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Objective: The management of children with non-severe aplastic anemia (NSAA)
is undefined and the efficacies and benefits of immunosuppressive therapy remain
inconsistent. The study aimed to investigate the efficacy of Cyclosporine (CsA)
monotherapy for pediatric NSAA.

Methods: Clinical data of children with NSAA who had been treated with CsA
monotherapy at the outpatient department of Beijing Children’s Hospital, Capital Medical
University, National Children’s Medical Center from January 2017 to March 2021 was
collected retrospectively. Patients who had been treated <1 years until the end of follow-
up were excluded. Transfusion-independent NSAA was further divided into moderate
NSAA and mild NSAA according to the degree of cytopenia. Progression was defined
as the development of transfusion-dependent AA or SAA and relapse was considered
when treatment failed after initial response.

Results: A total of 95 pediatric patients with NSAA were enrolled in this study with 49
(51.6%) patients confirmed as mild NSAA, 38 (40%) as moderate NSAA and 8 (8.4%)
as transfusion-dependent NSAA. The median treatment time of CsA was 22 (12-44)
months. The overall response rate (ORR) was 57.9%, with 30.5% CR and 27.4% PR.
Unexpectedly, patients with mild NSAA acquired lowest ORR (46.9%), then patients with
moderate NSAA (63.2%), while 8 patients who were transfusion-dependent all had an
active response to CsA. The granulocyte and megakaryocyte response was 46.9 and
55.8% respectively, while the erythrocyte response rate was as low as 22.5%. Univariate
analyses revealed that patients with lower platelet count and higher interleukin 10 level
predict an active response to CsA while higher level of fetal hemoglobin (HoF) tended to
be a negative factor. Data of Treg cells before and after 1 year’s treatment was available
in a total number of 40 patients. Paired comparison found that the percentage of Treg
cells in CD4+ T cells was decreased after 1 year’s treatment of CsA (6.78 4+ 2.72
vs. 5.23 + 2.06, P = 0.001),both in responders and non-responders. The degree of
decline in Treg cells between two distinctive response groups had no significant difference
(P>0.05). With a median follow-up time of 22 months, 10.9% of responders relapsed
and maintained NSAA while 27.5% of non-responders progressed to SAA or became
transfusion-dependent. The overall progression rate was 11.6%.
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Conclusion: CsA monotherapy had heterogeneous effects in the treatment of children
NSAA Treatment approaches should be hierarchical and individual in clinical. Patients
with lower platelet count and higher interleukin 10 level predicted an active response to
CsA. While higher level of fetal hemoglobin (HoF) tended to be a negative factor. The
percentage of Treg cells in CD4+ T cells was decreased broadly after treatment.

Keywords: cyclosporine (CsA), non-severe aplastic anemia (NSAA), children, efficacy, regulatory T-cells (Treg

cells)

INTRODUCTION

Acquired aplastic anemia (AA) in children is a rare, life-
threatening disorder characterized by pancytopenia and
hypocellular bone marrow. The degree or severity of acquired
AA is defined by peripheral blood cell counts in the presence of
a hypocellular bone marrow (1, 2). For children with severe AA
(SAA), bone marrow transplantation from a matched related
donor (MRD) and immunosuppressive therapy (IST) using
antithymocyte globulin (ATG) and cyclosporine (CsA) for those
who lack a MRD have been considered as the first-line therapy,
with an overall long-term survival rate of 90% (3-5). However,
for children with non-severe AA (NSAA), there is no standard or
widely effective treatment approaches. The British Committee for
Standards in Hematology (BCSH) recommends only supportive
care or non-treatment follow-up in transfusion-independent
NSAA patients (6). Actually, variety of early interventions were
given to children with NSAA in the real word, according to
the study which reported a high rate of progression to SAA
when treated with supportive care alone (7). CsA monotherapy
or combined with ATG, ATG only, eltrombopag, androgens,
traditional Chinese medicine, etc. are common treatment options
clinically (8-12). The efficacies and benefits of this approaches
remains inconsistent, partly because the large heterogeneity of
the disease and very few clinical trials have been conducted.

The present study reported the efficacy of CsA monotherapy
in the treatment of NSAA based on a pediatric cohort with
certain number of samples retrospectively. Factors which may be
associated with the efficacy were analyzed in order to identify
patients who can benefit from the treatment and provide data
support for stratified treatment of NSAA.

MATERIALS AND METHODS

Patients

Clinical data of children with NSAA who had been treated
with CsA monotherapy at the outpatient department of
Beijing Children’s Hospital, Capital Medical University, National
Children’s Medical Center from January 2017 to March 2021 was
collected retrospectively. Patients who had been treated <1 year
until the end of follow-up were excluded. Bone marrow biopsy,
chromosome karyotype analysis and next generation sequencing
were performed on all patients. The diagnosis of acquired AA was
considered for patients without dysplastic hematopoietic cells,
abnormal karyotype, and lacking classic congenital anomalies
such as FANC, SBDS, DKCI (1). The definition of severity of AA

was based on the Camitta criteria (13). Furthermore, transfusion-
independent NSAA was divided into two groups according
to a previous study (14): 1) Moderate NSAA had to meet at
least 2 of the following criteria: reticulocyte count <60x 10°/L,
platelet count <50x10°/L, neutrophil count <1.0x10°/L and
not meeting the criteria for SAA. 2) Mild NSAA was defined
as transfusion-independent NSAA that did not meet the criteria
of Moderate NSAA. A positive PNH clone was defined as the
percentage of CD235a+CD55-/CD235a+CD59- red blood cells
> 1% or the percentage of CD24-/Flear- granulocytes > 1%
(per 10,000 nucleated cells) by flow cytometry. The study was
approved by the ethnic committee of Beijing Children’s Hospital,
Capital Medical University, National Children’s Medical Center.

Treatments

Cyclosporine was administered orally at an initial dose of 3-
5 mg/kg per day. The dose was adjusted according to plasma
CsA concentration to maintain a trough plasma concentration
of 150-200 ng/ml. Then the oral dose was decreased gradually 1
year after the blood cells reached a plateau. The total course of
treatment was 3—4 years.

Responses

Refer to the 2016 British Hematology Guidelines (6), a complete
response (CR) was defined as hemoglobin normal for age and
gender, absolute neutrophil count >1.5 x 10°/L and platelet
count >100 x 10°/L; a partial response (PR) was defined
as transfusion independence (if previously dependent) or at
least one cell line response: (1) Erythrocyte response defined
as hemoglobin concentration close to normal or increase of
baseline >30 g/L (if initially <60 g/L) 0.2) Granulocyte response
defined as neutrophils close to normal or increase of baseline
>0.5 x 10°/L (if initially <0.5) 0.3. Megakaryocyte response
defined as platelets increase of baseline >20 x 10°/L (if initially
<20) or doubling of baseline (if initially >20) or close to
normal. No response (NR) was defined as blood counts worse,
or do not meet criteria above. Patients who acquired PR or
CR were considered responsive. We defined progression as the
development of transfusion-dependent AA or SAA and relapse
as treatment failure after initial response.

Regulatory T-Cells

Multicolor flow cytometry for detection of CD4+-CD25+foxP3+
regulatory T-cells (Treg cells) was performed on blood samples of
patients at the time of initial treatment and 1 year after treatment.
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Statistical Analysis

The SPSS 22.0 software was used for data processing and
statistical analysis. The normal distribution of the variables was
examined by the Kolmogorov-Smirnov test and data distributed
normally was presented as means with standard deviation.
Comparison between two different efficacy groups were analyzed
by unpaired ¢-test or non-parametric Mann-Whitney U tests
for continuous variables. Pearson’s chi-square test was used
for counting variables. Binary logistic regression was used for
multivariate analysis. Comparison of Treg cells before and after
treatment was conducted by paired T-test. Kaplan Meier curves
were used for the analysis of progression-free survival. P < 0.05
was considered as statistically significant.

RESULTS

Patient Characteristics

A total of 95 pediatric patients with NSAA were enrolled in this
study, including 48 (50.5%) boys, and 47 (49.5%) girls, with a
median age of 7 (1-14) years. Among them, 49 (51.6%) patients
were confirmed as mild NSAA,38 (40%) patients confirmed as
moderate NSAA and 8 (8.4%) patients confirmed as transfusion-
dependent NSAA.54 (56.8%) patients had a positive PNH clone.
The median course of disease before CsA treatment was 7 (1-
132) months, and 32.63% children had been treated with different
drugs such as glucocorticoid, androgens, traditional Chinese
medicines, with no effects. All patients were treated with CsA
only, and the median treatment time was 22 (12-44) months.
None of the patients stopped the drug by the end of the follow-up.
The baseline characteristics of the patients were shown in Table 1.

Responses

After a median time of 22 months’ treatment,30.5% (29/95)
patients met the criterion of CR, and 27.4% (26/95) met the
criterion of PR. The overall response rate (ORR) was 57.9%.
The median duration from treatment to initial response was
2.5 (0.5-12) months and the median time to complete response
was 8 (1.5-24) months. Anemia was present in 71 patients at
the initial of treatment and the erythrocyte response rate was
22.5%. The granulocyte and megakaryocyte response was 46.9
and 55.8% respectively (Figure 1A). For patients diagnosed with
mild NSAA, 15 (30.6%) acquired a response of CR and 8 (16.3%)
acquired a response of PR. The rate of CR and PR of patients with
moderate NSAA was 28.9 and 34.2% respectively. Unexpectedly,
8 patients who were transfusion-dependent all had an active
response to CsA, with 3 CR and 5 PR (Figure 1B).

Efficacy Related Factors

Factors which may be associated with the efficacy of CsA
monotherapy were further analyzed. Univariate analyses revealed
that lower platelet count and higher interleukin 10 (IL-10) level
in NSAA patients predict an active response to CsA. Patients with
high level of fetal hemoglobin (HbF) tended to have negative
response to CsA (Table 2). Positive PNH clone did not make
patients more effective to CsA. However, none independent
influencing factor was found in multivariate analysis (Table 3).

TABLE 1 | Baseline characteristics of pediatric NSAA patients.

Patient characteristics Values
Sex, n (%)

Male 48 (50.5)
Female 47 (49.5)
Median age, y 7 (1-14)
Neut (median, x10°%/L) 1.19 (0.21-5.43)
HGB (median, g/L) 106 (14-140)
PLT (median, x10%/) 33 (2-88)
Positive PNH clone, n (%) 54 (56.8)
Severity, n (%)

Mild 49 (51.6)
Moderate 38 (40)
Transfusion-dependent 8(8.4)
Median course of disease, m 7 (1-132)
Previous treatments, n (%)

Glucocorticoid 16 (16.8)
Androgen 1(1.1)
Traditional Chinese medicines 11 (1.6)
Others* 3(3.2)
Median time of CsA treatment, m 22 (12-44)

"Includes levamisole, rituximab, and intravenous immunoglobulin.
Neut, neutrophil; HGB, hemoglobin; PLT, platelet; y, years; m, months.

Regulatory T-Cells

Data of Treg cells before and after 1 year’s treatment was available
in a total number of 40 patients. Paired comparison found that
the percentage of Treg cells in CD4+ T-cells was decreased after
1 year’s treatment of CsA (6.78 & 2.72 vs. 5.23 £ 2.06, P = 0.001),
both in responders and non-responders. The degree of decline
in Treg cells between two distinctive response groups had no
significant difference (P < 0.05) (Figure 2).

Follow-Up and Outcomes

With a median follow-up time of 22 months, 10.9% of the
responders relapsed and maintain NSAA, without further
progression. The median time from initial response to relapse
was 13 (5-33) months. However, 11 patients who did not
responsive to CsA monotherapy progressed to SAA or became
transfusion-dependent.The overall progression rate was 11.6%
and the median time from CsA treatment to progression was 11
(5.5-18) months (Figure 3).

DISCUSSION

Very few clinical trials have been conducted for patients,
including adults, with NSAA and when treatment for NSAA
patients should begin is controversial. The British guideline
for treatment of AA recommend that patients should only be
observed, or treated with supportive care, until they become
transfusion-dependent (6). However, according to the study of
St. Jude Children’s Research Hospital, at a median follow-up of
66 months, 2/3 of pediatric moderate NSAA patients progressed
to SAA (7). Similarly, another Asian medical center also reported
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FIGURE 1 | Responses to CsA monotherapy. (A) Responses of different blood cell lines. (B) Responses of different NSAA groups classified according to the degree
of cytopenia.

TABLE 2 | Univariate analyses of efficacy related factors.

Responders Non- P
(n =55) responders

(n = 40)
Sex, n (%) 0.358
Male 30 (54.5) 18 (45)
Female 25 (45.5) 22 (55)
Median age, y 7 (1-14) 7 (2-14) 0.605
Neut (median, x109/L) 1.12(0.27-5.43)  1.2(0.21-3.66) 0.778
HGB (median, g/L) 106 (14-140) 105 (32-133) 0.987
PLT (median, x10%/L) 30 (2-88) 44 (14-82) 0.031
HBF (%) 5.87 (0-37.3) 10 (0-23.37) 0.02
Treg cells before treatment 6.64 +£2.43 7.0+£232 0.547
(Mean + SD, %)
Positive PNH clone, n (%) 33 (60) 21 (52.5) 0.466
IFN 0.2 (0-33.27) 0 (0-20.3) 0.369
TNF 2.36 (0-92.58) 3.05 (0-179.7)  0.464
IL-10 2.21(0-178) 1.42 (0-10.51 0.033
IL-6 8.76 (0-2,787) 26.93 (0-774)  0.146
IL-4 0 (0-0.26) 0(0-3.13) 0.492
IL-2 0 (0-2.27) 0 (0-20) 0.478
Median course of disease, m 6.25 (1-108) 10.5 (1-132) 0.311
Median time of CsA treatment, m 24 (12-44) 19 (12-38) 0.074

Neut, neutrophil; HGB, hemoglobin; PLT, platelet; y, years;, m, months; HBF
fetal hemoglobin; Treg cells, regulatory T-cells; IFN, Interferon; IL-10/6/4/2,
Interleukin 10/6/4/2. P values less than 0.05 was bolded.

high incidence of disease progression for NSAA patients without
definitive treatment, with progression-free survival 62% at 60
months and 22% at 120 months after diagnosis (10). However,
for patients treated with CsA combined with stanozolol, only
9.2 % NSAA patients progressed to SAA at 26.5 months after
diagnosis (15). In the current study, the overall progression
rate was 11.6%, with a median follow-up time of 22 months.

TABLE 3 | Multivariate analyses of efficacy related factors by Binary
logistic regression.

B S.E. P Exp (B) 95% EXP (B)
PLT ~0.023 0.012 0.050 0.977 0.955-1.000
HBF ~0.055 0.033 0.096 0.946 0.886-1.010
IL10 0.055 0.075 0.465 1.056 0.912-1.224
Constant 1.581 0.636 0.013 4.858

PLT, platelet; HBF, fetal hemoglobin;, IL-6 Interleukin 6.

None of patients who had an active response to CsA progressed
though 10.9% of them relapsed. While 27.9% of patients who
failed to response to CsA progressed to a more severe stage.
Above data indicated that effective treatment seems to be able to
decrease the rate of disease progression in children with NSAA.
Thus, identify the beneficiaries early and give them appropriate
treatment is essential.

In view of the satisfying outcomes of immunosuppressive
therapy (IST) in the treatment of SAA, several studies in NSAA
have reported variable responses to kinds of IST regimes. A
prospective randomized multicenter study concluded that the
combination of ATG and CSA is superior to CSA alone for
transfusion-dependent NSAA patients, with the ORR of 74
and 46% at 6 months respectively (16). Wang and colleagues
treated NSAA patients with CsA and stanozolol and 19.6%
patients showed a complete remission (15). In our study, the
responses of patients to CsA were heterogeneous, with the
ORR 46.9% in mild NSAA, 63.2% in moderate NSAA and
100% in transfusion-dependent NSAA. We think this may
be related to the complicated pathogenesis of AA. The most
favored model is that of a dysregulated immune system leading
to autoreactive T-cell destruction of hematopoietic stem and
progenitor cells. This is well reflected in SAA patients with
expanded CD8+ T-cells and increased TNFa and INFy levels
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FIGURE 2 | Regulatory T-cells before and after CsA treatment. (A) Regulatory T-cells of all patients (n = 40). (B) Regulatory T-cells of responders (n = 26).
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FIGURE 3 | The clinical outcomes of children with NSAA treated with CsA with a median follow-up time of 22 months. (A) The relapse percent of patients in
responders (n = 55). (B) The rate of progression-free survival of all patients as time. The horizontal dotted line represents the final values.

(17-19). However, the same immunological abnormality is
rarely found in NSAA. To these patients, other mechanisms
such as telomere abnormalities, genetic factors and clonal
hematopoiesis may also be involved (20). Especially for children
acquired NSAA, which is difficult to distinguish with inherited
bone marrow failure syndrome and refractory cytopenia (21).
Therefore, the author thinks that to mild NSAA patients,
supportive care or only observation until disease progressed was
suitable since no effective treatment was available. The ORR of
patients with transfusion-dependent was as high as 100%. One
possible reason was that transfusion-dependent patients were
more likely to be lost to follow-up if the drug did not work
quickly. Another reason was that 6 of 8 transfusion-dependent
patients in our study were platelet transfusion-dependent and
further univariate analyses revealed that lower platelet count
predicted an active response to CsA. Meanwhile, patients with
higher IL-10 level seem to have a better response to CsA,
which is easy to be understood since IL-10 are defined as

stimulator of hematopoiesis (22). Higher level of HbF tend
to have negative response to CsA monotherapy. It may be
an indicator of clonal hematopoiesis as previous study have
reported a marked increase in the number of F blasts in the
bone marrow of patients with myelodysplastic syndromes (MDS)
(23). However, none independent influencing factor was found
in multivariate analysis. We believed that on the one hand,
the disease itself had great heterogeneity with complex and
diverse pathological mechanism, which make it difficult to be
affected by an independent factor. On the other hand, limited
by retrospective research, patients included were heterogeneous
too, with different medical histories and previous treatments.
Thus, long-term prospective follow-up studies are necessary. In
the current study, erythrocyte response rate was much lower
than that of granulocyte and megakaryocyte. Thus, for NSAA
patients suffering from anemia, more aggressive treatment such
as CsA combined with ATG, androgen or eltrombopag should be
considered (24, 25).
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Treg cells are important in regulating the differentiation of
T-cells and inhibiting the toxicity of activated CD8+T-cells,
and thus play a crucial role in maintaining normal function
of the T-cells (26). It is reported that Treg cells, as marked
by CD4+4-CD25+ and Foxp3, is obviously lower and functional
impaired in AA patients and Treg cells injection can increase
residual bone marrow cells and peripheral blood cells of AA
mice (27, 28). In our study, however, the percentage of Treg
cells in CD4+ T-cells was decreased after 1 year’s treatment of
CsA, both in responders and non-responders. Similarly, previous
studies had reported that CsA significantly impaired the function
of CD4+4CD25+ Treg cells by inducing interleukin-2 (IL-2) and
interferon-gamma (IFN-gamma) secretion (29). But whether this
will lead to patients’ impaired immune tolerance is unknown.
Rapamycin, another effective immunosuppressant, does not
inhibit the function of CD4 (4+)CD25 (+) Treg cells (30).
Futhermore, rapamycin, but not CsA, reduced the proportion
of memory and effector T-cells and maintained a pool of naive
T-cells in murine models of immune-mediated bone marrow
failure (31). This implies that rapamycin or other effective
immunosuppressant could be used as alternative options in the
treatment of aplastic anemia. But randomized controlled studies
based on large samples and long-term follow-up are necessary.

In conclusion, pediatric NSAA is highly complicated and
heterogeneous. Treatment approaches should be hierarchical
and individual. For patients with moderate or transfusion-
dependent NSAA, CsA monotherapy had certain effects. For
patients suffering from anemia, more aggressive treatment
should be considered. For patients with mild NSAA, CsA
is not recommended and a prospective randomized trial of
early intervention with IST or observation alone until disease
progression is urgently needed. The percentage of Treg cells were
decreased by CsA, but whether this affects patients’ long-term
outcomes needs to be further studied.
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