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Abstract Antibodies have been the cornerstone of

treatment of acquired aplastic anemia for more than

25 years. Treatment with antithymocyte globulin (ATG)

is considered pivotal and the addition of cyclosporine

improves the overall response rate. This antibody is het-

erogeneous and horse ATG is apparently more effective

than rabbit ATG. Several issues remain unsolved in

relation to the combination of ATG and cyclosporine:

cost, toxicity and late clonal disorders. In recent years,

alternative immunosuppressive therapy has been proposed

and new antibodies have emerged: porcine ATG, ale-

mtuzumab, daclizumab, and rituximab. Experience with

these antibodies is limited to a few studies with ale-

mtuzumab being the most promising, but the results are

interesting and provocative. More studies are needed to

find the perfect antibody.
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Introduction

Aplastic anemia (AA) is the most conspicuous member of

the group of disorders known as bone marrow failure

syndromes, a defined group of alterations of hematopoiesis

affecting one or more cell lineages. In adults AA is

considered acquired and is almost always immune in origin

(Kojima et al. 2011; Young 2000; Young and Maciejewski

1997), with exceptions being exposure to toxins, viral

infections, drug-related, or iatrogenic.

That an immune mechanism was the cause of most

adult AA cases became evident four decades ago, when

it was shown that in vitro T cells from AA patients

suppressed hematopoiesis (Ruiz-Argüelles et al. 1984);

these inhibitory T cells were later identified as

belonging to the CD8? subset (Zoumbos et al. 1985).

Another piece of evidence appeared after it was shown

that some AA patients, in whom grafting from an

allogeneic bone marrow donor had failed, were able to

recover endogenous hematopoiesis, suggesting that the

immunosuppressive pre-transplant conditioning regimen

was responsible for the cure of the disease (Thomas

et al. 1972). With the introduction of molecular biology

methods it was shown that the mechanisms causing

damage include the T cell, direct stem cell lesion and

the anti-proliferative effects of some of the resultant

inhibitory cytokines, including interferon c, tumor

necrosis factor a, and transforming growth factor

(Dufour et al. 2009).

Sometimes AA results from congenital or hereditary

disorders; however, in most cases the etiology is

unknown and considered to be idiopathic. In most idio-

pathic cases, autoimmune mechanisms are the cause of

AA. This is evident because therapeutic responses to

infusions of antithymocyte globulins (ATG) and other

immunosuppressive agents are consistently observed

(Champlin et al. 1983). The incidence of acquired AA in

North America and Europe is close to 2/1,000,000 per

year, being two or three times higher in East Asia, with

a bimodal age distribution at 10–25 and [60 years

(Marsh et al. 2003).
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Current Mechanism and Future Targets in AA

Hematopoietic failure in acquired AA is mediated by

activated cytotoxic T cells in blood and marrow and by the

biological products released upon their activation (Dufour

et al. 2009; Zoumbos et al. 1985). These cytokines are

both, suppressive and destructive, leading to cell death in

the stem cell compartment, most probably through

Fas-mediated apoptosis (Maciejewski et al. 1995). Identi-

fication of an in vivo dominant clonal immune response in

patients with AA thus reveals the underlying antigen-

driven immune process. Although the target of the aberrant

immune response is the hematopoietic stem cell, the trig-

gering antigen(s) remains unknown and constitutes the

basis of AA research. The combination of cell phenotypic,

molecular biology, and functional analyses to study the

effector arm of immunity will help to establish a molecular

signature of disease activity and precisely define an

immune pathophysiology in AA (Risitano et al. 2004),

conceivably leading to the design of specifically tailored

therapies in individual patients.

The classic autoimmunity theory states that the target

tissue is normal with altered self-recognition mechanisms

being responsible for the self-attack. An alternative theory

for AA postulates that the autoimmune attack is instead

aimed at eliminating transforming neoplastic cells, based

on the presence of abnormal apoptosis-resistant hemato-

poietic clones, which could be the primary target of AA,

with normal stem cells destroyed as innocent bystanders

(Nissen and Schubert 2002). Under these circumstances

immunosuppressive treatment (IST) for AA would be

considered a two-edged sword, with dose-intensity

accordingly adapted to the patient’s immune competence.

Clonal T cells that have the hematopoietic stem cell as

their attack goal have been identified through T-cell

receptor analysis. Others have identified auto-antibodies to

different proteins in the serum of AA patients; however,

definitive proof that these auto-antibodies are indeed

essential for the development of AA and that suppressing

their synthesis significantly contributes to alleviate the

disease is lacking. In this respect, a recent study identified

auto-antibodies to a novel auto-antigen, heterogeneous

nuclear ribonucleoprotein K, in 85 of 273 (31%) AA

patients (Qi et al. 2010). Alternatively, it has been pro-

posed that these auto-antibodies only reflect a more general

background of altered autoimmunity in AA patients (Ris-

itano 2011). Possible immune mechanisms implicated in

the pathophysiology of acquired AA are summarized in

Table 1.

From the previous information, it can be understood that

manipulation of the AA patients’ immune system, aimed at

either regulating or stopping the self-directed hematopoi-

etic autoimmune attack is the best rationale in treatment

approach. The most radical method in this respect is rep-

resented by allogeneic stem cell transplantation from a

HLA-identical donor, which is possible in less than 30% of

the cases. For almost three decades the standard approach

for 75% or so of individuals without a stem cell donor has

been immunosuppressive therapy, based essentially on a

combination of ATG plus cyclosporine A (Marsh et al.

2003). There are, however, numerous unsolved issues for

this immunosuppressive regimen, among others the relapse

rate and high cost, which leads to a numerous group of

patients in developing countries with no access to this

regimen (Shereck et al. 2011).

Antithymocyte Globulin

Stemming from evidences of immune-mediated suppres-

sion of hematopoiesis in most patients with acquired AA,

IST have been designed for individuals who, for different

reasons, can not be allografted (Delgado-Lamas et al. 1989;

Gómez-Almaguer et al. 2006; Ruiz-Argüelles 2009; Ruiz-

Argüelles and Dı́az-Jouanen 1979; Young and Maciejewski

1997).

The first experience that formally proved that IST with

ATG may lead to marrow function recovery was reported

by Speck et al. (1977). They showed that ATG alone was

as effective as ATG followed by an infusion of allogeneic

bone marrow in terms of hematological improvement and

survival, and that it was possibly better than allogeneic

hematopoietic stem cell transplantation (Speck et al. 1977).

The efficacy of ATG was subsequently confirmed by other

groups and, based on the results of a prospective random-

ized trial by Champlin et al. (1983), IST became the

standard of care for AA patients in who transplant was not

an option (Champlin et al. 1983; Frickhofen et al. 1991).

Response rates using ATG ranged between 30 and 70% in

larger series, which also pointed out the risk of late treat-

ment failure due to disease relapse (Di Bona et al. 1999).

The subsequent aim for investigators was to increase the

response rate and maintain responses for longer, preventing

subsequent relapses. A number of immunosuppressive

agents were initially combined with ATG: corticosteroids,

androgens and cyclosporin A (CyA) (Di Bona et al. 1999).

Table 1 Immune mechanisms involved in the pathogenesis of

acquired AA

CD8? T cells attack the stem cell (Zoumbos et al. 1985)

Anti-proliferative cytokines and Fas-mediated apoptosis

(Maciejewski et al. 1995)

Innocent bystander stem cells (Nissen and Schubert 2002)

Auto-antibodies to hnRNP K protein (Qi et al. 2010)

hnRNP heterogeneous nuclear ribonucleoprotein
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Only CyA, a calcineurin inhibitor that impairs interleukin

(IL)-2-dependent T-cell activation and differentiation, has

proven to be effective in increasing the response rate, as

initially demonstrated by Frickhofen et al. (1991), Risitano

et al. (2010); accordingly ATG plus CyA has been the most

employed IST for severe AA (SAA) patients in the past

two decades.

Unfortunately, mainly because of cost, access to such

treatment still represents a problem in developing coun-

tries. In addition to industrial production of ATG, limited

batches of horse ATG have been prepared domestically

(Ruiz-Argüelles et al. 1986) and employed successfully as

treatment (Delgado-Lamas et al. 1989). Overall, the trials

which have analyzed the effectiveness of ATG in SAA

show that 57–77% of patients respond, with an overall

survival of 55–93% at 3–11 years (Champlin et al. 1983;

Risitano et al. 2010; Ruiz-Argüelles and Gómez-Rangel

2003).

ATG is a heterologous anti-serum obtained by injecting

human lymphocytes in different animals. Various ATG

preparations exist, which differ in both the stimulating

antigens (peripheral lymphocytes, thymocytes or even

T-cell lines), and/or the host animal (horse, rabbit or pig)

(Bing et al. 2010; Passweg and Tichelli 2009; Risitano

et al. 2010) (Table 2). In the last two decades, physicians

have employed several commercially available ATG

preparations without distinction. Data from large random-

ized clinical trials refer to polyclonal equine ATGs

obtained from horse (h); North-American investigators

have used hATG (25–40 mg/kg/day for 4–5 days)

(ATGAM�), which is different from the hATG preparation

used in Europe and Japan (15 mg/kg/day for 5 days)

(Lymphoglobulin�). Both preparations can be considered

equivalent as standard IST for AA; however, Lympho-

globulin is no longer available, and in some European

countries no hATG preparation is available (Bacigalupo

et al. 1995; Kojima et al. 2011). Alternative polyclonal

ATGs are the leporine ones, obtained from rabbits (r). Two

rATGs are currently available (Thymoglobulin� by Gen-

zyme and ATG� by Fresenius), but to date the clinical

results with these agents are less robust due to the lack of

large randomized trials. Thymoglobulin has been used in

AA patients, and both retrospective data and prospective

series have demonstrated substantial efficacy, possibly

equal to that of hATG. In most cases, rATG is used as

second-line IST to prevent side effects due to possible

sensitization to horse proteins, resulting in response rates

up to 68% (Di Bona et al. 1999; Zheng et al. 2006). As

front-line therapy, experience with Thymoglobulin is lim-

ited. Recently, the Spanish group (Vallejo et al. 2009)

reported a large study showing a 45% response rate. The

European Group for Blood and Marrow Transplantation

(EBMT) is retrieving its retrospective registry to assess the

actual response rate to Thymoglobulin in comparison to

historical data using Lymphoglobulin. A recent similar

study from Brazil suggests that rATG may not be as

effective as hATG (Atta et al. 2010). The US National

Institutes of Health is currently running a large randomized

study comparing head-to-head hATG (ATGAM�) with

rATG (Thymoglobulin�), both arms with the addition of

CyA as first-line treatment for AA patients; recruitment is

almost complete, and the results, until now, show that

rATG is markedly inferior to hATG with the 6-month

response being 35 versus 69%, respectively (p = 0.0017)

(Scheinberg et al. 2010a). It is important to note that in

patients treated with ATG, the risk of myelodysplastic

syndrome (MDS) evolution is around 21% at 10 years

(Maciejewski and Risitano 2005).

Given that some concerns exist on the dose-equivalence

between Thymoglobulin and Lymphoglobulin, the EBMT

is running a pilot study to investigate whether 2.5 mg/kg/

day of Thymoglobulin (for 5 days) is equivalent to the

most utilized dose (3.75 mg/kg/day). Unlike Thymoglob-

ulin, robust clinical data on the use of ATG-Fresenius are

lacking; only anecdotal experiences are available, and the

only prospective randomized series from China showed

clinical results significantly inferior to hATG (Zheng et al.

2006). Based on these results at the moment ATG-Frese-

nius cannot be considered a standard IST for patients with

AA. Porcine ATG has also been employed successfully in

Table 2 Salient features of some of the ATGs employed in the treatment of patients with severe AA

Origin Brand Company Dose References

Equine ATGAM Upjohn 40 mg/kg/day 9 4 days Rosenfeld et al. (2003)

Equine Lymphoglobulin Genzyme 15 mg/kg/day 9 5 days Frickhofen et al. (2003)

Equine Domestic AMEH 2 mg/kg/day 9 5 days Ruiz-Argüelles et al. (1986),

Delgado-Lamas et al. (1989)

Leporine Thymoglobulin Genzyme 2.5–3.75 mg/kg/day 9 7 days Di Bona et al. (1999), Scheinberg et al. (2006)

Leporine ATG Fresenius 2–5 mg/kg/day 9 5 days Zheng et al. (2006)

Porcine Domestic Wohan Institute 25 mg/kg/day 9 5 days Bing et al. (2010)

AMEH Agrupación Mexicana para el Estudio de la Hematologı́a
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the treatment of SAA in China (Bing et al. 2010), but

comparative studies with hATG are not available; it has

been claimed that porcine ATG is substantially cheaper

than both equine and leporine.

Other Antibodies

Alternative immunosuppressive regimens have the inten-

tion of improving current results, without the toxicity, cost,

and long-term complications related to the use of ATG.

Therefore, the use of monoclonal antibodies and other

biological agents has been studied for treatment of AA

patients. We have limited information in this setting; three

antibodies have been employed in small series of patients

or anecdotal cases: alemtuzumab, daclizumab, and ritux-

imab (Castiglione et al. 2006; Gómez-Almaguer et al.

2010a; Hansen and Lauritzen 2005; Kim et al. 2009;

Risitano et al. 2010; Sloand et al. 2010a, b; Takamatsu

et al. 2011).

Alemtuzumab

Alemtuzumab is a monoclonal IgG1 antibody directed at

the CD52 antigen expressed on the membrane of several

cells including B and T lymphocytes. It induces lympho-

ablation through antibody-dependent cellular cytotoxicity

and complement-dependent cytotoxicity.

This antibody has been used in the treatment of several

autoimmune hematological diseases such as hemolytic

anemia, pure red cell aplasia, immune thrombocytopenic

purpura, and as part of the conditioning regimen for HSCT in

AA patients (Gómez-Almaguer et al. 2008, 2010b; Grupta

et al. 2005; Selleri et al. 2011; Willis et al. 2001). Ale-

mtuzumab spares progenitor or stem cells, but is clearly

cytotoxic for lymphocytes, resulting in a prolonged decrease

in these cells, specially CD4 and CD8 lymphocyte popula-

tion. Since the drug induces a profound immunosuppression

without causing damage to stem cells, its use in patients with

AA that have a hyperactive immune system is reasonable

(Selleri et al. 2011).

Few reports that include only small series of AA patients

treated with alemtuzumab (Table 3) have been published.

Kim et al. (2009) studied 19 patients, 17 with AA, one with

hypoplastic type of MDS and one with pure red cell

aplasia. Median age was 48 years, including 14 patients

with a severe and very severe form of disease; 13 were free

of any specific prior treatment when they received ale-

mtuzumab (Kim et al. 2009). They employed two different

doses with the best response obtained using 60 mg (50%).

The antibody was administered by intravenous infusion,

10 mg on day 1, 20 mg on day 2, and 30 mg on day 3.

Cyclosporine 1.5 mg/kg twice a day was added and

maintained for 6 months. Five patients received 90 mg of

alemtuzumab with no response. Median time to initial

response was 2.07 months, toxicity was acceptable and

median overall survival at 2 years was 81.6%.

Risitano et al. (2010), studied 35 patients, but only 6

patients suffering from AA were untreated and prospec-

tively analyzed. Thirteen patients with AA were studied

after failing first-line IST. The other 16 patients had single

lineage marrow failure. Alemtuzumab was administered

subcutaneously to the AA patients, 11 received 103 mg, 5

received 73 mg, 2 received 100 mg, and in 1 patient the

dose was not registered in the table. Cyclosporine was also

added as well as prophylactic antibiotics. The response rate

was 58%, but among the six AA patients receiving the

antibody as first-line therapy, there was one partial

response and three complete responses (66%). Toxicity

was, as in the study by Kim et al. (2009), limited and

acceptable (Risitano et al. 2010).

We prospectively studied 14 AA patients, all of who had

not received any kind of disease specific therapy. Median

age was 23 years (range 6–78). We included five children.

Alemtuzumab, 10 mg, was administered subcutaneously

daily for 5 days. In addition, cyclosporine, 2 mg/kg twice a

Table 3 Alemtuzumab as first-

line therapy in patients with AA

SAA severe aplastic anemia,

TDAA transfusion-dependent

non-severe aplastic anemia,

VSAA very severe aplastic

anemia, NSAA non-severe

aplastic anemia, CR complete

response, PR partial response,

NR no response

AuDisease Patients Median

age

Dose

(mg)

Results References

SAA 6 60 2 CR, 4 NR

TDAA 2 60 1 CR, 1 PR

SAA 2 48 90 2 NR Kim et al. (2009)

TDAA 1 90 1 NR

VSAA 2 90 2 NR

SAA 4 103 2 CR, 1 PR, 1 NR Risitano et al. (2010)

SAA 2 73 1 CR, 1 NR

SAA 11 50 1 CR, 5 PR, 5 NR

VSAA 2 23 50 1 CR, 1 NR Gómez-Almaguer et al. (2010a)

NSAA 1 50 1 PR
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day, was given for 3 months and then tapered during the

fourth month. Prophylactic antibiotics were also used. Eight

of the 14 patients responded, but only 2 complete responses

were obtained; 6 patients achieved a partial response and

median time to response was 2.5 months. The overall

response was 57.1% and overall survival was 71% at

38 months. The drug was very well tolerated, no serious

toxicity was observed and no patient, until now, has acquired

a late clonal disorder (Gómez-Almaguer et al. 2010a).

Investigators from the US National Institutes of Health,

used alemtuzumab as monotherapy for severe AA patients.

Surprisingly, they found that the antibody was effective in

AA patients with relapsed or refractory disease, but the

results in treatment-naive patients were disappointing,

since only 3 patients from a total of 16 obtained a response,

and moreover, there were 3 early deaths. No cyclosporine

was used in this trial and alemtuzumab was given at 10 mg/

day for 10 days (Scheinberg et al. 2010b). In this setting, it

is important to note that the use of cyclosporine is con-

sidered essential in the treatment of AA patients, in fact it

has been proposed that cyclosporine A tapering is best

done over many years to reduce the risk of relapse

(Passweg and Tichelli 2009; Saracco et al. 2008).

Sloand et al. (2010a) conducted a pilot study in patients

suffering from MDS who were likely to respond to immu-

nosuppression. Alemtuzumab 10 mg/day intravenously for

10 days was administered. Seventeen of 22 intermediate-one

patients (77%), and 4 of 7 intermediate-two patients (57%)

responded to treatment with a median response time of

3 months. Furthermore, 56% of evaluable patients at

12 months had normal blood counts, and 78% were trans-

fusion independent (Sloand et al. 2010a). From these data we

can conclude that the number of untreated AA patients

treated with the combination of alemtuzumab and cyclo-

sporine and prospectively studied is only 33 (not including

the myelodysplasia patients). The response is about 50–60%

and appears after 2 months. Cyclosporine is needed, as well

as prophylactic antibiotics, to sustain the response and avoid

common viral and other infections. The drug is well tolerated

and toxicity is expected to be not serious. However, how can

we compare these results with those obtained using ATG and

cyclosporine? The answer is clear, by means of a prospective

and randomized study comparing ATG plus cyclosporine

versus alemtuzumab plus cyclosporine, a very complicated

study to perform. Meanwhile, alemtuzumab is a good alter-

native for patients who, for any reason, are unsuitable to

receive treatment with stem cell transplantation or conven-

tional immunosuppression.

Daclizumab

This monoclonal antibody was genetically engineered and

humanized. It is a IgG 1 antibody that specifically

recognizes an epitope of the IL-2) receptor associated to

T lymphocyte activation (CD25). Daclizumab has been

used, with some success, in the treatment of multiple

sclerosis, to avoid rejection in kidney transplantation, in

patients with acute graft versus host disease, and in

immune-mediated uveitis. One group of investigators used

this antibody in patients with moderate AA, 42%

responded, but of the 28 patients who were transfusion

dependent at the time of treatment only seven achieved

transfusion independence (Maciejewski et al. 2003).

Recently long-term results of the use of daclizumab have

been reported, the 5-year survival is over 90%, but there

is no difference between responders and non-responders

(Sloand et al. 2010b).

Rituximab

Rituximab is a chimeric antibody very active against B

lymphocytes. It is directed against the CD20 antigen

found on these lymphocytes. Nowadays this antibody is

not only used for treatment of lymphomas, but also as

therapy for many patients with autoimmune diseases,

including immune-mediated hemolytic anemia and

thrombocytopenia.

In AA patients, affected by a predominant T cell-med-

iated immune disorder, the use of rituximab is not expected

to be effective. However, it has been suggested that rit-

uximab has an indirect effect on T-cell lymphocytes, since

B cells are antigen presenting cells and also have the

capability to provide co-stimulatory signals that lead to

T-cell activation (Linton et al. 2000; Shlomchik et al. 2001;

Stasi 2010), furthermore, there is a cumulative evidence of

circulating autoantibodies in patients with AA. On the

other hand, the unexpected response of three patients with

hairy cell leukemia, a B-cell disorder, to immunosuppres-

sive therapy with ATG plus cyclosporine, also suggests

some role of B cell-mediated suppression of hematopoietic

stem cells in patients with AA (Fuijiwara et al. 2009;

Sugimori et al. 2003).

To the best of our knowledge, there are only three case

reports published regarding the effectiveness of rituximab

in AA. The first patient was a 73-year-old woman with no

specific therapy for AA before the use of rituximab. She

achieved a nearly complete recovery after therapy with the

antibody. Another patient was a 68-year-old woman with

chronic lymphocytic leukemia who developed bone mar-

row failure after receiving one cycle of fludarabine and

cyclophosphamide. She had a partial recovery with the use

of rituximab. Finally a 1-year-old boy with AA, resistant to

ATG and cycloporine, was treated with rituximab and

achieved complete remission. He was doing well with a

normal complete blood count 4 years after the adminis-

tration of rituximab.

Arch. Immunol. Ther. Exp. (2012) 60:99–106 103

123



Other Observations

As far as economic aspects of these treatments are con-

cerned, it is interesting that a single course of hATG

(ATGAM�) or rATG (Thymoglobulin�) costs between 10

and 15,000 USD in Mexico, whereas the cost of 50 mg of

alemtuzumab is around 1,300 USD, making this alternative

very attractive for the majority of our uninsured patients. In

our setting, we and others have been able to reduce the cost of

HSCT to 15–20,000 USD, mainly using non-myeloablative,

fludarabine-based conditioning regimens (Gómez-Alma-

guer et al. 2006; Jaime-Pérez et al. 2005; Ruiz-Argüelles and

Gómez-Almaguer 2008). These data mean that conventional

IST is almost as expensive as HSCT in Mexico as a thera-

peutic option for patients with AA. Therefore, it is important

to predict the response to immunosuppressive therapy and

survival in severe AA. It has been proposed that younger age,

absolute reticulocyte count[or =25 9 109/l, and absolute

lymphocyte count[or =1 9 109/l, are highly predictive of

response at 6 months, with the 5-year survival of patients

meeting these criteria reaching 92% (Scheinberg et al.

2009b). Therapeutic decisions, especially in developing

countries, should not overlook these predictive and eco-

nomical aspects.

There have been several attempts to improve the

response to conventional IST by adding other drugs like

sirolimus and mycophenolate, but the results so far have

been disappointing (Scheinberg et al. 2006, 2009a). Mod-

ified androgens have long been used as therapy in some

countries, and recently we reported an overall response rate

of 45.9% and a 5-year survival of almost 60% employing

danazol, a modified non-virilizing androgen (Jaime-Perez

et al. 2011). The addition of this drug to conventional IST

improved the response in Japan (Kamio et al. 2011; She-

reck et al. 2011), but after withdrawal of danazol many

patients relapsed, suggesting the need to explore the pos-

sible role of danazol in this subgroup of AA patients as a

maintenance agent. Finally, we have used the combination

of low doses of alemtuzumab and rituximab with success in

patients with autoimmune cytopenias (Gómez-Almaguer

et al. 2010b) and we are going to use this combination in a

pilot trial for patients with AA.

Conclusions

There is no doubt that the combination of cyclosporine and

hATG remains the sole standard treatment of AA patients,

especially when the option of a stem cell transplant is not

possible for any reason. However, there is still trouble in

this setting. ATG preparations are heterogeneous. At least

in Europe and Asia, rabbit ATG is currently in use, but the

antibody is dosed differently and apparently is not as

effective as horse ATG. Available data from randomized

studies confirm that the polyclonal ATG obtained from

horse should be considered the first choice for immuno-

suppression-based AA treatment. On the other hand,

alemtuzumab is emerging as a new possible immunosup-

pressive alternative, since ATG is associated with high

cost, toxicity, late relapses and clonal disorders. Rituximab

and other antibodies against B cells should not be forgotten

and could be considered in future clinical trials. There is

still room for improvement of current immunosuppressive

regimens.
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