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Objectives

1. Contrast first-line therapies for severe 
aplastic anemia

2. Review supportive care guidelines for aplastic 
anemia

3. Discuss second-line therapies for refractory 
or relapsed disease
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Definition

• Aplastic anemia (AA) is a life-threatening bone 
marrow failure disorder 

• Bi- or pancytopenia in the setting of a hypocellular 
bone marrow without signs of  

– Infiltrative malignant disease

– Myelodysplasia (MDS)

– Myelofibrosis

– Significant hemophagocytosis

– Increased reticulin

Classification

Severe AA

• Reduced bone marrow 
cellularity (<25%)

• Peripheral blood 
cytopenia (at least 2)

– ANC < 500 

– Platelets < 20,000

– Reticulocytes < 1% 
(HCT corrected)

Very severe AA

• Criteria for SAA plus

• ANC < 200

Moderate/non severe AA

• Decreased bone 
marrow cellularity and 
peripheral blood 
cytopenias not fulfilling 
criteria for SAA

Presentation

Correlates with degree of cytopenia

• Neutropenia: fever and infections are rare at 
presentation, even with severe neutropenia

• Thrombocytopenia: bruising, petechiae, 
mucosal bleeding (epistaxis, melena)

• Anemia: fatigue, headache, dizziness, pallor, 
shortness of breath, nausea

• Possible history of jaundice 2-3 months prior
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Epidemiology

• Incidence ~2 cases/million population in North 
America and Europe 

– <1000 cases AA (<600 SAA) annually in the US

• Incidence 2-3x higher in East Asia, though 
Asian Americans are not at higher risk                        
(? infectious etiology)

• Peak incidence 15-25 years and >60 years

• Male:female ratio 1:1 

Acquired Marrow Failure

• >80% of childhood AA is immune-mediated

• Other acquired causes

– Infectious: hepatitis-associated (5-10% of SAA, 
seronegative), EBV, CMV, parvovirus, HIV, adenovirus

– Nutritional: copper, vitamin B deficiency

– Chemicals/drugs: benzene, chloramphenicol

– Radiation

– Paroxysmal nocturnal hemoglobinuria (PNH)

– Myelodysplastic syndromes

– Pregnancy, inflammatory, autoimmune diseases (SLE)

Inherited Aplastic Anemia

• Fanconi anemia (FA)

• Dyskeratosis congenita (DKC)

• Shwachman-Diamond syndrome (SDS)

• Congenital amegakaryocytic
thrombocytopenia (CAMT)

• Detailed clinical and family history, physical 
examination and laboratory workup
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Diagnostic Evaluation

• CBC/differential, reticulocyte count, blood smear

• Bone marrow aspirate and biopsy

• Liver function tests, chemistries

• Exclude other etiologies for pancytopenia

– Fanconi anemia: chromosomal breakage studies 

– DKC: telomere length 

– SDS: genetic test; pancreatic isoamylase/trypsinogen

– PNH: flow cytometry 

– MDS: cytogenetic analysis (bone marrow)

– Viral serology, nutritional deficiency, pregnancy

Normal Hematopoesis

• “Seeds”

– Hematopoetic stem cells (HSCs)

• “Soil”

– Stromal cells: non-blood cells which support the 
growth of blood cells

– Hematopoetic growth factors [e.g. erythropoietin 
(EPO), granulocyte colony-stimulating factor (G-
CSF and GM-CSF), and thrombopoietin (TPO)]

– Lymphocytes

What Went Wrong in AA?

• Seeds (HSCs)

– ↓↓ HSCs and progenitor-cell (CD34+);                            
at diagnosis populations <1% of normal levels

– Residual stem cells may be qualitatively deficient

• Soil

– Stromal cells: no obvious deficiency

– Growth factors: increased serum levels; no 
evidence of abnormal growth factor receptors

– ↑↑ cytotoxic T-cells
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First-Line Therapies

Hematopoietic Stem Cell Transplant (HSCT)

Immunosuppressive Therapy (IST)

Prognosis: The Early Years

• Prior to 1957 (pre-transfusion): 3% survival

• Randomized trial of supportive care 
(transfusions/antibiotics) mid-1970s

– 20% survival; majority only had partial response

– 50% of deaths within 4 months of diagnosis

• >70% mortality within 1 year from diagnosis if 
only supportive care (infection/hemorrhage)

Treatment

• Goals of therapy

– Ablation of ongoing auto-immunity 

– Replacement of deficient or abnormal HSCs

• Options 

– Hematopoietic stem cell transplant (HSCT)

– Immunosuppressive therapy (IST)

• Considerations

– Extent and duration of response

– Short- and long-term risks
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Response

• Complete response: ANC>1000-1500, 
PLT>100-150K, not requiring transfusions

• Partial response: ANC>500, PLT>20K, ±
requiring transfusions

• Refractory/no response: continues to meet 
SAA criteria; transfusion dependent

• Relapse: meet criteria for SAA after initial 
response

Hematopoietic Stem Cell 
Transplant (HSCT)

Allogeneic HSCT with HLA-matched 
Sibling Donor (MSD)

HSCT Overview

• Curative for AA

– Potently immunosuppressive

– Replaces absent/abnormal HSCs

• Risks

– Graft failure or relapse

– cGVHD (higher in non Caucasians, older age)

– Infection (especially cGVHD immune suppression)
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MSD HSCT

• Preparative regimen: Cytoxan + ATG (no TBI)

• Survival related to recipient age: 80-90% if <20 
years; only 70% if >20 years

• Graft failure: usually minimal; possibly due to 
fewer transfusions prior to HSCT

• GVHD prophylaxis: CsA and MTX

• BMT better survival/less GVHD than PBSCT 

[Schrezenmeier et al. Blood. 2007; Chu et al. Biol Blood Marrow 
Transplant. 2011; Eapen et al. Blood. 2011]

MSD HSCT

• Most grow and develop normally and retain 
fertility [Sanders et al. Blood. 2011]

• Most recent data from SCCA [Burroughs et al. Br J 

Haematol. 2012] 

– 100% 5-year survival

– 7% graft rejection

– 3% grade III-IV aGVHD

– 10% 2-year cGVHD

Immunosuppressive Therapy 
(IST)
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IST Overview

• Reduces or eliminates aberrant immune process

• Improves blood counts; though often partial, not 
complete, response

• First-line treatment if no matched sibling donor

• Risks

– Relapse/recurrence of pancytopenia

– ~20% risk of malignant evolution (PNH, MDS, AML; 
especially monosomy 7) which may occur late (>10 
years from initial treatment)

Anti-Thymocyte Globulin (ATG)

• Horse or rabbit derived antibodies that react 
against human T-cells

• Lymphocytotoxic and immunomodulatory

• Horse vs rabbit [Scheinberg et al. N Engl J Med. 2011, 

Marsh et al. Blood. 2012]

– Horse better hematologic response at 6 months 
(68% vs 37%)

– Horse better overall 3 year survival (96% vs 75%)

– No difference in relapse or clonal evolution

Horse ATG

• 40 mg/kg IV over 4-6 hours daily x4 days

• Anaphylaxis: skin test prior to first dose

• Infusional toxicity (fever, hives and chills):    
pre-medicate with Tylenol and Benadryl 

• Serum sickness (fever, rash, joint pain, muscle 
aches): prednisone 1 mg/kg/day x4 days,  
then taper day 5-14

• H2 receptor antagonist or PPI during steroids
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Cyclosporine A (CsA)

• Non-steroidal immunosuppressive

• Inhibits T-cell function by targeting and 
suppressing T-cell proliferation and activation 

• 5-15 mg/kg/day ÷ BID/TID targeting CSA level 
200-400 (if toxicity lower level 150-250)

• NOTE: Different ways to measure level 

• Treat for 6-12 months after stable remission (?)

• Slow taper over 6-18 months (?)

CsA Considerations

• Hypertension: amlodipine preferred agent

• Gingival hyperplasia: short course azithromycin

• Monitor renal function (creatinine)

– Adequate hydration

– Avoid other nephrotoxic drugs

• Neurotoxicity (tremor, headache, seizure)

• Hirsutism

• Opportunistic infections

Horse ATG/CsA

• ~75% have partial or complete response  

– Response not expected for 2-3 months, but

– Majority responders (90%) within 3 months

– Response after 6 months is rare

• ~33% of responders will relapse

• Long term survival in all responders ~80-90%

• Most relapse/clonal evolution within 2-4 years
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Is More Suppression Better?

• Adding agents to horse ATG/CsA did not improve 
response, relapse, clonal evolution, or survival 
[Scheinberg et al. Blood. 2012]

– Mycophenolate mofetil (MMF)

– Sirolimus

– Growth factors (G-CSF, GM-CSF, EPO)

• Tacrolimus vs cyclosporine (?)

Cyclophosphamide

• 200 mg/kg total dose: studies at single 
institution similar response to horse ATG but 
fewer late events (relapse, clonal evolution)

• NIH randomized study

– Excessive deaths, relapse and clonal evolution 
leading to early closure [Tisdale et al. Lancet. 2000]

– Fungal disease higher than with ATG/CsA: 20% in 
newly diagnosed and 40% in refractory patients 
[Tisdale et al. Blood. 2002]

Eltrombopag (Promacta)

• Oral thrombopoietin mimetic

• Phase II study of 43 patients with refractory SAA

• Adult dose: 50 mg/day up to 150 mg/day

• 17/43 (40%) had response in at least 1 cell line by 16 
weeks; responders allowed to continue therapy

• 7/17 (40% of responders) eventually had multi-
lineage response; 6 patients able to taper off and 
maintain counts at median 24 months off therapy

[Desmond et al. Sem Hem. 2015]
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IST + Eltrombopag (EPAG)

• 88 patients (20% <18) w/treatment naïve SAA

• Standard IST (hATG/CsA) + EPAG 150 mg/day

• CR (ANC>1000, PLT>100K, Hgb>10) = 54%

• Clonal evolution to MDS same frequency as historic 
control (earlier occurrence?)

• Conclusions: Improved overall and CR rate. EPAG may 
salvage and expand residual HSCs accelerating the 
rate and quality of hematopoietic recovery.

[Townsley et al. Blood. 2015]

IST vs MURD HSCT?

• IST

– Long term survival for responders 80-90%

– Risks: partial response, relapse (33%), clonal 
evolution to PNH, MDS, AML (20%)

• Matched unrelated donor (MURD) HSCT

– Long-term survival improving - recent study 
similar to MSD [Dufour et al. Br J Haematol. 2015]

– Risks: graft rejection, GVHD, infections, late effects 
TBI/alkylating agents (optimal conditioning TBD)

IST vs MURD HCST Study

• Newly diagnosed (treatment naïve) <25 years

• Mandated testing for inherited bone marrow failure 
syndromes (SBDS, FA, DC)

• No matched related donor

• At least two 9/10 or 10/10 MURD

• If randomized to HCST, start preparative regimen 
within 6-8 weeks

• Feasibility study; timely evaluation and safety of up 
front MURD HSCT
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New Diagnosis

• Expedited HLA typing of patient and 
immediate family to identify matched donor

• Rule out other causes of bone marrow failure

• Minimize transfusions

• Aggressively treat infections

• Matched related donor: expedited HSCT

• No donor: IST, start URD search

• IST vs MURD HCST study if available

Supportive Care

Infection and bleeding remain a major                                 
cause of morbidity and mortality

Transfusion

• Higher PLT threshold of 20K during/2 weeks 
post after ATG, active fever/infection/bleeding

• Minimize risk of alloimmunization

– Restrictive transfusion program (based on 
symptoms rather than absolute thresholds) 

– Leukoreduced and irradiated products

– Pheresed vs pooled platelets (?)

– Avoid transfusions from family members

– Treat alloimunization with HLA-matched platelets
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Iron Overload and Chelation

• Risks of iron overload (ferritin >1000)
– Slower response and earlier relapse to IST [Pawelec et 

al. Adv Exp Med Biol. 2015]

– Increase in HSCT related mortality

• Chelating agents
– Deferasirox (Exjade): most studied; 20-30 mg/kg/day 

[Lee et al. Blood. 2010]; nephrotoxicity risk

– Deferiprone (Ferriprox): agranulocytosis risk

– Deferoxamine (Deseferal): compliance issues

• Off therapy/post HSCT: phlebotomy regimen

Infections

• Pneumocystis prophylaxis: dapsone, atovaquone, 
or pentamidine (not bactrim)

• Antifungal prophylaxis: consider fluconazole first 
month of therapy or until ANC>200 

• Antiviral prophylaxis: during/post ATG if HSV+

• F&N: broad-spectrum antibiotics, early empiric 
antifungal coverage

• Life-threatening infection: judicious use of GCSF     
± granulocyte infusions

Treatment Options for
Relapsed or Refractory Disease
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First Re-Evaluate

• Lack of response to IST may be due to 

– Not immune-mediated: constitutional bone 
marrow failure syndrome, telomere disease or 
hypocellular MDS; repeat marrow/cytogenetics

– Extreme HSC exhaustion, therefore unlikely to 
respond to second course of IST

– Inadequate immune suppression (less likely)

• Organ function, active infections

• Availability of appropriate unrelated donor

Second-Line Therapies

• Matched unrelated donor (MURD) HSCT

• Second course of IST if no appropriate donor or not 
suitable for transplant 

– ~35% efficacy in refractory patients; ~65% in relapsed

– Rabbit ATG/CsA; in relapsed patients, slow CsA taper 
to monitor for CsA dependence

– Alemtuzumab (Campath; humanized anti-CD52 
monoclonal antibody) monotherapy ± CSA; equal 
response to rabbit ATG/CsA in refractory patients            
[Kim et al. Leuk Res. 2009] 

Other Agents

• Synthetic anabolic steroids

– May be beneficial for telomeropathies as increase 
teleromase activity

– Oxymetholone

– Danazol: 16 refractory/relapsed patients, 300 
mg/day x12 weeks, 31% response rate (higher in 
females) [Chuhjo et al. Am J Hematol. 2008]

– Risks: LFT elevation, virilization

• Cyclophosphamide as part of clinical trial
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Alternative Donor HSCT

• Mismatched unrelated donor marrow (MMURD)

• Haploidentical; most patients have available, less 
expensive, time to transplant shorter than other 
donors, but higher risk of graft failure and GVHD

• Cord blood (single or double); less graft failure with 
reduced-intensity conditioning (RIC)

• Cord blood with haploidentical CD34 cells to aid 
engraftment after CBT

Take Home Messages

• MSD HSCT best therapy with survival >90%; 
complications include graft failure and GVHD

• Horse ATG/CsA is standard IST; 75% respond but 33% 
relapse; survival for responders 80-90%; 
complications include relapse and clonal evolution

• MURD HSCT if refractory/relapsed disease; if no 
donor then rabbit ATG/CsA or Alemtuzumab

• Other approaches for refractory disease include 
alternative HSC sources (MMURD, haploidentical, 
CBT) or novel agents (eg. Eltrombopag)

Case Studies
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