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Bone Marrow Failure

Introduction

Idiopathic severe aplastic anemia is an uncommon disease
characterized by pancytopenia and hypocellular bone mar-
row. Immunosuppressive therapy with antithymocyte globu-
lin (ATG) and cyclosporine is the standard treatment for
patients with severe aplastic anemia who do not have a
human leukocyte antigen-matched related donor; it leads to a
response rate of 60 to 70%.1,2 Historically, in Europe and the
United States, horse ATG has been used for first-line therapy
and rabbit ATG has been used for relapsed patients or non-
responders to horse ATG.3,4 Because horse ATG
(Lymphoglobulin, Genzyme, Cambridge, MA, USA) was
withdrawn from the market and replaced by rabbit ATG
(Thymoglobulin, Genzyme), rabbit ATG was prospectively
evaluated as first-line immunosuppressive therapy in the
United States and Europe.5,6 Both studies showed inferior
results with a combination of rabbit ATG and cyclosporine
compared with horse ATG and cyclosporine. However, the
follow-up periods were relatively short in both studies; the
median follow-up was 839 days (range, 2 to 1,852 days) in the
study from the National Institutes of Health5 and 397 days
(range, 6 to 805 days) in the study from the European Blood
and Marrow Transplant Group.6

In Asian countries, both horse ATG and rabbit ATG have
been used as first-line immunosuppressive treatment since
the early 1990s, which provides an opportunity to compare
long-term outcomes of patients who received horse ATG or
rabbit ATG. We retrospectively evaluated the outcome of 297
patients with severe aplastic anemia who received horse ATG
plus cyclosporine and 158 severe aplastic anemia who
received rabbit ATG plus cyclosporine.

Methods

We analyzed data from 455 patients with severe aplastic anemia
who received immunosuppressive therapy with horse ATG plus
cyclosporine or rabbit ATG plus cyclosporine in Japan, China, and
Korea between 1992 and 2010. The outcome of 205 patients who
received horse ATG and that of 40 children who received rabbit ATG
were previously reported.7,8 Patients with idiopathic severe aplastic
anemia were included in the study if they were younger than 18 years
and received immunosuppressive therapy within 6 months after diag-
nosis without specific prior treatments. The severity of the aplastic
anemia was classified according to currently used criteria.9

Immunosuppressive therapy consisted of horse ATG
(Lymphoglobulin, 15 mg/kg/day for 5 days) or rabbit ATG
(Thymoglobulin, 2.3 to 5.0 mg/kg/day for 5 days), cyclosporine (6

©2014 Ferrata Storti Foundation. This is an open-access paper. doi:10.3324/haematol.2013.089268
Manuscript received on April 15, 2013. Manuscript accepted on November 4, 2013.
Correspondence: kojimas@med.nagoya-u.ac.jp

Some prospective studies showed that rabbit antithymocyte globulin was inferior to horse antithymocyte globulin
as first-line therapy for patients with severe aplastic anemia. We retrospectively analyzed the clinical outcome of
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cyte globulin (n=158) combined with cyclosporine as first-line therapy between 1992 and 2010. The response rates
were comparable between the horse and rabbit antithymocyte globulin groups at 3 months [46% (136/294) versus
42% (66/153), P=0.55] and 6 months [60% (178/292) versus 55% (87/143), P=1.0]. Using multivariate analysis, dif-
ferences in antithymocyte globulin preparations were not associated with response rates. However, 2-year and 10-
year overall survival rates in the horse antithymocyte globulin group were significantly better than those in the
rabbit antithymocyte globulin group (2-year overall survival: 96% versus 87%, 10-year overall survival: 92% versus
84%, P=0.004). On the basis of multivariate analysis, use of rabbit antithymocyte globulin was a significant
adverse factor for overall survival (hazard ratio = 3.56, 95% confidence interval, 1.53 - 8.28, P=0.003). Rabbit
antithymocyte globulin caused more profound immunosuppression, which might be responsible for the higher
incidence of severe infections. Considering that there are no studies showing the superiority of rabbit antithymo-
cyte globulin over horse antithymocyte globulin, horse antithymocyte globulin should be recommended as a first-
line therapy. However, our results justify the use of rabbit antithymocyte globulin as first-line therapy if horse
antithymocyte globulin is not available.
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mg/kg/day for at least 6 months), and methylprednisolone (2
mg/kg/day for 5 days) with subsequent halving of the dose every
week until discontinuation on day 28. The dose of cyclosporine
was adjusted to maintain whole blood concentrations between
150 and 250 ng/mL.

Hematologic response was evaluated at 3 and 6 months after
the start of therapy. The definitions of complete response, partial
response, and relapse have been previously published.1 Briefly, a
complete response was defined for all patients as a neutrophil
count more than 1.5×109/L, a platelet count more than 100×109/L,
and a hemoglobin level more than 11.0 g/dL. A partial response
was defined as a neutrophil count more than 0.5×109/L, a platelet
count more than 20×109/L, a hemoglobin level more than 80 g/L
and no requirement for blood transfusions. Second-line therapies
for non-responders to the first immunosuppressive therapy
depended on the policies of the individual hospitals.

The Mann-Whitney U test was used to compare continuous
variables and Pearson χ2 test was used for categorical variables.
Survival rates were calculated using two methods: one indicated
when data on patients were censored at the time of stem cell
transplantation (transplant-free survival) and the other indicated
when data on patients were not censored at the time of transplan-
tation (overall survival).

Survival rates were analyzed using the Kaplan-Meier method.
Treatment groups were compared with the long-rank test. Cox
proportional hazards models were used to assess which factors
could predict response as well as risk factors for survival using
both univariate and multivariate analyses. The estimated magni-
tude of the hazard ratio (HR) is shown along with the 95% confi-
dence interval (95% CI). P values less than 0.05 are considered sta-
tistically significant.

This study was approved by ethics committees of the Catholic
University of Korea, Nagoya University Graduate School of
Medicine, and Chinese Academy of Medical Science and Pekin
Union Medical College.

Results

The patients’ characteristics are shown in Table 1.
Overall, 455 patients fulfilled the eligibility criteria; 297
patients received horse ATG and 158 patients received

rabbit ATG. The median follow-up periods were 82
months (range, 1 to 215 months) in the horse ATG group
and 20 months (range, 1 to 182 months) in the rabbit ATG
group. The median age at diagnosis was significantly older
in the horse ATG group than in the rabbit ATG group. In
addition, percentages of males, very severe aplastic ane-
mia, and hepatitis-associated aplastic anemia were signifi-
cantly higher in the horse ATG group than in the rabbit
ATG group (Table 1).

We compared hematologic responses between the horse
ATG group and the rabbit ATG group (Table 2). After 3
months, in the horse ATG group, 24 (8%) patients had
achieved a complete response and 112 (38%) had
achieved a partial response, for an overall response rate of
46%. In the rabbit ATG group, 9 (6%) patients achieved a
complete response and 57 (36%) achieved a partial
response, for an overall response rate of 42%. After 6
months, in the horse ATG group, 178 of 292 evaluable
patients achieved a response (61%) including 56 (19%)
who achieved a complete response and 122 (42%) who
achieved a partial response. In the rabbit ATG group, 87 of
143 evaluable patients achieved a response (55%) includ-
ing 25 (16%) who achieved a complete response and 62
(39%) who achieved a partial response. The response
rates between the horse ATG group and the rabbit ATG
group were not significantly different at 3 months
(P=0.55) or 6 months (P=1.0).

To determine predictors of response to immunosuppres-
sive therapy at 6 months, we compared differences in pre-
treatment variables between responders and non-respon-
ders. The following variables were included in the analy-
sis: etiology, interval between diagnosis and treatment,
severity of disease, gender, type of ATG preparation,
white blood cell count, reticulocyte count, and platelet
count. In both univariate and multivariate analyses, differ-
ences in ATG preparations were not associated with
response to immunosuppressive therapy. Male gender
was a significant predictor of better response in multivari-
ate analysis (Table 3). 

The overall survival rates at 2 and 10 years differed sig-
nificantly between groups and were 96% (95% CI: 93–
98%) and 92% (95% CI: 88–95%), respectively, in the
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Table 1. Patients’ characteristics.
Total cohort Horse ATG Rabbit ATG P value

(N=455) (n=297) (n=158)

Median age at diagnosis (range), years 8 (0 - 17) 8 (0 - 17) 6.5 (1 - 16) 0.005
Gender, male/female 246 / 209 172 / 125 74 / 84 0.024
Etiology, n. of patients (%) <0.001

Idiopathic 386 (85) 242 (81) 144 (91)
Hepatitis 53 (12) 47 (16) 6 (4)
Others 16 (3) 8  (3) 8 (5)

Severity of AA, n. of patients (%) 0.02
VSAA 272 (60) 166 (56) 106 (67)
SAA 183 (40) 131 (44) 52 (33)

Median WBC count (range), x109/L 2.1 (0.16-10.1) 1.9 (0.2-8.5) 2.8 (0.16-10.1) <0.001
Median neutrophil count (range), x109/L 0.2 (0-4.06) 0.16 (0-1.33) 0.3 (0-4.06) <0.001
Median reticulocyte count (range), x109/L 12.3 (0-202) 12.4 (0-202) 12.0 (0.1-60.9) 0.612
Median platelet count (range), x109/L 10.0 (0-109) 8.0 (0-109) 12.0 (0.1-86.0) <0.001

ATG: antithymocyte globulin; n: number; VSAA: very severe aplastic anemia; SAA: severe aplastic anemia; WBC: white blood cell.
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horse ATG group compared with 87% (95% CI: 80–92%)
and 84% (95% CI: 74–90%), respectively, in the rabbit
ATG group (P=0.004). Because 81 of 297 (27%) patients in
the horse ATG group and 21 of 158 (13%) patients in the
rabbit ATG group underwent stem cell transplantation as
salvage therapy, we calculated the overall survival when
data were censored at the time of the transplant. The
transplant-free survival rates at 2 and 10 years also differed
significantly between groups and were 99% (95% CI: 95–
99%) and 95% (95% CI: 90–98%), respectively, in the
horse ATG group compared with 91% (95% CI: 84–95%)
and 88% (95% CI: 80–94%), respectively, in the rabbit
ATG group (P=0.002). 

We assessed prognostic factors associated with overall
survival and transplant-free survival in univariate and mul-
tivariate analyses. Rabbit ATG was the only significant
adverse factor for both overall and transplant-free survival
in the univariate and multivariate analyses (Table 4). 

Clonal evolution to myelodysplastic syndrome/acute
myelogenous leukemia appeared in 13 patients in the
horse ATG group and in one patient in the rabbit ATG
group. Cytogenetic analysis at the time of evolution
showed the following abnormalities: monosomy 7 (n=7),
trisomy 8 (n=2), trisomy 8 and del(7) (n=1), monosomy X
(n=1), ins (1;?)(q21;?) (n=1), and t(3;3)(q21;q26) (n=1) in
the horse ATG group. In the rabbit ATG group, only one
patient developed myelodysplastic syndrome with a nor-
mal karyotype. Evolution to clinical paroxysmal nocturnal

hemoglobinuria  was rare, with only three patients devel-
oping this condition: two in the horse ATG group and one
in the rabbit ATG group.
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Table 2. Response to horse ATG or rabbit ATG at 3 and 6 months after
ATG treatment.

Total cohort Horse ATG Rabbit ATG P value
(N=455) (n=297) (n=158)

Response at  3 months after IST
CR 33 (7) 24 (8) 9 (6) 0.658
PR 169 (37) 112 (38) 57 (36)
NR 245 (54) 158 (53) 87 (55)
NE 8 (2) 3 (1) 5 (3)
CR/PR 202 136 66 0.549
NR 245 158 87

Response at 6 months after IST
CR 81 (18) 56 (19) 25 (16) 0.91
PR 184 (40) 122 (41) 62 (39)
NR 170 (37) 114 (38) 56 (35)
NE 20 (4) 5 (2) 15 (10)
CR/PR 265 178 87 1

NR 170 114 56
ATG: antithymocyte globulin; IST: immunosuppressive therapy; CR: complete remission;
PR: partial remission; NR: no response; NE: not evaluable.

Table 3. Univariate and multivariate analyses for response to immunosuppressive therapy at 6 months after treatment.
Covariates Univariate analysis Multivariate analysis

HR ( 95% CI) P value HR 95% CI P value

Antibody
Horse ATG 1 - - - - -
Rabbit ATG 0.995 (0.660-1.5) 0.981 - - -

Gender
Male 1 - - 1 - -
Female 0.641 (0.435-0.945) 0.025 0.646 (0.438-0.955) 0.028

Severity of aplastic anemic
Very severe 1 - - - - -
Severe 0.983 (0.664-1.45) 0.930 - - -

Etiology
Idiopathic 1 - - - - -
Hepatitis associated 1.13 (0.620-2.06) 0.689 - - -

Days from diagnosis to IST
<30 days 1 - - 1 - -
≥30 days 0.624 (0.396-0.982) 0.042 0.631 (0.399-0.996) 0.048

Days from diagnosis to IST
<180 days 1 - - - - -
≥180 days 0.423 (0.070-2.56) 0.349 - - -

White blood cell count
<2.0x109/L 1 - - - - -
≥2.0x109/L 0.756 (0.513-1.12) 0.160 - - -

Neutrophil count
<0.5x109/L 1 - - - - -
≥0.5x109/L 0.977 (0.529-1.80) 0.940 - - -

Reticulocyte count
<25.0x109/L 1 - - - - -
≥25.0x109/L 1.46 (0.945-2.27) 0.088 - - -

Platelet count
<20.0x109L 1 - - - - -
≥20.0x109/L 1.03 (0.541-1.94) 0.939 - - -

HR: hazard ratio; CI: confidence interval; IST: immunosuppressive therapy.
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The cumulative incidence of clonal evolution at 2 years
and 10 years, including both myelodysplastic
syndrome/acute myelogenous leukemia and clinical
paroxysmal nocturnal hemoglobinuria, was not signifi-
cantly different between the two groups, 4% (95% CI: 2–
7%) and 6% (95% CI: 4 –10%) in the horse ATG group
and 0% (95% CI: 0–0%) and 5% (95% CI: 1–19%) in the
rabbit ATG group, respectively (P=0.2). However, we
must be aware that the median follow-up period was
much shorter in the rabbit ATG group than in the horse
ATG group. On the other hand, the 2- and 10-year cumu-
lative incidences of relapse were significantly higher in the
rabbit ATG group (6%, 95% CI: 2–13% and 15%, 95%
CI: 8–28%, respectively) than in the horse ATG group
(3%, 95% CI:1–6% and 7%, 95% CI: 4–12%, respective-
ly) (P=0.02). Both univariate and multivariate analyses
showed that rabbit ATG was the only risk factor for
relapse (Table 5).

There were 19 deaths in the horse ATG group: the caus-
es of death were transplant-related toxicity (n=7),
myelodysplastic syndrome/acute myelogenous leukemia
(n=3), infection within 3 months of immunosuppressive
therapy (n=2), infection more than 3 months after
immunosuppressive therapy (n=4), hemochromatosis
(n=1), hemolysis (n=1), and an accident (n=1). Similarly,
there were 18 deaths in the rabbit ATG group: these deaths
were caused by infection within 3 months after immuno-
suppressive therapy (n=4), infection more than 3 months
after immunosuppressive therapy (n=3), bleeding (n=6),
transplant-related toxicity (n=4), and an accident (n=1). 

Discussion

Unlike the prospective National Institutes of Health
study comparing horse ATG and rabbit ATG,5 our study
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Figure 1. (A) Overall survival for patients treated with rabbit ATG and cyclosporine compared to horse ATG and cyclosporine. (B) Transplant-
free survival for patients treated with rabbit ATG and cyclosporine compared to horse ATG and cyclosporine. Transplantation is considered as
an event.

Figure 2. (A) Cumulative incidence of clonal evolution in patients treated with rabbit ATG and cyclosporine compared to horse ATG and
cyclosporine. (B) Cumulative incidence of relapse in patients treated with rabbit ATG and cyclosporine compared to horse ATG and
cyclosporine.
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Table 4. Prognostic factors for overall survival (A) and transplant-free survival (B) by univariate and multivariate analyses.
A: Overall survival
Covariates Univariate analysis Multivariate analysis

HR ( 95% CI) P value HR 95% CI P value

Antibody
Horse ATG 1 - - 1 - -
Rabbit ATG 2.54 (1.322-4.884) 0.005 2.54 (1.322-4.884) 0.005

Gender
Male 1 - - - - -
Female 0.815 (0.422-1.585) 0.542 - - -

Severity of aplastic anemia
Very severe 1 - - - - -
Severe 0.669 (0.34-1.316) 0.244 - - -

Etiology
Idiopathic 1 - - - - -
Hepatitis associated 1.116 (0.435-2.865) 0.819 - - -

Days from diagnosis to IST
<30 days 1 - - - - -
≥30 days 0.931 (0.426-2.037) 0.858 - - -

Days from diagnosis to IST
<180 days 1 - - - - -
≥180 days 3.046 (0.417-22.252) 0.272 - - -

White blood cell count
<2.0x109/L 1 - - - - -
≥2.0x109/L 1.296 (0.672-2.499) 0.439 - - -

Neutrophil count
<0.5x109/L 1 - - - - -
≥0.5x109/L 0.945 (0.335-2.67) 0.916 - - -

Reticulocyte count
<25.0x109/L 1 - - - - -
≥25.0x109/L 0.66 (0.29-1.502) 0.322 - - -

Platelet count
<20.0x109/L 1 - - - - -
≥20.0x109/L 1.362 (0.531-3.497) 0.52 - - -

B: Transplant-free survival
Covariates Univariate analysis Multivariate analysis

HR ( 95% CI) P value HR 95% CI P value

Antibody
Horse ATG 1 - - 1 - -
Rabbit ATG 3.563 (1.533-8.284) 0.003 3.563 (1.533-8.284) 0.003

Gender
Male 1 - - - - -
Female 0.926 (0.406-2.115) 0.856 - - -

Severity of aplastic anemia
Very severe 1 - - - - -
Severe 0.711 (0.301-1.68) 0.437 - - -

Etiology
Idiopathic 1 - - - - -
Hepatitis associated 1.06 (0.315-3.571) 0.925 - - -

Days from diagnosis to IST
<30 days 1 - - - - -
≥30 days 1.255 (0.495-3.185) 0.632 - - -

Days from diagnosis to IST
<180 days 1 - - - - -
≥180 days 4.643 (0.625-34.49) 0.134 - - -

White blood cell count
<2.0x109/L 1 - - - - -
≥2.0x109/L 1.383 (0.598-3.197) 0.448 - - -

continued on the next page
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showed a comparable response rate at 6 months between
patients treated with horse ATG or rabbit ATG, that is,
60% versus 55%, respectively. Although our study has sev-
eral limitations, including its retrospective design and sig-
nificant differences in patients’ characteristics between
groups, the large number of patients and long follow-up
period may overcome these drawbacks. The prospective
randomized study from the National Institutes of Health5

and a retrospective study from Brazil10 showed significant-
ly lower response rates in the rabbit ATG group. The
response rates at 6 months for patients treated with rabbit

ATG were only 37% and 34%, respectively, which trans-
lated into inferior overall survival rates. However, several
other studies showed comparable response rates between
patients treated with horse ATG or rabbit ATG.11-15 In the
European Blood and Marrow Transplant Group study, the
best total response rate was not significantly different
between groups, that is, 67% versus 60% for horse ATG
and rabbit ATG, respectively.6 Of note, all three retrospec-
tive studies from China,11 Korea,12 and Japan13 showed
comparable response rates between patients treated with
horse ATG or rabbit ATG, which suggests that ethnicity

Long-term outcome in children with SAA treated with horse or rabbit ATG
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continued fron the previous page

Neutrophil count
<0.5x109//L 1 - - - - -
≥0.5x109//L 1.206 (0.358-4.059) 0.763 - - -

Reticulocyte count
<25.0x109//L 1 - - - - -
≥25.0x109//L 0.795 (0.295-2.142) 0.65 - - -

Platelet count
<20.0x109/L 1 - - - - -
≥20.0x109//L 1.321 (0.392-4.447) 0.653 - - -

HR: hazard ratio; CI: confidence interval; IST : immunosuppressive therapy.

Table 5. Risk factors for relapse by univariate and multivariate analysis.
Covariates Univariate analysis Multivariate analysis

HR ( 95% CI) P value HR 95% CI P value

Antibody
Horse ATG 1 - - 1 - -
Rabbit ATG 2.524 (1.11-5.738) 0.027 2.524 (1.11-5.738) 0.027

Gender
Male 1 - - - - -
Female 0.817 (0.357-1.867) 0.631 - - -

Severity of aplastic anemia
Very severe 1 - - - - -
Severe 1.576 (0.699-3.555) 0.273 - - -

Etiology
Idiopathic 1 - - - - -
Hepatitis associated 0.556 (0.131-2.367) 0.427 - - -

Days from diagnosis to IST
<30 days 1 - - - - -
≥30 days 1.697 (0.703-4.097) 0.24 - - -

Days from diagnosis to IST
<180 days 1 - - - - -
≥180 days - - 0.997 - - -

White blood cell count
<2.0x109/L 1 - - - - -
≥2.0x109/L 2.076 (0.888-4.856) 0.092 - - -

Neutrophil count
<0.5x109/L 1 - - - - -
≥0.5x109/L 1.197 (0.357-4.016) 0.771 - - -

Reticulocyte count
<25.0x109/L 1 - - - - -
≥25.0x109/L 0.401 (0.119-1.35) 0.14 - - -

Platelet count
<20.0x109/L 1 - - - - -
≥20.0x109/L 2.019 (0.754-5.409) 0.162 - - -

HR: hazard ratio; CI: confidence interval; IST : immunosuppressive therapy.
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may be responsible for differences in response rates
between studies.

Another issue is the difference in dose of rabbit ATG
used in different studies. In the studies from China,11

Korea,12 and Spain,15 the dose of rabbit ATG was 2.5
mg/kg/day for 5 days, which was lower than the standard
dose of rabbit ATG in Europe and United States. In the
study from Guagzhou, China, 46 children received rabbit
ATG at a dose of 2.5 mg/kg/day for 5 days plus
cyclosporine.11 The response rate was 65% at 6 months,
which was comparable to results reported in previous
studies with horse ATG.1,2

Regulatory T cells are key elements in suppressing
immune responses.16 These cells are decreased in patients
with severe aplastic anemia and an increase in numbers of
regulatory T cells may be one of the mechanisms by
which to restore hematopoiesis after ATG therapy.17

Rabbit ATG, but not horse ATG, induces an expansion of
functional regulatory T cells in in vitro cultures.18 However,
in the National Institutes of Health study, the number of
regulatory T cells was much lower in the weeks after
treatment with rabbit ATG because of a profound
decrease of total CD4 lymphocytes in the rabbit ATG
group compared with the horse ATG group.5 It would be
interesting to compare the number of regulatory T cells
between groups of patients receiving lower and higher
doses of rabbit ATG.

Despite the comparable response rates, both overall sur-
vival and transplant-free survival rates were significantly
inferior in the rabbit ATG group than the horse ATG
group in our study. Multivariate analysis revealed that use
of rabbit ATG was the only adverse factor for survival.
The incidence of deaths due to infections and bleeding
was higher in the rabbit ATG group than in the horse ATG
group. In the report from Brazil, the excess of deaths
observed in the rabbit ATG group occurred mainly within
60 days following administration of ATG and all deaths
were caused by infections or bleeding.9 In the European
Blood and Marrow Transplant Group study, 11 of 35
patients treated with rabbit ATG died of infections (n=9),
bleeding (n=1), or transplant-related toxicity (n=1).6

Epstein-Barr virus remains latent in B cells after primary

infection and is controlled by virus-specific T lympho-
cytes. Compromising cellular immune responses can put
the patient at high risk of reactivation of this virus, which
can lead to lymphoproliferative disorders.19 Scheinberg et
al. reported on a series of 78 patients with aplastic anemia
who received four different immunosuppressive thera-
pies: the median peak of Epstein-Barr virus copy numbers
was significantly higher and the median duration of poly-
merase chain reaction positivity significantly longer in the
rabbit ATG group than in the other groups.20 Fortunately,
progression to clinical disease was not observed after
Epstein-Barr virus reactivation. The authors did not rec-
ommend routine monitoring of Epstein-Barr virus copy
numbers. However, recently, a fatal case of Epstein-Barr
virus-lymphoproliferative disorder was reported in a
patient from Japan treated with rabbit ATG as first-line
therapy.21 There is some concern that prolonged T-cell
suppression and more active Epstein-Barr virus reactiva-
tion caused by immunosuppressive therapy with rabbit
ATG might increase the incidence of Epstein-Barr virus-
related lymphoproliferative disorder. 

Based on these findings, intensive supportive care may
decrease the mortality rate and improve the survival rate
after rabbit ATG therapy. In fact, among 24 adult patients
who received intensive supportive care with levofloxacin,
fluconazole, valacyclovir, and granulocyte colony-stimu-
lating factor in the MD Anderson Cancer Center, there
were no early deaths in the first 100 days and the overall
survival rate was favorable, being 70% at 3 years.22

Considering that there are no studies showing the supe-
riority of rabbit ATG over horse ATG, horse ATG should
be recommended as first-line immunosuppressive thera-
py. However, horse ATG is not available everywhere,
especially in Asian countries. In these cases, first-line ther-
apy with rabbit ATG may be justified. A prospective
study is warranted to determine the optimal use of rabbit
ATG.
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