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Background: For symptomatic non-severe aplastic anemia (NSAA) patients who cannot 
afford anti-thymocyte globulin (ATG) or allogeneic hematopoietic stem cell transplantation 
(HSCT), tacrolimus (FK) may be an option if these patients do not respond or become 
tolerant to cyclosporine A (CsA).
Methods: We enrolled 101 NSAA patients who were refractory or intolerant to CsA with no 
chance of HSCT or ATG treatment and treated these patients with tacrolimus for at least 6 
months, with follow-up for at least one year.
Results: The overall response rate (ORR) was 38.6% (complete response: 9.9%; partial 
response: 28.7%), and the median time to optimal response was 6 (3～10) months. Thirty- 
two (31.7%) cases had elevated creatinine levels. Eight (7.9%) cases had elevations in AST/ 
ALT. A total of 25.6% (10/39) of patients relapsed at the end of follow-up. Age (P=0.0005), 
FK concentration (4.0~12 ng/mL, P=0.0005) and intolerance to CsA (P=0.012) were the 
independent risk factors for ORR. Treg cell levels pre-FK treatment were much lower than 
those of healthy controls (3.7±0.6% vs 6.8±0.7%, P=0.0004) but increased significantly after 
FK treatment (3.7±0.6% vs 7.1±0.8%, P=0.0039).
Conclusion: Our data suggest that tacrolimus is a salvage treatment for patients with NSAA 
that is refractory or intolerant to CsA.
Keywords: non-severe aplastic anemia, tacrolimus, cyclosporine A

Introduction
Aplastic anemia (AA) is a syndrome of hematopoietic failure due to various reasons 
that leads to diminished or absent hematopoietic precursors in the bone marrow and 
attendant pancytopenia. For patients who need treatment, age, disease severity, 
donor availability, and performance status play important roles in the decision- 
making process.1,2 For patients with acquired severe AA (SAA), young patients 
(≤50 years) with an HLA-matched sibling donor should undergo allogeneic hema-
topoietic stem cell transplantation (HSCT), and older patients (50 years or older) 
and young patients without a matched donor may receive full-dose immunosup-
pressive therapy (IST), such as horse/rabbit anti-thymocyte globulin (ATG) com-
bined with cyclosporine A (CsA), as the first-line choice.

For patients who do not reach severe criteria (non-severe aplastic anemia, NSAA) 
and become transfusion-dependent, ATG + cyclosporine A may be the first-line 
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therapy.1 The combination of ATG and CSA is superior to 
CSA alone for patients with NSAA,2 but patients with NSAA 
are often treated with CsA alone in the real world due to the 
high cost and potential risks of ATG, especially in developing 
countries. However, some patients do not respond to CsA or 
relapse at a later stage of follow-up.3,4 Patients may also 
withdraw from CsA due to some severe side effects, espe-
cially kidney impairment.

Tacrolimus (FK)5 is an immunosuppressive agent that 
is similar to cyclosporine A, and it inhibits the production 
and release of TNF-α, IFN-γ, and interleukin-2 (IL-2) and 
the IL-2-induced activation of resting T-lymphocytes. FK 
is used to prevent graft-versus-host disease (GVHD) and 
other autoimmune diseases.6 Tacrolimus exhibits 10～100 
times the immunosuppressive effect of cyclosporine A and 
has fewer side effects, and it is occasionally used to treat 
AA patients who are refractory to CsA.7–10

The present study analyzed data from 101 patients with 
NSAA who were refractory or intolerant to CsA and were 
switched to FK treatment for at least 6 months. The 
efficacy and safety of FK were evaluated.

Materials and Methods
Patient Selection
From January 2017 to January 2019, all patients diagnosed 
with NSAA11 and treated with FK for at least 6 months in 
the Peking Union Medical College Hospital (PUMCH), and 
the relatively integrated clinical data were reviewed retro-
spectively. Included patients met the following criteria: 1) 
12 years or older; 2) with confirmed diagnoses of NSAA; 3) 
were excluded for inherited bone marrow failure syn-
drome; 4) did not respond after at least 6 months of standard 
CsA (3～5 mg/kg/d) treatment or did not tolerate CsA due 
to side effects before FK; 5) met at least one of the follow-
ing criteria but not reach the criteria for SAA before FK 
treatment: hemoglobin ≤90 g/L, or neutrophil (ANC) ≤0.8 × 
109/L, or platelet counts ≤30 × 109/L; 6) with no history of 
HSCT; 7) not a candidate for ATG (could not afford or were 
not willing) or allo-HSCT; and 8) Serum creatinine (Scr) 
<200 μmol/L prior to FK treatment. Patients refractory to 
CsA were defined as those did not respond after at least 6 
months of standard CsA (3～5mg/kg/d). Patients intolerant 
to CsA were defined as those who suffered from grade III to 
IV side effects according to National Cancer Institute 
Common Terminology Criteria for Adverse Events 
(CTCAE, version 4.0).

Treatment Regimen
All patients were treated with tacrolimus (Cyfokei, 
Hangzhou Zhongmei Huadong Pharmaceutical Co., Ltd., 
Hangzhou, Zhejiang, China) at initial dose of 1 mg b.i.d., 
and the dose was adjusted to maintain a plasma concentra-
tion of 4～10 ng/mL for at least 6 months. Patients with 
renal insufficiency before or after FK received a reduced 
drug dose and may not have reached the standard plasma 
concentration. Patients who reacted positively to FK contin-
ued the treatment for at least 1.5 years, and it was tapered 
gradually afterwards. The longest exposure time to FK was 
30 months. The effectiveness of FK was evaluated after at 
least 6 months of treatment. Patients who did not reach PR 
after 6 months were recognized as no response (NR), and 
FK treatment was stopped, but the follow-up continued until 
the end of the study. Patients received transfusions as sup-
portive care to maintain platelets at a level above 10 × 109/L 
and hemoglobin at a level above 60 g/L.

Clinical Evaluations
Patient symptoms (including side effects), signs and 
laboratory assessments (complete blood count with differ-
ential and serum chemistry profile, ECG or other tests if 
needed) and plasma FK concentrations were recorded at 
one month, three months, six months, and twelve months 
after treatment and at the end of follow-up. All medical 
records were taken from the official documents from our 
hospital. RBC or platelet transfusion requirements were 
also checked before and after FK treatment.

The following criteria were used for effectiveness. 
Complete response (CR): ANC >1.5 × 109/L, hemoglobin 
>110 g/L and platelet counts > 100 × 109/L for 2 months. 
Partial response (PR): patients who met the response cri-
teria for one or more lineages at 12 weeks but did not meet 
the criteria of CR. Platelet response was defined as an 
increase of 20 × 109/L or more above the baseline value 
or independence from platelet transfusions for a minimum 
of eight weeks in patients who were previously transfu-
sion-dependent. The erythroid response was defined as an 
increase in hemoglobin level of 15 g/L or more without 
transfusion of packed red cells or a reduction in the num-
ber of units of packed red cells transfused by at least four 
units for eight consecutive weeks compared to transfusion 
requirements during the eight weeks preceding FK treat-
ment. The neutrophil response was defined as an absolute 
increase in neutrophil count of greater than 0.5 × 109/L in 
patients with a pretreatment count less than 0.5 × 109/L or 
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at least a 100% increase over the baseline neutrophil 
count. NR: did not have any of the above responses.

Patients were followed up for at least one year or until 
the time of death. The final outcome was recorded from 
the medical documents or telephone interview of the 
patients or their relatives. Adverse events (AEs) were 
evaluated according to the CTCAE 4.0.

Examination of Regulatory T Cells
Anti-CD4 conjugated to FITC, anti-foxP3 conjugated to 
APC and anti-CD25 conjugated to PE antibodies were 
obtained from BD Biosciences (New Jersey, USA). 
Regulatory T (Treg) cells were determined via staining with 
markers of CD4-FITC, CD25-PE and foxP3-APC and sub-
sequently analyzed using a Beckman Coulter FC500 flow 
cytometry (California, USA). Total events of 50,000 were 
gated based on forward (FSC) and side-scatter (SSC) char-
acteristics, and dot plots for Treg cells were gated on CD4 
+cells. Treg cells were defined as CD4+CD25+foxP3+ co- 
expression and expressed as a percentage of the total CD4+ 
T population.12,13 Only 31 patients gave consent for the 
measurement of Treg cells before and after FK treatment. 
We recruited eight age- and gender-matched healthy volun-
teers and tested their Treg cells as normal controls.

Statistical Analysis
Proportions are given for categorical variables, means ± 
standard deviation are given for continuous variables, and 
medians (minimum, maximum) are given for variables that 
were not normally distributed. Chi-squared tests and Fisher’s 
exact test were used for categorical measures. Logistic regres-
sion models were used to estimate the odds ratio (OR) and 
95% confidence interval (CI) for the association between 
potential risk factors and ORR. All analyses were performed 
using SAS version 9.4 (SAS Institute, Inc, Cary, NC, USA). 
A P-value <0.05 was considered statistically significant.

The median values and frequencies for the categorical data 
were described using descriptive analyses. SPSS 24.0 soft-
ware (IBM, NY, USA) was used for statistical analyses. Data 
were analyzed using Fisher’s exact test and Pearson’s chi- 
squared test. P<0.05 was considered statistically significant.

Results
Patient Characteristics
From January 2017 to January 2019, there were 156 
NSAA patients treated with FK. Fifty-five patients were 
excluded due to loss to follow-up (32 patients), withdrawal 

of FK (12 patients) within 6 months after FK, follow-up 
less than 12 months (10 patients) or denying consent (3 
patients). There were 101 patients enrolled in the final 
analysis, including 49 males (48.5%) and 52 females 
(51.5%), with a median age of 46 (range 14～83) years. 
Fifty-eight (57.4%) patients were under the age of 50 years 
old. PUMCH is known for the treatment of difficult and 
complicated cases, so most refractory NSAA patients are 
referred to our clinic, which makes our cohort highly 
selective. Approximately 20% of younger patients discon-
tinued CsA due to renal disfunction after repeated use for 
a long period of time. Table 1 shows the patients’ hema-
tological and biochemistry parameters before FK treat-
ment. For chromosome abnormalities, +8 was found in 5 
patients, -Y in 3 patients, 20q- in 2 patients and monosomy 
7 in 1 patient. Seven patients had notable PNH clone 
(paroxysmal nocturnal hemoglobinuria, PNH; percentage 
of FLAER-negative neutrophils from 3.5%～18.3%). Fifty 
(48.1%) patients were red blood cell transfusion- 
dependent, and the median transfusion requirements were 
6 (range 4～10) units/eight weeks. Twenty-six (25.0%) 

Table 1 Patients’ Baseline Demographic and Clinical Characters

Baseline Characters n=101

Age (year) median (min, max) 46 (14, 83)

Sex

Male n (%) 49 (48.5)
Female n (%) 52 (51.5)

Hemoglobin (g/L) mean (SD) 61.88 (28.13)
Reticulocyte (1012/L) mean (SD) 6.13 (10.01)

White cell count (109/L) mean (SD) 3.08 (1.03)

Neutrophil count (109/L) mean (SD) 1.32 (0.80)
Platelet (109/L) mean (SD) 38.26 (62.50)

SGPT (U/L) mean (SD) 26.88 (24.48)

Scr (μmol/L) mean (SD) 98.56 (58.66)
SF (μg/L) mean (SD) 1761.23 (1937.18)

CD4+/CD8+ ratio mean (SD) 0.94 (0.54)

Glu (mmol/L) mean (SD) 6.51 (3.97)
Notable PNH clone n (%) 7 (6.9)

RBC transfusion dependent n (%) 50 (49.5)

Platelet transfusion dependent n (%) 26 (25.7)

Chromosome abnormalities

+8 n (%) 5 (5.0)
-Y n (%) 3 (3.0)

20q- n (%) 2 (2.0)

Monosomy 7 n (%) 1 (1.0)

Abbreviations: SD, standard deviation; SGPT, serum glutamate pyruvate transa-
minase; Scr, serum creatinine; SF, serum ferritin; PNH, paroxysmal nocturnal 
hemoglobinuria.
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patients were platelet transfusion-dependent, and the med-
ian transfusion requirements were 4 (range 1～5) units/ 
eight weeks before FK treatment (Table 1).

Patients were treated with CsA alone before FK treat-
ment. Forty-five patients (refractory patients) had no 
response, and the median time for CsA treatment was 8 (6 
～10) months. Thirty-six patients (relapsed patients) 
relapsed when CsA was tapered or stopped but did not 
respond when CsA was added again or the dose was 
increased, and the median time for CsA treatment was 18 
(12～60) months. Twenty patients (intolerant patients) did 
not tolerate CsA due to severe side effects, like gingival 
hyperplasia, muscle tremor, kidney impairment, and gastro-
intestinal disturbances. The median time of CsA exposure 
for these patients was 4 (3～7) months. None of these 
patients reached PR before FK treatment. Of all patients, 
50 (53.2%) patients had FK concentrations of 4～12 ng/mL 
within three months of tacrolimus treatment, and the other 
patients did not reach the target concentration due to kidney 
limitations.

Efficacy
The median follow-up time was 19 (14～36) months from 
the start of FK treatment. At the end of follow-up, the median 
time of FK treatment was 14 (6～30) months. For all 101 
patients, the median time to respond (at least PR) was 4 (1～ 

6) months, and the medium time to optimal response was 6 
(3～10) months. There were 10 (9.9%) CR, 29 (28.7%) PR, 
and 62 (61.4%) NR, for an OR (CR+PR) rate of 38.6%.

Of the 39 patients who achieved OR, 9 (23.1%) 
patients were solely an erythroid response (6 of them 
became transfusion-independent), 11 (28.2%) patients 
were solely a platelet response, 3 (7.7%) patients had 

a neutrophil response, 9 (23.1%) patients had bilineage 
responses, and 7 (17.9%) patients had trilineage responses.

Fourteen patients with liver or kidney impairment 
showed improved liver and kidney function after FK treat-
ment. Ten of the patients with elevated creatinine levels 
and the other 4 patients with abnormal bilirubin levels 
prior to FK treatment returned to normal after 6 months 
of medication. Gingival hyperplasia and gastrointestinal 
symptoms improved significantly in 10 patients.

Subgroup analyses showed that the OR rate (ORR) for 
patients younger than 50 years old was 50.0%, which was 
significantly higher than patients over 50 years old (23.3%, 
P=0.004). Patients with FK concentrations 4.0～12.0 ng/mL 
had higher ORR (49.2%) compared to patients with concen-
trations <4.0 ng/mL (22.7%, P=0005). Females had a higher 
ORR than males (P= 0.0442). There was no significant 
difference in ORR between patients with refractory/relapsed 
and intolerant to CsA (35.8% vs 50.0%, P=0.2429, Table 2). 
However, multiple logistic regression results indicated that 
age (P=0.0005), FK concentration (4.0~12 ng/mL) 
(P=0.0005) and intolerance to CsA (P=0.0142) were inde-
pendent risk factors for ORR (Table 3).

Safety
Of the 101 total patients, there were 32 (31.7%) cases of 
elevated creatinine (9 of them had increased Scr level before 
FK treatment), 8 cases (7.9%) with elevated aspartate trans-
aminase (AST)/alanine transaminase (ALT), 6 (5.9%) cases 
of hypertension, 5 (5.0%) cases of elevated bilirubin, and 2 
(2.0%) cases of drug allergy. Most of them were grade I–II in 
CTCAE criteria 4.0 and recovered after symptomatic treat-
ment. The following severe adverse events resulted in drug 
withdraw or hospitalization: 4 cases of grade III creatinine 

Table 2 Patients’ Response in Different Groups

Number CR (N/%) P* value PR (N/%) P& value ORR (N/%) P# value

Gender Male 49 2(4.1) 0.09338 12(24.5) 0.3625 14(28.6) 0.0442

Female 52 8(15.4) 17(32.7) 25(48.1)

Age (range)years ≤50 58 6(10.3) 1 23(39.7) 0.0033 29(50.0) 0.004

>50 43 4(9.3) 6(14.0) 10(23.3)

CsA Refractory/relapsed 81 7 (8.6) 0.4103 22(27.2) 0.4877 29(35.8) 0.2429

Intolerant 20 3 (15.0) 7(35.0) 10 (50.0)

FK concentration <4.0ng/mL 44 2(4.5) 0.0977 8(18.2) 0.0126 10(22.7) 0.0005

4.0~12ng/mL 50 8(13.6) 21(35.6) 29(49.2)

Notes: *P value indicate the comparison of CR among different groups, &P value indicate the comparison of PR among different groups, #P value indicate the comparison of 
ORR among different groups. 
Abbreviations: CR, complete response; PR partial response; ORR, overall response rate; FK, tacrolimus.
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increase; 4 episodes of fever with grade III～IV neutropenia, 
one of which was linked to culture-confirmed infection; and 
one patient who did not have a response.

Relapse, Survival and Clonal Evolution
Of the 39 patients who reached CR or PR, 25.6% (10/39) of 
these patients relapsed at a median of 12 (10～16) months 
before FK tapering. Clonal evolution to acute myeloid leu-
kemia (AML) was observed in one patient with monosomy 7 
who did not response to FK. Two patients who did not 
respond evolved into myelodysplastic syndrome (MDS) 
one year after treatment and lived with supportive care. No 
increase in PNH clone or clonal evolution to MDS or AML 
developed in other patients in our cohort. Four young patients 
who did not respond underwent HSCT and achieved CR.

There were two deaths during the follow-up period in 
the no response cohort. One death was due to severe 
infections, as mentioned above, and the other death was 
the patient who transformed to AML and died of infec-
tions 2 months after chemotherapy. Other patients with no 
response lived with supportive care. No other deaths were 
observed in the cohort.

Regulatory T Cells in the Peripheral 
Blood Before and After FK
Treg cells were measured in 31 patients before and six months 
after FK, and they all achieved at least PR. The level of Treg 

cells from eight age- and sex-matched normal volunteers were 
used as controls. The level of Treg cells pre-FK was much 
lower than healthy controls (Treg/CD4+ T: 3.7±0.6% vs 6.8 
±0.7%, P=0.0004). As expected, the level of Treg cells 
increased significantly after FK treatment (Treg/CD4+ T, 
before: 3.7±0.6% vs after: 7.1±0.8%, P=0.0039, Figure 1).

The CD4+/CD8+ Ratio in the Peripheral 
Blood Before and After FK
The mean CD4+/CD8+ ratio for 81 patients (0.94±0.54) was 
significantly decreased in AA patients before tacrolimus in 

comparison with that of 21 normal controls (2.18±0.47, 
P<0.0001). Fifteen patients evaluated CD4+/CD8+ ratio 
after hematopoietic improvement following tacrolimus, and 
showed an increase of the CD4/CD8 ratio (0.92±0.44 vs 1.57 
±0.76, P=0.0078), whereas 3 patients with no response to 
tacrolimus showed no change of CD4/CD8 ratio (0.98±0.58 
vs 1.03±0.56, P=0.92).

Discussion
Although CsA achieved a 40~50% response rate and has 
long-term effects on the maintenance and survival of patients 
with non-severe aplastic anemia,2,3 an unmet need remains 
when patients do not response, relapse, or are intolerant to 
CsA.8,14 Although intensive immunosuppressive therapy with 
ATG and HSCT further improve the response rate, these 
treatments are relatively expensive, risky, sometimes unavail-
able, and not suitable to older and weak patients.15 The oral 
thrombopoietin receptor agonist Eltrombopag16 was launched 
in China recently, and it has emerged as a promising new 
drug for the treatment of aplastic anemia.17,18 However, the 
price is too high for regular use in most patients.

Our study examined a large cohort with relatively long 
term follow-up for the second-line use of tacrolimus in 
NSAA. Many patients in our study were referred from 
local hospitals and were refractory or intolerant to CsA 
treatment. Our study showed that at the median time of 4 
(1～6) months, 38.6% of patients achieved a response to 
varying degrees, with 9.9% CR and 28.7% PR. Of the 
patients who achieved CR and PR, most had 
a monolineage reaction, and a few had a bilineage or trili-
neage response. For these patients, FK produced some 
reaction, but primarily PR rather than CR. Patients reached 
optimal effects at a median of 6 months, and 25.6% of 
patients who responded relapsed at a median of 12 months 
before FK tapering. Although patients gained some benefit 
from the hematology improvement and elimination of trans-
fusion, FK provided a different choice with an acceptable 
response because most of the patients in our study were CsA 
resistant or intolerant.

Table 3 Multivariate Analysis for the Factors Associated with ORR

Coefficient Standard Error OR Lower Bound 95% CI Upper Bound 95% CI P value

Male(ref=Female) −0.7727 0.5187 0.462 0.167 1.276 0.1363
Age (year) −0.0660 0.0191 0.936 0.902 0.972 0.0005

FK (4~12 ng/mL) 1.9729 0.5636 7.192 2.383 21.706 0.0005

refractory/relapse (ref=intolerant) −1.7391 0.7090 0.176 0.044 0.705 0.0142

Abbreviations: ORR, overall response rate; OR, odds ratio; CI, confidence interval; ref, reference; FK, tacrolimus.
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Most of the studies on tacrolimus were case reports or 
focused on the replacement of CsA in ATG or bone marrow 
transplantation (BMT) regimens.6–8,14 However, these stu-
dies verified our results to some extent. Matched-pair analysis 
by Yagasaki et al6 to compare FK/methotrexate (MTX) with 
CsA/MTX in patients with SAA who received U-BMT (unre-
lated BMT) indicated that the 5-year survival rate was higher 
in the FK group compared to the CsA group. These results 
show the superiority of FK/MTX over CsA/MTX in overall 
survival because of the lower incidence of transplantation- 
related deaths. Zhu et al7 showed that 54% of 13 patients with 
SAA in the tacrolimus + rabbit-ATG group and 42% of 24 
cases in the ATG + CsA group achieved the criteria for CR, 
and the PR rate was similar between the two groups, which 
suggests the use of tacrolimus as part of the IST regimen. The 
effects of tacrolimus are further manifested in some case 
reports that FK improved the hematopoiesis of some AA 
patients who were refractory to CsA, and a pediatric study 
demonstrated the use of tacrolimus in the maintenance phase 
of IST with 88% of CR in SAA.8

Notably, tacrolimus seemed safer and more tolerable com-
pared to CsA. A large number of patients with SAA treated 
with CsA showed hirsutism and gingival hyperplasia, and 

kidney injury was very commonly seen.14 A total of 31.7% 
of cases had elevated creatinine levels in our cohort, which was 
likely due to the long-term use of CsA before FK treatment, but 
most of them were mild and controllable (four patients with-
drew FK treatment due to grade III creatinine increase). Very 
few cases of elevated AST/ALT, hypertension, elevated bilir-
ubin and drug allergy were observed. No hirsutism or gingival 
hyperplasia was noted. Fourteen patients with liver or kidney 
impairment exhibited improved liver and kidney function after 
FK treatment. These results are consistent with previous 
reports that tacrolimus exhibited much greater safety and 
lower impact on renal function and blood pressure than cyclos-
porine A.19,20

We further analyzed the possible influencing factors for FK 
response. Older patients seemed to have poorer reactions com-
pared with younger patients, and similar findings were reported 
in patients with SAA who received ATG+CsA or allo-BMT.2 

Older patients may have less remaining hematopoiesis and do 
not have a sufficient storage of kidney function to achieve 
proper FK concentration, which may contribute to the poorer 
response. Notably, patients with different FK concentrations 
had different ORRs. Patients with enough plasma concentra-
tion (>4.0ng/l) got better OR rate compared those with 

Figure 1 Regulatory T cells in peripheral blood before and after FK. (A) Total events of 50,000 were gated based on FSC and SSC characteristics, and dot plots for Treg cells 
were gated on CD4+ cells. Treg cells were defined as CD4+CD25+foxP3+ co-expression and expressed as a percentage of the total CD4+ T population. (B) The expression 
of Treg cells from 31 patients who achieved at least PR was tested before and 6 months after FK treatment. Eight age- and sex-matched normal volunteers were used as 
controls. Levels of Treg cells pre-FK were much lower compared to healthy controls, but increased significantly after FK treatment. FSC, forward-scatter characteristics; SSC, 
side-scatter characteristics; Treg cells, T regular cells; FK, tacrolimus; PR, partial response.
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insufficient plasma concentration (ORR 49.2% vs 22.7%, 
P=0.0005), which indicates the importance of maintaining 
sufficient drug exposure. Some patients with renal insuffi-
ciency did not receive the full dose of FK and stayed at a low 
concentration, and the ORR was lower for these patients 
accordingly. Patients who were refractory/relapsed to CsA 
had inferior ORRs in our cohort compared to patients who 
were intolerant to CsA in multiple logistic regression analysis. 
It is easily understood that patients who stopped CsA due to 
side effects may have more chance of response if they are 
treated continuously with FK compared to patients who had 
no response to CsA. Although female gender played a role in 
the univariate analysis, logistic regression indicated that it was 
not an independent risk factor.

Previous research demonstrated that IL-2 enhanced the 
proliferation and expression of TNF-α in CD8(+)HLA-DR 
(+) T cells from AA patients, and tacrolimus may inhibit this 
effect, which is also true for CsA.21,22 However, tacrolimus 
may have a different mechanism of action from CsA because 
we observed that the decreased level of Treg cells after CsA 
treatment significantly improved after a full dose of tacrolimus 
in patients who responded.13,23 Treg cells, identified as CD4 
+CD25+ and Foxp3+, were obviously lower in patients with 
untreated AA compared to normal people and increased sig-
nificantly after effective treatment with IST.24,25 Besides, CD4 
+/CD8+ ratio decreased in AA patients and got a recovery after 
hematopoietic improvement by tacrolimus treatment.

Three patients had clonal evolution to MDS or AML, 
which was similar to patients who were refractory to CsA.26 

Patients who did not react to immunosuppressive agents had 
greater pressure of clonal selection under bone marrow failure 
environment or more clonal hematopoiesis at the very begin-
ning. For patients who had no response, infection and bleeding 
were common, and 1 patient died of infection 12 months after 
FK treatment, which was also seen in patients who failed other 
treatments.

There are some limitations of the present study. One-third 
of patients were excluded from analysis due to the short period 
of treatment or follow-up time, which may cause bias because 
some of these patients may have a less positive response to FK. 
Follow-up time was limited for long-term efficacy, survival 
and clone evolution. No regular molecular tests were done in 
our cohort before or after FK treatment, which may limit the 
prediction of clone evolution.

Conclusion
We summarized the second-line use of FK in the real 
world for the first time. FK may be an alternative 

treatment option for patients who are refractory or intoler-
ant to CsA with an acceptable price and tolerance. Further 
investigation with larger patient numbers and proper con-
trols are needed.
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