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Long-term follow-up of a novel immunosuppressive strategy
of cyclosporine alternatively combined with levamisole for severe
aplastic anemia
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Abstract
Hematopoietic stem cell transplantation (HSCT) and immunosuppressive therapy (IST) with antithymocyte globulin (ATG) and
cyclosporine (CsA) have been widely accepted as the standard first-line treatments for severe aplastic anemia (SAA). However,
most of the patients with SAA had a slim chance to access these strategies in developing countries. Here, we reported 10-year
results in a cohort of 232 patients with SAA who received a novel IST of CsA, levamisole, and danazol (CsA&LMS-based
regimen). The cumulative incidence of response was 52.1% at 6 months, 66.4% at 12 months, and 77.1% at 24 months. The 10-
year overall survival (OS) and failure-free survival was 60.2% and 48.3%, respectively. Positive predictors of OS in multivariate
analysis were higher pretreatment ANC, younger age, higher pretreatment absolute reticulocyte count (ARC), and response
within 6 months. The probability of CsA&LMS discontinuation was 50.2% at 10 years. With a slow CsA&LMS taper, the
actuarial risk for relapse was only 9.5%. The cumulative incidence ofMDS/AMLwas 8.2% at 10 years. The long-term follow-up
information demonstrated that the CsA&LMS regimen could be a promising strategy for patients with SAA in developing
countries.
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Introduction

Aplastic anemia (AA) is identified as an immune-mediated
bone marrow failure, characterized by “anhematopoiesis”
and peripheral blood pancytopenia [1]. Hematopoietic stem
cell transplantation (HSCT) is curative in a large majority of
patients with severe AA (SAA) younger than 40 years old.
Immunosuppressive therapy (IST) with antithymocyte globu-
lin (ATG) and cyclosporine (CsA) can effectively restore the
blood-cell production inmost SAApatientswho are > 40 years
of age or younger patients without HLA-compatible sibling
donors. Therefore, HSCT and IST have been the standard
first-line treatments for SAA patients in the last few decades.

AA occurs more frequently in Asia than in the West, with
2- to 3-fold higher incidence rates [2]. Unfortunately, most
SAA patients in developing countries have little chance of
these first-line treatments because of unavailable HLA-
matched donors or old age (> 50 years old). In addition, high
costs, long hospitalization periods, and insufficient health in-
surance services remain problematic. More than 2/3 AA pa-
tients in our center could only bear CsA [3]. And, recent pro-
spective study in China revealed that less than 1/4 SAA pa-
tients could receive the guideline-recommended first-line
treatments of ATG or HSCT [4]. As the advantage of adding
CsA to horse ATG (h-ATG) was evident in patients with
SAA, the major challenge for clinicians was exploring a novel
immunomodulatory agent to replace h-ATG in SAA [5].

Levamisole (LMS), a time-honored agent, was originally
used as a synthetic antihelminthic agent. Subsequently, its
broad immunomodulatory effects were further demonstrated
in vitro and in vivo [6–8]. In addition, levamisole was discov-
ered to favor marrow restoration between courses of chemo-
therapy [9]. And, levamisole was reported to enhance
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granulocyte colony formation partly through modulating the
release of colony-stimulating activity [10]. Moreover, a recent
study revealed that levamisole could reshape the bone marrow
microenvironment by suppressing adipogenesis of AA-
derived mesenchymal stem cells through ZFP36L1-
peroxisome proliferator-activated receptor gamma coactivator
1 beta (PPARGC1B) axis [11]. Therefore, we postulated the
complementary and synergistic interaction between LMS and
CsA might improve the response and survival in AA. In ad-
dition, danazol which was reported to have potential interac-
tions with CsA and increased telomere activity in human he-
matopoietic cells was added to the CsA&LMS-based regimen
for maximum restoration of blood-cell production [12, 13].

Previously, we reported the encouraging short-term effec-
tiveness of the CsA&LMS-based regimen in a cohort of 261
SAA patients [14]. For an informed decision of this novel IST,
long-term observation of survival, relapse, and evolution was
essential. Here, we reported 10-year outcomes of this cohort
of SAA patients to clarify the potential and problems of the
CsA&LMS-based regimen.

Methods

Patients and follow-up

From December 2008 to September 2013, 261 newly diag-
nosed SAA patients receiving the CsA&LMS-based regimen
were included in this study. Details concerning the patient
characteristics and the treatment protocol were published pre-
viously [14].

Follow-up information was asked from patients and their at-
tending physicians, including complete blood counts, treatments,
transfusion history, adverse events, and general health status.
Data on relapse, clinical or laboratory evidence for paroxysmal
nocturnal hemoglobinuria (PNH), myelodysplastic syndrome
(MDS), leukemia, and solid tumors were also collected. This
study was approved by the Ethics Committees of the Institute
of Hematology, in accordance with the guidelines of the
Declaration of Helsinki (Ethics number: KT2014005-EC-1); all
patients gave written consent to publish follow-up results
anonymously.

Protocol details

The details of the CsA&LMS regimen were previously report-
ed [14]. In brief, the CsA and LMS were alternatively admin-
istrated every other day. The initial dose of CsA was 3 mg/kg/
day in adults and 5 mg/kg/day in children (6–18 years old).
Oral LMS was alternatively administrated at 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 at least 12 months. Tapering always started after a stable

maximal response lasting for 6 or more months with a very
slow tapering rate of 25% reduction in dose for every 3–
4 months according to the response. All patients received oral
danazol (5.0–10.0 mg/kg/day), folic acid (0.1–0.2 mg/kg/
day), and vitamin B12 (10 μg/kg, twice a week) for more than
12 months. The dose of danazol was adjusted according to the
serum transaminase levels.

Definitions

SAA was defined by the presence of bone marrow
hypocellularity (less than 30%) and satisfying two of the three
following criteria: absolute neutrophil count (ANC)<0.5 ×
109/L; absolute reticulocyte count (ARC)<60 × 109/L; platelet
count<20 × 109/L [15]. Very severe AA (VSAA) was further
defined by initial ANC less than 0.2 × 109/L [16].

Hematological response was defined as no longer meeting
the criteria for SAA without transfusion and recombinant hu-
man granulocyte colony-stimulating factor (rhuG-CSF).
Complete response (CR) was determined by satisfying all
the three following peripheral blood count criteria:
hemoglobin> 110 g/L; ANC> 1.5 × 109/L; platelet count>
80 × 109/L [17]. Partial response (PR) was considered when
the peripheral blood counts no longer meet the criteria for
SAA without transfusion and rhuG-CSF. No response was
identified as still meeting the criteria for SAA, transfusion
dependency, or death within 6 months.

Time to response was calculated from the first day of treat-
ment to the day patients obtained PR. All PRs were counted as
events, including late response but not the remission induced
by salvage therapy. When calculating response kinetics, only
response achieved within 24 months after a single course of
treatment was included. Patients who reached response after
salvage treatment and those who died without response were
censored at the time of salvage therapy or death.

Relapse was indicated by the requirement for blood trans-
fusion. Time to relapse was calculated from the day the patient
achieved response to the day of relapse. When calculating the
time to relapse, patients who died and those who survived at
last follow-up without relapse were censored at the time of
death or last follow-up.

Evolution into MDS was defined by the presence of dys-
plasia in at least two bone marrow lineages with or without
characteristic abnormal karyotype. The clinical PNH was di-
agnosed by at least two times positive Ham test or more than
20% glycosylphosphatidyl-anchored protein (GPI-AP)-defi-
cient clone in two series, and associated with clinical or labo-
ratory evidence of hemolysis.

Overall survival (OS) was determined from the first day of
the CsA&LMS-based regimen to the day of death, transplan-
tation, or last follow-up (February 2019). Failure-free survival
(FFS) was defined as survival with response. Time to treat-
ment failure (TTTF) was calculated from the first day of
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treatment to salvage therapy for NR, relapse, clonal evolution,
solid tumor, or disease-related death, whatever came first. For
nonresponders who received no salvage therapy and finally
died, 6 months were considered as TTTF. Early mortality was
defined as deaths within 3 months after initiation of
CsA&LMS-based treatment.

Statistical analysis

Two group comparisons were made using the chi-square test
or Fisher’s exact test as appropriate. Cox regression was used
to estimate the hazard ratios of covariates for OS and FFS. The
probability of survival, relapse, and clonal evolution were cal-
culated using the Kaplan-Meier method and compared using
the log-rank test. All significance tests were 2-sided.
Calculations were performed using SPSS 20.0 (SPSS, Inc.,
Chicago, IL, USA) statistical software packages.

Results

Follow-up

Updated information was collected from all the 261 SAA
patients. During observation, 29 patients were lost follow-
up. Therefore, 232 patients were included for the calculation
of long-term outcomes. Of the 232 patients, 68 (29.3%) cases
were VSAA, including 7 hepatitis-associated AA patients.
The median age for all patients was 24 (range 5–77, 132 male
and 100 female) years. The median observation time of sur-
viving patients was 6.8 (range, 1.0–10.1) years.

Response

Of this cohort, 107 (46.1%, 93 PR + 14 CR) and 132 (56.9%,
93 PR + 39 CR) cases achieved response at 6 months and
12 months, respectively. Subgroup analysis demonstrated that
the response in patients with higher ANC (> 0.2 × 109/L) was
more frequent than that in VSAA patients at 6 months (55.5%
vs 23.5%, P < 0.001). And, when the deaths within 6 months
were excluded, the difference between the two groups
remained significant (58.3% vs 45.7%, P = 0.006).

Blood counts of 14 patients improvedmore than 12months
and up to 25 months after initiation of treatment. Therefore,
the overall response rate was 62.9% (146/232, 57 PR + 89
CR) during the observation time. The median time from initi-
ation of treatment to PR was 3.0 months (range 0.5–25.0) and
to CR was 16 months (range 3.0–64.0). Young patients (≤
20 years) had a significantly higher probability of CR than
those old ones (47.3% vs 32.6%, P = 0.03). And, the achieve-
ment of CR was more frequent in patients with short disease
duration (≤ 60 days) than those with long one (45.5% vs
30.3%, P = 0.02). In addition, the advantage of CR was more

evident in patients with higher pretreatment ANC (> 0.2 ×
109/L) or higher pretreatment platelets (> 7 × 109/L) than
those with lower ones (44.5% vs 23.5%, P = 0.003; 45.7%
vs 32.3%,P = 0.02). Univariate analysis revealed that the like-
lihood of CR was not associated with sex, etiology, and pre-
treatment ARC. Multivariate analysis demonstrated that short
duration and higher pretreatment ANC remained favorable
factors for achieving CR.

Kinetics of response

Up to 39 (16.8%) patients achieved response after more than
6 months, 18 of these patients achieved CR and maintained
stable CR 1.4 to 8.7 years after initial treatment. Only 2 pa-
tients responded after more than 24 months. Therefore, the
probability of remission was calculated by the information
from those patients who responded within 24 months of treat-
ment. The actuarial response rates for this cohort were 52.1%
at 6 months, 66.4% at 12 months, and 77.1% at 24 months
(Fig. 1a), respectively. As seen in Fig. 1b, the slope of re-
sponse curve was steeper in patients with higher pretreatment
ANC than that in VSAA patients (P = 0.03).

Survival and failure-free survival

The overall survival (OS) of all patients was 60.2% (95% CI
50.2–68.7%) at 10 years (Fig. 2a). Rapid response was strong-
ly associated with long-term survival. OS was up to 96.3% for
patients who responded within 6 months while 29.1% for
nonresponders (Fig. 2b). There was a significant survival ad-
vantage of patients with higher initial ANC over that of VSAA
patients (70.8% vs 33.1%; Fig. 2c). And, patients with higher
pretreatment ARC (> 20 × 109/L) or higher pretreatment PLT
(> 7 × 109/L) harbored higher OS rates than those with lower
ones (81.1% vs 46.6% and 63.1% vs 55.5%, respectively; Fig.
2d, e). In addition, younger patients (≤ 40 years) had signifi-
cantly better survival than older ones (68.0% vs 34.7%, Fig.
2f). Interestingly, the survival in patients with a long disease
duration (> 60 days) was superior to that with shorter ones
(61.9% vs 57.7%, P = 0.006). In fact, most (88.1%) of the
patients with a long duration were those patients with initial
ANC > 0.2 × 109/L. Therefore, when we further stratified pa-
tients by pretreatment ANC, the significance disappeared in
both groups (P = 0.3 andP = 0.6, respectively). Inmultivariate
analysis, severity of the disease, patients’ age, higher pretreat-
ment ARC, and response within 6 months remained favorable
factors of OS.

The actuarial 10-year FFS of all patients was 48.3% (95%
CI 41.1–55.1%) (Fig. 3a), it is evident that treatment failures
occurred more frequently in the VSAA group than those in
patients with higher initial ANC (58.2% vs 24.4%; Fig. 3b). In
addition, patients with higher pretreatment ARC or PLT har-
vested higher 10-year FFS rates than those with lower ones
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(66.5% vs 35.3% and 54.7% vs 42.6%, respectively; Fig.
3c, d). Positive predictors of FFS in multivariate analysis were
higher pretreatment ARC and ANC.

In this cohort, 80 (34.5%) patients died with a median
interval of 0.5 years (range 0.02–9.0) after initiation of treat-
ment. All these deaths were nonresponders at 3 months in-
cluding infections in 46 patients, hemorrhage episodes in 19
ones, MDS or AML in 10 ones, lung cancer in 1 case, and
unconfirmed causes in 4 ones. Twenty-three (9.9%) patients

died within 3 months. Causes of early mortality were hemor-
rhage in 4 patients and infections in 19 patients.

LMS discontinuation and relapse

In this cohort, 89 (38.4%) patients reached CR during the
observation time. Of all the CRs, 71 (79.8%) patients success-
fully discontinued the CsA&LMS-based regimen without re-
lapse and clonal evolution. The cumulative probability of

Fig. 2 Kaplan-Meier curves for a
overall survival (OS), and OS by
b 6-mon response, c pretreatment
absolute neutrophil count (ANC),
d pretreatment absolute reticulo-
cyte count (ARC), e pretreatment
platelet count (PLT), and f age

Fig. 1 Kaplan-Meier curves for
kinetics of response a in all
patients and b by pretreatment
ANC
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CsA&LMS-regimen discontinuation in all patients was 37.1%
(95% CI 27.5–46.6%) at 5 years, 47.2% (95% CI 38.0–
55.8%) at 7 years and 50.2% (95%CI 41.0–58.8%) at 10 years
after initiation of treatment (Fig. 4a).

Blood counts deteriorated to fulfill the criteria of relapse in
12 (8.2%) of 146 responders. The secondary treatments and
finally outcomes in patients who relapsed were displayed in
Table 1. The actuarial risk for relapse was 9.5% (95% CI 1.4–
27.7%) at 10 years (Fig. 4a). Unexpectedly, no relapse was
observed in the VSAA group. The median time from response
to relapse was 3.8 (range 0.7–6.4) years.

Adverse events

Short-term toxicities were previously reported [14]. During
the long-term follow-up, no delayed LMS-associated toxic-
ities were observed. CsA-associated toxicities were modest:
impairment of renal function with creatine values up to

164.3 μmol/L occurred in 9 patients; gingival hyperplasia
was developed in 7 patients; hypertrichosis was observed in
1 patient; involuntary movement was reported in 2 patients.
All these toxicities were mild except for 1 patient with the
highest creatine level who had the dose of CsA adjusted.
Danazol-associated adverse events were more frequent and
required intervention: impairment of liver function with trans-
aminase values up to 683 U/L in 40 patients including grade 3
(NCI-CTC V3.0) in 8 patients, grade 2 in 15 patients, and
grade 1 in 17 patients. For patients with grade 3, danazol
was discontinued followed by intensive liver-protective treat-
ment. After the transaminase values recovered to normal for at
least 2 weeks, danazol was re-administrated at half of the
initial dose, then adjusted by transaminase level to achieve
the optimal tolerable dose (median 6.6 mg/kg/day, range
5.5–8.2 mg/kg/day). For patients with grade 2, the dose of
danazol was reduced and the final median dose was 7.1 (range
5.0–9.0) mg/kg/day. For patients with grade 1, the dose of

Fig. 3 Kaplan-Meier curves for a
failure-free survival (FFS), and
FFS by b pretreatment absolute
neutrophil count (ANC) and c
pretreatment absolute reticulocyte
count (ARC)

Fig. 4 Kaplan-Meier curves for a
CsA&LMS-regimen
discontinuation and b relapse
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danazol was continued while the liver-protective treatment
was strengthened for 2 weeks. Other adverse effects were mild
or modest acne (18 patients), gynecomastia (2 patients), and
hepatic adenoma (2 patients).

Clonal and malignant diseases

In this cohort, clonal or malignant diseases developed in
21 (9.1%) patients: PNH in 7 patients, MDS in 7 patients,
leukemia in 5 patients, and solid tumor in 2 patients. PNH
was observed 1.8–4.8 years after initiation of treatment.
The probability of PNH evolution was 4.5% (95% CI 0.1–
22.9%). All patients had previously reached remission: 4
patients with CR and 3 ones with PR. The actuarial risk
for MDS or leukemia was 8.2% (95% CI 0.9–26.1%) at
10 years. The median interval from treatment to the con-
firmation of MDS or leukemia was 2.4 years (range 1.3–
7.8). Seven of 12 patients had previously been in re-
sponse: 4 patients in CR and 3 patients in PR.
According to the French-American-British (FAB) classifi-
cation, leukemia in 5 patients was all classified as AML-
M5. All of them died rapidly including 1 patient who
relapsed after HSCT.

Cytogenetic abnormalities developed in 12 (5.2%) pa-
tients. Seven patients evolved into MDS or leukemia and
died rapidly after supportive care or unsuccessfully sec-
ondary treatment: 5 patients with monosomy 7 and 2 ones
with complex karyotypes. The remaining 5 patients devel-
oped transiently cytogenetic abnormalities (complex
karyocytes, 9q+, 6p+, +Y and +8, respectively) without
the presence of bone marrow dysplasia and maintained
stable blood counts (CR in 3 patients and PR in 2 pa-
tients). The secondary treatments and final outcomes of
patients who developed clonal diseases were illustrated
in Table 1.

Discussion

Although improvements had been achieved in treatments for
SAA by combining ATG with CsA or adding eltrombopag to
standard IST, the options for SAA patients who were not
ineligible for ATG or HSCT remained limited [5, 18]. The
disappointing response rate of CsA alone for SAA patients
was impressive: only 11.6% of patients responded at 3 months
[19]. In addition, CsA-associated toxicities were frequent
when a full dosage was used for a long term, especially neph-
rotoxicity which was observed in 42–56% of patients [19, 20].
Therefore, a novel CsA&LMS-based regimen was probed for
those patients. A former report clarified the effectiveness of
danazol for AA patients who were refractory to standard IST
[21]. And then, danazol was accepted as a therapeutic option
for AA patients when neither HSCT nor IST was available
[22]. Thus, danazol was added to CsA&LMS-based regimen
to maximize blood-cell production in SAA. Previously, we
reported the encouraging short-term results of the novel regi-
men for this SAA cohort [14], while questions remained about
the long-term benefits. This report extended the previous anal-
ysis and provided long-term information for physicians and
patients to determine alternative treatment strategies for SAA.

The actuarial incidence of response was 52.1% at 6 months
and 66.4% at 12 months in this study, which was comparable
with recent international clinical trials concerning standard
IST with cumulative response of 52.0% at 6 months and
65.0% at 12 months [23]. And, the superiority of response to
this novel IST was much more evident than treatment with
CsA alone [19, 24]. Subgroup analysis revealed a remarkable
response rate of 67.1% in patients with higher pretreatment
ANC at 12 months. And, a rapid response was also observed
in these patients. Giving that rapid response may result in less
use of medical resources, better prognosis, and thereby less
costs, we suggested patients with higher initial ANC (> 0.2 ×
109/L) as the best candidates for this novel IST. In addition,

Table 1 Follow-up after relapse
and clonal diseases, depending on
the initial quality of response

Initial response classification n Secondary treatment, n Result (n)

Initial response of CR 10

Relapse of AA 2 2nd, 2 PR (1) NR (1)

PNH 4 2nd, 4 CR (3) PR (1)

MDS 4 2nd, 1; Supportive, 3 PR (1) NR (1) death (2)

Initial response of PR 16

Relapse of AA 10 2nd, 3; HSCT, 4; Supportive, 3; CR (4) PR (1) NR (3) death (2)

PNH 3 2nd, 1; Supportive, 1; No treatment, 1 PR (1) NR (2)

Leukemia 3 HSCT, 1; Supportive, 2 death (3)

Initial response of NR 5

MDS 3 Supportive, 3 death (3)

Leukemia 2 Supportive, 2 death (2)

2nd repeated CsA&LMS-based regimen, HSCT hematopoietic stem cell transplantation
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from the shape of response curve, we observed only 16.8% of
patients responded more than 6 months. Moreover, late remis-
sion (> 6 months) was significantly associated with poor sur-
vival. Therefore, we suggested 6 months as a checkpoint to
consider salvage or alternative treatment strategies.

The 10-year OS of all patients was 60.2% which was com-
parable with the long-term follow-up results of standard IST
from large American and German trials [5, 15]. And, the ac-
tuarial FFS rate was 48.3% which was not inferior to that of
standard IST [5, 25]. All these encouraging results were ob-
served probably because most (164 of 232) of the patients in
this cohort were those with higher pretreatment ANC in which
the actuarial OS and FFS rates were up to 70.8% and 58.2%,
respectively. High early mortality was observed in VSAA
which further confirmed the unsuitability of this combined
regimen for VSAA. In addition, younger age (≤ 40 years),
pretreatment ARC> 20 × 109/L, and higher pretreatment
platelet (> 7 × 109/L) were favorable prognostic factors for
long-term outcomes, which gave us guidance for optimal pa-
tient management and individual therapeutic monitoring.

A former study demonstrated a reduced incidence of re-
lapse at 5 years from 30 to 13% when CsA tapering was
prolonged [26, 27]. Subsequently, a study conducted in chil-
dren revealed the incidence of relapse was only 7.6% in the
slow CsA taper group compared with 60% in the rapid taper
group [28]. Although a recent study conducted in adult-based
population provided different results, the actuarial risk of re-
lapse remained high to 32% [29]. In this study, a slow
CsA&LMS tapering schedule was performed and the actuarial
risk of relapse was only 9.5% at 10 years; moreover, approx-
imately half of patients successfully discontinued agents at
last follow-up, which implicated the mechanism of persistent
pathological immunity in SAA and highlighted the essence of
a slow CsA&LMS taper schedule. One may argue the CsA-
associated toxicities after long-term exposure. In fact, CsA
was administrated every other day alternatively with LMS in
this regimen. Therefore, CsA-associated toxicities were rare
and modest. Only 9 (3.9%) patients developed nephrotoxicity
in this cohort. In addition, a minority of relapse was observed
in patients with CR which gave us an indication that the im-
munosuppressive effectiveness in patients with CR was thor-
ough and might be curative. Therefore, how best to improve
the CR rate needs to be further explored.

The incidence of clonal evolution, especially evolution into
MDS/AML is another concern in the long-term follow-up.
The risk for MDS/AML evolution was reported between 8
and 15% in previous studies [5, 15, 30]. Long-term use of
granulocyte colony-stimulating factor and nonresponders at
6 months were considered as risk factors for MDS/AML evo-
lution [31]. In this report, the actuarial risk for evolution into
MDS/AML was only 8.2% at 10 years. This might be con-
tributed to the relatively mild and persistent immunosuppres-
sive effectiveness of this novel IST which alleviated the

hematopoietic stress and deprived the opportunity for expan-
sion of malignant clones. In addition, majority (8/12) ofMDS/
AML evolution occurred in patients without complete re-
sponse, especially nonresponders. Therefore, we highly rec-
ommended immediate salvage or alternative treatments for
nonresponders.

In this long-term follow-up, 71 (30.6%) of all patients
achieved normal peripheral blood counts without relapse and
clonal evolution, no longer need treatment, and did not have
treatment-associated adverse effects. They were all alive and
well; some of them may be cured. The same as standard IST,
this novel regimen cured only a minority of patients. In most
patients, the CsA&LMS regimen converted a life-threatening
disease to a chronic disease. But this conversion eased the
medical burden of the government and provided most of
SAA patients long-term survival with improved quality of life.

In conclusion, LMS and CsA could be a promising strategy
for SAA patients with long-term benefits including desirable
response, convenient administration, acceptable side effects,
low costs, favorable survival, and infrequent relapse and clon-
al evolution, especially when they are ineligible for ATG and
HSCT in developing countries.
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