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1
 Treating Higher Risk MDS
 Alan List, MD
 Physician-in-Chief
 H. Lee Moffitt Cancer Center & Research Institute
 Tampa, FL, USA
 What is Higher Risk MDS
 Short natural history in the absence of
 therapy
 High frequency for AML progression
 Pancytopenia/increased blasts
 IPSS Intermediate-2/High risk

Page 2
						

2
 IPSS Modifying Factors
 Age & Co-morbidity Low/Int-1
 Secondary MDS Shorter natural history
 Thrombocytopenia severity Greater bleeding risk
 RBC-TD or Ferritin Increased AML, decreased OS
 BM pathology CD34+ clusters (ALIP),
 marrow fibrosis
 Other Chromosome abnormalities*
 Favorable: -12/12p, 15q-
 Unfavorable: 3q26, +11/11q23, t(4q),
 t(5q), Monosomal
 Unfavorable molecular profile
 muRUNX1,ETV6,DNMT3a,TP53
 microRNA-181
 *Hasse D, et al. BLOOD 2007; 110: 4385.
 IPSS-R: Cytogenetic Prognostic Groups
 Schanz et al.: JCO:2011
 *IPSS 1997.
 Monosomal karyotype: >2 autosomal monosomies or 1autosomal monosomy+ 1 structural abnormality (Breems DA, JCO 2008).
 Prognostic Sub-Group
 ChromosomalAbnormalities
 Very Good del(11q), -Y*
 Good Nl, del(20q), iso-del(5q) & double, del(12p)
 Intermediate 7q-, i(17q),+19,+21, independent clones+8, & other single or double
 Poor der(3)q21/q26, double including -7, Complex (3 abnormalities)
 Very Poor Complex (>3 abnormalities), monosomal
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3
 • Multivariable analysis, mutations of TP53 (HR, 2.48), EZH2 (HR, 2.13), ETV6 (HR, 2.04), RUNX1 (HR, 1.47), and ASXL1 (HR, 1.38) were independent predictors of OS vs. age, sex, IPSS.
 Gene Point Mutations - Independent Predictors of Overall Survival
 Bejar R, et. al. NEJM 2011.
 30 miRNAs out of 68 selected for Heat Map with statistically
 significant difference p< 0.05. HR= 10; LR= 10
 MiRNA Signature Distinguishing High vs. Low
 Risk MDS
 Fold-Change miRNA
 22.7187 hsa-miR-181c
 19.9457 hsa-miR-181a
 14.2479 hsa-miR-181b
 13.8795 hsa-miR-181d
 12.0695 hsa-miR-221
 4.99144 hsa-miR-376b
 4.27432 hsa-miR-125b
 3.61955 hsa-miR-155
 2.79939 hsa-miR-130a
 0.13911 hsa-miR-486-5p
 This signature is predictive (misclassification error rate, after 10 fold CV, <0.01)
 High vs. Low Risk miR Signature
 Sokol L & List AF. Brit J Haematol 2011.
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4
 Kaplan-Meier OS Estimate in IPSS Low/Int-1
 MDS by miR-181 Family Expression
 Q-rtPCR [N=22]
 Sokol L & List AF. Brit J Haematol 2011.
 P =0.002
 MiRNA-181b In Situ Hybridization
 in BM Biopsies
 High Risk Lower Risk
 Scrambled miRNA + Control (niR-328)
 miR-181 High
 miR-181 Low
 Goals of Therapy for Higher Risk MDS
 Select the therapy best for the individual
 - Improve overall survival
 - Possible cure
 - Diminish risk for progression to AML
 - Improve blood counts
 - Improve quality of life
 - reduce symptoms
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5
 “Hypomethylating Agents”Azanucleosides
 Modifying the DNA Package
 10
 Epigenetics in MDSSuppressing Gene Expression w/o Altering
 the DNA Sequence
 DNA Tumor Suppressor Tumor Suppressor
 Hypermethylation
 Normal
 Herman JG, et al. N Engl J Med. 2003;349:2042-2054.
 • In MDS, hypermethylation leads to gene silencing
 – Methyl-binding proteins inhibit binding of transcription factors
 • Can result in loss of transcription of tumor suppressor genes
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 11
 Epigenetics in MDS
 DNA Tumor Suppressor Tumor Suppressor
 Hypermethylation
 Normal
 Herman JG, et al. N Engl J Med. 2003;349:2042-2054.
 Methyl-binding protein
 • In MDS, hypermethylation leads to gene silencing
 – Methyl-binding proteins inhibit binding of transcription factors
 • Can result in loss of transcription of tumor suppressor genes
 12
 Epigenetics in MDS
 DNA Tumor Suppressor
 MDS
 Tumor Suppressor
 Hypermethylation
 Herman JG, et al. N Engl J Med. 2003;349:2042-2054.
 Methyl-binding protein
 • In MDS, hypermethylation leads to gene silencing
 – Methyl-binding proteins inhibit binding of transcription factors
 • Can result in loss of transcription of tumor suppressor genes
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 13
 Reversal of Gene Silencing
 Demethylating Agents
 Reactivation of
 Transcription
 Promoter
 Transcription Factor
 Herman JG, et al. N Engl J Med. 2003;349:2042-2054.
 • Azacitadine inhibition of DNMT results in hypomethylation
 • Hypomethylation may restore normal function to genes critical for differentiation and
 proliferation
 DNMT=DNA methyltransferase.
 Hypomethylating Cytosine Analogs
 Santini V, Kantarjian, HM, Issa, JP. Ann Intern Med 2001, Apr 3;134(7):573-86.
 N O
 NH2
 N
 N O
 NH2
 N
 CH3
 N O
 NH2
 NN
 Ribose
 N O
 NH2
 NN
 Deoxyribose
 5-aza-cytidine
 (Vidaza™)
 5-aza-2′-deoxy-cytidine
 (Dacogen ™)
 5-methyl-cytosineCytosine
 DNA
 specific
 DNA & RNA
 incorporation
 Ribonucleotide
 Reductase
 DNA
 specific
 90% RNA, 10% DNA
 incorporation
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8
 AZA-001 Phase III Survival Study
 Schema
 AZA-C 75 mg/m2 x 7 days
 Every 28 days
 [N=358]
 Conventional Care Regimen (CCR):
 1. BSC only [n=105]
 2. Low Dose Ara-C [n=49]
 3. Induction/Consolidation [n=25]
 Stratify (FAB, IPSS)
 Primary Endpoint: Overall survival
 Secondary Endpoints: IWG CR, PR, HI
 [N=179]
 [N=179]
 Eligibility
 RAEB, RAEB-t, CMML
 10-29% blasts
 IPSS-2/High risk
 Treatment until
 disease progression
 Fenaux P, et al. Lancet Oncol 2009.
 Log-Rank p=0.0001
 HR = 0.58 [95% CI: 0.43, 0.77]
 Deaths: AZA = 82, CCR = 113
 0 5 10 15 20 25 30 35 40
 Time (months) from Randomization
 0.0
 0.1
 0.2
 0.3
 0.4
 0.5
 0.6
 0.7
 0.8
 0.9
 1.0
 Pro
 po
 rtio
 n S
 urv
 ivin
 g
 CCR
 AZA
 Difference: 9.4 months
 24.4 months
 15 months
 50.8%
 26.2%
 Overall Survival: Azacitidine vs CCR ITT Analysis
 Fenaux P, et al. Lancet Oncol 2009.
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9
 AZA-001 Phase III Study vs CCRSurvival According to CCR and Cytogenetics
 Patient Groups AZAMed. OS [mos]
 CCRMed. OS [mos]
 P valueLog rank
 All Patients 24.4 15 0.0001
 CC Regimen 24.4 BSC 11.5
 LDAC 15.3
 Std CT 15.7
 0.0003
 0.016
 0.19
 IPSS Cytogenetics
 Good
 Intermediate
 Poor
 NR
 26.3
 17.2
 17.1
 17.0
 6.0
 0.030
 0.017
 0.011
 Fenaux P, et al. Lancet Oncol 2009.
 ResponseBSC
 N=105
 (%)
 LDAC
 N=49
 (%)
 Std Ind
 N=25
 (%)
 P-Value
 AZA vs
 CCR
 Overall (CR+PR) 29 12 5 12 40 0.0001
 CR 17 8 1 8 36 0.02
 PR 12 4 4 4 4 0.009
 IWG HI
 Major+Minor 49 29 31 25 28 <0.0001
 HI-E Major 40 11 8 10 22 <0.0001
 HI-P Major 33 14 10 19 20 0.0003
 HI-N Major 19 18 20 11 24 0.87
 Overall Survival: Azacitidine vs CCRIWG 2000 Response and HI
 AZA
 N=179
 (%)
 CCR
 N=179
 (%)
 Fenaux P, et al. Lancet Oncol 2009.
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 19
 Cum
 ula
 tive P
 robabili
 ty
 Number of Subjects91 34 12 6 3 1 1 1
 Time (cycles)
 50%, 2 cycles
 87%, 6 cycles
 Range: 1-22 cycles
 Time to First Response (CR,PR,HI)AZA-001 (Silverman ASH 2008; 227a) n=179
 20
 Cum
 ula
 tive P
 robabili
 ty
 Number of Subjects91 64 31 16 7 2 1 1
 Time (cycles)
 50%, 4 cycles
 Time to Best ResponseAZA-001 (Silverman ASH 2008; 227a)
 90%, 11 cycles2.3 months
 (95% CI: 0.3 – 3.0)
 (n=21) (n=30)
 3.2 months
 (95% CI: 2.4 – 6.9)
 48% improved response quality after First Response
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 AZA-001: Moderate to Severe Adverse Reactions (≥2%)
 Adverse ReactionsVIDAZA®
 N=175Best Supportive Care
 N=102
 Neutropenia 107 (61.6%) 22 (21.6%)
 Thrombocytopenia 102 (58.3%) 29 (28.4%)
 Leukopenia 26 (14.9%) 1 (1.0%)
 Anemia 24 (13.7%) 9 (8.8%)
 Febrile Neutropenia 22 (12.6%) 7 (6.9%)
 Pyrexia 8 (4.6%) 1 (1.0%)
 Abdominal Pain, constipation 7 (4.0%) 0
 Dyspnea 6 (3.4%) 2 (2.0%)
 Fatigue 6 (3.4%) 2 (2.0%)
 Hematuria 4 (2.3%) 1 (1.0%)
 Hypertension 2 (1.1%) 2 (2.0%)
 22
 Azacitidine: Most Common Adverse Reactions of ANY Grade
 Data on file. Celgene Corporation.
 Other adverse reactions included dizziness (18.6%), chest pain (16.4%), febrile neutropenia (16.4%), myalgia (15.9%), injection site reaction (13.6%), aggravated fatigue (12.7%), and malaise (10.9%)
 *Study 9221 and study 8921 combined
 Preferred Term Observation
 N=92All VIDAZA (SC) N=220*
 Nausea 16 (17.4%) 155 (70.5%)
 Anemia NOS 59 (64.1%) 153 (69.5%)
 Thrombocytopenia 42 (45.7%) 144 (65.5%)
 Vomiting NOS 5 (5.4%) 119 (54.1%)
 Pyrexia 28 (30.4%) 114 (51.8%)
 Leukopenia 27 (29.3%) 106 (48.2%)
 Diarrhea 13 (14.1%) 80 (36.4%)
 Fatigue 23 (25.0%) 79 (35.9%)
 Injection Site Erythema 0 (0.0%) 77 (35.0%)
 Constipation 6 (6.5%) 74 (33.6%)
 Neutropenia 10 (10.9%) 71 (32.3%)
 Ecchymosis 14 (15.2%) 67 (30.5%)
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 AZA-001: First Occurrence of Treatment Emergent
 Hematologic AEs* with VIDAZA®
 23
 Celgene Corporation, Data on File.
 Cycles 1-2 Cycles 3-4 Cycles 5-6 Cycles 7-12 Cycles 13-24
 Thrombocytopenia 95 (54.3%) 8 (5.4%) 6 (4.6%) 6 (5.6%) 5 (8.9%)
 Neutropenia 88 (50.3%) 16 (10.9%) 2 (1.5%) 7 (6.5%) 2 (3.6%)
 Anemia 57 (32.6%) 11 (7.5%) 9 (6.9%) 8 (7.5%) 4 (7.1%)
 Pe
 rce
 nt
 *All gradesFenaux P, et al. Lancet Oncol 2009.
 Fenaux, P. et al. J Clin Oncol; 28:562-569 2010
 Overall Survival of AML Patients Receiving AZA vs. Conventional Care (n = 113)
 Median OS: 24.5 vs. 16 mos (P =0.005; HR 0.47)
 2 Year OS: 50% vs. 16% (P = 0.001)
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 • Time to AML or death
 – 13 mos with AZA vs 7.6 mos with CCR, p=0.003
 • Time to AML (During Treatment)
 – 26.1 mos with AZA vs 12.4 with CCR, p=0.004
 • RBC Transfusion Independence
 – 45% with AZA vs 11% with CCR, p<0.0001
 • Infections Requiring IV Antimicrobials
 – Reduced by 33% with AZA vs CCR
 Overall Survival: Azacitidine vs CCR Secondary Endpoints
 Fenaux P, et al. Lancet Oncol 2009.
 0 5 10 15 20 25 30 35 40
 Time (months) from Randomization
 0.0
 0.1
 0.2
 0.3
 0.4
 0.5
 0.6
 0.7
 0.8
 0.9
 1.0
 Pro
 po
 rtio
 n S
 urv
 ivin
 g
 HI
 PRCR
 SD
 DP
 24
 67.5% (p=0.006)
 71.7% (p<0.0001)
 41.3% (p=0.041)
 78.4% (p<0.0001)
 CCR
 26.2%
 Overall Survival By Best IWG 2000 Response
 List A, et al. ASCO 2008.
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 The New Treatment Paradigm for
 Azanucleosides
 • AZA extends OS and alters the natural history of disease
 • CR is not necessary to extend OS - MDS is NOT AML
 • Responding patients received a median of 14 cycles (range, 6-24+)
 • Long-term continuation until disease progression optimizes OS potential (i.e., Rx Duration > Response Quality)
 • First response may occur up to 9 months with maximal response after up to 11 cycles
 What do These Findings Mean for You?
 • If your blood counts improve on azacitidine treatment,
 then it is likely it will extend your prognosis & survival.
 • Responding patients should remain on azacitidine as
 long as it is working.
 • If after 6 or more courses of azacitidine your situation
 has not improved and your features are stable, it is
 less liklely the treatment with prolong survival.
 • A decision to stop and try a new therapy should be
 addressed with your doctor.
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 EORTC-06011 Decitabine Phase III Trial Study Design
 • Open-label, multicenter, 1:1 randomized study
 • IPSS: Int-1,2, and high-risk MDS; >60years (n=223)
 • Primary endpoint: Survival
 Stratification
 - IPSS
 - Primary vs.
 secondary
 R
 A
 N
 D
 O
 M
 I
 Z
 E
 Decitabine 15 mg/m2/ x 3H
 q8h x 3 days q 6 wks
 (max 8 cycles) [n=119]
 Supportive Care (SC)
 [n=114]
 Response assessment q2 cycles; HI, CR, PR & SD continue for up to 8 cycles;
 Exception: CR – 2 additional cycles.
 Wijermans P, et. Al. ASH 2008; #226a.
 (months)
 0 6 12 18 24 30 36 42
 0
 10
 20
 30
 40
 50
 60
 70
 80
 90
 100
 O N Number of patients at risk :
 96 114 71 38 22 10 6 3
 99 119 83 53 24 15 4 4
 Median (months): 10.1 vs 8.5
 HR = 0.88 , 95% CI (0.66, 1.17)
 Logrank test: p=0.38
 Decitabine
 Supportive care
 Wijermans P, et. Al. ASH 2008; #226a.
 Overall survival (Decitabine vs. SC)
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 Parameter No. Pts. (%)
 No. Patients 99
 IPSS - INT-1
 - INT-2
 - High
 52 (53)
 23 (23)
 23 (23)
 Secondary MDS 11 (11)
 Med. MDS duration 5.2 mos
 IWG response
 - CR+PR
 35 (35)
 17 (17)
 Median number cycles 5 [1-17]
 Median survival 19.4 mos
 5-Day IV Decitabine Schedule in MDSMulticenter Phase II ADOPT Trial [N=99]
 Steensma D, et al. J Clin Oncol 2009; 23: 3842.
 ADOPT 5-Day Decitabine Study in MDSSurvival by Best IWG 2006 Response [N=84 Evaluable]
 Steensma D, et al. Blood. 2007; Abstr 1450.
 * Not evaluable patients excluded from the analysis.
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 What do These Findings Mean for You?
 • Decitabine has not been shown to improve survival
 compared to supportive care in higher risk MDS
 • The potential impact of the most popular dose and
 schedule on survival has not been tested.
 • Azacitidine’s predominant effects on RNA & protein
 metabolism may be key actions contributing to its
 disease modifying effects.
 Allogeneic Hematopoietic
 Stem Cell Transplantation
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 The HCT Decision
 Time
 % S
 urv
 iva
 l SCT
 No SCT
 With Permission of C. Cutler,MD
 Allogeneic Hematopoietic Cell TransplantPrognostic Variables for Outcome
 Procedure-Related Mortality
 • age
 • ferritin
 • platelets < 100,000
 • disease duration
 • HLA-compatibility
 • Co-morbidity index
 Relapse
 • % marrow blasts
 • cytogenetic pattern
 • t-MDS
 • IPSS
 • BM fibrosis grade
 • Preparative regimen
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 Influence of IPSS Score on Risk of Relapse and
 RFS (tBUCY)
 From Deeg J, et al. Blood 2002. 100:1201-7.
 Relapse
 Years from Transplant
 Rela
 ps
 e (
 CI%
 )
 IPSS >2 (N=8)/ H
 IPSS 1.5-2 (N=24)
 IPSS 0.5-1.0 (N=54)
 IPSS 0 (N=16)/ L
 0
 20
 40
 60
 80
 100
 0 1 2 3 4 5 6 7
 Relapse-free Survival
 0 1 2 3 4 5 6 7
 0
 20
 40
 60
 80
 100
 Years from Transplant
 Rela
 pse-f
 ree S
 urv
 ival
 (%)
 IPSS 0 (N=16)/ L
 IPSS 0.5-1.0 (N=54)
 IPSS 1.5-2 (N=24)
 IPSS >2 (N=8)
 Not transplanted
 n=184
 Transplanted
 n=260
 BMT and HLA-identical
 siblings only
 Cutler et al. Blood. 2004;104:579.
 When to transplant?Actuarial Survival Curve of MDS Patients Age <60 Years
 High Int-2 Int-1
 Low
 0 25 50 75 100 125 150 175 200 225
 Months
 0
 25
 50
 75
 100
 Ov
 era
 ll su
 rviv
 al
 (%)
 0 25 50 75 100 125 150 175 200 225
 Months
 0
 25
 50
 75
 100
 Ov
 era
 ll su
 rviv
 al
 (%)
 High
 Int-2
 Int-1Low
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 Life Expectancy Estimate (Years)Allogeneic HCT for MDS
 Immediate
 Transplant
 Transplant in 2
 Years
 Transplant at
 Progression
 Low 6.51 6.86 7.21
 Int-1 4.61 4.74 5.16
 Int-2 4.93 3.21 2.84
 High 3.20 2.75 2.75
 From Cutler C, et al. Blood 2004; 104(2):579-585.
 Treatment Algorithm - 2011Int-2/High Risk MDS
 SCT
 Candidate
 No Donor
 Allogeneic
 Donor
 HMA
 Investigational
 Risk Profile CMI
 Remission
 SCTFavorable
 Unfavorable

Page 21
						

21
 Advances in MDS Treatment:What’s on the Horizon?
 Developmental Therapeutics for MDS
 Foundation rooted in disease biology
 Pathogenetic target directed
 Patient specific - Personalized
 Bio-marker risk adaptive
 Reverse translation from empirically active agents
 Selection by biological signature or surrogate vs.
 clinical risk stratum alone
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 Gene TET2
 Activity mChmC
 Mutation Inactivation
 Consequence mCRetention
 IDH1/2
 KG2HG
 Gain of Fn
 ↑2HG
 Promoter HypermethylationMaturation Impairment
 Mutually
 Exclusive
 Gene Mutation Driven Methylator Phenotypes in MDS
 Figueroa ME. Cancer Cell 2010;18: 553.Jankowska A. ASH 2010; 1a.
 IDH1, isocitrate dehydrogenase-1; IDH2, IDH mitochondrial homologue;TET2, tet oncogene family member 2; KG, ketoglutarate;
 2HG, 2-hydroxyglutarate; mC, methylcytosine;hmC,hydroxy-mC.
 DNMT1 mutations
 Isocitrate
 -ketoglutarate
 NAD+
 NADH,
 CO2
 IDH
 Isocitrate
 -ketoglutarate
 NAD+
 NADH,
 CO2
 IDH
 mu IDH
 2-hydroxyglutarate
 Mutant
 Neoenzyme
 AZA Response by TET2 Mutation Status
 GFM Compassionate Azacitidine Treatment Trial
 Itzykson R, et. al. ASH 2010; 439a.
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 Core Cancer Signaling Pathways in MDS
 Adopted from Jones S, et al. Science 2008;321:1801-1806
 Lower Risk
 MDS
 N
 EpigeneticGene
 Silencing
 Immune Suppression
 -environmentOncogenesis
 Mitochondrial Iron
 UnsplicedRNA decay
 CytokineSignaling
 HeterotypicAdhesion
 TNF/Fasp38 MAPK,vla4/5
 Bcl2:Bax
 ROS
 Telomereerosion
 Impaired raft assemblySOCS
 muTET2/IDHASXL1, DMNMT3A
 DNA methylation
 Del(5q) -RPS14
 p53
 Spliceosome
 muU2AF35,SRSF2,SF3B1
 miR21:SMAD7
 TGFR1KpSMAD2
 Immune Senescence
 homeostaticproliferation
 • Osteoblast niche
 • MDSC &Angiogenesis
 Altered stromal& progenitor
 CAM
 muSBF1
 RARS
 Impaired GeneActivation
 muSBF1
 RARS
 Del(5q) -RPS14
 p53
 Spliceosome
 muU2AF35,SRSF2,SF3B1
 miR21:SMAD7
 TGFR1KpSMAD2
 muTET2/IDHASXL1, DMNMT3A
 DNA methylation
 TNF/Fasp38 MAPK
 Bcl2:Bax
 ROS
 Telomereerosion
 Impaired raft assemblySOCS
 Altered stromal& progenitor
 CAM
 OsteoblastNiche
 MDSC expansion
 ImmuneSenescence
 Homeostatic proliferation
 DecreasedSurvival Signals
 Aberrancies in Core Cancer Signaling Pathways
 Adopted from Jones S, et al. Science 2008;321:1801-1806
 Higher Risk
 MDS
 ProgenitorSlf-Renewal
 EpigeneticSuppression
 MultidrugResistance
 muRUNX1
 Decreased Transactivation
 • CD11b/CD18•Notch
 •
 •AML
 BMI1
 HSCphenotype
 Wnt antagonistmethylation
 HDPR1,DKK1,SFRP4
 FLIP-L,NFB,
 PI3K/Akt
 CD34Phenotype
 MDR1
 muTP53
 GeneticInstability
 muTET2/IDHASXL1, DMNMT3A
 TSP methylation
 muNRAS/KRAS
 Kinase activation
 AutocrineVEGF
 ALIP, niche translocation
 Del(7)/(7q)
 miR29a:SKIGCSF response,
 PIM1, MAPK
 muTP53
 GeneticInstability
 BMI1
 HSCSelf-renewal
 • CD11b/CD18•Notch
 •
 •AML
 muRUNX1
 Decreased Transactivation
 CD34Phenotype
 MDR1
 Acquiring Stem Cell Features
 Wnt antagonistmethylation
 HDPR1,DKK1,SFRP4
 FLIP-L,NFB,
 PI3K/Akt
 muTET2/IDHASXL1, DMNMT3A
 TSP methylation
 muNRAS/KRAS
 Kinase activation
 AutocrineVEGF
 ALIP, niche translocation
 Del(7)/(7q)
 miR29a: SKIGCSF response,
 PIM1, MAPK IncreasedSurvival Signals
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 Targeted MDS Treatment Strategies
 • Non-redundant, indispensible nodal cancer signaling
 pathways
 • Preferential expression in malignant cells
 • Disruption of adaptive biological networks critical for
 propagation
 • Block nurturing environmental signals
 Novel MDS Therapeutics
 • Therapeutics Targeting the MDS Clone– Del(5q) (p53 antisense, Neddylation inhibition)
 – Kinase inhibitors (ON-01910, ezatiostat, erlotinib, PI3K/mTORC)
 – Aminopeptidase inhibitors (tosedostat)
 – Vaccines (WT1, cell bystander, nucleoside DNA)
 – Novel cytotoxics & nucleosides (sapacitabine, clofarabine, omacetaxine, AR-67, oral azacitidine)
 • Microenvironment or Dual Selectivity– P38α MAPK (Array614)
 – IL-6 (Siltuximab)
 – Activin-A/TGF (ActRIIA & ActRIIB)
 – Myeloid derived suppressor cells (MDSC) & Tregs (IDO)
 – Infliximab (EORTC 06023)
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 Lenalidomide in MDS
 Making a Successful Agent More Effective
 • Understand drug targets & causes of resistance
 • Identify novel strategies to overcome resistance
 • Complement weaknesses with drug combinations
 Allelic Haplodeficiency in Del(5q) MDSMolecular Pathobiology & Selective Drug Sensitivity
 Del(5q) MDS
 Hematologic
 Phenotype
 Lenalidomide
 Cytotoxicity
 miR-145; -146a RPS-14
 AnemiaThrombocytosis
 & dysplasia
 TRAF6Fli-1
 IL-6
 Mild
 NeutropeniaG2/M Arrest
 & Apoptosis
 PP2A
 p53
 PP2A Cdc25c
 p53TIRAP
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 Secondary Resistance to Lenalidomide is Associated with PP2Acα Over-Expression
 List AF et al..ASH 2009; #292a.
 PP2Acα is up-regulated with lenalidomide treatment failure
 - Erythroid p53 activation & arrest is restored- Magnitude of PP2Acα suppression at response
 is directly associated with TI duration (P=0.021; HR =0.95).
 - Median duration of TI not reached (1507+d) in
 pts with PP2Acα suppression vs. 679d in pts without (P=0.006, log rank).
 - Suppression of PP2A & p53 are new potential
 drug targets
 P =0.091
 P =0.003
 PP
 2A
 cα
 Baseline Response Failure0
 20
 40
 60
 80
 100
 Rela
 tive E
 xp
 ressio
 n
 IHC [n=22]
 Baseline Failure
 PP2Acα
 p53
 p53 K K K K K K K K K K
 P53 Stabilization
 Nedd
 N-MDM2
 RING E2
 L5
 L11 L5L23
 Free RPs
 L11
 N-MDM2
 RING E2
 L5Nedd
 L5Nedd
 UBUB
 UB
 UBUB
 UB
 Del(5q) MDS
 PP2A P
 PPP2A
 PP2AInhibition
 Strategies for Disease Targeted
 Therapeutics in Del(5q) MDS
 NeddylationInhibition
 MLN4924
 RP BindingInhibitor
 Interaction of RPs with MDM2
 Functional Domains
 C305
 Cenersen
 P53 Antisense
 Dexamethasone
 P53 Suppression
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 Phase I/II Study of Cenersen in Transfusion Dependent Del(5q) MDS after Lenalidomide Failure
 Principal Objective: Safety & biologically effective dose
 Treatment
 GroupCenersen Dosage
 Total Daily
 Cenersen
 Dose
 Number
 Patients
 Group 10.1 mg/kg/hour x 3
 hours0.3 mg/kg/day 3
 Group 20.2 mg/kg/hour x 3
 hours0.6 mg/kg/day 3
 Group 30.4 mg/kg/hour x 3
 hours1.2 mg/kg/day 3
 ExpansionDose level determined by review of
 data for Groups 1-39
 DAYS 1 2 3 4 5-28 29 30 31 32 33-56
 Cenersen X X X X X X X X
 CAS Registry Number 872847-66-0
 We
 ek
 s 8
 an
 d 1
 6
 Eligibility- IPSS Low/Int-1
 - Del(5q) MDS
 - LEN failure
 - LEN naïve:
 ANC<500 or
 platelets <50,000
 R
 E
 S
 P
 O
 N
 S
 E
 DO
 SE
 ES
 CA
 LA
 TIO
 N
 54
 Complete Responses to MLN4924Phase I Study in AML & MDS
 MLN4924 dose (mg/m2)
 Number (%)25
 (N=3)33
 (N=4)44
 (N=3)59
 (N=10)79
 (N=4)All
 (N=24)
 Morphologic CR/CRi* 1 1 1 1 0 4 (17)
 Cytogenetic CR* 1 0 0 0 0 1 (4)
 • 29-year-old with relapsed AML post-allogeneic SCT{+8[18]/46.XX[2]} (25 mg/m2)
 • 82-year-old man with transfusion-dependent MDS/AML unresponsive to azacitidine; [del(20)(q12)] (33 mg/m2)
 • 71-year-old man with de novo AML refractory to 7+3; normal karyotype (44 mg/m2)
 • 51-year-old man with refractory AML with extramedullary disease post-allogeneic SCT; marrow CRi (59 mg/m2)

Page 28
						

28
 Phase III Trial of Lenalidomide in
 Transfusion-Dependent non-Del(5q) MDS
 MDS-005 Study Schema
 Primary Endpoint- RBC Transfusion independence [all pts]
 - RBC-TI [pre-specified erythroid GEP subgroup]
 Secondary Endpoints- RBC TI at 12 months
 - HI-E (IWG 2006)
 - Overall Survival
 - AML progression
 Discontinue
 Erythroid
 Response
 Non-
 Responder
 Screening (day -56 to day 1)
 IPSS low or int-1 MDS
 Any karyotype excluding del 5q
 Transfusion-dependent anemia
 RANDOMIZATIO
 N
 Lenalidomide 10mg/d
 Placebo qd
 DAY
 168
 Continue until PDor Erythroid relapse
 2:1 Blinded Treatment
 Long Term F/U(up to 4 yrs from randomization)
 Survival AML progression Subsequent MDS
 treatments
 Blinded Treatment Off TreatmentPre Treatment
 blinded treatment
 R
 E
 S
 P
 O
 N
 S
 E
 R
 A
 N
 D
 O
 M
 I
 Z
 E
 A. LEN 10mg/d x 21dMER Continue
 Week: 0 4 8 12 16
 B. LEN + Epoetin
 S
 T
 R
 A
 T
 I
 F
 Y
 No Combination[Arm A]
 Phase III Intergroup Study of Lenalidomide (LEN)vs LEN + Epoetin Alpha in Low/Int-1 MDS
 [ECOG 2905]
 EligibilityIPSS Low/Int-1
 Hgb <9.5g/dL
 Poor EPO Resp
 Profile or failed EPO
 Stratify del(5)(q)
 sEPO
 Prior EPO/DA
 Principal Objective: Modified IWG 2000 MERSecondary: phospho-STAT5/ LEN p-STAT5 , CD45 isoform
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 Lenalidomide (LEN) Combination Trials
 Agents Mechanism of action Identifier
 LEN + Prednisone Anti-inflammatory, p53 NCT01133275
 LEN + Bystander Vaccine K652 GM-CSF+CD40L NCT
 LEN + 5Aza RNA metabolism + DNA meth NCT
 LEN + Ezatiostat Glutathione analogue inhibitor NCT 01062152
 LEN + Cyclosporine Immunosuppressant agent NCT 00840827
 LEN + Ancestim rHu-stem cell factor NCT 00434239
 LEN + Bortezomib Proteosome inhibitor NCT00580242
 Urgent Priorities for MDS Therapy
 The Immediate Unmet Needs
 • Azanucleotide resistance
 • Novel disease modifying therapy
 • Thrombocytopenia
 • Anemia: right target right therapy
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 Outcome After Azanucleoside Failure
 Institution No. Pts
 Treated
 No. AZA
 Failures
 AML
 Progression
 Median
 OS
 OS at
 12 mos
 Moffitt^ 151 59 12 (20.3%) 8.4 mos 30%
 GFM` 341 NR NR 6 mos 29%
 MDACC* NR 87 25 (29%) 4.3 mos 28%
 *Decitabine treatment only: Jabbour E, et. al. Cancer 2010;116:3830.
 ^Lin K, et. al. ASH 2010; 2913a. `Includes AZA-001, GFM + JHU: Prebet T, et. al ASH 2010; 443a.
 MDS & CMML Patients
 Disease Statusafter Decitabine
 MDS 65AML 22Total 87
 0
 0.2
 0.4
 0.6
 0.8
 1
 Pro
 po
 rtio
 n A
 liv
 e
 0 6 12 18 24 30 36Months from Decitabine Failure
 P = 0.29
 +++
 +++ ++ + ++
 +
 + ++
 + + ++
 +
 New Agents
 - sapacitabine
 - clofarabine
 - omacetaxine
 - ON-01910
 - tosedostat
 - erlotinib
 Rigosertib (ON-01910) - Mitotic RegulatorPLK1 & Cdc25C Inhibition
 ON 01910
 Gumireddy K, et. al. Cancer Cell 2005; 7: 275.
 Multikinase Inhibitor• Benzyl styryl sulfone
 • ON 01910 inhibits PLK1 activation
 of Chk1 & Cdc25C G2/M arrest
 • Selective for neoplastic cells
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 N BM CR (+HI) HI ORR
 All patients 32 6 (1) 4 10/32 (31%)
 3-day infusions 17 4 (1) 3 7/17 (41%)
 3-day pivotal (1800 mg/d) 13 4 (1) 2 6/13 (46%)
 Response Rate in 32 MDS Patients (RAEB/t)
 Previously Treated with Azacitidine/Decitabine
 -100%
 -80%
 -60%
 -40%
 -20%
 0%
 20%
 40%
 60%
 80%
 100%
 Best BM Blast Response (%) From PreTreatment Value in 25 RAEB 1,2,t Patients Previously Treated with Azacitidine/Decitabine
 20/25 (80%) BM Blast Decrease14/25 (56%) 50%+ BM Blast Decrease
 6 BM CR (4 at 1800 mg/3ds)
 p=0.003 (signed rank sum test)
 0 20 40 60 80
 0
 20
 40
 60
 80
 100
 Weeks
 Sur
 viva
 l pro
 babi
 lity
 (%)
 BM Blast Response
 Not Assessed
 Progressive Disease
 Stable BM Blast Count
 50%+ BM Blast Decrease
 OS by Marrow
 Blast Response
 Median:68 wks
 0 20 40 60 80
 0
 20
 40
 60
 80
 100
 Weeks
 Sur
 viva
 l pro
 babi
 lity
 (%)
 ON 01910.Na Dosing
 1500mg-3ds
 1800mg-3ds
 2 days
 2400mg-3ds
 5 days
 OS by Dose
 & Schedule
 Randomized Phase III Study of Rigosertib in Higher Risk MDS Azanucleoside Failures
 R
 A
 N
 D
 O
 M
 I
 Z
 E
 ON01910
 1800mg/dx3d q2wk*
 LoDAC, Hydrea, GFs
 n=180
 n=90
 Wk: 1 4 8 12 16
 Eligibility- FAB
 - RAEB/t,CMML
 - Relapsed/Refr to
 azanucleosides
 Stratification- Blasts 5-19%
 - Blasts 20-30%
 Endpoints1O – Overall Survival
 2O - IWG response
 - AML, infection,
 - bleeding, QOL
 2:1
 BSC
 *After wk 16: q4 wk until progression.
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 Phase I/II Study of Tosedostat in MDS & AML
 Parameter Number (%) or Feature
 Drug class Aminopeptidase inhibitor
 - prodrugCHR-79888
 Eligibility Relapsed AML or high risk
 (MDS, AML)
 Design Daily oral (60-180mg/d)
 No. Patients N=44
 MTD 180 mg (130 mg phase II)
 DLT Hepatic (ALT)
 Response 14 (32%): 3CR, 4mCR, 7PR
 HMA failures: 40% CRi/PR*
 Lowenberg B, et. al.JCO 2010; 28:4333.*ASCO 2011
 In Vitro Synergy• Azanucleosides
 • Cytarabine
 Agents Mechanism of action Identifier
 Array 614 P38 inhibitor NCT 00916227
 Sorafenib RTK inhibitor NCT00510289
 Everolimus m-TORC inhibitor NCT 00809185
 Temosirolimus m-TORC inhibitor NCT 01111448
 Perifosine PI3K/Akt inhibitor NCT00301938
 MLN4924 Neddylation inhibitor NCT00911066
 Ezatiostat GSTP1-1 inhibitor NCT00700206
 Siltuximab IL6 chimeric mo-ab NCT
 Oral azacitidine Hypomethylating agent NCT 00528983
 Aflibercept VEGF Trap NCT00509249
 New Agents in Clinical Development
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 Alternate Epigenetic Targets to Reverse
 Gene Silencing
 DNA methylation
 Lysine
 HypoacetylationLysine methylation
 HDACs• Vorinostat
 • Panobinostat
 • Entinostat
 • Depsipeptide
 66
 • MDS, CMML, or AML
 • Hb ≤ 9.0 g/dL and/or
 • Plt ≤ 50 × 109/L and/or
 • RBC transfusion
 dependent
 • Prior azanucleoside
 therapy excluded
 Treat to
 progression
 • AZA 300 mg qd × 14 days
 • AZA 300 mg qd × 21 days
 • AZA 200 mg bid × 14 days
 • AZA 200 mg bid × 21 days
 DLTs: end of cycle 1
 Adverse events (AEs): continuously monitored
 PK: cycle 1 (day 1 and last day of treatment)
 PD: cycles 1 and 2
 Clinical response: end of every second cycle
 Inclusion criteria
 Extended dose schedules
 28-day cycles
 Phase I Study of Oral Azacitidine
 Using Extended Treatment Schedules
 Garcia-Manero G, et. al ASH 2010; 603a.
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 Oral AZA: Preliminary Response in MDS/CMML
 Response
 Treatment Schedule,
 Responders/Evaluable Patients (%)
 Total300 mg 200 mg
 14-day qd 21-day qd 14-day bid 21-day bid
 Overall response*
 (CR, any HI, mCR)
 10/15 (67) 4/6 (67) 3/3 (100) 3/3 (100) 0/3
 CR 2/15 0/6 2/3 0/3 0/3
 Any HI
 HI-E
 HI-P
 HI-N
 6/14
 2/6
 4/13
 1/5
 2/5
 1/2
 1/5
 0/1
 3/3
 0
 3/3
 1/1
 1/3
 1/2
 0/3
 0/2
 0/3
 0/2
 0/2
 0/1
 TI
 RBC
 Platelet
 7/10
 3/5
 4/5
 3/5
 1/3
 2/2
 2/2
 1/1
 1/1
 2/3
 1/1
 1/2
 0
 0
 0
 mCR 2/4 0 1/1 1/2 0/1
 67
 *IWG 2006 criteria (Cheson et al. Blood 2006;108:419-25); patients only counted once for overall response, but
 may be counted more than once in individual response categories.
 Ezatiostat (TLK199): a GST P1-1 Antagonist
 Relieving Suppressive Signals
 Townsend DM, et. al. Oncogene
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 ITT Population3000 mg/d x14
 q21d (n=38)
 2000 mg/d x21
 q28d (n=37)
 Total
 (n=75)
 HI–N (%) 1 (8) 3 (23) 4 (16)
 HI–P (%) 1 (6) 0 (0) 1 (3)
 HI–E (%)* 7 (21) 6 (17) 13 (19)
 Bilineage (HI-E and HI-N) (%) 1 (10) 3 (23) 4 (17)
 # of RBC-TD Patients (%) 24 (71) 20 (56) 44 (63)
 RBCs Reduced 4U/8wks (%)* 6 (25) 5 (25) 11 (25)
 RBC Transfusion Independence (%) 1 (4) 3 (15) 4 (9)
 Median Wks to HI-E (Range) 8 (8–10) 8 (8–11) 8 (8–11)
 Median Wks HI-E Duration (Range) 18 (2–51) 46 (2–63) 34 (2–63)
 Randomized Phase II Study of the GSTP1-1
 Inhibitor Ezatiostat (TLK199) in Low/In-t MDS
 Raza A, et. al. ASH 2010.
 Most common drug-related AEs were grade1/ 2 GI including: nausea (45%, 17%),
 diarrhea (26%, 7%),& vomiting (30%, 12%).
 *HI-E rate in HMA naïve, lenalidomide failures was 40%
 (6/15 patients) including 3 TI.
 Federl S, et. al. ASH 2009; #118a.
 Oral Clofarabine in MDS IPSS >Int-1
 IWG ResponseTotal
 (n = 32)
 40 mg/m2
 (n = 6)
 30 mg/m2
 (n = 19)
 20 mg/m2
 (n = 7)
 ORR 43 17 59 28
 CR 25 0 37 14
 HI 9 0 11 14
 HMA Failures
 No. Pts 20 4 11 5
 ORR 30 25 36 20
 CR 10 0 18 0
 HI 10 0 9 20
 Response Percent
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 Randomized Phase II Study of Sapacitabine in
 MDS Patients Resistant to HMAs
 Characteristic
 Sapacitabine Oral 2’-deoxycytidine analogue
 Eligibility >60, MDS HMA failure
 Dose & Schedule 100, 200, 300 mg bid x7d, q3-4 wk
 Evaluable Patients A -16; B -17; C - 16
 Primary objective IWG: CR/I, PR, HI
 IWG response A: 3 (19%), B:5 (29%), C: 1 (6%)CR -1; HI N-3, Pl-5, E-1
 Response duration Median: 5+ mos [2-9+]
 Grade >3 AEs Neutropenia, thrombocytopenia
 Deaths < 30 days 4 (8.2%)
 Garcia-Manero, G, et. al. ASH 2009; #1758a.
 Novel Thrombopoietic Agents
 Figure modified from Supportive Cancer Therapy 2007; 4:67.
 AKR501
 LGD-4665TPO – Receptor Agonists
 - Romiplostim (Nplate - Amgen)
 - Eltrombopag (Promacta - GSK)
 - SB-559457 (GSK)
 - LGD-4665 (Ligand)
 - AKR-501 ( AkaRx/Eisai)
 - NIP-004 (Nissan Chem Indus)
 Migration/Maturation
 - Tmax (aTyr)

Page 37
						

37
 Change in Platelet Counts with
 Eltrombopag in Lower Risk MDS
 • From Study Week 4 on, the median platelet count was ≥50x109/L.
 0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 600
 100
 200
 300
 n = 27 28 28 26 22 19 21 19 18 17 14 11 11 11 11 5
 Study Week
 Me
 dia
 n (
 Q1
 , Q
 3)
 Pla
 tele
 t C
 ou
 nt
 (10
 x9/L
 )
 Fenaux P, et. al. ASH 2009; #2765a.
 Eltrombopag – Blast Cytotoxic Effects
 Eltrombopag• Oral TPO-R agonist
 • 4-carbon-based rings
 • Piperazine & hydrazine side chains
 • Differential effects on normal vs. malignant cells
 • Suppresses AML & MDS clones
 • Promotes megakaryocytopoiesis
 Will B, et. Al. Blood 2009; 114:3899.
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 Therapeutics Targeting the
 Microenvironment or Dual Disease
 Specificity
 Apoptosis
 P38 MAPK
 TGF-, TNF,
 IFN-,,
 MKK3/6
 MapKap-2
 Fas/FL, TRAIL,
 ROS
 MKK4
 Hsu et al, 1999 JBC.; Porras et al, 2004, MBC; Grambihler et al, 2003, JBC
 SCIO469
 Array-614
 Cytokine Induction (VEGF, TNF, TGF , IFN, MIP-1)
 Fas/FL Display
 p38/MAPK - Apoptotic SignalingModulation of Inhibitory Signal Convergence
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 Normal
 MDS
 Phospho-p38 Staining Intensity
 Normall MDS0.0
 0.1
 0.2
 0.3
 0.4n=5
 n=3
 Me
 an P
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 -p3
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 nsity
 0 10 20 30 40 50 60 70 800
 25
 50
 75
 100
 Phospho-p38
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 nt C
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 Po
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 e
 Phospho-p38 vs Caspase-3a + IL1
 Caspase 3a (r2= 0.7568)
 IL1-beta (r2= 0.6474)
 P=0.0310
 Navas T, et al. Blood 2004; 104, #3424.Mohindru M, et al. Blood 2004;104, #470.
 Medullary p38/MAPK PhosphorylationRelationship to Apoptotic Fraction
 Phase I/II Study of SCIO-469 in Low/Int-1 MDS
 Parameter Number (%) or Feature
 Drug class P38α MAPK inhibitor
 Eligibility Low/Int-1 MDS with ESA failure
 Design Phase I/II: TID oral (90,180,270,360mg/d)
 No. Patients N=62
 AEs all grades GI (constipation, nausea, diarrhea <15%)
 DLT None defined
 Week 16 Response HI-P (12%), HI-N (28%), 1CR, 1 cytog-CR
 Sokol L, et. al.
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 Phospho-Smad2 IHC
 Zhou L, et al. BLOOD 2008; 112:3434.
 n=15
 Adapted from: Acta Biochim Polon 2005; 52:329.
 Activin-A
 Constitutive Activation of TGF-β Signaling
 Suppresses Hematopoiesis in MDS
 TGF-Family Regulation of Erythropoiesis by Activin-AErythroid Differentiation Factor
 ACE-011
 Extracellular
 Domain
 Fc Domain
 Human IgG1
 Activin
 Receptor
 Type IIA
 (ActRIIA)
 • ACE-011 (Sotatercept)
 - high affinity ActRIIA receptor fusion protein
 - sustained inhibition of Activin-A & TGF-β superfamily ligands up to 32 days
 - inhibits OC, promotes osteoblast survival
 - MTD in normal volunteers: erythrocytosis
 ACCELERON Pharma
 Dose
 1 2ActRIIA
 TGF-β SuperfamilyLigands
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 Randomized Phase II Study of Sotatercept
 (ACE-011) in Lower Risk MDS
 R
 A
 N
 D
 O
 M
 I
 Z
 E
 Dose Finding PhaseSotatercept
 15 mg SC q 28 d
 30 mg SC q 28 d
 45 mg SC q 28 d
 Extension PhaseResponse Estimate
 n=20
 n=20
 n=20
 15 patients [n=15]
 Wk: 1 4 8 12 16
 Eligibility- Low/Int-1
 - WHO MDS
 - MDS/MPN
 - Hgb<9g/dl
 Endpoints:1O - HI-E (IWG 2006)
 2O - HI-E duration
 - Progression
 Randomized Phase II Study of
 Siltuximab (Anti-IL6) in Lower Risk MDS
 Siltuximab (CNTO 328) Chimeric mur/hu-monoclonal
 Eligibility RBC-TD, Low/Int-1 risk IPSS
 Design Randomized 2:1 vs Placebo q 4 wk
 No. Patients N=75
 Primary Endpoint HI-Erythroid
 Secondary Endpoints Ferritin, Tolerance
 Sponsor J&J/Centocor
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 Targeting Immune Effectors in Lower Risk MDS:Regulatory T-cells (Tregs)
 [n=43] [n=52]
 Epling-Burnette PK, et al. ASH 2010.
 0
 10
 20
 30
 40
 50
 60
 70
 80
 Low High
 *EM% of total Tregs defined by
 deviation >1SEM vs controls.
 % H
 gb
 < 9
 g/d
 l P=0.04
 Effector Memory (EM)Treg%*
 & Anemia
 n=35 n=17
 *Treg phenotype: CD4, CD25, FoxP3 and CD127dim expression.
 Myeloid Deriver Suppressor Cells (MDSC) Expand in Lower Risk MDS
 p<0.001
 Wei S, et. al. ASH 2010.
 Cancer Pts
 Myeloid Derived Suppressor CellsCD33/HLA-DR+/Lin-
 MDSCs Induce Apoptosis
 in MDS Erythroid Precursors
 MDSC Depletion Improves
 BFU-E Recovery
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 Targeting Indoleamine 2,3 Dioxygenase (IDO)
 • IDO – key tryptophan regulatory enzyme for induction and maintenance of immune tolerance
 • Oxidation of tryptophan blocks T-cell activation and induces MDSC
 • Promotes differentiation of naïve T-cells to Treg & promotes MDSC expansion
 • IDO is chronically activated in tumors of various types correlates with poor survival
 • INCB24360, a potent, selective IDO1 inhibitor, is being advanced in clinical trials
 INCB24360
 MDSCNormal MDS
 Targeting the MDS Clone & its
 Bone Marrow Niche
 Del(5q) MDS
 - Cenersen
 - MLN4924
 Non-Del5q MDS
 - Ezatiostat
 - Array614
 Aza- Failures
 - ON-01910
 - Tosedostat
 - Ephrin-A ab
 TGF
 Activin-A
 TGF & Osteoblasts
 - ACE-011
 - ACE-546
 Mutator Phenotype
 - PARP inhibitors
 MDSC & T-Regs
 - INCB24360
 - cfms
 MDSC
 OB
 IL-6
 IL-6 Neutralization
 - Siltuximab
 X
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 Collaborators
 Kathy Rocha Sheng Wei Taussig Cancer Center
 Gisela Caceres Xianghong Chen Jaroslaw Maciejewski Justine Clark PK Burnette Mikkael Sekeres
 Rami Komrokji Julie Djeu
 Lubomir Sokol J. Lancet
 Ling Zhang L. Moscinski
 Susan Lentsch Sten Eirik Jacobsen
 Wayne Guida Nicholas Lawrence
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