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Predicting response to porcine antilymphocyte globulin plus
cyclosporine A in children with acquired severe aplastic
anemia
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Tian-Feng Liu1, Li Zhang1, Yao Zou1, Yu-Mei Chen1, Feng-Kui Zhang2, Xiao-Fan Zhu1 and Ye Guo1

BACKGROUND: In severe aplastic anemia (SAA), predictive markers of response to immunosuppressive therapy (IST) of porcine
antilymphocyte globulin (pALG) have not been well defined. We investigated whether clinical and laboratory findings before
treatment could predict response in a pediatric cohort.
METHODS: In this study, we included 70 newly diagnosed SAA children and treated them with pALG. The response rate was
documented during follow-up. The log-rank test compared response rates between the potential predictive factors.
RESULTS: The response rate was 57.1% at 24 months follow-up. In log-rank test, mild disease severity was the most significant
predictive marker of better response (P < 0.001); SAA patients with higher absolute reticulocyte count (ARC) and platelet level
showed a higher response rate (both P < 0.001). Although insignificantly, elderly children and male sex show better response rate
after treatment. The response rate worsened when the time interval before IST was more than 60 days.
CONCLUSION: Modified IST with pALG was suitable for SAA children, and favorable response correlates with mild disease severity
was identified. ARC and platelet status also appeared to be a reproducible prognostic model for response rate. IST should be started
as soon as possible, given that the response rate worsens as the interval between diagnosis and treatment increases.
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INTRODUCTION
Severe aplastic anemia (SAA) in children is a rare, life-threatening
disorder characterized by pancytopenia and hypocellular bone
marrow.1 Over the past years, bone marrow transplantation (BMT)
from a matched related donor has been the treatment of choice
for children with SAA. For children without an available matched
related donor, immunosuppressive therapy (IST) is indicated.2

IST is usually based on antithymocyte globulin/antilymphocyte
globulin (ATG/ALG) polyclonal antibodies from animals’ serum
immunized by human thymocytes/lymphocytes.3 The standard IST
regimen involves horse ATG (hATG) and cyclosporine A (CSA).4 In
the 1980s and 1990s, previous studies in SAA conducted in the
United States, Europe, and Japan utilized hATG, with hematologic
responses observed in about two-thirds of cases.5–7 According to
previous experience, hATG yielded hematological improvement in
60–75% SAA patients after initial treatment,8,9 and with 85% 5-
year survival.10 For salvaging patients who are refractory or relapse
after initial therapy with hATG, treatment with rabbit ATG (rATG)
results in a beneficial effect in about 60% of patients.11,12

However, the use of rATG may not be quite as effective as first-
line treatment involving hATG,13 and hATG is currently unavailable
in some countries including China.3 Alternative ISTs have also
been suggested to improve the efficacy of SAA treatment, and
many different antibodies have emerged. One of these alter-
natives is porcine ALG (pALG), which is widely used in China, in

part because it lowers the cost of therapy by 30–50% per cycle of
treatment.14 There have been many researchers reporting that the
safety and efficiency of pALG are similar to hATG. The overall
response rate (ORR) of IST with pALG plus CSA was 65–80% in
adult.15–17

To date, only a few studies have considered the combination of
pALG and CSA in separate severity of SAA children in terms of the
hematopoietic response and failure-free survival (FFS) in 24
months. Moreover, we investigate whether clinical and laboratory
findings before treatment could predict response in a pediatric
cohort.

MATERIALS AND METHODS
Study population
A total of 70 children with SAA were enrolled from January 2015
to July 2018 at the Institute of Hematology and Blood Diseases
Hospital, Chinese Academy of Medical Sciences and Peking Union
Medical College. The SAA diagnostic criteria were based on the
International AA Study Group Criteria. SAA patients with
malignant disease, myelodysplastic syndrome (MDS), myelofibro-
sis, paroxysmal nocturnal hemoglobinuria (PNH), or congenital AA-
like Fanconi’s anemia were excluded.
AA was considered severe if at least two of the following

parameters were reached: platelet (PLT) count <20 × 109/L,
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absolute neutrophil count (ANC) <0.5 × 109/L, and a reticulocyte
count <15 × 109/L with hypocellular bone marrow.18 Very severe
AA (vSAA) was defined using the same three criteria, and ANC was
<0.2 × 109/L. Patients were considered to be in remission if: (1)
there is no bleeding or anemia; (2) transfusion of blood products is
not required; (3) white blood cell (WBC) counts >3.5 × 109/L, PLT >
100 × 109/L, ANC ≥ 1.0 × 109/L, the hemoglobin (Hb) level reaches
remission standards, and (4) patients were in stable condition or
had a substantial improvement after 24 months follow-up.

Immunosuppressive regimens
IST consisted of pALG (Wuhan Institute of Biological Products,
China) intravenously 20 mg/kg/day followed by 1mg/kg/day
methylprednisolone on days 1–5 and then 1mg/kg/day predni-
solone for 15–21 days and tapered gradually to prevent serum
sickness. CSA 3–5mg/kg/day was used for at least 2 years.3 The
CSA dose was adjusted to achieve a whole-blood trough level of
100–200 ng/mL. Complete blood counts and biochemistry para-
meters were monitored accordingly.

Response criteria
Complete response (CR) was defined as independence from
transfusion, associated with normal hemogram parameters. Partial
response (PR) was defined as no longer meeting the criteria for
SAA without normalization of blood counts and no transfusion
dependence for PLT and/or red blood cells (RBCs). Continuous
transfusion dependency and hematopoietic stem cell transplanta-
tion (HSCT) within 6 months of IST treatment before CR was
classified as no response. Relapse was defined as a decrease in
blood counts to values either requiring transfusions or needing
reinstitution of IST or HSCT.19,20 The responses to IST were
evaluated at 40 days, 3, 6, 12, and 24 months after pALG
administration. An overall response (OR) was defined as a CR or PR
after initiation of IST. FFS was defined as the time from the first
day of IST treatment until the relapse, disease- or treatment-
related death, or the date of treatment failure, whichever
came first.

Detection of PNH clone
We used a highly sensitive two-color flow cytometry method to
detect PNH-type CD11b+CD55−CD59− granulocytes and glyco-
phorin A+ CD55−CD59− RBCs. On the basis of data obtained in
healthy population, a universal inter-laboratory threshold of
≥0.01% glycophosphatidyl inositol/FLAER-deficient cells with an
apparent cluster-like distribution in granulocytes and RBCs was
defined as a criterion for the presence of PNH-type cells.21

Statistical analysis
The FFS rate was analyzed using the Kaplan–Meier method.
Differences in continuous variables were analyzed using the
Mann–Whitney U test, and differences in frequencies were
analyzed using Fisher’s exact test. Log-rank test was used for
the comparison between the potential predictive factors. All
differences were considered significant at P < 0.05. Data were
subjected to statistical analysis using SPSS 22.0 (SPSS Software
Inc., Chicago, IL, USA) and GraphPad Prism 6.02 software
(GraphPad Software Inc., La Jolla, CA, USA).
The study design and methods complied with the Declaration

of Helsinki and was approved by the Ethics Committee and
Institutional Review Board of Chinese Academy of Medical
Sciences and Peking Union Medical College. Informed consent
was obtained from all subjects.

RESULTS
We identified 70 patients (48 males, 22 females) who fulfilled the
eligibility criteria during the study period. The median age of SAA
children were 5 years (ranging from 1 to 14 years). Population

characteristics and main baseline biological results are shown in
Table 1.
Bone marrow biopsy was performed on all patients and all

patients were transfusion dependent at the time of diagnosis.
Overall survival (OS) rate during follow-up period was 100%. A
total of 36 of the 70 patients (51.4%) achieved at least a CR or PR
at 6 months after IST. There was a significantly higher proportion
of response in the SAA group when compared with the vSAA
group, 24 (60%) and 12 (40%), respectively (P= 0.098). There were
two late responses separately, which occurred at the 12-month
time point in both groups. Moreover, the ORR did not change in
the 24-month time point in comparison to the 12-month time
point. The difference in ORR between the SAA and vSAA group
was insignificant at the end of the follow-up period (P= 0.125),
which suggested that pALG is an effective treatment for all SAA
patients (Table 2).
Treatment failure was observed in 14 patients in the SAA group

and 16 patients in the vSAA group; at the end of follow-up, these
patients underwent salvage therapies because of a lack of
response to IST (n= 16) or relapse (n= 14). A total of 24 patients
underwent HSCT as a salvage therapy. Among these patients, six
received HSCT at the 3-month time point, 12 patients received
HSCT at the 6-month time point, and six received HSCT at the 12-
month time point.
To determine predictors of IST response, we compared

differences in potential pre-treatment variables between IST
responders and non-responders. The following were analyzed
both for prevalence in categorical variables and differences in
continuous variables: age at diagnosis, sex, time interval before
treatment, PNH clone, absolute lymphocyte count (ALC), Hb level,
absolute reticulocyte count (ARC), and PLT count. Table 3
indicated that PNH clone, severity of SAA and baseline ARC, and
PLT level showed influence with IST response. We also performed
multivariate logistic regression analysis to assess the simultaneous
contributions of each of the variables in predicting response. In
these analyses, higher ANC (P= 0.0009) and PLT count (P=
0.0007), shorter interval between diagnosis and therapy (P=
0.019), and PNH clone negative (P= 0.009) represented significant
predictors of better response (Table 4).

Table 1. Population characteristics at diagnosis

Baseline characteristics SAA (n= 40) vSAA (n= 30) P value

Median age at diagnosis
(range)

6 (2–13) 5 (1–14) 0.495

Male (%) 28 (70.0) 20 (66.7) 0.766

Idiopathic (%) 36 (90) 28 (93.3) 0.622

Median duration before
IST, days (range)

50 (26–175) 39 (26–120) 0.102

Median observation time,
days (range)

474 (327–664) 446 (287–664) 0.528

PNH clone positive 8 (20) 2 (6.7) 0.115

Salvage HSCT 12 (30) 12 (40) 0.383

Blood count

Absolute lymphocyte
count (×109/L)

1.98 (0.71–4.80) 1.36 (0.26–3.03) <0.001

Hemoglobin (g/dL) 64 (30–81) 65 (31–81) 0.302

Absolute neutrophil count
(×109/L)

0.25 (0.01–0.65) 0.1 (0.01–0.2) <0.001

Platelet (×109/L) 7 (1–13) 4 (1–18) 0.184

Absolute reticulocyte
count (×109/L)

12.3 (2.6–48.7) 7.1 (1.3–18.7) 0.005

SAA severe aplastic anemia, HSCT hematopoietic stem cell transplantation,
PNH paroxysmal nocturnal hemoglobinuria, IST immunosuppresive therapy
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The incidence of adverse responses shown in Table 5 was
basically not different between the SAA and vSAA group
(P > 0.05). All were controllable, and recovered after symptomatic
treatment.

Figure 1 indicated that the FFS rate of the SAA group were
significantly higher than the vSAA group (P < 0.001), which
indicated a better prognosis of patients with higher ANC. None
of the patients died during the 24 months follow-up.

DISCUSSION
IST using ATG/ALG and CSA has been considered as the initial
treatment for SAA patients, since most patients lack a minimal
residual disease or are not suitable candidates for HSCT due to the
lack of access to the certain modality. In China, rATG was the only
available agent before 2004, but some of the patients could not
afford this expensive drug, which is not covered by any insurance.
In recent years, an alternative is pALG, in part because it is less
expensive than rATG. An adult trial comparing the pALG with rATG
regimen showed that pALG had a significantly better OS rate than
rATG and faster median time to achieve first effectiveness in SAA
patients.3 A recent study revealed a large difference in efficacy
among patients of different age treated with IST: <20 years (n=
31, 100%), 20–40 years (n= 51, 92%), 40–60 years (n= 51, 71%),
and >60 years (n= 56, 56%).22 This finding suggests that the IST
treatment results for pediatric and adult patients obtained should
be analyzed separately, but the researchers work on this issue
is rare.
This was the first and largest study to observe the outcomes

following combination therapy with pALG and CSA in children

Table 3. The univariate analysis of predictive factors for response rate
during follow-up

Factors Subtype Number
(percentage)

Response
rate

P value

Age ≤6 year old 40 (57.1) 50.0% 0.118

>6 year old 30 (42.9) 67.7%

Sex Male 48 (68.6) 54.2% 0.357

Female 22 (31.4) 36.3%

Time interval
before IST

≤60 day 42 (60.0) 61.9% 0.869

>60 day 28 (40.0) 50.0%

PNH clone Positive 10 (14.3) 40.0% 0.005

Negative 60 (85.7) 60.0%

SAA subtypes SAA 40 (57.1) 39.7% <0.001

vSAA 30 (42.9) 19.9%

Baseline ALC ≤1.5 × 109/L 30 (42.9) 28.3% 0.311

>1.5 × 109/L 40 (57.1) 38.3%

Baseline ARC ≤10 × 109/L 46 (65.7) 24.5% <0.001

>10 × 109/L 24 (34.3) 51.2%

Baseline Hb ≤60 g/L 22 (31.4) 34.4% 0.960

>60 g/L 48 (68.6) 31.0%

Baseline PLt ≤10 × 109/L 62 (88.6) 26.9% <0.001

>10 × 109/L 8 (11.4) 93.7%

ARC absolute reticulocyte count, PLt platelet, Hb hemoglobin, ALC absolute
lymphocyte count, SAA severe aplastic anemia

Table 2. Hematologic response rate after IST in different time point

SAA (n= 40) vSAA (n= 30) P value

Response at 40 days after IST

CR 0 0

PR 30 (75%) 14 (46.7%)

ORR (CR/PR) 30 (75%) 14 (46.7%) 0.015

Response at 3 months after IST

CR 4 (10%) 4 (13.3%)

PR 20 (50%) 4 (13.3%)

ORR (CR/PR) 24 (60%) 8 (26.6%) 0.006

Response at 6 months after IST

CR 8 (20%) 6 (20%)

PR 16 (40%) 6 (20%)

ORR (CR/PR) 24 (60%) 12 (40%) 0.098

Response at 12 months after IST

CR 16 (40%) 12 (40%)

PR 10 (25%) 2 (6.7%)

ORR (CR/PR) 26 (65%) 14 (46.7%) 0.125

Response at 24 months after IST

CR 16 (40%) 12 (40%)

PR 10 (25%) 2 (6.7%)

ORR (CR/PR) 26 (65%) 14 (46.7%) 0.125

SAA severe aplastic anemia, IST immunosuppressive therapy, CR complete
response, PR partial response, ORR overall response rate

Table 4. Multivariate analysis for IST response in SAA patients during
follow-up

χ2 value OR (95% CI) P value

Sex 0.94 0.48 (0.11–2.09) 0.332

PNH clone 6.74 0.105 (0.02–0.58) 0.009

Time interval 5.53 0.14 (0.03–0.72) 0.019

Age 2.22 1.18 (0.95–1.48) 0.136

Hb 0.30 0.99 (0.94–1.04) 0.585

ANC 6.78 4.70 (1.47–15.08) 0.009

ARC 0.41 2.06 (0.22–18.80) 0.522

PLT 7.31 1.34 (1.08–1.66) 0.007

CI confidence interval, OR odds ratio, IST immunosuppressive therapy, ARC
absolute reticulocyte count, PLT platelet, Hb hemoglobin, ALC absolute
lymphocyte count, SAA severe aplastic anemia

Table 5. Adverse event after pALG treatment

Adverse response SAA (n= 40) vSAA (n= 30) P value

Fever 24 12 0.098

Rash 30 16 0.059

Arthralgia 2 2 0.766

Edema 2 4 0.218

Infection 6 3 0.536

Bleeding 10 4 0.227

Hypertension 16 10 0.568

Hematuria 4 0 0.074

Hepatic and renal dysfunction 12 6 0.343

Mucosa lesion 6 2 0.278

Hypokalemia 12 10 0.766

SAA severe aplastic anemia, vSAA very severe aplastic anemia, pALG porcine
antilymphocyte globulin
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with different severity of SAA, and compare differences in other
potential pre-treatment variables between responders and non-
responders. We identified a better FFS in the SAA group than in
the vSAA group in the treatment of pALG during the 24 months
follow-up, thus favorable response correlating well with higher
ANC. We also performed univariate analysis to assess the
contribution of each variable in predicting response. In these
analyses, higher ARC and PLT level before IST, patients without
PNH clone, and SAA group represented significant predictors of
better response.
In this study, although response rate in the separate time point

in the SAA group was basically higher than that in the vSAA group,
there was no significant difference after 24 months in pALG
treatment, which indicated the good effect in all SAA children. The
adverse response after pALG treatment were moderate, so it is
relatively safe. A previous study conducted by Cui et al.23 reported
the overall response to pALG regimen at 3, 6, and 12 months were
56, 64, and 62%, respectively, in SAA children, which were similar
to our study.23 However, they did not perform further analysis on
the variables between responders and non-responders, as pre-
treatment clinical and laboratory findings may exert an obvious
influence on the response to IST. Thus, it was relatively incomplete.
Kulagin et al.21 reported that the presence of PNH clones and

ARC were identified as independent predictors for hematological
response, which was also validated in our study. A number of
previous studies in both adults and children with SAA found a
high prevalence (up to 70%) of PNH clones at diagnosis and
during IST, which has prompted recommendations for PNH clone
screening among SAA patients in a number of guidelines.24 Some
studies indicated that the presence of small PNH clones in SAA
patients is of potential importance, as it has been shown that
these patients have a higher response to IST.25 However, PNH
positivity was lack of prognostic value according to the NIH group
study.26 In view of this, the value of PNH clone presence in the
setting of pALG remains less conclusive. The current data
confirmed a distinctly lower response rate in PNH-positive
children after pALG regimen.
When it comes to the association between sex and response,

we found that the response rate was better in the male group
than in the female group, although the difference was not
statistically significant, which was also observed in a retrospective
study in another Asian cohort, where a young males group
experienced faster recovery of bone marrow function following
ATG.27 Poor response in girls could be influenced by their
incapacity to produce hemopoietic growth factor activity. Nissen
et al.28 previously reported that a high production of granulocyte
colony is associated with a positive outcome after ALG treatment:
hemopoietic reconstitution is invariably preceded by a bout of
excess granulocyte colony. Accordingly, low granulocyte colony

release, as observed in young girls, may herald poor response.
Therefore, it appears that young females get a particular form of
SAA characterized by low endogenous factor production and poor
response to ALG.
Although insignificantly, response rates to IST were consider-

ably low among SAA children with long-standing disease. Only
50% of patients treated more than 60 days after diagnosis
responded, indicating that children may receive irreversible
damage to hematopoietic progenitor cells, possibly due to
immune attack through autoreactivated lymphocytes.27 The
present study suggests the importance of immediate treatment
for patients and recommends offering IST as quick as possible in
all SAA children who lack a matched sibling donor.
Regarding the association between disease severity and

response, conflicting results have been reported. A European
study reported superior response rates in children with vSAA
compared to SAA,29 but some studies including a recent report of
a Korean cohort of adult patients have produced the opposite
result.30 The present findings were consistent with those
published studies, with favorable responses correlating well with
higher ANC rather than ALC. In children with AA, treatment ANC
may mainly reflect the size of WBC populations, due to the severe
neutropenia in this condition. These results suggest that better
response to IST might possibly be ascribed to higher WBC count,
that is, a relative increase in neutrophil. When ALC was applied to
the analysis, no correlation between ALC and response rate was
observed in this study.
In SAA children, pre-treatment ARC and PLT count may mainly

reflect the status of hematopoiesis function. The present findings
suggested that higher response to IST might possibly be ascribed
to improved hematopoiesis function, that is, a higher baseline ARC
and PLT count may indicate better residual marrow function and
the presence of a sufficient number of stem cells to sustain blood
cell production after IST.
OS rate during follow-up period was 100%, thus we also adopted

FFS rates following IST in this study; it is much more important
than survival alone for evaluating the long-term outcome.31

We also have limitations in this study. First, taking into
consideration any variable in the study population, we cannot
exclude the possibility that another variable may reflect better
hematopoietic reserves in the study cohort. Second, although our
data were statistically significant, the small sample size in the
study suggests that larger SAA trials are needed to further confirm
our results.

CONCLUSION
In conclusion, modified IST with pALG was suitable for all SAA
children, and pre-treatment clinical and laboratory findings
influence response to pALG and CSA. A better FFS in the SAA
group than in the vSAA group in the treatment of pALG was
identified during follow-up, thus favorable response correlates
with higher neutrophil count or mild disease severity than
lymphocyte count, and this blood count parameter might help
in clinically assessing bone marrow function. ARC and PLT status
also appeared to be a reproducible prognostic model for response
rate in the setting of ALG and CSA for SAA children. It appears that
young girls get a particular form of SAA characterized by low
endogenous factor production and poor response to pALG. IST
should be started as soon as possible after diagnosis of SAA, given
that the response rate worsens as the interval between diagnosis
and treatment increases.
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