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1
 Aplastic Anemia: Current Thinking on the Disease, Diagnosis, and
 Treatment
 Phillip Scheinberg, MDStaff Clinician, Hematology Branch
 National, Heart, Lung and Blood InstituteNational Institutes of Health
 APPROXIMATE BLOOD CELL REQUIREMENTS
 cell type total number life span daily production(days)
 neutrophils 2 x 1010 1 2 x 1010
 platelets 1 x 1012 5 2 x 1011
 erythrocytes 3 x 1013 120 2.5 x 1011
 AN HEMATOPOIETIC STEM CELL
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2
 NEUTROPHIL DIFFERENTIATION
 SegmentedneutrophilBandMetamyelocyteMyelocytePromyelocyteMyeloblast
 ERYTHROID DIFFERENTIATION
 ReticulocyteOrthochromatic
 normoblastPolychromatic
 normoblastBasophilic normoblastPronormoblast
 Peripheral smear

Page 3
						

3
 Blood Cells
 Red blood cells→ O2
 White blood cells – defense
 Neutrophils
 Lymphocytes
 Monocytes
 Platelets - clotting
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4
 pregnancy
 eosinophilicfasciitis
 hepatitis
 benzene
 AA
 other medical diseases
 other medical diseases
 AMLMDS, PNH
 AMLMDS, PNH
 APLASTIC ANEMIA:HISTORIC VIEW OF ETIOLOGY
 AMLAML
 no cause
 drugs
 MDSMDSPNHPNH
 AGE AT DIAGNOSISAplastic Anemia Admissions to NIH Clinical Center
 MAJOR PROSPECTIVE EPIDEMIOLOGIC STUDIES
 Europe/Israel (IAAAS): 2/million (Kaufman DW et al: The Drug Etiology of Agranulocytosis and Aplastic Anemia; 1991, Oxford)
 Thailand (NHLBI): 4.4/million (Issarigrisil S et al: Am J Hematol 1999; 61:164; Blood 2006 107:1299)
 China: 7.4/million (C Yang, X Zhang: Chin Med Sci J 1991; ( g, g ;6:203)
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5
 Cause
 immunologically mediated destruction of hematopoietic cells
 Marrow failure rarely can follow viral infections
 Drugs? Chemicals? Toxins?Drugs? Chemicals? Toxins?
 Genetic? Environmental exposure?
 Infectious agent(s)?
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6
 EPIDEMIOLOGY OF APLASTIC ANEMIA IN THAILAND RISK FACTORS
 NHLBI-Mahidol University; 1989-2002; case-control studyN = 541 aplastic anemia cases, 2261 hospital controls
 Exposure Relative Risk Etiologic Fraction (%)
 benzene 3.5 1other solvents 1.9 6associated drugs 3.7 3pesticides* 3.5 15ducks/geese* 3.7 19animal fertilizers* 2.1 14needles 3.8 2nonbottled water* 2.8 60
 *Khonkaen only
 Issaragrisil S et al. Blood 2006
 EPIDEMIOLOGY OF APLASTIC ANEMIA IN LATIN AMERICAThe Latin Study
 Paraná, Minas Gerais, Goiás, Pernambuco, São Paulo (Ribeirão Preto), Buenos Aires (Argentina), Monterrey (Mexico); case-control study, 2002-2005N = 224 aplastic anemia cases, ≅ 900 hospital controls
 Incidence of aplastic anemia - 1.6 cases per million/year
 Multivariate analysis
 Exposure Odds Ratio (95% CI) P-value
 benzene≤ 6 exposures/year 0.6 (0.3–1.1) 0.17 – 29 exposures/year 0.6 (0.2-1.9) 0.35
 ≥ 30 exposures/year 3.9 (1.7-9.3) 0.002
 chloramphenicol 8.7 (0.9-87.9) 0.07azithromycin 11 (1.1-106.3) 0.04
 Maluf E, Hamerschlak N, Cavalcanti AB et al. Haematologica 2009
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7
 DIFFERENTIAL DIAGNOSIS OF PANCYTOPENIA
 • With hypocellular BM– Aplastic anemia
 • acquired versus constitutional (FA, DKC)– Myelodysplasia (20% cases)– Myelofibrosis (“dry tap”)– Rarely: ALL (children), AML (elderly) as aleukemic leukemia, lymphoma
 • With normo- or hypercellular BM– Primary marrow disease
 • MDS• PNHPNH• Myelofibrosis• Leukemias and lymphomas• Hairy cell leukemia• Large granular lymphocytosis
 – Secondary • Hypersplenism• Systemic lupus erythematosus• Vitamin deficiency (B12, folate)• Alcohol• Tuberculosis and other mycobacteria, brucellosis• Sarcoidosis
 BONE MARROW FAILURE SYNDROMES
 SDSSDS
 LGLLGL
 AAAA
 AA/PNHAA/PNHPNHPNH
 DKCDKC
 MDSMDShypocellularhypocellular
 MDSMDS
 AMLAML
 AID: MS, IBD, uveitis, DM type 1, etc.
 60
 80
 100
 “NATURAL HISTORY” OF APLASTIC ANEMIA
 urvi
 ving
 Utah total (n = 99)
 Severity Criteria (two of three):platelets <20K/uLreticulocytes <1% (60K.uL)ANC <500/uL
 Super-severe: ANC <200/uL
 Years Camitta et al, Blood 53:504, 1979Williams et al, Sem Hematol 10:195, 1973
 65432100
 20
 40
 Utah, extrapolated severe
 % S
 u
 AAStudyGroup,non-transplanted (n = 63)
 Utah, total (n = 99)
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8
 • 1960’s → 10% survival in 1 year
 • 2010 → 90% survival in 1 year
 • Immunosuppressive therapy
 B l i• Bone marrow transplantation
 • Supportive care
 • Anti-thymocyte globulin (ATG)
 • Horse
 Immunosuppressive therapy
 • Rabbit
 • Cyclosporine (CsA)
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9
 T cells
 T
 Ig purification –anti-rbc Ab
 T T
 TT
 Lymphocyte depletion following horse and rabbit ATG
 2000
 2500
 3000
 uL
 0
 500
 1000
 1500
 0 20 40 60 80
 Time in days
 ALC
 /u
 horse ATG rabbit ATG
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10
 PROGRESS IN IMMUNOSUPPRESSIVE THERAPIES FOR SEVERE APLASTIC ANEMIA
 • Era Drug Response
 • 1960s corticosteroids ~10% (occasional)
 • 1970s ATGs 40-50%
 • 1980s ATG plus CSA 60-70%
 RESPONSE OF SEVERE APLASTIC ANEMIA TO INTENSIVE IMMUNOSUPPRESSION
 7,000
 6,000
 5,000
 4,000
 3,000
 2,000
 1,000
 024-Sep 4-Oct 14-Oct 24-Oct 3-Nov 13-Nov 23-Nov 3-Dec 13-Dec 23-Dec 2-Jan 12-Jan 22-Jan
 CSA
 ATG
 424038 45 000
 50,000
 55,000
 ANC
 300
 250
 200
 150
 100
 50
 024-Sep 4-Oct 14-Oct 24-Oct 3-Nov 13-Nov 23-Nov 3-Dec 13-Dec 23-Dec 2-Jan 12-Jan 22-Jan
 TxTx Tx
 Tx
 38
 34
 3230
 26
 2424-Sep 14-Oct 3-Nov 23-Nov 13-Dec 2-Jan 22-Jan
 36
 28
 10,00015,000
 20,00025,000
 30,00035,00040,00045,000
 Tx Tx
 Platelets
 ReticHct
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11
 ATG AND CSA FOR SEVERE APLASTIC ANEMIAOVERALL SURVIVAL
 1.0
 0.8
 0.6
 rviv
 al
 60% t0.4
 0.2
 0.00 1000 2000 3000
 Days4000
 Sur 60% response rate
 ATG AND CSA FOR SEVERE APLASTIC ANEMIARESPONSE AT 3 MONTHS AND SURVIVAL
 1.0
 0.8
 0.6
 responseat 3 mo
 rviv
 al
 0.4
 0.2
 0.00 1000 2000 3000
 Days
 no response
 4000
 Log rank P<.001
 Sur
 ATG AND CSA FOR SEVERE APLASTIC ANEMIASURVIVAL AND BLOOD COUNTS AT 3 MONTHS
 1.0
 0.8
 0.6
 0.4
 0.2
 0 0
 platelets or reticulocytes≥ 50 x 103/μL
 platelets or reticulocytes< 50 x 103/μL
 Log rank P<.001
 Surv
 ival
 in all patients
 0.00 1000 2000 3000
 Days4000
 1.0
 0.8
 0.6
 0.4
 0.2
 0.00 1000 2000 3000Days
 4000
 Log rank P<.001
 Surv
 ival
 in responders
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12
 Study Years N Median Age (years) Response Relaps
 eClonal
 Evolution Survival
 German 1986-1989 84 32 65% 19% 8% 58% at 11 yrs
 NIH 1991-1998 122 35 61% 35% 11% 55% at 7 yrs
 EGMBT 1991 1998 100 16 77% 12% 11% 87% t 5
 INTENSIVE IMMUNOSUPPRESSION FOR SAACOMPARISON OF RESULTS
 EGMBT 1991-1998 100 16 77% 12% 11% 87% at 5 yrs
 Japan 1992-1997 119 9 68% 22% 6% 88% at 3 yrs
 German/Austrian
 1993-1997 114 9 77% 12% 6% 87% at 4yrs
 Japan 1996-2000 101 54 74% 42% 8% 88% at 4 yrs
 NIH 1999-2003 104 30 62% 37% 9% 80% at 4 yrs
 NIH 2003-2005 77 26 57% 26% 10% 93% at 3yrs
 Young NS, Calado RT, Scheinberg P. Blood 2006
 75
 100
 urvi
 val
 Survival of refractory SAA following retreatment with rabbit ATG + CsA (salvage)
 responders
 d
 0 250 500 750 10000
 25
 50
 Time in days
 Perc
 ent s
 u non-responders
 Scheinberg P, Nunez O, Young NS. Br J Haematol 2006
 1/3 Response Rate
 Alemtuzumab (Campath-1H)
 • Anti-CD52 Antibody
 • Murine hypervariable regions fused into human IgG1
 • CD52 expressed:CD52 expressed:– Normal, malignant B and T cells– NK cells, dendritic cells– Monocytes, macrophages– Plasma cells, Eos
 • No CD52 expression on:– RBCs, platelets– Hematopoietic stem cells
 Ravandi and O’Brien, Cancer Invest. 2007 24: 718-725Hernández-Campo PM, Cytometry B Clin Cytom. 2006 70:71
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13
 ATG AND CSA FOR SEVERE APLASTIC ANEMIARELAPSE
 1.0
 0.8
 0.6
 n re
 laps
 ing
 0.4
 0.2
 0.0
 0 1000 2000 3000Days
 4000
 0
 Prop
 ortio
 n
 RELAPSE AFTER ATG + CSA
 Cyclosporine-dependence Post-1strelapse
 Years post-relapse 1 2 3 4 5 6 7
 Patients on CsA 20/22 19/20 14/18 11/17 11/14 7/11 4/7
 (86%) (91) (78) (65) (79) (64) (57)
 Retreatment with rabbit ATG + CsA Post-1strelapse → 2/3 response
 Rosenfeld S, Follmann D, Nunez O, Young NS. JAMA 2003Scheinberg P, Nunez O, Young NS. Br J Haematol 2006
 75
 100
 urvi
 val
 Survival of relapsed SAA following retreatment with rabbit ATG + CsA
 0 250 500 750 10000
 25
 50
 Time in days
 Perc
 ent s
 u
 Scheinberg P, Nunez O, Young NS. Br J Haematol 2006
 2/3 Response Rate
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14
 ATG AND CSA FOR SEVERE APLASTIC ANEMIAEVOLUTION
 1.0
 0.8
 0.6
 All evolutionEvolution to monosomy 7
 tion
 evol
 ving
 0.4
 0.2
 0.00 1000 2000 3000
 Days4000
 N at riskall evolution
 mono 7122122
 6264
 2830
 63
 01
 Prop
 ort
 Cytogenetics
 46, XY45, XY, -7 [1]47, XY, +8 [1]
 CYTOGENETIC EVOLUTION IN TREATED APLASTIC ANEMIA100
 75
 50
 25
 total prevalenceactuarial risk at 5 years
 at 10 years
 12%15%20%
 evol
 utio
 n (%
 )
 0 50 150100 200
 incidence
 Time (months)0 20 6040 120
 Time (months)0 50 150100 200
 80 100
 prognosis
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15
 45
 TRISOMY 81801401006020
 1801401006020
 plat
 elet
 sl x
 100
 00/m
 l 1 2 3 4 5 6 7 8 9 10
 1 2 3 4 5 6 7 8 9 10
 Evolution
 Evolution
 ATG
 ATG
 CsA
 CsA
 05
 1015202530354045
 normal trisomy 8 5q- monosomy 7
 response no response
 patie
 nts
 1801401006020
 1 2 3 4 5 6 7 8 9 10Years After Diagnosis
 EvolutionATG
 CsA
 LIMITS TO IMMUNOSUPPRESSIVE THERAPY IN APLASTIC ANEMIA
 • Unresponsiveness
 – Non-immune pathophysiology
 – Inadequate stem cell reserve/regeneration
 – Immune therapyImmune therapy
 • Relapse
 – Continuing “subclinical” immune destruction of stem cells
 – Intrinsic stem cell defect
 • Evolution
 – Selection of premalignant clones resistant to apoptosis, proliferative advantage, unrecognized by immune effectors
 • Add to horse ATG + CsA platform
 – Mycophenolate mofetil (00-H-0032)
 – Sirolimus (03-H-0193)
 NEW DIRECTIONS IN TREATMENT FOR APLASTIC ANEMIA
 ( )
 – long course immunosuppression
 • Augment initial lymphocytotoxicity
 – Cyclophosphamide (protocol 97-H-0117)
 – Horse ATG (ongoing protocol 06-H-0034)
 – Rabbit ATG (ongoing protocol 06-H-0034)
 – Campath (ongoing protocol 06-H-0034)

Page 16
						

16
 INITIAL BLOOD COUNTS PREDICT RESPONSE TO IMMUNOSUPPRESSION AND SURVIVAL
 Response (6 mos)
 80%62%
 1%
 Scheinberg P et al. Br J Haematol 2009; 144: 206
 41%
 Probability of response according to age
 Probability of response according to age
 Scheinberg P et al. J Pediatrics 2008.
 Survival Probability in Children
 Overall Responders to IST
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17
 Survival in refractory SAA1990s
 1.0
 0.8
 0.6
 rviv
 al
 0.4
 0.2
 0.00 1000 2000 3000
 Days
 no response
 4000
 Log rank P<.001
 Sur
 IMPROVED SURVIVAL OVER TIME
 IMPROVED SURVIVAL IN ATG-NON-RESPONDERS OVER TIME
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18
 • Constitutional• Fanconi anemia
 • Short stature• Café-au-lait spots• Anomalies of upper limb and thumb
 • Dyskeratosis congenita
 TELOMERES AND BONE MARROW FAILURE
 • Hyperpigmentation• Nail dystrophy• Oral leukoplakia
 • Shwachman-Diamond• Pancreatic insufficiency• Malabsorption• Neutropenia
 • Diamond-Blackfan Anemia• Short stature, abnormal thumbs• Reticulocytopenia
 Telomerase reverse transcriptase(TERT)Telomerase reverse transcriptase(TERT)
 TemplateTemplate
 3’3’3’3’
 TELOMERE REPAIR COMPLEX
 Telomerase RNA (TERC)Telomerase RNA (TERC) TelomereTelomere
 3’3’ 5’5’
 TELOMERASE ELONGATES 3’ ENDS OF TELOMERES
 TRF1TIN2
 POT1Rap1
 TPP1
 Shelterin
 Calado RT and Young NS, Blood 2008
 TRF2

Page 19
						

19
 XX--linked DKClinked DKCMutations in Mutations in DKC1::encodes dyskerin, a protein encodes dyskerin, a protein component of telomerase complexcomponent of telomerase complex
 nail nail dystrophydystrophy
 TELOMRES AND BONE MARROW FAILUREDYSKERATOSIS CONGENITA
 Autosomal Dominant DKCAutosomal Dominant DKCMutations in Mutations in TERC::RNA component of the telomerase RNA component of the telomerase complex, the template for telomere complex, the template for telomere elongationelongation
 leukoplakialeukoplakia
 hyperpigmentationhyperpigmentation
 Courtesy by B. Alter, NCI
 HEMATOLOGY/HEMATOPOIESIS IN“NORMAL” FAMILY MEMBERS WITH TERC MUTATIONS
 Hematologynormal peripheral blood countsmild anemia with macrocytosismild thrombocytopenia
 Hematopoiesisseverely hypoplastic↓CD34 number↓colony formation↑erythropoietin, thrombopoietin
 proband affected sister affected niece unaffected brother
 8
 10
 12
 14
 16
 controls
 engt
 h, k
 b patients
 TELOMERE LENGTH IN TERT MUTATION LEUCOCYTES
 0
 2
 4
 6
 8
 0 20 40 60 80 100age, years
 telo
 mer
 e le
 His 412 Tyr
 Val 694 MetAla 202 Thr
 Cys 772 TyrVal 1090 Met
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20
 SHORT TELOMERES INCREASE RELAPSE RISK AND PREDICT ALMOST ALL
 CLONAL EVOLUTIONrelapse
 0.2
 00.
 40.
 60.
 81.
 0
 Short telomeres
 Long telomeresPr
 opor
 tion
 Background: 1/3 AA patients: short telomeres(Brummendorf TH et al, Blood 2001, 97:895)
 Current analysis: 183 patients S
 RELAPSE
 evolution
 Short telomeres
 Long telomeres
 Log-rank=0.003
 0 2 4 6 8Years
 0.2
 00.
 40.
 60.
 81.
 0
 Prop
 ortio
 n
 with SAA at NIH:
 no relation to response to ISTnegative predictor of survival EVOLUTION
 6/7 monosomy 7 (13%)1/7 mono 7 (<1%)
 HEMATOLOGY BRANCH, NHLBI
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