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Introduction

Acquired severe aplastic anemia (SAA) is a life-threat-
ening disorder characterized by pancytopenia and 
hypocellular bone marrow. Bone marrow transplanta-
tion (BMT) and immunosuppressive therapy (IST) with 
anti-thymocyte globulin (ATG) and cyclosporine A 
(CSA) have been the standard treatments for SAA over 
the last 20  years with continued improvements of out-
comes [1–3]. SAA is a rare disease with a 2–3 times 
higher incidence in south-east Asia and poor countries 
than in Europe and North America [2]. Unfortunately, 
most of SAA patients in the developing countries have 
little opportunity to access these first-line treatments, 
which are associated with high costs and require hospi-
talization. As reasons of lacking fully HLA-matched sib-
lings, or inability to locate fully HLA-matched unrelated 
donors, or age (>50  years), or lacking health insurance 
services, e.g., in one cohort of Chinese patients referred 
to our institutional hospital, more than 2/3 AA patients 
could only bear CSA [4]. Thus, it represents a medical 
challenge for both patients and physicians, as well as for 
the health authorities.

Unfortunately, the outcomes of SAA treated with 
CSA or danazol alone were not encouraging [5, 6]. As 
the addition of CsA to horse ATG (h-ATG) provided suf-
ficient immunosuppression and improved 3- and 6-month 
response rates for SAA patients [3], it was possible to 
introduce a more appropriate immunomodulatory agent to 
replace h-ATG in SAA. Thus, a novel regimen retaining a 
marked immunosuppressive effect with the advantages of 
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lower cost and ease of administration to circumvent SAA 
patients would be of benefit.

The time-honored agent levamisole (LMS), which had 
been originally designed for antihelminthic applications in 
1971, has subsequently been reported to have a broad range 
of immunomodulatory effects [7–9]. Evidence is available 
that LMS may favor marrow restoration after chemotherapy 
[10]. Also, enhanced granulopoietic colony formation was 
observed when LMS was cocultured with human bone mar-
row stem cells in leukocyte-conditioned medium through 
promoting the release of colony-stimulating activity [11]. 
Previously, we reported the short-term effectiveness of 
CSA&LMS regimen in a small group of patients with 
refractory or relapsed SAA [12]. In addition, there were 
high response rates at 3 and 6 months and low progression 
rate to SAA in moderate AA (mAA) patients treated with 
the CSA&LMS regimen [13]. Thus, we postulated that the 
distinct complementary and synergistic effects between 
LMS and CSA would also lead to improved response rates 
and survival in SAA. We retrospectively analyzed the 
response, adverse events and survival of 261 SAA patients 
who received CSA&LMS-based regimen.

Methods

Patients

We reviewed the records of all newly diagnosed patients 
with SAA consecutively referred to Blood Disease Hos-
pital of Chinese Academy of Medical Sciences (CAMS) 
and Peking Union Medical College (PUMC) between 
December 2008 and September 2013 and treated with the 
CSA&LMS-based regimen. Patients with a past history of 
myelodysplastic syndrome (MDS), overt paroxysmal noc-
turnal hemoglobinuria (PNH), and refractory or relapsed 
SAA, patients with severe infections with likely imminent 
death, congenital AA and children younger than 5  years 
old were excluded. All patients or their legal guardians 
signed written informed consent before CSA&LMS-based 
regimen. The CSA&LMS-based protocol described in 
this study was approved by the Ethics Committees of the 
Institute of Hematology, CAMS & PUMC according to the 
guidelines of the Declaration of Helsinki (Ethics number: 
NI2015004-EC-1).

Protocol details

The CSA&LMS regimen was designed to alternately 
administer each agent every other day. The initial dose of 
CSA was 3  mg/kg per day in adults or 5  mg/kg per day 
in children aged 6–18  years, with subsequent adjust-
ment according to blood CSA, serum urea, creatinine and 

bilirubin levels to maintain trough blood CSA levels of 
150–250  ng/mL. But the target blood CSA level was not 
achieved as CSA was administered every other day, so it 
was monitored only in the first 53 patients. Oral LMS was 
alternately administered at the same time with a dose of 
150 mg per day in adults and 2.5 mg/kg per day in children 
(<40 kg) in three divided doses. Both CSA and LMS were 
continued for 12 more months, followed by a slow taper-
ing rate of 25  % reduction in dose for every 3–4  months 
according to the response to reduce the risk of relapse.

All patients received oral danazol 5.0–10.0 mg/kg daily, 
folic acid 0.1–0.2  mg/kg daily, and vitamin B12 10  µg/
kg, twice a week. All of these medicines were maintained 
for 12 months. RhuG-CSF was administered in all VSAA 
patients at a dose of 5–10  µg/kg/day, adjusted by white 
blood cell count (WBC) to keep it between 4000 and 
10000/μL. In addition to this schedule, a short course of 
rhuG-CSF was administered if clinically indicated, usually 
for severe systemic infection. Red blood cells (RBCs) were 
transfused when the hemoglobin level was less than 6 g/dL, 
and platelets were transfused when the blood platelet count 
was less than 10 × 103/μL, or less than 20 × 103/μL in the 
presence of bleeding and/or fever.

Definitions

Severe aplastic anemia was defined as bone marrow cel-
lularity of less than 30  % and satisfying two of the three 
following peripheral blood count criteria: (1) absolute 
neutrophil count (ANC) <500/μL; (2) absolute reticu-
locyte count (ARC) <60 ×  103/μL; or (3) platelet count 
<20 ×  103/μL [14]. Patients were classified as VSAA if 
they met the criteria for SAA and had an ANC less than 
200/μL [15], and moderate SAA was defined as SAA with 
initial ANC higher than 200/μL. All patients were stratified 
for the severity of disease as indicated by ANC into three 
groups: group I <200/μL (VSAA), group II 200–500/μL, 
group III >500/μL. Hematological response was defined as 
no longer meeting the criteria for SAA without transfusion 
and rhuG-CSF. Complete response (CR) was defined as sat-
isfying all three peripheral blood count criteria: (1) hemo-
globin ≥11  g/dL; (2) ANC ≥1500/μL; (3) platelet count 
≥80 × 103/μL. Partial response (PR) was defined as blood 
counts no longer meeting criteria for SAA without transfu-
sions and rhuG-CSF, and no response (NR) was classified 
as still meeting criteria for SAA, continuous transfusion 
dependency or death within 6 months. Relapse was defined 
as meeting SAA criteria again for a responder who had pre-
viously achieved response and kept stable blood counts for 
at least 3 months. Evolution to myelodysplastic syndrome 
(MDS) was defined as the presence of characteristic dys-
plastic abnormalities in at least two bone marrow lineages 
with or without abnormal karyotype. The diagnosis of overt 
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paroxysmal nocturnal hemoglobinuria (PNH) was estab-
lished by more than two times positive Ham test or two 
series of more than 20  % glycosylphosphatidyl-anchored 
protein (GPI-AP)-deficient clone, with clinical and labo-
ratory evidence of hemolysis. The PNH clone was deter-
mined by flow cytometric analysis. Detection of more than 
5  % GPI-AP-deficient or more than 1  % abnormal clone 
by fluorescent aerolysin (FLAER) was considered posi-
tive. Early mortality was defined as death occurring within 
3 months after the initial CSA&LMS-based regimen.

Statistical analysis

Summary statistics, such as means, medians and percen-
tiles were used to describe the baseline characteristics 
of the patients. Categorical data were summarized as fre-
quency counts and proportions. To compare the differences 
between groups, the Chi square test or Fisher exact test was 
used for categorical variables, and the Mann–Whitney U 
test for continuous variables. Logistic regression was used 
to assess the predicted factors for response at 6 months in 
the multivariate analysis. Overall survival (OS) was deter-
mined from the initial CSA&LMS-based regimen to death 
or last follow-up (September 2014). Survival curves were 
calculated using the Kaplan–Meier method and compared 
using the log-rank test. All significance tests were 2-sided. 
All the analyses were performed using statistical package 
SPSS 16.0 (SPSS, Inc., Chicago, IL, USA).

Results

Patient characteristics

We retrospectively analyzed 315 SAA patients treated with 
CSA&LMS-based regimen between December 2008 and 
September 2013 in our hospital. 23 patients with severe 
infections, 2 patients without response at 3 months discon-
tinuing this protocol and 29 patients who were lost to fol-
low-up within 6 months were excluded. Thus, 261 patients 
were included for the response and survival. Of the 261 
patients, 70 (26.8 %) cases were VSAA, including 7 hepa-
titis-associated AA patients. The median age for all cohort 
was 25 (range 5–77) years. All of these patients were trans-
fusion dependent. RhuG-CSF was administered in 116 
(44.4  %) patients. The median follow-up was 25 (range 
0.2–70.5) months. Demographic data and clinical charac-
teristics of these patients are outlined in Table 1.

Hematologic response

92 (35.2 %, 87 PR + 5 CR) and 118 (45.2 %, 102 PR + 16 
CR) patients achieved response at 3 and 6 months, respectively. 
During the following days to 12 months, the blood count of 
the other 21 patients continuously improved and at least met 
the criteria of PR. Therefore, the response rate was 53.3  % 
(139/261, 102 PR + 37 CR) at 12 months. After stratification 
for pretreatment neutrophil counts (<200, 200–500, >500/μL), 

Table 1   Characteristics of all 
patients

Baseline characteristics All patients (n = 261)

Gender

 Male, no. (%) 151 (57.9)

 Female, no. (%) 110 (42.1)

Median age (years, range) 25 (5–77)

Age groups

 ≤18 years, no. (%) 78 (29.9)

 19–40 years, no. (%) 112 (42.9)

 >40 years, no. (%) 71 (27.2)

Etiology of SAA

 Idiopathic, no. (%) 254 (97.3)

 Hepatitis, no. (%) 7 (2.7)

Severity of disease, no. (%)

 Moderate SAA 191 (73.2)

  Group-I 106 (40.6)

  Group-II 85 (32.6)

 VSAA 70 (26.8)

Cell counts (median, range)

 ANC (×103/μL) 0.38 (0–1.5)

 Hb (g/dL) 5.7 (1.8–10.5)

 PLT (×103/μL) 7 (0–23)

Interval from diagnosis to CSA&LMS regimen (day, median, range) 60 (1–8760)
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the response rates were 17.1 %, 36.8 % and 48.2 % at 3 months 
(P  <  0.001) and 24.3  %, 46.2  % and 61.2  % at 6  months 
(P < 0.001), respectively. But when the deaths before 6 months 
were excluded, the difference among the three groups was not 
significant (45.9 vs 49.0 vs 62.7 % at 6 months, P = 0.11).

The patients with higher pretreatment ARC level had sig-
nificantly higher response rates than those with lower ones at 
3 (49.6 vs 20.8 %, P < 0.001) and 6 months (59.5 vs 30.8 %, 
P  <  0.001). Interestingly, there was a better response in 
patients with long disease duration (>60 days); of them, 41.3 
and 52.4 % reached PR or CR at 3 and 6 months, respec-
tively, compared with 29.6 and 38.5 % of those with shorter 
disease duration (P = 0.05 and 0.03, respectively), In fact, 
most of the patients (89.7  %) with long disease duration 
were with moderate SAA in this series; thus, when patients 
were stratified by pretreatment neutrophil counts, these sig-
nificances disappeared in both VSAA and moderate SAA 
(P = 0.72 and 0.51, respectively). The response rate of the 
patients older than 40 years was inferior to the younger ones, 
which were 19.7  % at 3  months and 28.2  % at 6  months, 
compared with 41.1 % (P = 0.001) and 51.6 % (P = 0.001), 
respectively. Univariate analysis revealed that the likelihood 
of 3- and 6-month response rates was not associated with 
sex, etiology, pretreatment platelet and PNH clone. Multi-
variate analysis further demonstrated that younger age of 
<40  years, pretreatment ARC >17.1 ×  103/μL and higher 
initial ANC remained statistically significant favorable fac-
tors for achieving response at 6 months (Table 2).

During the following days up to 35  months, the blood 
count of the other 9 patients improved and met the crite-
ria of PR; thus, the overall response rate was 57.1 % at the 
last follow-up. The median level of hemoglobin, ANC and 
platelet at the last follow-up were 13.5 (6.6–17.3)g/dL, 1880 
(490–6770)/μL and 72 (10–306)  ×  103/μL, respectively. 
The magnitude and timeline of hematologic improvement 
of the responders are presented in Fig.  1. It was interest-
ing that the median level of hemoglobin and ANC were 
comparable at 3, 6 and 12 months between the responders 
of group I and those with pretreatment ANC >200/μL, but 
the median platelet count of VSAA was higher than those 
with moderate SAA at 6 (54 × 103/μL vs 32 × 103/μL) and 
12 (88.5 × 103/μL vs 39 × 103/μL) months, although the 
difference was not significant (P = 0.09 and 0.07, respec-
tively). When the responders were divided by disease dura-
tion (60 days), patients with duration <60 days had higher 
median hemoglobin than those with duration ≥60  days at 
3 (10.8 g/dL vs 8.8 g/dL, P = 0.01) and 6 (13.3 g/dL vs 9.3 
g/dL, P = 0.002) months, but the difference disappeared at 
12 months (13.1 g/dL vs 12.3 g/dL, P = 0.10). The median 
ANC (1855/μL vs 1490/μL) and platelet (79.5 ×  103/μL 
vs 36 × 103/μL) counts of patients with duration <60 days 
were higher than those of patients with duration ≥60 days 
(P = 0.04 and 0.001, respectively).

Blood CSA levels

CSA concentrations were measured at 2  weeks after ini-
tiation of the CSA&LMS regimen in the first 53 patients. 
The trough blood CSA levels (which were measured 36 h 
after last take of CSA) of all these patients were less than 
150  ng/mL, with a median level of 20.90 (range 2.00–
131.50) ng/mL. The median peak level of blood CSA was 
315.48 (range 70.60–786.50) ng/mL. When these patients 
were divided into two groups according to the response 
at 6  months, the median trough blood CSA levels were 
comparable between the two groups (17.18 vs 23.70  ng/
mL, P =  0.42), but the median peak level of blood CSA 
of the response group (363.65  ng/mL) was significantly 
higher than that of the non-response group (258.70 ng/mL, 
P = 0.05).

Adverse effects

Levamisole and danazol-associated adverse events were 
scored according to the NCI-CTC Version 2.0 criteria. 
LMS-associated toxicities recorded were mild and only 
occurred in 3 (1.15  %) patients, including grade 1 rash, 
grade 2 rash and grade 2 nausea in each patient, which 

Table 2   The prognostic factors associated with response at 6 months 
in SAA by univariate and multivariate analyses

ANC absolute neutrophil count, ARC absolute reticulocyte count

Variables Relative risk (95 % CI) P value

Univariate analysis

 Age (≤40-year-old) 2.72 (1.51–4.90) 0.001

 Sex (male) 1.27 (0.78–2.08) 0.35

 Etiology (non-idiopathic) 0.20 (0.02–1.64) 0.13

 Disease duration (≤60 days) 0.57 (0.35–0.93) 0.03

  VSAA (≤60 days) 0.66 (0.18–2.51) 0.72

  Moderate SAA (≤60 days) 0.82 (0.46–1.47) 0.51

 Pretreatment ARC of >17  
× 103/μL

3.31 (1.99–5.52) <0.001

 Pretreatment platelet of >8  
× 103/μL

1.58 (0.96–2.58) 0.07

 Pretreatment ANC <0.001

  Group III/I 4.91 (2.44–9.88) <0.001

  Group II/I 2.68 (1.38–5.22) 0.004

 PNH clone 0.99 (0.40–2.48) 0.99

Multivariate analysis

 Age (≤40-year-old) 3.13 (1.66–5.92) <0.001

 Pretreatment ARC of >17  
× 103/μL

2.29 (1.25–4.19) 0.007

 Pretreatment ANC 0.02

  Group III/I 3.28 (1.43–7.52) 0.005

  Group II/I 2.08 (1.02–4.27) 0.05
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required adjusting the dose of LMS in the latter two 
patients. Danazol-associated toxicities were more fre-
quent and required intervention: 18 (6.90 %) patients had 

mild/moderate acne and 2 (0.77 %) of them had grade 2; 
32 (12.26  %) patients had impairment of liver function 
with transaminase values up to 670  U/L, including grade 
3, grade 2 and grade 1 in 7 (2.68 %), 12 (4.60 %) and 13 
patients (4.98  %), respectively; another patient had grade 
2 gynecomastia. CSA-associated toxicities were modest: 
7 patients experienced gingival hyperplasia; other adverse 
effects included hypertrichosis (6 patients), impairment of 
renal function with creatinine values up to 164.3 μmol/L 
(2 patients), involuntary movement (1 patient) and labora-
tory evidence of hepatotoxicity (5 patients). All of these 
toxicities were mild except for the relatively high creati-
nine value in 1 patient, who had the dose of CSA further 
adjusted (Table 3).

Survival

In this cohort, 62/261 (23.75  %) patients died within 
a median interval of 4.5 (0.2–46) months after the 
CSA&LMS regimen. Most (82.26  %, 51/62) of these 
episodes occurred in the first year. All of them were non-
responders at 6  months. Of these deaths, 41 resulted 
from infections and 15 hemorrhagic episodes, 2 occurred 
after MDS/leukemia transformation and the other 4 from 
unknown causes. Early mortality occurred in 23 patients, 
19 of whom died from infection complications.

The 5-year OS of all patients was 67.9 % (95 % CI 59.4–
76.4 %) (Fig. 2a). The inferiority of 5-year OS at 33.8 % 
(95  % CI 20.6–47  %) in VSAA patients was observed 
when compared with 80.5  % (95  % CI 69.7–91.3  %) in 
moderate SAA patients (P  <  0.001), as estimated by the 
Kaplan–Meier method (Fig.  2b). The comparable 5-year 
OS between groups II and III (80.7 vs 78.6 %, P = 0.08) 
was also observed. Sex, etiology, age, disease duration, 
PNH clone, ARC and PLT counts were not correlated with 
survival by univariate analysis.

Relapse and clonal evolution

A total of 9 (3.45  %, 7PR +  2CR) patients relapsed at a 
median interval of 24.0 months (range 9–42 months) after 
an initial response. The relapse in 2 patients occurred when 
the drugs were tapered, and both of them met the criteria 
for PR again when the CSA&LMS-based regimen was 
re-administered. 2 patients died 13 and 15  months after 
their relapses. The other 5 patients were still transfusion 
dependent.

In this cohort, 6/261 patients (2.30 %) evolved to clonal 
disorders, including 2 overt PNH, 3 MDS and 1 acute 
myeloid leukemia (AML). Cytogenetic abnormalities pre-
dominantly involving chromosome 7 occurred in the 3 
MDS patients. Two patients (1 NR, 1 CR) developed clonal 
cytogenetic abnormalities in the bone marrow cell without 

Fig. 1   The magnitude and timeline of hematologic improvement for 
the 148 SAA patients with response following CSA&LMS-based reg-
imen. a Mean (±SE) increase in hemoglobin level. b Mean (±SE) 
increase in absolute neutrophil count. c Mean (±SE) increase in 
platelet count
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the distinctive morphologic features of MDS, which were 
9q+ and 6p+, respectively, and neither of them evolved to 
MDS/AML.

Discussion

We have previously demonstrated the unexpectedly encour-
aging efficacy of CSA&LMS regimen in mAA [13] and 
refractory or relapsed severe AA (rSAA) [12] with much 
less costs and acceptable side effects, which resulted in 
91.5 % overall response rate in mAA and 50 % in rSAA. 
Thus, we conducted a single arm clinical research cau-
tiously to further explore its application to SAA patients 
from 2008, who were not eligible for ATG therapy and 
BMT. On account of the potential interactions between dan-
azol and CSA as reported in the literature [16, 17], danazol, 
as a synthetic anabolic steroid, was added to CSA&LMS-
based regimen to achieve adequate immunosuppressive 

intensity. Before ATG + CSA was introduced for the treat-
ment of AA, androgens were the usual therapy in the early 
1960s [18]. The mechanism for the action of androgens 
was unknown until later they were found to have a posi-
tive effect on hematopoiesis and could also up-regulate tel-
omerase activity [19, 20]. In the majority of clinical trials 
in the 1970s–1990s, androgens were routinely used alone 
or in combination with ALG/ATG [21–24]. Due to the 
highly variable responses, hepatotoxicity and virilization of 
these drugs, the application of androgens has been limited 
in recent years. But it may be useful in a combined regi-
men for patients in whom the standard immunosuppressive 
treatment is unavailable.

Although the use of CSA&LMS-based regimen as pri-
mary therapy for SAA remains preliminary, the treatment 
options for those patients ineligible for ATG and BMT are 
limited. The response rates of CSA alone for mAA were 
disappointing [25–27], and the outcome was even more 
discouraging for SAA patients [5, 28]. In the only pub-
lished randomized multicenter study for SAA by Gluck-
man E, the response rate was only 11.6  % in the CSA 
group at 3 months [5]. CSA-associated toxicities were fre-
quent when long-term and full dosage were used, including 
nephrotoxicity (in 42–56 % patients) [5, 26], hypertricho-
sis (38  % patients) [29], gingival hyperplasia, hyperten-
sion, hepatotoxicity, edema and muscle cramps, etc. [3, 5, 
29]. Danazol was used in AA only in the recent years, and 
few studies with unremarkable results have been reported, 
with no more than 40 % overall response rate in all types 
of AA treated with danazol alone [6, 30]. The results of this 
series of SAA patients treated with this combined regimen 
confirmed the efficacy and acceptable side effects of this 
strategy. 35.2, 45.2 and 57.1 % of SAA patients achieved 
response at 3 and 6 months and the last follow-up. No viri-
lization was observed, and CSA-associated toxicities were 
rare and modest. More importantly, all of those adverse 
events were reversible, and only 8 patients had to have a 
further adjusted dose of CSA and danazol in this study.

Table 3   The adverse events of SAA patients treated with 
CSA&LMS-based regimen

Toxicities Number (%)

Danazol-associated

 Hepatotoxicity 32 (12.3 %)

 Acne 18 (6.90 %)

 Gynecomastia 1 (0.38 %)

CSA-associated

 Gingival hyperplasia 7 (2.68 %)

 Hypertrichosis 6 (2.30 %)

 Hepatotoxicity 5 (1.92 %)

 Impairment of renal function 2 (0.77 %)

 Involuntary movement 1 (0.38 %)

LMS-associated

 Rash 2 (0.77 %)

 Nausea 1 (0.38 %)

Fig. 2   Kaplan–Meier curve of 
overall survival. a The 5-year 
OS of all patients who received 
the CSA&LMS-based regimen. 
b Patients with moderate SAA 
had significantly higher 5-year 
OS (P < 0.001)



155Outcome of a novel immunosuppressive strategy of cyclosporine, levamisole and danazol for…

1 3

One may argue that there was a high long-term survival 
in this trial, as the 5-year OS was comparable with that of 
SAA patients treated with ATG in our previous study [31]. 
Here, we underscored the surprisingly remarkable response 
rate (41.9 % at 3 months and 52.9 % at 6 months, respec-
tively) and 5-year OS (80.5  %) in patients with pretreat-
ment ANC >200/uL, and certainly most (73.2  %) of the 
patients were with moderate SAA in this series. Because 
of the high early mortality of VSAA, this combined regi-
men may be more suitable for patients whose initial ANC 
level was relatively higher with better quality of life and 
long-term survival. Interestingly, in the responders, the 
median level of hemoglobin and ANC of VSAA at 3, 6 
and 12 months was comparable with those seen in moder-
ate SAA, and the median platelet count was unexpectedly 
higher in VSAA patients than that seen in groups II and III 
at 6 (54 × 103/μL vs 32 × 103/μL) and 12 (88.5 × 103/
μL vs 39 × 103/μL) months. It partially demonstrated that 
some VSAA patients could also respond to CSA&LMS-
based regimen with more remarkable blood counts than 
moderate SAA patients, which certainly needs verification 
of more long-term follow-up.

In the present study, multivariate analysis showed that 
younger age, higher pretreatment ARC and initial ANC 
were favorable factors for achieving response at 6 months, 
and initial ANC was also the predictor of survival. How-
ever, in our previous clinical research, the likelihood of 
overall response rate in mAA treated with CSA&LMS regi-
men was not associated with any of these factors. This may 
suggest some different pathophysiology between SAA and 
mAA. SAA patients with short disease duration had higher 
median ANC and platelet counts at 12  months, which 
was confirmed in mAA patients whose disease duration 
<6 months had a significantly superior CR rate in our early 
study [13]. In many previous studies, the CSA levels were 
used to restrict drug toxicity and also predict responses [2, 
14, 32, 33]. In our research, the trough blood CSA levels 
were all less than 150 ng/mL when alternately administered 
with LMS. Therefore, it was monitored only in a small part 
of patients in this study. Despite this, it was demonstrated 
that the peak level had some correlation with the response 
(P = 0.05) in our study. The lower frequency of CSA-asso-
ciated toxicities and the unexpectedly encouraging results 
of this novel regimen gave us the indication that the opti-
mal time point and appropriate monitoring of CSA levels 
need further exploration.

In conclusion, CSA&LMS-based regimen might rep-
resent a promising strategy for SAA patients with several 
practical merits of desirable effectiveness, much less costs, 
more convenience and acceptable side effects, especially 
for patients with moderate SAA who are ineligible for ATG 
and BMT in developing countries. Thus, this pilot approach 
implicated a new concept of treatment for SAA and given 

the rarity of SAA, international collaborative efforts are 
needed to explore the long-term outcome of these patients 
treated with this combined regimen in the near future.
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