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Background: Tacrolimus has been recommended as an effective immunosuppressant for
patients with myasthenia gravis (MG), while the high price, variable bioavailability, and
narrow therapeutic window restrict its clinical application. Wuzhi capsule (WZC) could
improve tacrolimus blood concentration by inhibiting the metabolism of cytochrome P450
3A (CYP3A) and P-glycoprotein (P-gp). There are few studies focused on the coadministra-
tion of WZC and tacrolimus in autoimmune diseases. This study was aimed at quantifying
the efficacy and safety of coadministration of WZC and tacrolimus in adult Chinese patients
with MG.

Methods: In this retrospective study, 122 patients with MG on tacrolimus were enrolled.
The initial tacrolimus dose was 2 mg/d. Patients with standard initial tacrolimus concentra-
tion were classified into group A (standard-dose group). Those failed to reach target
concentration were divided into group B (high-dose group) and group C (co-administering
WZC group), according to treatment adjustment of increasing tacrolimus dose and co-
administration of WZC, respectively. A logistic analysis was used to identify factors asso-
ciated with clinical outcome. Adverse drug reactions (ADRs) were recorded for safety
analysis.

Results: The tacrolimus concentration after coadministration of WZC was remarkably
increased. It was higher compared with simply increasing the tacrolimus dose (p<0.001).
The multivariate logistic analysis indicated that the baseline quantitative MG score was
a predictive factor for clinical outcomes (OR=0.189; 95% CI 0.082-0.436; p<0.001).
Fourteen patients (11.5%) reported ADRs after tacrolimus therapy. ADRs incidence was
not related to WZC coadministration.

Conclusion: The coadministration of WZC and tacrolimus can substantially elevate the
tacrolimus concentration. It is a safe and economic treatment for adult Chinese patients with
MG. Patients with a worse disease condition tend to present a better clinical outcome after
tacrolimus therapy.
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Introduction

Tacrolimus (FK506) is a calcineurin inhibitor that was first found in the fermenta-
tion broth of a strain of Streptomyces' and is widely used in organ transplantation
and autoimmune diseases. Since 2002, a low dose of tacrolimus (3 mg/d) has been

allowed as an immunosuppressant in the treatment of MG in Japan.” Emerging
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clinical studies have shown that tacrolimus can effectively
and safely improve the clinical condition of patients with
MG.** Besides suppressing interleukin-2 (IL-2) produc-
tion associated with T-cell activation and inhibiting differ-
entiation and proliferation of T-cells, tacrolimus also has
been reported to have the ability to enhance ryanodine
receptor function and increase muscle strength.’
Compared with azathioprine and mycophenolate mofetil,
tacrolimus displayed better clinical efficacy and tolerance
in Chinese patients with MG.” Recently, tacrolimus mono-
therapy has been confirmed to be a promising option to
rapidly alleviate all symptoms of M@, especially for ptosis
and bulbar symptoms.®

The efficacy of tacrolimus in MG treatment has been
considered to be concentration dependent. Patients with an
adequate tacrolimus concentration have a better MG prognosis
than those with a low tacrolimus concentration.” However,
tacrolimus has a narrow therapeutic index and a variable rate
of absorption and oral bioavailability; approximately 25% of
the oral dose is bioavailable.'” Lots of food and medications
may affect tacrolimus metabolism, such as grape juice, mag-
nesium oxide, sodium bicarbonate and sucralfate. The adverse
events of tacrolimus include diarrhea, rash, respiratory infec-
tion, nephrotoxicity, and hepatotoxicity; the occurrence of
nephrotoxicity is concentration dependent. Previous studies
have shown that the risk of early nephrotoxicity increases by
22% with a 1-ng/mL increase in FK506."" The incidence of
adverse events related to tacrolimus treatment was 37.5—
80.0% in Chinese patients with MG.*'#'? Several prospective
studies with tacrolimus doses ranging from 2.0 to 4.5 mg/d and
most of them set the tacrolimus dose as 3 mg/d.*'*'*> During
clinical observation and practice, we found that some patients
administered 2 mg/d tacrolimus achieved the target blood
concentration and experienced remarkable improvement. The
expense associated with long-term tacrolimus therapy has
always been a challenge for patients. Tacrolimus at low doses
reduces the occurrence of adverse events and is economical,
but it is difficult to achieve the target therapeutic blood
concentration.

Wuzhi capsule (WZC) is a formulation containing the
ethanol extract from the ripe fruits of Nan-Wuweizi
(Schisandra sphenanthera). The main active ingredients
include schisandrin, schisantherin A, schizandrol B, schisan-
henol, and deoxychizandrin. It is a cheap traditional Chinese
medicine that has been extensively used to treat chronic hepa-
titis and drug-induced liver injury in organ transplant
recipients.'®'” Tt can increase the blood concentration and
bioavailability of tacrolimus owing to its inhibitory effect on

cytochrome P450 3A (CYP3A) and P-glycoprotein (P-gp)
with no obvious adverse reactions.'®'” Most studies on coad-
ministration of WZC and tacrolimus have been performed in
organ transplant patients and focused on pharmacokinetics and
pharmacogenetic characteristics. There are few studies con-
ducted in patients with autoimmune diseases. Thus, in this
study, we aimed to quantify the efficacy and safety in co-
administration of Wuzhi capsule and tacrolimus in adult
Chinese patients with MG. The findings will promote the
coadministration of WZC and tacrolimus in clinical practice.

Materials and Methods

Patients and Data Collection

Patients who visited the Neurology Department of
Xiangya Hospital of Central South University, China,
from November 2016 to November 2019, diagnosed with
MG, and received tacrolimus as an immunosuppressant
were selected. The study was approved by the Ethics
Committee of Xiangya Hospital (approval number
201703107) and conducted in accordance with the
Declaration of Helsinki. All patients signed an informed
consent form. The inclusion criteria were as follows:

(1) patients with confirmed diagnosis of MG according
to the typical clinical manifestations and the results of the
neostigmine test, repetitive nerve stimulation test, and
MG-related autoantibody test;

(2) patients over the age of 18 years;

(3) patients receiving low-dose tacrolimus therapy with
tacrolimus concentration detection; and

(4) patients followed-up for at least 3 months after
tacrolimus administration.

The following demographic and clinical data were col-
lected: age, sex, disease duration, baseline disease severity,
and quantitative myasthenia gravis (QMG) scores evaluated
before tacrolimus administration and 3 months after tacroli-
mus therapy. Baseline disease severity was determined
according to the Myasthenia Gravis Foundation of America
(MGFA) classification at the start of tacrolimus therapy and
categorized as ocular MG (MGFA class 1) and generalized
MG (MGFA classes 2A and 2B, MGFA classes 3A and 3B,
and MGFA classes 4A, 4B, and 5).%° Disease duration was
defined as the time from disease onset to the time of tacroli-
mus therapy initiation. Clinical efficacy was estimated by the
changes in the QMG scores, with >3 (2) point changes
indicating clinically significant treatment effects when the
baseline QMG score >16 (<16).%"*? The results of the auto-
antibody test (performed at Guangzhou Daan Clinical
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Laboratory Center) were also collected; anti-AChR antibody
(Ab) was detected using an AChR Ab ELISA Kit (RSR Ltd.,
Cardiff, UK), with a concentration of >0.45 nmol/L defined
as positive. We also investigated adverse drug reactions
(ADRs) including nephrotoxicity, increased liver enzymes,
headache, dizziness, and tremors. The incidence of ADRs
after tacrolimus administration was described with a number
for each ADR and the number of affected patients.

Treatment Methods and Tacrolimus

Concentration Detection

In this retrospective study, all patients received tacrolimus as
an immunosuppressant. Besides the prednisolone, no addi-
tional immunosuppressive agents were used at the same time.
The initial dose of tacrolimus was 2 mg/d. Patients were treated
with tacrolimus capsules twice a day (Huadong Medicine Co.,
Ltd, national medicine permission number: H20094027) and
were strictly required to take tacrolimus on an empty stomach.
Other food and medicines should not be taken within two hours
of taking tacrolimus. FK506 concentration was detected
between the 7th to 14th day of tacrolimus therapy by liquid
chromatography-mass spectrometry in the Clinical Laboratory
of Xiangya Hospital, with a target tacrolimus concentration of
5-10 ng/mL. The dose of tacrolimus was adjusted considering
the individual’s disease condition and tacrolimus concentra-
tion. The patients who reached the target tacrolimus concen-
tration were included in Group A (standard-dose group). The
tacrolimus dose was increased to 3 mg/d in those who failed to
reach the target, and the patients were placed in Group B (high-
dose group). Some patients chose other immunosuppressants
instead of tacrolimus because the cost of tacrolimus treatment
increased with the increase of tacrolimus dose, and they were
not included into this retrospective study. As WZC was admi-
nistered together with tacrolimus from 2019, some patients
with sub-optimal tacrolimus concentrations were required to
tablets of WZC (Sichuan HYGIEN
Pharmaceutical Co., Ltd, national medicine permission num-

administer two

ber: Z10983013) together with tacrolimus every time and were
included in Group C (co-administering WZC group).
The second tacrolimus concentration was determined 1
month after treatment adjustment. The flowchart of this retro-
spective study is presented in Figure 1.

Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics, version 25.0 (IBM Corp., Armonk, NY, USA).
Quantitative data with a normal distribution are reported as

the mean + standard deviation (SD), and those with a non-
normal distribution are reported as the median (interquar-
tile range values (IQRs) p25, p75). Categorical data are
presented as count and proportion. When the quantitative
data followed a normal distribution, Student’s #-test or
one-way analysis of variance was conducted. Otherwise,
non-parametric Mann—Whitney U-test or Kruskal-Wallis
H-test was conducted, as appropriate. Categorical data
were compared using the Chi-square test or Fisher’s
exact test. Multivariate logistic regression analyses were
carried out using Back logistic regression method.
Covariates were selected according to clinical meaningful
aspects and the results of bivariate analysis. Variables with
a p-value of <0.2 in bivariate analysis were then included
in the final model to estimate the odds ratio (OR) and 95%
confidence interval (CI). Results with a p-value of <0.05

were considered significant.

Results

Demographic and Clinical Characteristics
In this study, 122 patients were enrolled, with 40 men and
82 women (Table 1). The age of patients ranged from 18 to
80 years, and the median age was 40 years. The median
disease duration was 32 months. Thymoma was observed
in 26 patients (21.3%). Before receiving tacrolimus ther-
apy, 17 patients were classified under ocular MG (OMG)
and 105 under generalized MG (GMG). A total of 107
patients underwent the AChR Ab test and the positive rate
was 86.9% (96/107). The median AChR Ab titer was
13.86 ng/mL. 63 patients took prednisolone in combina-
tion with tacrolimus. The median baseline QMG score was
10.00. The median change in the QMG score was —3.00.
Tacrolimus therapy in 70 patients was clinically effective,
whereas in 52 patients, it was clinically ineffective.

There were 38 patients in group A, 31 in group B, and
53 in group C. The median disease duration in group A was
43 months, whereas that in group B was 27 months and in
group C was 21 months. There were significant differences
among the three groups (p=0.044). Other generic data, such
as sex and age, were not significantly different among the
three groups (»p>0.05). The ACHR Ab positivity rate was
statistically significant among the three groups (p=0.033):
94.1% in group A, 96.0% in group B, and 77.1% in group
C. However, there was no significant difference in the
remaining clinical data, including thymus, MGFA classifi-
cation, ACHR Ab titer, co-administration of prednisolone,
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MG patients received tacrolimus
therapy with initial dose of 2mg/d

Standard concentration
(5-10ng/mL)

First tacrolimus concentration test

Substandard concentration

/

Increasing tacrolimus
dose to 3mg/d

N\

Coadministration
of WZC

l

Group A
(standard-dose group)

Group B
(high-dose group)

Group C
(co-administering WZC group)
(n=53)

(n=38) (n=31)

L

l

Clinical efficacy
Incidence of ADRs

Comparison and analysis
Tacrolimus concentration

Figure | Flowchart of this retrospective study.

Notes: n, number of patients. Group (A) standard-dose group; Group (B) high-dose group; Group (C) co-administering WZC group.
Abbreviations: MG, myasthenia gravis; WZC, Wuzhi capsule; ADRs, adverse drug reactions.

baseline QMG score, QMG change, and clinical efficacy
among the three groups (all p>0.05).

FK506 in Different Subgroups

The FK506 concentration in group A was 7.30 + 2.48 ng/
mL. It was 2.69+0.98 ng/mL in group B, whereas the final
FK506 concentration turned to be 5.48+2.99 ng/mL after
increasing the tacrolimus dose to 3 mg/d. In group C, the
FK506 concentration before co-administering WZC was
2.51+1.13 ng/mL, which increased to 8.19£2.91 ng/mL
after co-administering WZC. The results summarized in
Table 2 suggest that the initial FK506 concentration
between group A, group B and group C was significant
(»<0.001), although it was not significant between groups
B and C (p=0.356). The final FK506 concentration was
higher after co-administering WZC than after increasing
the tacrolimus dose (p<0.001). The FK506 concentration
after increasing the tacrolimus dose in group B was still
lower than the initial FK506 concentration in group

A (p=0.001). The FK506 concentration after co-
administering WZC in group C was higher than the initial
FK506 concentration in group A (p=0.039). The final
FK506 concentration between group A, group B and
group C was significant (p<0.001).

Factors Associated with Clinical

Effectiveness

To investigate probable factors associated with clinical
effectiveness, we compared the clinical characteristics
among MG patients according clinical outcome
(Table 3). There were 70 patients classified into effec-
tive group, the other 52 patients were classified into
ineffective group. The thymus histology and baseline
QMG score were significantly different (p<0.05).
Variables with p-value of <0.2 were entered into multi-
variate logistic regression model for final analysis,
including thymus histology, final tacrolimus concentra-
tion, coadministration of WZC and baseline QMG score.
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Table 1 Demographic and Clinical Characteristics

Characteristic Group A Group B Group C Total P-value
(n =38) (n=31) (n =53) (n=122)
Age, years 47 (32, 56) 38 (29, 50) 36 (27, 50) 40 (29, 52) 0.163
Sex (n, %) Male 13, 34.2% 10, 32.3% 17, 32.1% 40, 32.8% 0.975
Female 25, 65.8% 21, 67.7% 36, 67.9% 82, 67.2%
Disease Duration (months) 43 (14, 137) 27 (6, 172) 21 (3, 55) 32 (7, 103) 0.044*
Thymus (n, %) Normal 24, 63.1% 18, 58.1% 41, 77.3% 83, 68.0% 0311
Thymic 5, 13.2% 5 16.1% 3,5.7% 13, 10.7%
hyperplasia
Thymoma 9,23.7% 8, 25.8% 9, 17.0% 26, 21.3%
MGFA Classification (n, OMG 3.7.9% 4, 12.9% 10, 18.9% 17, 13.9% 0.339
*) GMG 35, 92.1% 27,87.1% 43, 81.1% 105, 86.1%
Anti-AChR Ab positivity 32/34, 94.1% 24/25, 96.0% 37/48, 77.1% 93/107, 86.9% 0.033*
Anti-AChR Ab titer (ng/mL) 26.40 (2.24, 33.67) | 12.07 (1.09, 32.15) | 8.14 (0.49, 24.80) | 13.86 (0.88, 31.38) 0.055
Coadministration of prednisolone (n, %) 18, 47.4% 18, 58.1% 27, 50.9% 63, 51.6% 0.670
Baseline QMG score 10.00 (7.00, 14.25) | 9.00 (7.00, 14.00) 9.00 (5.00, 14.00) | 10.00 (6.00, 14.00) 0.528
QMG score changes —2.00 (-5.25, —3.00 (—6.00, —3.00 (-5.50, —3.00 (-5.25, 0.478
—0.75) —1.00) —1.00) —1.00)
Clinical efficacy (n, %) Ineffective 20, 52.6% 13, 41.9% 19, 35.8% 52, 42.6% 0.278
Effective 18, 47.4% 18, 58.1% 34, 64.2% 70, 57.4%

Notes: n, number of patients; Group A: standard-dose group; Group B: high-dose group; Group C: co-administering WZC group. Comparison of demographic
characteristics among group A, group B and group C, *p< 0.05.

Abbreviations: MG, myasthenia gravis; MGFA, Myasthenia Gravis Foundation of America; OMG, ocular myasthenia gravis; GMG, generalized myasthenia gravis; anti-AChR
Ab, anti-acetylcholine receptor antibody; QMG, quantitative myasthenia gravis.

The results of multivariate logistic regression suggested
that the baseline QMG score (OR=0.189; 95% CI
0.082-0.436; p=0.000) was a predictive factor for the

clinical outcome (Table 4).

Adverse Effects of Tacrolimus Therapy

Overall, 14 patients (14/122, 11.5%) experienced ADRs after
starting tacrolimus treatment, and the total number of ADRs
observed was 27 (Table 5). In Group A, 6 (6/38, 15.8%)

Table 2 Comparisons of Tacrolimus Concentration in Different Subgroups

Group A Group B Group C P-value
(n =38) (n=3l) (n=53)
Initial tacrolimus concentration (ng/mL) 7.30 £ 2.48 2.69 + 0.98 251+ 1.13° 0.000%**
Final tacrolimus concentration (ng/mL) - 5.48 + 299" ** 8.19 £ 29| * 0.000%##*
Change in tacrolimus concentration (ng/mL) - 2.79 +2.89 5.68 + 2.74 0.000+#*

Notes: Group A: standard-dose group; Group B: high-dose group; Group C: co-administering WZC group. *p=0.356, comparison of the initial tacrolimus concentration
between Groups B and C. bp=0.00|, comparison of the initial tacrolimus concentration in Group A and final tacrolimus concentration in Group B. “p=0.039, comparison of
the initial tacrolimus concentration in Group A and final tacrolimus concentration in Group C. *p< 0.05, *p< 0.01, ***p< 0.001.

Abbreviations: MG, myasthenia gravis; MGFA, Myasthenia Gravis Foundation of America; OMG, ocular myasthenia gravis; GMG, generalized myasthenia gravis; anti-AChR
Ab, anti-acetylcholine receptor antibody; QMG, quantitative myasthenia gravis.
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Table 3 Clinical Characteristic Among MG Patients According
to Clinical Outcome for Tacrolimus Therapy

Table 5 List of Adverse Drug Reactions (ADRs) After
Tacrolimus Therapy

Characteristic Effective Ineffective P-value

Group Group

(n=70) (n=52)
Age, years 42 (30, 52) 36 (27, 52) 0.268
Sex (n, %) Male 21, 30.0% 19, 36.5% 0.447

Female 49, 70.0% 33, 63.5%
Disease Duration 29 (5, 73) 37 (8, 143) 0.354
(months)
Thymoma (n, %) 21, 30.0% 5, 9.6% 0.007%*
MGFA OMG 8, 11.4% 9, 17.3% 0.354
Classification
GMG 62, 88.6% 43, 82.7%
(n. %)
Anti-AChR Ab 53/59, 89.3% | 40/48, 83.3% 0.322
positivity
Anti-AChR Ab titer (ng/ | 16.55 (1.02, 9.67 (0.71, 0.369
mL) 32.33) 30.08)
Coadministration of 37, 52.8% 26, 50.0% 0.755
prednisolone (n, %)
Coadministration of 34, 48.6% 19, 36.5% 0.185
WZC (n, %)
Final tacrolimus 7.63+3.25 6.68+2.52 0.118
concentration (ng/mL)
Baseline QMG score 12.00 (8.00, 7.00 (5.25, 0.000%**
15.00) 10.00)

Note: n, number of patients. *p<0.01, **p< 0.001.

Abbreviations: MG, myasthenia gravis; MGFA, Myasthenia Gravis Foundation of
America; OMG, ocular myasthenia gravis; GMG, generalized myasthenia gravis; anti-
AChR Ab, anti-acetylcholine receptor antibody; WZC, Wuzhi capsule; QMG,
quantitative myasthenia gravis.

patients reported ADRS. In Group C, 8 (8/53, 15.1%)
patients reported ADRs. The incidence of ADRs between
these two groups was not significant (p=0.928). No patient in
Group B reported ADRs. The most frequent ADRs were
(5/27, 18.5%), abnormal

gastrointestinal ~ disturbances

ADRs Number
Number of patients with ADRs 14/122 (11.5%)
Number of ADRs cases 27
Nephrotoxicity |
Gastrointestinal disturbances 5
Increased blood glucose concentration 3
Increased blood fatty concentration |
Increased uric acid concentration 3
Upper respiratory infections 2
Headache 2
Tremors 2
Dizziness |
Abnormal dreams 4
Itching, skin rash 2
Muscle pains |

Abbreviation: ADRs, adverse drug reactions.

dreams (4/27, 14.8%), increased blood glucose concentration
(3/27,11.1%), and increased blood lipid concentration (3/27,
11.1%). Other less frequent ADRs, such as nephrotoxicity,
muscle pain, upper respiratory infection, and dizziness, were
also recorded. Most ADRs resolved spontaneously or with
a reduction in the tacrolimus dose or by treating the symp-
toms. Patients reporting serious ADRs were not included in
this study because of discontinuation of tacrolimus treatment.

Discussion

In this study, 122 patients with MG were enrolled and 53
patients took WZC together with tacrolimus. The FK506
concentration in group A was 7.30+2.48 ng/mL. It was
2.69+0.98 ng/mL in group B, whereas the final FK506
concentration turned to be 5.48+2.99 ng/mL after increas-
ing the tacrolimus dose to 3 mg/d. In group C, the FK506
concentration before co-administering WZC was 2.51
+1.13 ng/mL, whereas it increased to 8.19+2.91 ng/mL
after co-administering WZC. A comparison of the initial
FK506 concentration among different groups revealed that

Table 4 Logistic Regression Analysis of Factors Associated with Clinical Effectiveness

Variable OR 95% ClI P-value
Thymus (thymoma vs non-thymoma) 0.359 0.114-1.130 0.080
Coadministration of WZC (yes vs no) 0.450 0.195-1.038 0.061
Final tacrolimus concentration (25 vs <5 scores) 1.761 0.521-5.951 0.362
Baseline QMG score (210 vs <10 scores) 0.189 0.082-0.436 0.000%#*

Note: **p< 0.001.

Abbreviations: WZC, Wuzhi capsule; QMG, quantitative myasthenia gravis; OR, odds ratio; Cl, confidence interval.
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the initial FK506 between groups B and C was not differ-
ent (p=0.356). However, the final FK506 concentration
was higher after co-administering WZC than after increas-
ing the tacrolimus dose (p<0.001). The FK506 concentra-
tion after co-administering WZC in group C was even
higher than the initial FK506 concentration in group
A (p=0.039), indicating that administering WZC together
with tacrolimus could effectively increase the tacrolimus
concentration, consistent with the findings of a previous
study.”> The main active ingredients of WZC such as
schisandrin A, schisandrol A and schisandrol B are the
of CYP3A4 and CYP3AS. When co-
administering WZC with tacrolimus, metabolism of these

substrate

compounds might be occurred in a competitive manner.
Schisandrin A, schisandrol A and schisandrol B with
a higher affinity to CYP3A could result in a stronger
metabolism by CYP3A, which means a lower metabolism
of tacrolimus and a higher tacrolimus concentration.'”-**
Although some patients took prednisolone in combination
with tacrolimus and there was no strict consistent regimen
for prednisolone dose, it has been confirmed that predni-
solone has no effect on tacrolimus concentration in MG
patients.>> And the proportion of co-administration of pre-
dnisolone among different subgroups was similar
(»>0.05). Thus, the increase of tacrolimus concentration
in group C was caused by co-administration of WZC. This
finding is meaningful for patients who fail to reach the
target concentration range with an initial tacrolimus dose
of 2 mg/d. In clinical practice, the high price of tacrolimus
is considered a limitation for long-term therapy; WZC is
relatively less expensive. The price of a tablet of tacroli-
mus was approximately 13 times of a tablet of WZC.
Compared with increasing the tacrolimus dose, co-
administering WZC with tacrolimus remarkably improves
the tacrolimus concentration, which could help relieve
financial burdens and increase patient compliance at the
same time.

Additionally, we found that the initial FK506 concen-
tration between different groups was significantly different
(»<0.001). The FK506 concentration after increasing the
tacrolimus dose in group B was still lower than the initial
FK506 concentration in group A (p=0.001), and this is
consistent with previous study findings. There were many
factors associated with the FK506 concentration, such as
patients’ heterogeneity, gene polymorphism, and initial
tacrolimus dose. Several pharmacokinetic and pharmaco-
dynamic studies have shown that genetic factors play an

important role in responses to tacrolimus treatment,

particularly those related to CYP344 and CYP3A4S5 poly-
morphisms. Patients with different CYP344 and CYP345
genotypes require different doses of tacrolimus to reach
the same therapeutic window.?*2* A previous study in our
laboratory also confirmed this.*

Furthermore, we focused on the clinical efficacy of co-
administration of WZC and tacrolimus. By comparing the
clinical characteristics among MG patients according the
clinical outcome, we found that there were more patients
with thymoma in the effective group (p=0.007). This
might because tacrolimus also has effects on the ryanodine
receptor related sarcoplasmic calcium release to potentiate
skeletal
Ryanodine receptor antibodies occur in some MG patients,

excitation-contraction coupling in muscles.
especially those with thymoma.*® Tacrolimus might exert
extra therapeutic benefit in thymoma-associated MG
patients.>'*? The multivariate logistic regression results
showed that FK506 concentration was not associated
with clinical efficacy (p>0.05), consistent with the findings
of previous studies in our laboratory.*>*> We also found
that the clinical outcome between group A, group B and
group C was not significantly different (p=0.278). The
proportion of co-administration of WZC between effective
group and ineffective group did not significantly differ
(p=0.185). Although the co-administration of WZC signif-
icantly improved the tacrolimus concentration, it seemed
to have no effect on the clinical efficacy. The target ther-
apeutic range is not the only key to clinical outcomes.
Tacrolimus treatment regimens and responses vary greatly
from one individual to another. The relationship between
pharmacokinetic and pharmacodynamic factors and clini-
cal efficacy requires further research.

In addition, the results of the multivariate logistic ana-
indicated that baseline the QMG
a predictive factor of clinical outcome (OR=0.189; 95%
CI 0.082-0.436; p<0.001). Patients with a higher QMG
score were more likely present clinical efficacy. In pre-
vious studies, the QMG scores of 10-16 and >16 indicated
mild and severe diseases, respectively.”> The higher the

lysis score was

QMG score, the worse the disease condition. This suggests
that patients with worse disease conditions might be more
easily treated with tacrolimus therapy.

Indeed, we found that the incidence of ADRs was not
related to the co-administration of WZC. Fourteen patients
(11.5%) reported ADRs after tacrolimus therapy; this
number was relatively lower than that reported in previous
studies, where the incidence of adverse events in patients

treated with tacrolimus varied from 0% to 87.5%.3%3¢
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This might be because these studies were carried out using
different designs. It should be noted that the adverse
events in the early periods of tacrolimus therapy partially
account for the discontinuation of tacrolimus although
they are not very serious. In this study, patients who
were affected by insufferable ADRs and discontinued
tacrolimus treatment were excluded, which might result
in a low incidence of ADRs. The incidence of ADRs
between groups A and C was similar (p=0.928), indicating
that the co-administration of tacrolimus and WZC did not
increase the risk of tacrolimus therapy. However, none of
the patients reported ADRs in group B. This might be
because the FK506 concentration in group B was lower
than in the other two groups even after increasing the
tacrolimus dose.

Limitations

This study has several limitations, especially due to the
retrospective observational study design. There was no
placebo-controlled group and the sample size was rela-
tively small. As tacrolimus has been gradually widely
recommended and applicated in patients with MG, the
time from the onset of the disease to the beginning of
tacrolimus therapy tends to be shortened. This might
account for the statistical analysis results that there was
a significant difference in the disease duration among
group A, group B and group C (p=0.044). We only eval-
uated the clinical efficacy by comparing the changes in the
QMG scores at the time of tacrolimus therapy as 3 months.
Further studies are required to evaluate the long-term
efficacy of tacrolimus treatment.

Conclusions

In conclusion, our study proved that the coadministration
of WZC and tacrolimus can substantially elevate the tacro-
limus concentration. It is a safe and affordable treatment
for adult Chinese patients with MG. Patients with a worse
disease condition tend to present a better clinical outcome
after tacrolimus therapy. These results provide valuable
information for individualized, precise treatment with
tacrolimus.
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