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1 Definition and Basic Information
The term aplastic anemia (AA) (synonyms: panmyelopathy, panmyelophthisis) comprises a
group of pathogenetically heterogeneous bone marrow failures. They are characterized by a bior tricytopenia (anemia, granulocytopenia, thrombocytopenia occurring in various combina
tions) which arises from hemopoietic failure due to hypoplasia or aplasia of the bone marrow
[1].
Bone marrow failures due to the exposure of ionizing radiation or myelotoxic substances are
not referred to as aplastic anemia. Likewise, aplastic anemia must be strictly distinguished from
the isolated aplastic anemia (PRCA, “pure red cell aplasia”). The latter becomes manifest in one
cell line only, however, differs in pathogenesis and therapeutic approach.
The incidence rate of AA in central Europe amounts to approx. 2–3/106/year. An acquired aplas
tic anemia might appear at any age in life. The age distribution of the disease shows two
peaks, one between 10 and 25 years, and a second among the over 60 year-olds. There is no
sex predilection.

2 Classification
Classification of AA is based on blood cell counts and reveals three subgroups:
• moderate aplastic anemia = MAA or nSAA (“non-severe AA”)
• severe aplastic anemia = SAA
• very severe aplastic anemia = vSAA
Threshold values are summarized in Table 1 (two out of three blood criteria must be fulfilled).
Table 1: Classification of Aplastic Anemia (two out of three criteria must be fulfilled)

nSAA

SAA

vSAA

Neutrophils

< 1.0 G/L

< 0.5 G/L

< 0.2 G/L *

Platelets

< 50 G/L

< 20 G/L

< 20 G/L

Reticulocytes

< 20 G/L

< 20 G/L

< 20 G/L

Legend:
* For vSAA classification the granulocyte criterion < 0.2 G/L must be fulfilled.

This classification is of prognostic relevance and has an influence on therapeutic procedures
(see Chapter 5).
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Another classification is based on the presumed etiology [2]:
• Idiopathic (> 80 %)
• Drug-induced (< 20 %)
• Post-infectious (particularly after hepatitis due to a hitherto unidentified pathogen (< 5
%) [3]
• Hereditary forms with initial manifestation at adult age (late onset hereditary bone
marrow failure syndromes), e.g. in the scope of a congenital dyskeratosis or related
telomeropathies and/or in connection with homozygous thrombopoetin receptor (MPL)
mutations (< 1 %) [4, 5].
The prognostic and/or therapeutic relevance of this classification has not been corroborated.
One exception is the drug-induced aplastic anemia. If AA is suspected to have been induced by
drugs, therapy with the drugs in question should be terminated and re-exposure prevented for
the rest of the patient’s life. Drugs proved or at least suspected to induce AA are, among
others, anti-inflammatory substances (gold, pencillamines, phenylbutazone, diclofenac,
indomethacin), anticonvulsant drugs (phenytoin, carbamazepine), thyreostatic drugs (carbima
zole, thiouracil), antidiabetic drugs (tolbutamide), antimalarial agents (chloroquine), antibiotics
(sulfonamides, cotrimoxazole, chloramphenicol) (for a detailed review please refer to the
specialized literature [2, 6].

3 Clinical Presentation
Symptoms of aplastic anemia result from the bi- /tri-cytopenia [1]:
• Anemia
• Neutropenic Infection (oral cavity and pharyngeal ulcers,
• necrotizing gingivitis or tonsillitis, pneumonia, phlegmon)
• Bleeding of the thrombocytopenic type.
Because of constitutional forms (congenital dyskeratosis and related forms) attention should be
paid especially to pigment anomalies on the skin, leukoplakias in the oral mucosa, dystrophies
of finger and toe nails, dyskeratoses as well as clinical signs of pulmonary fibrosis or hepatic
cirrhosis [7].
Lymphadenopathy, hepatomegaly and splenomegaly speak against an aplastic anemia. Differ
ential blood cell counts reveal a bicytopenia, however, in most cases a tricytopenia, of various
extent.

4 Diagnosis
4.1 Evidence of Diagnosis
Table 2 summarizes the criteria for diagnosis.
Table 2: Criteria for the Diagnosis of Aplastic Anemia
Parameter

Description

Comments

Differential Blood Cell Count

Bi-/tricytopenia

Anemia is often normocytic /normochromic,
occasionally moderately macrocytic and
with inconspicuous erythrocyte morphology
Leukocytopenia resulting from granulocy
topenia and monocytopenia, often no imma
ture granulocytic precursor cells in the blood
Absence of giant platelets in blood smears
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Parameter

Description

Comments

Bone Marrow

Aplasia or hypoplasia
Cellularity < 25 %
No infiltration of neoplastic cells
Without fibrosis

Bone marrow aspirate and bone marrow
biopsy are mandatory
Biopsy length at least 15mm
Not unusual: focal decrease in medullary
density, “spot-like panmyelopathy”

4.2 Differential Diagnostics and Diagnosis by Exclusion
Hypoplastic acute leukemia, (hypoplastic) myelodysplastic syndrome, hairy cell leukemia and
other lymphomas, bone marrow infiltration by solid tumors, osteomyelofibrosis, hypersplenism,
severe megaloblastic anemia, anorexia nervosa, systemic lupus erythematodes, paroxysmal
nocturnal hemoglobinuria, Fanconi anemia, congenital dyskeratosis, Shwachman-Diamond
syndrome, isolated aplastic anemia ("pure red cell aplasia"); aplasia after chemotherapy or
radiation therapy.

4.3 Diagnostics
4.3.1 Initial Diagnostics
The diagnostic measures upon initial diagnoses serve the purpose of corroborating the diagno
sis, clarifying the etiology, the severity grade, and the prognosis:
• Detailed medical drug therapy history
• Clinical examination. Attention should be paid particularly to the following aspects which
are relevant as clinical signs of cytopenic complications or as information for differential
diagnostics: infection, signs of bleeding, jaundice, splenomegaly, hepatomegaly,
lymphadenopathy, nail dystrophies, leukoplakias, pigment anomalies, skeletal anomalies,
dental anomalies, short stature.
• Cell counts, differential blood cell count, reticulocytes twice
• Bone marrow diagnostics: Aspirate with cytology, iron stain, bone marrow histology (at
least 15mm biopsy length), cytogenetics;
• Optional: assays for colony-forming cells derived from bone marrow
• Flow cytometric analysis of GPI-anchored proteins on granulocytes and erythrocytes, if
possible, on reticulocytes and monocytes (see also Guideline Paroxysmal Nocturnal
Hemoglobinuria)
• Hemolysis parameters: LDH, haptoglobin, bilirubin, perhaps hemosiderin in the blood
• Telomeric length measurement (e.g. by means of the Flow-FISH method; in case of short
ened telomeric length below the 10th percentile of an age-equivalent control group:
mutation analysis of TERT, hTERC, TIN2, if possible, further components of telomerase
complex [8, 9, 10])
• Coagulation: Quick’s value, PTT, fibrinogen
• CRP
• Total protein, electrophoresis, GOT/GPT, AP, creatinine, uric acid, blood glucose
• Ferritin
• Vitamin B12, folic acid
• Antinuclear antibodies, anti-DNA antibodies
• Immunoglobulins
• Blood group, direct antiglobulin test
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• X-rays of the chest, sonography of the abdomen
• EBV, CMV, hepatitis A, hepatitis B, hepatitis C, HIV, Parvovirus B19

4.3.2 Only in Case of Special Indication
• Only in case of stem cell transplantation candidates: HLA class I and II typing
• In case of insufficient increase in the number of platelets under platelet substitution:
• HLA-A and HLA-B typing for the selection of HLA-matching platelet donors.
• If DD Fanconi anemia: chromosome fragmentation test or cell-cycle analysis; if possible,
mutation analysis of the Fanconi anemia genes.
• In case of clinical signs of congenital dyskeratosis: determination of the length of telom
eres and mutation analysis of the DKC1 gene, if possible, also other genes belonging to
the telomerase complex.
More recent studies demonstrated that a relevant proportion of patients with a presumably
acquired aplastic anemia actually had a late-onset form of congenital bone marrow failure. The
broad application of screening tests (chromosome breakage and telomeric length determina
tion) and targeted molecular diagnostics are recommended particularly for adolescents and
young adults [11].

5 Therapy
5.1 Object of Therapy
Induction of a “remission” and thus prevention of bleeding complications and neutropenic infec
tions, as well as prevention of chronic transfusion requirement (iron overload; allosensitization).
A therapy algorithm for first-line therapy is shown in Figure 1.
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Figure 1: Therapeutic Procedure Algorithm in Cases of Acquired Aplastic Anemia in Adults
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Legend:
1 As for children, please refer to the Protocols and Guidelines of the Pediatric Aplastic Anemia Study Group;
2 Therapy: ATG – antithymocyte globulin, CsA - ciclosporin A; this therapy algorithm is based on studies which
have been conducted with horse –ATG, the use of which is also recommended in routine therapy outside of
studies, see Chapter 5.6.2); IS – experimental immunosuppressive therapy;
3 NR – Non-responder;
4 MUD – Matched Unrelated Donor ;
5 BMT: Cy200 - cyclophosphamide 200 mg/kg, FluCy/ATG – fludarabine, low-dosed cyclophosphamide and
ATG, BMT – bone marrow transplantation, MTX – methotrexate, TBI - total body irradiation

5.2 Therapy Planning
The choice of therapy depends on the severity of the disease, the age of the patient, and the
degree of HLA-identity in a potential related or unrelated bone marrow donor, Figure 1. Studies
confirm that particularly in case of bone marrow transplantations, the interval between diagno
sis and therapy has a significant influence on the prognosis [12]. Consequently, a sound tenta
tive diagnosis should be reason enough to refer patients to a Hematological Center which has
experience in the therapy of aplastic anemia.

5.3 Indication for Therapy
Therapy will be indicated in patients with symptomatic, therapy requiring or high risk disease:
• Invariably in severe cases of aplastic anemia according to definition (SAA and vSAA)
• nSAA with severe cytopenia of at least one cell line which requires regular transfusions or
with an increased risk for infections or bleeding; in other situations the individual case is
to be assessed, also taking into special consideration the course of the disease.
• Progression of nSAA into SAA
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5.4 Supportive Therapy
The overall survival after immunosuppressive therapy of AA has continually improved during
the last 30 years [13]. However, this not only applies to patients who respond to the therapy of
the basic disease with a reconstitution of hematopoiesis, but also to patients who fail to
respond [14]. This shows the significance of supportive therapy for overall survival. Relevant
elements prophylaxis and treatment of infections, a restrictive transfusion strategy, and the
therapy of an iron overload. In detail, the following aspects of supportive therapy must be
observed.

5.4.1 Infection Prophylaxis
• Reverse isolation, air filtration, prophylactic antibiotics and antimycotics for all patients
under antithymocyte globulin therapy (ATG) and suffering severe neutropenia [15].
Fluochinolones should be preferentially applied as prophylactic antibiotics, alternatively to
antibiotics that are not resorbable [15, 16].
Fluconazole, itraconazole, or posaconazole are recommended for antimycotic prophylaxis [17].
(Comment: The recommendations are based on the examination of neutropenic patients in the
context of malignant diseases and chemotherapy [16, 17, 18, 19, 20, 21] and were transferred
to AA patients; there are no meaningful studies dealing with the effect of the abovementioned
measures on the rate of infection and infection-dependent mortality that apply specifically to
patients with AA [15].
There is no indication for prophylaxis against Pneumocystis jirovecii or cytomegaloviruses
(exception: alemtuzumab therapy; see below) [15].

5.4.2 Bleeging Prophylaxis
• Menolysis.
• Strict avoidance of any kind of platelet aggregation inhibitor.
• In cases of severe thrombocytopenia and clinically relevant hemorrhages perhaps the
application of tranexamic acid, especially if the increment after platelet substitution is
insufficient.
• In case of therapy with ciclosporin interactions with other drugs should be observed.
• Platelet transfusion (see Chapter 5. 4. 3.).

5.4.3 Transfusions
• In many patients transfusions are necessary to ascertain a sufficient physical resistance
and quality of life, and to prevent complications due to hemorrhages. On the other hand,
frequent erythrocyte transfusions might result in the alloimmunization against erythro
cytic antigens and iron overload. Platelet transfusions are capable of inducing an immu
nization against HLA and HPA antigens. Earlier studies (before the introduction of leuko
cyte depletion) revealed a negative correlation between the number of transfusions prior
to allogeneic stem cell transplantation and survival [22, 23, 24]. It is uncertain whether
this correlation is still valid [26], considering the efficiently leukocyte-depleted products
which display a low rate of alloimmunization [25]. A restrictive transfusion strategy is to
be recommended nevertheless. It should focus on the symptoms (anemia symptoms,
potentially hazardous spontaneous bleeding) [27].
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• The transfusion of leukocyte-depleted blood products is mandatory in AA patients [27]. In
Germany, however, this does not require any specific selection to be made by the treat
ing physician, as only leukocyte-depleted cellular products have been allowed to be
marketed since 2001 (< 1.0x106 leukocytes/unit) [27].
• Erythrocyte concentrates should be transfused in case of signs of hypoxic anemia. The
indication for transfusion must depend on the objective stress capacity, subjective symp
toms and comorbidity [28].
• In stable out-patients without accompanying risks, which increase the hazard of hemor
rhages (e.g. fever, infections) platelets should be transfused prophylactically below the
threshold of 5,000/µl [28, 29]. This low transfusion trigger requires regular blood cell
counts (at least once per week), the absence of signs of bleeding, and the possibility of
rapid transfusion once signs of bleeding occur. In patients with fever >38oC, infections,
signs of bleeding, or patients with a case history which contains severe hemorrhages
(WHO grade 3 or 4), and in cases of alloimmunization, the transfusion trigger should be
adjusted to 20,000 /µl [28].
• Immediate transfusion is required in patients with hemorrhages of grade 3 or grade 4.
• Many patients have a stable ‘individual’ threshold below which severe signs of bleeding
will appear. This threshold value individual to the patient is to be integrated into the over
all concept especially when a severe bleeding of grade 3 or grade 4 had already occurred
once before in patient with a platelet value of > 5,000 / µl [30].
• In patients with ATG therapy, the platelet value should be increased to 50,000 /µl prior to
the onset of ATG infusions, as a rapid drop of platelets might ensue under ATG infusion.
• Platelet transfusion should be done prior to invasive interventions in order to reach the
thresholds values respectively recommended [28].
• The restrictive transfusion strategy applies especially to patients scheduled for allogeneic
stem cell transplantation [22, 23, 24]. Never should blood products derived from relatives
be applied in targeted transfusions.
• The application of granulocyte concentrates might be considered as a temporary
measure in case of life-threatening infections and severe neutropenia [31].
• The irradiation of blood products for patients with aplastic anemia may be performed
because of two indications: (i) prevention of a transfusions-associated GvHD, and (ii)
prevention of an allosensitization [32, 33]. In order to prevent a transfusion-associated
GvHD an indication to irradiate blood products with 30 Gy exists in the following situa
tions:
◦ While ATG therapy is in progress and until reconstitution of the lymphocyte count to
at least 1x109/L all blood products must be irradiated [28, 32].
◦ In case of other intensive immunosuppressive therapies (e.g. fludarabine) [28].
◦ Patients who receive an allogeneic stem cell transplantation, starting at the latest
when conditioning is initiated [28].
◦ Some centers give irradiated blood products to all their patients with an AA diagno
sis regardless of the therapeutic context in order to prevent alloimmunization
[32, 33].
◦ HLA-selected platelet apheresis donations [29]
◦ Granulocyte concentrates [29]
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5.4.4 Iron Chelation
In cases of AA there is the hazard of transfusion-dependent iron overload, particularly in
patients who do not respond to immunosuppression and must receive transfusions over a
longer period of time. Normally ferritin or hepatic iron values requiring an immediate chelate
therapy will not be reached in the first months after the diagnosis. A period of at least 4-6
months should be waited after induction of immunosupression. When remission is achieved an
iron overload can be treated with blood-lettings. Chelate therapy is recommended in case regu
lar transfusions become a persistent requirement when serum ferritin levels exceed 1,000 ng/
ml [13]. This applies especially also to transfusion candidates, as an iron overload is associated
with s higher transplantation-related mortality and a worse rate of survival [34, 35, 36, 37]. No
drug-induced cytopenias were observed in a study including 116 AA patients with an iron over
load who received deferasirox; the serum ferritin levels decreased markedly within one-year
therapy [38].

5.5 Allogeneic Stem Cell Transplantation
5.5.1 Allogeneic Stem Cell Transplantation from an HLA-Matching Sibling
An indication for an allogeneic bone marrow transplantation from an HLA-identical sibling donor
exists in the following situations:
• As primary therapy [13, 39, 40]:
◦ In cases of severe or very severe aplastic anemia and age < 40 years;
◦ In cases of very severe aplastic anemia (vSAA) perhaps also in older patients,
depending on the clinical overall assessment.
• As secondary therapy [13, 39, 40]: In cases of SAA and age < 50 years after the failure of
at least one cycle of immunosuppressive combination therapy with horse-ATG and
ciclosporin A (see below).
5.5.1.1 Stem Cell Source
In cases of aplastic anemia bone marrow should be used as the source for stem cells, as trans
plantation with peripheral blood stem cells (PBSZ) is associated with a significantly higher inci
dence rate of acute GvHD, severe chronic GvHD, and a significantly worse rate of survival
[41, 42].
5.5.1.2 Conditioning
In case of sibling donor transplantations in young patients (≤ 30 yeas) cyclophosphamide (total
dose of 200mg/kg b.w. distributed in four administrations on consecutive days) is the standard
conditioning regime [13, 39, 40]. It is controversial whether the supplemental administration of
ATG is an advantage. A randomized study failed to reveal a significant influence of ATG on
rejection, the incidence of severe acute GvHD or total survival [43]. However, analyses of single
centers and retrospective analysis of the EBMT demonstrated a significantly better survival
with ATG in conditioning [13]. A total or partial body irradiation in the scope of conditioning is
not indicated for a sibling donor transplantation.
Prognostic variables essential to survival after transplantations among siblings are age, perfor
mance status, the interval between diagnosis and transplantation as well as the source of the
stem cells [12, 13, 34, 35]. As the likelihood of survival decreases with age, which is particularly
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evident among patients older than 30, [12, 13], new conditioning protocols were studied with
respect to this age group. A pilot study revealed that a combination of low-dosed cyclophos
phamide, fludarabine and ATG produced good results in patients who were older than 30 years
[44] and is being evaluated in a study of the EBMT Aplastic Anemia Working Party
(www.ebmt.org). In this combination of low-dosed cyclophosphamide and fludarabine alem
tuzumab may be an alternative to ATG [45].
5.5.1.3 GvHD Prophylaxis
The standard regime for GvHD prophylaxis is the combination of ciclosporin und methotrexate.
A randomized study compared GvHD prophylaxis done with ciclosporin alone (onset on Day -1)
with ciclosporin (onset on Day -1) and methotrexate (15 mg/m2 on Day +1 and 10 mg/m2 on
Day +3, +6 and +10). The combination therapy CsA + MTX was associated with a significant
advantage in survival and is considered to be the standard of GvHD prophylaxis in cases of
sibling donor transplantation because of AA [46, 47].
There is a high risk of late transplant failure after transplantation, especially in patients with an
increasingly mixed chimerism [48]. Complete donor chimerism or a stable mixed chimerism is
associated with a low rate of chronic GvHD and with a good survival rate [49]. There is an asso
ciation between increasingly mixed chimerism and transplant rejection with the cessation of
ciclosporin therapy. For this reason it is recommended to administer therapeutic doses of
ciclosporin over a period of at least nine months and then gradually terminate therapy (at least
over a period of three months) under surveillance of the chimerism status [41, 42].

5.5.2 Allogeneic Stem Cell Transplantation from an Unrelated Donor
The indication for an unrelated transplantation exists in the following situations:
• Primary therapy [13, 39, 40]: At present, there is no unambiguous agreement about the
application of unrelated transplantation as primary therapy of acquired aplastic anemia.
Good results obtained with modified conditioning regimes (see below) can justify the
application of unrelated transplantation as primary therapy in young patients with vSAA,
if a donor with a 10/10 match (minimum: 9/10 match) on the level of alleles is available
[50, 51].
• Secondary therapy [13, 39, 40]: In case of SAA / vSAA and age ≤ 40 years after failure of
at least one cycle of immunosuppressive combination therapy with horse -ATG and
ciclosporin A (see below) and absent availability of an adequate sibling donor; perhaps
also in patients > 40 years of age, if other therapy options are exhausted and a good
“performance status” exists.
In case of patients who on account of age, performance status and severity grade of the
disease come into question for an unrelated transplantation as second-line therapy the search
for an unrelated donor should be initiated at an early stage.
5.5.2.1 Conditioning for Unrelated Stem Cell Transplantation
A dose-reduced conditioning regime which is modified relative to sibling donor translations
should be applied in cases of unrelated transplantation. The EBMT recommends the combina
tion of low-dosed cyclophosphamide (300 mg/m2 on Day -6, -5, -4 and -3), Fludarabine (30 mg/
m2 on Day -6, -5, -4 and -3), ATG (on Day -6, -5, -4 und -3) or alemtuzumab [52, 53]. If patients
are > 14 years old this regime has been adjusted as follows, because of the high rejection rate:
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2Gy total body irradiation and administration of half of the ATG dose (only 2 days instead of 4
days) [52, 53].
Both ATG and alemtuzumab can be applied as T-cell antibodies in this regime [52, 53, 54].
According to this protocol ciclosporin A and methotrexate (10 mg/m2 on Day 1 and 8 mg/m2 on
Day +3 und +6) are applied as GvHD prophylaxis .
An alternative approach consists in conventional cyclophosphamide conditioning (200 mg/kg)
with ATG and low-dosed total body irradiation (2 Gy) [55, 56] or the combination of a reduced
cyclophosphamide dose (120 mg/kg) and 8Gy-total body irradiation [57].

5.6 Immunosuppressive Therapy
5.6.1 Indication
An indication for immunosuppressive therapy exists in
• patients with vSAA or SAA > 40 (-50) years of age or in patients without HLA-matching
sibling donor
• patients with nSAA with hazard because of severe cytopenia in at least one cell line
There is no age limit in immunosuppressive therapy [58, 59].

5.6.2 Triple Therapy with ATG, Ciclosporin and Corticosteroids as First-Line
Therapy
The standard therapy outside of studies consists in the combination of horse -ATG,
ciclosporin and corticosteroids [60, 61]. This combination therapy is superior to therapy with
ATG or ciclosporin with regard to response rate and survival independent of therapy failure- —
the same applies to nSAA [72]. The respective studies which established this triple combination
as the gold standard were all conducted with horse-ATG [60, 61, 62, 63, 64, 65, 66, 67, 68, 69].
The only horse ATG product registered in Europe (Lymphoglobulin®) was withdrawn from the
market in 2007 [70]. Combination therapies were then applied with rabbit-ATG. A recently
published randomized study comparing rabbit-ATG (Thymoglobulin®) with horse-ATG
(ATGAM®) that the response rate and total survival is significantly better with horse-ATG than
is the case with rabbit-ATG [71]. The response rate after three months amounted to 62% with
horse-ATG, as compared to only 33% in the rabbit group. Total survival rate amounting to85%
was significantly better after horse-ATG than after a therapy based on rabbit-ATG (55%) [71].
Other, non-randomized studies which examined rabbit-ATG efficacy in first-line therapy
produced to some extent discrepant results [72, 73, 74, 75, 76, 77, 78, 79]. Five of the seven
studies also report of a worse rates of response and total survival with thymoglobulin as
compared to historical controls [72, 74, 75, 76, 79]. The remaining studies revealed identical
results obtained with ATG from horse and rabbit [77, 78]. None of the studies reported
improved response rates in primary therapy with thymoglobulin.
The change from horse-ATG to rabbit ATG practiced in Germany from 2007 to the publication of
the data quoted above was not evidence-based, instead was due to lacking availability. It
should be attempted to continue to perform triple therapy with horse-ATG by purchasing it from
abroad [63].
Based on recent experiences the purchase on time from abroad is possible in most cases. The
product (ATGAM®) is not registered in Germany. According to the current state of knowledge a
triple therapy with horse-ATG is the immunosuppressive therapy with the best response rate
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and the best rate of therapy-independent survival. This option should therefore be given prior
ity after giving the patient the pertinent information. It is advisable to clarify the takeover of
expenses with the cost bearers.
The lack of horse-ATG availability should not result in abstaining from an indicated ATG therapy.
The response rate of combination therapy is better than that of ciclosporin monotherapy [69].
Other immunosuppressive multiple combinations (e.g. mycophenolate or sirolimus) did not any
produce any improvement of the response rate [63, 64]. A high rate of early relapses occurred
when mycophenolate was applied instead of ciclosporin [63].

5.6.3 Drugs
Details as to the authorization status and dosages are compiled in the Appendices Drug Ther
apy– Protocols and Authorization Status.
The recommended doses of ATG greatly vary with the product (thymoglobulin 2.5 - 3.75 mg/kg
b.w. and day, an 5 consecutive days; ATGAM 30mg/kg and day on 4 consecutive days) [71].
The administration of corticosteroids is required concomitant to ATG therapy (e.g. prednisolone,
initially 1mg/kg b.w. IV prior to ATG infusion; after cessation of ATG therapy to be continued
with 1mg/kg b.w. PO). Subsequently swift gradual dose reduction until Day 28, unless there are
symptoms of serum disease. An individual adjustment of the corticosteroid dose depending on
the severity and the duration of the symptoms is required in the event of allergic reactions to
ATG or emergence of a serum disease [47].
Ciclosporin should be administered initially at a dose of 5mg/kg b.w. / day PO; then the dose is
adapted to measured levels (whole blood concentration, trough levels: 150-250ng/ml) [47].
Ciclosporin should be continued at least for four months, thereafter further control of therapy
depending on response and course. Numerous patients responded after four months, however,
still display gradually increasing blood cell counts. In such cases ciclosporin should be contin
ued until, as documented over a period of 6-8 weeks, no additional improvement of blood cell
counts will occur. Then a slow (!) dose reduction may be initiated (dose reduction at a rate of
0.3mg/kg body weight and month). A more rapid dose reduction is associated with a higher risk
of recidivation [80].

5.6.4 Hematopoietic Growth Factors
The administration of G-CSF in combination with the triple immunosuppression results in an
accelerated increase in neutrophile granulocyte numbers, lesser infections, and short hospital
ization periods [68]. The trilinear response, event-free survival, relapse rate, and total survival
are not improved by the administration of G-CSF [61]. One study revealed a significantly lower
relapse rate in the G-CSF group as compared to a triple immunosuppression group without GCSF [81]. However, another clinical study failed to confirm this result [61]. The application of GCSF in cases of aplastic anemia outside clinical studies is not recommended [13, 82].

5.6.5 Evaluation of Response, Course
Under therapy with ATG platelets should be measured daily, differential blood cell counts and
anticoagulation parameters twice per week and, if possible, the ciclosporin level. Then, in the
regeneration stage, differential blood cell counts should be determined in intervals of one to
two weeks. Status checks, cell counts, differential blood picture once per month, bone marrow
analysis annually or in case of remarkable blood picture modifications.

14

The response to immunosuppressive therapy occurs with a delay. In the median it takes 3-4
months [60, 61, 62, 63, 64, 65, 66, 67, 68, 69]. The success of therapy can usually be esti
mated after four months [83]. A complete normalization of peripheral blood values is often not
achievable [84].
The relapse rate after successful therapy amounts to 30% - 40% [85, 86]. Patients have an
elevated risk for the emergence of MDS, AML and clinically symptomatic PNH as well as solid
tumors [87, 88, 89].

5.6.6 Repetition of ATG Therapy
A repetition of triple immunosuppression is possible. The chance of a second response is high in
case of relapses [85, 90]. If initial therapy fails a second immunosuppressive course can be
applied which might induce a response in 30-60% of the patients [90, 91, 92]. There is no
unequivocal evidence stating that a change of the ATG product will improve the response rate
of a repeated therapy [93]. However, changing to a product derived from another species is
common when therapy is repeated. If rabbit-ATG was used in primary therapy, and if nonresponse to initial therapy is an indication for repeated therapy, a change to horse-ATG should
be made (see above, data on overall better response rates with horse-ATG).
A direct prospective comparison of a second ATG cycle with unrelated transplantation in chil
dren who had not responded to the first ATG therapy displayed a response rate to ATG therapy
of merely 11% and had a better likelihood to survive unrelated transplantation [94].
A third cycle might be reasonable in relapse patients. However, a third ATG therapy cycle is not
advisable if patients failed to respond to two previous cycles, as the response rates will then be
very low [95].

5.7 Second-Line Therapy
If first-line therapy with triple immunosuppression fails the following therapies come into ques
tion (see Figure 1):
• Stem cell transplantation from an HLA-identical sibling donor (see Section 7.1)
• Stem cell transplantation from an unrelated donor (see Section 7.2)
• Repetition of immunosuppressive triple therapy (if necessary, change of the ATG-product;
see above)
• Alternative immunosuppression: Alemtuzumab [96, 97] or high-dose cyclophosphamide
[67, 98]
• Androgen therapy, e.g. with danazol, is an alternative to patients with short telomeres: (<
1% of the age-adjusted telomere length) +/- underlying telomeropathy [99, 100], or to
patients not eligible for immunosuppressive therapy and allogeneic stem cell transplanta
tion [101, 102].
A randomized study revealed that alemtuzumab administered in primary therapy had produced
a lower response rate than ATG [96]. However, response rates of 37%-48% were reported in
patients with refractory disease [96].
The high-dose cyclophosphamide therapy is very controversial. Positive reports [103, 104] face
a clinical study which had to be prematurely terminated because of too high toxicity in the
high-dose cyclophosphamide arm [67, 98].
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Patients who responded to at least on standard triple immunosuppression or relapsed, and are
not unambiguously eligible for allogeneic stem cell transplantation should, at the latest, at this
point in time be brought to a specializing center in order to include experimental immunosup
pression protocols or transplantation protocols (haploidentical transplantation, umbilical cord
blood transplantation [105] in decision-making. These protocols will usually be applied in
Europe-wide collaborations on account of the rarity of the disease. Information about current
EBMT therapy studies can be found at www.ebmt.org.
A European register of the EBMT (Working Party Aplastic Anemia) carries out analyses to opti
mize the therapy of this rare disease. It is recommended to participate in this register which
collects patient data irrespective of a form of therapy.

9 References
1. Schrezenmeier H and Bacigalupo A (Eds.): Aplastic Anemia - Pathophysiology and Treat
ment. Cambridge University Press 2000. ISBN 0 521 64101 2
2. Heimpel H: Epidemiology and etiology of aplastic anemia. In Aplastic Anemia - Pathophys
iology and Treatment. Cambridge University Press 97-116, 2000. ISBN 0 521 64101 2
3. Rauff, B, Idrees, M., Shah, S et al.: Hepatitis associated aplastic anemia: a review. Virol J.
2011; 8 :87, 2011. DOI: 10.1186/1743-422X-8-87
4. Dokal I, Vulliamy T. Inherited bone marrow failure syndromes. Haematologica 95:
1236-1240, 2010. DOI: 10.3324/haematol.2010.025619
5. Walne AJ, Dokal A, Plagnol V, Beswick R, Kirwan M, de la Fuente J et al. Exome sequencing
identifies MPL as a causative gene in familial aplastic anemia. Haematologica 97:
524-528, 2012: DOI: 10.3324/haematol.2011.052787
6. Kaufman DW, Kelly JP, Jurgelon JM et al.: Drugs in the aetiology of agranulocytosis and
aplastic anaemia. Eur J Haematol Suppl 60 :23-30, 1996. PMID: 8987237
7. Dokal I: Dyskeratosis congenita. Hematology Am Soc
2011:480-486, 2011. DOI: 10.1182/asheducation-2011.1.480

Hematol

Educ

Program.

8. Brümmendorf TH, Maciejewski JP, Mak J et.: Telomere length in leukocyte subpopulations
of patients with aplastic anemia. Blood 97: 895-900, 2001. DOI: 10.1182/blood.V97.4.895
9. Alter BP, Baerlocher GM, Savage SA, Chanock SJ, Weksler BB, Willner JP et al. Very short
telomere length by flow fluorescence in situ hybridization identifies patients with dysker
atosis congenita. Blood 110:1439-1447, 2007. DOI: 10.1182/blood-2007-02-075598
10. Du HY, Pumbo E, Ivanovich J, An P, Maziarz RT, Reiss UM et al. TERC and TERT gene muta
tions in patients with bone marrow failure and the significance of telomere length
measurements. Blood 113: 309-316, 2009. DOI: 10.1182/blood-2008-07-166421
11. Oshrine B, Bessler M. Ask the Hematologists. The Hematologist 9:4-5, 2012. http://
www.hematology.org/Publications/Hematologist/2012/8274.aspx
12. Gupta V, Eapen M, Brazauskas R et al.: Impact of age on outcomes after bone marrow
transplantation for acquired aplastic anemia using HLA-matched sibling donors. Haemato
logica 95:2119-2125, 2010. DOI: 10.3324/haematol.2010.026682
13. Passweg J, Marsh JC: Aplastic anemia: first-line treatment by immunosuppression and
sibling marrow transplantation. Hematology Am Soc Hematol Educ Program. 2010:36-42,
2010. DOI: 10.1182/asheducation-2010.1.36
14. Valdez JM, Scheinberg P, Nunez O et al.: Decreased infection-related mortality and
improved survival in severe aplastic anemia in the past two decades. Clin Infect Dis
52:726-735, 2011. DOI: 10.1093/cid/ciq245

16

15. Gafter-Gvili A, Ram R, Raanani P, and Shpilberg O: Management of aplastic anemia: the
role of systematic reviews and meta-analyses. Acta Haematol 125:47-54, 2011. DOI:
10.1159/000318893
16. Gafter-Gvili A, Fraser A, Paul M et al.: Antibiotic prophylaxis for bacterial infections in
afebrile neutropenic patients following chemotherapy. Cochrane Database Syst Rev,
2009. CD004386. DOI: 10.1002/14651858.CD004386.pub3
17. Schlesinger A, Paul M, Gafter-Gvili A et al.: Infection-control interventions for cancer
patients after chemotherapy: a systematic review and meta-analysis. Lancet Infect Dis.
9:97-107, 2009. DOI:10.1016/S1473-3099(08)70284-6
18. Gafter -Gvili A, Fraser A, Paul M and Leibovici L: Meta-analysis: antibiotic prophylaxis
reduces mortality in neutropenic patients. Ann Intern Med 142:979-995, 2005. PMID:
15968013
19. Gafter-Gvili A, Paul M, Fraser A and Leibovici L: Effect of quinolone prophylaxis in afebrile
neutropenic patients on microbial resistance: systematic review and meta-analysis. J
Antimicrob Chemother. 2007;59:5-22, 2007. DOI: 10.1093/jac/dkl425
20. Gafter- Gvili A, Paul M, Fraser A and Leibovici L: Antibiotic prophylaxis in neutropenic
patients. Isr Med Assoc J 9:460-462, 2007. PMID: 17642395
21. Leibovici L, Paul, M, Cullen M et al.: Antibiotic prophylaxis in neutropenic patients: new
evidence, practical decisions. Cancer 107:1743-1751, 2006. DOI: 10.1002/cncr.22205
22. Champlin RE, Horowitz MM, van Bekkum D et al.: Graft failure following bone marrow
transplantation for severe aplastic anemia: risk factors and treatment results. Blood
73:606-613, 1989. PMID: 2644980
23. Piccin A, O'Marcaigh A, Smith O et al.: Outcome of bone marrow transplantation in
acquired and inherited aplastic anaemia in the Republic of Ireland. Ir J Med Sci 174:13-19,
2005. PMID: 16285332
24. Hernandez--Boluda JC, Marin P, Carreras E et al.: Bone marrow transplantation for severe
aplastic anemia: the Barcelona Hospital Clinic experience. Haematologica 84:26-31,
1999. PMID: 10091390
25. Killick SB, Win N, Marsh JC et al.: Pilot study of HLA alloimmunization after transfusion
with pre- storage leucodepleted blood products in aplastic anaemia. Br J Haematol
97:677-684, 1997. PMID: 9207422
26. Desmarets M, Cadwell CM, Peterson KR, Neades R and Zimring JC: Minor histocompatibil
ity antigens on transfused leukoreduced units of red blood cells induce bone marrow
transplant rejection in a mouse model. Blood. 2009;114:2315-2322, 2009. DOI: 10.1182/
blood-2009-04-214387
27. Wissenschaftlicher Beirat der Bundesärztekammer. Richtlinien zur Gewinnung von Blut
und Blutbestandteilen und zur Anwendung von Blutprodukten (Hämotherapie). 2010
28. Bundesärztekammer. Querschnitts-Leitlinien zur Therapie mit Blutkomponenten und Plas
maderivaten. 2009
29. Sagmeister M, Oec L and Gmur J: A restrictive platelet transfusion policy allowing longterm support of outpatients with severe aplastic anemia. Blood 93:3124-3126, 1999.
PMID: 10216111
30. Höchsmann B, Seidel N, Marx-Hoffmann A, Wiesneth M and Schrezenmeier H: Is the Low
Platelet Transfusion Trigger in the New Cross-Sectional German Guidelines of risk in
outpatient setting? Prophylactic platelet transfusions in aplastic anemia. Transf Med
Hemother 35 (suppl.1):38, 2009 (Abstract). http://content.karger.com/ProdukteDB/
produkte.asp?
Aktion=ShowPDF&ArtikelNr=242471&Ausgabe=251862&ProduktNr=224170&filename=242471.pdf

17

31. Quillen K, Wong E, Scheinberg P, Young NS, Walsh TJ, Wu CO et al. Granulocyte transfu
sions in severe aplastic anemia: an eleven-year experience. Haematologica
94:1661-1668, 2009. DOI: 10.3324/haematol.2009.010231
32. Marsh J, Socie G, Tichelli A et al.: Should irradiated blood products be given routinely to
all patients with aplastic anaemia undergoing immunosuppressive therapy with antithy
mocyte globulin (ATG)? A survey from the European Group for Blood and Marrow Trans
plantation Severe Aplastic Anaemia Working Party. Br J Haematol 150:377-379, 2010.
DOI: 10.1111/j.1365-2141.2010.08200.x
33. Bean MA, Graham T, Appelbaum FR et al.: Gamma-irradiation of pretransplant blood
transfusions from unrelated donors prevents sensitization to minor histocompatibility
antigens on dog leukocyte antigen-identical canine marrow grafts. Transplantation
57:423-426, 1994. PMID: 8108879
34. Armand P, Kim HT, Cutler CS et al.: Prognostic impact of elevated pretransplantation
serum ferritin in patients undergoing myeloablative stem cell transplantation. Blood
109:4586-4588, 2007. DOI: 10.1182/blood-2006-10-054924
35. Pullarkat V, Blanchard S, Tegtmeier B et al.: Iron overload adversely affects outcome of
allogeneic hematopoietic cell transplantation. Bone Marrow Transplant 42:799-805, 2008.
DOI: 10.1038/bmt.2008.262
36. Koreth J and Antin JH: Iron overload in hematologic malignancies and outcome of allo
geneic hematopoietic stem cell transplantation. Haematologica 95:364-366, 2010. DOI:
10.3324/haematol.2009.017244
37. Deeg HJ, Spaulding E, Schulman HM: Iron overload, hematopoietic cell transplantation,
and graft-versus-host disease. Leuk Lymphoma 50:1566-1572, 2009. PMID: 19863335
38. Lee JW, Yoon SS, Shen ZX et al.: Iron chelation therapy with deferasirox in patients with
aplastic anemia: a subgroup analysis of 116 patients from the EPIC trial. Blood
116:2448-2454, 2010. DOI: 10.1182/blood-2010-01-261289
39. Marsh JC, Ball SE, Cavenagh J et al.: Guidelines for the diagnosis and management of
aplastic
anaemia.
Br
J
Haematol
147:43-70,
2009.
DOI:
10.1111/j.
1365-2141.2009.07842.x
40. Schrezenmeier H, Passweg J and Bacigalupo A: In Aplastic Anemia - Pathophysiology and
Treatment. Cambride University Press 287-294, 2000. ISBN 0 521 64101 2
41. Schrezenmeier H, Passweg J, Marsh JC et al.: Worse outcome and more chronic GVHD with
peripheral blood progenitor cells than bone marrow in HLA-matched sibling donor trans
plants for young patients with severe acquired aplastic anemia. Blood 110:1397-1400,
2007. DOI: 10.1182/blood-2007-03-081596
42. Bacigalupo A, Socié G, Schrezenmeier H et al.: Bone marrow versus peripheral blood
sibling transplants in acquired aplastic anemia: survival advantage for marrow in all age
groups. Haematologica, Epub 2012. DOI: 10.3324/haematol.2011.054841
43. Champlin RE, Perez WS, Passweg JR et al.: B Bone marrow transplantation for severe
aplastic anemia: a randomized controlled study of conditioning regimens. Blood
109:4582-4585, 2007. DOI: 10.1182/blood-2006-10-052308
44. Maury S, Bacigalupo A, Anderlini P et al.: Improved outcome of patients older than 30
years receiving HLA-identical sibling hematopoietic stem cell transplantation for severe
acquired aplastic anemia using fludarabine-based conditioning: a comparison with
conventional conditioning regimen. Haematologica. 94:1312-1315, 2009. DOI: 10.3324/
haematol.2009.006916
45. Gupta V, Ball SE, Yi QL et al.: Favorable effect on acute and chronic graft-versus-host
disease with cyclophosphamide and in vivo anti-CD52 monoclonal antibodies for marrow

18

transplantation from HLA-identical sibling donors for acquired aplastic anemia. Biol Blood
Marrow Transplant 10:867-876, 2004. DOI: 10.1016/j.bbmt.2004.09.001
46. Locatelli F, Bruno B, Zecca M et al.: Cyclosporin A and short-term methotrexate versus
cyclosporin A as graft versus host disease prophylaxis in patients with severe aplastic
anemia given allogeneic bone marrow transplantation from an HLA-identical sibling:
results of a GITMO/EBMT randomized trial. Blood 96:1690-1697, 2000. PMID: 10961865
47. Schrezenmeier H: Guidelines for treating aplastic anemia: consensus document of a
group of international experts. In Aplastic Anemia - Pathophysiology and Treatment.
Cambride University Press 308-315, 2000. ISBN 0 521 64101 2
48. McCann S, Passweg J, Bacigalupo A et al.: The influence of cyclosporin alone, or
cyclosporin and methotrexate, on the incidence of mixed haematopoietic chimaerism
following allogeneic sibling bone marrow transplantation for severe aplastic anaemia.
Bone Marrow Transplant. 2007;39:109-114, 2007. DOI: 10.1038/sj.bmt.1705552
49. Lawler M, McCann SR, Marsh JC et al.: Serial chimerism analyses indicate that mixed
haemopoietic chimerism influences the probability of graft rejection and disease recur
rence following allogeneic stem cell transplantation (SCT) for severe aplastic anaemia
(SAA): indication for routine assessment of chimerism post SCT for SAA. Br J Haematol
144:933-945, 2009. DOI: 10.1111/j.1365-2141.2008.07533.x
50. Führer M: Risk-adapted procedures for HSCT from alternative donor in children with
severe aplastic anaemia. Bone Marrow Transplant 42 Suppl 2:S97-100, 2008. DOI:
10.1038/bmt.2008.293
51. Maury S, Balere-Appert ML, Chir Z et al.: Unrelated stem cell transplantation for severe
acquired aplastic anemia: improved outcome in the era of high-resolution HLA matching
between donor and recipient. Haematologica 92:589-596, 2007. PMID: 17488681
52. Bacigalupo A, Locatelli F, Lanino E et al.: Fludarabine, cyclophosphamide and anti-thymo
cyte globulin for alternative donor transplants in acquired severe aplastic anemia: a
report from the EBMT-SAA Working Party. Bone Marrow Transplant 36:947-950. 2005. DOI:
10.1038/sj.bmt.1705165
53. Bacigalupo A, Socié G, Lanino E et al.: Fludarabine, cyclophosphamide, antithymocyte
globulin, with or without low dose total body irradiation, for alternative donor transplants,
in acquired severe aplastic anemia: a retrospective study from the EBMT-SAA Working
Party. Haematologica 95:976-982, 2010. DOI: 10.3324/haematol.2009.018267
54. Marsh JC, Gupta V, Lim Z et al.: Alemtuzumab with fludarabine and cyclophosphamide
reduces chronic graft-versus-host disease after allogeneic stem cell transplantation for
acquired
aplastic
anemia.
Blood
118:2351-2357,
2011.
DOI
10.1182/
blood-2010-12-327536
55. Deeg HJ, Amylon ID, Harris RE et al.: Marrow transplants from unrelated donors for
patients with aplastic anemia: minimum effective dose of total body irradiation. Biol
Blood Marrow Transplant 7:208-215, 2001. PMID: 11349807
56. Deeg HJ, O’Donell M, Tolar J et al.: Optimization of Conditioning for Marrow Transplanta
tion from Unrelated Donors for Patients with Aplastic Anemia After Failure of Immunosup
pressive Therapy. Blood 108:1485-1491, 2006. DOI: 10.1182/blood-2006-03-005041
57. Kim SY, Lee LW, Lim J et al.: Unrelated donor bone marrow transplants for severe aplastic
anemia with conditioning using total body irradiation and cyclophosphamide. Biol Blood
Marrow Transplant 13:863-870, 2007. DOI: 10.1016/j.bbmt.2007.03.013
58. Tichelli A, Socié G, Henry-Amar M et al.: Effectiveness of immunosuppressive therapy in
older patients with aplastic anemia. European Group for Blood and Marrow Transplanta
tion Severe Aplastic Anaemia Working Party. Ann Intern Med 130:193-201, 1999. PMID:
10049197

19

59. Kao SY, Xu W, Brandwein JM et al.: Outcomes of older patients (> or = 60 years) with
acquired aplastic anaemia treated with immunosuppressive therapy. Br J Haematol
143:738-743, 2008. DOI: 10.1111/j.1365-2141.2008.07389.x
60. Frickhofen N, Kaltwasser JP, Schrezenmeier H et al.: Treatment of aplastic anemia with
antilymphocyte globulin and methylprednisolone with or without cyclosporine. The
German Aplastic Anemia Study Group. N Engl J Med 324:1297-1304, 1991. PMID:
2017225
61. Frickhofen N, Heimpel H, Kaltwasser JP and Schrezenmeier H: Antithymocyte globulin with
or without cyclosporin A: 11-year follow-up of a randomized trial comparing treatments of
aplastic anemia. Blood 101:1236-1242, 2003. DOI: 10.1182/blood-2002-04-1134
62. Rosenfeld SJ, Kimball J, Vining D and Young NS: Intensive immunosuppression with
antithymocyte globulin and cyclosporine as treatment for severe acquired aplastic
anemia. Blood 85:3058-3065, 1995. PMID: 7756640
63. Scheinberg P, Nunez O, Wu C and Young NS: Treatment of severe aplastic anaemia with
combined immunosuppression: anti-thymocyte globulin, ciclosporin and mycophenolate
mofetil. Br J Haematol 133:606-611, 2006. DOI: 10.1111/j.1365-2141.2006.06085.x
64. Scheinberg P, Wu CO, Nunez O et al.: Treatment of severe aplastic anemia with a combi
nation of horse antithymocyte globulin and cyclosporine, with or without sirolimus: a
prospective randomized study. Haematologica 94:348-354, 2009. DOI: 10.3324/haematol.
13829
65. Scheinberg P, Wu CO, Nunez O and Young NS: Predicting response to immunosuppressive
therapy and survival in severe aplastic anaemia. Br J Haematol 144:206-216, 2009. DOI:
10.1111/j.1365-2141.2008.07450.x
66. Bacigalupo A, Chaple M, Hows J et al.: Treatment of aplastic anaemia (AA) with antilym
phocyte globulin (ALG) and methylprednisolone (MPred) with or without androgens: a
randomized trial from the EBMT SAA working party. Br J Haematol 83:145-151, 1993.
PMID: 8435323
67. Tisdale JF, Dunn DE, Geller N et al.: High-dose cyclophosphamide in severe aplastic
anaemia: a randomised trial. Lancet 356:1554-1559, 2000. PMID: 11075769
68. Tichelli A, Schrezenmeier H, Socié G et al.: A randomized controlled study in patients with
newly diagnosed severe aplastic anemia receiving antithymocyte globulin (ATG),
cyclosporine, with or without G-CSF: a study of the SAA Working Party of the European
Group for Blood and Marrow Transplantation. Blood 117:4434-4441, 2011. DOI: 10.1182/
blood-2010-08-304071
69. Marsh J, Schrezenmeier H, Marin P et al.: Prospective randomized multicenter study
comparing cyclosporin alone versus the combination of antithymocyte globulin and
cyclosporin for treatment of patients with nonsevere aplastic anemia: a report from the
European Blood and Marrow Transplant (EBMT) Severe Aplastic Anaemia Working Party.
Blood 93:2191-2195, 1999. PMID: 10090926
70. EBMTG SAA Working Party: Rabbit ATG for aplastic anaemia treatment: a backward step?
Lancet 378:1831-1833, 2011. DOI:10.1016/S0140-6736(11)60817-9
71. Scheinberg P, Nunez O, Weinstein B et al.: Horse versus rabbit antithymocyte globulin in
acquired aplastic anemia. N Engl J Med 365:430-438, 2011. PMID: 21812672
72. Atta EH, Dias DS, Marra VL and de Azevedo AM: Comparison between horse and rabbit
antithymocyte globulin as first-line treatment for patients with severe aplastic anemia: a
single-center retrospective study. Ann Hematol 89:851-859, 2010. DOI 10.1007/
s00277-010-0944-y
73. Kadia TM, Borthakur G, Marcia-Manero G et al.: Final results of the phase II study of rabbit
anti-thymocyte globulin, ciclosporin, methylprednisone, and granulocyte colony-stimulat

20

ing factor in patients with aplastic anaemia and myelodysplastic syndrome. Br J Haema
tol. Epub, 2012. DOI: 10.1111/j.1365-2141.2012.09064.x

74. Höchsmann B, Neher C, Germing U: Therapy of acquired aplastic anemia with rabbit
antithymocyte globulin: a retrospective analysis by the working group on non-malignant
disorders of the German Society of Hematology and Oncology (DGHO). Blood 118,
Abstract
3434,
2011.
http://abstracts.hematologylibrary.org/cgi/content/abstract/
118/21/3434?
maxtoshow=&hits=10&RESULTFORMAT=&fulltext=h%F6chsmann+B&searchid=1&FIRSTINDEX=0&vo
75. Marsh J, Socié G, Tichelli A et al.: Prospective phase 2 pilot study for rabbit antithymocyte
globulin with ciclosporin for patients with acquired aplastic anemia and matched pair
analysis with patients treated with horse ATG and ciclosporine. Bone Marrow Transplant.
46 Suppl 1:S208, 2011.
76. Halkes CJM, Brand A. von dem Borne PA: Increasing the dose of rabbit-ATG does not lead
to a higher response rate in the first-line treatment of severe aplastic anemia. Bone
Marrow Transplant 46 Suppl 1: S373, 2011.
77. Afable MG, Shaik M, Sugimoto Y et al.: Efficacy of rabbit anti-thymocyte globulin in severe
aplastic anemia. Haematologica 96:1269-1275, 2011. DOI: 10.3324/haematol.
2011.042622

78. Vallejo C, Montessino P, Rosell MG: Comparison between lymphoglobuline and thymoglob
uline-based immunosuppressive therapy as first-line treatment for patients with aplastic
anemia. Blood 114, Abstract 3194, 2009. http://abstracts.hematologylibrary.org/cgi/
content/abstract/114/22/3194?
maxtoshow=&hits=10&RESULTFORMAT=&fulltext=Vallejo&searchid=1&FIRSTINDEX=0&volume=114
79. Saracco P, Lorenzati A, Oneto R: Italian registry of pediatric acquired aplastic anemia: a
retrospective study. Bone Marrow Transplant 46 Suppl 1: S374, 2011.
80. Saracco P, Quarello P, Iori AP et al.: Cyclosporin A response and dependence in children
with acquired aplastic anaemia: a multicentre retrospective study with long-term obser
vation
follow-up.
Br
J
Haematol
140:197-205,
2008.
DOI:
10.1111/j.
1365-2141.2007.06903.x
81. Teramura M, Kimura A, Iwase et al.: Treatment of severe aplastic anemia with antithymo
cyte globulin and cyclosporin A with or without G-CSF in adults: a multicenter randomized
study in Japan. Blood 110:1756-1761, 2007. DOI: 10.1182/blood-2006-11-050526
82. Gurion R, Gafter-Gvili A, Paul M et al.: Hematopoietic growth factors in aplastic anemia
patients treated with immunosuppressive therapy-systematic review and meta-analysis.
Haematologica 94:712-719, 2009. DOI: 10.3324/haematol.2008.002170
83. Camitta BM: What is the definition of cure for aplastic anemia? Acta Haematol 103:16-18,
2001. PMID: 10705154
84. Frickhofen N, Rosenfeld SJ: Immunosuppressive treatment of aplastic anemia with
antithymocyte globulin and cyclosporine. Semin Hematol 37:56 -68, 2000. PMID:
10676911
85. Schrezenmeier H, Marin P, Raghavachar A et al.: Relapse of aplastic anaemia after
immunosuppressive treatment: a report from the European Bone Marrow Transplantation
Group SAA Working Party. Br J Haematol 85:371-377, 1993. PMID: 8280610
86. Rosenfeld S, Follmann D, Nunez O, Young NS: Antithymocyte globulin and cyclosporine for
severe aplastic anemia: association between hematologic response and long-term
outcome. JAMA 289:1130-1135, 2003. PMID: 12622583
87. Socié G, Henry-Amar M, Bacigalupo A et al.: Malignant tumors occurring after treatment
of aplastic anemia. European Bone Marrow Transplantation-Severe Aplastic Anaemia
Working Party. N Engl J Med 329:1152-1157, 1993. PMID: 8377778

21

88. Socié G, Mary JY, Schrezenmeier H et al.: Granulocyte-stimulating factor and severe
aplastic anemia: a survey by the European Group for Blood and Marrow Transplantation
(EBMT). Blood 109:2794-2796, 2007. DOI: 10.1182/blood-2006-07-034272
89. Tichelli A, Gratwohl A, Wursch A et al.: Late haematological complications in severe aplas
tic anaemia. Br J Haematol 69:413-418, 1988. PMID: 3044440
90. Scheinberg P, Nunez O, Young NS: Retreatment with rabbit anti-thymocyte globulin and
ciclosporin for patients with relapsed or refractory severe aplastic anaemia. Br J Haematol
133:622-627, 2006. DOI: 10.1111/j.1365-2141.2006.06098.x
91. Di Bona E, Rodeghiero F, Bruno B et al.: Rabbit antithymocyte globulin (r-ATG) plus
cyclosporine and granulocyte colony stimulating factor is an effective treatment for
aplastic anaemia patients unresponsive to a first course of intensive immunosuppressive
therapy. Gruppo Italiano Trapianto di Midollo Osseo (GITMO). Br J Haematol 107:330-334,
1999. PMID: 10583220
92. Tichelli A: Repeated treatment with horse antilymphocyte globulin for severe aplastic
anaemia. Br J Haematol 100:393-400, 1998. PMID: 9488634
93. Schrezenmeier H, Hinterberger W, Hows J et al.: Second immunosuppressive treatment of
patients with aplastic anemia not responding to the first course of immunosuppression
(IS): A report from the Working Party on Severe Aplastic Anemia of the EBMT. Bone
Marrow Transplant 15 Suppl. 2:10, 1995.
94. Kosaka Y, Yagasaki H, Sano K et al.: Prospective multicenter trial comparing repeated
immunosuppressive therapy with stem-cell transplantation from an alternative donor as
second-line treatment for children with severe and very severe aplastic anemia. Blood
111:1054-1059, 2008. DOI: 10.1182/blood-2007-08-099168
95. Gupta V, Gordon-Smith EC, Cook G et al.: A third course of anti-thymocyte globulin in
aplastic anaemia is only beneficial in previous responders. Br J Haematol 129:110-117,
2005. DOI: 10.1111/j.1365-2141.2005.05406.x
96. Scheinberg P, Nunez O, Weinstein et al.: Activity of alemtuzumab monotherapy in treat
ment-naive, relapsed, and refractory severe anplantation for severe acquired aplastic
anemia. Blood 119:345-354, 2012. DOI: 10.1182/blood-2011-05-352328
97. Risitano AM, Selleri C, Serio B et al.: Alemtuzumab is safe and effective as immunosup
pressive treatment for aplastic anaemia and single-lineage marrow failure: a pilot study
and a survey from the EBMT WPSAA. Br J Haematol 148:791-796, 2010. DOI: 10.1111/j.
1365-2141.2009.08027.x
98. Tisdale JF, Maciejewski JP, Nunez O et al.: Late complications following treatment for
severe aplastic anemia (SAA) with high-dose cyclophosphamide (Cy): follow-up of a
randomized trial. Blood 100:4668-4670. 2002. DOI: 10.1182/blood-2002-02-0494
99. Scheinberg P, Cooper JN, Sloand EM et al.: Association of telomere length of peripheral
blood leukocytes with hematopoietic relapse, malignant transformation, and survival in
severe aplastic anemia. JAMA 304:1358-1364, 2010. DOI: 10.1001/jama.2010.1376
100. Ziegler P, Schrezenmeier H, Akkad J et al.: Telomere elongation and clinical response to
androgen treatment in a patient with aplastic anemia and a heterozygous hTERT gene
mutation. Ann Hematol epub Apr 4, 2012 DOI: 10.1007/s00277-012-1454-x
101. Chuhjo T, Yamazaki H, Omine M, Nakao S: Danazol therapy for aplastic anemia refractory
to immunosuppressive therapy. Am J Hemato l 83:387-389, 2008. DOI: 10.1002/ajh.21118
102. Jaime-Perez JC, Colunga-Pedraza PR, Gomez-Ramirez CD et al.: Danazol as first-line ther
apy for aplastic anemia. Ann Hematol 90: 523-527, 2011. DOI: 10.1007/
s00277-011-1163-x

22

103. Brodsky RA, Jones RJ: High-dose cyclophosphamide in aplastic anaemia. Lancet
357:1128-1129, 2001. PMID: 11303606
104. Brodsky RA, Sensenbrenner LL, Smith BD et al.: Durable treatment-free remission after
high-dose cyclophosphamide therapy for previously untreated severe aplastic anemia.
Ann Intern Med 135:477-483, 2001. PMID: 11578150
105. Yoshimi A, Kojima S, Taniguchi S et al.: Unrelated cord blood transplantation for severe
aplastic anemia. Biol Blood Marrow Transplant 14:1057-1064, 2008. DOI: 10.1016/j.bbmt.
2008.07.003

10 Active Studies
Studies of the EBMT Working Party on Aplastic Anemia are under www.ebmt.org

11 Drug Therapy – Protocols
• Aplastic Anemia - Systemic Therapy Protocols

13 Authorization Status
Zulassungsstatus von Medikamenten (Situation in Germany - in German only)

14 Links
www.aplastische-anaemie.de

15 Authors' Affiliations
Prof. Dr. med. Hubert Schrezenmeier
Universitätsklinikum Ulm
Institut f. klin. Transfusionsmedizin
Helmholtzstr. 10
89081 Ulm
Tel: 0731 150-550
Fax: 0731 150-500
h.schrezenmeier@blutspende.de
Univ.-Prof. Dr. med. Tim Henrik Brümmendorf
Universitätsklinikum Aachen
Medizinische Klinik IV
Hämatologie und Onkologie
Pauwelsstr. 30
52074 Aachen
Tel: 0241 80-89805
Fax: 0241 80-82449
tbruemmendorf@ukaachen.de

23

Dr. med. Hans Joachim Deeg
Fred Hutchinson Cancer Research Center
1100 Fair view Ave. N. D1-100
P.O. Box 19024
US- Seattle- Wa 98109-1024
Tel: 001 206 667-5985
Fax: 001 206 667-6124
jdeeg@fhcrc.org
Dr. med. Britta Höchsmann
Universitätsklinik Ulm
Institut für Klinische Transfusionsmedizin und Immungenetik
Helmholtzstr. 10
89081 Ulm
Tel: 0731 150-560
Fax: 0731 150-500
b.hoechsmann@blutspende.de
Univ.-Prof. Dr. Werner Linkesch
Universität Graz
Medizinische Universitätsklinik
Klinische Abteilung für Hämatologie
Auenbrugger Platz 15
A-8036 Graz
Tel: 0043 316 385 4086
Fax: 0043 316 385 4087
werner.linkesch@meduni-graz.at
PD Dr. med. Alexander Röth
Universitätsklinikum Essen
Klinik für Hämatologie
Westdeutsches Tumorzentrum
Hufelandstr. 55
45122 Essen
Tel: 0201 723-84219
Fax: 0201 723-1716
alexander.roeth@uk-essen.de
Prof. Dr. med. Jörg Schubert
Elblandklinikum Riesa
Weinbergstr. 8
01589 Riesa
Tel: 03525 755756
joerg.schubert@elblandkliniken.de

16 Disclosure of Potential Conflicts of Interest
according to the rules of the German Association of Hematology and Medical Oncology (DGHO,
Deutsche Gesellschaft für Hämatologie und Medizinische Onkologie) and the recommendations
of the AWMF (version dated April 23, 2010) and international recommendations.
The authors declare that they have no conflicts of interest.

24

