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WHY we don’t cure 

Ph+ leukemias?



asymmetric divisionp53p53

In HSC cell

Transient  DNA Damage or 

Oncogene expression

AML-ETO

PML-RARa

Transient DNA damage in HSC induces DNA repair and activate 

p21 active - p53 independent self renewal by asymetric division

p21p21

impeding apoptosis
leading to cell cycle entry 
and chanching asymetric division to 
symmetric self-renewing divisions

(Numb1, Prospero, BRAT, etc.)

P53 ( and Myc)  as a target !
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ERWINASE

ERWINASE

LOW IMP

LOW Puryne/Pyrimidine

ARAc

Fluda, Cladribine,

Clofarabine, 6-MP

6-Thioguanine, etc

LOW Glutamine LOW Asparagine 

Targeting the metabolic 

pathways of cancer

Modif. Patrick S. Ward, Cancer Cell 2012



IDH1/IDH2 as a target!

17% delle AML 

9% delle AML 







“Atra Like”





Investigational therapy



• Bcl-2 over-expression has been implicated in the 
maintenance and survival of AML cells and has been 
associated with resistance to chemotherapeutics. In 
addition, high levels of Bcl-2 were associated with poor 
survival in a subset of patients with this disease

• Combinations of ABT-199 and chemotherapeutic agents 
commonly used in the treatment of AML were tested 
against a panel of 20 AML cell lines. While most 
combinations resulted in additive cell killing, ABT-199 
combined with cytarabine or azacitidine showed 
synergistic effects on several AML cell lines

Souers AJ, et al. ABT-199, a potent and selective BCL-2 inhibitor, achieves antitumor activity while 

sparing platelets. Nat Med. 2013

Tsao T, et al. Concomitant inhibition of DNA methyltransferase and BCL-2 protein function synergistically 

induce mitochondrial apoptosis in acute myelogenous leukemia cells. Ann Hematol. 2012

Study rationale

Investigational therapy



Investigational therapy

Dose level 2



Investigational therapy



Front-line treatment of Philadelphia positive (Ph+)/BCR- ABL 
positive Acute Lymphoblastic Leukemia (ALL) with AP24534 

(Ponatinib), a new potent tyrosine kinase inhibitor (TKI). 

A phase II exploratory multicentric study in patients more than
60 years old or unfit for a program of intensive chemotherapy

and stem cell transplantation

Gimema Clinical Trial 
LAL1811

ClinicalTrial number CT01641107



Steroid pre-treatment x 7-14 days 
(and for 28 days 

during Ponatinib administration)
Ponatinib 45 mg/daily x 6 weeks (1 course) x 8 courses

Treatment Schedule

Extension Phase: 
Ponatinib until disease relapse



Efficacy measure: 
Clinical and Response Data 

n

M/F 9/5

Median age (range) 68(42-74)

WBC/mmc median (range) 4660 (1900-186900)

Hb g/dl median (range) 8.7 (7.1-9.9)

PLTs/mmc median (range) 38000 (11000-121000)

p190/p210 8/6

CHR@6 weeks 11/11 (3 not already evaluated)

Relapsed 1 (no treatment adherence
@ day +250)

Transplanted 1 in CR



Efficacy outcome: 
ALL pts experienced rapid and very deep molecular responses 

Without the only patient  with no 
treatment adherence 

CR

CyCR

MolCR log -5

MolCR log -4

Undetectable



35INS

Frameshift insertion
35bp insertion (nt 1571) between exons 8 and 9

Loss of 653 residues

Frameshift deletion
185bp deletion (nt 1233-1417) exons 6 and 7  

Loss of 61 residues (Δ362-424)  

185DEL

PRE11837136: 2,76%        
FI.GO82694832: 6,24%

PRE11837136: 1,66% 
FI.GO82694832: 1,11% 

No evidence of emerging point mutations resistant to  
Ponatinib in until now treated patients



Why Ponatinib works?

It targets Hck LSC gene?



Ponatinib inhibits necroptosis



Ponatinib and necroptosis



CD19
CD22
CD123
CD157

New Targets  for Acute Leukemia Stem Cell Therapy

Acute 

Lymphoblastic
Leukemia

LSC

Herzog S. et al. Nature Reviews | Immunology 2009
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Humanized

IgG4 anti-CD22

NAc-gamma 
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Advani A, et al. J Clin Oncol 2010;28:2085–2093 

Inotuzumab Ozogamicin (CMC-544) 
CD22-targeted Chemotherapy 







BiTE® (Bispecific T Cell 

Engager) Antibodies

1. Baeuerle PA, et al. Bispecific Antibodies. 2011:273-287. 2. Baeuerle PA, et al. Cancer Vaccines. From 

Research to Clinical Practice. 2011:250-262. 3. Hoffman P, et al. Int J Cancer. 2005;115:98-104. 4. Kurschus

FC, et al. Immunol Rev. 2010;235:159-171.



IgG1 Antibody

BiTE® Mediate T Cell Recognition of Surface Antigens

Surface Antigen

EpCAM

Her-2/neu

EGFR

CEA

EphA2

CD19

CD33

MCSP

Fcg Receptor CD3

BiTE

ADCC

CDC

Signal Inhibition

1. Baeuerle PA, et al. Cancer Res 2009;69:4941-4944. 2. Baeuerle PA, et al. Bispecific

Antibodies. 2011:273-287. 3. Adams GP, et al. Nat Biotechnol. 2005;23:1147-1157.

Cancer

Cell
Cancer

Cell

T Cell

NK Cell

Cytoxic granule



-CD19 
Antibody

-CD3
Antibody

VH

VL

VH

VL

BiTE®

Tumor
Cell

Target Antigen
CD19

T CellCD3

MT103

Redirected 
Lysis

Blinatumomab (MT103), a Bispecific 

T Cell Engaging Single-chain BiTE® Antibody

Bargou et al., Science, 2008

Löffler et al., Blood, 2000

Mack et al., PNAS, 1995





Complete Molecular and Hematologic Response in 
Adult Patients With Relapsed/Refractory (R/R) 

Philadelphia Chromosome-Positive B-Precursor 
Acute Lymphoblastic Leukemia (ALL) Following 
Treatment With Blinatumomab: Results From a 

Phase 2 Single-Arm, Multicenter Study (ALCANTARA)

Giovanni Martinelli,1 Hervé Dombret,2 Patrice Chevallier,3

Oliver Ottmann,4 Nicola Gökbuget,5 Max S. Topp,6 Adele K. Fielding,7

Lulu Ren Sterling,8 Jonathan Benjamin,9 Anthony Stein10

1Institute of Hematology and Medical Oncology "L. e A. Seragnoli", Bologna, Italy; 2University Paris 

Diderot, Hôpital Saint-Louis, Paris, France; 3Hematology, CHU Nantes, Nantes, France; 4Department of 

Haematology, Cardiff University, Cardiff, UK; 5Department of Medicine II, Goethe University, Frankfurt, 

Germany; 6Medizinische Klinik und Poliklinik II, Universitätsklinikum Würzburg, Würzburg, Germany; 
7Department of Haematology, UCL, London, UK; 8Amgen Inc., San Francisco, CA, USA; 9Amgen Inc., 

Thousand Oaks, CA, USA; 10Gehr Family Center for Leukemia Research, City of Hope, Duarte, CA, USA



Outcomes Are Poor for Adults with Philadelphia 
Chromosome-Positive (Ph+) R/R ALL

1. Fielding AK, et al. Blood 2014;123(6):843-850.

2. Zabriskie MS, et al. Cancer Cell 2014;26:428-442.

3. Ottmann OG, et al. Leukemia 2013;27:1411-1413.

4. Ottmann OG, et al. Blood 2007;110(7):2309-2315.

5. Cortes JE, et al. N Eng J Med 2013;369(19):1783-1796.

• Ph+ is the most common single cytogenetic abnormality in B-precursor ALL

- ~25% of adult ALL is Ph+ and frequency of Ph+ disease increases with age

• Ph+ ALL historically has a poor prognosis

• TKIs have improved outcomes 

- Addition to firstline therapy has increased response rates and likelihood of achieving 

alloHSCT1

- Sequential use of chemotherapy ± alternative TKIs is the dominant approach to 

treating Ph+ R/R ALL when alloHSCT is not an option

- Emergence of single and compound point mutations in BCR-ABL is responsible for a 

significant proportion of TKI resistance2

TKI monotherapy
Nilotinib3

(N = 41)

Dasatinib4

(N = 36)

Ponatinib5

(N = 32)

Complete hematologic response 45% 33% 41% (MHR)

Median overall survival (OS)

OS at 1 year

5.2 months

27%

3.3 months*

NA

8.0 months

40%

* Progression-free survival

alloHSCT, allogeneic hematopoietic stem cell transplantation; MHR, major hematologic response; NA, 

not available; TKI, tyrosine kinase inhibitor



• Blinatumomab is a bispecific T-cell 

engaging antibody (BiTE®) 

construct

• Blinatumomab redirects T cells to 

lyse CD19-positive malignant and 

nonmalignant B cells1

• CD19 is expressed in virtually all 

tested B-lineage ALL cells and 

throughout B-cell development2,3

• 43% CR/CRh as monotherapy in 

Ph-negative R/R ALL4

1. Bargou R, et al. Science. 2008;321:974–977. 

2. Raponi S, et al. Leuk Lymphoma. 2011;52:1098–1107.

3. Piccaluga P, et al. Leuk Lymphoma. 2011;52:325‒327.

4. Topp MS, et al. Lancet Oncol. 2015;16:57-66.

BiTE® Antibody Construct, 
Blinatumomab

CD19

TCR BiTE

Blinatumomab

T cell

CD3

B-precursor ALL cell



Open-Label, Single-Arm, Multicenter Phase 2 
Study in Ph+ R/R ALL 

* Only cycle 1, days 1 to 7: 9 μg/day
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Blinatumomab

9 to 28 μg/day*

cIV infusion

4 weeks on,

2 weeks off

Up to 2 cycles

Primary 

endpoint 

assessment

Blinatumomab

28 μg/day

cIV infusion

4 weeks on,

2 weeks off

Up to 3 cycles

Consolidation

Study Endpoints
Primary

•CR/CRh during the first 

2 cycles 

Key Secondary

•Minimal residual disease  

response by PCR of BCR-ABL

during the first 2 cycles 

•CR, CRh, and duration

•Relapse-free survival

•Overall survival

•HSCT realization

•Incidence of adverse events 

and antibody formation

CR, complete remission; CRh, complete remission with partial hematological recovery of peripheral blood counts 

(platelets > 50,000/μL and ANC > 500/μL); cIV, continuous intravenous; HSCT, hematopoietic stem cell transplantation
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Eligibility

Key Inclusion Criteria

•Adults (≥ 18 years) with Ph+ B-precursor ALL

- Relapsed or refractory to at least one 2+ generation TKI or

- Intolerant to 2+ generation TKI and intolerant/refractory to imatinib

•> 5% bone marrow blasts

•ECOG performance status ≤ 2

Key Exclusion Criteria

•Allogeneic HSCT within 12 weeks prior to start of blinatumomab

•Active acute or active chronic (grade 2−4) GvHD, or systemic treatment for 

GvHD within 2 weeks before treatment start

•History or presence of clinically relevant CNS pathology (epilepsy, seizure, 

paresis, aphasia, stroke, severe brain injuries, dementia, Parkinson’s disease, 

cerebellar disease, organic brain syndrome, psychosis)

CNS, central nervous system; ECOG, Eastern Cooperative Oncology Group; GvHD, graft-versus-host disease



Response During First Two Cycles

n / N 95% CI

Primary endpoint

CR/CRh

T315l mutation

≥ 2 prior 2+ generation TKI

Prior ponatinib treatment

Age 18 to < 55 years

Age ≥ 55 years

16 / 45

4 / 10

11 / 27

8 / 23

8 / 22

8 / 23

36%

40%

41%

35%

36%

35%

22–51

17–59

16–57

Secondary endpoints

Best response

CR

CRh

CRi (not qualifying for CRh) 

Complete MRD response*

HSCT after blinatumomab-induced remission

100-day post-transplant mortality rate

14 / 45

2 / 45

2 / 45

14 / 16

4 / 16

1 / 4

31%

4%

4%

88%

25%

25%

18–47

1–15

1–15

62–98

4–87

CR, complete remission; CRh, complete remission with partial hematological recovery of peripheral blood counts; 

CRi, complete response incomplete; MRD, minimal residual disease

* Among CR/CRh responders only; includes all four CR/CRh patients with the T315I mutation. 

Complete MRD response = no detectable PCR amplification of Ig or TCR genes in central lab with a sensitivity of 10-5



Overall Survival

NE, not estimable Median follow-up: 8.8 months
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Conclusions

• The present study showed single-agent antileukemia activity of 

blinatumomab in patients with Ph+ R/R ALL who had failed 2+ generation 

TKI therapy, with a CR/CRh rate of 36% (95% CI, 22–51)

• Hematologic and molecular responses were independent of mutational 

status, including presence of the T315I mutation

– Equivalent CR/CRh and RFS observed in patients < 55 and ≥ 55 years 

of age

• Among responders, 88% (14/16) achieved complete MRD response

– Of these, 100% (6/6) with ABL-kinase domain mutations had complete 

MRD response

• Median OS of 7.1 months was observed in this poor prognostic Ph+ patient 

population

• Adverse events were consistent with previous blinatumomab treatment 

experience in the setting of Ph-negative R/R ALL



Anti CD123
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