenies, but upregulated in AML samples. A mesoscale CRISPRI
screening in AML cell lines suggested the importance of the INcRNA stem cell
core signature for the maintenance of leukemic growth.
Summary/Conclusions: The definition of a core IncRNA stem cell signature
in normal HSCs and AML blasts will guide our way towards an improved under-
standing of self-renewal and the underlying transcriptional program, which is
hijacked during malignant transformation.
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THE IMPACT OF CELLULAR AGE ON LEUKEMIC TRANSFORMATION

S Chaudhury’””, B Gibson?, K Keeshan'

TInstitute of Cancer Sciences, University of Glasgow, 2Department of Hema-
tology, Royal Hospital for Sick Children, Glasgow, United Kingdom

Background: Treatment of pediatric acute myeloid leukemia (AML) is largely
extrapolated from adult trials despite age related disease heterogeneity. Indeed,
during healthy ageing there are age related hemopoietic stem and progenitor
(HSPC) cell proliferative and differentiative differences. We hypothesise that
cellular age influences leukemic transformation, having implications for disease
phenotype and response to therapy.

Aims: To determine if HSPC age affects oncogene-mediated leukemic trans-
formation.

Methods: Murine HSPCs including lin-sca1*cKit* (LSK), common myeloid pro-
genitor (CMP) and granulocyte-macrophage progenitor (GMP) cells from fetal
liver (FL), 3 week(w), 10w and >60w adult bone marrow were isolated and
transduced with the fusion oncogenes Nup98HoxA9 (NH9), AML1ETO (AE)
and the mutant FLT3-ITD. Leukemic transformation was assessed in vitro by
serial colony forming cell (CFC) assays, by growth in liquid culture and in stro-
mal OP9 co-culture. In vivo leukemogenesis was assessed by transplantation
of pre-leukemic LSKs transduced with NH9 after 2 rounds of colony formation
(CFC2), into sublethally irradiated C57BL/6 mice. Gene expression was
assessed by QPCR using fluidigm technology.

Results: NH9 transformed LSKs from all 4 ages in vitro. NH9 did not result in
FL CMP and GMP transformation, while post-fetal (3w, 10w and >60w) CMPs
and GMPs all transformed. Consistent with this, AE and FLT3-ITD transformed
FL LSKSs but not FL GMPs in vitro. This suggests that fetal transformation relies
on specific features of the LSK that are absent from committed myeloid pro-
genitors, independent from the oncogenic insult. To further assess age related
transformation differences, NH9 transformed FL, 3w, 10w and >60w LSKs were
assessed for AML in vivo. Older (10 and >60w) transformed cells led to a
shorter latency with more penetrance than young (FL and 3w) transformed
LSKs. Further, acute lymphoblastic leukemia (ALL) was observed in animals
transplanted with FL and 3w transformed LSKs, but not 10w or >60w LSKs,
suggesting young LSKs retain a lymphoid bias. As all NH9 transformed LSKs
in vitro acquired self-renewal properties, the transformation differences
observed in vivo may be cell autonomous or non-cell autonomous via the bone
marrow microenvironment. Gene expression analysis of microenvironmental
receptors and targets show the BMP pathway is upregulated in 10w and >60w
LSK transformed cells suggesting the BMP pathway may have a role in age
related transformation potential.

Summary/Conclusions: While LSKs from all 4 ages acquire self-renewal in
vitro, progression to leukemia in vivo is slower and less penetrant in young
compared to older transformed cells. This is in accordance with the lower inci-
dence of AML in childhood compared to older adults. Activation of the BMP
pathway has previously been associated with AML transformation, and our
data suggest that the BMP pathway may play a role in the progression to AML
specifically in older cells. The observation of ALL specifically in younger trans-
formed LSKs suggests that young HSPCs retain lymphoid programs after
myeloid oncogene expression, consistent with the higher incidence of ALL in
childhood. Our findings support that age defined therapies are appropriate as
HSPC age related biological differences are retained in leukemia and may
impact not only disease phenotype but response to therapy.
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NBEA: A NOVEL REGULATOR OF HEMATOPOIETIC STEM CELL IN VIVO
REPOPULATION

M Ganuza®, T Hall, S McKinney-Freeman

Hematology, St. Jude Children’s Research Hospital, Memphis, United States

Background: Hematopoietic Stem Cells (HSCs) differentiate to generate all
blood cells in a hierarchical manner. This has been exploited in HSC trans-
plantation (HSCT) to treat hematologic diseases. Better understanding the
molecular mechanisms implicated in HSCT should improve current transplant
protocols. In our recently published work (Holmfeldt et al. J.Exp.Med. 2016),
we have identified 17 new regulators of HSCT. Neurobeachin (Nbea) scored
as a positive regulator of HSCT. NBEA protein is localized near the Golgi appa-
ratus and regulates vesicular and protein trafficking. Patients with a disrupted
NBEA allele present platelets with an abnormal morphology.

Aims: To understand the role of Nbea in HSCT and normal hematopoiesis.
Methods: Nbea-/- mice. Bone marrow (BM) transplant: Competitive congenic
transplant into lethally irradiated recipients: Test cells (CD45.2+), competitor
cells (CD45.1+), recipient mice (CD45.1+/CD45.2+). Flow Cytometry Analysis
of Peripheral Blood (PB) and BM. RNA-microarray.

Results: Both adult BM Lineage-Sca-1+c-Kit+ (LSK) and E14.5 Fetal Liver
(FL) LSK cells lentivirally transduced with shRNAs targeting Nbea (>70% tran-
script knockdown), and competitively transplanted within 40 hours post-infection
into lethally irradiated recipient mice, suffer from a strong defect in short- and
long-term repopulating activity, as measured by PB chimerism of recipient mice
(>80% reduced). Thus, Nbea is required in LSK cells at different developmental
stages for efficient HSCT. As transplanted Nbea-deficient cells are detected in
the BM of recipients at 12 days post-transplantation, thus, a defect in homing
or in LSK cell BM retention in recipients can be excluded. 4 months post-trans-
plant, analysis of the major BM hematopoietic progenitor compartments (HPCs)
of recipients showed a 50% decreased in the chimerism of Nbea-deficient cells
in the HSC compartment. In contrast, Nbea-deficient cells were nearly absent
from downstream progenitor compartments, suggesting a differentiation block.
Nbea-/- mice die perinatally due to lack of synaptic transmissions There was
no difference in the frequency of HPCs in the E14.5 FL of Nbea-/- and Nbea+/+
litermates. Nbea-/- E14.5 FL-LSK cells showed no defect in engraftment ability
compared to Nbea+/+ controls, suggesting that embryonic plasticity has allowed
for compensation. When CD45.2+ LSK cells derived from primary recipients of
Nbea-/-E14.5 FL-LSK (CD45.2+) cells were isolated and transplanted into sec-
ondary recipients, a 25% reduction in repopulating activity was observed, sup-
porting a role for Nbea in HSCT and HSC self-renewal. To understand how
Nbea regulates HSC biology, we looked for differentially expressed genes using
arrays on total RNA isolated from E14.5 FL-CD150+CD48- LSK cells sorted
from both Nbea+/+ and Nbea-/- embryos. Gene sets implicated in Snare inter-
actions, vesicular transport, and Adherens junctions interactions were upregu-
lated in Nbea-/- cells, supporting a role for Nbea in these processes.
Summary/Conclusions: Nbea is a bona fide regulator of HSC in vivo repop-
ulation. Although Nbea is dispensable for native hematopoiesis, differences
present in genes with a role in both vesicular trafficking and Adherens Junctions
Interactions highlight the role of Nbea in these processes and how important
they are for proper HSC interactions with the BM niche during HSCT.
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ACUTE MYELOID LEUKEMIA (AML) PATIENTS CURED AFTER ALLOGENEIC
HEMATOPOIETIC STEM CELL TRANSPLANTATION GENERATE
TUMOR-SPECIFIC CYTOTOXIC ANTIBODIES THAT KILL AML BLASTS

M Hazenberg?:", M Gillissen2, M Kedde3, G de Jong?, E Yasuda3, S Levie3,
A Bakker3, Y Claassen3, K Wagner3, M Bohne3, D Speijer4, P Hensbergen5,
P van Helden3, T Beaumont3, H Spits3

THematology, AMC, 2Hematology, Academic Medical Center, SAIMM Thera-
peutics, 4Medical Biochemistry, Academic Medical Center, Amsterdam, 5 Center
for Proteomics and Metabolomics, Leiden University Medical Center, Leiden,
Netherlands

Background: Allogeneic hematopoietic stem cell transplantation (HSCT) can
cure acute myeloid leukemia (AML) when the donor immune system generates
a potent graft versus leukemia (GvL) response. While the role of T cells and NK
cells in GvL immune responses has been established, the contribution of B cells
to GvL responses is less clear. Using SEREX and other techniques, the presence
of antibodies directed against established tumor antigens following allogeneic
HSCT has been demonstrated, but because these antibodies were not obtained
in monoclonal format, the function of these antibodies could not be analyzed.
Aims: To investigate the role of antibodies produced by donor-derived B cells
in GvL responses.

Methods: We selected five patients with high-risk AML who remained disease-
free for more than 5 years after allogeneic HSCT and thus have mounted a
potent GvL response. From the peripheral blood of these patients we isolated
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memory B cells that we transduced with Bcl-6 and Bcl-xL, to establish anti-
body-producing clonal B cell lines. Blood was obtained 2 years after allogeneic
HSCT. B cell lines were screened for the production of antibodies that specifi-
cally bound to surface antigens on AML cell lines and AML blasts isolated from
patients in our clinic. Target identification was performed by immunoprecipitation
and mass-spectometry.

Results: We identified patient derived clonal B cell lines producing antibodies
that recognized antigens expressed on the cell surface of AML cells, but not on
normal hematopoietic and non-hematopoietic cells. Antibodies were donor-
derived, and a number of these antibodies recognized the U5 snRNP200 com-
plex. The U5 snRNP200 complex is a component of the spliceosome that in
normal cells is located in the nucleus but that is exposed on the cell membrane
of AML cells. U5 snRNP200 complex-specific antibodies were specific for allo-
geneic HSCT recipients with AML, as they were found in in 4 out of 5 AML
patients screened, but were not found in multiple myeloma patients who
received an allogeneic HSCT or in healthy individuals. Strikingly, U5 snRNP200
complex-specific antibodies induced death of AML cells in vitro, and, in a human
AML mouse model, in vivo. Cell death was induced in the absence of cytotoxic
leukocytes or of complement, through a non-apoptotic process that depended
on destabilization of the cytoskeleton as cell death could be blocked by incu-
bation of the target cells with cytochalasin D, an actin polymerization inhibitor.
Cytotoxicity of the U5 snRNP200 antibodies was present at 4°C and 37°C,
suggesting that cell death was induced by a passive process. Indeed, interac-
tion of the antibodies with their target cells did not induce a calcium flux. Cyto-
toxicity of the antibodies depended on the Fc region of the antibody, since
recombinant U5 snRNP200 complex-specific antibodies with a defective Fc
region were not cytotoxic.

Summary/Conclusions: Allogeneic HSCT recipients with robust donor anti-
AML immunity generate antibodies against a component of the spliceosome,
the U5 snRNP200 complex, that is expressed on the membrane of AML blasts.
U5 snRNP200 antibodies are cytotoxic in vivo and in vitro, demonstrating the
potency of the humoral immune system in tumor immunology.
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INCREASED REACTIVE OXYGEN SPECIES AND EXHAUSTION OF QUIESCENT
CD34-POSITIVE BONE MARROW CELLS MAY CONTRIBUTE TO POOR
GRAFT FUNCTION AFTER ALLOTRANSPLANT

Y Kong!:2”", Y Song?:3, Y Hu2:3, MM Shi2.3, XJ Huang?:3

1Collaborative Innovation Center of Hematology, Peking University, 2Peking
University Institute of Hematology, Peking University People’s Hospital, 3Acad-
emy for Advanced Interdisciplinary Studies, Peking-Tsinghua Center for Life
Sciences, Beijing, China

Background: Poor graft function is an important, often fatal complication fol-
lowing allogeneic hematopoietic stem cell transplantation. However, the under-
lying mechanism is unclear. In murine study, effective cross-talk between
hematopoietic stem cells (HSCs) and the bone marrow microenvironment is
important for normal hematopoiesis. Normal HSCs reside in a hypoxic bone
marrow microenvironment protecting them from oxidative stress which would
otherwise inhibit self-renewal resulting in bone marrow failure. We recently
reported an impaired bone marrow endosteal and vascular microenvironment
in subjects with poor graft function posttransplant. However, whether an
increased level of reactive oxygen species (ROS) causes poor graft function
following allotransplant remains to be elucidated.

Aims: The aim of our study is to determine whether quantitative and/or func-
tional abnormalities of donor CD34* bone marrow cells result in poor graft func-
tion post-allotransplant.

Methods: In the current prospective case-pair study,apoptosis, cell-cycle state
and colony forming capacity of CD34* bone marrow cells were quantified in
subjects with poor or good graft function post-allotransplant. Moreover, expres-
sion of intracellular proteins including ROS, y-H2AX, p53, phospho-p53, p21,
phospho-p38, caspase-3 and caspase-9 were analyzed by flow cytometry. To
study the effect of oxidative stress on post-allotransplant hematopoiesis, CD34*
cells from subjects with good graft function were treated of H,O, with and with-
out N-acetyl-L-cysteine. Subsequently, the hematopoietic reconstituting activity
of the donor CD34* bone marrow was evaluated using a NOD-Prkdcscid|L2rgnull
xenograft assay by intra-bone marrow injection.

Results: Increased levels of ROS were identified in CD34* bone marrow cells
in transplant recipients with poor graft function. This increase in ROS levels
was associated with an elevated frequency of DNA double-strand breaks, apop-
tosis, exhaustion of quiescent CD34* cells and defective colony-forming unit
plating efficiency, particularly in the CD34*CD38- fraction. Up-regulated intra-
cellular p53, phospho-p53, p21, caspase-3 and caspase-9 levels (but not phos-
pho-p38) were detected in CD34* cells, particularly in the CD34*CD38- fraction.
To further study the potential role of ROS levels in post-transplant
hematopoiesis, CD34* bone marrow cells from subjects with good graft function
and normals were treated with H,O, Treatment with H,O, increased ROS lev-
els, resulting in defective CD34* cells, an effect partially reversed by N-acetyl-
L-cysteine. Moreover, CD34* bone marrow cells from the donors to subjects
with poor or good graft function exhibited comparable hematopoietic reconsti-
tution capacities in the xeno-transplanted NOD-Prkdcscid|L2rgnull mice.
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Summary/Conclusions: Even if the transplanted donor’s bone marrow CD34*
cells are functionally normal pre-transplant, ROS-induced apoptosis may con-
tribute to the exhaustion of CD34* bone marrow cells in subjects with poor
graft function following allotransplant. This effect could be partially reversed by
N-acetyl-L-cystine. Thus, our data suggest a potential approach for treating
poor graft function post-allotransplant.
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MDSC (MYELOID-DERIVED SUPPRESSOR CELLS) DIFFERENTIATE
UNDER GVHD (GRAFT-VERSUS-HOST DISEASE) CONDITIONS AND PREVENT
GVHD BY INDUCING TYPE 2 T CELL RESPONSES

J Messmann?, J Scheurer?, F Leithduser2, KM Debatin', G Strauss™."
1Department of Pediatrics and Adolescent Medicine, University Medical Center
Ulm, 2Institute of Pathology, University of Ulm, Ulm, Germany

Background: Graft-versus-host disease (GVHD) still represents the major
complication after allogeneic bone marrow transplantation (BMT) since allo-
geneic transplant-derived T cells attack and destroy recipient tissues. There-
fore, a prerequisite for GVHD prevention is the interference with T cell activa-
tion, proliferation and functions. Myeloid-derived suppressor cells (MDSCs)
are a population of immature myeloid cells, which inhibit T cell functions by
versatile mechanisms.

Aims: Therefore, we tested whether co-transplantation of in vitro-generated
MDSCs prevents GVHD and elucidated the influence of GVHD conditions on
the differentiation of MDSCs.

Methods: MDSCs were generated in vitro by culturing BM cells in the presence
of GM-CSF and G-CSF. After 4 days more than 90% exhibited a Gr-1*CD11b*
MDSC phenotype. To test whether and how MDSCs prevent allogeneic T cell
functions, we co-transplanted MDSCs into lethally irradiated recipient mice
together with allogeneic BM and spleen cells or we cultivated MDSCs in medi-
um containing serum derived from GVHD developing mice.

Results: /n vitro-generated MDSCs efficiently prevented T cell proliferation in
vitro. If co-transplanted with allogeneic BM and spleen cells, MDSCs inhibited
clinical GVHD and GVHD-associated death and attenuated histological GVHD.
Interestingly, MDSCs did not predominantly reduce the numbers of allogeneic
T cells but induced type 2 allogeneic T cells characterized by the expression
of Th2 specific cytokines and transcription factors. In vitro-generated MDSCs
represent a mixed population of CD11b*CD11c-and CD11b*CD11c* cells. To
further investigate the Th2-inducing capacity of MDSCs, we cultured MDSCs
in medium supplemented with GVHD serum, which induced an expansion of
CD11b*CD11c* cells. CD11b*CD11c* cells expressed MHC class IIhigh, Gr-
1med  CD301brPos while CD11b*CD11c" cells were MHC class l'ow, Gr-1high
and CD301b"eg. CD301 expression is associated with a Th2 inducing pheno-
type in dendritic cells just as the presence of transcription factors IRF4 and
KIf4, whose expression was also higher in CD11b*CD11c* cells. Similarly,
MDSCs co-injected with the allogeneic transplant exhibited an expansion of
CD11b*CD11c* cells in spleen and GVHD target organs preferentially in mice
developing GVHD. Comparable to the in vitro conditions, these CD11b*CD11c*
cells acquired a phenotype similar to antigen-presenting cells characterized
by CD80, CD86, CD40, and MHC class Il expression. Isolation of the different
MDSC subpopulations in vitro and subsequent incubation with allogeneic
spleen cells showed that CD11b*CD1c* MDSCs induce the secretion of Th2
cytokine IL-5, while CD11b*CD11c" cells provoked only a weak Th2 response.
Summary/Conclusions: In summary, we could show that transplantation of
MDSCs prevents GVHD after allogeneic BMT by inducing type 2 T cells. Th2
inducing capacity, however, was preferentially mediated by a subpopulation of
MDSCs. Further studies will elucidate the molecular mechanisms of Th2 induc-
tion and will clarify whether MDSC differentiation and functions are dependent
on the type of inflammatory environment.
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INDUCTION OF NAIVE T CELLS TRANSITION INTO AN EFFECTIVE
CD4+CD25+FOXP3+CD127- REGULATORY T CELLS, IN VITRO, AS A
POTENTIAL ORDNANCE IN THE PREVENTION OF GRAFT-VERSUS-HOST
DISEASE

TJ Chiou®", TH Chu?, KH Chien!, WH Wu', ST Chu2, WF Tzeng3

1Division of Transfusion Medicine,Department of Medicine, Taipei Veterans
General Hospital and National Yang-Ming University School of Medicine, 2Insti-
tute of Biochemical Science, National Taiwan University, Taipei, 3Department
of Life Science, Fu-Jen University, New Taipei City, Taiwan, ROC

Background: Allogeneic haematopoietic stem cell transplantation (HSCT) has
been used to treat some of haematological malignancies and inherited or
acquired non-malignant diseases. Unfortunately, graft-versus-host disease
(GVDH) occurred approximately 15% in transplant recipients and decreases
the success of allogeneic HSCT. At present, no effective treatment can com-
pletely prevent the GVHD from allogeneic HSCT patients. CD4+CD25+FoxP3+
regulatory T cells (Tregs) have been shown to be important in maintaining
immune homeostasis and preventing autoimmunity. However, 5% to 10% Tregs
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could be measured in human CD4+ T cells and few Tregs would convert to
conventional activated T cells because of losing FoxP3 expression. It had been
reported to correlate with the occurrence and severity of GVHD in some study.
Aims: In order to study the potential use of Treg cells for GVHD prevention,
we attempt to evaluate the better method to increase the number of induced
Treg cells (iTregs) in donor’s PB and stabilize the FoxP3 in iTreg cells. To
isolate the effective CD4+CD25+Foxp3+CD127-iTreg cells for clinical applica-
tion and to establish a quick method to identify the functional iTreg cells is the
study goal. Therefore, naive T cells isolation for regulatory T cell induction is
an important issue.

Methods: Mouse splenocytes were prepared from mouse spleen. Human
PBSC were prepared from peripheral blood (PB) of healthy donors by Ficoll-
Hypaque density gradient centrifugation. All T cells were isolated by negative
selection; then CD4+naive T cells were harvested. After that, the CD4+naive
T cells were activated by anti-CD3/CD28 beads in the presence of IL-2, TGF-
B and retinoic acid (RA) containing RPMI1640 medium. The cells cultured with
3-day-nutrient-deprived medium (only 5% FBS), then refreshed the cells into
the full nutrient supplement (10% FBS) for another 5 days. The harvested cells
were analyzed by flow cytometry method with fluorescence-conjugated CD-
antibodies, including CD4, CD25, CD127 and FoxP3. After trypanblue staining,
the number of iTreg cell was counted by hemacytometer. The iTreg cells also
harvested and the expression of functional marker genes in iTreg cells were
analyzed via qPCR.

Results: In nutrient-deprived (5% FBS for 3 days in advance) culture system,
we found the TGF-@ triggered the mouse iTreg cells formation in a dose-depen-
dent manner and increased iTreg cells formation efficiency under retinoic acid
condition. Our data showed that we could induce the CD4+CD25+
Foxp3+CD127-iTreg cells more than 90%. The supplement of retinoic acid (0.1
and 0.5 nM) stabilized the FoxP3+ gene expression in iTregs during this incu-
bation period; and the stability of FoxP3 expression and iTreg cell number
could be maintained at least 12 days in vitro. The stability of iTreg cells is an
important criterion for clinical use. Furthermore, we have analyzed the FoxP3
gene and the bio-functional marker genes expression in iTreg cells to confirm
the functional cells (Fig.1A). Based on these results, we consider the human
T cells should be used. Therefore, we have investigated the human regulatory
T cell induction. Human CD4+ naive T cells were isolated from PB and activated
via antibodies. The CD4+CD25+Foxp3+CD127-iTreg cells were induced to
around 60~80% under IL-2 and TGF-B1 containing media, even without retinoic
acid supplement (Fig.1B). It indicated we could harvest more iTreg cells under
such condition. As we know, nTreg could suppress the induction of iTreg in
vivo; further, we should remove the nTreg for improving the iTreg formation
under cytokines supplement condition.
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Figure 1. Functional iTreg cells induction. (A) The relative changes of
gene expression in functional i Treg cells. (B) The human CD4+naive T
cells were isolated from human peripheral blood, and then activated with
anti-CD3/CD28 antibodies. After TGF-Bf1 induction, the number of
CD4+CD25+FoxP3+CD127- iTreg cells increased significantly in dose-
dependent manner, even without retinoic acid supplement.

Summary/Conclusions: Our study showed that the combination of IL-2, TGF-
1 and RAin 3-day-nutrient-deprived medium could convert CD4+naive T cells
to CD4+CD25+FoxP3+CD127- iTreg cells and stabilize FoxP3 expression in
the iTreg cells markedly. Further, we use the marker genes to clarify the bio-
logical function of iTregs in vitro. It may be to identify the functional iTreg cells
quickly, after iTreg cells induction. Based on this method, we could harvest
more and effective iTreg cells ready for use. It should be helpful for clinical
application. GVHD mouse model will be established by using allogeneic HSCT
to verify iTreg’s function in vivo.
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ARCADE (20090160): A PHASE 3 RANDOMIZED PLACEBO-CONTROLLED
DOUBLE-BLIND TRIAL OF DARBEPOETIN ALFA IN THE TREATMENT OF ANEMIA
IN PATIENTS WITH LOW OR INTERMEDIATE-1 RISK MYELODYSPLASTIC
SYNDROMES (MDS)

U Platzbecker.", A Symeonidis?, E Oliva3, JS Goede#, M Delforge®, J Mayer®,
S Badre’, E Gasal’, B Mehta?, J Franklin?

1University Hospital Carl Gustav Carus Dresden, Medizinische Klinik und Polik-
linik 1, Dresden, Germany, 2Division of Hematology, Department of Internal
Medicine, University of Patras Medical School, Patras, Greece, 3Division of
Hematology, Azienda Ospedaliera Bianchi-Melacrino-Morelli, Reggio Calabria,
Italy, 4Division of Hematology, University Hospital and University of Zirich,
Ziirich, Switzerland, SUniversity Hospital Leuven, Leuven, Belgium, 6Depart-
ment of Internal Medicine-Hematology and Oncology, University Hospital Brno
and Faculty of Medicine, Masaryk University, Brno, Czech Republic, 7Amgen
Inc., Thousand Oaks, United States

Background: Although erythropoiesis-stimulating agents (ESAs) are recom-
mended in clinical guidelines to treat anemia in patients with lower-risk MDS,
ESAs are not widely approved for this indication.

Aims: To evaluate the efficacy and safety of darbepoetin alfa (DAR) in IPSS
low / intermediate-1 (int-1) risk MDS patients with anemia, in a phase 3, ran-
domized, placebo(PBO)-controlled trial (EudraCT#2009-016522-14, NCT#
01362140).

Methods: Patients were enrolled from Dec 21, 2011 to Aug 27, 2014 in 9 Euro-
pean countries. Eligible patients had low/int-1 MDS, anemia [hemoglobin (Hgb)
<10 g/dL], low transfusion burden (<4 transfusion units in each of 2 consecutive
8-week periods prior to randomization), no previous treatment with ESAs or
biologic response modifiers, and endogenous erythropoietin (EPO) levels <500
mU/mL. Patients were randomized 2:1 to receive 24 weeks of subcutaneous
DAR 500 pg or PBO every 3 weeks (Q3W), stratified by IPSS status (low or int-
1). The dose was reduced if Hgb was >12.0 g/dL or if Hgb increased by >1.5
g/dL in 3 weeks without transfusion. Investigational product (IP) was discontin-
ued and the patient entered follow-up if >3 dose reductions were needed. Key
efficacy endpoints included (1) transfusion incidence from weeks 5-24 and (2)
erythroid response (HI E) per IWG 2006 criteria, ie, 21.5 g/dL increase from
baseline in Hgb with a mean rise of 21.5 g/dL for 8 weeks without transfusions.
Results from the 24-week double-blind period are reported here; patients could
then receive open-label DAR 500 ug Q3W for 48 weeks and were followed up
for survival and progression to AML status for up to 3 years (ongoing).
Results: Atotal of 147 patients were randomized; 50.7% of patients were IPSS
low risk and 49.3% were int 1 risk, median Hgb levels were 9.3 (Q1:8.8, Q3:9.7)
g/dL, median EPO levels were 69 (Q1:36, Q3:158) mU/mL, rates of good /
intermediate / poor IPSS karyotype were 91% / 9% / 0%, respectively, and%
WHO classifications were RA:15%, RARS:14%, RCMD:44%, del5q:9%, RAEB-
1:16%, and MDS U/unknown:2%. There were 146 (97 DAR, 49 PBO) patients
in the primary analysis set. Baseline demographic and disease characteristics
were generally similar between the two arms. Transfusion incidence from weeks
5-24 was significantly reduced with DAR vs PBO (DAR:36.1% vs PBO:59.2%,
p=0.008). The proportion achieving HI-E was significantly increased with DAR
vs PBO; DAR:14.7% (11 of 75 evaluable) vs PBO:0% (0 of 35 evaluable),
p=0.016. All patients with HI-E (n=11) had a baseline serum EPO level <100
mU/mL. Adverse events (AEs) occurring 25% more frequently in the DAR arm
than the PBO arm were fatigue, pyrexia, headache, and myalgia. Safety results
from this trial were consistent with the previous DAR phase 2 MDS trial
(Gabrilove BJH 2008, 142:379-393).

Table 1.
Placebo (N=48), n (%) | Dy in alfa (N=08), n (%)

AEs leading to IP di 2(42) 3(3.1)
Grade 23 | grade 24 13(27.1) 18 (12.5) 15 (15.3) /5 (5.1)

| Fatal AEs {none treatment-related) 2(432) 1(1.0)

| Serious AEs n [ 8(16.7) [ 11(11.2)
Treatment-related serious AEs 00 1 1(1.0)

| Venous thromboembolic events | 0(0) I 1(1.0)

| Progression to AML _ | 1(22) 1 2(2)

Summary/Conclusions: In this phase 3, randomized, double-blind, PBO-con-
trolled trial in low/int-1 MDS patients with anemia, 24 weeks of DAR Q3W sig-
nificantly reduced transfusions and increased rates of erythroid response with
no new safety signals.
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CC-486 (ORAL AZACITIDINE) IN PATIENTS WITH MYELODYSPLASTIC
SYNDROMES (MDS) WITH OR WITHOUT PRETREATMENT THROMBOCYTOPENIA
G Garcia-Manero'.", SD Gore?, BL Scott3, MR Savona#4, CR Cogle®, TE BoydS,
S Kambhampati?, J Hetzer”, Q Dong’, K Kumar’, SM Ukrainskyj’, BS Skikne”
1University of Texas, MD Anderson Cancer Center, Houston, 2Yale Cancer
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Center, New Haven, 3Fred Hutchinson Cancer Research Center, Seattle, 4Van-
derbilt University Medical Center, Nashville, SUniversity of Florida, Gainesville,
6North Star Lodge Cancer Center, Yakima, 7Celgene Corporation, Summit,
United States

Background: The estimated prevalence of thrombocytopenia in MDS is 40-
65% (Kantarjian, Cancer, 2007). Severe thrombocytopenia (platelet count
<30x109/L) is one of the worst prognostic factors for patients (pts) with MDS
(Garcia-Manero, Am J Hematol, 2015). It has been suggested that pts with
IPSS Low or Intermediate (Int)-1 risk MDS with severe thrombocytopenia should
be considered higher-risk and receive disease-modifying therapy (DMT) at
diagnosis (Gonzalez-Porras, Cancer, 2011). Like other DMTs, azacitidine (AZA)
is associated with transient exacerbation of cytopenias during early treatment
(Tx), which improve as Tx continues (Santini, Eur J Haematol, 2010). CC-486,
the oral formulation of AZA, is in clinical development for Tx of hematologic
malignancies, including MDS.

Aims: Evaluate the safety and efficacy of CC-486 monotherapy in pts with
MDS with or without pretreatment thrombocytopenia.

Methods: Pts with MDS from three phase 1/2 CC-486 studies, two of which
included dose-finding periods, were included in these analyses. CC-486 dosing
regimens were: 120-600mg x7 days (d) (following a single SC AZA 75mg/m?
x7d/28d cycle), or (with no initial SC AZA cycle) 300mg QD or 200mg BID x14d
or 21d. All dosing regimens were administered in repeated 28d cycles. Throm-
bocytopenia was defined as platelet count <75x109/L. Overall Response includ-
ed complete remission (CR), partial remission (PR), hematologic improvement
(HI), and transfusion independence (TI) (Cheson, Blood, 2006).

Results: In all, 137 MDS pts participated in the three studies, including 72 pts
with platelet counts <75x109/L (LowPlt group). Median age of all pts was 72
years (range 31-91). Median platelet count at baseline in the LowPIt group was
32.5x109/L (range 2-75) and in pts with platelet counts >75x109/L (HiPIt group)
was 162x109/L (78-593). At entry, pts in the LowPIt cohort were less likely to
have WHO-defined refractory anemia (15% vs 42% of pts in the HiPlIt group)
and more likely to have higher-risk (IPSS Int-2 or high) MDS (31% vs 12%,
respectively). Rate of CR+PR was 22% in the LowPIt cohort and 7% in the
HiPIt cohort, and Overall Response was the same in both groups (42%, Table).
In the LowPIt group, 2 pts (14%) attained platelet Tl and 17 pts (24%) attained
HI-P. The most frequent Grade 3-4 treatment-emergent adverse events were
hematological; anemia, neutropenia, febrile neutropenia, and thrombocytopenia
occurred in 17%, 13%, 18%, and 21%, respectively, of pts in the LowPIt group,
and in 26%, 26%, 14%, and 14% of pts in the HiPIt group. Grade 3-4 bleeding
events were infrequent (n=9, 6.6%) and did not occur more often in the LowPIt
group (Gl [n=2], vaginal or cerebral hemorrhage [n=1 each]) than in the HiPIt
group (Gl [n=4] or ear hemorrhage [n=1]). Six deaths occurred during CC-486
treatment, 4 in the LowPIt group and 2 in the HiPIt group, including a 93-yr-old
HiPIt pt who died of Gl hemorrhage related to a duodenal ulcer.

Table 1.

LowPit HiPit

Hematologic Response ST5x10%/L >75x10%L ol
(n=136)*
(n=72) (n=64)* AN (%)
n/N (%) nfN (%)
Overall Response Rate
| [CR + PR + Any HI + Any TI 30/72 (42) 27/64 (42) 57/136 (42)
Rt 8/36(22) 2/29(7) 10/65 {15)
PRt 0/24 0/28 052
| Any HI 24/72(33) 21/62 (34) 45/134 (34)
HI-E 12/65 (18) 16/55 (29) 28/120 (23)
HI-P 17/72 (24) 6/13 {46} 23/85 (27)
HI-N 4/37 (11) 4/21(19) 8/58 (14)
AnyTI 9/32 (28) 14/33 (42) 23/65 (35)
REC T 7/27 (26} 14/33 (42) 21/60 {35)
Platelet TI 2/14 (14) 0/0 2/14 (14)
n = number of pts with respanse / N = number of pts eligible for response
*No response assessment available for 1 pt
“CR and PR were 2 for 19 patients (1 CR, 0 PR}

Summary/Conclusions: CC-486 was generally well tolerated in these MDS
pts, even in the LowPIt group with median pretreatment platelet counts border-
ing on severe thrombocytopenia. Grade 3-4 bleeding events were uncommon
overall and occurred less frequently in the LowPIt group. Death was more fre-
quent in the LowPlIt cohort, consistent with the poor prognosis associated with
marked thrombocytopenia. However, more than 20% of pts in the LowPIt group
attained CR during CC-486 therapy and pts were equally likely to attain HI
whether in the LowPlIt or HiPIt group.
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THROMBOPOIETIN RECEPTOR AGONIST ELTROMBOPAG FOR
ADVANCED MDS OR AML AND SEVERE THROMBOCYTOPENIA:
12-WEEK, RANDOMIZED, PLACEBO-CONTROLLED, PHASE 2 ASPIRE
STUDY
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Background: Thrombocytopenia is a serious life-threatening complication in
patients with advanced myelodysplastic syndromes (MDS) and acute myeloid
leukemia (AML). Eltrombopag (EPAG), an oral thrombopoietin receptor agonist,
is approved for treatment of chronic immune thrombocytopenia, hepatitis C virus-
related thrombocytopenia, and severe aplastic anemia. Preclinical studies showed
that EPAG has potential antileukemic effects (Roth M et al. Blood. 2012;120:386—
94). A randomized, placebo-controlled, Phase 1/2 study in advanced MDS/AML
demonstrated an acceptable safety profile at EPAG doses up to 300 mg daily,
with no disease progression, and a trend toward improved platelet pharmacody-
namics (Platzbecker U et al. Lancet Haematol. 2015;2: e417-26).

Aims: To determine the effect of EPAG on reducing the number of clinically
relevant thrombocytopenic events (CRTE) in patients with MDS or AML who
have Grade 4 thrombocytopenia (platelets <25 Gi/L).

Methods: After 8 weeks of open-label, dose-defining EPAG treatment (Part 1
[Mittelman M et al. Blood. 2012;120(21): Abs 3822]), adult patients with
advanced MDS or AML were randomized 2:1 in a double-blind fashion (Part 2)
to 12 weeks of supportive care plus once daily EPAG (dose range 50-300 mg
over the course of treatment) or placebo. Patients were stratified by baseline
platelet count (<10 Gi/L vs 210 Gi/L) and disease severity (International Prog-
nostic Scoring System intermediate-2/high-risk MDS versus AML). Eligibility
included 10-50% baseline bone marrow blasts and a baseline platelet count
of <25 Gi/L. The primary endpoint was reduction in CRTEs (a composite of
platelet counts <10 Gi/L, platelet transfusions, and Grade =3 World Health
Organization [WHO] bleeding scale events) during Weeks 5-12. Secondary
endpoints included safety, platelet transfusion independence, maximum WHO
bleeding, hematologic improvement, and MDS progression (increased blast
percentage or leukemic transformation).

Results: At baseline, age ranged from 29-85 years (mean 72.3; n=98) in the
EPAG group vs 44-87 (mean 70.6; n=47) in the placebo group. More patients
had abnormal (53% vs 34%) or poor (34% vs 17%) karyotypes in the EPAG
group. Fewer EPAG patients had baseline platelets <10 Gi/L (34% vs 45%)
than placebo patients. Other baseline characteristics were similar. Efficacy
results are described in the Table. EPAG-treated patients showed significantly
lower CRTE than placebo (54% vs 69%; odds ratio=0.202, P=0.03). Propor-
tionately fewer patients on EPAG than placebo experienced independent
reviewer-assessed disease progression (42% vs 60%). The most frequent
adverse events in this study were petechiae (42% vs 23%), epistaxis (28% vs
23%), pyrexia (24% vs 28%), diarrhea (21% vs 17%), and fatigue (25% vs 9%)
on EPAG versus placebo, respectively. More EPAG (31.6%) than placebo
(14.9%) patients discontinued due to AEs. During Part 2, 35% of EPAG and
28% of placebo patients died (P=0.287). The primary cause of death for both
groups was the disease under study (EPAG 27%; placebo 23%).

Table 1. Efficacy results of 12-week, randomized, double-blind treatment
in the ASPIRE study.

- ————
. . . (n=d8) | Jrmd o l

sy e Weeks S | 5w aam eam) | oom(sr, som) | ORCITIERET 005,
Platelet ransfusion independence.” days (SD) | 26.3(21.5) Ba(en =
M WHO biseding grode. o (%) ! | I———— 1
__WOOmded === ] 2 SEW Sire -

WHO Grade 4 1(1%) 3(Ms) -
Any hematologee smprovement,” n (%) I 10 (10%) AE%) | OR=126 (95% CL 03T, |
e o) 4.30) P=O.T18

Disoase progression.’n () wEow) | i
Progression from MDS to AML. n (%) Ba% | = 1
Overall survival, months 480 HR=0 ﬂ‘}ﬁ:;fi-owl.

AML, acute myeloid leukemia; Cl, confidence interval; CRTE, clinically relevant thrombocytopenic event.

HR, hazard ratio; MDS, myelodysplastic syndromes; OR, odds ratio; SD, standard deviation, WHO, Worid Health
Organization.

"Platelot transfusion independence was defined as the duration of time between two platelet
*Hematologic improvement was defined as an improvement of >20 GU/L and 2= baseline for patients with baselne
platelets of <20 Gill or 250 Gl and 2= baseline for patients with baseline platelets of 220 GuL; 2100% increase
and absolute increase >0.5 GilL over baseline in neutrophils; and hemoglobin increase by 21.5 p/dL over baseline
and red blood cell i (given for g <9.0 g/dl) reduced by 22 per 4 weeks from baseline.

P specific, modified I I Working Group response criteria for MDS were applied to define disease
progression in patients with MDS or AMI

Summary/Conclusions: Treatment of patients with advanced MDS or AML
with the thrombopoietin receptor agonist EPAG versus placebo for 12 weeks
resulted in fewer CRTEs and did not result in an increase of disease progres-
sion. Rates of WHO Grade 3/4 bleeding were lower with EPAG. EPAG did not
demonstrate overall hematologic improvement in this study. This study
(NCT01440374) was sponsored by GlaxoSmithKline; however, as of March 2,
2015, eltrombopag became an asset of Novartis AG.
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LUSPATERCEPT INCREASES HEMOGLOBIN AND REDUCES TRANSFUSION
BURDEN IN PATIENTS WITH LOW-INTERMEDIATE RISK MYELODYS-
PLASTIC SYNDROMES (MDS): LONG-TERM RESULTS FROM PHASE 2
PACE-MDS STUDY
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Background: Splicing factor mutations in MDS patients (pts), notably SF3B1,
correlate with bone marrow ring sideroblasts (RS) and ineffective erythropoiesis
(IE). Luspatercept (ACE-536), a fusion protein containing modified activin
receptor type 1B, is being developed for treatment of anemia due to |IE in MDS.
Luspatercept binds GDF11 and other TGF-f3 superfamily ligands to promote
late-stage erythroid differentiation and increase hemoglobin (Hgb) levels (Sura-
gani R, Nat Med and Attie K, Am J Hematol, 2014).

Aims: This is an ongoing, phase 2, multicenter, open-label, dose-finding study
followed by a long-term extension study to evaluate the effects of luspatercept in
pts with low-intermediate risk MDS. Endpoints included erythroid response (IWG
HI-E), RBC transfusion independence (RBC-TI, 28 weeks), duration of HI-E,
pharmacodynamic and iron metabolism biomarkers, safety, and pt-reported QOL.
Methods: Inclusion criteria included age 218 yr, Hgb <10 g/dL (if <4U RBC/8
weeks), ESA refractory or EPO >500 U/L, no prior HMA, and no current
lenalidomide or ESA. Luspatercept was administered SC every 3 wks for up to
5 doses in the base study, including 7 dose escalation cohorts (n=27 total,
0.125 to 1.75 mg/kg) and an expansion cohort (n=31, starting dose 1.0 mg/kg,
max. 1.75 mg/kg). An amendment to the base study allows for additional pt
subgroups (n=~50). A 2-year extension study (n=32 to date) is ongoing.
Results: Data (as of 31 Aug 2015) were available for 58 pts. Of these, 39 pts
received 24U RBC/8 weeks (high transfusion burden, HTB) and 19 pts <4U
RBC/8 weeks (low transfusion burden, LTB). Median age was 72 yr (range 27-
90 yr) and 66% had prior ESA. Median RBC transfusion burden was 6U/8
weeks (range 4-18 units, HTB pts) and median Hgb was 8.7 g/dL (range 6.4-
10.1 g/dL, LTB pts). 82% pts were RS+ (215% RS in bone marrow), including
19% RARS and 50% RCMD-RS.

LTB: IWG HI-E was achieved in 8/17 (47%) pts in the higher dose groups,
compared with 0/2 in the lower dose groups in the base study. In the extension
study, 9/13 (69%) pts achieved HI-E. Mean Hgb increase at Week 12 was 2.9
g/dL in HI-E responders and 1.3 g/dL in HI-E non-responders. 3/3 LTB pts who
had 2U RBC/8 weeks at baseline became RBC-TI.

HTB: IWG HI-E was achieved in 16/32 (50%) in the higher dose groups
(=0.75mg/kg), compared with 2/7 (29%) in the lower dose groups, and 8/32
(25%) became RBC-TI in the base study. In the extension study, 13/19 (68%)
achieved HI-E and 8/19 (42%) became RBC-TI (duration up to 50+ wks). IWG
HI-E was achieved in 22/40 (55%) RS+ pts and 2/7 (29%) RS- pts. Response
rates were 64% for EPO <200 U/L, 36% for EPO 200-500 U/L, 57% for ESA-
naive, and 46% for those refractory to prior ESA treatment. 18/30 (60%) pts
with SF3B1 mutation responded; other potential predictors of response are
being explored. Luspatercept was well tolerated, with 3 possibly related grade
3 adverse events of myalgia, worsening of general condition, and blast cell
count increase. The most common possibly related AEs in the base study were
diarrhea, fatigue (3 pts each), injection site erythema, bone pain, myalgia, and
hypertension (2 pts each).

Summary/Conclusions: Luspatercept treatment was well tolerated and led
to erythroid response in ~50% of low-intermediate risk MDS pts. Higher
response rates were observed in RS+ and SF3B1mut pts, and responders
included pts who were both ESA naive and ESA-refractory, or with EPO up to
500 U/L. A Phase 3 study of luspatercept in regularly-transfused RS+ patients
with lower-risk MDS according to IPSS-R is ongoing (MEDALIST study; clini-
caltrials.gov NCT02631070).
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Background: Health-related quality of life (HRQoL) has been introduced by
authorities, stakeholders and clinicians as a relevant patient reported outcome.
Description of HRQoL-profile in MDS-patients is essential for individualized
treatment algorithms.

Aims: To analyze the impact of MDS on HRQolL at initial diagnosis as compared
to sex- and age-matched reference populations and to define predictors of
impaired HRQoL.

Methods: A prospective European Registry (EUMDS) for newly diagnosed
IPSS low-/int-1 MDS was initiated by the European Leukemianet. The EQ-5D
descriptive system was introduced in EUMDS at initial diagnosis. EQ-5D data
from MDS-patients were compared with sex- and age-matched reference pop-
ulations published by the Euroquol Group.

Results: 1985 EUMDS patients from 140 hematology centers in 15 European
countries diagnosed between December 2007 to February 2016 were included.
1690 (85.1%) patients (median age 74; range 18 — 95 yrs) and 61.5% male,
completed both EQ-5D descriptive system and EQ VAS at the time of inclusion.
Demographic characteristics of patients who completed EQ-5D questionnaire
did not differ substantially from the whole cohort. Overall, the HRQoL-data in
the sample analyzed were likely missing at random. A significant proportion of
MDS-patients were characterized by moderate/severe restrictions in the dimen-
sions mobility in 41%, self-care 13.3%, usual activities 36.1%, pain/discomfort
49.5%, and anxiety/depression 37.9%, respectively. Overall, Wilcoxon signed
ranks tests showed that in MDS a significantly higher proportion of patients
reported problems in mobility (41.0 vs 33.5%), usual activities (36.1 vs 26.0%)
and anxiety/depression (37.9 vs 14.9%) than in European norms (p<0.001).
Similarly, both EQ-5D index and VAS were more unfavorable in MDS as com-
pared to references (0.74 vs 0.76; p<0.05) (69.6 vs 71.8; p<0.05) (paired t-
tests). Most impairments in HRQoL were significantly correlated with advanced
age, female sex, a higher comorbidity burden (defined by HCT-CI or MDS-CI),
low Hb-level (<10 vs 210 g/dl) and red blood cell transfusion need (0 vs
21))(p<0.001). In contrast the impact of WHO-diagnosis and IPSS-R on HRQoL
was only marginal. Comparisons with European reference norms revealed pro-
nounced impairments in MDS-patients in usual activities and anxiety/depression
in all age groups (<60 vs 60-75 vs 75+ yrs) (p<0.001 for each subgroup) and in
both sexes (p<0.001). The impact of MDS on mobility was most prominent in
male (p<0.001) and elderly persons (60-75 (p<0.01) vs 75+ yrs (p<0.001)). VAS
was more often diminished in women (p<0.05) and at advanced age (75+ yrs
(p<0.001)), as compared to reference cohorts. A hierarchical multilevel analysis
was preformed to assess whether there was a significant difference in HRQoL
between groups with different demographic and clinical parameters. Based on
univariate analyses advanced age, female gender, pronounced comorbidities,
low Hb and transfusion need were major determinants, both of EQ-5D index
and VAS (p<.001). In multivariate modeling there was a significant loss in HRQoL
for elderly (-0.082 for EQ-5D index and -7.33 for VAS for those 75+ yrs), for
advanced comorbidities (-0.059; -6.21 for MDS-CI int/high), low Hb-levels (-
0.053; -5.56), transfusion need (-0.045; -4.02) and female sex (-0.077; -3.64).
Summary/Conclusions: This study demonstrates profound restrictions in dis-
tinct dimensions of the EQ-5D in MDS-patients at diagnosis as compared with
age- and sex-matched reference populations and defines major predictors of
HRQoL. This analysis forms the basis to address specific needs of MDS-
patients and provides data for benchmark analyses.
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GENETIC LOSS OF ERYTHROID TFR2 STRONGLY AFFECTS THE
THALASSEMIC PHENOTYPE IN MICE
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Background: Transferrin receptor 2 (TFR2) is a multifaceted protein that in
the liver activates hepcidin, the master regulator of iron homeostasis, while in
erythroid cells is a component of the erythropoietin (EPO) receptor complex.
We have shown that the lack of Tfr2 in the bone marrow (BM) increases the
EPO sensitivity of erythroid cells and mimics iron-deficiency (Nai et al., Blood
2015). B-thalassemias are recessive severe disorders of beta-globin gene,
characterized by microcytic anemia, ineffective erythropoiesis, splenomegaly
and secondary iron overload. Several studies demonstrated that iron restriction
partially corrects the B-thalassemia phenotype in the Hbbth3+ model of tha-
lassemia intermedia.

Aims: In order to verify if the absence of Tfr2, mimicking iron-deficiency, could
ameliorate the thalassemic phenotype we generated thalassemic animals with
BM selective Tfr2 inactivation.

Methods: We generated thalassemic mice with (Hbbth3/+) or without BM T#r2
(Tfr2BMKO/Hppth3/+) by transplanting BM cells from Hbbth3/+ or Tfr2-/Hbbth3/*
mutants into lethally irradiated wild-type mice. Chimerism and hematological
parameters were evaluated at 2 months. Mice were sacrificed 4 months after
BM transplantation (BMT). At sacrifice blood was collected for hematological
analysis, transferrin saturation (TS) and Epo levels; liver, spleen and BM cells
were used for gene expression, tissue iron quantification, histology and flow
cytometry analysis.

Results: Two months after BMT the engraftment of donor cells was 98-99%.
Tfr2BMKOjHpbth3/+ and Hbbth3/* animals appear viable and indistinguishable
from one another. Tfr2BMKO/Hppth3/+ mice have greater red cells count and Hb
levels as compared to Hbbth3/+ animals. On the contrary, 4 months after BMT
Tfr2BMKOjHpbth3/+ mice are smaller and more anemic than Hbbth3*controls,
have increased spleen size, TS and hepatic iron, but reduced spleen iron con-
tent. The alteration of body iron homeostasis is likely due to their lower hepcidin
levels as compared with Hbbth3*mice. The ineffective erythropoiesis is exac-
erbated in the absence of Tfr2 and results in extramedullary spleen and liver
erythropoiesis. Anemia is accompanied by increased Epo gene trascription in
the kidney and by increased expression of Epo target genes, such as Epor,
Bcl-xL and erythroferrone (Erfe) in BM.

Summary/Conclusions: Deleting erythroid Tfr2 in Hbbth3/+ animals has a tran-
sient beneficial effect, but is detrimental in long-term. Reasonably the loss of
Tfr2 increases the sensitivity of thalassemic erythroid cells to Epo stimulation
(as we demonstrated for normal cells), favouring erythroid reconstitution after
BMT. However, when erythropoiesis reaches a steady state, increased stimu-
lation becomes deleterious. We propose that this occurs through high and per-
sistent production of erythroferrone, the soluble factor released by the erythrob-
lasts in order to inhibit the hepcidin expression. This would increase iron absorp-
tion and release, causing iron overload, further impairing the thalassemic ery-
thropoiesis and generating a “thalassemia major-like phenotype” in Tfr28MKO
Hbbth3/+ mice. Further studies will better elucidate the mechanism of the
observed biphasic effect on the phenotype and whether a time-controlled mod-
ulation of Tfr2 might improve B-thalassemia.

S134

HIGH SYSTEMIC IRON LEVEL IS ARISK FACTOR FOR CARDIOVASCULAR
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Background: Iron accumulates in atherosclerotic lesions but its role in athero-
genesis is still debated. In the “iron hypothesis” (1981), Sullivan proposed that
iron is detrimental for the cardiovascular system, promoting atherosclerosis
progression. So far, epidemiological data and studies in animal models have
provided conflicting evidence regarding a role of excess iron in atherogenesis
and cardiovascular disease.

Aims: In this study we aimed to investigate the role of iron overload in the
development of atherosclerosis.

Methods: To this purpose, a mouse model of type IV Hereditary Hemochro-
matosis, in which the hepcidin/ferroportin regulatory circuitry is disrupted due
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to a point mutation in the iron exporter ferroportin (FPNC326S; Altamura et al.,
Cell Metabolism 2014), was interbred with ApoE-null mice(ApoE-/-), that show
increased susceptibility to atherosclerosis. Plaque formation was analyzed in
ApOE-/-FPNWUC326S mice at 6 and 12 months of age.

ApoE-j-FPNee/ ORE

Apot-

Figure 1.

Results: ApoE-/-FPNWYC326S mice show high serum iron and cholesterol lev-
els, as expected. Importantly, these mice show strongly increased lesion size
and number at both 6 and 12 months of age compared to age-matched Apo-/-
mice (6 months: 1.44+0.23 vs 5+0.53% aortic lesion area, P=0.0001; 12
months: 10.24+1.21 vs 20.44+2.69% aortic lesion area, P=0.0065). The ath-
erosclerotic phenotype positively correlates with higher levels of circulating
iron (12 months: 122.246.57 vs 337+19.22 mg iron/dl serum, P<0.0001) and
oxidized LDLs (12 months: 2151+136.8 vs 3243+193.9 nmol oxLDL/ml serum,
P=0.0002). Iron is deposited in the artery media layer, which correlates with
vascular smooth muscle cell senescence, calcifications, vascular oxidative
stress (12 months: 2.45+0.2 vs 4.33+0.32 nmol MDA/mg aorta protein,
P=0.047) and DNA damage. We observe increased vascular permeability (6
months: 0.95+0.2 vs 3.11+0.51 mg aorta Evans Blue, P=0.0022), reduced nitric
oxide availability and sustained activation and inflammation of the vascular
endothelium (P<0.05). Within the atherosclerotic plaques, collagen deposition
is reduced (P=0.0023) and lipid content is increased (P=0.0495), indicating
enhanced plaque instability and faster disease progression. Plaque
macrophages are significantly elevated and correlate with increased iron-
induced CCL2 levels (12 months: 155.5+23.27 vs 305+38.39 pmol CCL2/ml
serum, P=0.01), potentially contributing to increased lesion vulnerability (12
months: plaque vulnerability index P=0.0276). Ecocardiography in ApoE-/-
FPNWYC326S mice reveals an increased left ventricle mass and increased left
ventricle area and volume in dyastole, plausibly as an attempt to compensate
for increased arterial stiffness. Our mouse model further shows increased fib-
rinogen and pro-thrombin levels (P<0.05), suggesting a pro-thrombotic role for
high systemic iron levels. Prolonged administration of a low-iron diet rescues
the severe atherosclerotic phenotype, proving that iron is detrimental for this
disease. Experiments are ongoing to test the effect of iron chelation therapy.

Summary/Conclusions: Our data suggest that high circulating iron levels
strongly enhance the severity and promote the progression of atherosclerosis,
indicating that systemic iron overload is a risk factor for atherosclerosis and
predisposes to cardiovascular disease. Our findings have potential implications
for those pathological conditions with elevated systemic iron levels, ranging
from patients with hemochromatosis to anemic patients dependent on chronic
blood transfusions, as well as for individuals subjected to intravenous iron
administration (e.g. patients undergoing hemodialysis).
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THE PYRUVATE KINASE ACTIVATOR AG-348 IMPROVES MURINE
B-THALASSEMIC ANEMIA AND CORRECTS INEFFECTIVE ERYTHROPOIESIS
A matte!, E beneduce!, A siciliano!, P kosinski2, A janin3, C lebouef3,
Aiolascon4, L de falco4, L dang?, C kung?, L De Franceschi'”
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Background: B-thalassemias (B3-thal) are worldwide distributed red cell disor-
ders, characterized by ineffective erythropoiesis and reduced red blood cell
(RBC) lifespan. Increased levels of reactive oxygen species (ROS) have been
reported to play a key role in anemia of 8 thal, targeting both erythropoiesis
and circulating RBCs. Pyruvate kinase (PK) is an important enzyme in the gly-
colytic pathway, responsible for conversion of phosphoenolpyruvate to pyru-
vate, with concomitant formation of the energy carrier adenosine triphosphate
(ATP). As mature erythrocytes lack mitochondria, they rely almost exclusively
on glycolysis to generate ATP, as well as the interlinked pentose phosphate
pathway shunt to generate the reducing agent NADPH. The possible impact
of PK activity on erythropoiesis is supported by evidence of ineffective erythro-
poiesis in human subjects with PK deficiency as well as mouse models of PK
deficiency. The PK activator AG-348 has been evaluated in Phase | trials in
healthy human subjects (NCT02149966) and is currently in Phase Il studies in
PK deficiency patients (NCT02476916). In the Phase | studies, AG-348 was
shown to decrease levels of an upstream metabolite 2,3-diphosphoglycerate
(2,3-DPG) and increased levels of ATP in whole blood, consistent with in vivo
activation of PK.

Aims: To evaluate the impact of AG-348 on anemia and ineffective erythro-
poiesis in a mouse model of § thal intermedia.

Methods: Mouse strains C57B6/2J, as wildtype (WT) controls, and Hbbth3/+,
as a mouse model of B-thal intermedia, were used. Female mice aged between
2-3 months were treated with either vehicle or AG-348 at 50 mg/kg bid by oral
gavage. Hematologic parameters, RBC indices, morphology, and reticulocyte
count were evaluated at baseline, 7, 14, 21 days of treatment. Mouse erythro-
poiesis was studied using the CD44/TER119 gating strategy by FACS. ROS
levels and the amount of Annexin-V+ cells were evaluated in erythroblast pop-
ulations. Liver iron accumulation was evaluated by Pearl’s staining and expres-
sion of liver hepcidin was measured by RT-PCR.

Results: In Hbb3t+ mice, 21 days of AG-348 treatment was associated with
(i) a marked amelioration of anisopoykylocytosis; (ii) significantly increased Hb
levels, MCV and MCH; (iii) a significant reduction in circulating erythroblasts
(Es) and reticulocyte count; and (iv) reduction of ROS levels in circulating
RBCs. In addition, AG-348 significantly decreased the amount of membrane
precipitated a-globin chains and increased the amount of soluble Hb compared
to the vehicle treated Hbb3th/+ group. Consistent with these findings, we
observed (i) a reduction of extramedullar erythropoiesis as indicated by both a
decrease in spleen weight/mouse weight ratio and total Es (CD44TER119 Fsc
high cells); (ii) a significant increase in pro-Es and basophilic Es, associated
with reduction in orthochromatic Es; (jii) a reduction in ROS levels of Hbb3th/+
Es and the amount of apoptotic orthochromatic Es compared to vehicle treated
Hbb3th"+ mice, suggesting an amelioration of B thal ineffective erythropoiesis.
The amelioration of ineffective erythropoiesis was paralleled by a reduction in
liver iron overload and up-regulation of hepcidin mRNA in liver from AG-348
treated Hbb3th* mice.

Summary/Conclusions: Our data show that the PK activator AG-348 benefi-
cially affects ineffective erythropoiesis in a mouse model of B thal and might
represent a novel therapeutic tool in clinical management of anemia in B tha-
lassemic syndromes.
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RAP-536 (MURINE ANALOG OF ACE-536/LUSPATERCEPT) INHIBITS
SMAD2/3 SIGNALING AND PROMOTES ERYTHROID DIFFERENTIATION
BY RESTORING GATA-1 FUNCTION IN A MURINE MODEL OF
B-THALASSEMIA

P Martinez!", M Bhasin2, R Li', S Pearsall’, R Kumar', R Suragani’
1Preclinical, Acceleron Pharma, Cambridge, 2Genomics and Proteomics Cen-
ter, Beth Israel Deaconess Medical Center, Harvard Medical School, Boston,
United States

Background: Previously, we reported elevated Smad2/3 signaling in diseases
characterized by ineffective erythropoiesis such as myelodysplastic syndromes
(MDS) and B-thalassemia (Suragani et al. 2014). Luspatercept (modified ActRI-
IB receptor-Fc fusion protein), a Smad 2/3 ligand trap, has demonstrated effi-
cacy in correcting ineffective erythropoiesis and the resulting anemia in murine
models of MDS and B-thalassemia. RAP-536 (murine version of ACE-536/lus-
patercept) treatment also alleviated disease pathology in B-thalassemic mice.
Aims: In this study, we investigated the molecular mechanism of action of
RAP-536 in a murine model of B-thalassemia.

Methods: Wildtype and B-thalassemic mice were used in this study. B-tha-
lassemic mice (Hbbth3/*) were administered a single bolus of vehicle (VEH) or
RAP-536 (30 mg/kg, i.p) (N=2/group). At 16 hours, splenic basophilic erythrob-
lasts (CD71*Ter119*FSChigh) were sorted by flow cytometry. RNA was isolated
and subjected to genome wide transcriptome profiling using RNA sequencing
analysis. Mouse erythroid leukemic (MEL) cells, primary fetal liver erythroid
and B-thalassemic erythroid precursors were treated with GDF11 in the pres-
ence or absence of ACE-536 as described below.



Results: Transcriptome analysis of B-thalassemic erythroblasts identified 74
genes that were differentially expressed (absolute fold change >1.5, false dis-
covery rate adjusted P value <0.05) in RAP-536 treated samples vs VEH treat-
ment. To identify molecular mechanisms, we performed gene set enrichment
analysis (GSEA) (Subramanian et al., 2005) on these samples. The analysis
depicted significant upregulation of target genes of multiple transcriptional reg-
ulators including GATA-1. Previously, multiple studies have established GATA-
1 as a master transcriptional regulator of terminal erythroid differentiation. Fur-
ther GSEA of GATA-1 activator signatures against RAP-536 treatment data
revealed a significant up-regulation of 158 activated genes (Normalized Enrich-
ment Score=2.7, P=0) involved in heme biosynthesis (such as Ppox, Fech, and
Abcb10) and terminal erythroid differentiation (such as Fog1, KIf1 and Bcl-xI).
ACE-536 is known to bind and inhibit Smad2/3 ligands such as GDF8, GDF11
and activin B but not activin A (Suragani et al 2014). Consistent with this data,
treatment of MEL and fetal liver erythroid cells with GDF11 (50ng/mL) induced
Smad2/3 phosphorylation and ACE-536 co-treatment inhibited the increase in
pSmad2/3. In differentiating erythroid cells, GDF11 treatment displayed reduced
nuclear GATA-1 protein levels by both western blotting and immunofluores-
cence studies. Additionally, reactive oxygen species (ROS) levels indicative of
oxidative stress were elevated in MEL and primary fetal liver cells following
GDF11 treatment. Consistent with the increase in ROS, we found decreased
mitochondrial transmembrane potential (Awm) indicative of unhealthy cells and
increased caspase 3/7 activity in erythroid cells treated with GDF11. Importantly,
treatment of erythroid cells with ACE-536 and GDF 11 decreased ROS, restored
Aym and GATA-1 levels to control levels. Immunofluorescence studies demon-
strated decreased GATA-1 levels in the nucleus of erythroid precursors from b-
thalassemic cells compared to wild type mice. Treatment of these b-thalassemic
erythroid precursors with ACE-536 prevented the decrease in GATA-1 levels.

Summary/Conclusions: Together, these data done with RAP-536 provide a
potential mechanistic role for luspatercept as a novel treatment of B-tha-
lassemia. By inhibiting pSmad2/3 signaling, RAP-536 treatment decreases
ROS, prevents caspase 3/7 activation and GATA-1 cleavage. Thus by restoring
GATA-1 availability and functional activity, RAP-536 treatment causes upregu-
lation of genes involved in promoting terminal erythroid maturation, and con-
sequently corrects anemia in b-thalassemia. Luspatercept currently completed
phase 2 clinical trials and has initiated phase 3 studies in patients with MDS
and b-thalassemia.

Copenhagen, Denmark, June 9 - 12, 2016
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ETHNICITY AND THE EPIDEMIOLOGY OF VENOUS THROMBOEMBOLISM:
A POPULATION-BASED STUDY

A Lazo-Langner’", K Liu2, S Shariff2, A Garg', J Ray3

TWestern University, 2Institute for Clinical Evaluative Sciences, London, 3Uni-
versity of Toronto, Toronto, Canada

Background: The epidemiology of Venous thromboembolism (VTE) has been
largely studied in White populations, with much less known among non-Caucasians.
Differences may exist in the biological predisposition to VTE but little is known
about the epidemiology of VTE among immigrants or in relation to ethnicity.
Aims: To generate estimates of the incidence of VTE in immigrants to Ontario,
Canada, grouped by their geographical region of origin as a proxy for ethnicity,
and estimate risk ratios (RR) for different ethnic groups compared to Whites.
Methods: We conducted a population-based retrospective matched cohort
study using linked health care and administrative databases in Ontario, Cana-
da. These datasets were linked using unique, encoded identifiers and ana-
lyzed at the Institute for Clinical Evaluative Sciences (ICES) according to a
pre-specified protocol that was approved by the research ethics board at
Sunnybrook Health Sciences Centre (Toronto, Canada). We identified patients
who immigrated to Ontario between Jan. 1, 2000 and Dec. 31, 2010. A non-
immigrant comparison cohort was matched based on age, sex and place of
residence. The main study exposure was an individual’s ethnicity based on
world geographical region of origin using a previously validated algorithm.
Patients were divided in the following ethnic groups: 1) White, 2) Black, 3)
Latin American, 4) Arab, 5) East Asian (including Chinese, Japanese, Korean,
Filipino and other South East Asian), 6) South Asian, and 7) West Asian. Main
study outcome was the occurrence of a first VTE. Secondary outcomes includ-
ed deep vein thrombosis (DVT) and pulmonary embolism (PE). Patients were
followed until the occurrence of an outcome, death, emigration from the
province or end of follow up period (Dec. 31st, 2014). We calculated age-and
sex specific incidence rates (IR) per 1000 person-years (PY). RR were cal-
culated using Poisson regression models.

Results: We included 1,195,791 people in the immigrant and non-immigrant
cohorts respectively, with a total period of observation >17,000,000 PY. Overall,
the incidence rate for any VTE was 1.25 per 1000 PY (95% Cl 1.23 to 1.27).
For DVT the IR was 0.97 per 1000 PY (95% CI 0.96 to 0.99) and for PE it was
0.36 per 1000 PY (95% CI 0.35 to 0.37). The IR for VTE was lower among
immigrants (0.87 per 1000 PY; 95% CI 0.85 to 0.89) than non-immigrants (1.59
per 1000 PY; 95% CI 1.56 to 1.61). Compared to white immigrants, the age-
specific RR were consistently lower for both men and women of East Asian
(RR 0.19-0.33) and South Asian (RR 0.29-0.65) ethnicity across all age groups.
For patients of West Asian and Arab ethnicity the age-specific RR were also
generally lower except for patients <30 or >80 years old. IR for immigrants of
Black and Latin American ethnicity were no different across most age groups.
RR for Black women less than 40 years old were higher compared to White
immigrants. Among immigrants of Black, Arab and South Asian ethnicity who
developed a VTE there was a higher prevalence of a previous delivery or C-
section compared to White immigrants.

Summary/Conclusions: Incidence of VTE is lower among immigrants com-
pared to non-immigrants in Ontario. Among immigrants, those of East and
South Asian ethnicity have a lower risk of VTE compared to whites. This study
was supported by the Institute for Clinical Evaluative Sciences (ICES), which
is funded by an annual grant from the Ontario Ministry of Health and Long-
Term Care (MOHLTC). The opinions, results and conclusions reported in this
paper are those of the authors and are independent from the funding sources.
No endorsement by ICES or the Ontario MOHLTC is intended or should be
inferred. AL-L was supported for this study by a grant from the Academic Med-
ical Organization of South Western Ontario Opportunities fund and by the ICES
Western Faculty Scholars program.
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DECODING THE RISK OF THROMBOEMBOLIC EVENTS IN LYMPHOMA
PATIENTS

D Antic’", N Milic2, S Nikolovski!, M Todorovic', J Bila!, P Djurdjevic3,
B Andjelic, V Dijurasinovic!, A Sretetnovic!, V Vukovic!, J Jelicic?,
B Mihaljevic!

1Clinic For Hematology, Clinical Center Serbia, 2Institute for Medical Statistics
and Informatics, Belgrade, 3Clinic For Hematology, Clinical Centre Kragujevac,
Kragujevac, Serbia

Background: Considering data about increased incidence of thrombosis in lym-
phoma patients and the impact of thrombosis on the survival of lymphoma
patients, the main question was “Which lymphoma patients are candidates for
thromboprophylaxis after establishing the diagnosis of lymphoma and during
chemotherapy?” Owing to risk of thrombocytopenia due to disease or chemother-
apy, patients with hematologic malignancies are often excluded from thrombo-
prophylaxis and those with nonhematologic malignancies are preferred.
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Aims: The aim of this study was to develop the prognostic risk score based on
individual clinical and laboratory parameters that would allow physicians to
designate patients at risk for thromboembolic event.

Methods: We developed prognostic Thrombosis Lymphoma — ThroLy score
based on the study population including 1820 lymphoma patients, who received
at least one cycle of chemotherapy. The study population was divided based
on a split-sample random method into the model developing and validation
cohorts. The model was developed using data from a derivation, and further
assessed in the validation cohort.

Results: 99 patients (5.4%) developed thromboembolic events. The variables
independently associated with risk of thromboembolism were: previous venous
and/or arterial events, mediastinum involvement, BMI>30 kg/m?2, reduced mobil-
ity, extranodal localization, development of neutropenia and hemoglobin level
<100g/L. Based on the risk model score the population was divided into the fol-
lowing risk categories: low (score 0-1), intermediate (score 2-3), and high (score
>3). For patients in the derivation cohort classified as at risk for TE (score >1),
the model produced a negative predictive value (probability of not experiencing
TE in patients designated low risk) of 98.5%, and the positive predictive value
(probability of TE occurring in patient designated at risk) of 25.1%. The sensitivity
(probability of being classified as at risk in patients experiencing TE) was 75.4%,
and the specificity (probability of being classified as low risk in patients not expe-
riencing TE) was 87.5%. Interestingly, a high-risk score 24 had a positive pre-
dictive value (probability of TE occurring in patient designated at high risk) of
65.2%. The risk model was then applied to the validation cohort (n=584) in
which 34 patients (5.8%) developed TE. Similarly, in the validation cohort, the
negative predictive value was 97.6%; the positive predictive value was 28.9%;
the sensitivity was 64.7%; and the specificity was 90.2%.
Summary/Conclusions: ThroLy score is more specific for lymphoma patients
than any other available score targeting cancer patients. Moreover, it is dynamic,
can be changed during the different phases of therapy, does not require non-rou-
tine laboratory analysis and is not limited to hospitalized or outpatient settings.
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MAJOR BLEEDING IN PATIENTS ON TREATMENT WITH NOAC OR VKA
IN REAL-LIFE: CLINICAL PRESENTATION, MANAGEMENT AND OUTCOME
L Franco'", C Becattini!, J Beyer-Westendorf2, L Masotti3, C Nitti4, S Vanni®,
G Maninab, S Cattinelli?, R Cappelli8, R Sbrojavacca®, F Pomero'0, S Marten?,
G Agnelii’

1University Of Perugia, PERUGIA, ltaly, 2Technische Universitat Dresden,
Dresden, Germany, 3Internal Medicine, Santa Maria Nuova Hospital, Firenze,
4Emergency Medicine, Ospedali Riuniti Umberto I-Lancisi- Salesi, Ancona,
SEmergency Medicine, Careggi University Hospital, Firenze, SEmergency Med-
icine, Policlinico Maggiore, Milano, 7TEmergency Medicine, Ospedale Cattinara,
Trieste, 8Internal Medicine, University of Siena, Siena, 9Emergency Medicine,
Santa Maria della Misericordia Hospital, Udine, 10Internal Medicine, Santa
Croce Hospita, Cuneo, Italy

Background: Limited data are available on major bleeding (MB) occurring
during treatment with vitamin K (VKAs) or non-vitamin K antagonist oral anti-
coagulants (NOACs) outside clinical trials.

Aims: The aim of this study was to compare clinical presentation, management
and outcome of MB in patients on treatment with VKA or NOAC in real-life.
Methods: Patients hospitalized for MB while on treatment with VKAs or NOACs
were included in a multicenter study to compare clinical presentation, man-
agement and outcome of bleeding. The primary study outcome was in-hospital
death.

Results: As for September 2015, 806 patients with MB were included in the
study, 76% on VKAs and 24% on NOACs. MB was an intracranial hemorrhage
in 51% and 21% patients on VKAs or NOACs, respectively (Odds Ratio [OR]
3.79; 95% confidence interval [Cl] 2.59-5.54) a gastrointestinal bleeding in 46%
and 25% patients on NOACs and VKAs, respectively (OR 2.62; 95% CI 1.87-
3.68). In-hospital death occurred in 134 patients (17%), 19% of VKA and 10%
of NOAC patients (OR 2.08; 95% CI 1.24-3.49, p=0.005). The rate of in-hospital
death was similar in NOAC and VKA patients with intracranial hemorrhage
(27% and 26% respectively; OR 1.02, 95% Cl 0.49-2.12) and gastrointestinal
bleeding (7% and 11%; OR 0.62, 95% CI 0.23-1.64) and lower in NOAC than
VKA patients with other MBs (3% and 11%; OR 0.39, 95% CI 0.11-0.39).
Summary/Conclusions: Among patients hospitalized for MB while on treat-
ment with anticoagulants, patients on NOACs are less frequently admitted for
intracranial hemorrhage and more frequently for gastrointestinal bleeding as
compared with patients treated with VKA. Mortality is lower in patients with
MBs on NOACs than VKAs although this finding varies across the different
types of MBs.
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PODOPLANIN EXPRESSION AND INTRAVASCULAR PLATELET AGGREGATES:
THE MISSING LINK BETWEEN CANCER AND THROMBOSIS IN PRIMARY
MALIGNANT BRAIN TUMORS

J Riedl!”", M Preusser?, F Posch!, PMS Nazari!, S Panzer3, C Marosi2,
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ment of Surgery, 6Institute of Cancer Research, Department of Medicine |,
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Background: Venous thromboembolism (VTE) is a common clinical problem
in patients with primary malignant brain tumors, and underlying mechanisms
are unclear.

Aims: In a prospective observational study, we explored the association of
podoplanin, a sialomucin-like glycoprotein that has the ability to induce blood
platelet activation and aggregation, with VTE in primary malignant brain tumors.
Furthermore, we investigated the ability of primary human glioblastoma cells,
isolated from a patient with glioblastoma and thrombotic complications, to acti-
vate human platelets in-vitro.

Methods: Immunohistochemical (IHC) staining against podoplanin and platelet
surface protein CD61 was performed in brain tumor specimens of 213 adult
patients (mostly high-grade gliomas [89%]) included in the Vienna Cancer and
Thrombosis Study (CATS), a prospective observational cohort study of patients
with newly diagnosed cancer or progressive disease. Primary endpoint was
symptomatic VTE. In-vitro, co-incubation experiments were performed using
primary glioblastoma cells isolated from a patient included in CATS who had
developed pulmonary embolism (PE) during follow up and whose tumor stained
positive for podoplanin in IHC. Activation and aggregation of human platelets
upon co-incubation with different concentrations of cancer cells was investi-
gated by light transmission aggregometry and macro- and microscopical visu-
alization.

Results: During 2-year-follow-up, 29 (13.6%) patients developed VTE. In
total, 151 (70.9%) tumor specimens stained positive for podoplanin (33 high
expression, 47 medium expression, 71 low expression). Patients with
podoplanin positive tumors had a lower blood platelet count (Median [25th-
75th percentile], G/I: 227 [186-285] vs 286 [241-355]; p<0.001) and higher D-
dimer levels (mg/ml: 0.85 [0.46-1.92] vs 0.42 [0.23-0.79]; p<0.001). Increas-
ing podoplanin-staining intensity was associated with increasing levels of
CD61-positive intravascular platelet aggregates in tumor specimens
(p<0.001). In Cox regression analysis, high podoplanin expression was asso-
ciated with increased risk of VTE (hazard ratio [HR] for high vs no podoplanin
expression: 5.75, 95% confidence interval [CI]: 1.71-19.27; p=0.005). This
association was independent of age, sex and tumor grade (HR 5.71, 95%Cl:
1.52-21.26; p=0.010). Figure 1 shows cumulative incidence curves of VTE
according to podoplanin expression levels. Podoplanin-positive glioblastoma
cells induced platelet aggregation, measured by light transmission aggre-
gometry, in a dose-dependent manner, which was not observed in a
podoplanin-negative control glioblastoma cell line. Podoplanin-positive
glioblastoma cells also induced marked macro- and microscopically visible
blood coagulation upon co-incubation with whole blood from a healthy donor,
while this was not observed for podoplanin-negative control cells.
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Figure 1. Cumulative incidence of venous thromboembolism (VTE)
accounting for competing risk (death of any cause other than fatal VTE)
according to expression levels of podoplanin. The probability of VTE sig-
nificantly increased with increasing levels of podoplanin staining inten-
sity (log-rank p=0.019).

Summary/Conclusions: High podoplanin expression in primary malignant
brain tumors, which correlated with intravascular platelet aggregates, lower
blood platelet counts and higher D-dimer levels, was associated with increased
risk of VTE. In-vitro, podoplanin-positive cancer cells isolated from a glioblas-
toma patient who developed PE induced marked platelet activation and aggre-
gation. Our study might provide a novel mechanistic insight into the pathogen-
esis of VTE in patients with primary malignant brain tumors.
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HUMAN HEMATOPOIETIC STEM CELL DIFFERENTIATION FOLLOWS A
CONTINUOUS WADDINGTON-LIKE LANDSCAPE

L Velten!, S Haas?, S Raffel2, S Blaszkiewicz2, C Lutz3, E Buss3, D Nowak4,
T Boch4, WK Hofmann4, A Ho3, W Huber!, A Trumpp2, M Essers2",
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1EMBL, 2HI-STEM gGmbH /DKFZ, 3Department of Internal Medicine V, Uni-
versity of Heidelberg, Heidelberg, 4Department of Hematology and Oncology,
Medical Faculty Mannheim, University of Heidelberg, Mannheim, Germany

Background: Blood formation is believed to occur via the step-wise progression
of haematopoietic stem cells (HSCs) through a tree-like hierarchy of discrete
progenitor cell types. Although several recent studies have challenged different
aspects of this dogma, a comprehensive model of haematopoiesis and entry of
HSCs into lineage commitment is currently lacking. Here, we mapped human
bone marrow haematopoiesis by quantitatively integrating flow cytometric, tran-
scriptomic and functional lineage fate data at the single-cell level.

Aims: Reconstruction of how individual HSCs enter lineage commitment by
quantitatively integrating transcriptomic and functional single cell data that per-
mits the reconstruction of developmental trajectories during HSC differentiation.
Methods: Healthy human BM HSPCs (Lin-CD34*) were individually sorted and
surface marker fluorescence intensities of a panel of FACS surface markers com-
monly used to characterize these HSPCs were recorded to retrospectively recon-
struct immunophenotypes. Index-sorted HSPCs were subjected to RNAseq
(“index-omics”, 379 cells) to determine their transcriptomes or individually cultured
ex vivo (“index-culture”, 1021 cells) to quantify lineage potential. Subsequently,
the functional and transcriptomic data sets were integrated using commonly
indexed surface marker expression to identify molecular and cellular events asso-
ciated with the differentiation of human HSCs at the single cell level.

Results: We found that individual HSCs neither enter lineage commitment at
binary branching points nor pass through discrete intermediate progenitor cell
stages. In contrast, HSC lineage commitment occurs in a gradual manner best
described by a continuous Waddington landscape with initially flat but progres-
sively deepening valleys. Our data determine a detailed model of developmental
trajectories within this landscape, as well as their underlying gene expression
modules and biological processes.

Summary/Conclusions: Integration of transcriptomic and functional cell fate
data at the single-cell level reveals that human hematopoiesis is not organized
in a hierarchical “tree” of cell types, but follows a continuous differentiation flow
within a Waddington-like landscape with initially flat and gradually deepening
valleys.
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SINGLE-CELL PROFILING OF HUMAN MEGAKARYOCYTE-ERYTHROID
PROGENITORS IDENTIFIES DISTINCT MEGAKARYOCYTE AND ERYTHROID
DIFFERENTIATION PATHWAYS

B Psaila®2.3.", N Barkas’, D Iskander?, A Roy4, S Anderson3, N Ashley?,
V Caputo?, J Lichtenberg3, S Loaiza2, D Bodine3, A Karadimitris2, A Mead',
R Irene!2:4

TMRC Molecular Haematology Unit, Weatherall Institute of Molecular Medicine,
Oxford University, Oxford, 2Department of Haematology, Imperial College, Lon-
don, London, United Kingdom, 3NHGRI, National Institutes of Health, Bethesda,
United States, 4Department of Paediatrics, Weatherall Institute of Molecular
Medicine, Oxford University, Oxford, United Kingdom

Background: The conventional haematopoietic hierarchy proposes that
megakaryocytes (MK) and erythroid cells (E) derive from a shared progenitor,
the MEP. However, the MEP was defined using “bulk” assays and recent studies
have suggested that MEP and other myeloid progenitor populations may be het-
erogeneous. Advances in single-cell techniques now provide the opportunity to
dissect cellular heterogeneity within populations and to uncover rare cell types.
Aims: To integrate multiple different single-cell molecular and cell biology
approaches to uncover heterogeneity in human MEP and to establish a new
FACS strategy to prospectively purify and functionally validate the novel sub-
populations.

Methods: Surface immunophenotype (10 markers) and gene expression pro-
files (GEP) of individual human MEP were correlated using index-FACS and
parallel, targeted multiplex PCR using a specifically designed panel of 87 genes.
Differentiation potential was tested in novel single-cell differentiation assays
(Figure 1).

Results: A total of 681 single Lin-CD34+CD38+CD123-CD45RA-MEPs were
analysed by index sorting and GEP. Principal component analysis of GEP data
identified three distinct MEP subpopulations. Correlation with cell surface
immunophenotype revealed how these novel populations could be prospec-
tively purified using the additional cell surface markers CD44, CD71 and CD41.
MEP Population 1 (CD44hi71-41-; ~43.6% of MEP) showed increased expres-
sion of CD34, CSF3R and FLT3 and lower expression of GATA1 in single-cell
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and population-based analyses. Population 2 (CD44mod CD71+CD41-; 37.4%)
showed increased E-associated gene expression (e.g. KLF1, TMOD1, TAL1,
LEF1). Population 3 (CD44mod CD71+CD41+; 5.1%) showed distinct expres-
sion of MK-associated genes (e.g. FLI1, VWF, NH1B, MPL). Single-cell in vitro
differential assays demonstrated that the transcriptional profiles corresponded
to functional differences in lineage potential: Population 1 (designated Pre-
MEPs) contained almost all of the residual myeloid potential within the MEP
compartment and showed frequent MK-E bipotent cells. In contrast, populations
2 (E-MEP) and 3 (MK-MEP) showed a marked lineage bias toward E and MK
lineage commitment respectively. Pseudo-temporal ordering of the cells along
their differentiation trajectory (Monocle analysis) was also compatible with a
more primitive phenotype for Pre-MEP, and suggested that CD42 expression
correlated with loss of E-associated gene expression, a finding confirmed in
functional assays with high MK but absence of E potential in
CD71+CD41+CD42+ MEPs, while CD71+41+42- MK-MEP retained residual
low level capacity to generate E progeny.

Figure 1

o gl . s e

e

r
Correlation of gere

index-sorting of & |
expression profiles of

single MEP cells

ﬁ . single cells with original
J { immunophenotype
I Laser , ®08 | from index-sorting data
. 88
- L] -
Multiples GRT-PCR
87 gene panel

Computational Analyses: identificatio

|

Validation of novel MEP
subpopulations: Transcrigtion

Characterire wubpopulations: Singhe ce

1

Ordering of cells in pieudatime: © ‘

Figure 1.

Summary/Conclusions: This report illustrates the power of combining three
single-cell techniques to interrogate cellular heterogeneity within populations,
an approach that is applicable to many other systems. We show that classically
defined MEP in fact contain three distinct subpopulations: (1)“Pre-MEP”,
enriched for E/MK progenitors but with residual myeloid differentiation capacity,
(2)“E-MEP”, strongly biased towards E differentiation, and (3)*MK-MEP”, a rare
population of bipotent cells that primarily generate MK progeny. Importantly,
only a minority of classically defined MEP give rise to mixed E/MK colonies;
the majority of the cells are transcriptionally-primed to generate cells of a single
lineage. We believe that prospective identification of specific intermediate pro-
genitor populations will allow for in-depth study of disorders of erythro-
megakaryopoiesis, including myeloproliferative neoplasms and ery-
thromegakaryocytic leukemias.
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INTERFERON ALPHA MEDIATED REMODELING OF THE BONE MARROW
STEM CELL VASCULAR NICHE

AM Prendergast’-2*, A Kuck!2, M van Essen2, S Haas'-2, S Blaszkiewicz':2,
M Essers'.2

THeidelberg Institute for Stem Cell Technologies and Experimental Medicine
(HI-STEM), 2Division of Stem Cells and Cancer, German Cancer Research
Institute (DKFZ), Heidelberg, Germany

Background: Bone marrow endothelial cells (ECs) are a major part of the
bone marrow (BM) vascular niche, regulating hematopoietic stem cell (HSC)
function and fate. Furthermore, ECs significantly influence the response of an
organism to infection, the primary response to which involves synthesis of
immune-modulatory cytokines, such as interferon alpha (IFNa). In contrast to
the anti-proliferative effect of IFNa on HSCs in vitro, we, and others, have
shown that IFNa induces cell cycle entry of HSCs in vivo. Here we have inves-
tigated the result of acute IFNa treatment on the BM vascular niche in vivo.
Aims: To investigate the stimulatory effects of acute IFNa treatment on the BM
stem cell vascular niche and its role in the chemotherapeutic response.
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Methods: To characterize the response of the BM vascular niche to IFNa, wild-
type mice were treated with recombinant IFNa or pl:C and were sacrificed 4h
or 24h later. BM ECs were subsequently assessed for key inflammatory and
EC-stimulatory markers by FACS. IFNa-mediated increased BM vascularity
was quantified by in vivo labelling using Alexa 633. BM vessel integrity was
assessed using the Evans blue assay. VEGF signalling was antagonized using
the Anti-VEGF treatment, Avastin. Mice were co-treated with 5-FU and pl:C to
evaluate the effect of IFNa-signalling of chemotherapeutic treatment.
Results: IFNa treatment induced a rapid stimulation of BM ECs in vivo, result-
ing in increased bone marrow (BM) vascularity and vascular leakage. IFNa-
mediated activation of ECs involved the expression of key inflammatory and
EC-stimulatory markers. Abrogation of BM EC activation in vivo, using the Anti-
VEGF treatment, Avastin, linked VEGF signalling, mediated by BM cell types
including HSCs, to IFNa-mediated activation of ECs. Finally, following a period
of recovery, IFNa-signalling led to a rapid recovery of 5-FU-mediated cell acti-
vation and BM homeostasis.

Summary/Conclusions: Our data shows that IFNa stimulation in vivo leads
to remodelling of the BM stem cell vascular niche, mediated by VEGF. These
data increase our current understanding of the effect of IFNa and anti-VEGF
treatment on HSCs and the stem cell niche in vivo. IFNa-mediated recovery
from 5-FU treatment has obvious implications for therapy, and thus this effect
may influence the clinical application of IFNa.
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CELL-EXTRINSIC HAEMATOPOIETIC IMPACT OF EZH2 INACTIVATION IN
FOETAL LIVER ENDOTHELIAL CELLS

WH Neo':2", C Booth':2, E Azzoni2, M de Bruijn2, SE Jacobsen'.2, AMead':2
1Haemopoietic Stem Cell Laboratory, Weatherall Institute for Molecular Medi-
cine, 2MRC Molecular Haematology Unit, University of Oxford, Oxford, United
Kingdom

Background: The cell-intrinsic role of many different epigenetic factors in the
regulation of normal haematopoiesis and development of blood cancers is well
established. However, the possible role and function of epigenetic regulators
in components of the haematopoietic niche remains largely unexplored. Ezh2,
is a histone methyltransferase and key component of the polycomb repressive
complex 2 (PRC2). Loss of function of PRC2 causes a cell-intrinsic defect in
adult haematopoietic stem cells (HSCs) and block in T- and B-lymphopoiesis.
Further, both increased and reduced PRC2 activity has been implicated in a
range of blood cancers. However, the haematopoietic impact of Ezh2 inactiva-
tion in components of the niche has not been explored.

Aims: Recent evidence supports that vascular endothelial cells (VECs) are
key components of the haematopoietic niche during foetal development and
we therefore aimed to study the haematopoietic impact of Ezh2 depletion in
foetal liver (FL) VECs.

Methods: Ezh2 was depleted in haematopoietic cells with or without deletion
in VECs using Tie2-Cre (Tie2-KO) or Vav-iCre (Vav-KO) respectively, and the
impact on foetal haematopoiesis was explored through phenotypic and func-
tional assays.

Results: At E12.5, both Vav-KO and Tie2-KO embryos showed close to 100%
recombination efficiency in haematopoietic cells, whereas only Tie2-KO showed
high levels of recombination in VECs (CD45 Ter119-CD31%). There was a strik-
ing difference in survival, with embryonic lethality at E13.5 in Tie2-KO embryos
in contrast to Vav-KO which survived beyond E18.5. Numbers of phenotypic
HSCs (LSKCD48-CD150*%) were normal in Tie2-KO at E12.5 and expanded
through to E18.5 in Vav-KO embryos, confirmed in functional (in vivo reconsti-
tution) assays, excluding an impact of Ezh2 loss on FL HSCs. In contrast, there
was a Tie2-KO specific loss of E12.5 FL cellularity (fc=0.44; p=0.0006) and
reduction in progenitor cells (LSKCD48*CD150-; fc=0.33; p<0.0001) that was
not present in Vav-KO embryos. Furthermore, Tie2-KO but not Vav-KO E12.5
FLs were severely anaemic, with a marked loss of CD71*Ter119* erythroid pre-
cursors (fc=0.07; p=0.0010). We reasoned that depletion of Ezh2 in VECs was
causing a cell-extrinsic suppression of FL progenitors, particularly those of ery-
thropoietic lineage. This Tie2-KO phenotype was highly reminiscent of that seen
in Steel mice, and although KitL mRNA expression was increased (fc=3.62;
p=0.0291), immunofluorescence staining demonstrated an almost complete
loss of the membrane bound form of KitL (mKL) in Tie2-KO FL. The loss of mKL
was not VEC-specific, but also affected Tie2-KO hepatoblasts (CD45 Ter119-
CD31-Alb*), which express KitL but are not targeted by Tie2-Cre. As mKL is a
known target of Mmp9, and Mmp?9 is a known target of Ezh2, we next examined
Mmp9 mRNA expression and showed this was upregulated in Tie2-KO FLs
(fc=12.41; p=0.0236). In order to confirm the mechanistic role of Mmp9, we
demonstrated that Ezh2-depleted VECs from Tie2-KO FL had reduced capability
to support erythropoietic colony formation in vitro in co-culture assays (fc=0.22;
p=0.0036), which could be fully rescued with Mmp9 inhibitor treatment.
Summary/Conclusions: These data demonstrate a marked cell-extrinsic
haematopoietic impact of PRC2 inactivation in VECs through loss of mKL
expression caused by a marked upregulation of Mmp9 expression. This pro-
vides evidence that modulation of epigenetic regulators can have a major cell-
extrinsic impact on haematopoiesis, of relevance for the development of epi-
genetic therapies, including Ezh2 inhibitors.
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STOPPING TYROSINE KINASE INHIBITORS IN A VERY LARGE COHORT
OF EUROPEAN CHRONIC MYELOID LEUKEMIA PATIENTS: RESULTS OF
THE EURO-SKI TRIAL

J Richter!”, FX Mahon2, J Guilhot3, H Hjorth-Hansen4, A Almeida®,
JJ Janssen®, J Mayer’, K Porkka8, P Panayiotidis?, U Olsson-Strémberg?0,
MG Berger'1, J Diamond5, H Ehrencrona2, V Kairisto'3, K Machova Polakova'4,
MC Miiller'5, S Mustjoki8, A Hochhaus'6, M Pfirrmann'7, S SauRele'8
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sity Hospital, Lund, Sweden, 2Bergonié Cancer Institute INSERM Unit 916,
University of Bordeaux, Bordeaux, 3lnserm CIC 1402, CHU de Poitiers, Poitiers,
France, 4Dept of Hematology, St Olavs Hospital, Trondheim, Norway, Sinstituto
Portugues de Oncologia de Lisboa de Francisco Gentil, Lisboa, Portugal,
6Department of Hematology, VU University Medical Center, Amsterdam,
Netherlands, 7Department of Internal Medicine, Hemato-Oncology, Masaryk
University Hospital, Brno, Czech Republic, 8Hematology Research Unit Helsin-
ki, University of Helsinki, Helsinki, Finland, ®Dept of Propaedeutic Med, Uni-
versity of Athens and Hellenic Society of Hematology, Athens, Greece,
10Department of Hematology, University Hospital Uppsala, Uppsala, Sweden,
"Hematology (Biology) and EA7823, CHU and Univerité d’Auvergne, Cler-
mont-Ferrand, France, 12Department of Clinical Genetics, Sk&ne University
Hospital, Lund, Sweden, 13Turku University Central Hospital, Department of
Clinical Chemistry and TYKSLAB, Turku, Finland, 14Institute of Hematology
and Blood Transfusion, Prague, Czech Republic, 1SInstitute for Hematology
and Oncology (IHO), Mannheim, 6Internal Medicine 1I, University Hospital
Jena, Jena, "7Institut fiir Medizinische Informationsverarbeitung, Biometrie und
Epidemiologie, Ludwig-Maximilians-Universitat, Munich, 181ll. Medizinische
Klinik, Medizinische Fakultdt Mannheim, Universitat Heidelberg, Mannheim,
Germany

Background: The advent of tyrosine kinase inhibitors (TKI) has dramatically
improved survival in chronic myeloid leukemia (CML) with a high percentage
of patients reaching deep molecular responses (MR; Hehimann 2014). In sev-
eral studies, it could be shown that in a substantial part of patients with deep
MR, TKI treatment can be safely and successfully stopped (Mahon 2010, Ross
2013). However, exact preconditions for stopping treatment in CML have not
yet been defined.

Aims: The EURO-SKI study (European stop TKI study) was set up to define
prognostic markers to increase the rate of patients in durable deep MR after
stopping TKI. Already in an interim analysis the null hypothesis (relapse-free
survival £40% at 6 months (m) could be discarded (Mahon ASH 2014, Saussele
EHA2014).

Methods: Adult CML patients in chronic phase (CP) on TKI treatment for at
least 3 years and in MR4 for at least one year, confirmed by 3 consecutive PCR
results during the last 12 m prior to inclusion were eligible. Final MR4 confirma-
tion was performed in a EUTOS standardized laboratory. Patients with a prior
TKI failure were excluded. Primary endpoint is the assessment of molecular
relapse-free survival after stopping TKI defined as survival without loss of major
molecular remission (MMR) at one time point. We here, per protocol, report the
results of all patients, with a minimum follow-up of 6 m. A further follow-up after
3 years is planned. Analyses were done on an intention-to-treat basis.
Results: From June 2012 to December 2014, 868 patients in CP CML from 11
countries were included. 96 were excluded (withdrawal of consent n=1, inclu-
sion criteria violation n=23, atypical or unknown transcript n=8, pending cases
n=64). Of the eligible 772 patients, 46.6% were female. Median age at diagno-
sis was 51.9 years (range 11.2 to 85.5); median age at stop was 60.3 years
(range 19.5 to 89.9). 10% and 18% were high-risk according to EUTOS and
Sokal Score, respectively. One patient decided not to stop therapy after inclu-
sion. 390 patients were mostly pretreated with hydroxyurea prior to TKI therapy,
and 87 patients received interferon before TKI. First-line TKI was imatinib in
94%, dasatinib in 2% and nilotinib in 4%. 115 patients switched to second-line
TKI due to intolerance, 58 to dasatinib, 7 to imatinib, and 49 to nilotinib (one
missing information). Time from diagnosis of CML to first day of stopping TKI
varied from 36.7m to 270.7m, median time was 92.7m. Median duration of TKI
treatment was 91m (range 36.3 to 170.3) and median duration of MR4 prior to
TKI stop was 56.3m (range 12.6. to 159.8). MR4 was reached after a median
time of 21.0m (only first-line patients, range 3.0 to 140.0). 717 patients had
assessable molecular data for the estimation of molecular relapse-free survival.
The median molecular follow-up is 10m. Of these patients, 331 lost MMR, 4
died in remission and 381 are still in MMR at last follow-up (range 1-36 months).
This resulted in a molecular relapse-free survival of 62% (95% confidence
interval (Cl): 58%-65%) at 6m, 56% (Cl: 52%-59%) at 12m and 51% (CI: 47%-
55%) at 24m (see Fig.1). First univariate analyses in 401 patients with complete
records on all prognostic variables confirmed statistically significant influence
of duration of TKI treatment and of duration of MR4 on molecular relapse-free



survival up to 6m. Neither sex nor any of the variables part of any of the 2
scores (Sokal, EUTOS) showed a significant association with MMR status at
6m. Data will be completed and multivariate modelling will be presented at the
meeting.
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Figure 1.

Summary/Conclusions: In the setting of the EURO-SKI study, high molecular
relapse-free remission rates are achievable. First univariate analysis demon-
strated the importance of the duration of TKI treatment as well as of MR4 prior
to stop. The EURO-SKI trial will further elucidate prognostic factors that improve
the rate of patients in durable MMR after withdrawal of TKI.
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PERSISTENCE OF DRIVER MUTATIONS DURING COMPLETE REMISSION
ASSOCIATES WITH SHORTER SURVIVAL AND CONTRIBUTES TO THE
INFERIOR OUTCOMES OF ELDERLY PATIENTS WITH ACUTE MYELOID
LEUKEMIA

M Rothenberg-Thurley™", S Amler2, D Goerlich2, MC Sauerland?, S Schneider?,
NP Konstandin?, S Schaaf34, AM Nazeer Batcha3.4, K Braund| .3, B Ksienzyk?,
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1Laboratory for Leukemia Diagnostics, Department of Internal Medicine |11, Lud-
wig-Maximilians-Universitat, Munich, 2Institute of Biostatistics and Clinical
Research, University of Minster, Miinster, 3German Cancer Consortium
(DKTK), German Cancer Research Center (DKFZ), Heidelberg, 4Department
of Medical Informatics, Biometry and Epidemiology, Ludwig-Maximilians-Uni-
versitat, Munich, Germany, SDepartment of Molecular Medicine and Pathology,
University of Auckland, Auckland, New Zealand, 6Department of Oncology and
Hematology, Hospital Barmherzige Brider, Regensburg, Germany

Background: High-throughput sequencing techniques have shown that AML
patients (pts) in complete morphological remission may harbor persistent
preleukemic clones, which might be a source of leukemic relapse. Somatic
mutations in epigenetic modifiers including DNMT3A, TET2 and ASXL1 occur
in ageing-associated clonal hematopoiesis, and mutations in these genes are
frequently present in preleukemic clones of AML pts. Previous studies demon-
strated adverse outcomes of pts with persistent leukemia-associated mutations
in remission (Klco et al., JAMA 2015; PMID: 26305651).

Aims: We studied persistence of driver mutations in remission and clinical out-
comes in a cohort of uniformly treated AML patients.

Methods: We studied 107 adult AML pts (median age, 53 years [y]; range 20-
80y) who received intensive induction chemotherapy within the German muilti-
center AMLCG-2008 trial, and reached either complete remission (CR) (80/107,
75%) or CR with incomplete blood count recovery (CR;) (27/107, 25%). Most
patients (90%) had de novo AML, 5% had secondary AML and 5% had thera-
py-related AML. We analyzed bone marrow (BM) or peripheral blood (pB) spec-
imens obtained at diagnosis (BM, n=96; pB, n=11) and during first remission
(BM, n=101; pB, n=6). Ninety-two percent of remission samples were collected
within 180 days after the start of induction therapy. We studied 68 genes recur-
rently mutated in myeloid neoplasms by multiplexed amplicon sequencing (Agi-
lent Technologies), with a mean target coverage of 540x. Sequence alterations
with a variant allele frequency (VAF) of 22% were classified as known/putative
driver mutations, variants of unknown significance, or known germline poly-
morphisms based on published data including dbSNP, the Catalogue Of Somat-
ic Mutations In Cancer (COSMIC) and The Cancer Genome Atlas (TCGA).
Results: At diagnosis, 426 driver mutations were detected in 42 genes (median,
4 mutations per patient; range, 0-10). In the paired remission samples, 66 muta-
tions in 15 genes were still present (VAF, 22%) in 40/107 pts (37%), while 67
pts (63%) had no persistent mutation. Persistence of mutations during mor-
phological remission was most commonly observed for DNMT3A (23/37 pts
with mutations at diagnosis; 62%), TET2 (9/13; 69%), SRSF2 (5/8; 63%) and
ASXL1 (5/12; 42%). Mutations in other genes including NPM1, FLT3, WT1,
and NRAS were no longer found in the remission samples. Sixty-nine percent
of mutations detected in remission had VAFs >10%. Analyses of minimal resid-
ual disease (MRD) by flow cytometry or quantitative PCR for NPM1 mutations
or MLL-PTD showed similar MRD levels in remission specimens with and with-
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out persisting mutations. These findings suggest that mutations detected during
remission are present in a pre-leukemic clone rather than in residual leukemic
cells. Pts with 21 persisting mutation in remission were older (median, 63 years
[y]) than pts without any persisting mutation (median, 48y; p<.001). Patients
with non-DNMT3A persisting mutations tended to be older than those with per-
sisting DNMT3A mutations (median, 66.5y vs 60y). Persistence of at 21 driver
mutation in remission, in contrast to complete mutation clearance, associated
with shorter relapse-free survival (RFS; median, 14.3 vs 58.0 months; p=.009)
and shorter overall survival (OS; median, 39.6 vs >72 months; p=.005) (Figure
A). Similar outcomes were observed for pts with persisting DNMT3A mutations
and those with other persisting mutations (Figure B). In multivariate analyses
adjusting for age, ELN genetic risk groups, and remission status (CR vs CR;),
detection of any persisting mutation remained associated with inferior RFS
(hazard ratio, 2.2; p=.02) and OS (hazard ratio, 3.0; p=.008).
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Summary/Conclusions: Detection of persisting leukemia-associated driver
mutations during first CR or CR; is common in older AML pts and likely indicates
persistence of a preleukemic clone. Mutation persistence associates with shorter
RFS and OS and might contribute to the inferior outcomes of elderly AML pts.

S$147

DISSECTING THE CONTRIBUTION OF UNREGULATED MACROPHAGE
IRON RECYCLING AND DIETARY IRON UPTAKE IN GENERATING SYSTEMIC
IRON OVERLOAD IN HEMOCHROMATOSIS

J Glockenmeier-2, B Galy3, M Hentze'4, M Muckenthaler'.2, S Altamura®.2*
TMMPU-Molecular Medicine Partnership Unit, 2Pediatric Hematology, Oncology
and Immunology, University of Heidelberg, 3DKFZ-Deutsches Krebsforschungs
Zentrum, 4EMBL-European Molecular Biology Laboratory, Heidelberg, Ger-
many

Background: Systemic iron levels are balanced by the hepatic iron hormone
hepcidin and its “receptor” ferroportin (Fpn) to prevent the pathological conse-
quences of iron overload or iron deficiency. Hepcidin binding to the iron exporter
FPN reduces dietary iron export from duodenal enterocytes and iron recycling
from aging erythrocytes in reticuloendothelial macrophages. Mutations as the
Fpn(C326S), that disrupt the hepcidin/FPN regulatory loop, cause an uncon-
trolled iron export from spleen and duodenum resulting in systemic iron overload
(Altamura et al, Cell Met. 2014).

Aims: The aim of this study is to quantify the individual contributions of
macrophage iron recycling and dietary iron uptake to systemic iron levels. This
knowledge is an important prerequisite to develop specific pharmacological
strategies to limit iron export in iron-related disorders.

Methods: By applying cre/lox technology, we generated mouse lines express-
ing the Fpn(C326S) mutation only in duodenal enterocytes (Villin—Cre/
FpnC326S) or in macrophages (Lyz-Cre/FpnC326S) to dissect the single con-
tribution of these two iron exporting cell types in generating iron overload.
10-week old C57BL6/J congenic male mice have been analyzed in this study.
Results: Mice carrying the Fpn(C326S) mutation exclusively in the duodenum
show identical hematological alterations as found both in hemochromatotic
patients and in constitutive Fpn(C326S) mice: increased hemoglobin (Hb),
hematocrit (HCT) and mean corpuscular volume (MCV). Serum iron content
and transferrin saturation are strongly increased further consistent with the
hemochromatotic phenotype. Hepatic iron measurement revealed severe iron
deposition that correlates with increased hepcidin expression. Elevated hepcidin
levels cause iron retention in reticuloendothelial macrophages of the spleen
generating splenic iron overload. Interestingly, Lyz-Cre/FpnC326S mice that
show hepcidin independent macrophage iron export failed to show alterations
in hematological parameters and serum iron levels. However the spleen is iron
depleted, in line with a constitutively expressed iron exporter. By contrast hepat-
ic iron content and hepcidin expression are similar compared to control mice.
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Summary/Conclusions: Our results show for the first time that increased duo-
denal iron export is the major if not the only contributor in the generation of
systemic iron overload in hemochromatosis. This finding opens new insights
in developing pharmacological strategies aimed to specifically limit dietary iron
import for the treatment of primary and secondary iron overload diseases.
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ETV6-RELATED THROMBOCYTOPENIA (ETV6-RT): CLINICAL AND
PATHOGENETIC CHARACTERIZATION OF AN INHERITED THROMBOCYTOPENIA
(IT) PREDISPOSING TO CHILDHOOD ACUTE LYMPHOBLASTIC
LEUKEMIA (ALL)

F Melazzini", D De Rocco2:3, C Marconi4, C Di Buduo® P Noris',
M Falaschini2:3, T Pippucci4, A Balduini5, A Pecci!, C Gnan2.3, F Palombo#,
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SMolecular Medicine, University of Pavia, Pavia, Italy, éInternal Medicine,
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Background: ETV6-RT is an autosomal dominant IT recently identified in a
few families and suspected to predispose to hematological malignancies.
Aims: To gain information on the clinical and laboratory picture of this new IT,
in particular on predisposition to hematological malignancies.

Methods: 130 unrelated and consecutive patients with ITs were enrolled to
the study: all of them had no definite diagnosis because they did not fit the cri-
teria for any known IT. ETV6 mutations were investigated by whole exome
sequencing (84 probands) or Sanger sequencing (46 probands): whenever
ETV6 mutations were identified, all available relatives of probands were also
investigated. 5 patients from 2 known ETV6-RT families already partially
described (Noetzli L et al, Nat Genet 2015, 47:535) were also included. Each
patient underwent to phenotypic characterization through the following inves-
tigations: complete blood count and platelet sizing, flow cytometry of platelet
membrane glycoproteins, “in vitro” platelet aggregation, platelet activation,
platelet adhesion and spreading, differentiation of human megakaryocytes
(Mks) and morphological analysis, Mk flow cytometry, evaluation of proplatelet
formation by in vitro differentiated Mks.

Results: Overall, 20 subjects from 7 families bearing 5 different ETV6 muta-
tions were identified. The bleeding tendency and the degree of thrombocy-
topenia were mild, but we found that 4 of 20 patients (20%) had childhood ALL,
thus confirming that early leukemic transformation is a major risk of this IT.
Moreover, one patient developed JAK2+ polycythemia vera at age 37, sug-
gesting that this disease should be added to the list of malignancies to which
the ETV6-RT predisposes. Clinical and laboratory findings (platelet aggrega-
tion, surface glycoproteins, activation and adhesion) did not identify any peculiar
defect that can be used to suspect this disorder. In vitro studies revealed that
patient Mks have defective maturation and proplatelet formation, while platelets
have reduced ability to spread on fibrinogen. At variance with most ITs, platelet
size was not enlarged: this finding is shared with ITs due to monoallelic muta-
tions in RUNX1 and ANKRD26, which also have normal platelet size and pre-
dispose to leukemia (the familial platelet disorder with predisposition to acute
myeloid leukemia, and the ANKRD26-RT, respectively). Considering the pos-
sibility that patients with ITs have ETV6-RT is important both for the risk to
develop hematological malignancies, and because this disorder is relatively
frequent: in our series of 274 consecutive propositi, ETV6-RT was identified in
8 families and had, therefore, a relative prevalence of 2.9% in the whole case
series, and of 6.1% in the series of patients with known ITs. In our experience,
the frequency of ETV6-RT was lower only to that of monoallelic Bernard-Soulier
syndrome (BSS, 12.2% in the whole series), MYH9-related disease (11.4%),
ANKRD26-RT (9.4%), and biallelic BSS (5.7%).

Summary/Conclusions: Our study showed that monoallelic ETV6 mutations
cause one of the most frequent forms of ITs and confirmed that affected sub-
jects have little bleeding tendency but high propensity to hematological malig-
nancies, in particular childhood ALL. Since ETV6-RT is one of the few autoso-
mal dominant forms of IT without platelet macrocytosis, the screening for ETV6
mutations is recommended in all patients with these characteristics, along with
the screening for RUNX1 and ANKRD26 mutations.
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BLINATUMOMAB IMPROVED OVERALL SURVIVAL IN PATIENTS WITH
RELAPSED OR REFRACTORY PHILADELPHIA NEGATIVE B-CELL
PRECURSOR ACUTE LYMPHOBLASTIC LEUKEMIA IN A RANDOMIZED,
OPEN-LABEL PHASE 3 STUDY (TOWER)
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Background: Blinatumomab, a bispecific T-cell engager antibody construct,
binds specifically to CD19 (B cells) and CD3 (T cells) to facilitate lysis of CD19-
positive target B-lineage cells. Based on a single-arm phase 2 study, blinatu-
momab received approvals in the US (accelerated) and EU (conditional) for
the treatment of Philadelphia chromosome-negative (Ph-) relapsed/refractory
(r/r) B-cell precursor acute lymphoblastic leukemia (BCP-ALL).

Aims: This phase 3, randomized, open-label study investigated the effect of
blinatumomab on overall survival (OS) compared with standard of care (SOC)
chemotherapy in adult patients with Ph— r/r BCP-ALL.

Methods: Patients with r/r BCP-ALL (if first relapse, within 1 y) were random-
ized 2:1 to receive either blinatumomab or SOC chemotherapy (investigator’s
choice of 1 of 4 defined regimens). Randomization was stratified by age, prior
salvage therapy, and prior allogeneic stem cell transplant (alloSCT). Blinatu-
momab was given in 6-week cycles of 4 weeks on (continuous infusion of 9
ug/d in week 1 of cycle 1, then 28 pg/d) and 2 weeks off; dexamethasone was
given pre-dose to prevent cytokine release syndrome. Patients in remission
after 2 induction cycles were eligible to continue therapy until relapse. OS was
the primary efficacy endpoint. Complete remission (CR) and combined CR or
CR with partial or incomplete hematologic recovery (CR/CRh/CRIi) were sec-
ondary efficacy endpoints. The primary analysis was scheduled to occur after
330 deaths had accrued. This prespecified interim analysis for an independent
data monitoring committee (DMC) occurred after 248 deaths (75%).

Results: A total of 405 patients were randomized to blinatumomab (n=271) or
SOC (n=134) and analyzed for efficacy; 2% and 19%, respectively, elected to
receive no study treatment. Baseline characteristics were balanced between
treatment groups (blinatumomab, SOC): median age (37y, 37y); median bone
marrow blasts (80%, 79%); prior salvage therapy (56%, 52%); and prior
alloSCT (35%, 34%). Using results from the DMC analysis, median OS was
7.8 months (95%CI: 5.7, 10.0) for blinatumomab and 4.0 months (95%Cl: 2.9,
5.4) for SOC (stratified log-rank test p=.011; hazard ratio=0.71), surpassing
the prespecified O’Brien-Fleming boundary p value of 0.0183. Improvement in
OS was consistent between subgroups based on age, prior salvage therapy,
or prior alloSCT. Response rates were higher for blinatumomab vs SOC, includ-
ing CR (39% vs 19%; p<.001) and CR/CRh/CRi (46% vs 28%, p=.001). Atotal
of 373 patients received 21 dose of blinatumomab (N=266) or SOC (N=107;
47 FLAGzanthracycline; 19 HIDAC-based; 22 high-dose methotrexate-based;
and 19 clofarabine-based) and were analyzed for safety; 57% and 25%, respec-
tively, started at least 2 cycles. Safety outcomes were similar between blinatu-
momab and SOC (table 1).

Table 1. Incidence Rates of Adverse Events (AE), Regardless of Causality.

| Blinatumomab (N=266) S0C (N=107)
Any AE, % (per 100 patient-months) 99% (631.3) 99% (T64.4)
Any grade 3 AE, % 38% 4%
Any grade 4 AE, % 29% 40%
Any grade S/fatal AE, % 19% 19%
| Grade § infection, % 11% | 12%
Any serious AE, % (per 100 patient-manths) | 62% (26.4) 45% (38.1)
Infection, % 28% %
Bloodflymphatic, % 14% 16%
MNervous system, % T% 3%
| Cytokine release syndrome, % 3% 0%




Summary/Conclusions: This prespecified interim analysis showed that blina-
tumomab, as compared with SOC chemotherapy, improved the primary end-
point of OS in the phase 3 TOWER study of adults with Ph— r/r BCP-ALL.
Remission rates also were higher in the blinatumomab group. AEs in the blina-
tumomab group were consistent with previous studies. Based on these findings,
the DMC recommended stopping the TOWER study for efficacy before the
planned final analysis.
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COMPARATIVE ANALYSIS OF GENE REGULATORY NETWORKS IN LYMPHOID
LEUKEMIAS USING THE INTERACTIVE HEMAP RESOURCE
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Background: Acute lymphoblastic leukemia (ALL) is a paradigmatic example
of a disease that can develop at an early age as a result of genetic lesions that
impede lineage commitment. In normal development, cells commit to their lin-
eage and differentiated phenotype state by the activation of transcription factors
(TFs), or TF modules, in a series of decision points at which a choice is made
between alternative lineage fates. In parallel, epigenetic regulation has emerged
as an important mechanism that can corrupt the gene regulatory network.
Aims: We set out to examine whether patient expression profiles could be
used to quantitatively detect the blocks to differentiation and to reveal aberrantly
active TF loci. We further evaluated how amenable lymphoblastic leukemia
cases may be to treatment with drugs acting on epigenetic modifiers.
Methods: We analyzed 1,304 pre-B-ALL, 385 T-ALL and 801 B-CLL transcrip-
tomes as part of a curated set of 9,544 transcriptomes collected across 36
hematological malignancies to facilitate the characterization of mechanisms
that can corrupt the regulatory network in lymphoblastic leukemias. Sample
similarity was assessed using t-Distributed Stochastic Neighbor Embedding (t-
SNE) maps that permitted detecting changes in gene expression at subtype
resolution and association with specific TF translocations, epigenetic changes
and aberrant enhancers. The expression of genes that encode epigenetic mod-
ifiers with existing small molecule drugs (list from ChEMBL) was compared
between ALL and chronic lymphoblastic leukemia (CLL) and other hematolog-
ical malignancies.

Results: We scored gene sets of blood cell type lineage-determining TFs
across the transcriptome dataset and found that cancer samples lack the char-
acteristic mutually exclusive lineage-restricted pattern of these TF sets. Analysis
of stem cell similarity revealed predominant expression of a subset of
hematopoietic stem cell TFs across all acute leukemias. Of these, ERG expres-
sion was highest in pre-B-ALL and correlated with high activity of a super-
enhancer based on DNAse hypersensitivity and enhancer RNA expression. In
addition, we found disease cluster-specific activation of transcription-regulating
gene loci with low or undetectable expression in normal blood cell types. In the
cluster of the common pre-B-ALL subtype carrying the t12;21 translocation
(ETV6-RUNX1 fusion), four TFs (/RX1, MYOCD, NR3C2 and SOX11) had a
subtype-specific elevated expression level. We validated with overexpression
and silencing of ETV6-RUNX1 that the observed upregulation of /RX7 occurs
downstream of the fusion TF. Furthermore, high expression of epigenetic mod-
ifiers with existing small molecule drugs (available from ChEMBL) was signifi-
cantly enriched in CLL, T-ALL, one pre-B-ALL and one AML cluster among the
9,544 hematological samples.

Summary/Conclusions: We demonstrate that there are recurrent patterns of
aberrant TF expression in leukemia disease clusters. Misregulated expression
of ERG in pre-B-ALL appears to be mediated by a stem cell super-enhancer
based on the deep sequencing results presented. Moreover, elevated expres-
sion of drug targets that function as epigenetic modifiers was enriched in specific
leukemia clusters. Their inhibition potentially restores expression of a larger
repertoire of misregulated genes. Particularly in CLL, these genes represent
promising treatment targets for the reconditioning of blast cells.
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MEF2C DYSREGULATION IS ASSOCIATED WITH CDKN1B DELETIONS
AND PREDICTS POOR GLUCOCORTICOID RESPONSE IN PEDIATRIC
T-CELL ACUTE LYMPHOBLASTIC LEUKEMIA
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Background: T-cell acute lymphoblastic leukemias (T-ALLs) are aggressive

hematologic tumors resulting from the malignant transformation of T-cell pro-
genitors and account for 10 15% of pediatric ALL cases. T-ALL is a heteroge-
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neous disease characterized by a number of specific genetic alterations, which
define molecular subgroups associated with distinct gene expression signa-
tures, including the TAL/LMO, TLX1, TLX3, HOXA clusters as well as the
recently identified proliferative and immature subtypes, typically overexpressing
NKX2 1 or NKX2 2 and MEF2C, respectively. The latter, at least in part, over-
laps with early T-cell phenotype- (ETP-) like ALL. However, a number of recur-
rent abnormalities such as CDKN1B deletions occurring in about 12% of T-
ALL have not as yet been assigned to any specific disease entity.

Aims: In this study we sought to characterize pediatric T-ALL patients with
CDKN1B deletions, which represent one of the most frequent copy number
alterations, in more detail.

Methods: Array comparative genomic hybridization (aCGH) of 102 pediatric
T-ALL patients enrolled in the Austrian ALL-BFM 90, 95 or 2000 clinical trials
was performed. Cytogenetic analysis and immunophenotyping were done as
part of the routine diagnostic work-up. The presence of specific chromosomal
abnormalities was furthermore determined by fluorescence in situ hybridization
(FISH) and/or RT-PCR. Moreover, the samples were subjected to RT-gPCR
for MEF2C expression.

Results: By aCGH analysis and quantitative genomic PCR we detected the
presence of CDKN1B deletions in 14 cases. Further genetic characterization
of these cases led to their classification into the major T-ALL subtypes:
TAL/LMO (n=1), TLX1 (n=1),TLX3 (n=1), or HOXA (n=3). Since many of the
cases did not fall into any of these groups, we determined whether they
belonged to the immature cluster characterized by MEF2C expression and
compared them to CDKN1B wild-type cases. Remarkably, while only 14%
(4/28) of CDKN1B wild-type samples showed MEF2C dysregulation, this was
observed in 54% (6/11) of the CDKN1B-deleted cases for which appropriate
material for RT-qPCR was available (p=0.017), suggesting an association
between loss of CDKN1B and MEF2C expression. Since MEF2C is considered
as one of the driving oncogenes of immature/ETP-like ALL, we next evaluated
whether the MEF2C-dysregulated cases displayed the immunophenotypic
characteristics of ETP-ALL: CD1a/CD4/CD8 negative; absent or weak CD5,
and expression of one or more myeloid and/or stem cell antigens. Notably,
while all cases immunophenotypically defined as ETP-like cases showed
upregulation of MEF2C expression, only 30% (3/10) of MEF2C-dysregulated
cases showed an ETP-like phenotype. However, virtually all of them expressed
myeloid or B-lineage-specific markers, suggesting a certain lineage plasticity.
Furthermore, high MEF2C expression levels in primary leukemia samples were
associated with a significantly higher proportion of the patients being resistant
to glucocorticoid therapy (p=0.0033).

Summary/Conclusions: In summary, our data provide evidence that COKN1B
deletions are associated with immature/MEF2C-dysregulated T-ALL and that
MEF2C overexpression, though associated with, is not exclusively found in ETP-
like ALL. Furthermore, our results indicate that MEF2C expression is associated
with or may even be predictive of the response to glucocorticoid treatment.
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HEDGEHOG PATHWAY ACTIVATION IN T-CELL ACUTE LYMPHOBLASTIC
LEUKEMIA PREDICTS RESPONSE TO SMO AND GLI1 INHIBITORS
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Background: The hedgehog signaling pathway contributes to embryonic pat-
tern formation and adult tissue homeostasis as it is important to regulate cell
proliferation, survival and differentiation. Aberrant activation of the hedgehog
pathway through overexpression of the ligands (SHH, IHH) or mutations in sig-
naling components (PTCH1, SMO, SUFU, GLI1) has been described in various
solid tumors. The Hedgehog pathway is important for normal T-cell develop-
ment, but its potential role in the development of T-cell acute lymphoblastic
leukemia (T-ALL) is poorly characterized.

Aims: Our aim was to investigate the role of the hedgehog pathway as an
oncogenic factor and a potential target for therapy in T-ALL.

Methods: We analyzed gene expression profiles of human T-ALL samples
from two independent cohorts. We determined the effects of hedgehog ligand
stimulation, downregulation of critical signaling components or pharmacological
inhibition of the pathway in T-ALL cell lines, a mouse T-ALL model and in patient
derived xenografts.

Results: Gene expression data analysis of primary T-ALL samples revealed
that about 25% of T-ALL cases show ectopic expression of the ligands of the
hedgehog pathway. A strong correlation between the ligands SHH and IHH
with the main transcriptional factors GLI1 and GLI2 and known GLI target genes
was observed, indicative of hedgehog pathway activation through an autocrine
loop. Pharmacological inhibition of the hedgehog pathway, or siRNA mediated
knock-down of key signaling components caused a decrease of proliferation
of a subset of T-ALL cell lines, and sensitized the T-ALL cell lines to chemother-
apy. In our JAK3-dependent T-ALL mouse model expression of Shh or lhh pro-
vided a growth advantage to the JAK3(M5111) leukemia cells. Finally, we tested
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if hedgehog pathway inhibition could inhibit the growth of primary T-ALL cells.
For this reason patient derived T-ALL xenograft samples were treated with two
hedgehog inhibitors ex vivo and in vivo. T-ALL samples with high GLI1 expres-
sion were sensitive in both ex vivo and in vivo experimental set up, while T-
ALL samples with low or no GLI1 expression were insensitive.
Summary/Conclusions: We demonstrate that the hedgehog pathway is acti-
vated in a subset of T-ALL patients and that hedgehog pathway activation
affects T-ALL cell proliferation and provides partial protection against
chemotherapy. Data from patient derived xenograft T-ALL samples confirms
that high GLI1 expression predicts sensitivity of T-ALL samples to hedgehog
pathway inhibitors.
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Background: T-cell acute lymphoblastic leukemia (T-ALL) is characterized by
clonal and mutual exclusive chromosomal rearrangements that recurrently acti-
vate TAL1, LMO2, TLX1, NKX2-1, TLX3, HOXA or MEF2C oncogenes. Most
of these translocations or chromosomal rearrangements occur as erroneous
D-J or V-DJ rearrangement attempts of T-cell receptor beta (TCRB) or TCR
alpha/delta (TCRAD) genes, positioning oncogenes under the transcriptional
control of TCR enhancer elements. Alternatively, oncogenes can also be acti-
vated as consequence of BCL11B chromosomal rearrangements. Although
many oncogenes are known in T-ALL, the driving oncogenic lesion in particular
T-ALL cases remains unknown.

Aims: In this study, we aimed to clone reciprocal breakpoint sequences by Targeted
Locus Amplification (TLA) to elucidate cellular mechanisms that lead to recurrent
BCL11B-TLX3 chromosomal translocations. Moreover, we want to identify onco-
gene candidates in various T-ALL patients with BCL11B-, TCRB- or TCRAD-translo-
cations for which the candidate oncogenes have not been identified.

Methods: We used the TLA procedure, a recently developed method that relies
on the crosslinking of DNA in live cells, DNA digestion and re-ligation to allow
formation of circular DNA ligation fragment. Inverted polymerase chain reaction
amplification from specific view-point loci that closely flank chromosomal
rearrangement breakpoint followed by next generation sequencing allows for
the identification of a 100kb genomic region.

Results: We resolved the nucleotide sequence of chromosomal breakpoints
in 30 T-ALL patient samples that were previously characterized by FISH and/or
QRT-PCR. For some cases, we confirmed classical chromosomal transloca-
tions or rearrangements for TAL1, LMO2, TLX1, TLX3 or NKX2-1 oncogenes
to TCRAD, TCRB or BCL11B loci. We identified unusual translocations in 8
cases, including SPI1-BCL11B t(11;14)(p13;932), LMO2-BCL11B t(11;14)
(p13;932), TCL1-TCRAD t(14)(q11;932), NKX2.5-BCL11B t(5;14)(935;932),
TLX1-RPP301(10)(932;924), TLX3-TCRB t(5;7)(935;934) and CENPP-TCRAD
1(9;14)(922;911). For TLX3-BCL11B translocations, most breakpoints were
found in the close vicinity of the TLX3 oncogene and the BCL11B enhancer
region (major peak) and DNase hypersensitivity sites. However, one TLX3-
BCL11B sample was not translocated to the major peak, pointing to other
enhancer regions that may drive TLX3 expression.

Summary/Conclusions: Identification of chromosomal rearrangements by
Targeted Locus Amplification reveals classic chromosomal rearrangements as
previously detected by FISH or QRT-PCR in 30 selected patients. By TLA,
breakpoint junctions were resolved in 22 patients. In addition, in 8 selected
cases from which we were unable to identify a fusion partner by FISH, TLA led
to the identification of genomic breakpoints for uncommon translocations. TLA
therefore proved a useful tool to identify novel translocation partners from var-
ious loci such as the TCR or BCL11B genes that are recurrently involved in
these chromosomal rearrangements in T-ALL. Cloning of molecular transloca-
tion breakpoints of diagnostic T-ALL patient samples may further provide excel-
lent minimal residual disease markers for disease monitoring during the course
of treatment.
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CAPTURE NEXT-GENERATION SEQUENCING OF DNA AND RNA
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Background: Acute Lymphoblastic Leukemia (ALL), the most common
leukemia in childhood, is characterized by genomic alterations, such as chro-
mosomal translocations typically affecting a limited number of recurrent genes
(targets) with several variable partner genes (partners). Fusion genes can be
targeted by chemotherapy and/or new drugs, therefore genomic profiling of
ALL has the potential to identify important new prognostic markers and poten-
tially druggable targets.

Aims: Herein, we researched and developed a bioinformatic solution, ‘Break-
ingPoint’, for the robust detection of fusion genes. This was implemented in
the context of an expert evaluation of Target Capture Next-Generation Sequenc-
ing (NGS-TC) protocols both at the DNA and RNA level on ALL samples. The
platform will eventually be evaluated for routine clinical diagnosis.

Methods: ‘BreakingPoint’ has been developed to detect fusion genes from
NGS-TC datasets from any sequencing technology and any biological material.
Its distinctive feature is that it initially identifies all aligned reads indicating hypo-
thetical breakpoints on the ‘targets’, then clusters these into longer (thus more
informative) consensus sequences, which are then studied across the genome
to identify the unknown ‘partners’. We tested ‘BreakingPoint’ on NGS-TC
datasets of: (i) DNA material from 10 patients with 7 known gene fusions (lllu-
mina Nextera DNA capture); (ii) RNA material of 6 patients with 8 known gene
fusions (NuGen Ovation RNA Fusion Panel); all on lllumina’s MiSeq platform.
We additionally compared our method to the popular ‘Delly’ tool (DNA) and the
‘TopHat Alignment App’ on the ‘lllumina BaseSpace Cloud’ (RNA).

Results: On the DNA dataset, ‘BreakingPoint’ identified 6/7 known fusion genes
(e.g. BCR/ABL1, PAX5/AUTS2) plus one not previously known. The missing
P2RY8/CRLF2 gene fusion was most probably due to the low complexity of
chromosome X affecting the in vitro capture and in silico alignment steps. Our
method also detected deletions affecting the IKZF1 ‘target’, a gene prone to
mutation in ALL patients. ‘Delly’ identified 5/7 known gene fusions, missing
PAX5/AUTS2 and P2RY8/CRLF2. On the RNA dataset, ‘BreakingPoint’ identi-
fied all 8 known fusion genes, including P2RY8/CRLF2, plus a novel gene
fusion (PAX5/ZCCHCY7). lllumina’s ‘TopHat Alignment App’ detected 5/8 known
gene fusions and the novel PAX5/ZCCHC7 rearrangement; false negatives
(BCR/ABL1; MLL/AF4;P2RY8/CRLF2) were most likely caused by low read
numbers affecting ‘targets’ coverage. ‘BreakingPoint’ false positives showed a
common pattern of low sequence complexity and few representative reads
(less than 2), and in many cases breakpoints fell in long intron non-coding
regions (LINC), making them easily recognizable when compared to true pos-
itives. Finally, we have implemented a graphical user interface to run ‘Break-
ingPoint’ (and other plug-in methods, including ‘Delly’, if the user so wishes)
and browse the results.

Summary/Conclusions: These results indicate that our approach sensitively
and reliably detects fusion genes, irrespective of biological material or protocol,
even in cases of low reads coverage. This already provides the potential to
identify novel and conventional targetable fusion genes. Eventually, after further
validation and evaluation, and coupled with the user-friendly interface, we
believe that the ‘BreakingPoint’ platform can be introduced in routine clinical
diagnosis.
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Background: The episomal NUP214-ABL1 fusion is observed in 6% of T-ALL
patients. The resulting NUP214-ABL1 fusion protein is a constitutively activated
tyrosine kinase, which activates STAT5 and ERK signalling, thereby stimulating
proliferation and survival. Significantly, almost all T-ALL cases with the NUP214-
ABL1 fusion also harbour chromosomal translocations resulting in the overex-
pression of the homeobox transcription factors TLX1 or TLX3.

Aims: To determine whether (i) co-expression of NUP214-ABL1 fusion and
TLX1 cooperate together in leukemia development; and (ii) to understand the
molecular mechanisms underlying any cooperation at the transcriptional level.
Methods: We have generated a conditional loxP-STOP-loxP NUP214-ABL1
knock-in mouse model, in which NUP214-ABL1 expression can be activated
by Cre. We crossed these mice with Tg(CD4-Cre) mice, in which Cre is
expressed in developing T-cells, and then subsequently with Tg(Lck-TLX1)
mice, expressing TLX1 under control of the T-cell specific Lck promoter. These
crossings resulted in a Tg(CD4-Cre, NUP214-ABL1, Lck-TLX1) mouse model.
Using RNA-sequencing and ChIP-sequencing, we determined gene expression
profiles and binding patterns of STAT5 and TLX1.

Results: The Tg(CD4-Cre, NUP214-ABL1, Lck-TLX1) mouse model developed
a transplantable CD4+/CD8+ T-ALL with a significantly shorter latency (median
survival of 193 days) compared to the Tg(Lck-TLX1) mouse model (median
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survival 385 days) or the Tg(CD4-Cre, NUP214-ABL1) mouse model (no dis-
ease), indicating true cooperation between NUP214-ABL1 and TLX1 during T-
ALL development. Gene expression profiling revealed that there is significant
upregulation of the JAK-STAT pathway, the mTOR signalling pathway and the
Notch1 signaling pathway in the Tg(CD4-Cre, NUP214-ABL1, Lck-TLX1)
mouse model, compared to the Tg(Lck-TLX1) mouse model. The cooperation
between NUP214-ABL1 and TLX1 was also investigated in a human context
using the T-ALL cell line ALL-SIL, which carries these two oncogenic alterations.
ChlIP sequencing results showed that STAT5 and TLX1 have overlapping bind-
ing patterns on genes that have been identified as STAT5 target genes. We
are currently validating these results in our transgenic mouse model.
Summary/Conclusions: The NUP214-ABL1 fusion and TLX1 overexpression
cooperate to drive T-ALL development.
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CLINICAL AND BIOLOGICAL LANDSCAPE OF DRIVER MUTATIONS IN
PEDIATRIC ACUTE LYMPHOBLASTIC LEUKEMIA
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Background: B-progenitor acute lymphoblastic leukemia (B-ALLs) accounts
for 85% of pediatric ALL and currently categorized into molecular subgroups
according to their ploidy and recurrent translocations, such as ETV6 -RUNX1
(TEL-AMLT), TCF3-PBX1 (E2A-PBX1), BCR-ABL1 or MLL-rearrangements.
In addition, recent genetic studies using high-throughput sequencing have dis-
closed a number of novel gene mutations in each subgroup. However, the land-
scape of driver mutations and their relevance to clinical outcome have not been
fully investigated in a large cohort of B-ALL patients.

Aims: The purpose of this study is to characterize the distribution of genetic
alterations and their clinical relevance in pediatric B-ALLs using high-throughput
sequencing in a large cohort of B-ALL patients.

Methods: A total of 524 pediatric B-ALL patients were enrolled in this study,
who were uniformly treated according to the Japan Association of Childhood
Leukemia Study (JACLS) ALL-02 protocol between 2002 and 2008. These
patients were categorized into three risk groups, including standard risk, high
risk, and extremely high risk. Infantile, BCR-ABL 1—positive and Down syn-
drome—associated ALLs were not enrolled in this cohort. A total of 158 known
or putative driver genes in pediatric ALL were analyzed for somatic mutations
by targeted-capture deep sequencing using SureSelect (Agilent). Single
nucleotide polymorphism-baits were also included, which were designed to
allow for genome-wide copy number detection based on deep sequencing.
Results: The median age at diagnosis and observation period were 5.2 years
(1-18.5) and 4.2 years (1.8-9), respectively. Sixty-six of the 524 patients (13%)
had relapsed diseases and 47 patients (9%) were dead. Real-time RT-PCR
and conventional cytogenetic analyses revealed ETV6-RUNX1, TCF3-PBX1,
MLL rearrangements, hyperdiploidy (>50 chromosomes) and hypodiploidy (<44
chromosomes) in 113 (22%), 42 (8%), 10 (2%), 95 (18%), and 2 (0.4%) patients,
respectively, and the remaining 262 patients (50%) had none of these abnor-
malities. The mean depth of the targeted sequencing was 569x across the
entire cohort. In total, 74% of the patients harbored at least one mutation (medi-
an, 2 per patient; range, 0-9), and the mean number of mutations in ETV6-
RUNX1, TCF3-PBX1, MLL-rearranged, hyperdiploid, hypodiploid ALLs were
0.63, 1.19, 1, 3.05 and 4, respectively. CDKN2A, KRAS, NRAS, PAX5, and
ETV6 were among the most frequently affected genes, which were mutated or
deleted in 24%, 21%, 18%, 18%, and 15% of the cases, respectively. In terms
of functional pathways, RAS pathway was most frequently affected and altered
as many as 50% of the patients, followed by the pathways involved in epigenetic
regulation, cell cycle, and B-cell development. Frequency of mutations showed
a significant variation among B-ALL subtypes. For instance, RAS pathway
mutations were detected in as many as 87% of hyperdiploid ALLs, compared
to 3% of TCF3-PBX1ALLs. On the other hand, IKZF1 mutations/deletions were
only indentified in those without recurrent translocations, hyperdiploidy and
hypodiploidy.

Summary/Conclusions: We revealed the landscape of driver mutations and
copy humber alterations in pediatric B-ALL and their diversity in B-ALL subtypes.
Further analyses are underway to better clarify the prognostic significance of
driver gene mutations.

haematologica | 2016; 101(s1) | 27



21st Congress of the European Hematology Association

P157

CHARACTERIZATION OF AN EX VIVO T-CELL CULTURE MODEL FOR
THE STUDY OF T-CELL ACUTE LYMPHOBLASTIC LEUKEMIA

S Bornschein®, C de Bock, S Degryse, O Gielen, J Cools

KU Leuven Center for Human Genetics, VIB Center for the Biology of Disease,
KU Leuven, Leuven, Belgium

Background: T-cell acute lymphoblastic leukemia is caused by the combined
deregulation of various cellular functions, including NOTCH1 signaling, kinase
signaling, and transcriptional regulation. Deregulated kinase signaling is often
studied in the Ba/F3 pro-B cell line, but an easy T-cell system is lacking.
Early T cell progenitor cells undergo extensive expansion at the double negative
two (DN2) stage in vivo, which allows for their expansion and culture ex vivo.
Importantly, these cells maintain their potential to differentiate into mature T
cells in vivo. This makes this culture method a suitable model to study T cell
development and transformation events in pre-leukemic cells.

Aims: This study aimed to develop and characterize a T-cell model to dissect
molecular mechanisms of T cell development and signalling pathways that are
implicated in the development of T-ALL. We aimed to identify key transcriptional
pathways and regulators during T cell differentiation and to study the effect of
oncogenic mutations on these pathways.

Methods: Hematopoietic stem cells were cultured in the presence of SCF and
IL7 on delta like ligand 4 (DLL4) coated plates, to induce differentiation into
early T cell progenitors. Transcriptional profiling using RNA-sequencing of these
pro-T cells was used to identify the key transcriptional pathways and genes
induced by IL7, SCF or Notch signalling. Next, dominant oncogenic mutants of
AKT, JAK3, NOTCH1 or KRAS were introduced with retroviral vectors, and
Pten gene was inactivated using Crispr/Cas genome editing. These cells were
analyzed for their possibility to grow in the absence of SCF, IL7 and/or DLL4.
Results: We identified transcriptional signatures, which were specific to IL7,
SCF and DLL4 stimulation or induced in a synergistic manner. For example
IL7, SCF and DLL4 by themselves were able to induce the expression of the
transcription factor Myc. However, only Notch-signalling induced expression
of Hey1, Dtx1, Hes1 or CCRY. Using computational tools, we identified tran-
scription factors that mediated expression of these genes, specific to SCF and
IL7 stimulation. Furthermore, SCF activated mainly the PI3K-Akt pathway and
was unable to induce Stat5a/b phosphorylation. IL7 stimulation, on the other
hand, resulted in activation of the Jak-Stat pathway, but provided less activation
of Akt. In line with these observations, overexpression of the AKT(E17K) mutant
or Crispr/Cas9 mediated Pten deletion resulted in SCF independent growth,
whereas cells remained IL7 and DLL4 dependent. Furthermore, some, but not
all, JAK3 mutants were able to transform cells to grow in the absence of IL7
and induced Stat5 phosphorylation. KRAS(G12D) mutants allowed the cells to
grow in the absence of SCF and IL7. Upon transduction with ligand independent
Notch1 mutants, cells became independent of DLL4 stimulation.
Summary/Conclusions: This model system for the SCF/IL7/DLL4 dependent
ex vivo culturing of primary mouse T-cells enables the study of T-ALL oncogenic
events in a T cell context.
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FUNCTIONAL RESTORATION OF MUTANT P53 AND CELL DEATH
SENSITIZATION IN ACUTE LYMPHOBLASTIC LEUKEMIA
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Background: In acute lymphoblastic leukemia (ALL), TP53 alterations are
rarely found at diagnosis but in about 12% of patients at relapse. TP53 muta-
tions (TP53mut) have been described to be associated with poor response to
therapy and inferior outcome in ALL. Compounds targeting mutated p53 such
as APR-246 demonstrated activity in different types of TP53mut malignancies.
In ALL however, targeting mutant TP53 has so far not been addressed.
Aims: To evaluate mutant TP53 as target for directed anti-leukemia therapy in ALL.
Methods: Patient-derived primograft samples established in our NOD/
SCID/huALL mouse model were analyzed for TP53mut by denaturating high-
performance liquid chromatography and validated by Sanger sequencing. Sen-
sitivities of ALL cells in response to different drugs and combinations were
assessed analyzing half maximal inhibitory concentrations (IC50) and combi-
nation indices (Cl). Apoptosis was detected by caspase-3 activation and Annex-
in-V/propidium iodide positivity. Activation of p53 was analyzed by phosphory-
lation of p53 (p53pSer15, flowcytometry), expression of p53 downstream mol-
ecules and confirmation of phosphorylation was carried out by western blot
analysis. p53 deficient cell lines were generated by lentiviral shRNA mediated
knock-down.

Results: Of 62 primograft samples, 4 cases with TP53mut (6.5%) were iden-
tified, corresponding to reported numbers in clinical studies. In parallel, we
analyzed 6 BCP-ALL cell lines and identified 2 TP53mut and 4 wild type
(TP53wt) lines. We analyzed the effects of the DNA damaging agent doxoru-
bicin and the p53 targeting small molecule APR-246 (kindly provided by Aprea,
Stockholm, Sweden) and observed an insensitivity to doxorubicin in TP53mut
cell lines and primografts (mean IC50: 100 nM and >65 nM) compared to sen-
sitive TP53wt cell lines and primografts (mean IC50: 9 nM and 7.4 nM). In con-
trast, TP53mut ALL cells were highly sensitive to APR-246 (mean IC50: 4.5
UM and 4.4 uM), compared to insensitivity of TP53wt cell lines and primografts
(mean IC50: 58.3 uM and >90 uM). Increased Annexin-V/PI positivity and cas-
pase-3 activity upon APR-246 exposure indicated apoptosis as mechanism of
APR-246 mediated cell death. In order to investigate the specificity of APR-
246 for p53, we investigated APR-246 mediated cell death induction in 2 genet-
ically modified, p53 deficient ALL cell lines. No cell death induction could be
detected upon p53 absence in contrast to high APR-246 sensitivity in the control
transduced cell lines, clearly indicating dependency of APR-246 on the pres-
ence of mutant p53. Most importantly, a clear activation of p53 was identified
upon APR-246 exposure in TP53mut but not TP53wt leukemias indicated by
increased p53 phosphorylation and increased expression of the p53 target
molecules NOXA and PUMA, pointing to restoration of p53 function and induc-
tion of downstream signaling in TP53mut ALL by APR-246. Moreover, we inves-
tigated the ability of APR-246 to re-sensitize TP53mut, DNA damage resistant
ALL. Upon exposure of TP53mut ALL cell lines and primografts to combinations
of APR-246 and doxorubicin, a strong synergism and re-sensitization to DNA-
damage induced cell death was observed.

Summary/Conclusions: We provide evidence that APR-246 specifically tar-
gets TP53mut BCP-ALL leading to re-activation of p53, apoptosis induction,
and re-sensitization of DNA-damage resistant TP53mut ALL cells. Thus, tar-
geting mutated p53 provides a promising novel strategy for therapeutic inter-
vention in this high-risk subtype of BCP-ALL.
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DETERMINING THE MUTATIONAL LANDSCAPE OF T-CELL ACUTE
LYMPHOBLASTIC LEUKEMIA REVEALS NR3C1 DELETIONS AND
ACTIVATING MUTATIONS IN IL7R SIGNALING AS CAUSE OF STEROID
RESISTANCE
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Background: Response to therapy in children with acute lymphoblastic
leukemia (ALL) including in vitro or in vivo steroid response is a strong predictor
for survival and cure. T-ALL patients in particular have a high risk to relapse
and are refractory to further treatment due to acquired therapy resistance. The
mechanisms that underlie steroid resistance are poorly understood.

Aims: This study aimed to investigate the mutational landscape of pediatric T-ALL
patients to identify molecular disease mechanisms underlying steroid resistance.
Methods: Whole-genome sequencing (WGS) of 13 T-ALL diagnostic tumor-
remission pairs in the pilot group was performed by Complete Genomics to
detect chromosomal rearrangements and somatic nucleotide variations. Tar-
geted exome resequencing of 251 genes was performed in a validation cohort
of 82 pediatric T-ALL samples, and mutation data was integrated with loss-of-
heterozygosity data as obtained by array-comparative genomic hybridization
for 53 T-ALL cases. Integrated data was related to clinical outcome and in vitro
drug responses.

Results: WGS revealed intra-chromosomal (range of 5-25 per patient) and
inter-chromosomal (range of 2-11) breakpoint junctions as consequence of
deletions, duplications, inversions, translocations or complex rearrangements.
Integrated mutation and copy-number data revealed 151 mutated genes (range
of 0-51). Deletions in NR3C 1—which are common in 5q chromosomal deletions
in patients with the ALL subtype ETP-ALL (early thymus progenitor ALL)—are
associated with steroid resistance. Moreover, we found that mutations in inter-
leukin-7 receptor (IL7R) signaling molecules associated with steroid resistance
while leaving cellular sensitivity levels to other chemotherapeutics unchanged.
IL7R signaling mutations do not impair NR3C1 function, but activate MEK-ERK
and PI3K-AKT pathways and downstream anti-apoptotic proteins BCL-XL and
MCL1 while inhibiting GSK3B, a key regulator of steroid-induced pro-apoptotic
BIM. Importantly, inhibitors of IL7R signaling reversed steroid resistance in T-
ALL cells in vitro, whereas a GSK3B inhibitor conferred steroid resistance.
Summary/Conclusions: We revealed the mutational landscape of pediatric
T-ALL patients. NR3C1 deletions and IL7R signaling mutations were identified
as cause for steroid resistance. This study supports the recommendation for
the clinical application of IL7R signaling inhibitors to restore—or improve—
steroid sensitivity of T-ALL cells.
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DEVELOPMENT OF A NOVEL FIRST-IN-CLASS ORAL INHIBITOR OF THE
NOTCH PATHWAY
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Background: NOTCH signaling 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 signaling leads to deregulation
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. Over activation of NOTCH in human cancers can be a
consequence of over expression of NOTCH ligands/receptors, GOF mutations
in NOTCH receptors as well as chromosomal translocations leading to consti-
tutive activation of the pathway.

Aims: Given the importance of Notch signaling in human cancers, several ther-
apeutic approaches have been utilized to block NOTCH signaling. 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 [I-secretase
inhibitors (GSls). However, these approaches can only be effective if tumor
cells express full-length ligand or receptor molecules. On the contrary, in human
cancers harbouring NOTCH gene fusion due to chromosomal translocations,
the use of Mabs and GSils will have very limited clinical benefits. A third, yet not
fully explored approach could be the blockage of NOTCH signalling by targeting
the most downstream event in the NOTCH cascade i,e NOTCH transcriptional
activation complex using small molecule inhibitors.

Methods: Here we report discovery and identification of a novel, orally-active
small molecule inhibitor, named CB-103, of the NOTCH pathway that blocks
NOTCH signaling by targeting the NOTCH transcriptional activation complex
in the nucleus.

Results: CB-103 has shown the ability to block NOTCH signalling in human T
cell acute lymphoblastic leukemia cancer cell lines, induce neurogenic pheno-
type in drosophila, induce muscle cell differentiation and inhibit NOTCH depend-
ent cellular processes in mice. Furthermore, CB-103 has shown a remarkable
activity in exvivo and invivo patient derived models of human T-ALL harbouring
activation of the NOTCH pathway. In addition, CB-103 exhibit anti-tumor efficacy
in a xenograft model of human triple negative breast cancer resistant to GSls
and Mabs against NOTCH ligands/receptors.

Copenhagen, Denmark, June 9 - 12, 2016

Summary/Conclusions: Based on in vivo pharmacokinetic/ADME studies,
CB-103 has been nominated as development candidate for further preclinical
and clinical development.
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Background: Therapy resistance and treatment failure in B-cell precursor
acute lymphoblastic leukemia (BCP-ALL) are closely associated with deficient
cell death pathways. Anti-apoptotic Bcl-2 family proteins are central apoptosis
regulators, thereby serving as promising targets for novel, directed therapies.
ABT-199 binds selectively to Bcl-2, inhibits its anti-apoptotic function and releas-
es pro-death Bcl-2 family molecules leading to apoptosis induction. ABT-199
demonstrated activity in different hematological malignancies, pre-clinically and
in early clinical trials. However, resistance for ABT-199 highlights the need for
predictive markers and effective combination treatment strategies.

Aims: We addressed the effectivity of ABT-199 on BCP-ALL including pre-clin-
ical in vivo evaluation and addressed resistance mechanisms and strategies to
overcome ABT-199 insensitivity.

Methods: The effects of different drugs or combinations on BCP-ALL cell lines
(n=6) and patient-derived BCP-ALL primografts (n=16) established by trans-
plantation of primary patient ALL cells onto NOD/SCID mice were investigated
analyzing half maximal inhibitory concentrations (IC50) and combination indices
(Cl). Anti-leukemic activity of ABT-199 was evaluated pre-clinically in vivo.
Expression of apoptosis regulators was detected by western blot analysis. Mcl-
1 deficient cell lines were generated by CRISPR/Cas gene engineering.
Results: A high sensitivity for ABT-199 was identified in 4 of 6 BCP-ALL cell
lines with nanomolar IC50 values (mean 212 nM) in contrast to ABT-199 insen-
sitivity in two other lines (IC50 >1uM). Similarly, a high sensitivity for ABT-199
was identified in the majority of ALL primografts (14 of 16, IC50 2 to 156 nM)
with two insensitive cases (IC50 >1 uM). Of note, PBMCs from healthy donors
also showed ABT-199 insensitivity. We assessed the expression of the apop-
tosis regulating molecules Bcl-2 and Mcl-1 and found high Bcl-2 levels in ABT-
199 sensitive compared to low Bcl-2 levels in resistant ALL. In contrast, ABT-
199 resistant leukemias showed high Mcl-1 expression and low levels were
found in ABT-199 sensitive cases. Interestingly, CRISPR/Cas9-mediated knock-
out of Mcl-1 clearly sensitized ABT-199 insensitive cell lines for ABT-199 medi-
ated cell death, indicating the role of Mcl-1 as mediator but also marker for
ABT-199 resistance. Most interestingly, the CDK inhibitor dinaciclib induced
rapid down-regulation of Mcl-1 at low nanomolar concentrations leading to sen-
sitization for ABT-199 in resistant cell lines and primograft ALL. We also com-
bined ABT-199 with chemotherapeutic agents used for remission induction in
current therapy regimens. Co-exposure of ALL cells to vincristine, dexametha-
sone and asparaginase combined with ABT-199 showed a clear synergistic
effect, both in cell lines and primograft ALL. Moreover, in a preclinical setting,
recipient animals bearing a high-risk, t(11;19) leukemia were treated with ABT-
199 or solvent. Importantly, a clear reduction of leukemia load was observed
upon ABT-199 in vivo therapy compared to vehicle treated recipients (p<0.01).
Summary/Conclusions: Taken together, our data show apoptosis induction
and high efficacy of ABT-199 as single compound, both ex vivo and pre-clinically
in vivo, and synergy upon combination with conventional induction chemother-
apy. Importantly, Mcl-1 was identified as mediator and indicator for ABT-199
resistance. Most importantly, the CDK-inhibitor dinaciclib was found to down-
regulate Mcl-1 leading to sensitization for ABT-199 in previously resistant, Mcl-
1 high expressing leukemia cells.
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LOSS OF PIGH EXPRESSION FREQUENTLY RESULTS IN A GPI-NEGATIVE
SUBCLONE LACKING CD52 MEMBRANE EXPRESSION, CONFERRING
ALEMTUZUMAB RESISTANCE TO B CELL ACUTE LYMPHOBLASTIC
LEUKEMIA
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Background: To improve treatment outcome of patients with B-cell acute lym-
phoblastic leukemia (B-ALL), several immunotherapeutic approaches have
been developed in recent years. E.g., direct targeting of CD19 or CD20 by (bis-
pecific) antibodies or chimeric antigen receptors result in effective control of
the disease. In contrast, introduction of alemtuzumab which targets the gly-
cophosphatidylinositol (GPI)-anchored CD52 protein resulted in unsatisfactory
clinical efficacy, potentially due to development of escape variants. Indeed, in
previous studies (Nijmeijer et al, 2010) we have found outgrowth of CD52-neg-
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ative escape variants following alemtuzumab treatment in a mouse model
engrafted with human B-ALL. Further analysis showed that these variants
expressed normal CD52 mRNA levels, but lacked CD52 membrane expression
due to loss of GPl-anchor expression.

Aims: To unravel the mechanism underlying the loss of CD52/GPI expression
in B-ALL

Methods: The presence and frequency of CD52/GPI-negative cells was ana-
lyzed by flowcytometry in peripheral blood (PB; n=10) and bone marrow (BM;
n=8) samples taken with informed consent from B-ALL patients at diagnosis.
Diagnosis samples of patients with chronic lymphocytic leukemia (CLL, n= 5),
mantle cell leukemia (MCL, n=5) and hairy cell leukemia (HCL, n=6), and PB
samples from 5 healthy donors were similarly analyzed in parallel. To investigate
the mechanism of GPI loss, gene expression analysis was performed for the 26
genes that comprise the GPI anchor biosynthesis pathway in GPI positive and
GPI negative B-ALL populations purified by flowcytometric cell sorting.
Results: To study the presence and frequency of CD52/GPI-negative cells at
diagnosis, we analyzed PB and BM samples from B-ALL patients at diagnosis
by flowcytometry. GPI-negative cells were present in 6/10 PB and 5/8 BM sam-
ples and comprised between 0.01% and 4.98% of the B-cell population. These
obvious GPIl-negative B-cell populations were not found in CLL (n=5), MCL
(n=5), and HCL (n=6) diagnosis samples, or in healthy donors (n=5). To inves-
tigate the mechanism of GPl-anchor loss, gene expression analysis was per-
formed for the 26 GPI biosynthesis pathway genes. In contrast to purified GPI-
positive B-ALL populations, loss of PIGH mRNA expression, but not of any of
the other genes, was found in all GPI-negative populations (n=9). To validate
the relevance of this finding, GPI-negative and GPI-positive B-ALL cell cultures
were generated from diagnosis material (n=2) and transduced with a retroviral
construct encoding PIGH. Restored GPIl-anchor expression and coinciding
CD52 membrane expression was observed in the GPI-negative B-ALL cultures
upon transduction with PIGH, but not empty vector. To explore the mechanism
underlying the loss of PIGH mRNA expression in CD52/GPI-negative B-ALL
cells, we performed DNA screening and assessed promoter CpG methylation,
comparing GPI-negative with GPI-positive B-ALL cultures from the same indi-
vidual (n=2). These analyses revealed that in GPI-negative cultures both alleles
of the PIGH gene were present, unmutated and intact, but with a heavier methy-
lated promoter region compared to the GPI-positive counterparts. Additionally,
a 14 day treatment of GPIl-negative B-ALL cultures with the demethylating
agent 5-Azacitidine resulted in re-expression of the GPl-anchor
Summary/Conclusions: In conclusion, the majority of B-ALL patients pre-
sented a CD52/GPIl-negative, alemtuzumab resistant, B-ALL population already
at diagnosis. These cells lost PIGH expression, a key component in GPl-anchor
synthesis. This is not due to genomic instability, but to epigenetic downregula-
tion. Combining epigenetic modulatory drugs with alemtuzumab might be a
promising therapeutic strategy to prevent outgrowth of CD52/GPI-negative
escape variants in B-ALL.
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MUTATIONAL STATUS OF NRAS, KRAS AND PTPN11 GENES IS ASSOCIATED
WITH GENETIC/CYTOGENETIC FEATURES IN CHILDREN WITH
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Background: The activating mutations in RAS signaling pathway including
NRAS, KRAS and PTPN11 genes have been described in B-precursor acute
lymphoblastic leukemia (ALL). However, the correlation of RAS pathway gene
mutations with recurrent genetic abnormalities was not addressed.

Aims: We aimed to investigate the frequencies, and the association with genet-
ic/cytogenetic abnormalities as well as prognostic relevance of RAS pathway
mutations in Taiwanese children with B-precursor ALL, the largest cohort in
Asians.

Methods: Between 1995 and 2012, bone marrow samples at diagnosis from
538 children were studied. Mutations at codons 12, 13, and 61 in exons 1 and
2 of NRAS and KRAS genes, as well as the entire coding region of PTPN11
were analyzed using PCR-based assay followed by direct sequencing. The
mutational status of each gene was correlated with the clinico-hematological
features, recurrent genetic abnormalities, and outcomes for those treated with
TPOG-ALL-2002 protocol (n=348).

Results: The frequencies of NRAS, KRAS, and PTPN11 mutations were 10.5%
(56/533), 10.1% (54/533), and 3.4% (18/529), respectively. Mutations of NRAS,
KRAS, and PTPN11 were mutually exclusive with rare exception, including 4
co-occurrence of NRAS and KRAS mutations, and 2 co-existence of KRAS
and PTPN11 mutations. Together, 23.0% of B-precursor ALL patients had gene
mutations involving RAS signaling pathway. No differences in age, Hb level,
WBC or platelet counts were observed in patients with or without NRAS and
PTPN11 mutations. The frequency of PTPN11 mutations was significantly high-
erin girls than in boys (1.4% vs 6.0%, P=0.006). Patients with KRAS mutations
presented with significantly younger age (P=0.004) and lower platelet counts
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(P=0.007). Only one out of 21BCR-ABL1 ALL had a mutation (NRAS) in RAS
pathway. ETV6/RUNX1 was associated with a lower frequency of NRAS muta-
tions (2.2% vs 12.3%, P=0.002) and a trend of less PTPN11 mutations (0% vs
4.1%, P=0.053); none of patients with TCF3/PBX1 had KRAS mutation
(P=0.024) whereas 2 of the 3 hypodiploid ALL had KRAS mutations (P=0.028);
KRAS mutations occurred more frequently in patients with MLL rearranged
(23.5% vs 9.2%, P=0.014, but the difference was not significant if we excluded
infant ALL (n=30) (20% vs 8.7%, P=0.223). NRAS mutations were more com-
monly detected in hyperdiploid ALL (18.0% vs 9.5%, P=0.069). Patients without
specific genetic/cytogenetic subtypes had a significantly lower frequency of
NRAS mutations as compared to those without any of these recurrent genetic
abnormalities (7.5% vs 13.2%, P=0.048) and a higher rate of PTPN11 muta-
tions (5.0% vs 1.6%, P=0.051). There were no differences in 5-year EFS and
OS with regard to mutational status of NRAS (70.7% vs 79.0%, P=0.575; 89.6%
vs 82.3%, P=0.863, respectively) and of PTPN11 (80.8% vs 77.7%, P=0.490;
90.0% vs 82.2%, P=0.317, respectively). KRAS mutations were associated
with inferior outcomes (66.0% vs 79.7%, P=0.039 for EFS and 74.8% vs 84.0%,
P=0.058 for OS) but there was no difference in non-infant ALL (P=0.381 for
EFS and P=0.635 for OS).

Summary/Conclusions: Patients with recurrent genetic abnormalities had
rare occurrence of RAS pathway mutations in non-infant pediatric B-precursor
ALL. NRAS mutations were more frequently detected in patients with hyper-
diploidy, whereas KRAS mutations were highly associated with infant ALL with
MLL rearranged. (Grants support: MMH-E-99009, MOST103-2314-B-195-008-
MY3, MOST104-2314-B-182-032-MY3, OMRPG3C0021 and grant from Terry
Fox Foundation).
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BABOON ENVELOPE PSEUDOTYPED LENTIVIRAL VECTORS: A HIGHLY
EFFICIENT NEW TOOL TO GENETICALLY MANIPULATE T-CELL ACUTE
LYMPHOBLASTIC LEUKAEMIA INITIATING CELLS
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Background: T-Acute Lymphoblastic Leukaemia (T-ALL) is a heterogeneous
and aggressive hematologic cancer arising from the malignant proliferation of
T-cell progenitor cells, arrested at different stages of development. Although
recently developed multi-agent chemotherapy protocols significantly improved
the clinical outcome of this disease, the prognosis of patients undergoing
relapse or therapy resistance remains poor. Since T-ALL chemo-resistance is
linked to the activation of pathways that promote and sustain the self-renewal
of leukemic initiating cells (LICs), it becomes imperative to develop novel ther-
apies to eradicate these cells. To accomplish this objective it is necessary to
perform pre-clinical, functional studies with primary T-ALL patient samples, a
challenging task given that tools enabling an efficient genetic manipulation of
primary T-ALL cells are still lacking.

Aims: To develop novel strategies to genetically manipulate T-ALL leukaemia
initiating cells.

Methods: Fresh or thawed primary T-ALL samples were transduced with lentivi-
ral vectors pseudotyped with a baboon envelop chmeric glycoprotein (BaEV).
Two days post-transduction, 500.000-700.000 transduced cells were injected
into cohorts of primary NSG(NOD.Cg-Prkdc(scid)ll2rg(tm1Wijll)/SzJ) mice to
verify stable gene expression and T-ALL development from the transduced
clones. The leukemic engraftment of the transduced cells was than evaluated
by FACS analysis, based on GFP, CD45 and CD7 expression in the bone mar-
row, spleen and peripheral blood. To further assess the leukemic initiating ability
of the transduced cells, 500.000-700.000 bone marrow cells issued from pri-
mary animals were injected into serial cohorts of NSG mice.

Results: Our work revealed that lentiviral vectors pseudotyped with a Baboon
retroviral envelope glycoprotein (BaEV-LVs) are excellent tools to genetically
modify T-ALL leukaemia initiating cells. These lentiviral vectors enabled high-
level transduction rates (40-80%) at low multiplicity of infection (MOI=10) as
they entered primary T-ALL blasts using ASCT1 and ASCT2, two aminoacid
transporters that were highly expressed on all T-ALL subtypes. The transduced
blasts engrafted cohorts of primary, secondary and tertiary mice, where they
infiltrated bone marrow, spleen and peripheral blood, thus demonstrating that
BaEV-LVs target leukemic-initiating cells. Importantly, this high performance
was not linked to particular oncogenic features of the primary blasts not to a
specific stage of maturation arrest. Competitive xenograft experiments, more-
over, demonstrated the transduced clones did not acquire a selective growth
advantage nor were outcompeted by the not-transduced clones, as evidenced
by the relative ratio between GFP positive and GFP negative cells, which
remained stable in all the mice serially transplanted. Hence, BaEV-LV mediated
transduction does not alter LICs self-renewing pathways. This feature is an



essential pre-requisite to functionally investigate the signalling cascades
involved in T-ALL initiation and development.

Summary/Conclusions: BaEV-LV vectors are essential and highly efficient
tools to manipulate leukemic-initiating cells and to functionally investigate the
molecular pathways involved in T-ALL development and clonal evolution.
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HIGH INCIDENCE OF PHILADELPHIA CHROMOSOME-LIKE ACUTE
LYMPHOBLASTIC LEUKEMIA (PH-LIKE ALL) IN OLDER ADULTS WITH B-ALL
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8Genomic Diagnostics, Children’s Hospital of Philadelphia, Philadelphia, United
States

Background: Tyrosine kinase inhibitor (TKI) treatment of patients with Philadel-
phia chromosome-positive B-cell acute lymphoblastic leukemia (Ph+ B-ALL)
improves response and survival in younger adults and has allowed de-escala-
tion of conventional chemotherapy, particularly in older patients. Similar thera-
peutic approaches may also benefit patients with the Philadelphia chromo-
some-like (Ph-like) B-ALL subtype recently described in children and adoles-
cents/young adults (AYA), as these leukemias are driven by activating mutations
in kinase-associated signaling pathways. The frequency of adult Ph-like B-ALL
is largely unknown, however.

Aims: We analyzed diagnostic B-ALL specimens from adult patients (range
18-88 years) by a validated, highly sensitive 15-gene low-density gene expres-
sion array (LDA) to determine the frequency of Ph-like ALL.

Methods: We analyzed 90 cryopreserved B-ALL samples from the institutional
tissue banks at the University of Pennsylvania and University of Michigan by
LDA to identify specimens with a kinase-active gene expression profile, as pre-
viously reported (Harvey, et al. Blood 2013, 123(21):826a). All samples were
tested by reverse transcriptase-polymerase chain reaction (RT-PCR) for BCR-
ABL1 fusion. LDA signature-positive specimens without detected BCR-ABL1
transcript (Ph-like ALL) were categorized as CRLF2 (cytokine receptor-like fac-
tor 2)-overexpressing or non-overexpressing using LDA quantification of expres-
sion levels. CRLF2-overexpressing specimens were subsequently assessed
for IGH-CRLF2 and P2RY8-CRLF2 rearrangements and JAK7 and JAK2 muta-
tions via FISH, PCR, or RT-PCR with Sanger sequencing.

Results: By RT-PCR, 37.8% (34/90) of ALL specimens were BCR-ABL1+.
Additionally, we identified a 20.0% (18/90) incidence of Ph-like ALL with a medi-
an age at diagnosis of 43 years (range 19-64). 77.8% (14/18) of the Ph-like
ALL specimens harbored CRLF2 rearrangements, including 7 patients with
concomitant JAK2 mutations. Using multiplexed RT-PCR, the 4 non-CRLF2-
overexpressing Ph-like specimens were then evaluated for 39 published Ph-
like kinase fusions; no recurrent gene fusions were identified. Correlative biol-
ogy studies confirmed activation of JAK/STAT and/or ABL pathway signaling in
primary Ph-like ALL specimens, as well as therapeutic efficacy of JAK or ABL
kinase inhibition in adult Ph-like ALL patient-derived xenograft models.

All patients (n=91) Patients > 40 years (n=67)
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Figure 1.

Summary/Conclusions: We identified a Ph-like gene expression signature in
20% of adults with B-ALL. Importantly, we also demonstrate for the first time
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that the majority of adult B-ALL is associated with activated kinase signaling.
Unlike pediatric/AYA Ph-like ALL, in which kinase fusions occur frequently,
CRLF2 rearrangement is the predominant genetic lesion in adult Ph-like ALL.
We propose that adult ALL diagnostic testing algorithms include flow cytometric
assessment of surface CRLF2 (thymic stromal lymphopoietin receptor) expres-
sion, a surrogate marker for CRLF2 rearrangement, with subsequent genetic
confirmation. Finally, we demonstrate a substantial population of patients 240
years of age with non-Ph+ B-ALL who may also benefit from TKI therapies.
The efficacy of such treatments should be evaluated via appropriate clinical tri-
als, as clinical translation of our findings will potentially transform therapeutic
approaches for adults with Ph-like ALL.

haematologica | 2016; 101(s1) | 31
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TOLERANCE, COMPLIANCE AND EFFICACY OF L-ASPARAGINASE DURING
INDUCTION PHASE IN ADULT PHILADELPHIA-NEGATIVE ACUTE
LYMPHOBLASTIC LEUKEMIA: EXPERIENCE OF THE GRAALL-2005
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Background: In adults aged 18-60 years, many acute lymphoblastic leukemia
(ALL) protocols have now incorporated L-asparaginase (ASPA) as part of induc-
tion regimen. As in children, adult patients are thus often exposed to pancre-
atitis, thrombosis, liver injury and allergic reactions. Thus some investigators
do not use ASPA at all, like in the Hyper-CVAD regimen. In the GRAALL net-
work, most of the centers started to use ASPA during induction when the pedi-
atric-inspired GRAALL protocol was introduced in 2003.

Aims: The aim of this study was to report the real-life experience of the use of
ASPA in the GRAALL-2005 trial and to identify factors associated with 1) main
ASPA-related Adverse Events (AEs) and 2) the frequency and the impact of
suboptimal ASPA dose administration.

Methods: Between 2006 and 2014, 787 adult patients with newly diagnosed
Ph1-negative ALL were included in the multicenter French-Belgian-Swiss
GRAALL-2005 trial. After a 7-day steroid prophase, patients received a 5-drug
sequential induction including prednisone (PDN), vincristine (VCR), daunoru-
bicine (DNR), cyclophosphamide (CPM) and ASPA (6000 IU/sgm/day for 8
days). Patients with induction failure received a high-dose cytarabine-based
salvage course. AEs were assessed according to WHO classification. Four
patients were excluded due to the lack of data.

Results: The median age of this cohort of 783 patients (505 BCP- and 278 T-
ALL) was 36.1 years (range: 18.1-60.0). Median body mass index (BMI) was
23.6 kg/sqm (range: 15.7-46.3). Initial median WBC was 11.8 G/L (range: 0.4-
645) and 55 patients had CNS involvement (7.0%). A complete remission (CR)
was achieved in 720/783 (92.0%). A resistance to first induction phase was
observed in 36/738 (4.9%) patients evaluable for CR. A grade 3-4 liver toxicity
was observed in 272 patients (34.6%), a grade 3-4 pancreatitis in 43 patients
(5.5%), and a cerebral venous thrombosis (CVT) in 25 patients (3.3%). An
older age was significantly associated with an increased incidence of liver tox-
icity but a lower incidence of CVT. Pancreatitis was not associated with age. A
high BMI was associated with liver toxicity and pancreatitis. In multivariate
analysis, age, BMI, CNS involvement, and BCP-phenotype were associated
with liver toxicity; BMI and female gender were associated with pancreatitis.
During induction phase, patients received 97.8% of ASPA scheduled dose,
99.0% if younger than 45 years old but only 84.8% if older (p<.0001). In com-
parison, no difference in the administration of myelosuppressive drugs (DNR,
CPM) was observed. In multivariate analysis, patient-related variables associ-
ated with less than 90% of scheduled ASPA administration (41% of patients)
were older age, high BMI, and high ECOG score. In this model, center enroll-
ment volume but also inclusion time period were statistically associated with a
higher rate of ASPA administration, suggesting a learning effect. Finally, covari-
ates independently associated with induction failure were higher WBC (OR
1.04 [95%CIl, 1.01-1.07]), slower bone marrow clearance at D8 (OR 0.07
[95%CI, 0.02-0.20]), lower ASPA injection number (OR 0.72 [95%CI, 0.60-
0.85]), and lower VCR injection number (OR 0.69 [95%Cl, 0.55-0.88]), exclud-
ing all other induction drug dose variation.

Summary/Conclusions: During ALL induction, most ASPA-related toxicities
seen in adult patients are correlated to age and BMI. Experience in the man-
agement of ASPA administration may enhance protocol compliance and thus
contribute to reduce induction failure risk.
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EFFICACY AND SAFETY OF INOTUZUMAB OZOGAMICIN IN OLDER
PATIENTS WITH RELAPSED/REFRACTORY ACUTE LYMPHOBLASTIC
LEUKEMIA ENROLLED IN THE GLOBAL PHASE 3 RANDOMIZED
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Background: Inotuzumab Ozogamicin (InO), an anti-CD22 antibody-calicheam-
icin conjugate, has demonstrated superior response vs standard care for
relapsed/refractory acute lymphoblastic leukemia (ALL) in the ongoing phase 3
INO-VATE trial (complete remission [CR]/CR with incomplete hematologic recov-
ery [CRi], 81% [95% CI; 72-88]; minimal residual disease [MRD] negativity in
responders, 78% [68—87]; median remission duration [DoR], 4.6 [3.9-5.4] months).
Aims: To assess the efficacy and safety of InO in patients with relapsed/refrac-
tory ALL aged 255 vs <55 years

Methods: Per protocol, the intent-to-treat analyses of CR/CRi included the first
218 of 326 patients randomized (ITT218). The safety population included 139
patients who received 21 InO dose (max 1.8 mg/m2/cycle [0.8 mg/m2 on day 1;
0.5 mg/m2 on days 8 and 15 of a 21-28 day cycle for <6 cycles]). MRD negativity
was assessed by central flow cytometry (<0.01%). Data as of October 2, 2014
are presented (trial ongoing). Informed consent was obtained from all patients.
Results: 109 patients in the ITT218 received InO (median age, 47 [range, 18—
78] years; patients 255 years, 43 [39%]). Remission rates and DoR were similar
whereas MRD-negativity rates in responders were numerically higher in older
patients (Table). In the safety population, grade 23 adverse events (AEs) were
most frequently cytopenias (neutropenia, 46%; thrombocytopenia, 37%; febrile
neutropenia, 24%); these grade 23 AEs were more common in patients 255
(n=53) vs <55 years (n=86): thrombocytopenia (49% vs 29%), neutropenia (53%
vs 42%), febrile neutropenia (28% vs 21%). Patients 255 vs <55 years had sim-
ilar discontinuation rates due to AEs (both 17%). For patients 255 vs <55 years,
any grade hepatobiliary AE rates were similar (both 26%) and included, hyper-
bilirubinemia (both 15%), and veno-occlusive liver disease (VOD) including post-
SCT VOD (both 11%; 2 fatal in patients <55 years [1 after second SCT]).

Table 1.

% (95% CIp <55 years [n=66) 255 years (n=43)
CR/CRi® 80 (69-89) 81 (67-92)
CR 35 (24-48) 37 (23-53)
CRi 45 [33-58) 44 (29-80)
MRD-negativity in responders 74 [60-85) 86 (70-95)
Median DoR, months 4.6 (2.8-5.4F 4.4 (3.6-5.9F

*TT218;*Best response in 1-6 cycles; *n=51; *n=34

Summary/Conclusions: InO was highly effective in older patients with
relapsed/refractory ALL for whom treatment options are currently limited;
responses and safety profiles were generally similar to younger patients and
the overall study population.
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THE COMBINATION OF BORTEZOMIB AND CHEMOTHERAPY IS AN
EFFECTIVE TREATMENT TO RE-INDUCE REMISSION IN RELAPSED/
REFRACTORY B-CELL PRECURSOR OR T-CELL ACUTE LYMPHOBLASTIC
LEUKEMIA
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Background: Achievement of a new complete remission (CR) in relapsed/
refractory pediatric acute lymphoblastic leukemia (ALL) is hampered by a low
response rate and high toxicity, especially after second or subsequent relapses.
Bortezomib, the first proteasome inhibitor approved by Food and Drug Admin-
istration for multiple myeloma and relapsed non-Hodgkin lymphoma, showed
preclinical activity against ALL blasts. Moreover, a phase Il study reported by
the Therapeutic Advances in Childhood Leukemia & Lymphoma (TACL) study
group demonstrated that the combination of bortezomib with vincristine, dex-
amethasone, pegylated asparaginase and doxorubicin carried acceptable tox-
icity and good efficacy in patients with relapsed B-cell precursor ALL who failed
2-3 previous regimens (Messinger, Blood 2012).

Aims: In order to improve the CR rate of children with relapsed/refractory ALL,
we evaluated the use of bortezomib in combination with vincristine, dexam-
ethasone, pegylated asparaginase and doxorubicin, as a salvage/re-induction



treatment in 24 and 7 children with B-cell precursor and T-cell ALL (2 ETP),
respectively. Patient characteristics are reported in Table I.

Methods: Bortezomib (1.3 mg/m2/dose) was administered intravenously on
day 1, 4, 8, and 11. Dexamethasone 10 mg/m2/day was given orally for 14 con-
secutive days. Doxorubicin 60 mg/m2 was given intravenously on day 1. Vin-
cristine 1.5 mg/m2/dose (2 mg maximum dose) was administered intravenously
onday 1, 8, 15, and 22. Pegylated asparaginase 2500 units/m2/dose was given
intravenously weekly for 4 doses. All patients received intrathecal (IT) cytarabine
on day 1. Patients without CNS involvement were given IT methotrexate on
day 15. Patients with CNS involvement at time of treatment were given IT
methotrexate, methylprednisolone, and cytarabine on day 8, 15, and 22.
Results: Between February 2012 and July 2015, 24 pediatric patients with
relapsed B-cell precursor and 7 with T-cell ALL were given the treatment
detailed above at the Hematology/Oncology Department of the IRCCS Bambino
Gesu Children’s Hospital, Rome, Italy. Seventeen patients were males and 14
females, median age at diagnosis and at time of last leukemia relapse being
6.7 years (range 1-20.9) and 9.9 years (2.6-24.1), respectively. Four patients
were CNS-positive at diagnosis, while 4/31 experienced a combined bone mar-
row (BM) and extramedullary relapse (2 CNS, 1 kidney and 1 gut, respectively).
Fourteen children had previously received allogeneic hematopoietic stem cell
transplantation (HSCT, see table 1 for details on the donor). Grade 3 (CTCAE
v4.03) peripheral motor and sensory neuropathy developed in 5 (16%) patients.
Six out of the 31 patients (19.5%) experienced severe infections (2 sepsis due
to Geotrycum, 3 to Candida and 1 to multidrug resistant Klebsiella Pneumoni-
ae). Despite the introduction of broad-spectrum antibacterial and antifungal
therapy, 4 of them (13%) died (2 each with Geotrycum and Candida infection)
without recovering neutrophils. Twenty patients achieved CR (10 with a
MRD<0.1%), this leading to a 64.5% overall response rate. Interestingly, in our
cohort, not only B-cell precursor patients had a good outcome (15/24, 62.5%
CR rate), but also T-cell ALL responded well to this combination of drugs (5/7,
71.4% CR rate). Fifteen of these patients had a long-lasting CR allowing them
to receive HSCT resulting in a 2-year Overall Survival (OS) of 37.1% (SE 13.2).

Table 1.

Sex n (%)
Male 17 (55)
Female 14 (45)
Median age at diagnosis, years (range) 6.7 (1-20.9)
Median age at relapse 9.9 (2.6-24.1)
Lineage

B-cell precursor ALL 240
T-cell ALL 7(23)
CNS involvement at diagnosis 4(13)
CNS involvement at relapse 2 (6.5)
Lines of therapy before TACL schedule*

1-2 lines 13 (42)

> 2 lines 18 (58)
Previous HSCT before TACL schedule

No 17 (55)
Yes 14 (45)
Type of donor

HLA-identical sibling 5 (36)
MUD 4 (28)
Haplo 5 (36)
Toxicity

Days to ANC > 500/uL, median (range) 18 (10-56)
Days to platelets > 50 000/uL, median (range) 24 (14-43)
Neuropathy 5(16)

* front-line therapy is not counted

Summary/Conclusions: In conclusion, the regimen of bortezomib combined
with a 4-drug (vincristine dexamethasone, pegylated asparaginase and dox-
orubicin) re-induction therapy is effective for children with relapsed/refractory
B-cell precursor or T-cell ALL. Considering the risk of life-threatening/fatal infec-
tions in a such vulnerable population, an intensive antibacterial and antifungal
prophylaxis is strongly recommended.
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EFFICACY OF FRONT-LINE TREATMENT COMBINATIONS WITH PONATINIB
VERSUS 1ST- AND 2ND-GENERATION TYROSINE KINASE INHIBITORS
FOR PH+ ACUTE LYMPHOBLASTIC LEUKEMIA: A META-ANALYSIS AND
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Background: The combination of a tyrosine kinase inhibitor (TKI) and either
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chemotherapy or corticosteroids is effective induction therapy in de novo
Philadelphia chromosome-positive (Ph+) acute lymphoblastic leukemia (ALL).
Ponatinib is a multi-targeted TKI that is a more potent BCR-ABL1 inhibitor than
previous generations of TKls and selectively suppresses T315I resistance.
However, evidence on the comparative effectiveness of ponatinib relative to
other TKils in de novo Ph+ ALL has not been well-established.

Aims: This study aims to evaluate the effectiveness, as measured by complete
molecular response (CMR) and 2-year overall survival (OS), of front-line treat-
ment combinations with ponatinib versus first- and second-generation TKls
(i.e., imatinib, dasatinib, and nilotinib) in Ph+ ALL.

Methods: Nineteen Phase 2 through 4 trials and one retrospective analysis of
front-line Ph+ ALL treatments were identified from a 2015 targeted literature
review published by the American Society of Hematology. One study used
ponatinib with chemotherapy and nineteen studies used a combination of first-
or second-generation TKls with either chemotherapy or corticosteroids. The
proportions of patients achieving CMR and 2-year OS were extracted from all
study arms and summarized by TKI group (ponatinib vs all other TKIs) using
pooled estimates with 95% confidence intervals (Cls) from a random-effects
meta-analysis. A binomial distribution was assumed to calculate the 95% Cls
for the ponatinib trial. Multivariate logistic meta-regressions were conducted to
examine the association between TKI groups and CMR rates as well as
between TKI groups and 2-year OS, adjusting for age, gender, and in the OS
model only, the proportion of patients receiving subsequent hematopoietic stem
cell transplantation (SCT). P-values were calculated using non-parametric boot-
strapping with 20,000 permutations.

Results: Across the 30 TKI-treatment arms from the 20 included studies, the
median (range) age was 46 years (38-69 years), percent of male patients was
53% (40-67%), and percent of patients receiving subsequent SCT was 63% (0-
100%). The pooled proportion of patients achieving CMR with ponatinib was 78%
(95% CI: 62-90%) vs 30% (95% CI: 22-38%) with other TKis. The pooled 2-year
OS with ponatinib was 80% (95% CI: 65-92%) compared to 58% (95% CI: 53-
63%) with other TKIs. The odds ratio (OR) for ponatinib vs other TKls from the
adjusted meta-regression for CMR (N=18) was 9.12 (95% CI: 1.59-52.21,
p=0.025), and was 3.00 (95% ClI: 0.63-14.43, p=0.136) for 2-year OS (N=19).
Summary/Conclusions: Our results support the hypothesis that ponatinib in
combination with chemotherapy is associated with better clinical efficacy in
newly diagnosed Ph+ ALL than combination therapy with older TKls. In partic-
ular, compared to first- and second-generation TKils, ponatinib was associated
with a statistically significant 9-fold increase in the odds of CMR and a higher,
though non-statistically significant, odds of 2-year OS. A limitation of our analy-
sis is its reliance on study-level data from a small number of studies with het-
erogeneous therapy combinations; adjustment for heterogeneity across studies
was limited to available covariates only. Nevertheless, our results suggest that
ponatinib in combination with chemotherapy may represent a highly effective
front-line treatment option for patients newly diagnosed with Ph+ ALL. Further
prospective head-to-head clinical trials to confirm these results are warranted.
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RISK OF CEREBRAL VEIN THROMBOSIS (CVT) IN ADULT ALL PATIENTS
IN FINLAND 1999-2012: SUGGESTION FOR A LEUKEMIA-RELATED
PREDICTIVE SCORING MODEL

S Roininen'”, O Laine2, M Kauppila2, M Vesanen3, M Sinisalo?, E Jantunen?,
P Koistinen5, M Saily®, R Raty?, E Elonen’, U Wartiovaara-Kautto’
1Comprehensive Cancer Center, Department of Hematology, Helsinki University
Hospital, Helsinki, 2Dept. of Internal Medicine, Tampere University Hospital,
Tampere, 3Dept. of Internal Medicine, Turku University Hospital, Turku, 4Dept.
of Internal Medicine, Kuopio University Hospital, Kuopio, 5Dept. of Internal Med-
icine, Oulu University Hospital, Oulu, Finland

Background: Thrombosis causes remarkable morbidity among patients with
cancer and is the second leading cause of death after malignancy itself in this
patient group. Khorana score estimates the risk of deep venous thrombosis
(DVT) in solid tumor neoplasms, and may help physicians to prevent thrombotic
complications. However, Khorana score is not applicable in acute leukemias
and specific leukemia-related thrombosis risk score is still called for. Previous
analyses focusing on thrombosis in ALL patients have mainly been conducted
on pediatric study groups. Thrombotic risk profile in adult patients could, how-
ever, differ from children and these studies may not be converted straight-for-
ward to adult setting.

Aims: To identify patient characteristics detectable at ALL diagnosis and pos-
sibly predisposing to CVT, which often represents with the most drastic conse-
quences in patient’s life.

Methods: We performed a population-based retrospective registry analysis on
186 adult-ALL patients treated with a national study protocol ALL2000 between
years 1999-2012 in Finland.

Results: Of patients, 118 patients had pre-B ALL, 37 Philadelphia chromosome
positive ALL and 31 T-ALL. Thirty-one patients (19%) suffered from a venous
thrombosis (VT), whereof 9 (27%) from a CVT. Patients with CVT were thinner
(p=0.018 and p=0.010) and had more T-ALL (Pearson Chi-Square values:
10.61, p=0.005 and 9.93, p=0.007), extramedullary leukemia (Pearson Chi-
Square values: 5.167, p=0.023 and 5.412, p=0.046), and a higher pre-
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chemotherapy CRP (p=0.033 and p=0.123) compared with both patients with-
out VT and with other VTs, respectively (Table 1). A trend for younger age,
higher pre-chemotherapy D-dimer, leukocyte and blood blast counts, and a
lower platelet count was also detected in patients with CVT in this setting. CVT
patients also presented with a higher pre-chemotherapy hemoglobin compared
with patients without VT but this distinction did not reach statistical significance.
Notably, most CVTs (n=5/9) occurred prior to the introduction of asparaginase,
which is known to be the major factor predisposing ALL patients to thrombotic
complications. None of the CVT patients had received intrathecal cytostatic
treatment during the previous week before the thrombosis was diagnosed.
Based on these results we constructed a risk model for CVT, which takes into
account seven basic features detectable in patients at ALL diagnosis (Table
1). Patients scoring 25 points represented with a 20-fold risk for CVT compared
with the low-risk (<5 points) patients (HR=20.841, p<0.0001, CI: 5.208-83.401)
in our study group. The scoring model showed a very good specificity and sat-
isfying sensitivity (NPV: 0.982, PPV: 0.375) in this study and is currently under
validation in another patient cohort.

Table 1. Clinical and laboratory characteristics recorded at ALL diagnosis
in patients obtaining CVT during the first three months of chemotherapy
compared with other patient groups.

CVT vs. Without VT n-fold  P.value  CVTvs. Other VT n-fold  P-value
Leukocytes t 1.72 0.269 1 1.18 0.675
Hb " t 112 0.307 - 099 0850
Platelets 2 I 063  0.309 i 061 0306
Bblast n 291 0.300 1 165 0.487
CRP 1 232 0423 tt 358 0.033
D-dimer i 3.00 0.318 1 225 0.236
Age ™ | 066  0.166 1 062 005
BMmI 1 084 0.018 i oTr 0.010
TALL'® 1 360 0.005 tt 410 0.007
Exdriaduiory 250 0023 " 310 0.048

Parameters used in risk score model: *' Hb > 100, 7 Platelets < 80, " CRP > 20, " Age < 41 years, *BMI < 24
kgim2, "*T-ALL = yes and "’ extramedullary leukemia = yes. A socre 2 5 points stands for over a 20-fold risk
for CVT compared with patients in low-risk (< § points) group.

Summary/Conclusions: Thrombotic events and especially CVTs often have
a major impact on patients with ALL during their course of leukemia treatment
and after. Here, we present a set of laboratory and clinical characteristics iden-
tifiable at ALL diagnosis and associating with a very high risk of CVT during
the first months of ALL treatment. These high-risk characteristics (e.g. low BMI
and young age) are partly in contradiction to the acknowledged features pre-
disposing patients to other forms of VT. This phenomenon hints for a distinctive
mechanism of CVT in ALL patients possibly in linkage with ALL biology.

P171

INITIAL RESULTS FROM UKALL60+, A UK/HOVON COLLABORATIVE
PHASE 2 STUDY IN ELDERLY PATIENTS WITH ACUTE LYMPHOBLASTIC
LEUKAEMIA

N Morley'", A Kirkwood?, A Moorman3, P Smith2, C Rowntree4, B WrenchS,
E Marwood?, P Patrick?, J Snowden?, A Rijneveld®, D Marks’, A Fielding8
1Haematology, Sheffield Teaching Hospitals NHS Foundation Trust, Sheffield,
2CR UK and UCL Cancer Trials Centre, UCL, London, 3Leukaemia Research
Cytogenetics Group, Newcastle University, Newcastle, 4University Hospital
Wales, Cardiff, 5Barts Health NHS Trust, London, United Kingdom, 6Erasmus
MC, Rotterdam, Netherlands, 7University Hospitals Bristol NHS Trust, Bristol,
8UCL Cancer Institute, UCL, London, United Kingdom

Background: The outcome for older adults with acute lymphoblastic leukaemia
(ALL) is generally poor. The UKALL12/ECOG2993 study reported a greater
incidence of high risk cytogenetic abnormalities, increased toxicity (e.g. 18%
Induction death rate) and poorer outcomes (CR rate 73% and 5 year overall
survival 21%) in those 55- 65 years of age. There is a dearth of studies which
focus on patients at the very oldest end of the age spectrum despite an increas-
ing incidence with age.

Aims: We aimed to conduct a pragmatic study intended to establish baseline
chemotherapy from which to design widely-applicable studies of novel agents
in older people.

Methods: We established UKALL60+ as a collaboration between the UK
National Cancer Research Institute Adult ALL Group and HOVON to study
treatment choice and outcomes in patients aged 60 years and over (or 55 years
and over with co-morbidities) with ALL. The study offers five ‘arms’ to be decid-
ed by investigator and patient choice; Non-intensive (designed to be delivered
primarily out of hospital), Intensive, Intensive+, Philadelphia positive (Ph+) and
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. Base-
line characteristics of each group including Charlson index, ECOG, Karnofsky
and CRASH scores are being collected with the aim of determining why each
regimen was allocated. 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 mor-
tality and quality of life assessments.
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Results: Since activation in December 2012 81 patients (84% of those
screened) with a median age of 67 years (Range 55-83) have been enrolled.
Median follow up is 9.4 months (Range 1 day to 29.8 months). ECOG perform-
ance status was 1 in 33 (40%), 2 in 37 (45%) and 23 in 13 (15%). Treatment
allocation has been non-Intensive n=11, Intensive n=34, Intensive+ n=7, Ph+
n=18 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 the average age 74 years (Range 64-82) in the
non-Intensive arm compared with 66 years (Range 56-76) in the Intensive and
Intensive+ arms. A total of 32/80 patients (40%) had high risk cytogenetics
including BCR-ABL1 (n=18), low hypodiploidy (n=10), complex karyotype (n=2)
and KMT2A-AFF1 (aka MLL-AF4) (n=1). So far forty-eight patients have com-
pleted 2 phases of induction chemotherapy with 37 of these attaining CR (77%).
Failure to complete this was very common (n=17); reasons include inadequate
response/relapse=8, death=5, clinician or patient decision=4. Baseline MRD
samples were received for 62 patients, 43 of which have been evaluated to
date by immunoglobulin heavy chain/T cell receptor re-arrangement quantifi-
cation or BCR-ABL quantification. Only 3 of these patients were MRD negative
following the first cycle of induction chemotherapy. Grade 3/4 AEs were seen
in 54/58 assessable patients. The most common toxicities were haematological
(71%) and infections (38%). To date 28 deaths have been reported; 18 patients
died of ALL, 5 infection, 1 cardiac, 1 multi-organ failure and 3 data outstanding.
Quality of life data has been collected and the results are anticipated.
Summary/Conclusions: ALL in older patients is difficult to treat with a delicate
balance between efficacy and toxicity. Treatment choices currently vary widely.
The goal of our trial is to provide a representative view of elderly ALL treatment,
to identify a group where the current therapeutic approaches need improvement
and to pave the way for older individuals to be at the forefront of development
of novel approaches in de novo ALL.
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RELAPSE OF ACUTE LYMPHOBLASTIC LEUKAEMIA IN OLDER/ELDERLY
PATIENTS - A SWEDISH POPULATION-BASED STUDY

E Bergfelt!”, P Kozlowski2, L Ahlberg3, P Bernell4, E HulegardhS, H Karbach®,
K Karlsson?, B Tomaszewska-Toporska’, M Astrom2, H Hallbéok
THaematology, Dept of Medical Sciences, Uppsala University, Uppsala,
2Haematology, Dept of Medical Sciences, Faculty of Medicine and Health, Ore-
bro University, Orebro, 3Dept of Haematology, University Hospital of Linképing,
Linkdping, 4Div of Haematology, Dept of Medicine, Karolinska Institutet, Karolin-
ska University, Stockholm, SDept of Haematology and Coagulation, Sahlgren-
ska University Hospital, Géteborg, 6Dept of Haematology, Cancer Centre, Uni-
versity Hospital of Ume&, Umea, 7Dept of Haematology, Skane University Hos-
pital, Lund, Sweden

Background: Knowledge about relapsed acute lymphoblastic leukaemia (ALL)
in older/elderly patients is scarce.

Aims: To study the outcome of ALL relapse treatment in a population-based
cohort of older/elderly patients.

Methods: Out of the Swedish ALL-registry and cause of death-registry patients
55-85 years (y) old diagnosed with B- and T-ALL from 2005 to 2012 were iden-
tified. Clinical, laboratory and treatment data were validated and supplemented
from medical records. Informed consent was obtained and the study approved
by the local ethical committee in accordance with the declaration of Helsinki.
Proportions were compared with chi-square test. Overall survival (OS) was
estimated by the Kaplan Meier method and distribution compared with log-
rank test using IBM SPSS package (v 23). Confidence intervals (CI) of 95%
were obtained.

Results: Of 103 patients with B- and T-ALL receiving intensive treatment with
achieved first complete remission (CR1), 63 (61%) relapsed (28 males and 35
females). Median age at relapse was 67y (57-83). B-ALL was presentin 57/63,
T-ALL in 6/63, and Philadelphia-positive (Ph+) disease in 19 of 61 patients
(31%) (two with unknown Ph-status). Bone marrow was the sole relapse local
in 57 (91%) patients. Median time from CR1 to relapse (TTR) was 9 moths
(range: 1-93) and seven relapsed after allogeneic hematopoietic stem cell
transplantation (hSCT). Treatment with the goal of a second complete remission
(CR2) was applied in 33 patients and the first course consisted of the Swedish
protocol ABCDV (n=8), FLAG-Asp (n=6), FLAG-Ida (n=3), MEA (n=4), FLAG
(n=1), Hyper-CVAD (n=3), NOPHO adult protocol (n=1), nelarabine (n=1) or
other combinations (n=6). Regimens were supplemented with tyrosine kinase
inhibitor (TKI) in six patients, DLI in one and CAR-T in one patient. hSCT in
CR2 was performed in three patients (of 10 considered for the procedure). Two
of them died of relapse and transplant related mortality respectively and one
is still alive after seven years. Palliation was given to the 30 remaining patients
with CHOP/COP (n=5, with rituximab added in 2), other intravenous chemother-
apy combinations (n=5), TKI [alone (n=5), with chemotherapy/cortisone (n=3),
radiotherapy (n=1) and DLI (n=1)], cortisone and/or oral chemotherapy com-
binations (n=7), no treatment (n=1) and unknown (n=2). Remission induction
was given predominantly in late (>1y) relapse [18/27 (67%) vs 15/36 (42%);
P=0.049]. In total, CR2 was achieved in 18 patients (29%) - 14/33 (42%) after
remission induction and 4/30 (13%) after palliative treatment. Higher proportion
of patients attained CR2 in late as compared with early relapse [13/27 (48%)



vs 5/36 (14%); P=0.003]. Median survival after relapse was 4 months (range:
0-95). The estimated 1 and 3y OS after relapse was 17 (Cl: 7, 27)% and 7 (CI:
0, 14)%. There was no significant difference in OS between patients receiving
remission induction and palliation. Age at relapse did not influence OS. Patients
with late relapse had improved survival (P=0.001). CR2 achievement (as com-
pared with treatment failure) enhanced survival in late [3y OS, Cl: 34 (5, 64)%
vs 7 (0, 21)%, P=0.001] but not early relapse (no survivors at 3y; P=0.22).
Summary/Conclusions: Intensive treatment can be considered in older ALL
patients in case of late relapse. However, for the majority of the patients, the
prognosis was poor, which supports alternative approaches such as
immunotherapy or novel drugs.
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ADULTS AND CHILDREN (1-45 YEARS) WITH PH-NEGATIVE ALL HAVE
ALMOST IDENTICAL OUTCOME IN RISK-STRATIFIED ANALYSIS OF
NOPHO ALL2008

N Toft"2", H Birgens', J Abrahamsson3, L Grigkevicius4, H Hallbdk®, M Heyman®,
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heim University Hospital, Trondheim, Norway, "4Department of Pediatrics and
Adolescent Medicine, Rigshospitalet, 15Department of Clinical Immunology,
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Background: Compared with children, adults with acute lymphoblastic leukemia
(ALL) have had inferior survival, when treated with traditional adult ALL regi-
mens.

Aims: The aim of this study was to examine the event free survival (EFS) of
children and adults with ALL (1-45 years) diagnosed, risk stratified, and treated
uniformly according to the NOPHO ALL2008 protocol.

Methods: We collected information on 1509 patients from Sweden, Norway,
Iceland (children only), Finland (children only), Denmark, Lithuania, and Estonia
diagnosed 7/2008-12/2014 with Ph-negative ALL and treated according to the
NOPHO ALL2008 protocol. Patients were registered in the NOPHO ALL2008
database upon diagnosis and subsequently followed systematically at three
months intervals.

Results: Of 1509 patients, 1022 were children 1-9 years (484 female), 266
were 10-17 years (106 female) and 221 were adults 18-45 years (85 females).
Adult patients more often had T-ALL (9% (1-9 years), 25% (10-17 years) and
32% (18-45 years), p<0.001), and KMT2A (a.k.a MLL) rearrangements
(KMT2A-1, 3% (1-9 years), 5% (10-17 years) and 6% (18-45 years) , p<0.001),
but lower median WBC when stratified by lineage (B-lineage 9.9 (1-9 years),
8.1 (10-17 years) and 6.8 (18-45 years) x109/L, p=0.01; T-lineage 134 (1- 9
years), 71.7 (10-17 years) and 38.8 (18-45 years) x109/L, p<0.001). Day 29
MRD was significantly higher for adults (p<0.001). Based on immunophenotype,
WBC at diagnosis, MRD (discriminator 0.1%, FCM for BCP and PCR for T) at
day 29 and 79, and presence of intermediate (dic(9:20) or IAMP21[RUNX1] or
t(1;19)) or high risk cytogenetics (KMT2A-r or hypodiploidy (modal number
<45)), patients were stratified into 4 risk groups (SR, IR, HR, and HR+hSCT,
Table 1). Only MRD d29 25% or d79>0.1% stratified to hSCT in 1st complete
remission (CR1). Older patients were skewed towards higher risk group (Toft,
Eur J Haematol 2013), but for each treatment arm severe toxicities (except for
thrombosis and osteonecrosis) and intervals between treatment phases were
almost identical for children and adults (Toft, Eur J Haematol 2015). After a
median follow up for patients in CR1 of 4.0 years (75% range: 2.4-5.9 years),
16 patients (3 patients 18-45 years) had died during induction (induction failure),
and 50 patients (12 patients 18-45 years) had died in first remission. A total of
123 patients relapsed (36 patients 18-45 years), and 12 children and 1 adult
developed a second malignancy. The overall 5y-EFS for patients 1-9, 10-17
and 18-45 years was 88% (95%Cl: 86; 90), 79% (95%Cl: 73; 85) and 73%
(95%CI: 67; 79), respectively, p <0.001. However, when stratified by risk group,
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the poorer EFS for adults was significant only for patients with intermediate
risk ALL (Table 1).

Table 1.
Age graup
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Summary/Conclusions: The EFS for adult ALL patients has improved marked-
ly with NOPHO ALL2008 treatment compared with historical data. Although
adult patients more often have higher risk ALL, their overall cure rates are close
to those of children when stratified by risk group.
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MICRORNA-155 AND MICRORNA-708 ARE OPPOSING MODULATORS OF
HOXA9 ACTIVITY IN ACUTE MYELOID LEUKEMIA
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Background: In order to identify microRNAs (miRNA) relevant in acute myeloid
leukemia (AML), we profiled global miRNA expression in a murine AML pro-
gression model based on Hoxa9 and Meis1 overexpression.

Aims: We found miR-155 and miR-708 as the most significantly upregulated
miRNAs in leukemic Hoxa9/Meis1 cells compared to the preleukemic Hoxa9/ctrl
cells (both p<0.01). Subsequent analysis of primary AML cases (n=38) com-
prising various AML subtypes showed significantly elevated levels of miR-155
and miR-708 in all samples compared to total bone marrow from healthy donors,
indicating potential oncogenic roles for these miRNAs. We further investigated,
in vivo, the role of miR-155 in AML by retroviral overexpression with Hoxa9 in
murine bone marrow (mbm) cells followed by syngeneic transplantation. Over-
expression of miR-155 in conjunction with Hoxa9 (Hoxa9/miR-155) caused a
significantly accelerated onset of a myelomonocytic leukemia (p<0.001), but
still a less aggressive course of disease compared to mice transplanted with
Hoxa9/Meis1 (p<0.001). In order to assess if miR-155 is dispensable for the
onset of AML, we transformed miR-155-/- and miR-155+/+ mbm with
Hoxa9/Meis1 followed by syngeneic transplantation. No difference in onset of
AML was observed. Further analysis revealed that absence of miR-155 impaired
homing of Hoxa9/Meis1 cells but did not impact their proliferation rate, which
eventually compensated for impaired engraftment in this AML model.
Methods: We then hypothesized that the combination of miR-155 and miR-
708 could further replace the oncogenic potential of Meis1. Therefore, mbm
cells were retrovirally transduced with Hoxa9, miR-155 and miR-708
(Hoxa9/miR-155/miR-708) or Hoxa9 and miR-708 (Hoxa9/miR-708) and func-
tionally analyzed in vitro and in vivo. To our surprise, miR-708 abrogated the
leukemogenic effect of Hoxa9, alone or in combination with Hoxa9/miR-155 in
vivo (p=0.0117, p<0.0001), with little or no engraftment. Transcriptome analysis
revealed that miR-155 and miR-708 have opposite effects on Hoxa9-induced
transcription.

Results: To further understand why miR-708, a potent tumor suppressor miR-
NA, is upregulated in the highly aggressive Hoxa9/Meis1 AML cells, we
explored the role of miR-708 in leukemia initiating cells (LIC). Hoxa9/Meis1
cell subpopulations enriched for LIC based on c-kit, Mac-1 and Gr-1 expression
were FACS-sorted and transplanted into syngeneic mice. The c-kit*Gr-1-Mac-
1- cells caused a significantly shorter survival of transplanted mice compared
to the other sorted subpopulations (p=0.0072 and p=0.0021, respectively), with
the c-kit-Gr-1*Mac-1* subpopulation resulting in the longest survival. This was
mirrored by lower expression of miR-708 in the LIC-enriched c-kit*Gr-1-Mac-
1- subpopulation compared to bulk (p=0.032), whereas there was no difference
in miR-155 expression. Similar findings were made in human AML samples
(n=7) sorted into LIC-enriched subpopulations using CD117, CD34 and CD38.
Together, these results highlight the role of miR-708 as an orchestrator of the
leukemic hierarchy through its tumor suppressor activity.
Summary/Conclusions: In conclusion, we demonstrate for the first time a
functional role for miR-155 in homing of AML cells. In addition, we propose as
a novel concept where miR-708, a tumor suppressor miRNA, stratifies the
leukemic hierarchy.
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VENTX INDUCES EXPANSION OF PRIMITIVE ERYTHROID CELLS AND
CONTRIBUTES TO THE DEVELOPMENT OF ACUTE MYELOID LEUKEMIA
IN MICE
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Background: Homeobox genes are key factors in the development of acute
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leukemias. So far, little is known about the role of non-clustered homeobox
genes such as VENTX. The Vent-like homeobox gene VENTX is a member of
the Vent gene family in mammals and is the mammalian homolog of the Xeno-
pus xvent gene. Our group has previously shown that the homeobox gene
VENTX shows high and aberrant expression in human acute myeloid leukemia
(AML) characterized by the AML1-ETO (AE) fusion (Rawat et al., PNAS 2010).
Aims: With this study, we wanted to test the functional relevance of VENTX in
the development of AE positive AML in mice.

Methods: To address this, mice were transplanted with bone marrow progenitor
cells retrovirally engineered to express VENTX or AML1-ETO alone or in com-
bination.

Results: Whereas none of the AML1-ETO mice developed any disease, all
the recipients of AML1-ETO/VENTX double transduced cells succumbed to
AML after a median latency of 334 days (range 19-403 days) post transplan-
tation. Of note, induced AML cases were positive for erythroid markers such
as CD71 and Ter119. Strikingly, VENTX alone induced a massive expansion
of the primitive erythroid compartment in all transplanted mice. Furthermore,
this massive perturbation in differentiation converted into an acute ery-
throleukemia in a fraction of mice. All leukemias in the AE/VENTX and the
VENTX experimental arms were rapidly transplantable with a median latency
of 40 days until leukemia induced death, characterized by high blast counts in
the bone marrow (83%, range 55% - 92%). Ex vivo, leukemic cells grew per-
manently generating AE/VENTX positive cell lines. RNA-Seq analyses from
CD34* cord blood transduced with VENTX documented 279 differentially
expressed genes compared to the empty vector control, comprising pathways
belonging to the categories “viral carcinogenesis”, “cytokine-cytokine receptor
interaction”, “JAK-STAT signaling”, “cancer”, “signaling pathways in cancer”,
“transcriptional misregulation in cancer” and “Huntington’s disease” in the
KEGG analysis. Genes necessary for terminal erythroid differentiation such as
the EPO-receptor and GATA1 were downregulated by constitutive VENTX
expression. In line with the observation of VENTX induced primitive erythroid
expansion in mice, VENTX was highly expressed in patients with primary
human erythroleukemias and polycythemia vera. Knockdown of VENTX in the
erythroleukemic HEL cell line significantly blocked growth in vitro and engraft-
ment in NSG mice. Overexpression of VENTX impaired expression of genes
linked to erythroid differentiation in human stem and progenitor cells.
Summary/Conclusions: In summary, these data indicate that aberrant expres-
sion of VENTX induces expansion of primitive erythroid cells and collaborates
with AML1-ETO in inducing AML in mice.
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ABNORMAL INTRAGENIC TRANSCRIPTIONAL ACTIVATION IN MLL-AF9
AND KAT6A-CREBBP ACUTE MYELOID LEUKEMIA (AML)

AE Marneth!”, K Prange2, SM Bergevoet!, A Obulkasim3, CM Zwaan3,
MM Van Den Heuvel-Eibrink3, T Haferlach4, M Fornerod3, JH Jansen’,
J Martens?2, BA Van Der Reijden’
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of Molecular Biology, Faculty of Science, Nijmegen Centre for Molecular Life
Sciences, Radboud University, Nijmegen, 3Pediatric Oncology/Hematology,
Erasmus MC-Sophia Children’s Hospital, Rotterdam, Netherlands, 4MLL
Munich Leukemia Laboratory, Munich, Germany

Background: The mutated transcription factors AML1-ETO, CBFB-MYH11
and CEBPA cause unique pathogenic gene expression profiles (GEPs) in AML.
Previously, we identified an AML subgroup with a unique GEP characterized
by outlier high expression of the BRE gene. Most cases with this unique GEP
harbor the oncogenic transcriptional regulator MLL-AF9. However, since ~50%
of adult MLL-AF9* AML cases does not exhibit this unique GEP nor outlier
high BRE expression, we postulated that another pathogenic mechanism
besides the MLL-AF9 translocation causes this unique GEP.

Aims: We aimed at characterizing outlier high BRE expression and the asso-
ciated unique GEP in MLL-AF9™ AML, whether these phenomena were exclu-
sive to MLL-AF9* AML and whether they associated with known oncogenic
pathways.

Methods: AML samples were subjected to RNA-sequencing (n=4), H3K4me3
(n=7) and/or H3K27ac (n=3) ChIP-sequencing. Informed consent was obtained
from all subjects prior to this study. 5’ Rapid Amplification of cDNA Ends (RACE)
was performed to characterize the 5’ end of BRE transcripts. BRE gene expres-
sion was measured by qRT-PCR. Expression of an alternate BRE transcript
was normalized to PBGD expression and a control sample without outlier high
BRE expression. A normalized value >500 was considered high. Ingenuity
pathway analyses were performed on the top 200 genes positively associated
with BRE expression in MLL-AF9* AML.

Results: RNA-seq and qRT-PCR of MLL-AF9* patient samples showed a
marked increase in BRE expression starting from exon 5, exclusively in sam-
ples with outlier high BRE expression. H3K4me3 and H3K27ac ChIP-sequenc-
ing revealed clear marks in BRE intron 4, 3 kb upstream of BRE exon 5, only
in AML cases with outlier high BRE expression. To demonstrate that this region
relates to active transcription, we performed 5’ RACE. A new transcript starting
in BRE intron 4 near the H3K4me3/H3K27ac marks was identified, with
sequences spliced to BRE exon 5. A qRT-PCR specific for the alternate BRE



transcript showed that it was frequently expressed in adult MLL-AF9 samples
and in samples with the KAT6A-CREBBP fusion gene (18/35, median expres-
sion high 8580, low 0.6). This is in line with published data showing that part of
MLL-AF9* and KAT6A-CREBBP* samples share a common GEP. Also child-
hood MLL-rearranged and KAT6A-CREBBP* AML samples frequently
expressed the alternate BRE transcript (31/43, median expression high 8172,
low 26.9). Alternate BRE expression was generally low in patients with other
types of AML (n=42, 1.4) and non-AML hematological malignancies (n=10, 0.4)
or normal CD34* and bone marrow cells (n=14, 0.3). A polymorphism in BRE
intron 5 revealed that alternate BRE transcription initiation is bi-allelic. Impor-
tantly, analysis of genome-wide H3K4me3 marks and RNA-seq data uncovered
98 potential intragenic transcriptional activation sites, several of which are in
genes correlating with high BRE expression. Ingenuity pathway analyses using
the top 200 genes positively associated with BRE expression, identified poten-
tial pathogenic pathways including p53 and protein kinase A signaling (p<0.03).
Summary/Conclusions: Alternate transcription initiation in the ALK gene was
recently identified as oncogenic mechanism causing melanoma (Wiesner et
al., Nature, 2015). Our data show genome-wide alternate transcription initiation
as new phenomenon in MLL-AF9* and KAT6A-CREBBP* AML cases that
exhibit a unique GEP. Potential oncogenic pathways were identified in these
AML subgroups. Further studies investigating the molecular mechanisms con-
tributing to alternate transcription initiation in AML are warranted.
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HHEX TRANSFORMS PROMYELOCYTES AND COOPERATES WITH FACTOR
INDEPENDENCE TO CAUSE PROMYELOCYTIC LEUKEMIA IN MICE

JT Jackson™*, ANg', WS Alexander?!, S Haupt2, Y Haupt2, MP McCormack'
1Cancer & Haematology Division, The Walter & Eliza Hall Institute of Medical
Research, Parkville, 2Tumour Suppression Laboratory, The Peter MacCallum
Cancer Centre, East Melbourne, Australia

Background: The transcription factor Hhex (Hematopoietically-expressed
homeobox gene) is important for lymphoid commitment and causes T-cell
leukemia when overexpressed. We have recently found that Hhex is overex-
pressed in human myeloid leukemias and maintains leukemia stem cell self-
renewal in mouse models of AML via repression of Cdkn2a. However, whether
Hhex overexpression also affects hematopoietic differentiation is not known.
Aims: The aims of this study are to investigate the effects of high levels of
Hhex expression in growth factor independent hematopoietic progenitor cells
and the roles of the functional domains of Hhex.

Methods: To study the effects of Hhex on haematopoietic progenitor differen-
tiation, we immature Lin-Sca*Kit* (LSK) hematopoietic progenitors were trans-
duced with retroviruses expressing wild-type and mutant forms of Hhex.
Results: Hhex overexpression in LSK cells caused serial replating of myeloid
progenitors and to the rapid establishment of IL-3-dependent promyelocytic cell-
lines. Structure function analysis demonstrated a requirement of the DNA binding
domain and the N-terminal repressive domains of Hhex in promyelocytic trans-
formation. This included a PML protein interaction domain, although loss of PML
failed to prevent Hhex-induced promyelocyte transformation in vitro. RNA-Seq
analysis showed that Hhex overexpression leads to repression of myeloid devel-
opmental genes including MPO. To test the leukemic potential of Hhex, Hhex-
transformed promyelocyte lines were rendered growth factor-independent using
a constitutively active IL-3 receptor common 3 subunit (3cV449E). The resultant
cell-lines caused rapid promyelocytic leukemia in mice.
Summary/Conclusions: In addition to its role in repressing tumor suppressor
pathways in myeloid leukemias, overexpression of Hhex causes a differentiation
blockade and contributes to promyelocytic leukemia in vivo. As such, Hhex over-
expression may contribute to human myeloid leukemias via multiple pathways.
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A SOMATIC MUTATION OF GFI1B IDENTIFIED IN LEUKEMIA ALTERS
CELL FATE VIA A SPI1 (PU.1) CENTERED GENETIC REGULATORY
NETWORK

E Anguita®”, R Gupta?, V Olariu3, PJ Valk4, C Peterson3, R Delwel4,
A Chaparro'!, WM Torres?, T Enver2
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Institute, UCL, LONDON, United Kingdom, 3Computational Biology and Bio-
logical Physics, Lund University, Lund, Sweden, 4Hematology, Erasmus Uni-
versity Medical Center, Rotterdam, Netherlands

Background: Establishing a link between leukemia mutations and the malig-
nant process requires functional assessment of their biological impact in the
context of appropriate normal and malignant primary cells. Against this back-
drop, we have identified a mutation (D262N) in the erythroid/megakaryocytic
affliated transcriptional repressor GFI1B in acute myeloid leukemia (AML) and
explored its biological properties.

Aims: Establishing a link between a GF/1B mutation and leukemia in the con-
text of normal and malignant primary cells.

Methods: Human material and clinical information was obtained with informed
consent and approval of institutional ethics committee from 69 patients with AML.

Copenhagen, Denmark, June 9 - 12, 2016

Point mutation analysis: GF/1B coding regions were analyzed by DHPLC. Next
generation sequencing performed with Hiseq2000 (lllumina) allowed the iden-
tification of a novel mutation. Cloning: GF/1B cDNA was amplified, cloned in
pGEM-T easy vector and sequenced. Point mutation was introduced by PCR.
Wild-type or mutated coding cDNA was cloned into pHRSINCSGW lentivirus
vector, expressing green fluorescent protein (GFP). The SPI/1 hairpin was
cloned into the SLX vector, with or without wild-type or mutant GF/1B. Enrich-
ment of hematopoietic stem and progenitors: Enrichment of human CD34+
cells from mobilized peripheral blood was by magnetic selection (Miltenyi
Biotec). Transduced GFP/CD34 positive cells were sorted. Methylcellulose
Colony-Forming Cell (CFC) assays: CFC assays were performed with
MethoCult H4436 (StemCell Technologies), 15 days. Liquid differentiation
assays: CD34+ cells expressing mutant or wild type GF/1B were maintained
under liquid culture conditions that support multi-lineage differentiation: Mye-
locult® H5100 with human cytokines, SCF, FLT3L (50 ng/ml); IL-3, GM-CSF,
M-CSF (10 ng/ml); G-CSF (0.1 MUI); EPO (100 ng/ml) for 5-6 days. MDS cell
culture: CD34+ cells were cultured in MyeloCult® H5100 with 10% (v/v) HS-5
conditioned medium, human SCF and IL-3 (both 50 ng/ml). AML patients gene
expression profiling and data analysis: This has been published
(www.ncbi.nlm.nih.gov/geo, GSE1159).

Results: We identified a GF/1B new mutation (D262N) in an AML patient with
antecedent myelodysplastic syndrome (MDS). The GFI1B-D262N mutant func-
tionally antagonizes the transcriptional activity of wild-type GFI1B. GFI1B-
D262N promoted myelomonocytic versus erythroid output from primary human
hematopoietic precursors and enhanced cell survival of both normal and MDS
derived human precursors. Re-analysis of 285 AMLs transcriptome data
revealed a significant subset of patients in which expression of wild-type GFI/1B
was inversely correlated with that of SP/71 (PU.7). In delineating this GFI1B-
SPI1 relationship we show (1) SPI1 is a direct target of GFI1B, (Il) expression
of GFI1B-D262N produces elevated expression of SPI1, (Ill) SPI1-knockdown
restores balanced lineage output from GFI1B-D262N-expressing precursors,
(IV) we also observed that GF/1B produced an increase in MLLT3, while expres-
sion of mutant GF/1B reduced MLLT3 expression.

Summary/Conclusions: In conclusion, our data links GFI1B to both the
myeloid and erythroid transcriptional networks by repressing SPI1 and increas-
ing MLLT3 expression, helping to understand its role in lineage specification
and its potential in promoting blood malignancy. In fact, our clinical findings
and experimental data show that the GFI1B D262N mutant plays a role in AML
in humans and does so primarily through the agency of master transcriptional
regulator SPI1, reflecting GFI1B physiological function in SP/1 regulation.
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COMPARATIVE FUNCTIONAL ANALYSIS OF THE COMMON INTERACTORS
OF 7 MLL FUSION PROTEINS
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J Zuber2, G Superti-Furga', F Grebien3
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Background: The Mixed Lineage Leukemia gene (MLL) is a frequent target of
chromosomal rearrangements in human malignancies. Balanced translocations
result in the fusion of the MLL gene to over 65 different fusion partner genes,
leading to the production of novel chimeric proteins. Critical effectors of distinct
MLL fusion proteins have previously been identified, and some of them were
shown to hold great potential for targeted therapies. However, it is not clear if
these effectors are conserved among all MLL fusion proteins or if different
molecular mechanisms of transformation exist for distinct MLL fusion proteins.
Aims: We aimed to identify common critical effectors of 7 selected MLL fusion
proteins (MLL-AF1p, MLL-AF4, MLL-AF9, MLL-CBP, MLL-EEN, MLL-ENL,
MLL-GAS7), which have been presumed to employ different molecular mech-
anisms of oncogenic transformation.

Methods: Stable cell lines allowing for inducible expression of 7 different affin-
ity-tagged MLL fusion proteins were prepared and transgene expression was
verified by gqRT-PCR and Western Blotting. Affinity purification coupled to mass
spectrometry (AP-MS) identified novel interactors of the 7 MLL fusions. Func-
tional annotation of the resulting interactome revealed significant enrichment
of a large number of protein complexes. To assign functional information to a
subset of 128 interactors, which were found to bind to 25 MLL fusions, we
employed a RNAI screening approach. The MLL-AF9-positive MOLM-13 cell
line was transduced with pools of viral vectors allowing for the expression of 6
shRNAs targeting the same candidate gene. We established a screening
methodology that is suitable for positive and negative selection readouts. To
confirm and further validate selected high-confidence candidates we performed
additional RNAi screens in other MLL-rearranged- and MLL-wild-type leukemia
cell lines and characterized RNAi-knock down efficiencies in various human
and murine cell systems.

Results: Advanced statistical filtering using a novel, improved algorithm devel-
oped by us yielded a densely connected protein-protein interaction network of
>950 proteins around 7 MLL fusions. Many protein complexes previously shown
to be associated with MLL were significantly enriched, such as PAF-, SWI/SNF-
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and the RNA Pol Il containing coactivator complexes. 128 proteins were found
to interact with 25 of the 7 MLL-fusions. This list of conserved MLL-interactors
is highly enriched for proteins with known functions in chromatin metabolism
and transcriptional control. Several RNAi screens in different human leukemia
cell lines were used to functionally dissect the conserved MLL-fusion interac-
tome. Our screening methodology identified known MLL interacting proteins
such as Menin, DPY30 and HCFC1 as critical effectors of MLL fusion proteins,
validating the approach. In addition, we selected a small set of novel interactors
of MLL fusion proteins for further validation experiments, including a protein
involved in cytoskeletal organization.

Summary/Conclusions: In conclusion, we developed a robust experimental
pipeline allowing for the functional characterization of cellular effects of MLL
fusion proteins in a comprehensive and comparative manner, which will con-
tribute to further clarify the molecular mechanisms of MLL-fusion dependent
leukemogenesis.
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TRANSFORMING ACTIVITY OF THE NUP98-MLL FUSION IN A CONDITIONAL
TRANSGENIC MOUSE MODEL

AThanasopoulou’.", M Mendez', S Juge', A Tzankov2, A Peters3, J Schwaller’
1Department of Biomedicine, Children’s University Hospital, 2Institute of Pathol-
ogy, University Hospital Basel, 3Friedrich Miescher Institute, Basel, Switzerland

Background: Genes encoding for mixed-lineage leukaemia (MLL) and nucleo-
porin 98 (NUP98) are both involved in multiple recurrent chromosomal rearrange-
ments associated with haematological malignancies. Inv(11)(p15923), present
as a sole cytogenetic abnormality in patients with myelodysplastic syndromes
(MDS) or acute myeloid leukaemia (AML), was reported to lead to the expression
of a fusion containing the FG-repeats of NUP98 and almost the entire open read-
ing frame of MLL but lacking the N-terminal menin/LEDGF interaction domain,
known to be critical for transformation of all currently known MLL fusions through
expression of critical downstream targets like the HOXA gene cluster.

Aims: To address the transforming potential of the NUP98-MLL fusion we
established conditional transgenic mice.

Methods: The human NUP98-MLL fusion ORF of 13kb was integrated into
the Hprt gene locus under the control of a tetracycline (Tet) responsive element
in mouse ES cells harbouring a reverse Tet transactivator (rtTA) in the Rosa26
locus and allowing conditional expression of the transgene by doxycycline
(DOX) administration. The effects of conditional NUP98-MLL expression on
the haematopoietic system were analysed.

Results: Ex vivo expression of NUP98-MLL in lineage-marker depleted bone
marrow (BM) cells increased colony formation and replating in methylcellulose.
In liquid cultures, NUP98-MLL increased proliferation and impaired differenti-
ation of the cells shown by cell morphology and flow cytometric analysis for
Gr-1, Mac-1, CD34 and c-Kit expression. In vivo induction of NUP98-MLL led
to an MDS-like disease with progression to an AML phenotype after a median
latency of 78 weeks. The pre-leukemic phenotype was characterized by the
presence of dysplastic myeloid cells in the periphery, decreased Mac-1/Gr-1
expression in the BM, and extensive extramedullary haematopoiesis, especially
erythropoiesis in the spleen. These mice also exhibited an increased number
of haematopoietic stem and progenitor cells (HSPCs) that provided a significant
competitive repopulation advantage when transplanted into irradiated syngene-
ic recipients. So far, 4 mice have progressed to AML characterized by increased
white blood counts, presence of blasts in the periphery with infiltration of the
BM, spleen, and other organs. The disease was transplantable into irradiated
recipients and depended on NUP98-MLL expression since propagation of the
disease was significantly impaired in the absence of DOX. As the fusion lacks
the menin/LEDGF interaction domain we addressed the sensitivity to small
molecules targeting this interface and expression of the HOX gene cluster.
Interestingly, in contrast to cells immortalized by the MLL-AF9 or MLL-ENL
fusions, NUP98-MLL expressing cells were resistant to the small molecule Mi2-
2 menin inhibitor and did not express high levels of the HOX-A-B-C genes. In
addition, treatment with the bromodomain inhibitor JQ-1 did not induce cell
cycle arrest or significant cytotoxicity but increased the fraction of cells in >G2
phase suggesting alternative transforming mechanisms of NUP98-MLL impli-
cating the cell cycle checkpoint control.

Summary/Conclusions: We show that transgenic NUP98-MLL expression in
mice resulted in an “MDS-like” pre-leukemic state progressing to AML after a
long latency. The transforming mechanisms of NUP98-MLL fusion differed from
other MLL-fusions resulting in relative resistance to small molecules that are
currently being explored for targeted AML therapy.
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CONDITIONAL DELETION OF THE HOXA CLUSTER IN MLL-AF9 IS
INCOMPATIBLE WITH LEUKEMIA MAINTENANCE
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Background: Hox gene expression is high in hematopoietic stem/progenitor
cells (HSPCs), decreases during normal differentiation but remains elevated
in leukemia subtypes. Polycomb repressor complexes and histone modifiers,
e.g. Mixed Lineage Leukemia (MLL), are key regulators of Hox expression.
MLL rearrangements, frequent in acute leukemia, are associated high HOXA
expression. However, necessity for the HoxA cluster in MLL-leukemia mainte-
nance is not fully elucidated.

Aims: Determine the criticality of the HoxA cluster in MLL-AF9 leukemia main-
tenance.

Methods: Ectopic overexpression of MLL-AF9 (MA9) in HSPCs in conditional
compound transgenic mouse backgrounds MxCre*/HoxAflox/flox (MAFF) or Hox-
Afloxflox (AFlox) models resulted in increased colony formation and growth in lig-
uid culture. Transformed colonies, serially re-plated (n=5) in methylcellulose and
transplanted into sub-lethally irradiated recipient mice, resulted in primary
leukemia. Initially, MAFF-MA9 leukemias were used to examine in vivo deletion
of the HoxA cluster using intraperitoneal injections of Poly(l:C) to initiate an inter-
feron response. To further examine the necessity for the HoxA cluster in disease
maintenance, AFlox-MA9 leukemias were treated ex vivo with Cre-recombinase
(MSCV-Cre-GFP) or vector control (MSCV-GFP), sorted based on GFP expres-
sion and used for gDNA-PCR, gene expression (lllumina NextSeq) and trans-
plantation into sub-lethally irradiated recipient mice (500 cGy).

Results: Generation of MLL-AF9 leukemias in the MAFF background (MAFF-
MA9) resulted in deletion of one HoxA cluster allele (HoxA*'-), validated by
genomic PCR and gDNA sequencing from expanded single colonies, presum-
ably due to viral-induced activation of the Mx1 promoter. Poly(l:C) treatment of
these mice resulted in a modest extension in survival (1-2 days) compared to
controls. Direct treatment of MAFF-MAZQ cells with interferon-a (in vitro) resulted
in further deletion of the HoxA cluster (HoxA-hyPo) and significant reduction in
colony formation compared to controls. Although non-leukemic MAFF HSPCs
retained colony forming ability after complete HoxA cluster deletion (HoxA-'-)
no HoxA-- colonies were recovered from the interferon-a treated MAFF-MA9
cultures. Cre-recombinase-induced deletion of the HoxA cluster from AFlox-
MAZ9 leukemia cells was confirmed by gDNA-PCR and sequencing. Transplan-
tation of Cre-treated AFlox-MAQ cells resulted in significant increased survival
(P<0.002) by up to 74 days in recipient mice, compared to controls. Further
examination of the leukemias that developed from these Cre-treated AFlox-
MAQ cells demonstrated retention of one allele of the HoxA cluster, as a result
of escapees. To gain insight into the molecular mechanisms underlying the
HoxA requirement for MLL-AF9 maintenance, matched Cre- or control treated
AFlox-MA9 samples used for the transplantation were further examined for dif-
ferential gene expression by lllumina NextSeq analysis. Gene expression sig-
natures obtained from this analysis were submitted to the LINCS database to
identify candidate small molecules that can mimic the HoxA deletion in MLL-
AF9 leukemia.

Summary/Conclusions: Together these data support a fundamental role for
the HoxA cluster in MLL-AF9 maintenance indicating dependency for this
leukemia subtype which may be exploited for therapeutic benefit.
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TRIB2 TRANSFORMED GMP AS THE MYELOID LEUKEMIA INITIATING
CELL
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versity of Glasgow, Glasgow, United Kingdom

Background: TRIB2 is a member of the mammalian Tribbles family of
serine/threonine pseudokinases. When ectopically expressed in hematopoietic
stem and progenitor cell (HSPC) enriched bone marrow cells, TRIB2 was
shown to induce acute myeloid leukemia (AML) in a murine transplant model
dependent on C/EBPa degradation, showing it to be a potent myeloid onco-
gene. The cell of origin or leukemia initiating cell (LIC) refers to the cell from
which a specific leukemia normally arises, and it is hypothesised that the LIC
may influence the progression, disease phenotype and response to therapy. It
remains unclear whether the LIC is a HSC or a more committed progenitor cell
in TRIB2-driven AML.

Aims: Our current study focuses on identifying the LIC in TRIB2-driven AML
and characterizing its role in disease potency and maintenance.

Methods: FACS sorted CD45.2* stem and progenitor cell populations (HSC,
MPP, CMP, GMP and MEP) transduced with a lentiviral vector encoding TRIB2
were cultured in methocult supplemented with cytokines that support myeloid
cell growth and differentiation. Following the first plating (P1), GFP* cells were
sorted and serially replated. Cells which still formed colonies by the third
replating (P3) implied acquisition of self-renewal ability and increased prolif-
eration characteristic of myeloid transformation. These CD45.2* cells from P3
were transplanted into sublethally irradiated CD45.1* C57BL/6 recipient mice
and chimeric animals were monitored for 1 year. Chemoresistance experi-
ments were performed on the bulk bone marrow population (CD45.2* cells



>95%) from the TRIB2 AML mice. Cells were treated with a range of concen-
trations of daunorubicin (DNR), followed by trypan blue cell counts to assess
viability.

Results: Our study identified that while lentivirally transduced TRIB2 can trans-
form all stem and progenitor cell populations of the hematopoietic system with
variable efficiencies in vitro, the GMP subpopulation was identified as the LIC
of TRIB2-driven AML. TRIB2 transformed GMP cells generated a more potent
AML with complete penetrance and shortened latency compared to all other
HSPC populations analysed. Indeed, phenotypically different diseases were
propagated from TRIB2 expression in the HSC and GMP, with the former having
a weakly penetrant, longer latency AML with a mixed lineage phenotype, where-
as the later was a dominantly myeloid disease phenotype with a short latency.
We next addressed the chemotherapeutic response of TRIB2 positive AML
cells. We show that GMP-TRIB2 AML and bulk TRIB2 AML cells are chemore-
sistant. TRIB2 overexpression decreases DNR induced apoptosis, and knock-
down of TRIB2 expression in AML cells leads to an increase in apoptotic gene
expression. Our studies illustrate that TRIB2 expression is key in mediating
the anti-apoptotic signals following DNR treatment.

Summary/Conclusions: We identify the GMP as the LIC in TRIB2 driven AML.
Our findings are further supported by our previous work showing that degrada-
tion of C/EBPa is required for TRIB2-driven AML and the GMP population
expresses the highest level of C/EBPa in hematopoiesis. We provide evidence
for TRIB2 role in chemoresistance, and that the TRIB2 LIC is a highly chemore-
sistant cell. Our findings provide insight into the molecular events contributing
to AML, and provide potential for novel avenues for therapeutic targeting.
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TRIB2 REGULATES THE CELL CYCLE UNDER STRESS CONDITIONS IN
A MURINE CELL MODEL OF LEUKEMIA
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Background: TRIB2is a known oncogene in different leukemias (AML, T-ALL)
and can interact with different signalling pathways promoting the modulation of
transcription factor and kinase proteins activation and expression in cancer.
The expression level of TRIB2 is low in the myeloid lineage, but can be aber-
rantly increased in AML and other cancer types by different transcription factors
(e.g. NOTCH1, MEIS1, E2F1, C/EBPa p30, PITX1 and TAL1). The tumorigenic
mechanism of deregulated TRIB2 in myeloid cells has been elucidated, and
involves degradation of the tumor suppressor C/EBPa p42. Far less is known
about TRIB2 role in other AML oncogenic pathways. A link between TRIB2 and
other key AML oncogenes has been documented, where TRIB2 is one of the
targets of Meis1 in NUP98/HOXD13/MEIS1-AML cells and HOXA9 has been
shown to cooperate with TRIB2 to accelerate Trib2 driven AML. The mechanism
of TRIB2 oncogenic cooperativity in AML is currently not known.

Aims: To assess the role of TRIB2 in the AML oncogenic pathways. In particular,
we aimed to unravel the link between Trib2 and cell cycle progression after
genotoxic stress.

Methods: To study the function of TRIB2, we utilised hematopoietic stem and
progenitor cells (HSPCs) from WT and Trib2-- mice. We generated an in vitro
model of transformed leukemic cells by retrovirally expressing the fusion gene
NUP98/HOXA9 (NH9) in murine HSPC and expanding them continuously in
presence of IL3. Immortalized WT and Trib2-- NH9 cell lines were challenged
with the chemotherapeutic drug Daunorubicin (DNR) and apoptosis, cell cycle
progression and DNA damage signalling pathways were analysed and com-
pared between WT and Trib2-- transformed cells using standard FACS, WB
and qPCR techniques.

Results: Sensitivity to DNR is comparable between WT and Trib2-- NH9 cells,
as shown by AnnexinV-DNA double staining. Despite this, analysis of cell dis-
tribution within the cell cycle phases (GO, G1, S-G2-M) in the presence of DNR
showed that Trib2-- NH9 cells do not arrest in GO in response to the treatment
as WT NH9 cells do, but rather continue to progress through to G2/M cell cycle
phases. Moreover Trib2-- NH9 cells exhibit higher expression of the mitotic
marker Phospho-Histone H3 after the DNR treatment. Gene expression analy-
sis revealed that Trib2-- NH9 cells treated with DNR show evidence of DNA
damage signalling pathways activation (with upregulation of p21, p16 and
GADDA45a). This response was higher than in the WT counterpart, suggesting
a stronger or unresolved damage signalling in the Trib2-- NH9 cells. MAPK p38
has a role in the activation of cell cycle check points after DNA damage, and is
involved in cell cycle arrest to allow cells to repair the DNA before re-entering
the cell cycle. WB analysis suggests that Trib2-- NH9 cells have impaired phos-
phorylation of p38 in response to DNA insult consistent with the absence of a
cell cycle arrest. Consistent with the absence of cell cycle checkpoint, p21 pro-
tein levels are also reduced in Trib2-- NH9 cells compared to the WT cells after
DNR treatment. Evidence for yH2Ax modification in Trib2-- NH9 cells confirms
that the damage was present and accumulated unresolved.
Summary/Conclusions: Our results show that Trib2 plays a role in the cell
cycle checkpoint in transformed cells following DNA damage. The absence of
Trib2 results in the loss of checkpoint controls including p38 MAPK and p21
activation and downstream activation of protective cell cycle mechanisms.

Copenhagen, Denmark, June 9 - 12, 2016

These data suggest that the expression of Trib2 in AML may protect cells from
genotoxic stress by preventing the accumulation of DNA damaged cells.
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CHROMOTHRIPSIS: A NEW MECHANISM OF CANCER INITIATION AND
PROGRESSION IN ADULT ACUTE MYELOID LEUKEMIA

MC Fontana’*, G Marconi!, JD Milosevic Feenstra2, L Semerad3,
V Guadagnuolo®!, C Papayannidis’, G Simonetti!, A Padella’, A Ferrari’,
E Franchini!, S Soverini!, S Paolini!, S Parisi!, MC Abbenante!, C Sartor!,
M Manfrini!, F Volpato!, M Doubek3, M Steurer4, Z Racil3, R Kralovics?,
G Martinellit

1DIMES, Institute of Hematology, University of Bologna, Bologna, Italy, 2CeMM
Research Center for Molecular Medicine of the Austrian Academy of Sciences,
Vienna, Austria, 3Department of Internal Medicine - Hematology and Oncology,
Masaryk University and University Hospital Brno, Brno, Czech Republic, 4Divi-
sion of Hematology and Oncology, Medical University of Innsbruck, Innsbruck,
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Background: Chromosomal abnormalities are predictive of response in Acute
Myeloid Leukemia (AML) and guide therapeutic strategies. Chromothripsis, a
one-step catastrophic mechanism of genomic instability, could represent a driv-
ing force in the development and progression of hematological diseases.
Aims: To discover the mechanisms underlying the pathogenesis, chromosomal
instability and heterogeneity of AML, we used single-nucleotide polymorphism
(SNP) microarrays to study chromothripsis in our cohort of patients (pts).
Methods: We performed classical cytogenetic karyotyping and microarray analy-
sis using Genome-Wide Human SNP Arrays 6.0 or Cytoscan HD Arrays
(Affymetrix) in 303 AML pts at diagnosis (both de novo and secondary). SNP Array
data were analyzed by Nexus Copy Number™ v7.5 (BioDiscovery, v.7.5). The
survival analysis was performed with Kaplan-Meier method using Mantel-Cox test.
Survival proportions in patients with HR karyotype:
overall survival in pts with chromothripsis
vs overall survival in pts without chromothripsis
_. Chromothripsis,
high nisk
_. No chromothnipsis;

high risk
—— Standard risk

Low risk

Percent survival

Figure 1.

Results: Twenty-three out of 303 pts (7.6%) showed chromothripsis events
involving different chromosomes (2, 3, 4, 5, 6, 8, 9, 10, 11, 12, 13, 15, 16, 17
and 20), reflecting the random distribution of the one-step catastrophic event.
By Nexus Copy Number we defined chromothripsis as a 2-3 variation of copy
number (CN) state with at least 5 subsequent rearrangements, including CN
gain and loss, interspersed with regions of diploid state and variable number of
breakpoints. The pts affected by chromotripsis had a median age of 67.5 years,
complex karyotype and high risk (HR) disease according to ELN definition. This
group was screened for FLT3, NPM1, IDH1, IDH2 and TP53 mutational status.
TP53 was evaluated in 21/23 pts, displaying that the majority (17/21) of the pts
with chromothripsis harbored a TP53 mutation, while 4/21 pts were wild type for
TP53 but 2 of those had a single-copy loss of the gene. TP53 mutation has a
significantly higher incidence in chromothripsis pts than in others without chro-
mothripsis (p<0.001). Chromothripsis defines a group of pts with poor prognosis
compared with other in the cohort (p<0.001), with a median survival of 2.9
months and 19.1 months respectively. Remarkably, chromothripsis defines the
group with the worst prognosis even if compared with pts harboring HR[JM1]
karyotype features without chromothripsis (p<0.001) (Fig.1). Median survival
was 2.9 months in pts with chromothripsis, 17.3 months in HR pts without chro-
mothripsis, and 26.0 months for pts with standard risk features. Moreover, by
comparing pts with (23/303) and without (280/303) chromothripsis, we identified
several genes differentially altered between the 2 groups (p<0.001). The statis-
tically most common deleted genes in chromothripsis are RAD50, MARCHS3,
PRDM®6, SSBP2, CDC23, HDAC3, CHD1, TBCA, LMNB1, JMY, with 5q being
the main altered chromosomic region. While the significant amplifications includ-
ed ZDPM2, RUNX2, RUNX1T1, FLT3, ERG, TTC3 and GPC6. The most signif-
icantly affected pathways in the chromothripsis group of pts are: regulation and
extension of axon, canonical Wnt signaling pathway involved in regulation of
cell proliferation, positive regulation of mitotic cell cycle, chromatin organization,
telomere formation and maintenance (p<0.001).

Summary/Conclusions: Chromothripsis is a recurrent event in adult AML and
independently defines a group of pts with poor prognosis. It is strongly associ-

haematologica | 2016; 101(s1) | 39



21st Congress of the European Hematology Association

ated with TP53 mutations and losses, highlighting the importance of TP53 for
maintaining genomic stability in adult AML.
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AN EVALUATION OF THE TYROSINE KINASE INHIBITOR PACRITINIB IN
PATIENTS WITH RELAPSED FLT3-MUTATED ACUTE MYELOID LEUKAEMIA
(THE UK NCRI AML17 STUDY)
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D Taussig®, R Hills?, A Burnett”, N Russell®

Department of Haematology, Cardiff University, Cardiff, 2Blackpool Teaching
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Foundation Trust, Sheffield, 4University Hospitals Bristol NHS Foundation Trust,
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ton, 6The Royal Marsden Hospital NHS Foundation Trust, Sutton, 7CTI Life
Sciences Ltd, London, 8Nottingham University Hospitals NHS Trust, Notting-
ham, United Kingdom

Background: Pacritinib (formerly SB1518) is a third generation tyrosine kinase
inhibitor with activity against a number of targets of relevance to acute myeloid
leukaemia (AML). Kinases with 1C5q <50nM to pacritinib include JAK2 (6nM),
JAK2V617F (9nM), FLT3 (15nM), interleukin-1 receptor-associated kinase (IRAK1)
(14nM) and c-FMS / colony-stimulating factor-1 (CSF1R) (40nM). FLT3 remains of
intense interest as a therapeutic target in AML; activating mutations of FLT3 are
associated with early relapse after chemotherapy and poor survival. Efficacy against
JAK2 has motivated study of pacritinib in myelofibrosis. Although JAK2 mutations
are rare in AML, the JAK-STAT pathway is frequently activated and may represent
a mechanism of resistance to FLT3 inhibitors. There is also pre-clinical evidence
that activity against IRAK1 and CSF1R may overcome microenvironmental resist-
ance mechanisms. For these reasons we undertook a preliminary assessment of
pacritinib as part of the UK NCRI AML17 Trial (ISRCTN55675535).

Aims: To assess the safety and efficacy of pacritinib monotherapy in FLT3-
mutated AML patients who had relapsed following chemotherapy.

Methods: Patients commenced pacritinib at an oral dose of 200mg bid with
the option, if well-tolerated, of increasing to 300mg bid after 14 days of treat-
ment. Clinical assessments included optional bone marrow at day 14 and for-
mal response assessment including blood and bone marrow examination at
day 28. Toxicity was assessed using NCI-CTC Version 3.0. Treatment beyond
day 28 was at the investigator’s discretion. Patients were permitted to continue
on pacritinib for up to 12 months and/or proceed to salvage chemotherapy with
or without allogeneic SCT.

Results: A total of 30 patients received pacritinib therapy. Median age was 54
years (16-68), median presenting WBC was 35.6x109/1 (1.2-182) and all had cyto-
genetically intermediate risk disease. 26 patients (87%) had FLT3-ITD mutations
(median FLT3-ITD allelic burden 30% [7-94]) and 4(13%) had FLT3-TKD point
mutations; 16 patients (53%) had concomitant mutated NPM1. Four patients had
received previous TKI therapy, all with lestaurtinib (CEP701) alongside first-line
chemotherapy. Eight patients had received prior allogeneic SCT. 28 of the patients
had relapsed disease; median duration of first CR was 6.5 months (1-65). 23
patients were in first relapse (including 1 molecular relapse) and 5 in second
relapse. Two patients had primary refractory disease. Patients received a median
of 64 days pacritinib (3-200); all were dosed at 200mg bid with 1 patient escalating
to 300mg bid. Most toxicities were minor (grade1/2). The most common toxicities
were nausea/vomiting (53%), diarrhoea (33%) and raised ALT (30%). One patient
stopped pacritinib after 3 days due to nausea (grade 2). 6 further patients were
considered non-evaluable either due to early death (2 patients; infections), inad-
equate response evaluation sampling (2 patients) or the addition of salvage
chemotherapy within the 28-day evaluation period (2 patients). In evaluable
patients, the overall rate of response to pacritinib monotherapy at the day 28
assessmentwas 17% (4/23) including 3 CRi (2 CRp) and 1 PR; 3 of these patients
were successfully bridged to allogeneic SCT with the fourth patient relapsing at
day 60. 3 additional patients (13%) achieved >50% reduction in bone marrow
blasts without evidence of peripheral count recovery, 2 going on to receive salvage
chemotherapy with FLAG-Ida. 16 patients (70%) were considered non-respon-
ders. The 7 clinical responders included 6 patients treated in first relapse and 1
with primary refractory disease; all had FLT3-ITD mutations.
Summary/Conclusions: This is the first clinical experience of pacritinib in
AML. Tolerability was encouraging and, in the challenging setting of relapsed/
primary refractory FLT3-mutated AML where FLT3-directed monotherapy has
seldom achieved complete remission, clinical responses were seen in one-
third of evaluable patients. Importantly, several patients were successfully
bridged to potentially-curative allogeneic SCT. Further clinical evaluation of
pacritinib in this setting is warranted.
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ORAL THROMBOPOIETIN RECEPTOR AGONIST ELTROMBOPAG TREATMENT
DURING INDUCTION CHEMOTHERAPY FOR ACUTE MYELOGENOUS
LEUKEMIA (AML): RESULTS OF A RANDOMIZED, DOUBLE-BLIND,
PHASE 2 STUDY
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Background: Thrombocytopenia is a significant problem for patients with AML
due to the disease process and the side effects of its treatment. Eltrombopag
is an orally bioavailable, small molecule, thrombopoietin receptor agonist that
stimulates platelet production by a mechanism similar but not identical to
endogenous thrombopoietin. Arandomized, placebo-controlled, Phase 1 study
suggested a benefit of eltrombopag treatment of up to 300 mg daily in patients
with advanced myelodysplastic syndromes or AML (Platzbecker U, et al. Lancet
Haematol. 2015;2:e417-26).

Aims: To assess the safety and tolerability of daily treatment with eltrombopag
versus placebo in patients with AML receiving anthracycline-based induction
treatment; these included rates of adverse events (AEs), changes in left ven-
tricular ejection fraction (LVEF), and clinical laboratory parameters including
effects on cytopenias.

Methods: In this randomized, double-blind, Phase 2 study, adult patients with
AML of any subtype (except M3 and M7) (n=148), and who had not received
previous treatment for AML, received standard induction chemotherapy with
daunorubicin on Days 1-3 and cytarabine on Days 1-7 (Table 1), and eltrom-
bopag 200mg (100mg for East Asians) or placebo daily, starting on Day 4.
Study drug could be titrated to 100-300mg based on platelet counts. Random-
ization was stratified by antecedent malignant hematologic disorder (yes/no)
and age (18-60 vs >60 years). Safety was the primary endpoint. The trial began
in September 2013, enrollment is completed, and all patients completed induc-
tion/reinduction. Follow up for survival continues. This primary analysis repre-
sents results through June 2015.

Table 1. Primary safety and efficacy results of a randomized, placebo-
controlled, Phase 2 study of the thrombopoietin receptor agonist eltrom-
bopag in patients with AML receiving anthracyclines-based induction
chemotherapy.

Eltrombopag Placebo
100-300 mg Daily (Starting D4)* Daily (Starting Dd)
Daunorubicin 80 mg'm’ IV D1-3 Daunorubicin 90 mg/im® IV D1-3
(60 mg/m” for patients >60 years) (60 mgim for patients >60 years)
Cytarabine 100 mg/m’ IV D 1-7 Cytarabine 100 mqrm’ wD1-T
— L B L | —
72 (97%) 66 (93%) :
24 (32%) 14 (20%)
23(31%) 13 (18%)
1(1%) 0
5(T%) 1(1%)
12 (16%) 7(10%)
12 (16%) 6(8%)
] 1(1%)
3 (4%) 3(4%)
1(1%) 2(3%)
1(1%) 0
1(1%) 1({1%)
i _5/57 (9%) - T2 (11%)
N (%) AN (%) N (%) AN (%)
I6TE(49%) | AT (100%) ST (40%) TAT1 (100%)
IWT (S4%) T274 (97%) 44769 (64%) TUT1 (100%)
15/74 (20%) B8/74 (92'%) 2071 (20%) B6/71 (93%)
HR or OR
Estimated Efficacy (EPAGIPBO) 85% CiI P value
e —— !
 recovery 220 GIL HR=0 84 (0.28. 2.48) | 0.746
HR=1,10 (0.74, 1.63) 0618
OR=087 (0.40,1.89) 0712
HR=152 (0.80. 2 89) 0.183

AE. adverse event: D, day: Cl. confidence interval: EPAG. eltrombopag. HR. hazard ratio; IV, intravenous:

LVEF, loft ventricular sjection fraction; OR, odds ratio; MI, myocardial infarction; PBO, placebo

*EPAG could be increased up 1o 300 mg once daiy (100 mg starting dose for those with East Asian
hertage, which could be increased 16 150 mg) based on platelet count <100 GVL until a platelet count
of ot loast 200 Gl is . unbl is d by bone mamow biopsy, of for 3 maximum
of 42 days from the start of the chemotherapy inducton cycle

Results: The eltrombopag versus placebo groups, respectively, were well
matched at baseline: overall median (range) age 58.5 (23-77) versus 59.5
(21-75); median (range) platelet counts 51.5 (5-241) Gi/L versus 50.0 (9-232)
GilL; 51% versus 42% females; and 22% poor karyotype in both groups. The
frequency of AEs did not differ between treatment groups, but frequencies of
serious AEs and deaths were greater in the eltrombopag group (with more
deaths due to hemorrhage and cancer, which included disease under study
and other malignancies) (Table 1). Deaths due to hemorrhage included pul-
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monary and intracranial/cerebral/brain hemorrhages, and occured during peri-
ods of thrombocytopenia. Thromboembolic events were similar between
groups (7% vs 6% for eltrombopag vs placebo). Reductions in LVEF (a poten-
tial effect of drug-drug interaction between eltrombopag and daunorubicin) did
not differ between groups (Table 1). Increases from baseline in Grade 3/4 lab-
oratory AEs for thrombocytopenia, neutropenia, or anemia did not differ sig-
nificantly between treatment groups. Time to platelet recovery, time to platelets
>100 Gi/L, overall disease response, and survival also did not differ signifi-
cantly between groups (Table 1).

Summary/Conclusions: The thrombopoietin receptor agonist eltrombopag
did not significantly affect rates of thrombocytopenia during induction therapy
with daunorubicin and cytarabine or disease response in adults with AML com-
pared with placebo in this primary analysis. No statistically significant difference
in LVEF events between eltrombopag and placebo was observed. Funding:
This study (NCT01890746) was sponsored by GlaxoSmithKline; however, as
of March 2, 2015, eltrombopag became an asset of Novartis AG.
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SAFETY STUDY OF CRENOLANIB, A TYPE | FLT3 INHIBITOR, WITH
CYTARABINE/DAUNORUBICIN OR CYTARABINE/IDARUBICIN INDUCTION
AND HIGH-DOSE CYTARABINE CONSOLIDATION IN NEWLY DIAGNOSED
FLT3+ AML
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Background: Combining tyrosine kinase inhibitors (TKIs) of FLT3, such as
midostaurin, with chemotherapy in FLT3+ mutant AML has improved CR rates
(59% vs 53%) as well as overall survival (OS). Crenolanib is a novel, type I,
oral pan-FLT3 TKI demonstrating encouraging single-agent activity against
multiply relapsed FLT3-ITD and tyrosine kinase domain (TKD) mutant AML.
We here report interim data from a Phase Il trial to evaluate the safety and effi-
cacy of crenolanib in combination with upfront chemotherapy (cytarabine plus
idarubicin or daunorubicin) in patients (pts) with newly diagnosed FLT3+ AML.
Aims: To assess the safety and tolerability of crenolanib (100 mg TID) with
induction and consolidation chemotherapy in newly diagnosed FLT3+ AML.
Secondary objectives are to assess CR rate and relapse-free survival following
crenolanib and chemotherapy.

Methods: Patients >18 years (y), with newly diagnosed FLT3+ AML (ITD and/or
TKD mutants including secondary AML) are eligible. Crenolanib, 100 mg TID, is
given daily from day (d) 9 following 7+3 induction (cytarabine 100 mg/m2/d and
either daunorubicin d1-3 (<60y: 90 mg/m2; 260y: 60 mg/mZ2) or idarubicin 12
mg/m2 d1-3). Re-induction is permitted for inadequate leukemia cytoreduction
on days 15-28. Consolidation with 6 doses of high dose cytarabine (HIiDAC)
(<60y: 3 g/m2; 260y: 1g/m2) is given with daily crenolanib (100 mg TID) starting
d7. Eligible pts can proceed to allogeneic SCT. Crenolanib maintenance can be
given for 1y post HIDAC or SCT. Crenolanib is held if total bilirubin is abnormal.
Results: 19 pts with newly diagnosed FLT3+ AML have so far been enrolled
(11 females, 8 males) with a median age of 55y (range 23-74y). Median base-
line WBC was 27,740/uL (range 1,760-248,800; 4 pts had WBC >100,000/uL).
13/17 (76%) of pts had normal karyotype, 2 pts had trisomy 8, 1 pt was pseu-
dodiploid and 1 pt had complex karyotype. Majority of pts, 79% (15/19), were
FLT3-ITD+ve with 10/15 also carrying NPM1 mutation. 4/19 (28%) pts were
FLT3-D835+ve with 1 pt also carrying NPM1 mutation and 1 pt carrying
D835Y and N841T mutations. 11/19 pts were tested for other mutations pres-
ent at baseline: DNMT3Ain 6/11 pts (55%), SF3B1, IDH1, TET2 and RUNX1
each in 2/11 pts (18%), and IDH2, MLL, SRSF2 and WT1 each in 1/11 pts
(9%). All 19 pts have received induction chemotherapy: 13 received daunoru-
bicin (8 pts at 90 mg/m2, 5 pts at 60 mg/mZ2) and 6 received idarubicin (12
mg/m2) No pt has required a second induction. 2 pts died prior to starting
crenolanib during induction 1 (due to sepsis and respiratory failure) and are
not evaluable. Crenolanib 100 mg TID has been well-tolerated in combination
with cytarabine/anthracycline induction with only 2 pts requiring dose reduc-
tions (due to rash and periorbital edema, respectively). Common AEs are
consistent with what is seen with crenolanib monotherapy, including grade 1
or 2 nausea, vomiting, diarrhea and rash. Crenolanib did not appear to delay
count recovery; median count recovery for WBC was 28d (range 16-43d) and
platelet was 27d (22-46d). A high CR rate was seen in the 14 pts who are
currently evaluable: 13/14 pts (93%) achieved CR with full count recovery,
and all pts became FLT3-ve. Only 1 pt was refractory after first cycle of induc-
tion therapy and was taken off study. To date, 9 pts have received a total of
13 cycles of consolidation with HIDAC and crenolanib. 2 pts have undergone
allogeneic SCT.

Summary/Conclusions: Crenolanib can be safely administered at full doses
with cytarabine/anthracycline induction chemotherapy and HiDAC consolida-
tion. Initial CR rates after just one cycle of induction with 7+3 and crenolanib
are high. To date, no patients have relapsed. Accrual to this trial continues.
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PHASE Il STUDY OF CLADRIBINE AND LOW-DOSE ARAC ALTERNATING
WITH DECITABINE IN OLDER PATIENTS WITH AML
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J Burger, A Ferrajoli, W Wierda, M Konopleva, C DiNardo, N Jain, M Brandt,
C Tuttle, X Wang, F Ravandi, G Garcia-Manero, H Kantarjian
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Background: Treatment of AML in older and unfit patients (pts) with intensive
chemotherapy is complicated by increased toxicity and high early mortality.
Additionally, many of these pts are not ideal candidates for stem cell transplant
(SCT). Lower intensity approaches using hypomethylating agents (HMAs) are
currently used for these pts, but more effective therapies are needed. Cladrib-
ine, which itself has hypomethylating properties, has been shown to improve
survival in AML in combination with standard-dose araC (Holowiecki JCO
2012).

Aims: We developed a low-intensity, prolonged-maintenance treatment proto-
col studying the combination of cladribine and low-dose araC (LDAC) alternat-
ing with decitabine (DAC) in patients aged 260.

Methods: Pts with adequate organ function and newly diagnosed AML (exclud-
ing APL), including secondary- (s-AML) and therapy-related AML (t-AML), and
high risk MDS were eligible. Induction was cladribine 5 mg/m2 IV over 30 min-
utes on days 1-5 followed by araC 20mg SQ BID on days 1-10. Consolidation/
maintenance consisted of 2 cycles of cladribine 5 mg/m?2 IV over 30 minutes
on days 1-3 + araC 20 mg SQ BID on days 1-10 alternating with 2 cycles of
DAC 20 mg/m2 on days 1-5, for a maximum of 18 cycles. One cycle was 4
weeks and up to 2 cycles of induction were allowed.

Results: A total of 86 pts have been enrolled with a median age of 69 years
(range, 49-85), including 37 pts (43%) 2age 70. 49 pts (57%) had s-AML or t-
AML and 16 pts (19%) had therapy for an antecedent hematologic disorder. Pt
characteristics are listed in Table 1. Of the 86 pts evaluable for response, there
were 52 CR (60%), 5 CRp (6%), 2 CRi (2%) and 1 PR (1%) for an overall
response rate (CR/CRp/CRi) of 69% (59/86). Of the 49 pts who achieved a
CR/CRp and had minimal residual disease (MRD) testing by flow cytometry at
day 29, 24 pts (49%), achieved MRD negativity. However, MRD negativity at
day 29 did not correlate with improved OS. 13 of the 57 pts (23%) who achieved
a CR/CRp went on to SCT. With a median follow-up of 24+ months (m), the
median OS is 13.8 m (16.5m in responders) and the median CR duration is
21.1m. (Figure 1a) The 1-year OS estimate is 57%. All pts had cytogenetic
and molecular characterization of their AML prior to treatment, allowing corre-
lation with outcomes (Figure 1b). Responses and median OS among different
subgroups are shown in Table 1. The 4-week mortality was 1%. Grade 23 infec-
tions occurred in 16% of pts. There were no treatment-related grade 3/4 non-
heme adverse events (AEs). Most common non-hematologic AEs were ele-
vated bilirubin, nausea/vomiting, rash/itching, diarrhea and mucositis.

Table 1. Patient Characteristics (N=74).

| Characteristic | N (%) | Outcomes by Genetic Subset (N) | CR/ICRp | Median |
| { | | OS (m) |
| Median age [Rangs] 60 (4985 | Diploid karyotype (27) | maw% | 184
| Cytogenetics | | Adverse karyotypa (35) | 4% | 125
| Dipioid | 27 (31) | Complex [> 2 abni] karyotype (23) | 43% | 53
| Adverse 35 (41) | TP53 mutated (12) | 50% | 162
| Misc. other [ 18(21) | DNMT3a mutated (9) T
| leuficent ! 6(7)  |FLTTD(B) _ | to0% | 142
| Median BM Blast[Range] | 32685 | JAK2 mutated (7) 57% 75
Median WBC [Range] 27[0.5723] | NPM1 mutated (14) 100% 1532
| Median Piatelets [Range] | 41[4772] | RAS mutated (18) [ &% | 1a3
| Median Creatinine [Range] | 0.89[0.46-1.94] |
Madian Bilirubin [Rangs] 0.6 [0.2-2]
A ] { :
et Bttt Mutations 5
3
T e
Responses — —rayoiype

Figure 1.

Summary/Conclusions: The low intensity program of cladribine + LDAC alter-
nating with DAC produces durable responses and is a well-tolerated ambulatory
regimen for older patients, including those with unfavorable-risk features.
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DIFFERENTIATION RESPONSE TO GILTERITINIB (ASP2215) IN
RELAPSED/REFRACTORY FLT3 MUTATED ACUTE MYELOID LEUKEMIA
PATIENTS IS ASSOCIATED WITH CO-MUTATIONS IN NPM1 AND DNMT3A
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Background: FLT3 inhibitors show substantial clinical activity in
relapsed/refractory FLT3-ITD mutated acute myeloid leukemia (AML). A subset
of patients show a clinical response manifest by terminal differentiation of bone
marrow blasts into granulocytes that contain FLT3-/TD. From clinical trials of
the FLT3 inhibitor quizartinib (AC220), we observed this differentiation response
predominantly among patients with a normal karyotype and mutated NPM1
and/or DNMT3A (Nybakken, et al. Leukemia 2015).

Aims: To confirm whether observations from quizartinib trials reflect a common
response pattern to FLT3 inhibitor treatment.

Methods: We performed analysis of the local institutional cohort of patients
enrolled on a phase 1/2 study of gilteritinib (ASP2215) for relapsed/refractory
AML (NCT02014558). All subjects were screened for 33 AML-associated muta-
tions at study entry by next generation sequencing and all available histomor-
phologic, and cytogenetic material underwent an independent pathologist's
blinded review.

Results: We restricted our analysis to the 25 FLT3-mutated subjects who
received single-agent gilteritinib at 280 mg/day, as correlative pharmacody-
namic data showed that this dose consistently generated continuous, potent
FLT3 target inhibition (Levis MJ, et al. ASCO abstracts 2015). 2 subjects were
withdrawn prior to the first treatment response assessment (refractory leukemia
and lethal infection); 2 subjects had technically insufficient marrows. The
remaining 21 subjects were evaluable for marrow response. Subjects had a
median age of 61 years (range 22-86 years) and were relapsed or refractory
after a median of 2 prior lines of chemotherapy (range 1-7). Subjects received
gilteritinib at a median dose of 200 mg (range 80-300) for a median of 154
days (range 38-642). Baseline karyotype was normal in 9/20 (45%). 19/21
patients had FLT3-ITD mutation (3 had both FLT3-ITD and FLT3-TKD), and 2
had FLT3-TKD only. Gene mutations seen in >10% of subjects included NPM1
(13, 62%), DNMT3A (11, 52%), WT1 (8, 38%), TET2 (7, 33%), and IDH1/2 (4,
19%). All subjects treated for >28 days showed complete or near-total eradi-
cation of peripheral blood blasts. Thirteen subjects (62%) experienced a differ-
entiation response defined by markedly left-shifted clonal granulocytic hyper-
plasia with persistent FLT3-ITD:WT allelic ratio, 250% reduction in overall blast
percentage from baseline, and peripheral blood neutrophil recovery. 11/13
(85%) subjects with differentiation response had mutated NPM1, but only 6/12
(50%) had a normal karyotype. While 2/3 NPM1 mutated subjects with WT
DNMT3A did experience differentiation response, 10/11 subjects with DNMT3A
mutation also had NPM1 mutations, confounding our ability to associate differ-
entiation response and DNMT3A mutation status alone. 3/21 subjects demon-
strated both undetectable leukemic blasts from the marrow along with marked
allelic ratio reduction or elimination of detectable FLT3-/TD, suggesting alter-
nate mechanisms of treatment response (e.g. cytotoxicity or clonal selection
without differentiation). Additionally, 5/21 evaluable subjects showed minimal
to no reduction in marrow blasts. Considering the 8 non-differentiation respons-
es plus the sole patient with growing AML prior to day 28, only 2/9 (22%) had
an NPM1 mutation, and 5/8 had abnormal karyotype.
Summary/Conclusions: Differentiation response to gilteritinib is strongly
enriched among relapsed/refractory FLT3-mutated patients with NPM1 and
DNMT3A mutations. Our data inform response interpretation and may promote
future trial enrichment strategies.
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PHASE IB/Il STUDY OF NIVOLUMAB IN COMBINATION WITH 5-AZACYTIDINE
(AZA) IN PATIENTS (PTS) WITH RELAPSED ACUTE MYELOID LEUKEMIA (AML)
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Background: PD1+ T-cells are significantly increased in the bone marrow
(BM) of pts with relapsed AML as compared to healthy adult donor BM (Daver
et al., AACR 2016). Epigenetic therapy upregulates PD1 and PD-L1 in
MDS/AML and upregulation of these genes may be associated with the emer-
gence of resistance and inferior survival (Yang et al., Leukemia 2013).

Aims: This single-center phase Ib/ll study was conducted to determine the
recommended phase 2 dose (RP2D), efficacy and safety of nivolumab in com-
bination with AZA in pts with relapsed AML.



Methods: Pts are eligible if they have AML and failed prior therapy, have ade-
quate performance status (ECOG <2), and organ function. The first six pts
received AZA 75mg/m2 days 1-7 with nivolumab 3mg/kg on Day 1 and 14.
Courses were repeated approximately every 4-5 weeks. One of six pts had a
dose limiting toxicity (grade 3 pneumonitis) and this dose was established as
the RP2D. 24 additional pts have been treated at the RP2D.

Results: To date, 30 pts (15 de novo, 15 secondary AML) with a median age
of 72 years (range, 45-76) have been enrolled. They included 9 (30%) pts with
diploid, 14 (47%) with adverse, and 7 (23%) with miscellaneous cytogenetics.
Median number of prior therapies was 2 (range, 1-4), including hypomethylating
agent-based (n=17), high dose cytarabine-based (n=15), intermediate dose
cytarabine-based (n=7), and targeted therapies (n=5). Median bone marrow
blast%, WBC, hemoglobin, and platelet counts were 43% (13-90), 2.3x109/L
(0.5-81), 9.3g/dL (7.4-12.7), and 28x109/L (8-145), respectively. Baseline bone
marrow samples from all pts were analyzed for common myeloid mutations by
next generation sequencing. The most frequently detected mutations were
DNMT3A (n=9), ASXL1 (n=6), CEBPA (n=4), RAS (n=4), TP53 (n=3), and TET2
(n=4). 22 pts are evaluable for response (Fig 1): 4 (18%) achieved complete
remission (CR)/ complete remission with insufficient count recovery (CRi), 2
(9%) had hematologic improvement (HI) with blast reduction, 5 (23%) had HlI
only, and 5 (23%) had 250% BM blast reduction only. 6 pts had stable disease
(n=2) or progression (n=4). 8 pts are too early for response assessment at this
time. Median number of cycles to any response was 2 (1-4). The median fol-
low-up is 3.6 months (1.5-8.7). Grade 3/4 and Grade 2 immune toxicities were
observed in 6 (20%) and 5 (17%) pts, respectively. These included 6 pneu-
monitis, 2 nephritis, 1 skin rash, and 2 transaminitis. Time to onset of toxicities
ranged from 4 days to 3.5 months. All toxicities responded rapidly to steroids
and all pts were successfully rechallenged with nivolumab. No pts came off
study due to immune toxicities. No association between toxicities and response
was identifiable. The median progression free and overall survival for 22 evalu-
able pts was 3.5 and 5.9 months, respectively. These results compare favorably
to a historical cohort of 99 relapsed AML pts treated on other hypomethylating
agent combination protocols at our institution between 2005-2015 (Table 1).
Identification of baseline and dynamic biomarkers of response and survival by
sequential immunohistochemistry, flow-cytometry, and RNA-sequencing is cur-
rently ongoing.

Table 1. AZA+nivolumab versus historical HMA-combinations at MDACC

AZA+nivol b | Hyp thylat bination p I
N=59 Pvalue
| | WN=22 | |
| CRICRI [ 18% [ 1% | 036
B-week mortali 5% 20% 0.08
Med PFS | 35m 22m | =0.001
| Med 0O | 59m | 41m | 025

Figure 1. Response in 22 evaluable patients.

Summary/Conclusions: Combination of AZA and nivolumab is effective in pts
with relapsed AML. Immune mediated toxicities occur and may be adequately
managed with early recognition and systemic steroids.
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CLINICAL RESPONSE IN RELAPSED/REFRACTORY AML PATIENTS
CORRELATES WITH LEUKEMIC BLAST MOBILIZATION AND DIFFERENTIATION
INDUCED BY BL-8040, APOTENT CXCR4 ANTAGONIST; RESULTS OF A
PHASE IIA STUDY
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Background: The bone marrow (BM) niche protects acute myeloid leukemia
(AML) cells from chemotherapy. BM retention of AML cells is dependent on
CXCR4 and its ligand CXCL12 (SDF-1); high CXCR4 expression correlates
with poor survival in AML patients. Blocking CXCR4 disrupts the interaction of
AML blasts with the BM and augments the anti-leukemic effect of chemotherapy.
BL-8040 (BKT140) is a high affinity CXCR4 inhibitor with long receptor occu-
pancy. Recent clinical trials have demonstrated BL-8040’s robust hematopoietic
cell mobilization from the BM. BL-8040’s anti leukemic effect is mediated
through robust leukemic blast mobilization, induction of leukemia cell differen-
tiation and apoptosis. Here we report results of a phase 2a study evaluating
BL-8040 in combination with cytarabine (Ara-C) for the treatment of
relapsed/refractory AML patients (NCT01838395).

Aims: To assess the safety, efficacy and PK/PD parameters of BL-8040 in
combination with Ara-C in relapsed/refractory AML patients.

Methods: The study included a dose escalation phase (3+3 design) followed
by an expansion phase. Each patient received a once daily SC dose of BL-
8040 as monotherapy on days 1-2 followed by the same dose of BL-8040 plus
Ara-C (1.5g/m2 for patients 260; 3g/m? for patients <60) on days 3-7. Six BL-
8040 doses (0.5-2.0mg/kg) were tested in the escalation phase with 1.5 mg/kg
selected for the expansion phase. PD parameters such as extent of mobiliza-
tion, induction of differentiation and apoptosis, CXCR4 expression and receptor
occupancy were assessed by BM biopsy on day 3 and throughout the study.
Remission was determined by BM biopsy on day 30.

Results: Forty five patients (median age, 61y; range, 23-75y) were treated
with BL-8040 (including 3 patients treated on compassionate use basis). BL-
8040 was escalated up to 2.0 mg/kg without reaching the MTD. Combination
with Ara-C was safe and well tolerated at all doses. Three SAE’s (Sweet’s Syn-
drome, PCP pneumonia and allergic type reaction) were reported by the inves-
tigators as possibly related to BL-8040. Primary BL-8040 related AEs were
transient, mild to severe injection site and systemic reactions, none of which
were considered as DLT. The available composite complete remission
(CR+CRi) rate is 38% in patients receiving BL-8040 doses of 1 mg/kg and high-
er (n=39). While baseline BM disease burden was comparable between respon-
ders (R) and non-responders (NR) (38% vs 40% BM blasts, respectively),
responders demonstrated significantly lower levels of circulating blasts at base-
line compared to non-responders (2.9% vs 19.3%, respectively). Furthermore,
response to treatment was associated with higher mobilization of AML blasts
following 2 days of BL-8040 monotherapy (CR=7.0, CRi=4.2, PD=1.1, SD=0.4,
fold change) and with induction of granulocytic differentiation in the BM (R=3.2
vs NR=1.4, fold change). PD analysis further confirmed BL-8040’s long receptor
occupancy and its ability to induce apoptosis.

Summary/Conclusions: The results demonstrate that, in difficult to treat AML
patients, sustained blockade of CXCR4 with BL-8040 combined with Ara-C may
improve the clinical response rates achieved historically with Ara-C. In addition
the data, for the first time, may suggest that better clinical responses are seen
in patients with more efficient CXCR4 inhibition (reflected by higher mobilization
and induction of granulocytic differentiation) and lower peripheral circulating
blasts (despite comparable marrow blasts) at baseline. This finding may serve
as a biomarker for patient selection in future BL-8040 studies in AML.
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RESULTS OF A PHASE | STUDY OF GMI-1271, A NOVEL E-SELECTIN
ANTAGONIST IN COMBINATION WITH INDUCTION CHEMOTHERAPY IN
RELAPSED/REFRACTORY AML: ANOVEL, WELL-TOLERATED REGIMEN
WITH A HIGH REMISSION RATE
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Background: The treatment of patients with relapsed and refractory acute
myeloid leukemia (AML) remains a significant challenge with poor outcomes
primarily due to low remission rates as well as short remission duration.
Although cytotoxic chemotherapy remains the standard approach for the treat-
ment of patients with relapsed or refractory (R/R) AML, novel agents are urgent-
ly needed to improve clinical outcomes. The regimen consisting of mitoxantrone,
etoposide, and cytarabine (MEC) is commonly used for patients with R/R AML,
with remission rates of 25-30%. Binding of leukemic blasts to E-selectin, an
adhesion molecule expressed constitutively in the bone marrow endothelium,
activates leukemic cell survival pathways, thereby contributing to chemotherapy
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resistance. GMI-1271 is a novel antagonist of E-selectin. Here we report initial
results from a phase 1/2 trial of GMI-1271 with MEC for the treatment of patients
with R/R AML.

Aims: To evaluate the safety, tolerability, pharmacokinetics (PK), and
antileukemic activity of the combination of GMI-1271 plus MEC.

Methods: An open-label phase 1/2 trial enrolled patients with R/R AML receiv-
ing MEC induction chemotherapy. Eligible patients (ECOG 0-2) must have
received <2 prior induction regimens, have no active CNS disease and ade-
quate renal and hepatic function. Adjunctive treatment with GMI-1271 at
increasing doses was administered concurrent with chemotherapy (24 hours
prior, throughout, and 48 hours post MEC); MEC consisted of mitoxantrone 10
mg/m?2/d, etoposide 100 mg/m2/d, and cytarabine 1000 mg/m2/d IV for 5 days
and supportive care given as per institutional guidelines. Dose limiting toxicity
(DLT) was defined as either persistent neutropenia and/or thrombocytopenia
beyond day 42 in the absence of disease or any grade 3 non-hematologic tox-
icity that did not resolve to Grade 2 by day 42.

Results: Two dose level cohorts have been completed, with 13 subjects treated
(GMI-1271 at 5 mg/kg (N=6) and10 mg/kg (N=7)). The median age was 51
(range 26 —74) and 9 were male (69%). Seven patients (54%) had adverse
cytogenetic risk (SWOG) and 6 patients (46%) had intermediate cytogenetic
risk; none were favorable. Eight patients (62%) had relapsed disease and 5
(38%) were refractory to primary therapy. Two patients had relapsed within a
year of hematopoietic cell transplant (HCT), 2/13 were FLT3-ITD mutated, 1
patient had extramedullary disease (EMD). All subjects tolerated GMI-
1271+MEC well and completed study treatment without dose reduction or inter-
ruption; 30 day mortality was 0%. Mucositis developed in 5 subjects (4 at 5
mg/kg), of whom 2 required IV nutrition (both at 5 mg/kg). No DLTs were
observed. Initial population PK analysis showed 28% lower clearance than
healthy adults and overall similarity in PK profile. Seven of 13 subjects achieved
CR (54%); one achieved CRi (transplanted before CR documented); one
achieved morphologic leukemia-free state (inadequate count recovery); and
four had persistent disease. CR/CRi rate was 8/13 subjects (62%). Of 5 with
data post CR/CRI, 1 proceeded to HCT, one relapsed at 90 days, 3 remain in
CR (4, 4, and 2 months duration). Responders include refractory AML (3),
relapsed FLT3-ITD mutated (1) and EMD (1).

Summary/Conclusions: In early clinical assessment of the novel E-selectin
antagonist GMI-1271, we report in a group of R/R AML patients a CR/CRi rate
of 62%, higher than expected given the high risk cytogenetic features in this
group. No DLTs have been observed. Enrollment in a third cohort is ongoing
and will be reported. A Phase 2 expansion cohort is planned in both R/R AML
as well as elderly de novo AML.
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RESULTS OF A PHASE 1B STUDY OF VENETOCLAX PLUS DECITABINE
ORAZACITIDINE IN UNTREATED ACUTE MYELOID LEUKEMIA PATIENTS
265 YEARS INELIGIBLE FOR STANDARD INDUCTION THERAPY
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Background: Venetoclax (VEN) is a potent, orally bioavailable BCL-2 inhibitor
with single-agent activity in relapsed/refractory acute myeloid leukemia (AML)
patients (pts), displaying synergistic activity with hypomethylating agents in
preclinical studies. This trial evaluates VEN plus decitabine (DEC) or azacitidine
(AZA\) in treatment (Tx)-naive AML pts 265 y (NCT02203773).

Aims: The objectives of the study include safety, preliminary efficacy, and bio-
marker evaluations.

Methods: Tx-naive pts (ECOG PS <2, 265 vy, intermediate- or poor-risk kary-
otype) not eligible for standard induction therapy received DEC (Arm A: 20 mg/m?2
iv) daily on days (D) 1-5 or AZA (Arm B: 75mg/mZ2; subcutaneous or iv) daily on
D 1-7 of each 28-D cycle in combination with once-daily continuous oral VEN.
VEN dose escalation follows a 3+3 design; 1200 mg is the final dose level.
Results: As of 11/28/15, 39 pts (49% male; median age 74 y [65-85 y]) have
been enrolled in Arm A (n=20) and Arm B (n=19). Median time on study is 111
D (6-375 D); 16 pts (41%) remain on therapy. Biomarker analysis and response
evaluations have been completed in 34 pts with 400-mg and 800-mg VEN dos-
es. As of 9/19/15, overall response rate (ORR; complete response [CR]/CR
with incomplete marrow recovery [CRi]/partial remission [PR]) within this pop-
ulation was 76% (CR: 13/CRi: 11/PR: 2; 26/34 pts). Poor-risk cytogenetics and
IDH1/2 mutations were reported in 24% (8/34) and 32% (11/34) of pts; ORR
was 88% (7/8) and 82% (9/11), respectively. Median time to CR/CRi was 29.5
D (24-112 D). Most common treatment emergent adverse events (TEAEs) were
nausea (54%), febrile neutropenia (41%), diarrhea (44%), decreased appetite
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(33%), and peripheral edema (31%). No dose-limiting toxicity was reported.
Febrile neutropenia (41%) and neutropenia (33%) were the most common
Grade 3/4 TEAEs. Most frequent serious AE was febrile neutropenia (28%).
Four relapses occurred, all on Arm A. Six deaths occurred (3 disease progres-
sion, 1 sepsis, 1 respiratory failure, 1 bacteremia). MTD has not been reached.
Summary/Conclusions: Tx with VEN plus DEC or AZA shows a tolerable
safety profile, with high response rates observed in Tx-naive AML pts 265 y,
including those with adverse biologic disease features.
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Background: Using a chemosensitivity screening assay, we previously demon-
strated that decitabine and thioguanine combinations can rescue therapeutic
efficacy in primary leukemia cells isolated from patients with relapsed and
refractory acute myeloid leukemia (AML). Although decitabine and thioguanine
have single-agent anti-leukemic activity, they have not previously been used
concurrently.

Aims: To test the safety and preliminarily assess additive/synergistic activity
of this combination, we performed a Phase | dose escalation trial of thioguanine
given with standard dose decitabine.

Methods: Patients with AML >60 yrs not candidates for standard induction,
relapsed/refractory AML, advanced MDS, and CMML were eligible. Two
thioguanine dose levels were evaluated: 80 and 120 mg/m2/day, given on Days
1-12 of induction and Days 1-7 of maintenance. Decitabine at 20mg/m2 was
administered on Days 3-12 during induction and on Days 3-7 during mainte-
nance. Standard safety measures, clinical outcomes, and activity of decitabine
and thioguanine was assessed by patient-specific pharmacodynamics including
an in vitro chemosensitivity assay, genome-wide analysis of DNA methylation
changes, and BH3 profiling in order to measure the degree to which samples
were primed to undergo apoptotic cell death.

Results: Twelve patients (median age, 67) with denovo AML (1), transformed
AML (6), relapsed/refractory AML (4), and CMML (1) were treated. DLT’s were
seen in two patients. One developed acute renal failure requiring hemodialysis
(80mg/m2) and another persistent grade 4 leukopenia/thrombocytopenia
(120mg/m2). Grade 3 infectious complications were common: neutropenic coli-
tis, bacteremias, and pneumonias. 10 of 12 patients completed therapy with 4
undergoing Allogeneic-BMT (3 AML, 1 CMML), 4 removed for disease pro-
gression, and 2 for DLT. One patient relocated after induction, and another
declined therapy after induction. Median cycles given was 3. Bone marrow
blast reductions to <5% were seen in 6 of 7 evaluable patients with AML (1 CR
and 3 CRi). The overall response rate in this high-risk patient population was
67%. The patient who achieved a CR (relapsed AML) received 4 previous
cycles of single-agent decitabine, demonstrating that the decitabine and
thioguanine combination regimen can rescue previous hypomethylating agent
failure. The chemosensitivity assay results for thioguanine on pretreatment
mononuclear cells directly correlated with clinical outcome in both response to
therapy and clinical resistance. BH3 profiling was also performed on pre-treat-
ment myeloblasts. Significant apoptotic priming corresponded to good initial
clinical response. In addition, in the single patient who responded and subse-
quently relapsed, decreased apoptotic priming was observed in the relapsed
sample, suggesting that the thioguanine/decitabine regimen applies selective
pressure for reduction in apoptotic priming.

Summary/Conclusions: The decitabine and thioguanine combination was
well-tolerated and showed surprising anti-leukemic activity. Importantly,
chemosensitivity and BH3 profiling accurately predicted responses and con-
firmed the etiology of the loss of therapeutic response. A muti-center Phase Il
clinical trial is being planned.
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GENOMIC CHARACTERIZATION OF HIGH-COUNT MBL INDIVIDUALS
INDICATES THAT EARLY DETECTION OF DRIVER MUTATIONS AND
SUBCLONAL EXPANSION ARE PREDICTORS OF ADVERSE CLINICAL
OUTCOME
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Background: High-count monoclonal B-cell lymphocytosis (MBL) is an asymp-
tomatic expansion of clonal B-cells with less than 5x109/L B-cells in the periph-
eral blood and without other manifestations of chronic lymphocytic leukemia
(CLL). Yearly, 1% of individuals with MBL evolve to CLL requiring therapy; thus
it is critical to develop a better understanding of the biologic events that deter-
mine which MBLs progress to intermediate/advanced CLL stages. High-count
monoclonal B-cell lymphocytosis (MBL) is an asymptomatic expansion of clonal
B-cells with less than 5x109/L B-cells in the peripheral blood and without other
manifestations of chronic lymphocytic leukemia (CLL). Yearly, 1% of individuals
with MBL evolve to CLL requiring therapy; thus it is critical to develop a better
understanding of the biologic events that determine which MBLs progress to
intermediate/advanced CLL stages.

Aims: We performed a longitudinal sequencing analysis on a cohort of high-
count MBL, assessing the mutation profile, clonal heterogeneity and clonal
dynamics over time and their impact on disease progression.

Methods: We performed targeted deep sequencing (TDS) on 48 high-count
MBL individuals and explored the mutation status of 21 driver genes recurrently
mutated in CLL. We analyzed the clonal evolution in 45 of these 48 MBLs by
screening 2-4 sequential samples (average time between samples 56 months,
range 10-119 months). At the last follow-up, 19 cases (39%) had progressed
to Rai>0, and 10 cases (20%) required treatment. We analyzed 152 DNA sam-
ples from 48 cases (104 tumor CD5+/CD19+ samples and the 48 germ line
CD5-/CD19- controls) using semiconductor-sequencing technology (lonTorrent
PGM). Genetic information was integrated with relevant clinical and biological
parameters. Subsequently, we evaluated the role of mutations and clonal evo-
lution with progression to intermediate/advanced stage CLL (Rai stages I-IV)
and time to treatment (TTT).

Results: We found somatic non-synonymous mutations in 25 MBLs (52%) at
the initial time-point analyzed, including 13 (27%) with >1 mutated gene. Recur-
rent mutations were found in SF3B71 (10% of cases), BIRC3, DDX3X, CHD2
(8% each), NOTCH1 (6%), and ATM, BRAF, EGR2, FBXW?7, KRAS, MED12,
MYD88, and ZMYM3 (4% each). Furthermore, BCOR, ITPKB, POT1, RIPK1
and SAMHD1 were each mutated in one case. No mutations were found in
HIST1H1E, TP53 and XPO1. In cases that subsequently progressed to inter-
mediate/advanced stage CLL, mutations were detected 41 months (median
time) prior to progression. Except for NOTCH1, TP53 and XPO1, which have
shown a lower incidence in MBL, driver genes were mutated with a similar
prevalence to CLL, indicating the early origin of most driver mutations in the
MBL/CLL continuum. Subclonal expansion of mutated drivers was found in 6
out of 10 (60%) cases who progressed to require treatment, compared with
only 5 of 35 (14%) non-treated cases. Individuals with clonal expansion had
both significantly shorter PFS (HR: 5.3 95% ClI: 1.3-20.9; p=0.02), as well as
significantly shorter TTT (HR: 6.4 95% CI: 1.8-23.2; p=0.005).
Summary/Conclusions: The findings of this study suggest that mutations in
driver genes are an early event in the MBL-CLL continuum and predict progression
to clinically significant CLL. Clonal heterogeneity and subclonal expansion is
already found in individuals with high count MBL and its presence predicts an ear-
lier development of CLL. Sequential genetic evaluation of individuals with MBL
provides insights that add to our understanding of the events that contribute to
progression from MBL to CLL and have potentially profound clinical implications.
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Background: B cell receptor (BCR) signaling is one of the main pathways acti-
vated in the Chronic Lymphocytic Leukemia (CLL) microenvironment. Nurselike
cells (NLC), an important monocytic component of this microenvironment, spon-
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taneously outgrow in vitro from high density CLL-PBMC cultures, and can expose
proteins on their surface, which can be recognized by the CLL-BCRs and activate
BCR signaling. CLL cases whose cells carry unmutated immunogloblulin heavy
variable (IGHV) genes (U-CLL) generally experience an aggressive disease
course, and U-CLL BCRs are highly polyreactive towards a variety of self-anti-
gens, most of them still incompletely characterized.

Aims: The aim of this study was to characterize BCR signaling in the CLL-NLC
co-culture system and to identify novel CLL-BCR antigens expressed by NLC.
Methods: CLL-PBMCs were cultured in vitro for 14 days until outgrowth of
NLC, which was confirmed by phase contrast microscopy. CLL cells were then
removed from the NLC co-culture and tested for BCR expression by flow cytom-
etry and activation of BCR signaling by Western Blot. Chemokine secretion
was tested in co-culture supernatants by ELISA. Concomitantly, NLC were har-
vested and lysed, followed by immunoprecipitation of protein lysates with
recombinant monoclonal antibodies obtained by cloning of 4 U-CLL BCR
sequences, all of them carrying 100% identity with the germline IGHV
sequence. Protein lysates from the human mesenchymal stromal cell line
hTERT were also tested, as control. Inmunoprecipitated proteins were ana-
lyzed by label-free mass spectrometry followed by bioinformatic data analysis
with the softwares Max Quant and Perseus.

Results: Down-modulation of IgM-BCR surface levels was observed after 14
days of co-culture of 10 CLL cases onto NLC. IgM levels recovered after 48
hours following in vitro culture in the absence of NLC, reaching pre-exposure
levels after 72 hours. Activation of AKT and ERK kinases and induction of MYC
protein were observed in 10 CLL cases after 14 days of CLL-NLC co-culture,
and phosphorylation/expression levels of these proteins were reduced when
CLL cells were removed from the NLC support. We also detected high levels of
the BCR-related chemokines CCL3 and CCL4 in 18 CLL-NLC supernatants, in
particular in the ones derived from U-CLL cases. Immunoprecipitation of 3 NLC
lysates and the hTERT control with 4 recombinant U-CLL BCRs, followed by
label-free mass spectrometry and bioinformatic data analysis, allowed the iden-
tification of 6 clusters of commonly recognized proteins (Figure 1). One cluster
(Cluster 5) included 11 putative CLL-BCR antigens that were expressed by all
3 NLC samples, but not by hTERT, and included cytoskeletal proteins and mem-
brane-associated proteins, some of them known autoantigens in other diseases.

MLCHY NLCHZ NLC#D WTERT

MLCH! NLC I WLC#D WTERT
CLLBCR 1 234123412341234

CLLBCR 1234123412341234

Cluster #5
Cluster #6

Cluster #3

Cluster #4

Figure. Identification of CLL-BCR antigens expressed by NLC. Unsupervised clustering analysis of
label-free mass spectromelry data. 6 clusters of commonly recognized BCR ligands were identified
through immunoprecipitation of NLC lysales derived from 3 CLL patients (NLC #1, NLC #2, NLC #3) or
hTERT cells with 4 different U-CLL BCRs.

Figure 1.

Summary/Conclusions: The BCR signaling pathway is activated following co-
culture of CLL cells with NLC, which can expose CLL-BCR ligands on their sur-
face. By applying a novel mass-spectrometry based approach, we identified a
number of putative CLL-BCR antigens expressed by NLC, which will be further
validated for BCR binding and signaling activation properties, as well as for
expression and localization in CLL-NLC co-cultures and lymph node sections
from CLL patients. Overall, these results will allow a better characterization of
the molecular mechanisms regulating BCR signaling in the CLL microenviron-
ment and the identification of novel therapeutic targets for CLL therapy.
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CXCL12 ANTAGONISM BY THE L-RNA APTAMER OLAPTESED PEGOL IS
EFFECTIVE AS A MOBILIZING AND THERAPEUTIC AGENT IN A MURINE
CHRONIC LYMPHOCYTIC LEUKEMIA MODEL

E Hinterseer?, E Hutterer!, PW Krenn', P Reinthaler?, J Hépner?, M Hopfinger?,
D Eulberg?, C Maasch?, AKruschinski2, A Vater2, AEgle?, R Greil’, TN Hartmann?"
1Laboratory for Immunological and Molecular Cancer Research, Third Medical
Department, Paracelsus Medical University, Salzburg, Austria, 2NOXXON Phar-
ma AG, Berlin, Germany

Background: The pathophysiology of chronic lymphocytic leukemia (CLL)
depends on the interactions of the malignant B cells with the lymphoid tumor
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microenvironment. The chemokine stromal cell-derived factor 1 (SDF-1, CXCL12)
is constitutively secreted and presented by stroma under normal as well as malig-
nant conditions. In CLL, binding of CXCL12 to its over-expressed classical recep-
tor CXCR4 regulates cell migration and increases cell survival and cell adhe-
sion-mediated therapy resistance, making this signaling axis a therapeutic target.
Olaptesed pegol (NOX-A12), a PEGylated L-sterecisomer RNA aptamer, is a
novel high-affinity CXCL12 antagonist. Using short term adoptive transfers of
human leukemia cells into immune deficient mice, we recently demonstrated that
olaptesed pegol antagonizes CLL cell homing to bone marrow.

Aims: Here, we aimed to determine the potential of olaptesed pegol to mobilize
CLL cells from lymphoid organs and to antagonize disease progression in vivo
using the murine Tcl transgenic (tg) CLL transplantation model.

Methods: Splenocytes from Tcl1 tg mice with overt leukemia were transplanted
into the peritoneal cavity of C57BL/6J wildtype mice. Engrafted recipients with
active leukemia (defined by a peripheral blood CD5+/CD19+ tumor cell con-
centration 210%) were randomized to treatment with olaptesed pegol or the
CXCR4 antagonist AMD3100. CLL cell mobilization into peripheral blood was
analyzed via flow cytometric detection of CD5+/CD19+ cells before substance
application, and 1 h, 3 h, 6 h, and 24 h post application. Treatment studies of
engrafted animals were performed using either olaptesed pegol or fludarabine,
or ibrutinib followed by olaptesed pegol compared to ibrutinib alone. Readout
parameters were tumor cell concentration and overall survival of mice.
Results: Olaptesed pegol induced a substantial mobilization of CLL cells into
peripheral blood with an approx. 2-fold increased leukemic cell count compared
to pre-application levels. Raised CLL cell counts in blood were observed within
1 hour, reached a peak upon 6 hours and were still visible at 24 hours post
treatment while AMD3100 treatment did not result in consistent CLL cell mobi-
lization. In long-term treatment experiments, olaptesed pegol prolonged overall
survival of mice as efficient as fludarabine. Whereas ibrutinib followed by
olaptesed pegol reduced blood tumor burden to a comparable extent as ibru-
tinib monotherapy, the combination had a stronger effect on median survival
which was prolonged by 36% vs vehicle control and 18% vs ibrutinib alone.
Summary/Conclusions: Our data demonstrate the potential of olaptesed pegol
as a CLL cell mobilizing and therapeutic agent. Further studies corroborating its
efficiency as a single treatment using primary Tcl transgenic animals are ongoing.
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THE PAN-PIM KINASE INHIBITOR LGB321 TARGETS APOPTOTIC
PATHWAYS AND MICROENVIRONMENTAL INTERACTIONS IN CLL

S Decker!”, S Kissel!, K Aumann2, K Zirlik!, C Dierks!

Internal Medicine 1, 2Pathology, University Hospital Freiburg, Freiburg, Ger-
many

Background: In recent years, the emergance of kinase inhibitors like Ibrutinib
has drastically altered treatment strategies and improved outcomes in CLL
patients, but lack of cure and resistance to therapy still remain serious prob-
lems. PIM kinases are involved in various important disease mechanisms in
CLL, with PIM1 regulating CXCR4 surface expression impacting its interaction
with the microenvironment, and PIM2/3 affecting the apoptotic machinery by
regulating BAD. The Pan-PIM kinase inhibitor LGB321 (Novartis) targets all 3
PIM kinases and therefore affects both, CLL apoposis and its interaction with
the microenvironment.

Aims: In the study presented here, we aimed to investigate the effect of the
Pan-PIM inhibitor LGB321 on CLL in vitro and in vivo.

Methods: CLL patient samples: Peripheral blood samples were obtained with
informed consent in accordance with the declaration of Helsinki from B-CLL
patients who were either untreated or off therapy for at least 6 months.
Immunoblotting: Protein expression of PIM1, PIM2, PIM3, CXCR4, pCXCR4,
pBAD, BAD and beta-Actin was determined after Pan-PIM inhibitor treatment
and was analyzed using the ImageJ software. Apoptosis Assay: PBMCs were
plated with or without support of the murine stromal cell line M2-10B4 and
treated with LGB321. After 24 and 48 h of incubation, cells were stained with
a CD5-V450 and a CD19-APC antibody, followed by AnnexinV/7-AAD staining
(BD) according to the manufacturer’s instructions. CLL cell homing into NOG
mice: NOG mice were transplanted at 8 weeks of age. Primary human CLL
cells were treated with LGB321 for 12 hours. CLL cells were resuspended in
HBSS and mice received transplants via teil vein injection. Mice were analyzed
4 hours after transplantation. LGB treatment of CLL-Xenograft mice: PBMCs
were transplanted using both retro-orbital and intraperitoneal application. Treat-
ment started one week after transplantation and LGB321 was applied using
oral gavage. After 2 weeks of treatment, mice were sacrificed, and spleen and
bone marrow cells were harvested and stained for human CD5, CD19 and
CD45 (BD).

Results: LGB321 was highly effective in inducing apoptosis in primary CLL
cells, independent of risk factors like 17p deletions or the mutation status.
Apoptosis induction correlated with reduced pBAD and BAD levels. Further-
more, LGB321 was also effective in the presence of protective stromal cells
and could completely overcome the stroma protective effects. Mechanistically,
we found that LGB321 treatment blocked the CXCR4/CXCL12 axis by dephos-
phorylating the CXCR4 receptor on Ser339, by reducing total CXCR4 protein
levels and by blocking the externalization of the CXCR4 receptor. Concordantly,
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PIM inhibition blocked CXCR4 functions like migration towards a CXCL12 gra-
dient (P<.0001), and reduced homing of LGB321-pretreated primary CLL cells
towards the bone marrow (P=.0001) of NOG mice in vivo. In vivo experiments
comfirmed the efficacy of LGB321 in 4 different CLL xenograft studies. Trans-
plantation of primary human CLL cells into NOG mice and treatment with
LGB321 for 2 weeks strongly reduced WBC counts, spleen size and spleen
infiltration with human CLL cells (P=.0295) in all four CLL cases, and blocked
BAD as well as CXCR4 phosphorylation also in vivo.
Summary/Conclusions: Our results demonstrate, that the Pan-PIM kinase
inhibitor LGB321 might be an effective treatment option for CLL patients by impair-
ing PIM2/3 mediated CLL-cell survival, and by blocking the PIM1/CXCR4-mediated
interaction of CLL cells with their protective microenvironment in vitro and in vivo.
Future clinical trials should be performed to validate its efficacy in human CLL.
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IN VIVO CHARACTERIZATION OF LYN KINASE IN THE PATHOGENESIS
OF CHRONIC LYMPHOCYTIC LEUKEMIA

PH Nguyen’, N Reinart, G Krause, M Hallek

Department | of Internal Medicine, University Hospital of Cologne, Cologne,
Germany

Background: The introduction of therapeutics targeting B cell receptor (BCR)
signaling such as the inhibitors of BTK and PI3K-d has been changing the field
of CLL therapy formidably. Inhibition of LYN, a central molecule of the BCR sig-
naling, efficiently induced apoptosis in vitro but its effectiveness in vivo is still
unclear. In CLL cells, LYN is found to be aberrantly expressed and highly acti-
vated. Not only the classical BCR molecules downstream of LYN such as SYK
or PI3K, but also several other substrates such as HS1, procaspase-8, cortactin
or PP2A have been indicated to be deregulated in CLL. These downstream mol-
ecules could support the aggressiveness and apoptosis resistance of the malig-
nant cells. Besides, the expression levels of LYN mRNA was associated with
treatment-free survival of CLL patients, providing further perspectives for LYN as
a valuable therapy target. However, studies about the role of LYN in CLL have
only been conducted from isolated cells in vitro, and modulations of Lyn activity
in CLL were only performed using inhibitors with insufficient specificity. Thus, the
contribution of LYN in CLL pathogenesis is far from being fully understood. We
have demonstrated that Lyn kinase is essential for the development of CLL in
vivo (Nguyen et al., in revision). Interestingly, loss of Lyn in leukemic B cells
results in higher proliferation rate, early malignant transformation and apoptosis
resistance, and can potently induce CLL in immune competent syngeneic recip-
ients. In stark contrast, our results suggest a striking role of Lyn for the formation
of a tumor microenvironment that supports CLL expansion.

Aims: So far studies about the role of LYN in CLL have only been conducted
from isolated cells in vitro, and modulations of Lyn activity in CLL were only per-
formed using inhibitors with insufficient specificity. Thus, the contribution of LYN
in CLL pathogenesis is far from being fully understood. Using the well-established
mouse model for CLL, the Ep-TCL1 mouse model, we investigated the functional
contribution of LYN in the pathogenesis of CLL in on the in vivo level.
Methods: To better understand the physiological consequences of overex-
pressing LYN observed in human CLL cells, we generated a novel mouse mod-
el with constitutively active LYN mutation. The conditional knockin mice have
a point mutation at the inhibitory phosphorylation tyrosine of the Lyn gene
(Y508F), resulting in its constitutively active conformation that expresses specif-
ically in B cells due to Cre-induced recombination under the CD19 promoter
(LYNUP-B), This novel mouse model was intercrossed with the Ep-TCL1 model
(TCL1*LYNUP-B) and monitored for CLL development.

Results: B cells isolated from TCL1*LYNUP-B mice exhibited remarkably
enhanced activation of BCR-associated kinases such as SRC family kinases,
SYK, AKT and ERK1/2 compared to control TCL1*LYNWt B cells, particularly
upon IgM stimulation. Our analysis also revealed a higher malignant transfor-
mation rate of TCL1*LYNUP-B B cells starting at six months of age, and a more
progressive CLL burden in the peripheral blood of TCL1*LYNUP-B mice, partic-
ularly when the CLL clones had been well established at eight months of age.
However, moribund mice from both cohorts showed similar infiltration of CLL
cells in the lymphoid organs, and the slight increased CLL burden in peripheral
blood did not affect overall survival of TCL1*LYNUP-B mice compared to
TCL1+LYNWt counterparts.

Summary/Conclusions: Our results suggest that constitutively active LYN
and the hyperactive BCR signaling in leukemic cells contribute moderately to
the progression of CLL in the Ey-TCL1 mouse model.
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MICROENVIRONMENTAL STROMAL CELLS TRIGGER HYPOXIASIGNALLING
IN CLL CELLS - A MECHANISM THAT PROVIDES PROTECTION FROM
APOPTOSIS AND CAN BE TARGETED THERAPEUTICALLY

D Mertens.2”, | Idler2, D Yosifov!, M Reichenzeller2, V Meyer-Pannwitt?,
A Scheffold!, H Doehner?, S Stilgenbauer?

TInternal Medicine IlI, University UIm, Ulm, 2Mechanisms of Leukemogenesis,
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Background: Microenvironmental support protects malignant cells from apop-
tosis and cancer therapy, in part by induction of hypoxia-regulated pathways.
Hypoxia-regulated pathways are conceivable as therapeutic targets in solid
cancers, but not so much in leukemias.

Aims: Here we show that in chronic lymphocytic leukemia (CLL) cells hypox-
ia-regulated pathways are the most important mediators of support by bone
marrow derived stromal cells (BMSC). These pathways can be targeted ther-
apeutically.

Methods: We compared the transcriptomes of primary CLL cells protected by
coculture with BMSCs to the transcriptomes of non-protected CLL cells that
undergo apoptosis. To identify compounds that are active against the microen-
vironmental support, we determined the differential transcriptomic signature of
CLL cells between in vitro co-culture and unsupported culture and compared it
to a database of transcriptomes induced by bioactive compounds in cell lines
(“connectivity map”). We tested emetine for efficacy in a syngeneic transplan-
tation model of murine CLL, using three different treatment schedules - a short
high dose intensity and two continuous lower dose intensity scheme.
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Results: The cellular pathways most differentially regulated in primary CLL cells
protected by coculture compared to unprotected CLL cells were involved in
oxidative phosphorylation and mitochondrial function. Transcriptional differences
were already evident at 6-8 h, directly before induction of apoptosis in unpro-
tected cells. In line with this finding, the support of primary CLL cells by the
BMSCs could be mimicked in vitro by hypoxia. By the comparison of the dys-
regulated CLL transcriptomic signature to the connectivity map database, we
identified the cardiac glycoside ouabain and the ipecac alkaloid emetine as
inducing the most correlated transcriptomic signatures. In vitro, these substances
were highly active on primary CLL cells protected by coculture (IC50s 287 nM,
190 nM and 35 nM, respectively; the IC50 of fludarabine was 5 uM). In vitro
characterization of the substances revealed suppression of HIF-1 alpha activity.
This suppression coincided with a stronger oxidation of the mitochondrial and
cytoplasmic redox homeostatic system compared to 20 redox-active compounds.
We tested the efficacy of emetine in vivo using three different treatment sched-
ules - a short one of high dose intensity (24 mg/kg every 4th day for 3 applica-
tions) and two continuous ones of lower dose intensity (3 or 8 mg/kg every 4th
day). We transplanted murine CLL tumors induced by Ep-driven overexpression
of TCL1Ainto microenvironmentally intact wildtype syngeneic mice. Continuous
low dose treatment did not lead to weight reduction in mice, whereas treatment
with three high doses of emetine resulted in a significant loss of weight. However,
while continuously administered low doses of emetine were not beneficial for
survival of transplanted mice (Figure 1a), three high doses of emetine doubled
median survival of diseased mice (31.5 days vs 15 days, p=0.0002, Figure 1b).
This enhanced survival coincided with decreased numbers of CLL cells in periph-
eral blood, spleen and most pronounced in bone marrow (BM), which led to
recovery of hematological parameters.

Copenhagen, Denmark, June 9 - 12, 2016

Summary/Conclusions: CLL cells are supported by bone-marrow derived
stromal cells first of all through modulation of hypoxia-regulated pathways. This
microenvironmental support can be therapeutically targeted by cardiac glyco-
sides and ipecac alkaloids, both of which increase the intracellular oxidation of
CLL cells even when they are protected by coculture. In a mouse model of
CLL, this is reflected by doubled median survival of mice treated with emetine.
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IBRUTINIB INHIBITS CD20 UP-REGULATION ON CLL B CELLS MEDIATED
BY THE CXCR4/SDF-1 AXIS

G Pavlasova'2", M Borsky?, V Seda'.2, K Cerna®:2, J Osickova'-2, M Doubek?,
J Mayer?, R Calogero3, S Pospisilova®.2, M Davids4, J Brown4, M Mraz'.2
TMolecular Medicine, CEITEC MU, 2Dept. of Internal Medicine - Hematology
and Oncology, University Hospital Brno and Faculty of Medicine MU, Brno,
Czech Republic, 3Dept. of Biotechnology and Health Sciences, University of
Torino, Torino, Italy, 4Dept. of Medical Oncology, Dana-Farber Cancer Institute,
Boston, United States

Background: It was shown that BCR inhibitors such as ibrutinib interrupt
microenvironmental interactions and mobilize CLL cells from lymph node nich-
es and bone marrow into the blood stream. Therefore, it has been suggested
that a combinatorial therapy of BCR-inhibitors with anti-CD20 or other anti-
bodies might be an effective therapeutic combination.

Aims: The aim of this study was to test for the ibrutinib effect on the expression
of selected CLL cell-surface molecules that could be potentially targeted by
available monoclonal antibodies.

Methods: Peripheral blood samples were obtained from untreated CLL
patients or patients treated with ibrutinib as a single agent (420 mg once daily).
The study was approved by the institutional review board and samples were
obtained with written informed consent.

Results: We performed gene expression profiling in samples obtained from CLL
patients treated with ibrutinib as a single agent (pre-ibrutinib vs day 15 and/or
week 5/12) and analyzed changes in >20 cell-surface molecules that could be
potentially targeted by different available therapeutic antibodies. Surprisingly, we
observed that CD20 mRNA had the most significantly changed expression (down-
modulation of 3.4-fold; P<0.0001). This suggested that CD20 expression might
be regulated by a yet unknown mechanism in the context of microenvironmental
interactions impaired by ibrutinib. The co-culture of primary CLL cells with stromal
cell line HS-5 induced higher CD20 surface levels on CLL cells, and ibrutinib inhib-
ited this CD20 up-regulation. Then we assessed the CD20 expression on CLL cell
populations defined according to CXCR4 and CD5 levels. CLL cells that have
recently exited the lymph node microenvironment to the peripheral blood express
lower levels of chemokine receptor CXCR4 and higher levels of activation marker
CD5 (CXCR4dimCD5bright cells) than those cells circulating in the blood stream for
a long time (CXCR4brightCD5dim cells). The CXCR44mCD5bright cells had 2-times
higher CD20 surface as well as mRNA expression (P<0.01) suggesting that
changes of CD20 levels within immune niches reflect the changes in its transcrip-
tion. Moreover, CD20 expression gradually decreased with CLL cells’ transition
from CXCR4dimCD5bright to CXCR4brightCD5dim (P<0.01). This led us to hypothe-
size that CXCR4/SDF-1 is directly implicated in CD20 regulation. Indeed, in vitro
treatment of CLL cells with SDF-1a (ligand for CXCR4 produced by stromal cells)
up-regulated CD20 expression (P<0.01). The application of plerixafor (CXCR4
inhibitor) or ibrutinib abolished the SDF-1 mediated CD20 up-regulation (P<0.01).
Altogether, this represents the first known mechanism of CD20 regulation in CLL
cells. Notably, it has been shown that addition of rituximab to ibrutinib in vivo is
able to eliminate CLL cells despite lower levels of CD20 suggesting that there
must be other mechanism of ibrutinib action that allows for the effect of rituximab.
The screening of anti-apoptotic molecules revealed that Mcl1 levels were signifi-
cantly down-modulated after ibrutinib treatment in vivo (P=0.002), and ibrutinib
also inhibited Mcl1 induction in CLL cells co-cultured with HS-5. As Mcl1 was
described to directly protect CLL cells from rituximab-induced apoptosis and CDC,
we suggest that ibrutinib-mediated Mcl1 reduction is a mechanism that facilitates
rituximab efficacy.

Summary/Conclusions: We have described the first known mechanism of
CD20 regulation in CLL cells. The CXCR4/SDF-1 axis up-regulates CD20
expression in CLL B cells, this is inhibited by ibrutinib. Supported by the Min-
istry of Education, Youth and Sports of the Czech Rep, project CEITEC 2020
(LQ1601); Ministry of Health of the Czech Rep, grant nr. 16-29622A; GACR
(GA16-13334Y); TACR (TEO2000058/2014-2019); MUNI/A/1028/2015; MSMT
COST CZ (LD15144); Horizon 2020 (No. 692298); and G.P. is a city of Ostrava
scholarship holder.
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FUNCTIONAL IMPACT OF BONE MARROW MESENCHYMAL STROMAL
CELL-DERIVED EXTRACELLULAR VESICLES ON CHRONIC LYMPHOCYTIC
LEUKEMIA B-CELLS: APOPTOSIS, MIGRATION, CHEMORESISTANCE AND
GENE EXPRESSION MODIFICATION
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Background: Chronic Lymphocytic Leukemia (CLL) is the most common
leukemia in Western countries and is characterized by the accumulation of
CD5/CD19+ monoclonal B-cells in peripheral blood and secondary lymphoid
tissues. The interactions between CLL cells and the bone marrow (BM)
microenvironment (notably composed by mesenchymal stromal cells - MSC)
play an important role in promoting the increased survival of leukemic B-cells.
Extracellular vesicles (EVs) produced by leukemic cells and the microenviron-
ment may be implicated in this cross-talk. EVs, including microparticles and
exosomes, are small plasma membrane fragments with sizes ranging from
0.01 to 1um, and contain products specific to the original cell, such as microR-
NA, mRNA and proteins.

Aims: Our objective is to assess the role of EVs in the cross-talk between
malignant cells and their microenvironment by functional studies and microarray
analyzes.

Methods: Ultracentrifugation (150000g) was applied to isolate EVs from super-
natant of BM-MSC. Different concentrations of EVs were added to CLL B-cells to
evaluate their impact on cell survival, migration and chemoresistance. The gene
expression change induced by EVs in CLL cells was also defined by microarray
analysis (Affymetrix) after their incubation (24h) with BM-MSC-EVs. Some genes
identified as differentially expressed were validated by real-time PCR.

Results: We demonstrated that BM-MSC EVs are able to enter in CLL-B-cells
(PKH67 labeling): after 24h, >95% of CLL cells had integrated EVs. Apoptosis
was assessed by flow cytometry: addition of increasing concentrations of EVs
showed a protective effect on CLL-B-cells from spontaneous cell death (n=21/p-
value<0.0001). CLL-B-cells pre-incubated with EVs (4h) displayed an increased
spontaneous migration index and also in response to SDF1a (n=10/p-
value=0.002). We also observed that EVs rescue CLL-B-cells from drug
induced apoptosis. Microarray analysis reveals a significant effect on the
expression of 987 genes after the integration of EVs in CLL-B-cells, notably
implicated in apoptosis, epigenetic, adhesion, migration, cell activation, actin
cytoskeleton regulation and immune pathways.

Summary/Conclusions: Here we show for the first time that BM-MSC-EVs
protect CLL cells from spontaneous apoptosis and influence their migration
and chemoresistance capacities. The implication of EVs in several cell functions
was observed by microarray analyzes. This study demonstrates the existence
of a powerful cross talk between BM-MSC and CLL-B-cells mediated by EVs.
It provides new insight in the biology of CLL.
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THE T-CELL/CLL/MACROPHAGE TRIAD SHAPES A SUPPORTIVE TUMOR
MICROENVIRONMENT IN CLL

M Van Attekum?", S Endstra’, E Reinen’, M Von Lindern2, E Slinger!, E Elder-
ing!, A Kater3

1Experimental Immunology, Academic Medical Center, 2Hematopoiesis, San-
quin, 3Hematology, Academic Medical Center, Amsterdam, Netherlands

Background: Survival of chronic lymphocytic leukemia (CLL) cells critically
depends on signals from bystanders cells, such as T-cells and macrophages,
within micro-environmental niches such as lymph nodes. The mechanisms of
this intricate interplay are however unknown. Moreover, whether CLL cells
actively participate in shaping their pro-survival niche is poorly understood.
Aims: 1) whether T-cell stimulation initiates active recruitment of monocytes
by CLL cells, 2) whether CLL cells are able to differentiate these monocytes
towards a supporting phenotype and 3) by which mechanism macrophages
induce CLL survival.

Methods: migration assays with inhibitors, microarray, Luminex, flow cytometry,
western blot, immunohistochemistry, survival assays, RNAI, polysome gradient
fractionation

Results: 1) In in vitro migration assays we found that CLL cells can actively
recruit monocytes after T-cell or CD40L stimulation. T-cell stimulation of CLL
cells resulted in secretion of several chemokines, of which CCL2 was respon-
sible for the enhanced monocyte migration. 2) We next examined and com-
pared polarization patterns of monocytes after differentiation with serum derived
from CLL patients (N=25) or pooled healthy donor serum and found that CLL
serum was able to differentiate macrophages towards a tumor supporting M2
phenotype. This finding was confirmed ex vivo by IHC, as M2 marker CD206
co-localizes with CD68 cells in CLL LNs, while the majority of macrophages in
non-CLL derived LNs are CD80+ (M1 type). 3) Lastly, we found that
macrophages induce CLL cell survival and that this survival resulted from an
AKT-dependent upregulation of pro-survival protein MCL-1, which was trans-
lationally stabilized. Interestingly, the mechanism of MCL-1 stabilization was
independent of NF-kB signaling.

Summary/Conclusions: These studies shed light on reciprocal cellular inter-
actions in the CLL LN that shape pro-tumor differentiation of supporting cells,
that in turn cause survival by changing the apoptotic balance. These interac-
tions can be targeted at different levels, creating new treatment venues for this
still incurable disease.
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METABOLIC ALTERATIONS INDUCED BY IBRUTINIB IN CLL CELLSAS A
BIOCHEMICAL BASIS FOR MECHANISM-BASED DRUG COMBINATION
TO ENHANCE THERAPEUTIC ACTIVITY
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P Huang’

1Translational Molecular Pathology, 2Leukemia, UT MD Anderson Cancer Cen-
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Background: Chronic lymphocytic leukemia (CLL) is the most common adult
leukemia in the Western countries and is currently still incurable. Ibrutinib, a
small molecule compound designed to target Bruton’s tyrosine kinase (BTK)
essential for CLL cell survival, exhibits impressive therapeutic activity in CLL,
and significantly improves the clinical outcome of CLL patients. However, drug
resistance and disease relapse may occur in a small percent of patients.
Aims: The main objectives of this study were to investigate the potential effect
of Ibrutinib on CLL metabolism, and to develop novel strategies to enhance
the therapeutic activity of Ibrutinib and reduce drug resistance.

Methods: Primary CLL cells were isolated from the peripheral blood samples
of CLL patients for in vitro study. Metabolic alterations including changes in
oxygen consummption (OCR) as an indicator of mitochondrial respiration and
extracellular acidification rate (ECAR) as an indication of lactate production
from glycolysis were measured by a Seahorse metabolic analyzer XFe24. Cel-
lular reactive oxygen species (ROS) were detected using a redoxsensitive flu-
orescence probe DCFH-DA.

Results: Since active generation of reactive oxygen species (ROS) is a meta-
bolic feature of CLL cells, we first used DCFH-DA to test the potential effect of
Ibrutinib on ROS production in primary CLL cells isolated from patients. We
found that Ibrutinib induced a substantial increase of ROS as early as 90 min
and lasted for up to 24 h. Mechanistic study suggests that the mitochondrial
respiratory chain might be the major source of this abnormal ROS generation,
since inhibition of the mitochondrial respiratory complex | by rotenone or sup-
pression of flavoproteins (components of mitochondrial respiratory chain or
NAD(P)H oxidase) by diphenyleneiodonium largely abrogated Ibrutinib-induced
ROS generation. To further investigate the potential effect of Ibrutinib on mito-
chondria, we used the extracellular flux analyzer (XFe24). In a CLL cells-stromal
cells co-culture system (to maintain long-term viability of CLL cells), Ibrutinib
induced little changes in OCR and ECAR during the first 48-72 h. However,
prolonged drug exposure (up to 7 days) caused a consistent and significant
decrease in OCR compared to the untreated CLL cells co-cultured with stromal
cells for the same period. Importantly, CLL cells isolated from patients under
Ibrutinib treatment for 7 days also exhibited a significant decrease in OCR
compared to the pre-treatment samples from the same patients, suggesting
that the impact of Ibrutinib on mitochondria occurred in vivo. Western blot analy-
sis revealed that Ibrutinib induced a decreased expression of certain respiratory
chain components. Functional analysis showed that Ibrutinib caused CLL cells
to take up less glutamine but did not affect glucose uptake, suggesting that
Ibrutinib might preferentially impact glutamine metabolism. Based on these
new findings, we further tested the possibility that the metabolic alterations
and mitochondrial dysfunction induced by Ibrutinib might render CLL cells vul-
nerable to compounds that impact mitochondria or inhibit glutamine metabo-
lism. Indeed, our further study showed that combination of Ibrutinib with met-
formin (a drug that inhibits mitochondrial OXPHOS) or with C968 (a glutaminase
inhibitor) had synergistic activity against CLL cells and induced massive
leukemia cell death.

Summary/Conclusions: Overall, our study suggests that ibrutinib could induce
metabolic alterations characterized by decreased mitochondrial respiration and
attenuated glutamine metabolism. Such metabolic alterations provide a bio-
chemical basis for mechanism-based drug combination to enhance the thera-
peutic activity of Ibrutinib. Since metformin is a diabetes drug with low toxicity,
it is feasible to test its combination with Ibrutinib for treatment of CLL to poten-
tially enhance therapeutic activity.
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BLOCKING ENDOTHELIN-1 SIGNALING DISRUPTS LEUKEMIC CELL
HOMING AND B-CELL RECEPTOR PATHWAY IN CHRONIC LYMPHOCYTIC
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Background: Endothelin 1 (ET-1) is a 21-aa peptide that mediates its action
by activating two G-protein-coupled receptor (GPCR) subtypes, ET, and ETg
receptors. CLL cells secrete ET-1 and express ET, and ETg receptors on the
cellular surface. ET-1 signaling improves CLL survival and proliferation and



reduces CLL sensitivity to phosphoinositide-3-kinase & inhibitor idelalisib and
fludarabine.

Aims: We asked whether ET-1 pathway may be involved in CLL homing and
B-cell receptor (BCR) signaling pathway. Macitentan, a novel double inhibitor
of ETp and ETg receptors, was tested in CLL in combination with the Btk
inhibitor ibrutinib.

Methods: CD19+ CLL cells isolated from patients were treated in vitro with
100nM ET-1 with or without the addition of BQ-123, specific ETAR inhibitor,
BQ-788, specific ETgR inhibitor or macitentan, a double ET,R/ETgR inhibitor.
In some instances, CLL cells were pre-incubated with ibrutinib 0.5uM. We eval-
uated CLL migration, adhesion to stromal cells, calcium efflux and BCR signal-
ing pathway. Moreover, the expression of ET-1, ETAR and ETgR in CD49d+
CLL vs CD49d- CLL as well as in CXCR4high CLL vs CXCR4low CLL was meas-
ured in peripheral blood of CLL patients by flow cytometry. We also evaluated
big ET-1 level by ELISAin plasma samples from MBL, CLL patients at diagnosis
and at first progression, in fludarabine resistant CLL and in CLL after ibrutinib
treatment.

Results: First, we found that circulating CXCR4high CLL cells express higher
levels of ET-1 and ET1 receptors than CXCR4low fraction (p<0.05). In vitro,
ET-1 acts as a chemotactic factor for CLL cells. The blockage of ET receptors
impairs CLL migration to ET-1 and also to other stimuli as CXCL12. In addition,
ET-1 signaling is involved in CLL adhesion, as inferred on the basis of the fol-
lowing observations: (i) the blockage of ET receptors leads to CLL detachment
from stromal cell supports; (ii) ET-1 stimulation promotes the phosphorylation
of FAK, GSK3, AKT and increases ILK expression in CLL cells and (iii) higher
levels of ET-1 and ET receptors characterize CD49d+ CLL subset. Furthermore,
we found that ET receptor triggering promotes calcium release in CLL. Blockage
of both ET receptors by macitentan disrupts BCR signaling pathway and BCR-
mediated calcium release in CLL cells in combination with ibrutinib. In plasma
samples, big ET-1, the precursor of ET-1, was detectable in variable levels
ranging from 0.6 to 67 pg/mL. Mean big ET-1 levels were equal to 2 pg/mL in
MBL patients, 3.5 pg/mL in CLL at diagnosis, 7.9 pg/mL at first progression, 8.2
pg/mL at relapse, and 28.8 pg/ml in fludarabine-resistant CLL patients. In 4
CLL cases with plasma samples available before and after ibrutinib treatment,
we found a significant decrease of big ET-1 in plasma from 10.8 to 3.9 pg/mL
(p<0.05).

Summary/Conclusions: Collectively, our data describe for the first time an
involvement of ET-1 signaling in CLL homing and BCR pathway. Moreover, ET-
1 seems to accumulate in CLL patients with worse clinical features. Our results
also envision the possibility to interfere with ET receptors activity using maci-
tentan as a possible novel therapeutic strategy for CLL patients.
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GENE EXPRESSION PROFILES OF PERIPHERAL BLOOD T AND NK-CELLS
REVEALED DIFFERENT PATTERNS OF IMMUNE DYSFUNCTION IN
CLL-LIKE MBL AND EARLY STAGE CLL
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Background: Immune evasion is important for the expansion of the tumoral
clone in chronic lymphocytic leukemia (CLL). Impaired NK-cell activity and dys-
functional CD4+ and CD8+ T-cells with abnormal cytoskeletal dynamics and
immune synapses have been reported in CLL. T and NK-cell dysregulation
may be relevant in CLL-like monoclonal B-cell lymphocytosis (MBL) and initial
stages of CLL, although it has not been studied in depth.

Aims: To compare the gene expression patterns of CD4+ and CD8+ T-cells
and NK-cells from the peripheral blood of healthy controls, MBL subjects and
CLL-A(0) patients. To assess the T and NK-cell dysfunction in these entities.
Methods: Samples from thirty-eight individuals (17M/21F, median age=72yrs)
were collected: 9 healthy controls, 15 MBLs and 14 CLL-A(0) with an absolute
lymphocyte count <12x109/L. T-cells (CD4+ or CD8+) and NK-cells (CD56+
CD3-) from all subjects were isolated by immunomagnetic methods (Miltenyi
Biotec). Good quality extracted RNA (RIN>7) was hybridized to 113 Human
Gene 2.0 ST arrays (Affymetrix). Differential gene expression between groups
was evaluated employing linear models for microarrays in R. Genes with a P-
value<0.05 and |logFC|>0.58 were considered as potentially relevant. Func-
tional analysis was performed using Ingenuity Pathway Analysis (IPA). For the
CD4+ T-cell fraction, expression results were validated by qPCR in the same
and in an independent cohort composed by 10 MBL and 5 CLL-A(0) individuals.
Results: Unsupervised hierarchical clustering analysis clearly discriminated
healthy controls from both MBL and CLL for CD4+ and NK-cells, where the
major differences in the gene expression were found. Regarding CD4+, gene
upregulation was notably predominant in MBL and CLL-A(0), mainly in terms
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of cytotoxicity (GZMB, PRF1, GNLY, SERPING1, CLU, NKG7 and FCRL6) and
signaling, cytoskeleton and membrane dynamics leading to an increased
inflammatory response (RAB31, VNN1, TNFSF4, ITGAM, TLRZ2). Strikingly,
MBL showed more upregulated networks and expressed genes with higher
|logFC]| values than CLL-A(0). Furthermore, some of the activated genes (CCL5,
MAP3KS8, IL18RAP, NKG7, GZMH and PRF1) have been previously described
in Th1-cells, which points to a bias towards this T-cell subset in the Th1-Th2
axis. Additional gPCR analysis validated the expression results in this cell frac-
tion. In contrast to previously described dysfunction of CD8+ T-cells in CLL,
functional analysis did not reveal differences involving cellular migration, adhe-
sion or cytotoxicity neither in MBL nor CLL-A(0). Regarding NK-cells, functional
analyses showed a decrease of the NK function in both MBL and CLL-A(0),
the latter showing higher number of differentially expressed genes and |logFC|
values. The most relevant downregulated pathways were related to chemotaxis,
adhesion and cell-to-cell binding (downregulation of AMICA1, CCR4, CD4,
FPR2, FPR3, KIT and XCL1), as well as activation, cytotoxicity and cytoskeleton
organization (down-regulation of CD28, CD86, FCAR, FPR2, FPR3, ICOS and
up-regulation of FCGR2B).

Summary/Conclusions: 1. CD4+ T-cells show an unusual activation of cyto-
toxicity and inflammation that are higher in MBL than in CLL-A(0) patients. A
Th1 expression pattern is also observed in these entities. 2. CD8+ T-cells dys-
function do not occur in our cohort of MBL and initial CLL. 3. NK-cell dysregu-
lation in cytotoxicity and migration is already detectable in MBL, and increases
progressively with the evolution of the disease. 4. These are preliminary results,
validation and functional studies are ongoing.

Acknowledgements: PI11/1621, 14SGR585, Fundacié LaCaixa.
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IN CHRONIC LYMPHOCYTIC LEUKEMIA: A ROLE OF BCR-MEDIATED
INSIDE-OUT VLA-4 INTEGRIN ACTIVATION
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Background: Treatment with the B-cell receptor (BCR) signaling inhibitor ibru-
tinib (IB) has demonstrated high response rates and improved survival in chron-
ic lymphocytic leukemia (CLL). IB treatment is associated with a highly variable
degree of transient lymphocytosis, due to a reduction of CLL cell adhesion and
efflux of CLL cells from tissue sites. CD49d, a strong negative prognosticator
in CLL, is the alpha-chain of the integrin heterodimer CD49d/CD29 (VLA-4), a
key molecule in CLL microenvironmental interactions. Inside-out activation of
VLA-4 by BCR signals increases its adhesive properties, although the role of
the BCR as a VLA-4 activator in CLL is unknown.

Aims: To correlate the kinetics of transient lymphocytosis with the expression
and levels of activation of VLA-4.

Methods: Two cohorts of IB treated patients (IB-CLL) with data of absolute
lymphocyte count (ALC) at pre-treatment and at different time points of IB treat-
ment were available: 1) 28 refractory/relapsed CLL patients (15 CD49d+) treat-
ed with IB on a compassionate basis (IT cohort); 2) 26 CLL patients (14
CD49d+) enrolled in the investigator-initiated phase Il study of ibrutinib
NCT01500733 (US cohort).VLA-4 activation was assessed by flow cytometry
using conformation sensitive anti-CD29 mAb HUTS-21 in conjunction with LDV-
containing VLA-4 specific ligand. The levels of activated VLA-4 was measured
as VLA-4 receptor occupancy (RO) in values ranging from 0.0 (no RO) to 1.0
(100% RO) as in Chigaev et al. (J Biol Chem, 2009): higher RO indicates a
larger fraction of activated (i.e. with a higher affinity) VLA-4. BCR engagement
was performed using goat F(ab’)2 anti-human IgM. CD49d, CD29, IgM expres-
sion, and Ca** release were cytometrically analysed. Adhesion assays were
performed on VCAM-1-coated slides.

Results: Correlation between CD49d expression and IB-induced lymphocytosis
was performed in both cohorts. Median ALC at baseline were 23x106/mL and
29x108/mL (IT cohort) and 67x106/mL and 95x106/mL (US cohort) for CD49d-
and CD49d+ CLL, respectively. Despite these different baseline ALC, and
although ALC data were available at slightly different timepoints, CD49d- CLL
showed a more pronounced increase in ALC than CD49d+ cases in both
cohorts (Figure 1). To explain the observed differences in ALC kinetics in
CD49d+ and CD49d- CLL, VLA-4 inside-out activation upon BCR stimulation
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was evaluated in CD49d+ CLL cells that were exposed in-vivo to IB. Cells col-
lected from IB-CLL on t30 (n=7), showed slightly decreased (79-86%) CD49d,
CD29, and IgM MFI levels compared to pre-treatment cells. Despite an overall
impairment of BCR-dependent Ca** signaling (mean Ca** release: 12.4% at
pre-treatment, 3.6% at t30), IgM stimulation increased both VLA-4 RO (mean
0.53-range 0.40-0.73-, compared to 0.36-range 0.22-0.52-, at pre-treatment,
p=0.004; 0.53-range 0.41-0.84-, compared to 0.27-range 0.01-0.45-, at t30,
p=0.010) and CLL cell adhesion (mean values of adherent cells/control= 4.6
vs 3.7 at pre-treatment and 4.5 vs 1.6 at day 30). Similarly, cells from IB-CLL
on day 60-90 of treatment (n=3) kept showing an increased VLA-4 RO upon
IgM stimulation (from 0.14, range 0.10-0.17 to 0.34, range 0.20-0.56), although
Ca** release was relevantly decreased.
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Figure 1.

Summary/Conclusions: BCR triggering in CLL cells activates VLA-4 via an
inside-out pathway at least in part independent from IB binding to BTK. CD49d+
cells retain VLA-4 activation after IB treatment, with implications for CLL cell
adhesion, and treatment-induced lymphocytosis. These observations should
be considered in the design of IB therapies.

50 | haematologica | 2016; 101(s1)

CLL - Efficacy and safety of new treatments 1

P207

LONG-TERM FOLLOW-UP OF THE NEXT GENERATION PI3K-DELTA
INHIBITOR TGR-1202 DEMONSTRATES SAFETY AND HIGH RESPONSE
RATES IN CLL: INTEGRATED-ANALYSIS OF TGR-1202 MONOTHERAPY
AND COMBINED WITH UBLITUXIMAB
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Background: TGR-1202 is a novel, once-daily PI3K3 inhibitor with a differen-
tiated safety profile from other PI3Kd inhibitors, and proven activity in patients
(pts) with advanced hematologic malignancies. TGR-1202 is in clinical devel-
opment as monotherapy and in combination with the glycoengineered CD20
mAb, ublituximab (UTX).

Aims: An integrated-analysis was conducted of pts dosed with TGR-1202
monotherapy or combined with ublituximab with a focus on outcomes in
patients with CLL/SLL.

Methods: In both studies, there were no limits on prior therapies (Tx) and
TGR-1202 was administered once-daily and escalated in 3 + 3 design with
expansion cohorts explored. In the combo study, UTX was administered at a
fixed dose of 900 mg per infusion. The primary endpoint was safety and efficacy
was a secondary endpoint.

Results: Across both studies, a total of 152 pts (81 monotherapy/71 combined
with UTX), including 40 CLL/SLL and 112 NHL patients were exposed to at least
one dose of TGR-1202. Median age 65 yrs (22-86); 100 M/52 F; median # prior
Tx=3 (1-14); 53% refractory to immediate prior Tx. Most frequent reported AE’s
(all grades; Gr 3/4): nausea (44%; 1%), diarrhea (42%; 2%), fatigue (36%; 3%),
vomiting (23%; 0%) and neutropenia (19%; 16%). AST/ALT increase was 6%
(3% Gr 3/4), pneumonia 6% (5% Gr 3/4) and pneumonitis 1% (<1% Gr 3/4). 64
pts received TGR-1202 for 26 mos, 33 for 21 year, with longest on >30 mos.
Discontinuations due to AE’s occurred in 8% of pts. Across both studies, 27
CLL/SLL pts received the therapeutic targeted dose of 2800 mg (17 single agent,
10 combo with UTX) and were evaluable for efficacy. 48% of CLL patients exhib-
ited high-risk cytogenetics (17p and/or 11q del). The combined ORR was 89%
(4% CR) of which 22% had persistent lymphocytosis (all PR-L pts were on
monotherapy). The median PFS in CLL was 24 mo (95% CI: 7.4, NR) as a
single agent, and has not been reached for the TGR+UTX combo.

Kaplain-Meier Curve of PFS
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Figure 1.

Summary/Conclusions: TGR-1202 has exhibited a markedly differentiated
safety profile from other PI3Kd inhibitors to date with few discontinuations due
to AE’s and limited G 3/4 events. In particular we highlight the minimal rates of
transaminitis / pneumonitis / colitis events across a large CLL/NHL population.
Robust activity was observed in CLL, leading to a global Phase 3 trial evaluating



TGR-1202 in combination with UTX in treatment naive and relapsed CLL.
Based on the safety profile observed to date, combination Phase 1 & 2 trials
exploring TGR-1202+ibrutinib, and the triple combinations of TGR-1202+
UTX+ibrutinib, and TGR-1202+UTX+pembrolizumab are ongoing. TGR-1202
is also being evaluated in a Phase 2 study in CLL patients intolerant to a BTK
or PI3K delta inhibitor.
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Background: A global named patient program (NPP) was opened in numerous
countries worldwide in order to allow access to ibrutinib for eligible patients
with relapsed/refractory chronic lymphocytic leukemia (CLL) prior to approval
in those countries. This program provides real-world data on estimated out-
comes with ibrutinib across a large, global CLL population.

Aims: To use real-world data from the ibrutinib CLL NPP to investigate whether
treatment benefits reported in randomized clinical trials are reflected in out-
comes observed in clinical practice.

Methods: In an analysis of ibrutinib ordering/reordering, we estimated patient
time on treatment in order to provide a conservative approximation of progres-
sion-free survival (PFS) using Kaplan-Meier analysis and Cox proportional haz-
ards regression. Reordering data were censored at the date of last ibrutinib
supply or resupply (ibrutinib was resupplied every 1-3 months depending on
stage of the NPP). Patients transferring to commercial ibrutinib after approval
were censored at the time of NPP closure in their country.

Figure 1A Time on Treatment for Gictal CLL NPP Popuiation Versus RESONATE ™
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Results: Overall, 2908 patients with CLL from 30 countries participating in the
global NPP were included in this analysis; median age was 69 years, and 66.3%
were male. After 12 months, 77.3% (95% Cl, 74.7-79.6%) of the global popu-
lation remained on treatment. This estimate is similar to the 12-month time on
treatment (81.5% [95% CI, 75.3-86.3%]) and PFS (83.8% [95% CI, 77.8-
88.3%]) rates observed in the phase 3 RESONATE™M study of ibrutinib for
relapsed/refractory CLL (inclusion criteria were similar for the CLL NPP and
the RESONATE ™M trial). Moreover, Kaplan-Meier curves for time on treatment
for the global CLL NPP population and the RESONATETM study were not sta-
tistically different (Figure 1A; CLL NPP versus RESONATETM: HR, 1.20 [95%
Cl, 0.86-1.67]). Limited baseline demographic information collected at NPP
enroliment allowed an exploration of time on treatment via multivariate analysis
(Figure 1B). Younger patients or those achieving complete/partial response to

Copenhagen, Denmark, June 9 - 12, 2016

prior therapy had significantly longer time on treatment. Strong trends indicating
longer time on treatment were observed for patients who had received fewer
prior lines of therapy, as well as for male patients, those who were diagnosed
with CLL within the last 5 years, and those with a progression-free interval of
23 months prior to ibrutinib treatment. Neither refractory disease (defined as
no response to prior therapy [ie, stable disease or progression]) nor duration
of response to prior therapy additionally impacted time on treatment. In total,
332 patients (11.4%) discontinued treatment during the observation period, the
most common reasons being death (4.2%), disease progression (1.9%), and
adverse events (1.7%).

Summary/Conclusions: Although NPP data are based on physician declara-
tions and are unmonitored, this analysis provides a real-world estimate of time
on treatment, which can be considered a conservative proxy for PFS. The esti-
mates, determined from a large, global CLL population, were similar to those
reported for RESONATETM, suggesting that results observed in ibrutinib clinical
trials are reproducible in clinical practice.
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Background: Venetoclax (VEN) is a selective, potent, orally bioavailable BCL-
2 inhibitor. High overall response rates (ORR, 79%) and complete response
rates (CR, 20%) were attained in a first-in-human dose-escalation study (M12-
175) of VEN monotherapy in patients (pts) with relapsed/refractory (R/R) chronic
lymphocytic leukaemia (CLL) or small lymphocytic lymphoma (SLL). The addi-
tion of monthly rituximab (R; months 1-6) in combination with VEN is being
evaluated in an ongoing phase 1b dose-escalation study (M13-365) and as of
280ct2015, the observed ORR is 86% and the CR rate is 47%. Entry criteria
for the two studies were similar, but distribution of pt demographic and disease
characteristics differed.

Aims: To assess the effect of adding R to VEN on response rate as well as on
the quality and duration of the response, relative to VEN monotherapy using
post hoc exploratory multivariable analyses.

Methods: Analyses used a cutoff of 25 Aug 2015 for M12-175 and 28 Oct 2015
for M13-365. The median follow-up was 17 and 21 months for M12-175 and
M13-365, respectively. Demographic and disease characteristics were analyzed
if their distribution differed between the studies and/or they had been identified
as VEN response-modifiers in prior exploratory analyses (Roberts et al, NEJM
2016). Included variables were: age, number of prior therapies received (<3 vs
23), maximum lymph node diameter (<5 vs >5cm), 17p status by FISH (not
deleted vs deleted), and VEN dose (evaluated using assigned dose cohort in
each study: 400 vs <400mg [150, 200, 300mg] or >400 mg [500, 600, 800mg]).
Ptinclusion required available data for all variables analyzed. Forward stepwise
selection was applied for the model, starting with therapy (VEN plus R vs VEN
monotherapy); a significance threshold of p<0.2 was used to add or remove
variables to/from the model. Logistic regression analyses were performed for
ORR (responder vs non-responder) and CR (CR/CRi vs all other pts). A Cox
proportional hazards model was applied to evaluate differences in duration of
response (DoR).

Table 1.
O 5 Hturgc::ltio for
Odds Ratio (95% CI); Odds Ratio (95% Clj; 3
Progression (95% Cl);
pvalue pevalue
p-value
1.142(.433~-3.015); 3.292(1.527 - 7.097); .235(.078~-.703);
VEN plus R vs. VEN
Pz p=79 p=.002 p=.01
Prior therapies 4.572(1.624-12.908);
<3vs 23 p=.004 i e
Lymph node size NS 3.921(1.807 - 8.506); 406 (.163 = 1.009);
=5 cmvs >5 cm p=.0005 p=.052
17p status i e 452(.193- 1.058);
not deleted vs deleted p=.067
Ags i NS NS NS
variable
Dose of VEN
<400 mg vs 400 mg NS NS 3.129(1.025-9.551);
p=.045
>400 mg vs 400 mg NS NS 1.365 (447 4.171);

p=59

NS, not included in the final model.
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Results: Final models from stepwise regression analyses are summarized in
the table. Following selection of the final model, 157 pts were evaluated for
ORR (84, M12-175; 45, M13-365), 156 for CR (83, M12-175; 45, M13-365),
and 105 for DoR (66, M12-175; 39, M13-365). Combination therapy did not
influence ORR relative to VEN monotherapy (odds ratio: 1.142 [95% CI: 0.433-
3.015]; p=0.79). Responses of CR/CRi were more likely with combination ther-
apy (odds ratio: 3.292 [95% CI: 1.527-7.097]; p=0.002) and they were more
durable, with longer DoR with combination versus VEN monotherapy (hazard
ratio for progression: 0.235 [95% CI: 0.078-0.703]; p=0.01). When analyzed
across both studies, pts who received <3 prior therapies were more likely to
achieve a response. Confirming prior exploratory analyses, pts with maximum
nodal diameter <5 cm were more likely to achieve CR. Pts receiving <400 mg
VEN (400 mg is the phase 2 dose of VEN combined with R or monotherapy)
had shorter DoR. The effects of other variables were not significant.
Summary/Conclusions: Results of these exploratory, cross-study, post hoc
analyses support the choice of 400 mg VEN dosing and indicate higher CR
rates and longer DoR with the combination of VEN plus R after adjusting for pt
demographics and disease characteristics. VEN combined with R is currently
being evaluated in the ongoing, phase 3 MURANO study randomized against
bendamustine with R.
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PRELIMINARY RESULTS OF A PHASE Il STUDY OF IBRUTINIB IN COMBINATION
WITH FCR (IFCR) IN PREVIOUSLY UNTREATED, YOUNGER PATIENTS
WITH CLL

MS Davids®", HT Kim?1, J Bsat!, A Savell!, K Francoeur!, JM Hellman,
DM Brander2, CA Jacobson, EP Hochberg3, RW Takvorian3, JS Abramson3,
DC Fisher?, JR Brown'

1Medical Oncology, Dana-Farber Cancer Institute, Boston, 2Medical Oncology,
Duke University Medical Center, Durham, 3Medical Oncology, Massachusetts
General Hospital, Boston, United States

Background: FCR is a standard initial therapy for younger patients (pts) with
CLL; however, only about 20% of pts will achieve complete response (CR) with
bone marrow minimal residual disease negativity (BM MRD-neg) (Boettcher et
al., 2012), which is likely a prerequisite for cure. Ibrutinib is an oral BTK inhibitor
with an excellent efficacy and safety profile in CLL. We report on the preliminary
results of an investigator-initiated, phase Il study of ibrutinib plus FCR (iFCR)
as upfront treatment for young, fit CLL pts (NCT02251548).

Aims: The primary aim of this open-label, single arm, multicenter phase Il
study is to determine the rate of CR with BM MRD-neg in younger CLL pts
treated upfront with iFCR. Secondary aims are to assess response rates and
safety/tolerability.

Methods: Ibrutinib 420 mg daily monotherapy is given for 7 days, and FCR
per standard dosing is added on day 8. Up to 6 cycles of FCR are given con-
currently with daily ibrutinib; growth factor support and antimicrobial prophylaxis
are mandatory. Responders continue on ibrutinib maintenance until time of
progression or unacceptable toxicity. Eligibility criteria include: age <65, requir-
ing initial treatment by IW-CLL criteria, ECOG PS <1, and adequate organ func-
tion. CTCAE v4 and IW-CLL criteria are used to evaluate toxicity and efficacy,
with response evaluations after 3 cycles, 2 mos. after final FCR, and g6 mos.
thereafter. MRD is assessed by 4-color flow cytometry (10-4 sensitivity).
Results: As of 22 February 2016, 27 pts were enrolled. The median age at
enrollment was 55 yrs (range 43-65). 7/25 (28%) had del (11q) and 1/25 (4%)
had del (17p) with TP53 mutation. Unmutated /IGHV was present in 11/17
(65%), ZAP-70 was positive in 17/23 (74%), and 1/16 (6%) patient had
NOTCH1 mutation. In a 10 patient safety lead-in, there was no unexpected
toxicity. Of the 27 total pts, hematologic toxicity includes neutropenia (26%;
15% gr 3-4), thrombocytopenia (56%; 19% gr 3-4), and anemia (19%, 4% gr
3-4). All grade non-hematologic toxicities occurring in 215% of pts include gr
1/2 nausea (63%), fatigue (33%), bruising (33%), rash (19%), and gr 1 diar-
rhea (15%). The only bleeding event was gr 1 epistaxis in 1 pt. SAEs include
gr 4 febrile neutropenia, gr 3 atrial fibrillation, and gr 3 transaminitis in 1
patient each. In the 17 pts who have undergone re-staging after completing
the iIFCR combination, the ORR is 100%, including 8/17 (47%) with CR or
CRI, all of whom are BM MRD-neg, and 9/17 (53%) with PR. The rate of
MRD-neg in the BM is 13/17 (76%), including 5 patients in PR. 8/9 pts with
PR have residual lymph nodes <2.5 cm in long axis by CT imaging. The medi-
an duration of therapy is 7.7 months (range 0.5-16.2), and 25 of the 27 pts
remain on treatment. A pt who completed 6 cycles of iFCR and achieved CR
with BM MRD-neg declined ibrutinib maintenance and remains in CR on
observation, and the pt with del(17p) achieved PR and elected to pursue allo-
geneic stem cell transplant.

Summary/Conclusions: iFCR is a highly active combination for young, fit
pts with CLL, with toxicities similar to FCR and ibrutinib given as individual
therapies. Although the ORR and CR rates are similar to FCR historical con-
trols, the 47% rate of CR with BM MRD-neg compares favorably to the 20%
rate observed on the FCR arm of the CLL8 study. Additionally, several pts
who achieved PR are BM MRD-neg, have small residual lymph nodes, and
will be monitored for conversion to CR while on ibrutinib maintenance in this
ongoing trial.
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PRESENCE OF MULTIPLE UNMUTATED IGHV REARRANGEMENTS IN
CLL PATIENTS IS ASSOCIATED WITH A VERY SHORT TREATMENT-FREE
SURVIVAL: RESULTS FROM 2 INDEPENDENT COHORTS

B Stamatopoulos”, D Bruce, A Timbs, H Dreau, A Schuh

Molecular Diagnostic Center, University of Oxford, Oxford, United Kingdom

Background: The immunoglobulin heavy-chain gene (IgHV) mutational status
is considered the gold standard of prognostication in CLL and is currently deter-
mined by Sanger Sequencing (SSeq) that only allows for analysis of the major
clone. Next-generation sequencing (NGS), in the other hand, is able to highlight
multiple rearrangements within a patient. However, the prognostic significance
of multiple subclones in CLL is still unknown.

Aims: The aim of the present work was to investigate the prognostic impact of
multiple IgHV rearrangements on treatment-free (TFS) and/or overall (OS survival).
Methods: Using NGS, we sequenced the IgHV gene from 2 independent
cohorts: (1) 270 unselected CLL patient samples obtained at diagnosis with a
median follow-up of 83 months (range, 1-397) and (ll) 227 patients from the
UK Arctic-Admire FCR-based clinical trial with a median follow-up of 24 months
(range, 0.1-215). The data were after correlated with TFS and/or OS.
Results: The presence of multiple rearrangements was confirmed by fluores-
cence electrophoresis of DNA fragments. We also showed that some IgHV
biclonal patients had multiple clones by flow cytometry using a CD5/CD19/Kap-
pa/Lambda staining. Accuracy of sequences obtained by NGS was validated
by SSeq. In order to control for potential PCR/sequencing errors, only the most
abundant sequences with a median depth of 32631 reads (range, 639-354763)
were used to calculate the IgHV mutational status allowing a perfect concor-
dance between SSeq and NGS. Reproducibility of results was confirmed by
independent duplicate experiments. Based on IgHV-NGS subclonal profiles,
we were able to define 5 different categories: patients with (a) multiple M clones,
(b) 1M clone, (c) a mix of M-UM clones, (d) 1UM clone, (e) multiple UM clones.
In the population obtained at diagnosis (composed of treated and untreated
patients), IgHV-NGS classification stratified patients into 5 different subgroups
with median TFS of >280 (a), 131 (b), 61 (c), 29 (d), 18 (e) months (P<0.0001)
and a median OS of >397 (a), 292 (b), 196 (c), 137 (d), 106 (e) months
(P<0.0001). The subgroups were associated with well-known prognostic factors
such as ZAP70, CD38, LPL, lymphocyte doubling time or cytogenetic abnor-
malities. In the clinical trial population (composed only of treated patients),
IgHV-NGS classification stratified patients into 5 different subgroups with medi-
an TFS of >38 (a), 37 (b), 17 (c), 19 (d) and 4 (e) months (P=0.0017). The very
favorable prognosis of patients with multiple mutated rearrangements was not
confirmed in the clinical trial population: indeed, this subgroup is composed of
85% of untreated patients in population (1) who were excluded in trial population
(I1) which by definition only contains treated patients. On the contrary, the very
short median TFS of patient with multiple unmutated rearrangements was con-
firmed in both populations: patients with multiple unmutated IgHV have a sig-
nificantly shorter TFS than patients with only one unmutated rearrangement (I.
P=0.0190 and Il. P=0.0359). In addition, their chance of requiring a treatment
within the 4 first years after diagnosis is associated with a positive predictive
value of 94% (I) and 90% (I1).

(1) unselected population (M) clinical trial population

P<0.0001
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Summary/Conclusions: Here, we showed for the first time that patients with
multiple unmutated IgHV rearrangements determined by deep NGS have very
aggressive disease with a very short TFS compared to patient with only one
unmutated rearrangement. These finding will help identify patients at diagnosis
who will require early treatment and consequently closer follow-up.
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NON-CODING NOTCH1 MUTATIONS IN CHRONIC LYMPHOCYTIC
LEUKAEMIA; THEIR CLINICAL IMPACT IN THE CLL4 CLINICAL TRIAL
M Larrayoz!, MJ Rose-Zerilli', H Parker?, SJ Blakemore, J Forster?, Z Davis2,
AJ Steele’, M Else3, D Catovsky3, DG Oscier?, JC Strefford4”

1Cancer Sciences Unit, Faculty of Medicine, University of Southampton,
Southampton, 2Department of Molecular Pathology, Royal Bournemouth Hos-



pital, Bournemouth, 3Haemato-oncology Research Unit, Division of Pathology,
The Institute for Cancer Research, Sutton, 4Cancer Sciences Unit, University
of Southampton, Southampton, United Kingdom

Background: NOTCH1 is recurrently mutated in approximately 10% of patients
with Chronic Lymphocytic Leukaemia (CLL) and associates with reduced sur-
vival and Richters transformation. Whilst mutations were initially localized to
exon 34 (termed ‘coding’), recent whole genome sequencing analysis (Nature
2015, 526:519) showed additional mutations in the 3' UTR of NOTCH1 (termed
‘non-coding’) resulting in in the same constitutive activation of Notch1. However,
the clinical impact of these mutations on patients requiring therapy, enrolled
into a clinical trial has not been ascertained.

Aims: To assess the incidence of NOTCH1 non-coding mutations in the UK
CLL4 trial and identify any associations with clinico-biological characteristics,
progression free- (PFS) and overall survival (OS).

Methods: 489 CLL patients with available material were included in this study.
High-resolution melt analysis, Sanger and high-throughput sequencing were
employed to identify NOTCH1 mutations.

Results: We identified 47/489 (9.6%) and 11/489 (2.2%) coding and non-coding
mutations, respectively, with the latter being the those previously reported
[139390152 A>G (n=7) and 139390145 A>G (n=4), Nature 2015, 526:519] (Fig-
ure 1A). The non-coding variants constituted 19% of the total NOTCH? muta-
tions, with 11.8% of CLL4 patients carrying either NOTCH1 mutation. NOTCH1
non-coding mutations were mutually exclusive of TP53, MYD88, RPS15 and
NFKBIE mutations (Figure 1B). When considering all 58 mutations together,
mutant NOTCH1 was associated with unmutated /GHV genes (OR:2.93,
95%CI:1.38-6.23, P=0.005), CD38 (OR:4.48, 95%Cl:2.30-8.72, P<0.001) and
ZAP70 positive expression (OR:3.11, 95%CI:1.52-6.37, P=0.002) and the pres-
ence of trisomy 12 (OR:4.00, 95%C]l:2.16-7.38, P<0.001). For non-coding muta-
tions in isolation, only the association with trisomy 12 remained significant
(OR:5.55, 95%CIl:1.64-18.83, P=0.006). We analysed the impact of the two
types of NOTCH1 mutations on survival. Considered together, coding and non-
coding mutations were associated with a significant reduction in OS and PFS
with medians of 53.4 months versus 74.7 months (HR:1.63, 95%Cl:1.22-2.17,
P=0.001) and 19.3 versus 27.7 (HR:1.59, 95%CI:1.20-2.11, P=0.001), respec-
tively, compared to wild-type patients. Considered separately, NOTCH7 non-
coding and coding mutations presented a significantly shorter OS than wild-
type patients (median 43.2, 54.8 and 74.6 months to death, respectively,
P=0.012 and P=0.013, respectively) (Figure 1C). Only coding NOTCH1 muta-
tions were significantly associated with reduced PFS compare to wild-type
(median 22.0 versus 27.7 months, respectively, P=0.005) (Figure 1D). How-
ever, whilst not statistically significant, UTR mutations did exhibit reduced PFS
(median 12.72, P=0.055) compared to wild-type patients. Cases with non-cod-
ing NOTCH1 mutations were 80% (HR: 1.80, 95%CI: 0.99-3.28, P=0.055) more
likely to progress and two-fold more likely to die (HR: 2.14, 95%Cl: 1.17-3.92,
P=0.013) than wild-type patients at last follow-up. When non-coding and coding
mutations were combined, two additional features were noted: 1) combined
NOTCH1 status captured 11 more of both PFS and OS events compared to
coding mutations alone, and 2) a trend was observed between the presence of
NOTCH1 mutations and death from Richters transformation (P=0.062).
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Summary/Conclusions: NOTCH1 non-coding mutations constitute 19% of the

Copenhagen, Denmark, June 9 - 12, 2016

total NOTCH1 truncating mutational burden in patients requiring treatment in
the UK CLLA4 trial. Importantly, these non-coding mutations have a comparable
impact on OS after first-line treatment with chemotherapy. This work supports
the detection of non-coding NOTCH1 mutations in patients requiring therapy.
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UPDATED RESULTS OF A PHASE 3 RANDOMIZED, CONTROLLED STUDY
OF IDELALISIB IN COMBINATION WITH OFATUMUMAB FOR PREVIOUSLY
TREATED CHRONIC LYMPHOCYTIC LEUKEMIA (CLL)

T Robak™*, J Jones2, M Wach3, J Brown4, A Menter5, E Vandenberghe®,
L Ysebaert’”, N Wagner-Johnston8, J Polikoff®, F Awan2, X Badoux'0,
S Coutre'!, S Spurgeon'2, J Loscertales'3, G Xing'4, R Dubowy'4, | Flinn15,
C Owen'6

TMedical University of Lodz, Lodz, Poland, 2The Ohio State University, Columbus,
OH, United States, 3Medical University of Lublin, Lublin, Poland, 4Dana-Farber
Cancer Institute, Boston, MA, ®Kaiser Permanente Medical Group, Denver, CO,
United States, 6Saint James’s Hospital, Dublin, Ireland, 7Centre Hospitalier Uni-
versitaire Purpan, Toulouse, France, 8Johns Hopkins School of Medicine, Balti-
more, MD, 9Kaiser Permanente Medical Group, San Diego, CA, United States,
10St. George Hospital, Kogarah, Australia, 11Stanford University School of Med-
icine, Stanford, CA, 120regon Health and Science University, Portland, OR, Unit-
ed States, 13Hospital Universitario de La Princesa, Madrid, Spain, 14Gilead Sci-
ences, Inc., Foster City, CA, 15Sarah Cannon Research Institute, Nashville, TN,
United States, 16Alberta Health Services, Calgary, Canada

Background: Idelalisib (IDELA) is an oral PI3Kd inhibitor approved within the
EU for use with rituximab in pts with relapsed CLL and as first-line treatment of
CLL with either del(17p) or TP53 mutation in patients unsuitable for chemo-
immunotherapy. This open-label study (NCT01659021) compared IDELA + ofa-
tumumab (OFA) vs OFA in pts with relapsed CLL. Results of the primary end-
point analysis were previously reported (Robak et al, EHA 2015) and are updat-
ed here with an additional 8.5 mos of follow-up. In the primary analysis, the
combination yielded superior PFS and the KM estimated median OS was 20.9
and 19.4 mos in the IDELA + OFA and OFA arms, respectively.

Aims: To evaluate the safety and efficacy of IDELA + OFA vs OFA alone in
patients with relapsed CLL.

Methods: Pts with CLL progressing <24 mo from last therapy, who had received
22 cycles of a purine analogue or bendamustine, were randomized 2:1 to either
Arm A (IDELA 150 mg BID continuously plus OFA, 300 mg IV wk 1, then 1 g1V q
wk x 7 and q 4 wk x 4) or Arm B (OFA, same as Arm A except 2 g was substituted
for 1 g dosing) with stratification factors relapsed vs refractory, del(17p) and/or
TP53 mutation, and /IGHV mutation. The primary endpoint was PFS as determined
by an Independent Review Committee using modified IWCLL 2008 criteria.
Results: Pt characteristics were balanced in the 2 arms: med age 67; Rai
I/1I/IV 18/13/51%, med no. prior regimens 3, refractory 49%, del(17)p/ TP53mut
40%, IGHV unmut 78%. Exposure, disposition, and efficacy are shown in the
table. Results were consistent across risk groups. Gr 23 AEs in Arm Aincluded
diarrhealcolitis (23.1%), pneumonia (19.7%), and pneumonitis (4.6%).

Table 1.

Arm A (IDELA/OFA)  Arm B (OFA) HR/OR?
Pt randomizedidosed | 174173 | 87/86
Months onstudy (range) | 16.1(1.1-28.5) 58(0-254)
Reason for study D/C, n (%)
: 52(29.9) 44 (50.6)
Death 26 (149) 6(6.9)
AE/Physician decision 20(16.7) 19 (21.8)
Withdrew consent/other | 15(8.6) 17(19.5) | |
HR=027,
Med PFS*, mo 164 . 8.0 p<00001 |
- OR=159,
ORR, % 753 184 | p<00001
Q1% of OS* (95% CT),mo 182(123,22.7) 12.7 (6.0, 19.3) = |
IMed OS* (95% CT), mo NR (25.8,NR) NR (21.7,NR) H}foo'z"?i
Del(17py/ TP53mut: Med OS* | | HR=052, |
(95% CT), mo 25.8 (22.7,NR) 19.3 (10.7,NR) p=0.03

‘IDELA med exposure 12.3 mo (0.2-23.9); *odds ratio; *per physician; “K M estimation; * 1"
quartile

Summary/Conclusions: With >8 mos longer follow-up, IDELA + OFA vs OFA
continues to show superior PFS and ORR, and now demonstrates superior OS in
pts with del(17p)/TP53mut and a trend of improvement of OS in the ITT population.
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AN EVALUATION OF THE CLL-IPI SCORE AND COMPREHENSIVE PROGNOSTIC
FACTOR ANALYSIS IN PATIENTS WITH R/R CLL IN IDELALISIB PHASE 3
RANDOMIZED STUDIES

JD Soumerai'l*, JC Barrientos2, M Hallek3, TJ Kipps4, JA Jones®, G Xing®,
NS Yao 6, L Ysebaert’, S Stilgenbauer8, AD Zelenetz'

TMemorial Sloan-Kettering Cancer Center, New York, NY, 2Hofstra North Shore-
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LIJ School of Medicine, Hempstead, NY, United States, 3Department of Internal
Medicine and Center of Integrated Oncology Cologne Bonn, University Hospi-
tal, Cologne, Germany, 4University of California San Diego Moores Cancer
Center, La Jolla,CA, 5Ohio State University, Columbus, OH, 6Gilead Sciences,
Inc., Foster City, CA, United States, “Department of Haematology, Institut Uni-
versitaire du Cancer de Toulouse - Oncopdle, Toulouse, France, 8University of
Ulm, Ulm, Germany

Background: The International Prognostic Index for patients (pts) with chronic
lymphocytic leukemia (CLL-IPI) is a scoring system with prognostic value for
overall survival (OS) in untreated CLL (Bahlo J et al. Haematologica 2015; 100:
313), but has not been studied in relapsed/refractory (R/R) CLL or in the context
of novel agents. The CLL-IPI is a risk-weighted model consisting of 5 risk factors:
age (relative weight, 1), stage (1), B2-microglobulin (2), IGHV mutation status
(2), and del(17p)/TP53 mutation (17p-/TP53M) (4). Since IDELA s active in CLL
with 17p-/TP53M, which is a major contributor to the CLL-IPI, we hypothesized
that IDELA would overcome the negative impact of a high CLL-IPI.

Aims: 1) To assess the prognostic utility of CLL-IPI in R/R CLL in IDELA phase
3 randomized trials; 2) To determine if IDELA overcomes the negative impact
of a high CLL-IPI; 3) To identify independent risk factors for OS in pts with R/R
CLL and in pts treated with IDELA

Methods: The CLL-IPI was analyzed among 460 pts with R/R CLL requiring
treatment who received IDELA+rituximab (R) vs placebo+R (NCT01539512),
or IDELA+ofatumumab (O) vs O (NCT01659021). Subgroup analyses were
conducted in 274 pts treated with IDELA+R or IDELA+O (IDELA cohort) and
186 pts treated with R or O (Control). Median OS was estimated using the
Kaplan-Meier method for the 4 CLL-IPI risk groups: low (score 0-1), interme-
diate (2-3), high (4-6), and very high (7-10). The log-rank test was used to
compare survival distributions across CLL-IPI risk groups. Multivariate analyses
of prognostic factors for OS were performed. Factors with a p-value of <0.1 in
the univariate analysis (log-rank test) were included in the multivariate analyses
(Cox proportion hazards model).

Results: Most pts with R/R CLL have very high (40.9%) and high risk CLL-IPI
(49.6%), and intermediate (8.3%) and low risk CLL-IPI (1.3%) are rare. Notably,
only 0.6% pts with R/R CLL were Rai 0/Binet A. At a median follow-up of 14.7
months, the CLL-IPI score was validated in pts with R/R CLL with significant
differences in OS across CLL-IPI risk groups (p=0.0001). In subgroup analyses,
the CLL-IPI was prognostic for OS in the Control (p=0.0007) but not in the
IDELA cohort (p=0.086). In the multivariate analyses: 17p-/TP53M, B2M, LDH
and Karnofsky performance status (KPS) were independently prognostic for
OS in pts with R/R CLL. While B2M, KPS and 17p-/TP53M were independently
prognostic for OS in the Control cohort, only LDH and age were independently
prognostic for OS in the IDELA cohort.

Table 1.

| Multivariate analyses: R/R CLL IDELA Cohort | Control Cohort |
Owverall Survival HR (85% C1) | P value HR (95% CI) P valua HR (85% C1) Pvalue |

| 'B2Mm 235 ) | 220(100,48 | 00283 | 160(064,445) | 02912 | 320(1.01,1069) | 0.0a82 |

| LDH elevated | 185 (195, 2.36) | 0.00B4 | 1.73 (1.0 [opare | 163(087,274) |

[Agez85 | 144(097,215 |0074 | 201(1.11 [ 00202 | 084 (054,185 |

| KPS 570 183(1.33,28) | 0.0005 | 147 (0.86, 252) | 0.161 291(1.71,493) | 00001 |

[ 17p-rTP5IM 163(1.15,232) | 0.0066 | 1.41(0B6,23) | 01732 | 1.88(1.12 3.15) | 0.0161

[ IGHV unmutated_ 1145(0.88,237) | 0.1448 | 14B(0.76,2.86) | 0.2475 | 1.32 (0.61,285) | 0.4764
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Figure 1.

Summary/Conclusions: Although low/intermediate-risk CLL-IPI is uncommon
in R/R CLL, the CLL-IPI may be prognostic for OS in this population. These
data suggest that IDELA overcomes the negative impact of high-risk CLL-IPI.
While 17p-/TP53M, B2M, LDH and KPS were prognostic for OS in pts with
R/R CLL, the current analysis indicates that only age and LDH may be prog-
nostic for OS in pts treated with IDELA in combination with an anti-CD20 mon-
oclonal antibody. Additional work is needed to develop adjusted risk models
for pts with R/R CLL and for pts treated with targeted agents.
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DISCONTINUATION OF IDELALISIB TREATMENT DUE TO DISEASE
PROGRESSION IN PATIENTS WITH RELAPSED AND REFRACTORY CLL:
AN EVALUATION OF OUTCOMES

JR Brown!", P Ghia2, JA Jones 3, AR Pettitt, JP Sharman®, L Ysebaert6,
Y Kim7, T Newcomb?, NS Yao?, RR Furman8, S Stilgenbauer®

1Dana-Farber Cancer Institute, Boston, United States, 2Universita Vita-Salute
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State University, Columbus, United States, 4Department of Molecular and Clin-
ical Cancer Medicine, University of Liverpool, Liverpool, United Kingdom, 5US
Oncology Network/Willamette Valley Cancer Institute, Springfield, Oregon, Unit-
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Toulouse - Oncopdle, Toulouse, France, 7Gilead Sciences, Inc., Foster City,
CA, 8Weill Cornell Medical College, New York, NY, United States, SUniversity
of Ulm, Ulm, Germany

Background: There have been reports of rapid decline leading to death in
patients with CLL following discontinuation of B-cell receptor pathway-targeted
therapy (Jain, et al. Blood. 2015;125(13):2062-7). Idelalisib (IDELA) is a first
in class PI3K®d inhibitor which inhibits multiple signaling pathways, including
those downstream of the B-cell receptor, CXCR4, and CXCRSb. It is adminis-
tered orally until disease progression or intolerance. Outcomes of patients with
CLL who discontinued IDELA treatment either due to progressive disease (PD)
or adverse events (AEs) have not been described comprehensively.

Aims: The objective of this post hoc analysis was to examine the outcomes of
patients with R/R CLL who discontinued IDELA.

Methods: Data were pooled for patients with R/R CLL who were randomized
to treatment with either IDELA+ofatumumab (n=173) in Study 119 or IDELA+rit-
uximab (n=110) in Study 116 (including long-term follow up in extension Study
117). Time-dependent endpoints were calculated from the dates of IDELA dis-
continuation, including: time to next therapy (TTNT), and time to death (TTD).
Kaplan-Meier analysis was used to estimate overall survival (OS) from the date
of randomization. Subgroup OS analyses were performed using the integrated
safety data set.

Results: Of 283 patients in the safety population, 124 (44%) remained on
IDELA, 28 (10%) discontinued due to PD (22 CLL progressions and 6 Richter’s
transformations (RT), and 131 (46%) discontinued for reasons other than PD.
Presence of -17p/TP53 mutation at baseline was reported for 54% of patients
who discontinued due to PD, 41% of patients who discontinued due to AEs,
and 37% of patients who remained on IDELA treatment. The clinical outcomes
for those patients who discontinued IDELA treatment due to PD are tabulated.

Table 1.

| _IDELA DIC due to PD (n=28) |

| 08, mos

| Median (85% CI) 18.8 (155, NR)
| OS at 24 months, % 44.4%

In 7

| Median (95% CI) 0.9(0.2,3.7)

| TTD, mos

[n | 8

| Median (85% CI) 24(0.1,88)

Summary/Conclusions: In contrast to reports for other B-cell receptor path-
way inhibitors, discontinuation of IDELA due to progression of CLL does not
appear to be associated with shortened survival.

P216

ASSOCIATION BETWEEN KIR/HLA GENOTYPE AND OUTCOME IN THE
CLL11 STUDY OF CHRONIC LYMPHOCYTIC LEUKEMIA (CLL) PATIENTS
RECEIVING CHLORAMBUCIL ALONE OR IN COMBINATION WITH
OBINUTUZUMAB OR RITUXIMAB

G Terszowski’”, N Crompton2, V Goede3, K Humphrey?, G Lei2, C Klein4,
K Mundt5, M Stern'.4

1University Hospital Basel, Basel, Switzerland, 2Roche Products Ltd, Welwyn,
United Kingdom, 3Dept. | of Internal Medicine, University of Cologne, Cologne,
Germany, 4Roche Innovation Center, Zurich, SF. Hoffmann-La Roche Ltd,
Basel, Switzerland

Background: Interaction between killer cell immunoglobulin-like receptors
(KIRs) and HLA class | molecules results in negative regulation of natural killer
(NK) cells. Depending on an individual's KIR/HLA genotype, the number of
possible inhibitory KIR/HLA interactions can range from 1-3. Previous analyses
suggest a negative correlation between response to monoclonal antibody ther-
apy and number of KIR/HLA interactions, with a lower number resulting in
increased NK cell activation and a stronger response to treatment. Findings
from in-vitro studies suggest that inhibitory signaling through KIRs observed
with the conventional anti-CD20 antibody rituximab (R) may be overridden by
the enhanced NK-cell activation associated with the glycoengineered anti-
CD20 antibody obinutuzumab (GA101; GAZYVA/GAZYVARO; G).

Aims: To analyze the association between KIR/HLA genotype and treatment
outcome using data from the CLL11 study (NCT01010061) comparing chlo-



rambucil (Clb), R plus Clb (R-CIb), and G plus Clb (G-Clb) as first-line treatment
in patients (pts) with CLL.

Methods: Pts with available DNA who provided informed consent for genomic
analysis were included. Genotyping was performed for the inhibitory KIR genes
2DL1, 2DL2/3 and 3DL1 and their respective HLA ligands HLA-C2, HLA-C1
and HLA-Bw4. Multivariate Cox regression analysis was performed to deter-
mine the association between number of KIR/HLA interactions (based on the
presence of a receptor-ligand pair) and progression-free survival (PFS). Overall
response rate (ORR) and minimal residual disease (MRD) negativity at end of
treatment by number of KIR/HLA interactions was also evaluated. In the main
analysis, pts carrying genes for 1 or 2 interactions (1-2i) were compared with
pts carrying genes for all 3 interactions (3i). As this was an exploratory analysis,
p-values were not adjusted for multiple testing.

Results: In total, 489 pts were included in the analysis (Clb, n=74; R-ClIb,
n=203; G-Clb, n=212). The number of KIR/HLA interactions was: 1 in 104 pts
(21%); 2 in 221 pts (45%); and 3 in 164 pts (34%). In the Clb arm, KIR/HLA
genotype did not significantly influence PFS (median PFS: 1-2i, 11.1 months
[mo]; 3i, 10.6 mo; adjusted HR 0.75, 95% CI 0.42-1.34, p=0.33). The impact of
KIR/HLA genotype on PFS tended to be stronger in pts treated with R-Clb
(median PFS: 1-2i, 18.0 mo; 3i, 14.7 mo; HR 0.79; 95% CI 0.56-1.10; p=0.16)
or G-Clb (median PFS: 1-2i, 29.6 mo; 3i, 22.9 mo; HR 0.69, 95% CI 0.47-1.00,
p=0.05). A similar effect was seen for ORR, although differences were not sta-
tistically significant (Clb: 1-2i, 31% vs 3i, 39%; R-Clb: 1-2i, 70% vs 3i, 59%; G-
Clb: 1-2i, 79% vs 3i, 71%). MRD negativity appeared higher for 1-2i pts in the
G-Clb arm (39% vs 3i, 26%), but not in the R-CIb arm (3% vs 3i, 2%); p>0.05
for both arms. No pt achieved MRD negativity in the Clb arm. Analysis of pts
with 1i vs 2i vs 3i suggested a trend of association between the KIR/HLA inter-
action number and PFS in G-Clb pts (median PFS: 33.5 mo vs 29.1 mo vs 22.9
mo, respectively; HR 1i vs 3i 0.60, 95% CI1 0.36-1.00, p=0.05; HR 2i vs 3i 0.73,
95% Cl 0.49-1.10, p=0.13).

Summary/Conclusions: Pts with a lower number of KIR/HLA interactions
appeared to have a consistently better outcome across a number of efficacy
parameters when treated with anti-CD20 antibodies; the strongest effect was
observed in the G-CIb arm. These findings warrant investigation of combined
KIR-blockade with anti-CD20 antibody treatment in pts with CLL to decrease
the impact of these inhibitory interactions on antibody-dependent cell-mediated
cytotoxicity.

Copenhagen, Denmark, June 9 - 12, 2016
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IMPROVEMENT IN QUALITY OF LIFE AND WELL-BEING IN OLDER
PATIENTS WITH TREATMENT-NAIVE (TN) CLL: RESULTS FROM THE
RANDOMIZED PHASE 3 STUDY OF IBRUTINIB (IBR) VERSUS CHLORAMBUCIL
(CLB) (RESONATE-2(TM))
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Hospitals, St. James Institute of Oncology, Leeds, United Kingdom, 8Washing-
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1Department of Cancer Prevention, School of Public Health, Medical University
of Silesia, Katowice, Poland, 12Kings College Hospital, London, 13Royal
Bournemouth Hospital, Bournemouth, United Kingdom, 14Stanford University
School of Medicine, Stanford, United States, 15University Hospital Gent, Gent,
Belgium, 16Hospital de la Santa Creu i Sant Pau, Barcelona, Spain, 17Pharma-
cyclics LLC, an AbbVie Company, Sunnyvale, 18University of California San
Diego, Moores Cancer Center, San Diego, 19The University of Texas MD Ander-
son Cancer Center, Houston, United States

Background: CLL primarily affects older pts who often have comorbidities and
disease-related immunosuppression. Improvement of health-related quality of
life (QOL) is an important therapy endpoint. In pts with CLL, QOL per EORTC
QLQ-C30 is significantly compromised (Holtzer-Goor Qual Life Res 2015). lbr
is the first-in-class, once-daily, oral inhibitor of Bruton’s tyrosine kinase approved
for CLL pts with =1 prior therapy. Ibr was associated with improvement in QOL
in R/R CLL pts on RESONATE study (Barrientos ASH 2014). The recent phase
3 PCYC-1115 trial (RESONATE-2) showed superior PFS, OS, response, and
hematologic improvement with ibr vs clb in older TN pts with CLL, with a favor-
able safety profile (Burger NEJM 2015).

Aims: To evaluate outcomes associated with pt well-being from RESONATE-
2 in 1stline CLL.

Methods: After informed consent, TN pts 265 years (yrs) received 420 mg ibr
once daily until progression or clb for up to 12 cycles. Patient-reported QOL
was measured by change from baseline to each assessment time for FACIT-
Fatigue (F) and QLQ-C30 in the ITT population.

Figure. Change in Patient-reported QOL Scores Over Time
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Results: In 269 randomized pts, median age was 73 yrs (270 yrs in 70%) and
69% had comorbidities (CIRS score >6, reduced creatinine clearance, or ECOG
status 2). Median follow-up was 18.4 mo. Ibr resulted in greater improvements
over time compared to clb in FACIT-F (P=0.0004) and QLQ-C30 global health
(P=0.0002) by repeated measures (Figure 1). Baseline hemoglobin (Hb) cor-
related with FACIT-F; Hb improvement was associated with meaningful
improvement in fatigue. Sustained improvement in hematologic function
occurred in 84% of ibr pts with baseline anemia and 77% with baseline throm-
bocytopenia (vs 45% and 43% for clb), both occurring earlier with ibr; median
time to first sustained improvement in Hb was 4 mo (vs 12 mo with clb;
P=0.0003) and in platelets was 3 mo with ibr (vs 11 mo with clb; P=0.0269).
Lymph node (LN) and spleen reductions 250% occurred in 95% and 95% of
ibr pts vs 40% and 52% with clb, with complete resolution in lymphadenopathy
and splenomegaly in 42% and 56% vs 7% and 22%, respectively. At first
assessment (4 mo), median reductions of 73% in LN and 72% in spleen
occurred with ibr vs 17% and 17% with clb. Disease symptoms including
fatigue, night sweats, and weight loss improved more frequently with ibr vs clb.
No decrement in median IgG or IgM levels was observed for ibr, with relative
increase in IgA. Median exposure for ibr was 17.4 mo vs 7.1 mo for clb. Most
frequent ibr adverse events (AEs) were largely mild (grade 1) including diar-
rhea, fatigue, cough and nausea. Atrial fibrillation occurred in 8 pts on ibr (6
within the first 6 mo), which was largely grade 1-2 with 2 grade 3 events. Anti-
coagulants and antiplatelet agents were frequently used (53% of pts), most
commonly aspirin. Major hemorrhage was observed in 6 ibr pts including 2
within first 6 mo, 3 during mo 6-12, and 1 during mo 12-18. Clb arm had 2
major hemorrhages, 1 each in first 6 mo and 6-12 mo. The exposure-adjusted
infection rate for pts treated with ibr vs clb was 7.5 versus 10.1 per 100 patient-
mo. Grade 23 infections decreased with time for ibr. AEs leading to ibr discon-
tinuation were infrequent with most occurring during first 6 mo. 87% of pts con-
tinued ibr.

Summary/Conclusions: In TN CLL pts, ibr compared with clb was associated
with greater improvements in QOL and hematologic function, as well as reduc-
tion in disease burden. The safety profile was favorable allowing for 87% of
this elderly population with frequent comorbidity to continue therapy after medi-
an 1.5 yrs of follow-up.
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ULTRA DEEP TARGETED NEXT GENERATION SEQUENCING FOR THE
DETECTION OF SUBCLONAL TP53 ABERRATIONS IN CLL

C Brieghell”, LB Pedersen?, L Jénson2, CW Yde2, C da Cunha-Bang’,
CU Niemann'

1Department of Haematology, 2Center for Genomic Medicine, Copenhagen
University Hospital, Rigshospitalet, Copenhagen O, Denmark

Background: TP53 aberrations (del(17p) and/or TP53 mutations) are well-
characterized as a prognostic marker in chronic lymphocytic leukemia (CLL).
However, subclonal TP53 aberrations as low as 0.3% allelic burden has been
demonstrated to result in as poor survival as for patients (pts) with clonal TP53
aberrations (Rossi et al. Blood. 2014, Nadeau et al. Blood. 2016). As low allelic
burden TP53 mutations are expected to influence choice of treatment for pts
with CLL, it is of the outmost importance to develop a robust, reproducible,
and sensitive assay. We here describe the development of an assay refining
the detection of subclonal levels of TP53 as low as 0.1% based on algorithms
combined with a dilution step.

Aims: To establish a clinical tool to evaluate very small subclonal TP53 aberrations.
Methods: Purified DNA from four CLL pts with known clonal levels of TP53
mutations (detected by Sanger) were diluted with wild type (wt)-TP53 DNA to
10%, 1%, and 0.1%. wt-TP53 DNA was used as reference. Twenty-one ampli-
cons of approximately 180 base pairs (bp) lengths covering TP53 exons 2-10
were generated and in order to minimize the error rate of nucleotide incorpora-
tion a proofreading DNA polymerase was used. Amplicons were purified, adaptor
ligated, and sequenced using targeted next generation sequencing (tNGS). All
sequences were trimmed 5’ and 3’ to remove primer DNA in silico. To diminish
background noise, variants were only called if a minimum of 10 reads of the
aberration were detected, and only if variants were also present in a dilution at
the expected frequency. The same method was applied with four breast cancer
pts with known clonal levels of TP53 insertions or deletions (INDELS), to test
performance of our algorithm with INDELS. These samples were first diluted
with wt-TP53 DNA into subclonal levels (5% patient DNA) and then further dilut-
edina 1:3 and 1:10 ratio. We further optimized our test by reducing the number
of 180-220 bp amplicons needed to cover TP53 exons 2-10.

Results: With a median coverage of 30,587x (range: 0-94,696x, with 85%
>13,331x) and 41,465x (range: 134-113,468x, with 85% >14,116x) for the pts
with CLL and breast cancer respectively, we were able to detect the known
mutations in all eight samples (3 substitutions, 3 deletions, and 2 insertions).
One CLL sample also contained a previously unknown subclonal substitution.
All background noise could be clearly eliminated in silico with the inclusion of
the dilution step. Including a 1:3 or a 1:10 dilution step showed same results.
The current detection level for the assay is approximately 0.1% allelic burden
(Figure 1). However, mutations were still detectable as low as 0.02% allelic
burden. One single variant call within the tested eight samples was above 0.3%
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allelic burden but discarded as background noise (163 reads at 51,000x) based
on our novel dilution algorithm. This false positive aberration would have been
called as a true mutation with the cut-off based on statistical algorithms used
by other groups in previous publications.

" % Allele burden

« % Patient DNA
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Fig. 1. The dilution curves show tight comelation between detected allele burden and dilution grade (r2 >0.968)

A, T, G, and C represent the four DNA nucleobides, while ‘~' indicates an INDEL

A) All four CLL TP53 mutations diluted in wi-TP53 DNA to 10%, 1%, and 0.1% were detected. Sample CLLG17
show excessive dilution with an alielic burden of less than 0.1% al 1% dilution, thus not delectable at the highest
dilution. Sample CLL617 also harbored a subclonal T>A substitution at chr17:7579394 (hg19), which was detectec
for the first time by our assay

B) All four breast cancer TPS3 INDELS diluted to 5%, 1.67%, and 0.5% in wi-TP53 DNA were detected. There
were no differences between including a 1:3 or a 1:10 dilubon slep, when calling the variants, indicating a lower
level of detection of only 0.06% allele burden with the inclusion of a 1:3 dilution step

Figure 1.

Summary/Conclusions: We here describe for the first time the development
of a more robust tNGS assay enabling the detection of very low allelic burden
TP53 mutations. At the same time, false positive variant calls can be discarded
based on the inclusion of a dilution step, while the sensitivity for both substitu-
tions and INDELS is as low as 0.1%. The assay is undergoing further validation
in a retrospective cohort of pts with CLL. The assay will subsequently be imple-
mented as part of the diagnostic tools available at Copenhagen University Hos-
pital, Rigshospitalet.
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COMPARABLE OUTCOMES IN CHRONIC LYMPHOCYTIC LEUKEMIA
PATIENTS TREATED WITH REDUCED DOSE IBRUTINIB: RESULTS FROM
A MULTI-CENTER STUDY
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Washington, DC, United States

Background: Ibrutinib (Ibr) is a first-in-class oral covalent inhibitor of Bruton’s
tyrosine kinase (BTK). Ibr is dosed according to guidelines for chronic lympho-
cytic leukemia (CLL) patients at 420mg daily to achieve >90% BTK occupancy
(=2.5mg/kg/day). Although fewer patients achieve >90% occupancy at <420mg
daily, it is unknown whether lower Ibr doses translate into inferior outcomes.
To address this question, we conducted a multi-center study to capture expe-
riences of CLL patients treated with Ibr below suggested starting doses.
Aims: This study evaluated survival outcomes for CLL patients treated with
Ibr at reduced doses.

Methods: We conducted a multi-center, IRB approved, retrospective study of
all Ibr-treated CLL patients between 1/2010 and 10/2015. Demographics, lbr
dose, clinical responses, and outcomes were recorded. Reduced Ibr dose was
defined as sustained (=2 months) dosing at <420mg/day, either at treatment
initiation or within 3 months of initiation. The primary study endpoints were pro-
gression-free survival (PFS) and overall survival (OS), estimated by the Kaplan
Meier method and stratified by Ibr dose (standard dose versus reduced dose).
For comparison, log rank tests and Cox regressions were performed.
Results: 197 Ibr-treated CLL patients were identified (83% with relapsed or
refractory disease). 37 patients (19%) received reduced dose Ibr. Median fol-
low-up time was 13.5 months. For reduced dose patients, median dose was
4.3mg/kg/day (4% <2.5mg/kg/day). The most common reasons for reducing



Ibr dose were Gl toxicity, bleeding, rash, cardiotoxicity, and pre-existing renal
insufficiency. 5% of patients in the reduced dose group were taking a mild-
moderate CYP3A4 inhibitor. The best overall response rate (CR+PR+PR-L)
for the entire cohort was 85%, versus 84% in the reduced dose group. Median
PFS for standard dose and reduced dose cohorts were 37.4 months and not
reached, respectively (p=0.6, LR test). Median OS for standard dose and
reduced dose cohorts were both not reached (p=0.5, LR test). Ibr dose did not
impact PFS (1.2, 95% CIl 0.5-2.6) or OS (0.6, 95% Cl 0.14-2.7).

Progression Free Survival by Ibr Dose Group
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Figure 1.

Summary/Conclusions: We describe the largest real-world experience of
reduced dose lbr in CLL patients. Reduced Ibr doses do not appear to affect
clinical outcomes. Most patients treated with doses <420mg/day achieve a dose
of >2.5mg/kg/day, and therefore adequate BTK occupancy. Weight-based dosing
should be considered in future studies and pharmacoeconomic analyses. Com-
parative analyses of toxicity profiles stratified by Ibr dose are underway.
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PATIENTS WITH COMPLEX KARYOTYPE (CK) LACKING TP53 DELETIONS
SHOW AN EQUIVALENT DISMAL CLINICAL OUTCOME AS THOSE WITH
TP53 DELETIONS AND NON-CK IN CHRONIC LYMPHOCYTIC LEUKEMIA
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vicio de Hematologia, Hospital Universitario Morales Meseguer, Murcia, 12Ser-
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plona, 13Servicio de Hematologia, Hospital Universitario Infanta Leonor, Madrid,
14Servicio de Hematologia, Hospital Txagorritxu, Vitoria, 1°Servicio de Hema-
tologia, Hospital de Cruces, Bilbao, Spain

Background: Cytogenetic abnormalities detected by FISH define prognostic
groups in chronic lymphocytic leukemia (CLL). Complex karyotypes (CK) confer
poor prognosis in patients treated with chemoimmunotherapy and novel agents.
However, only 28-50% of patients with CK carry TP53 deletions [delTP53]. The
relationship between delTP53 and CK, and its clinical impact, remain to be elu-
cidated.

Aims: 1. To describe the clinico-biological profile of CLL and monoclonal B-cell
lymphocytosis (MBL) patients regarding the karyotype complexity by chromo-
some banding analysis (CBA) 2. To compare the clinical outcome of patients
with CK lacking high-risk FISH deletions (HR-FISH), TP53 and/or ATM, and
those with HR-FISH and non-CK.

Copenhagen, Denmark, June 9 - 12, 2016

Methods: Our database comprising 2756 MBL and CLL patients from Grupo
Cooperativo Espafiol de Citogenética Hematoldgica and Grupo Espafiol de
Leucemia Linfatica Crénica was screened for patients with CBA results available
at diagnosis or prior to treatment. The clinico-biological data and outcome of
patients with CK (=3 abnormalities) were compared with those with normal or <3
abnormalities [non-CK]. Time to first treatment (TFT) and overall survival (OS)
were assessed according to both karyotype complexity and HR-FISH deletions.
Results: CBA results were available for 1149 patients (703M/446F, median age
67), 199 MBL and 1050 CLL. Most karyotypes (75%) were assessed on peripheral
blood TPA-based cultures. 438/1149 (38.1%) patients displayed abnormal kary-
otypes, 82 showing a CK. CK cases showed features of more advanced and
aggressive disease than non-CK: more Binet B/C stages (23 vs 12%; P=0.008),
higher LDH (379 vs 304 IU/L; P<0.001) and $2-microglobulin (2.8 vs 2 mg/L;
P<0.001), higher positivity rates for CD38 (38% vs 21%; P<0.001) and ZAP70
(50% vs 33%; P<0.001) and increased +12 (32% vs 18%; P<0.001), delATM
(19% vs 7%; P=0.001) and delTP53 (42% vs 6%; P<0.001) by FISH. Indeed,
patients with CK showed a shorter median TFT (119m vs 43m, P<0.001) and OS
(163m vs 93m; P<0.001). Although the CK group was significantly enriched in
delTP53, only 29/78 (37.2%) patients with delTP53 showed CK. Of note, CK
negatively impacted on OS even among patients with delTP53 (132m vs 38m;
P<0.001). Categorization of patients regarding HR-FISH and CK allowed strati-
fication in terms of TFT (Figure). Nonetheless, while patients with both HR-FISH
and CK showed the worst OS (39m) being clearly distinct from those non-CK
and non-HR-FISH (not reached), survival analysis did not show significant differ-
ences between patients with only one high-risk cytogenetic marker (CK or HR-
FISH) (Figure). Similarly, no differences in OS for CK patients lacking delTP53
and those with delTP53 and non-CK were observed (209m vs 133m; P=0.795).
In the multivariate analysis for TFT and OS, both CK and delATM or delTP53
remained statistically significant (OS HR: 2.6, 2.1 and 2, respectively; P<0.001).

Table 1.

Table. Adverse events ol any grade occurring in >25% and grade 23 adverie events
occurring in 210% of patients.
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Figure 1.

Summary/Conclusions: 1. CK is associated to advanced disease and poor
prognostic markers; however, only 42% of them carry delTP53. 2. Patients with
CKlacking delTP53 show an equivalent impaired clinical evolution as those with
delTP53 and non-CK. 3. Other mechanisms than TP53/ATM dysfunction could
be responsible for the outcome of CK. A better characterization of CK patients is
needed to elucidate if they could benefit from new therapeutic strategies.
Acknowledgements: PI11/01621;PI15/00437;RD12/0036/0044,FEDER;2014/
SGR585.
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LARGE SCALE, REAL-WORLD RESULTS ON IBRUTINIB FOR 428
FRENCH PATIENTS WITH 17P DELETION OR RELAPSED/REFRACTORY
CHRONIC LYMPHOCYTIC LEUKEMIA INCLUDED IN A TEMPORARY
AUTHORIZATION FOR USE (ATU) PROGRAM
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Background: Ibrutinib is an oral once-daily first-in-class covalent Bruton’s tyro-
sine kinase inhibitor approved in Europe for adult patients with CLL who have
received at least one prior therapy, or in first line in the presence of 17p deletion
or TP53 mutation in patients unsuitable for chemo-immunotherapy. We report
here the largest series of real-world results in 428 patients receiving ibrutinib
through a temporary authorization for use (ATU) granted by the French National
Agency for Medicines and Health Product Safety (ANSM).

Aims: Herein we describe key baseline characteristics and initial outcomes
for all patients with CLL/SLL submitting an access-to-ibrutinib form throughout
the period of the ATU (December 2013-November 2014).

Methods: Data reported herein represent the final report. As a real-world analy-
sis, all data are declarative in nature (by physicians in charge of the patients),
and medical files were not monitored.

Results: Among 428 CLL/SLL patients, most were male (67.1%) with a median
age of 70 years (range 33-93, 35%>75y). Median time from diagnosis was 8.1
years. 50.4% of patients had lymph nodes =5 cm. Binet stage was A for 7,1%,
B for 36.2% and C for 56.7%. Cytogenetic data were reported for 381 patients,
among which 45.1% had del17p and/or TP53 mutation, and 24.6% had del11q.
A median of 3 prior therapies was reported (range 0-10), including fludarabine-
cyclophosphamide-rituximab (63.6%), bendamustine-rituximab (59.8%), and
alemtuzumab (27%). Thirty seven patients had undergone prior stem cell trans-
plantation (22 allo, 15 autoSCT). At least one concomitant disease was reported
for 232 patients (54.2%), including 24.5% with vascular disorder, 16.6% with
metabolism/nutrition disorder, and 11.2% with cardiac disorder. At least one
other co-medication was reported in 66.1% of cases (including antithrombotic
agents (14%)). The risk of grade 3-4 haemorrhages were 1.6% vs 2.6%,
respectively for taking these drugs. (no or yes). After a median follow-up of 3
months (range 1-279 days), investigator-assessed ORR was 88.5% including
44.1% PR with lymphocytosis and 1.5% had progressive disease (out of 340
patients with assessable disease). The median PFS, OS and DOR have not
been reached. Definitive discontinuation of ibrutinib was reported in 14.5% of
372 evaluable patients, with main reasons including adverse drug reaction
(n=20), death (n=19), disease progression (n=8), contra-indication to pursuit
of ibrutinib (n=3), and allogeneic transplantation (n=4). In the analysis for safety,
73.4% had at least one AE, 33.2% at least one SAE (among 150 patients above
75y: 34%). Of note, frequency of SAE either in total (34% vs 33.2%) or of spe-
cial interest, infections (11.2% vs 10.7%), gastrointestinal disorders including
diarrhoea (1.9% vs 2%), and cardiac disorders including atrial fibrillation (6.3%
vs 9.3%), were not statistically increased in elderly patients.
Summary/Conclusions: This is the largest real-world analysis on ibrutinib
given for 17p deletion or relapsed/refractory CLL, covering a vast territory
(France), both in public/private practice. Efficacy and adverse events profiles
were similar to those reported from published clinical trials, especially the RES-
ONATE trial (with the acknowledged limitations inherent to such programs,
declarative nature of the data and lack of patient monitoring).
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Background: Venetoclax (VEN) is a selective, potent, orally bioavailable BCL-
2 inhibitor. VEN monotherapy induces rapid, deep, and durable responses,
with a 79% ORR (20% CR) for patients (pts) with relapsed/refractory (R/R)
chronic lymphocytic leukemia (CLL) or small lymphocytic lymphoma (SLL).
Based on preclinical evidence of synergy, combination therapy of VEN plus rit-
uximab (R) is being assessed in an ongoing Phase 1b study. In this study, pts
with CR/CRi or MRD-negative (neg) PR may stop VEN, remain on study, and
be retreated upon disease progression by iwCLL criteria.

Aims: To assess outcomes in pts with R/R CLL who had CR/CRi or MRD-neg
PR and stopped therapy per study protocol.

Methods: Pts who achieved CR/CRi or MRD-neg PR could stop therapy and
remain on study with clinical monitoring and peripheral blood (PB) counts every
3 months. Pts who then progressed could re-initiate VEN once daily with weekly
ramp-up at 20, 50, 100, 200 to 400 mg. R could be added at month 4 or earlier
per investigator’s discretion. Responses and progression were assessed by
iwCLL criteria with CT scan and bone marrow (BM) biopsy. MRD was assessed
in blood and BM aspirates using =4 color flow cytometry (min sensitivity: 0.01%).
Results: 49 pts (48 CLL/1 SLL) were enrolled. Median number of prior regi-
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mens was 2 (range: 1-5); 45 (90%) received prior R (14 [29%] R-refractory)
and 28 (57%) received fludarabine (9 [18%)] fludarabine-refractory). 15/45
(33%) pts had del(17p) and/or TP53 mutation. Common adverse events (AEs)
were mild diarrhea, neutropenia, upper respiratory tract infection, and nausea.
As of 280ct2015, ORR was 86% (47% CR/CRIi), with 55% MRD-neg (17
CR/CRIi; 10 PR). While on therapy, disease progression was observed in 7 pts,
with 4 occurring after PR, 1 after SD, and 2 had primary PD. 11 pts elected to
stop therapy after achieving MRD-neg CR/CRIi (8), MRD-pos CR/CRi (2), or
MRD-neg PR (1); 9 remain in active follow-up and 2 discontinued from the
study with no evidence of progression. Demographics and disease character-
istics of these 11 pts were similar to the total study population and median time
on VEN was 9 (range: 5-36) months. As of 280ct2015, 7/9 pts have not pro-
gressed (all MRD-neg) and remain in follow-up for a median of 8 (range: 2-25)
months off VEN. 2 pts with MRD-pos CR/CRi as best response had subsequent
asymptomatic progression off VEN. The first pt stopped VEN plus R at month
7 and had asymptomatic progression (lymphocytosis, BM infiltrate, and
splenomegaly) 24 months later. This pt was retreated with VEN monotherapy,
achieved PR after 4 months of VEN, and remains in response with ongoing
treatment. AEs reported during retreatment were all Grade 1/2 and similar to
those seen during first treatment. The second pt stopped VEN at 9 months
and had asymptomatic progression (lymphocytosis) 24 months later (PB MRD
levels increased after 14 months off VEN). This pt recently reinitiated VEN
monotherapy and has not yet had disease reassessment.
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Presented are the time on and off venetoclax during the study for 11
patients who stopped venetoclax treatment after achieving CR/CRi or
MRD-negative PR, with rows representing each patient. Two patients
with MRD-pos CR/CRI as best response had asymptomatic
progression after approximately 24 months off therapy. Both patients
have reinitated venetoclax treatment

Figure 1.

Summary/Conclusions: The combination of VEN plus R induced deep
responses, with 47% pts achieving CR/CRi and 55% reaching MRD negativity
in BM. The rate of disease progression was low for pts continuing VEN with
current follow-up. Pts achieving deep responses who stop VEN per study pro-
tocol do not relapse rapidly, and treatment-free remissions can be durable, as
7 MRD-neg pts still off VEN maintain remission to date. Progression has been
observed after 24 months off VEN in two pts whose best response was MRD-
pos; preliminary data suggest that ongoing retreatment is well tolerated and
effective.
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