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Abstract:

Objectives: Response to immunosuppressive therapy with its predictive factors suggests the pathogenesis of
aplastic anemia differs among ethnic groups. The aims of this study were a) to investigate the therapeutic
response to antithymocyte globulin (ATG)-based immunosuppressive therapy (IST) and b) to identify predictors
of the response among Thai patients with aplastic anemia. Materials and Methods: We enrolled and reviewed
medical records of patients with aplastic anemia treated and followed up at the Division of Hematology of our
tertiary care hospital from April 1989-June 2012. Detection of the paroxysmal nocturnal hemoglobinuria (PNH)
clone was performed using high-resolution 2-color flow cytometric analysis. Results: In all, 121 patients were
recruited. Three with no data of definite therapy were excluded. Sixty-one patients, with severe aplastic anemia
(SAA) or non-severe aplastic anemia (NSAA) who required regular transfusion support, were treated with
immunosuppressive agents (IST), either ATG alone or ATG with cyclosporine A (CsA). The 6-month overall
response rates (ORRs) after the first and second courses of IST were 45.2% and 53.3%, respectively. The ORRs
to rabbit-ATG and horse-ATG were comparable. With multivariate analysis, Iymphocyte count of more than
1,600/uL was a good predictor of response to IST (OR 3.17, 95%CI: 1.01-9.98, p = 0.048). The presence of the
PNH clone of red blood cells or neutrophils did not predict response to IST. Conclusion: Our study demon-
strated therapeutic benefits of ATG-based IST among Thai patients with transplant-ineligible severe aplastic
anemia. Lymphocyte count was a good predicting factor of response to IST.
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Introduction

Aplastic anemia (AA) is a hematopoietic stem cell
disorder characterized by pancytopenia and hypocel-
lular bone marrow. Its incidence was shown to be
higher in Thailand than in Europe and North America,
and was estimated to total 3.9-5 cases/million/year.”
The disease is categorized in very severe, severe, and
nonsevere groups according to peripheral blood count
and bone marrow features.*” Before curative treatments
with either hematopoietic stem cell transplantation
(HSCT) or immunosuppressive therapy (IST), most
patients with severe aplastic anemia died from neutro-
penia related infections and thrombocytopenia-related
bleeding complications.” Life expectancy among patients
with severe disease with no curative treatment is usu-
ally shorter than 12 months.”®

Both laboratory evidence and therapeutic response
to immunosuppression point out that the pathogenesis
of idiopathic aplastic anemia is immune-mediated in
which cytotoxic T-lymphocytes and cytokines play a
role in the suppression of hematopoiesis.’ Anti-thymo-
cyte globulin (ATG) combined with cyclosporine has
been shown to be the most effective immunosuppres-
sive regimen to treat aplastic anemia. ATG has various
immunomodulatory effects including T-lymphocyte
depletion in peripheral blood and lymphoid tissues, with
modulation of T-cell mediated bone marrow injury.”” In
addition, clones of blood cells with paroxysmal noctur-
nal hemoglobinuria (PNH), a phenotype characterized
by a deficiency of glycosylphosphatidylinositol anchored
protein (GPI-APs) on cell membranes, were detected in

13
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up to 60% of patients with aplastic anemia.
topoietic cells with loss of GPI-AP are less likely to be
damaged by cytotoxic T-lymphocytes. The presence
of PNH clones may be a marker of immune-mediated
bone-marrow failure.'*"* The PNH negative clone had
been shown to be a predicting factor of response to IST
in patients with aplastic anemia.” Absolute reticulocyte

count > 25,000/uL and absolute lymphocyte count

> 1,000/uL were among other reported predictors of
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response to IST."

Adding cyclosporine A (CsA) to antithymocyte
globulin (ATG) was shown to increase response rate
from 31 to 65% in patients with severe aplastic anemia
(SAA)." This combination has been used as a standard
treatment for transplant ineligible patients. Until
recently, CsA was not covered in the Thai national
universal health coverage; therefore, a proportion of
Thai patients with SAA were formerly treated with ATG
alone. In this study, we retrospectively analyzed the
therapeutic response of ATG-based IST, altogether of
either ATG alone or ATG with CsA among Thai patients
with transplant-ineligible, severe aplastic anemia. Pre-
dictive factors of response to ISTs were also determined,

together with overall survival of the patients.

Materials and Methods

Patients & Eligibility

In this retrospective observational study, we reviewed
medical records of patients with aplastic anemia of
various severities, aged between 12 to 85 years old,
treated and followed at the Division of Hematology of
our tertiary care hospital, Bangkok, Thailand from April
1989 to June 2012. We excluded vulnerable patients
with either pregnancy, CrCl < 30 mL/min, AST or ALT
> threefold of normal limits, cirrhosis, cancer, heart
disease or cerebrovascular disease. For our study, SAA
was defined as a bone marrow cellularity of less than
25% together with two of the following blood count
criteria: i) corrected reticulocyte count < 1%, 1ii) abso-
lute neutrophil count (ANC) < 500/LLL, and iii) platelet
count < 20,000/UL. Patients who met SAA criteria and
having ANC of < 200/p1L were classified as having very
severe aplastic anemia (VSAA).*® This study was car-
ried out after being approved by the faculty institu-
tional review board.
Screening of the PNH Clone

Screening of the PNH clone was performed by high-
resolution 2-color flow cytometric analysis according to

the previously described method.”® Presence of 0.003%
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and 0.005% of deficient GPI-AP- (CD55 and CD59) gran-
ulocytes and erythrocytes, respectively in peripheral
blood indicated the presence of the PNH clone.
Data Collection

Age at diagnosis, sex, disease severity, time to treat-
ment, complete blood count, reticulocyte count, type
of immunosuppressive therapy and response were col-
lected and analyzed.
Definition of Response

Response to either immunosuppressive therapy or
anabolic hormones was assessed after four to six months
of treatment, confirmed by two blood counts as a min-
imum of four weeks apart. It was categorized in two
groups; partial response (PR) defined as transfusion
independence and no longer meeting criteria for severe
disease and complete response (CR) defined as hemo-
globin concentration > 12 g/dL, neutrophil count
> 1,500/ML and platelet count > 150,000/pL. "
Statistical Analysis

The statistical analysis was performed using SPSS,
version 16. Numerical data were presented as frequen-
cy and percentage. Categorical data with normal dis-
tribution were presented with means and standard
deviations, while those without normal distribution were
presented as median, minimum and maximum.

Comparison between groups such as response rates
were analyzed by Chi-square or Fisher's exact test.
Overall survival was shown with percentage and 95%
confidence interval. Predictors of response were ana-
lyzed by Chi-square or Fisher's exact test and indepen-
dent t-test or Mann-Whitney U test. The factors with
p < 0.2 were calculated with multiple logistic regressions
and presented with adjusted odd ratio (OR) and 95%
confidence interval (CI). All comparisons were prepared

by two-tailed test.

Results
Patients’ Characteristics
A total of 121 patients with aplastic anemia were

initially recruited. They comprised 13 VSAA, 70 SAA

and 38 nonsevere (NSAA) patients. Three were ex-
cluded due to lack of certain treatment data. Sixty-five
patients were treated with IST and 53 patients were
given only anabolic hormones.

The IST used in this study was horse ATG (Lym-
phoglobuline”, Genzyme, USA) at a dose of 15 mg/kg/
day (21 patients) or rabbit ATG, i.e., Thymoglobulin®
(Genzyme, USA) 2.5-3.75 mg/kg/day (33 patients) or
ATG-Frasenius” (Frasenius Biotech, Germany) 5 mg/
kg/day (7 patients), intravenously for five days. A pro-
portion of patients also received cyclosporine A (CsA),
starting at a dose of 5 mg/kg/day after ATG, and ad-
justed dosage to maintain a proper serum trough level
(200-300 ng/mL).

Characteristics of patients treated with IST are shown
in Table 1. They comprised 32 females (49.2%) and 33
males (50.8%), median age of 37 years (range 13-81
years). Clinical severities included 11 NSAA (16.9%), 45
SAA (69.2%), and 9 VSAA (13.9%). The most common
presented symptom was anemia accounting for 80%
of cases. Bleeding and fever were found in 69.2 and
21.5% of patients, respectively. The baseline hemato-
logic parameters included hemoglobin of 6.35+1.63 g/
dL, reticulocyte count of 0.6% (range 0.03-2.00), platelet
count of 8,000/UL (range 2,000-64,000), absolute neu-
trophil count of 612/pIL (range 37-2,544) and absolute
lymphocyte count of 1,550/pL (range 463-4,830). Detec-
tion of PNH clone was carried out in 45 patients. The
median clone size for PNH granulocytes was 0.086%
(range 0.000-8.158%) and for erythrocytes was 0.000%
(range 0.000-2.169%). A positive PNH clone, as indi-
cated by the presence of > 0.003% and/or > 0.005% of
deficient GPI-AP granulocytes and erythrocytes, respec-
tively, was found among 30 patients (66.7%).
Hematologic Response to IST

Among the 65 patients, 61 received either ATG
alone (42 patients) or ATG with CsA (19 patients) as
initial treatment. Four patients were treated with CsA
alone. The overall response rate (ORR) to ATG was

42.6% (Figure 1). Nearly all patients (25 of 26), responding
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Table 1 Characteristics of patients treated with immunosuppressive agents

Female, n (%)
Age in year, median (min-max)
Clinical diagnosis, n (%)
NSAA (required transfusion)
SAA

VSAA
Presenting symptom, n (%)

Anemic symptom
Bleeding

Fever
Hb (g/dL), mean + SD

MCV (fL), median (min-max)
Reticulocyte count (%), median (min-max)

Platelet (/LLL), median (min-max)

Absolute neutrophil count (/UL), median (min-max)

Absolute lymphocyte count (/[L), median (min-max)

PNH -ve RBC clone (%), median (min-max)

PNH -ve PMN clone (%), median (min-max)

Time to treatment (weeks), median (min-max)

32 (49.2)
37 (13-81)

11 (16.9)
45 (69.2)
9 (13.8)

52 (80)
45 (69.2)

14 (21.5)
6.35 £ 1.63

89 (72-117)

0.6 (0.03-2.00)
8,000 (2,000-64,000)
612 (37-2,544)
1,650 (463-4,830)
0.000 (0.000-2.169)
0.086 (0.000-8.158)
14 (2-172)

n, number; NSAA, non-severe aplastic anemia; SAA, severe aplastic anemia; VSAA, very severe aplastic anemia;
SD, standard deviation; PNH, paroxysmal nocturnal hemoglobinuria; RBC, red blood cell; PMN, polymorphonuclear

leukocytes; PNH -ve RBC clone normal < 0.005%, PNH -ve PMN clone normal < 0.003%
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Figure 1 Overall response rate to immunosuppressive therapy (IST) at six months according to various treatment

setting; 1% ATG-based IST, 1™ h (horse) ATG, 1% 1 (rabbit) ATG, 2" ATG-based IST

Nnsslafieineuasznaasuimslafio 07 27 atul 3 nangaN-Tueneu 2560



256 Photsawee Khemaphiphat, et al.

to the ATG-based IST, had remission after four months
of treatment initiation. Of those who responded to
ATG, CR and PR were achieved in 5 (8.2%) and 21
patients (34.4%), respectively. Regarding to the PR, 12
of the 21 responding patients (57%) improved all three
hematopoietic lineages and all responding patients ex-
cept one had hemoglobin increments leading to trans-
fusion independence. No difference was observed in
overall remission between those treated with horse-ATG
(21 patients) and rabbit-ATG (40 patients) (ORR 39.1%
vs. 45% respectively, p = 0.629). Of the four patients
treated with only CsA, two achieved remission (one
with CR, the other with PR) and two did not respond
to the treatment.

FEighteen patients had a second course of IST, 15
were refractory to and three relapsed after the first
course of IST. In the refractory group, the response
rate was 53.33% (8 of 15 patients) with a CR of 20% (3
of 15 patients). Among the relapsed patients, re-treat-
ment with IST induced a remission rate of 33.33% (1 of
3 patients).

Predictive Factors of Response to IST

Patients’ characteristics including clinical features,
such as age, sex, anemic or bleeding symptoms and
onset of the disease before therapy did not differ in the
responsive and nonresponsive groups. Among the
hematologic data, lymphocyte count > 1,500/UL and
reticulocyte count > 0.5% favored response to IST (p =
0.023 and 0.04, respectively) (Table 2). However, with
multivariate analysis, lymphocyte count > 1,500/[LL was
the only independent factor that predicted response to
IST (OR 3.17, 95%CI: 1.01-9.98, p = 0.048). Presence of
the PNH clone, either of RBC or PMN, had no predictive
value of response to IST among patients with severe
aplastic anemia.

Cumulative Overall Survival

Cumulative overall survival rates of patients with
NSAA, SAA and VSAA at 12 and 24 months were
similar at 0.9, 0.77, and 0.5, respectively. At 60 months,
the cumulative survival rates of NSAA, SAA and VSAA
were 0.9, 0.65, and 0.5, respectively (Table 3 and Figure 2).

Discussion

In the absence of histo-compatible donor or the
presence of comorbidities, ATG-based IST is recom-
mended as the front-line treatment of severe aplastic
anemia. Horse ATG (h-ATG) had been widely used
until recently, because of its limited availability, and
has been replaced by rabbit ATG (-ATG) at least in
many countries including Thailand. After it was
reported that adding CsA increased the response rate
to ATG, the combination of ATG and CsA has become
a standard front-line treatment of aplastic anemia.”” We
found that the ORR (CR+PR) to ATG-based IST in our
patients was 42.6%. No significant difference was found
in ORRs after h-ATG and r- ATG. Our finding of com-
parable efficacy between 1-ATG and h-ATG is similar
to some other studies.™? After six months of treatment,
the ORRs of our patients to h-ATG and 1-ATG were
39.1% versus 45%, which were comparable to the 39.1%
versus 45.3%, respectively, from a study by Shin et al”
In an Asian retrospective study, the 6- and 12-month
ORRs after 1-ATG were 24.3 and 68.6%, respectively,
and the 12-month ORR was comparable to historical
results obtained with h-ATG.” However, these findings
seemed to be discordant with other reports showing a
higher overall response to h-ATG than r-ATG; 59.5%
versus 34.5% and 68% versus 37%.”* There had been
no difference in response to h-ATG and r-ATG in a
study of European patients.” Apart from heterogeneity
of study components, the difference in response to
ATG-based IST among reported studies may reflect the
disparate pathogenesis of aplastic anemia among patient
populations. Epidemiological studies of aplastic anemia
in Thailand have demonstrated a significant association
of aplastic anemia with agricultural pesticides, farming
with exposure to ducks and geese and drinking water
from local sources in rural areas.” Therefore, the patho-
genesis of aplastic anemia in Thai patients is possibly
heterogeneous and immune mediated bone marrow
injury may play a lesser role, resulting in a lower response
to IST, as compared with patients from western coun-

tries.
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Table 2 Possible predictive factors of response to IST
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Factor

Response to IST

No response, n (%)

Response, n (%)

p-value

Sex
Male 18 (54.5) 15 (45.5) 0.694
Female 19 (59.4) 13 (40.6)

Mean age (years) (mean & SD) 4405+ 17.68 38.25  18.90 0.208

Clinical diagnosis
NSAA 6 (54.5) 5 (45.5) 0.861
SAA 25 (55.6) 20 (44.4)
VSAA 6 (66.7) 3(33.3)

Anemic symptom
No 7 (58.3) 5(41.7) 0.872
Yes 29 (55.8) 23 (44.2)

Bleeding symptom
No 13 (68.4) 6 (31.6) 0.202
Yes 23 (51.1) 22.(48.9)

Fever
No 27 (54.0) 23 (46.0) 0.493
Yes 9 (64.3) 5 (35.7)

Onset to treatment (weeks) 16 (2-156) 13 (3-172) 0.686

Median (min-max) Median (min-max)

Hb (g/dL) (mean % SD) 6.19 £ 1.55 6.56 * 1.52 0.415

Reticulocyte count (%)
<1 15 (53.6) 13 (46.4) 0.423
>1 3(37.5) 5 (62.5)

Reticulocyte count (%)
<05b 10(71.4) 4(28.6) 0.040
=05 8(36.4) 14(63.6)

Neutrophil count (/L)
< 200 6(75.0) 2(25.0) 0.269
2> 200 27(50.9) 26(49.1)

Lymphocyte count (/L)
< 1,500 19 (70.4) 8 (29.6) 0.023
> 1,500 14 (41.2) 20 (58.8)

Platelet (/L)
< 10,000 20 (58.8) 14 (41.2) 0.572
> 10,000 15 (51.7) 14 (48.3)

PNH (GPI-ve) RBC clone
Absence 10(43.5) 13(56.5) 0.420
Presence 7(31.8) 15(68.2)

PNH (GPI-ve) PMN clone
Absence 5(33.3) 10(66.7) 0.664
Presence 12(40.0) 18(60.0)
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Table 3 Cumulative survival of aplastic anemia patients treated with immunosuppressive agents

Cumulative survival 12 months
NSAA 0.9
SAA 0.77
VSAA 0.5

24 months 60 months
0.9 0.9
0.77 0.65
0.5 05

NSAA, non-severe aplastic anemia; SAA, severe aplastic anemia; VSAA, very severe aplastic anemia

Survival Functions
1.0 Clinical of diagnosis
—TINS AA
N —I1Severe AA
—I1Very severe AA
—+ NS AA-censored
0.6 p =0.202 —t— Severe AA-censored
—t— Very severe AA-censored
= S p =0.074
2
g
@ 0.6
-
o /
[
2
5
S 0.47
£
]
o
0.2
0.0
| T T I I [
0 50 100 150 200 250
Time from diagnosis to last follow-up (months)

Figure 2 Kaplan-Meier curve for cumulative survival in patients with aplastic anemia treated with immunosup-

pressive agents; NSAA, nonsevere aplastic anemia; severe AA, severe aplastic anemia; very severe AA, very

severe aplastic anemia

In our study, we assessed the long term outcomes
of IST by investigating the cumulative overall survival
of the patients. As expected, early mortalities were
remarkable among patients with SAA and especially
VSAA. After one year, the cumulative survivals between
patients with SAA including VSAA and NSAA did not
significantly differ, as those survived early complications
of the disease and IST acquired the responsive benefits
of the treatment.

Using univariate analysis, we found a lymphocyte
count > 1,500/L and reticulocyte count > 0.5% favored
response to IST at six months evaluation (Table 2).

However, in the multivariate analysis, a lymphocyte

counts > 1,600/LLL was the only independent predicting

factor of ORR to the treatment. A lymphocyte count
>1,000/uL was shown to be a good predictor of response
to IST at six months in North American patients.® In
this study, we did not find any relationship between
the presence of a PNH clone and ORR to IST. Studies
of predictive responses to IST of the presence of PNH
clones in SAA have yielded controversial results, either
favorable™ or no responsive effect.”’  As PNH phenotype
and the presence of certain HLA alleles especially HLA-
DR 15 in aplastic anemia suggest its immune mediated

. 131418
pathogenesis, ™

lack of predictive value of response
of the presence of PNH clone in our studied patients
may reflect a lesser role of immune-mediated suppres-

sion of hematopoiesis. Interestingly, a second course
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of IST, all with r-ATG showed a promising response
rate of 563.33% among patients who were refractory to
the first-line IST. The response rates of the second IST
with -ATG + CSA in different series were between
22% and 77%.%% As a result, this treatment may be
considered when no remission is achieved after six
months of initial IST.

In conclusion, we confirmed the therapeutic benefits
of IST containing ATG in patients with SAA. Amidst
reports suggesting different biological activities of
h-ATG and 1-ATG, our retrospective study demonstrated
a similar efficacy between these two products as the
front-line treatment of SAA. The only predictive factor
of response in our study was a lymphocyte count

> 1,500/ML.

Acknowledgments
We would like to acknowledge Ms. Kemajira Kara-
ketklang from the Department of Medicine, Faculty of
Medicine, Siriraj Hospital, Mahidol University for her
assistance in statistical analysis. This work was sup-
ported by a residency/fellowship research grant to P.K.

from the Thai Society of Hematology (TSH).

References

1. Issaragrisil S. Epidemiology of aplastic anemia in Thailand. Thai
Aplastic Anemia Study Group. Int J Hematol. 1999;70:137-40.

2. Issaragrisil S, Kaufman DW, Anderson T, Chansung K, Leaverton
PE, Shapiro S, et al.
Thailand. Blood. 2006,107:1299-307.

3. Montane E, Ibanez L, Vidal X, Ballarin E, Puig R, Garcia N,
et al. Epidemiology of aplastic anemia: a prospective multicenter
study. Haematologica. 2008,93:518-23.

4. Camitta BM, Rappeport JM, Parkman R, Nathan DG. Selection

The epidemiology of aplastic anemia in

of patients for bone marrow transplantation in severe aplastic
anemia. Blood. 1975;45:355-63.

5. Bacigalupo A, Hows J, Gluckman E, Nissen C, Marsh J, Van Lint
MT, et al. Bone marrow transplantation (BMT) versus immuno-
suppression for the treatment of severe aplastic anaemia (SAA):
a report of the EBMT SAA working party. Br J Haematol
1988;70:177-82.

6. Quillen K, Wong E, Scheinberg P, Young NS, Walsh TJ, Wu CO,
et al. Granulocyte transfusions in severe aplastic anemia. an

eleven-year experience. Haematologica. 2009,94:1661-8.

18.

20.

21.

259

Camitta BM, Thomas ED, Nathan DG, Santos G, Gordon-Smith
EC, Gale RP, et al. Severe aplastic anemia: a prospective study
of the effect of early marrow transplantation on acute mortality.

Blood. 1976;48:63-70.

. Tuzuner N, Bennett JM. Reference standards for bone marrow

cellularity. Leuk Res. 1994,18:645-7.

. Nakao S, Takami A, Takamatsu H, Zeng W, Sugimori N, Yamazaki

H, et al. Isolation of a T-cell clone showing HLA-DRB1*0405-
restricted cytotoxicity for hematopoietic cells in a patient with

aplastic anemia. Blood. 1997,89:3691-9.

. Mohty M. Mechanisms of action of antithymocyte globulin: T-cell

depletion and beyond. Leukemia. 2007,21:1387-94.

. Mukhina GL, Buckley JT, Barber JP, Jones RJ, Brodsky RA.

Multilineage glycosylphosphatidylinositol anchor-deficient
haematopoiesis in untreated aplastic anaemia. Br J Haematol

2001;115:476-82.

. Wanachiwanawin W, Siripanyaphinyo U, Piyawattanasakul N,

Kinoshita T. A cohort study of the nature of paroxysmal noctur-
nal hemoglobinuria clones and PIG-A mutations in patients with

aplastic anemia. Eur J Haematol. 2006,76:502-9.

. Nakao S, Sugimori C, Yamazaki H. Clinical significance of a small

population of paroxysmal nocturnal hemoglobinuria-type cells in
the management of bone marrow failure. Int J Hematol. 2006;84:118-

22.

. Young NS. The problem of clonality in aplastic anemia: Dr

Dameshek’s riddle, restated. Blood. 1992,79:1385-92.

. Maciejewski JP, Follmann D, Nakamura R, Saunthararajah Y,

Rivera CE, Simonis T, et al. Increased frequency of HLA-DRZ in
patients with paroxysmal nocturnal hemoglobinuria and the PNH/

aplastic anemia syndrome. Blood. 2001,98:3513-9.

. Scheinberg P, Wu CO, Nunez O, Young NS. Predicting response

to immunosuppressive therapy and survival in severe aplastic

anaemia. Br J Haematol 2009;144:206-16.

. Frickhofen N, Heimpel H, Kaltwasser JP, Schrezenmeier H.

Antithymocyte globulin with or without cyclosporin A: 11-year
follow-up of a randomized trial comparing treatments of aplastic
anemia. Blood. 2003,101:1236-42.

Sugimori C, Yamazaki H, Feng X, Mochizuki K, Kondo Y,
Takami A, et al. Roles of DRB1 *1501 and DRB1 *1502 in the
pathogenesis of aplastic anemia. Exp Hematol. 2007;35:13-20.

. Camitta BM. What is the definition of cure for aplastic anemia?

Acta Haematol. 2000;103:16-8.

Shin SH, Yoon JH, Yahng SA, Lee SE, Cho BS, Eom KS, et al
The efficacy of rabbit antithymocyte globulin with cyclosporine
in comparison to horse antithymocyte globulin as a first-line
treatment in adult patients with severe aplastic anemia: a single-
center retrospective study. Ann Hematol 2013;92:817-24.
Afable MG, 2nd, Shaik M, Sugimoto Y, Elson P, Clemente M,
Makishima H, et al. Efficacy of rabbit anti-thymocyte globulin

in severe aplastic anemia. Haematologica. 2011;96:1269-75.

nsmslafioinenuazzensasuimslaio 01 27 20fufl 3 nIngnAN-Tsene 2560



260

22.

23.

24.

25.

26.

Photsawee Khemaphiphat, et al.

Chuncharunee S, Wong R, Rojnuckarin P, Chang CS, Chang KM,
Lu MY, et al. Efficacy of rabbit antithymocyte globulin as first-
line treatment of severe aplastic anemia: an Asian multicenter
retrospective study. Int J Hematol 2016;104.454-61.

Atta EH, Dias DS, Marra VL, 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 2010,89:851-9.
Scheinberg P, Nunez O, Weinstein B, Biancotto A, Wu CO, Young
NS. Horse versus rabbit antithymocyte globulin in acquired
aplastic anemia. N Engl J Med. 2011;365:430-8.

Marsh JC, Bacigalupo A, Schrezenmeier H, Tichelli A, Risitano
AM, Passweg JR, et al. Prospective study of rabbit antithymocyte
globulin and cyclosporine for aplastic anemia from the EBMT
Severe Aplastic Anaemia Working Party. Blood. 2012;119:5391-6.
Kulagin A, Lisukov I, Ivanova M, Golubovskaya I, Kruchkova I,
Bondarenko S, et al. Prognostic value of paroxysmal nocturnal
haemoglobinuria clone presence in aplastic anaemia patients
treated with combined immunosuppression: results of two-centre

prospective study. Br J Haematol 2014;164:546-54.

27.

28.

29.

Timeus F, Crescenzio N, Longoni D, Doria A, Foglia L, Pagliano
S, et al. Paroxysmal nocturnal hemoglobinuria clones in children
with acquired aplastic anemia: a multicentre study. PLoS One
2014,9:101948.

Di Bona E, Rodeghiero F, Bruno B, Gabbas A, Foa P, Locasci-
ulli A, et al. Rabbit antithymocyte globulin (r-ATG) plus cyclo-
sporine and granulocyte colony stimulating factor is an effective
treatment for aplastic anaemia patients unresponsive to a first
course of intensive immunosuppressive therapy. Gruppo Ital-
iano Trapianto di Midollo Osseo (GITMO). Br J Haematol. 1999;
107:330-4.

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 2006,;133:

622-7.

J Hematol Transfus Med Vol 27 No. 3 July-September 2017



