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Abstract

Background: Antihuman T lymphocyte porcine immunoglobulin (p-ATG) has been the most
common ATG preparation in immunosuppressive therapy (IST) in Chinese patients with severe

aplastic anemia (SAA] since 2009.

Objectives: This study aimed to evaluate the early hematologic response and long-term
outcomes of a large cohort of patients with SAA who received p-ATG plus cyclosporine (CsA)

as first-line therapy from 2010 to 2019.

Design: This is a single-center retrospective study of medical records.
Methods: We analyzed the data of 1023 consecutive patients with acquired aplastic anemia
(AA) who underwent p-ATG combined with CsA as a first-line IST treatment from 2010 to 2019

at our department.

Results: The median age of the patients was 24 (4-75) years, and the median follow-up time
was 57.2months (3days-137.5 months]. There was an early mortality rate of 2.8% with a
median death time of 0.9 months (3days-2.9 months). The overall response rates were 40.6%
and 56.1% at 3 and 6 months, respectively. The 5-year cumulative incidences of relapse and
clonal evolution were 9.0% [95% confidence interval (Cl)=4.2-16.0%] and 4.5% (95% Cl=1.4-
10.6%), respectively. The 5-year overall survival (0S) and event-free survival rates were 83.7%
(95% C1=81.1-86.0%) and 50.4% (95% Cl=47.1-53.5%), respectively.

Conclusion: p-ATG combined with CsA for the treatment of AA is effective and safe, and p-ATG
can be used as an alternative ATG preparation for the standard IST regimen in areas in which

h-ATG is not available.

Keywords: aplastic anemia, hematologic response, IST, p-ATG, survival

Received: 5 July 2022; revised manuscript accepted: 5 November 2022.

Introduction

The first report of the beneficial effect of antilym-
phocyte globulin (ALG) on autologous hemato-
logic recovery in severe aplastic anemia (SAA) was
done by Methe ez al.! in 1970. In a series of subse-
quent studies, antihuman thymocyte globulin
(ATG) combined with cyclosporine (CsA), as a
standard intensive immunosuppressive regimen,

was found to be a well-established first-line treat-
ment for patients with SAA who are ineligible for
hematopoietic stem cell transplantation.?-°

ATG/ALG is obtained from the immunization of
animals, generally horses or rabbits, with human
lymphoid cells, such as thymus (ATG) and thoracic
duct lymphocytes (ALG).1° Previous prospective
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and retrospective studies demonstrated that horse
antihuman thymocyte globulin (h-ATG) was supe-
rior to rabbit ATG in terms of both hematologic
response (HR) and survival.ll-15 Therefore, h-ATG
is recommended as the standard preparation for
first-line immune suppression in SAA. Nevertheless,
rabbit antihuman thymocyte globulin (r-ATG)
combined with CsA is still widely used as a first-line
immunosuppressive regimen in Europe and Asia
because h-ATG (lymphoglobulin) was withdrawn
from the market in 2007 and replaced by r-ATG,
which is the only available formulation of ATG.

As in Europe, h-ATG has been unavailable in
China since the year 2000. The antihuman T
lymphocyte porcine immunoglobulin (p-ATG,
provided by Yujin Bio-Pharma Wuhan CNBG
Co., Ltd., Wuhan, China) was made available in
1983 and approved for the treatment of aplastic
anemia by the Sino Food and Drug Administration
in 2004. It is a commonly used ATG preparation
in immunosuppressive therapy (IST) for SAA in
China, even exceeding the r-ATG usage since
2009. A few small retrospective cohort studies
reported that p-ATG combined with cyclo-
sporine (CsA) is a useful immunosuppressive
regimen for SAA in China.!6-1° This study aimed
to evaluate the early HR and long-term outcomes
of a large cohort of patients with SAA who
received p-ATG plus CsA as first-line therapy
from 2010 to 2019.

Methods

Patients

This study retrospectively analyzed the data of
1023 consecutive patients diagnosed with SAA
admitted to the Anemia Therapeutic Center of
the Institute of Hematology and Blood Diseases
Hospital, Chinese Academy of Medical Sciences,
between January 2010 and December 2019.
The study protocol was approved by the institu-
tional ethics committee (IIT2021008-EC-1)
and follows the Declaration of Helsinki. The
reporting of this study conforms to STROBE
(Strengthening the Reporting of Observational
studies in Epidemiology) guidelines.20

All 1023 patients with a confirmed diagnosis of
transfusion-dependent nonsevere, severe, or very
severe aplastic anemia (VSAA) enrolled in this
study were ineligible for allo-hematopoietic stem
cell transplantation (HSCT) due to a lack of a

human leukocyte antigen (HLLA)-matched sibling
donor, being above 40years of age, or for finan-
cial reasons. Therefore, they received p-ATG
with CsA as first-line IST. AA was diagnosed
based on the International Agranulocytosis and
Aplastic Anemia Study Group criteria,?! and AA
severity was determined using the modified crite-
ria described by Camitta and Bacigalupo.2?2:23
Patients with congenital bone marrow failure
were excluded from the study. Patients diagnosed
with aplastic anemia with del 20/20q, +8, and =Y
were included in this study.

Treatments

Antihuman T lymphocyte immunoglobulin adminis-
tration. Patients received p-ATG for five consec-
utive days (day 1-5), at a dose of 20 mg/kg/day, as
an intravenous infusion lasting 12-18h. To pre-
vent p-ATG-related serum sickness, corticoste-
roids were administered at a dose of 1 mg/kg/day
for at least 7 days, tapered, and stopped within
2-3weeks post-p-ATG treatment. For obese
patients, p-ATG was dose adjusted according to
the average between 1.3 X the ideal body weight
and their actual weight.

CsA dosing and adjustments

CsA was administered orally from day 1 of
p-ATG treatment at two separate doses starting
from 3 to 5mg/kg/day and adjusted to maintain
the trough concentration at 150-250ng/ml
and the peak concentration at 800—-1000ng/ml.
CsA was administered at the optimal dose until
patients achieved the best HR for at least
3 months, and was then slowly tapered at a dose
of 25-50 mg every 3 months.

Supportive care

Granulocyte colony-stimulating factor (G-CSF)
was administered at a dose of 5-10ug/kg when
the absolute neutrophil count (ANC) was
<0.5 X 10%1 and discontinued when ANC was
=0.5X10%1. Red blood cell transfusion was
administered to maintain hemoglobin levels
=70g/l in elderly patients. Prophylactic platelet
transfusion was administered to patients with sta-
ble AA with a platelet count of <10 X 10%1.
Platelet transfusion was administered to patients
with fever or sepsis when the platelet count was
<20 X 10%1. During p-ATG treatment, the plate-
let count was maintained at 20 X 10%1. All patients
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were not given any antibacterial, antiviral, or anti-
fungal prophylaxis after ATG administration.

Hematologic response evaluation

Complete response (CR) was defined as the ful-
fillment of all the following criteria without clonal
evolution: hemoglobin >100g/L, absolute neu-
trophils >1.0 X 1091, and platelets >100 X 10%/1.
Partial response (PR) was defined as all the fol-
lowing: hemoglobin >70 g/l, absolute neutrophils
>0.5 X 1091, platelets >20 X 1091, and transfu-
sion independence. Good partial response (GPR)
was defined as all the following: hemoglobin
>80 g/l, absolute neutrophils >1.0 X 1091, plate-
lets >50 X 10%1, and transfusion independence.
No response (NR) was defined as not meeting
any of the response criteria defined above. The
HRs were classified as NR if the patients died or
were lost to follow-up within 6 months. Four and
14 patients were lost to follow-up within 3 and
6 months, respectively.

Follow-up and clonal evolution

The final follow-up in this study was in April 2022.
Early death, delayed HR, overall survival (OS),
event-free survival (EFS), clinical relapse, clonal
evolution, and hemolytic paroxysmal nocturnal
were evaluated during follow-up. Paroxysmal
nocturnal hemoglobinuria (PNH) clones were
screened every 3 months during the first year after
IST and then every 6 months. Chromosomal kar-
yotyping was performed by bone marrow aspira-
tion at 3, 6, and 12months during the first year
after IST and then semiannually or annually to
screen for clonal evolution. Definitions of these
events are provided in the Supplementary
Information. To assess relapse rate, patients were
included regardless of the response time. Clinical
relapse was defined as a decrease in blood counts
to values requiring red blood cell and platelet
transfusions or reinstitution of IST or HSCT.
Thrombopoietin receptor agonist (TPO-RA),
such as eltrombopag, was unavailable in China
before 2019; thus, all nonresponse patients with-
out rescue treatment, such as HSCT or HD-CTX,
did not receive TPO-RA treatment.

Statistical analysis

All the included patients had a telephonic follow-
up. The final follow-up date was 1 April 2022.
SPSS version 22.0 (IBM Corp., Armonk, NY,

USA) was used for the statistical analysis.
GraphPad Prism 9 (GraphPad Software Inc., San
Diego, CA, USA) was used to generate the fig-
ures. The chi-square test was used for categorical
variables, and the Mann—Whitney U test was used
for continuous variables. OS and EFS were esti-
mated using the Kaplan—Meier method. The log-
rank test was used to compare the OS and EFS
values in the subgroups. The cumulative inci-
dences of relapse and clone evolution events were
estimated using a competing risk model. Statistical
significance was set at p<<0.05.

Results

Patients

One thousand twenty-three aplastic anemia were
included in this study, with a median age of 24
(4-75) years, with 550 males and 473 females.
The median follow-up was 57.2 months (3 days—
137.5months). The clinical features were also
noted (Table 1).

Early death

Twenty-nine patients died within 3 months after
IST, with an early death rate of 2.8% (29/1023);
the median death time was 0.9 (0.1-2.9) months.
There were 24 patients with VSAA and 5 with
SAA, with infection and hemorrhage being the
main causes.

Adverse events associated with p-ATG

The common adverse events were infusion-related
reactions and serum sickness. The incidence of
infusion-related reactions was 3.3% during the
course of p-ATG infusion, including 12 cases of
fever and 21 cases of mild rashes. The incidence of
serum sickness was 55.4%, including 25.7% with
fever, 16.1% with rashes, and 41.0% with muscle
and joint pain. The incidence of other abnormal
conditions was 7.9%, including hepatotoxicity
(3.0%), renal insufficiency (1.4%), arrhythmia
(0.4%), hoarseness (0.9%), and hemolytic anemia
(2.2%). These events were controlled by a suffi-
cient dose of glucocorticoid treatment.

Hematologic response

The overall hematologic response rate (ORR)
was 40.7% (416/1023) at 3months, including
5.9% (60/1023) patients with CR and 12.6%

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

THERAPEUTIC ADVANCES in
Hematology

Volume 14

Table 1. Characteristics of the patients at baseline.

Characteristics

All patients (N=1023)

Follow-up, months, median (range)
Age, years, median (range)
Age category, n (%)
<10years
=10 to <18years
=18 to <40years
=40 to <bbyears
=65years
Sex, male/female
Severity of aplastic anemia, n (%)
Very severe
Severe
Transfusion-dependent nonsevere
Complete blood count
Hemoglobin, g/l, median (range)
Reticulocyte count, X 10%/1, median (range)
Neutrophil count, X10%1, median (range)
Platelet count, X109/, median (range)
Cytogenetic abnormalities, n (%)
Normal
Abnormal karyotype?

Karyotypic analysis failed

PNH clone positive, n (%)

57.2 (0.1-137.5)
27 (4-75)

46 (4.5%)
224 (21.9%)
455 (44.5%)
279 (27.3%)
19 (1.9%)

550/473

379 (37%)
483 (47.2%)
161 (15.7%)

60 (35-139)
10.4 (0.2-98.3)
0.3 (0-3.24)

8 (0-35)

932 (91.1%)
30 (2.9%)
61 (6.0%)
189 (18.5%)

PNH, paroxysmal nocturnal hemoglobinuria.

aThe category of abnormal karyotypes included 7 patients with deletion Y, 8 patients

with trisomy 8, 3 patients with deletion 20 or 20q, 1 patient with deletion Y and

trisomy 8, and 11 patients with other abnormal karyotypes (Supplementary Table S1).

(129/1023) with GPR. Of the 608 patients who

did not respond at 3months, 129 had an HR at
6 months. The ORR was 53.2% (544/1023) at
6 months, including 13.5% with CR and 18.9%
with GPR (Figure 1).

The overall response rate at 3months was lower
in patients with VSAA (24%, 91/379) than in

those with SAA (46.6%, 225/483) and tansfusion-
dependent nonsevere aplastic anemia (TD-
NSAA) (61.5%, 99/161) (both »p<<0.000). The
percentage of patients with CR at 3 months was
3.7% for VSAA, 6.2% for SAA, and 9.9% for
TD-NSAA (p=0.096, 0.000; Figure 2(a)). At
6 months, the ORRs were 38.8%, 59.4%, and
68.3% for VSAA, SAA, and TD-NSAA, respec-
tively. The ORR was significantly lower in the
VSAA group than in the other severity groups
(»p<<0.000, 0.000). The CR rate at 6 months was
9.8% for VSAA, 15.1% for SAA, and 17.4% for
TD-NSAA (Figure 2(b)).

The ORR of very young (<10years old) patients
at 3months was 60.9%, which was significantly
higher than that of the other four age groups
(Table 2, p<0.05). The CR rate at 3months was
13.0% in the younger group and 7.1%, 4.6%, and
6.1% in the other three age groups (<65years).
No patient achieved a CR in the oldest age group
(=65years) at 3months. At 6 months, the ORR
was 71.7% in the younger group, which was higher
than that in the other age groups (50.9%, 57.8%,
46.2%, and 26.3%). The CR rate at 6 months was
not different among age groups, except for the
oldest age group (=65years) (Table 2).

The ORR of patients with PNH clones at 3 months
was 42.3%, with CR + GPR rate of 21.2%, which
were not different from those of patients without
PNH clones (ORR of 40.3% and CR + GPR rate
of 18.0% at 3months). At 6 months, the ORR and
CR + GPR were 54.5% and 39.7%, respectively,
for patients with PNH clones, which were similar
to those of patients without PNH clones (ORR of
52.9% and CR+ GPR of 30.7%). According to
the year of IST, the ORR and CR rates were com-
parable between 2010-2014 and 2015-2019 at
both 3 and 6 months (Supplementary Table S2).

Delayed HR

Of the 395 patients without early relapse and
clonal evolution and who did not respond at
6months, 26.1% (103/395) had an overall
response at 12months without any rescue treat-
ment (10 had a CR, 30 had a GPR, and 63 had a
PR). Moreover, 61.5% (243/395) of the patients
had persistent NR, without any rescue treatment
or clonal evolution. The other 49 patients under-
went HSCT, died, or had clonal evolution. Patients
with a delayed HR at 12months had more VSAA
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Figure 1. Hematologic response. The bar graphs showed the overall and complete responses at 3, 6, and

12 months, respectively.
OR, overall response; CR, complete response.
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Figure 2. Hematologic response rate at 3 and 6 months (a and b) in different severity of aplastic anemia group.
The bar graphs showed OR and CR at 3 and 6 months for 1023 patients in three severity groups (379 VSAA, 483

SAA, and 161 TD-NSAA), respectively.

and lower baseline median ANC, hemoglobin
(HGB) levels, platelet (PLT) counts, and absolute
reticulocyte count (ARC) compared with patients
who had an HR within 6 months (Supplementary
Table S3).

Of the 243 patients without a response at
12months, 37.0% (90/243) had an overall
response at the final follow-up, including 29 with
CR, 30 with GPR, and 31 with PR. Only 48
patients were alive, with NR or any other event.
Therefore, the overall delayed response rate with-
out rescue treatment was 48.9% (193/395) at the
final follow-up.

Predicting factors for HR
Details of the univariate analysis are provided in
Supplementary Table S4. The multivariable

analysis showed that disease history, disease
severity, and age were the only three factors asso-
ciated with an HR at 6months (listed in
Supplementary Table S5). Patients with older age
(=40years), VSAA, and longer disease history
had a lower overall response at 6 months.

Rescue treatment and relapse

At the final follow-up, 60 (12.5%, 60/479)
patients with NR underwent allo-HSCT as res-
cue treatment (48 with CR, 2 with GPR, and 10
died due to GVHD or severe infections during
the HSCT), including three patients within
6 months and 20 patients within 12months (one
patient died due to graft-versus-host disease
(GVHD) and 19 patients had a CR after allo-
HSCT). The mortality rate associated with
HSCT was 16.7% (10/60). The other
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Table 2. Hematologic response, according to age.
Response and cohort Response at p value Response at p value Response at p value
3months 6months 12months
Overall response, n (%)
<10years 28 (60.9) 33(71.7) 33(71.7)
=10 to <18years 85 (37.9) 0.004 114 (50.9) 0.010 137 (61.2) 0.177
=18 to <40years 196 (43.1) 0.021 263 (57.8) 0.067 305 (67.0) 0.517
=40 to <b5years 103 (36.9) 0.002 129 (46.2) 0.001 150 (53.8) 0.023
=65years 3(15.8)2 0.001 5(26.3)2 0.001 8 (42.1)2 0.025
Complete response, n (%)
<10years 6(13.0) 7(15.2) 10 (21.7)
=10 to <18years 16 (7.1) 0.184 32(14.3) 0.870 59 (26.3) 0.937
=18 to <40years 21 (4.6) 0.016 67 (14.7) 0.929 131(28.8) 0.311
=40 to <b5years 17 (6.1) 0.089 32(11.5) 0.469 57 (20.4) 0.839
0 - 0 = 5(26.3) 0.693

=65years

p value shows the difference of the overall response and complete response rate between very younger (<10years) patients and each other four
age group (compared with each two groups).
aThe OR in very older (=65years) patients was significantly lower at 3, 6, 12months than each other four age group.

nonresponse patients at 6months were not
administered HSCT as rescue treatment due to
unavailability of suitable donors or failure to
afford the high cost of HSCT.

Six hundred and ninety-seven patients had an HR
during the treatment period. The median follow-
up time was 64.0 (10.6—-137.5) months. By the
follow-up time point, CsA had been discontinued
in 45.4% of those who had a response. The
median duration of CsA use was 39.3 (18.6—
120.8) months. Moreover, 9.2% (64/697) of the
patients had experienced a relapse. The percent-
age of patients with relapse who had a response
again after reuse or adjustment of the dose of the
immunosuppressive agent was 48.4% (31/64),
including six with CR after HSCT, two with CR
after the second course of IST, and three with
CR after moderate dose cyclophosphamide.
Thirty-three patients were in a constant state of
NR, even with the use of CsA, and 12 (36.4%,
12/33) died due to hemorrhage and infection.
The 5-year cumulative incidence of relapse was
9.0% [95% confidence interval (CI) =4.2-16.0%]
(Figure 3(a)).

Karyotypic abnormalities, myeloid cancers

The clinical and chromosomal data were availa-
ble for 959 patients at the final follow-up.
Therefore, these patients were enrolled for clonal
evolution. The median follow-up time was 57.3
(6.2—-137.5) months, the clonal evolution rate was
4.5% (43/959), and the median evolution time
was 19.6 (2.9-78.8) months. Of the 43 patients,
20 had confirmed karyotypic abnormalities that
met the definition of karyotypic evolution without
myeloid cancers, 19 progressed to myelodysplas-
tic syndrome (MDS) (17 cases had karyotypic
abnormalities), and 4 had acute myeloid leuke-
mia (AML). The 5-year cumulative incidence of
clonal evolution was 4.5% (95% CI=1.4-10.6%)
(Figure 3(b)).

Hemolytic paroxysmal nocturnal

hemoglobinuria

The incidence of hemolytic paroxysmal nocturnal
hemoglobinuria (hPNH) was 3.5% (34/959), and
82.4% of cases occurred in PNH clone (+)
patients prior to the IST. The 5-year cumula-
tive incidence of hPNH was 4.7% (95%
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CI=1.2-12.4%). In patients with PNH clones at
diagnosis, the 5-year cumulative incidence of
hPNH was 22.5% (95% CI=10.1-37.8%)
(Figure 3(c)).

Long-term outcomes

The 5-year OS rate was 83.7% (95% CI=81.1-
86.0%) (Figure 4(a)), while the 5-year EFS rate
was 50.4% (95% CI=47.1-53.5%) (Figure 4(b)).

Compared with the OS according to AA severity,
the 5-year OS was similar regardless of AA sever-
ity [90.8% (95% CI=84.6-94.6%) in TD-NSAA,
86.9% (95% CI=83.3-89.9%) in SAA, and
77.0% (95% CI=72.2-81.0%) in VSAA, Figure
5(a)]. In the =65-year-old group, the 5-year OS
of 68.4% (95% CI=42.8-84.4%, p<0.001,
Supplementary Figure S1) was significantly lower
than that of the other age groups [86.2%

(95% CI=71.7-93.6%) in those aged <1O0years,
89.8% (95% CI=284.8-93.3%) in those aged 10—
18years, 84.1% (95% CI=80.1-87.4%) in those
aged 18—40years, and 78.5% (95% CI=72.5—
83.3%) in the 40-65 years group].

According to the HR at 6 months, the 5-year OS
was 95.9% (95% CI=93.5-97.4%) and 77.3%
95% CI=72.4-81.5%) in the HR and NR
groups, respectively (p <0.001, Figure 5(b)). The
OS was comparable between the 2010-2014 and
2015-2019 groups [84% (95% CI=79.5-87.6%)
and 83.4% (95% CI=80-86.3%, p=0.685),
respectively] (Supplementary Figure S2).

Discussion

Over the past five decades, from the introduction
of ATG/ALG in the 1970s to the addition of CsA
to ATG in the 1980s, a standard intensive
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Figure 5. Graph (a) showed that the 5-year overall survivals were similar in different severity of AA
groups (p>0.05); 90.8% (95% Cl=84.6-94.6%) in TD-NSAA, 86.9% (95% Cl=83.3-89.9%) in SAA, and 77.0%
(95% Cl=72.2-81.0%) in VSAA. Graph (b] showed that the 5-year 0S was significantly lower in no response
at 6 months group [77.3% (95% Cl=72.4-81.5%]] than that in hematologic response group [95.9%

(95% C1=93.5-97.4%), p <0.001].

immunosuppressive regimen of ATG combined
with CsA was established. There are different
series of ATG preparations available, with h-ATG
recommended as the first-line preparation for
treating AA.2¢ Unfortunately, h-ATG is unavail-
able in China, and some previous studies have sug-
gested that rabbit ATG is inferior to h-ATG.11-15
For Chinese patients with SAA, p-ATG has been
the most widely used ATG preparation for the
IST regimen in this decade, mainly owing to
its recent efficacy, safety, and relatively low finan-
cial burden. Our previous study?> on the pharma-
cokinetic characteristics of p-ATG showed that
the blood concentration of p-ATG increased rap-
idly after administration, with a mean ¢, of
(10.479 £ 8.242) days. During the administration
of p-ATG, the absolute lymphocyte count (ALC)
decreased rapidly, with a median ALC of
0.31 X 1091 at the time of peak concentration of
p-ATG and the lowest value being only 16.8% of
the baseline value of ALC. Besides, the 7, of
p-ATG was similar to that of h-ATG reported in
China and abroad, with 7,,B of 12.353days,
which is shorter than that of r-ATG (21.56—
29.67days). The residual drug of p-ATG was
detected i vivo at 60days after administration,
which was shorter than that of r-ATG (90 days).
The patients’ lymphocytes increased quickly with
the clearance of p-ATG and returned to baseline
level with the stabilized concentration of p-ATG,
which differs from reports that r-ATG has a
longer period of lymphocyte inhibition. The
immunosuppression characteristics of p-ATG
were similar to those of h-ATG.25 This study
aimed to evaluate the efficacy of the IST regimen
based on p-ATG for patients with aplastic

anemia, and the results showed that p-ATG had
not only good short-term efficacy but also favora-
ble long-term outcomes in patients with AA.

Our results showed that the overall response rate
was 53.2% at 6 months, with an early death rate of
2.8%. A prospective randomized trial from the
National Institutes of Health (NTH) showed that
the overall response rate was 68% at 6 months and
indicated that h-ATG was superior to r-ATG in
AA.13 Results from other studies, such as that of
the European Bone Marrow Transplant Society
(EBMT),!* were in accordance with those of the
NIH. Recently, EBMT findings indicated that the
overall response rate of h-ATG (ATGAM, Pfizer,
New York, NY, USA) plus CsA was 41% and
66% by the EBMT and the NIH criteria for HR,
respectively.2® Some studies, however, have sug-
gested that it is comparable between r-ATG
(approximately 65% of OR at 6months) and
h-ATG. Our previous results also showed an over-
all response rate of 60.3% at 6 months.?-3° The
results of the study from Peking Union Medical
College Hospital showed that the overall response
rate could be as high as 83% after p-ATG com-
bined with CsA treatment, which may be related
to bias associated with the small sample size of 48
patients.1® In addition, our and other research
centers have demonstrated that the efficacy of
p-ATG is comparable or superior to that of -ATG
in adults and children.17-1931 The comparison of
the outcomes of different preparations of ATG is
listed in Table 3.11-18:29,30,32-38 Hence, although
h-ATG is not available in China, the early efficacy
of p-ATG is comparable to that of r-ATG or
h-ATG, and the early death rate is low.
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Table 3. Comparison of the overall response of different preparation of ATG.

References Year  Study Design ATG (N) ORR(6m) Relapserate Clonal 0s
evolution
Zheng et al." 2006  Prospective, h-ATG (47) 78.7% - - 91%
randomized
r-ATG (32) 53.2% 78%
Atta et al.™ 2010 Retrospective h-ATG (42) 59.5% 36% - 2-year, 78.4%
r-ATG (29) 34.5% 30% 2-year, 55.4%
Chang et al.32 2010  Retrospective  h-ATG (29) 52% - - 4-year, 75%
r-ATG (33) 48%
Afable et al.1? 2011 Retrospective h-ATG (67) 58% 16% 17% 5-year, 64%
r-ATG (20) 45% 5%
Scheinberg etal.’™ 2011 Prospective, h-ATG (60) 68% 3-year, 28% 3-year, 21%  3-year, 96%
randomized
r-ATG (60]) 37% 3-year, 1% 3-year, 14%  3-year, 76%
Marsh et al.'4 2012  Prospective h-ATG (105) 67% - - 2-year, 86%
r-ATG (35) 40% 2-year, 68%
Shin et al.?? 2013  Retrospective  h-ATG (46) 39.1% 3-year, 22.7%  3.03% 5-year, 83.5%
r-ATG (53) 45.3% 3-year, 27.3% 5-year, 82.7%
Yoshimi et al.33 2013  Retrospective  h-ATG (96) 65% - - 3-year, 92%
r-ATG (32) 34% 3-year, 92%
Jeong et al.3 2014 Retrospective  h-ATG (297) 60% - 4.4% 2-year, 96%
r-ATG (158) 55% 0.6% 2-year, 87%
Vallejo et al.?” 2015 Retrospective h-ATG (62) 75.4% - - 1-year, 88.1%

r-ATG (169) 73.2%

Zhang et al.%0 2015  Retrospective  r-ATG (292) 60.3% 4.4% 5-year, 83.2%
Wei et al.’? 2015 Retrospective p-ATG (69) 73.9% - 1.4% 2-year, 88.4%
Liu et al."® 2015  Retrospective  p-ATG (43) 66.7% 4.65% 4.65% 2-year, 87.4%
r-ATG (32) 61.3% 6.25% 3.13% 2-year, 83.2%
Suzuki et al.28 2016  Retrospective  h-ATG (25) 56.0% 12.5% - 2-year, 70.1%
r-ATG (22) 64.6% 26.7% 2-year, 68.9%
Chen et al.% 2016 Retrospective p-ATG (102) 79.4% - 9.9% 5-year, 81.8%
(Continued)]
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Table 3. (Continued)

References Year  Study Design ATG (N) ORR(6m) Relapserate Clonal (01
evolution
Chen et al.3¢ 2018  Retrospective  p-ATG (114) 74.6% - - 5-year, 80.5%
r-ATG (34) 64.7% 5-year, 74.1%
Cui et al.37 2018  Retrospective  p-ATG (50) 64% 10-year, 10% 6% 10-year, 80%
Hu et al.38 2022 Retrospective r-ATG (542) 62.4% 10-year, 10-year, 10-year, 80.1%
10.6% 7.5%

ATG, antihuman thymocyte globulin; h-ATG, horse antihuman thymocyte globulin; ORR, overall hematologic response rate; 0S, overall survival;
p-ATG, antihuman T lymphocyte porcine immunoglobulin; r-ATG, rabbit antihuman thymocyte globulin.

Patients with SAA are in a life-threatening state;
therefore, any treatment is based on keeping the
patient alive. With the development of bone mar-
row transplantation or IST, the survival rate of
patients with SAA has improved from 20-25% to
60—-80%. In our large cohort with long-term fol-
low-up, the 5-year OS was 83.7%, which was a
favorable result and comparable to that of a recent
EBMT study.?®* The 5-year OS was higher in
pediatric patients with AA, which was in accord-
ance with the results of Nishikawa er al%® and
those of our pediatric therapy center.4! Although
the 5-year EFS was only 50.4% compared with
the OS, this result indicated that more patients
with NR could be alive, which is attributed to the
partial improvement in blood counts after IST
and intensive supportive care (including transfu-
sion and broad-spectrum antibiotics).

Surprisingly, about 26% of patients without an
HR at 6 months had a response between 6 and
12months without rescue therapy due to per-
sonal reasons, accounting for 10.1% of the total
number and 15.9% of those with a response.
Whether patients with aplastic anemia acquire an
HR after IST depends on the presence of immune
pathogenesis, the intensity of the immunosup-
pressive regimen, and the number of residual
hematopoietic cells. Our results showed that
there was more VSAA, indicating that the num-
ber of residual hematopoietic cells was less in
patients with a delayed HR. Thus, these patients
may need more time to recover hematopoiesis
after IST. To now, however, we do not recom-
mend this therapeutic strategy. TPO-RAs, such
as eltrombopag and hetrombopag, which can
stimulate the proliferation and differentiation of
hematopoietic stem/progenitor cells, have been

approved for refractory SAA and have shown
good efficacy;*>*3 meanwhile, these drugs can be
obtained in China. Hence, applying TPO-RAs
could be a rescue therapy regimen for patients
with refractory aplastic anemia for IST, who
were unsuitable for HSCT.

Late disorders are of special concern in IST,
including relapse and clonal hematopoietic disor-
ders such as PNH, MDS, and AML. This is an
inevitable problem that needs to be addressed. It,
however, does not reduce the value of IST in
patients with SAA who are ineligible for HSCT.
With our long-term follow-up, the 5-year cumu-
lative incidence of relapse was only 9.0%, which
was lower than that reported in most Western
studies. We believe that the slow tapering of CsA
contributed to the low relapse rate. For the other
concerning issue, our results showed that the
5-year cumulative incidence of clonal evolution to
MDS/AML was 4.5%, which was lower than the
previously reported rate of 10-15%%* but compa-
rable to the transformation rate of our previous
r-ATG study. From this point of view, the late
clonal evolution of AA after IST may not be
related to ATG preparations and is still caused by
its own hematopoietic pressure. Therefore, regu-
lar monitoring of chromosome Kkaryotypes
remains crucial for patients with AA who are
treated with IST. The main limitation of this
study is being a single-center retrospective study.
In future, prospective, randomized controlled
clinical trials on h-ATG will be needed in China.

Conclusion
The p-ATG combined with CsA for the treat-
ment of AA was effective and safe, and p-ATG
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could be used as an alternative ATG preparation
for the standard IST regimen in areas in which
h-ATG is not available.

Declarations

Ethics approval and consent to participate

The studies involving patients were reviewed and
approved by the Ethics Committee of the Institute
of Hematology and Blood Diseases Hospital
(ITIT2021008-EC-1), Chinese Academy of
Medical Sciences and Peking Union Medical
College. Written informed consent to participate
in this study was provided by patients or their
guardians.

Consent for publication
Not applicable.

Author contributions
Wenrui Yang: Data curation; Formal analysis;
Resources; Software; Writing — original draft.

Xu Liu: Data curation.

Xin Zhao: Data curation; Funding acquisition.
Li Zhang: Data curation.

Funding

Guangxin Peng: Data curation;

acquisition.

Lei Ye: Data curation.

Kang Zhou: Data curation.
Yuan Li: Data curation.
Jianping Li: Data curation.
Huihui Fan: Data curation.
Yang Yang: Data curation.
Youzhen Xiong: Data curation.

Liping Jing: Formal analysis; Writing — review &
editing.

Fengkui Zhang: Writing — review & editing.

Acknowledgements

The authors thank the patients and their families
and acknowledge the contributions of all investi-
gators in this trial.

Funding
The authors disclosed receipt of the following
financial support for the research, authorship,

and/or publication of this article: This study was
supported by Grant 81900127 of the National
Nature Science Foundation of China and by
Grant 2020-RW310-002 of the Non-profit
Central Research Institute Fund of Chinese
Academy of Medical Science.

Competing interests

The authors declared no potential conflicts of
interest with respect to the research, authorship,
and/or publication of this article.

Availability of data and materials

The data sets used and/or analyzed during this
study are available from the corresponding author
on reasonable request.

ORCID iD
Wenrui Yang
9650-3937

https://orcid.org/0000-0001-

Supplemental material
Supplemental material for this article is available
online.

References
1. Mathé G, Amiel JL, Schwarzenberg L, er al.
Bone marrow graft in man after conditioning
by antilymphocytic serum. Br Med ¥ 1970; 2:
131-136.

2. Speck B, Gluckman E, Haak HL,, ez al.
Treatment of aplastic anaemia by antilymphocyte
globulin with and without allogeneic bone-
marrow infusions. Lancet 1977; 2: 1145-1148.

3. Champlin R, Ho W and Gale RP. Antithymocyte
globulin treatment in patients with aplastic
anemia: a prospective randomized trial. N Engl ¥
Med 1983; 308: 113-118.

4. Camitta B, O’Reilly R], Sensenbrenner L, ez al.
Antithoracic duct lymphocyte globulin therapy of
severe aplastic anemia. Blood 1983; 62: 883-888.

5. Champlin RE, Ho WG, Feig SA, ez al. Do
androgens enhance the response to antithymocyte
globulin in patients with aplastic anemia? a
prospective randomized trial. Blood 1985; 66:
184-188.

6. 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 ¥ Med
1991; 324: 1297-1304.

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah
https://orcid.org/0000-0001-9650-3937
https://orcid.org/0000-0001-9650-3937

THERAPEUTIC ADVANCES in

Hematology

Volume 14

10.

11.

12.

13.

14.

15.

16.

17.

Rosenfeld S], Kimball J, Vining D, ez al. Intensive
immunosuppression with antithymocyte globulin

and cyclosporine as treatment for severe acquired
aplastic anemia. Blood 1995; 85: 3058-3065.

Bacigalupo A, Broccia G, Corda G, ez al.
Antilymphocyte globulin, cyclosporin, and
granulocyte colony-stimulating factor in patients
with acquired severe aplastic anemia (SAA): a
pilot study of the EBMT SAA working party.
Blood 1995; 85: 1348-1353.

Marsh J, Schrezenmeier H, Marin P, er 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 1999; 93: 2191-2195.

Marsh JC and Gordon-Smith EC. The role of
antilymphocyte globulin in the treatment of
chronic acquired bone marrow failure. Blood Rev
1988; 2: 141-148.

Zheng Y, Liu Y and Chu Y. Immunosuppressive
therapy for acquired severe aplastic anemia
(SAA): a prospective comparison of four different
regimens. Exp Hematol 2006; 34: 826-831.

Afable MG 2nd, Shaik M, Sugimoto Y, ez al.
Efficacy of rabbit anti-thymocyte globulin in
severe aplastic anemia. Haematologica 20115 96:
1269-1275.

Scheinberg P, Nunez O, Weinstein B, et al. Horse
versus rabbit antithymocyte globulin in acquired

aplastic anemia. N Engl ¥ Med 2011; 365: 430-438.

Marsh JC, Bacigalupo A, Schrezenmeier H,

et al. Prospective study of rabbit antithymocyte
globulin and cyclosporine for aplastic anemia
from the EBMT Severe Aplastic Anaemia
Working Party. Blood 2012; 119: 5391-5396.

Atta EH, Dias DS, Marra VL, er al. Comparison
between horse and rabbit antithymocyte globulin
as first-line treatment for patients with severe
aplastic anemia: a single-center retrospective
study. Ann Hematol 20105 89: 851-859.

Bing H, Siyi Y, Wei Z, er al. The use of anti-
human T lymphocyte porcine immunoglobulin
and cyclosporine to treat patients with acquired
severe aplastic anemia. Acta Haematol 2010; 124:
245-250.

Wei J, Huang Z, Guo ], et al. Porcine
antilymphocyte globulin (p-ALG) plus
cyclosporine A (CsA) treatment in acquired

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

severe aplastic anemia: a retrospective multicenter
analysis. Ann Hematol 2015; 94: 955-962.

Liu L, Ding L, Hao L, er al. Efficacy of porcine
antihuman lymphocyte immunoglobulin
compared to rabbit antithymocyte
immunoglobulin as a first-line treatment against
acquired severe aplastic anemia. Ann Hematol
2015; 94: 729-737.

Ma X, Wang J, Zhang W, ez al. Comparison

of porcine anti-human lymphocyte globulin

and rabbit anti-human thymocyte globulin

in the treatment of severe aplastic anemia: a
retrospective single-center study. Eur ¥ Haematol
2016; 96: 260-268.

von Elm E, Altman DG, Egger M, et al. The
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies.
Lancer 2007; 370: 1453-1457.

Heimpel H. Incidence of aplastic anemia:

the relevance of diagnostic criteria. By the
international agranulocytosis and aplastic anemia
study. Blood 1987; 70: 1718-1721.

Camitta BM, Rappeport JM, Parkman R,

et al. Selection of patients for bone marrow
transplantation in severe aplastic anemia. Blood
1975; 45: 355-363.

Bacigalupo A, Hows J, Gluckman E, er al.
Bone marrow transplantation (BMT) versus
immunosuppression for the treatment of severe
aplastic anaemia (SAA): a report of the EBMT
SAA working party. Br ¥ Haematol 1988; 70:
177-182.

Marsh JC, Ball SE, Darbyshire P, er al.
Guidelines for the diagnosis and management of
acquired aplastic anaemia. Br ¥ Haematol 2003;
123: 782-801.

Jing LP, Zhang L, Zhou K, er al. Pharmacokinetic
study of anti-human T-cell porcine
immunoglobulin combined with cyclosporine

A immunosuppressive therapy in patients with
severe aplastic anemia. Zhonghua Xue Ye Xue Za
Zhi 20225 43: 300-304.

Peffault de Latour R, Kulasekararaj A,
Tacobelli S, ez al. Eltrombopag added to
immunosuppression in severe aplastic anemia.
N Engl ¥ Med 2022; 386: 11-23.

Vallejo C, Montesinos P, Polo M, et al.

Rabbit antithymocyte globulin versus horse
antithymocyte globulin for treatment of acquired
aplastic anemia: a retrospective analysis. Ann
Hematol 2015; 94: 947-954.

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah

W Yang, X Liu et al.

28. Suzuki T, Kobayashi H, Kawasaki Y, ez al.
Efficacy of combination therapy with anti-
thymocyte globulin and cyclosporine A as a
first-line treatment in adult patients with aplastic
anemia: a comparison of rabbit and horse
formulations. Int ¥ Hematol 2016; 104: 446—453.

29. Shin SH, Yoon JH, Yahng SA, ez 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: 817-824.

30. Zhang L, Jing L, Zhou K, ez al. Rabbit
antithymocyte globulin as first-line therapy for
severe aplastic anemia. Exp Hematol 2015; 43:
286-294.

31. Zhu'Y, Yang Y, Yang W, et al. Efficacy and safety
of porcine ALG compared to rabbit ATG as first-
line treatment for children with acquired aplastic
anemia. Eur ¥ Haematol 2020; 104: 562-570.

32. Chang MH, Kim KH, Kim HS, ez al. Predictors
of response to immunosuppressive therapy with
antithymocyte globulin and cyclosporine and
prognostic factors for survival in patients with
severe aplastic anemia. Eur ¥ Haematol 2010; 84:
154-159.

33. Yoshimi A, Niemeyer CM, Fithrer MM, er al.
Comparison of the efficacy of rabbit and horse
antithymocyte globulin for the treatment of severe
aplastic anemia in children. Blood 2013; 121:
860-861.

34. Jeong DC, Chung NG, Cho B, et al. Long-
term outcome after immunosuppressive therapy
with horse or rabbit antithymocyte globulin
and cyclosporine for severe aplastic anemia in
children. Haematologica 2014; 99: 664-671.

35. Chen M, Liu C, Zhuang J, et al. Long-term
follow-up study of porcine anti-human thymocyte
immunoglobulin therapy combined with
cyclosporine for severe aplastic anemia. Eur ¥
Haematol 20165 96: 291-296.

36. Chen M, Liu C, Qiao X, er al. Comparative
study of porcine anti-human lymphocyte

37.

38.

39.

40.

41.

42.

43.

44.

immunoglobulin and rabbit anti-human
thymocyte immunoglobulin as a first-line
treatment of acquired severe aplastic anemia.
Leuk Res 2018; 65: 55-60.

Cui Q, Sha P, Chen H, er al. Modified
immunosuppressive therapy with porcine
antilymphocyte globulin plus delayed
cyclosporine A in children with severe aplastic
anemia. Int J Hematol 2018; 107: 64—68.

Hu J, Zhang L, Zhao X, er al. First-line
immunosuppressive therapy with rATG and CsA
for severe aplastic anemia: 15 years’ experience.
Ann Hematol 2022; 101: 2405-2412.

Tichelli A, de Latour RP, Passweg ], et al. Long-
term outcome of a randomized controlled study
in patients with newly diagnosed severe aplastic
anemia treated with antithymocyte globulin

and cyclosporine, with or without granulocyte
colony-stimulating factor: a Severe Aplastic
Anemia Working Party Trial from the European
Group of Blood and Marrow Transplantation.
Haematologica 20205 105: 1223-1231.

Nishikawa E, Yagasaki H, Hama A, ez al. Long-
term outcomes of 95 children with moderate
aplastic anemia treated with horse antithymocyte
globulin and cyclosporine. Pediatr Blood Cancer
2017; 64: €26305.

Lan Y, Chang L, Yi M, ez al. Long-term
outcomes of 172 children with severe aplastic
anemia treated with rabbit antithymocyte globulin
and cyclosporine. Ann Hematol 2021; 100: 53-61.

Olnes M], Scheinberg P, Calvo KR, ez al.
Eltrombopag and improved hematopoiesis in
refractory aplastic anemia. N Engl J Med 2012;
367: 11-19.

Peng G, He G, Chang H, er al. A multicenter
phase II study on the efficacy and safety of
hetrombopag in patients with severe aplastic
anemia refractory to immunosuppressive
therapy. Ther Adv Hematol 2022; 13:
20406207221085197.

Afable MG II, Tiu RV and Maciejewski JP.
Clonal evolution in aplastic anemia. Hematology
Am Soc Hematol Educ Program 20115 2011: 90-95.

Visit SAGE journals online
journals.sagepub.com/
home/tah

®SAGE journals

journals.sagepub.com/home/tah


https://journals.sagepub.com/home/tah
https://journals.sagepub.com/home/tah
https://journals.sagepub.com/home/tah

