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Abstract \
Background: The pathogenesis of myasthenia gravis (MG) has strong connection with thymic abnormalities. Thymic hyperplasia |
or thymoma can be found with most patients. Thymectomy is currently one of the regular treatment in clinic, which is, however, still
controversial for non-thymomatous MG. This research will assess the effectiveness and safety of thymectomy plus prednisone
compared to prednisone monotherapy for the treatment of non-thymomatous MG systematically.

Methods: According to eligibility and ineligibility criteria, 8 databases, including PubMed, EMBASE, the Web of Science, the
Cochrane Library, China National Knowledge Infrastructure (CNKI), Wan-fang Database, Chinese Biomedical Literature Database
(CBM), China Science and Technology Journal Database (CSTJ), will be searched to gather the up-to-standard articles from
September 2000 to September 2025. Inclusion criteria are as follows: randomized controlled trials of thymectomy plus prednisone
for the treatment of non-thymomatous MG. The quantitative myasthenia gravis score (QMG) and the dose of prednisone required will
be accepted as the main outcomes. Data synthesis, subgroup analysis, sensitivity analysis, and meta-regression analysis will be
conducted using RevMan 5.3 software. We will use Egger or Begg test to evaluate symmetry on a funnel plot which is made to assess
reporting bias, and use trial sequential analysis (TSA) to exclude the probability of false positives.

Results: This systematic review will measure the QMG and the dose of prednisone required, the myasthenia gravis activities of daily
living scale scores (MG-ADL), treatment-associated complications, incidence of myasthenic crisis and other aspects to
comprehensively assess the clinical benefits of thymectomy plus prednisone for MG patients without thymoma.

Conclusion: The conclusion of this study will achieve convincing evidence to evaluate the effectiveness and safety of thymectomy
plus prednisone for the treatment of non-thymomatous MG.

PROSPERO registration number: CRD 42020167735.

Abbreviations: AChRAb = acetylcholine receptor antibody, CBM = Chinese Biomedical Literature Database, Cl = confidence
interval, CNKI = China National Knowledge Infrastructure, CSTJ = China Science and Technology Journal Database, GMG =
generalized myasthenia gravis, GRADE = Grading of Recommendations Assessment, Development, and Evaluation, MG =
myasthenia gravis, MG-ADL = myasthenia gravis activities of daily living scale scores, PICOS = Patient, Intervention, Comparison and
Outcome, QMG = quantitative myasthenia gravis score, RCT = random control trial, TSA = trial sequential analysis, TWA = time-
weighted average.
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1. Introduction

Myasthenia gravis (MG) is a neuromuscular and autoimmune
disease caused by acetylcholine receptor antibody (AChRADb), of
which the pathogenesis is humoral immunity, cellular immunity,
and complement involved together."*! The global incidence and
the annual incidence of MG, is 150 to 250 and 8 to 10 per 1
million, respectively.®! About 70% MG patients have thymus
hyperplasia, and ~10% MG patients can be found thymoma.'*!
Glucocorticoid, cholinesterase inhibitor, immunosuppressant,
intravenous immunoglobulin, and plasma exchange are common
medical treatments for MG, while thymectomy is a surgical
therapy of MG.

As one of the important clinical therapeutic drugs, prednisone
is usually applied for the drug therapy of MG by inhibiting
immune response.'*! Although the drug treatment can relieve and
stabilize the condition of the most MG patients with thymus
hyperplasia but without thymoma, there are still some patients,
who have a relapse, myasthenic crisis, even severity adverse drug
reaction including peptic ulcer, osteoporosis, pathological
fracture, osteonecrosis of the femoral head, myelosuppression,
etc.'! Thymic pathological changes can activate the autoimmune
response towards acetylcholine receptor, whereas thymusectomy
will reduce the sources of abnormal immunity. Furthermore,
thymusectomy can relieve the condition and reduce the dosage of
immunosuppressant, especially for patients whose disease
classification are refractory generalized myasthenia gravis
(GMG) or who have had myasthenic crisis.!®! Thymectomy
has become an important therapy for the MG patients with
thymoma, of which the effectiveness has been widely recog-
nized.””8! Recent research suggested that thymusectomy could
raise the remission rate of the MG patients, no matter with or
without thymomatous.””! In the multi-center randomized con-
trolled clinical trials, researchers believe that the clinical benefits
of thymectomy plus prednisone are better than prednisone
monotherapy for non-thymomatous MG.['" However, be-
cause of unavoidable post-operative complications and inconsis-
tency of clinical outcomes in different studies,!'* thymectomy is
still controversial for non-thymomatous MG. In addition, there is
few clinical evidence can prove that thymectomy has prominent
clinical efficacy and safety for the MG patients without thymoma.

To the best of our knowledge, current systematic reviews barely
involve randomized controlled trials (RCTs) in Chinese database.
Besides, there is a lack of systematic reviews to definitely confirm
the clinical effect of thymectomy plus prednisone for non-
thymomatous MG. Accordingly, this research is aimed to
systematically state the effectiveness and safety of thymectomy
plus prednisone for non-thymomatous MG by summarizing results
of the published clinical trials, and provide theoretical basis or
guidance for the future research and clinical treatment.

2. Methods

2.1. Registration

The protocol of this study has been registered in the international
prospective register of systematic reviews (PROSPERO). The
registration number of PROSPERO is CRD 42020167735.

2.2. Ethics and dissemination

The data we needed comes from published researches, which has
no direct connection with patients’ individual data. Thus, an
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ethical approval is not required. The achievements of this
systematic assessment will give implication of the efficacy and
safety of thymectomy plus prednisone for non-thymomatous MG
and be published in a peer-reviewed journal, which can help
clinicians make better clinical decisions.

2.3. Eligibility criteria

2.3.1. Participants. Patients will be included when meet the
following items: onset within 5 years; age 18 to 65 vyears;
acetylcholine-receptor-antibody level over 1.00 nmol/L or 0.50 to
0.99nmol/L if edrophonium test is positive, repetitive nerve
stimulation or single-fiber electromyography is abnormal; fit the
MG recommendations for clinical research standards of II to
V.13 Any patients who suffer from thymoma on CT or MRI of
the chest, thymectomy history, pregnancy, breastfeeding, contra-
indications to glucocorticoids or serious illness will be excluded.

2.3.2. Interventions. The therapy of the experimental group was
thymectomy (through the median sternotomy for resecting all the
mediastinal tissue entirely) plus prednisone while the control
group was given prednisone monotherapy in eligible studies.

2.3.3. Outcome. The main outcome measures are the time-
weighted average (TWA) quantitative myasthenia gravis score
(QMG)"*! and the TWA needed dose of prednisone by assessing
in each stage. The myasthenia gravis activities of daily living scale
scores (MG-ADL),"%'® treatment-associated complications,
incidence of myasthenic crisis and the mortality over the follow
up period are defined as the secondary outcomes.

2.3.4. Study design. All RCTs of thymectomy plus prednisone
for non-thymomatous MG that have control groups will be
included, without restriction of language, published status, and
sample size.

2.4. Ineligibility criteria

We will exclude non-RCTs included observational researches,
case reports, repeated reports, conference articles, and reviews.

2.5. Search strategy

All the studies will be searched on the basis of eligibility criteria
from eight databases consisted of PubMed, EMBASE, the Web of
Science, the Cochrane Library, China National Knowledge
Infrastructure (CNKI), Wan-fang Database, Chinese Biomedical
Literature Database (CBM), China Science and Technology
Journal Database (CSTJ) from September 2000 to September
2025. P+I+C+0+S, P+I+C+O and P+I+O will be used for
searched topics to make sure the accuracy rate of literature
retrieval. All the search terms from article will be listed in the
controlled vocabulary. Also, the fields of title, abstract and
keyword will be selected according to the characteristics of
different databases. The search items are divided into three blocks
and displayed in Table 1.

2.6. Study selection and data extraction
2.6.1. Study selection. Two researchers will be in charge of

preliminary screening by titles and abstracts independently and
remove duplicate data as well as obviously ineligible literatures.
Then, the third researcher will estimate the full text of divergent
literatures and organize group discussion to gain consensus. In
the second filter, ineligible reasons of the excluded literatures will
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Search items.

Search block

Search items

Participants

Myasthenia Gravis OR Myasthenia Gravis, Ocular OR Ocular Myasthenia Gravis OR Myasthenia Gravis, Generalized OR Generalized Myasthenia Gravis OR

Muscle Specific Receptor Tyrosine Kinase Myasthenia Gravis OR Muscle Specific Tyrosine Kinase Antibody Positive Myasthenia Gravis OR MuSK MG OR
MuSK Myasthenia Gravis OR Myasthenia Gravis, MuSK OR Anti-MuSK Myasthenia Gravis OR Anti MuSK Myasthenia Gravis OR Myasthenia Gravis,

Anti-MuSK
Intervention Thymectomy OR thymectomies

Study design

Randomized controlled trial OR controlled clinical trial OR randomized OR placebo OR drug therapy OR randomly OR trial OR groups

be recorded. The selection process of eligible papers is presented
by a preferred reporting items for systematic review and meta-
analysis (PRISMA) flow diagram (Fig. 1).

2.6.2. Data extraction. The data including publication time, the
first author, sample size, gender, mean age, diagnostic informa-
tion, duration, specifics of intervention, and control group,

specifics of outcomes and various adverse events from eligible
literatures will be extracted by two reviewers independently while
the third reviewer, as an arbitrator, will evaluate all the data and
divergence.

2.6.3. Processing missing data. If the abovementioned data is
insufficient, the primary authors of studies will be contacted
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Figure 1. PRISMA flow diagram of study selection process in the systematic review.
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through e-mail or telephone in order to gain missing data. We will
add underlying impact of unavailable data in the discussion part
when missing data cannot be acquired.

2.7. Risk of bias assessment

Two reviewers will evaluate the risk of bias of all the included
articles through the Cochrane Collaboration’s tool,"”! respec-
tively. Stochastic sequence generation, allocation concealment,
blinding of participants, blinding of personnel, blinding of
outcome, fragmentary outcome data, selective reporting and
other possible sources of bias are details of the assessment. The
above items will be graded as “high risk,” “low risk,” or “unclear
risk.” If divergence appears, the third reviewer will resolve by
organizing discussion.

2.8. Data synthesis

We will calculate the data synthesis by means of RevMan 5.3
software. A risk ratio with 95% confidence intervals (CI) will be
used to express the clinical efficiency, and odds ratio with 95% CI
will signify incidence of adverse events, while weighted mean
difference with 95% CI will show clinical scores before and after
the treatment. The [-squared statistic will be computed to
evaluate the heterogeneity between all the researches." 811> <50%
is regarded as no significant heterogeneity, then the fixed-effect
model will be used. However, I >50% means significant
heterogeneity, and we will combine the results of studies by the
random-effect model.

2.9. Subgroup analysis, sensitivity analysis, and meta-
regression analysis

If there exists substantial heterogeneity in included studies, we
will investigate the possible sources of heterogeneity through
subgroup analysis, sensitivity analysis or meta-regression analy-
sis. Subgroup analysis includes following main items: patients’
age, onset time, duration of disease, severity of phenotype, dose
of prednisone formulas and other related parameters. We will
perform sensitivity analysis including methodological quality,
researches quality, sample characteristic, heterogeneity, impact of
missing data, etc. And then the reliability of sensitivity analysis
will be assessed. In case of insufficiency of data exaction, a
qualitative synthesis will be built.

2.10. Assessment of reporting biases

In case the quantity of pooled researches is enough (n>10), we
will use Egger or Begg test to evaluate symmetry on a funnel plot
which is made to assess reporting bias.

2.11. Test sequential experiment

Sample size analysis has been conducted through trial sequential
analysis (TSA)*2% to exclude the probability of false positives,
and also demonstrated the dependability of our analysis results.

2.12. Quality of evidence

The quality of evidence will also be evaluated through The Grading
of Recommendations Assessment, Development, and Evaluation
(GRADE)! approach. We will investigate limitations of study
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design, inaccuracies, inconsistencies, indirectness as well as
reporting biases, and grade the level of evidence into very low,
low, moderate, or high four levels.

3. Discussion

MG is a lifelong autoimmune disease, for which, prednisone and
azathioprine are the first line treatment drugs, among immuno-
suppressant,??! which can induce endocrine disorders, centripe-
tal obesity, rarefaction of bone, osteonecrosis of femoral head
and other adverse reactions in the case of long-term treatment. !’
About 10% MG patients have thymoma who should be treated
with thymectomy unless inoperable. More than 70% of MG
patients have thymus hyperplasia, but only those having severe
symptoms are thought to gain more clinical benefit from
thymectomy. To patients without thymoma, thymectomy may
be an approach that can reduce the dosage or time of using
immunosuppressant potentially, especially for those who are
intolerant of adverse reactions or cannot respond well to
immunotherapy.'%**! Many clinical studies have demonstrated
that patients without thymoma can also gain good effect within 2
to 24 months after thymectomy, yet the risk of postoperative
myasthenic crisis, pain, infection, and recrudescence makes this
therapy controversial.?*"! In fact, if there is adequate evidence
to prove the advantages of thymectomy, that would be a good
news to patients without thymoma. So far, the clinical evidence
about thymectomy plus prednisone compared to prednisone
monotherapy for non-thymomatous MG has not been evaluated
systematically. Thus, we decide to evaluate the effectiveness
and safety of thymectomy plus prednisone through this study and
hope to provide more clinical evidence about thymectomy for
non-thymomatous MG. Nevertheless, it is almost impossible to
avoid limitations, for instance, publishing bias and heterogeneity,
in this systematic review, so it is essential for us to analyze more
researches and results unpublished.
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