Int J Clin Exp Med 2019;12(4):3056-3064
www.ijcem.com /ISSN:1940-5901/1JCEM0083863

Review Article
Efficacy and safety of tacrolimus in Chinese
lupus nephritis patients: a meta-analysis

Dongdong Wang'*, Xiao Chen?”, Zhiping Li*

1Department of Pharmacy, Children’s Hospital of Fudan University, Shanghai 201102, China; ?Department of
Pharmacy, The People’s Hospital of Jiangyin, Jiangyin 214400, Jiangsu, China. "Equal contributors.

Received August 11, 2018; Accepted January 6, 2019; Epub April 15, 2019; Published April 30, 2019

Abstract: With a 60% cumulative incidence of renal disease at 5-year post-diagnosis in Chinese systemic lupus
erythematosus (SLE) patients, it is necessary to look for better treatment for Chinese lupus nephritis (LN). The aim
is to investigate the efficacy and safety of tacrolimus (TAC) in treating Chinese LN. A total of 3 self-controlled studies
(SCSs) of TAC were evaluated to verify the therapeutic effect of tacrolimus in Chinese LN. Additionally, 5 randomized
controlled trials (RCTs) and 1 cohort study were assessed to demonstrate the efficacy and safety of TAC comparing
with other immunosuppressive therapies in treating Chinese LN. Meta-evaluation of the 3 SCSs of TAC stated that
TAC significantly decreased daily proteinuria (mean difference = -3.79, 95% Cl = -5.63 - -1.95, P < 0.0001), SLEDAI
scores (mean difference = -8.43, 95% Cl =-10.44 - -6.43, P < 0.00001), and increased serum albumin (mean dif-
ference = 11.31, 95% Cl = 8.71 - 13.92, P < 0.00001), serum C3 (mean difference = 0.28, 95% Cl = 0.19 - 0.37, P
< 0.00001). Further, the 5 RCTs and 1 cohort study showed that compared to cyclophosphamide (CYC), TAC could
achieve higher complete remission rate (risk ratio = 1.53, 95% Cl = 1.08 - 2.16, P = 0.02). Compared with myco-
phenolate mofetil (MMF) and azathioprine (AZA), no significant difference was found in complete remission rate.
However, TAC significantly reduced the adverse events of infection compared to MMF (risk ratio = 0.54, 95% Cl =
0.36 - 0.82, P =0.004) and leukopenia compared to AZA (risk ratio = 0.19, 95% Cl = 0.06 - 0.58, P = 0.004). No
obvious evidence of publication bias was found. TAC is considered a promising candidate for treating Chinese LN.
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Introduction

Systemic lupus erythematosus (SLE) is a chron-
ic systemic autoimmune disease characterized
by the production of a large number of autoan-
tibodies in the blood, which deposits in the vas-
cular beds of target tissues and organs includ-
ing glomeruli and the renal microvasculature,
leading to systemic inflammation and lupus
nephritis (LN) [1-4].

LN is a major cause of morbidity and mortality
in patients with SLE [5]. The treatment and
prognosis of LN have advanced when the first
breakthrough event in the late 1970s, report-
ing that the addition of cyclophosphamide
(CYC) to the standard corticosteroid regimen
could reduce relapse rates in LN [6, 7]. As a
new standard therapeutic regimen for LN, CYC
has been widely accepted [8-10]. However,
patients experiencing CYC therapy have the risk
of infection, leucopenia, bladder cancer, etc.

[11, 12]. Since the 1990s, induction therapy
with mycophenolate mofetil (MMF) has also
appeared as a useful alternative which was
proved to be equally or more effective, and
safer than CYC [13]. In addition, the efficacy of
Azathioprine (AZA) on LN has also been report-
ed and it is a useful option, especially if other
drugs are contraindicated or not tolerated [14,
15].

Recently, following encouraging results in trials,
more attention has been paid to whether tacro-
limus (TAC, previously known as FK506) could
have a prominent role in the therapy of LN. TAC
is @ macrolide immunosuppressant that inhib-
its calcineurin and completely blocks the trans-
location of the cytosolic component of the
nuclear factor of activated T cells [16].

With a 60% cumulative incidence of renal dis-
ease at 5 year post-diagnosis in Chinese SLE
patients [17], it is necessary to look for better
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treatment for Chinese LN. However, only limited
reports of treating Chinese LN with TAC exist,
and the efficacy and safety of TAC in treating
Chinese LN remains inconclusive. Therefore,
this meta-analysis aimed to survey the thera-
peutic effect of TAC in Chinese LN, and demon-
strate its efficacy and safety comparing with
other immunosuppressants.

Methods
Search strategy

Utilized PubMed, Web of Science Knowledge,
and Cochrane Library databases from March
2000 to March 2018 as searching tools. Sear-
ch terms included: “tacrolimus or prograf or
FK506” and “lupus nephritis or lupus glome-
rulonephritis or lupus erythematosus nephri-
tis”. Meta-analysis was conducted according
to the Preferred Reporting Items for Syste-
matic Reviews and Meta-Analyses statement
[18].

Trial inclusion criteria

Self-controlled studies (SCS), randomized con-
trolled trials (RCT) and comparative cohort
studies which could estimate the efficacy and
safety of TAC in treating Chinese LN were
included.

Data extraction

The search only articles written in English was
performed in duplicate by two independent
reviewers. The initial evaluation was done on
the strength of screening the titles and
abstracts. Studies that did not meet the trial
inclusion criteria were excluded. The research
that was not excluded after an initial evaluation
was retrieved for full text screening. Additio-
nally, on the basis of the inclusion criteria, it
was determined whether the study should be
included in our meta-analysis. In cases of dis-
agreement, the terminal decision for inclusion
was made by consensus among the authors.
Case reports, comments, review articles, meet-
ing abstracts, and editorials were excluded.
The data extraction included (l) study location
() study type, (Ill) LN biopsy class, (IV) number
enrolled, and (V) follow-up period.

Statistical analysis

Meta-analysis was performed with the RevMan
software (version 5.30, the Nordic Cochrane
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Centre, Copenhagen, Denmark) and Stata soft-
ware (version 14.0, Stata Corporation, College
Station, TX, USA). Continuous variables were
analyzed using mean difference (MD) and 95%
confidence interval (Cl). For complete remission
rate, a risk ratio (RR) and its 95% CI were
applied for analysis. For adverse events, risk
ratios and its 95% Cl| were calculated. Hete-
rogeneity assumption was evaluated with the
Chi-square-based Q-test and a P value < 0.1 for
the Q-test or I-squared > 50% indicated that
heterogeneity may exist [19]. If there was sig-
nificant heterogeneity, a random effect model
was used (DerSimonian-Laird method) [20] for
the data analysis. Otherwise, a fixed effect
model (Mantel-Haenszel method) [21] was
used. Publication bias was evaluated with
Begg’'s test and Begg's funnel plot, P < 0.05
was considered statistically significant.

Results
Eligible studies

A total of 173 published articles were collected,
of which 54 were from PubMed, 93 from Web of
Science, and 26 from the Cochrane Library. A
total of 164 papers excluded because of dupli-
cates, other interventions or manifestations,
laboratory studies, meta-analysis or review
articles (Figure 1). Finally, 9 studies were left
eligible for meta-analysis, including 3 SCSs [22-
24], 5 RCTs [25-29] and 1 comparative cohort
study [30] (Table 1).

Therapeutic effect of tacrolimusin on Chinese
LN

In the 3 SCSs, TAC significantly decreased daily
proteinuria (mean difference =-3.79, 95% Cl =
-5.63--1.95, P<0.0001), SLEDAI scores (mean
difference =-8.43, 95% Cl =-10.44 --6.43, P <
0.00001), and increased serum albumin (mean
difference = 11.31, 95% Cl = 8.71 - 13.92, P <
0.00001), serum C3 (mean difference = 0.28,
95% CI=0.19-0.37, P<0.00001), as shown in
Figure 2.

Tacrolimus versus other immunosuppressant
on complete remission rate

5 RCTs and 1 comparative cohort study were
used to demonstrate the complete remission
rate of TAC comparing with other immunosup-
pressive therapies in treating Chinese LN.
Compared to CYC, TAC could achieve higher
complete remission rate (risk ratio = 1.53, 95%
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173 papers identified

cal evidence of plot symmetry.
The results still did not imply

on initial search

—_——
\ 4

164 papers excluded because of
duplicates, other interventions or
manifestations, laboratory studies, meta-

analysis or review articles

publication bias, for example,
the P value of Begg’s test for
TAC post-treatment vs pre-
treatment, TAC vs CYC, and TAC
vs MMF were 0.602, 0.602,
and 0.296, respectively.

9 papers identified for

the meta-analysis

Discussion

Although corticosteroids and
immunosuppressants are wi-
dely used for treating LN, a few
resistant cases have been

reported. Therefore, a better
treatment has been strongly

 / sought in the clinical setting

[31].

3 SCSs 5 RCTs oo
t . . S
TAC TAC vs CYC onor TAC is a calcineurin inhibitor
TAC vs CYC i

posi-iredtmert TAC vs MMF and stupl@s have rep.o.rted that
the main immunophilin of TAC
%6 Pre-EEatmet TACYs AZA is FK-506-binding protein 12
(FKBP-12) in T-cells. The com-

Figure 1. Flow chart of study selection process. SCS: self-controlled study;
RCT: randomized controlled trial; TAC: tacrolimus; MMF: mycophenolate

mofetil; AZA: azathioprine; CYC: cyclophosphamide.

Cl = 1.08 - 2.16, P = 0.02) (Figure 3A). Com-
pared with MMF and AZA, no significant differ-
ence was found in complete remission rate
(Figure 3B and 3C).

Tacrolimus versus other immunosuppressant
on adverse drug reactions

TAC significantly reduced the adverse events of
infection compared to MMF (risk ratio = 0.54,
95% Cl = 0.36 - 0.82, P = 0.004) and no signifi-
cant differences were found in infection rate
compared to CYC and AZA (Figure 4). In Figure
5, TAC significantly reduced the adverse events
of leukopenia compared to AZA (risk ratio =
0.19, 95% Cl = 0.06 - 0.58, P = 0.004) and no
significant differences were found in leukope-
nia rate compared to CYC and MMF.

Publication bias

Publication bias was evaluated with Begg's
test. The shapes of the Begg’s funnel plot did
not reveal any obvious asymmetry (Figure 6).
Next, Begg’s test was used to provide statisti-
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plex of TAC and FKBP-12 inhib-
its calcineurin phosphatase,
an essential enzyme for the
activation of nuclear factor of
activated T cells (NF-AT). NF-AT
is an important transcription factor for the tran-
scription of cytokine genes in T cells. Thus, TAC
inhibits the transcription of T cell cytokines like
interleukin-2 (IL-2) and interferon-y (IFN-y). The
calcineurin-TAC complex is not completely spe-
cific for NF-AT and can interfere with other sub-
strates including Na-K-ATPase and nitric oxide
synthetase [32]. Besides its effects on IL-2, it
has been reported that TAC down-regulates
the mRNA levels of IL-3, IL-4, granulocyte-mac-
rophage colony-stimulating factor (GM-CSF),
tumor necrosis factor (TNF), IFN, and c-Myc
in activated human peripheral blood T-cells.
Therefore, TAC affects the growth and differen-
tiation of T- and B- lymphocytes, inhibiting
immunity [33-35].

However, a few studies have investigated TAC
therapies in Chinese LN, and the sample size
was limited. As a result, this survey aimed to
evaluate the efficacy and safety of TAC in
Chinese LN. Meta-analysis included 3 SCSs, 5
RCTs and 1 cohort study involving 481 patients.
No obvious evidence of publication bias was
found, according to the Begg’s test.
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Table 1. Trials included in the meta-analysis and their key characteristics

Number enrolled Follow-up period

Study Study location Study type LN biopsy class TAC MME_AZA YO (months)
Chen 2011 Guangzhou, Chengdu, Nanning, Kunming, Fuzhou, Foshan RCT I, IV-S, IV-G, V, V+III, V+IV 42 - - 39 6
Chen 2012  Guangzhou, Chengdu, Guilin, Kunming, Fuzhou, Foshan RCT I, V, IV-S or IV-G, or Combination 34 - 36 - 6
Fei 2013 Beijing SCS I, IV, V, 4V, IV+V 26 - - - 6
Li 2012 Shanghai RCT I, IV, V or Combination 20 20 - 20 6
Mok 2005 Hong Kong SCS NR 9 - - - 6
Mok 2014 Hong Kong RCT I, v, v 74 76 - - 6
Wang 2012 Hangzhou Cohort IV, V, VHIV, V+III 20 - - 20 12
Yap 2012 Hong Kong, Guangzhou, Beijing, Shanghai RCT \% 9 7 - - 24
Yap 2014 Hong Kong SCS /v orV 29 - - - 36

LN, lupus nephritis; RCT, randomized controlled trial; SCS, self-controlled study; TAC, tacrolimus; MMF, mycophenolate mofetil; AZA, azathioprine; CYC, cyclophosphamide; NR, not
report.
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Figure 2. Forest plot showing a meta-analysis for tacrolimus post-treatment versus pre-treatment. A: Daily protein-

uria; B: Serum albumin; C: Serum C3; D: SLEDAI scores.
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Figure 3. Forest plot showing a meta-analysis for tacrolimus versus othe
complete remission rate. A: TAC vs CYC; B: TAC vs MMF; C: TAC vs AZA.
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Figure 4. Forest plot showing a meta-analysis for tacrolimus versus other immunosuppressive control treatment on
adverse drug reaction (infection). A: TAC vs CYC; B: TAC vs MMF; C: TAC vs AZA.
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Figure 5. Forest plot showing a meta-analysis for tacrolimus versus other immunosuppressive control treatment on
adverse drug reaction (leukopenia). A: TAC vs CYC; B: TAC vs MMF; C: TAC vs AZA.
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Figure 6. Publication bias. A: TAC post-treatment vs pre-treatment; B: TAC
vs CYC; C: TAC vs MMF.

study were used to prove the
efficacy and safety of TAC com-
paring with other immunosup-
pressive therapies in Chinese
LN. Compared to CYC, TAC
could achieve higher complete
remission rate. Compared with
MMF and AZA, no significant
difference was found in com-
plete remission rate. Infection
and leucopenia are common
side effects of immunosup-
pressants. Compared to MMF
and AZA, TAC significantly re-
duced the adverse events of
infection and leucopenia, re-
spectively. Therefore, curative
effect of TAC was superior to
CYC, equivalent to MMF and
AZA on complete remission
rate, however, showed better
safety.

This paper also has some
limitations that should be
pointed out. First, our 9 papers
for meta-analysis included 3
SCSs, 5 RCTs and 1 cohort
study, whose clinical evidence
may not be strong enough.
Second, the number of includ-
ed cases were small. Future
studies should address these
issues.

In conclusion, TAC is consid-
ered to be a promising candi-
date for treating Chinese LN
because it can significantly
decrease daily proteinuria,
SLEDAI scores, and adverse
reactions. However, on the
other hand, it can increase
serum albumin, serum C3, and
complete remission rate.

Acknowledgements

This work was supported by
Clinical Pharmacy Key Spe-
cialty Construction Project of

The 3 SCSs confirmed that treatment of TAC Shanghai (No. YZ2017/5), The Young Medical
significantly decreased daily proteinuria, SLE- Talents of Wuxi (No. QNRC020), Young Project
DAl scores and increased serum albumin, of Wuxi Health and Family Planning Research
serum C3. Additionally, the 5 RCTs and 1 cohort (No. Q201706), and Wuxi science and technol-

3062 Int J Clin Exp Med 2019;12(4):3056-3064



Meta-analysis of TAC in Chinese LN

ogy development guidance plan (medical and
health care) (No. CSZON1744).

Disclosure of conflict of interest

None.

Address correspondence to: Zhiping Li, Department
of Pharmacy, Children’s Hospital of Fudan University,
No. 399, Wanyuan Road, Minhang District, Shanghai
201102, China. Tel: (86)-021-64931224; Fax: (86)-
021-64931224; E-mail: zplifudan@126.com

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

Takeuchi T, Tsuzaka K, Abe T, Yoshimoto K, Shi-
raishi K, Kameda H and Amano K. T cell abnor-
malities in systemic lupus erythematosus. Au-
toimmunity 2005; 38: 339-346.

Rahman A and Isenberg DA. Systemic lupus
erythematosus. N Engl J Med 2008; 358: 929-
939.

Gurevitz SL, Snyder JA, Wessel EK, Frey J and
Williamson BA. Systemic lupus erythematosus:
a review of the disease and treatment options.
Consult Pharm 2013; 28: 110-121.

D’Cruz DP, Khamashta MA and Hughes GR.
Systemic lupus erythematosus. Lancet 2007;
369: 587-596.

Liao R, Liu Q, Zheng Z, Fan J, Peng W, Kong Q,
He H, Yang S, Chen W, Tang X and Yu X. Tacro-
limus protects podocytes from injury in lupus
nephritis partly by stabilizing the cytoskeleton
and inhibiting podocyte apoptosis. PLoS One
2015; 10: e0132724.

Felson DT and Anderson J. Evidence for the su-
periority of immunosuppressive drugs and
prednisone over prednisone alone in lupus ne-
phritis. Results of a pooled analysis. N Engl J
Med 1984; 311: 1528-1533.

Donadio JV Jr, Holley KE, Ferguson RH and II-
strup DM. Treatment of diffuse proliferative lu-
pus nephritis with prednisone and combined
prednisone and cyclophosphamide. N Engl J
Med 1978; 299: 1151-1155.

Gourley MF, Austin HA 3rd, Scott D, Yarboro
CH, Vaughan EM, Muir J, Boumpas DT, Klippel
JH, Balow JE and Steinberg AD. Methylpred-
nisolone and cyclophosphamide, alone or in
combination, in patients with lupus nephritis. A
randomized, controlled trial. Ann Intern Med
1996; 125: 549-557.

Boumpas DT, Austin HA 3rd, Vaughn EM, Kilip-
pel JH, Steinberg AD, Yarboro CH and Balow JE.
Controlled trial of pulse methylprednisolone
versus two regimens of pulse cyclophospha-
mide in severe lupus nephritis. Lancet 1992;
340: 741-745.

3063

(10]

(11]

[12]

(13]

(14]

[15]

[16]

(17]

[22]

Austin HA 3rd, Klippel JH, Balow JE, le Riche
NG, Steinberg AD, Plotz PH and Decker JL.
Therapy of lupus nephritis. Controlled trial of
prednisone and cytotoxic drugs. N Engl J Med
1986; 314: 614-619.

Fine DM. Pharmacological therapy of lupus ne-
phritis. JAMA 2005; 293: 3053-3060.

Petri M. Cyclophosphamide: new approaches
for systemic lupus erythematosus. Lupus
2004; 13: 366-371.

Ginzler EM, Dooley MA, Aranow C, Kim MY,
Buyon J, Merrill JT, Petri M, Gilkeson GS, Wal-
lace DJ, Weisman MH and Appel GB. Mycophe-
nolate mofetil or intravenous cyclophospha-
mide for lupus nephritis. N Engl J Med 2005;
353:2219-2228.

Tamirou F, D’Cruz D, Sangle S, Remy P, Vascon-
celos C, Fiehn C, Ayala Guttierez Mdel M, Gil-
boe IM, Tektonidou M, Blockmans D, Ravelingi-
en |, le Guern V, Depresseux G, Guillevin L,
Cervera R and Houssiau FA. Long-term follow-
up of the MAINTAIN Nephritis Trial, comparing
azathioprine and mycophenolate mofetil as
maintenance therapy of lupus nephritis. Ann
Rheum Dis 2016; 75: 526-531.

Dooley MA, Jayne D, Ginzler EM, Isenberg D,
Olsen NJ, Wofsy D, Eitner F, Appel GB, Contre-
ras G, Lisk L and Solomons N. Mycophenolate
versus azathioprine as maintenance therapy
for lupus nephritis. N Engl J Med 2011; 365:
1886-1895.

Ho S, Clipstone N, Timmermann L, Northrop J,
Graef |, Fiorentino D, Nourse J and Crabtree
GR. The mechanism of action of cyclosporin A
and FK506. Clin Immunol Immunopathol
1996; 80: S40-45.

Mok CC and Tang SS. Incidence and predictors
of renal disease in Chinese patients with sys-
temic lupus erythematosus. Am J Med 2004;
117: 791-795.

Moher D, Liberati A, Tetzlaff J and Altman DG.
Preferred reporting items for systematic re-
views and meta-analyses: the PRISMA state-
ment. PLoS Med 2009; 6: e1000097.

Zhao Z, Liao G, Li Y, Zhou S and Zou H. The ef-
ficacy and safety of rituximab in treating child-
hood refractory nephrotic syndrome: a meta-
analysis. Sci Rep 2015; 5: 8219.

DerSimonian R and Laird N. Meta-analysis in
clinical trials. Control Clin Trials 1986; 7: 177-
188.

Mantel N and Haenszel W. Statistical aspects
of the analysis of data from retrospective stud-
ies of disease. J Natl Cancer Inst 1959; 22:
719-748.

Fei Y, Wu Q, Zhang W, Chen H, Hou Y, Xu D, Li
M, Zhang X, Zhao Y, Zeng X and Zhang F. Low-
dose tacrolimus in treating lupus nephritis re-
fractory to cyclophosphamide: a prospective

Int J Clin Exp Med 2019;12(4):3056-3064


mailto:zplifudan@126.com

[23]

[24]

[25]

[26]

[27]

(28]

[29]

Meta-analysis of TAC in Chinese LN

cohort study. Clin Exp Rheumatol 2013; 31:
62-68.

Mok CC, Tong KH, To CH, Siu YP and Au TC.
Tacrolimus for induction therapy of diffuse pro-
liferative lupus nephritis: an open-labeled pilot
study. Kidney Int 2005; 68: 813-817.

Yap DY, Ma MK, Mok MM, Kwan LP, Chan GC
and Chan TM. Long-term data on tacrolimus
treatment in lupus nephritis. Rheumatology
(Oxford) 2014; 53: 2232-2237.

Chen W, Liu Q, Chen W, Tang X, Fu P, Liu F, Liao
Y, Yang Z, Zhang J, Chen J, Lou T, Fu J, Kong Y,
Liu Z, Li Z and Yu X. Outcomes of maintenance
therapy with tacrolimus versus azathioprine for
active lupus nephritis: a multicenter random-
ized clinical trial. Lupus 2012; 21: 944-952.
Chen W, Tang X, Liu Q, Chen W, Fu P, Liu F, Liao
Y, Yang Z, Zhang J, Chen J, Lou T, Fu J, Kong Y,
Liu Z, Fan A, Rao S, Li Z and Yu X. Short-term
outcomes of induction therapy with tacrolimus
versus cyclophosphamide for active lupus ne-
phritis: a multicenter randomized clinical trial.
Am J Kidney Dis 2011; 57: 235-244.

Li X, Ren H, Zhang Q, Zhang W, Wu X, Xu Y,
Shen P and Chen N. Mycophenolate mofetil or
tacrolimus compared with intravenous cyclo-
phosphamide in the induction treatment for
active lupus nephritis. Nephrol Dial Transplant
2012; 27: 1467-1472.

Mok CC, Ying KY, Yim CW, Siu YP, Tong KH, To
CH and Ng WL. Tacrolimus versus mycopheno-
late mofetil for induction therapy of lupus ne-
phritis: a randomised controlled trial and long-
term follow-up. Ann Rheum Dis 2016; 75:
30-36.

Yap DY, Yu X, Chen XM, Lu F, Chen N, Li XW,
Tang CS and Chan TM. Pilot 24 month study to
compare mycophenolate mofetil and tacrolim-
us in the treatment of membranous lupus ne-
phritis with nephrotic syndrome. Nephrology
(Carlton) 2012; 17: 352-357.

3064

[30]

(31]

(32]

(33]

(34]

[35]

Wang S, Li X, Qu L, Wang R, Chen Y, Li Q, He X,
Zhang X, Wang H, Wu J, Xu Y and Chen J. Tacro-
limus versus cyclophosphamide as treatment
for diffuse proliferative or membranous lupus
nephritis: a non-randomized prospective co-
hort study. Lupus 2012; 21: 1025-1035.
Bertsias G, loannidis JP, Boletis J, Bombardieri
S, Cervera R, Dostal C, Font J, Gilboe IM, Hous-
siau F, Huizinga T, Isenberg D, Kallenberg CG,
Khamashta M, Piette JC, Schneider M, Smolen
J, Sturfelt G, Tincani A, van Vollenhoven R, Gor-
don C and Boumpas DT. EULAR recommenda-
tions for the management of systemic lupus
erythematosus. Report of a task force of the
EULAR standing committee for international
clinical studies including therapeutics. Ann
Rheum Dis 2008; 67: 195-205.

Denton MD, Magee CC and Sayegh MH. Immu-
nosuppressive strategies in transplantation.
Lancet 1999; 353: 1083-1091.

Dong QE, Fu R, Liu CY, Ruan EB, Wang XM,
Wang GJ, Qu W, Liu H, Wu YH, Song J, Xing LM,
Guan J, Li LJ, Wang HQ and Shao ZH. [Inhibi-
tory effects of tacrolimus on effector T cells
from patients with severe aplastic anemial.
Zhonghua Yi Xue Za Zhi 2013; 93: 1541-1545.
Maguire O, Tornatore KM, O’Loughlin KL, Venu-
to RC and Minderman H. Nuclear translocation
of nuclear factor of activated T cells (NFAT) as
a quantitative pharmacodynamic parameter
for tacrolimus. Cytometry A 2013; 83: 1096-
1104.

Yoshida T, Nakanishi K, Yoshioka T, Tsutsui Y,
Maeda A, Kondo H and Sako K. Oral tacrolimus
oil formulations for enhanced lymphatic deliv-
ery and efficient inhibition of T-cell’s interleu-
kin-2 production. Eur J Pharm Biopharm 2016;
100: 58-65.

Int J Clin Exp Med 2019;12(4):3056-3064



